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PREFACE

TO

THE ENGLISH EDITION.

——

Tae great popularity which Professor Wislicenus's edition of
Strecker’s ¢ Text-book of Organic Chemistry’ has enjoyed in
Germany leads to the belief that an English translation will be
acceptable. 1In the interval that has elapsed since the publication
of this book in Germany considerable additions have been made to
our stock of knowledge in organic chemistry, necessitating many
alterations and additions to the text. On this subject Professor
Wislicenus has written as follows :—

¢« 1 willingly give permission to publish a translation of my work,
and only beg that regard shall be had—so far as the scope and
purpose of the book necessitate—to the largely increased materisl and
essentially nearer insight into the relations and nature of the organic
compounds already known that has been obtained since the publish.
ing of my book. So far as this is done it will be the work alone
of the translators, as, from the occupation of my time by official duties,
I have found it impossible to take part in the very necessary correc-
tions and additions.’

From this it will be seen that the translators are entirely respon-
sible for such alterations as have been made, these being most
pumerous in the part on the aromatic compounds. In the case of
the naphthalene compounds it has been thought advisable to introduce
the symbols proposed by Reverdin and Nilting as the most suitable
provisional notation.

In conclusion the translators have to express their thanks to Mr.
R Meldola for the account of the diazo colours that has been printed
as an appendix.

LOSDOX :
June 1881.
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AUTHOR’S PREFACE.

—.C———

AT the time of Adolph Strecker's sudden death, in 1871, he was
about to begin the sixth edition of his short hand-book of ‘ Organic
Chemistry.’

The publishers, who wished as far as possible to retain the
peculiar nature of this valuable work, requested me to undertake
the necessary revision. I have not undertaken this duty without
hesitation. Tied for several years by my official duties, I could
scarcely depend on quickly overcoming the work. Moreover, I
doubted if I could succeed in satisfactorily uniting the necessary
independence in the arrangement of the material with the deep
respect felt towards the late author. This latter consideration dis-
appeared on finding that Strecker had himself acknowledged the
necessity of a total revision of the book, and had spoken of an en-
tirely altered classification. As also the thought of completing the
suddenly interrupted work of so estimable a man was not without
strong temptations, I finally decided to undertake this new duty.

It may be as well to point out the general method of arrange-
ment that has been adopted. A scientific text-book that is neither a
primer nor a dictionary must have its contents arranged in accordance
with two considerations—the state of the science at the time, and, on
the other hand, the requirements of those for whom it is primarily
intended. ‘This necessitates some difficulties and inequalities of
treatment.

In the classification of organic compounds the hydrocarbons
without doubt form the most convenient starting point, as being
relatively of the simplest composition, and also being the substances
from which all others can be derived by simple or complex replace-
ment of hydrogen. In the hydrocarbons, again, the first place is
taken by those containing the maximum contents of hydrogen, the

These, however, are here preceded by the cyanogen
derivatives, on account of the resemblance of the latter to mineral
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compounds and their constant employment in the synthesis of organic
substances ; with the cyanogen group are almost necessarily included
the carbon oxyamides and guanidine.

The most systematic arrangement would be founded on the
number of carbon atoms in direct union. In each such group of
equal carbon contents the paraffin would come first, next those de-
rivatives in which only a single hydrogen atom had been replaced,
these being further arranged according to the valency of the sub-
stituting element. Then would follow the di-substitution products,
ie. the derivatives of the hydrocarbon nucleus C,H,,, arranged
according to the relative order of the two positions of replacement.
Next would follow the trisubstituted paraffins—compounds of the
nucleus CyHgy_, &c., arranged according to analogous principles.
Erlenmeyer has commenced this classification in his text-book, un-
fortunately as yet without passing beyond the dicarbonides.

This order of arrangement is very valuable for the study of
organic chemistry, more so, however, for those moderately well
acquainted with the subject than for beginners. For the latter, I
do not consider the study of homologous series to be superfluous,
especially in the early part of a text-book. In this way alone can
the clear differentiation of the various categories of bodies be made
evident, depending as they do not so much on the accumulation of
carbon atoms as on the nature and amount of the other elements in
union. In addition to this the study of these series considerably
assists the perception and mastering of the substance of the book and
the grouping of large numbers of facts under typical reactions. In
this form we can advance the otherwise over-worked theory of types
into a wider field. In every homologous series there can, then, be made
out the laws of evolution and complication with increasing number
of carbon atoms as well as the order of structural synthesis,

As far a8 the selection of the facts to be considered is concerned,
I follow in general those principles which have hitherto characterised
Strecker’s text-book. That additions are required by the chemical
results of the last few years is self-evident. The simpler categories
of chemical compounds, such as the derivatives of the alcohol radicals
CiHypy and the next more complex group, required broader treat-
ment in many places, whilst the compounds of the nuclei poorer in
hydrogen could be treated more shortly, as those relationships already .
mentioned would otherwise be repeated.

The group of benzene derivatives has, as is generally customary,
been considered separately. The time is probably not far distant
when such a separation will be neither necessary nor advisable ; it
will not, however, come until the gaps still existing between the
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aromatic and fatty groups have been filled up, and further proof given
of that continuity of group relations which is already visible.

In the present state of our science we cannot neglect the frequent
use of structural formule based on the valency of the chemical
elements. Their partial uncertainty and in many points tangible
shortcomings need not prevent their use to some extent in a text-
book, although their use requires care. With regard to the manner
of writing the constitutional formula, no dogmatic adherence to any
single method will be adopted, so that the formula of one and the
same subetance way be found varyingly written in different places.
‘With every one of these systems of formule there is the danger of
substituting a concrete image in place of an idea. These images we
certainly cannot do without, but we must keep the idea lying behind
such an image as far as possible pure, and also mobile, seeing that in
comparison with older views we have in it only relative, not absolute
truth.

I bope that this text-book in its new form may be found to have
sufficient merit to justify its existence, that its imperfections may not
impede its usefulness to either scholar or teacher, and that it may in
the future maintain that rank which it had acquired under Adolph
Strecker’s care.

JoHANNES WISLICENUS.
WORZBURG.






CONTENTS.

—Ot——

INTRODUCTION. . .« . =« « « « W« o & .
Constituents of Organio Bodies . .
Qualdatwe and Qualmtatwo Elanontary Amdyns r_»f Oryamo C’on

Dstormationaf the C%mical Formulaof Oryan{c C’ompmdo
Rational Formule and Organic Radicals . . ..
Owtlines of the Chemical Structure of Orgamic C'ompound: .

Jsomerism : Polymensm, Metamensm, Btructural Isomerism, Physi-
cal Isomerism . . . . . . .

Howmology and Emloyouc Sona .
vnoal Properties of Organic Bodia Molecu]ar and Atumxc

olume, Melting and Boiling Points, Refraction of Light . .
Action of High Tomperatures on Organio Compounds . .
Prtrefaction, Decay, and Fermontation . . .t . .

Hydrocyanic Ac.xd 59 ; Metallic Cyanides, 63 ; Ferrocyanides,
66 ; Ferricyanides, 69 ; Cyamdes of thga.uese, Copper, &c., 70
Ha.logen Compounds of Cyanogen, 74 ; Cyanic Acids, 75;
pho-cyanogen Compounds, 78 ; Nit.rogen Compounds of Cyano-
gen, 81 ; Cyanogen and Paracyanogen, 87.

GUANIDINE . . « « « o« o « « e e .

DERIVATIVES OF CARBONIC AcCID AND CARBONIC DISULPHIDE
Carbamio Acid, 91; Urea, 92; Biuret, 97; Thio-carbamic
Acid, 98 ; Sulphurea, 99.
ETHANES OR PARAPFINE . . . . . . . . .

Occurrence and Formation, 103 ; Methane, 105 ; Ethane, 107;
Pm?ne 108 ; Butanes, 109; Pentanes, 110; Hexanes, 110,
Homologuea, 111,

MONOSUBSTITUTION DERIVATIVES OF THE PARAFFINS . . .
General, 114 ; Formation of Alcohols, 117,

TAe Alcokols .

Methylic Aleohol, 120 Ethyhc Alcohol 121 Propyhc A]eo-
hols, 123 ; Butylic Aloohols 124 ; Amylic Aleobols 126 ; Hexylic
Alcohol, 129; Heptylic Alcohols, 180; Octylic Aloohols, 181;
Higher Homologues, 132.

40
53
66

57

91

100

114

119



x1u CONTENTS.

\ PAGE
Haloid Compounds of the Alcohol Radicals . . . 183
Formation, 133; General Properties, 134; Chlondes, 136;
Bromides, 137 ; Iodxdes, 137.
Metallic Alcoholates . . . . . . . 140

Ethers or Oxides of the Alcohol Radwala . 141
Preparation, 141 ; Properties and Reactlons, 146 Et.hyhc
Ether, 147 ; Higher Homolognes, 148.
Ethereal Salts . . 149
Nitrates, 150 ; Nltrltes, 151 Sulphates,lsl Phosphates 155,
Phosphltes 157 Arsenates and Arsenites, 158 Borates. 158 ;
Silicates, 169 ; Carbona.tes, 160; Chloro-ea.rbonates, 161; Carba-
mates, 162,

Sulphur Compounds of the Alookol Radicals . 166
Mercaptans, 166 ; Thio-ethers, 167; Persulplndes, 169 Snlpho-
cyanates, 169 ; Sulpho-carbonates, 170 Trialkyl bulphme Com-
pounds, 172; Sulphmlc Acids, 173 ; Snlphomc Acids, 174.
Selenium and Tellurium Compounds of the Alookol Radicals . 1T

Nitrogen Compounds of the Alcohol Radicals . . 178
Primary Amines, 183 ; Methylamine, 183 ; Seconda.ry Amma,
186 ; Tertiary Amines, 186 Quaternary Ammonic Compounds,
187; Hydrazine Compounds, 188 ; Cyanamide Compounds, 191 ;
Isocyanides, 192 ; Isocyanates, 193 ; Isocyanurates, 194 ; Substi-
tuted Ureas, 196 ; Sulpho-carbamates, 200; Substituted Sulph-
ureas, 201 ; Substituted Guanidines, 202 ; Nitro-paraffins, 204.

lecplwrtu Compounds of the Alookol Radicals . 206

Primary Phosphines, 209 ; Secondary Phosphines, 209 Ter-
tiary Pho?shines, 210; Oxides of the Phosphines, 212; "Phos-

phinic Acids, 213
Arsenio Compounds of the Alookol Radicals . . . . . 216
Cacodyl Compounds, 220.
Antimony Compounds of the Alookol Radicals . 226
Methyl Compounds, 227 ; Ethyl Compounds, 228 Amyl Com-
pounds, 230.
Bismuth Compounds of the Alcokol Radicals . . . . . 230
Boron Compounds of the Alcohol Radicals. . . . . 231
Silicon Compounds of the Alcokol Radicals . . . . . 232
Tin Compounds of the Alcokol Radicals . . . . . . 237
Lead Compounds of the Alcokol Radicals . . . . . 241
Aluminium Compounds of the Alcokol Radicals . . . . 242
Mercury Compounds of the Alcokol Radicals . . . . . 243
Zino Compounds of the Alecokol Radiocals . . . . . . 245
Zinc Ethyl, 248.
Other Metallic Compounds of the Alcokol Radicals . . . . 249
DisuBsSTITUTION DERIVATIVES OF THE PARAFFINS. . . . 250
Aldehyde Derivatives . . 251

Halogen Compounds, 251 ; Aldehydee, 255 Fonmc Aldehyde,
256 ; Acetic Aldehyde, 258 ; Pataldehyde and Metaldehyde, 261 ;
Propionic Aldehyde, 262 ; Butyric Aldehydes, 262 ; Valeric Alde-
hydes, 262; Caproic Aldehydes, 263; (Enanthol, 263 ; Higher
Aldehydes, 264; Ethereal Compounds, 264; Sulphurous Acid
Compounds, 265; Oxychlorides, 267 ; Sulphur Compounds, 268 ;
Sulphonic Acids, 269 ; Nitrogen Compounds, 270,



CONTENTS. xiii

PAGR

Ketone Devivatives . . . 275
Ketones, 276 ; Acetone, 278 Bomologues of Aeetone, 281.
Glycol Derivatives . . 284

Olefines, 286 ; Ethylene, 288 Propylene, 289 Butylenes, 290;
Amylenes, 291; Hexylenes, 292 Halogen Compounds, 293 ;
Ethylens Hnlouls 294 ; Pmpylene Haloids, 297 ; Higher Homo-
logues, 299; Diacid Alcohols or Glycols, 300; Ethylene Glycol,
301; -'.l‘ricarbon Glycols, 303 ; Tetracarbon Glyco]s, 304 ; Pentene
Glycols, 305 ; Hexene Glycols, 305; Pinacone, 306 ; Haloid Hy-
drates, 307 ; Oxides and Ethers, 309; Polyethylenic Alcohols,
311 ; Ethylene Sulphides, 313 ; Ethylene Sulphonic Acids, 315 ;
Nitrogen Compounds of Ethylene, 817; Choline, 322 ; Taurine,
823 ; Phosphorus and Arsenic Compounds of Ethylene, 325.

TRISUBSTITUTION DERIVATIVES OF THE PARAFFINS . . . 328

Dericatives of the Acid Radioals . . 829

Halogen and Nitryl Compounds, 329 Chlomtorm, 330 Iodo-
form, 331 ; Nitroform, 331 ; Chloropxcnn, 382; Acetylic Trichlo-
ride, 333; Ethereal Derivatives, 333; Acido-nitrilee, 334 ; Aceto-
nitrile, 335; Propio-nitrile, 336; Cyanethine, 336; Butyro-ni-
triles, 335; Higher Homologues, 336; Acidyl Diamines, 336 ;
Formyl Di amine, 337 ; Isuret, 337 ; Acediamine, 337.

Dericatives of the Aoidozyls . 338

Monobasic Fatty Acids, 338 ; Preparstmn of Fatty Acids 340
Formic Acid, 345 ; Formates, 347 Acetic Acid, 349; Acetates,
351; Proplomc Acld 363; Buty'ric Acids, 354; Valeric Acids,
356 ; Caproic Acids, 368 ; Heptyho Acids, 369 ; ngher Members
of the Series, 359 ; Palmitic Acid, 360; Stearic Acid, 361; Halo-
gen Compounds, 362 Ethereal Salts, 364 ; Anhydndes of the
Fatty Acids, 370; Aeetlc Anhydride, 372; Thm-acxds and Anhy-
drides, 373 ; Thiacetic Acid, 374; Nltxogen Compouncs, 375;
Formamide, 376 Acetamide, 377.

Derivatives of the Aldehyde Alcohol Radicals . . . 379
Vinylic Haloids, 379; Ethenyl Trihaloids, 380; Aldol, 382

Derivatives of the Ketone Alcokol Radicals . . . . . 384

Derivatives of the Trivalent Alcohol Radicals . . 385

Allyl Compounds, 385 ; Allyl Haloids, 386 ; Allyl Alcohol 387.

Allyl Ether, 387; Allyl Sulphide, 388 Allyl Pseudo-sulpho-

cyanate, 389 ; Glycerine, 390; Chlor-hydrins, 392 ; Brom-hydrins,

894 Todo-hydrins, 3956; Glyceryl Ether, 396; Glycerine Salts,

897 ; Nitro-glycerin, 397; Fats, 399 ; Acetins, 400 ; Palmitins, 401;

Stearins, 401 ; Lecithin, 401 ; Sulph-hydrins, 402 ; Glycerin Sul-

phonic Acids, 403 ; Glyceramine, 403 ; Isoamyl Glycerine, 403.

TETRASUBSTITUTION DERIVATIVES OF THE PARAFFINS . . . 405

Compoundafs the Aoid Alcokol Radicals . . 405
Preparation of the Hydroxy Fatty Acids, 405 ; »Glyeolhc Acxd
Radical Derivatives, 409 ; Chlor-acetic Acld 409 Brom-acetic
Acid, 410; Iodacetic Acld 410; Glycollic Actd 411 Ethereal
Glyoollata, 412; Glyeollide, 413; Diglycollic Acid, 414; Sul-
phonacetic Acid, 415; Glycocine, 416; Diglycollamic Acid,
418; Glycolylimide, 419 ; Sarcosine, 420; Betaine, 420; Hydan-
toin, 420; Hydantoio Acid, 421 ; Creatine, 422 ; Creatinine, 423 ;
Lactic Acids, 426; Fermentation Lactic Acid, 426; Lactates,
427 ; Lactide, 427; Alanine, 430; Alacreatinine, 431; Para-
lactic Acid, 432; Ethylene Lactic Acxd, 433; Hydra.cryhc Acid,
434 ; Hydroxy-butync Acids, 435; Hydroxy-valenc Acids, 437 ;
Hydroxy-caprolc Acids, 438; Hydroxy-cenanthoxc Acids, 439,



xiv CONTENTS.

Compounds of the Double Aldehyde Radicals . . . .
Acetylene, 440 ; Glyoxal, 443 ; Succinic Aldehyde, 444.

Derivatives of the Ketons Aldehyde Radicals . . . .
Allylene, 445 ; Allyl Acetylene, 446.

Derivatives of the Aldehyde Double Alcohol Radicals . .
Acrolein, 446 ; a-Crotonic Aldehyde, 448,

Derivatives of the Ketone Double Alcokol Radicals . .
Isallylene, 448 ; Glycid Compounds, 448 ; Ctownylene, 449

Isovalerylene, 450

Deorivatives of the Tetrahydric Alcokol Radicals . . . .

Erythrite, 450; Erythro-glycol, 451 ; Diallyl, 451.

DERIVATIVES OF THE PENTAVALENT HYDROCARBON NUCLEI .

Devrivatives of the Radicals of the Disubstituted Fatty Acids . .
Ethinyl Compounds, 452 ; Chloral, 453 ; Chloral Hydrate, 464 ;
Trichlor-acetal, 454 ; Bromal, 4564 ; Dichlor-acetic Acid, 465;
Qlyoxylic Acid, 456; Ethereal Aceto-acetates, 457; Ethylio
Aceto-acetate, 469 ; Dehydracetic Acid, 462.

Derivatives of the Double Alcohol Acid Radicals .

Acids of the Oleic Series, 462 ; Acrylic Acid, 463 Crotomc
Acids, 465 ; Angelic Acid, 467 ; Oleic Acid, 468 ; Ricinoleic Acid,
468 ; Dihydroxy Acids, 469 ; Glyeeric Acid, 469; Pyruavic Acid,
470 ; Serine, 470 ; Cystine, 470 ; Propargyl Compounds, 471,

DerivaTives oF THE HExavaLENT HyprocArRBON NUCLEUS,
CnH’n_‘ . . . . . . . . . .

Compounds of the Double Aoid Radicals . .

Dicarbon Hexachloride, 475; Dicarbon Tetmchlonde, 475
Trichlor-acetic Acid, 476 ; Fulmmabes 477 ; Fulminating Mer-
cury, 478; Fulminuric Acxd 479 ; Oxalic Acld 479 ; Oxalates,
481; Oxamlde, 482; Parabanic Acld 483; Oxaluric Acld, 484 ;
Malonic Acid, 486 ; Suocinic Acid, 486; Pyrotartaric Acid, 489;
Adipic Acid, 489 ; Valylene, 491; Carpene, 491.

Derivatives qf the Hexavalent Aloohol Radicals

Mannite, 491 ; Nitro-mannite, 492; Mannitan, 493 Dnlclte,
493; Sorblw, 494

DERIVATIVES OF THE HEPTAVALENT HYDROCARBON NUCLEUS,
CoHans  « v v e e e e e
Monobasio Acids of the Series CuHypy_ O,

Tetrolic Acid, 496; Sorbic Acjd, 496 ; Palmitolic Acid, 496;

Btearolic Acid, 496 Behenoxyhc Acid, 496.
Derivatives of the Radicals of the Dibasic Hydrozy-Acids

Tartronic Acid, 497 ; Malic Acid, 497 ; Asparagine, 499 ; Aspar
tic Acid, 499 ; Itamalxc Acid, 501; Cltramahc ond’ 502 Tere-
bic Acid, 503.

TAe Group of Carbo-Hydrates . . .

Dextrose, 504 ; Leevulose, 507 ; Manmtose, 507 Lactose 507
Inosite, 508 ; Sorbm, 6508 ; A.rabmose, 508 ; Ca.ne Sugar, 509;
Milk Sugar, 511; Melizitose, 511; Melitose, 512; Synanthrose,
512; Maltose, 512 ; Cellulose, 512; Gun Cotton, 513; Starch,
6514 ; Inuline, 515; Glycogen, 616; Dextrin, §16; Gums and
Mucilages, 517.

Pyridine Bases . . . . . . . . .

PAGE

440
445
446

448

450

452
4562

462

473
473

491

495

497

518



CONTENTS. xv

PAGE

DerivaTrves oF THE HyprocArpoN Nucier, CoHypn g . . 520

Monobasic Acids. . 520
Mannitic Ac:d 520 ; Gluoomc Acxd 520 Lactomc Acnd 520

Dibasic Unsaturated Acids . 520

Fumaric Acid, 520; Maleic A(:ld, 521 Itaoomc Acxd 522
Citraconic Acid, 523 Mesaeomc Acid, 523 ; Xeronic Acid, 6§23.

Dibasio Satwrated Acids . . 524

Tartaric Acid, 625; Tartrates, 526 Anutartanc Acld 528
Racemic Acid, 529 ; Mesota.rtaﬁc Acld 529,

Didasic Ketonic Acids . . . . . . . . . 530
Mesoxalic Acid, 530.
Uric Acid, its Derivatives and Related Bodies . . 532

Uric Acid, 5632; Alloxan, 5634 ; Alloxanic Acid, 634 ; Thlommc
Acid, 535 ; Dmlnnc Acid, 635; Alloxantin,” 535 Uramxl, 536 ;
Murexide, 536; Barbituric Acid, 537 ; Hydurilic Acid, 537;
Dilituric Acid, 537 ; Uroxanic Acid, 6538 ; Allantoin, 639; Gly-
coluril, 539; Xanthine, 540; Guanine, 540; Sarcine, 541; Car-
nine, 542 ; Theobromine, 542 ; Caffeine, 543.

Dipropargyl . . . . . . . . 543
Derivatives of the Hydrooarbon Nﬂdci C,H,,,-., . 545

Aconic Acid, 545 ; Muconic Acid, 545; Aposorbic ACId 546
Tnearballylic Acid, 547,

Derivatives of the Decavalent Hydrocarbon Nuclei, CoHyp—y . 548

Baccharic Acid, 548 ; Mucic Acid, 549 ; Paramucic Acid, 549
Pymmnclc Acid, 560; Furfurol 550 Cltnc Acid, 661 ; Cxtratea,

Mutwa of Radicals Poorer in Hydrogen . 564

Aconitic Acid, 554; Meconic Acid, 554 ; Comenio Acid, 555
Chelidonic Acid, 566.

AROMATIC COMPOUNDS . . . . . . . . bse

Theories of the Constitution of Benzene, 546 ; Chemical Cha-
racter of the Benzene Nucleus, 667 ; Isomerism in the Poly-
substitution Derivatives of Benzene, 558; Determination of
Position Isomers in the Benzene Nucleus, 561.

Bensene and its Inorganio Substitution Derivatives . .

Benzene, 576 ; Addition Products of Benzene, 566.

Mono-sudstitution Derivatives, Phenyl Compounds . 567

Mono-haloid Benzenes, 567 ; Phenol, 567 ; Phenyl Ether, 568

Pheny! Sulphide, 569 ; Phenyl sulphonic Acld 569; Nitro-ben-
zene, 670 ; Aniline, 570 Diphenylamine, 571; Amhdes, 572;
Carbamhde, 673; Pheny] Guanidines, 674; Phenyl Isocya.mde,
575 ; Cyann.mlme, 575; Azo-benzene, 576 Hydrazo-benzene,
876 ; Diazo-benzene Compounds 577 ; Aromatxc Hydrazines,
578 ; Phenyl Phosphorus Compounds, 580 Phenyl Mercury and
Tin Compounds, 581 ; Arsenphenyl Compounds 582.

Disubstitution Derivatives, Phenylene Compounds . 582
Dichlor-benzenes, 582; Dibrom-benzenes, 583; Duodo-ben-
senes, 6584 ; D:mtro-benzenes, 584 ; Substituted Amlmes, 584 ;
Phenylene Duumnes. 585; chyano-benzenes, 586 ; Substltubed
Phenols, 586; Phenol-sulphomc Acids, 588; Pyrocateohin 589 ;
Resorcin, 689 Hydroquinone, 6§90 ; Arbutm, 590 ; Quinone, 591.
[

568



.

xvi CONTENTS.

Benzene Trisubstitution Products . . . . . . .
Trichlor-benzenes, 592 ; Tribrom-benzenes, 592; Tri-iodo-ben-
zenes, 593; Dichlor- and Dibrom-anilines, 593; Dihalogen
Phenols, 593 ; Pyrogallol, 594 ; Phloro-glucol, 594.
Benzene Tetra-substitution Derivatives . . . . . .
Halogen and Amido Compounds, 595 ; Picric Acid, 595.
Benzene Penta-substitution Derivatives . . . . .
59sentachlor- and Pentabrom-benzene, 596; Styphnic Acid,
Bonzene Hexa-substitution Derivatives . . . . .
Hexachlor- and Hexabrom-benzenes, 597; Chloranil, 597 ;
Bromanil, 598. :
HoMorLoGUES oF BENZENE . . . . . . . . .

Monalkyl Benzenes . . . . . . . . . .
Toluene, 600; Chlor., Brom-, Iodo-, and Nitro-toluenes, 601 ;
Toluidines, 602; Cresols, 602; Orcin, 603; Ktbyl-benzene, 604 ;
Phlorol, 604 ; Propyl Benzene, 604.
Dialkyl Benzenes . . . . . e .
Xylenes, 605; Xylenols, 606; Ethyl-methyl Benzenes, 606 ;
Diethyl Benzene, 606 ; Cymene, 607 ; Thymol, 607; Carvacrol,
607 ; Metacymene, 608.

Trialkyl Benzenes . . . . . .
Mesitylene, 608 ; Pseudo-cumene, 608 ; Durene, 609.
AROMATIO ALCOHOLS . . . . . . .« « .« .
Benzylic Alcohol, 610; Benzyl Compounds, 611 ; Salicine, 612;

Anisyl Alcohol, 612; Tolyl Alcohol, 612; Styryl Alcohol, 613;
Cumin Alcobol, 613 ; Carvol, 613.

ApoMaTIc ALDEEYDES, KETONES, AND GLYCOLS . . . .

Benzaldehyde, 614; Hydrobenzamide, 615; Amarine, 615;
Lophine, 616; Balicylic Aldehyde, 615; Anisic Aldehyde, 616;
Piperonal, 616 ; Vanilline, 616 ; Coniferine, 616 ; Cuminol, 617.

Aromatic Ketones . . . . . . . . .
Aceto-phenone, 617 ; Phenyl-ethyl Ketone, 617; Phenyl-iso-
butyl Ketone, 618. )

Aromatio Glyools . . . . . . . . . .
Tollylene Glycol, 618 ; Cinnamene, 619 ; Styrolene Compounds,
619; Acetenyl Benzene, 619; Allyl Benzene, 620.

AROMATIC ACIDS AND THEIR SUBSTITUTION Propuors. . .

Benzoic Acid, 623 ; Benzoates, 623; Populine, 624; Benzoic
Anhydride, 624 ; Hippuric Acid, 624 ; Benzonitril, 625 ; Substi-
tuted Benzoic Acids, 626; Salicylic Acid, 629 ; Metoxy-benzoic
Acids, 631; Paraoxy-benzoic Acid, 631; Anisic Acid, 631; Pro-
tocatechuic Acid, 633; Gallic Acid, 634; Tannin, 684; Quinic
Acid, 635.

Homologues of Benzoio Acid . . . . . . . .
Phenyl-acetic Acid, 635 ; Toluic Acids, 636; Hydrocinnamic
Acid, 687; Mesitylenic Acid, 637 ; Xylic Acid, 637 ; Cumic Acid,
638; Durylic Acid, 638; Cresotic Acids, 639; Phloretic Acid,
640; Phenyl-lactic Acids, 641; Tropic Acid, 641; Lecanorio
Acid, 642; Tyrosine, 643.

PAGR
592

596

596

697

599

605

608

610

614

617

618

621

635



CONTENTS, xvii

PaGR
Cinnamio Group . . « . . 645

Cinnamic Alcohol, 645; Cmnmmc Aldehyde, 645 Cinnamic
Acid, 646; Atropic Acid, 647 Coumaric Acid, 649 ; Conmanne,
649; Caﬁeic Acid, 650; Anet-hol, 650 ; Eugenol, 651; Umbellij-
ferone, 651 ; Phenyl-propiolic Acid, 652.

Polybasio Aromatic Acids .

Dibasic Acids :—Phthalic Acid, 653; Hydrophthahc Acids, 664 ;
Isophthalic Acid, 655 ; Terephthahc Acids, 655; Urvitic Acld,
656; Xylidic Acid, 656; Cumidic Acid, 6566. Tﬁban'o Acids :—
Trimesic Acid, 657 ; Trimellitic Acid, 6567 ; Hemimellitic Acid,
6567. Tetrabasic Acids:—Pyromellitic Acid, 667 ; Prehnitic Acid,
658 ; Mellophanic Acid, 658. Hexabasio Acid :—Mellitic Acid,
659.

Forteer SimpLe BeNzeENE DEBIVATIVES. . . . . . 662

Torpence :—Oil of Turpentine, 662; Camphenes, 668; Ter-
pine, 664 ; Citrene, 664.

Camphors —Borneol, 665; Laurinol, 666; Campholic Acid,
667 ; Camphoric Acid, 667; Camphoronic Acid, 667 ; Menthol,
668. .

. 653

Indigo Grouwp:—Indigotine, 669 ; Sulphindigotic Acid, 670;
Isatine, 670 ; Isatyde, 671 ; Dioxindol, 672 ; Indol, 672.

CoMpouNDps oF CONJUGATED BENzENE NucLer . . . . 674

Diphenyl, 674; Carbazol, 676; Acridine, 676; Diphenylene
Oxide, 677 ; Cceroulignone, 677 ; Diphenyl Methane, 678 ; Benzo-
phenone, 678 ; Phenyl Toluene, 679; Ditolyl, 680; Benzyl Toluene,
680 ; Stilbene, 681 ; Desoxybenzoin, 682 ; Benzoin, 682 ; Benzil,
683 ; Diphenyl Ethane, 683 ; Hydrocarbons, C,;H,,, 684; Anthra-
cene, 685 ; Anthraquinone, 687 ; Anthraquinone Derivatives, 688 ;

Oxyanthraquinone, 689; Alizarine, 689; Anthraflavone, 691;
Chrysophanic Acid, 691; Purpurine, 692; Rufigallic Acid, 693;
Antbracene Carbonic Acids 694 ; Tnphenyl Methane, 695 ; Pa.ra-
rosaniline, 694 ; Aurine, 696 ; Malachite Green, 696 ; Orthotolyl-
dipbenyl-methaue, 696 ; Rosani]ine, 698 ; Rosolic Acid, 698;
Leucaniline, 699 ; Chrysaniline, 699 ; Phthaleins, 700 ; Fluores-
cein, 701 ; Eosine, 701 ; Galein, 702.

Coxpouxps cONTAINING CONDENSED BENZENE NUCLEI. . . 704

Naphthalene, 704 ; Substitution Products of Naphthalene, 706;
Chlor-naphthalenes, 707 ; Brom-naphthalenes, 708 ; Nltro-naph-
thalenes, 708 ; Amldo-nuphtha.lenes, 709; Napht.halene Sulphonic
Acids, 710 Naphthols 711; Naphtho-qnmone, 712 ; Naphthoic
Acids, 714; Carbo-naphtholic Acids. 714; Acenaphthene, 715 ;
Dinaphthyls, 715 ; Dinaphthyl Ketones, 716 ; Phenanthrene, 717;
Phenanthraquinone, 718; Pyrene, 719; Chrysene, 719; Retene,
719.

Ozcavic SurstaNces oF UNKNOWN CONSTITUTION I £11)

Glucosides . . . . 720

Amygdaline, 720; Escuhne, 721 I"raxme, 721 Quercltnne.
722; Convolvuline "and Jalapine, 722 Saponine, 723 Digita-
lme, 724 ; Carminic Acid, 724; Myromc Acid, 726; Tanmns.
725, Clul:me, 726 ; Cerebnne, 726 Veratric Acid, 727
Indifforent ary:talluablc Vegetable Substances . . 728

Morine, 728; Catechine, 728; Santonine, 729; Alome, 730;
line, 730 Oh.lorophyll, 731; C&nthandme. 732.

v



xviii CONTENTS.

Colophony, 733; Copaiba Resin, 733; Guiacum, 733; Oopal,

ggz, Shell Lac, 734 ; Amber, 734; Caoutchouc and Guttapercha,
Alkaloids .

Conine, 735 Nxcotme, 736 Opmm Bssee, 737 Morplnne,
738; Codeine, 738 Narcotme, 739; Quinine, 740; Cmchomne,
741; Strychnine, 743; Brucine, 741; Veratrine, 743; Piperine,
748; Atropine, 746.

Bile Derivatives .

@lycocholic Acld 747 Taurocholxc Acxd, 747 Choho Acid,
747 ; Dyslysine, 748 thhofelhc Acid, 748; Cholesteri.ne, 749;
Bile Pigments, 750.

PROTEIN SUBSTANCES . . . ¢« « ¢« o« o o«

Gelatinous Tissues and Gelatines .
Chondrogen and Chondrin, 763 ; Oollagen and Gelaﬁne. 758,
Sericine, 753.
Albuminoid Substances .
Albumins, 766; Globulms, 757 Flbnn, 758 Casein, 759,
Legumin, 760; Glnten. 760 ; Mnoedin,

Albwminoid Ferments . . . . .
Emulsin, 761 ; Diastase, 761 Pepam, 762.

Proteids ve e
Mucm, 762 H Elast.m, 768 H Kemtln, 768; Nuole’in, 764,

Haemoglobins . . e

Oxyhaamogloblns. 765 Haamin 765; Haamatin, 766.

APPENDIX.
L Refraction Equivalents of Organic Compounds . . .
IL The Diazo Colours e e e e e e .

INDEX . . . . . . e s . . '

PAGR
732

785

746

52
753

754

761
763

764

767
767



ORGANIC CHEMISTRY.

INTRODUCTION.

1. UxTiL the early part of the present century organic chemistry
was defined as the study of those bodies derived from the working of
animal or vegetable life, together with their numerous compounds
and derivatives. It was assumed that for the conversion of mineral
substances into organic bodies there was requisite a peculiar force
only existing in the living organism, and essentially different from
that which regulated the apparently simpler laws of mineral
chemistry.

Theryenonmous development of organic chemistry in recent times
has, however, gradually obliterated this line of distinction between
organic and mineral bodies.

The number of organic bodies built up from their elements, or
from their simplest mineral combinations, is on the increase, and the
results in the region of artificial synthesis approximate nearer and
nearer to the highest stages of chemical complication—the immediate
agents of organic life—the cellular constituents of plants and
animals.

The laws which govern organic synthesis have shown themselves
tobein no way different from those concerned in the changes and
eombinations of mineral substances.

The best arbitrary definition of organic chemistry is one depend-
ing on the fact that all organic bodies contain carbon as the essential
cunstituent, for it is to the chemical characteristics of carbon alone
that the compounds termed organic, compared with mineral com-
pounds, owe their peculiar character.

2. Constituents of Organic Bodies.—Naturally occurring organic
bodies contain but a limited number of elements in combination with
arbon, many only hydrogen or oxygen; many more contain both
hydrogen and oxygen, and others again, these in addition to nitrogen,
sulphur or metals.

By artificial methods all the elements may be obtained as integral
constituents of carbon compounds, the base forming metals giving
salts with organic acids being in this way combined to the carbon by
means of oxygen, sulphur, &c., and also many elements combining

directly to the carbon, in most of which cases the elements lose their
v/ B
|



2 INTRODUCTION.

distinctive characters, by which they are known in mineral or inor-
ganic compounds, and are only discoverable after the action of the
most powerful reagents or the employment of a high temperature,
by which all organic compounds are more or less decomposed or
destroyed.

3. The determination of the composition of an organic body is a
primary step towards an exact knowledge of its nature and constitu-
tion, and the chemistry of the carbon compounds received a great
impetus from the discovery of exact methods of organic elementary
analysis.

Before proceeding to the determination of the proportions, by
weight, of an element contained in a compound, all the other
elements or constituents of the body must be known, since methods of
analysis must be varied according to their nature and pecu’iarities.
Qualitative analysis must therefore always precede quantitative. In
naturally occurring bodi-s it is necessary to test for the presence of
carbon, hydrogen, oxygen, nitrogen, sulphur, and the constituents of
the ash or residue left on combustion. In artificial bodies built np
from their elements this is not necessary, as the individual compon-
ents are already known.

In the following sections an outline of the general methods
employed will be given.

QUALITATIVE ELEMENTARY ANALYSIS.

4. Carbon.—Most organic bodies, on heating out of contact with
air, decompose with blackening from separation of carbon. Volatile
bodies are passed through hot tubes, on which they give a black
deposit. It is better to depend on the formation of carbonic anhy-
dride when the body is burnt with oxygen, a test of universal appli-
cation. For this purpose non-volatile bodies are mixed with cupric
oxide and heated ; volatile bodies or gases are led over ignited cupric
oxide; the carbonic anhydride formed is then passed into a solution
of calcic hydrate, with which it gives a white precipitate of calcic
carbonate.

5. Hydrogen.—The presence of hydrogen is shown by heating the
dried substance with cupric oxide, when water is formed, which
collects in drops on the cold portions of the apparatus. Organic bodies
containing oxygen as well as hydrogen give off water when heated
alone.

8. Nitrogen.—Most nitrogenous bodies, when heated alone in a
glass tube, give an odour of burnt feathers, whilst ammonia is evolved,
and can be recognised in the vapours by its turning red litmus paper
blue. In many cases volatile acids are evolved at the same time,
which completely neutralise the ammonia. It is better, therefore,
before ignition, to mix the body under examination with an alkaline
hydrate; soda lime is generally employed. This latter, at high
temperatures, directly oxidises the organic body, completely retains
the carbonic anhydride formed, whilst the nitrogen, uniting with the
hydrogen of the organic substance or of the alkaline hydrate, is
evolved as ammonia. :

Very small quantities of nitrogen are, however, readily over-
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looked by this method, which also frequently fails if the nitrogen is
united to oxygen, as nitryl (NO,), in the organic body. The following
method is of general application and completely certain :—A small
quantity of the substance is mixed with a little sodium or potassium
(with addition of dry sodic carbonate in the case of explosive substances)
and heated in a test tube; the action is generally accompanied by a
slight explosion. The residue is boilel with water and some ferrous
salphate, and then acidulated with sulphuric acid; a ferrocyanide is
thus obtained, which, on addition of a drop of ferric salt, gives a pre-
cipitate of Prussian blue.

7. Sulphur and Phosphorus.—These and other analogous acid-
forming elements {such as selenium, tellurium, arsenic, antimony) are
most conveniently tested for by heating the suspected body with a
mixture of pure potassic carbonat> and nitrate. The aqueous solu-
tion of the white fu-ed mass i¢ then tested in the usual manner for
sulphate, phosphate, &ec.

8. IHalogens.—1In those cases where the aqueous solution of the
substance gives no indication, a small quantity of the body is heated
with pure lime in a test tube. The residue is dissolved in dilute
nitric acid, and a few drops of argentic nitrateadded ; a white curdy
precipitate indicates chloride, bromide, or iodide. The separation of
these elements is conducted in the usual manner.

9. The examination for other elements is, as a rule, made by
ignition of the organic substance and examination of the ash. Only
very volatile metals are overlooked without further precautions.
Mercury compounds, e.g., are ignited in a glass tube in a current of
oxygen, the liquid metal then condensing on the cold portion of the
tube

Tt is not generally practicable to prove the presence of oxygen
directly, the complete quantitative analysis alone showing its presence
without doubt.

QUANTITATIVE ELEMENTARY ANALYSIS.

Estimation of Carbon and Hydrogen.

10. Carbon and hydrogen are estimated in a single operation.
A weighed quantity of the substance is burnt, converting the carbon
into carbonic anhydride and the hydrogen into water ; these latter are
then conveyed into weighed absorption apparatus, and the carbon and
biydrogen calculated from the increase of weight observed.

Pure cupric oxide is the material usually employed in the com-
bustion ; at a red heat it readily gives up its oxygen to the organic
bodies, being thereby reduced to metallic copper. The water is
abeorbed in glass tubes (fig. 1) containing either porous ignited calcic
chloride or fragments of pumice stone saturated with concentrated
sulphuric acid. The greater part of the water condenses in the liquid
state in the small bulb above the bend of the U tube, the non-condensed
vapour being ahsorbed in its passage through both limbs of the ap-
paratus. The carbonic anhydride is absorbed by strong solution of
potasdic hydrate (sp. gr. 1:27), contained in Liebig’s potash bulbs

B2
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(fig- 2). In these the gas first passes inte the largest bulb, from which
it expels the potassic hydrate, and then passes in single bubbles through
the other bulbs, and being thus necessarily in long contact with the
potash, is very completely absorbed. The modification of this ap-
paratus known as Geissler’s bulbs is also much used. Instead of

Fre. 1. Fig. 2.

o

potash solution, soda lime is frequently used to absorb carbonic
anhydride. This is rubbed in a porcelain mortar until a mixture of
fine powder with pieces the size of coarse millet remains. U-sha)
light glass tubes (fig. 3), which contain in one limb, between two
plugs of cotton wool @ and b, coarsely
F1o. 3. powdered calcic chloride, are completely
filled up with the soda lime; by tapping
the tube with both limbs placed hori-
zontally the separation of the fine from
the coarse powder is cffected. The
latter occupies the upper part of the
cross-section, and forms a passage
through which the gases pass, and from
g which the finer powder absorbs the
carbonic anhydride. Tn cases where
soda lime tubes are employed a small
bulb tube g, containing a drop of sul-
phuric acid, is usually placed between the calcic chloride and soda lime
tubes ; it serves to show the rate at which the combustion is pro-
gressing,

Combustions are conducted in many different ways. Two methods
will be described, of which the oldest and, as regards apparatus, the
simplest will always be connected with the name of Liebig. The
solid substance to be analysed, having been dried and previously finely
powdered, is weighed (generally 0'2 to 0-3 gram is taken) and mixed
with finely powdered cupric oxide in a warm porcelain mortar. The
cupric oxide must have been ignited just before the operation, trans-
ferred whilst still hot to a wide glass tube, which is then carefully
closed, and cooled so far as not to alter the organic substance when
mixed with it. A tube of difficultly fusible glass must have been
previously prepared for the reception of the mixture. This combustion
tube (fig. 4) is drawn out at one end (over the blowpipe) to a tail at
an obtuse angle, then carefully cleaned and dried. The end is filled
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up to ¢ with pure cupric oxide; then follows the mixture of the
orgunic substance and cupric oxide to b ; from there to « is the cupric
oxide used in rinsing out the mortar. The tube is then filled up to
within an inch of its mouth with pure cupric oxide, and finally a
loose plug of asbestos is inserted. The length of the layer of cupric
oxide must vary with the combustibility or volatility of the organic
body, so that for such bodies as give on heating a large volume of com-
bustible vapours and gases it must be made longer than it otherwise

Fig. 4.

N\ c h a

would. The tube is then held horizontally and tapped gently, by which
means a canal is formed ulong the top of the contents, along which the
products of combustion can pass. The tube so prepared is then Iaid in
a combustion furnace; the chloride of calcium tube is fitted on by
means of a good cork or caoutchouc plug, and in its turn is connected
to the potash bulbs by means of a piece of caoutchouc tubing. The
whole apparatus is shown in fig. 5. The fore-part of the combustion
tabe is now heated, and as soon as the cupric oxide is glowing the
heating gradually carried backward, so that the mixture of substance
and cupric oxide is raised to the temperature necessary for combustion.

Fiu. 5.

In order to prevent any condensation of unburnt volatile decomposition
products in the tail, that is kept heated from the boundary of the pure
cupric oxide. When, at length, the whole tube is brought to a red heat,
and no more gas bubbles are seen in the potash bulbs, the combustion
is finished. The tail of the combustion tube is broken off at ¢ and air
drawn slowly through, 80 as to sweep all products of combustion from
the tabe into the absorption apparatus. At the finish the apparatus
Is disconnected and the absorption tubes weighed. As carbonic
anhydride contains % of its weight of carbon, and water } of its
weight of hydrogen, by multiplying the increase in weight of the re-
mective tubes by these figures, the amount of carbon and hydrogen in
the substance employed will be obtained.
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11. When readily volatile liquids have to be analysed in this ap-
paratus they are placed in small previously weighed bulbs, the point
fused, aud the bulb again weighed, in order to ascertain the weight of
the substance taken. The combustion tube is then filled for a quarter
of its length with fre-hly ignited cupric oxide, the bulb, with its point
broken, then dropped in, and the tube filled up with cupric oxide.
The apparatus is arranged as in fig. 5; the front and back parts of
the tube first brought to redness, and then .that part where the bulb
'is gradually heated, so that the vapour of the liquid shall slowly pass
over the glowing oxide and be completely burnt.

Non-volatile liquids, fats, &c., are caused to spread over the
sides of the combustion tube, which is then filled up with cupric
oxide.

12. In many cases it is necessary to make some alterations in the
method above described. Some organic substances cannot be com-
pletely burnt with cupric oxide, either from not admitting of sufficiently
intimate admixture or from their yielding much carbon on beating,
which cannot come into contact with sufficient cupric oxide for its
complete combustion. In these cases plumbic chromate is employed
instead of cupric oxide. Immediately before use it must be strongly
heated in a porcelain basin. It contains more oxygen in an equal
volume than cupric oxide, fuses on heating, and gives off oxygen on

FiG. 6.

a b 3 d e f

strong ignition. Plumbic chromate is of use also in the analysis of
bodies containing sulphur and halogens, as it completely retains them ;
whilst with cupric oxide sulphurous anhydride or free halogen is
frequently obtained, which being soluble in potassic hydrate, would
completely spoil the result for carbon. Nitrogenous bodies on com-
bustion frequently give off a portion of their nitrogen as nitric oxide,
which, when mixed with air, is absorbed by potash, and would also
bring the result too high. In this casea layer of a mixture of potassic
chromate and manganic oxide is placed in the front part of the com-
bustion tube, and kept very gently heated during the combustion,
whereby all nitrous fuses are effectually removed.

13. Much saving of time, together with simplification of mani-
pulation and greater certainty in the results of carbon and hydrogen
estimation, is obtained by combustion in a stream of oxygen in a
tube open at both ends (fig. 6). Between the asbestos plugs d and e
a layer of granulated cupric oxide is placed ; the ends of the tube are
closed by bored corks, in one of which is placed a tube for the intro-
duction of pure air or oxygen, whilst the other serves to connect with
the absorption apparatus. The combustion tube is heated to redness
in the furnace, whilst a stream of dry air is passed through; by this
means the whole apparatus and its contents are obtained thoroughly
dry and ready for immediate use. The absorption tubes fcr water and
carbonic anhydride having been attached, the weighed substance con-
tained in a porcelain or platinum boat ¢ is pushed in (volatile liquids
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in bulbs as described), and finally a short glass rod with fused edyes
b, which nearly fills the tube. The object of this latter is to cause an
acceleration of the gas stream at that point, and so prevent any chance ,
of the vapours given off by the burning body travelling backwards,
as they might otherwise do, the stream of gas being necessarily slow,
to ensure complete combustion. The whole apparatus shown in
fig. 7 being arranged, and the substance in its boat placed behind
the red-hot cupric oxide, heat is next applied at the place where the
glass rod is (b, fig. 6) and then slowly advanced to the boat. At
the commencement purified air may be employed, the oxidation being
mainly effected at the expense of the cupric oxide ; later oxygen is
turned on from a second gas-holder, and the complete oxidation of
any carbon left behind is then effected; any reduced copper is also
re-oxidised. Both air and oxygen are purified by passing through
potash and calcic chloride or sulphuric acid. The stream of oxygen is
continued until its presence can be distinctly observed at the absorption
apparatus ; it is then displaced by a current of air. The cooled absorp-
tion tubes and the boat, if any ash is left, are then weighed. The
combustion tube can then be employed for a fresh analysis, as it is in a
state of complete readiness, i.e. completely free from water and
carbonic anhydride and charged with pure cupric oxide. In the case
of nitrogenous bodies potassic chromate and manganic dioxide are
placed in the anterior portion of the tube. "With substances containing
halogens a roll of silver must be placed in front of the cupric oxide;
by this every trace of halogen is absorbed. Bodies containing sulphur
must be burnt with plumbic chromate, or if cupric oxide and oxygen
be used the gas stream must be passed over pure plumbic peroxide,
heated to but little above 100°, by which all sulphurous anhydride is
removed,

Estimation of Nitrogen.

14. The determination of the amount of nitrogen in organic bodies
is effected either by measuring the nitrogen in the free state and
calculating the weight from the volume, or by conversion into am-
monia.

The first method can be applied to all organic bodies; the second
does not give satisfactory results in those cases where the nitrogen
is in union with the oxygen of the organic substance (e.g. in nitro
compounds).

{’g. Estimation of Nitrogen by Volume.—By the combustion of
nitrogenous organic bodies with cupric oxide there results, as already
mentioned, carbonic anhydride, water, and nitrogen, and probably
some quantity of nitric oxide, this Jatter being reduced to nitrogen
by passing over red-hot metallic copper. On cooling the products of
combustion, the water is separated in the liquid form ; the carbonic
anhydride (and also any sulphurous anhydride or halogens) is readily
absorbed by a solution of an alkaline hydrate, so that pure nitrogen
remains, and can be estimated by measurement. The single difficulty
of this method is the complete removal from the apparatus of the
indifferent gases of the air before the commencement of the combus-
tion. This can be effected by complete exhaustion by the mercurial
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air pump, or more simply by a stream of carbonic anhydride. The
procedure is as follows : —A combustion tube (fig. 8), about one metre
long, has placed in it next to its closed ends about 30 grains of hydric
sodic carbonate (a b), then a layer of cupric oxide (bc), then the
mixture of the weighed substance and cupric oxide (¢ d), a layer of
cupric oxide (d e) added, and the rest of the tube filled with copper
turnings of clean metallic surface ; a gas delivery tube is then attached
by means of a perforated cork. The tube so filled (a , fig. 9) is laid
in the furnace, united to the bent delivery tube (cf), and the end of
the latter dipped under mercury. One-half of the hydric sodic

Fia. 8.

carbonate is then heated to brisk decomposition,; the evolved gases,
carbonic anhydride and water vapour, expel the air contained in the
apparatus, which escapes in bubbles through the mercury. From time
to time samples of the escaping gas are collected in a test tube com-
pletely filled with potash solution and mercury ; when such a sample
is absorbed by the potash without leaving any residue, it is certain
that the air has been completely expelled. A measuring tube filled
with mercury, first having about 50-60 cc. of concentrated potash

Fia. 9.

solution run up into it, is placed over the end of the delivery tube
and the combustion commenced. The cupric oxide at d e and b ¢, and
the metallic cupper at e f (fig. 8), are heated to bright 1edness, and the
heating gradually carried to the mixture of cupric oxide and substance.
As soon as the whole tube between b and £ is red hot the evolution of
gas ceases. All the organic substance is then burnt, and the greater
part of the products of combustion collected in the measuring tube.
The remaining portion of the hydric sodic carbonate is then heated, in
order to displace any nitrogen remaining in the tube. After some
time, when the complete absorption of the carbonic anhydride by the
potash solution is quite certain, a small porcelain capsule is placed
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under the open end of the measuring tube, and the tube and contents
removed to a deep cylinder filled with distilled water, the capsule
being then removed. The mercury and potash sink out of the tube
and are replaced by water. The measuring tube is now sunk so far
into the cylinder that the surface of the water stands at the same level
inside and outside the tube. It is then allowed to stand until both
gas and water have acquired the temperature of the room ; the volume
of the gas in cubic centimetres, (v) is then read off the tube, and at the
same time the temperature (¢ C.) and the barometer (b in mm.) noted.
The weight of nitrogen obtained is then, with correction for the tension
of aqueous vapour (w in mm.)—

= v(b—w)
760(1 +0-00367¢)

16. Estimation of Nitrogen as Ammonia.—As already explained,
most organic bodies, when heated with alkaline hydrates, give off all
their nitrogen as ammonia. The analysis is usually conducted as
follows :—The substance to be analysed is mixed with five tosix times
its weight of soda lime in a warm porcelain mortar, and then transferred

x 0:0012562.

FiG. 10,

to a combustion tube which has already been drawn out to an oblique
point and partly filled with soda lime; the mortar is then washed
out with fresh soda lime and the tube nearly filled therewith, a plug
of asbestos put lightly in, and a bulb apparatus containing hydro-
chloric acid fixed on by means of a well-fitting cork. The tube @
(fig. 10) is then heated from the anterior backwards. Ammonia is
evolved, which is absorbed by the acid, being converted into ammonic
chloride. Free hydrogen and hydrocarbons are generally also evolved,
the latter colouring the liquid in the bulb. At the close of the com-
bustion, when the mass, which blackens at first, must have become
quite white again, the point of the tube is broken off and air sucked
through in order to bring all the ammonia into the bulb. This latter
is then removed, the contents emptied into a porcelain basin, and the
bulb rinsed repeatedly with pure water. The acid and wash waters
are then mixed with excess of platinic chloride and the whole eva-
porated to dryness on the water bath. The residue consists of am-
monic platinic chloride, N,HCl¢Pt, together with excess of platinic
chloride. This latter is dissolved out by a mixture of alcohol and ether,
and the insoluble ammonic platinic chloride collected on a dried and
weighed filter, completely washed with cther alcohol, and dried at
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100° until constant in weight. Every 100 parts of the double salt
contain 6-28 parts of nitrogen. The double salt on ignition leaves a
residue of platinum, which can be weighed ; every atom of platinum
found corresponds to two atoms of nitrogen, or 100 parts of platinum
obtained corresponds to 14-172 parts of nitrogen.

Many organic substances, when heated with alkalies, give their
nitrogen —at least in part—not as ammonia but in combination with
arbou and hydrogen, in the form of organic bases, whose hydro-
chlorides give with platinic chloride compounds resembling the
ammonic double salt, in which there is still one atom of platinum to
two of nitrogen. It i, therefore, advisable always not only to weigh
the double salt, but also the platinum left on ignition, the nitrogen
being finally calculated from the latter.

185. Instead of estimating by precipitating as above, the contents
of the bulb may be evaporated to dryness and the chlorine in the
residual ammonic chloride determined by addition of a standard solu-
tion of argentic nitrate ; one atom of nitrogen must have been present
for every atom of chlorine found.

Estimation of the Halogens.

17. In all cases where organic halogen compounds are not directly
decomposed by water with complete conversion of the halogen into
its hydro-acid (as happens with the chlorine, bromine, &c., compounds
of the organic acid radicals), the halogens must be rendered capable of
precipitation with argentic nitrate by the action of energetic reagents.

This can frequently be accomplished by the action of sodium
amalgam wpon an aqueous solution of the organic body, €.g. mono-
chloracetic acid is decomposed according to the equation :

C,H,Cl0,; + Na,=C,H,Na0, + Na(l,

the chlorine being then readily precipitated from the sodic chloride by
addition of silver salts. -

In cases where this method is not available the decomposition can
be effected by heating with pure lime in a combustion tube. The
apparatus i3 quite similar to that used in estimating nitrogen as
ammonia, only no absorption tube is required. The ignited residue is
dissolved in nitric acid, precipitated with silver solution, the silver
salt collected on a filter, washed, ignited, and weighed. As in this
operation a large excess of lime must be employed a cousiderable
volume of liquid is obtained, which makes the filtration a very weari-
§ome operation.

Latterly this method has been nearly entirely superseded by
another, which consists in the complete oxidation of the organic Lody
by nitric acid at high temperatures. In many cases this reagent can
be used dilute (1-2-1-3 sp. gr.), and acts completely even at 130°-150° ;
very few organic bodies can resist the action of fuming nitric acid at
180°-200°. The employment of temperatures so much above the
boiling point of nitric acid necessitates the use of strong walled, sealed
tubes, in order to resist the high pressures produced.

. The substance for nnalysis is sealed up in thin glass bulbs, usually
with bent, and therefore easily broken, capillary tubes. It is then
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enclosed, together with excess of argentic nitrate and of moderately
concentrated, or if necescary of fuming, nitric acid, in a strong walled
glass tube, care being taken that in sealing the drawn-out point is
well thickened. Fig. 11 shows the whole apparatus. The glass bulb
is now broken by vigorous shaking, the enclosed substance
Fic. 11. coming in contact with the nitric acid, and the tube is then
heated for several hours in an air bath, hcated to the neces-
sary temperature. The air bath usually employed is shown
in fig. 12; it contains several wrought-iron tubes closed at
one end, and which are placed in an inclined position in the
bath. If one of the glass tubes explodes, it cannot destroy
the other tubes being heated in the bath at the same time,
nor can it damage the operator.
When the reaction is completed the apparatus is allowed
to cool, the glass tube carefully removed, wrapped in a
cloth, except the capillary tube, and the latter softened in a
flame. The internal pressure blows the point out, and the
strongly compressed gases (carbonic anhydride and reduction
products of nitric acid) are evolved without danger. The
glass tube is then cut open, the contnts completely washed
into a beaker, and after sufficient dilution of the nitric acid,
the haloid silver salt, and the fragments of the glass bulb
collected on a filter, washed, dried, ignited, and weighed.
By subtraction of the weight of the filter, ash, and glass
bulb the weight of the chloride, bromide, or iodide of silver is obtained,
from which the weight of halogen can be calculated.

Estimation of Sulphur and Phosphorus.

18. Many sulphurised organic bodies can be completely oxidised
by nitric acid, with conversion of their sulphur into sulphuric acid, the

F1a. 12.

method above described being employed, the sulphuric acid being pre-
cipitated as baric sulphate from the largely diluted oxidation product.
If halogens are estimated in the same operation the filtrate from the
silver precipitate must be treated with hydrochloric acid, so as to
remove all silver before precipitating the sulphuric acid.
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If the substance oxidised by nitric acid contained phosphorus,
arsenic, or motals, they will be converted respectively into phosphoric
acid, arsenic acid, or metallic nitrates, and can be estimated according
to the usual methods of quantitative analysis. .

Frequently organic sulphur compounds resist the action of nitric
acid, so that their decomposition can only be effected by fusion with
nitre and an alkaline carbonate. The mixture must be made in such
proportions that there shall be no explosion on heating. Volatile
substances are generally partly oxidised in a sealed gluss tube by
nitric acid, whereby non-volatile bodics are formed ; the acid liquid is
then more than saturated with dry alkaline carbonate, and the whole
evaporated to dryness and fused in a platinum dish. As soon as all
carbon is burnt, and the mass has become completely white, it is
allowed to cool, dissolved in water, and the sulphuric acid pre-
cipitated.

Fstimation of Ozygen.

19. Oxygen is usually estimated indirectly ; the sum of the percent-
ages of the other elements present is deducted from one hundred, and
the difference taken as oxygen. For instance, the combustion of (-3
gram of cane sugar, which contains carbon, hydrogen, and oxygen only,
gave 0-463 gram carbonic anhydride and 0-170 gram water. This,
caleulated into percentages, gives—

Carbon = 4210

Hydrogen 6:43
Sum 4853
Oxygen (loss) 5147
100-00

DererMINATION OF THE CHEMICAL ForMULE oF OrcaNIc COMPOUNDS.

20. The results of the elementary analysis of an organic body
are always expressed in percentages ; from these empirical formulae can
be obtained by dividing the percentage number by the atomic weight
of the element to which it refers, the quotients then expressing the
proportions in which the atoms of carbon, hydrogen, oxygen, &c., are
united to each other. These quotients, generally consisting of
fractions, are reduced to the nearest round numbers, and then re-
present the empirical formula® of the body.

In chemical analysis, as generally in any operation involving
measurimg or weighing, there are slight deviations from accuracy. A
formula so obtained is still admissible, although the percentage
numbers calculated from it do not quite agree with those found in the
investigation, provided that the deviation does not exceed a certain
limit. This limit of error is found to be about 0:3 per cent. for
carbon and 0-2 per cent. for hydrogen ; for instance, in the combustion
of pure glacial acetic acid the following numbers were obtained :—

Carbon . . . . . 39-82
Hydrogen . . . . . 675

Oxygen . . . . . 5343
. 100-00
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These being divided by the respective atomic weights, the quotients
will express the ratio of the elementary atoms in the compound.

39-82

F =3

or carbon 13 3-318
For hydrogen §¥ =675
For oxygen %%3 = 3-339

If these are now reckoned to 1 atom of carbon they give—
To 1 atom carbon C,

675

Hydrogen '3—.3—1-8 = Ha.o:“
3-339

Oxygen 3318 O1-006

or as nearly as can be expected with unavoidable errors, to the em-
pirical formula CH,0, from which the following percentage com-
position is calculated : —
40-00

6-67
53:33

100-00

o
hnn

Determination of the Molecular Formula.

21. The chemical formula of a body must be something more than
the mere expression of its percentage composition, it should in ad-
dition express the atomic composition of the smallest, relatively, exist-
ing quantity of the body, its molecule. It is evident that the latter
can be any whole multiple of the empirical formula ; the acetic acid
molecule may probably be C,H,0,, C3;HO;, &e.

In order, therefore, to find the true chemical formula of a body,
in addition to the percentage composition there must also be deter-
mined the relative weight of its molecule, either from certain physical
qualities, especially the vapour density (see further on), or from the
products derived from it by chemical changes.

Of these latter derivatives’ the most important for acide and
bases are their salts; for indifferent bodies, especially those that con-
tain only carbon and hydrogen, their haloid substitution products, i.e.
derivatives in which the hydrogen is replaced by a halogen.

22. When acetic acid, for instance, is converted into its silver salt
by boiling with argentic oxide, and the salt then submitted to
analysis, it gives the following percentage composition :—

c . . . . . 1428

H . . . . . 185
Ag . . . . . 6489
(0) 19-05
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and calculating from these the atomic proportions—

14-28_ .. 119 | 0a
C = 12—119 _6—198_2
H=18 —185 1®_305-3
1 6
6482 . 6 .00 —
19-05 1-19
=" =119 ——=198=
o 16 1-19 3 198 =2
The simplest formula for argentic acetate is
CzHaASO,

and requires for acetic acid a molecular formula at least as large as
C,H,0,, i.e. double the empirical formula previously determined.

Several other substances have the same percentage composition as
acetic acid, although with dissimilar properties; such are dried grape
sugar, lactic acid, &c. The analysis of derivatives of these bodies,
however, leads to completely different molecular formula.

The silver salt of lactic acid, e.g., gives this latter the formula
C,H0,, as it contains three atoms each of carbon and oxygen and
five atoms of hydrogen to one atom of silver.

To 1 atom Ag

Found per Cent. Atomic Quotient  Found Calculated.
C . 1836 . 1-5630 . 3:02 . 3
H . 250 . 2-500 . 494 . b
Ag . 5465 . 0-506 . 1-00 . 1
0 . 2449 . 1-531 . 303 3

23. In order to determine the molecular formula of an organic
base it is analysed both in the free state and in form of the salts
which it yields with acids—most simply with hydrochloric acid.
Bearing in mind that organic bases, or alkaloids, resemble ammonia
in their chemical behaviour, i.e. unite with acids without separation
of water, it is easy from the composition of the salt to deduce that of
the base.

As an example the formula of the hydrochloride compound of
creatinine may be calculated. On elementary analysis it gave in per
cents.—

Carbon . . . . . 32:48
Hydrogen . . . . . 530
Nitrogen . . . . . 2827
Chlorine . . . . . 2341
Oxygen . . . . . 1054
On calculating this to 35:5 parts, or one atom, of chlorine there was
fonnd—
Carbon 48 =4 x 12 = 4C
Hydrogen 8 =8 x 1 = 8H
Nitrogen 42 =3 x 14 = 3N
Chlorine 355 =1 x 3556 = 1Cl
Oxygen 16 =1x16 =10
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The formula of creatinine hydrochloride is therefore C,H N ;0CI.
On subtracting HCI from this we get for creatinine itself C,H,N 0,
with which formula the results of the analysis of free creatinine are

in agreement.
Calculated. Found.

C, . . . 48 . 4248 . 4254
H, . . . 7 . 619 . 638
N, . . .43 . 87117 . 3120
o . . 16 . 1416 . 1388
1 molecule } 113 . 10000 . 100-00
creatinine

24. As the so-called indifferent bodies—i.e. such as are neither of
acid nor basic nature —do not enter into combination, it is necessary, in
determining their molecular weight, to have recourse either to split-
ting up—i.e. decomposition into several other compounds of known
molecular formule, whose relative quantities are then determmed—or
to substitution.

The analysis of acetic ether, e.g., gives as its empirical formula
C,H,0; by treatment with potash solution, however, it splits up
into equal molecules of ethyl alcohol, C,H¢O, and potassic acetate,
C,H;KO,. It is therefore seen that the above expression must
be doubled in order to get four carhon atoms. The decomposition is
then represented by the equation :

C,H,0,+ KOH=C,H;0+C,H;KO,.

256. The simplest formula derivable from the analysis of benzene
is CH. A crystalline compound of henzene and chlorine appears to
confirin this, as its investigation leads to the formula CHCI.
‘When heated with alcoholic potash, however, it is converted into an
oil, which to one chlorine atom contains two carbon and one hydrogen
atoms.

From this the benzene formula would be C,H,, the chlorine
compound C,H,Cl,, the decomposition product C,HCl. By the
investigation of other products of the action of chlorine upon benzene,
C,H, proves not to be its formula. One of these bodies contains three
carbon atoms to one chlorine atom = C;H,Cl. The composition of
another corresponds to CzHCl,. Already these derivatives with
both two and three carbon atoms require the presence of Cg in the
molecule, and apart from that other substitution products exist that
cannot be otherwise formulated.

From the empirical formula of the chlorine derivatives the
following series of molecular formule of benzene derivatives is

obtained :—
Empirical Formula, Molecular Formula.

Benzene . . . . . . . CgHg

Chlorine compound . CHClI . . CgHgClg
First chlor substitution product CeH,Cl .. . CgH;Cl
Second ,, ” ” C;H,Cl . . CgH,Cl,
Third ,, ” ” C,HCl . . C H,L0l,
Fourth ,, ” » C,;HCl, . . C¢H,Cl,
Fifth ” ” CcHCl; . . CgHCly

Sixth ” ” ) CCl1 . . CGCIG
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Derivation of the Molecular Weight from the Vapour Density.

28. The fact that in the union of gases the volumes stand in very
simple relation to each other and to the volume of their gaseous com-
poand, led at the beginning of this century to the view that equal
volumes of different gases and vapours contain, under like conditions of
temperature and pressure, an equal number of molecules. This has
since been amply confirmed, and now forms one of the most important
fundamental laws of physical chemistry.

The weights of equal volumes of different gases, under like
temperature and pressure (the gas and vapour densities), express
directly the relative weights of the molecules. The molecular weight
of any gaseous or volatile (without decomposition) body is found by
multiplying the experimentally determined density on the air scale
(Le. air = 1) by 28-92—i.e. the molecular weight is 28-92 times as
great as the density of the gas or vapour on the air scale.

Molecular

Density Found. Density x 2892. Weights.
Hydrogen . . 0692 . 2-00 . 2:0
Hydrochloric acid . 1-274 . 36-84 . 365
Awmmonia . . -89 . 1703 . 170
Water . . . 622 . 1799 . 180
Benzene . . 2675 . 7736 . 180

Relatively small errors in the determination of the vapour density
would lead to not inconsiderable deviations in the molecular weight
obtained by this method ; but as the molecular weight must be a
whole multiple of the empirical formula, the results are quite suffi-
ciently near to leave no doubt as to which multiple is the correct one.

Determination of Vapour Density.

27. The density of a gas or vapour is the quotient of a given
volume thereof divided by the weight of an equal volume of atmo-
spheric air at the same temperature and pressure. As a cubic centi-
metre of atmospberic air weighs ‘0012932 grm. at 0° and 760 mm.
pressure, according to the laws of Marriotte and Gay-Lussac, the
weight (in grammes) P of any given volume v (in cc.) at any given
temperature ¢ and pressure b can be calculated by the formula

1 . b
P = 0012932 " I ~Ga3eT 760 V-

There is only required, therefore, in the estimation of a vapour
density, the weight P’ and the corresponding volume v’ at the tempera-
tare ¢ and pressure b of the gaseous or vapourisable body. There are
two different methods employed for this purpose : either the amount
required to fill a flask of known capacity at a known temperature and
pressure is weighed, or the volume occupied by a known weight of the
vapour is measured.

28. In order to estimate the density according to the first principle,
a glass balloon of about 300-500 cc. capacity is employed ; the neck
is drawn out to a long cavillarv tube, and bent at an obtuse angle.

c
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The flask is dried by repeated exhaustion and admission of dried

air, and then weighed full of dry air, the temperature ¢ and pressure

b being noted. About 5-10 grm. of the liquid under examination is

introduced into the slightly warmed balloon, which is then placed in

an oil bath, heated to a few degrees

Fie. 13. above the boih'ng point of the sub-

stance, a8 shown in fig. 13. The

thermometer must be so placed in

the oil that its bulb is as high as the

middle of the balloon and as near

as possible to it. The air is expelled

by the vapour formed, the excess of

the latter also escaping. When this

ceases the temperature is raised about

20°-30° ; the portion of the capillary

tube projecting above the oil being

also heated, to volatilise any liquid

condensed there; the point fased in

the blowpipe ﬂame, the temperature

t, and the pressure b being noted at

the same time. The balloon is now

removed from the oil bath, carefully

cleaned, and when cold weighed.

The next point is to ascertain the

capacity of the balloon and the

volume of any air left in it. The

point is, therefore, broken off under mercury, whereupon the balloon

fills with the metal. If a gas bubble of sufficient size to affect the

result is visible, it is transferred fo a graduated tube placed over

mercury, and its volume and weight determined, calculated also to

the temperature of the bath and pressure at the time of fusing, and

both numbers used for the correction of the weight and volume of the

vapour.

pg‘he balloon, after completely filling with mercury, is then emptied

into a graduated vessel, in order to determine its capacity at the

ordinary temperature. The following data for the calculation of the
vapour density are now obtained :—

P weight in grammes ‘of the balloon filled with air at the
temperature ¢ and the pressure b.

P’ weight in grammes of the balloon filled with vapour at the
temperature ¢’ and the pressure &'

v capacity of the balloon at the temperature .

From these the weight p of the atmospheric air in the balloon at ¢*
and b mm. pressure i8 thus calculated.

R S

1 + -00367¢ " 760

The welght of the glass of the halloon is p — p, that of the vapour
therefore ' — (p —
The glass expands on heating; therefore the capacity v/ of the

- p=-0012932 v .
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balloon at the temperature ¢’ is, if £ be the coefficient of cubic expansion
of the glass (free from lead = ‘00255)—

v =v(l+k?)

Therefore the weight of an equal volume of air under like cir-
cumstances

bl
=-0012932 . v [1 + &¢']

1
* 1400367t ° 760
the vapour density p of the body being (without correction for
any residual air in the balloon) ’
P—(r—p)

-0012932 . v. (1 + k).

p= 1 b

1 4 :00367¢ 760

29. Two important methods based upon the second principle are
now in use—viz. the methods of Hoffmann and Victor Meyer, which
are based upon the method of Gay-Lussac, now seldom used.

Hoffmann's method is applicable to bodies whose boiling point
is considerably below 100° C.,and whose vapours alfeady follow the
laws of Marriotte and Gay-Lussac at the boiling point of water.
This excellent method may also be used for the vapour density de-
termination of less volatile bodies, as by the employment of a torri-
cellian vacnum accurate measurements of the volumes may be made
at a much lower temperature than the body’s actual boiling point
under atmospheric pressure.

A graduated barometer tube about 1 metre long a (fig. 14) is
completely filled with dry mercury and inverted in a vessel full of
mercury. The tube is then surrounded by a wider tube b, fitted
tightly to it by the cork ¢. At the upper end of this surrounding’
tube a tube d is fitted for the entrance of vapour, whilst an exit tube,
united to a condenser, is attached to its lower end.

A small bottle of 1 cc., or less, content, provided with a glass
stopper, is completely filled with the substance under investigation,
and the weight P of the contents determined by weighing. The bottle
18 then sent up the barometer tube, when the stopper is generally
expelled by the excess of interior pressure. A good stream of the
vapour of some substance of known boiling point is then passed
through the annular space between the cylinder and measuring tube,
by which the latter and its contents are soon raised to a like tempe-
Tature,

The substances generally used in the vapour bath are water for the
more volatile and aniline for the less volatile bodies.

The liquid contained in the bottle is converted into vapour, de-
pressing the mercurial column. Assoon as this has reached a constant
position in the measuring tube the volume of vapour v is read off,
together with the atmospheric barometric pressure B, the height 1 of
the mercurial column inside the measuring tube and the boiling point
of the liquid used for the vapour bath being also noted. When
aniline or other high-boiling liquids have been employed, the pressare
%0 the vapour at the temperature ¢ is not simply =B — m, the
Interior mercurial column being considerably heated and its sp. gr.

c2
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thereby diminished. The height must therefore be calculated to the
temperature ¢’ of the exterior air ; this may be accomplished approxi-
mately by the formula

B =H[1 - 00018 (t — t')]

A correction must also be made for the tension of the mercurial

F1G. 14.

vapour T. " This has been determined by Regnault, and can be read

off directly from his tables.
The pressure which the vapour exerts is therefore

B—H —T.
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The weight of an equal volume of air under the same condition is

B—H —T
=-0012932 * v * 1 503677) 760
and the vapour density
P (1 + *00367¢) . 760
D= 0012932.v (8 — B’ — 7)

30. A more recent method, that of Victor Meyer, allows of the
density of bodies being very accurately determined within very wide
ranges of temperature.

The principle of the process is similar to that of Hoffmann’s, and
consists in comparing the weight of ,
an equal volume of air with that of Fia. 15,
the substance in the gaseous state. A B

The apparatus employed is shown
in fig. 15. c

The bulb @ of the vapourisation
tube A is immersed in a cylindrical a
vessel containing a liquid to serve as
bath; this latter is heated untila con- 4
stant temperature is attained, when
the substance—ahout ‘1 grm.—pre-
viously weighed in the small tube e,

10 to 20 mm. long and 2 to 4 wide,
and lightly held on the bent wire g
passing through the cork of the &
vapourisation tube (shown on an
enlarged scale at B, fig. 15), is al-
lowed to fall to the bottom of the
wide portion by slightly rotating the wire. AS soon as the substance
arrives at the heated portion of the tube, it passes into the vaporous
state, and expels an equal volume of air by the side tube d, which is
received in a measuring tube over water, and its amount read off,
temperature and pressure being noted.

The temperature in the vapourisation tube need not be accurately
known, only that it be sufficiently high for the whole of the substance
to be in a gaseous state.

For very high temperatures the wide portion of the vapourisation
tube must be of platinum or porcelain, and the bath, instead of water,
aniline, &c., may be melted lead, or for the highest temperatures a
small reverberatory gas furnace. )

The abbreviated formule

p=S5- 760 (1 4+ -003665¢°)

~ (B—w) v . 0012932
where p = density sought,

8 = weight of substance used,

(B—w)= barometer minus t{ension of water
vapour at ¢°, the temperature of ob-
servation reduced to 0° C.,

v = volume air in ¢, centim.,

SN,

AN §
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0012932 = weight of 1 cc. air at 760 mm. B and 0° C.,
t°= temperature of room or air in measuring tube,

will give the required density with sufficient accuracy.

RarioNaL ForMuLE AND ORcANIC RADICALS.

81. The molecular formula of an .organic compound shows
which elements and what number of atoms of each are contained in
the molecule, without expressing the order and method of their union.

The study of chemical changes shows that in the greater number
of organic molecules, atoms of any ingredient elements can be
replaced—singly or in groups—with differing ease, by other element-
ary atoms, or eliminated without replacement, and that they must
be united with varying degrees of firmness. In order to express this
fact in the formula, the symbols of the respective elements are not
written once only, but repeated as frequently as may be required to
indicate the varying degrees of firmnees of union. The number of
atoms in each particular form of union are expressed in the usual
manner. Formul®e modified in this way are termed rational

Jormule.

In such rational formuls there must evidently exist some groupe
of atoms which suffer no change during a given reaction; such an
unattacked residue or constituent common to both the original and
derived body is termed a radical, and when it contains carbon it is
termed an organic radical or residue.

An example will easily demonstrate these statements. Ordinary
(ethylic) alcohol whose formula is

gives up one of its six hydrogen atoms when treated with sodium,
heing thereby converted into the body C,H,NaO. In this reaction
the group C,H,O remains unchanged, and is therefore the radical
of ethylic alcohol, and the rational formula would be
C,H,0.H.

This body is, however, capable of further changes; by treatment with
ozone or with easily reducible bodies, it loses two hydrogen atoms,
without replacement, being converted into aldehyde, C;H ,O, which
can further take up an additional atom of oxygen, yielding acetic
acid. From this the rational formula of aleohol is

C,H,0.H,,
in which the group C,H,O appears as the radical.

By nnumerous decompositions groups of different elementary atoms
are simultaneously removed from the original compound. By the
action of hydrochloric acid, aleohol is changed into the body C,H,Cl
and water, having its oxygen atom, together with one of the hydrogen
atoms, removed, and only a single chlorine atom entering in their
place. This reaction leads to the formula

C,H,;.0H,

in which the organic radical C,H; (ethyl) is united to the inorganic
radical OH (hydroxyl). :
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An organic compound can have in this way different rational
Jormule, corresponding to the different methods in which it suffers
decomposition. Rational formulee of such a kind are only reaction or
decomposition formulce.

Both the reaction formule for ethylic aleohol, C,H;,,OH and
C,;H 0.H, can be united into the single formula

C,H;.0.H,
from the fact that the atom of hydrogen replaced by sodium, is no
other than the one which is expelled simultaneously with oxygen by
action of hydrochloric acid.

C,H,0.H 4+ Na = C,H,.O.Na + H
C,H,.0.H + HCl = C,H,.Cl + HOH.

By this the united rational reaction-formule obtain a further
significance. The actual connection of this hydrogen atom to the
oxygen atom can only be thbat both are united together, that the
monad H is united to the organic residue C;Hj; by means of the
dyad 0. The rational formula C,H;.0.H expresses the order of com-
bination of at least two atoms i the alcohol molecule, as well as
certain decomposition possibilities, and becomes therefore a constitu-
tional _formula. :

Similarly to the oxygen and one hydrogen atom of the ethylic
aleohol, the method of wnion of the elements composing the radical
C,H; may be settled by the study of reactions of greater extent, not
alone by decomposition processes, but also by the reverse—synthesis,
the building up of the organic compound from simpler bodies, or even
from ite constituent elements.

Alcohol, as already mentioned, is converted by oxidation into
acetic acid, C;H,0,. In this, by treatment with phosphoric chloride,
one hydrogen and one oxygen atom are replaced by one chlorine
atom, the body C,H;OCI being formed. Acetic acid has, therefore,
the hydrate formula C,H,0.0H. If its sodic salt C,H;0.0Na be
submitted to dry distillation with sodic hydrate, NaOH, a residue
of sodic carbonate, is left, and marsh gas, CH,, is evolved. Accord-
Ing to the equation : °

C’Hso.ONa + NaOH = waNa’ + CH‘
the sodic carbonate obtaining CO;Na, the marsh gas CH;, from the
sodic acetate. The reaction is expressed completely in accordance with
* the facts by the rational formuls :
CH;—CO.0ONa 4+ HONa = CH;H + CO.ONa.ONa.

From this it is highly probable that in acetic acid three hydrogen
stoms are united to one carbon atom, the two oxygen atoms, and by
means of one of them the fourth hydrogen atom, to the other carbon
aom. Nnmerous other reactions lead to the same conclusion.

The detailed constitutional formula obtained for acetic acid in this
¥ay, leads to the further conclusion that in ethyl alcohol also the
fame group, CH,, must occur, and makes it probable that the con-
stitutional formula is CH,.CH,.OH. Complete confirmation of
this view is obtained in the synthesis of ethyl alcohol from marsh gas.
On exposing a mixture of this gas and chlorine to diffused daylight,
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there results, with elimination of one of the four hydrogen atoms, the
the body CH;Cl, methylic chloride :
CH, + Cl, = CH,Cl + HC],
which by heating with potassic cyanide yields potassic chloride and
methylic cyanide :
CH,Cl + KCN = KCl + CH,.CN.
Nascent hydrogen converts the latter into ethylamine :

CH;.CN + 4H =CH;.CH,.NH,,
in which, by action of nitrous acid, the amide group NH, may be
replaced by hydroxyl, OH : ,

CH,;.CH,.NH, + NO.OH = H,0 + N, + CH,;.CH,.0H,

the product obtained being ethylic alcohol.
- The constitutional formula obtained in this way not only makes
clear all the known reactions of alcohol, but shows at the same time
in what order the component atoms must be united amongst them-
selves, or, in other words, it expresses the constitution of the com-
pound radicals of the less detailed rational formula. Therewith it
helps to a large extent to the solution of one of the most important
questions of chemical knowledge—from the nature and position of the
component elementary atoms to determine the properties of a com-
pound.

Constitutional formule which show in this way the relative
positions of all the atoms in the molecule of a compound are termed
structural formule. They are based upon the intrinsic presuppo-
sition of the valency of the chemical elements.

OuTLINES OF THE CHEMICAL STRUCTURE OF ORGANIC BODIES.

82. The groundwork of every organic molecule is the tetrad
carbon atom.

By the saturation alone of the four bonds of a single carbon atom
by all possible other mono- or polyvalent elementary atoms, a very
large number of organic compounds will result, which are known as
the mono-carbonides. 'We know that nearly all elementary atoms
are able to combine not only with those of other elements, but also to
unite amongst themselves. Monad elements form their free mole-
cules in this way, which in the undecomposed state are incapable of
further direct combination : e.g. H—H hydrogen gas, C1—Cl chlorine

On the other hand, when two atoms of a polyvalent element unite
with each other, it may be by employment of their total attraction
possibilities, e.g.

: 0—0 oxygen gas,
or only a part of it is employed for this purpose, whilst the other parts
are available for union with other elements, e.g.
H—0—O—H hydric peroxide.
The higher the valency of an elementary atom, the more complicated

and various will be its capability of uniting with other atoms of the
same or other elements.

1f two carbon atoms (in the dicarbonides) coalesce with employ-
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ment of only one bond each, there remains to each atom three—
together six—bonds disposable for union with other atoms, e.g.
HH

I
H—-(II-—C—H
|
bk
By union by means of two bonds, each has but two bonds left—
H H
N,/
C=C
VAN
H H
by trivalent union, each only one—
H—C=C—H

33. The number of carbon atoms directly united to one molecule
can pmeeed far beyond two. There are carbon groups or ‘carbon
nuclei’ which contain three (tricarbonides), four (tetracarbonides), five
(pentacarbonides), and so on up to thirty or more carbon atoms, com-
bined together. This, therefore, comes to the fact that a carbon atom
may be united to several others with only partial saturation of their
bonds. In this relation the union of a carbon atom with only one other
is distinguished as union of the first order, or primary union, which
may be mono-, di-, or trivalent. The combination of an atom with
two others forms a union of the second order, or secondary union—

H H H H H

| | N\ / |
H—C—H H—-C—H Cl C|

| I l
H—C—H C—H & J)

|

| |
H—C-H g i! H—-C—-H

I N\ N\

H H/ H H/ IL
Secondary Secondary 3 Secondary
monovalent mono- and divalent di- nnd divalent tri- and monovalent

unlon. union. anion. union.

In the combinations of the third order, or tertiary unions, one
arbon atom is in combination with three others—

H H
H—(])—H H—é—l—l
) I
|
H—C——C—H —C—H
|
I I
H—-C-—-H H—C—H
I
H

~hereby the nucleus must contain at least four carbon atoms.
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Finally, a carbon atom can be in combination with four others,
forming a combination of the fourth order, or quaternary union—
H

|
H—C—H
H H
I |
H—C—C—C—H

| |
H H
H—C-H
|
H

This requires a nucleus of at least five carbon atoms.
34. When a nucleus contains primarily and secondarily combined
carbon atoms only, it forms a simple open, so-called normal chain-—

_('Ixﬁ"lg_ﬂlg_l o ._JI~,_

Side or secondary chains result when to one of the carbon atoms
placed in the secondary position in a simple chain a third or fourth is
united—

O N
—C—0—C—C—C—
I||I|

(])_ } side chain.

Primarily united carbon a.toms can only occur at the end of chains ;
they are  terminal,’ all others being ¢ ¢ntermediate.’

If the terminal carbon atoms of a simple open chain also unite
with one another so that the primary combination is completely lost,
there results closed chains or carbon rings, e.g.

—o—é— c.—_c/
_bb ¢ e
- N

-/ N\

to which further side chains may be attached—

N
N
N ]

/N
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35. The greater the number of carbon atoms united to a nucleus
in a molecule, the greater the number of carbon chains become.
‘Whilst by only monovalvent combination two carbon atoms can form
only one nucleus— c

c—

with three atoms there are two such possibilities—
C

/\

C—C—C and c—C

Four carbon atoms could form five nuclei—namely, two with open
and three with closed chains—

¢c—Cc—C—-C c—Cc—C
I
C
C c—C c—-C
N avd l é
—C—C c—C C—
‘With five carbon atoms thereare three possibilities with open chains—
C
c—Cc—-C—C-C ¢c—Cc—Cc—-C |
¢ e
c
and seven with closed chains—
c—C C /C c
N N
‘/\ é—C~C éC——C——C
c—C c—-C
/NN
c—Cc—-C C/-\ —C
C
c—C VRN
| ¢ ¢
—C N, /
c—C

a total of ten, and so on in rapidly increasing progression. .

The number of possible modifications of nuclei grows also consider-
ably by the introduction of di- or trivalent union of the carbon atoms.
In cases, therefore, where all the bonds not employed in nucleus-
building are saturated by atoms of one and the same element, e.g.

, & very considerable number of organic bodies may exist
having the same content of hydrogen and carbon atoms, but entirely
differing properties, owing to the difference of their nuclei (isomeric
compounds ; see § 46).

. To a polyvalent nucleus (as to a polyvalent element) atoms
of several different elements can be attached ; the number of possible
organic compounds is therefore enormous.

In hydrogen and carbon compounds the hydrogen atoms may be
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totally or partially replaced by those of another monad element. If
chlorine is the replacing element we have, in addition to the body—

Cl
|
Cl—C—Cl
|
Cl
still three other monocarbonides containing hydrogen and chlorine—
H H Cl
I | l
H—C—H H—-C—-Cl H—C—Cl
éll : 4}1 (gl
or CH,Cl1 CH,Cl, CHCl,

and similarly also with bromine, iodine, &c., compounds.
By attachment of three different monad elements such compounds
are formed as

. CH,CIBr CHBr,1
Possibly also a body may be formed —
CHCIBrl.

87. When polyvalent elements unite with a carbon nucleus it
may be either with their whole valency, e.g.

H H 0

é | AN H
H—C—C=0 H—C—C—H |

| | =N
H H H

or with only a part. In this case the polyvalent elementary atom
brings other elements into the compound with it—

HH HH H
H_(l>—(|3_0—1=[ H—(IJ—4>—I/
t IL N
H HH H

If the latter be not carbon, compounds of carbon nuclei with inorganic
radicals will result (such as above with hydroxyl, HO—, amidogen,
H;N—). A polyvalent element can unite quite as well with one part
of its valency to one carbon nucleus, and with the remainder to other
carbon nuclei. Dyad elements can unite in this way with two carbon

nuclei, e.g. -
HH

| | |
H—(C—0—C—C—H

hoHm
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Triads with two or three nuclei—

HHH

H H cl—Jz—(':—H

| 1 11 <g,H,
H-C—C—-N HHH = N&C,H,
| | N H
H H H

H,
N&CH,
LH, &e.

ic bodies result in this way with more than one carbon nucleus.

38. The number of nuclei held together in a molecule by a poly-

valent element can, of course, exceed the valency of the respective

elements, if there be several atoms of the same element attached to a
single carbon nucleus by a part of their bonds, e.g.

CH,

H
—C,H; oxide with three nuclei.
C,H,
H

| 0—CH,
—C,H; oxide with four nuclei.
H

/CSH,
. N_H

CiN —CeH, nitrogen compound with four nuclei.
N—H

N
CeH; &e.

89. Chemical Position.—The nature of the compound of one and
the same carbon nucleus with several other elements at the sume
time, depends not only on the relative number, but in many cases on
their position relatively to the individual carbon atoms of the nucleus.

If a dicarbonide nucleus is united to only a single other elementary
atom besides hydrogen atoms, it is quite indifferent to which of the
two carbon atoms it is attached.

L

& <

are identical.
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8o soon, however, as, by increase in the number of carbon atoms,
the method of union of the individual carbon atoms differ, the order
of partition is no longer without influence upon the character of the
organic molcule. The molecules

H H

clH C<H

| H H

c<B md  O<H

I H l H

o C<H
1 H
i CH,
CH, | w
| and C
CH, |<OH
N\ CH,
OH

though consisting of like numbers of atoms of the same elements, are
yet completely different bodies, as the chemical position of the chlorine
atom or hydroxyl group is not of the same value in the first as in the
second case.
If a dicarbonide group has attached to it, besides hydrogen atoms,
. at least two other elementary atoms, or radicals, the order of dis-
tribution or chemical position of these will have influence. The
structural formyle

H H
C<H olH
H

Cl
and )
H

H .
c{in c<§
1 ]

e.g., belong to two entirely different bodies of the general molecular
formula CyH,Cl, ; similarly there exist the bodies of similar mole-
cular composition but completely different properties—

CH H
| 3 p W
G
o NH,
and again
CH, 0—C,H,
| o,
C O—CQHb and |
—C,H, CH,
N
O—CzH,
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40. Valency of the Carbon Nudeus.—The valency or saturation
eapability of a carbon nucleus with which it unites to other elements,
is expressed by the difference between the sum of the valency of the
carbon atoms composing it, and the valency employed in their mutual
union.

If the union is in the simplest way—i.e. if n carbon atoms with a
total of 4 » bonds combine to an open chain, with mutual monovalent
union only—there are then » — 1 bonds left, of which each corresponds
to two attraction units. The valency of the nucleus is therefore

4n-2(n-1)=2n+2,
whether the chain is single or has side chains.

Another kind of consideration leads to the same result In the
simple open clm.m of n C there are two terminal carbon atoms, each
with three, n — 3, intermediate atoms with two each, in sum a valency
of2.34+2(n —2)=6+2n —4=2n 4 2 for attachment to other
clements. The entry of side chains does not affect the result, because,
though satisfying one valency of an intermediate carbon atom, its own
terminal carbon atom, having a valency of three, makes the total ad-
ditional valency 2 #’ ; e.g. for the different pentacarbomde nuclei with
only monovalent union— o

1. Nucleus —(lz—(lv—c—c—flz—
I

Two terminal C atoms with 2.2 4 2 available bonds
Three intermediate ,, ,, s 3.2 ’ ”
Tota.l 5'2+2=12 » ”»
|
2. Nucleus —C—C—C—C—
[ I B

|
Three terminal C atoms with 3.2 4+ 3  available bonds

One intermediate ,, atom ,, 1.2 » ’
” » ” ” ”» 1 ’” ‘mnd
Total five »atoms ,, 4.2+ 4o0rd5.2+ 2 bonds
|
—C—

|
3. Nuclenss —C—C—C—

Four terminal C atoms with 4.2 + 4  available bonds
One intermediate ,, atom , 0 » bond

Total five notoms , 4.2+ 4=05.2+42 bonds

For every divalent union of neighbouring carbon atoms the
number of bonds used in the nucleus increases by two, the number
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of available bonds decreasing by two. In open chains, and where
the divalent union occurs but once, the valency of the nucleus
is 2% 4+ 2 — 2 = 2n, when the divalent union occurs twice, 27 + 2
—2.2=2n—2, &c

From the same grounds, with bivalent union of neighbouring
carbon atoms of the 2n 4 2 bonds originally available, four are used
up, making the valency of the nucleus 27 — 2.

‘Where by the union of two terminal carbon atoms a closed chain
is formed, and the union is monovalent, two bonds are employed. If
there results a single ring without side chains, and in which the
union between the carbon atoms is monovalent only, the valency of
the nucleus will be 2 n.

According to these principles the valency of every nucleus of
known structure is easily determined, even though it contains many
varieties of combination; e.g. for the nucleus containing eight carbon

atoms

N/

C=C
i /7 N\ ||
! C— -

N 7 ||
c—-C

7\ :

The valency can be easily calculated as follows : —
Possible maximum valency of a nucleus of 8 C. 2.842

The closing of the ring diminishes it by .
Three divalent unions ,, ’ .
Total loss of available bonds

There remains

mlmt@

2.842-8=2.8—6=10;

or for all nuclei of similar structure and = carbon atoms 2 n—6 as the
valency.

41. Valency of Compound Organic Radicals.—The valency of an
organic radical (the constituent common to both original substance
and final product of a reaction) depends on the valency of the carbon
nucleus and on the number of atoms attached thereto, and equals the
difference between these two. If, for example, an open chain of
monovalent union, and whose valency therefore is 2 n 4 2, has united
to it 2 n + 1 hydrogen atoms, there remains a single carbon bond to
unite with other elements.

2n42—-(2n+1)=1.
Radicals of the general formula C,H,,,, are therefore monovalent,
those of the composition C,H,, divalent, &c.

If a compound radical contains united to its carbon nucleus not
only monad elements, but also polyad elements, the method of union
of the latter can often be settled by the empirically ascertained valency
of the radical. .

In the reactions of acetic acid, for example, the group C,H;O
frequently passes unchanged as a radical into the new compound, and
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is then always monovalent. As the C; nucleus is hexavalent, the
monovalent radical C;H3O must have the oxygen united to carbon
with both its bonds.

42, Saturated and Unsaturated Orgamic Compounds.—In cases
where di- and trivalent union occurs between carbon atoms in organic
compounds, these latter are frequently capable of uniting with further
elementary atoms, especially so with the halogens and with nascent
hydrogen, with change of the polyvalent union into monovalent.

For example, the molecule of ethylene—

H
C<H

L

absorbs a molecule of chlorine (Cl,), being thereby converted into an

ethane derivative : -
) H C&H

C<g <4::1

P

+ Cl, =
H
' H c{g

1
C—H

In the case of acetylene ||| the addition of halogen takes
C—H

place in two stages :

H
C—H C<B:
Wy +8-= Ll H
<Br
H
C<§r Br
l<H + Br, = Br
H
Br Br
Br
In benzene in three stages :
H H H Br H
\C— c/ \C N/
H Ne_m 4 By = 5 \c<§r
N,/ N,/

C=C
¥ Ok ps
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Br HBr H

NI 1/
cC

Benzene + 3Br, = %r>0< >C<gr

c—C
VAN
Br HH Br

Compounds capable of union in this way are termed unsaturated.

When the capacity of saturation of a carbon nucleus is less than
CpHnyg on account of its being closed in a ring form, the mole-
cule acts as though saturated—i.e. cannot combine directly with
halogens, nascent hydrogen, &c. In open chains the maximum
capacity of saturation reachableis 22 + 2, in single closed rings = 2 =,
in molecules with double rings 2 n—2, &e.

‘Whilst, for example, the molecule

H H
clH c&H
H H
C—H is easily converted into C<g

(|3<11 J}ég
H

the nucleus valency increasing from 2 n, to 2% + 2; by analogy, the
body represented by the symbol

H H
Y
/\C

: A |
HE

would not be easily affected, the nucleus valency remaining 2 n, as
there is in it only monovalent carbon union, difficult to disjoin.
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IsoMERISM.

43. In the foregoing paragraphs frequent mention has been made
of compounds which, though possessing the same general molecular
formule, exhibit different properties in consequence of the varying
armngements of their elementary atoms, being, in fact, different
chemical bodies. Such compounds are termed isomeric (from igopepiic,
composed of equal parts.) The term isomerism has in general a still
further meaning, being applied to all bodies whick on wltimate
analysis show the same percentage composition—that is, contain the
same elements in the same ratio. In consequence isomerism is
divisible into several varieties.

44. Polymerism.— Bodies of the same percentage composition but
of different molecular weight are termed polymeric compounds. .
Their molecular formulse are either whole multiples of one another
or at least of the same simplest atomic-ratio formula.

Such a difference has already been mentioned in § 22.

The simplest ratio formula . CH,0

Corresponding body, acetic acid C,H,0,
Iﬂctic acid . . . . 03H503
and grape sugar . . . CgH,;,0¢

Another group of polymeric bodies is formed by those hydro-
carbons whose formula are multiples of CH,.

Ethylene . . C,H,
Propylene . . C;H,
Butylene . . C,H,
Amylene . . Cs;H,,
Hexylene . . CGH 12 &e.

These latter show considerable resemblance in their properties.

From this variety of polymerism, in which the difference is in the
molecular weight only, there is distinguishable the further case of
genetic polymerism. Thereis, namely, a pretty large number of organic
bodies, which under certain circumstances are transformed directly
into polymeric compounds of similiar chemical properties, in which
several similar molecules have united to a single new one. Fre-
quently this latter can be reconverted into the less complex original
molecules by very simple means—for instance, by action of a high
temperatare.

Aldehyde, a liquid boiling at 21°, and which is miscible with
water in every proportion, by contact with acids is converted into
paraldehyde, hoiling at 124°—and scarcely soluble in water; this latter,
on superheating its vapour, is reconverted into aldehyde.

‘g.e Afetamerism.—In many cases of equal molecular weight and
equal percentage composition, the respective compounds are decom-
posed into several organic bodies by reagents that are incapable of
breaking the connection between the carbon atoms in the nuclei.
Such compounds, therefore, contain several carbon nuclei united to one
another by atoms of polyvalent elements, such as oxygen, sulphur,
nitrogen, &c. In these cases the bodies are said to be metameric.

There are, e.g.; three compounds of the molecular formula C;HOa,

D2
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which yield, on treatment with caustic potash, salts of organic acids,
propionic acid, methylic acetate, and ethylic formate. The reactions
are expressed by the following equations :

C,HO, + KOH = C,H, KO, + HOH
Propionic acid. Potassic propionate.

C:,H(,,OQ + KOH = CgHaKOa + CH:;.OH
Methyiic Potassic Methylic
acetate. ) acetate. alcohol.

CaH(;Og + KOH = CHKOz + CgH.r,-OH
Ethylic Potassic Ethylic
formate. formate. alcohol.

giving for the three metameric bodies the formule—
Propionic acid . H.0.C,H,0
Methylic acetate . CH,.0.C,H,0
Ethylic formate . C,H;.0.CHO

The following organic bases are also metameric :—

C.H, C,H, C.H; CyH,

NEH N&CH, N&CoH, NECH,

H H H CH,
Propylmethyl- Diethyl- Ethyldime-
Butylamine. amine. amine., thylamine.

48, Structural Isomerism.—When the difference between several
organic bodies of the same molecular formula is not due to meta-
merism, they are isomers in the strict sense of the word, true isomers
or structural isomers. The organic radicals contained in them are of
the same weight ; the carbon nuclei contain the same number of atoms ;
the difference in properties is caused by difference of position of
points of attachment of other atoms to the nucleus (§ 39), or the -
difference of structure in nuclei of like number of carbon atoms.

As an instance of isomerism of the first kind—place isomerism—
there may be mentioned, in addition to those given in § 39—

CH, CH,—OH
(lBH—OH and CH,
(|30 éO
\OH N
Fermentation lactic acid. Ethylene lactic acid.

Of the many instances of isomerism of the second kind due to the
method of mutual union of the carbon atoms, nucleus isomerism,
there may be mentioned—

(IJH, OH, CH,
CH, H

I and I
CH, CH,

I ‘ AN
CH, OH
AN

OH
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When in truly isomeric bodies the carbon is united to atoms of one
monad element only, the isomerism must be due to nucleus isomerism.
From the position isomeric bodies

(|JH, CH,
|
CH, and ?H.Cl
|
CH, CH,
N
1

there results, on replacement of the chlorine by hydrogen, identically
the same hydrocarbon :

CH: CH3
| |
CH, = CH.H
I l
CH, CH,
N
H

and on complete removal of all hydrogen atoms from the position

isomers
H H

1 C<H

C1 l 1

and
C

H ]
<81 c{gl
1 ]

by chlorine there results the same chloride of carbon :

Cl
Cl
1

P
Cl
1
As our knowledge of the inner constitution of organic bodies is still
in a great many cases very imperfect, and frequently entirely wanting,
it results that for numerous undoubted cases of structural isomerism
we are unable to settle to which kind it is due.
47. Physical Isomerism.—In a very few cases organic compounds
, and possessing the same chemical
Ference in structure is not only non-
ble, exhibit differences in certain of
especially in their behaviour with -
termed physical isomers.
stances of this kind of isomerism is
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CH,

. H.OH

!
CO0.0H

which, prepared from the juice of flesh, rotates the plane of polari-
sation of a beam of polarised light, whilst that modification of the
acid obtained by the fermentation of sugar is without any action on
polarised light.

Very probably the reason of the difference between bodies only
physically isomeric lies in an easily imaginable difference in the
arrangement in space of atoms which are still united chemically in
exactly the same way (geometric isomerism).

HomorocY AND HoMOLOGOUS SERIES.

48. In opposition to the remarkable differences between organic
bodies of like molecular formulw, is the fact that bodies of different
molecular composition frequently exhibit great similarity in all their
chemical and physical properties.

The compounds in which these analogies are most marked are those
whose formule differ by CH,, or a whole multiple thereof, nCH,,
and whose molecular weights differ therefore by + 14n. It is of
course obvious, from what has been said before, that a difference in
composition of CH,; does not make similar properties a necessary
consequence ; this only occurs when the respective substances agree
with one another in their chemical constitution, their structure, and
all essential points. This analogy of structure is especially shown in
the fact that like reagents produce like changes, and further that the
resulting products of such changes agree in properties, but differ in
composition by CH,. Such bodies are termed homologous compounds.
They form members of a natural family of bodies which can be
arranged according to their increasing contents of carbon. The simi-
larity of physical properties between the members of a homologous
series is greater the nearer they stand to one another on such a list—
that is, the less they differ in chemical composition.

Such a homologous series is formed, for example, by

Methylic alcohol . . . CHO
Ethyliec ,, . . . CHO
Propylic ,, . . . C;HO
Butylic ”» . . . CH,0
Cetylic aloohol . . .  CycHaO

Mellissylic alcohol . . . C3oHg0
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The members of this homologous series are all acted on in
like manner by hydrochloric acid, yielding
CH,Cl
C,H,Cl
C;H,C1
C,H,Cl &e.

All members of a homologous series can be expressed by a single
general formula—that for the above alcobols, e.g., is C,H,,,,0, or
C.H,,,,.0H.

As the products of the same reaction also form a homologous
series, the reaction may be represented by a general equation. The
conversion of the alcohols into the corresponding series of chlorides
is given by the single general equation :

CnH2n+ 1 'OH + HCl= CnH2n+ 1 Cl + H’O.

49. The homology of organic bodies may be more or less complete ;
it is the more complete the larger the number of homologous pro-
ducts that can be obtained from them, and the more energetic the
reactions producing such products, For example, methylic alcohol,

C

3
CH
J H,’ is as completely homologous as possible to ethylic aloohol, CH,

OH
or CH,.CH,.0H. Of the two propylic alcohols, on the other hand, one
i8 80 in less degree than the other; but both are acted upon in the
above-mentioned way by the halogen acids :

CH,.0H + HCl = CH,(1 + OH,
CH,.CH,.0H + HCl = CH,.CH,.Cl + OH,.

1. CH,CH,CH,OH + HCl = CH,.CH,.CH,.Cl + OH,.

2. CH,CH(OH).CH, + HCl = CH,CHCLCH, + OH,.

Towards oxygen, however,.their behaviour is essentially different.
By the action of one atom of oxygen they all yield oxides of the
general formula C,H,;,0; but that from the first propylic alcobol
only is really homologous to those from both the lower homologues :

CH,.0H + O = CH,.0 + OH,
CH,.CH,.0H + O = CH,CHO + OH,
CH,.CH,.CH,.0H + O = CH,.CH,.CHO + OH,,

as these are all converted into homologous organic acids according to
the general equation :
CH;,0 + O = C,H;,,,0.0H.

The oxidation product from the second propylic alcohol, CH;.CO.CH,
though containing CH; more than CH;.CHO, still cannot unite
simply with more oxygen, but on further oxidation takes up several
oxygen atoms, with breaking up of the carbon nucleus.
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PraYSICAL PRrOPERTIES OP ORGANIC BoDIES.
Molecular and Atomic Volume.

50. The densities of organic bodies are the relative weights of
equal volumes, at equal temperatures, expressed in abstract numbers ;
their specific gravities the weight of the volume unit of a cubic
centimétre in grams. If the gram molecular weight of a body be
divided by the specific gravity at a given temperature, the specific
volume for that temperature—i.e. the volume in cubic centimétres
of the moleculur weight expressed in grams—is obtained. If the
specific volumes be divested of their concrete significance, and conceived
as abstract numbers only, they then form the relative molecular
volumes. For example, the specific gravity at 0° of acetic acid is
1-075, its molecular weight = 60. Sixty grams of acetic acid at that
temperature would therefore occupy a volume of 558 c.c.; this, then, is
its specific volume. The specific volume of ethylic alcohol at 0° is
similarly obtained as 57°05. Therefore the true molecules of acetic
acid and of ethylic alcohol occupy at 0° spaces which are in the ratio
of 55-8 : 57-1, these numbers forming the relative molecular volumes
of the bodies.

51. Gases and vapours in the gaseous state contain, under like
conditions of temperature and pressure, the same number of molecules
in the same volume. Their specific and molecular volumes are, under
the above conditions, equal to one another, whilst the specific gravities
are directly as the molecular weights.

52. As fluids and solids do not expand equally for equal incre-
ments of temperature, they are not under like conditions of heat at
equal temperatures; their specific and molecular volumes at like
temperatures show no simple relation to one another. The molecular
volumes of liquids near their boiling points, and of solids at their
fusing points, show relations reducible to laws. These have been
studied with more exactness in the case of liquids. If the molecular
volumes of homologous compounds at their respective boiling points
be compared with one another, there is found a difference proportional
to that in the molecular weights, the molecular volume altering by
about 22 for each alteration of the composition by CH, :

Molecul Molecul Difference.
Weight. Volume.
Formic acid . . CH,0, 46 41'5} 22
Acetic , . . CH,0, 60 635 22
Propionic ,, . . C;H4O, 74 855 5
Butyric , . . C.H,0, 88 1075} 22

In bodies which contain an equal number of atoms of oxygen, but
differ in their composition by (—C + H,),, the molecular volumes
are equal :

. Difference. Molecular Volume.
Benzoic aldehyde . C,Hs,O —C. +H 1185 (179° C.)
Valeral . . C,H,,0 2+ Hy 1188 (101° C.)
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The increase in the molecular volume by the addition of two hy.

atoms is therefore as great as the diminution produced by the removal
of one carbon atom, or the change in molecular volume by an atom of
carbon is twice as great as that produced by an atom of hydrogen.
As the group CH, in homologous compounds alters the molecular
volume by 22, the C and H; must have equal parts thereof—i.e. the
alteration caused hy a carbon atom = 11, by each hydrogen atom
"/;="55. These alteration values of the single elementary atoms
are termed their atomic volumes.

Atomic volume C = 11.
Atomic volume H = 5°5.

The atomic volumes of other elements can be calculated in a similar
manner.

An aleohol on conversion into an acid loses two hydrogen atoms,
which are replaced by one oxygen atom, united by both its bonds to
the same carbon atom. The alteration produced in molecular volume
is very small, the mean result being + 1'2; e.g.

CH, Specific Volume. Difference.
|
Ethylic alcohol CH, 625 (73° C).
N ‘a
OH |19
CH, (
|
Acetic acid Cc=0 637 (118° C)J
N
OH

This gives as the molecular volume Mv’ of a compound resulting
from the replacement of 2H by O, from the change of the ingredients,
=xv'—11 + 12-2.

The atomic volume, therefore, of oxygen when united to carbon by
both its bonds = 12-2.

The molecular volume is not altered to the same amount by an
oxygen atom, which is united by one of its honds only to a carbon
atom. From a variety of determinations the atomic volume of
oxygen, when united in this way, is found to be about 6-4.

By analogous methods the following atomic volumes have been
ascertained : —

Sulphur united by two bonds to a carbon atom = 286

" ” one bond ” = 226
Chlorine ” ” ”» ” = 228
Bromine » ” » ” = 278
Iodine ” » ” ” = 375
Nitmgen ”» i) ” ) = 23

” v three bonds » = 280

From these numbers the molecular volume of any organic compound
can he calculated if the method of union of any oxygen, sulphur, or
nitrogen atoms be known ; e.g.
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Molecular Volume.
Calculated. Found.

C.H,
|~ =5x11410x 55+ 122 + 64 = 1286 1302
co

N
OH
Valeric acid.
CH,

(BO, =3 x11 46 x55+ 122 = 782 776
|
CH,

Acetone.

C.H,

&,

Ethylic ether.

These results can also be applied in determining the method of
union of the oxygen, sulphur, and nitrogen atoms in organic com-
pounds. .

If in the case of aldehyde, C,H O, for instance, it were necessary
OOQH ascertain whether the formula should bé written C,H;.OH or

3
| , the first would give as the molecular volume
C=0

N
H

=4 x11410 x 55 + 64 = 1054 1056

2.11 + 4.55 + 64 =504,
whilst the second would give
2.11 + 4. 55 + 122 =56-2.

From the specific gravity of the body near its boiling point (21° C.)
the molecular volume is found to be 5645, showing the second for-
mula to be correct.

It must be remarked, however, that the numbers calculated in
the above way in many cases do not agree in a satisfactory manner
with the molecular volumes derived from the found specific gravity.
The values of the atomic volumes are still in part encumbered with
considerable errors, and this must especially be the case with the
atomic volume of carbon.

Just a8 an oxygen atom has a different atomic volume, when
united by both bonds to the same atom, to that which it has when
united by one bond only, so carbon may have different values accord-
ing to whether it is united to another carbon atom by one, two, or
three bonds.

o C

Lol
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The results of which the above is a summary were obtained at a time
when the idea of a difference of the method of union of O, 8, and N
had already been partly evolved, but before any idea had been formed
of the method of union of the carbon atoms. It is scarcely to be
doubted that although a number of important points have been
determined, still a repetition of the investigations, based on more
complete recent theoretical views, would lead to very important
modifications in our notions of atomic volumes.

The investigations of the molecular volume of solid organic bodies
af analogous temperatures are not yet sufficiently complete to enable
any laws to be deduced from them.

Melting Points and Boiling Points of Organic Bodies.

53. As melting and boiling points are amongst the characteristic
properties of chemical bodies, they must be affected by the nature,
number, and method of union of the elementary atoms forming the
molecule. In what way these factors react upon the temperatures
of fusion and ebullition is, however, not yet known, so that it is
not poesible to predict @ priors these temperatures. Comparative in-
vestigations have, however, at least shown a few general laws, of
which the following are the most important :—

54 Melting Point.—In homologous series the melting point fre-
quently—but by no means invariably—increases with the molecular
weight of the compound, without, however, these changes showing any
complete parallelism with one another ; e.g.

Series CuHop 4 ,0. Series Cp, Hyp O, Melting Point.
Caprylic acid CgH,40, 16°-17°
Capric 9 |0H2007 30°

Tauric . C HuO,  436°
Myristic ,, Cp.H,0,  538°
Cetylicaloobol C,gH,,0 50° Palmitic .,  C,sHyqOp  62:0°
Stearic .  CisHauOs  69:9°
Arachidic,  CpH,.0  75°
Cerylic aleohol CpyHy g0 78° Cerotic b CaHpOp  79°
Myricylic ,, C;oHg,0 88°Mellissic ,,  CyoH;,0, 88°

In many cases the group CH, exerts an influence in raising the
melting point even where the CH, is united to the carbon nucleus
by means of other elements, showing itself in opposition to the rule
before mentioned of increase of molecular weight raising the melting
pomnt :

CO—0—CH,
Methylic oxalate | m.p. 51°
CO—0—CH,
CO0—0—C,H,
Ethylic oxalate J} liquid.
0—0—C,H,

Similarly this influence is also perceived when the number of
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CH, groups in direct union to the carbon nucleus is increased ; for
instance : : .

H

CO formic acid, m.p. 0°

I
OH

I
CO acetic acid, m.p. + 17°
N
OH
CoH,
|  propionic acid, liquid below C. 0°
co

I
OH

or still more strikingly by increase of methyl groups in certain cases
of isomerism.
CH,

CH, propyl carbinol, liquid.
H,

bu

CH,

l

CH,

| ethyl-methyl carbinol, liquid.
(I)‘H.CHa
OH

CH,; CH, CH,
AN ) '
AN OH trimethyl carbinol, m.p. 25°.

On the other hand—
CH; CH,; C,H;
AN .
N
C—O0—H is liquid.
Similarly—
CH,

é - liquid.
stls
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CH; CH,
CeH, paraxylene, m.p. 15°.
CH, C,H,
AN - para-methyl-ethyl benzene, liquid.
etly

The melting point is influenced also by isomerism, due to the position
of certain elements or groups on the nucleus, shown amongst other

cases by
H H H H
N / N,/
c=C c=C
H__C/ C—CH, H—C/ \C—-CH 3
AN C// \\C__C//
]E{ \OH (éx \H
Ortho-cresol, liquid. Meta-cresol, lignid.
H H
AN
C—=
/7 \
HO—-C C—CH,
N\ /
N
H
Para-cresol, m.p. 86°.
Quite a.n&logously——

H H H H
N c=c/ \c=c/

H \C—CH, H—C/ \C——Cﬁa
N N
€ ¢, Ok

Ortho-xylene, liquid. Meta-xylene, liquid.

Para-xylene, m.p. 15°.
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85. Boiling Points.—In homologous series the boiling points of
the individual members mostly increase with the molecular weights,
and in cases of complete homology (§ 49) very nearly proportionally
to this increase in the molecular weight.

Difference.
Mol. Wt. Boiling Point. ~ Mol. Wt.  Boiling Point.

Carbinol . . . . . CHO 60° 29 18-5°
Methyl carbinol . . C,H,O 785° 99 19°

Ethyl carbinol . . . C;GH,O 975° 29 19-5°
a Propyl carbinol . . C,H,,0O 117° 29 20°

a Butyl carbinol . . . C;H,;0 137°/

a Amyl carbinol . . . C¢H,,0 157° 22 20°
Formicacid . . . . CH,0, 99°} 22 20°
Acetic acid. e e e CQH‘OQ 119° 29 990
Propionicacid. . . . C;H0, 141° 22 '2'i'°
Normal buytric acid . C,H0, 162° 29 29°
,» valericacid. . C;H,,0, 184° 29 2;,,
» capricacid . . CgH,,0, 205° .
»  cenanthylic acid C,H, 0, 224°} 22 19

The view formerly held that the alteration of the molecular weight
was completely proportional to that of the boiling point has not been
corroborated by sufficient proof.

56. Of all the derivatives of a carbon nucleus the hydrogen com-
pounds boil at the lowest temperature, the hydrogen atoms appearing
to have a direct influence in lowering the boiling point ; for it has been
observed that in compounds of similar constitution in every respect
but that one contains less hydrogen than the other, the one richest
in hydrogen boils at the lowest temperature.

CH, CH,
N/

CH
CeH,, & isopentane. Boils at 30°
o
CH,
CH, CH,
N/
CH
C¢H,o &H isoamylene. Boils at 35°
I
CH,
CeH;

C.H,, JIH, ethyl benzene. Boils at 134°



C.H,

C,H,0,

C,H,0,

ClHllol

CsH, 30,
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CGHi

l
CH Styrolene. Boils at 146°

I
CH,

CH,

H,
| Butyric acid.  Boils at 162°
CH,

|
C0.0H
CH,

I
CH

Il Crotonic acid. Boils at 180°-182°
CH

|
C0.0H
€0.0.C,H,

2
JIH Ethylic succinate. Boils at 217°
1

l
C0.0.C,H,

€0.0.C,H,
(I)H Ethylic famarate. Boils at 218°
by |
(|3o.o.c,H5 &e.

57. Isomerism, due to the structure of bodies, exarts a very remark-
able influence on the boiling point. It appears in cases of nucleas
isomerism that the boiling point of the derivative of the normal
carbon chains is always the highest, and that, in the fatty group of
bodies, it sinks with the number of side chains, so that increase in the
number of CH 3 groups exerts here exactly the opposite influence to
that which it has on the melting point ; for instance:

CCHIO

CH,
.
2

ba,

Butane. Boils at 4 3°
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C.Hyo

05HI 2

C,H,,0

0sH,00,

INTRODUCTION.
CH, CH,
N/ )
CH Isobutane. Boils at below 0°

|
CH,

[ CH,

I
CH,

|
CH, Pentane. Boils at 39°

|
CH,

|

CH,
CH, CH,
/.

CH,
& Isopentane. Boils at 30°
2

|
CH,

CH, CH;
\{ )
Tetra-methyl methane. Boils at + 9-5°
AN
\ CH, CH,
(- CH,
H,
| Propyl carbinol. Boils at 116°-117°

2
ém,0m
CH,
(LH.CH;, Tsopropy! carbinol. Boilsat 106°~107°

\ CH,OH
CH,

¢n,

|

CH, Valeric acid. Boils at 184°
H,

J}0.0H
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CH, CH,
N\

i
|

[

C0.0H

Isovaleric acid. Boils at 175°

C;H,,0,
CH: CH3 CHa

N \] /
.C
| Trimethyl acetic acid. Boilsat 161°
CO.0H

If, in a hydrogenised organic body, hydrogen atoms are replaced
- by other elements, or by compound radicals, the boiling point is raised.
If place isomerism can occur, the position of the substituted hydrogen
atom will have a specific influence on the amount of increase. Inthe
first substitution derivatives of the hydrocarbons, CpHyp , ., for
example, the derivative of a terminal and primarily united carbon
atom has always a higher boiling point than that of an intermediate
secondarily united isomer of the same nucleus, and the boiling point
of the place-isomeric tertiary products is still lower than this last.

CH, CH,
| |
CH, CH,
CH,I: |  boilsat129° | boilsat 117°-118°
CH, CHI
I |
CH,I CH,
Primary. Secondary.
CH, CH, CH, CH,
N/ N/ L
CH boils at 120-5° CI Dboils at 99°
| l
CH,I CH,
Primary. Tertiary.
CH, }DH, CH, CH,
N/
CH CH
| boils at 130°-131° boils at 106°-108°
COHnO CH‘ H.OH :
|
CH,.0H CH,
Primary. Secondary.



50 INTRODUCTION.
CH, ;H,
AN
C.OH
boils at 100°
CH,
|

CH,
Tertiary.

In place-isomeric, polysubstitution derivatives, the distance of the
places exerts an essential influence :

CH, c1
H 041,
C<Cl hoils at 58°-59° | " boils at 85°
c1 CH,
N
o
CH, CH,
| B | .
C<B" boils at 113°-116°  CH.Br boils at 143°
| [ ~
CH, CH,.Br
CH,.Br

l

CH,  boils at 160°-163°
I

CH,.Br

N/ N
Cc=C /C—_—C\
N
H.C/ C.CH, H.C C.CH,
N\ / N/
c—C /C—C
N
\H H H
Orthoxylol, boils at 140°=141°. Mectaxylol, boils at 1379.
H H
N
c_—_p/
VEEERN
CH,.C C.CH;

c—C
f u

Paraxylol, boils at 1369,
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Refraction of Light.

58. The quotient of the sine of the angle of incidence (i) of a beam
of light of known wave-length passing from air into another trans-
parent medium, divided by the sine of the angle of refraction (r), is
the refractive index () of this latter medium, and as such is of
constant value for each especial medium :

The value ® =1 , Where d expresses the density of the respective
d 1 y pe

medium, is termed the specific refractive power, and the product of
the latter into the molecular weight p of the medium is termed the
refrection-oquivalent of the latter.

Sufficiently accurate estimations of this latter amount for a con-
siderable number of pure organic compounds, selected however nearly
entirely from the group of so-called fatty bodies, have shown some
simple relations of it to the proportional composition, of which the
most important will now be mentioned. The numerical values are
for the line u a of the spectrum from a Geissler's hydrogen tube.

1. The specific rotary powers of isomeric bodies are nearly equal
to one another, therefore the refraction equivalents of polymeric bodies
are nearly proportional to their molecular weights.

Butyric acid C,H,0,, d = 961, n = 13955, "~ 1 _ 4116

n—1,_ 3662

d
Acetic aldehyde CoH,0, d = -781, n 13298, ™ ;_1 = -4222
"_;_1 P — 1858

Lot those of metameric and isomeric bodies are, on the contrary, of
pearly equal amount ; e.g.

Butylic aloohol C,H,.OH, d = 8074, n =134, 7 1 _ 4879

";1 p = 3611

Ethylic ether C,;H;.0.C,H;, d = ‘7166, n = 1’3511,'”'—;_-l =49
n—1
ST p=23626
4 F 6
These simpie values, however, invariably show certain deviations
frow perfect agreement, mostly too great to be explained as experi-
mertal errors. It therefore appears that the method of union of the
elements in the compound, or chemical structure, has a measurable
influence, whose nature has not yet been determined. The naturo
E2
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and mere number of the elementary atoms in the molecule is of more
importance.

59. By comparison of the refraction equivalents of homologous .
organic compounds, it appears that they increase by a nearly equal
amount for each addition of CH, to the molecule ; e.g.

e
C,H,0, aceticacid . 10514 13699 -3519 2111

C;H O, propionic acid . -9963 1-3846 -3860 28'57} 746
C,H,0, butyric acid . 9610 13955 -4116 3622/ 763
CH (0, valeric acid . ‘9313 14022 -4319 sa05! 783
CoH,;0, caproic acid . 9252 14116 -4449 5161 i ;i

C;H,,0; enanthylic acid 91756 14192  -4569  59-40

60. By comparison of the refraction equivalents of bodies, which,
whilst still having a similar molecular composition, differed only
by having a different contents of the atoms of a single element,
the proportion which the single elementary atoms have in that value
has been approximately settled. For example, bodies containing the
same number of oxygen and hydrogen atoms, but differing from each
other by n carbon atoms, give a mean difference of 5 », so that

the refraction equivalent of . C=5
that of . . . . . B=13
and that of . . . . 0=300

From these values the refraction equivalents of organic bodies can
be calculated approximately ; e.g.

Valericacid C; = 5.5 =25
H,(=10.13=13
02 = 2.3 = 6

Total 44
Found 4405 !
or
4.5 =20
10.1:3=13
.3 =3

Propylic carbinol C,
10

i

Calculated 36
Found 36°11

As alrendy mentioned, these laws at present have only been
proved for bodies of generally analogous structure, such as the series
of fatty acids and alcohols.

Optical Rotary Power.
61. Many organiccompounds, mostly those physiologically resulting
in the living organism, show the property, when in a liquid condition
(or in solution), some even as vapour, of rotating the plane of polari-
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sation of a beam of polarised light. Such bodies are termed optically
active,

At constant temperature the degree of rotation of the polarised
beam depends on the length of the layer of the active medium through
which the ray has to pass (and on the amount of active substance if
inwlation). Ifthe length of the layer be kept constant, and if no
chemical change ensuiess on dilution, the amount of rotation is propor-
tional to the concentration of the solution.

The specific rotation, or optical rotary power, is the angle («)
which is given by passage of a polarised ray through a layer one deci-
métre long of the rotary poleorising substance (in the case of dissolved
suhstances containing one gram of active substance in each c.c. of
solution). This rotary power is one of the essentially constant pro-
perties of the respective organic substances.

The optical activity appears not to depend on the chemical structure,
 active bodies are converted into inactive isomeric modifications
without change of structure or of essential chemical properties. Very
frequently this change ensues on mere warming. The reason of this
diflerent hehaviour of optically isomeric organic bodies of similar
structure is still unexplained, but may be due to a different arrange-
ment of the atoms in space, the actual connection between the atoms

still being the same.

Action of High Temperature on Organic Compounds.

62. All carbon compounds suffer chemical change when heated to
sufficiently high temperature. This latter depends on the number,
Dature, and grouping of the elementary atoms in the molecule, and
liffrs greatly with different bodies. Solid or liquid bodies which
cannot be distilled unchanged, only require to be heated in distillation
vessels, which prevent the access of oxygen; bodies which volatilise
unchanged, require to he heated to temperatures above their boiling
points. - This is best effected by passing their vapours through glow-
Ing tubes, the greatest possible contact between the walls of the
tube and the vapour being obtained. The process of chemical change
effected by strong heating, the dissociation of organic bodies, is termed
drydistillation. 1t depends on the general action of high temperatures
1o weakening or destroying the chemical affinities which have held the
aboms together, so that decompositions ensue, accompanied by the
formation of new bodies, more stable at high temperatures.

many cases the decomposition is of very simple nature, and, as
8 rule, then occurs with elimination of water, or carbonic anhydride,
O both ; e.g,
Malic acid at 200°, C,;H,O, = H,0 + C,H,O,
(Maleic and fumaric acids.)
Citric acid at 175°, C;gH0; = H,0 + C¢HgOq
~ (Aconitic acid.)
At higher temperatures aconitic acid CgH4Og = CO, + C,H O,
(Itaconic and citraconic acids.)

tartaric acid C,H,0; = CO, + H,0 + C;H,0,
(Pyrotartaric acid.)

hid ” ”»
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Products of simpler composition are not invariably formed. Fre-
quently at the moment of decomposition several nuclei unite together
to form more complex products, as, for instance, in the dry distillation
of salts of organic acids, where, especially in the case of alkaline and
alkaline earthy salts, a carbonate is left, whilst the remaining nuclei
of two original molecules unite to form a new compound, e.g. sodic
acetate :

CH,4 CH,; 0 CH,
| l V4 | .
Cco + CO —= C—ONa 4+ CO (acetone)
| N AN |
ONa ONa ONa CH,
CeH, ‘ CeH,
2C0 = Na,CO; + Cco
N\ |
ONa CgH;
(Sodic benzoate.) (Benzophenone.)

83. Not seldom these processes occur without formation of essential
quantities of bye-products, but mostly, especially in the dry distillation
of complex bodies, the number of products is very large, and includes
bodies of both greater and less complexity. The distillation products
of the same body differ essentially in nature, quantity, and state of
aggregation according to the temperature at which decomposition is
effected.

In the dry distillation of wood, which has the formula C¢H,O;, or
more probably some multiple, there are first given off gases and an
aqueous liquid. The first contains much CO,, later follow carbon
monoxide, then gaseous hydrocarbons, such as CH,, C,H,, C;H,, &c.,
and on very strongly heating, hydrogen also. Water at first
over in largest quantity, but is soon followed by acetic acid, C,H,0,,
wood spirit, CH,0, acetone, C;H 0, &c., which remain dissolved in the
former. When the oxygen of the wood has been in great part removed
in the form of these and similar highly oxygenated compounds, there
follow (generally at the same time as the gaseous hydrocarbons) more
difficultly vapourisable compounds, poorer in oxygen,and of more com-
plex constitution, such as phenol C;HO, cresol C,;Hg0, &ec., as also
hydrocarbons of higher molecular weight, e.g. benzol C¢H;, naph-
thalene C,,Hg, anthracene C,,H,;, &c. These all condense in cooled
receivers, and form two layers, an aqueous and an oily. The latter
is nearly invariably of a dark colour, and consists of solutions of solid
bodies in oily products, and often mixed with bodies still solid. This
layer is termed ¢tar. From tar the various constituents which beil
at different temperatures can be generally separated by fractional dis-
tillation. As a rule, those Lodies which are liquid at ordinary tem-
peratures distil sooner than solids. If the first are distilled off, a
brownish black resinous mass, termed pitch, is left.

In the original distillation vessel a residue of charcoal is left,
still containing all the mineral constituents of the original sub-
stance, which are left as ash on complete combustion. In the
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dry distillation of nitrogenous bodies, much ammonia is evolved, and
is found as carbonate in the aqueous distillate, whilst the tar then
invariably contains nitrogenous liquid bases, such as aniline, pyridine,
&ec., and the residual charcoal still contains some nitrogen, which
cannot be separated from the carbon even at a white heat.

Putrefaction, Decay, and Fermentation of Organic Bodies.

64 If organic bodies are left in a damp condition at ordinary
temperatures, nany of them suffer apparently completely spontaneous
changes, whose products show some similarity to those of dry decom-
position. There are formed, namely, in addition to gases and volstile
bodies, frequently of unpleasant odour (odour of putrefaction), also
aqueous and even oily products and tarlike masses, or at least a dark-
coloured residue, rich in carbon (humus). In general, the resem-
blance of these products to those of dry distillation, are the closer, the
more completely oxygen has been excluded during their formation.

These changes are, however, in all probability never entirely spon-
taneous. To their initiation an exposure, however short, to air is
essential ; they are prevented by high or very low temperatures, by
absence of water, and by the presence of certain poisonous bodies——
antiseptic medin. Amongst these latter are arsenious acid, mercury
and zine salts, tannin, creosote, and also common salt in concentrated
solution.

85. During the exposure of putrescible bodies to air, they come in
contact with the germs of microscopic organised beings, which by
their evolution and multiplication are the primary cause of decom-
position. As their vegetation occurs most vigorously at temperatures
of 20°-30°, they most readily cause decomposition at these tempe-
ratures. Below 0° these beings lose the power of growth for at least
the time of duration of that temperature. At temperatures near the
boiling point of water they are killed like all other organisms, as also
by antiseptic poisons.

88. Putrefaction and decay cannot be sharply separated from one
another; by the first term are meant those decomposition processes
which occur under the aid of organisms, and without action of
oxygen, whilst in decay intense oxidising action occurs at the expense
of the atmospheric oxygen.

To putrescible bodies especially belong the nitrogenous and sul-
phuretted constituents of animals and plants, the albuminoid bodies
or proteid substances: e.g. albumen, casein, the substance of muscle
and membrane, &c.

67. A very minute amount of the above-mentioned putrefaction-
excitants can cause the decomposition of very considerable quantities
of decomposable bodies, the latter probably serving as the nutritive
material for many quickly following generations of the first. The de-
composition products must then be considered as the excreta of these
organisms, Such reactions as these are termed fermentations, and
the bodies causing the change, whilst they themselves apparently take
no visible part, are termed ferments.

68. One and the same body may undergo very different decompo-
sitions, according to the nature of the ferment acting on it, or according
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to tbe variations in the growth of the ferment produced by tempera-
ture, amount of moisture, &c.

(‘ane sugar, e.g., in contact with many orcanised ferments, is con-
verted —with combination of the elements of water—into glucose :

C,,H,,0,, + Hy0 = 2CH,,0;

(Cane rugar.) (Glucre.)

whilst the solution of the latter is converted by the ferment of putrid
proteid bodies into lactic acid :
CeH,,0¢ = 2C;HO; (lactic acid),

which is further converted into batyric acid, with evolution of car-
bonic anhydride and hydrogen :

2C,H(0; = C,H,0, + 2 CO, + 2H,.

(Butyric acid.)

If any unaltered glucose be present during this latter fermentation it
is converted into mannite :

C‘H|206 + 2H = C6H14OG (mannite).

These and similar fermentations occurring without direct participa-
tion of atmospheric oxygen, may be considered as putrefactive pro-
cesses, a8 also the decomposition of glucose into carbonic anhydride
and alcohol under the influence of yeast :

C‘H|'06 = 2003 + 2C2HGO (alwhol)-

In other fermentations the atmospheric oxygen is actively engaged,
as in the acetic fermentation of alcohol:

C’HGO + Oz = H’O + C’H‘O’ (wic llcid).

These, however, more closely resemble the decay processes of complex
albuminoid bodies.

69. As already mentioned, the ferments are frequently organised,
often single cells of plant-like natare, sometimes also having the
power of motion, as in the butyric ferment. There are also some
ferments which are not organised, such as synaptase and diastase ;
there are soluble in water, and under favourable circumstances can
c::;e large quantities of certain other compounds to suffer specific
changes. ,

The amygdalin of bitter almonds in presence of water is decom-
posed, by the synaptase contained in the same seeds, into bitter
almond oil, glucose, and hydrocyanic acid :

Cgng7NO“ + 2H20 = CNH 'l' 2C‘H;206 + C7HGO.
(Amygdaline.)

No other ferment is capable of producing this decomposition.

Not seldom inorganic compounds can act on organic bodies in a
ferment-like manner, especially strong acids and sometimes strong
basic hydrates.

70. By processes of putrefaction, decay, and fermentation, animals
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and plants gradually vanish after death, only the non-volatile mineral
constituents remaining behind. By long-continued addition of oxy-
gen they are converted into volatile products, especially into carbonic
anhydride, water, and ammonia, which then serve anew as nourish-
ment to the vegetable world.

It is often of great economical importance to preserve unchanged
the very putrescible nitrogenous foods. This may be effected either
by piacing them under conditions under which fermentation is im-
possible, even in the presence of ferments, as, for instance, by freezing,
ot by destroying all ferments present.

By bringing bodies capable of putrefying into contact with salt,
sugar, alcohol, or similar media, the water necessary for fermentation
is removed, and they therefore remain unchanged. The same result
isarrived at by drying at high temperatures. By smoking another
result is obtained in addition to drying, the substances getting satu-
rated with creosote, volatile oils, &c., which kill the organisms
causing putrefaction.

The conservation of foods by Appert’s method, which consists in
heating them in tins to the temperature of boiling water, and then
hermetically closing the latter whilst still at that temperature, depends
on the destruction of all putrefactives at the boiling heat. So long as
Do air can reach the food to convey fresh germs to it, it remains un-
altered at ordinary temperatures; from the moment of contact with
air putrefactive action starts, which can be again destroyed by heating
to boiling. '

In order to preserve anatomical preparations, they are treated
with solutions of mercuric chloride, zincic chloride, arsenious acid, &c.

The chief mass of wood, the cell substance, is not capable of putre-
faction, but from the presence of albuminous substances in the wood,
which can go into putrefaction under favourable conditions, the
woody fibre is often destroyed. This is prevented either by washing
the putrescible substances out of the wood (by steaming under pres-
sure), or by forcing substances into it which prevent putrefaction
(antiseptic media). The wood is saturated with cupric sulphate or
corrosive sublimate solutions, or with ¢ pyrolignate of iron,” in which
latter case the presence of creosote is especially active.

CYANOGEN COMPOUNDS.

71. By the name cyanogen the group CN ( = Cy) is understood,
which acts generally as a monovalent radical. It can exist in several
modifications, accordingly as the combining metal is united to the
@rbon or to the nitrogen atom.

In the first case, the two elements are united to each other by
three bonds ;

(=N
|
R

In that case the radical is termed true cyanogen (generally cyanogen
only) or carbonitrile, and, similarly to ammonia, possesses the power,
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phuric acid and forty parts of water in a flask (fig. 16, A), connected, by
means of the bent tube b, with the condensing apparavus pE. The
flask is heated until the liquid begins to boil, and the distiliate is
collected in the receiver B.

There is thus obtained an aqueous prussic acid, which readily de-
composes on keeping ; the addition of a drop of sulphuric acid renders
it much more stable.

By the action of sulphuric acid upon potassic ferrocyanide, only
one-half of its cyanogen is evolved as hydrocyanic acid, there being
formed at the same time a white insoluble cyanide of iron and

Fia. 16.

potassium of the formula K,Fe,C;Ng which is not attacked by
dilute sulphuric acid. The reaction taking place is represented by
the equation :

2K Fe(CoN,) + 3H,80, = 3K,80, + GHCN + K,Fe,(C,Ny).

From the aqueous hydrocyanic acid, the anhydrous acid can be
obtained by fractional distillation, and treatment with calcic chloride ;
the pretty concentrated aqueous solution is slightly warmed, and
the vapour of the easily volatile acid condensed in a receiver cooled by
means of ice, and containing fused calcic chloride in coarse powder.
The receiver is tightly stoppered, and allowed to stand till the salt
has united to all the water ; then, by application of gentle heat, the
anhydrous acid is distilled, and collected in a receiver cooled by a
freezing mixture of ice and salt.

’\
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75. Hydrocyanic acid is a colourless, mobile liquid, solidifying
at 15° to a fibrous crystalline mass, and boiling at + 26-5°. In
consequence it evaporntes with extraordinary rapidity, and thereby
absorbs so much heat that a drop placed on a glass rod can be caused
to partly solidify by being moved quickly through theair. The density
of the liquid i3 -7058 at + 7° and 6969 at + 13°, vapour density "948.
The odour i8 peculiar, somewhat resembling that of bitter almonds;
the vapour of the acid burns with a pale violet-coloured flame.

The extraordinarily poisonous nature of hydrocyanic acid is especially
noticeable. 'When mixed with much air, and inhaled in small quantity,
it produces a peculiar feeling in the throat; in larger quantity, faintness,
and tinally death. The unmixed vapour of the anhydrous acid causes
instant death, and produces equally futal results by direct contact with
the blood. In very small doses it is employed as a medicine. The
acid character of HCN is not strongly pronounced ; litmus paper is
scarcely reddened by it; with metallic oxides, however, it behaves
similarly to the halogen hydroacids, yielding generally metallic cyanides
and water. When added to the oxides of iron it readily forms ferric
ferrocyanide or Prussian blue, from which substance it derives its
common name of prussic acid.

This formation of Prussian blue serves for the detection of small
traces of cyanogen compuunds. Usually the liquid to be tested is
mixed with a ferrous salt, slight excess of KHO added. and the liquid
heated for a short time. According to the equations :

6HON + FeSO, + 8KOH = 6KCN + Fe(OH), + K,S0,
+ 60H,

6KCN + Fe(OH); = K,FeC,N, + 2KOH

potassic ferrocyanide is formed ; on then adding ferric chloride and
acidulating with hydrochloric acid, a deep blue precipitate is obtained.

78. By keeping, hydrocyanic acid soon decomposes, brown solid
bodies seoarating, and ammonic salts being formed. As already men-
tioned, s trace of a strong acid retards this decomposition, as does also
dilation with large quantities of water. The aqueous solution forms
by its decomposition some quantity of ammonic formate :

and

H
/ H .
. &N 4emo=cZo
\O.NH,

By boiling with alkalies this change is considerably accelerated, asalso

by heating with strong mineral acids ; hydrochloric acid, for instance,

decomposing hydrocyanic acid into ammonic chloride and formic acid :
. H

/ H
HCl + C=N + 2H,0= CéO + NH,CL

This easy conversion of the cyanogen into the ozatyl group CO.OH
i highly characteristic of the ‘true’ cyanogen compounds, and is of
yreat smportance in organic synthesis.
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77. Addition Products of Hydrocyanic Acid.—As already men-
tioned, in certain respects hydrocyanic acid shows properties which
place it amongst the analogues of ammonia. It may therefore be
viewed as a molecule of ammonia, in which the threo hydrogcn atoms
have been replaced by the trivalent radical formyl CH :

H
N<g N=(C—H).

In the anhydrous state it yields white crystalline compounds by direct
union with HCl, HBr, or HI :

HON + HCl = H—C= NG ; similarly : HCN 4+ HBr or HCN
+ HI

These compounds are decomposed with great rapidity, on treatment
with water, into formic acid and ammonic salts :

H s
H-C=NC] +20H, = NH,I + Lo

Anhydrous hydrocyanic acid also unites with some metallic chlorides,
crystalline compounds resulting; for instance, Fe,Cls,4HCN and
ShCl;,3HCN, the constitution of these bodies being probably

ca a cl

Ll . a a
H--C=N—Fe—N=C-H H-C=N_ | |

| >Sb—NEC-—H

H—C=N—Fe_N=C—H H~_051'~1 1

| ] Cl

_ b & d a

MetaLLic CoMPOUNDS OF CYANOGEN.

78. The metallic cyanides can be prepared, almost without ex-
ception, from hydrocyanic acid, though only in the case of the most
strongly positive metals, by action in the metallic state upon the
acid:

K, + 2HCN = 2KCN + H,;

yet by use of the hydrates, in some cases also of the oxides, they can
be prepared without difficulty :

HgO + 2HCN = Hg(CN), + H,0.

The insoluble metallic cyanides are best prepared by double de-
composition between the soluble alkaline cyanides, and soluble salts of
the respective metals.

The cyanides of the different metallic groups differ from one
another very essentially in some of their properties. Whilst those of
the most positive metals (the alkalies and alkaline earths) are easily
soluble in water, are of strongly alkaline reaction, are decomposed by
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the weakest mineral acids, even carbonie, and are not decomposed by
ared heat if sir be absent; those of the less positive metals (the
heavy metals) are mostly insoluble, or difficultly soluble in water, and
are decomposed by a high temperature. Some of these latter cyanides,
more especially those of the noble metals (mercury, silver, &c., partly
also Cu and Zn), simply decompose into the metal and cyanogen,
which in great part comes off as gas, whilst the others, especially
those of the iron group, are decomposed on ignition, nitrogen being
evolved, and a compound of the metal with carbon left behind.

The cyanides of the heavy metals mostly combine with those of
the alkalies, forming compounds soluble in water. In these double
cranides very frequently the less positive heavy metal is apparently
more firmly united than the more positive, and cannot be recognised
by its usual tests ; when treated with mineral acids these compounds
yield no hydrocyanie acid, or give up their cyanogen only partially in
that form, whilst hydric metallic cyanides of acid character result; e.g.
potassic ferrocyanide yields, with hydrochloric acid, potassic chloride
and hydroferrocyanic acid :

K, FeCN; + 4HCl = 4KCl + H,FeC N,

In such double cyanides heavy metals can replace the alkali
wetal, and such replacing metals are still recognisable by their ordi-
nAry reagents.

These double cyanides can only result from the polymerisation of
the cyanogen group, in some the dicyanogen, in others the tricyanogen
group occurring.

Some metallic cyanides doubtless contain true cyanogen—that is,
the metal united to carbon—whilst others appear to be entirely iso-
cvanides; to the latter class probably belong the cyanides of those
metals which combine readily with nitrogen, especially those which-
yield amid-compounds with ammonia.

9. Potassic Cyanide, KCy or K—C=N.—Although potassic
cyanide can be directly prepared, still it is generally obtained from
dried potassic ferrocyanide, which is heated to quiet fusion, without
access of air :

K,FeC¢N; = 4KCN + FeC, + N,.

The carbide of iron settles to the bottom, and the clear supernatant
liquid can be poured off. Such potassic cyanide as remains with the
residue can he obtained by pulverisation and extraction with boiling
aleohol ; the filtered liquid crystallises on cooling.

It can be obtained in larger quantity, and of sufficient purity for
most purposes, hy heating a mixture of eight parts of dried potassic
ferrocyanide with three parts of dried potassic carbonate to low red-
Bess in an iron crucible. By this means one-half of the cyanogen,
which would be lost but for the addition of the potash, is obtained as
potassic cyanide, the other half as potassic cyanate, which latter
remaing mixed with the cyanide ; instead of ferric carbide, spongy
lmﬁl results, from which the melted salt is easily separated mechani-
cally :

K,Fe(CN) + K4C0; = 5K(CN) + KCNO + CO, + Fe.
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A still better result is obtained when charcoal is also added to the
fusion, and the mixture strongly heated, the carbon reducing a large
quantity of cyanato to cyanide of potassium :

K Fe(CeN¢) + K,C0; 4 C = 6K(CN) + CO, + CO + Fe.

The purest potassic cyanide is obtained by passing the vapour of
anhydrous hydrocyanic acid into a solution of potassic hydrate in
absolute alcohol, the salt separating in the crystalline form.

Potassic cyanide is a colourless, highly poisonous body, crystallis-
ing from solution in octahedra, from fusion in cubes; at a red heat it
fuses to a clear liquid, it deliquesces in damp air, and—through its
slow decomposition by the carbonic acid of the air—smells of hydro-
cyanic acid. Its aqueous solution reacts strongly alkaline. It is
more soluble in dilute than in strong alcobol. It decomposes easily
in aqueous solution, especially on boiling, into potassic formate and
ammonia :

K H
K | |
|  +2(HOH)=NH, + C=0 = NH;+ (=0
C=N |
OH OK

When fused in contact with air, it absorbs oxygen, and is con-
verted into cyanate. It undergoes the same change when heated with
metallic oxides, and is therefore one of the most powerful reducing
agents, e.g.

S0, + 2KCN = 8§ + 2KCNO.

The cyanides of the other alkali metals resemble that of potassium in
nearly all particulars.
. C=N

80. Ammonic cyanide, CN,H, = |_ , 18 usually prepared by
NH

4 .
heating an intimate mixture of potassic cyanide and sal ammoniac.
1t crystallises in colourless cubes, which are very soluble in alcohol.
1t boils at + 36° with dissociation into hydrocyanic acid and am-
monia, which re-combine on reduction of temperature. It is as
poisonous as prussic acid and potassic cyanide. On keeping, it de-
composes, with formation of a blackish brown mass (azulmine).
The formation of ammonic cyanide by passing ammonia gas over

glowing carbon :

3C 4+ 4NH,; = 2(CN.NH,) + CH,;
or by passing ammonia and carbonic oxide through red-hot tubes :

CO + 2NH,; = CN.NH, + H,0;

is of considerable theoretical interest. As ammonic cyanide is ob-
tained by the destructive distillation of nitrogenous organic bodies, it
occurs, often in considerable quantity, as a constituent of the wash-
water of gas-works.

81. Cyanides of the alkaline earths—i.e. of barium, strontium, and
calcium—-can be prepared directly, but are best obtained by ignition of
the respective ferrocyanides, or by action of hydrocyanic acid on their
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hydrates. They are more difficultly soluble than the foregoing, react
alkaline, and are very easily decomposed by carbonic acid.

82. Zincic cyanide, ZnCyNy = Zn(CN),, is obtained as a white
ibsoluble powder, by addition of hydrocyanic acid to zincic acetate,
or of potassic cyanide to any other zinc salt. It is decomposed by
acids with evolution of hydrocyanic acid, is readily soluble in excess
of potassic cyanide, the solution yielding on evaporation octahedral
erystals of potassic zincic cyanide :

‘ C,N,gK

K’ZDC‘N‘ =Zn 02N2 K

The cyanogen compounds of cadmium and indium are quite similar ;
from the double cyanides the metals are precipitated by sulphuretted
bydrogen, as in the case of the ordinary salts.

Indium cyanide, however, is distinguished from the others by its
?sy egeeomposition on boiling with water, indium hydrate being
ormed :

In(CN), + 2H,0 = In(OH), + 2HCN.

_ 83 Nickelous cyanide, Ni(CN),, is obtained similarly to the
anc ealt, as an apple-green precipitate; it is easily dissolved by an
aqueous solution of potassic cyanide to a yellow solution, which by
evaporation yields monoclinic prisms of potassic nickelous cyanide,

K,NiC,N,,0H, or Ni< gfgfgﬁ,on,. From solutions of this
2472

alt, nickelous cyanide is re-precipitated by careful addition of hydro-
chloric acid ; excess of acid decomposes it. By boiling the solution
vwith mercuric oxide, nickelous oxide is precipitated, and potassic
Iercuric cyanide formed.

84. Cyanides of Cobalt.—By careful addition of potassic cyanide
to a cobaltous salt, a reddish-brown precipitate of cobaltous cyanide
15 obtained, which dissolves readily in an excess of the precipitant.
From this solution alcohol precipitates potassic cobaltous cyanide,
K,Co(C¢N¢), which crystallises in deep red, deliquescent needles.
Exposed to air it eagerly absorbs oxygen, and is converted into potassic .
cOl]ttlticyanide, which is also formed with evolution of hydrogen on
boiling the solution :

2K ,Co(CNg) + 2H,0 = KC0,(C,,N,,) + 2KOH + H,,

% also by heating freshly precipitated cobaltous hydrate with potassic
‘yanide solution :

12KCN + 2Co(OH); + 2H;0 = K4Co,(C;,N,,) + 6KOH + H,.

Potassic cobalticyanide crystallises in clear yellow crystals, iso-
morphous with those of potassic ferricyanide (see later), which dissolve
easily in water, and on ignition decompose into potassic cyanide,
cyanogen, nitrogen, and cobalt carbide. The cobalt in this compound
cannot be recognised by any of its usual reagents.” On adding a
slight excess of sulphuric acid to a concentrated solution of this salt,
and then much aleohol, potassic sulphate separates, and the alcoholic
liquid yields, on evaporation, colourless needles of hydrocobalticyanic
acid, HyCo,Cy,,,H,0, which loses its water of crystallisation at 100°,

F
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deliquesces in the air, reacts strongly acid, and not only decomposes
carbonates, but dissolves zinc and iron with evolution of hydrogen.
The difference in behaviour of nickel and cobalt salts with potassic
cyanide, is made use of in the quantitative separation of these metals.
By saturation of hydrocobalticyanic acid with carbonates or hy-
drates of metals, or by double decomposition of salts of heavy metals,
and solutions of potassic cobalticyanide, metallic cobalticyanides are
obtained.
The probable constitutional formuls of the cobalticyanides would
"represent them as containing tri-cyanogen groups; for instance, hydro-
cobalticyanic acid may be written :

Co <(CyN3)H
€N,
Co<(C3N,;)H,

O;Ny)H

85. Cyanides of Iron.—Simple cyanides of this metal, correspond-
ing to the chlorides, are almost unknown. By precipitation of a
ferrous salt with potassic cyanide, a rust-coloured body is obtained,
soluble in hydrochloric acid, which appears to be ferrous cyanide. On
mixing a ferric salt with potassic cyanide solution, the liquid at first
remains clear, and may in this state contain ferric cyanide; but it
soon deposits ferric hydrate, with evolution of hydrocyanic acid, and
contains, when an excess of potassic cyanide was employed, together
with that salt, potassic ferrocyanide, K ,FeC¢Ng. This latter com-
pound results also when ferrous salts are mixed with a large excess of
%)ota.sdsic cyanide, and is obtained in erystals on evaporating the

iquid.

86. Hydro-ferrocyanic Acid, H,Fe(C4N).—If a concentrated solu-
tion of potassic ferrocyanide be acidulated with strong hydrochloric
acid, colourless leafy crystals of hydro-ferrocyanic acid separate, whose
quantity is greatly increased on addition of ether to the liquid.

It is soluble in water and alcohol, insoluble in ether, and on ad-
dition of excess of ether, to an alcoholic solution, is obtained in large
crystals, colourless if air be completely excluded. In the air it
quickly decomposes by oxidation, with blue colouration ; it reacts and
tastes strongly acid, decomposes carbonates, and forms the respective
ferrocyanides with iron and zine, hydrogen being evolved. In both
acid and salts the iron is completely masked, i.e. not recognisable by
its usual reagents.

In hydro-ferrocyanic acid also the cyanogen is probably in the
form of bicyanogen, and the rational formula of the compound will

therefore be :
H
o ONIH

NN

In the ferrocyanides the hydrogen is replaced by metals, &c.
87. Potassic Ferrocyanide, K, Fe(CgNg),3H,0.--This important
salt, known in commerce as yellow prussiate, was first obtained by
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washing carbonised blood. It crystallises in yellow quadratic pyra-
mids, with basal faces most developed, with marked cleavage, parallel
to the latter, into somewhat pliable lamine. It is unalterable in air ;
100 parts of water dissolve in the cold 25 parts of the salt, at the
boiling temperature about double as much. On gentle heating the
arystals lose their water and become white and opaque. The decom-
position on strong ignition has already been referred to (§ 79).

The salt is formed on the large scale by introducing animal
charcoal (from blood, horn, leather parings, &c.) and iron into fused
pearlash (potassic carbonate). On strong ignition potassic cyanide is
formed with evolution of gas :

K,C0O; + 4C + 2N = 3CO + 2KCN,

and from the sulphates in the pearlash and the iron, ferrous sulphide
is formed. The cooled ‘melt’ is heated with hot water, whereby,
sccording to the equation

6KCN + FeS = K8 + K,FeCsNy,

potassic ferrocyanide results, which is obtained on evaporation of the
liquid in well-formed crystals, and is purified by re-crystallisation.

88. With salts of the heavy metals, potassic ferrocyanide generally -
Yields amorphous, insoluble precipitates of the ferrocyanides; if the
metallic solution be in excess all the potassium is replaced :

20“80‘ + K‘Fe(CzNa)z = 2K’SO‘ + CII,FO(C,N;),,

whilst, on the contrary, by careful addition of the metallic salt to
potassic ferrocyanide precipitates are obtained, in which the potas-
sium is only partly replaced :

CBSO‘ + K4Fe(CsN3), = KQSO4 + KzCuFe(CzNa)’.

By boiling with potassic hydrate solution, the insoluble metallic
ides are converted into potassic ferrocyanide, and the insoluble
bydrate or oxide of the metal :

CugFe(CzNa)a + 4KOH = K‘Fe(CaNz)z 4 20“0 + 2OH2.

If other alkalies or alkaline earths be employed, the ferrocyanides
of these metals result :

Cu,Fe(C,N,), + 2Ba(HO), = Ba,Fe(C,N,), + 2Cu0 + 20H,.

89. Sodic ferrocyanide, Na,Fo(C3N;),,120H,, crystallises in yel-
low, monoclinic, readily soluble crystals, which effloresce on exposure
to air.

Ammonic ferrocyanide, (NH,),Fe(C;3N;)3,3H;0, is isomorphous
with the potassium salt.

Baric ferrocyamide, Ba,Fe(C;3N,),,6H,0, is difficultly soluble in
cold water; somewhat more readily soluble are Sr,Fe(C;N;),,150H,,
Ca,Fe(C,N,),,12H,0, and Mg,Fe(C;N3),,10H,0.

Of the insoluble ferrocyanides of the heavy metals, the following
may be shortly noticed :

Zincicferrocyanide, ZnyFe(C3N;)g,3H;0, is & white amorphous
Precipitate, as is also the cadmic salt. ) )

Yickelous ferrocyanide, greenish white, cobaltic ferrocyanide,

F2
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yellowish green, manganous ferrocyanide, whitish, cupric ferro-
cyanide, CuyFe(C3;N;),,TH,0, and potassic cupric ferrocyanide,
K,CuFe(C;3;N;),, are intensely red-brown amorphous precipitates ;
plumbic ferrocyanide, PbyFe(C;3N 3),,3H,0, and argentic ferrocyanide,
Ag,Fe(C3N3),, are white.

80. The ferrocyanides of iron require more detailed notics.

On mixing a soluble ferrocyanide with a ferrous salt, with
total exclusion of oxygen, white precipitates of ferrous ferrocyanide,
Fe,Fe(C3N3)y, and potassic ferrous ferrocyanide, FoK ;Fe(CyN3),, are
obtained. The latter compound is always formed in the preparation
of hydrocyanic acid by heating potassic ferrocyanide with dilute sul-
phuric acid (§ 74). Both bodies on treatment with potassic hydrate
give potassic ferrocyanide with separation of ferrous hydrate :

K, Fe.Fe(C;N3), + 2KOH = K,Fe(C;N;), + Fe(OH),,
and oxidise with great readiness on exposure to air, yielding blue
ferric ferrocyanide.

‘When poured into solutions of ferric salts, potassic ferrocyanide
gives a beautiful blue precipitate of ferric ferrocyanide, or Prussian
blue:

3K Fe(C;3N3); + 2Fe,Clg = 12KCl 4 Fe,Cy3N g

CaNaNR

il : 03N3)>F:
or Fe, (FeCeNg); =  Fe g:g:g Fe
Fe .03N3) F“

CyN,)/0e

Prussian blue is a deep blue powder, which, when air-dried, still
contains more than 2094 of water; when strongly compressed, and
especially by rubbing with hard polished substances, it shows on the
surface a copper-red metallic lustre. It is insoluble in water, alcohol,
dilute acids, &ec., but is dissolved by oxalic acid, and by ammonic
acetate to blue solutions (blue ink). By boiling with alkalies it is
re-converted into alkaline ferrocyanides, ferric hydrate separating :

(Fey)s.3[Fe(C3N ;)] + 12KHO = 3K, Fe(C3N,;), + 2Fe,(OH)q.

‘When excess of potassic ferrocyanide is gradually mixed with a
ferric solution, the so-called soluble Prussian blue is formed ; a ferric
potassic ferrocyanide, of unknown composition, which is insoluble in
bydrochloric acid, but soluble in pure water to a deep blue liquid.

9). Potassic Ferricyanide, or Red Prussiate, K¢Fe,C,,N,,
= K¢Fey(C3N;),.—When chlorine is passed into a solution of potas-
sic ferrocyanide until a portioun of the liquid no longer gives a blue
precipitate with ferric chloride, and the solution evaporated to erys-
tallisation, potassic ferricyanide crystallises out in large, shining red,
rhombic prisms, the salt being formed according to the equation :

2K4F9(C3N3)2 + Cl, = 2KC] <+ KGFeﬂ(C.'SNs)l'

Longer treatment with chlorine decomposes the ferricyanide.
The yellowish-greenish-brown solution of this very poisonons salt
decomposes on exposure to light, with formation of potassic ferro-



METALLIC CYANIDES. 69

cyanide and a blne precipitate; in the presence of free alkalies it acts
as a powerful oxidising agent, being itself reduced to ferrocyanide;
for instance :

KFey(C,N;), + Pb(OH,) + 2KOH = 2K Fe(C,N,), + PbO,
+ 20H,.

Potassic ferricyanide dissolves in 3'8 parts of cold, more readily in hot
water ; it precipitates the solutions of most salts of the heavy metals,
the latter replacing the potassivtm. A large number of the resulting
insoluble ferricyanides are characteristic, but others are the same
colours as the ferrocyanides. The zinc and cadmium compounds are
more or less deep yellow precipitates, soluble .in dilute hydrochlorie
acid; of similar colour, but insoluble in HCI, are nickelous and cupric
ferricyanides ; cobaltous and manganous ferricyanides are dark brown,
argentic ferricyanide is a rust-brown precipitate.

On addition of ferrous salts to potassic ferricyanide solution, a
precipitate of ferrous ferricyanide (Turnbull’s blue), similar to Prussian
blue in appearance, is obtained :

KGFG-‘(Cst)‘ + 3FQSO‘ = 3K280‘ <+ F93F92(03N3)4.

When insoluble metallic ferricyanides are heated with alkalies, the
oxidesare separated,and alkaline and iron cyanogen compounds formed;
the latter are ferricyanides if the resulting oxide be not further oxi-
disable :

Zn;Fey(C3N;), + 6KOH = K Fe,(C;N;), + 3Zn(OH),,

whilst, on the other hand, if the metal admits of further oxidation,
this ensues with reduction of the ferricyanide to ferrocyanide :
IR

1l
Fe,Fey(CsN3), + SKOH = K Fe,(C,N,), + 3Fe(OH), + 2KOH
= 2K,Fe(C;N,), + Fey(OH)g + Fe(OH),.

The soluble ferricyanides are not precipitated by ferric orchromic
salts, as the respective ferricyanides are soluble in water:

11} -
KsFez(C3N3)4 + F82016 = GKCI + Fea-Fez(CaNs)‘.

On mixing concentrated solutions of potassic ferricyanide and
plumbic nitrate, beavy, soluble, dark crystals of plumbic ferricyanide
slowly separate. When these crystals are decomposed by a not quite
equivalent quantity of sulphuric acid, the liquid decanted from the
precipitate of plumbic sulpbate contains Aydroferricyanic acid,
H,Fe,(C;N,),, which, by careful evaporation in the cold, yields brown-
coloured needles, easily soluble, strongly acid, and poisonous. Their
solution gives with ferrous salts a blue precipitate, and decomposes on
boiling with evolution of hydrocyanic acid and precipitation of a
beautiful green-coloured insoluble ferrous ferric cyanide.

92. Nitro-prusside Compounds.—When powdered potassic ferro-
cyanide is heated with double its weight of fuming nitric acid, and
anequal volume of water, carbonic anhydride, nitrogen, and hydrocyanic
acid are evolved, and the solution no longer gives a blue precipitate
with ferric salts ; on cooling, potassic nitrate crystallises out. The
dark-coloured liquid, diluted with water, and neutralised with sodic
carbonate, is then evaporated mnearly to crystallisation, then mixed
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with three times its volume of aleohol, filtered after long standing,
and the solution evaporated. There then separate well-formed, red,
rhombic prisms of sodic nitro-prusside, which are easily soluble in
water. The same salt is obtained directly by adding to a solution of
sodic ferrocyanide, potassic nitrite, ferric chloride, and very dilute
sulphuric acid, and after many days’ standing, neutralising with sodic
hydrate.

v The formula of sodic nitro-prusside is not yet settled with certainty.
The simplest passably correct expression for the composition of the
salt is Na,Fe(NO)C;N;,2H,0, but this does not correspond sufficiently
well with the known decompositions of the salt. When heated with
sodic hydrate, onesixth of the contained iron separates as ferric
hydrate, and the nitrosyl group separates as nitrite, whilst sodic ferro-
cyanide remains in solution. It can therefore be viewed as ten
molecules of sodic ferrocyanide, in which six atoms of sodium are

replaced by the ferric group F'g,, and ten more by (NO.) Thereby it
would have the very complicated formula :

Na,,Fey(NO),o[Fe(C3N3)s]10,20H,0.

The solution of sodic nitro-prusside decomposes spontaneously on
long standing, with separation of Prussian blue. With many metallic
salts it gives insoluble precipitates—e.g. with cupric salt a yellowish-
green cupric nitro-prusside, with silver salt a flesh-coloured argentic
netro-prusside, Agg(NO)Fe(C,N,ZI(i), from which, by careful decom-
position with hydrochloric acid, there is obtained the unstable hydro-
nitro-prussic acid Hy(NO)Fe(C;N ;) (1), of strongly acid reaction ; by
separation of this solution in vacuo, it crystallises in dark-red deli-
quescent prisms, which contain one molecule of water of crystallisation.

All soluble nitro-prussides give, with reducing agents, transient,
beautiful violet or blue solutions. These colours are most easily pro-
duced by soluble metallic sulphides. Sodic nitro-prusside, therefore,
is used as a very sensitive reagent for alkaline sulphides and hydric
sulphide.

93. Cyanides of Manganese and Chromium.—Potassic mangano-
cyanide, K ,Mn(C;N,),,3H,0, isomorphous with the corresponding
ferrous compound, results from the addition of potassic cyanide to man-
ganous acetate, until the greenish precipitate of manganous cyanide first
formed is re-dissolved, and subsequent precipitation with alcohol. It
crystallises in transparent blue tables of the quadratic system, effloresces
in dry air, and dissolves éasily in water to a colourless liquid ; the
solution on standing yields a green insoluble double salt of the for-
mula K.Mn(C;N;) or K3Mn,(C;N;),.

On exposure to the air of a solution of potassic manganocyanide,
oxygen is absorbed with formation of potassic manganicyanide,
KMn,y(C;N;),, which crystallises in deep red prisms, isomorphous
with potassic ferricyanide.

By boiling a solution of six parts of potassic cyanide with five parts
of chrome alum, addition of a tenth of the yolume of liquid of alcohol,
and evaporation of the filtrate, there is obtained potassic chromi-
cyanide, K¢Cry(C;N;),, a8 easily soluble, clear, yellow, monoclinic
crystals.
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94. Cyanides of Copper.—A cyanide of copper of the formula
Cu(CN), is not obtainable in the pure state ; an impure preparation is
formed by addition of potassic cyanide to solution of cupric sulphate,
or of cupric acetate to hydrocyanic acid, as a dirty yellowish-brown
precipitate, but this very quickly decomposes, with evolution of cyano-
gen, into green crystals of cuprous cupric cyanide :

Cu(C,N
CusN,C 6H,0= | 2)>cu,515{,0
Cu(C,N,)

In boiling water this is readily further decomposed into cyanogen and
cuprous cyanide, Cuy(CN), = CN—Cu—Cu—CN.

Cuprous cyanide is a white powder, insoluble in water, easily
soluble in hydrochloric acid, ammonia, or aqueous potassic cyanide.
With the latter it forms crystalline, colourless, double salts of different
composition, namely :

7 Cu—(C,N,)K

K,Co,C,N, = |
Cu—(C,N,)K

which is difficultly soluble, and the more soluble K¢Cu,Cy¢Ny, from
which sulphuretted hydrogen does not precipitate the copper. These
double salts are alzo obtained when solutions of cupric salts are mixed
with excess of potassic cyanide. 'S

From plumbic cupro-cyanide (obtained by precipitation of potassic
cupro-cyanide with plumbic acetate) the compound H,Cu,C,N, is
obtained by decomposition with sulphuretted hydrogen; it readily
decomposes into cuprous cyanide and hydrocyanic acid.

85, Of the cyanogen compounds of mercury, that one corre-
sponding to calomel is not known ; when potassic cyanide is added to
a mercurous salt, metallic mercury is precipitated, and mercuric
cyanide left in solution :

Hg,(NO;); + 2KCN = 2KNO, + Hg + Hg(CN),.
Mercuric cyanide is prepared by dissolving yellow mercuric oxide in
aqueous hydrocyanic acid, the former being used in slight excess. It is
also easily obtained by boiling Prussian blue with mercuric oxide,
until all the iron js precipitated as oxide. At ordinary temperatures
one part of Hg(CN), issoluble in eight parts of water. It crystallises
in large brilliant quadratic prisms, which are extremely poisonous ; on
heating it splits up into metal, and cyanogen gas, a portion of which
remains polymerised as paracyanogen, a blackish-brown powder.

Mercuric cyanide yields with the alkaline cyanides beautiful
erystalline double salts, e.g.

C,N)K
K,HgC,N, = H3<((CZN:;K
which crystallises in colourless octahedra.

By mixing its solution with the molecular quantity of mercuric
chloride and evaporating, quadratic prisms separate, of mercuric cyano-
chlorid

e
Hg(‘c(i}N ) or more probably H34§2N6{>H8'
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On boﬂing mercuric cyanide solution with mercuric oxide, much of
the latter is dissolved, and on cooling, needles of mercuric oxycyanide,
(CN)—I{g——O—Hg—(CN), separate.

Mercuric cyanide also combines with many metallic chlorides,
bromides, and iodides, forming double sa.lts most of which erystallise
beautifully ; for instance :

Hg(CN), + NaCl = Hg (NN gilky flattened neodles

Hg(CN), + KI = Hg<{® X nacreous needles
Hg(CN), + AgNO, + 2H,0 = Hg<§)%%2)‘*8,2n,o prisma

~ 98. Argentic cyanide, Ag(CN) or Ag,(C;N,), separates as a white
curdy precipitate, resembling argentic chloride, when hydrocyanic
acid or a soluble cyanide is added to a silver solution. It is insoluble
in water, and nitric acid, but easily soluble in ammonia, and potassic
cyanide, and is unaltered by alkaline hydrates and chlorides. It does
not blacken in sunlight, melts on heating, and leaves, on long ignition
in absence of air, a white metallic mass consisting of silver and argentic
paracyanide, Ag(C;N3).

As will be shown later, when treating of the nitrogen compounds
of the aleohol radicals, the silver in argentic cyanide is most probably
combined to the nitrogen, the cyanogen being present in the s0 form,
and the formula therefore :

C=N—Ag.

The product of the solution of argentic in potassic cyanide is
potassic-argentic cyanide, KAg(CN),, or K,Ag,(C,N,),, which crys-
tallises in six-sided, colourless tables, readily soluble in water. In
this compound’ there is probably a dicyanogen radical, consisting of
one true and one isocyanogen group :

K—C=N
||
Ag—N=C Ag—N=(C
[ or l
K—C:N Ag—N=C

K dtd

This salt is chiefly employed in electroplating, as it gives a very
coherent deposit on the negative pole, when electrolised.

The behaviour of argentic cyanide towards potassic cyanide yields
a method of sufficient accuracy for the estimation of hydrocyanic acid
or potassic cyanide. For this purpose a measured quantity of the
liquid under examination is taken and converted, if needful, into
potassic cyanide, by addition of potassic hydrate. Dilute standard
solution of argentic nitrate is then added slowly ; at first there is no
precipitate, potassic argentic cyanide being formed until one-half of
the cyanogen is converted into argentic cyanide :

2KCN + AgNO; = KNO; + K.Ag.C,N;;
as soon, however, as by addition of silver solution this point is over-



METALLIC CYANIDES. 73
stepped, every drop added produces a permanent precipitate of argentic

cyanide :
KAg(C,;N,) + AgNO; = 2Ag(CN) + KNO,.

The quantity of silver solution used up to this point corresponds.
therefore in equivalents to half the quantity of hydrocyanic acid pre-
sent.  As a rule, a decinormal solution of argentic nitrate is employed ;
this is prepared by dissolving 17-0 grams of argentic nitrate (an
equivalent in {1y grams) to one litre of solution ( = 0017 grams AgNO,
per c.c.), and this is delivered drop by drop until the precipitate formed
does not disappear on shaking. The number of c.c. used multiplied
by 0054 gives the amount in grams of prussic acid present (equivalent
of HCN = 27 and 27 x 2 = 54), by "013 the amount of potassic cy-
anide.

97. Cyanides of Gold.—Aurous cyanide, Au(CN), a yellow powder
consisting of microscopical hexagonal tables, insoluble in water, is best
obtained by decomposition with hydrochloric acid, of its double salt
with potassic cyanide. Potassic aurocyanide is easily prepared by
solution of the oxide or sulphide in potassic cyanide, as also by long
standing of finely divided gold in potassic cyanide solution, air being
excluded. It forms long colourless prisms easily soluble in water.

N
Potassic auricyanide, KAu(CN);, H;0 or Au&CN ,OH,,
(CN)K

is obtained by mixing a neutral solution of auric chloride with a boil-
ing concentrated solution of potassic cyanide; on cooling large colourless
crystals are formed. The dilute aqueous solution generally obtained
by mixing auric chloride and dilute potassic cyanide solution, is
employed in electro-gilding.

When a solution of potassic auricyanide is added to argentic
nitrate, a curdy precipitate of argentic auricyanide is obtained,
which, suspended in water, and decomposed by a slightly insufficient
quantity of hydrochloric acid, yields a solution of hydroauricyamo
acid ; by evaporation of the filtered solution in wvacuo, large tabular
crystals of auric cyanide, Au(CN);,3H,0, are obtained.

98. Cyanides of Platinum.—Platinous chloride dissolves readily in
aquecus potassic cyanide; on evaporation, potassic platinocyanide
crystallises out :

PtCl; + 4K(CN) = 2KC1 + K,Pt(C,N,).

It is also formed when a mixture of platinic chloride and potassic
cyanide are boiled together for a long time :

PtCl, + 6KCN = K,P{C,N,) + C;N, + 4KCl,

or when spongy platinum is fused with potassic cyanide or ferro-
cyanide, the product extracted with water, and the solution crystallised.

Potassic platinocyanide, g:gz;%,liﬁ,o, forms long prisms,
pale yellow by transmitted, beautiful blue-coloured by reflected light.
By double decomposition other metallic platinocyanides are obtained
from this, which when crystallised show splendid fluorescent pheno-
mena ; for instance :
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Baric platinooyanide, BaPt(C4N4),4H,O citron yellow prisms
with violet and greenish reflection.

Magnesic platinocyanide, MgPt(C,N,),7TH 0, red guadmtlc prisms,
with metallic green reflection from the side faces, deep blue from
the end faces.

In aqueous solution these salts give insoluble precipitates with
many of the salts of the heavy metals. By decomposing argentic or
mercuric platinocyanide with hydric sulphide, the readily soluble hy-
droplatinocyanic acid, H,Pt(C,N,), s obtained, which crystallises when
anhydrous in needles of golden lustre, when with 5H,0, in vermillion-
coloured crystals with bluish-black reflection ; the solution is colour-
less. Heated to higher temperatures, hydro-platinocyanic acid yields
prussic acid, and leaves a residue of greenish-yellow insoluble platinous
cyanide, which on stronger ignition is completely decomposed.

‘When chlorine is passed into a concentrated solution of potassic
platinocyanide, there separates from the colourless liquid copper-
coloured crystals of metallic lustre, consisting of potassic platini-
cyanide, K ,Pt,(C,,N,,),6H,0.

The cyanide corresponding to platinic chloride does not appear to
exist.

HALoGEN CoMPOUNDS OF CYANOGEN.

99. The cyanogen radical combines with chlorine, bromine, and
iodine to haloid compounds, in which the halogen atom is united to
the carbon. The chloride and bromide polymerise—the latter indeed
only on heating—with tripling of the molecule.

Cyanogen chloride, CJ—C% or liquid cyanogen chloride, results
from the decomposition of metallic cyanides and dilute prussic acid by
chlorine. It is generally obtained by passing chlorine, in the dark,
over damp mercuric cyanide :

Hg(CN), + 2Cl, = HgCl, + 2CICN,

and condensation of the dried vapour in strongly cooled vessels; or
by passing a quick stream of chlorine into aqueous prussic acid of
20% strength, the reaction taking place in a retort cooled by a freez-
ing mixture, and connected with a condenser. The oily cyanogen
chloride, which separates to the bottom, is parted from the aqueous
liquid, mixed with mercuric oxide to remove any undecomposed HCN,
and rectified into well-cooled receivers.

It is a colourless mobile liquid, becoming a crystalline mass at
—6°, and boiling at 15°5°. Its vapour attacks the mucous membrane
vxolently, and is in the highest degree poisonous ; it is more difficultly
soluble in water than in alcohol or ether.

By long keeping in sealed tubes, cyanogen chloride changes
spontaneously into

Tricyanogen trichloride or solid cyanogen chloride :

Cl—C=N
|
CaNaCla = Nl_lé—cl
Cl—C=N
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The same compound is obtained directly by pouring anhydrous
prussic acid into a flask filled with chlorine, and then exposing to
sunlight ; or when a slow stream of chlorine is passed into a solution
of mhydrous prussic acid in four times its volume of ether, which is
carefully cooled.

Solid cyanogen chloride crystallises in large needles or leaves, which
melt at 145° ; the boiling point is about 190°, the vapour density =
6-33, being three times that of the single cyanogen chloride.

By decomposition of potassic or mercuric cyanides by bromine,
cyanogen bromide, Br—C=N, is obtained in the form of shining
colourless needles or cubes, wluch easily volatilise. 'When these,
either alone or dissolved in ether, are heated in sealed glass tubes to
130°-140° for several hours, they are converted into :

T'ricyanogen tribromide, which melts at a little above 300°, and
sublimes at a still higher temperature.

Cyanogen iodide, I—C=N, crystallises in colourless needles,
which sublimes easily, without previous fusion, with a strong odour,
and, like the above-mentioned compounds, is very poisonous. It is
obtained by sublimation of a mixture of mercuric cyanide and iodine.
On adding iodine to a pretty concentrated solution of potassic cyanide,
the liquid colours quickly and solidifies to a crystalline mass :

KCN + I, = KI + ICN,
from which the ICN is obtained by shaking with ether.

CyaNic Acips.

100. The true cyanic acid has the constitution of cyanogen

hydrate :

H—0—C=N;
to this there would be a corresponding pseudo-cyanogen compound,
carboxylimide :

O—C=N-—-H.

‘Which of these is the formula of the known cyanic acid is not yet quite
certain, though there are good reasons for believing the first to be
correct. On the other hand, two potassium derivatives, (CN)OK and
(CO)NK, are known, which, though clearly different, easily change
into one another.
. The same is generally true of the polymeric acids, especially of
or cyanuric acid.

101. Cyanic Acid, HCNO, probably C==N.—Cyanic acid can only
N

OH
be obtained by strong heating of the polymeric cyanuric acid. This
is done in a small retort, and the resulting vapour condensed in
a receiver cooled with ice. It is a colourless, easily volatile liquid,
of strongly acid reaction, smells like concentrated acetic acid, and
blisters the skin. Left to itself, it clouds with slowly increasing tem-
peratare, and finally solidifies, with stronger evolution of heat, to a
white porcelain-like mass, called cyamelide. This is a polymer of
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cyanic acid, but of unknown molecular weight ; it has no longer the
properties of an acid ; by strong heating it is re-converted into cyanic
acid.

‘When cyanic acid is mixed with water at the ordinary tem-
perature they soon react, with evolution of heat, forming hydric-
ammonic carbonate, so that the first acid reaction is quickly changed

to alkaline :
CNHO + 2H,0 = NH, HCO,
/O.NI:L
C=N + 2H,0 = c&£0
N \OH
OH

At 0° this reaction only takes place very slowly.

‘With the basic hydrates cyanic acid yields salts of neutral reaction,
which require re-investigation for the proper determination of their
structure.

102. Potassic Cyanate.—(a)Ordinary potassic cyanate, or probably
pseudo-cyanate, 0—C—N—K, is formed by the oxidation of fused
potassic cyanide by the air, or by metallic oxides. Usually potassic
cyanide is melted and dry plumbic oxide, or minium, added, stirring
until gas bubbles begin to appear :

KCN + PbO = KCNO + Pb.

Another method is to mix dried potassic ferrocyanide with half its
weight of pyrolusite, and heat on an iron plate until the mass softens.
The ‘melt’ is then treated with boiling hydrated alcohol (809%) ; from
this solution the salt crystallises on cooling in colourless indistinct
needles or leaves. It dissolves easily in water, difficultly in strong
alcohol. Boiled with water it yields potassic and ammonic carbonates :

oK ONH

K / / 4

20K 4 4H,0 = ¢£0K + cZONH
< TR0 N0

This cyanate, prepared by fusion, doubtless consists, at least in
great part, of isocyanate, as by replacement of the potassium by hydro-

carbon radicals, the isocyanic ethers result ; for instance, CQI;I oy,

in which the organic radical is united to the nitrogen.
(8) An isomeric body, probably the true cyanate, C=N, is formed,

OK
together with potassic chloride, by passing cyanogen chloride into
potassic hydrate, the temperature being kept as low as possible :

Cl—C=N + 2KOH = KOC=N + KCl 4+ H,0;

it crystallises in long needles, and is converted by fusion into the
foregoing, from which it is distinguished by its convertibility into
dicyandihmide (§ 115).

On endeavouring to liberate the acid from either of these salts, or
from other metallic cyanates, by addition of strong mineral acids—tor
instance, sulphuric acid—carbonic anhydride is liberated with effer-
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vescence, whilst the acid sulphates of the respective metal, and of
ammonium results :

K—N=C=0 + 2H,80, + H,0 = C0, + KHSO, + (NH,)HSO,.
K—O0—C=N + 2H,S0, + H,0 = C0, + KHSO, + (NH,)HSO,.

Ordinary potassic cyanide gives in aqueous solution white precipi-
tates with the solutions of plumbxc, argentic, and mercurous salts,
and a green precipitate with cupric salts, of the respective isocyanates.

103. Ammonic Cyanate.—When cyanic acid vapour, and ammonia
gas, both perfectly dry, are brought together in a dry balloon, they
unite directly and form a snow-white woolly-crystalline powder, which,
in fresh aqueous solution, with potassic hydrate, again gives ammonia
and potassic cyanate, but on evaporation is converted into the isomeric
urea (§ 130):

— — NH?
(NH,).0—C=N O:C<NH,

104. Cyanuric Acid, or Tricyanic Acid, H3C3N;03, probably
(C3N;)(OH);.—Under certain conditions cyanic acid polymerises
into the triple molecule. When a solution of potassic cyanate is
mixed with dilute acetic acid, hydric potassic cyanurate crystallises
slowly out:

3KCNO + 2(HO.C,H,0) = KH,C,N,0, + 2(K0.C,H,0),

from which cyanuric acid can be prepared. It is also most easily
prepared from urea, which is heated until the mass at first melted
solidifies. This is treated with cold water (Biuret, § 136), the resi-
due dissolved in potassic hydrate, and the cyanuric acid liberated by
means of hydrochloric acid. Urea, obtained as shown in the last
paragraph, from a molecule of ammonia and a molecule of cyanic
acid, splits up so that three molecules of it give up three molecules of
aromonia, whilst the three cyanic acids polymerise to cyanuric acid :

3CON,H, = 3NH, + C,N,H,0,.

Cyanuric acid crystallises in slightly acid, colourless crystals, with
two molecules of water, which are given off at 100°; it is difficultly
soluble in cold water, but can be crystallised from boiling water.

‘With metals it, like orthophosphoric acid, forms three series of
salts :

Diacid salts . . . MH,C;N,0,
as in Monopota.ssxc cyanuratae KH,C3N,;0,

Monacid salts . . . . M,HC;N;0,
a8 in Dipotassic cyanumte . K;HC;N;0,

Normal salts « . M303N303

a8 in Triargentic cyanumte . Ag;C3N30;

The salts of cyanuric acid are without exception crystallisable;
those of the alkali metals are soluble in water, those of the heavy
metals difficultly soluble or insoluble. The only normal salts known
are those of lead and silver.

By heating as already mentioned, cyanuric acid is converted into
cyanic acid :

H,;C;N;0; = 3HCNO.
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With phosphoric chloride it gives, on warming, solid cyan

chloride : .
CaN303H3 + 3PCI5 = 3POC]3 + 3HCI + CaNzCla.

This last reaction agrees better with the structural formula :

HO.C=N
||
N—C.OH

L
HO.C=N

than with that for a tri-isocyanic acid :
O—C—N—H

[ ]
H—-N C=0

o=t n-n

SuLPHOCYANOGEN COMPOUNDS.

105. The alkaline salts of sulpbocyanic acid are obtained from the
alkaline cyanides by direct addition of sulphur, and the combination
takes place not only by melting the ingredients, but even by boiling
them together with water.

Sulphocyanic acid is obtained by addition of strong mineral acids
to its salts; if an excess of the acid has been employed, it readily splits
up into hydrocyanic acid and persulphodicyanic acid.

It is usually prepared by decomposition of its mercury salt by dry
hydrochloric acid or hydric sulphide :

Hg<g:g§§ + H,S = HgS + 2H—8—C=N,

as a colourless liquid of pungent acetous odour, which solidifies at
—12-5° to hexagonal plates. At higher temperatures (towards 100°) it
boils, the greater part suffering the decomposition above mentioned.
‘When damp, it decomposes into ammeonic carbonate, carbonic disul-
phide, and hydric sulphide :

2(CN)SH + 3H,0 = (NH,),C0, + CS,
or (CN)SH + 3H,0 = (NH,)HCO, + SH,,

and yields carbonic oxysulphide by warming with very dilute sul-
phuric acid :

C&y_g + H,S0, + H,0 =<9 + NH HSO,

Its aqueous solution has a strongly acid reaction, and can only be kept,
for any length of time, at low temperatures. It colours ferric salta
blood-red, from formation of ferric sulphocyanate, and, on account of
the intensity of this colour, is used, in the form of any of its soluble
salts, to detect small traces of iron.

108. Potassic sulphocyanate is generally prepared by heating &
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mixture of forty-six parts of dry potassic ferrocyanide, seventeen parts
potassic carbonate, and thirty-two parts of sulphur. The ignited mass
is boiled with alcohol, and on cooling, the salt separates in long, clear,
striated plates, which deliquesce in moist air, and melt on gently
heating.

The ready formation of this salt is used as a means of detecting
small quantities of sulphur. For this purpose, the substance to be
tested for sulphur, or a sulphide, is heated with some dry potassic
cyanide, the mass, when cold, extracted with water, the liquid rendered
slightly acid and tested with ferric chloride ; a blood-red colour shows
the presence of sulphur.

Sodic sulphocyanate is prepared similarly to the potassium salt;
it occurs in small quantity in saliva, and can be detected therein by
ferric chloride.

107. Ammonic sulphocyanate is prepared on the large scale by
boiling ammonic cyanide solution (wash-water from gas-works) with
sulphur, also by heating carbonic disulphide with alcoholic ammonia :

CS, + 4NH, = NH_SCN + (NH,),S.

It is also easily formed by mixing prussic acid with yellow ammonic
sulphide, and evaporating off the excess of the latter on the water
bath :

2HCN + (NH,),8; =2 (NH,)SCN + H,S.

This last reaction affords an excellent means of testing for small
quantities of prussic acid.

Ammonic sualphocyanate forms readily soluble crystals, quite
similar to those of the potassic salt, which melt without change at
147°, and at 170° begin to suffer an analogous decomposition to that
which occurs to ammonic cyanate at ordinary temperatures ; namely, it
forms sulphurea :

(=N NH, =N NH,
ONH, N0 SNH, N8
At ordinary temperatures At 170°.

in aqueous solution.

108. The sulphocyanates of the alkaline earths, and of the metals
of the zinc and iron group, are soluble in water, partly also in alcohol.
Ferric sulphocyanate is an uncrystallisable, nearly black, deliquescent
mass, which dissolves in water and alcohol with deep blood-red colour.
The sulphocyanates of copper, lead, silver, and mercury are obtained by
double decomposition as insoluble precipitates. By mixing solutions
of the mercury nitrates and potassic sulphocyanate, the respective
mercury salts are obtained :

Hg,(SCN), mercurous sulphocyanate as amorphous
and  Hg(SCN), mercuric sulphocyanate as crystalline

black precipitates. Both burn on heating, with remarkable swelling
and evolution of mercury vapour, and leave behind an extraordinary
voluminous mass (Pharaoh’s serpents) of crude mellone (§ 122).

109. The anhydride of sulphocyanic acid: cyanogen sulphide,
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(CN) 8= S@g, is obtained in clear rhombic tables, by acting on
argentic sulphocyanate with an ethereal solution of cyanogen iodide :
Ag—S—C=N + I—C=N=—AgI + 8 (CN),,

and evaporating the liquid. It smells like the iodide, sublimes even
at 30° in thin leaves, and fuses at 65°. It is soluble, unchanged in
alcobol, ether, and carbonic disulphide. The aqueous solution decom-
poses readily with separation of a yellow powder. With potassic
hydrate solution, cyanogen sulphide yields potassic cyanate and sulpho-
cyanate :

(CN),S + 2KOH = KOCN + KSCN + H,0.

110. Isosulphocyanic acid is still unknown, but the potassic salt,
S—C=N-—K, is obtained by warming persulphocyanic acid (follow-
ing paragraph) with alcoholic potassic hydrate, in the form of granular
crystals, whose aqueous solution is not reddened by ferric salts, and
yields coloured precipitates with cobalt, nickel, and cadmium salts.
If the solution of the potassic salt is boiled for a long time, or if the
dry salt be heated to melting, it is converted into the ordinary sulpho-
cyanate. The true sulphocyanates are more stable at high tempera-
tures than the isosulphocyanates, whilst with the oxycyanates exactly
the reverse is the case, probably in consequence of the greater affinity
of oxygen for carbon.

111. Persulphodicyanic acid (persulphocyanic acid), C,N, H,S;,
separates slowly in yellow needles, with evolution of hydrocyanic acid,
when a saturated solution of potassic sulphocyanate is mixed with six
times its bulk of concentrated hydrochloric acid :

3KSON + 3HCI = 3KCl + HCN + H,N,C,S,.

The precipitate is purified by solution in dilute ammonia, and the
ammonic salt so formed decomposed at the boiling temperature by
hydrochloric acid. On cooling the compound crystallises in golden-
yellow needles, difficultly soluble in boiling water. With the alkalies
persulphocyanic acid forms, readily soluble, with many of the heavy
metals, insoluble compounds; if, for instance, a hot solution of the
acid be mixed with plumbic acetate, the lead salt is precipitated in the
form of a deep yellow amorphous powder, of the formula PbC,N,S,.

As the potassium salt of persulphocyanic acid, when warmed with
alcoholic potassic hydrate, yields potassic isosulphocyanate (see %110),
it follows most probably that persulphocyanic acid must also be
expressed as an iso compound [lZCS)NH],S, whose structure would
be

H
I

N—S
/7 N\
C=S - C=S8S
No—"
N
I
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112. Perswudphocyanogen, or pseudosulphocyanogen, C;HN,S;. By
action of strong nitric acid, chlorine, or bromine on a boiling solution
of potassic sulphocyanate, persulphocyanogen separates as an orange-
yellow, amorphous powder, insoluble in water, alcohol, or ether.
When heated in a stream of chlorine, it yields, besides mellone and
sulphur chloride, tricyanogen chloride ; by heating with concentrated
hy loric acid, it gives hydric sulphide, hydric persulphide, and
cyanuric acid :

CzHaNzSa + 3H20 = Hgs + HgSg + CaNaOaHa-

According to both reactions, it is a derivative of tricyanogen of the
probable formula :

s
(C,N,)<S = tricyanogen pereulphide sulphhydrate.
SH

Ni1TROGEN CoMPOUNDS OF CYANOGEN.

113. By combination of the carbon of true cyanogen, in both the
single and polymerised modifications, with the nitrogen of ammonia
residues, there results the amide compounds of cyanogen, of which
the tricyanogen compounds are especially numerous.

Single Cyanamide Derivatives.
C=N
114 Cyanemide, CN;H, = | . When the vapour of cya-
NH,
nogen chloride is passed into anhydrous ether saturated with ammonia,
ammonic chloride immediaiely separates, and the ether contains
cyanamide dissolved, which is obtained on evaporation in colourless,
readily soluble crystals, melting at 40°. If the solution be decom-
posed by ammonia and argentic nitrate, a yellow precipitate of
argentic cyanamide, (CN)NAg,, is obtained.
From a solution acidulated with nitric acid, there separates, in a
short time, leaf-like crystals of urea nitrate :
NH,

l
C=N + H,0 + HNO; = CO
| l
NH, NH,.HNO,
By the action of aqueous ammonia cyanamide polymerises to dicyano-
diamide ; by heating above its melting point, it is converted, with
great evolution of heat, into melamine, and by warming with ammonic
chloride, is changed into guanadine hydrocklorate (§ 127).
C=N
l
115. Dicyanimide, C,N;H = NH . By long treatment of a

(l_;"EN
(e}
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solution of true potassic cyanate (§ 102) with potassic. hydrate, di-
cyanimide is formed, together with the carbonate, probably according
to the equation :
C=N
C=N |
3(|)K + H;0 =CO (OK), + KOH + NH

It has not yet been obtained in a perfectly pure state, its existence
being inferred from the result of adding argentic nitrate to the solution
previously neutralised with nitric acid, when a white precipitate, not
affected by light, is obtained, of the formula (CN),NAg.

Dicyanodiamide.
118. Dicyanodiamide, or param, C,N H, = (C,N,) (NH,),,
sults from the spontaneous polymerisation of cyanamide in aqueous

ammoniacal solution. It is also formed by desulphurising sulphurea
by mercuric or argentic oxides :

NH,
é‘ NH;—C=N
20=S8 + 2HgO = 2HgS + 2H,0 + ||
N—=C—NH,
NH,

It crystallises in colourless leaves, which melt unchanged at 205°,
dissolve pretty easily in water and alcohol, but little in ether.
‘With argentic nitrate, dicyanodiamide yields a compound

C,N L AgNO, = (C,N o)<\ 2Ag.ONO,,

which on addition of ammonia is converted into argentic dicyano-
diamide NH
C:Na)<NHAg.

If a solution of dicyanodiamide be evaporated with hydrochloric acid,
there remain large tables of dicyanodiamidine hydrochlorate :

(CaN,) (NH,), + H,0 + HOl = C,H¢N,0.HC],

from which dicyanodiamidine can be separated. This latter is readily
soluble in water, difficultly in alcohol, has strongly basic properties,
and yields well-crystallised salts. It results from dicyanodiamide by
the addition of the elements of water, probably according to the
equation :
H,—C=N NH,—C=0 NH
|| +H,0= I (l}l
N—C—NH, H—_N—C—NH,

and is therefore a body intermediate between urea and guanidine

(§ 127).
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By boiling with baric hydrate dicyanodiamide is converted into
the barium salt of dicyanamic acid :

2(C:N1) (NHz)e + Ba (OH)z =2NH, + (CzN 2)§1;a

(C2N7) NH
from which dicyanamic acid
NHQ—C:N
CN)<QH? o [
N=C—OH
probably also a pseudocyanogen compound
NHQ C:?
l
HN—C=0

is obtained by careful precipitation of the barium with sulphuric acid,
and evaporation of the solution in long spear-like needles. 1Its potas—
sic salt results directly by heating cyanamide with potassic cyanate
to 60° :

(CN)NH, + CNKO = C,N;H,KO.

Amid Derivatives of Tricyanogen.

117. Tricyanotriamide, melamine, (C3;N;) (NH,);. Melamine is
easily obtained by direct polymerisation of cyanamide on heating
(8 113) It is most simply obtained by strong heating of potassic

sulphocyanate with ammonic chloride, or of ammonic sulphocyanate ;
on extracting the residue with water, melam (C¢ HoN,) remains as
an insoluble white powder, which, on boiling with potassic hydrate,
splitz up into melamine, and the potassic salt of ammeline :
CzH,N,, + KOH = C;N¢H; + C;H KN;O.
By cooling melamine separates out, whilst potassic ammelide remains
dissolved.

Melamine crystallises in rhombic octahedra, which dissolve with

difficulty in cold water, more easily in boiling water, and are insoluble

in aleohol or ether. It unites with one equivalent of acid to difficultly
soluble, well-crystallised salts of acid reaction, e.g.

NH,
Melamine nitrate, (C,N,)<NH, , forms fine white silky
2
needles ; with argentic nitrate it gives a crystalline precipitate of
NH,
argento-melamine nitrate, (C;N;) NH,
NH,Ag.0.NO,

NH
118. Ammeline, (C,N3)<(I§H._., or tricyanodiamide hydrate, cy-

anurdiamic acid, results, together with ammonia, from the action of
alkalies on melamine :
G2
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NH, K
(C,N,)<NH2 + KOH = NH, + (C,N;){NH,

NH, NH,
or, by boiling melamine with aqueous acids:

NH, OH
(C;,N;,)<NH2 + 2HCI + H,0 = NH,(Cl + (C;N;)&NH,

NH, NH,.HC1
It is at the same time both an acid hydrate and a basic amide. As
potassic salt it is obtained from melam together with melamine
(§ 117). From the solutions of its alkaline salts, it is obtained by
careful addition of acid, or, from its compounds with acids by neutra-
lisation with alkali, or large addition of water, as a white crystalline
powder, insoluble in water, alcohol, and ether. By evaporation of its
solution in acids, crystalline salts are obtained, e.g.

OH
Ammeline nitrate, (03N3)<NH, ,in long four-sided prisms,
NH,;.0.NO,
decomposed by water, with separation of ammeline.

OH -
119. Ammelide, (CzN3)<OH , tricyano-amide dikydrate, cyanur-
NH

monaminic actd, or melanurenic acid, is obtained by long-continued
boiling of ammeline acid salts with free acids, or of ammeline with
alkalies :

OH OH
(03N3)<NH, +H,0 + HOl = (C,N3)<OH + NH,CI
NH, NH,

or
OH H
(C;N)ENH, + KOH = (C,N,) 0K + NH,,
NH NH

2 2

and is also obtained from urea by action of higher temperatures.

It is precipitated by acids from its alkaline salts, as a white pow-
der iuvsoluble in water, alcohol, and ether; it is somewhat soluble in
ammoniacal liquids, and readily in potassic hydrate and concentrated
acids. The acid and alkali salts of ammelide are decomposed by water,
and are therefore not obtainable in the pure and crystallised state ;
nevertheless a silver derivative has been obtained by addition of
argentic nitrate to an ammoniacal ammelide solution, as a white
precipitate of the formula C;N,H;Ag0,. Whether this should be

OAg
formulated as a silver salt, (C,N3)<OH , or as an argento-amide,
NH,

OH
(C3N; H  , has not yet been determined. By concentrated sul-
NHAg
phuric acid, or by boiling with strong solution of potassic hydrate,
ammelide is converted into a cyanurate:
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OH H
(C,N)(OH  + 2KOH = (C,N;)COK + NH, + OH,.
NH, K

Cyanuric acid, therefore, is obtainable both from ammelide as above,
and from melamine by fusion with potussic hydrate.
120. Tricyanchlorodiamide, or chlorcyanuramide, C;N;H,Cl or

(C,N,)égﬂ,, results a8 a white, very difficultly soluble, crystalline
H,

powder, by action of ammonia on solid cyanogen chloride :
(C3N,;)Cl; + 4NH,; =2NH,Cl + (C;N,CI(NH,),.

Heated with dilute potassic hydrate it yields potassic chloride and
ammeline : v

NH, OH
(C,N,){EH, + KOH = KCl + (C;,N,)<NH,
1 NH,
NH
) (CaNa)ZN H:
121. Melam, CcHN,, = gg , the diamide-imide of tricya-
C,N, )
(C, a)\NH:
nogen, is formed, as already mentioned, by heating ammonic sulpho-
cyanate together with hydric sulphide and ammonic sulphide :
6CNS.NH,=5H,8 + NH,8SH + C;H,N,|,

as a white powder insoluble in cold water, easily soluble in boiling
water, from which it separates on cooling as a curdy precipitate.

By prolonged boiling with potassic hydrate it is decomposed into
melamine and potassic ammelide :

NH
NH 2
(C,N ,)-—/-NH: (CsN,)¢-NH,
N NH
NH + H—OK = oK’
(CN,)NH, C,N,}{NH
\NH, (Cs a)<NH:

122, Mellone Compounds.—On ignition of ammonic or mercuric
sulphocyanates, persulphodicyanic acid, persulphocyanogen, melam,
melamine, or ammeline, there is left a yellow powder —mellone, consist-
ing eesentially of a body of the composition C,N,; probably

C,N
N NN
CaNg

as it is slowly converted into cyanuric acid by boiling nitric acid.

If it be fused with potassic sulphocyanate, tripotassic mellonide
results, which is derived from hydromellonic acid.

Potassic mellonide, CoN 3K 3, is also formed by ignition of potassic
sulphocyanate :

13KS80N = C,N,,K, + 4C8, + 5K,8,
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. but best if to the latter salt, when fused (seven parts), fused antimonious
chloride (three parts) be slowly added in small portions, and at last
the temperature raised sufficiently to fuse the resulting antimonious
sulphide. When cold the mass is extracted with boiling water, any
potassic sulphide removed by plumbic hydrate, and the liquid boiled
and filtered ; on cooling tripotassic mellonide crystallises in fine silky
needles, which dissolve pretty easily in warm water, but not at all in
alcohol or ether.

‘When the concentrated solution of this salt is mixed with acetic
acid, dipotassic hydric mellonide crystallises out in glittering clino-
rhombic needles :

CQN13K3 + HO.CQHaO = 09N13HK2 + KO.CgHso,
whilst hydrochloric acid gives, with the original solution, a white
precipitate of dihydric potassic mellonide, CoN,;H,K.

The soluble potassic compound gives precipitates with the salts of
heavy metals, e.g. argentic mellonide as a white precipitate, which,
suspended in water and decomposed with hydric sulphide, yields
argentic sulphide and hydromellone :

2CQN13Ag3 + 3HQS = sAgzs + 2CQN13H3.
Hydromellone, or hydromellonic acid :

(C3N;3) =NH
CoN,sH; or N< CaN;) = NH
CsN;) = NH

is readily soluble in water, reacts strongly acid, and decomposes on
heating into ammonia and mellone :
CoN3H; =NH; + CoN,,.

123. Cyameluric acid, CgN,03H,. By boiling tripotassic mellonide
with concentrated solution of potassic hydrate, ammonia is evolved,
and ammelide and potassic cyamelurate are formed :

C,N;K; + KOH + 4H,0 = C;N,0;K; + C;H;KN,0, + 2NH,
Potassic cyamelurate.  Potassic ammelide.

On cooling, potassic cyamelurate separates out in needle-shaped
crystals from its solution; strong acids (mineral) precipitate cyame-
luric acid as a white crystalline precipitate, little soluble in cold,
more readily in boiling water.

Cyameluric acid has, as a tricyanogen derivative, the structural
formula :

OH
(C3N3)COH
N

(CsNz)ZOH
It forms with metals tribasic salts, of which only those of the
alkalies are soluble in water, and is converted into cyanuric acid by
heating with strong mineral acids :

.

(CsN )< OH H
N + 3H,0 + HNO, = NH,NO, + 2(C,N,)&OH
€N on H
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CYANOGEN AND PARACYANOGEN.

124. From its compounds with those metals whose oxides decom-
pose on ignition with evolution of oxygen, cyanogen is split off on
heating and is obtained as cyanogen gas and paracyanogen. Both
bodies contain nitrogen and carbon only, and that in the same ratio;
they consist not of single cyanogen groups, but of several such united
with one another.

C=N
Cyanogen, or dicyanogen, C,N, = | , i8 most readily obtained

by heating mercuric cyanide in a retort of difficultly fusible glass :

Heg<{CN) = He + (CN),,

when it is evolved, together with easily condensible mercury vapour.
A spongy black mass of paracyanogen is left in the decomposition
apparatus.

Cyanogen is a colourless gas, has the density 1:864, and condenses
at 0° under a pressure of 14 atmosphere to a clear liquid of specific
gravity ‘866, which boils at — 21°, and solidifies to a striated ice-like
mass below — 34°. The odour of the gas is peculiar, and similar to
that of prussic acid. Lighted in air, it burns with a blue, peach-edged
flame to carbonic anhydride and nitrogen :

CzNQ + 202 = 2002 + Na.

‘Water absorbs four to five times its volume, alcohol twenty-two
times its volume of the gas. These solutions become dark-coloured
on long standing, dark-brown flocks separating, which are soluble in
alkalies and reprecipitated by acids. In the formation of this decom-
poeition product, the elements of water take part, as oxygen and hy-
drogen are contained in it as well as carbon and nitrogen. The namo
azulmic acid has been given to it. There is formed at the same time
in the solution ammonic oxalate, carbonate and formate, and urea.
The formation of the ammonic formate is due to a decomposition into

cyanic and prussic acids:

CN H
| + | =CNH + CNOH,
CN OH
which then partly further decompose :
H H

I
(l}EN + 2H,0 = CO ammonic formate,

NH,
CNOH + H,0 =CO, + NH,.
The ammonia formed then combines with a part of the cyanic acid

to form urea (§ 130), but otherwise also with water to convert still
unaltered dicyanogen into azulmic acid.
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Azulmic acid is formed in large quantities together with ammomc
oxalate by action of cyanogen on aqueous ammonia.

On the other hand, by bringing together equal volumes of dry
ammonia and cyanogen gases, they combine to form a black amor-
phous powder of the formula CN Hg, hydrazulmine :

2(C,N,) + 2NH,; =C, N H,,
which is rapidly converted into azulmic acid by action of water :
CN¢H, + H,0 = C,N,H;0 + NH,,
the direct formation of the latter being represented by
2C,N,; + H,0 + NH; =C N H,0.

If an aqueous solution of cyanogen be mixed with some acetic
aldehyde, it is completely converted into oxamide :

I
C=N Cco
=N 0
I
NH,

whilst in presence of strong mineral acids it is converted into
oxalic acid :
C=N CO.0H
| + 4H,0 + 2HCl = | + 2NH,CL
C0.0H

This transformation shows most strikingly that the carbon atoms
in dicyanogen are joined together, and also that oxalic acid is a true
dicarbonide.

There are indeed also other reactions known, by which the carbon
atoms of dicyanogen are disunited, with formation of single cyanogen
compounds ; for instance, on passing dicyanogen through potassic
hydrate, there is formed, besides potassic azulmate, considerable
quantities of potassic cyanide and cyanate :

C;N, + 2KOH = KCN + KCNO + OH,;

on passing it over ignited potassic carbonate, potassic cyanate and
isocyanate are formed
CEN C=N
| \o—o = | +O0=C=N-K+00,;
CEN
whilst pota.ssium heated in cyanogen burns and forms potassic cyanide :
(CN), + K, = 2KCN.

125. By the trivalent combination of the nitrogen to the carbon
atoms, cyanogen appears as a double ammonia molecule, whose six
hydrogen atoms are replaced by the hexavalent dicarbon group, C,.
In consequence of this method of saturation of the nitrogen atoms,
the cyanogen molecule is able (like hydrocyanic acid) to form com-
pounds, which are analogous in many ways to ammonia derivatives,
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Especially noticeable amongst these are the compounds with hydric
sulphide.

When equal volumes of cyanogen and hydric sulphide are mixed
together in glass vessels, the sides of the latter are soon covered with
yellow crystals of cyanogen monosulphhydrate, C,N,H,S :

which correspond to ammonic sulphide 3\S

By heating their aqueous solution with silver sa.its, the compound
is decomposed with evolution of cyanogen and precipitation of argen-
tic sulphide :

=~/ C=N
9Ag0.NO, = Ag NO,.
(I}EN>S+ gONO, = |+ 8<,3+ 2HONO,

N\H

On passing cyanogen into a saturated solution of sulphuretted
hydrogen until there is present one volume of the former to every
two volumes of the latter, red needles of cyanogen disulphhydrate

separate : -
C=N C=NG
| +2HS= o
= C=NG

which corresponds to a doubled ammonic sulphhydrate. They are
difficultly soluble in cold water, more easily in alcohol and ether.
The aqueous solution gives coloured precipitates with lead and silver

salts ;
H /H
=’s_=u c=N_8—Ag
+ 2AgNO, = | + 2HNO,
b=~n_s m (=N—S—Ag
AN AN
" H
H H
=x"s_n oy =Ls_
(I)EN—S—H ¥ JJEN—S/
N N
H H

which yield the metallic sulphides on ignition.



90 CYANOGEN COMPOUNDS.

128. Paracyanogen, CxNz, is, as already mentioned, a porous
blackish substance left behind in the preparation of cyanogen gas from
mercuric cyanide. It contains carbon and nitrogen only, and is poly-
meric to cyanogen. By strong ignition it is converted into cyano-
gen ; by action of potassic hydrate it yields true potassic cyanate.

GuanipINg, CN,H;.

127. Guanidine is a body genetically related to the cyanogen
amides, as it contains a carbon atom whose four bonds are saturated
by nitrogen, being united to three atoms of the latter.

Guanidine is carbondiamide-imide :

NH,
AN
\NH,

It was originally prepared by the decomposition of guanine (see
this) by chlorine, but later also obtained in many other ways. It is
obtained from chloropicrin and orthocarbonic ether by action of
ammonia, and by heating urea or biuret (§ 137) in an atmosphere of
hydrochloric acid.

It is further obtained by action of an alcoholic cyanamide solu-
tion upon ammonic chloride at a temperature of 100°. According to
the equation :

NH
N 7/
C 4+ NH,Cl = C-NH,
<N, \NH;01
the hydrochloride is first formed, soluble in water and alcohol, from
which guanidine is separated by argentic oxide.

It is also easily obtained as the hydrodide by heating cyanogen

iodide with alcoholic ammonia to 100° :

C=N /NH,
. +2NH,= CENH
1 \NH,I

It forms colourless crystals, readily soluble in water and alcohol,
of strong alkaline taste. It absorbs carbonic anhydride from the air,
and forms therewith a salt crystallising in beautiful quadratic prisms,
(CN,;H,;);H,C0;. Guanidine nitrate, CN;H, HNO;, crystallises in
colourless prisms, rather difficultly soluble in water. The hydro-
chloride yields with platinic chloride yellowish-red prisms, of the
formula 2CN;H,CLPtCl,, easily soluble in water, and hydrated
aleohol, difficultly soluble in anhydrous alcohol ; with auric chloride
beautiful long, deep-yellow needles, CN ;H¢Cl, AuCl;, rather difficultly
soluble in water. ‘

By heating with concentrated alkaline solutions, it is resolved
into ammonia and carbonic acid :

/O

NH
oZNH, + 2KOH + H,0 = CZOK + 3NH,.
\NH,

\OK
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Similarly by action of strong acids under the influence of high tem-
peratures :
(CN,H,;),H 80, + 2H,S0, + 4H,0 = 3(NH,),80, + 2CO0,.

DERIVATIVES OF CARBONIC ACID AND CARBONIC
DISULPHIDE.

128. Carbon monoxide is the common radical of the carbonic
acid derivatives, and, as such, is termed carbozyl ; it forms a true un-
saturated compound : C=0

N\
which is capable of further direct combination with other elements.
By union with oxygen it forms carbonic anhydride, < ; it unites

with nascent chlorine, or with chlorine gas in sunlight, to form car-
bonic oxychloride, or phosgene gas :

Z
<

The latter compound, formerly only known in the gaseous state, has
lately been obtained, by sufficient reduction of temperature, as a
colourless liquid of specific gravity 1:432, and boiling at 4 8°. The
liquid is most readily obtained when chloroform stwo parts) is heated
with a mixture of potassic dichromate (five parts) and sulphuric acid
(forty parts), and the evolved gases conducted through strongly
cooled tubes.

The properties and modes of preparation of the oxides and sul-
phides of carbon and of the metallic carbonates will not be referred
to here, being fully described in works on inorganic chemistry. The
amide derivatives of carboxyl require considerable notice.

129. Carbamic Acid.—The white powder, obtained by mixing
ammonia with carbonic anhydride, in absence of water, formerly
regarded as anhydrous ammonic carbonate, is the ammonic salt of
carbamic acid :

C:O + NHa NH2
N\
bxm,

It is usually prepared by passing the two dry gases into absolute
alechol, from which it separates slowly in thin leafy crystals. It
sublimes below 100°, and unites with water to form ammonic car-

bonate :
CO.NH,.ONH, + H,0 =CO(ONH,),;
from which it can in part be again obtained by sublimation :
CO(ONH,), = H,0 + CO.NH,.ONH,;

#0 that the ammonic carbonate of commerce invariably contains small
(uantities of this salt.
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Carbamic acid, NH; cannot be obtained from its salts by action

o)

|
OH,

of acids, carbonic anbydride and ammonia being formed. It is more
stable in its ethers, Le. those compounds which contain an alcohol
residue, instead of the hydroxyl-hydrogen atoms, and which are termed
urethanes ; they will be found described under the respective alcohols.

Carbozylimid, Oy _ gy : see pseudocyanic acid (§ 100).

Urea.
NH,

130. Carboxyldiamine, carbamide, CHN,0 = 4?:0 Urea
|
NH,
occurs in the urine of all animals, more especially of the mammalia,
and amongst these in largest quantity in that of carnivorm; also
in other animal fluids, as in blood, the amniotic liquid, and the
vitreous humour of the eyes of mammalia, &c., but normally in only
small quantity. In animal bodies, it results from the retrograde
- metamorphosis of nitrogenous tissue, and also from the direct decom-
position of nitrogenous food without previous conversion into animal
tissue. It is separated from the blood by the kidneys, and leaves the
body in the urine. On interruption of the secretion by the kidneys,
its quantity increases in the blood and other animal fluids.
It is prepared synthetically (together with other bodies) by action
of ammonia upon carbonic oxychloride :

COCl, + 4NH, = 2NH,Cl + CO(NH,),,

on carbonic ethers and urethanes. It is further formed from cyana-
mide on treatment with dilute nitric acid (§ 114), most easily by the
transformation of ammonic cyanate (§ 103).

This last method of preparation was discovered by Wohler in
1828, and is historically important, as the first instance of an un-
doubtedly organic body being obtained by artificial means.

Instead of preparing ammonic cyanate from cyanic acid and
ammonia gas, and then transforming it into urea by repeated solution
in water and evaporation, the aqueous solution of crude potassic
pseudocyanate is decomposed by an equivalent quantity of ammonic
sulphate :

0
204} _g + (NH,),80, = 20<<%_NH‘+ K,SO,.

whereby, instead of ammonic pseudocyanate, urea is obtained :

0 — —
CN—NH, = (%g;
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The liquid is then concentrated on the water bath, by which means the
greater part of the potassic sulphate separates, and can be filtered off ;
the mother liquor is then evaporated to dryness, and the urea extracted
from the residue by absolute alcohol, potassic sulphate being com-
pletely insoluble.

Urea can be obtained with equal ease from human urine. The
urine is evaporated on the water bath to a syrupy consistence, then
cooled with slow addition of excess of nitric acid, whereupon the
whole solidifies to a pasty mass of urea nitrate; this is freed from the
mother liquor by draining and pressure between porous plates, and re-

ised from lukewarm water. It is then usually treated with
animal charcoal, to remove colouring matters as far as possible. The
purified nitrate is then dissolved in warm water, decomposed with
baric carbonate :

2(}O(NH,)2.HN03 + BaCOa = Ba(NOs)z + 002
+ H,0 + 2CO(NH,),,

the whole evaporated to dryness on the water bath, and the free urea
dissolved by strong hoiling alcohol, in which baric nitrate is in-
soluble.

131. Urea crystallises in long colourless prisms, of neutral re-
action, destitute of odour, and of cooling nitre-like taste. It melts at
130° and decomposes at a slightly higher temperature, with evolution
of ammonia.

It is extremely soluble in water, and in boiling absolute alcohol.
It requires for solution five times its weight of cold alcohol, and is
nearly completely insoluble in ether.

132. Compounds of Urea with Acids.—Urea hehaves towards acids
like a weak basic amide, i.e. it forms salts with them, similar to those
of ammonia ; although derived from two molecules of the latter, it
however only combines with one molecule of a monobasic acid. The
amide derivatives of organic acids, to be described further on, in which
the carboxyl group is united with a single amide group, show little or
no disposition to unite with acids, so that the electro-negative radical
CO greatly hinders or entirely removes the disposition of the nitrogen
to combine with acids.

A similar influence is exerted by carboxyl on the two amide
groups combined with it in urea, so much so that the union of one
amide group with an acid is sufficient to destroy the basic character
of the whole molecule.

AlJl salts of urea show an acid reaction, and a strong tendency to
decompose in aqueous solution ; there results from their decomposition
ammonic salts, carbonic anhydride, and urea :

NH, NH,
|

2$o + H,0 = 2NH,Cl 4+ CO, + (=0
! |

NH,Cl NH,

In preparing urea salts, therefore, the presence of water must
either be entirely avoided, or at least any warming therewith, as this
materially assists the decomposition. Of these salts the following are
noteworthy :
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NH,

Urea hydrochloride, CON,H HC] = (!0 , obtained by ac-

1#11,,01

tion of dry hydrochloric acid gas on urea, with considerable evolution
of heat, as a thick liquid, which forms a crystalline mass on cooling ; it
i8 extremely soluble in water, and deliquesces in moist air with very
ready decomposition.

NH,

|
Urea mitrate, CON,H, HNO; = CO , separates from

I
NH,.0.NO,

urea solutions on addition of nitric acid, in white masses, which are
pretty soluble in water, but very difficultly soluble in dilute nitric
acid. On heating to 150° it decomposes suddenly with violent evolu-

tion of gas.
Urea oxzalate, 2CON,H,,H,C,0,,2H,0
NH, NH,
|
= (130 JJO,2H2O
|
NH,;.0.C,0,.0.NH,

is precipitated, by addition of oxalic acid to moderately concen-
trated solutions of urea, in long thin leaves, which are difficultly
soluble in cold water.

133. Compounds of Urea with Metallic Oxides.—Urea forms crys-
talline compounds with the oxides of mercury and silver. Both
metals very easily replace a portion of the hydrogen in ammonia by
action of their oxides upon it, and their behaviour with organic
amide compounds is similar; it is therefore most probable that in the
above-mentioned compounds the metal is in direct union with
nitrogen.

Urea mercuric oxide is formed directly by digesting a solution of
urea with mercuric oxide, as a white crystalline powder of the formula
CON,H,HgO. Another compound, 2CON,H,,3HgO, results, by
mixing an alkaline solution of urea with mercuric chloride, as a
gelatinous precipitate, which becomes granular in hot water, whilst
mercuric nitrate, similarly heated, gives a body of the formula
CON,H,,2HgO. The constitution of these compounds may be
expressed by the structural formule

ITH, NH, NH, NH,
C=0 !):O é:O é:O
//Hg ,/Hg—O—-Hg ‘ XL -
g
H—N—Hg N—H H-N<g>0

N N
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Urea argentic oxide, 2CON,H,,3Ag,0, separates as a granular
grey powder; when freshly precipitated argentic oxide is left for some
time at 40°-50° in contact with urea solution.

134 Compounds of Urea with Salts.—The methods of combination
occurring in the compounds formed by union of urea with acids and
with oxides respectively, both occur in its union with many salts.
These bodies are obtained by evaporating the mixed solutions of their
components.

NH,

l
Urea sodic chloride, CON,H,NaCLH,0, probably CO,H,O
NNaH,01

separates in large coloured crystals on evaporating human urine, in
colourless shining prisms on adding the requisite amount of common
salt to pure urea solution. The presence of a small quantity of this
compound in a solution of a large quantity of common salt, causes
this latter to separate in octahedra on evaporation.

NH,

I
co

| Ag
Urea argento-nitrate, CON,H,AgNO; = I|'I<II} , Beparates, on

0O.NO,

mixing concentrated solutions of its components, in large rhombic
prisms.

Urea unites in a similar manner with the nitrates of sodium, cal-
cium, magnesium, &c.

On mixing urea solution with mercuric nitrate, there results a
snow-white flocculent precipitate of varying composition, according
to the concentration of the mixed liquids, &c. These precipitates
contain urea, nitric acid, and the elements of mercuric oxide, the
latter being in excess. With very dilute solutions, the compound
precipitated has the empirical formula CON,H,,2HgO,HNO, ;

JH
& e
probably \0

.NO,

135. Estimation of Urea by Titration.—Liebig devised a method
for the estimatiom of ures, based on the formation of the above-men-
tioned compound, which, whilst sufficiently accurate for most pur-
poses, has the advantages of quickness and smimplicity.

A solution of mercuric nitrate is prepared which contains 71-48
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grams of mercury per litre. One c.c. of this solution is sufficient to
precipitate ‘01 gram of urea from a two per cent. solution. In the
reaction that ensues on adding the standard mercury solution to the
urea, nitric acid is set free, and as the precipitate is soluble to a
considerable extent in this, the end of the reaction cannot be arrived
at by adding the mercury solution until no more precipitate is formed.
By taking small portions of the liquid out from time to time during
the titration, and testing them with sodic hydrate, the end point is
easily seen, a8 a yellow precipitate of mercuric oxide results as soon
as the mercury solution is in the least excess, instead of the white
precipitate previously obtained. The number of c.c. of mercuric
nitrate solution required to arrive at this point, multiplied by 01, gives
the weight of urea present.

In the estimation of urea in urine, the phosphoric acid present
must be previously removed ; this is best done by adding excess of a
mixture of baric hydrate and nitrate (both this and the urea solutions
being measured) ; the resulting precipitate is then removed by means
of an unmoistened filter and the filtrate then titrated.

As urine always contains sodic chloride, and this latter converts
the mercury solution into mercuric chloride, which gives no precipitate
with urea in non-alkaline solutions, the free baric hydrate is neutra-
lised, and mercury solution run in until a cloudiness is produced,
which remains after vigorous shaking; this indicates that all the
sodic chloride hds been decomposed, and the burettes can now be read
off, and the titration proceeded with as above.

138. Decompositions of Urea.—Of the numerous deoomposmons of
urea, the following are the most important.

Urea unites with the elements of two molecules of water to form
ammonic carbonate :

/NH2 .\ H,0 /ON}L

\NH, H,0 \ONH‘

At ordinary temperatures this decomposition only takes place with the
aid of ferments, as, for instance, in the alkaline putrefaction of urine ;
by hoiling in aqueous solution it occurs only slowly, more quickly by
heating in sealed tubes to 230°-240°.

Urea suffers analogous decompositions when heated with strong
acids and alkalies; in the first case, carbonic anhydride and the
ammonic salts of the respective acids are formed :

CO(NH,) + H,0 + 2H,80, = 2(NH,)HSO, + CO,;
in the second case, carbonate of the alkali and free ammonia :
CO(NH,); + 2KOH = CO(OK), + 2NH,.

Methods for the estimation of urea are similarly founded on those
reactions ; either it is decomposed by concentrated sulphuric acid, and
the amount of ammonia combined with the latter determined, or it is
heated with baric hydrate to a high temperature, and the baric car-
bonate weighed :

CO(NH,)g + Ba(OH), = B&COa + 2NH3.
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By heating with argentic nitrate, argentic pseudocyanate and ammonic
nitrate are formed :
CO(NH,), + AgNO; = CO.NAg + NH,.NO,.

Ures is also converted into cyanogen derivatives when heated by
itself; at 150°-160° ammonia is evolved, at first with incipient
fusion of the mass, which then solidifies and consists of cyanuric acid
(§ 104), ammelide, or cyameluric acid and biuret (§ 137). This de-
composition is represented by the equations :

300N,H, = 3NH, + (C;N,) (OH), (cyanuric acid).

300N,H, = 2NH, + H,0 + (C,N;) { QEPII,)’ (ammelide).

2CON,H, = NH; + C,0,N;H, (biuret).
The first of these is the reversal of the formation of urea from ammo-
nic cyanate.
Cyanuric acid alone is obtained by heating urea hydrochloride to
a high temperature : :

3CO(NH,).(NH,Cl) = 3NH,Cl + (C;N,) (OH),.

Chlorine gus acts similarly when passed over fused urea, but nitrogen
and hydrochloric acid are also formed : o8

6CON,H, + 3Cl; = 2C;N;0,H; + 4NH,Cl + 2HCI + N,.
By the dry distillation of urea with phosphoric anhydride, cyanic acid
distils over, whilst ammonic metaphosphate and ammelide remain
behind.

Dicyandiamidine (§ 116) is probably urea-guanidine.

Bruret.

187. Dicarboxyl-diamid-imide, C,0,N,;Hj;, has already been men-
tioned above as one of the decomposition-products of urea, when
heated to 150°-160°. It is obtained from two molecules of the latter,
one losing an amide group, and the other a hydrogen atom, the bonds
thereby set free uniting :

NH NH
o&o @b
\NH, N

NH
oLo™ o§
\NH, . NH,

Biuret is extracted from the solidified residue by cold water, the small
quantity of cyanuric acid dissolved, precipitated by plumbic acetate,
and any excess of lead removed from the solution by hydric sulphide;
the clear solution yields, by evaporation, biuret in pretty soluble
colourless needles containing one molecule of water of crystallisation ;
this latter is removed on exposure to dry air.

A characteristic reaction of biuret is its power, in presence of
alkalies, of dissolving cupric oxide to a reddish-violet solution ; the
copper without doubt replacing some of the hydrogen of the biuret.

U
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On mixing a solution of biuret with argentic nitrate, and then
carefully adding alkali, a colourless but easily blackened precipitate
of diargento-biuret, C,O0,N;H;Ag,, is obtained.

Anhydrous biuret melts at 190° and at a slightly higher tempera-
ture decomposes into cyanuric acid and ammonia :

3C,0,N,H; = 3NH, + 20,N,H,0,.
Heated to 100° in an atmosphere of hydrochloric acid, it yields a
saline compound of the formula 20,0,N;H,HCI; at higher tem-
peratures it gives guanidine hydrochloride, and carbonic anhydride :
CQO’N3H5 + HC] = 002 + 0N3H5.H01,

together with sal ammoniac and a difficultly soluble compound, which
has been termed urea-cyanurate :

2C,0,N,H, + HCl = NH,Cl + O,H,N,0,.

This latter is probably a body of analogous composition to biuret, and
may be viewed as tetruret :

NH,.CO.NH.CO.NH, (biuret).
NH,.CO.NH.CO.NH.CO.NH.CO.NH, (tetruret).

The relations of biuret to the so-called allophanic ethers will be
spoken of later.

138. Corresponding to carboxyl is the radical CS, thiocarbonyl,
which has, however, as yet never been obtained uncombined like car-
bonic oxide ; it has only to be mentioned here in connection with its
amide derivatives, which in their behaviour closely resemble the
carboxylamide compounds.

NH,
139. Sulpho-carbamic acid, CH,NS, = cég . ammonic sul-
H

pho-carbamate, is formed (like the corresponding oxy-derivative) by
action of ammonia on carbonic disulphide, best when alcoholic solutions
of both are employed : :

8
Z
c + 2NH; = CNH,
S \S.NH,
From this salt, which crystallises in yellow prisms, sulpho-carbamic
acid is obtained, by action of hydrochloric acid, as a reddish-coloured
oily liquid, which solidifies at ordinary temperatures to a crystalline
mass, and after a time decomposes spontaneously into sulpho-cyanic
acid and hydric sulphide :

S _
ZNH, = HS + =N

\SH \sH

By heating with excess of ammonia, ammonic sulpho-carbamate is
converted into ammonic sulpho-cyanate :

S
¢ZNH, + 2NH, = CfN + (NH,),S.
\S8.NH, S.NH,
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140. Sulphurea, or sulpho-carbonyl diamide, CSNH,. Whilst
ammonic cyanate changes at ordinary temperatures into urea, ammo-
nic sulpho-cyanate only undergoes the same change at higher tem-
peratures : NH

2
C=N - / S
\8.NH, \NH,

In order to prepare sulphurea, dry ammonic sulpho-cyanate is heated
slowly to 170°, and kept at that temperature for several hours ; it is
then cooled to 100°, and dissolved in an equal weight of water at 80°,
filtered and cooled to crystallisation. The crystals are freed from the
mother liquor, which contains unaltered ammonic sulpho-cyanate, and
purified by repeated recrystallisation from very little hot water. Sul-
phurea ises in prisms, dissolves readily in water and alcohol,
but little in ether, and fuses at 149°.
Like urea, it yields with nitric acid a difficultly soluble nitrate :

S
Z NH,
NH,.0.NO,

Argentic and mercuric derivatives are also known, which decom-
pose readily with formation of metallic sulphides. Similarly also on
boiling its aqueous solution with argentic or mercuric oxides, the re-
spective metallic sulphides are precipitated, whilst dicyandiamide
remains in solution. By heating with water it is reconverted into
ammonic sulpho-cyanate.

Hydro-halogen derivatives of sulphurea are formed easily, together
with carbonic disulphide, by simultaneous action of nascent hydrogen
and hydro-haloids upon persulpho-dicyanic acid :

H
oLs <8 /NH:
ol +2H+HCI=08, + &
—C8S \NH,.Cl
\H
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ETHANES OR PARAFFINS.
HyYDROCARBONS OF THE SERIES CpHgp, g

141, The homologous series of paraffins embraces those hydro-
carbons in which the maximum possible number of hydrogen atoms
is attached to the carbon nucleus (§ 40.) Its first member is marsh
gas or methane, CH, from which the higher members of the series
can be obtained by substitution of its hydrogen by the hydrocarbon
radicals of the series CyHppy, ¢

CH,— H+ CyHyu=CH;. CoHany = Cuyy Hop 44
CH,—2H + 2 CyHynyy = CH;. (CoHsnti)2 = Cianny Honena
CH,—3H + 3CoHyjnyy =CH (CoHgnii)s = Ciansy Haanin+a
CH—4H + 4C,Hyny =C  (CaHinpr)s = Cunen Haunsnes

The series is therefore also known as the marsh gas series.

The first three members (CH,, C;Hg, and C3H,) each exist in
only a single modification; those richer in carbon show isomers, the
possible number of which increases with the carbon contents of each
member, and i8 equal to the number of ibilities of structure in
the nucleus, only nucleus-isomerism (§ 46) being possible.

The hydrogen atoms of the paraffins can be replaced in different
amounts, partly directly, as by the halogens, partly indirectly by other
elements or radicals. There thereby results an enormous number of
organic bodies which are known as the marsh gas derivatives, and
which in their totality are known as fatty compounds.

The unattacked remaining hydrocarbon residues of increasing
valency :

CoHangr 5 CoHon; CoHonoy 5 CoHgnog; CoHgnos; CaHonoy, &e,

remain as radicals, and are named after their simplest oxides, which
are the oxygen substitution-derivatives of the paraffins.

142. By substitution of only a single hydrogen atom in a paraffin,
a residue of the formula C,H,,,, remains, which exists in com-
bination with the substituting element or compound radical. Iggthis
latter hydroxyl there results the hydrate of the residue, which is
termed a monacid alcohol. The residue itself is termed an alcohol
radical or alkyl.

143, If substitution of two hydrogen atoms occurs in a paraffin,
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it can be either at two carbon atoms—one at each—or at one single
primary or secondarily combined carbon atom of the nucleus,

In the first case there results, if hydroxyl be the substituting
radical, the so-called diacid alcokols, or glycols :

H H
O—H H C<H
c{H l H H
H I
H H
l H <E . H
H H H
O—H {gﬁ H
H

H
On the other hand, if the substitution of two hydrogen atoms be
at asingle carbon atom, there results, if this is

a. A terminal carbon atom, the compounds of the aldekyde radicals,
so-named from their oxides the aldehydes :

or C(!H-I)HQ(IH-I)O or cnerD, if n+1 E— n’
b. If, on the contrary, the substitution be at a secondarily com-

bined, intermediate carbon atom, the residue C,H,, is termed a
ketone radical, as the oxides are termed kefones :

CoHzny

énHﬂH- 1

144, When three hydrogen atoms in a paraffin are replaced by
other elements the complication is greatly increased. On a nucleus
containing at least three carbon atoms, each. hydrogen atom may be
substituted on a different carbon atom; the resulting residue is the
radical of the trivalent alcohols or glycerines, that being the name by
which their hydrates are distinguished :

H

H

H
Glycerine < = C3Hy(OH),

| =
5

H
If the substitution takes place at two different carbon atoms—
i.e. at one a single, at a second a double substitution—there must result

= Cian41)Han41)0 or CoH 30, if 5oy = v
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oxides which combine the characters of alcohols with those of alde-
hydes or ketones ; e.g.

H 0—H H
C<H C<H C<H
l H L H I H
<G ed O =0 =CH{Jy
| -
UG L
¢ H
<o <o 0—H
Aldehyde alcohols. Ketone aleohol.

Triple substitution can only take place at a single carbon atom, if
the latter be at the end of a chain ; the simplest oxides of the residues
bave then the characters of acids :

CH,

I
CH,

¢=o

N
OH

145. The more hydrogen atoms there are replaced in a paraffin
the more numerous must be the resulting products. But as, with
exception of marsh gas, the series never contains carbon atoms united
with more than three hydrogen atoms, there results, from a greater
substitution than three, only combinations of the simpler categories,
and there are obtained every time : o

1. By replacement of only one hydrogen atom at a carbon atom,
by OH, an alcohol, or alcohol derivative, if other elements or com-
pound radicals are the replacing bodies. The number of these varieties
of substitution that can take place in a paraffin expresses the valency
of the alcohol radical, or the ¢ acidity ’ of the alcohol. It results from
this that an = acid alcohol must contain at least 2 carbon atoms in its
nucleus.

2. By simultaneous replacement of two hydrogen atoms united to
one and the same carbon atom, there are obtained : ‘

a. If the replacement be at a terminal carbon atom : aldehydes
or aldehyde derivatives.

b. If at an intermediate carbon atom: ketones or ketone
derivatives.

3. Organic acids (in the true sense) or their derivatives are formed
when the three hydrogen atoms attached to a terminal carbon atom
are simultaneously replaced.

As ketone alcohols and aldehyde alcohols are known, so similarly

H
CH,.0H /
there are alcohol acids, i.e. éO oH ' aldehyde acids, C=0, and ke-

' 0.08
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CH,

|
tonic acids, C—0, and many similar complications, which with some

COOH
less kmown categories of transformation and substitution-derivatives
of the 8 will be mentioned at their respective places.

146. The series of paraffins contains members with nuclei of from
one to at least thirty atoms of carbon, and their isomers. Those
poorest in carbon are gases; by increasing carbon contents liquids and
solids follow, whose boiling and melting points increase, as a rule, with
the increase in molecular weight. They are nearly or quite insoluble
in water, burn essily when heated in an oxygen-containing atmo-
sphere, and are converted into substitution-derivatives by the action
of the halogens—especially chlorine—when exposed to light or heat :

Can.',’ + Cl, = HCl + Can+|Cl
CDHQD-Q-ﬁ + 2012 = 2HCI + onHmCl’
Can,,,’ + 301, = 3H01 + CnHm-lcla &0.

Many paraffins are also attacked by strong nitric acid, water being
eliminated, and a product formed which contains the nitric acid
radical NO, (nitryl) in place of hydrogen. Such bodies are termed
nitro-paraffins. The paraffins are very indifferent to most reagents.

Oocurrence and Formation of the Paraffins.

147. Many hydrocarbons of the marsh-gas series occur ready-
formed in nature; they are formed mostly by the decomposition of
dead putrefying or decaying organisms, and are therefore very fre-
qum&y found with coal. The liquid and solid paraffins form the chief
proportion of mineral oil or petroleum, from which a large number
of members of the series have been isolated by fractional distillation.

Paraffing are also formed in the dry distillation of many organic
bodies, though, with the exception of the gaseous members, only in small
quantity and varying proportion. The latter depends on the tempera-
ture employed and the duration of the heating, and cannot at present
be deduced into a rule approaching certainty. On the other hand, a
series of reactions are known which serve for the preparation of in-
dividual members of the series.

148. Synthetical Methods of Preparing Paraffins.—No paraffin has
been prepared as yet by the direct action of carbon upon hydrogen ;

gns; however, has been obtained by means of very simple
mineral compounds (see later). The above-mentioned methods of the
synthesis of paraffins are from already existing organic bodies, and
fall into two groups, accordingly as the transformation takes place on
already existing carbon nuelei, without increase thereof, or by the
synthetical formation of the nucleus by combination of simpler
carbon nuclei, this latter being known as nucleus-synthesis. Of both
methods the following may be mentioned as the most important.

149. Methods without Increase of Nucleus.—These consist without
exception in joining the maximum number of hydrogen atoms to the
nucleus chosen.
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For such methods the zinc compounds of the monovalent alcohol
radicals are most particularly available. They react with water, ac-
cording to the equation

Zn<g:g::: +2H,0=2n Qi+ 20, Hyszs
with such violence that explosions will ensue unless the ingredients
are mixed with great care—best previously diluted with indifferent
liquids.

Other organo-metallic bodies, such as those of mercury, may be
employed, but halogen acids must then be used in place of water, this
latter not altering them : .

Hg< Qe+ HOl=Hg< gy 1+ + 0, Hyuy.

The halogen atoms in the haloid salts of the mono- and polyvalent
. alcohol radicals can be substituted by hydrogen in various ways, as
by action of zinc and hydrochloric acid in alcoholic solution :

C.H,,,,Cl+Zn+HC1=C,H,,,;+ZnCl,.

The iodides of the alcohol radicals suffer such decomposition most
readily. They are decomposed by heating with zinc and water to
about 200°:
2CnH2n+|I + 2Zn + 2OHQ'—_Zn(OH)’ + ZnI, + 2CnH’n4., H
as also by long heating with concentrated hydriodic acid to 200°-300°:
CoHgoy I+ HI=C,Hyyyg+1,
CnH’nI’ + 2m=Oth+’ + 213.
Instead of first preparing the iodide from the alcohol, the latter can
be decomposed directly by hydriodic acid :
CIIH”H-]OH + 2HI == Can+2 + OH, + Ig-
It appears generally that by action of saturated hydriodic acid
solution, all organic oxides are converted into the corresponding

paraffins :
CQH4O + 4HI = CQHG + HQO + 212
C,H,0; + 6HI = C,H¢ + 2H,0 + 3I,.

By most of the methods previously mentioned the paraffins are
formed as the hydrides of the alcohol radicals, and they are frequently
referred to as such.

The unsaturated hydrocarbons are also converted into paraffins by
hydriodic acid, hydrogen being taken up and iodine separated :

CH, OH,
L! +2HI= é +1,

The salts of organic acids yield paraffins when fused with alkalies,
with partial splitting off of carbon as carbonate :

CnH’n+l.C0.0K + HOK = KaCOa + ODHW-G-?,
OnH’n(CO.OK)3 + 2HOK - 2K300’ + CnH’n.,.g, &c.
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150. Methods with Synthesis of Carbon Nuclei.—These consist
without exception of methods in which the elements in combination
with hydrocarbon nuclei are withdrawn by substances having a
stronger affinity for them, whereupon the several hydrocarbon nuclei
unite at the moment of liberation and form new molecules. The
general type of reaction thus occurring is that known as double de-
composition, as by action of the iodides of the alcohol radicals upon
the corresponding zinc compounds :

/CnHm+l CnHzn-H
Zl\c + 2CnH2n+l I = ang + 2 I
'nHgni CoHyng
= 2CmHn43 or CmHomy g if g0 = m,

or by the employment of the zinc compound of one radical with the
iodide of another :
/CnHan . CoHny
+ 2Canm-+lI = ZnI, + 2&
1: PN wHany
= 2Co+wHinssn 42 = CuHomysp f m=n + o

A similar result is obtained when the iodide or bromide of an
aleohol radical, dissolved in an indifferent liquid—ether, &c.—is
heated with potassium or sodium :

CoHyny, .

2Cnﬁn+11 + Na’ = | + 2N&I or CMHZIIH-Z lf n =m

n-+-t2n41

‘When obtained by the last two methods the paraffins appear as
the compounds of two similar or different alcohol radicals.

Another method belonging to this class is the decomposition of
aqueous solutions of salts of organic acids by the electric current,
whereby carbonic anhydride and the paraffin appear at the positive
pole, and hydrogen and solution of the carbonate at the negative :

CoHsny
2CDHm+|.COaOK + HQO S K,OOa + COQ + l + Hg-
nH2n+l

H
Methane, CH, or Cég
N

. H
(Methylic hydride, carbonic tetrahydride.)

151, Methane is invariably formed by the spontaneous decomposi-
tion of organic bodies out of contact with air, i.e. during their putre-
faction, and therefore occurs in the slime of marshy waters in large
quantity (marsh gas), very frequently in coal mines (fire-damp.) At
some places it streams in large quantity from the ground—e.g. at
Baku on the Caspian Sea, where it has burnt since a very remote

period.
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Mixed with other hydrocarbons it is formed by the dry distillation
of most organic bodies, and therefore occurs in coal gas
To prepare perfectly pure methane, zinc methyl is deoomposed by
water :
Zn(CH,); + 2H,0 £= Zn(OH), + 2CH,.H or 2CH,.
Methylic hydride.

It is obtained nearly pure when an intimate mixture of sodic
acetate with double its weight of soda lime is heated strongly :

CH,

d—o | cH, + 2o
+| =CH,+cL&

(!) ONa TN\ ONa

Na

It can be prepared indirectly from its elements in two ways—
either by passing a mixture of sulphuretted hydrogen and carbonic
disulphide vapour over glowing copper, which removes the sulphur
from both compounds :

C8,; + 28H, + 8Cu = 4Cu,8 + CH,;

or by action of sodium amalgam on carbonic tetrachloride in presence
of water :

CCl, + 4Na, + 40H, = 4NaCl + 4NaOH + CH,.

Methane is a colourless, odourless gas of sp. gr. *5598; it is
slightly absorbed by water. It burns readily with a feebly luminous
flame ; mixed with the requisite quantity of oxygen (doubleits volume)
or atmosphenc air, it explodes on ignition with great violence (fire-

damp) :
CH4 + 202 = 002 + 20H2-

Although it does not support respiration, it is destitute of poison-
oug qualities. Under the influence of high temperatures—e.g. when
passed through white-hot porcelain tubes, or w Iineo: submitted for a
long time to the action of the electric spark—lt is partly decomposed,
with increase of volume, into hydrogen and carbon :

CH,=C + 2H,.

‘When mlxed in the dry state with chlorme, it is not affected in
the dark ; by heating, however, or by exposure to light, it undergoes
changes whose amount depends upon that of the chlorine present.

A mixture of one volume of methane with two volumes of
chlorine explodes powerfully on exposure to direct sunlight, carbon
being deposited, and hydrochloric acid gas formed :

CH, + 201, = C + 4HCL

If the gases be mixed in equal volumes, and exposed to diffused
daylight, substitution of one hydrogn by one chlorine atom takes
place, and monochlor-methane or methylic chloride results :

CH‘ + 012 = CH,C] + HCI.
Larger quantities of chlorine by slow action—best and with least
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danger if diluted with large quantities of carbonic anhydride—yield
higher chlorine substitution-products :

CH, + 2Cl; = 2HCI + CH,Cl, (dichlor-methane, or methy-
lene dichloride),

CH, + 3Cl, = 3HC1 + CHCl, (trichlor-methane, or chloro-

form),
and lastly

CH, + 4Cl, = 4HC1 + CCl, (tetrachlor-methane, perchlor-
methane, or carbonic chloride).

In the presence of water, chlorine decomposes methane, slowly but
completely, into hydrochloric acid and carbonic anhydride :

CH, + 2H,0 + 40l, = 8HCI + CO,.

Ethane, C;H,.
CH,
(Et.hylic bydride, C;H;H. Dimethyl, &H:)
152. Ethane is obtained, as ethylic hydride, from zinc ethyl and

water :
Zn(C,H;), + 2H,0 = 2C,H; + Zn(OH),;
by heating ethylic iodide with zinc and water to 150° :
2C,H,I + 2Zn + H,0 = Znl, 4 ZnO + 2C,H,;
and by action of strong hydriodic acid upon ethylic iodide under the
influence of high temperatures :
C;H,I + HI = O,Hg + I,.
From hydrocarbons poorer in hydrogen, as from ethylene 80,11‘) and
acetylene (C,H,), it is obtained by the same reagent at 250° :
C’H4 + 2HI = CQHG + Ig
CQHQ + 4HI = C,HG + 212.
As dimethyl it is formed by heating methylic iodide with zinc or
molecular silver in closed tubes at 150°:
2CH,I + Ag, = Ag,I; + C,H,;
and at the same temperature from zinc methyl and methylic iodide :
Zl;(CH,)Q + 2CH31 = ZnIg +2C’H6.

On opening the closed tubes it is evolved with great violence.
By the electrolysis of potassic acetate in concentrated aqueous
solution, it is evolved, together with carbonic anhydride, at the

positive pole :
CH, CH, CH,

| .

R
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It occurs pretty regularly in coal gas, and also in crude American
petroleum, in which it is absorbed by the liquid hydrocarbons.

Ethane is a colourless and odourless gas of density 1:036 ; it has
been liquefied at a pressure of 46 atmospheres at 4°. It is nearly in-
soluble in water, but soluble in a little less than its own volume of
alcohol. By action of diffused daylight on a mixture of equal volumes
of chlorine and ethane, there results, as first substitution-product,
monochlor-ethane or ethylic chloride :

C,H; + Cl, = HC1 4+ C,H,C],
from which all the other ethylic compounds can be prepared. At the

same time, especially when the chlorine is in excess, substitution-pro-
ducts richer in chlorine are formed.

Propame, C3H,. -
( Propylic hydride, CsHy.H, or ethyl-methyl, E; 5)
£
CH,
Structural formula JJH,

H,
1538. Occurs in crude petroleum, and is obtained from the propyl

compounds in a similar manner to ethane, most easily by action of
zinc and hydrochloric acid upon both propylic iodides :

(I)H,, CH,
H,I CH,
fropylic iodide.

éHI + 2Zn + 2HOI = ZnI, + ZnCl, + 217}1,

H, CH,
Tsopropylic iodide.

‘Without doubt the same body is obtained by heating a mixture of
zinc methyl with ethylic iodide, or of zinc ethyl with methylic iodide :

OH, CH,
z§<g§; +, 2(':11, = Znl, + 2$H,
CH,
CH, .
or Zn g::gg: +32 | =2Zal, + 20K, CH,CH,

Propane is a colourless gas, which liquefies below —20°, and of
which six volumes are absorbed by one volume of alcohol. By action
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of chlorine in diffused daylight there result, as the first substitution-
products, the isomeric compounds :

(|m, (IBHa
propylic chloride, CH, , and isopropylic chloride, CHCI

éH,Cl éHa

Butanes or Tetranes, C,H,,.

164. As four carbon atoms can combine in two different ways to
form a tetra-carbon nucleus :

g .
w o
6 !

l
c

two butanes can exist, and both have been prepared.

Normal butane, butylic hydride, diethyl, or propyl-methyl, occurs
in crude petroleum, and is formed, as diethyl, by action of zinc or
sodium upon ethylic iodide, or by the decomposition of zinc ethyl by
this latter in sealed tubes heated to at least 150° :

H,CH,; , CH,.CH,I _ .

Z"<gH:.CH, +OHYCH'T = %ol + 2CH, CH, CH,CH,

Ethylene and ethane are formed as secondary products during this
reaction, one ethyl group, with double linking of its own carbon atoms,
yielding hydrogen to the other : .

CH; CH, l(l)IE[2 CH,
(lm, + c';n, = cH, t (I;H,
NN .

On opening the cooled tube, which contains the butane liquefied
by the pressure, a mixture of both gases is given off with great violence ;
later the butane evaporates, and can be condensed in a vessel cooled
by a mixtare of ice and salt.

Butane is, at ordinary temperatures, a colourless gas of ethereal
odour, and of density 2:046; it becomes liquid at + 3° under a
pressure of 2} atmospheres; its boiling point is about + 1°. It is
nearly insoluble in water, pretty readily soluble in aleohol, this latter
absorbing 18 times it own volume at 14°.

Isobutane, isobutylic hydride, or trimethyl methane, isomeric with
the foregoing, is obtained by action of zinc and water upon the iodide
from trimethyl carbinol :

CH, CH, CI, CH,

N/
201 4 2Zn + 2H,0 = Zn(OH), + Znl, + 2 CH
| |
CH, CH,
It is a colourless gas, which is condensable to a liquid at ~17°.
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i P, entames, 05Hl’.
155. Corresponding to the three forms of a pentacarbon nucleus,
three pentanes may exist, namely :

CH, (Im,
JIH, oS ('JH,
| H 2 éI-I’ CHa—C—CH'
(I3H2 CH, H,
CH,
Normal pentane. Isopentane. Tetramethyl methane.
Normal amylic hydride. Iaoamyhc hydride.
Ethyl-propyl {l-ethyl.
or methyl-butyl. sobutyl-methyl.
Both the former exist in Amenca.n petroleum, and are obtainable
therefrom by fractional distillation.

Normal pentame is also found in the light tar oils, from the dis-
tlllatxo% of ‘cannel coal ; it is & mobile colourless liquid, which boils
at 37°-39°,

The boiling point of the closely analogous isopentane is about 30° ;
it is prepared synthetically by the decomposition of fermentation
amylic iodide with zinc and water. It mixes in every proportion
with alcohol, but not with water. At — 24° it is still liquid. The
density of the liquid is *626.

Tetramethyl methane results from the action of zinc methyl on
tertiary butylic iodide :

CH, CH,

I |
2CH,—CI + Zn(CH,), = ZnI, + 2CH,—C—CH,

H, H,
as a colourlesg mobile liquid, which boils at + 9-5°, and solidifies to
a crystalline mass at — 20°.

Hexanes, CsH, ;.
166. The hexane formula admits of five isomeric modiﬁea.tions :
1. 2.

?H, ) CHa CHa

(IJH, C<CH3 éH,

CH, CH, C<CH8

| H, éHz

CH, CH, éH,

CH,

Normal hexane, a Isohexane. 8 Isohexane.

Dipropyl. Pm& ropyl. Diethyl-methyl methane.
But l-ethyl. 1-isobutyl.

Methyl-amyl. Methyl-xsoamyl.
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4 5.
(I)H, CH,
|
‘C<%Hz . CH,—C—CH,
H
C
3 L.
D 1, Trimethyla}
a dimetﬁ?lpgutane. n}iob{lt-;l-eﬁ;l!.emm&

1. Normal hexane is obtained by action of zinc and water, or of
zinc and hydrochloric acid, upon secondary normal hexylic iodide,
CH,.CH,.CH,.CH,.CHI.CH; (which results from the action of hy-
driodic acid upon mannite), as a colourless liquid, boiling at 69°-70°,
and of sp. gr. ‘663 at 17°. It is also prepared by decomposition of an
ethereal solution of propylic iodide by sodium :

2CH,.CH,.CH,I + Na, = 2Nal + CH,.CH,.CH,.CH,.CH,.CH,,
and occurs in petroleum and light coal-tar oil.

2. a Tsohexane is obtained, as ethyl-isobutyl, by action of sodium on
an ethereal solution of a mixture of ethylic and isobutylic iodides:

CH,.CH,I + I.CH,.CH. { OHs | Na, = 2Nal
3

+ CH,.CH,.CH, CHCGL ;
it boils at 62°, and bas sp. gr. 7011 at 0°. :
3. B3 Isohexane has not yet been pre .
4. Diisopropyl is obtained by de-iodising ispropylic iodide in ether-
eal solution by sodium:

CH _ CH H
20H.>CHI + Na, = 2Nal + CH:)CH—CH(SH:
as a colourless liquid, boiling at 58° and having sp. gr. *6769 at 10°

5. Trimethyl-ethyl methane is prepared by action of zinc ethyl
upon tertiary butylic iodide :

CH, CH,
2CH3—(EI + Zn(CH,.CH,), = ZnI, + 2CH, H,.CH,
(_l‘,H, H,
It boils at 43°—48°.
Higher Hmbgm.

157. The number of possible isomers of every member of these
series increases with the increase of the number of carbon atoms in
the nucleus ; but few of them, however, are known, and will now be
shortly noticed.

Heptanes, C;H ;. —Normal heptane,

CH;—CH,—CH,—-CH,—CH,—CH,—CH,,
is contained in coal-tar oil and in petroleum ; it is a liquid boiling at
97°5.

a Tsoheptane, CH,.CH,.CH,.CH,.CH.Qg:, is obtained as ethyl-
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isoamyl, by decomposition of a mixture of fermentation amylic iodide

and ethylic iodide by sodium, as an oil boiling at 88°-90°.
Dimethyl-diethyl methane or carb-dimethyl-diethyl,

gg:}(}(gg::gg:,-results from the action of zinc ethyl upon ace-

tonylic chloride : ’

CH N: CH H

CH>COL + Zn<gSH6 = ZnCl,+ CH;>0<€,:H:
It boils at 86°. -

. ;-CH .
Triethyl methane, CH,.CH,.CH<8H:_8H: or CH(C,H,), is

formed amongst other products by warming ethylic orthoformate with
zinc ethyl :

2CH.(0.CyH;); + 3Zn(CyH;); = 3Zn(0.CyH;), + 2CH.(CyH;),
Ethylic orthoformate. Zinc ethyl. Zinc ethylate.

It is a colourless, faint-smelling liquid of sp. gr. ‘689 at 27°, and
boiling at 96°. -

Octanes, CgH , 3.—Normal octane,

CH,—CH,—CH,—CH,—CH,—CH,—CH,—CH,,

or dibutyl, is formed from two molecules of normal butylic iodide
(CH,—CH,—CH,—CH,I) by de-iodising with sodium ; it boils at
'123°-125°, and has the sp. gr. *7032. It is also obtained from normal
octyl alcohol, and from methyl-hexyl carbinol, and occurs in mineral
oil. -

Diisobutyl, 1> CH—CH,—CH,—CHGIT?, is prepared from
isobutylic iodide and sodium, as a liquid boiling at 109°, and of sp. gr.
*7057.

Nonanes, CgH 39.—There are two known, namely, 1sobutyl-isoamyl,
8g:>CH.CH2.CH,. CH,.CH<gg:, prepared from the iodides of

the respective alcohol radicals, which boils at 132°, and a body boiling
at 130° obtained in small quantity by action of sodium amalgam

upon isopropylic iodide :
pon 1wop H,
CH;—CH< g
CH, 3

|
6CHI + 3Na, = 6NaI + 2H + 2CH—CHH®
3

(EH 3 CH,
This may be termed propylene ditsopropyl, the group CH,—CH—CH,
being the radical of the propylene compounds.

A third, probably normal nonane, occurs in petroleum, and also in
the mixture of hydrocarbons obtained by the action of heat on solid
paraffin; it boils at 147°-148°; sp. gr. *7279 at 13-5.

Decanes, C,H,,,—One decane has been known for a long time
under the name of diamyl, more correctly diisoamyl. It is prepared
from fermentation amylic iodide by action of zinc or sodium :
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CH
20H >CH.CH, CH,I + Na, = 2Nal
+gg?CH.CH,.CH,.CH,.CH,.CH<gg:

1t is a colourless oil of faint ethereal odour and burning taste ; has
sp. gr. “77 and boils at 158°.

A hydrocarbon of the same composition results by heating oil of
turpentine with much concentrated hydriodic acid to 275° :

CioH,6 + 6HI = C;oH,y + 31,

It distils over between 155° and 162°.

158. A number of higher members of the series have been isolated
from American petroleum and coal tar by fractional distillation ;
their constitution is, however, still unknown.

These compounds are :

C,,H,¢ having the boiling point 198°-200°

Cl 3H28 ” ” ” 218°-220°
CHsp » »  236°-240°
CuHaa ” » ’” 258°-262°
C 1 GHM ” ” ” about 280°

A synthetically prepared dodecane is obtained by the electrolysis
of potassic cenanthate, (C¢H, ;.CO.0K), as an oil boiling at 202°; the
normal hexdecane, C,¢H;, or CH;—(CH,),,—CH,;, is obtained as a
bye product in the preparation of normal octane from normal octylic
iodide ; it boils at 278°, :

159. Paraffins containing more than 16 carbon atoms are con-
tained in those oils, &e., boiling above 300° contained in petroleum,
and obtained in the dry distillation of peat, lignite, &c., but have not
yet been isolated. The substance commercially termed paraffin con-
sists essentially of them ; this mixture, which probably also contains
hydrocarbons of the formula C,H,,, forms a colourless translucent
mass, which, according to its source and method of purification, melts
between 40° and 80°. It is insoluble in water, little soluble in cold
alcohol, more readily in hot alcohol, ether, and liquid hydrocarbons ;
it is one of the materials used for the manufacture of candles.

To prepare it the high-boiling portions of peat or lignite tar,

y solidified by cooling, are heated with concentrated sulphuric
acid ; this destroys one series of impurities and changes others into
sulphur containing acids (sulphonic acids) soluble in water, whilst the
fased paraffin is not itself attacked, and collects on the surface as an
oily layer. This is separated from the acid aqueous solution, and
submitted to distillation after addition of some caustic alkali to
peutralise any adhering acid. The distillate is then mixed with not
too large a quantity of colourless light tar-oil, brought to crystallisa-
tion by cooling, and the oil (which dissolves out colouring matters
and oily impurities) expressed by aid of hydraulic presses. The
residue is paraffin.

On account of its difficult alterability by most of those reagents
which act powerfully on organic bodies, it obtained its name of
paraffin (from parum affinis), which later was adopted as the general
name for the whole series.

1
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MONOSUBSTITUTION PRODUCTS OF THE PARAFFINS.

DERIVATIVES OF THE MONOVALENT ALCOHOL RADICALS
oB Arkvis, O, H,, ;.

General.

160. The monovalent alecohols, C,H,,;,.0H, may be arranged
in three classes according to the position of the carbon atom united
to hydroxyl in the nucleus, to which methyl alcohol or carbinol,

H
/
o=H
H

the first member of the series, may be added as a fourth variety.

% 1. The primary alcohols contain the hydroxyl group attached to a
terminal primarily united carbon atam, which, therefors, is also
united to two hydrogen atoms ; the group

H
OH,.0H H
H

is characteristic of them. From methyl alcohol they are derived by
replacement of one methyl hydrogen atom by an alcohol radical :

CpH
/ migm4 CmHmH
C -—H or ' = CH,,.H.OH (lf m¢l =n)'
\O—H CH,.0H

By action of oxidising agents upon them there results, according
to the extent of oxidation, two products—namely, by action of one
atom of oxygen with elimination of two hydrogen atowms, aldehydes :

OmHamy, CuHym, )
| H +0=10 4]
o{g o<
H
which are converted by a second atom of oxygen into monobasic

acids :
GEH2m+I (l)mHﬁllH-l
H +o0= oQH
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The oxidation of the primary alcohols to acids of equal carbon
contents can also be effected by action of alkalies at high tem-

peratures :
CuHomy ConHm 4
CH, 4+ HOK= CO + H,
N N
OH OK

The primary alcohols can be regenerated from the aldehydes by action
of nascent hydrogen :

CaHm,, CmHemy)
| " H
C<O + H;= H

H

2. Secondary alcohols are those in which hydroxyl is united to a
secondarily combined carbon atom (that is, one which is united to two
other carbon atoms); they are therefore characterised by the group

g
(|’<0H

From carbinol they are derived by replacement of fwo hydrogen
atoms by alcohol radicals :

CuHlm 11 Cm‘;’““
—H ot = | <0—g = CoHan4+10H (if mymy =)
H O Hamsy

As j, and p must at least =, the lowest member of the series
must contain three carbon atoms :

CH,—CH(OH)—CH, = dimethyl carbinol.

Oxidising agents, as long as the carbon chain is not destroyed,
act with only one oxygen atom upon the molecule of a secondary
alcohol ; there results thereby, with removal of two hydrogen atoms
(as in the formation of aldehydes), ketones :

OnHom 4y CuHom
H H

<og +0= p>O0 + (lzzo

m‘Hzm'-c- 1 CmHam +1

from which the secondary alcohol can be regemerated by nascent
hydrogen :

CoaHom 41 ?mHmn+l
Cc=0 +H,= ?<(I)IH
(gm'Ham# 1 CmH m+ 1

3. Tertiary alcokols contain their hydroxyl united to a carbon
12
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atom, which is united to three other carbon atoms. Therefore they
appear as carbinol in which all the non-hydroxylic hydrogen atoms
are replaced by alcohol radicals :

gm}ézﬂ
C_m zm+| =CnH2n+|-0H(i-fm+m'+m"+l=n)-

\Om 2m”+ 1

The lowest tertiary alcohol, therefore, contains four carbon atoms :

CH, CH, .

c:gg: or CH,—JJ——OH "
\oH éHa

The tertiary alcohols are not capable of an oxidation similar to
that in aldehyde or ketone formation ; by action of powerful oxidising
agents the nucleus is broken up into several smaller ones.

161. It is evident that the structure of the nucleus must have
considerable influence on the nature of the alcohol; there are to be
distinguished :

1. Normal alcokols, whose nuclei can contain only primarily and
secondarily combined carbon atoms, and therefore a single chain with
only two terminal carbon atoms. Normal alcohols may be primary or
secondary, but not tertiary :

CH, CH,
tn, Su,
(|3H, CH.OH
(|}H2.OH cJJH3
Primary Secondary

Normal butyl alcohols.

9. Isoalcohols, which are derived from nuclei containing side
chains, and therefore tertiarily or quarternarily united, contain more
than two terminal carbon atoms.

There are primary, tertiary, and also secondary isoalcohols when
with more than five atoms of carbon :

CH, CH, CH, CH,
/
(lf——H C—OH
I
CH,.OH CH,
Primary Tertiary

Isobutylic alcohols.

162. Although the alcohols have no action on vegetable colours,
still they have tha properties of weak basic hydrates, appaaring there-
fore as the hydroxyl compounds of electro-chemically positive radicals.
They also react in many ways like the hydrates of the monovalent
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alkali metals, though with much less energy; they unite pretty
readily with acids to saline compounds in which the alcohol radical
replaces the acid hydrogen. By action of haloid acids upon them the
chlorides of the alcohol radicals result :

CnH2n+l-OH + HC] = CnH2n+|Cl + OHz,
like KOH + HCl = KCl 4+ OH,;

and they yield with the oxyacids (in complete analogy to the oxysalts
of alkali metals) the ethereal salts :

CoHyn 4 .OH + HO.NO, = C,H,, , ,.0.NO, + H,0;

like KOH + HO.NO, = K.O.NO, + H,0,
CoHyn 4 .OH + H,80, = C,H,. , ,.HSO, + H,0;
like KOH + H,80, = K.HSO, + H,0,
2(CoHyn 4 1.OH) + H,80, = (CoHyp 4 1),80, + 2H,0;
like 9KOH + H,80, = K,S0, + 2H,0, &e.
Formation of Alcohols.

163. Many alcohols of the series CyH,y, . .OH oceur in nature as
the salts of organic acids, and indeed ready formed in plants and
animals ; many of them result from the fermentation of saccharine
bodies by an organised ferment—jyeast—and then accompany ethyl
alcohol. In their synthetical preparation from the paraffins the use
of the monochlor substitution products of these latter is indispensable,
the conversion of the chloride into the alcohol being usually effected
in this manner : the chloride is first converted into the acetate by
heating with argentic or potassic acetates :

CoHyny 1.0l + KO.C,H,0 = CH,n, 1.0.C,H 0 4+ KC,

and this, on heating with potassic bydrate solution, yields the alcohol
and potassic acetate :

CoHyn 4 1.0.C,H,0 + KHO = KO0.C,H,0 + CpH,,, ,.0H.

When the paraffin contains more than two carbon atoms, the first
action of chlorine produces isomeric chlorides, from the mixture of
which, when heated in the above way, secondary, &c., alcohols are
obtained as well as primary. For instance, propane, by treatment
with chlorine, yields simultaneously primary and secondary propylic
chlorides :

CH, CH, CH,

|
2CH, + 2Cl, = yCH, + (z—y) (J}HCI + zHCI
CH, H,Cl CH,

and there are finally obtained both primary and secondary propylic
alcohols.

Many primary alcohols have only been obtained by the action of
nascent hydrogen upon those aldehydes which they themselves would
yield on oxidation.
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Secondary alcohols are correspondingly by hydrogenising
ketones. Primary alcohols can be converted into those secondary
alcohols which have the OH group attached to the carbon atom next
to the primary position in the following manner :—The primary alco-
hol is converted by dehydrating agents (by heating with concentrated
sulphuric acid or zincie chloride) into a hydrocarbon, C,Hg;, (olefine) :

CmHmn+ 1 Clle +1
HQ = H30 CH
JJH,.OH HH,

and the latter then gently heated with concentrated hydriodic acid.
One molecule of this is taken up, the iodine going into the secondary,
the hydrogen into the primary, position :

CmH2m+ 1 CmHm +1
H + HI = CHI

| |

CHQ CH3

The secondary alcoholic iodide is then converted into acetate by
heating with potassic acetate, and finally into the secondary alcohol
by treatment with potassic hydrate.

This transformation can be still more simply effected by absorbing
the olefine in oconcentrated sulphuric acid. By the same law of the
easier combination of negative elements or radicals to an interme-
diate than to a terminal carbon atom, the acid sulphate formed is
that of the secondary alcohol :

CmH2m+ 1 CmH2m+ 1
H  + HO.80,0H = CH.0.80,,0H

b, bn,

which by treatment with an alkali, or by boiling with a large excess
of water, yields the secondary alcohol :

GMHI-+ 1 CmH2m+ 1
H.0.80.0H + zH,0 = tlJH.OH +HO.80,.0H + (z—1) H,0

Tertiary alcokols can be similarly prepared from primary alco-
hols in which the CH,.OH group is directly united with a tertiarily
combined carbon atom :

CH,CH, CH, CH,
H =H,0 + d
4 4
H,.OH H,

Primary isobutylic alcohol. Isobutyleme.
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CH, CH, CH,CH,

\( + HI =

b, b,

(Tertiary butylio iodide or trimethyl carbiniodide.)

CH,CH, OH,CH,
e
' + KO0.C,H,0= C.0.C,H,0 + KI
CH, H,
CH, CH, CH,CH,
N/
.0.C;H,0 + KHO= C.OH + KO.C,H,0
Just the same result is arrived at by the use of sulphuric acid :
CH;CH, CH, CH,
N/ \(
ﬁ + HO.80,,0H = (.0.80,,0H
CH, H,
CH,CH, CH,CH,
\({ \C/
.0.80,,0H + 2KOH= C.OH + KO0.80,.0K + OH,
H, éH,

A gemeral method of preparing tertiary alcohols is by the action
of the chlorides of monobasic acid radicals on the zine compounds of
the alcohol radicals :

s Callms: .
=0 + 2Zn<gm'gznl'+l =$ C::H:,:: + Zn m' 41
(ljl wH om 41 O—Zn— CyrHym 4,

Acid chloride.

When the product of this reaction is heated with water, a paraffin,
zincic hydrate, and a tertiary alcohol result :

CmHm+ 1 CmH2m+ 1
ClB'HQHI'-O-l 'Hm'.'.] + Zn (OH)’
C&CmHom 4y +2H,0= mH gm 4
O0—Zn—CpHopy 4 OH
+ CoHom sy
THE ALCOHOLS.

164. The homologous series Cp,H,y, 4 ;0 or CyH,y . ,.OH includes
members of from one to thirty carbon atoms, together with tbeir
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isomers. In many cases members are still missing. The known

members are :
CH,O or CH;OH methylic alcohol.
C,H,O0 ,, C,H; OH ethylic alcohol.
C,HO ,, C;H,.OH propylic alcohol.
C,HO , C,H, OH butylic alcohols.
C5H|00 ” C,HH.OH a-mylic alcohols.
CGHlQO ” CGHls'OH hexylic alcohols.
C;H,,0 ,, C;H;,0H heptylic alcohols.
CgH,40 ,, C4H,;.OH octylic alcohols.
CoH,,0 ,, CoH,,.OH nonylic alcohols.
C,0H;;,0, C,oH,.0H decylic alcohols.

CyoHy0,, CyHyOH cetylic aleohol.

C,,H;60,, CyyH,y5.OH cerylic alcohol.

C;30Hgs0y, CsoHg,.OH mellissylic alcohol.

Carbinol, or Methylic Alcohol, CH, OH = oil)é or Ht—oH

B b

165. Carbinol, commonly called wood spirit, results from the dry
distillation of wood ; the aqueous layer of the distillate contains in
addition several other bodies, such as acetic acid, acetone, &c. As
the boiling point of carhinol is considerably lower than that of water,
on distilling the wood-tar water—previously mixed with lime to fix
the acetic acid—all the methylic alcohol is contained in the first tenth
of the distillate. This first fraction still contains, however, acetone
and water ; to remove the latter it is rectified over quick-lime ; the
distillate containing the wood spirit and acetone is added to fused
calcic chloride, which combines with the first, so that the unchanged
acetone, which is readily volatile, may be driven off by heating in a
water bath. The residue, the compound of carbinol and calcic
chloride, is now mixed with water, whereby, with formation of
CaCl,,6H,0, the carbinol is set free, and on distillation passes over,
together with a little water. By repeated rectification over quick-
lime it i8 obtained anhydrous. In the preparation so obtained there
are still some impurities adhering obstinately to it, which communi-
cate a burning taste. It is obtained quite pure by conversion into
its oxalate, which, being crystallisable, is easily purified, and then
retransformed into the alcohol by potassic hydrate,

|
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Carbinol can also be prepared from the ethereal oil of gaultheria
procumbens (the North American winter-green shrub). This con-
tains methylic salicylate, mixed with hydrocarbons ; the first, on boil-
ing with an alkali, yields a salicylate and methylic alcohol.

Carbinol is a colourless, mobile, spirituous-smelling liquid, of sp. gr.
‘814 at 4°; it boils at 60°, is readily inflammable, and burns with a
slightly luminous flame. It mixes in every proportion with water,
ethylic alcohol, and ether, in the first case with diminution of volume
and evolution of heat. By oxidising agents, e.g. air in contact with
platinum black, it is converted into formic aldehyde and formic acid.
By passing its vapour over heated soda lime a formate is produced :

CH,.OH + NaOH = CHO.ONa + 2H,.

It is a good solvent for many substances insoluble in water, such as
fats or ethereal oils, and for many salts; e.g. calcic chloride, especially
on heating, is dissolved by it in considerable quantity ; the saturated
liquid, on cooling, gives leafy crystals of a compound, in which methylic
alcohol is united to calcic chloride like water of crystallisation. This
compound is not decomposed at 100°.

CH,
Methyl Carbinol, or Ethylic Alcokol, CH;.OH = éH,

N
OH
166. Ethylic alcohol, or spirits of wine, more commonly known as
aleohol only, results from the fermentation of many saccharine bodies,
whereby these nearly entirely decompose into carbonic anhydride and
aleohol :
CsHIQOQ = 2CQH60 + 2002.

There are also some other products formed, such as suceinic acid,
glycerine, and higher members of the alcohol series, which latter are
known as fusel oils or fusel alcohols. .

The ferment essential to the alcoholic fermentation is yeast, a one-
celled organism, propagating by budding, which, under favourable
conditions, causes the decomposition of the sugar to occur with great
quickness, and with evolution of heat, when placed in contact with its
solutions. To the conditions necessary belong the temperature, which
must not be below 0° nor above 35°; the presence both of certain
mineral substances (especially phosphates) and of nitrogenous organic
matters, which serve as food for the yeast; and, finally, sufficient
dilution of the sugar solution. If this latter be too concentrated it is
either not at all transformed, or the fermentation ceases in consequence
of the death of the yeast cells. A liquid containing more than 20-22
94 of sugar cannot be completely fermented by yeast. Many poison-
ous substances, e.g. phenol, even in small quantity in an otherwise
favourably mixed solution, prevent fermentation by killing the yeast
cells.

Alcohol, which boilsat a lower temperature than water, can be ob-
tained more pure from the fermented liquid by fractional distillation.
It is then found in the first fractions, whilst water and the non-vola-
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tile matters—namely, the yeast and the marc—remain behind, the
latter retaining the chief portion of the fusel oils. By repeated frac-
tional distillation the spirit is obtained more and more ooncentrabed
and separated from the still lower boiling admixtures g‘ first runnings

The shrongest rectified spirit still contains 5-10 94 of water md
some fusel oils, The first can be removed by chemical means, the
latter by means of filtration through porous carbon.

As dehydrating agents, all energetically hygroscopic substances
may be employed, especially such as do not combine with alcohol—
e.g. ignited potassic carbonate, quick-lime, &c. Usually the strongest
spirit is placed on quick-lime for 24 hours, with frequent shaking,
then distilled from a water bath, and the distillate heated anew in
similar manner. The last traces of water are removed by treatment
with sodium, followed by distillation.

The smallest traces of water in alcohol may be detected by bringing
it in contact with cupric sulphate, dried till colourless, when a blue
colouration indicates the presence of water.

167. Absolute, i.e. entirely anhydrous and pure, ethylic alcohol is
a colourless, mobile liquid of agreeable odour and burning taste, of
sp. gr. ‘8063 at + 4° and *7895 at 20°. It boils under normal atmo-
spheric pressure at 78'5°, and is still liquid at — 90°. Easily in-
flamed, it burns with a blmsh feebly luminous flame. It is a strong

ison.

Absolute alcohol possesses a very considerable affinity for water ;
it therefore dries damp substances energetically, and acts as an anti-
septic. On mixing water with alcohol, heat is evolved, and contrac- -
tion, i.e. diminution of volume, takes place. This is most consider-
able when 523 volumes of alcobol are added to 477 volumes of water,
the volume of the mixture being only 96-4. It appears asif a com-
pound was formed of both in molecular quantities, as these proportions
are sufficiently near to be represented by the formula C,H:0,3H,0.
Alcobol more dilute than this does not apparently act as a drying
agent. -

In consequence of this diminution of volume, the alteration of the
sp. gr. is not proportional to that of the mixture, though additions of
water increase the density. By careful investigations, the sp. gr. of a
large number of synthetically prepared mixtures of alcohol and water
has been determined, and by means of tables so comstructed the
amount of alcohol in any aqueous solution may be ascertained by de-
termining the density.

This can be done at once in liquids containing no foreign matters,
but in cases where non-volatile matters are present, as in most alcoholic
drinks, this method can no longer be directly applied, and the follow-
ing is substituted :—A given volume of the solution to be tested is
submitted to distillation, the first distillates, which contain all the
alcohol, made up to the original volume with water, and the gravity
then determined. The gravity is most quickly determined by & hydro-
meter, whose scale, instead of sp. gr., gives the corresponding amount
of alcohol, either in 94 by volume (Tralle s alcoholometer) or in 94 by
weight (Rlchter's alcobolometer).

The general relations between the mixed contents, by volume or by
weight, and the sp. gr. is sufficiently shown by the following table :



ETHYLIC ALCOHOL. 123

% by Weight. Sp. Gr. at 20°. % by Volume.

100 ‘7895 100-0
90 -8180 93-2
80 - 8437 855
70 *8678 76-9
60 ‘8913 67-7
50 9140 5(-8
40 9351 46-2
30 9540 36-1
20 ‘9688 24-5
10 9820 12:3
0 99831 00

water at 4 4° being taken as unity.

Many substances are soluble in alcohol ; these are partly soluble in
water also, as calcic chloride, strontic chloride, lithic chloride, many
nitrates, &c., whilst other bodies readily soluble in water, such as
potassic chloride, sodic chloride, the sulphates and carbonates of the
alkali metals, &c., are either insoluble or difficultly soluble in absolute
aloohol. On the other hand, alcohol is a good solvent for many bodies
dificultly soluble or quite insoluble in water, such as iodine, fatty
acids, fats, alkaloids, resins, colouring matters, &e.

Sulphur and phosphorus are slightly soluble in it. It absorbs
many gases much more than water does; 100 volumes of alcohol dis-
solve at 0° 7 volumes hydrogen, 28 volumes oxygen, 13 volumes
nitrogen, 52 volumes methane, 353 volumes ethylene, 433 volumes
carbonic anhydride, &c.

Like methylic alcohol, it unites with many anhydrous mineral
galts after the manner of water of crystallisation, e.g. with calcic
chloride and with magnesic nitrate.

In commerce nothing but aqueous alcohol occurs, even that sold as
absolute still containing 3-5 94 of water ; spirits of wine contains an
amount of alcohol varying between 80 and 90 9g. Still more dilute
alcobol forms—mostly with small admixtures of other volatile
peculiarly smelling bodies—the different ¢spirits,’ of which rum (from
fermented sugar molassesg_, arrack grom rice), and cognac (distilled from
wine) contain about 46-50 94 by volume, the true brandies only
about 3—} of their volume of alcohol. Still poorer in alcohol are
those alcoholic drinks not concentrated by distillation, but prepared
directly by fermentation of liquids containing sugar, such as wine

with 6-15 94 of alcohol) and beer (in mean about 4-5 9 of alcohol).
en drunk in aqueous solution, alcohol acts as an excitant, in larger
quantities as an intoxicant. It passes from the stomach and intestines
into the blood, and is there in great part oxidised, but also passes in
small quantity through the kidneys into the urine.

Propylic Alcokols, C;HO or C;H,.OH.
168. Both the theoretically possible propylic alcohols :

1. CH, 2. CH,
| |
CH, and CH.OH
JJH,.OH (lJH,

are known,
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1. Ethyl carbinol, or primary propylic alcokol, occurs, mixed with
ethylic alcohol and higher homologues, in many fusel oils, and it can
be obtained directly therefrom with difficulty in the pure state, by
very carefully conducted and repeated fractional distillations. It is
more convenient to convert that portion of the fusel oils which distils
between 85° and 105° into bromides (by action of phosphorous bro-
mide), from these to isolate propylic bromide, boiling at 71°, and then
to convert this latter into the acetate (§ 163), which, by boiling with
an alkali, again yields the alcohol.

Ethyl carbinol is prepared synthetically by acting upon propionic
aldehyde with nascent hydrogen, upon propionic anhydride with
sodium amalgam, and by heating allylic alcohol with potassic hydrate.

It is a colourless, agreeable-smelling liquid, boiling at 97° and of
sp. gr. *812. It is miscible in every proportion with water, but is sepa-
rated again from this solution by addition of readily soluble salts, such
as calcic ohloride. By oxidation it is converted into propionic alde-
hyde and propionic acid.

2. Dimethyl carbinol, secondary propylic alcohol, or isopropylic
alcokol, is usually prepared by action of sodium amalgam upon
aqueous acetone :

CH, CH,

é‘_—_O +2H = JJHOH
b, bm,

For this purpose a mixture of one part acetone and five parts water
is heated with sodium amalgam until a light layer separates upon the
surface of the strongly alkaline liquid. The liguid is decanted from
the mercury and distilled as long as anything inflammable passes over ;
the distillate is then, after addition of water, again heated with sodium
amalgam, &c., and this treatment continued until addition of the
amalgam causes strong evolution of hydrogen. The distillate is then
rectified over ignited potassic carbonate, in order to render it anhy-
drous, and the portion distilling below 100° rubbed together with
anhydrous calcic chloride. A compound of this latter with isopropylic
alcohol is formed, which is mixed with acetone. Under the receiver
of an air pump the acetone evaporates, leaving the compound of calcie
chloride and dimethyl carbinol as a dry powder. By heating in a
retort this decomposes into its components and the alcohol distils
over.

Of other methods of preparing dimethyl carbinol there may be
mentioned its formation from the iodide obtained from glycerine and
from propylene (see later).

Dimethyl carbinol is a colourless liquid of sp. gr. ‘791 at 15°, boiling
at 84°-85°; it is miscible in all proportions with pure water, ethyl
aleohol, &c.. By oxidising agents it is converted into acetone.

Butylic Alcohols, C,H,,0 or O,H,.OH.

169. Theoretically there are four possible isomers of this formula
~ —namely, two primary, one secondary, and one tertiary. They are all
known:
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Derivedjfrom
Normal butane. Isobutane.
(|.7H3 (lmz CH, CH, CH, CH,
N
CH, CH, é—l Y'.OH
| | |
CH, CH.OH CH,.OH éHa
| | Primary Tertiary
CH?.OH CH, Isobutylic alcohols.
\anary Secondary
. Butylic alcohols.
Boﬂlng point 11 6°-117° 96°-98° 106°-107° 82:5°-83°
Melting ,, lignid liquid liquid 25°-25-5°
Sp. gr. . '824at0°  -85at0° 805 7788 at 20°

1. Propyl carbinol, or normal primary butylic alcohol, is obtained
by action of nascent hydrogen upon normal butyric aldehyde. It
results also from the action of sodium amalgam upon a mixture of
normal butyric acid and its chloride, as butylic butyrate, which yields
the alcobol on boiling with an alkali.

Propyl carbinol is a colourless, agreeable-smelling liquid, miscible
in every proportion with alcohol, but not with water. On oxidation
it yields normal butyric aldehyde or acid.

2. Ethyl-methyl carbinol, normal secondary butylic alcohol, or buty-
lene hydrate, is most readily prepared from its iodide by converting
into the acetate and saponifying the latter. Secondary butylic iodide
was first prepared by action of concentrated hydriodic acid upon
erythrite. ,

It is also obtained from the so-called bichlorether (§ 207), when
this is heated with zinc ethyl :

CH,C1 CH,Cl1

| l
2CHC1 + Zn(C,H;);, = ZnCl, + 2CH.CH,.CH,

.C,H, .C,H,
the resulting ethyl chlorether heated with hydriodie acid ;
CH,.Cl CH,

| | .
CH.CH,.CH, + 4HI = CH.CH,.CH, + HCl + H,0 + C,H,I + I,

I
0.C,H,
and the secondary butylic iodide converted into the alcohol as usual.
3. JTsopropyl carbinol, primary isobutylic alcolol,or fermentation
butylic alcohol, is obtained from most fusel oils by fractional distilla-
tion. It is liquid, smells like fusel oil, and dissolves in about ten
times its weight of pure water, but is readily separated from the solu-
tion on addition of soluble salts. By oxidising agents it is converted
into isobutyric aldehyde or acid.
4. Trimethyl carbinol, or tertiary butylic alcohol, is contained in
small quantity in many fusel oils, but is extremely difficult to separate
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therefrom. It is generally prepared by allowing a mixture of one
volume of chloracetyl and four volumes of zinc methyl to remain for a
long time at 0°, a crystalline compound separating out :

CH, CH,
L A
+ 2Zn H’ =C H, 4+ ClZnCH,
AN 3 ZnCH,
a :
which on treatment with water yields trimethyl carbinol :
cH, CH,
| _cH | _cH
(,<3H: +2H,0= <|3<3H: + Zn(OH), + CH,
0.Zn.CH, OH

It is prepared most conveniently from isobutylic alcohol, by converting
into isobutylene, uniting the latter with sulphuric acid, and decompos-
ing the acid sulphate with water or alkali. The complete separation
of the last trace of water from trimethyl carbinol is rather difficult, as
they form with one another a compound 2C,H,,0,H,0, which boils
unchanged at 80°, solidifies in a mixture of ice and salt, and has sp. gr.
‘8276 at 0°. On oxidation trimethyl carbinol is mainly converted
into carbonic, acetic, and propionic acids.
Pmylic or Amylic Ako”roh, C5Hl20 or C5Hll‘0H'
170. Bodies of this formula are derived from the three pentanes as

follows :
Normal pentane can yield one primary and two secondary alcohols :
1. 2

. 8.
CH, CH, CH,

H, JJH, {JH,
«:JH, tl}H, CH.OH
CH, {JH.OH J:H,

I |
CH,.0H CH, CH,
First or o Second or g
Primary Secondary

Normal nm§lﬁc€hols.
From isopentane two primary, one secondary, and onme tertiary
alcohol are derivable :

CH:'(;Ha cuaﬁéH, CH: CH, CH, é’H,.OH
N, 0 Y¥r Yom
(|)H, (IJH.OH ICH, én,
mon  ¢m,  bm,  tm,
- First primary Secondary Tertiary Second primary

Isoamylic alcohols.
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and from tetramethyl methane only a single primary alcohol :

8.
CH,
CH,—C—CH, = trimethyl-carbin carbinol.

H,O0H

Of these numbers 1, 2, 3, 4, 5, 6 are known with certainty.

1. Normal butyl carbinol, or normal primary amylic alcohol, has
only been prepared by addition of hydrogen to normal valeric alde-
hyde, and from normal pentane, as a colourless liquid, of fusel odour,
boiling at 137°, It is insoluble in water, has sp. gr. ‘8296 at 0°, and
is converted into normal valeric acid on oxidation.

2. Methyl-propyl carbinol, or first sccondary amylic alcokol, is
prepared from propyl-methyl ketone by addition of hydrogen :

CH, CH,
¢n, o,
H, CH, ICH, CH,
= + 2H = \(,/—H
\OH

and, together with the preceding, from the chlor substitution products
of normal pentane, and from ethyl-allyl by union with hydriodic acid :

CH, CH,
(.lJH, {JH,

éH, + HI = CH,

CH éHI

b, b,
and subsequent replacement of the I by OH. It is a colourless
liquid, boils at 120°-122°, and has sp. gr. ‘825. By oxidation it is
converted into propyl-methyl ketone.
3. Diethyl carbinol, or j3 seconlary amylic alcohol, is prepared by
heating ethylic formate with zinc ethyl :

H CH(CQH5)2

' C,H H
; _ + |
CO.0CH; + 220y = Z°<<C).’c,°}15 Zn0.C,H,
and decomposing the product with water :

CH, CH, CH, CH,
l | ]
CH, CH, CH, CH,
\{ +2H,0= \_  + Zn(OH), + C,H,
'H cu _

é).znc,m (!)H
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It is a colourless liquid of characteristic fusel-like odour ; sp. gr. ‘832
at 0° and ‘819 at 16°, and boils at 116°-117°; on oxidation it yields a
ketone or propionic and acetic acids.

4. Isobutyl carbinol, or first primary isoamylic alcohol, is the longest
known fermentation amylic alcokol. It occurs invariably in fusel
oils, especially in that from potato spirit, and is separated from them
by fractional distillation as an unpleasant, fusel-like-smelling liquid
of sp. gr. ‘825 at 0°, boiling at 129°-130°, It isscarcely soluble in water,
but mixes in every proportion with alcohol and ether. Its vapour,
when inhaled, causes coughing and acts as a poison. When quickly
fractioned from fusel oil it rotates the plane of polarisation to the
left slightly, but loses its optical activity on heating for a long time,
or quickly if distilled from caustic alkali, without apparently under-
going any chemical change. The property of optical activity, indeed,
appears to belong not to the usual isoamlyic alcohol, but to a small
quantity of an isomer (7%) mixed with it. By oxidising agents iso-
amylic alcohol is converted into isovaleric aldehyde and acid.

5. Methyl-isopropyl carbinol, secondary isoamylic alcohol, also
termed amylene hydrate, is obtained from the isoamylene, prepared
by heating 4 with zincic chloride, by uniting it with hydriodic acid,
and then converting the secondary isoamylic iodide so obtained
into the alcohol by means of moist argentic oxide. It boils at
106°-108° and its vapour, on heating to 200°, splits up into iso-
amylene and water :

CH, CH, CH, CH,
4 A

(l,H.OH = éH + OH,
éH, H,

It suffers the same decomposition when mixed with sulphuric
acid, without the aid of heat. On oxidation it is probably first oxi-
dised to isopropyl-methyl ketone, but that is very readily further
oxidised to carbonic and acetic acids.

6. Ethyl-dimethyl carbinol, or tertiary amylic alcohol, is obtained
by the action of zinc methyl on propionic chloride :

CH, CH,
(IJ‘H2 + 2Zn<gg; = A‘H, + Zn lHa
o (IJ<€{}:

~u }.).Zn.CH;,

and decomposition of the product by water. It boils at about 100°,
appears not to solidify at —10°, and on oxidation yields carbonic and
acetic acids.

7. Second primary isoamylic alcohol is probably the active admix-
ture in fermentation amylic alcohol (4), which, though of nearly the
same boiling point (125°-129°), still shows some difference from the
‘active,’ especially in the proparties of the respective acid sulphates.

8. Trimethyl-carbin carbinol is not known at present.
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Hezylic Alcohols, CgH,,0 or Cgll, ;. OH.

171. Of the (16) possible hexylic alcohols only some are known of
still in part doubtful constitution. ‘
1. Amyl carbinol, or normal primary hexylic alcokol :

CH,.CH,.CH, CH,.CH,.CH,.OH,
is prepared mixed with butyl-methyl carbinol :
CH,.CH,.CH,.CH,.CH(OH)}.CH,,

by treatment of the mixed first chlor-substitution products of normal
hexane with potassic acetate, and saponification of the resulting ace-
tates. The mixture of alcohols so formed, boiling at 149°-152°,
yields on oxidation caproic acid, CH,;.CH,.CH,.CH,.CH,.CO.0H,
and methyl-butyl ketone, CH;3.CH,.CH,;.CH,.CO.CH,.

In the pure state it is obtained from the ethereal oil of Hera
cleum giganteum, which consists of hexylic butyrate and octylic ace-
tate; by treatment with alcoholic potassic hydrate the alcohols are
liberated, and are then separated by fractional distillation; it boils at
157°-158°, has sp. gr. ‘819 at 23° and gives normal caproic acid on
oxidation.

2. Methyl-butyl carbinol, or first normal secondary hexylic alcohol,
CH,.CH,.CH,.CH, CH(OH).CH,, is prepared from its iodide (ob-
tained by distilling mannite with hydriodic acid) :

CH,;.CH,.CH,.CH,.CHI.CH,,
by decomposition with moist argentic oxide, as a colourless liquid
insoluble in water, boiling at 137° and of sp. gr. ‘8327 at 0°. On
oxidation it gives, as already mentioned, methyl-butyl ketone.

3. Ethylpropyl carbinol, or second normal secondary hexylic
alcohol, CH;.CH,.CH,.CH(OH).CH,.CH 3, results from the decomposi-
tion of bichlar ether with zinc ethyl :

?H’Cl C'H’.CHI.CHQ
H
CHOl + Zn<g:H: = ZnCl, CH.CH,.CH,
(B.C,Hs .C,H,

conversion into its iodide by hydriodic acid :

CH,.CH,.CH, CH,.CH,.CH,

| .

CH.CH,.CH,; + 2HI = H,0 + %!H.CH,.CH, + C,H,I

.C;H I

and decomposition of this latter by moist argentic oxide.
4. Dimethyl-propyl carbinol :
gg:>0(on)—cnz—cr{,—cn,,

is prepared from butyric chloride and zinc methyl; it boils at 115°
and yields acetic and propionic acid on oxidation, )
K
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5. Dimethyl-isopropyl carbinol : .
CH, ap CH
CH’>C(0H)—911<2,H:

results from the action of isobutyric chloride (Cl.CO.CH<gg‘)
3

on zincmethyl. It boils at 112°-115°, and solidifiesat —40° to a crys-
talline mass.
6. Dicthyl-methyl carbinol :

CH;.CH,

CH;.CH,
is prepared in similar manner from acetic chloride and zinc ethyl.
1t boils at 120°, and is completely converted into acetic acid by oxi-
dation.

7. Fermentation hexylic alcohol, or caproylic alcohol, is separated
from the fusel oil of the marc of grapes by fractional distillation. It
is a light unpleasant-smelling oil, boiling at 148°~150°, and yielding
caproic acid on oxidation. Its constitution has not yet been deter-
mined.

H
8. Methyl-trimethyl-carbin carbinol, CH,.CH.(OH).G<§H:, is pre-
H

>SC(OH).CH,,

pared by action of nascent hydrogen on pinacoline. It boils at 120°,
has sp. gr. ‘834, and at low temperatures solidifies to crystals, melting
at 14°; on oxidation it first yields the ketone CH;.CO.C(CH,);, and
finally carbonic and trimethacetic acid.

Heptylic Aleohols, C;H,;O or C,H,;.0H.

172. A primary heptylic alcohol of unknown constitution, cenan-
thylic alcohol, is contained in the fusel oil of wine. It boils at 165°,
and on oxidation gives cenanthic acid, C;H,,0,. By the distillation
of castor oil with a fixed alkali a primary cenanthylic alcohol is
formed, which appears to be the normal

CH,.CH,.CH,.CH,.CH,.CH,.CH,.0H,
as it yields the same ccnanthic acid on oxidation as the normal pri-
mary alcohol from normal heptane.  This latter alcohol boils at
170°-172°. At the same time that its chloride is formed from normal
heptane, a secondary chloride is also formed, from which a normal
secondary heptylic alcohol or methyl-amyl carbinol :

CH,;.CH,.CH,.CH,.CH,.CH(OH).CHj,,
is obtained as a liquid boiling at 160°-162°.
Dipropyl carbinol, CH3;.CH,.CH,.CH(OH).CH,.CH,.CHj, is ob-
tained by the action of nascent hydrogen on dipropyl ketone. It boils
at 149° and has sp. gr. ‘814 at 25°

Tnohezyl carbinol, G 3>CH.CH, CH,.CH,.CH, OH, is obtained,
3

together with the next-mentioned body, from the products of the
chlorination of ethyl isoamyl, which are converted into acetates and
then saponified. It boils at 163°-165° and yields isocenanthic acid
on oxidation.

L4
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Troamylmethyl carbinol, CF>CH.CH,.CH, CH(OH).CH,, s
3
prepared by the reduction of methyl-isoamyl ketone by sodium amal-
gam. It boils at 148°-150°, possesses a fusel-like odour, and has
sp. gr. “8185 at 17°.
Tnobutyl-dimethyl carbinol, GH¥>CH.CH,.C(OH)CSHD, is pro-
il C}.I3 . 2 HS’ p

duced by action of zinc methyl on valeryl chloride. It is a colourless
liquid, of camphoraceous taste and smell, boilsat 129°-131°, and yields
acetic and isobutyric acids on oxidation.

.. . CHy ; H,

Diisopropyl carbinal, CH3>(,H.CH(OH).CH<8H3, prepared by
action of nascent hydrogen on diisopropyl ketone, is a liquid of pleas-
ant ethereal odour, boiling at 131°-132° and of sp. gr. -8593 at 0°.

CH;.CH,
Propylethyl-methyl carbinol, (:H;.CH,.CH,—C.OH, prepared by
CH,

the successive actions of zincic methide and ethide and water on
normal butyric chloride, boils at 135°-138°.
Triethyl carbinol, 11+ CII*>C(OH).CH,.CH,, is obtained by the
3 2
action of propionic chloride, (CH;.CH,.CO.Cl), upon zinc ethyl. It
boils at 140°-142°, and is viscid at —20°.
H,

Topropylethylmethyl carbinad, SHISCH.COH)CHS (0, s
3 2 3

obtained by the successive actions of zincic ethide and methide and
of water on isobutyric chloride. It boils at 124°-127°,

: . . Ol CH, |
Trimnethyl-carbin-dimethyl carbinol, CH3>C.C(OH)<CH3, is ob-
CH; 3

tained by the successive actions of zincic methide and water on tri-
methacetic chloride. It forms long needles, melting at 17°, and boils
at 123°-132°,

Octylic Alcohols, CgH 40 or C,H,,.0H.

173. The ethereal oil of Heracleum spondylium consists mainly
of the acetate (boiling at 206°-208°) of primary normal octylic alcokol,
CH;.CH,.CH,.CH,.CH,.CH,.CH,.CH,.OH. The same body is con-
tained, along with hexylic butyrate, in the oil of Heracleum gigan-
teum. The alcohol obtained by saponification with potash boils at
190°-192°, has sp. gr. ‘83 at 16° and a peculiar penetrating odour.

Methyl-hexyl oarbinol, or u normal secondary octylic alcokol :

CH,.CH,.CH,.CH,.CH,.CH,.CH(OH).CH,,

is obtained from the distillation of castor oil with potassic hydrate,
and from the first chlor-substitution products of normal octane. It is
an oily liquid, boiling at 181°, and yields by oxidation first methyl-
bexyl ketone and later acctic and caproic acids. ol

Ethyl-isoamyl carbinol, CH,.CH,.CH(OI-I).CH,.CH,.CH(CH:,
boils at 182°-186°.

K2
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Diethyl-propyl carbinol :
H,.CH
CHa.CH,.CH,.C(OH)(SH:.CH:,
is a tertiary alcohol prepared by the action of zinc ethyl upon butyric
chloride. It is not yet known quite pure, but boils between 145°
and 155°.

Nonylic Alcohol, C4H 440 or C,H,,.OH.
174. At present thereis only a single body of this formula known ;

it is prepared from petroleum nonane, boils at about 200°, and is pro-
bably methyl-heptyl carbinol.

Decatylic Alcohol, C,gH,,0 = C,oH,,.OH.

175. The only alcohol of this formula known with any certainty is
that obtained by action of zinc ethyl upon bromacetic bromide, and
has probably the constitutional formula :

C,H, C,H,
N/

CH

| o.m
O alts
A sH;

OH
Its boiling point is very low—namely, 155°-157°.
176. Alcohols of the formule -
C11Hy,0, C)3H 60, C,3H 60, €, (Hy0, and C,,H;3,0
have not yet been prepared, but there are some higher, naturally
occurring members of the series known ; about whose constitution no-
thing is ascertained.

177. Cetylic alcokol, or ethal, C,,H;,0 = C,sH;33.0H, is prepared
from spermaceti (cetylic palmitate) by long boiling with alcoholic
potassic hydrate :

C|6H33-0.C|6H3|0 + KOH = CIGH330H <+ KO-C]GHaloO.

After the action is finished, the cetylic alcohol is precipitated by addi-
tion of water (in which potassic palmitate is soluble) and purified by
crystallisation from alcohol.

Ethal so obtained crystallises in leaves, fuses at 49°-50°, and by
careful heating, best in a stream of gas, can be slowly volatilised. It
is completely insoluble in water.

178. Cerylic alcohol, Cy;H;¢0 = Co;H,;.OH, forms as its cero-
tate the chief constituent of Chinese wax, from which it can be pre-
pared in manner similar to that of cetylic alcohol from spermaceti.
It is more usual to fuse the Chinese wax with potassic hydrate con-
taining a little water :

C?'IHﬁﬁ'O‘C?’H&aO + KOH = 027H55.0H + CQ7HaIOuOK,

and to then extract the potassic cerotate from the cooled mass with
water. The undissolved cerylic alcohol is then purified by crystalli-
sation from ether. It fuses at 79° and solidifies on cooling to a wax-
like mass.
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179. Mellissylic or myricylic alcohol, CysH,0 or C30Hg,.OH.
That portion of bees’ wax insoluble in boiling aleohol, consists of
mellissylic palmitate, C30Hg,.0.C,¢Hj3,0, which, by similar treatment
to that above given for spermaceti and Chinese wax, yields mellissylic
alecohol. It is crystallisable, and fuses at 88°. One of its salts also
occurs in the wax-like surface of the leaves of Copernica cerifera, the
so-called carnuba wax.

Havorp ComrouNDS OF THE ALCOHOL RADICALS.

Formation.

180. As already mentioned, the halogen compounds of the mono-
valent alcohol radicals can be partly prepared from the paraffins by
direct substitution of a hydrogen atom by a halogen atom ; but, as
fluorine is unknown in the free state, and as iodine acts upon them
with little energy, this method of preparation from the hydrocarbons
is reduced to one for chlorides and bromides only. The procedure
has been already given.

The alcohols are the materials generally employed in the prepara-
tion of these bodies.

The reaction is analogous to the conversion of metallic hydrates
into halogen compounds by action of the haloid acids :

CoHyny1.OH + HF = C,H,, o, F + H,0
CoHon, 1. OH + HCl = CyH,0,,Cl + HO .
CouHyn 1. OH + HBr = C,H,, 4 Br + H,0
CoHan 4 OH + HI = CyH,n, 1 + H,0

The usual method is as follows : the alcohol, rendered as anhy-
drous as possible, is saturated with the gaseous acid (of which it is a
very powerful absorbent), the reaction being assisted by the applica-
tion of heat, and the mixture then separated by fractional distillation,
if the boiling points of the alcohol and haloid salt permit ; or if the
alcohol be soluble in water, and the haloid salt insoluble, this latter
can be precipitated by addition of water, separated mechanically from
the aqueous alcoholic layer, and purified by distillation.

Instead of preparing the acid gases in other vessels, and then con-
ducting them into the aleohol, the preparation and action are often
conveniently combined. By gently heating an alcohol with common
salt and sulphuric acid, there results, e.g., an alcoholic chloride :

CoHyp 4 1.OH + NaCl + H,80, = CuH,n, O + NaHSO, + H,0.

The equation given expresses the reaction of the ingredients—so
far as they ensue—truly, but the number of reacting molecules by
" no means corresponds to the whole mass employed. An equal number
of molecules of alcohol and haloid acid, brought into reaction, yield
under no circumstances the same number of molecules of new pro-
ducts, as in every case a certain number of the ingredient molecules
remain unchanged. The true result is therefore expressed according
to the following equation :

aCnH’n+].OH + aHCl = bC;Hgn.l.]Cl + bHaO
+ (a-8)CaHpn 1. OH + (a-b)HC,
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wherein the relative values of a and b depend on the one hand on
the amount of affinity, on the other on the temperature. The rela-
tive proportion of the ingredients at starting has also an essential
influence on the yield, i.e. the relative quantities of the end products.
If it is desired, for instance, to convert as much as possible of the
alcohol employed into the haloid salt, it is needful to bring as much
acid as possible into the reaction ; this latter, however, would be itself
more completely converted i the alcohol were in large excess.

The conversion of an alcohol into the haloid salt is effected far
more readily by use of the haloid compounds of sulphur or phos-
phorus, instead of the haloid acids, as these exchange halogen for
oxygen or hydroxyl, with much greater readiness than is the case
with the hydrogen haloids. The phosphorus haloids generally are em-
ployed, of which the pentachloride and pentabromide react very com-
pletely ; e.g.

PCl; + CyHyp 4. OH = C,Hy, 4 .Cl1 + POCI;. + HCL

The phosphorus compounds give up the whole of the halogen
easily, so that larger quantities of the alcohols can be attacked :

PCl; + 4CHp . .OH = PO(OH,) + HCl 4 4C,Hy, Cl,

the haloid acid also being able to act on further quantities of the
alcohol ; but by so working a large quantity of the alcohol is invaria-
bly lost, as far as the intended conversion into haloid is concerned,
the phosphoric acid formed attacking the alcohol with formation of
ethereal phosphates and at the same time of water, whose presence
prevents the completion of the desired reaction.

The same objections apply to the use of phosphorous trichloride,
that leading to the formation of phosphites and water.

A simple method, especially for the preparation of secondary and
tertiary iodides, consists in the addition of the elements of the haloid
acids to the olefines, the hydrocarbons of the series C,H,,, of which
method frequent mention has already been made (§ 163, &c.)

General Properties.

181. The haloid compounds of the alcohol radicals are without
exception colourless, generally agreeable-smelling liquids, far less
soluble in water than the corresponding alcohols. They are miscible
with aleohol in every proportion. By water they are decomposed to
some extent, the reaction being the reverse to that of their forma-

tion :
aCpHyp 4 \Cl + BHOH = ¢CyH,y, ,.OH
+ ¢HCL 4 (a-¢)CaHyn 4. ,.Cl + (b—c)H,0.

The reaction can be rendered nearly complete by employing the water
in very largé excess, and assisting the reaction by heat.

The alkalies—best in alcoholic solution—act more energetically
than water on these salts, the alcohol being thereby partly re-
generated :

CoHjny Ol + KOH = KC1 + C,H,,, ,.0H.

But to a much greater extent the hydroxyl of the alkaline hydrates
acts as an oxidising agent, and, instead of attaching itself to the
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carbon, removes the hydrogen atom from the neighbouring carbon
atom, with formation of water and an olefine :

CmHom 41 CmHam 41
CH, + ?H = HOH + l(IJH

I
CH,.Cl K KCl CH,
CH, CH, CH, CH,
N/

-1 4+ K =KI + ¢

| I

CH, (kH HOH CH,

Usually and most completely the alcoholic iodides are reconverted
into the alcohols by treatment with moist freshly precipitated argentic

oxide :
CnHgn 411 + AgOH = Agl + CyHyn 4 .OH;

still better by heating with potassic acetate and subsequent saponifiea-
tion with alkali (§ 163).

182. The alcoholic haloid salts can be reconverted into the
paraffins by treatment with nascent hydrogen, especially in presence
of strongly positive metals; the iodides, in addition, by heating with
concentrated hydriodic acid (§ 149) or with zinc and water :

CoHyny (Ol + Zn + HCl = CyHyn, 4 + 2nCl,
CnH2‘+|I + HI = CnH2n+2 + I,
2CyHyon 4 I + 2Zn + 20H, = 2CyHyp 43 + Znl, + Zn(OH),.

The fluorides of the alcohol radicals, formed by passing hydro-
fluoric acid into the alcohols, are scarcely known.

Chlorides of the Alcohol Radicals, CuHya, ,CL

183. Methylic chloride, or monocklormethane, CH;.Cl, is readily
obtained as a colourless gas, by slightly heating a mixture of one part
of wood spirit with two parts of sodic chloride and three parts of con-
centrated sulphuric acid; it is purified by washing with water, then
dried by passing over calcic chloride, and finally passed into vessels
cooled by immersion in a mixture of ice and crystallised calcic chloride,
wherein it condenses to a colourless mobile liquid, whose boiling point
is —24° to —22°. Methylic chloride possesses an agreeable ethereal
odour and a sweet taste ; its vapour density is 1:736 ; it is soluble in
of ita volume of water and 4l of its volume of alcohol. With chlorine
in diffused daylight it yields further substitution products :

CH,Cl,, CHCl,, and CCl,.

184. Ethylic chloride, monochlorethane, C,H;Cl = CH,.CH,CL
It is prepared either by distilling alcohol with double its weight of
sodic chloride and sulphuric acid, or by saturating well-cooled
absolute alcohol with hydrochloric acid gas, letting the mixture stand
some days in well-closed vessels, and then distilling on a water bath ;
the evolved vapours are washed with luke-warm water, dried by calcic
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chloride, and condensed in vessels cooled below 0°. The reaction in
this and analogous cases is much facilitated, and rendered more com-
plete, by the presence of powerful dehydrating agents, especially by
zincic chloride. It also results from the continued heating of a
gaseous mixture of ethylene and hydrochloric acid :

CH, CH,
| =~ 4+HC= |
CH, CH,C1

Ethylic chloride is an extremely volatile, colourless liquid, of sp. gr.
9214 at 0°, boiling at 11°-12°. Tt is readily inflammable, and burns,
like all chlorine compounds, with a green-bordered flame. It is little
soluble in water 'gn 50-60 parts), but in all proportions in absolute
alcohol. With chlorine in daylight it gives higher substitution pro-
ducts : C,H,Cl,, C,H,Cl,, C,H,Cl,, C,HCl,, and finally C,Cl,.

185. Two propylic chlorides are known corresponding to the for-
mula C,H,CL

Normal propylic chlvride, CH;.CH,.CH,Cl, is obtained from normal
propylic alcohol, in manner similar to the above, as a liquid nearly
insoluble in water, boiling at 46-5°.

Secondary or isopropylic chloride, CH;.CHCL.CH,, obtained from
isopropylic alcohol, boils at 36°-38°. It is also formed by union of
hydrochloric acid with prepylene gas :

(IJH, CH,
CH + HCl= HCl
| |
CH, CH,

188. Butylic chlorides, C,H,Cl. Four isomers of this formula
exist, corresponding to the four butylic alcohols, from which they are
generally prepared. They are:

1. 2. 3. 4.
CH, CH, CH, CH, CH,;CH,
|
'éH, CH, CH Cl
| | |
CH, éHC] CH,Cl CH,
l |
CH,Cl CH,
Boiling point 77°-78° ] 68:6° 500-51°
Sp. gr. . 894 8789
\_Primary Secondary Primary Tertiary
Normal butylic chlorides. Isobutylic chlorides.

187. Of the higher homologues it will suffice to mention
Primary normal amylic chloride, CH,CH,.CH,.CH,.CH,.Cl,
boiling at 106°-107°.

Primary isoamylic chloride, CH¥SCH.CH,.CH,.Cl, boiling at
: CH,

102°.
The boiling point of the normal primary hexylic chloride,
CH,;.CH,.CH,.CH,.CH,.CH ,CI, prepared from hexane, is 126°-~128°,
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Normal primary octylic chloride boils at 180-5°, and has sp. gr.
‘8802 at 16°. .

Cetylic chloride, C,gH;3;Cl, i8 a liquid which cannot be distilled
without decomposition.

Bromides of the Alcohol Radicals, CyHp,,.Br.

188. The bromine compounds of the alcohol radicals are mostly
prepared by action of phosphoric bromide on the alcohols. Instead
of first preparing that body in the pure state, and then bringing it in
contact with the alcohol, it is more convenient to pour over one part
of amorphous phosphorus six times its weight of the alcohol, and
then to add slowly about six parts of bromine with continued shaking
and careful cooling. The bromide is separated from the alcohol by
distillation. :

Methylic bromide, CH,Br, is a colourless liquid, boiling at + 13°,
of sp. gr. 1'664 and of vapour density 3-293.

Ethylic bromide, C;H;Br, boils at 39° and has sp. gr. 1-4.

Propylic bromides :

Normal propylic bromide, CH;.CH,.CH,Br, boils at 71° and has
at 0° sp. gr. 1-388.

Jsopropylic bromide, CH;.CHBr.CH;, of sp. gr. 132 at 13°,
boils at 60°-63°.

Of the butylic bromides, C,;H Br, there are known the normal
primary, CH;.CH,;.CH,.CH,Br, of sp. gr. 1305 at 0°, and of boiling
point 100°-100-5° ; and

Primary isobutylic bromide, 8g:>CH.CH,Br, which boils at
92°,

Amylic bromides, C;H,,Br :
Normal primary amylic bromide, CH,.CH,.CH,.CH,.CH,Br,
boils at 128-7°, and has sp. gr. 1246 at 0°.

Primary isoamylic bromide, gg:)CH.CH,.CH,Br, boils at 119°.

Secondary isoamylic bromide, 8g’>CH.CHBr.CH3, at 113°; it
3

is obtained from isoamylene by heating with hydrobromic acid.
Higher homologues are little known ; of them only normal.primary
octylic bromide, a liquid boiling at 198°-200°, is worth mention.

Todides of the Alcohol Radicals, CuHyn,, 1.

189. The iodides of the alcohol radicals can all be prepared from
the corresponding alcohols; the usual method is exactly the same as
that given for the bromides. It consists in placing one part of
amorphous phosphorus in five to ten parts of the alcohol, and dis-
tilling after addition of ten parts of iodine.

Instead of amorphous phosphorus the ordinary modification can
be employed ; the method of proceeding will be described under
ethylic iodide.

Secondary and such tertiary iodides as have the iodine in union
with a carbon atom which is attached to a CH, group, can be pre-
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pared from the respective olefines (C,H,,) by heating with concen-
trated hydriodic acid (§ 163). At higher temperatures the secondary
compounds easily decompose again into the olefine and hydriodic
acid.

All these iodides turn brown on exposure to light, from separation
of iodine, a paraffin being formed at the same time :

2CoHopns 1 I =1, + CuH oy

190. Methylic todide, CH,I, is a colourless, sweet-smelling liquid,
nearly insoluble in water, boils at 44°-45°, and has sp. gr. 2:199.

191. Ethylic iodide, CH;.CH, I, can be prepared as follows : A
mixture of one part phosphorus with four parts absolute alcohol is
placed in a retort connected with an inverted condenser, and ten
parts of iodine, either solid or dissolved in alcohol, gradually added.
Phosphorous iodide is formed with evolution of heat, which immedi-
ately reacts on the alcohol, the liquid generally entering into spon-
taneous ebullition. It is ﬁnally gently heated on the water bath for
an hour, and the product distilled off. The distillate is then shaken
with water to remove alcohol, and the separated iodide dried over
calcic chloride and distilled.

Ethylic iodide is a colourless, strong]y refractive liquid of pleasant
sweetish taste, of sp. gr. 1°946 at 16° and boiling at 72°,

192. Propylic Iodides.— Normal propylic iodide, CH;.CH,.CH,.1,
has sp. gr. 1:782 at 0° and boils at 102°,

Isopropylic iodide, CH3;.CHI.CHj, is usually prepared from gly-
cerine by means of iodine and amorphous phesphorus. Propylene
and allylic iodide are formed and are converted into isopropylic iodide
by excess of hydriodic acid :

CH,.OH CH,
l
HOH + 3HI=3H, 0+ 1, + (li‘,H
H,.O0H CH,.I
Allylic iodide.
CH, CH,
”H + HI=1,+ I(gl{

I
CH,I CH,

Propylene.
CI1, CH,

I
CH + HI= CHI

| |
CH, CH,
Isopropylic 1od1de.

It boils at 89° and has at 0° sp. gr. 1:735; it is not miscible with
water.

198. Butylic Iodides, C,H,L.—Normal primary butylic iodide,
CH,;.CH,.CH,.CH,I, obtained from the normal primary alcohol,
boils at 129°, and has sp. gr. 1'643 at 0°.

Yormal secondary butylic todide, CH;.CH,.CHI.CHj, results, by
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a similar reaction to that for isopropylic iodide, by heating erythrite
with hydriodic acid :

CH,;.OH CH,
| |
CH.OH CH,
| + THI = 4H,0 + 31, + |
CH.OH CHI
|

CH,.0H (IJH,

It boils at 117°-118°, and has sp. gr. 16 at 20°. It is con-
verted into the normal secondary alcohol by treatment with moist
argentic oxide.

Primary isobutylic iodule, CH >CH CH,I, obtained from fer-

3

mentation butylic alcohol, has sp. gr. 1-592 at 22°, and boils at
120-5°.

Tertiary isobutylic iodide, or trimethyl-carbin iodide :

CH
H:)CI—CH,,

is moet easily prepared from isobutylene and hydriodic acid. Its
boiling point is 99°.

194. Amylic Iodides.—Normal primary amylic iodide :

CH,;.CH,.CH,.CH,.CH,I,

boils at 155° ; sp. gr. 1-6436 at 0°.

« Normal dary amylic iodide, CH,.CH,.CH,.CHLCH,,
boils at 146°.

a Primary isoamylic todide, H, CH.CH,.CH,I, fermentation
it CH

amylic iodide, prepared from fusel 011 boils at 147°, and has sp. gr.
1511 at 11°,

Secondary isoamylic iodide, CH3>CH CHI.CH;, prepared from
isoamylene and hydriedic acid, boils at 128°-130°.

195. Hexylic Todides.— N ormal primary hexylic todide :

CH,.CH,.CH,.CH,.CH,.CH,I.
Boiling point 1795 ; sp. gr. 1-4115 at 17-5°.

a Normal secondary hexylic iodide, CH;.CH,.CH,.CH,.CHI.CH,,
prepared from mannite and hydriodic acid :

CeHy(OH)¢ + 11HI = 6H,0 + 51, + CsH,,1,
boils at 167-5° and has sp. gr. 1-4477 at 0°.

13 Normal secondary hexylic iodide, CH,.CH,.CH,.CHI.CH,.CH,,
is prepared by heating the product of the rcaction of bichlorether
upon zinc ethyl :

CH,Cl CH,.C,H,

|
(l;Hcl + Zn(C,H;); = ZnCl, + CH.C,H,
0.C,H, , .C,H,
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with hydriodic acid :

CH,.C,H, CH,.C,H,
|
H.CQHS + 2HI = CHI.CgHs + H,O + IC’HG
0.C,H,

It is a liquid of high boiling point.

The iodide of primary fermentation hexylic alcohol, probably
S CH.CH,.CH,.CH,], distils between 172° and 175°.

3

196. Of the higher homologues may be mentioned
Normal primary octylic todide :
CH,.CH,.CH,.CH,.CH,.CH,.CH, CH,],

boiling at 220°-222°.

Cetylic todide, C,gH 3,1, prepared from cetylic alcohol by means of
phosphoric iodide, is & solid body, which, after recrystallisation from
alcohol, fuses at 22°.

« MeTALLIC ALCOHOLATES, C,H,p 4, .OM.

197. The hydroxylic hydrogen of alcohols is only replaced directly,
with evolution of hydrogen gas, by the most strongly positive metals,
and then always with less energy than in the action of the metal upon
water. The metallic alcoholates so formed are solid bodies, in
great part readily soluble in alcohol, are capable of standing high
temperatures without decomposition, but are very readily decomposed
by water. If a metallic alcoholate be treated with water, it is con-
verted into hydrate, with considerable evolution of heat. Unless,
however, the water be in great excess the decomposition is not com-
plete, and can be represented by the general equation :

zCann.’_ |.0N& -+ zHOH = ndH2n+ I'OH + yNaoH
+ (—y)CuHa 4 ONa + (z—y)HOH,

in which y, by employment of equal molecules of the ingredients, is
invariably considerably greater than } .

The decomposition is naturally diminished by addition of alcohol,
as in reverse action, on bringing together the strongest metallic bases
and alcohols, some amount of metallic alcoholates are formed :

zKOH + yCpH,p 4 . OH = 2C Hyp 4 .OK + 2H ;0 + (z—2)KOH
+ (¥—2)CoHyn 4. OH.

. The alcoholates can never be obtained pure by this last reaction ;
but their formation is placed beyond doubt by some of the reactions
of the solutions of strong metallic hydrates in absolute alcohol, as, for
instance, the formation of'metallic alkylic carbonates on passing car-
bonic anhydride.

These compounds are scarcely known in the case of the heavy
metals, except those of aluminium and zinc, which latter result from
the slow oxidation of zinc alkyls by atmospheric oxygen :
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CH _ CH,
2Zolop? +0s = 2255y
Zinc dimethyl. Zinc methyl methylate.

CH _ 0.CH
2205 0h, T O = 220y cH,;

as solid bodies, readily converted by water into alcohols with separa-
tion of zincic hydrate :

and

CH
Zn<py gy’ + 2HOH = Zn(OH), + 2HO.CH,,

They are decomposed by acids and halogen compounds with still

ter readiness than by water.

The best known member of the series is

198. Sodic ethylate, CoH;.0.Na = CH,;.CH,.0.Na. Thisisreadily
obtained by placing one part of bright metallic sodium in ten parts of
quite anhydrous alcohol. Hydrogen is given off violently, and so
much heat is evolved'that either the vessel must be cooled or else the
metal added in small quantities and slowly. The whole of the aleohol
cannot be converted into its sodium derivative by this means. In order
to obtain a pure product, when all action has ceased, the excess of
alcohol is removed by distillation from a water bath; a white crys-
talline mass remains, which is a compound of one molecule of sodic
ethylate with two molecules of alcohol, C,H,;.ONa,2C,H,.OH.
Either by long exposure in a vacuum or by heating to 200° in a cur-
rent of hydrogen, this compound is resolved into alcohol, which vola-
tilises, and a white, very voluminous residue of sodic ethylate,
C,H;.ONa, which is not decomposed by a temperature of 290°.

EtroErs or OXIDES oF THE ALCOHOL RADICALS.

CIIHZII + I'O‘CIIHQII +1 and CBHZB+ l.o.CmHam.'. 1

199. The ethers are compounds of two aleohol radicals with one
oxygen atom; they can be regarded as alcohols whose hydroxylic
hydrogen atom has been replaced by an alcohol radical. They can be
divided into two groups, the first or simple ethers containing two
similar alcohol radicals, whilst in the second, the so-called mixed
ethers, two dissimilar alcohol radicals are united together by oxygen.
In this way many more ethers are possible than alcohols. The general
formula of the ethers :

CaHyn41:0.CuHom 41 = Coy mHons m 4,0 =CpH o420 (if n+ m:n’)’

being identical with that of the alcohols, numerous cases of meta-
merism must occur between members of the two classes of bodies.

200. Methods of Preparation.—All ethers can be prepared by
action of metallic alcoholates upou the haloid compounds of the
alcohol radicals. Of the first the sodium compounds are best em-
ployed ; of the last, the easily decomposable iodides; the action then
starting without application of heat, but can be accelerated and
finished by heating.
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If a sodic alcoholate be heated with the iodide of the same alcohol
radical, a simple ether is formed :

CuHjn 4 1.ONa + IC,Hyyy = Nal + CyHyp  .0.CuHgn
or (ChHyn41)90;

whilst the derivatives of different alcohol radicals give mixed ethers,
it being, as regards the end product, a matter of indifference which
alcohol radical is employed as the sodium oxyderivative and which as
the haloid salt :

CaHan 4 1.ONa + I0uHom 4, = Nal + CuHyny1.0.CnHom, 1,
or CaHyny 1T 4 CoHom 4 ONa = NaI + CyHyn, 1.0.CnHom 4 1

As a rule the sodic alcoholate is not employed pure, but dissolved
in an excess of the alcohol. The ether must in every case be purified
by distillation.

The only cases where good yiolds are obtained by this process are
the mixed methyl ethers, prepared from methylic iodide and sodic
alcoholates ; the higher homologous iodides so reacting with the
alcoholates as in great part to produce olefines :

CoHogn I + NaO.CyHom 4 = Nal + HO.CHpmy; + CoHyne

Those salts of alcohol radicals with acids, which are not volatile
without decomposition, and better the acid than the neutral salts,
yield ethors and free acids when heated with alcohol to high tempera-
tures :

CaHgn 4+ 1-HSO, + CyHyn . OH ="H;80, + (CoHjn 4 )20
an
CpHyp . HSO, + CpHop . OH=H,80, + C,Hy 4 ,.0.CouHom 4 ;-

Monethylic sulphate, for instance, when heated with ethylic
alcohol to about 140°, decomposes into diethylic oxide and sulphuric
acid :

C,H;.H80, + C,H;.0H = H,80, + (C,;H,),0.

The simple ethers can also be prepared by heating the haloid
compounds of the alcohol radicals with the anhydrons oxides of basic
metals, most readily by employment of iodides and argentic oxide :

20 Hyn I + Agy0 = Ag,I; + (CaHgn 4 y),0.

The method most frequently employed for preparing the simple
ethers consists in heating the respective alcohols with sulphuric acid.
Bearing in mind only the ingredients and the final products, the re-
action may be represented by the equation :

2C,Hypn 4 1.OH + H,80, = (CaHyny,),0 + H,S0, + OH,,

in which the process appears as the splitting off of a molecule of water,
from two molecules of alcohol, by the dehydrating power of the sul-
phuric acid—a view which was formerly held. As a matter of fact it
is quite different, being essentially the same as the second method
mentioned above. During the preparation of ether by heating an
aleohol with sulphuric acid, it is found that water distils over before
the ether, although the latter may have a lower boiling point ; and,
further, a very small quantity of sulphuric acid can decompose a very
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considerable quantity of alcohol. Both facts completely contradict the
old view.

The formation of ether by this process belongs to the most intri-
cate but at the same time most instructive chemical processes ; it is
therefore worth considering at some length.

201. Preparation of Ethers from Alcokols and Sulphuric Acid.—On
mixing an alcohol with sulphuric acid, an acid sulphate of the alcohol
radical is formed with evolution of heat. The process is by no means
complete, the greater portion of both ingredients remaining un-
changed :

aCpHyy 4 ).OH + 6H,80, = 2CyH,p ;. HSO, 4 2H,0
+ (a—=)CyHyy 4 .OH + (b—=2)H,SO,.

On applying heat, water and a part of the unaltered alcohol distil
over, until the temperature reaches that at which ether is formed ac-
cording to the second method (by the action of an alcohol on an acid
sulphate), when ether occurs amongst the products distilling, and its
formation continues as long as the liquid contains both alcohol and
acid sulphate.

In the last phase of the process, as soon as, by the continued ex-
ternal application of heat, the temperature rises above that necessary
for the formation of ether, and when the free alcohol is nearly ex-
hausted, large quantities of an olefine are formed, due to the decom-
position of the acid sulphate :

CuHyn 4 \HSO, = C,H,, + H,S0,.

As by these decompositions the sulphuric acid is regenerated and
remains behind in the residue from the distillation, this latter can
be used again and again for ether formation, the necessary fresh
quantities of alcohol being added.

Instead of adding alcohol from time to time, the process may be
made continuous. For this purpose the alcohol and sulphuric acid
ave mixed together in such proportions, that the mixture begins to
boil at the temperature necessary for the formation of ether ; alcohol
is then allowed to flow continuously into the apparatus, at such arate
that a thermometer immersed in the liquid shows a constant tempera-
ture under the continued boiling ; there is then as much alcohol passing
into the vessel as distils from it in the same time, in the forms of
ether, water, or unaltered alcohol.

Fig. 17 shows the apparatus used on the small scale. The flask,
supported by a tripod stand over a gas flame, is provided with a triply
bored cork ; one opening contains the tube d leading to the condenser
B; the second is for the thermometer ¢, which dips into the liquid ;
through the third a funnel tube passes, reaching nearly to the bottom
of the flask. As soon as the boiling alcohol-acid mixture has reached
the desired temperature, the cock » of the alcohol reservoir E is
opened to such an extent that the amount of alcohol flowing down
the funnel tube into the liquid shall keep the temperature at the
same point.

The process might be interminable were it not that small quanti-
ties of the acid are changed in an unregenerable manner, there not
only being a continual distillation of small quantities of organic com-



144 DERIVATIVES OF THE ALCOHOL RADICALS, C,H.4,.

pounds of sulphuric acid, but also oxidation occurs at the expense of
the sulphuric acid, so that small quantities of sulphurous anhydride
are always evolved.

The distillate collected in the receiver separates into two layers,
the lower consisting mainly of water, the upper of ether. The latter
is purified first by shaking with milk of lime, then repeatedly with
fresh quantities of water, in order to remove any alcohol that may

FiG. 17,

have passed over, and finally, after drying with caleic chloride, is sub-
mitted to fractional distillation.

Many other not readily volatile acids, such as phosphoric, arsenic,
boric, &ec., act in a similar manner to sulphuric acid.

202. Small quantities of ether are also obtained by heating the
haloid compounds of alcohol radicals together with alcohols to 200°
in sealed tubes :

anH2n+|Cl + ndHgn.'.]-OH = z(CnH2n+l)20 + zHCl
+ (2 —y)CaHyn 4+, Cl + (y—2)CoHon 4, . OH;

therefore also, together with alcohols, when the haloid salts are heated
with water to 200°-250°. Afler the reaction :
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2CaHgp 4 | Cl + yH,0 = 2C,Hy, o ;. OH + 2HCl + (x—2)CqHyy 4, Cl
+ (¥~ 2)H,0,
follows further :

(z—2)CaHn 10l + 2CH,n 4 1.OH + 2HOI 4 (y—2)H,0
= ¢CaHgn 41):0 + (2 + ¢)HCl + (z—2—¢)CyHy, 4 C]
+ (2—1#)CoHyn 4 .OH + (y—2)H,0,

until a point of equilibrium is reached in the relative quantities of
the ingredients and products. This point depends on the temperature,
the quantities of the ingredients at starting, and the relative affinities
coming into play.

The formation of ethers by strongly heating alcohols with
chlorides, bromides, iodides, and neutral sulphates of weak basic
metals, such as zinc, tin, mercury, aluminium, iron, uranium, &c., was
formerly of special interest. It is known that nearly all these bodies,
when heated to high temperatures with water, are partly decomposed
into free acids and basic salts, especially when the acid can volatilise;
for instance, Al,Clg + 2H,0 = 4HCl + Al1,0,Cl,. In every case
these salts are more readily decomposed by alcohols, the negative con-
stituent forming a compound with the alcohol radical. Zincic chloride
heated with aloohol always yields some alcoholic chloride :

2ZnCl, + yCoHin 41 OH = 2205k +2CaHin 4.l +(z—2)ZnCl,
+ (y—2)CaHgn 4. OH.

Normal aluminic sulphate yields a basic salt and acid sulphate of the
alcohol radical, according to the equation :

2A1,(80,); + yCaHn 4 1.0H = zA1,(S0,)(OH), + 2:CH,y .. HSO,
+ (z—2)A1,(80,); + (y—22)CyHyn , .OH.

By the formation of haloid salts or sulphates of the alcahol radicals
together with unchanged alcohol, all conditions necessary to the forma-
tion of ethers are given. The free acid thereby regenerated, probably
assisted by the lowering of the temperature at the end of the reaction,
converts the basic salt in great part back to the neutral compounds,
80 that it finally appears as though this latter had remained un-
altered.

These reactions had been considered to be catalytic processes pre-
viously to the correct explanation of their action having been dis-
covered.

203. If two alcohols are allowed to react simultaneously on the
etherifying agent (sulphuric acid, &c.), three ethers are obtained, two
simple and one mixed ; sulphates, &c., of the two different alcohol
radicals being formed, of which each reacts on each of the two alcohols,
converting them into ethers.

These ethers are also obtained when a mixture of an alcohol and
sulphuric acid is beated to the temperature of ether formation, and a
second alcohol is allowed to flow in continuously. At the beginning only
a single alcoholic sulphate is formed, which reacts with its unchanged

L
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alcohol, (CoHop . ;.OH), to form the ether, (CoHyp 4, ),0, which is at
first alone formed. If now the second alcohol, (Cpu Hyp o+ -OH), enters,
it will form its acid sulphate with the still unaltered or regenerated
sulphuric acid. This, reacting on the first alcohol, yields with it
the ether, (ChHgn 4 )(CnHom4+,)O. At the same time the same
ether is formed by the action of the already formed molecules of
CpH,p 4 1. HSO, on the second alcohol. In time the quantity formed
of this second ether gradually increases, whilst that of the first ether
soon diminishes. Soon, however, molecules of C,Hyp, . . OH come in
contact with those of C,Hopm . HSO,, at first but seldom, later with
increasing frequency. The second simple ether, (Cp,Hom 4;),0, there-
fore, begins to distil over in rapidly increasing quantity, forming at
length the sole product ; this occurring as soon as the first alcohol
has completely distilled over in the form of (CyHgy4,),0 and
CoHyp 4 1.0.C Hopy 4.

204. Properties and Reactions.—The ethers are mostly liquids
which distil unchanged, are either entirely insoluble or but little
soluble in water. Their boiling points are invariably lower than
those of the metameric alcobols. By reagents they are generally
more difficultly attacked than the alcohols.

By water at high temperatures they are partly converted into
alcohols; e.g.

a(C3H3),0 + BH,0 = 2zC,H;.0H + (a—z)(C;Hg);0 + (b—x)H,0.

By the halogen hydro-acids they are converted, on heating, into the
haloid compounds of the alcohol radicals, most readily by hydriodie
acid :

CpHyp 4 1.0.CnHon 4y + 2HI = CuH gy I + CuHom ¢, 1 + H0,

and give salts with strong acids. Treated with chlorine, chlor-sabsti-
tution products are readily obtained.

By oxidation, especially in presence of water, they yield eszentially
the same products as the alcohols from which they are derived, the
ethers of primary alcohol radicals therefore giving aldehydes and
acids.

205. Methyl ether, or dimethylic ozide, C,H,O = CH,.0.CH,
(metameric with ethylic alcohol). Methylic ether is obtained by dis-
tillation of a mixture of wood spirit with four times its weight of sul-
phuric acid ; the evolved vapours are passed through potassic hydrate
solution, and the unabsorbed gas condensed in vessels cooled by a
powerful freezing mixture.

Methyl ether below —21° is a mobile colourless liquid, at ordinary
temperatures an ethereal-smelling gas, of density 1'617. 37 volumes
of it are absorbed by one volume of water. "It burns with a strongly
luminous flame.

208. Ethyl-methyl ether, or methylic ethylic oxide:

C,H,0 = CH,.0.C,H,,

is prepared from sodic methylate and ethylic iodide, or better from
methylic iodide and sodic ethylate, as a liquid boiling at + 11°. Itis
also formed, together with dimethylic oxide and ethyl ether, by heat-
ing & mixture of ethylic and methylic alcohols with sulphuric acid,
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EruyL ETHER.

207. Ethyl ether, diethylic oxide, aulso known as ether only,
C,H,,0 = C,H;.0.C;H;. In order to prepare this 9 parts of strong
sulphuric acid and 5 parts of 90 94 alcohol are distilled at 140°,
under constant addition of more alcohol, until the amount of the
latter has reached about five times the welght of the sulphuric acid
employed. The ethereal layer of the distillate, after repeated agitation
with water, is dried by means of fused calcic ohloride and then dis-
tilled. In order to obtain ether completely free from the last
traces of alcohol, which adhere with great obstinacy, it must be
allowed to stand over bright pieces of sodium until all evolution of
hydrogen ceases.

Pure ether is a very mobile colourless liquid of penetratmg odour,
of sp. gr. *736 at 0°, boils at 35°, and has vapour density 2:565. It
is very inﬂammable, its vapour mixed with air being ignited by con-
tact with platinum black, and burns with a luminous flame; a mix-
ture of its vapour and air is violently explosive.

On account of its low boiling point, ether evaporates very quickly
at ordinary temperatures, and causes thereby a great reduction of
temperature.

It mixes in every proportion with absolute alcohol, but not with
water; 1 part of ether requires about 9 parts of water for solution,
and itself dissolves about  of its weight of water. On shaking a
mixture of equal volumes of water and ether, and then allowing to
stand quietly, it rapidly separates into two layers, the under consist-
ing of a solution of ether in water, the upper of water dissolved in
ether. Ethylic ether dissolves about Y}y of its weight of sulphur
and 5 of phosphorus; it is one of the best solvents for fats, oils,
resins, and other organic bodies, and dissolves many metallic haloid
salts, such as auric chloride, platinic chloride, ferric chloride, mercuric
chloride, &c.

A mixture of ethyl ether and dry bromine solidifies in a freezing
mixture to a red crystalline compound, (C,H,,0),Brg, which is readily
decomposed by water.

By incomplete oxidation or imperfect combustion it is converted
into aldehyde and acetic acid. 'With hydrochloric acid it yields some
ethylic chloride. It is not attacked by potassium or sodium, but is
very energetically by chlorine, which causes a violent explosion, with

tion of carbon, when mixed with ethey vapour.

Chlor substitution products are obtained by passing chlorine in the
dark through strongly cooled ether. The first formed are:

Monochlorether, C,Hy,ClO or CH,;.CHCLO.C,H; (boiling point
97°-98°); and bicklorether, CHyCl;0=CH,CL.CHCLO.C,H;, a
liquid boiling with slight decomposition at about 145°, will be noticed
at length further on. By further action of chlorine, which must be
agsisted by heating, bodies richer in chlorine are obtained, which on
heating decompose with evolution of hydrochloric acid. Of these are
known :

Tricklorether, C,;H,C1;0 = CHCI,.CHC1.0.C,H;.

Tetrachlorether, C ;H¢Cl,0 = CCl;.CHCLO.C,Hj;, a thick liquid
smelling like fennel ; and

L2
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Pentacklorether, C,H;Cl,0 = CCl,.CCl1,.0.C,H.

If these bodies be heated, exposed to sun-light, and still further
treated with chlorine, there is obtained as a final product

Perchlorether, C,Cl,,0 = CCl1,;.CCl,.0.CC1,.CCl;, which forms
colourless crystals, melting at 69°, and decomposing at 300° into tri-
chloracetyl chloride and perchlorethane :

CC1,.C01,.0.00L,.CCl; = CCL.COC1 + CCl,.COl,

Trichloracetyl Perchiorethane.
chloride.

The action of ethyl ether on the animal organism is noteworthy.
It causes intoxication, or if breathed as vapour in large quantity it
produces loss of consciousness and sensation. It is therefore employed
as an anssthetic.

208. Ethyl ether is metameric with methyl-propyl ether :

CH,.0.CH,.CH,.CH,,

and methyl-isopropyl ether, CH,.0.0H<SE:. The first boils at
49°-52°.

Of the ethers metameric with amylic alcohol, and containing five
carbon atoms in the molecule (C;H,,0), six have been prepared,
namely : :

Normal primary butyl-methyl ether, CH;.0.CH,.CH,.CH,.CH;.
Normal secondary butyl-methyl ether, CH,,O,CH(%ES-Cﬂa
: 3

Primary isobutyl-methyl ether, CH,.0.CH,.CHCGH?
3

CH
Tertiary isobutyl-methyl ether, CH,.0.c&CH,
HB
Ethyl-propyl ether (boils at 85°-86°), CH;.CH ,.0.CH,.CH,.CH,.

Ethyl-isopropyl ether, CH,.CH, 0.CHSSIT
3

209. The possible ethers metameric with the hexylic aleohols,
C¢H,,0, are far more numerous than the foregoing, but few of them,
however, are known.

Normal propyl ether, CH;.CH,.CH,.0.CH,.CH,.CHj,, is a mobile
liquid of ethereal odour, boiling at 86°.

Tsopropyl ether, gg:}CH.O.CHég:, a similar liquid, boils at
60°, and is obtained by decomposition of isopropylic iodide by argentic
ox}d;;ormal primary butyl-ethyl ether :

CH,.CH,.0.CH,.CH,.CH,.CH,,
boils at 91-7°, and sp. gr. “7694 at 0°.
\ Tsobutylethyl ether, CHS.CHQ.O.CH,.CHQC:EZ, boils at 78°-80°.



ETHERS. ETHEREAL SALTS. 149

Methylisoamyl ether, CH,.0.CH,.CH, CHCSH3, boils at 92°.
3

Higher homologues of the series are :—
Ethylisoamyl ether, CHy CH,.0.CH,.CH, CHCSTE, boils at
3

112°,
Normal primary butyl ether :

CH,.CH,.CH,.CH,.0.CH,.CH,.CH,.CH,,
boils at 140°-141°, and has at 0° sp. gr. ‘784,

Tsobutyl ether, gg:>CH.CH,.O.CH,.CH<gg:, boils at 110°.

Propyl-isoamyl ether, CH,.CH,.CH,.0.CH, CH, CHCSH, dis-
tils between 125° and 130°. :

CH
Tooamyl. ether, Gi1>CH.CH, CH,0.CH, CH, CH <gg: pre-

pared from fermentation amylic alcohol by heating with sulphuric
acid, boils at 176°, and has sp. gr. about -78.

Cetyl ether, (C,6H,3),0, is prepared from sodic cetylate and cetylic
iodide, the product being crystallised from ethylic ether. It forms
glittering leaves, which melt at 55° and distil at about 300° with slight
decomposition.

THE ETHEREAL SALTS OR 80-CALLED CoMPOUND ETHERS.

210. When alcohols and strong acids are mixed together, they
react with elimination of water and formation of salts of the alcohol
radicals. This reaction, even when assisted by heat, is invariably only
partial, there always remaining certain quantities of unaltered alcohol
and acid. The polybasic acids yield principally hydric salts corre-
sponding to their hydric (or acid) metallic salts, which still act like
acids, replacing their acid hydrogen by metals when added to metallic
hydrates, &c.

A method of preparation frequently employable consists in heat-
ing the potassic or argentic salt of the acids with iodides of the alcohol
radicals; e.g.

AgyPO, + 3CpHyny I = 3AgI + (CoHgny )3P0, ;

or by action of the acid chlorides on alcohols, or better on the sodic
alcoholates :

SOCI’ + 2NnO.CnH2n+| = 2NaCl + SO(OCann.‘,l)g.

All these compounds are partly decomposed into alcohol and acid
by heating with water, and are readily and completely decomposed by
heating with solution of strong basic bydrates, a metallic salt being
formed and the alcohol liberated. The process is known as saponifi-
cation.

In the following only the salts of the inorganic acids, of the
cyanogen acids, and of carbonic acid will be given, those of the organic
acids being mentioned later.
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Nitrates of the Aleohol Radicals, CyHyp,,.0.NO,.

211. The nitrates of the alcohol radicals result from the action of
strong nitric acid on the alcohols; but the alcohols are easily con-
verted into oxidation products, and nitric acid readily parts with
oxygen, and is reduced to nitrous acid, so that by heating the main pro-
ducts of the reaction are aldehydes, organic acids, and nitrites of the
alcohol radicals. In order to prevent the formation of these, the re-
action must be so managed either that the oxidising action of the
nitric acid cannot occur, or that the nitrous acid shall be destroyed
before it can act on the alcohols.

1. The first problemn may be accomplished by mixing the alcohol
and acid in a platinum basin cooled by a freezing mixture to —18°

—20°, both alcohol and acid having been previously cooled to con-
mdembly below 0°.

2. In order to destroy any nitrous acid that may be formed, urea
is added to the acid before addition of the alcohol ; as prevnously
mentioned (§ 136), this reduces nitrous acid very rea.dxly according
to the equation :

CO.(NH,); + 2HNO, = CO, + 3H,0 + 2N,.

If the nitric acid was pretty free from trioxide or tetroxide of
nitrogen at startmg, a relatively small quantity of urea completely
answers this p

The nitrates of the alcohol radicals decompose on heating to high
temperatures, mostly with explosicn, consequent on the partial oxida
tion of the carbo-hydrogen radical by the oxygen of the acid group.
They are easily saponified by heating with alkalies :

CaHgny . O.NO, + KOH = KO.NO, + CyHp,,.OH.

212. The following are the best known : —

Methylic nitrate, CH3;.ONO,, is a colourless, heavy liquid, little
soluble in water, which boils at 66° and whose vapour detonates at
150°,

Ethylic nitrate, C;H,0.NO,, is obtained by distillation of 60 grams
of alcohol with the same weight of nitric acid of sp. gr. 1'4, one
gram of urea being also added. It is not advisable to prepare larger
quantities, on account of the danger of an explosion. At first aqueous
alcohol distils over, later the ethylic nitrate. It isa colourless, agree-
able-smelling liquid, of sp. gr. 1'112 at 17°, which boils at 85°, and
whose vapour on over-heating deoomposes with explosion. It is
nearly insoluble in water.

Isobutylic nitrate, (CH;),CH.CH,0.NO,, is obtained by action of
argentic nitrate on isobutylic iodide, as a liquid boiling at 123° and
of ap. gr. 1-038 at 0° :

C(HoI + Ag.O.NO, = AgI + C‘HQ.O.NO.,.
Tsoamylic nitrate, (CH,;),CH.CH,.CH,.0.NO,, is a colourless oil,
boiling at 148°, which, from 7° to 8°, has the sp. gr. 1-000; at lower

temperatures is hetwler, at higher temperatures lighter, than water of
like temperature.

A
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Nitrites of the Alcohol Radicals, CuH,y, o ,.0.NO.

213. The true nitrites of the alcohol radicals are prepared in the
impure condition by the action of nitricacid upon the alcohols (§ 211);
in greater purity by passing the vapour of nitrous anhydride into the
cooled aleohol :

2CuHgp 4+ .OH + N,0; = 2C,Hyy 4 ,.0.NO + H,0,

or by distillation of the alcohol with potassic nitrite and sulphuric
acid.

They are more readily volatile than the corresponding nitrates,
and are in part employed in medicine. Mixed with potassic hydrate,
they yield alcohol and potassic nitrite. After a time, especially if
exposed to light, they spontaneously decompose with formation of
oxidation products of the alcohol radical and nitrogen gas.

The nitro-ethanes, CyH,p 4. ). NO4 (§ 289), are isomeric with these
bodies.

Methylic nitrite, CH;.0.NO, is, at ordinary temperatures, a mo-
bile gas of agreeable odour, condensable by cold to a colourless liquid,
which boils at —12°,

Ethylic nitrite, C,H,.0.NO, boils at +16° and has below this
temperature sp. gr. "947. It is insoluble in water. ¢Sweet spirits
of nitre’ is a mixture of ethylic nitrite with ethylic alcohol and oxi-
dation products of the latter, especially aldehyde and ethylic acetate.
¥n order to prepare it eight parts of strong alcohol are mixed with
one part of fuming nitric acid, and, after standing twenty-four hours,
distilled ; the distillate is shaken with potassic carbonate in order to
remove any free acid, and then again rectified.

Isoamylic nitrite, (CH,),CH.CH,.CH,.0.NO, is a liquid boiling at
96°, whose vapour, when inhaled, produces violent headache.

Alkylic Sulphates.

214. As sulphuric acid forms with monovalent metals acid and
neutral salts, so similarly it yields with the alcohol radicals acid and
neutral sulphates. The acid sulphates bebave as monobasic acids,
exchanging the hydroxylic hydrogen for metals, and so forming

neutral salts : Ko
K
HO>%; K>S0,
Acid Neutrul’/
Salts.
HO H .0
1HO>S0, Ot 0550,
Sulphuric acid. Salt of hydric alkyl sulphate.
C.H .0 C,H (0]
0280 om,,; 0750
Acid Normal

Alkylic sulphate.

215. The Acid Alkylic Sulphates.—On mixing an alcohol with con-
centrated sulphuric acid, the acid sulphate is formed with very consider-
able evolution of heat, though the ingredients only react partially on



1352 DERIVATIVES OF THE ALCOHOL RADICALS, CpHl,uy;.

one another (§ 201). To obtain the product, the cooled and diluted
mixture is neutralised with the carbonate of one of those metals which -
yield insolable sulphates—barium, strontium, or tead. In this way the
sulphuric acid, remaining unchanged according to the equation :
«CyHyp , 1.OH + yH,;S0, = 2C,H,, . . HSO, + 2H,0
+ (#—2)CyHypy 4 ,.OH + (y—2)H,80,,

is removed from the solution, whilst the alkylic metallic sulphate
remains dissolved. This can be purified by recrystallisation, and from

its solution, by precipitation of the metal, an aqueous solution of the
acid alkylic sulphate obtained :

CoHony e 0,
Ba + H,80, = Bag0, + 2 OrHminOs50,
CoHany .00

By evaporation in vacuo at ordinary temperatures the solution
can be concentrated, and the acid sulphates obtained generally as
strongly acid syrupy liquids.

By long standing in aqueous solution the reciprocal process to
that of their formation, decomposition into alecohol and free acid,
slowly ensues ; on boiling this results in shorter time, and the alcohol
distils over: .

CoHgn 4 1. HSO, + H,0 + 2H,0 = CyH;yp ., .OH + H, S0, + zH,,

This is a reaction exactly analogous to that already given (§ 201)
as that of an alcohol at high temperature :

CoHyn 4 1. HSO, 4 CouHomy 1.OH = CaHya 4 1.0.CnHom 4, + H,SO,.

On heating the pure acid sulphates by themselves, sulphuric acid is
regenerated, and by removal of hydrogen an olefine formed :

CoHyp 4 - H.SO, = H,80, + C,Hp.

The metallic salts of these bodies behave similarly. On boiling
with water they decompose slowly into acid metallic sulphates and
aleohol :

CuHyo 4. M.SO, + H,0 + 2H,0 = HMSO, + C,H,,,,.0H

+ >H,0;
and this decomposition occurs especially readily if the solution con-
tains free acid. It is therefore necessary in evaporating solutions of
these salts to have a little carbonate or metallic hydrate present. A
larger quantity of the latter in concentrated solution, on the other
~ hand, completely decomposes the compound :

CuHyn 4 .KSO, + KOH = K,;80, + C,Hy, ., .OH.
By dry distillation the metallic alkylic salphates yield chiefly acid
metallic salts and olefines:
CnHzn+ l’KSOC = HKSO‘ + CnHﬂm
other processes, however, occurring, such as polymerisation of the

olefine molecule and formation of further sulphuric acid derivatives
of, at present, not clearly explained nature.
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From the olefines the acid alkylic sulphates can be obtained by
direct union with sulphuric acid. These hydrocarbons are absorbed
by concentrated sulphuric acid :

CDHZB + zHQSO‘ = Cl’lHﬂn +l.HSO4 + (z—l)H2SO‘,

and from this mixture the pure body obtained by conversion into the
barium salt, &c., as already deseribed. Except in the case of ethylene,
the acid salts obtained are not those of the primary but of secondary
or tertiary alcohol radicals (compare § 163).

216. Of these compounds the following may be mentioned :—

Hydric methylic sulphate, or methyl-sulphuric acid, CH;. H.80,, is
formed by mixing two parts of concentrated sulphuric acid with one
part of methylic alcohol. By neutralisation with baric carbonate, and
evaporation of the liquid filtered from the baric sulphate, baric methylic
sulphate is obtained :

Ba(0.80,.0.CH,;),,2H 0.

By dissolving this salt in water, precipitating the barium by the
requisite amount of sulphuric acid, and evaporating the liquid in
vacuo, hydric methylic sulphate is obtained in white, strongly acid
needles, very readily soluble in water, less easily in absolute alcohol.
By saturation with metallic oxides or carbonates the metallic methylic
sulphates can be obtained, which are, without exception, soluble in
water.

Hydric ethylic sulphate, or ethyl-sulphuric acid, C,H ;. HSO,, is ob-
tained by mixing equal parts of strong sulphuric acid and ethylic
alcohol, and treatment similar to the last, as a clear syrupy liquid
of sp. gr. 1:317. The potassic salt, C,H,.K.80,, crystallises in colour-
less tables, very soluble in water, as is also calcic ethyl sulphate,
(CyH;),Ca(80,)3,2H,0, which loses its water of crystallisation in
vacuo over sulphuric acid.

Hydric ethylic sulphate is also formed by bringing together ethy-
lene (olefiant gas) and sulphuric acid :

CH, HoO CH,
+ S0, =
LI‘Ha HO>%0 (I)H,
o
0>30:

if

This compound can therefore he obtained from ordinary coal gas,

which contains ethylene, and by its means ethylic alcohol also pre-
wed.

i Hydric wsoamylic sulphate, isoamyl sulphuric acid, C,H,,;.HSO,.
By mixing fermentation amylic alcohol with its own weight of con-
centrated sulphuric acid, dilution with water, neutralisation by baric
carbonate, and evaporation of the filtrate, two isomeric baric amyl-
sulphates are obtained, crystallising in large leaves, and which, on
account of their different solubility in water, can be separated from
one another by repeated crystallisation.

The more readily soluble barium salt is that of the optically active;
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the less soluble, which occurs in larger quantity, that of the inactive
amylic alcohol. From them the respective modifications of the alcohols
can be prepared by distillation with water (§ 170, 4 and 7).

The Neutral Alkylic Sulphates.

217. The only neutral sulphate that can be prepared in the pure
state by heating the alcohol with sulphuric acid is

Dimethylic sulphate, (CH;),80,:
2CH,;.0H + H,80, = (CH,),80, + H,0.
.For this purpose one part of methylic alcohol is distilled with eight to
ten parts of strong sulphuric acid, and the portion distilling at 150°
collected separately. This is then washed with water, the oil remain-
ing undissolved, dried by calcic chloride and repeatedly rectified. The
boiling point of the pure sulphate is 188°, the sp. gr. = 1:234. It has
a garlic odour, is not soluble in water, but is slowly decomposed by it
into methylic alcohol and hydric methylic sulphate :
. (CH,),80, + H,0 = CH,;.0H + CH;.H.80,.
Distilled with sodic chloride, it yields methylic chloride :
(CH,;);80, + 2NaCl := 2CH,.Cl + Na,80,.

Diethylic sulphate is formed by the action of sulphuric anhydride
upon ethylic alcohol or ether, together with isethionic acid and ise-
thionic anhydride. It is generally prepared by passing the vapour
of sulphuric anhydride into anhydrous ether, cooled by a freezing

mixture :
(C,H;)50 + 80, = (C3H;),80,.

The resultant syrupy liquid is diluted with water, and shaken with
ethylic ether, by which the sulphate is dissolved. The ethereal
layer is then separated from the lower aqueous acid solution, and
evaporated in vacuo. Diethylic sulphate remains as an oily liquid
of peppermint odour, sp. gr. 1-12. By heating ‘it decomposes with
formation of ethylene, and therefore cannot be obtained by distillation.
Heated with water it yields ethylic alcohol and the acid sulphate.

Sulplites of the Alcohol Radicals.

218. Of the alkylic salts of sulphurous acid, SO(OH),, only the
normal salts are known. They are prepared by action of thionyl
dichloride on the alcohols :

SOC]Q + 202H5.0H = 2HC] + (CQH_yO)gSO,
or SZ?).C,H,,

N0.C,H,
together with the alkylic chlorides. They are formed in more com-
plicated reaction by mixing aleohols with chloride of sulphur, together
with sulpho-alcohols (mercaptans), alcoholic chlorides, separation of
sulphur, hydrochloric acid, &e. ; e.g.
8,C1; + 3C,H;.0H = 80(0C,H,), + C,H,;.SH + 2HCL
(Mercaptan.)

They are separated from the mixed products by fractional distillation.
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Ethylic sulphite of the above-given formula is a liquid boiling at
160°, of 1-085 sp. gr. at 16° and of peculiar peppermint-like odour.
It is insoluble in water, but is slowly deoomposeg thereby into ethylic
alcohol and sulphurous anhydride :

(C;H;),80; + H,0 = 2C,H;.0H + SO,.
By dry chlotine gas, with exposure to sun-light, it is decomposed,
yielding perchlor-ethane, (C,Clg), trichlor-acetyl chloride, (CCl;.COCI),
and sulphuryl chloride, SO,Cl, :

The acid alkylic sulphites, s{gc Hyuy i, have not yet been
obtained, but the bodies isomeric with them, the alkyl sulphonic
acids :

CoHpny,

0,
N
OH

are known, and will be described amongst the compounds of the
alcohol radicals with sulphur.

Compounds of the Alcohol Radicals with the Phosphorus Acids.

219. Tribasic orthophosphoric acid can yield three different alkylic
salts, corresponding to its metallic compounds :

CoHon + 1.0 CoHon 1.0 CoHon 4y
PO GHan 1O c Hml 8>P0
on+1
Dihydnc alkylic Hydric dxnlkyllc ’l,rlmlykhc
Phospmes. T

of which the two hydric salts behave as a dibasic and monobasic acid
respectively.

Tt will suffice in this place to describe the ethylic compounds.
The others are either not prepared, or are so similar in properties and
preparation as to make a description superfluous,

If syrupy orthophosphoric acid be mixed with absolute alcohol,
there results mono-ethylic phosphate, together with a little dlethyhc
phosphate, certain quantities of the phosphoric acid and alcohol also
remaining unchanged :

aHaPO‘ + ngH.s.OH = w2H5.H2.PO‘ + y(CQHa)QHPO‘

+ (a—z—y)H, PO, + (b—z—2y)C,H;.OH + (z + 2y)H,0.
A better yield of both compounds is obtained by long standing of
alcohol and glacial metaphosphoric acid under a bell jar; the vapour
of the first is slowly absorbed, with formation of dihydric ethylic phos-
phate :

HPO,; + C,H;.0H = (C,H,)H,PO,,
which by further action of the alcohol is partly converted into diethylic
phosphate :
(C,H,)H,PO, + C,H,.OH = (C,H,),IPO, + H,O;
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the water so formed converting unchanged metaphosphoric into the
tribasic acid, which, acting on the alcohol, gives small amounts of
‘both salts.

A still better yield is obtained by allowing phosphoric anhydride
to deliquesce in alcohol vapour:

P,0; + 3C,H,.OH = C,H,.H, PO, + (C,H,),HPO,.

In every case the crude product is diluted with water and neu-
tralised by plumbic carbonate; plumbic phosphate, Pb;(PO,),, and
plumbic ethylic phosphate, C;H;.Pb.PO,, separate, being insoluble,
and the clear filtrate contains only plumbic diethylic phosphate :

0.C,H, C,H,.

0
P0<8.C,H5 02H3.8>P0.
Pb

By evaporation of the solution this latter separates in silky needles
which melt at 180°. If their solution be decomposed by hydric sul-
phate, and the plumbic sulphide filtered off, the solution contains

C,H;.0
Diethylic phosphate, C:H:.8>PO. By evaporation in a vacuum
H

it remains as a strongly acid syrup, which yields in most cases readily
soluble and crystallisable salts with metallic oxides or carbonates.

The lead salt of monethylic phosphate, being insoluble, is found in
the residue. If this be suspended in water, and hydric sulphide
passed through the liquid, phosphoric acid and monethylic phosphate go
into solution ; after filtration the liquid is more than neutralised with
baric carbonate, and the insoluble baric phosphate filtered off. On
evaporation of the filtrate baric ethylic phosphate, C,H ;. Ba.PO,,6H,0,
crystallises in colourless six-sided prisms, from which, by addition of
the requisite quantity of sulphuric acid, monethylic phosphate is set
free, and can be obtained by evaporation of the filtered liquid as a
strongly acid syrup. On heating, alcohol, ethylic ether, and later ethy-
lene, are evolved, and a residue of metaphosphoric acid and carbon is
left.

Triethylic phosphate, (C,H;);PO,, is formed, together with a salt of
monethylic phosphate, by the dry distillation of a salt of diethylic
phosphate ; e.g.

Pb(C,H;),Py0s = (C.H;);PO, + Pb.(C,H;)PO, ;
also by action of phosphoric anhydride on pure ethylic ether :
P,0; + 3(C;H,),0 = 2(C,H,),PO, ;

and by addition of phosphoric oxychloride to an alcoholic solution of
sodic ethylate :

POCI, + 3NaOC,H; = 3NaCl 4+ PO(C,H;.0),.

Triethylic phosphate is a colourless neutral liquid, boiling at 215°,
soluble in water, alcohol, and ether, and after a short time decom-
posed by the first into alcohol and diethylic phosphate.

220. Of the salts of the other modifications of phosphoric acid
the best known is
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Tetra-ethylic pyrophosphate, (C,H;),P;0;. 1t is obtained by
heating argentic pyrophosphate with ethylic iodide in closed tubes at
100° :

Ag P,0, + 4C,H,I = 4Agl + (C,H;),P,0,.

It is separated from the argentic iodide by solution in ethylic ether,
and on evaporation of that solvent remains asa viscous liquid, is
easily soluble in water, and reacts with it, probably according to the
equation :

(C,H;)P;0; + H,0 = 2(C,H;),HPO,.

221. The alkylic phosphites are obtained from phosphorous tri-
chloride, which, when heated with alcohol containing a little water,
yields hydrochloric acid, alkylic chlorides, and mon-alkylic phosphites,
which by evaporation arc obtained as acid syrups, and contain only
one atom of replaceable hydrogen. If ordinary phospherous acid be
expressed by the formula :

Zn

P_

\OH
OH

these acid salts would be: -
0)

pZH

\%gnHznﬂ

The methylic, ethylic, and amylic metallic salts are mostly extremely
soluble and difficultly crystallisable.

By action of anhydrous alcohols upon phosphorous trichloride
dialkylic phosphites are formed ; at least an isoamylic salt is so pre-

Zn
PC], + 3(HO-C5H”) =] 2HCI + CbH“CI + P_——O (1 H
KR-G5
0.C;H,,
At the same time trialkylic phosphites, (CyHgny)3PO;3, are formed,
which, however, are better obtained by action of phosphorous tri-
chloride on sodic alkylates :

PCl, + 3NaOC,H,ny, = 3NaCl + POy(CoHanyy)se

These unpleasant-smelling bodies are derived from a phosphorous acid,
P(OH);, and must be expressed :

0.CoHgpnyy
P<8.C..H,.,+l
. ‘n n+1
as on saponification they are completely decomposed into ‘alcohol and
a metallic phosphite, and on oxidation by nitric acid are converted
into phosphoric acid ; whilst if of the formula
0]
PéCnHYIH-l
\O'CnHle-l
O'CHH2B+I
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on saponification they would yield the salt of a monalkylic phos-
phoric acid (§ 304), and on oxidation the acid itself.

Triethylic phosphite, P(O.C,Hy);, boils at 191°, and has sp. gr.
1-075. It mixes readily with alcohol and water.

222. If in the action of PCl; on alcohol the former be in excess,
it yields, as well as the previous bodies, ethylic phosphite dichloride,

Cl

P<gl , as a colourless liquid of 1-316 sp. gr. and boiling at
C,H
117°, 2By5 passing chlorine through an alcoholic solution of this

liquid, ethylic phosphate dichloride, boiling at 167°, is produced, accord-
ing to the equation :

0.C,H, /8 OH
pLci + Cl, + HO.C,H, = HCl + C,H, 0l + P=3:.C2Hs

Cl \Cl

223. Arsenic and arsenious acids yield compounds which generally
correspond to those of the phosphorous acids. The normal salts are
most readily prepared by action of alkylic iodides upon the argentic
salts ; e.g.

AsO(OAg); + 3IC,H,; = 3AgI + AsO(C,H;0),.

T'riethylic arseniate can be distilled unchanged under reduced
pressure,

The normal arsenites are best prepared from arsenious tribromides
and the sodic alkylate. 7Trimethylic arsenite, As(0.CH,),, boils at
120°; triethylic arsenite, As(OC;H;),, at 166°-168°. Both are at
once decomposed by water :

2AS(O:C’H5)3 + 3H20 = AS,Oa + 602H5-0H.

Alkylic Borates.

224. The ortho-borates, corresponding to B(OH);, are obtained
without difficulty by passing boron trichloride into the alcohols, or by
heating the latter with boric anhydride. At the same time the salts
of metaboric acid, BO.OH, are invariably formed. On distilling the
mixture the trmlkyhc borates and unchanged alcohols pass over,
whilst the metaborate remains behind. Also by heating crystallised
boric acid with alcohol small quantities of these compounds are
formed, which, evaporating with the alcohol, impart their character-
istic green coloration to its flame.

The alkylic ortho-borates are colourless liquids.

Trimethylic borate, B(0.CHj),, boils at 65°.

Triethylic borate, B(O.C,H,),, boils at 120°, and has sp gr. *887.

Tri-isoamylic borate, B(0.C;H,,);, boils at 955°.

On heating these with boric anhydride they yield metaborates :

B(0.CoHyny); + B,03 = 3BO(0.CoH py,y),

which are all syrupy liquids. On distillation they split up into the
volatile ortho-borates, and a residue, glacial on cooling, of a salt of
monobasic triboric acid :

4BO(0.C,H,np) = B(0.CaHyup1)s + B30(0.CaHyas 1)
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All alkylic salts of boric acid are decomposed by water into boric
acid and alcohol ; those of the tribasic acid become turbid on exposure
to moist air.

Alkylic Silicates.

225. The alkylic silicates are formed by action of silicic tetra-
chloride on the alcohols :

8iCl, + 4(HO.CyHyp,,) = 4HCI + 8i(0.CuHynyy)se

The known compounds are distillable liquids, insoluble in water, by
which they are slowly decomposed into alcohols and glacial hydrated
silica. This latter is so hard that it scratches glass, and is very similar
to the mineral hydrophane.

Ethylic nlwate Sx(OC,Hs)‘, isa oolourless, mobile liquid of sp.
gr. *933 at 20°, boiling at 165°.

Tsoamylic nlwate, 8i(0.C;H,,),, boils at 320°-325°, and bas sp.
gr. ‘868.

At the same time as the ortho-silicates others are formed, such as
those derived from metasilicic acid, which are alone formed when the
alcohols employed contain water ; e.g.

. o
SiCl, + 2HO.C,H; + H,0 = 4HCl + STO.C,H,,
0.C,H,
Diethylic silicate of this formula is a colourless thick liquid,

which boils at 350°, and is decomposed into alcohol and amorphous
acid by water.

Compounds of the polysilicic acids are known ; they are formed in
presence of only very little water, according to the equation :
0.C,H
L0, H,
98iCl, + 6HO.C,H; + H,0 = 8HCI + \0 C.H;

o C,H,

1-0.C,H,
NO0.C;H,
hezethylic disilicate, boiling at 230°-240°.
228. If ethylic orthosilicate be heated with silicic chloride in
sealed tubes, they unite to form chlor silicates :

al
/

38i(0.C,H,), + 8iCl, = 480" g*gb (boiling at 155°-157°).
\o C,H,

/ -
8i(0.C,H;), + SiCl, = 2Sl<0 C,H, (boiling at 136°-138°).

0.C,H,

Si—

a
/
8i(0.0,Hy), + 38iCl, = 4s1§g} (boiling at 104°).
0.C,H,
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These chlor silicates, on treatment with ethylic alcohol, again yield
ethylic orthosilicate; with other alcohols, mixed salts; e.g.
0.CH; Dimethylic di-
. fCl, _ - @:Z-0.CH; ethylicsilicate.
Si { (0:C,H,), + IHOCH, = ZHOL + Bi6 0. K, Boils at 143°-
0.C;H, 147°,
&e.

Alkylic Carbonates.

227. The number of alkylic salts derivable from carbonic acid
is considerably greater than that of the metallic salts. In the latter
it acts only as a dibasic acid, but with the alcohol radicals also as a
tetrabasic acid. It has, therefore, considerable analogy with silicic
acid.

For instance, by action of sodic ethylate upon chlorpicrin

/O.C,H,

Tetra-ethylic carbonate, or ethylic ortho-carbonate, Cigg:g:

is formed, according to the equation :

a
Za
=1
\No,

as a lignid boiling at 158°-159°, and converted by aqueous alkalies
into alcohol and a metallic carbonate :

C.(0C,Hy), + 2KOH + H,0 = K,C0, + 4(HO.C,Hj).

228. The dialkylic carbonates, CO.(0.C,H,u,,)q, are prepared by
the action of argentic carbonate upon the alkylic iodides :

CO(OAg); + 2CuHnyi I = 2AgT + CO(0.CuHynp)s;

by heating the alkylic oxalates with sodium, to some extent by
passing carbonic oxychloride into the alcohols :

COCl, + 2HO.CoHgny, = 2HCI + CO(0.CoHgny)s;

and by action of bromine upon the alkylic ortho-carbonates.
o /2 - :
Diethylic carbonate, C—0.C;H;, a colourless liquid, of aromatic
N\0.C,H,
odour, insoluble in water, boiling at 126°, and of sp. gr. “978 at 20°.
Dipropylic carbonate, CO.(0.CH,.CH,.CHj;),, a colourless mobile
liquid, boils at 160°-165°.
Diisobutylic carbonate, CO (o.oH,.0H<gga) » 8 pleasant-smell-
3
ing liquid, boiling at 190°,
lgi'iaoamylic carbonate, CO.(0.C;H,,),, boils at 225°, and has sp.
gr. ‘9144,

C + 4N30.02H5 = 3NaCl + NBNOQ + C(O.C’Hb)‘,
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, 29
229. Acids salts of the formula C—\—g.CQH, are not known, but
H

their metallic salts are; they are formed by adding to the normal
alkylic carbonates a quantity of basic hydrate insufficient for their
complete saponification :

CZ?).C,H5 + KOH = czg.c,,n5 + C,H,.0H,

N0.C,H, 0K

and by passing carbonic anhydride through alcoholic solutions of the
metallic alkylates :
A

€0, + Na0.C,H, = ¢£0.C,H,

\ONa

Solutions of the alkalies and of baric hydrate in absolute alcohol
always contain some quantities of the respective metallic alkylates
(§ 198); on addition of dry carbonic anhydride, therefore, there is
formed, in addition to a precipitate of metallic carbonate, also a
metallic alkylic carbonate, which being somewhat soluble in alcohol,
can be separuted from the metallic carbonate and obtained in the
crystalline condition by addition of ethylic ether to the solution.

The metallic alkylic carbonates mostly form scaly crystals of
silky lustre, which are soluble in water, and are decomposed thereby,
most quickly on heating :

20 . L 29
C—OEHs Qﬁ.cﬁa + HQO‘ = C<8>Bﬂ + 2CH30H + 002.

By dry distillation with metallic alkylic sulphates, or by heating
with alkylic icdidles, they are converted into normal salts; this
method can be used for preparing the so-called ‘ mixed salts,’ i.e. those
containing two different alcohol radicals :

K(C,H;)C0, + K(CH,)S0, = (CH,)(C,H;)C0, + K,S0,.

230. The chief products of the acticn of carbonic oxychloride upon
alcohols are not normal carbonates, but the alkylic chloro-carbonates,

CcCl , 0 that the reaction corresponds more to the equa-
N0.C,Hiny
tion :
0 0 0
a%Cl + bHO.C H 4y = zCZCl + (a—x)CZO.C,,H,.,H
\al N0.CuHyay, NO.CoHopnry

+ (2¢—z)HCl + (b—2a +2)HO.CoHyy, ),
where b must at least = 2@, and z is invariably larger than }a.
The two products are separated by fractional distillation.
The alkylic chloro-carbonates are liquids insoluble in water and
of unpleasant odour. By water they are soon decomposed :

CO.C1(0.CuH guyy) + H,0 = HCl + HO.C,H,,,, + CO,.
M
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Treated with sodium, they vield sodic chloride, carbonic monoxide,
and neutral alkylic carbonates :

20/ + Na, =2NaCl + CO + CO(0.CaHny1)s

o nHon

Methylic chloro-carbonate, ngl , 18 a colourless mobile oil.

N0.CH,

Ethylic chloro-carbonate, CZCOI ,is like the last, boils at

N0.C,H,

94°, and has sp. gr. 1'139 at 15°.
Propylic chloro-carbonate, C1.CO.0.CH,.CH,.CH,, boils between
120° and 130°.

Isobutylic éhloro—oarbonate, CI.C0.0.CH,.CH(glé:,decomposm

by distillation.

231. Alkylic carbamates, also termed wurethanes, are formed as
the first decomposition products of alkylic normal carbonates and
chloro-carbonates by ammonia :

0
O<§.C.,H,,,H + NH, = ¢ZNH, + HO.CaHyuy,
RO : P .CaHonyy
0
Za + 2NH, = (‘/(L)TH, + NH,I;
-CnH'.’nH n 2n+l

further by the action of cyanogen chloride on alcohols :

C=N + HO.C Hy,,, = C,Hypy C1 + C‘é%H,
N N0.CaHyms
Cl1
By heating urea with the alcohols to temperatures above 100°,
they partly react on one another, forming carbamates :

/O C/O

_ NH, + HO.C Hy,,, = NH; + NH2

\NH, CoHiny,

This process can only be econducted with the higher boiling alcohols in
open vessels, which allow the evolution of ammonia ; for instance, with
the amylic alcohols. By employing nitrate of urea instead of urea
itself, the process can be applied to the lower boiling alcohols by em-
ployment of sealed tubes :

<(})TH, + HO.C,Hy,, = NH,O.NO, + (J{%H,
NH;.0.NO, 0.CoH s

The a]kyhc carbamates are solid crystalline compounds, mostly
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readily soluble in alcohol and water. By strong bases they are con-
verted into carbonates, ammonia, and alcobols :

CZ%H, + 2KOH = CO(OK), + NH; + HO.CyHyn,, ;
\O-CnH2n+l

and by heating with excess of alcoholic ammonia, yield urea and
alcohols :

/0 A
—NH, + NH; = C‘iN H; + HO.CyHyny.
\O-CnH?n-l—l NH,

Methylic carbamate, A H, , forms very hygroscopic tables,
\0.CH,

which melt at 55° and boil at 177°.

Ethylic carbamate, CO.(NH,)(0.C,H;), crystallises in glittering
leaves, which melt below 100° and boil at about 180°.

Propylic carbamate, CO(N'H,)(0.CH,.CH,.CHj), large colourless
prisms, which melt at 50° and are less soluble in water than in
alcohol or ether.

0
Isobutylic carbamate, CZNH, CH, Mmelts at 55° and
.CH,.CH(CH:’

boils at 207°,
Tsoamylic carbamate, CZ(I)‘T H, , crystallises in easily soluble

NO.C,H,,

needles, melting at 66° and boiling at 220°.
232. The alkylic allophanates stand in the same relation to biuret
(§ 137) as the carbamates to yrea:

/NH, /NH,
C&0 urea. C/ 0 carbamate,
\NH, NO0.CoHnyy

NH NH
o * céo :

NH biuret. CéNH allophanate.

o)

C\NH, 0.CoHgpnyy

A general method of preparation consists in passing cyanic acid vapour
into alcohols :

0
2CNHO 4 CuHyny ) OH = >NH
do

N
O-(«"nH m+]
M2
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They are easily obtained by heating alkylic chlor-carbonates with
urea :

NH,
NH, a %
06 + (f) = '/-NH + Ha
NH, 0.CaHom s,

O'CIIHQH-]-I

and also, together with carbamates, by the action of high-boiling alco-
hols upon urea at higher temperatures ; e.g.

NH, &

260  + HO.C,H,,. = 2NH, + >NH

N
N, ¢o

N
0.0,H,,

As they are more difficultly soluble in water than the carbamates
formed at the same time (§ 231), they can be readily separated from
the latter.

On submitting alkylic allophanates to dry distillation, they
evolve alcohols, and leave a residue of cyanuric acid, which on fur-
ther heating is resolved into cyanic acid :

3NH,.CO.NH.C0.0.CuHyn 4 = 3HO.CoHny, + 2C;0,N,H,.

On heating them in closed tubes at 100° with alcobolic ammonia,
they yield biuret :
NH,.CO.NH.CO.0.C,Hyn,, + NH; = NH,.CO.NH.CO.NH,
+ HO.C,Hgyn 4.

233. Methylic, ethylic, and isoamylic allophanates have been pre-
pared ; the two first crystallise in needles, the last in nacreous plates
melting at 162°, }

If the alkylic allophanates are rubbed together with baric hy-
drate in the cold, baric allophanate is formed, together with alcohol :
2(C4H;.0.CO.NH.CO.NH,) + Ba(OH), = Ba(0.CO.NH.CO.NH,),

+ 2C,H;.0OH.
Baric allophanate, however, is very readily decomposed, and allo-
phanic acid cannot be obtained by addition of strong acids, as it splits
up into carbonic anhydride and urea :

NH,.CO.NH.CO.
NH;,go_NH_co,8>Ba + 2HCl = BaCl, + CO, + 2(NH,.CO.NH,).

Compounds of Alcokol Radicals with the Cyanogen Acids.

234. The true alkylic cyanates are very unstable liquids, insoluble
in water, and are formed when the vapour of cyanogen chloride is
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passed into alcoholic solutions of metallic alkylate at a low tempera-
ture :

C=N + NaO.CH; = NaCl + C=N methylic cyanate.

N N
Cl 0.CH,
C=N + NaO.C,H; = NaCl + C=N ethylic cyanate.
N N
Cl . 0.C,H;
With alkalies they yield alcohol and a metallic cyanate :
(=N + KOH = C=N + C,H,,,,.0H.
N N
0.CuHop 4 g OK

The psendocyanates are isomeric with the cyanates, and for a long
time were mistaken for them. These, however, belong to the nitrogen
compounds of the alcohol radicals, and will be considered later.

. During their formation even, the alkylic cyanates partly
polymerise, but completely on long standing, yielding thereby the
solid, crystalline, alkylic true cyanurates. This change occurs espe-
cially easily with the methyl compound.

Methylic cyanurate, C3N 4(0.CHj,),, or

CH,.0.C=N
|
N—é—O.CH,

| ]
CH,0.C—N

llises in colourless needles, easily soluble in ether, which melts
at 134° and boils at 160°-170°.  The distillate solidifies to a crystal-
line mass, which consists, however, of the isomeric methylic pseudo-
cyanurate, which crystallises in thick prisms, melts at 175°, and will
be further described amongst the nitrogen compounds of the alcohol
radicals (§ 281).

Methylic cyanurate yields, on boiling with potassic hydrate, me-
thylic alcohol and potassic cyanurate; by heating with ammonia it is
converted into

Methylic ammelide, or methylic amido-cyanurate :

(CsN3)(OCH,),.NH,
0.CH, .CH,
(C,N,)éo.CH, + NH, = HO.CH, + (C,N;)C0.CH,
0.CH, NH,
forming rbombic tables, melting at 212°, difficultly soluble in cold

water and in ether, more readily in boiling water and in ethylic
alcohol.

SuLpHUR CoMPOUNDS OF THE ALCOHOL RADICALs.

238. Asfar as is known the sulphides of the elements correspond to
the oxides in their general chemical properties ; this agreement of sul-
phur with oxygen also occurs in organic compounds, so that all organic
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sulphides containing dyad sulphur show very complete analogy to the
oxygen compounds of corresponding composition.

The mercaptans, or thio-alcohols, C;H,, . .SH, correspond to the
alcohols ; the thio-ethers, or alcoholic sulphides, (CoHyn 4 1),S, to the
ethers. In many cases the sulphur developes its higher valency,
forming bodies without analogy among the mineral compounds of
sulphur.

Mercaptans, or Thio-alcohols, C,H,, 41 .SH.

287. The alkylic sulphhydrates, or thio-alcohols, can be prepared
from many of the derivatives of the alcohol radicals already men-
tioned.

The alcohols are partly converted into the mercaptans when
heated with phosphoric pentasulphide. In a similar manner to its
decomposition by water into phosphoric acid and hydric sulphide, it
gives, in part, wijh alcohols, phosphoric acid and thio-alcohols.

The phosphoric acid is, at the same time, in considerable part
converted into its alkylic salts, so that the main reaction may be
represented by the equation :

P,8; + 8(CoHin 4 1.OH) = (CaHya 41)HPO, + (CaHgn 4 )H,PO,
+ 5CyHyn 4 . SH.

But as phosphoric pentasulphide behaves to the thio-alcohols similarly
to P,0; on the alcohols, alcoholic thio-phosphates are also formed.
From the haloid compounds of the alcohol radicals the mercaptans
can be produced by heating with alcoholic solution of potassic sulph-
hydrate :
CaHon 4+ Cl + KSH = C,H,, . .SH + KCIL.

A portion of the mercaptan first formed reacts on some still unchanged
potassic sulphhydrate, forming the potassic thio-alkylate (compare

§ 197):
CoHony1.SH + KSH = SH, + C,H,n, ,.8K;

which in its turn reacting on the alkylic haloid compound, gives
rise to the formation of thio-ethers :

CaHyny 1. SK + CaHgny Ol = (CaHaa, 1),S + KOL

It is therefore generally preferable to submit a mixture of an
alkylic potassic sulphate with potassic sulphhydrate to distillation :

(CaHopn 4 )KSO, + KSH = K,80, + CaH,y,, ,.SH.

238. The thio-alcohols are mostly liquids of most unpleasant garlic
odour, which distil without decomposition and are nearly insoluble
in water. Their sulphbydroxylic hydrogen atom is more easily re-
placed by metals than the hydroxylic hydrogen of alcohols, being not
merely the case only by the alkalies, but also with equal or greater
ease by those heavy metals which are precipitated from acid solutions
by hydric sulphide. This reaction occurs with especial ease with
mercury. On shaking an alcoholic solution of a thio-alcohol with
mercuric oxide, a crystalline mercuric thio-alcoholate is formed, with
considerable evolution of heat :

2C,Hyp , ,.SH + HgO = H,0 + g:g:::::g}Hg ;
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whilst with an alcoholic solution of mercuric chloride a precipitate
of the difficultly soluble chlor-mercuric thio-alkylate is obtained :
CuHyp, i-SH + HgCly, = HCl + C,Hy, ,.8—Hg—CL

From these reactions the thio-alcohols have got the name mercap-
tans (frorn mercurio-aptum); the metallic derivatives are frequently
termed mercaptides.

All oxidating bodies react very readily on the mercaptans, the
more energetic, such as concentrated nitric acid, often with great vio-
lence. By such oxidation the sulpbur is not separated from the
carbon, but by taking up three atoms of oxygen is converted into the
group SO,.0H, which, united to the alcohol radical, forms a sul-
phonic acid :

(0]

7
CaHany .SH + 2HNO, = H,0 + N,0, + c.,n,..,,,.s{gﬂ

239. Methylic mercaptan, or methylic thio-alcokol, CH,.8H, is a
mobile liquid which floats on water, boils at 20°, and yields with -
mervuric oxide shining colourless plates of mercuric sulph-methylate :

CH,.
CH:.S>H3'

Ethylic mercaptamn, or ethylic thio-alcokol, C,H,.SH, is a colourless
mobile liquid, of sp. gr. ‘835 and boiling at 36°. By quick evapora-
tion in the air, e.g. a drop at the end of a glass rod, it absorbs heat so
rupidly that & portion solidifiesin crystalline leaves. Mercuric ethylic
mercaptide, or mercuric sulph-ethylate, g’g5§>}{g, crystallises from

2545
boiling alcohol in beautiful silvery plates, which melt at 86°. By
hydric sulphide it s decompused with re-formation of mercaptan :
(C,H,.8),Hg + H,8 = HgS + 2C,H; .SH
and serves for the purification of the latter.

Aurous thio-ethylate, CyH;.8. A, is precipitated, on mnqng dilute
alcoholic solutions of mercaptan and auric chloride, as a white soft
mass. Potassic thio-ethylate, usually prepared by dissolving potassiumy
in mercaptan :

2C,H;.SH + K, = H, + 2C,H,.SK,
crystallises in colourless needles.

Propylic thie-alcohol, CH_-,LCH,.CH, SH, boils at 67°-68°.

Tsopropylicthio-alcokol, CH’)CH SH, boils between 57° and 60°.

Butylic thio-alcohol, CH;.CH,.CH,.CH, SH, boils at 98°.

Tsoamylic thio-alcohol, gg?CH.CH,.CH,.SH, is a colourless oil
of sp. gr. ‘865 at 0° and boiling at 120°,

T'hio-ethers, or Sulphides of the Alcohol Radicals, (CoHyp . ),S.

240. One method of formation of these bodies has been already
given (§ 237). They are obtained in nearly theoretical quantity by
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the action of alkylic haloids on an alcoholic solution of potassic sul-
phide :

2CaHya 4 1.Cl + K ;8 = 2KCl 4 (CuHyn41),S;
or by distillation of & mixture of potassic sulphide with the acid sul-
phate of an alcohol radical :

2C-H2n+ |-KSO4 + K,S = 2KQSO‘ + (Cann + ,)IS.
They are also formed by the dry distillation of mercuric mercaptides :

CoHgg 4 ). = HgS + CaHamtiNg
Ca “*_l.g}Hg— 88+ Gy
So far as known they are colourless liquids of most unpleasant
odour, miscible with alcohol and ether, but not with water, and which
readily take up two atoms of oxygen from oxidising agents. With
metallic salts, especially those of mercury, they yield solid compounds,
as also with the iodides of the alcohol radicals. They also unite
directly with two atoms of the halogens.
241. Dimethylic sulphide, (CH3),S, is a colourless liquid, boiling at
41° and of sp. gr. ‘845. Dimethylic sulphide-dibromide :
(CH;);—8=Br,,
crystallises in deliquescent octahedra.
Diethylic sulphide, (C3H),S, boils at 91° and has sp. gr. -835.
In alcoholic solution it gives, with mercuric chloride, a white crys-
talline precipitate of the formula (C,H,),S,HgCl,, probably
CqH,
sLGHs
Hg—a
Cl
with platinic chloride, 2(C,H;),S,PtCl,
JCH,  CH,
= §=C.Hs Pt CsHs—g
Na N o
a a
Dipropylic sulphide, (CH3.CH,.CH,),;8, boils between 130° and
135°, and has at 17° sp. gr. -814.
Dibutylic sulphide, (CH;.CH,.CH,.CH,),8, boils at 182°,
Divsobutylic sulphide, (gg:}CH.CH,) 43, boils at 172°-173°.
Diisoamylic sulphide, (CyH,,),8S, boils at 216°,
Compounds containing two different alcohol radicals have also
been prepared—e.g. ethylic isoamylic sulphide, obtained by action of

sodic thio-iscamylate upon ethylic iodide, or of sodic thio-ethylate upon
isoamylic bromide :

C,Hb.SNa + Bl‘Csﬂu = NaBr + C,H,.S.C,H“,
as an oil boiling between 157° and 159°.

A\
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Alkylic Persulphides, (CoHon +1)4S,.
242. Persulphides of the alcohol radicals are prepared by dry dis-
tillation of potassic alkylic sulphates with K,8,:
K—S8 CoHgny S
2CnH2n+ l.KSO‘ + é = KQSO‘ +
K— nHon 1.8
They are also obtained with great ease by action of iodine on sodic
mercaptides :
CDH2B+ l.s
2(CaHyp +1.8Na) + I, = 2Nal +
CoHgn41 S
Ethylic persulphide, C;H,—8—8—C,H;, is the best investigated
of these bodies ; it is a colourless liquid of nauseous odour, boils at
151°, and has nearly the same density as water.,
The corresponding isoamylic compound, (C,H,;),S,, distils at
250°.
Alkylic Sulpho-salts.

248. The alkylic salts of true sulpho-cyanic acid, C=N, which are

S.CaHgn 4y .
isomeric with the mustard oils, C\:N.C.,ng_ 1» to be described later,
\

are obtained most readily by distillation of potassic alkylic sulphates
with potassic sulpho-cyanate in aqueous solution :

Cann.,,].KSO‘ + EN = KQSO4 + CEN

N
SK S8.CiHgn 4

or by heating metallic sulpho-cyanates with alkylic iodides.

The best known is

Ethytic sulpho-cyanate, C,H;8.C=N, a colourless liquid, not
miscible with water, which boils at 146°, and at 0° has sp. gr.
1-033. By boiling with an alcoholic solution of potassic sulphide, it
yields ethylic sulphide and potassic sulpho-cyanate :

2N=C—8—C,H; + K,;8 = 2N=C—8—K + (C;H;),S;
whilst potassic hydrate decomposes it into ethylic persulphide, potassic
cyanate, and potassic cyanide :
2N=C—8—C;H; + 2KOH = (C,H;),8, + N—=C—K
+ CONK + H,0.

There are also known :

Methylic sulpho-cyanate, CH3.8—C=N, boils at 133°, sp. gr,
1-088 at 0°.

Tsopropylic sulpho-cyanate, (I™>CH.8.0=N, boiling st 149°-

151° and of sp. gr. *963 at 20°.
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Potassic ethylic dioxy-sulpho-carbonate, Césg.C,H syseparate, whilst
H

mercaptan remains in solution :

8
Cléo.CQHs + HOK = ng.C,Hs + HS.CQHQ;
\8.8,H, 0K
By boiling its aqueous solution this salt decompom into potassic car-
b}()ma.te, alcohol, and carbonic disulphides ; acids also causing the same
change.
The corresponding ethylic compound, diethylic dioxy-sulpko-car-

bonate, CZ?).C,H s, 18 formed, together with ethylic xanthate, by the

NO0.C,H,
dry distillation of xanthogen persulphide, according to the equation :

S
S/CZO.Csz s
S
2 ' - CZO.02H5 + CéO.C,H, + CO + 38 + CSQ-

 N\0.C,H, 8.C,H,
—0.C,H,
A

1t is a colourless oil of ethereal odour, somewhat heavier than water,
and Loiling at 161°.

249. Diethylic thio-oxycarbonate, CZg.C,H s, isomeric with the

\8.C,H,

preceding, is obtained by the action of potassic mercaptate on ethylic
chloro-carbonate :

czg.c,u, + K.8.C,H, = Kl + (;Zg.c.gﬂ5
AN
a1 8.C,H,

Tt boils at 155°-156°, and is decomposed by potassic hydrate into car-
bonate, ethylic alcohol, and ethylic mercaptan.
250. A compound isomeric with ethylic xanthate, ethylic dithio-

carbonate, CZ(S).C,H,,, results from the decomposition of ethylic thio-

\8.C,H,

cyanate by sulphuric acid :
2C=N + 3H,0 + 2H,80, = 0Z8.C,H, + CO, + 2(NH,)HSO,.
N \8.C,H,
S.C,H,

Trialkyl-sulphine Compounds.
251. The alkylic sulphides nnite slowly with alcoholic iodides
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at ordinary temperatures, more quickly at 100°, to form colourless
crystalline compounds of tetravalent sulpbur of the formula

/CnH2n+l
s: nii2n4l
\gnHm 1

which behave as though they were the iodides of strongly positive
monovalent radicals, 8(C,Hpy., )3, and are termed trialkylic sulphine
iodides. The trialkylic sulphine bromides are formed in similar
manner from the thio-ethers and alcoholic bromides. These bodies
are readily soluble in water and alcohol, and are decomposed when
heated alone into alcoholic sulphide and iodide.

On shaking their aqueous solutions with freshly precipitated ar-
gentic oxide, the argentic haloid salt is precipitated, whilst hydrate
remains in solution :

gngzn ) 8ng2n+|
: n>tant] = I S_—_ n-ln+]
S\(IJnHmH-I + AgOH A«g + \gﬁ{'ﬂl-{-l

These hydrates are difficultly crystallisable bodies of strongly alkaline .
properties, which deliquesce in damp air. They absorb gaseous car-
bonic anhydride, and when mixed with metallic salts unite with the
acid, precipitating the metal as hydrate. On warming with ammonic
salts they expel the ammonia ; e.g.

NH,C1 + 8(C,H,),.0H = 8(C,H,),Cl + H,0 + NH,,

The trialkylic sulphine salts are dlso formed by saturating the
hydrates with acids, and react neutral. They are mostly deliquescent,
soluble in alcobol but not in ether. The chlorides yield with platinic
chloride soluble double salts of the formula [S(CpH yny.,);3],PtClg.

The ethylic compounds have been most thoroughly investigated.

Triethyl-sulphine chloride, S.(C,H;);Cl, forms needle-shaped
crystals, yielding with platinic chloride inch-long red needles of
[S(C, Hy),],PeCl. ,

T'riethyl-sulphine bromide, S.(CyH;)sBr, and triethyl-sulphine
todide, S(C,H,),I, form rhombic crystals, frequently tables.

T'riethyl-sulphine hydrate, S(C,H,);.OH, forms extremely deli-

uescent crystals, which attack the skin and, like potassic hydrate,
gissolve precipitated alumina.

Triethyl-sulphine nitrate, S(C,H,);0.NO,, crystallises in radiat-
ing deliquescent laminee, which yield with argentic nitrate a double
salt forming scaly crystals and difficultly soluble.

Trimethyl-sulphine compounds have also been prepared, such as
the iodide, bromide, chlcride, and hydrate, and also as a product of
the action of methylic iodide on diethylic sulphide, a non-crystallisable

Dicthyl-methyl swdphine todide, S(C,H;),CH,.I.

Alkylsulphinic Acids, CyH,,,,.SO.0H.
252. The zinc salts of these monobasic acids are formed by action
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of sulphurous anhydride upon the zinc compounds of the alcohol
radicals :
Zn(CpHgnyy)g + 280, = (CoH py,.80.0),Zn.

The evolution of heat is so considerable during this process that
the zinc organic compound must be diluted with much ether, and
be well cooled during the absorption of the gas. In order to obtain
the free acid the zinc salt is decomposed by baric hydrate, and the
filtered baric salt solution precipitated by an equivalent quantity of
sulphuric acid :

(CaHygpy.80.0),Ba + H,;S0, = BaSO, + 2C,Hpy,,.80.0H.

The acids, concentrated as far as possible by evaporation in vacuo,
are acid syrups, which on heating partly decompose with separation
of sulphur. By concentrated nitric acid they are oxidised to alkyl-
sulphonic acids :

CnHan+1 Cn“znn

350 + 2HNO; =380,  + H,0 + N,0,.
|
OH OH

Methyl-sulphinic acid, CH,.80.0H, and ethyl-sulphinic acid,
CyH,;.S0.0H, have been prepared ; the zinc salt of the latter crystal-
lises in delicate nacreous plates of the formula (C;H,.80.0);Zn,H,0,
and is rather difficultly soluble.

Alkylsulphonic Acids, CyH gy, SO0, OH.

253. In the monobasic sulphonic acids the carbon of the alcohol
radical, similarly to the bodies of the last group, is united to the
sulphur of the acid radical, wbich latter is in union with hydroxyl.
These compounds are obtained with great readiness by oxidation of
the mercaptans :

CaHsnyy CaHgny,
| 30=
- ls()2
OH
the alkylic persulphides :
(IjnHmH Cn}{an«H CnHzn-H
S——-8 + 50 + H,0 =280,
OH
and the alkylic sulphocyanates :
CaHany
CnH2n+l
+ 2H,0 + 30 = 80, + CO4 + NH,.
S—C=N
OH

Concentrated nitric acid is generally employed as the oxidising
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agent, and after long-continued action at ordimary temperatures the
completion of the process assisted by heat. The solution is finally
evaporated on a water bath, in order to expel all nitric acid, the re-
siduary strongly acid liquid diluted with water and saturated with
plumbic carbonate. From the filtered solution the crystalline lead
salt (CpHyn 4 .80,.0),Pb can be obtained by evaporation, and is
then decomposed in aqueous solution by sulphuretted hydrogen.
The liquid, freed from plumbic sulphide by filtration, gives by evapo-
ration on a water bath the free sulphonic acid as a strongly acid
syrup, which crystallises, under a desiccator, after a while. By neu-
tralisation by metallic carbonates the metallic salts, which are
mostly readily soluble, can be obtained.

Another method of preparation consists in heating alkylic haloids
with normal potassic sulphite : :

CoHauyy K CoHon 4y
| + | =KI+ |
80,.0K 80,.0K

The alkylsulphonic acids are very stable compounds. They can
be heated to pretty high temperatures without decomposition, are not
altered by boiling with potassic hydrate, being only decomposed by
fusion therewith, and are ouly oxidised with great difficulty by fuming
nitric acid.

With phosphoric pentachloride they yield in addition to phos-
phoric oxychloride and hydrochloric acid the insoluble alkylic sul-
phonic chlorides :

CaHgn 4y CaHgn 41
+ PCl; = POCl; + HC1 + |
80,.0H . S0,.C1
which are reconverted into sulphonates by alkalies :
CoHpn i CaHgn 4y
| + 2HOK = KCl + H,0 + |
80,C1 80,.0K

254. Methyl sulphonic acid, CH3.80,.0H, can be prepared, by
the general methods given above, from methylic mercaptan, methylic
disulphide, methylic sulphocyanate, and methylic haloids, and in
addition from carbonic disulphide. If this latter be heated with damp
chlorine or with manganic dioxide and hydrochloric acid, it slowly
forms colourless crystals, melting at 135° and boiling at 170°, of
trichlormethyl sulphonic chloride :

CCl1
CS, + 2H,0 + 5Cl, = 4HCl + 8Cly + | =
80,.C1

Baric hydrate converts these into baric trichlormethyl sulphonate :

col, col, ccl,
2| + 2Ba(OH), = BaCl, + H,O + | |
80,.C1 §0,.0.B2.0.80,

From its aqueous solution, by careful addition of sulphuric acid, the
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barium can ‘be precipitated and tricklormethyl sulphonic acid ob-
tained :
ca,

CCl, CCl, ;

| + H,;80, = BaSO, + 2 |
80,.0.Ba.0.80, S0,.0H

On evaporation of the filtered solution trichlormethyl sulphonic
acid crystallises in colourless, deliquescent, strongly acid prisms.

The aqueous solution, acidulated with hydrochloric acid, is sub-
mitted to the action of a strong galvanic current, the electrodes being
plates of amalgamated zinc; by this means the chlorine is completely
replaced by hydrogen and methyl sulphonic acid is obtained :

CCl, CH,
| + 3HCl + 3Zn = 3ZnCl, + |
80,.0H S0,.0H

Methyl sulphonic acid is a strongly acid syrupy liquid, which on
heating commences to decompose at slightly above 130°, and is only
oxidised by fuming nitric acid with great difficulty.

Methyl sulphonic chloride, CH4.80,Cl, boils at 150°-153°, and is
slowly decomposed by water into hydrochloric and methyl sulphonic

acids.
CH,

|
Ethyl sulphonic acid, C,H,.80,,0H = CH, , is obtained in

|
S0,.0H

very deliquescent crystals; its salts are all easily soluble, and can be
submitted to high temperaturcs without decomposition.

Ethyl sulphonic chloride, C3H.S0,Cl, boils at 171°.

Butyl sulphonic acid, CH3.CH,.CH,.CH;.80,.0H, yields a baric
salt, (C,11,.80,0),Ba,H,0, which crystallises in efflorescent tables.

Oxtdation Products of the Dialkylic Sulphides.

255. Whilst dimethylic sulphide, when heated with nitric acid, is
in most part converted into methyl sulphonic acid, with oxidation of
one methyl group, diethylic sulphide combines with the oxygen of
oxidising agents, and yields peculiar oxides.

By evuporating it with dilute nitric acid a thick neutral liquid,
which cannot be distilled unchanged, remains, diethyl sulphurous
oxide or diethyl thionyl :

C,H;

2HO.NO, + =H,0 + 3?5 *>S = o + 1H,0 + N,0,

CoHyq
+ 357> =0.

Strong nitric acid converts diethylic sulphide or the preceding body
into diethyl sulphone, (C,H,),80, :

'H,.CH
CH:.CH:>S<£

It crystallises in large colourless tables, which melt at 70° and



SELENIUM AND TELLURIUM COMPOUNDS. 177

distil unchanged at 248°; the substance can, however, be slowly
sublimed below 100°. Nascent hydrogen, evolved from zinc and
sulphuric acid, reduces diethyl sulphone to diethylic sulphide :

(C4H,),80, + 4H = 2H,0 + (C,H,),S.

Dimethylic sulphide can be converted into dimethyl thionyl by
heating its bromine compound with moist argentic oxide :

(CH,),S8Br; + Ag,0 = 2AgBr + (C,H;),80.

SELENIUM AND TELLURIUM CoOMPOUNDS OF THE ALCOHOL RADICALS.

256. The compounds of the aleohol radicals with selenium and
tellurium are completely analogous to those already described with
sulphur.

Ethylic seleno-mercaptan, C,H;.SeH, is obtained, together with
diethylic selenide, (C,H),Se, by distillation of potassic seleno-hydrate
with potassic ethylic sulphate. The first boils below 100°, and pos-
sesses n most unpleasant smell; it readily exchanges its non-radical
hydrogen for mercury. Diethylic solenide is a heavy oil, boiling at
107°-108°, which unites with halogens; e.g. (C;Hj;),SCl,.

Ethylic perselenide, C,Hs——?e, bas also been prepared; it boils at

C,H;,—Se
186°. Diethylic selenide is converted by treatment with nitric acid
into diethyl selenious oxide, (C,H,);Se0, which yields, with excess of
nitric acid, a salt of the formula (C;H,),Se(ONO,),, or

C,H, .NO,

C,H5>s°<8.NO,

Dimethylic selenide is converted by oxidation with nitric acid
into methyl selenic acid, CH;.820,.0H, which forms prisms, melting
at 120°.

By mixing dialkylic selenides with alkylic iodides trialkylic sele-
nious iodides, (CnHyp 4 );Sel, are formed, in all respects similar to
the trialkylic sulphine iodides.

257. The tellurium compounds possess some further interest;
derivatives corresponding to mercaptan have not yet been obtained.

Dimethylic telluride, (CHy),Te, is a liquid boiling at 80°-82°; on
exposure to air it is oxidised to dimethyl tellurous oxide, (CH,),TeO.
By heating dimethylic telluride with nitric acid it yields dimetbyl
tellurous nitrate, (CH;),Te(O.NO,),, from whose golution hydrochloric
acid precipitates dimethyl tellurous dichloride, (CH,);TeCl,, as a crys-
tallinebody. By treatment with argentic oxide it is converted into
dimethyl tellurous oxide. This latter is crystalline, deliquescent,
and strongly alkaline; it absorbs carbonic anhydride from the air, and
decomposes ammonic salts with evolution of ammonia. With me-
thylic iodide dimethylic telluride yields trimethyl tellurous iadide,
(CH,);Tel, which when treated with freshly precipitated argentic
oxide is converted into the highly alkaline and very soluble ¢rimethyl
tellurous hydrate, (CH;);Te.OH.

N
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NiITROGEN CoMPOUNDS OF THE ALCOHOL RabicaLs.

258. The most numerous class of nitrogen compounds of the
alcohols correspond to ammonia and its derivations in structure and
in properties; in addition the group of compounds of N(); with
the alcohol radicals, the nitro-ethanes have been lately added.

Alkylamines.

259. The simplest nitrogen compounds of the first group are the
alkylamines, i.e. ammonia in which one, two, or all three hydrogen
atoms have been replaced by the same number of alcohol radicals.

They may be classified into :
CoHon 4
N(CoHpmy)H; =N g

(primary amines).

) CnHZn +1
N(CnHm+l)2H = N&CrHgn s
H (secondary amines).

H2n+l

Cn
N(C..H,,, + l)a = N<gnﬂ2n+ 1 . .
nHsny) (tertiary amines).

As the alcohol radicals replacing the hydrogen in the secondary
and tertiary amines may be either alike or different, the number of
bodies of this kind that can be prepared is very great.

280. Formation from Alcoholic Haloids and Ammonia.—On
bringing ammonta together with alkylic haloid, best in alcoholic
solution and at a high temperature, direct union occurs. Similarly
to the formation of ammonic chloride from hydrochloric acid and
ammonia, there is formed by this reaction—but not with the same
ease and energy—mon-alkylammonium haloid :

H /g
N{g +HCl= th

H
H JH
analogously N<H 4+ CoHpn I=NCH
H NCeBansy

or NHa + CnH2n+]CI = N(CnHm +|)H30].

Every ammonic salt, as is well known, is decomposed by alkalies
into alkaline salt, water, and ammonia, the hydroxyl group of the
metallic hydrate oxidising and removing one of the four hydrogen
atoms from the nitrogen compound. Alkalies act in entirely similar
manner on the hydrogen of the salts of the amines. If, thereforo, the
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salt obtained in the above reaction be boiled with potassic hydrate,
there are formed potassic chloride, water, and a primary amine, which
is volatile at the temperature employed :

H
JH H
NCH + KOH = KC(Cl + HOH + N&H
\Cn m+1 C H2n+ 1
(primary amine).
If the primary amine so obtamed be again mixed with an alkylic
haloid, a secondary ammonic haloid is obtained :

H

H /H
N<é{ + CnHga s, I = N CaHanyy
nHoan 41 \C Hon 4y

which on warming with an alkaline hydrate yields a secondary
amine :

H
/H H
N-\\—C,,H,n“ +KOH = KI + HOH + N&CHon s
n+1 nti2n 4]

The secondary amines further unite with alcoholic 1od1des, yielding
trialkylammonic compounds :

H /O Hony
N<C,,H,n+, + CuHgny I = N\(JnHan
mit NGz

which with alkalies similarly yield potassic iodide, water, and tertiary
amines :

H
/C Hony U o PR
N\C..H,,,“ + KOH = KI + HOH + N<C Hon o\
\ n+1 oan+1

These processes are, however, not so simple as above represented ;
even in the first reaction between ammonia and the alkylic haloid
complications occur which render the obtaining of pure products
extremely difficult.

80 soon as some primary ammonic salt has been formed, a portion
of it reacts with the other substances present, so as to lead to a real
substituting reaction, with formation of some dialkylammonic salt :

N(CnHﬂ\{- I)HICI + CnH2n+ |-Cl + NHa = NH‘CI
+ N(CoHjn 41).H,Cl;
and this latter is then, though only partly, converted into a tertiary

ammonic chloride by a snmlar reaction :
N2
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N(CaHan 4 1)sH,Cl + CoHyp y €1 + NH, = NH,CI
+ N(CoH,p ). HOL;

If, therefore, the alkylic haloid has been completely decomposed
by excess of ammonia, the product is a mixture of mono-, di-, tri-, and
tetra-alkylammonium salts, from which, by distillation with potassic
hydrate, a mixture of primary, secondary, and tertiary amines is
obtained. ,

261. JMethod of Preparation.—As iodine is attached with least
energy to the carbon of alcohol radicals, the alkylic iodides are
nearly always used for preparing the amines. The alkylic iodide is
heated to boiling with several times its volume of alcohol in a flask
provided with an inverted Liebig’s condenser, and dry ammonia con-
tinually passed in. The vapours rising into the condenser are thus
caused to flow back into the flask. So soon as a portion of the liquid
remains clear on addition of water, all the alkylic iodide has been
converted. By distilling off the alcohol a dry mixture is obtained of
some ammonic iodide with the iodides of the respective amines, the
primary compound predominating. This is dissolved in water and
distilled with potassic hydrate.

If the bromides or chlorides of the alcohol radicals be employed
instead of the iodides, a higher temperature is required to complete
the reaction ; they are therefore heated to 100° with excess of alcoholic
solution of ammonia, either in sealed tubes or, if working with large
quantities, in Papin’s digesters. In the case of the chlorides the
ammonic chloride is found separated mostly in the crystalline state,
whilst the chlorides of thc amines remain dissolved in the alcohol,
and by evaporation are left nearly free from ammonic salts. They
therefore yield, on addition of strong solution of sodic hydrate, & mix-
ture of the three bascs free from ammonia, which on standing in
closed vessels collects as a lighter layer on the top of the concentrated
solution of sodic chloride.

262. The primary, secondary, and tertiary amines of low carbon
contents cannot be satisfactorily soparated from one another by trac-
tional distillation. The following method is therefore employed for
their separation: The mixture is dried by means of solid sodic
hydrate, and then mixed with normal ethylic oxalate. This method
answers cspecially well for the separation of the ethylamines, and
they will be taken as an example. Monethylamine reacts with
ethylic oxalate according to the equation :

A C0.0.C,H, CO.N(C,H )H
2N(C,H,)H, + | = 2HO.C;H; + |

C0.0.C,H; CO.N(C,H,)H
forming alcohol and crystalline diethyl oxamide, which is soluble in
water ; diethylamine, on the other hand, yielding the liquid ethylic
diethyl oxamate, which hoils at 250°-254° :

C0.0.C,H, - . CO.N(C.H;),

N(CQH5)2H + l == HO-C’H‘I’ + I .
C0.0.C,H; C0.0.C,H,

and triethylamine remaining entirely unaltered. On distillation the
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‘latter passes over first. The diethyl oxamide and ethylic diethyl
oxamate are then separated by means of warm water, and each dis-
tilled separately with potassic hydrate. -The first yields ethylamine:
CO.N(C,H;)H CO0.0K
+ 2KOH = | + 2N(C,H)H,;
CO.0K

CO.N(C,H,)H
the ethylic diethyl oxamate giving diethylamine :
CO.N(C,H;), C0.0K

+ 2KOH = .13 + HO.C,H, + N(C,H,),H.
%0.0.C,H, 0.0K

283. Other Methods of Formation.—The nitrates of the amines
are formed by heating alcoholic ammonia with the nitrates of the
alcohol radicals :

C,H;.0.NO, + NH; = N(C,H;)H;.0.NO,.
The process, however, also goes further in this case :

C,H,.0.NO, + NH, + N(C,H,)H,.0.NO, = NH,.0.NO,
+ N(CgH:;)aHQ.O.NOQ, &e.

8o that the same difficulty occurs here in obtaining pure products.

Some of these bodies occur naturally or result from the spon-
taneous decomposition, or from the dry distillation, of albuminous
matters. Special methods of preparation will be given at the re-
spective places.

284. General Properties of the Amines.—These bodies behave in
all essential particulars like ammonia. The volatile possess an odour
similar to that of ammonia, and give thick fumes with hydrochloric
acid. Their aqueous solutions react strongly alkaline; they yield
salts with acids without elimination of water, neutral in the case of
monobasic, both acid and neutral in the case of polybasic acids :

N(CoHan s 1)H; _ s + H,80, = (CoHyny 1) H,_..
m+41 3 2 4 2n+|) ‘H&SOZ

and
2N(CoHgn 4 1):H;3 s+ H,80, = [N(CoHon 4 1) H ]380,

They are, generally speaking, soluble in alcohol, and are thereby
distinguished from the ammonic salts, which are mostly insoluble.
The hydrochloric compounds combine with platinic chloride to yellow
double salts of the formula :

[N(CnHan +1 )1H4 ..x]?Pt‘CIG’

similar to ammonic platinic chloride. These latter compounds are
crystalline and somewhat soluble in warm water and alcohol.

All amines, when in the state of vapour, burp in air with a con-
tinuous flame, whilst ammonia can only be got to burn continuously
in pure oxygen.

As regards their basic powers, they excecd ammonia, and their
positive energy increases with the number of atoms of hydrogen re-
placed by aleoholic radicals. Ammonia is therefore expelled from its
compounds by the amines.
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285. Metamerism of the Amines.—All alcoholic amines may be
expressed by the general formula NC,Hy 4 5.
N(CoHgn4+1)Hy = NCyHyn 3
N(CoHony1)sH = NCypHny 341 = NCoHon 4 3 (if o= n)-
N(CoHaw41)(CoHanry 1) H = NCpoy n-Hony 204 941 = NCoHan 43
if n’'+n"=n
N(CwHow41)s = NC3aHygn 4 3 = NCyHon 4 5 (if 30 =n)-
N(CoHan 4+ 1)(Co-Hanr 41 (Co~Hanw41)
= NCu 4o 4o Holo 4o 4n-) 43 = NCaHan 5 (if w4 oo 4u==0)-
It follows from this that very numerous cases of metamerism must
occur in this group, being increased by cases of true isomerism in the
alcohol radicals concerned.

Whilst the formula NCH; corrcsponds to only one body, methyl-
amine, N(CH;)H,, the formula NC,H, helongs to two different
bodies, ethylamine, N(CyH;)H,, and dimethylamine, N(CH,),H.
The number of metamers and isomers increases with every additional
carbon atom. Four bodies NC;H, exist :

CH,.CH,.CH, cH S c,H, CH,
N<H N<H 3 N<0H3 N<€H,
H H H CH,
Propylamine. Isopropylamine. Ethyl-methyl- Trimethylamine
amine.
eight NC,H,, :
CH, C,H, oHp oH
NEH N<0H, NEeH, NECH,
H H H H,
Four butylamines, Two propyl-methyl- Diethylamine.  Ethyl-dimethyl-
corresponding to the amines, corresponding amine.

four butylic alcohols. to the two propylic alcohols.
and so forth in rapidly increasing progression.

The discrimination of the individual metameric and isomeric
compounds presents considerable difficulties. It can be easily deter-
mined whether an amine of a given formula is a primary, secondary,
or tertiary body, but bodies of the same degree of substitution cannot
generally be well distinguished from one another.

The tertiary amines are characterised by the fact that their com-
pounds with alkylic iodides, when decomposed by potassic hydrate
and distilled, yield the same body :

N(C,H,); + C.H,I = N(C,H,),I
N(C,H,)I + KOH =KI + H,0 + N(C,H,;); + C,H,.
Secondary amines, on the contrary, by similar treatment yield a

higher homologue (a compound richer in carbon and hydrogen), being
converted into tertiary amines :

N(C,H5)2H + C’HaI = N(CgHﬁ)aHI
N(C,H,);HI + KOH = N(C,H,), + KI + OH,.

Primary amines admit of this process of enrichment of the carbon
and hydrogen contents being performed twice, and it is not until a
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third repetition of the process that a higher substituted body fails to
be formed :
1. N(C,H;)H; + C,H;I = N(C,H;),H,]I, therefrom N(C,H;);H
2. N(C;H;),H + C,H,I = N(C,H;);HI . N(C,H;);s
3. N(CQH5)3 + CgHsI = N(CQH5)‘I ”» N(CQHs)s

Primary Amines.

266. In addition to the above.given methods, primary amines
can be prepared free from secondary and tertiary amines by the de-
composition of alkylic isocyanates and pseudo-cyanurates (§§ 280-282)
b; alkalies :

CnH,n.', |.N——-C:=O + 2KOH = KaCOa + CnHan.’_,.NH,;

as also by treatment of the true cyamide of the next carbon-poorer
alcohol (the nitrile) with nascent hydrogen :

CnH?“'{’I CBHQII-O- 1
+ 4H = H
=N C&H H
N<H

Methylic cyanide or acetonitrile, for instance, when so treated,
yields ethylamine :

CH,
cH, l
| +4H= C(H,
(=N AN

The primary amines can also be easily obtained in the pure state
by reduction of the nitro-ethanes (§ 289) with nascent hydrogen.

The amines can be converted back into the alcohols by heating
their hydrochlorides with potassic nitrite, there being first formed
the nitrite :

N(C;H,;)H,Cl + KONO = KCl + N(C;H;)H,;.0.NO,

which at slightly higher temperature decomposes into water, alcohol,
and nitrogen :

N(C,;H,;)H,;.0.NO = H,0 + HO.C,H; + N,;
similarly to the decomposition of ammonic nitrite :
NH,O.NO= H,O + H;0 + N,.

CH,
267. Methylamine, CH,N = N{g , is generally prepared

from methylic isocyanate by boiling with potassic hydrate, or from
prussic acid by treatment with zinc and hydrochloric acid. The
methylammonic chloride formed in the last case, according to the
equation
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H H
/
C/EN + 2Zn + 5HCl = 22nCl, + CH H
\N_H
<H
Na

is then distilled with potassic hydrate. Methylamine is also formed
by the dry distillation of various alkaloids with sodic or potassic
hydrate—e.g. caffeine, theobromine, creatinine, morphine, and codeine.
It is also found in coal tar and in the oily products of the distillation
of animal substances (animal oil).

Methylamine is a colourless gas of intense odour, somewhat re-
sembling that of putrefving fish. At some degrees below 0° it
becomes liquid. Its vapour density is 1'08. It is easily inflammable
and burns with a yellow flame; it is more soluble in water than
any other gas, one volume of water at 12° absorbing 1,150 volumes
of methylamine. The aqueous solution precipitates metallic salts
like ammonia ; if employed in excess it redissolves the hydrates of
zinc and copper, but not those of cadmium, cobalt, and nickel.

Treated with the halogens, it forms bodies corresponding to the
haloid compounds of nitrogen, the amide hydrogen atoms, however,
being the only ones replaced by halogen. From an aqueous solution
of methylamine iodine precipitates garnet-red ditodomethylamine,
whilst methylammonic iodide remains in solution :

CH, CH, .
3N<H 42T, = N<I + 2N(CH,)H,L
H I

By heating with potassium it is converted into potassic cyanide with
‘evolution of 24 times its volume of hydrogen :
H K
o LH
U—H

\N <i{[

+ K, = 20N + 5H,.

With acids it yields neutral, easily soluble salts. Methylammonic
chloride, or methylamine hydrochloride, N(CH;)H,Cl, crystallises in
large colourless plates, which deliquesce in moist air. It meltsata
little above 100°, volatilises at a higher temperature, and condenses
unaltered on cooling. The platino-chloride, [N(CH 3)H;],PtCl;, forms
golden yellow scales, soluble in hot water, insoluble in alcohol. The
auro-chloride, N(CH;)H ;. AuCl,, crystallises in golden yellow needles,
readily soluble in water, alcohol, and ether.

Neutral methylammonic sulphate, [N{CH;)H,],80,, and the
nitrate N(CH;)H;.0.NO, are easily soluble in water, the latter also
in alcohol.

With platinous chloride methylamine forms the salts of methy-
lised platinum bases. At first a yellow powder of the formula
PtN,C,H, ,Cl, is formed, which on beiling with methylamine solution
dissolves, and yields on evaperation crystals of PtN,C,H,,Cl,. The
first compound is the analogue either of the green salt of Magnus :
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Pt,<g (CH,;)H,.N(CH)H,.Cl
1

or of the salts of the so-called Reiset’s second baso (platosodiamine) :
PN(GH 01
3
whilst the soluble second salt corresponds to Reiset’s first salts
(platotetramine salts) :
PKN(CH,;H, —N(CH, gH,Cl

N(CH,;)H,—N(CH,)H,Cl
C,H, CH,
288, Ethylamine, NCH = | . Ethylamine is at
H CH,.NH,

low temperatures a colourless, mobile liquid, of sp. gr. 696 at 8°.
It boils at + 18° and has a vapour density-of 1'577. Liquid ethyl-
amine can be mixed with water in every proportion. With metallic
salts it behaves similarly to methylamine, except that in excess, like
the caustic alkalies, it also dissolves aluminic hydrate. On passing
chlorine gas into a dilute aqueous solution, ethyldichloramine,
N(C,H;)Cl,, separates as a heavy oily liquid, boiling at 91°.
Ethylammonic chloride, N(C,H;)H;.Cl, erystallises in deliquescent
plates, which melt at 80° and boil with decomposition at 320°. It is
soluble in alcohol even when containing ether. Its platino-chloride,
N(CyH;)H;]4PtClg, crystallises in orange yellow rhombohedrons.
ith platinous chloride it yields compounds corresponding to those
described above of methylamine.
289. It will be sufficient to give the formula and boiling points of
the higher homologous primary amines.

CH,.CH,.CH,
Propylamine, N&H , boilsat 49°~50°, miscible with water.
H
cHCHs
Tsopropylamine, N<H 3, boils at 32°, sp. gr. *69.
CH,.CH,.CH,.CH,
Normal butylamins, N< , boils at 76°, sp. gr.
7401 at 20°.
CH,.CH <LH
Isobutylamine, NCH 3, hoils at 66°-68°, sp. gr. ‘7357
H
at 15°.
CH,.CH,.CH (Cpis

CH;

Tsoamylamine, N&H boils at 95°, sp. gr. -815.
H

Admide of secondary tsoamyl, N<H <C <(,H,, boils at 78:5°,

sp. gr. “765.
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Secondary Amines.

270. Only a few bodies of the series of secondary amines have
been prepared in the pure state and thoroughly investigated. Their
formation from the primary amines has been already mentioned, as has
their general chemical behaviour. With nitrites they behave in com-
pletely different manner to the primary amines and ammonia. By
heating their nitrites, obtained by mixing their hydrochlorides with
potassic nitrite, water and a nitroso body are found. For example, if
an aqueous solution of diethyl ammonic nitrite be heated, an oil, boiling
at 177°, separates, which is nitroso-diethylamine or nitroso-diethyline :

C,H, C,H,
N<C,H,, + HO.NO = H,0 + N<C,H5 (nitroso-diethylamine).
H NO

Dimethylamine, N(CoH ;) H, metameric with ethylamine, boils at
between 8° and 9°. Its hydrochloride gives with platinic chloride a
double salt, crystallising in beautiful needles, [N(CH,),H;],PtCl,.

Diethylamine, N(C3H, ), H, metameric with the butylamines, boils
at 57° and is miscible with water in every proportion.

The above-mentioned nitroso-diethylamine is converted by alcoholic
potassic hydrate into monethylamine ; the reaction is complicated, but
may probably be represented by the equation :

4N(C,H,),(NO) + 8KOH = 4N(C,H,)H, + 4NH,
+ 2C,H, + 4K,CO,.

Treated with sodium amalgam, it is reconverted in presence of water
into diethylamine, nitrous oxide being evolved :

2N(C;H;)3(NO) + 4H = 2N(C,H)H + H,0 + N,0.
Dibutylamine, N(CH,.CH,.CH,.CH,),H, boils at 158°-160°.

Ditsoamylamine, N(C,H,,),H, is an oily liquid, which floats on
water, boils at 170°, and forms difficultly soluble salts with acids.

Tertiary Amines.

CnHﬁn +1
N&CuHon sy
nflon 4
271. Nitrous acid acts with difficulty on these compounds; their
nitrites also are more stable than those of the less substituted bodies.
T'rimethylamine occurs ready-formed in herring pickle. From this
it can be obtained mixed with ammonia by distillation with sodic
hydrate. The distillate is saturated with hydrochloric acid, evaporated
to dryness, and the residue extracted with strong alcohol, in which
ammonic chloride dissolves but little. The filtered alcohol solution is
then evaporated, and the trimethylammonic chloride distilled with
potassic hydrate.
Trimethylamine also occurs in the stinking goose-foot (Chenopo-
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dium vulvaria), in the flowers of Cratacgus oxyacantha, in coal-tar oil,
and in animal oil. It boils at + 9-3° (the metameric propylamine
at 49°-50°), dissolves readily in water, and smells at once of herrings
and ammonia.

Triethylamine, N(C,H,);, is obtained readily by heating a mixture
of diethylamine and ethylic bromide; the mixture soon solidifies to
fibrous crystals of triethylammonic bromide, from which triethyl-
amine can be obtained, by distilling with an alkali, as a colourless,
strongly alkaline liquid, little soluble in water. It boils at 89°. By
long heating with a concentrated solution of potassic nitrite its hydro-
chloride is converted into nitroso-diethylamine..

Normal tributylamine, N(CH,;.CH,.CH,.CH,),, is an oil boiling
at 208°.  T'riisoamylamine, N(CsH,,);, boils at 257°.

Diethyl-isoamylamine, N(C,H;),(CyH, ), is a mixed tertiaryamine;
it boils at 154°.

Methyl-ethyl-isoamylamine, N(CH,)(C,H,)(CsH,,), boils at 129°.

Tricetylamine has been obtained by slowly passing ammonia gas
into cetylic iodide heated to 180° :

3C|6H33I + 4NH3 = N(C|6H33)3 + 3NH‘I.

Much ammonic iodide separates, from which the melted tricetyl-
amine is decanted ; it solidifies on cooling to a crystalline mass. By
repeated crystallisation from hot alcohol tricetylamine is obtained in
colourless needles, which melt at 39°. Its salts, though insoluble in
water, dissolve readily in alcohol and ether.

Tetralkylammonic Compounds.

272. The tetralkylammonic haloids are the last products of the
action of ammonia on the haloid salts of the alcohol radicals. The
iodides are generally prepared by heating a tertiary amine with an
alkylic iodide to 100°. Both unite to form a crystalline compound :

N(CuHgn 41)s + CaHagn 4\ I = N(CoHgn 4 )41,

which by stronger heating can be reconverted into the tertiary amine
and alkylic iodide. Potassic hydrate does not exert a marked
decomposing action on these bodies on boiling; by shaking their
aqueous solutions with freshly precipitated argentic oxide argentic
iodide separates, and the now strongly alkaline liquid contains the
corresponding hydrate :

N(CoHgn 41),I + AgOH = Agl 4 N(CyHyn,,),.OH.

These hydrates behave chemically like the strongest alkalies. By
cvaporation in vacuo they can be obtained in crystals, which deli-
quesce in moist air and are caustic in strong solution. They saponify
fats, precipitate metallic oxides or hydrates from metallic salts, dissolve
alumnina, zincic hydrate, &c., like potassic hydrate (they do not,
however, dissolve chromic hydrate), end combine with the acids (even
carbonic) to form salts which correspond to those of the alkalies.
Their iodides unite with further quantities of iodine, forming
periodides.

273. Tetramethylammonic sodide, N(CH,),I, crystallises in colour-
less prisms, which are separated unchanged by addition of potassic
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hydrate to their saturated aqueous solutions, and are not decomposed
even by long boiling with it. 'With iodine it unites to form tetrame-
thylammonic pentarodide, N(CHj;),I;, which crystallises in brilliant
metallic black crystals. Zetramethylammonic hydrate, prepared from
the iodide by action of freshly precipitated argentic oxide, is crystal-
line, very deliquescent, and eagerly absorbs carbonic anhydride from
the air. The nitrate N(CH,),.0.NO, crystallises in long brilliant
prisms. The chloride N(CH,),Cl gives with platinic chloride a
double salt crystallising in orange yellow octahedra, [N(CH,),],PtCl.
On strong heating tetramethylammonic hydrate spllts up into tri-
methylamine and methylic alcohol :

N(CHj,),.0H = N(CH,), + CH,.0H.

274. Tetrethylammonic todide, N(C,11,),I, is readily soluble in
water and alcohol. With alcoholic solution of iodine it yields bluish
black crystals of azure blue lustre of tetrethylammonic tritodide,
N(C;H,;)I3, which melt at 142°.  Tetrethylammonic hydrate crystal-
lises in vacuo in hairlike crystals, which are very deliquescent. On
heating to 100° decomposition occurs, and there is obtained triethyl-
amine and not alcohol, but ethylene and water :

/CaH, C,H,
\C,H5 - N<C,H5 + H,0 4 CH, = CH, (ethylene).’
\CH, CH, H,

The plat.mo-chloride [N(C,H,)],PtClg crystallises in regular
octahedra.

275. The following bodies have also been obtained :

Trimethyl-ethylamnwnic todide, N(CH),(CyH;)I, from trimethyl-
amine and ethylic iodide.

Methyl-diethyl-amylic iodide, N(CH;)(C,H;)y(CsH, )1, from me-
thyl-diethylamine and isoamylic iodide, and methyl-diethyl-isoamyl-
ammonic hydrate, which on heating yields ethyl-methyl-isoamylamine,
water, and ethylene :

N(CH,;)(C,H,)(C;H,,).0H = H,0 + C,H,
+ N(CH,)(C,H,)(C,H,y,).
There have further been obtained :

Triethyl-isoamylammonic hydrate from its iodide, and also tetriso-
amylammonic hydrate.

HYDRAZINE C'OMPOUNDS.

276a. This name has been given to a class of bodies containing
the nitrogen group — N—N —, whose free affinities may be satu-
ratoed either with hydrogen or alcohol radicals.

They may be considered as derived from the nitro-hydride
H,N—NH,, which has not yet, however, been isolated, by the
substitution of its hydrogen by other groups.

Primary hydrazines result by the substitution of one hydrogen
atom, and secondary by two of the latter. There are two isomeric

.
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forms, the symmetrically substituted and the unsymmetrically sub-
stituted group.

The relationship of the hydrazine series to the amines will be seen
from the following list :

. Amines. Hydrazines.
Ethylamine, NH,.C,H;. Ethylhydrazine, H,N—NH.C,Hj.
Diethylamine, NH(C,H;),.  Diethylhydrazine, H,N—N.(C,Hj),.

Primary Hydrazines.

These bodies may be obtained in the fatty series from the corre-
sponding nitroso-ureas.

H
N<e,H,
275b. Ethylhydrazine, C,H N, =

H
N<H

This body is best prepared from diethyl or ethyl-phenyl urea,
which is converted into a nitroso compound by the action of nitrous
acid, and this reduced by zinc and acetic acid, the hydrazine urea
being then decomposed by come strong acid into ethylhydrazine,
carbonic acid, and ethylamine, or aniline. A good process is to
dissolve 50 grms. of diethyl urea in 200 cc. water, acidified with 35
grms. of sulphuric acid, and then to add to the cooled mixturc the
calculated quantity of sodic nitrite in small portions. The yield
should be about 30 grms., which is dissolved in 180 cc. alcohol, 120
grms. zinc dust and 60 to 70 grms. glacial acetic_acid added, the
whole being carefully cooled. 'When HCI ceases to produce a pr: cipi-
tate of nitrosamine the liquid may be separated from the zinc dust
and treated with very concentrated sodic hydrate solution, shaken
out with ether, and this solution, after being acidified with HCI,
evaporated.

The syrupy residue, consisting of the chlor-hydrates of diethyl
carbamide and diethyl semi-carbazide, is boiled with three or four
times its volume of fuming HC], and finally saturated with HCI gas,
whereby ethylhydrazine hydtochloride separates in needles.

The base is obtained in a free state by distilling the last mentioned
body with potash or baric hydrate. It is a mobile colourless liquid of
ethereal odour, something like ammonia, boiling at 99-5° at 709 mm.
pressure. It is soluble in water and alcohol, and very hygroscopic,
and acts corrosively on cork and caoutchouc. It is very easily oxi-
dised, and reduces alkaline copper solutions. as well as silver and
mercury salts in the cold. In the case of the latter metal & consider-
able quantity of mercury ethyl is produced. Bromine decomposes it
immediately even in strongly acid solutions, liberating nitrogen. Its
solutions behave towards most metallic salts like ammonia. It gives
two classes of salts. .

The acid hydrochlorate, C,H;N,H;.2HC], forms fine white
needles, soluble in water and aleohol with decomposition into the
neutral salt, C,H, N,H;.HC], which remains on evaporation as a
colourless, heavy, deliquescent mass.
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Secondary H, ydm:;nes.

The unsymmetrical hydrazines of the fatty series are proluced
almost quantitatively by the reduction of the nitrosamines by znc
dust and acetic acid, the symmetrical hydrazines by the reduction of
the corresponding azo compounds. Both varieties are simultaneously
produced by the action of alkyl haloids on the primary hydrazines.

Diethylhydrazine, (C,H,;),N.NH,, is obtained by the careful
reduction of diethyl nitrosamine with zinc and acetic acid.

After the termination of the reaction it is separated from the zirc;
and the filtrate, after addition of excess of sodic hydrate, is distilled
with steam, best from a copper vessel. The watery distillate, which
contains hydrazine, ammonia, and diethylamine, is saturated with
HCI and evaporated to remove as much ammonic chloride as possible.
Hydrazine and diethylamine are separated from this filtrate on
addition of potash as an oil. To separate the hydrazine the oily mix-
ture is trcated with cyanic acid, thus forming

Diethylhydrazing urea, difficultly soluble in water and alcohol,
and which may thus be easily purified. It is finally distilled with solid
potash or baric hydrate, and obtained as a colourless liquid of ethereal
ammoniacal odour, boiling at 96°-99° and soluble in most of the
ordinary solvents. It is a monacid base, and gives salts easily soluble
in water and most difficult to get crystallised. With ethyl iodide it
forms triethylazonium iodide :

(C,H,),NI—NH,,
white needles easily soluble in water and alcohol, insoluble in ether.

Tetrethyl tetrazon, (C,H;),N.N = N.N.(C,H;),. By oxidising an
aqueous solution of diethylhydrazine with yellow mercuric oxide
this body is obtained as a colourless oil, of an odour somewhat like
leeks. 1t does not solidify at — 20° and can only bhe distilled in a
current of steam. On boiling with water it is totally decomposed.
Many mixed fatty aromatic hydrazines are known, and will be de-
scribed under aromatic bodies.

Alkylic Cyanamides.
L
276. By action of cyanogen chloride on the amines, substances
analogous to the cyanamides are obtained :
CLCN + 2N(CqHyn 41 )Hy = N(CyHopn 4 ) H,C1
+ (CN).N(CoHgn 4 )H;

as also by desulphurising the mono-alcoholic sulphureas (§ 287) by
mercuric oxide in boiling aqueous or alcoholic solutions :

I‘II(CnHau VH N(CaHgn 41 )H
c—S + HgO = HgS + H,04+ C=N

|

NH,

By evaporation of the liquid from which the mercuric sulphide has
been filtered, they are obtained as neutral syrips, which, by repeated



ALKYLIC CYANAMIDES. 191

solution and evaporation, are readily polymerised into the crystal-
lisable and strongly basic melamine derivatives :
3CN,H(CoHgn +1) = C3NgHy(CoHon 41)s-

These latter can combine with two molecules of hydrochloric, acid,
but these salts easily decompose, with separation of ammonic chloride,
into the analogous ammelide derivatives :

C3NgH,(CoH 04 )3 2HCI + H,O0 = NH,Cl
+ C3Ng.Hy(CoHyn 41)30,HCI;
and similarly by long boiling with excess of hydrochloric acid into
trialcoholic isocyanurates :
C3NgH;3(CnHyn )3 + 3HCL + 3H,0 = 3NH,C1
+ C;3N;.(CaHgn 4 1)305.

By these reactions the melamine from which these substitution
products are derived is not expressed by the formula already given

(§ 117):

H,N- -C=N
II‘T—E‘—NH,

HN_ =K

but only by the isomeric expression :
HN—C—N—H

H—I!I (I):NH

HN:é—-Il‘I—H

277. The most thoroughly investigated body of this class is
triethyl melamine. This forms strongly alkaline, readily soluble,
colourless crystals, whose cold concentrated hydrochloric acid solution
gives with platinic chloride a double salt :

C4No(CyH,)3Hy, 2HCLPCI,,
in easily soluble, wavellite-like, crystalline masses.
By long standing, or in shorter time by boiling its solution, tri-

ethyl melamine hydrochloride decomposes into ammonic chloride and
triethyl ammelide hydrochloride :

HN:(I,‘—N.C,H5 HN=C—N.C,H,

' ||

C,H, N (f:NH +2HCl + H,0=NH,C14C,H,N C=0,HCl
[

H.N=C—N.C,H, HN=C—N.C,H,

from which triethyl ammelide can be obtained as a syrupy mass
readily soluble in ether and giving with hydvochloric acid and platinic
chloride the double salt

[C3N,Hy(C,H,),0],2HCLPLCl,.
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By long continued boiling with hydrochloric acid triethylic iso-
cyanurate i8 obtained :

HN=C—N.C,H, 0=C—N.C,H,
| I
C,H, N C=NH + 3HCI + 3H,;0 =3NH,Cl + C,H,N (=0
|

L] [
HN=C—-N.C,H; O0=C—N.C,H;
If triethyl melamine be submitted to dry distillation, it splits
into two compounds, of which the one remaining in the retort as an
amorphous mass is by its composition a monethyl dicyan-diamide ; the
other, boiling at 190°, is dicthyl cyanamide :

y N(C,H;)H
CoNY(CH)H, = (CNISR T P+ G0,
~ "
Moncthyl dicyan-diamide. Diethyl cyanamide.

The latter must be a derivative of true cyanogen, as on boiling with
alkalies it yields diethylamine together with ammonia and a car-
benate :

C=N

! + 2KOH + H,0 = CO(OK), + NH; + N(C,H;),H.

N(C;H,),

Isocyanides of the Alcohol Radicals, C=N—CpyHy, .

278. The iso- or pseudo-cyanides of the alcohol radicals are formed
by the action of argentic cyanide upon the iodides of the alcohol
radicals (§ 96):

C=N—Ag + ICHyn,, = Agl + C=EN—CoHpny 5

and by mixing chloroform with primary amines and an alcoholic
solution of potassic hydrate :

CHCl; 4+ N(C,H,p 4 ,)H, + 3KOH = 3KCl + 3H,0
+ C=N—CyHpny -

In smaller quantity they are also formed as bye-products in the pre-
paration of the isomeric true alcoholic cyanides by dry distillation of
potassic cyanide with potassic alcoholic sulphates. They are liquids
difficultly soluble in water, of fearfully disagreeable odour and very
poisonous properties. With argentic cyanide they unite to form
crystalline bodies of the formula

CN.CpH,n 4 1,CNAg,

cl"EN—CnH m+1
Ag—N=C

from which they can be set free by heating with an aqueous solution
of potassic cyanide :

probably

C:N —CnH2n+ 1 K—C—:—..N
| _I + K—(C=N= I__I +C=N—CpHyu 4.
Ag—N=C Ag—N=C

A\
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Though pretty stable towards alkali solutions, they are very
readily converted into formic acid and the salts of primary monamines
by acids :

H

(EN—C,,H”.H + 2HOH + HCl = &-_—0 + N(CBH20+I)H301;

H

and by long heating with water to 180° are transformed into formates
of primary amines:
H

I
C=N—(CuHgn 1) + 2H;0 = C=0

O—N(CpHgp 4 )H,
By treatment with mercuric oxide they yield pseudo-cyanates (§ 280) :
(o)

/
CEN—C,Hon 4y + HgO = é-N—C'annM + Hg.

279. Methylic tsocyanide, or methyl carbammonium, C=N—CH,,
is a colourless liquid, which boils at 58°-59° and dissolves in ten
times its weight of water. With dry hydrochloric acid it yields a
solid compound, CN.CH,4,HCl, which by addition of water decom-
poses into formic acid and methylammonic chloride :

H CH,
. 4H
—Cl + 2H,0 = C£0 _+ N(CH,H,0L

Ethylic isocyanide, or ethyl carbammonium, C=N.CyHj, boils at
79° and is an oily liquid lighter than water.
JTeoamylic isocyamide, or isoamyl carbammonium :
H
C=N—CH,.CH,.CH 3

boils at 137° and is completely insoluble in water.

Isocyanates of the Alcohol Radicals.

280. These compounds, isomeric with the true cyanic salts (§ 234),
are expressed by the general formula

Cc=0

l._
L1“—011H2n+ 1
They are formed from the isocyanides by direet oxidation with mer-
curic oxide (§ 278), with greater readiness by the distillation of fused
potassic cyanate with potasdic alcoholic sulphates :
C=0 C=0
}u + K(CoHgn41)S0, = K,80, + ﬂ
—K —CoaHgn 4
o
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a larger part being invariably polymerised to isocyanurate. The
known compounds are low-boiling liquids of extremely penetrating
and disagreeable smell, provoking to tears; they react on water,
forming. carbonic anhydride and dialkyl ureas :
N(C,Hg 4 )H
_ ( +1)
2% + H,O = CO, + —
—CaHsn 4

|

N(CoHpn4)H

and by aqueous acids are rapidly decomposed into carbonic anhydride
and salts of primary amines :

=0
ﬂ + H;0 + HCl= COy + N(CoHsn4,)H,CL
—CpHon 4,y

With fihe alcohols by analogous reactions they yield primary amines
(§ 266) :
C=0
ﬂ + 2HOK - CO(OK)’ + N(Can.’.l)H’.
—CpHgny,

They absorb a molecule of dry hydro-acids, forming liquid compounds:

(00)

Cc=0 #
IU + HC1 =/\_(CnHm+l)

ntign41 d H

which quickly decompose with water in the above-mentioned way.
With amide compounds they unite to form substituted ureas (see
§§ 282and 283).

The following are the best known :—
c=0
Methylic isocyamate, or methyl-carboxyl amine, H , & very
—CH,
volatile liquid.

Ethylic isocyanate, CO(N.CoH;), boils at 60° and with sodic
ethylate yields triethylamine :
Cc=0
% + 202H6-0.Na = CO(ON&)’ + N(C’HQ),.
atls

The hydrochloride, LL{%H“, boils at 95° and possesses a very

penetrating, tear-exciting odour.
Tsoamylic isocyanate, CO(NC;H,,), boils at about 100°.

Jsocyanurates of the Alcokol Radicals.

281. It has been mentioned in the preceding paragraph that in
the preparation of isocyanates from potassic isocyanate and potassic

| N
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alcoholic sulphates the greater part of the volatile products poly-
merises to isocyanurate.

By an analogous reaction the isocyanurates are also prepared by
the dry distillation of potassic alkylic sulphates with tripotassic
cyanurate :

3K(CaH3n 41)80, 4+ C3N30;K; = 3K ;S0 + C30,N5(CoHyn 4 1)s.

That they result from the true cyanurates by distilling the latter,
through intra-molecular change of the elements, has been already
(§ 235) mentioned ; e.g.

CH,;.0.C=N Osz—N-CHa
|
I‘L—C.O.CH, by distillation becomes CHy. N (I}=O

0, 0.4=¥ o=t N, .

“ Methylic cyanurate. Methylic isocyanurate.
The formation from the trialkylic derivatives of melamine has been
already given (§ 277).

The isocyanurates of the alcohol radicals, so far as they have been
prepared, are crystalline bodies of pretty high melting and boiling
point, and can be crystallised from hot water, alcohol, and ether.
They are decomposed on boiling with alkalies (similarly to the pseudo-
cyanates), into carbonates and primary amines :

CSOS(N'CIIH”+1)3 + GHOK = 3CO(0K)3 + 3N(CIIH2!I+I)H2°

The best known compounds of this series are the following :—

Trimethylic isocyanurate, C303(N.CH,);, forms colourless, brilliant
prismatic crystals, which melt at 175° and boil at 295° Their
vapour density is 5:92°.

Triethylic isocyanurate, Cy03(N.CoHj),, crystallises in rhombic
prisms, which melt at 85° and boil at 276°.

If triethylic isocyanurate be boiled with baric hydrate solution
until the precipitation of baric carbonate ceases, and the filtrate, freed
from excess of baric hydrate by carbonic acid, evaporated, a viscous
oil is left of the formula C;H,,N;0,:

09H15N303 + Ba(OH)’ = BHCO, + CSHK7N302'
This body is without doubt ¢riethyl biuret :

On dry distillation it decomposes into ethylic pseudo-cyanate and di-
ethyl urea.
02
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In the crude triethylic isocyanurate, obtained by the dry distillation
of potassic ethylic sulphate with potassic cyanurate, there is also a
more readily soluble body. By boiling the mother liquor of the
aqueous crystallisation with baric hydrate, and precipitation of the
barium by sulphuric acid, there is obtained, on evaporation of the
filtrate, hexagonal prisms, or rhombohedrons of diethylic cyanurate,
C,N,;04(CyH;),H, which melt at 173°. Its structure is as yet un-
known.

Substituted Ureas.

282. Ureas containing the alcohol radicals have not yet been pre-
pared from urea itself, but are obtained readily from the isocyanates.

Anslogously to the formation of urea from the decomposition of
potassic isocyanates with ammonic salts :

the former yields with the salts of primary amines the mono-alkylic
ureas : .

C=0.NK + N(CoHyq,)H;Cl =KOl + co<§§g:Hu+ D)

On decomposing potassic isocyanate with the salts of secondary
amines a-dialkylic ureas are formed :

CO.NK + N(CyHgn,)sH Cl = KCI + co<§§§:ﬁm+n)a

Metameric with these latter are 3-dialkylic ureas, which are obtained
from alkylic isocyanates and primary amines :
CnHgp 4 ,gH

(CO)=N(CoHgn 1) + N(CoHpny)Hy = CO<§ECnHm WH

That these substituted ureas are also formed by the decomposition of
the isocyanates with water has already been mentioned (§ 280). The
reaction occurs without doubt in two stages, in the first according to
the equation :
Cco
l& + HQO = CO, + N(CnH’n.',])H’.
CaHony

Together with carbonic anhydride, a primary amine is formed, which
then reacts on a second molecule of the isocyanate.
If in this latter reaction a secondary amine be used, a trisubstituted

urea is obtained :
N(Co,H. H
(COJ=N(CaHin 1) + N(Con 1) = 0O (Cellms )}

The tertiary amines are without action on the isocyanates of potas-
sium and the alcohol radicals.

As by these methods polysubstituted ureas can also be prepared
containing different alcohol radicals, the number of possible com-
pounds in this group is very large. The reactions of the alkylic
derivatives of urea correspond in many points with those of the
parent body. They unite with acids to form saline compounds,
which contain only one equivalent of the acid; by heating with
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aqueous acids or alkalies they are all decomposed into carbonic
anhydride and amines :

co<1§(g:n"'“)ﬂ + H,0 4 2HCl = CO, + N (CuHgn 4 ,)H,Cl
+ NH,C]
CO<§(€:H”+')’ + 3HOK = CO(OK), + N(CuHpm,,)H
+ NH,
CON(GH=+1H + 2HOK = CO(OK), + IN(CaHyn,, ) H,
and finally

CO<Ria R Y+ 2-{-H§(KC = 00«;? + N(CaHpy )oH
niin+1 2

At higher temperatures, however, they show a difference in be-
haviour. The mono derivatives, similnrlydto urea, cannot be distilled
unchanged, but give primary amines and cyanuric acid, whilst the
di and tri derivatives distil unaltered.

283. The following are the more important of the numerous com-
pounds known :—

Methyl urea, H.N—CO—N(CH,)H, forms long prisms, deli-
quescent in moist air, from whose concentrated solution nitric acid
separates a difficultly soluble nitrate of the formula :

N(CH,)H,HNO
OO<N(]{, 3) 3

Ethyl urea, H,N—CO—N(CgH,)H, crystallises in readily soluble
long prisms, which melt at 92° and decompose at about 200°. The
nitrate is readily soluble.

a-Diethyl urea, H,N—CO—N(C,H;),, prepared from potassic
isocyanate and diethylammonic salts, is metameric with S-diethyl
urea. :
(-Dimethyl urea, H{CH;)N—CO—N(CH,;)H, melts at 97° and
boils unaltered at 270°-280°.

[-Diethyl urea, H(CoH ;) N—CO—N(C,H,)H, crystallises in large
prisms, which melt at 112°-113° and boil at 263° without decom-
position. When heated in an atmosphere of dry hydrochloric acid,
it splits up into ethylammonic chloride and ethylic pseudo-cyanate
hydrochloride (§ 280) :

N(C,H;)H N(C3H;)H,C)
|

(I}O + 2HCl = (I}O

N(CsH;)H NI—C,H5,HCI

Of the numerous analogous compounds with different alcohol
radicals methyl-ethyl urea may be mentioned ; it is very deliquescent
and is prepared by action of methylamine on ethylic isocyanate.

Triethyl urea, H(C;H;)N—CO—N(C,H;),, is soluble in water,
alcohol, and ether, melts at 63°, and distils unchanged at 223°.
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Thiocarb-alkylamine Compounds.

284, The alkylamine compounds of the thio-carbonic acid radi-
cal CS are more thoroughly known than those of carboxyl. If an
alcoholic solution of a primary amine be mixed with carbonic di-
sulphide they unite with evolution of heat, and on evaporating the
solutions the primary amine salts of the alkylic sulpho-carbamates
are obtained :

N(CoHgn 41 )H

082 + 2N(CnHm+ ‘)Ha = _S

S.N(CoHon 4 ,)H,

from which acids precipitate the mono-substituted sulpho-carbamic
acid as oils which solidify to crystalline masses. In the presence of
excess of acid these decompose with evolution of carbonic disulphide :

N(CDH n+1 )H

__S + HCI = N(CnHm+ l)H,CI + CS,.

l
S—H

If the original salts be heated with argentic or mercuric salls,
metallic sulphide is precipitated, sulphuretted hydrogen evolved, and
isosulpho-cyanates (so-called mustard oils) formed :

N(CoHsa 41)H
20=8 + Hg(O.NO,), = 2N(CyHyy , ,)H;.0.NO, + H,8
AN CH, 8, N—(CaHyns1)

+HgS+2|([}=s

The conversion is still easier if iodine tincture be employed instead :
N(CoHgn 4 1)H
N-CnHSIH- 1
é C=S8

The separated sulphur is filtered off and the liquid distilled with sodio
hydrate, when the isosulpho-cyanate distils.

If the alkylamic salts of sulpho-carbamic acids be heated, they
evolve hydric sulphide and leave disubstituted sulphureas :

N(Can.'. l)H N(Can +1 )H
l —S =H;8 + C=8
S.N(CoHgn 4 1)H, I'Q(CnHam)H
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which by distillation with phosphoric anhydride are converted into
isosulpho-cyanates :

N(CoHpn 4 )H

N.Co,Hyn 4
|_.S . = N(C,Hjn 4 )Hy + I(!‘:S
N(CoHgn 4 )H

285. The alkylic isosulpho-cyanates are distillable liquids of
strong, tear-exciting odour, which raise blisters on the skin. By
their alcobolic solutions with mercuric oxide they are con-

verted into the corresponding isocyanates :
N(C,H N.(CLH
”( m+1) + HgO = HgB + u}io m+1)

which soon undergo further change.
If an isosulpho-cyanate be heated with absolute alcohol to
110°-120° it is converted into ethylic alkyl-oxysulpho-carbamate :

N(CoHgny1)H
+ HO.C,H, = I_s

whilst by mercaptan in analogous reaction ethylic alkyl-disulpho-
carbamates are formed :

F(C-Hmu)

N(CaHgn41)H
+ HS.C,H, = I'=s

8.0,H,

By heating with water to 200° the isosulpho-cyanates are de-
composed into amines, hydric sulphide, and carbonic anhydride :

N(CoHsn 41)
" 2H30 = N(CnHm+ ‘)Ha + CO’ + st;

IN.(CBHD + l)

by concentrated sulphuric acid with evolution of carbonic oxy-
sulphide :

CS(N.Can.‘,I) + H’SO4 + H,O = [N(CnHzn.,. l)Ha]HSO‘
+ CO8.

They unite very readily with ammonia and with amines to form
sulphureas :
N(CoHgn 1) N(CoHgo 4 )H
+ NH; = C=S8

H,
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N(CoHgn 41) N(CoHs41)H
+ N(CnH2n+ l)H, = (?:B

1“T(CnHm +)H

286. The ethyl compounds of this group are best known. Ethyl-
amine unites with carbonic disulphide to form

N(CyH,)H
Ethylammonic ethyl-sulpho-carbamate, C=S8 which
é.N(C,H,)H,
crystallises in beautiful hexagonal tables, melting at 103°
N(C,Hy)H
Ethyl sulpho-carbamic acid, C=S8 ,» prepared from this, is at

H

first obtained as an oil, which after a time becomes crystalline
By boiling its argentic salt with a slight excess of argentic nitrate
ethylic isosulpho-cyanate is obtained as a colourless liquid, boiling at
134°:

N(CyH)H
N NC’HQ
C=S + AgO.NO, = Ag,S + HONO, + ||
C=S8
Ag

It is more generally prepared from ethylammonic ethyl-sulpho-car-
bamate by action of tincture of iodine.
Absolute alcohol unites at 110° with ethylic isosulpho-cyanate,

forming
N(C,Hy)H
Ethylic ethyl-sulpho-oxycarbamate, b:S , an oil smelling like

.CyH,
garlic, which boils unaltered at 204°-208°.
Ethylic mercaptan converts ethylic isosulpho-cyanate into
N(C,H;)H

Ethylic ethyl-sulpho-carbamate, C—=8 , which is resolved into

its components on distillation.
If ethylic isosulpho-cyanate be treated with zinc and hydrochloric
acid, it is in part converted into ethylamine and methene sulphide :

CS(N-C’H‘) + 4H = N.CaHs.Ha + CSHZ;
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whilst another part yields methyl-ethyl-amine and hydric sulphide :
CH,
C=S8 |
Il + 6H =H,8 + N—C,H;
N.C,H; |
H

The following isosulpho-cyanates of alcohol radicals are also known :—
Methylic isosulpho-cyanate, CS(N.CH;), a crystalline solid, which

melts at 34°, boils at 119°, and smells strongly like horse radish.
Butylic Tsosulpho-cyanates.— Isobutylic wsosulpho-cyanate :

CS.N.CH,.CH<gg:

is prepared by the methods given above. It is liquid and boils at
161°-163°. Another butylic salt forms the chief constituent of the
ethereal oil of scurvy grass (Cocklearia officinalis). It boile at
159°-160°, and yields with ammonia a different urea to that given
by the first.

Isoamylic isosulpho-cyanate, CSN.CH,.CH,.CH<gg:, is an oily
liquid, boiling at 183°-184°.

287. Substituted Sulphureas.— Diethyl-sulphurea, C3(N.C,Hgz.H),,
prepared by heating ethylammonic ethyl-sulpho-carbamate, and by
union of ethylic isosulpho-cyanate with ethylamine, forms large

which melt at 77°. Their aqueous solution gives with
platinic chloride a bright yellow crystalline precipitate.

On boiling the alcoholic solution with mercuric oxide S-diethyl
urea is formed :

CS(N.C,Hg H), + HgO = Hg8 + CO(N.C,H.H),.

By heating in an atmosephere of hydrochloric acid, it is decomposed
(analogously to diethyl urea) into ethylammonic chloride and ethylic
isosulpho-cyanate :
C8(N.C;H;.H) + HCl = N.C,H.H,Cl + C3(NC,H;).
N(C,H,)H

Ethyl- methyl sulphurea, C—S8 , is prepared from ethylic

A (CH,;)H
isosulpho-cyanate and methylamine.
N.(C,H,;)H

Ethyl sulphurea, C=8 , forms colourless needles, which
N'Hz
melt at 89°.
By boiling its alcoholic solution with mercuric oxide, HgS and
H,0 are formed, together with ethyl cyanamide, which polymerises
into triethyl melamine (§ 276).



202 DERIVATIVES OF THE ALCOHOL RADICALS, CalHjntae
. H3
IT(CH,.CH <gHa)H |
Tsobutyl sulphurea, C=S8 , obtained from iso-
H,

butylic isosulpho-cyanate and ammonia, melts at 90°, whilst that
prepared from the scurvy grass butylic isosulpho-cyanate melts
at 135°.

On bringing carbonic disulphide and diethylamine together in
alcoholic solution, they unite to form diethylammonic diethyl-sulpho

carbamate ;
N(C;H,),

|
S.N(C,H,),H,

The solution of this salt, when boiled with mercuric oxide, gives
ethylic isosulpho-cyanate and chlor-mercuric sulpho-ethylate :

N(C;H,)s
=S + HgCly = N(C,H,);H,Cl + Cl—Hg—8—C,H,

é.NC H,;),H
(C;H,)5H,4 N—0,H,

+
bs
No sulphureas can be prepared from tertiary amines.
Substituted Guanidines.

288, The monosubstituted derivative CN;(CaHgn, )H, can be
prepared by heating cyanamide with the hydrochlorides of primary

amines :
’ N(CpyH;p 4, )H.HOI
C=N
| + N(CoyHsn 4 )H3,HCl = C=NH
NH, |
NH,

gimilarly to the formation of guanidine by action of cyanamide on
ammonic salts :

=N I‘I_H’Cl
+ NH,Cl1= C=NH
L .

By this method methyl guanidine hydrochloride is prepared, from
which, by treatment with argentic oxide, methyl guanidine :
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N.CH,.H

|
(')=N H
NH,
can be separated.

Methyl guanidine had been known for a long time, under the name
of methyl uramine, as a product of the action of mercuric oxide upon
creatine and creatinine.

It forms a colourless, crystalline, deliquescent mass of strongly

alkaline reaction and caustic ammoniacal taste. It decomposes
ammonic salts, precipitates metallic oxide from their salts, dissolves
aluminic and ferric hydrates, and absorbs carbonic anhydride from the
air.
Its crystalline salts contain one equivalent of acid and react
slightly alkaline. The hydrochloride yields with platinic chloride a
goub‘lsa salt, crystallising in the monoclinic system and of the
ormaula :

(CH,)H
C=NH,HCl |[,,Pt0l,
H,

On boiling with solution of baric hydrate it decomposes into carbonate,
ammonia, and methylamine :

N.CH,H
—NH + Ba(OH), + H,0 = BaCO, + 2NH, + N.CH, H,

Disubstituted derivatives have not yet been prepared, but tri
derivatives are known.

N.C;H,H

Triethyl guanidine, JP:N .C;H;, is obtained from triethylic
N.C,H, H

isocyanurate (§ 281) by heating with an alcoholic solution of sodic

ethylate, and separates, in union with water, as a hydrate forming a
strongly alkaline oil :

0——-C—N-C,H5 N-OaHu.H
C,H,N C=0 4 4NaOH =2Na,C0, + O=N.C,H, H.0OH
— .C.H, N.C,H,.H

It is also obtained by boiling an alcoholic solution of diethyl sulph-
urea containing much ethylamine with mercuric oxide :
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N.O,H,H N.C,H,H
|_S + Hgo + N.O’Hg.H, = Hgs + —N-CgH;-H.OH
N.C,H,H N.C,H, H

Tt absorbs carbonic anhydride from the air, and yields salts with acids.
The p]atino—chloride 2[CSN3(C’Hs)aHg-HCl]j9PtCl‘ cryst‘]lim in
beautiful tables.

On distilling hydrated triethyl guanidine, it decomposes into ethyl-
amine and diethyl urea :

N.C,H,.H N.C,H,H
O=N.C,H, H.OH = (|3=o + N.C,H,.H,
N.C,H, H N.C,H,.H

Nitro-paraffins, CoHgp 4. NO;.

289. These compounds, isomeric with the alkylic nitrites (§ 213),
are readily obtained by the action of alkylic iodides upon argentic
nitrite, which, therefore, probably in great part, is not the salt
Ag—O0—NO, but Ag—NO,. The reaction goes on with great vio-
lence according to the equation :

CoHsn 411 + AgNO; = Agl + CoHyn41.NOg.
The nitro-paraffin is distilled from the argentic iodide and purified
by fractionation.

The nitro-paraffins are distinguished from the isomeric alcoholic
nitrites by their much higher boiling points and greater stability.
They do not explode on heating. A property peculiar to those
poorer in carbon (it ceases with the butyl compounds) is their power
of exchanging one atom of hydrogen for sodium, this occurring
either by action of the metal on ethereal solution of the nitro-paraffin
or by treatment with sodic hydrate in water or alcohol :

2CnH’n+|-NOQ + N&a = HQ + 2CnH,nNa..NO,.

CuHyp 4 1-NO; + NaOH = OH,; + C,H,;,Ha.NO,.
This first reaction by employment of potassium becomes so energetic
that the mixture inflames.

In these compounds the alkali metal invariably attaches itself to
that carbon atom to which the NO, group is united :

?H, CH,; CH,
o<h Na
‘ |
0, NO,
Sodium nitro-ethane. Sodium nitro-isopropane.

On heating the dry metallic compounds they explode violently.
In water they are readily soluble, but then easily decompose; in
alcohol the sodium compounds are insoluble, the potassium compounds
soluble and readily changed.

[}
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If the fresh aqueous solution of a sodium componnd be acidulated,
the nitro-paraffin separates unchanged as an oil ; if mixed with salts of
heavy metals, the latter replace the sodium. These resulting metallic
?itr&panﬁn_s are mostly insoluble precipitates. The silver compounds,
or instance :

CoH,,Na(NO,) + AgO.NO, = NaO.NO, + C,H,,Ag(NO),,

are curdy precipitates, which rapidly blacken, owing to separation
of silver.
When the fresh aqueous solutions of sodium or potassium nitro-
(obtained by solution of nitro-paraffins in concentrated
solutions of the respective hydrates) are slowly mixed with bromine,
the brom-nitro-paratfins separate as distillable oils; e.g.

CH, CH,

H H

Na T Br, = NaBr + {7<Br
O’ NO’

Sodium nitro-ethane. Brom-nitro-ethane.
There is invariably, however, some dibrom-nitro-ethane :
CH'-CBI"N 0”
obtained at the same time,

treatment of a slightly heated alcoholic solution of a nitro-
paraffin with acetic acid and iron filings, reduction to the acetate of a
primary amine occurs :

(CoHgn 4+1)NO; + 3Fe + THO.CyH,0 = 3Fe(0.C,H,0), + 2H,0
+ (CaHsa 4 )NH,.0.C,H,0, °
from which on distillation with an alkali the primary amine is
obtained.
290. The following compounds have 8o far been obtained :—
H

I
Nitro-methane, CH; NO,=H—C—H, a colourless mobile liquid

I
O=N—0
little soluble in water and which boils at 99°-101°.

Tt is also obtained by heating a mixture of concentrated solutions
of potassic monochlor acetate and nitrite :

CH,CI
2| + 2KNO, + H,0 = 2KCl + K,C0, + CO,
CO.0K
+ 2CH,.NO,,

the nitro-methane distilling over with the water vapour. If nitro-
methane be poured into an alcoholic solution of sodic hydrate, a
colourlees precipitate of sodium nitro-methane alcoholate :

CH,.NaNO,,C,H,O,
is obtained, which by long exposure over sulphuric acid in vacuo is
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converted into a light white amorphous powder of sodium nitro-
methane, CH,Na.NO,.

Mercuric nitro-methane, probably. (NO,)CH,. Hg.CH4(NO),, pre-
pared by adding mercuric chloride to the aqueous solution of sodium
nitro-methane, when in the dry state, explodes with fearful violence if
rubbed with a dry body.

201, Nitro-ethane, CH;.CH,.NQ,, is a colourless, agreecable-smell-
ing oil, of sp. gr. 1:0582 at 13° and boiling at 113°-114°,

Sodium nitro-ethane, CH;.CHNa.NO,, explodes violently on heat-
ing. It deliquesces in moist air. The aqueous solution gives with
mercuric chloride white needles of the formula :

CH,

<Hg—01
NO,
By treatment of a solution of sodium nitro-ethane with bromine, an
oil is obtained which is a mixture of
CH,
brom-nitro-ethane, &HBr, (boiling at 145°-148°) ; and

NO,
i
dibrom-nitro-ethane, CBr, (boiling at 162°-164°).
NO,

202. Nitro-propame, CH,.CH,.CH, NO,, and nitro-tsopropane,
gg? CH.NO,, are colourless mobile liquids, insoluble in water.
The first boils at 125°-127°, the latter at 112°~117°. Both yield
with alcoholic solution of sodic hydrate precipitates :

CH,.CH,.CHNa.NO, and CH‘}CNa NO,,

which detonate at hxgher temperatures.
Nitro-isopentane, CH’)CH CH,.CH,.NO,, boils at 150°-160°,
and, as already mentxoned does not yield metallic derivatives.

PHOosPEHORUS COMPOUNDS OF THE ALCOHOL RADICALS.

203. Similarly to the derivation of the amines from ammonia,
phosphoretted hydrogen, PH;, yields alkylic phosphine bases.

These latter show the property of uniting with acids only in a very
diminished degree, the power of uniting with acids decreasing with
increased replacement of hydrogen by alcohol radicals. The bodies
belonging hereto form the following groups :
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Primary phosphines, P(C,H g, 4 ) H g, corresponding to N(CpH gy 4 ) H,.
Secondary ” P(CnH2n+ l)RH ” » N(CnHan+ 1).H.
Tel'ti&l'y ” P(CnHm + l)) ” ” N(CDHQB + 1)3‘

Quaternary phosphonium compounds, P(CyHgy )X, corresponding
to N(CoHyn 1) X

The trivalent phosphorus compounds are distinguished from the
corresponding ammonia derivatives by their ready oxidisability,
absorbing oxygen by mere exposure to air, often with spontaneous
inflammation. The tertiary phosphines yield oxides of the formula
P(CoH;p 4 1)30 ; the primary and secon phosphines oxidising to
phosphinic acids, P(CyHgp 41)30.0H and P(CH gy 4 )O(0OH),.

Tee ALEYLIC PHOSPHINES.

204, Whilst by action of ammonia on alkylic iodides the main.
products of the reaction are primary amines, by passing PH, into
heated alkylic iodides no primary or secondary phosphines are formed,
but only tertiary and quaternary phosphonium iodides.

The result is just the same in the reaction between phosphonic
iodide, (PH,I), and alkylic iodides. In order to obtain the primary
and secondary phosphines, the reaction between the two last-mentioned
bodies must take place in presence of zincic oxide.

In order to prepare these bodies, two molecules of phosphonic
iodide, one molecule of zincic oxide, and two molecules of the alkylic
iodide are heated in sealed glass tubes to 150° for six to eight hours.
The tube, when cold, contains a crystalline mass, which consists of the
hydrides of the primary and secondary phosphines in union with
zincic iodide. The reactions are expressed by the following equa-
tions :

ZnO + 2PH,I 4 2C,H;, 4,1 = Znl,; + 2P(C,H,, . ) H,al + OH,,
and
Zn0O + PH‘I + 2CIIHQII+ lI = ZDI’ + P(CnH3n+ |)’HQI + OHQ.

From this mixture the primary and secondary phosphine can be
readily separated from one another, and obtained in the pure state
by means of the decomposition of the primary phosphonic salt by
water :

P(CoHn 4 )HaI + 2H,0 = (HI + 2H,0) + P(CoH,, 4 )H,,

in similar manner to:

PH,I + 2H,0 = (HI + «H,0) + PH,.
The secondary phosphonic salts are not altered by water, but are
decomposed by line hydrates.

In consequence of the spontaneous inflammability of the phos-
phines the decomposition must be carried on in vessels filled with dry
hydragen.

The products from several tubes are for this purpose placed in a

flask A standing on a sand bath (fig. 18). The flask is provided with
two tubes fixed into its neck, of which the under B, bent slightly
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downwards, serves to carry the products of distillation to the con-
denser G, which contains water or a freezing mixture, the upper tube
¢ to introduce the hydrogen, that has been generated in E and dried
by passing over pumice stone moistened with sulphuric acid in F.
The lower end of the condenser tube is fitted into a cylinder 1 which
serves to collect the phosphine that passes over, and which can be
surrounded by a freezing mixture. Any uncondensed phosphine
vapour passes into the flask K, which contains concentrated hydriodic
acid. Thisabsorbs every trace of phosphine vapour, with separation
of the crystalline phosphine hydriodide. As soon as the whole
apparatus is filled with hydrogen, water free from air is allowed to

Fia. 18.

flow through the tap funnel p on to the mixed iodides. The
primary phosphonic iodide decomposes, with evolution of much
heat, into aqueous hydriodic acid and primary phosphine, which
passes, in vapour, through B, is condensed, and collects in 1. During
the whole process a slow stream of hydrogen passes through the
apparatus. As soon as all the primary phosphine has been removed
from the decomposition flask the cylinder 1 is changed, an excess of
concentrated solution of potassic hydrate run in through the tap
funnel, and the liberated secondary phosphine distilled over.

The phosphines so obtained are separated mechanically from the
accompanying water, then placed with quick-lime in an apparatus
similar to the above, only containing a thermometer instead of a tap
funnel, and, after being completely dried by the lime, are distilled over
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in a state of purity. So far as yet known they are mostly strongly
refractive liquids.
Primary Phosphines.

295. The primary phosphines are distinguished by their fearful
odour, which resembles that of the isocyanides (§ 278). Their salts
are very unstable, are decomposed by water throughout by strong
acids, and, with exception of the hydro-iodides and platino-chlorides,
are scarcely known. Exposed to air, the primary phosphines oxidise
readily, with rise of temperature and formation of fumes, often inflam-
ing spontaneously. They unite directly with sulphur and carbonic
disulphide, forming liquid compounds.

H

Methyl phosphine, PCH , is a colourless gas, which at —20°
H

or by a pressure of two and a half atmospheres condenses to a
mobile liquid, whose boiling point is below —14°. By cold ethylic
alcohol the gas is pretty readily absorbed (1 cc. of 95 94 alcohol
dissolving about 20 cc. of the gas at 0°). On mixing methyl phos-
phine and dry hydrochloric acid gases they unite to form

Methyl phosphonic ckloride, P(CH3;)H;Cl, in foursided plates,
which are very volatile and dissolve readily in concentrated hydro-
chloric acid. With platinic chloride this solution yields orange-
coloured crystals of the formula [P(CH,)H,CI],PtCl,.

Methyl phosphonic iodide separates in thin tables or plates on
passing methyl phosphine gas into concentrated hydriodic acid.

Ethyl phosphine, P(C,Hg)H,, is a mobile, colourless liquid,
lighter than water, of neutral reaction, and of boiling point 25°. Its
vapour bleaches cork and is largely absorbed by caoutchoue, which
thereby becomes transparent and looses its elasticity. Ethyl phosphine
takes fire on contact with chlorine, bromine, or concentrated nitric
acid. Ethyl pkosphonic platino-chloride,[P(CyH )H;.Cl];PtCl,, crystal-
lises in beautiful carmine red needles. Ethyl phosphonic iodide
forms colourless, four-sided tables, which heated in a stream of
hydrogen sublime at 100°. -

3

CH<gH
Topropyl  phosphine, P<H 3, boils at 41°. The liquid
H

inflames spontaneously on exposure to air.
CH,.CH yy°
Isobutyl phosphine, P&H 3, a colourless liquid, boils
H
at 62° and is lighter than water.
H,.CH, CH <SH°
Isoamyl phosphine, P&H 3, gimilar to the last,
H

boiling point 106°-107°.
Secondary Phosphines.

2968. The known secondary phosphines are colourless, specifically
light liquids, of penetrating odour, which on exposure to air oxidise
P
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energetically, generally taking firee. With sulphur and carbonic
disulphide they unite, forming liquids. Their salts are not decomposed
by water, but in consequence of their great solubility are mostly
difficult to crvstallise with the exception of the hydriodides.

Diwmethyl “phosphine, P.(CH;),H, boils at 25° (as does the meta-
meric «thyl-phosphine). It takes fire on exposure to air. The platno-
chloride, [P(CH;),H,(1,PtCl,, is crystulline.

Dicthyl phosphine, P(CH :;H, is a light, spontaneously inflam-
mable liquid of boiling point 85°. [P(C,H),H,C1],PtCl, ervstallises
in large orange yellow prisms.

Diisspropyl p}.wplmv, P(C;H;);H, boils at 118° and takes fire
on exposure to air.

Methylisopropyl phosphkine, N.CH;.C;H;.H, is obtained from
its hydriodide (formed directly from isopropvl phosphine and
methylic iodide) as a spontaneously inflammable liquid which beils
at 75°-80°,

Diisotutyl phosphine, P(C,H,),H, boils at 153°.

Diisoamyl phosphine, P(CsH | | ),H, boils at 210°-215°. It is not
spontaneously inflammable, but oxidises on exposure to air, forming
white fumes.

Tertiary Phosphines.

297. The tertiary pbosphines can be prepared by various methods,
of which several have already been mentioned. Their hydriodides
are formed, together with quaternary phosphonic iodides, by heat-
ing phosphonic iodide with alkylic iodides in sealed glass tubes at
160°-180° :

PH,I + 3C,Hyy 4,1 =P(CyHyn 4, ), HI + 3HI,

PH,I + 4C Hpp I = P(CoHyy ), I + 4HI;
at the same temperature also from phosphonic iodide and alcohels :
PH,I + 3C,Hy, . ,.OH = P(CyH,y, 4, );HI 4+ 3H,0,

PHJI + 4C,Hyy . .OH = P(CoHyy 4,), I + 4H,0;
and by abeorption of gaseous phosphoretted hydrogen by heated
alcoholic iodides :

PH’ + 3CnH,_n+|I = P(CnHm+‘)3HI + 2HI, &c.
If the products of these reactions be heated with potassic hydrate
solution, the tertiary phosphine separates as a liquid floating on the
aqueous solution :

P(CoHgpn 41);HI + KOH = P(CyH,y 4,y)s + KI + H,0,

whﬁt the quaternary phosphonic salts are not attacked- by the
alkali

Tertiary phosphines are also prepared by heating phosphorus
with alkylic iodides to 160° and afterwards heating the resulting
product with the respective alcohols to the same temperature.

They are readily obtained by mixing the zinc compounds of the
alcohol radicals with phosphorous trichloride in vessels filled with
carbonic anhydride. As the reaction is very violent, the zinc com-

and
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pound must be diluted with ether, and the phosphorous chloride
slowly dropped in :

3Zn(ann+ |)g + 2PC], = 2P(CnH2n+ 1)3 + 3chl’.

The tertiary amine is not, however, in the free state, but united with
the zincic chloride ; on evaporating the ether, and heating the residue
with potassic hydrate, the tertiary phosphine is obtained as a layer
floating on the aqueous liquid. It is separated mechanically from
the latter, dried by fused potassic hydrate, and rectified in a current of
hydrogen.

The known tertiary phosphines are liquids insoluble in water, but
miscible with alcohol and ether; they eagerly absorb an atom of
oxygen from the air, and frequently take fire.

They similarly and with much evolution of heat unite with
one atom of sulphur, P(CyHy, )38, or two atoms of a halogen,
P(CoHn41)3Cl;.  The latter compounds are all crystalline.

The most characteristic reaction for tertiary phosphines is their
behaviour towards carbonic sulphide. If the latter be mixed with a
tertiary phosphine, which, to moderate the violence of the action, has
been diluted with several times its volume of ether, they both com-
bine, with considerable evolution of heat, to compounds of the formula
P(CoHyp 4 1)3C8,, which on evaporation of the solvent are obtained
in red crystals. These bodies appear to have the composition :

Pzg}:n%zn+ 13
N\

‘Water converts them into carbonic disulphide, tertiary phosphines,
oxides, sulphides, &c.

The salts of the tertiary phosphines not being decomposed by
water, can be prepared by means of aqueous acids, and are mostly
readily soluble.

208. Trimethyl phosphine, P(CH,); is a colourless, mobile,
extremely unpleasant smelling liquid, slightly denser than water. It
boils at 40°~42° and inflames spontaneously in the air.

Triethyl phosphine, P(CgHy),, has sp. gr. ‘812 at 15° and boils
at 127-5°. The odour is benumbing, but when much diluted with air
resembles that of hyacinths. The hydro-acid compound can be readily
obtained in crystals.

Triethyl phosphonic chloride, P(C,H,);HC], gives with platinic
chloride a double salt of the formula [P(C,H);HCI],PtCl,, difficultly
soluble in water, insoluble in alcohol. The carbonic disulphide com-
pound crystallises in red plates or needles, which melt at 95°.

Trvisopropyl  phosphine, P(C3H,);; triisobutyl phosphine,
P(C,Hy),, boiling point 215°; and ¢riisoamyl phosphine, P(CH,,)s,
boiling point about 300°, have also been prepared.

Quaternary Phosphonium Compounds.

299, Some methods of formation of quaternary phosphonium
iodides have already been given. They are most readily obtained in
a state of purity by mixing tertiary phosphines with alkylic iodides,
a very violent reaction and evolution of heat occurring :

P2
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P(CoHan41); + CoHgn y I =P(CoHpny ),
or  P(CoHpmy); + CoHon )1 = P(CoHin 4 ))3(CaHow 4 1)L
They are not decomposed by strong solutions of alkaline hydrates, but
are precipitated in crystals from their aqueous solutions.

If the solution of such an iodide be shaken with freshly precipi-
tated argentic oxide, argentic iodide separates and quaternary phos-
phonic hydrates are formed :

P(CoHyn44)d + AgOH = Agl + P(C,Hyn 4 ) OH.

These hydrates completely resemble the quaternary ammonic
hydrates. They react strongly alkaline, have a caustic action, eagerly
absorb carbonic anhydride from the air, and completely neutralise the
strongest acids. They are crystallisable, but extremely soluble and
deliquesce in the air. Their salts are also mostly soluble in water.
The platino-chlorides crystallise in difficultly soluble octahedra.

Whilst the quaternary ammonic compounds on distillation decom-
pose into tertiary amine, water, and olefine, the phosphonium hydrates,
In consequence of the strong affinity of oxygen for phosphorus, yield
oxides of tertiary phosphines and the respective

P(CoH3n41),-0H =P(CoHsny1)50 + CnHmn-

Tetra-ethyl and tetramethyl compounds have been especially in-
vestigated ; the iodides are first prepared, from these the hydrates,
P(CH,;),. OH and P(C,H;),.0H, and many of their salts. Iodides
containing two different aloobol radicals have been prepared among

others :
P(CH,)3(C,H,)I
P(CyH,)(CeH )L

Ozxides of the Phosphines.
800. These oxidation products of the tetralkyl phosphonium
CoHon sy

/CnHzn-f»l
hydrates, P'- C,H,y,,,, are formed directly from the latter by

N m41
OH
direct union with the atmospheric oxygen or by action of nitric acid.
The tertiary phosphines yield with atmospheric oxygen the
CnHgn 4
nearly indifferent oxides P__.g g’"“ the secondary phosphines,

\O 20 +1
by oxidation with nitric acid, give the dialkylic phosphinic acids
CaHpnyy
P=CaHm+1; whilst the primary phosphines similarly yield mon-
H

CoHgn 4y
alkylic phosphinic acids, Pé o
ylic phosp: OH

H
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In the latter two cases, as in the first, the phosphorus atom, by
uniting with an oxygen atom, becomes pentavalently saturated, but
at the same time other atoms of oxygen place themselves in between
the phosphorus and its directly united hydrogen, forming hydroxyl
groups. The alcohol radicals, on the other hand,are so firmly united to
the phosphorus that even the strongest nitric acid, at the temperature
of the water bath, fails to separate them. The oxidation to phosphoric
acid can only be effected at a temperature of about 200° by fuming
nitric acid, the alcohol radical being then totally oxidised.

801. The oxides of the tertiary phosphines are obtained with less
danger by distilling quatenary phosphonic hydrates :

P(CoHyn41)4-0H = P(CaHpn 11)30 + CoHyn y g,
and by treatment of tertiary phosphines with mercuric oxide :
P(CnHgn 4 1)s + HgO = P(CoHyn41)50 + Hg,
than by direct oxidation.

Trimethyl phosphine oxide, P(CH;);0, forms readily soluble
crystals, which deliguesce in damp air.

Triethyl phosphine owide, P(C,H,),0, crystallises in very deliques-
cent needles. It melts on heating and boils at 240° without decom-
position. Concentrated hydrochloric, hydrobromic, and hydriodic
acids convert it into triethyl phosphine dichloride, P(C,H;);Cl,,
dibromide, P(CyH;);Br,, and dilodide, P(C,H;);1,, crystalline com-
pounds which can also be obtained by moderated action of the halogens
on triethyl phosphine.

Triethyl phosphine oxide gives, with strong acids, salts which are
difficult to obtain pure.

Metallic sodium reduces it to triethyl phosphine.

802. The sulphides of the tertiary phosphines, P(CoH,p 4 1),8, may
be mentioned here. They are crystalline, and are obtained from the
tertiary phosphines by direct addition of sulphur, which reacts with
considerable evolution of heat.

On bringing sulphur into contact with triethyl phosphine, it melts
to a globule, which floats on the liquid and slowly dissolves. When
completely saturated with sulphur the liquid solidifies to a crystalline
massof triethyl phosphine sulphide, P.(C;H )8, which dissolves pretty
readily in boiling water, and separates on cooling in beautiful needles.
It is readily soluble in alcohol and ether. It meltsat94°; by boiling
with mercuric or plumbic oxide it is converted into triethyl phos-
phine oxide :

P(CyH,);8 + HgO = HgS + B(C,H,);0;
by sodium it is reduced to triethyl phosphine :
P(CgHa)aS + NRQ = Nags + P(C,Ha)s.

803. The monobasic dialkyl phosphinic acids, P(C,H,p,,)0.0H,
are obtained by action of concentrated nitric acid upon secondary
phosphonic chlorides. The liquid heats spontaneously to boiling, and
evolves chlorine and torrents of nitrous fumes. As soon as the
reaction is finished, the excess of nitric acid is removed by repeated
evaporation on the water bath with concentrated hydrockloric acid,
the latter being finally in great part expelled. The residue is then
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dissolved in water and completely freed from hydrochloric acid by
shaking with argentic oxide.

To obtain the free acid, the silver is removed from the filtrate by
means of hydric sulphide, and after again filtering the liquid evapo-
rated on the water bath.

Dimethyl phosphinic acid, P(CH,),0.0H, solidifies to a paraffin-
like mass, which melts at 76° and can be volatilised unchanged. The
silver salt, P(CH,);0.0Ag, prepared by saturation of the acid with
argentic oxide, is extremely soluble in water, but is precipitated by
strong alcohol in interlaced needles. The baric salt

P(CH,),0.

PfCH:;:o.8>B“
and the analogous plumbic salt dry to amorphous varnishes, which
are readily soluble in alcohol.

By bringing together dimethyl phosphinic acid and phosphonic
pentachloride there is formed, according to the equation :

CH, CH,
POl + P=OHs = POCY, + HOl + P=CHs
H 1

dimethyl oxyphosphine chloride, which distils at 204° and solidifies
in crystals on cooling. It melts at 66° and is reconverted by water
into the acid :

P(CH,);0.C1 + HOH = HCl + P(CH,);0.0H.

Diethyl phosphinic acid, P(CgH;)30.0H, is left on evaporation as
a strongly acid liquid. The argentic salt is also precipitated by
alcohol from its aqueous solutions in needles.

804. The dibasic monalkyl phosphinic acids :

P(CnHQlI + I)O(OH)Q’
result from passing the vapours of primary phosphines into strong
nitric acid :
CoHn 41

H
péff ™*' } 6HO.NO, = 3N,0, + 3H,0 + P=0
H H

When the violent oxidation has ceased, the liquid is evaporated
several times on the water bath, so as to expel nearly all the nitric
acid ; the aqueous solution then boiled with plumbic oxide, plumbic
nitrate remaining dissolved, whilst insoluble plumbic monalkyl
4gnH2n+|

hosphinate, P—
PO No>Pb

The residue, after washing with water, is heated with acetic acid, which
leaves the plumbic phosphate undissolved and converts the neutral
monalkyl phosphinate into the soluble acid salt :

, and some plumbic phosphate separate.
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/CnH2n+l .
2P'_\-_§>Pb + 2HO.C,H,0 = Pb(0.C,H,0),
CaHgn 4y /CnHann
<0H JOH
O—Pb— —O0

The filtrate is decomposed by sulphuretted hydrogen, and after
separation of the plumbic sulphide the liquid evaporated until all
acetic acid has been expelled.

Methyl phosphinic acid, P(CH;)O(OH),, forms spermaceti-like
crystals, which melt at 105°, partially volatilise unchanged, and are
readily soluble in water and alcohol. The solutions react strongly
acid. If the acid in presence of water be digested with carbonates,
the soluble acid salts are formed ; by boiling with metallic oxides or
by strongly basic hydrates they are converted into neutral salts of
alkaline reaction.

The salts of the alkalies are all difficultly crystallisable.

. . P.CH;.0.0H) ..
The acid baric salt B&<8£P.CH:.O.OH3 dries to & gummy mass.
If a pretty concentrated solution of the salt be boiled with plumbic
carbonate, and filtered hot, there separates on cooling the acid lead

salt Pbéﬁggﬂzgggg in brilliant colourless needles, which by

washing with pure water are resolved into the free acid and the in-
soluble, amorphous, neutral salt :
P.CH,.0 8&
Pb=P(CH,).0.(0H), + P.CH,.0<O>P.
0 ;
P.CH,0 (on)

The acid silver salt, P(CH,).0 (82_}), which is readily soluble in

water in presence of a little free acid, and which crystallises in beau-
tiful needles, behaves similarly with water, being decomposed with
separation of the amorphous insoluble neutral silver salt :

Phosphoric pentachloride converts methyl phosphinic acid into
the dichloride of the radical P(CH,)O :

IACHS gHa

0 —

<8H + 2PCl; = 2POCl; + 2HCI + —.C{
H

This methy] phosphinic dichloride forms dazzling white crystals, which
melt at 32° and boil at 163°. Water reconverts it with explosive
violence into the acid :

P(CH,)0Cl, + 2H,0 = 2HCI + 2P(CH,;)0(0H),.
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Ethyl ploaphinie acid, prepared from ethyl pheephine by the same
method as the preceding, resembles spermaceti at ordinary empera-
tures, melta at 44° and thouzh difficult w0 moisten with water is
largely soluble therein. Its salts correspond to thoce of methyl phos-
phinic acid.

Other Phosphorus Compounds of the Aleshol Ralicnls.

305. By action of methylic chloride on phosphide of calcium at
bigh temperatures, diphosphor tetramethyl or phosphor ecaendyl (com-
pare cacodyl, § 318), Py CH,),, i3 obtained a8 a thick oily liguid,
which boils at 250 and inflames when exposed to air. Its formaton
is analogous to that of liquid phosphoretted hydrogen, P,H,, which it
corresponds to :

P—=Ca P—(CH,),
| + 4CH,;C1 = 2CaCl, 4+ !
P—Ca P—(CH,),

As liquid phosphoretted hydrogen on contact with hydrochloric
acid decomposes into the solid and gaseous

5P,H, = 6CH, + P,H,,

80 similarly the methyl compound decomposes into trimethyl phos-
phonic chloride and tetra-phosphor-dimethyl :

5P,(CH,;), + 6HC] = 6P(CH,),HC1 4 P,(CH,),.
The latter is an amorphous, odourless, and tasteless yellow body.

ARrsexic CoMPOUNDS OF THE RaADICALS.

308. The compounds of arsenic with the alcohol radicals show
some similarities to the nitrogen compounds. The quaternary arsonic
salts derived from the strongly basic tetralkyl arsonic hydrates,
Ag(CyH,p, 4 1 ),-OH, agree completely in chemical character with the
corresponding ammonic compounds.

The tertiary arsines are also known; they are destitute of the
distinctly basic properties which the tertiary phosphines possess, but,
like these latter, they unite with one atom of oxygen or sulphur or
two halogen atoms.

Compounds corresponding to the primary and secondary amines
and phosphines are entirely wanting in the arsenic compounds, but
compounds of one atom of arsenic united with two alcohol radicals
form the mono- or trivalent radical of the so-called cacodyl derivatives,
where they are in union with negative elements :

As(CoH;p 4 1);Cl and As(C,Hgy 4 )5Cl5.

In similar manner one alcohol radical united to arsenic appears as a
divalent or quadravalent radical :

Aa(angn,.. I)Clﬂ and AB(CnHm+ |)Cl‘.
307. The compounds in which arsenic is triad, such as
As(CoHyn 1)z A8(CoHgn41)5Cl, and As(CaHgp 44)Cly,
are mostly volatile without decomposition; those in which it is
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pentad, such as As(CoH o 4 1) Cl, As(CoHgn 4 1);Cl,, A.s(C,,H am +1)2Cla,
and As(C,H,p 4 )Cl,, decompose at more or less high temperature,
losing one halogen atom and one alcohol radical. This decomposition
occurs especially readily with the halogen compounds, and the tem-
perature of decomposition is the lower the fewer alcohol radicals and
the more halogen atoms the molecule contains. The alkyl arsenic
compounds can therefore, by a series of manipulations, be converted
into trivalent inorganic arsenic compounds. S8uch a series of changes
is the following :
As(CoaHyp 41)4Cl by heating = As(CoyHyny1)s + CoHpny Cl
A.S(Can.., |)3 + Cl’ at Ol'd. fﬁmpemtum = AB(CnHm.', 1)3012
As(CyHn 4 1)5Cl, by heating = As(CaHzn41):Cl + CoHpny (Cl
As(CoH,p 4 1)2C1 + Cl, in the cold = As(CoHgn 41),Cly
As(CnHm,’,])’(Jq‘ at 400“500 = Aﬂ(CnHm+ l)("lﬂ + Can+|Cl
.AS(C“Hm+ |)Cl, + (jl’ ina Mng mixture = AS(CnH2n+|)Cl‘
As(CoHyp 4 )Cl, even at 0° = AsCl; + CyHypny  ClL
All alkyl arsenic compounds—especially the volatile ones—are
in the highest degree poisonous, so that their preparation and in-
vestigation require extraordivary precautions.

Quaternary Arsonium Compounds.
308. By heating alkylic iodides with sodic or zincic arsenide in
paratus filled with dry carbonic anhydride violent reaction occurs,
by which partly cacodyls, As,(CoHynyy)s, but in larger proportion
tertiary arsines, As(CyHp )3, are formed. If the alkylic iodide be
employed in excess it forms crystalline quaternary arsonic iodides,
according to the equation :
AsNa, + 4C,Hyp I = 3Nal + As(C,H,,, ), T
These latter are only separated from the sodic iodide with difficulty;
it is more usual, therefore, to avoid excess of the iodide, and to purify
the more volatile tertiary arsine from the cacodyl by fractional distil-
lation. It is then mixed with the alkylic iodide, and soon yields at
ordinary temperature the arsonic iodide :
As(CoHpn41)3 + CoHygn 4 (I = As(CoHgn 4y)],
from which, by shaking its aqueous solution with freshly precipitated
argentic oxide, the quaternary arsonic hydrate is obtained :
As(CoHn 41)d] + AgOH = Agl + As(C,Hypy, ), OH.
Mixed quaternary arsonic iodides can be obtained from tertiary
arsines and the iodide of another alcohol radical :
As(CaHpny )3 + CoHon 4 I = A8(CoHpn 4 )5(CoHon )1 ;
a further group by heating the cacodyls with the iodides of other
alcohol radicals :
Asy(CaHsgn 1)y + 2(CoHopm 4 )T = As(CoHyy , ),l
+ As(CoHgn 4 1) CoHon 4 )L
The quaternary arsonic hydrates are crystallisable, very easily
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soluble compounds, which react strongly alkaline, precipitate metallic
hydrates from their salts, liberate ammonia from ammonic salts,
absorb carbonic anhydride from the air, and unite with acids to form
salts. The latter are easily prepared by the decomposition of the
iodides with soluble silver salts.

809. Tetramethyl arsonic todide, As(CHj;)J, forms -colour-
less shining plates or prisms, whose hot saturated aqueous solution
dissolves much iodine, and on cooling yields brown metallic-looking
needles of tetramethyl arsomic periodide, As(CH,)I,. Combined
with arsenious iodide, tetramethyl arsonic iodide is obtained by heat-
ing powdered arsenic with twice its. weight of methylic iodide in
sealed tubes at 160°-176° :

As, + 4CH,I = As(CH,),I,AsI,.

The compound crystallised from hot water forms orange yellow
tables, which with solution of potassic hydrate give tetramethyl
arsonic iodide, potassic iodide, and potassic arsenite, or by distillation
with solid potassic hydrate gives off trimethyl arsine.

CH,
/OH,
Tetramethyl arsonic hydrate, As(CH,),.0H = A"gg” crys-
. H’
tallises in deliquescent, strongly alkaline tables. Its salts are very

hygroscopic. .

3810. By action of tetramethyl arsonic iodide upon zinc methyl in
an atmosphere of carbonic anhydride, arsenic pentamethylide, -
As(CH,);, i8 obtained as a difficultly volatile liquid :

2As8(CH,;),I 4+ Zn(CH,;); = Znl, + 2As(CH,),.

811. Tetrethyl arsonic sodide, As(CyH;),I, crystallises in colour-
less needles, readily soluble in alcohol and water, insoluble in ether,
and gives with iodine and arsenious iodide compounds exactly analo-
gous to those of tetramethyl arsonic iodide. Tetrethyl arsonic hydrate
is a deliquescent, strongly alkaline white mass, which gives with hy-
drochloric acid the deliquescent crystalline tetrethyl arsonic chloride
As(C,;H,),Cl,4H,0. If the solution of the latter be mixed with
platinic chloride, orange red crystals slowly separate, difficultly soluble
in cold water, of the double salt [ As(C,H,),C1],PtCl,.

812. The best known mixed arsonic derivatives are those of
dimethyl-diethyl arsonium : the iodide, As(CHjy)g(CoH),I; the
chloride, which crystallises in long needles; the platino-chloride,
[As(CHj,),(C,H,),Cl1],PtCl,, in orange red prisms; the nitrate,
As(CH,)o(CyH;)3.0.NO,, in deliquescent granules; and the sul-
phate, [As(CH,)4(CyH;);],80,, in readily soluble octahedra.

Tertiary Arsines, As(CoHsn 1)

818. The preparation of tertiary arsines from sodic arsenide and
alcoholic iodides has been already given (§ 308), as also their forma-
tion by the dry distillation of quaternary arsonic compounds, more
particularly in the presence of solid alkaline hydrates. The tertiary
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arsines known are distillable liquids insoluble in water and of most
unpleasant odour. They eagerly absorb oxygen from the air, with
considerable evolution of heat. They also unite with sulphur and
the halogens, in the last case always with two atoms.

314. Trimethyl arsine, As(CH,)s, is a colourless mobile liquid,
boiling below 100°. Trimethyl arsine oxide, As(CHj;);0, resulting
on exposure to air according to the equation :

CH
H 3
2A3€H: +0, = 2As-/-ggs
H \ 3

3

forms beautiful crystals, which are very deliquescent. The sulphide,
As CH,;);S, and the halogen compounds, As(CH;,)aI,, As(CHj,),Br,
and As(CH,),Cl,, are crystalline hygroscopic bodies

315. Triethyl arsine, As(CyH,);, is also a colourless liquid, not
miscible with water. At 140° it begins to distil, with slight decom-
position and separation of metallic arsenic. It fumes in the air
without taking fire, and is converted into triethyl arsine oxide,
As(C,H;);0, a heavy, unpleasant-smelling yellowish oil.

If an ethereal solution of triethyl arsine be boiled with flowers of
sulphur, and the ether evaporated from the filtered liquid, ¢riethyl
arsine sulphide, As(C,H;);S, crystallises in fine odourless prisms,
soluble in water, alcohol, and ether, and melting at slightly above
100°.

By addition of an ethereal solution of iodine to one of triethyl
arsine, triethyl arsine diiodide, As(C,Hj;),;I,, separates as a sulphur
yellow flocculent precipitate, readily soluble in alcohol and ether and
deliquescing in air to a dark syrup. Triethyl arsine dibromide,
As(CyH;),Br,, prepared similarly to the iodide, forms a pale yellow
crystalline mass, which is soluble in ether and is very deliquescent.

Dialkylarsentc Compounds.

316. The compounds of arsenic with two alcohol radicals do not
occur isolated, but in molecules containing two such groups united
together by the third valence of the arsenic:

As<c nHon 41

n 041
'nHon 41
on 41

These bodies, corresponding to diphosphor tetramethyl (§ 305), are
known as cacodyls (from raxdic, bad, and é¢civ, to smell). On exposure
to air they oxidise with great energy, and inflame in consequence of
the increase of temperature so caused. If the action of the atmo-
spheric oxygen be moderated the cacodyl oxides are obtained :

CoHon ) A5<gnHm +1
A'<C H nHen 41
2| nlmtl 4 0, =2 No
As nHm+l / Hn-n
nHan 41 A.s<0

n m+1
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from which, by action of the hydro-acids, the corresponding halogen
compounds can be prepared :

CoHgn 4y
IWaint O
+ 2HCl =H,0 + 213@,,}1,”l
As& CuHin 1
"n n+1
These latter by action of zinc filings are reconverted into cacodyl :

CoHgn 4y As ngﬂnH
2‘“%?112::“ + Zn = Zn(l, + Aa nH2n+l

nilgn+1
ntin41
The halogen compounds can also be prepared by the direct action

of the free halogens on the cacodyls:

[As(CaHsn41)a)s + Ty = 2A8(CoHygn )5l
‘When brought into contact with sulphur they are converted directly
into sulphides of analogous composition to the oxides.

817. In addition to the above compounds which contain the arsenic
in the trivalent state, cacodylic compounds are also known in which
the arsenic is pentavalent, and which are obtained from the preceding
by direct addition of negative elements. For instance, the haloid
compounds unite at ordinary temperatures with two more halogen

atoms :
CoHgn 41
CoHon 41 /CnH2n+ 1
As<C.,H,,,+| + Cly = As{CC
Cl Cl
Cl

The oxides reduce the oxygen compounds of the noble metals when
suspended in water, being converted into monobasic acids, cacodylic
acids, which correspond in composition to the monobasic phosphinic
acids (§ 303) :

CnHan +1

CoHon 4 /g“g’"“
éo + H,0 + 2HgO = 2Hg + 24s=CnHm+1
As<c.,ﬂm, Som

CaHgn 4y
818. The dimethyl arsenic compounds are best known.
Diarsentetramethyl, methyl cacodyl, or shortly cacodyl :
As(CH,),
Asy(CH,), = |
As(CH,)y

is formed in small quantity, together with trimethyl-arsine, by the
action of methylic iodide upon sodic arsenide, and can be separated
therefrom by fractional distillation.

It is more usual to prepare it by the action of metals, especially of
zinc, upon cacodylic chloride.

Cacodylic chloride is placed, together with zinc turnings, into
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vessels filled with carbonic anhydride, and heated gently on the water
bath until the reaction is completed :

As(CH,),

2A8(CH,),Cl + Zn = ZnCl; + |

As(CH,),
After cooling the zincic chloride is dissolved by addition of water,
whilst the free cacodyl collects at the bottom as a heavy oily layer ;
this is separated mechanically from the zincic chloride solution, dried
by means of calcic chléride, and obtained pure by distillation in an
atmosphere of carbonic anhydride.

Cacodyl 0 obtained is a clear, colourless, strongly refractive liquid,
which boils at about 170° and solidifies to an ice-like mass at — 6°.
On coming into contact with atmospheric air it inflames and burns
with a livid flame:

2AB,(CH3)‘ -+ 170, = 2A.S’Oa + 8C02 + 12Hg0.

By heating to 300°-400° it decomposes completely into metallic
~ arsenic and a mixture of methane and ethylene.

ASQ(CHa)‘ = 2CH‘ + C’H‘ + A.B’.
819. Dimethyl-arsen oxide, or cacodylic oxide :

Asy(CH,),0 = 0<ﬁ:§8g:§:

In an impure state this body (formerly called alkarsin) is obtained by
the disﬁ]fation of potassic acetate with arsenious oxide:

CH, As(CH,),
4&0 + A.s,o, = O + 2K2003 + 200’.
AN
OK 8(CH,),

The liquid which comes over, on account of its poisonous nature
and ready inflammability, must be collected in well-cooled and care-
fully closed vessels under water, and later, after mechanical separation
of the water, be distilled from baric oxide in vessels filled with dry
carbonic anhydride. Obtained anhydrous in this way, cacodylic
oxide forios a colourless, strongly refractive liquid, of fearful odour,
whose vapour causes nausea and vomiting. Its sp. gr.is 1'462; it
solidifies at —25° to silky scaly crystals ; its boiling point is 150°. It
is insoluble in water, but miscible with alcohol and ether. The
property of spontaneous inflammability in air of this preparation is
due to a small admixture of cacodyl. When mixed with a little water,
purified alkarsin slowly absorbs oxygen from the air, and is converted
into a syrupy solution of cacodylic cacodylate :
éCHs
As,(CH,),0; = A3==8Ha

H
As <Gpp?

which on distillation is decomposed into pure cacodylic oxide, which
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over with the aqueous vapour, and cacodylic acid, which re-
mains behind :

2ABQ(CH3)‘02 + H,O = 2AS(CH3)20.OH + AB,(CHa)‘O.

Cacodylic oxide so prepared has all the properties of purified
alkarsin, except that it is not spontaneously inflammable on exposure
to air; it oxidises, however, slowly first to cacodylic cacodylate and
finally to cacodylic acid.

Cacodylic oxide combines with mineral acids, forming salts which
are mostly difficultly crystallisable. Of these cacodylic sulphate is
most easily prepared, by solution of cacodylic oxide in warm dilute
sulphuric acid. On cooling the liyuid fine needles of

As(CHj),.
CH:):.8>809 ®
separate.

A dilute alcoholic solution of cacodylic oxide is precipitated by
alcoholic mercuric chloride as a voluminous white precipitate. This
contains calomel, but also a compound of the formula

ASZ(CHa)AO’2HgCl£’

/gga /CH,
8 £ CH
1

which is soluble in hot water and crystallises in nacreous scales or
rhombic tables.

820. Monohkaloid Compounds of Cacodyl.—Dimethyl-arsen chloride,
or cacodylic chloride, As(CHj3),Cl, is obtained by passing dry hydro-
chloric acid gas into crude cacodylic oxide, and subsequently rectifying
the product over calcic chloride and magnesia. It is obtained purer
by distillation of the above-mentioned cacodylic oxide-mercuri-chloride
with hydrochloric acid. It is a colourless liquid of stupefying odour.
The boiling point is about 100°.

Platinic chloride gives with a hydrochloric solution of cacodylic
chloride a red insoluble pulverulent precipitate of

[As(CH,),Cl1],,PtCl,.

Dimethyl-arsen bromide, or cacodylic bromide, As(CH,),Br, is
obtained from cacodylic oxide-mercuri-chloride, by distillation with
concentrated hydrobromic acid, as a liquid resembling the chloride.

Dimethyl-arsen todide, cacodylic iodide, obtained from alkarsin by
distillation with concentrated hydriodic acid, and purified by distilla-
tion from quick-lime and from calcic chloride, is a yellowish liquid,
boiling much above 100°.

By action of water upon the monohaloid derivatives of cacodyl
one quarter of the halogen is withdrawn, and the so-called cacodylic
oxyhaloids are formed, of which Asg(CH3),4Cl;0 and Asg(CH,),¢BreO
are liquids fuming on exposure to air, whilst Asg(CH,),cI¢0 is a
yellow crystalline mass. All three can be distilled apparently un-

probably
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changed, but in reality are decomposed into cacodylic oxide and
haloid, which recombine on cooling.

321. Cacodylic cyanide, AsSCHs).,.CN, crystallises in large
prisms of diamond lustre, of melting point 37° and boiling point
140°, This extremely poisonous body is obtained by distillation of
alkarsin with concentrated hydrocyanic acid or of cacodylic chloride
with mercuric cyanide.

322. Dimethyl-arsen trichloride, cacodylic trichloride, As(CH,),Cl,,
results from the action of chlorine gas upon cacodylic chloride, the
latter being previously diluted with carbonic disulphide in order to
moderate the violence of the reaction. The trichloride separates
partially in crystalline plates. Another method of preparation con-
sists in the action of phosphoric chloride on cacodylic acid, placed
under anhydrous ether :

As(CH,),0.0H + 2PCl, = As(CH,),Cl, + HCl + 2POCI,.

It is dissolved by ether or carbonic disulphide, and crystallises on
evaporation of these solutions in clear plates. It decomposes at
40°-50° into arsen-monomethyl dichloride and methylic chloride :

A.S(CH’),CI; = A.B(CH;)CI, + CHsCl.

By water it is readily converted into cacodylic chloro-dihydrate
(§ 324).
823. Cacodylic acid, dimethyl arsinic acid :

ZLcH
As(CH,),0.0H = As<o 3
OH
Cacodylic acid is usually prepared by means of cacodylic oxide and
mercuric oxide. For this purpose alkarsin is added to several times
its volume of water, and mercuric oxide slowly added with gentle
shaking until the odour of alkarsin has completely disappeared :

[As(CH,),],0 + 2HgO + H,0 = 2Hg + 2As(CH,),.0.0H.

The liquid poured off the reduced mercury contains cacodylic acid
and some mercuric cacodylate, for whose complete decomposition a
small quantity more alkarsin is added. By evaporation of the clear
solution cacodylic acid is obtained in large colourless prisms, which
melt at 200°, with partial decomposition. It is readily soluble in
water, difficultly in alcohol, insoluble in ether. The solution reacts
and tastes decidedly acid. By reducing agents it is reconverted into
cacodylic oxide. Oxidising agents, even fuming nitric acid, are without
action on if.

It reacts on metallic oxides and carbonates, forming crystalline
salts, cacodylates, soluble in water. Potassic cacodylate forms con-
centricly grouped needles, which quickly deliquesce in moist air;
argentic cacodylate, As(CH;),0.0Ag, crystallises in delicate colourless
necdles, which blacken on exposure to light ; cacodylic cacodylate has
been already mentioned (§ 319).

824. Cacodylic chloro-dihydrate, or cacodylic acid hydrochlorids, is
obtained from cacodylic trichloride by action of water, or more readily
by dissolving cacodylic acid in concentrated hydrochloric acid and



224 DERIVATIVES OF THE ALCOHOL RADICAIS, CyHpy,.

evaporation of the liquid in vacuo. It separates in deliquescent,
acid-reacting leafy crystals, of the formula As(CH,),0,H,CL Its
formation is expressed by the following equations :

CH, CH,
/CH,, . J/CH,
AsQCl "+ 2HOH = 2HCI + As{ OH
V] OH
1 Cl
and
CH
CH 3
ZcH, W/ %:5
As=CHs | go1= as&on
0 \
OH
H Cl

825. Sulphides of Cacodyl.—Two compounds of cacodyl with
sulphur are known.

Cacodylic sulphide, [ As(CH,),],8, corresponds in composition to
cacodylic oxide. It is obtained by distillation of cacodylic chloride
with baric sulphide :

246 O, OH2)
3+B&S=Baclg+s< CHa,
1

as a colourless, heavy, oily liquid, which mixes with alcohol and ether.
Its odour is penetrating and resembles both alkarsin and mercaptan.
The boiling point is above 100°. With hydrochloric acid it gives
cacodylic chloride and hydric sulphide.

Cacodylic persulphide, cacodylic sulpho-cacodylate :

[AS(CH,),],8; = Aseg

corresponding to cacodylic cacodylate, is formed from the preceding by
direct addition of sulphur, as also from cacodyl. It crystallises in
colourless rhombic tables, which are readily soluble in alcohol, diffi-
cultly in water, and insoluble in ether, and which melt at 50°. If an
alcoholic solution be mixed with alcoholic plumbic acetate, insoluble
plumbic sulpho-cacodylate separates in colourless nacreous scales,
whilst the solution contains cacodylic acetate :

2[As(CH,),8.8.A5(CH,),] + Pb(0.CyH;0),

= ﬁgggg:gﬁm + 2A8(CH,),.0.C,H,0.
Other salts of sulpho-cacodylic acid have also been prepared, but all
attempts to separate the free acid, As(CH,);8.SH, have so far been
unsuccessful.

326. Several of the diethyl-arsen compounds or ethyl-cacodyl
derivatives have been prepared. They correspond in method of pre-
paration and properties to the methyl bodies. The starting point is
diarsen-tetrethyl, Asy(CoHy;),, or ethyl cacodyl, which results, together
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with triethyl arsine, from the action of ethylic iodide upon sodic
arsenide, and on fractional distillation of the product passes over last.
It is a yellowish, heavy liquid, boiling between 185° and 195°, of garlic
odour, and is spontaneously inflammable in air. It unites directly
with oxygen, sulphur, and the halogens. By addition of iodine, e.g.
dsethyl-arsen sodide, As(C,Hj),1, is obtained as a yellowish oil insolu-
ble in water.

On allowing a dilute alcoholic solution of ethyl cacodyl to remain
for a long time exposed to the air, it is slowly converted into diethyl
arsonic acid, As(CyH;);0.0H. On evaporation it is obtained in
strongly acid crystals, which deliquesce in moist air.

Arsen-monomethyl Compounds.

827. Of the monalkyl-arsen derivatives only those of methyl bave
been obtained in a state of purity and investigated. If cacodylic
trichloride be submitted to distillation (§ 322) it evolves methylic
chloride gas; and arsen-methyl dichloride, As(CH;)Cl,, condenses in
the receiver as a heavy, colourless, strongly refractive liquid, which
boils at 133° and is pretty soluble in water. Its vapour attacks the
mucous membrane violently. It is also formed by the distillation of
cacodylic acid in an atmosphere of hydrochloric acid :

/o CH,
As;fo 34 3HCl = i + CH,C1 + 2H,0.
H

On passing chlorine into arsen-methyl dichloride, mixed with

carbonic disulphide and cooled to —10° there separates
Arsen-methyl tetrachloride, As(CH;)Cl,, in large crystals, which

decompose at 0° into arsenious trichloride and methylic chloride :

CH,

al 1
AsCCl = CH,Cl + 1
cl 1

1

328, If arsen-methyl dichloride be mixed with water and sodic
carbonate, there is formed

Arsen-methyl oxide, A5<SH’, according to the equatfon:

As(CH,)Cl, + Na,CO, = 2NaCl + CO, + As(CH,)O0.

After evaporation of the water it is extracted from the residue by
absolute alcohol, and is obtained by evaporation of the filtered liquid
in short prisms, of indifferent reaction, little soluble in cold water
and of 95° melting point. It is also formed on distilling arsen-
dimethyl chloro-dihydrate, or cacodylic acid hydrochloride :

CH,
H, H
As§Cl = CH,Cl + H,0 + As<y ®
H
OH



226 DERIVATIVES OF THE ALCOHOL RADICALS, C,H.,,.

In the presence of aqueous vapour it volatilises. By the haloid
acids a.nr!)r by sulphuretted hydrogen it is converted respectively into
the haloid compounds and the sulphides.

Arsen-imethyl diiodide, As(CHj)I,, crystallises in long brilliant
yellow needles, which melt at 20° and distil unaltered at above 200°.

Arsen-methyl sulphide, As(CH )8, forms brilliant leaves or prisme,
which melt at 110°,

829. On treating a mixture of arsen-methyl oxide and water with
mercuric oxide, mercury separates, and the solution contains the
mercuric salt of

£o

Methyl arsinic acid, AS<OH . This dibasic acid, correspond-

OH
ing to methyl phospbinic acid (§ 304), is usually obtained in the
froe state by addition of the requisite quantity of sulphuric acid to
the baric salt. By evaporation of its aqueous solution it is obtained
in large spear-shaped laminse, composed of small dendritic needles of

agroenblo acid taste. Baric methyl arsinate, As(CH;)0<3>Ba,is ob-

tained from the mercuric salt by addition of baric hydrate until all
mercuric oxide is precipitated and evaporation of the filtrate. From
its dilute aqueous solution alcohol precipitates the same salt with five
molecules of water of crystallisation in colourless needles. The silver
salt, As(CH4)0.(OAg),, is precipitated from solutions of the baric salt
in nacreous crystals, which detonate at 100°.

ANTIMONY COMPOUNDS OF THE ALCOHOL RADICALS.

830. Only those antimony compounds corresponding to the tertiary
arsines and quaternary arsonium compounds are known. They are
in noarly all respects analogous to these bodies.

They are prepared by action of alkylic iodides upon potassic
antimonide. This alloy is best prepared by carbonising tartar emetic
(potassic antimonylic tartrate) and strongly heating the product in
covered vessels,

The reaction between the finely powdered alloy and the alkylic
iodide is accompanied with great evolution of heat. The resulting
tertinry stibine is then  if its boiling point be not too high—distilled
off in vessels filled with carbonic anhydride, whilst potassic iodide
and oxoess of antimony remain behind : .

SUK, + 3CHny I = SH(CuHynyy)s + KL

The tertiary stibines oxidise rapidly--often spontaneously inflam-
ing—on exposure to air, forming the oxides SbH(C,Hgy, 4,)30, which
have the properties of a diacid basic anhydride, and yield hydric
and normal salts with acids.

Similarly to their behaviour with oxygen, the tertiary stibines
unito directly with one atom of sulphur or two atoms of halogen, and
further unite with the elements of a molecule of an alkylic iodide
to quaternary stibonium iodides, Sb(CyHgpn, ), I, from which, by
action of wgentic oxide, the caustic, ine monacid bases,
S((uHgn +1)::OH, can be prepared.
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Antimon-methyl Compounds.

831, Trimethyl stibine, or antimon-trimethyl, Sb(CH,),, is obtained,
by heating methyliciodide with potassic stibide, as a heavy, colourless
liquid, insoluble in water, little soluble in alcohol, but readily in ether.

to air, it fumes and soon inflames spontaneously. Its oxide,
sulphide, and halogen compounds have been prepared, but not
thoroughly investigated ; they completely resemble those of trimethyl
stibine. 7Trimethyl-stibsne diiodide, S8b(CH,);1,, can be also prepared
in beautiful crystals by direct heating of powdered antimony with
methylic iodide at 140°:

Sby + 9CH ;I = 38b(CH ;)15 + SbI,.

By bringing together trimethyl-stibine iodide and zinc methyl, and
subsequent distillation, an oily liquid passes over between 96° and
100°, not spontaneously inflammable—antimon-pentamethyl—and is
formed according to the equation :

Sb(CH.)aI, + ZD(CHa)g = ZnI, + Sb(CHa)s.

832. If trimethyl stibine be mixed with methylic iodide, combina-
tion occurs without the aid of extraneous heat. A white hard mass of
tetramethyl stibonic todide, Sb(CHj),I, is obtained, which dissolves in
hot water, and on cooling separates in beautiful hexagonal tables.
This compound is readily soluble in alcohol, difficultly in ether. On
boiling the aqueous solution with argentic oxide, argentic iodide
separates, and the filtered liquid yields on evaporation in vacuo a
white crystalline deliquescent mass of tetramethyl stibonic hydrate,
Sb(CH;),.OH ; this is a strong base, has a caustic action like that of
potassic hydrate, and is readily solublein alcohol. On slow heating it
can be partially volatilised without decomposition. Its salts are
obtained directly by neutralisation with acids, or by decomposition of
the iodide with silver salts.

Tetramethyl stibonic chloride, Sb(CH;),Cl, and the bromide,
Sb(CH,;),Br, crystallise like the iodide in hexagonal tables ; the first
gives with platinic chloride an orange yellow crystalline precipitate of
the formula [Sb(CH,),Cl],,PtCl,.

The nitrate, Sb(CH,),0.NO,, prepared by double decomposition
of the iodide with argentic nitrate, crystallises in readily soluble
prisms, like those of potassic nitrate.

The sulphates are prepared from the hydrate and sulphuric acid.
The normal sulphate, FSb(CHa)JQSO.,bH 20, forms rhombic efflores-
cent crystals, of neutral reaction ; the hydric sulphate, 8b(CH;),. HSO,,
transparent hard tables of strongly acid reaction.

Both carbonates are known and are prepared like those of the al-
kali metals. The normal carbonate, [Sb(CHj,),}5sCO;, is an indistinctly
crystalline mass of alkaline reaction ; the acid salt, [Sb(CH,),]HCO;,
crystallises in star-like groups of needles, which are deliquescent and
of alkaline reaction.

Antimon-ethyl Compounds.

833. Tricthyl stibine, or antimon-triethyl, Sb(C,H;)s, is obtained
by the above-given method as a colourless liquid of sp. gr. 1-324 and
158° boiling point ; it fumes in air and easily inflames spontaneously.

Q2
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It is insolnble in water, miscible in every proportion with alcohol
and ether.

With the halogens triethyl stibine combines with yreat evolution
of heat, 80 that the ingredients can only be brought tozether in -trongly
diluted aleoholie or ethereal solutions.

Tricthyl-stibine dichloride, Sh((',Hj),(l,, is obtained by heating
triethyl stibine with concentrated hydrochloric acid, hydrogen being
evolved.  Triethyl stiline therefore behaves like a strongly positive
divalent metal :

2Hy

Hj /g,m
',Hs + 2HC1 = Sb R'C,H.‘ + H’
é,ﬂ. \d

This dichloride is a colourless, strongly refractive liquid of sp. gr.
1-54. It smells like turpentine, tastes bitter, is insoluble in water,
but soluble in alcohol and ether.

The dibromide, 8b(C,Hg);Br,, resembles the chloride, but solidifies
at —10° to a snow-white crystalline mass.

The ditodide, Sb(C,Hg),I,, forms colourless needles, melting
at 70°.

If an ethereal solution of triethyl stibine be exposed to the air as
lml:g a8 oxygen is absorbed, there remains on evaporation of the
solation

834. Triethylstibine oxide, or antimon-triethyl oxide, Sb(C,Hj),0,
a8 a viscous, colourless, amorphous mass, easily soluble in water and
alcohol, less readily in ether. .

On bringing together the oxide and diiodide of triethyl stibine in
alcoholic solution, there crystallises on evaporation treethyl-stibine
oxyiodide in vitreous octahedra and tetrahedra, soluble in water :

SH(C,Hy), T
8b(C,Hy),0 + 8b(C,H;),I, = O

8b(C,H),1

The same compound is also obtained by evaporation of an alcoholic
solution of the diiodide with ammonia :

28b(CyHy),1, + 2NH, + OH, = 2NH,T + [Sb(C;Hj),I],0.

By decomposition of the oxyiodide with mercaric chloride, mercuric
iodide separates,and the analogous triethyl-stibine oxychloride :

C,H
CIH, /O
3 5 —8b.0.8b— 2.8
Caﬂs / \Cl 02H5

Cl

is formed, and remains on evaporation as a very deliquescent white
fibro-crystalline mass. An oxybromide of like composition is also
known.

885. Triethyl-stibine Salts.—With acids triethyl-stibine oxide
yields basic and normal salts.
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The basic triethyl-stibine salts are generally prepared by double
decomposition of the oxyiodide with silver salts, and after filtration
from the argentic iodide are obtained in the crystalline' form by
evaporation in vacuo :

I 0.NO,
S\(E(C,H,), Sb/E(CaHs)a
0 +2AgO.NO, =2Agl + O
s,/b\z(c,n,), b=(C,Hy)s
T 0O.NO,

But water appears to be taken up at the same time, so that hydrated
basic salts result :

0.NO,
S{E(c,n,), 0.NO,
0 + H,0 = 2§b=(C,H,),
b=(C,H,), “om
O.NO,

The normal salts are obtained from the basic, or from triethyl-stibine
oxide, by addition of acids.

Sulphates.—The normal sulphate, [Sb(C,Hyg);]S0,, crystallises from
the syrupy solution in small white crystals, which melt at 100°; the
basic salt, [Sb(C,H);0H],80,, is a deliquescent gum-like mass.

Nitrates.—The normal nitrate, [Sb(C,H,),].(gNu%,),, or

0.NO,
st=(c,m,,

O.NO,
in large rhombic prisms, which melt at 62:6°. It
dissolves readily in water, difficultly in alcohol, and explodes on
heating. Its solution reddens blue litmus paper.

/OH
Basic triethyl-stibine nitrate, 8b=(C,Hj),, is obtained in the form

0.NO,
of a radiating crystalline mass, which is not deliquescent, but is
readily soluble. '

338. T'riethyl-stibine sulphide, Sb(CyHy),S, is readily obtained by
boiling an ethereal solution of triethyl stibine with sulphur, and
separates on cooling in voluminous silvery crystals, which have a dis-
agreeable odour and melt above 100°. Dilute acids decompose it into
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triethyl-stibine salts, with evolution of sulphuretted hydrogen. The
aqueous solution gives with the salts of the heavy metals precipitates
of metallic sulphides, whilst tnethyl-stlbme salts remain in solution :

<(Caﬂs)a n<\SO, — CuS+ 8 \i); S(s))a

837. Antimon-tetrethyl or Tetrethyl Stibonic Compounds.—A mix-
ture of equal molecules of triethyl stibine and ethylic iodide, when
covered with water, slowly solidifies to tetrethyl stibonic iodide,
Sb(C,Hj),I, which by recrystallisation from hot water is obtained in
large prisms or needles. By means of argentic oxide it is converted
into tetrethyl stibonic hydrate, Sb(C,H;),.OH, a strongly alkaline
syrupy liquid, which, with acids, yields neutral, readily soluble salts,
which are mostly crystallisable. As they resemble_those of tetrame-
thyl stibonium in all respects, they may be passed over.

Methyl-triethyl stibonic wdtde, Sb(CoH;)s(CH,)I, is obtained by
direct combination of triethyl stibine with methylic iodide.

Amyl Compounds.

338. By action of isoamylic iodide upon potassic stibide ¢riisoamyl
stibine is formed, which cannot be separated by distillation, but must
be extracted from the product by ether; on evaporation of the filtered
solution it is obtained as a tmnspa.rent yellowish liquid of sp. gr.
1-133. It fumes strongly in the air, but does not inflame spon-
taneously. With two atoms of halogen it yields compounds which
are insoluble in water.

On endeavouring to distil this body a liquid passes over which on
heating to 80° evolves an antimonial inflammable gas, and leaves

diantimon-tetrisoamyl :
8b = (C;H,1),
8by(CeH 1) = I (CH,)
b= (C;H,),

a8 a liquid not fuming in the air, but which slowly oxidises. It cor
responds to the cacodyls in the arsenic compounds. :

BisMmurHE CoMPOUNDS OF THE ALCOHOL RADICALS.

339. The only bismuth compounds yet prepared are the very
unstable ethyl derivatives. By bringing together potassic bismuthide
(prepared by strong heating of a mixture of twenty parts of bismuth
with sixteen parts of powdered acid potassic tartrate in a Hessian
crucible) with ethylic iodide, a rather violent reaction occurs. The
cooled mixed product :

BiK, + 3C;H;I = 3KI + Bi(C,H,),,
after soaking with water, is shaken with ether. The latter removes

_ Bismuth triethyl, or trwthyl bismuthine, Bi(C,H;);, which, after

mixing with water and distilling off the ether, remains under the water

as & yellowish mobile liquid of sp. gr. 1-82. Tts smell is extremely
disagreeable ; it fumes in the air and inflames spontaneously. Even
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below 100° it commences to decompose with evolution of gas and
separation of metallic bismuth ; at 150° it explodes violently.

By slow oxidation, by long exposure of its alcoholic solution to air,
bismuth triethyl is converted into bismuthous hydrate; by boiling
with sulphur bismuth sulphide separates, whilst diethylic sulphide is

evolved :
2Bi(C,H,); + 68 = Bi,8; + 3(C,H;),8.
A dilute alcoholic solution of bismuth triethyl to which iodine is
slowly added yields, by combination with the latter, not pure bismuth
triethyl-diiodide, but a compound of the latter with bismuthous iodide,
Bi(CyH;5),1,,Bil; = Biy(CyH;),I;. It is still more readily decom-
by chlorine and bromine.

840. On mixing an alcoholic solution of bismuth triethyl, slightly
acidified with hydrochloric acid, with mercuric chloride, mercuric
ethyl-chloride separates, whilst

Bismuth ethyl-dickloride, Bi(C,H;)Cl,, remains in solution, and is
obtained by evaporation of the filtered liquid in small colourless
crystals. Its formation is represented by the equation :

H
Bi(C,H,), + 2Hgl, = 2Hg s + Bi<§§ ’

The aleoholic solution of this compound gives, on heating with potassic
iodide, potassic chloride and

Bismuth ethyl-diiodide, Bi(CgH;)I;. If the liquid be mixed with
water until strongly clouded, and then heated until again clear,
bismuth ethyl-diiodide crystallises in golden yellow hexagonal plates.
From its alcobolic solution potassic hydrate precipitates

Bismuth ethyl-oxide, Bi?&HQO, as an amorphous yellow powder,
which in the dry state inflames when exposed to air. Argentic ni-
trate gives with bismuth ethyl-diiodide together with argentic iodide

Bismuth ethyl-dinitrate, Bi(C;H,)(0.NO,),, which is obtained by
evaporation in vacuo as a radiated crystalline mass, explodes at 40°
and is slowly converted by water into basic bismuthous nitrate.

BoroN CoMPOUNDS OF THE ALCOHOL RADICALS.

841. By mixing ethylic orthoborate (§ 224) with organo-zinc com-
pounds in an atmosphere of carbonic anhydride, zinc ethylate separates,
whilst an organo-boron compound is formed, which is obtained pure
by distillation :

2B(OC;H,); + 8Zn(CoaHan+1); = 3Zn(0C,Hy), + 2B(CaHsn 1)

Boron trimethyl, B(CHj;);, is a colourless gas of 1:93 density,
and can be liquefied by pressure and cold.

Boron triethyl, B(CyH;)s, i8 a colourless, mobile liquid of very
pungent irritant odour. Its sp. gr. is ‘696 at 23°. It boils at 95°
and has a vapour density 3-4. It inflames spontaneously in air and
barns with a green flame. It is only slowly altered by water; by
hydrochloric acid on heating it is converted into ethane and

Boron diethyl-chloride, B(C;H;),Cl :

C,Hj

2
B(C,H,), + HCl = C,H, + B{gfn,
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If air be allowed to slowly gain access to boron triethyl it absorbs
one molecule of oxygen and is converted into ‘

C,H
Boron ethyl-diethylate, B{o?c,’H,, a liquid boiling at 125°, and
which is at once converted by water into
H
Ethyl boric acid, or boron ethyl-dikydrate, B<§’H °. This latter
H

compound is removed from the aqueous solution by shaking with ether.
By evaporation of the ether in a stream of carbonic anhydride the
ethyl boric acid remains in the form of colourless leaves of an agree-
able ethereal odour, sweet taste, acid reaction, and which begin to
sublime at 40°.

SiLrcoN CoMPOUNDS OF THE ALCOHOL RADICALS.

342. The tetravalent element silicon combines with the alcohol
radicals in four different proportions. Of the respective compounds
only one series, 8i(CpH,p . 1)4, occur as free molecules, in all the other
compounds poorer in alcohol radicals the silicon being further united
to tetrad saturation with negative elements (0xygen or halogen).

The respective compounds show, in accordance with the similarity
between carbon and silicon, certain analogies with such organic bodies
as contain a carbon atom instead of the silicon atom, but are other-
wise of like composition.

Silicon tri-, di-, and monalcohol radical compounds are obtained
by heating ethylic orthosilicate (§ 225) with organo-zinc compounds
and sodium. The latter cannot be dispensed with, as the zinc com-
pounds of the alcohol radicals are without action on the orthosilicates.
During the reaction metallic zinc separates, and therefore it is
not organo-zinc but organo-sodium comf)ounds which effect the sub-
stitution of the 0.CyH, group by alcohol radicals. The first reaction
is probably :

2Si(OC,H5)‘ + Zn(C,H,), + NB, = Zn + 2NGOC’H5
A + 28i(CoH;)(C4H;0),.
By employment of larger quantities of zinc ethyl and sodium and a
longer continuance of the action, the substitution is greater :
8i(0C,H;) + Zn(CyH;)g + Nag = Zn + 2NaOC,H,
+ 8i(CyH,)y(C,H,0),
2Si(003H5)‘ + 3Zn(03H°), + 3N82 = 3Zn + 6N&OC’H5
+ 28i(CyH,),(C3H;0).
A single one of the respective products is, however, never obtained,
but invariably a mixture, from which the pure compounds must be
separated by fractional distillation.
Stlicon Tetralkyls, 8i(CoHgn 41),.
848. These compounds, which correspond to paraffins containing a
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quaternary united carbon atom, C(CpHop 4 1), are obtained by heating
silicic chloride with the zine compounds of the alcohol radicals in
sealed tubes to 130°-200° :

8iCl, + 2Z0(CaHyns1)s = 220C]; + Si(CaHia ).

When the reaction is completed they are distilled from the zincic
chloride, shaken with solution of potassic hydrate in order to destroy
any organo-zinc compound or silicic chloride, and then dried by
means of calcic chloride and rectified.

So far as known they are all liquids which are not affected by

to air.

Stlicon tetramethyl, 8i(CH3),, is a colourless, mobile liquid, which
boils at 30°-31°, floats on water, and at higher temperatures burns
with a clear flame and formation of white fumes consisting of silicie
anhydride. Its vapour density is 3:058.

Silicon tetrethyl, 8i(C,Hj),, is also a liquid lighter than water,
which boils at 153°. The vapour density is 5:13.

Its behaviour with chlorine is peculiar; this, on being passed into
cooled silicon tetrethyl, does not split off ethyl groups, but replaces
hydrogen ; the first action is:

Si(02H5)4 + Cla = HCl + si(CgH5)3(02H4C])o

This latter body is a liquid boiling at 185°. It corresponds to a
nonylic chloride, CoH,,Cl = C(C,H;);.0,H,Cl, and is therefore
termed silicononylic chloride. With potassic acetate it yields potassic
chloride and silicononylic acetate, Si(CyH;)3(CoH,.0.C,H;0), which
boils at about 212°, and by heating with alcoholic potassic hydrate is
saponified, giving silicononylic alcokol, Si(CoH,),(C,H,.OH) :

§i=CaHs + KOH = KO.C,H,0 + 8i=C:Hls
C’H5 CQH5
\CH,.CH,.0.C,H,0 CH,.CH,.0H

Silicononylic alcohol is a liquid of camphor-like odour, insoluble in
water, boiling at 190°. It corresponds to a nonylic alcohol :

C(C;H,;);.CH,.CH,.0H,
which is still unknown.

Silicon Triethyl or Triethyl-silicyl Compounds.

844. If tetrethylic silicate be heated for a long time with large
quantities of zinc ethyl and sodium in sealed tubes to 200° there can
be isolated, by repeated fractional distillation of the product,

Silicon triethyl-ethylate, 8i(CyH;)3.0.CoH;, as a colourless liquid
boiling at 153°. The vapour density is 557, the sp. gr. ‘8414 at 0°.
On mixing with aqueous distilled hydriodic acid heat is evolved, and
a rather violent reaction occurs, in which ethylic iodide, water, and
silicon triethyl-oxide are formed :

28i(C,H,)y(0C,H,) + 2HI + 2C,H,I + H;0 + [8i(C;H,),);0.
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Silicon triethyloxide, silico-heptyl ozide, or triethyl-silicyl ether :

./02H5 . J’Hs
SiZ0,H, Si&C,H,

\g:g/ oHs
is a colourless liquid, which boils between 224° and 229°, and has at

0° sp. gr. -8831.
If silicon triethyl-ethylate be heated for a long time at 280° with
acetic anhydride, there results, according to the equation :

8i(C;H,)3(0C,Hy) + (C,H,0),0 = C;H,.0.C,H,0
+ 8i(C,H,),0.C,H,0,

ethylic acetate, together with
Stlicon triethyl-acetate, triethyl-silicol acetats :

as an agreeable-smelling liquid of sp. gr. 9039 at 0°, which boils at
168°. By boiling with concentrated sodic hydrate this body is de-
composed according to the equation :
2Si(CQH5)3.O.CgH30 + Na,CO, + Hgo = 2N30.C,H30 + CO’
+ 28i(C,H,),0H.

The body so obtained,
Triethyl silicol, silicon triethyl-hydrate, or triethyl silicic hydrate :
C,H
o2 CaH,
<C:Hs
H

is an oil having the properties of a tertiary alcohol, and which is of
analogous composition to the tertiary heptyl alcohol, triethyl carbinol,
C(C3H;);0H. If its ethereal solution be treated with sodium, the
latter dissolves with evolution of hydrogen and formation of sodic
triethyl silicolate, 8i(C,H;),.0.Na.

On endeavouring, by renewed action of zinc ethyl and sodium on
silicon triethyl-ethylate, to replace the last ethoxyl group by ethyl,
ethylene is evolved, and there is formed, according to the equation :

98i(C,H})3.0.0,H, + Zn(C,H,), + Nay = Zn + 2Na(OC,Hj)
+ 20,H, + 28i(C,Hy),H,
C,H,
Silicon tristhyl-hydride, Siig:g:, or silicoheptane, an ana-
H

logue of the heptane triethyl methane. It is a colourless liquid, in-
soluble in water, of petrolenm-like odour, boils at 107°, and at 0° has

sp. gr. "761.
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Broniine reacts very violently upom silico-heptane, and forms,
acoording to the equation :
8i(C,H,);H + Br, = 2HBr + Si(C,H,),Br,
C,H,
Tristhyl silicic bromide, Si_GH1%, a liquid boiling at 163°, which
Npr
glhme? in the air and is slowly decomposed by water into triethyl
. 8i(C,Hy);Br + H,0 = HBr + 8i(C,H,),.0H,
and triethyl silicic ether :
28i(C,H,;);Br + H;0 = 2HBr + [8i(C,Hj);],0.

* Triethyl silicol, with its derivatives, is of great theoretical interest
as the first complete example of a true silicon alcohol.

Silicon Diethyl Compounds.

3845. By heating one molecule of tetrethylic silicate with one
molecule of zinc ethyl, and sodium, in sealed glass tubes, the chief
product formed is

Silicon diethyl-dicthylate, or the so-called silicon diethyl-ketone
ether, 8i(C,H;),(0OC;Hj;),, a liquid insoluble in water, but soluble in
alcohol and ether, whose boiling point is 155-5°. Its sp. gr. at 0°
= ‘8752, its vapour density 6-19. By heating with acetyl chloride
in sealed tubes to 200° it is converted, according to the equation :

8i(C,H;)4(0C,Hj), + C,H;0.C1 = C,H,;.0.C,H,0
+ 8i(C,H)y(0.C,H;)Cl,
into silicon diethyl-ethylate chloride, and further :
8i(C3H,;)4(0.CgH,)C1 4+ C3H,0C1 = CyH;.0.0,H,0 + 8i(CyH,),Cl,,
into silicon diethyl-dichloride :
C,H,
ZCH
SL_C]’ 5
\Cl

Both compounds are liquids which fume in the air; the first boils at
148°, the latter at 129°. This body, by treatment with water, is con-
verted into :

C,H
/ 2%Ls C H
Bi_ngH" + H,0 = 2HCI + Si@)ﬁn:
a

Silicon disthyl-oxide, or diethyl silicon ketone,. 8i(0,H;)s0, a
viscous liquid boiling above 360°.
Silicon Monethyl Compounds.

848. The first product of the simultaneous decomposition of
ethylic orthosilicate and zinc ethyl by sodium (which takes place even
in open vessels) is
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Stlicon ethyl-triethylate, or ethylic orthosilico-propionate :
CoH,

i=(0C;H,),

‘When purified by fractional distillation the compound is obtained asan
ethereal liquid of agreeable odour, boiling at 1569°, insoluble in water,
though slowly altered by it. By heating with three molecules of
acetic chloride to 180° it forms

Silicon ethyl-trichloride, Si(C,H,)Cl,, a liquid boiling between 90°
and 110°:
8i(C,H,;)(0.C3H,),; + 3C3H,0.C1 = 3C,H,;.0.CoH,0 + 8i(CyH;)Cl,,
which is slowly converted by water into

Silicon ethyl-oxyhydrate, Si(CyH;)0.0H :

C.,H
Lot ° O;H,
$iZC0 4 om0 = sHO + 8:£0
C,H, H
This latter compound forms an insoluble white powder ; on heating in
air it smoulders, leaving carbonaceous silicic anhydride. It is dissolved
by potassic hydrate, probably forming the salt 8i(C,H,)0.0K. In its
constitution this weak acid corresponds to propionic acid, and is
therefore designated silico-propionic acid :
CH, CH,

é’H, JJH,
d=o ko

N N
OH OH
Propionic acid. Silico-propionic acid.

347. Zinc methyl and sodium act only with great difficulty on
ethylic orthosilicate. The mixture must be heated for a long time,
finally to 300°, when, according to the equation :

28i(OC,H5)‘ + ZD(CHs)’ + Nag = 2N30-C’H5 + Zn
+ 28i(CH,)(C,H;0);,
silicon methyl-triethylate is formed. This boils at 145°-151°, and on
treatment with hydriodic acid is converted into silicon methyl-oxy-
hydrate :

8i(CH;)(C,H;0); + 3HI = 3C,H,I + H,0 + 8i(CH,)0.0H.
This latter compound is insoluble in water, smoulders on heating in
air, has the properties of a weak acid, and, on account of the analogy
of its constitution to that of acetic acid, is termed stlico-acetic acid.

CH, CH,
|
—0 Si—0
AN N
OH OH

Acetic acid. Silico-acetic acid.
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Tix CoMPOUNDS OF THE ALCOHOL RADICALS.
3848. Tin unites with two, three, or four alcohol radicals, but only
the bodies of the last group :

gng'znﬂ
—Uniim4
Sn<&Hm+l
Han 41

occur as simple molecules, whilst the tri and di derivatives occur as

radicals in combination with other elements, or united with a further
quantity of themselves, forming complex molecules :

CoHonyy —
Sn—=nflm+1 8n=(CaHsn+1)s
\CnHzn +1 —
Ol SE(CnHm +1 )‘
Chloride. Free molecule.
CoHgn 4,
S“ZCTH’" +1 Sn=(CyHgn +1)s

n:(Can +1 )2

so that the tin in all these compounds behaves as a tetrad.

The ethyl compounds have been most investigated.

849. The tin ethyl compounds can be conveniently prepared by
action of ethylic iodide upon the alloy prepared by fusing together
sodium and tin. This latter is powdered and placed in a flask pro-
vided with an inverted condenser, covered with the iodide, and the
reaction started by application of a gentle heat. Once commenced, it
proceeds with such energy that the flask must be cooled by immersion
in water. When the temperature falls the reaction is completed by
heating. .

Different compounds are obtained according to the amount of
sodium in the alloy and to the proportion of the different ingredients

resent.

P By employment of an alloy very poor in sodium, and an excess of
ethylic iodide, stan-diethyl ditodide, Sn(C,Hj;),1,, and stan-triethyl
todide, Sn(C,;H;);I, are mainly formed, the latter being formed in
larger quantity the larger the amount of sodium in the alloy. If the
amount of sodium reaches 20 9¢ there are obtained only the free
radicals distan-tetrethyl, 8n,(C,H;),, and distan-hexethyl, Sny(CoH ).
These latter are extracted from the mixed products, which contain
sodic iodide and excess of zine, by means of ether, and are obtained
mixed together on evaporation of the filtered solution in an atmo-
sphere of carbonic anhydride. They can be separated by means of
alcohol, in which distan-hexethyl is scarcely soluble, whilst distan-
tetrethyl is readily dissolved.

On distilling the reaction-mass directly from the sand bath the
distan-hexethyl passes over nearly unaltered, but distan-tetrethyl
decomposes into tin and stan-tetrethyl, which volatilises. The two
bodies in the distillate can be separated by fractional distillation.
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Pure tin in the shape of tin filings only acts on ethylic iodide at
high temperatures or in sunlight.  Stan-diethyl diiodide is the main
product :

Sn + 202H51 = Sn(CzHé)gIg.

Stan-tetrethyl is most conveniently prepared by careful mixing of
two molecules of zinc ethyl with one molecule of stannic chloride
and afterwards distilling :

SnCl,; + 2Zn(C,H,), = 2ZnCl, + Sn(C,H,),.

The halogen compounds of the radicals poorer in ethyl also yield
stan-tetrethyl when treated with zinc ethyl :

8n(C,H,),I, + Zn(C;H,), = ZnI, + Sn(C,H,),.

850. The alcohol radicals united to tin can be easily replaced one
after another by halogens. If, for instance, stan-tetrethyl be treated
with a molecule of iodine, it yields ethylic iodide and stan-triethyl

iodide :
Sn(C,H;), + I, = C,H,I + Sn(C,Hj),I.
This by more iodine is converted into stan-diethyl diiodide :
8n(C,H;),I + I; = C,H,I + Sn(C,Hj),IL,.
This latter on heating with iodine is converted into stannic iodide :
8n(C,H;),I; + 21, = 2C,H,I + 8nl,;

but so far attempts to prepare a stan-ethyl triiodide in this way have
not met with success. Hydrochloric acid converts stan- -tetrethyl into
stan-ethyl chlorides and ethane :

8n(C,H,), + HOl = 8n(C,H,);Cl + C,H,
SD(C’Ha)acl + HCl = SD(CQHo)aola + c’Hs-

Stan-diethyl Compounds.

351. Stan-diethyl, or distan-tetrethyl, Sny(CyHy),. As mentioned
above, distan-tetrethyl is separated from the distan-hexethyl formed at
the same time by means of alcohol; from this solution it is pre-
cipitated by water as a colourless, th1ck oily liquid of 1-558 sp. gr.
From the air it absorbs oxygen, and similarly unites with the halogens
to form stan-diethyl dihaloids ; e.g.

Su s i,
oHs | o1, = o9nZ=Cels

” = 45D —1
<E,H5 N1
It is not volatile without decomposition; on heating it is converted,
with separation of tin, into stan-tetrethyl, which distils over :

Sn=(C,H,)s
= Sn + sn(C’H5)‘.
n=(C,H,),

The diiodide can be obtained directly by the action of ethylic iodide on
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poor sodium zinc alloy, as also from zinc filings and ethylic iodide on
heating or exposure to the action of sunlight :

C,H,
Sn + 2C,H,T = So= s
I

Stan-diethyl diiodide crystallises in colourless needles, melting at
44-5° and subliming on stronger heating. In water it is but little
soluble, more readily in alcohol, readily in ether.

Stan-diethyl dichloride is best prepared by dissolving stan-diethyl
oxide in hydrochloric acid and evaporation of the solution. It forms
colourless needles, melting at 85°, boiling unaltered at 220°, and even
sublimes on slightly heating. The vapour density is 8:553.

Both halogen compounds yield distan-tetrethyl when treated with

zinc :
2Sn(CgH5)2012 + 2Zn =2chlg + Sn,(C,H,,)‘.
In an aqueous solution of the dibaloids ammonia gives a pre-
cipitate of
Stan-diethyl oxide, 8n(C,H,),0:

C,H, OH

so=C:Hs | |0 4+ oNH, = 2NH,I o,

D<I + H,0 + 3= o+ Sn§82H5
I

a white powder insoluble in water, alcohol, and ether, soluble in acids
forming salts. The dinitrate, 8Sn(C;H;),;(0.NO,),, crystallises in
prisms; the sulphate, Sn(C,Hj),S0O,, in plates.

Stan-triethyl Compounds.

852. Distan-hexethyl:
CyH,
Sn<g, H 5
l o Hy

C.Hy
Sn<g,H5
oHy

is a thick liquid, insoluble in alcohol, but readily soluble in ether,
boiling at 265°-270° with partial decomposition.

It can be obtained from stan-triethyl iodide by action of sodium :

28n(C,Hp),I + Na, = 2Nal + Sn,y(CyHg)e.

Its sp. gr. at 0° = 1-4115, its vapour density = 14-70.

It is unaffected by the air. Its odour, like that of all stan-triethyl
compounds, is peculiarly penetrating.

On passing chlorine into a solution of distan-hexethyl in chloroform,
stan-diethyl dickloride is obtained, according to the equation :

Sn2(02H5)6 + 3012 = 2Sn(C,H5),CIQ + 2CQH501;
whilst iodine, when carefully added in the cold, gives stan-triethyl
iodide:
8ny(CoHj;) + I, = 28n(C,Hy),1
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Stan-triethyl chloride, Sn(C,H;),Cl, is obtained most readily by
action of hydrochloric acid on the oxide (compare § 350). It is an'
oily liquid, boiling at 209°, of sp. gr. 1-428, and solidifying in crystals
at 0°. Its vapour acts violently on the mucous membrane.

Stan-triethyl iodide, Sn(CyH;),I, is prepared directly by aid of tin
alloy poor in sodium, and is obtained in a state of purity by the
fractional distillation of the product. It is a colourless oil of 1:85
sp. gr., boiling at 231°. It is miscible in all proportions with alcohol
and ether. '

If a solution of the halogen compound be decomposed by argentic
oxide or potassic hydrate and distilled,

Stan-triethyl hydrate, Sn(C,H;);.OH, passes over along with the
water vapour. It crystallises in brilliant colourless prisms, which
melt at 43° and distil at 272°. It sublimes slowly at ordinary tem-
peratures. It is only slightly dissolved by water, but readily by
alcohol and ether. It reacts strongly alkaline, and absorbs carbonic
anhydride from the air. If heated for a long time to near its
boiling point it evolves water and leaves the anhydride

Stan-triethyl oxide, [Sn(C,H,);],0 :

2SD(CQH5)3.OH = H,O + [SD(C,H,,)a].O.[sn(o,H,),],
which by action of water again yields the hydrate.

The salts of stan-triethyl are mostly crystallisable, and can be pre-

directly.

The sulphate, [Sn(C,H,);],80,, crystallises in brilliant colourless
prisms, which are more soluble in cold than in boiling water. The
nitrate, Sn(CyH,);.0.NO,, is difficult to crystallise.

If stan-triethyl iodide be heated to 200° with dry sodic ethylate,

Stan-triethyl ethylate, Sn(C,H,)3(0OC,H,), distils over as a colour-
less, unpleasant-smelling liquid, of 1:2634 sp. gr. at 0°, boiling at
190°-192°. It is formed according to the equation :

SE(C,Hb)g + N&.O.CQHQ = N&I + SDE(C’H5)3
AN

I 0.C,H,

and decomposes with water to ethylic alcohol and stan-triethyl
hydrate (§ 344).

853. Stan-tetrethyl, Sn(C,H,),. The method of preparation and
most important reactions of this body have already been given. It is
a colourless liquid of faint ethereal odour and somewhat metallic
taste, boiling at 181°. Its sp. gr. is 1°187 at 13°, the vapour density
8-021.

354. Several of the methyl compounds of tin bave been prepared ;
they resemble the corresponding ethyl compounds.

Stan-tetramethyl boils at 78°, hasat 0°sp. gr. 1-3138 and a vapour
density of 6:00. Stan-trimethyl iodide, Sn(CHj;),l, is liquid, smells
like mustard oil, boils at 170°, and has sp. gr. 2:1432 at 0°. Treated
with sodium it does not yield distan-hexmethyl, but is decomposed
according to the equation

4Sn(CH,)I + 2Na, = 4NaI + Sn + 38n(CH,),.

Stan-trimethy! hydrate, Sn(CH,),.0H, forms colourless prisms,
very slightly soluble in water. It reacts strongly alkaline, and readily
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volatilises. Treated with acid it gives salts, and by long heating the
anhydrous oxide [8n(CH,);]50.

Of the dimethyl compounds distan-tetramethyl has been prepared,
but requires furtherinvestigation. Stan-dimethyl diiodide, Sn&Ha),I,,
crystallises in prisms, melting at 22° boiling at 228°, and pretty
readily soluble in water. Ammonia precipitates from it amorphous
stan-dimethyl oxide, insoluble in water, soluble in potassic bydrate,
and yielding crystalline salts with the acids.

Compounds containing both ethyl and methyl are also known.
Their formation is represented by the equations :

Sn(C,H,),Cl; + Zn(CH,), = ZnCl; + 8n(C,H;),(CH;),
md 2SD(CH’)301 + Zn(C,H5)a = ZnCl, + 2Sn(CH,)3(C,H5).
855. Of normal propyl and isobutyl derivatives there have been
prepared Sn(C;H;),1 as a liquid boiling at 269°~270°, and 8n(C H,),I
a8 an oil boiling at 292°-296°. Stan-tritsobutyl hydrate is solid, amor-
phous, volatile, and of strongly alkaline reaction.

Leap CoMPOUNDS OF THE ALCOHOL RADICALS.

356. In most of its inorganic compounds lead acts as a diad
element, but in its compounds with the alcohol radicals, as far as they
are yet known, it behaves as a tetrad. .

The compounds Pb(C,Hy ), are prepared by action of alcoholic
iodides upon an alloy of lead and sodium, or better by treatment of
plumbic chloride with organo-zinc compounds, followed by distillation.
Probably the diad compounds or the double molecule of the latter are
first formed :

PbNa, Pb(CoHyn 41)s
g + 4ICnH2n+‘ = 4N8.I + y
bNa, b(CoHya s 1)s

PbCl,
g + 2Zn(CyHgn 41)3 = 2ZnCl; + Pby(CaHsn41),
2

which yield lead and the tetrad compound at a far lower temperature
than in the case of distan-tetrethyl :

Pb(CoHgn+1)s
=Pb + Pb(Cann.'. l)‘
Pb(CoHsn 1)

By halogens the latter are converted into alkylic haloids and mono-
haloid derivatives :

Pb(CoHyn 1)y + Iy = CoHgn 4y I + Pb(CoHgn )l ;
by acids into paraffins and salts :
Pb(CaHyny 1)y + HCl= CyHgp 4 3 + Pb(CpHgnyy)5Cl
2Pb(CoHsn41)¢ + Hy80, = 2C,Hypn 4 5 + [Pb(CoHyny1)5]a80,.

From these salts the strongly basic hydrates, Pb(CoHgy 4 ,);0H, can
be obtained. Methyl, ethyl, and isoamyl compounds are known.
R
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857, Lead Methyl Compounds.—On adding to perfectly dry
plumbic chloride, contained in a distillation apparatus, filled with
dried carbonic anhydride, a quantity of zinc methyl insufficient for
complete decomposition, metallic lead separates, and on distillation
plumb-tetramethyl, Pb(CH,),, passes over as a colourless, mobile liquid.
boiling at 110°. The sp. gr. is 2:034 at 0°, its found vapour density
at 130° = 9-52 (theoretical 9-25). It is insoluble in pure water, but
readily in alcohol and ether ; it is not affected by atmospheric oxygen.

If plumbic tetramethyl be boiled for some time with hydrochloric
acid there tes, on cooling, long silky needles of plumb-trimethyl
chloride, Pb(CH,);Cl, which can, when dry, be sublimed in a small

lass tube.
8 By the decomposition of plumb-tetramethyl by careful addition of
iodine, plumb-trimethyl iodide, Pb(CH,),l, is obtained in colourless
needles, little soluble in water, readily in boiling alcohol. If this be
distilled with solid potassic hydrate, an oil smelling like mustard
passes over, which solidifies to strongly alkaline prisms, probably of
plumb-trimethyl hydrate, Pb(CH); OH.

858. Lead Ethyl Compounds.— Plumb-tetrethyl, Pb(C H,),, is
usually prepared by decomposition of plumbic chloride with zinc ethyl,
and distillationin vacuo of theliquid poured off the precipitated lead. It
i8 a colourless liquid of 162 sp. gr., boiling with partial decomposition
at above 200°. When heated in the air it burns with an orange-
coloured, green-mantled flame. Boiled with hydrochloric acid, it
gives plumb-triethyl chloride, Pb(C,H;),Cl, with evolution of ethane,
and reacts with iodine to form the respective iodides :

Pb(CsHy), + Iy = Pb(C;H,),I + CoH,L.

Both haloid compounds crystallise in needles, are volatile, and smell
like mustard oil. When distilled with solid potassic hydrate, plumb-
triethyl hydrate, Pb(CyH;);.OH, passes over as an oily, strongly
alkaline liquid, of powerful odour, which solidifies on cooling to a mass
of interlaced needles. Plumb-triethyl sulphate, [Pb(CqH,);]580,,
separates, on neutralisation of an aqueous solution of the hydrate with
sumuﬁc acid, in difficultly soluble, hard, brilliant octahedra.

859, Plumb-tetrisoamyl, Pb(C;H,,),, is obtained, by action of
isoamylic iodide upon lead-sodium alloy, extraction of the product with
ether, and evaporation of the filtered solution, as a yellow oily liquid
which cannot be distilled unaltered. Plumbic triisoamyl todide,
Pb(C;H,,),I, prepared from this, crystallises in colourless needles.
The hydrate and chloride are also known.

ALuMINIUM COMPOUNDS OF THE ALCOHOL RADICALS.

860. On heating aluminium filings with ethylic iodide in sealed
glass tubes to 130°-150°, there is obtained a thick liquid, spon-
taneously inflammable in air,and decomposed by water with explosive
violence. This results from the direct union of the metals with the
components of the ethylic iodide, and without doubt has the composi-
tion Al,(C,Hj),I;. Pure aluminium ethyl cannot be obtained by
distillation from this, the liquid distilling over invariably containing
some iodine.

Organo-aluminium bodies can be obtained in a state of purity by
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digesting the corresponding mercury compounds with thin aluminium
foil, this method serving especially for the preparation of the methyl
and ethyl compounds. From the determinations qof their vapour
densities these bodies immediately above their boiling points must be
expressed by the formula Al,(CuHyy . ,)e, being analogous to that of
aluminic chloride ; on increasing the temperature, however, the vapour
density decreases and approaches to nearly half its former value, i.e.
corresponds to the molecular formula Al(C,H,, 4 ,);. The organo-
aluminium compounds fume in the air, readily inflame spontaneously,
and then burn with evolution of thick fumes of alumina. Water
decomposes them with explosive violence into paraffins and aluminic
hydrate :
Aly(CoHyn 4 1)s + 6H,0 = Aly(OH)g + 6CyHon 4 5.

Aluminium methyl, Al3(CH;)g or A1(CH,),, is obtained by digest-
ing mercury dimethyl with aluminium foil and then distilling. It is
liquid at ordinary temperatures, crystalline at 0°, and boils at 130°,
Immediately above this temperature the vapour density is 4-35, at
160° only 3-9—4'1, and finally at 240° only 2:'8. The theoretical
density for Al;(CH;), is 4:98 ; for AI(CHj),, 2-49.

Aluminium ethyl, Aly,(C,H;)s or Al(CyH,);, obtained in similar
manner to the methyl compound, is still liquid at —18° and boils at
194°. At 230° its vapour density is found to be 4'5. The vapour
would therefore appear to be a mixture of a little A],SC,H,), (theo-
retical density 7-88) with much A1(CH,); (theoretical density 3:94).

Mercury COMPOUNDS OF THE ALCOHOL RADICALS.

361. Mercury forms saturated compounds with two alcohol
radicals, Hg(CyHgn41)s. They can be prepared by the action of
organo-zine compounds with mercuric chloride :

HgCl; + Zn(CaH3n41); = ZnCly + Hg(CoHsn 4 1)a;

and directly by the action of sodium amalgam, diluted with much
mercury upon the alcoholic iodides, some ethylic acetate being
generally also added :

HgNa, + 2IC||H9“+! = 2N&I + Hg(CnHm.',‘)’.
By careful addition of halogens to these compounds one alcohol
radical is removed und replaced by the halogen :
Hg(CaHon 41)s + Iy = Hg(CaHan 4 1)I + CoHon I 5
but excess of halogen converts these into mercuric haloids :
Hg(CaHgn 1)1 + I; = Hgl; + CoHopny L.
Halogen hydro-acids even in excess only cause the replacement of one
alcohol radical : ’
Hg(Cann,'. |)2 + HC] = HS(CDH2n+ |)Cl + OnH2n+2-
The oxy-acids act similarly and form corresponding salts.
The iodides can be prepared directly from the alcoholiciodides and
mercury in presence of sunlight :
Hg + CoHon 4 I = H8<f‘H"‘“
R 2
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and can be converted into the diorgano-compound by heating with
potassic cyanide :
2Hg(CoHyn 41)I + 2KCN = 2KI + Hg + CyN; + Hg(CoHsn 41)a

If the haloid compounds be brcught into contact with moist argentic
oxide, the caustic basic hydrates are formed :

Hg<Spm e 4 AOH = AgOl + Hg<(ap =+

which yield salts with acids. All these compounds are extremely

isonous, especially when the vapours of the volatile onesare breathed.
SZmng dilution with air does not prevent this action, long breathing
of such a mixture producing chronic poisoning of the most fearful
description.

No compounds of mercury with aleohol radicals of the formula
Hg,(CaHgn 4 1) corresponding to mercurous chloride, have been
obtained.

862. Methyl Compounds.—In order to prepare mercury dimethyl
one per cent. sodium amalgam is slowly added with constant shaking
to a mixture of methylic iodide with one-tenth of its volume of ethylic
acetate. The mixture becomes hot, while mercury and sodic iodide
separate. If the proportion of the latter becomes so large that the
liquid becomes pulpy, all volatile matters must be distilled off and
treated anew with sodium amalgam. This treatment is continued
until one atom of sodium has been added for every molecule of-
methylic iodide, and a small quantity of the liquid no longer yields
iodine on boiling with nitric acid. The distillate, after addition of
water, is shaken with potassic hydrate to remove ethylic acetate, and
the separated heavy oil dried by calcic chloride and rectified.

Mercury dimethyl, Hg<gg:, is a colourless refractive liquid not

miscible with water, boiling at 95°, and has sp. gr. 3:069 at ordinary
temperatures. It has a faint, somewhat sweet odour, does not alter

" in air, is, however, readily inflammable, and burns with a luminous
flame with evolution of mercury vapours. It dissolves caoutchouc,
resin, and phosphorus,

Mercury methyl-iodide, Hg<(13 H“, is prepared from the preceding
by addition of iodine to its aqueous solution. It separates in crystals,
and is obtained pure on recrystallisation from hot alcohol in white
nacreous plates. It melts at 143°, sublimes readily, is insoluble in
water, but is readily soluble in alcohol and ether.

Mercury methyl-chloride, Hg(&H 3, completely resembles the
iodide.

An alcoholic solution of the iodide gives, on addition of argentic

nitrate, a precipitate of argentic iodide, and the filtrate on evapora-
tion in vacuo yields colourless, transparent prisms of mercury methyl-

nttrate :
Hg<f''® + AgO.NO, = Agl +Hg<G o,
readily soluble in water, but difficultly in alecohol. It melts at
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100°, and on cooling becomes crystalline again. From its aqueous
solution metallic chlorides precipitate mercury ethyl-chloride ; alkalies
produce no precipitate.

3863. Ethyl Compounds.—Mercury diethyl, Hg(CoH,;),, is prepared
like the methyl compound, and shows similar properties. It is a
liquid of sp. gr. 2:44 and boiling at 159°. The vapour density is
9-97. At 200° its vapour decomposes into mercury and butane.

Mercury ethyl-chloride, Hg(&’H", prepared, amongst other me-
thods, by mixing solutions of mercury diethyl and mercuric chloride :
Hg(C,H,), + HgCly = 2Hg(C,H,)Cl,

forms white silvery needles.
Mercury ethyl-iodide, Hg<g ’H", obtained from mercury and

ethylic iodide in diffused daylight. By direct sunlight it is decom-
posed into mercury and butane (together with some ethane and
ethylene).

By treatment of the haloid compounds with moist argentic oxide,

mercury ethyl-hydrate, Hg@’HH"’, goes into solution, and is left on

evaporation as a strongly caustic alkaline liquid, which precipitates
most metals from their salts as hydrates and yields crystalline salts
with acids.

864. Mercury dipropyl, Hg(CH,.CH,.CH,),, boils at 189°-191°
and has sp. gr. 2:124 at 16°.

Mercury diisobutyl, Hg(C,H,),, distils between 205°-207°; sp. gr.
1-835 at 15°.

Mercury ditsoamyl, Hg(C';H,,),, is readily obtained from a mixture
of isoamylic iodide, acetic ether, and sodium amalgam. It is a
colourless liquid, cannot be distilled unchanged, is insoluble in water,
has sp. gr. 1'66, and gives with iodine crystalline plates of mercury
isoamyl iodide, Hg(C,H,,)I.

Zinc CoMPOUNDS OF THE ALCOHOL RADICALS.

865. On submitting granulated zinc for a long time to the action
of alkylic iodides with exposure to light, then, as with other metals,
bodies of the formula Zn(C,Hypy,)I result. The same change dccurs
on heating, only goes further, so that in sealed tubes zinc and paraffins
(a8 di-radicals) are formed (§ 150), some zinc compound of the alcohol
radical being formed at the same time. The zinec compound is ob-
tained in larger quantity when anhydrous ether is mixed with the
alkylic iodide and the mixture heated with zinc in sealed tubes to
130°-150°.

After cooling the tube is carefully opened, when gaseous products
(paraffins, &c.) escape. By gentle warming the ether is expelled, and
the residue, consisting mainly of the iodo-zinc compound, distilled in a
stream of carbonic anhydride, decomposition occurring as shown by the

equation :
2Zn(CoHgny1)I = Znl; + Zn(CoHgny)s
Organo-zinc compounds may also be obtained by heating the alkyl
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haloid with granulated zinc or zinc filings in presence of a small
quantity of iodine, the apparatus employed resembling that next de-
scribed.

The organo-zinc compounds are also obtained by employment of an
alloy of zinc and sodium. To prepare this, zinc is heated in a Hessian
crucible until it volatilises freely, and one-fourth of its weight of sodium
stirred in. After the combination of the metals the crucible is re-
moved from the fire, filled with dry sand to prevent contact with air,
and then cooled. When cold, the crucible is broken, and any sodium
adhering to the regulus cut off, and the last traces removed by treat-
ment with water. The well-dried metallic mass is then coarsely
powdered and preserved in well-stoppered -glass vessels.

Fia. 19,

‘The alloy is placed in the flask A (fig. 19), heated by a water bath, and
warmed for a long time with an equal weight of the alkylic iodide. The
flask is connected with an inverted condenser B, in which the evolved
vapours are condensed and flow back into the flask. The condenser
tube has at its upper end a small set of bulbs ¢, in whose bend a small
quantity of mercury prevents access of air whilst allowing the escape
of any gas evolved. Previous to heating the ingredients the whole
apparatus is filled with carbonic anhydride by means of the tapped
tube @, and the tap then closed.

After completion of the reaction the flask is connected with a
condenser placed in the usual way, whose lower end is connected with
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a receiver provided with a mercury valve similar to that above
described. The zinc compound in the flask formed according to the
equation :

ZnNa’ + 2ICIIHIII+I = 2N8.I + Zn(CnH,n_H),,
is then distilled, a current of dry carbonic anhydride passing through
the tube a.

Finally, the organo-zinc compounds are obtained by heating the cor-
responding mercury compounds with zinc filings to 100°-130°. The
separated mercury amalgamates with the excess of zinc :

Hg(CnH2n+|)2 + an = ngn + Zn(CanH),.

The product is then distilled in a stream of carbonic anhydride.

. The zinc organo compounds are colourless, peculiarly smelling
bodies, which oxidise in air with evolution of fumes and mostly with
spontaneous inflammation. They burn with a bluish green flame and
formation of thick fumes of zincic oxide. If the oxidation be mode-
rated by allowing the ethereal solutions to remain in imperfectly closed
vessels, two oxidation products are formed by the oxygen atoms
placing themselves between the zinc and the alcohol radical—namely,
first according to the equation :

nHgny — CoHjnyy
2Zn<gan+| +0,= 2Z"<8an+l
and on further oxidation :
.CoHnyy _ .CoHgni)

2zn<f3’“HM.l + 0, = 220G Gt
The latter compounds decompose on contact with water into alcohols
and zincic hydrate :

Zn(0.CyH 3y 4,)g + 2H,0 = Zn(OH),; + 2HO.C Hyy, .

The unoxidised compounds also react on water with explosive violence,
yielding paraffins (hydrides of the alcohol radicals) (§ 149) :

ZD(CnH2-+ 1)2 + 2HOH = Zn(OH), + 2CIIH2II+2'
Like oxygen, sulphur unites directly with them, forming zinc mer-

captides : o
nHgn 41 = .CoHgn 41
ZacGrin ! + 28 Z“<g.0nH,n+,
With the haloid compounds of the alcohol radicals they give,
especially on heating, zinc haloids and paraffins (di-radicals) (§ 150) :
CnH2n+ 1
Zn(CoHgn 1) + 2CoHyn I =2ZnI, + 2 |
CoHan 4
Free halogens yield, by a very violent reaction, zinc haloids and alkylic
haloids :
Zn(CoHgp )3 + 2Brg = ZnBry + 2C,H,y,  \Br.
Their employment in the-preparation of tertiary phosphines (§ 297)
of organo-metallic bodies, and of tertiary alcohols (§ 163), has
already been mentioned.
Ethereal solutions of these zinc compounds absorb sulphurous
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anhydride and nitric oxide gases with formation of crystalline salts of
peculiar acids, of which the sulphur acids have already (§ 252)
been noticed.

867. Zinc methyl, zinc dimethyl, Zn<gg:, is usually prepared
by heating mercury dimethyl with zinc, further by heating methylic
iodide with zinc-sodium alloy or with powdered zinc in sealed glass
tubes at 100°, It is a colourless, strongly refractive, extremely un-
pleasant smelling liquid, of sp. gr. 1-386 at 10-5°, which boils at 46°.
Mixed with ethylic ether, it yields between 51° and 57° a liquid which
cannot be separated by fractional distillation and whose proportional
composition is represented by the formula 2Zn(CH,),,(C,H;)0.

On addition of some methylic alcohol to zinc methyl there is
formed, according to the equation

H H
Zn<gH: + HO.CH, = OH, + Zn<g 0k,

Zinc methyl-methylate as a white, spongy, somewhat crystalline
mass. If excess of methylic alcohol be employed, solid zinc dimethy-
late is obtained. Zinc methyl inflames in air.

868. Zinc ethyl, zinc diethyl, Zn(C,H,);, completely resembles
the methyl compound, has sp. gr. 1'182, boils at 118°, and has a
vapour density of 4'26. In ethereal solution it absorbs two molecules
of nitric oxide gas, and yields large colourless crystals, in which one-
half of the ethyl is still united with zinc:

Zn(Cans)’ + N,OQ = CaanNQOS.(ZnC,H5)-
The action of water causes ethane to be evolved, whilst the basic
zinc salt of dinitro-ethylic acid results :

C,HbNQOQ(Znoaﬂb) + H’O = C,Hs + CaHbNQOQ(Zn.OH),
from whose solution one-half of the zine can be precipitated by means
of carbonic anhydride :

2C’H5.N’02.ZD»OH + COQ = ZnCOa + HQO + (C,HbN,O,),Zn.
From the soluble neutral zinc salt, other salts of dinitro-ethylic
acid can be prepared by double decomposition :
(CQH&N’O’)QZ“ + NaQCOa = anOS + 202H5N202.N&.

They are all difficultly crystallisable, and when beated in the dry state
explode violently. By treatment of .dinitro-ethylic acid or its salt
with nascent hydrogen, equal molecules of ethylamine and ammonia
are obtained :

C,H,N,0,H + 8H = C,H, NH, + NH, + 2H,0.

Therefore the constitution of the acid is best expressed by the
formula : o

N\
O3H; N—O—N.OH or C,H,,.I(—-N.OH.

869. Zinc dipropyl, Zn(CH,.CH,.CHj;),, boils at 146° and is
spontaneously inflammable.
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Zine diisobutyl, Zn(C,H,),, boils between 185° and 188°,
Zine diisoamyl, Zn(CyH,)),, is liquid, has sp. gr. 1:022, boils at
220°, and fumes in the air without inflaming spontaneously.

OTHER METALLIC COMPOUNDS OF THE ALCOHOL RADICALS,

870. Magnesium diecthyl, Mg.(CgH;),, is obtained as a volatile
liquid, smelling like garlic, when magnesium filings are digested with
ethylic iodide in absence of air. There is first formed solid magnesium
ethyl iodide :

Mg + CyH,I = Mg<p*™s

which on strong heating in vessels filled with carbonic anhydride
leaves a residue of magnesic iodide, whilst liquid magnesium diethyl
distils over.

Maynesium diethyl inflames spontaneously in air, and is decom-
posed with explosive violence by water into magnesic hydrate and
ethane. Magnesium dimethyl is entirely similar in preparation and
properties.

371. Compounds of the alkali metals with the alcohol radicals
cannot be obtained in the isolated state ; they are undoubtedly formed
by the action of sodium or potassium on organo-zinc compounds,
zinc being separated even at ordinary temperatures :

Zn(Canu)z + Nag = Zn + 2NaCQH5.

The resulting liquid crystallises at low temperatures, but invariably
contains much unaltered zinc compound, and is at once converted by
water into ethane, zincic hydrate, and sodic hydrate :

NaC,H, + H;0 = NaOH + C,H,.

Sodium ethyl, when mixed with ethylic iodide, yields sodic iodide
at ordinary temperatures, but does not give diethyl (butane), but a
mixture of ethylene and ethane :

NaC’H5 + IC’HO = NﬂI + CQHG + CQH‘.

3872. Compounds of thallium and tungsten with ethyl are also
known, but the metals are not united by all their bonds to ethyl, but
in part also to negative elements. Amongst such bodies are chloride,
nitrate, and sulphate of the strongly positive monacid radical thallium
diethyl, T1(C,H,),Cl, TI(C;H,);.0.NO,, [TI(CQH,Z,],SO., &c. Tung-
sten gives with methylic iodide tungsten trimethyl iodide, W(CH;),1,
crystallising in colourless tables.
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DISUBSTITUTION PRODUCTS OF THE PARAFFINS,
DEerivaTiveEs oF THE D1ap Rapicars, C H,p,.

873. The replacement of two of the hydrogen atoms of a
by other elements yields compounds of the diad hydrocarbon nucleus
CpH,n. It has already been pointed out (§ 143) that three different
groups are thereby formed, which are named respectively after their
simplest oxygen compounds.

374. 1. Aldehyde Derivatives.—In these the substitution has
taken place on a stngle, terminal carbon atom of the nucleus. The
simplest oxides are the aldehydes :

CoHgn 4y

bu

the first oxidation products of the primary monacid alcohols (§ 160).
The names of their hydrocarbon radicals, C,H,,, ,.CH, are derived
from those of the radicals CyHgy,, by addition of the terminal
disyllable ‘idene.’ Thus from ethyl, CH;.CH,, there is formed
ethyl-idene, CH;.CH. The general name alkylidenes is applied to
the whole group.

876. 2. Ketone derivatives result when both substitution positions
are on one and the same ¢ntermediate carbon atom. The oxides

CoHgn 4
0

énHan

are termed ketones, and are formed by oxidation of secondary alcohols
§ 160).

876. 3. GQlycol derivatives are obtained by substitution of hydrogen
atoms united to different carbon atoms. In the glycols or diacid
alcohols they are replaced by OH. The first member of the series is
a dicarbonide

CH,.OH

CH,.0H
a diprimary aleohol. With greater carbon contents there occur in
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addition also primary-secondary, disecondary, primary-tertiary, diter-
tiary, &ec., glycols :

CH, CH, CH,CH, CH,CH,
l N/ \{
H.OH CH.OH C—OH .OH
I | l |
CH,.0OH CH.OH CH,.OH C.OH
| C/ AN
CH, H,CH,
{rimlry-secondary Disecondary Primary-tertiary Ditertiary
Glycols.

If the substitution positions are on neighbouring carbon atoms the
free radicals can—by double union of the two carbon atoms—occur as
free molecules. These are the hydrocarbons of the formula CpH,p,
whose names are derived from those of the alcohol radicals by affixing
the terminal syllable ¢ ene;’ as CH,: CH,, ethylene ; CH,.CH: CH,,
propylens, &c.

377. In all three categories the diad radicals, Cp, H,,, can be united
with two dissimilar monad elements or radicals. There thereby
result complications which do mot occur in the compounds of the
monad alcohol radicals. There is, for instance, a chloro-hydrate,
C,H,Cl(OH), between the chloride, C3H,Cl,, and the hydrate,
C,H(OH),. Notwithstanding the numerous theoretical possibilities,
the number of compounds of the diad radicals, C,, H 4y, actually known,
is far smaller than that of the alcohol radical compounds.

ALDERYDE DERIVATIVES.
Compounds of the Alkylidene Radicals, CxHoy 4 .CH :.

878. In the aldehyde derivatives two of the hydrogen atoms of a
single primarily united carbon atom of a paraffin have been replaced
by other elements or compound radicals.

Halogen Compounds of the Aldehyde Radicals.

879. Of the halogen compounds of the aldehyde radicals several
chlorides, Cp,Hyp 4 ,.CHCly, and bromides are known, but only a
single iodide.

The chlorine compounds can be prepared directly from the
paraffing and their primary monochlor derivatives. The replace-
ment of a second atom of hydrogen by chlorine occurs mainly in the
immediate neighbourhood of the chlorine atom originally present :

but other products—especially olefine dichlorides—are always formed.
In working with ethylic chlovide, for instance, the reaction occurs to
a much greater extent according to the equation :

CH, CH,

| + 0l = | + HC,

CH,Cl1 CHCIl,
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than according to the equation :
CH, CH,.Cl

| + Cl, = HCI + (L
CH,.CI H,.Cl

Another method of preparation of these compounds consists in bring-
ing the respective aldehydes into reaction with phosphoric penta-
chloride :
ConHom CoHom 41
+ PCl; = POCl, + |
CHO CHCl,

and separating the products by fractional distillation or by converting
the phosphoric oxychloride into phosphoric acid by addition of water,
separating the oily chloride from the aqueous solution, and rectifying
it alone.

380. Methene Haloids.— Methene dichloride, CH,Cl,, is formed hy
the action of chlorine on methylic chloride :

CH;CI + C]g = HCI + CHQC]Q,

and is therefore the second chlorine substitution product of methane,
dichlor methane. 1t is more commonly prepared by placing methylic
iodide in a retort, covering with water, and then passing chlorine
through the tubulus into the liquid. The very volatile methene di-
chloride collects in the receiver, which must be kept well cooled,
whilst iodine is left in the retort :

9CH,I + 3C], = 2CH,Cl, + I, + 2HOL

After drying over calcic chloride and rectifying, methene dichloride is
a colourless liquid of sweet, penetrating odour, nearly insoluble in
water, boiling at 41°, and having sp. gr. 1-344.

The same method may be applied to the formation of methene di-
bromide, according to the equation :

2CH,I + 3Br, = 2CH;Br, + 2HBr + I,.
1t forms a heavy liquid, boiling at 80°-82° and of sp. gr. 2'084 at
11-5°.

Methene diiodide, CH,l,, is a colourless, sweet-smelling oil of sp.
gr. 3-346, which boils at 182° and eolidifies in the cold to brilliant
leafy crystuls, melting at + 6°. The vapour density is 9-56. It is
insoluble in water and will not moisten glass.

It is obtained by distilling iodoform with an alcoholic solution of
potassic hydrate, the alcohol being converted into various oxidation
products by the oxygen evolved :

CHI; + KOH + KI + CH,I, + O;
also by heating iodoform for several hours with the most concentrated
aqueous hydriodic acid at 125°-150° :
CHI, 4+ HI = CH,I, + I,;
by heating chloroform with hydriedic acid :
CHCl, + 4HI + CH,I, + I, 4+ 3HCI;
(compare § 149); or by heating iodoform alone in sealed tubes to 150°,
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when much methene diiodide is formed in addition to other products
not yet investigated. :
581. Ethylidene Halotd Compounds.— Ethylidene dichloride :

C,H, 01, or CH,.CHCI,,

is obtained by the action of chlorine gas when exposed to light on
ethylic chloride, together with ethylene dichloride and further sub-
stitution products (§ 377), from which it must be separated by frac-
tional distillation. It is also formed by the action of phosphoric
chloride on ethylic aldehyde :

CH, CH,

J’ 4 PCl, = POCl, + |
HO CHCI,

and is a colourless liquid of chloroform-like odour, 1-198 sp. gr., and
58°-59° boiling point, which is insoluble in water.

Ethylidene dibromide, CH;.CHBr,, is formed by conducting the
vapour of ethylic aldehyde into phosphoric bromide, a liquid being
obtained which contains ethylidene dibromide and phosphoric oxy-
bromide ; on addition of ice the latter is converted into phosphoric
acid and hydrobromic acid, from which the ethylidene dibromide
separates as a yellowish oil. It is also obtained by the action of
bromine upon ethylic bromide :

CH,.CH,Br + Bry = CH,.CHBr, + HBr,

and is separated from other products formed at the same time by
fractional distillation. It boils at 114°. It is very readily decom-
posed, water on gentle heating yielding with it hydrobromic acid
and probably aldehyde.

&2. Propylidene dichloride, CH3.CH,.CHC],, obtained from pro-
pylic aldehyde and phosphoric chloride, is a liquid boiling at 84°-87°,
of onion-like odour.

Isoamylidene dichloride, (CH,),CH.CH,.CHCI,, is obtained from
isoamylic aldehyde, by means of phosphoric chloride, as an oil boiling at
130° and of sp. gr. 1:05 at 24°.

Oxygen Compounds of the Aldehyde Radicals.

388. As already mentioned, the anhydrous oxides of the aldehyde
CnH
radicals are termed aldehydes. The dihydrates, Em = , corre-
H(OH),

R :
sponding to these oxides, , cannot be obtained in a state of
ponding HO

purity, although they probably exist in aqueous solution. On mixing
an aldehyde with water, heat is generally evolved and a diminution
of volume observed, probably in consequence of union with the elements
of water :

CouHym 4y CnHom s

| + H;0= J}

CHO H(OH),

Nevertheless by mere distillation these hydrates dissociate into water
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and aldehyde. It appears that the grouping of several hydroxyl

ups round a single carbon atom is invariably accompanied with
but small intensity of union and with a strong tendency to decompose
into water and anhydride. But these polyhydrates become much
more stable when carbon groups rich in negative elements are in com-
bination also. If ethyl aldehyde, CH;CHO, be converted into
chloral, CCl;.CHO, the latter yields with water chloral hydrate,
CCl;.CH(OH),, a very stable body.

As two oxynuclei can be united at the same time to an aldehyde
radical, oxides and salts occur of the general formula :

CmHZm+ 1

H(OR),
in which R is the radical either of an alcohol or an acid.

The Aldehydes.

884. The aldehydes are gencrally prepared by the moderated
action of ozone or oxidising agents upon primary alcohols or their
ethers. One atom of oxygen then removes from the primary alcohol
two atoms of hydrogen in the form of water (therefore the name
aldehyde, abbreviated from alcokol dehydrogenatum). One of these
hydrogen atoms is from the hydroxyl group, the second from one of
the hydrogen atoms united to the same carbon atom :

ConHom 41 ConHom 4

| H | JH

c{g +0=1,0 + 6o
H

More probably the first action is the direct union of the oxygen so
as to form a second hydroxyl group :

All+l CEHM-O-I

lll
c<(1){ +0= c<8
which then decomposes into watér and aldehyde :
CmH2m+ 1 CIIIHQIII-}- 1

| M | H
C<3H — 8,0 + ¢£o
385. The aldehydes can be obtained from the haloid compounds of

their radicals either directly by boiling with plumbic hydrate:

ConHom 4 CmHom 4
+ Pb(OH), = PbCl, + | + H,0;
CHO

HCl,
or by first converting into the acetate by means of potassic acetate :
CmHom + CoHom 4

1
+ 2KO0.C,H,0 = l; + 2K0],
HOl, ' H(0.C,H,0),
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and then saponifying. In this latter decomposition the alkali must
not be employed in excess, as it very readily converts the aldehydes
into resinous products, whose nature has not yet been sufficiently
made out.

888. A further method for the formation of the aldehydes of
general application, is from those acids which the aldehydes themselves
yield when oxidised. If the calcic salt of such an acid be intimately
mixed with calcic formate and the mixture submitted to dry distil-
lation, calcic carbonate remains behind, whilst the aldehyde distils
over:

CoHomyy CoHomyy H }Ii ConHom 41
C=0 + é:O C=0 = 2CaC0; + 20=0

bod d—ced !

The aldehydes appear also to be formed without exception by the
action of sodium amalgam upon a mixture of the acid with the acid
anhydride or acid chloride. These decompositions probably occur as
in the following equations :

CmHm+l
?mHm+ 1 ?-:0 CoaHom 4 CmHom 41
C=0 + (0) + Na, = 20= + —

éu b=o bve A

Acid anhydride.
ConHom ¢ ConHom 41 Cmﬁmwl ConHom 4,
= + C= +Na,=NaCl+$=O + C=
|
du & b
Acid chloride.

387. The aldehydes are generally characterised by the ease of their
conversion into polymeric modifications, especially yielding tripled
molecules. Their formation may be explained on the supposition
that the oxygen atoms of the aldehydes unite on polymerisation to
the carbon atoms of two molecules, thereby joining the molecules
together. This may be shown by the formula :

CmHm+l CnHm-l-l CIIIH‘ZD-FI CmHzm+|
H—C— —H H—C—0—C—H
= AN
8 o &
0=C—H N/
A C—H
'mH om 41 l
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On heating to higher temperatures these polymerised aldehydes
splitégg again into the simple molecules.

. The aldehydes, as the compounds intermediate between the
primary alcohols and acids, can readily be converted into either.

By treatment with nascent hydrogen—by sufficiently energetic
action of sodium amalgam upon a slightly acidulated aqueous solution
of aldehyde—two atoms of hydrogen are combined, and the primary
alcohol regenerated, from which the aldehyde can be obtained by
oxidation :

CnHom 4 CnHom 4
/ H
C& + 2H = C&H
H

The aldehydes are slowly converted into acids by mere exposure to
atmospheric oxygen, and this change occurs considerably more quickly
with oxidising agents:

CraHygm 4 CmHm+
(£=0 4+ 0= l?:O
X bu

The action of argentic oxide is especially characteristic. By adding
ammonia to argentic nitrate until the argentic oxide first precipitated
is redissolved, a liquid is obtained which, when added to aldehyde at
ordinary temperatures, but more quickly on warming, gives a deposit
of metallic silver, whilst the ammonic salt of the acid remains in
solution :

CmH!II+ 1 CmH2m+ 1

— + 2NH,AgOH = (|)=O + Agy + H,0 + NH,.
|
H ONH,

If the aldehyde is miscible with water the silver separates in
great part as a coberent, mirror-like film on the sides of the vessel. If
an aldehyde be brought into contact with freshly precipitated argentic
oxide, the argentic salt of the acid is formed :

anm... ].m-H + 3A.gOH - CmHm.‘, ].C0.0Ag + Ag, + 2H’O.

In detecting or purifying aldehydes use is made of their com-
binations with the alkaline hydric sulphites and with ammonia (see
later).

y action of phosphoric chloride the aldehydes and their polymers
are converted into the dichlorides of the radicals (§ 379).

Formic Aldehyde, or Methene Oxide, CH 0.

889. Methene oxide, methylic aldehyde, also known (as the aldehyde
of formic acid) as formic aldehyde, is only known in the state of
vapour and in aqueous solution, which probably contains it as a di-
hydrate. In absence of water it polymerises with great readiness.
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The aqueous solution of formic aldehyde is most readily obtained
by oxidation of methylic alcohol. For this purpose some methylic
alcohol is placed on the bottom of a tri-tubulated Woulff’s bottle. In
one of the side necks a glass tube open at both ends is placed so as to
dip into the methylic alcohol, whilst the other is connected with a
condenser, this with a receiver, and this latter attached air-tight to a
powerful aspirator. The condenser is filled with ice-cold water, with
which the receiver is also surrounded. 'When the aspirator has been
set working, the middle neck of the Woulff’s bottle is closed with a
stopper, from which hangs a spiral of platinum wire which has been
heated toglowing. A powerful stream of air is now drawn through
the open tube, which bubbling through the methylic aleohol becomes
charged with its vapour. The hot platinum wire causes the oxidation
of the vapour, sufficient heat being thereby evolved to keep the wire
at the necessary temperature. The resulting formic aldehyde, together
with water and unaltered methylic alcohol, liquefy in the condenser
and collect in the receiver.

The distillate has a penetrating smell, reduces solutions of silver
salts, and is converted into a yellow oil by potassic hydrate. Formic
a.ldehyde has not yet been obtained from it in a pure state.

If the liquid be evaporated on the water bath the greater part of
the aldehyde is evolved. A part, however, remains as a solid mass of
paramethyl aldehyde.

890. Paramethyl aldehyde, or trimethene oxide, formerly known
as dioxy-methylene, C3H¢O;, can be obtained in the following ways,
in addition to the one given above :—

It is obtained directly from methene diiodide by heating with
argentic oxalate. This latter must be mixed with twice its weight of
powdered glass in order to moderate the reaction :

3CHQI’ + 3.A82020‘ = 6A.gI + 3002 + 300 + 03H603'

In well-cooled condensers paramethyl aldehyde separates from the
stream of gases in the solid state.

On heating methene diiodide with argentic acetate and acetic acid,
methene diacetate, boiling at 170°, is formed :

CHQI, + 2.A.g0.02H30 = 2AgI + CHg(OC,H,O)’;

from which, by heating with water at 100° in sealed tubes, paramethyl
aldehyde is obtained :

80H,(0.C,H,0), + 3H,0 = 6HO.C,H,0 + C3HO,.

It is obtained most readily by heatmg glycollic acid with concen-
trated sulphuric acid in a retort to 1

OH,.0H
3 (1}0 + 3H,80, = 3(H,80,,H,0) + 3C0 + C;H0;;

paramethyl aldehyde condenses on the neck of the retort.

Paramethyl aldehyde is a colourless, indistinctly crystalline body,
insoluble in water, alcobol, and ether. Though itself odourless it
gives the penetrat.ing odour of formic aldehyde when heated. It

8
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sublimes freely at 100°, melts at 152°, and boils at a slightly higher
temperature. The vapour evolved is not paramethyl aldehyde, but
the simple formic aldehyde. On cooling it polymerises again. The
vapogr density is found to be 1-037, which corresponds to the formula
CH? .

That paramethyl aldehyde is correctly represented by the formula
C3H4O; can only be inferred from its analogy with parathio-methyl -
aldehyde, into which it is readily converted by hydric sulphide, and
which has been shown to possess the formula C;HgS;.

If paramethyl aldehyde be heated with much water to 130°-150° in
sealed tubes it dissolves, and the liquid then possesses the properties of
a solution of formic aldehyde. In presence of water, therefore, the
change into the polymeric modification does not occur, probably in
consequence of the solution containing not CH,0, but the dibydrate
CH,(OH),

( c)h drate solution, on boiling, colours paramethyl aldehyde
yellow, a.nd the liquid then contains some baric formate.

By careful addition of argentic oxide the aqueous solution of for-
mic aldehyde is converted into formic acid :

\CH,0 + 2AgOH = Ag, + CHO.0H + H,0.

Acetic Aldehyde, or Ethylidens Oxide, C;H 0.
891, Acetic aldehyde, ethylic aldehyde, or simply aldehyde, is the
first oxidation product of ethylic alcohol :
CH, CH

3
(gH,.OH +O=HO+ | o

and ethylic ether

OH, CH, CH,
.J; & +20=H,0+2]|
H, CHO

and is also formed in smaller quantity in the oxidation of many other
bodies, such as albumen, sugars, fermentation lactic acid, &c.

From fermentation lactic acid it is also obtained, together with
other products, by dry distillation :

COH,
CH
H.OH = CO + H,0 "'é
| HO
CO.0H

in larger quantity, together with formic acid, by heating with mode-
rately concentrated sulphuric acid to 150° in sealed tubes :

CH, CH,
éH.OH = (IJHO + III (formic acid)
(L,O.OH CO.0H
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Much aldehyde is also obtained by dry distillation of an intimate
mixture of calcic acetate and formate :

CH, CH, H H

é0.0.Ca.O.éO * éO.O.Ca.O.(IJO

382. To prepare aldehyde two parts of 80 94 alcohol are heated
with three parts of manganic dioxide and a mixture of three parts of
sulphuric acid and two parts of water, and the vapours condensed by
strong cooling. The crude distillate, which contains several other
bodies, such as acetal, ethylic acetate, water, and unaltered alcohol, is,
in order to purify the aldehyde, mixed with ether, and the liquid
saturated with dry ammonia gas. Aldehyde ammonia, insoluble in
ether, is thereby separated :

CH,CHO + NH, = CH,.CH(OH).NH,,

in crystals, whilst all impurities remain in solution. The crystals,
after washing with ether and drying over sulphuric acid, are dissolved
in a little water, mixed with dilute sulphuric acid, and distilled, when
aldehyde and some water pass over :

920H, CH(OH).NH, + H,80, = (NH,),80, + 2CH,.CHO.

The distillate is allowed to stand some time over fused calcic
chloride and then rectified, the pure aldehyde being collected in re-
ceivers cooled with iced water.

Instead of manganic dioxide, potassic dichromate, in pieces about
the size of peas, is generally used as the oxidising agent. Fifteen

of this is treated with a mixture of ten parts of alecohol and
twenty parts of sulphuric acid, which has been previously diluted
with three times its volume of water.

The reaction, which speedily begins, is so violent that the liquid
enters into ebullition. As the accompanying bodies are more difficultly
volatile than aldehyde, it is usual to separate them from the latter by

ial condensation before condensing it by strong cooling.

For this purpose the reaction vessel A (fig. 20), whose volume must
be four times that of the mixed ingredients, is conmected with the
lower end of a glass worm B which is surrounded with water of 60°.
In this the main portion of the accompanying vapours are condensed
and returned into the retort A. The aldehyde vapours are conducted
from the upper end of the worm tube into two cylinders c, ¢, containing
anhydrous ether, and surrounded by a mixture of ice and salt, in
which the aldehyde liquefies. At the end of the reaction, which is
completed by slight heating of the reaction vessel by hot water, all
the aldehyde is found mixed with ether in the two cylinders. Dry
ammonia gas is now passed into the cylinders, and the crystalline
aldghyde ammonia treated as already described to obtain pure alde-
hyde.

398. Acetic aldehyde is a mobile liquid boiling at 21°, of sp. gr.
‘801 at 0°. In the air it evaporates with great celerity and large
absorption of heat. The odour is peculiar, and when strongly diluted
not unpleasant. The vapour, when breathed in large quantity, pro-
duces a feeling of tightness in the chest.

82

OH,
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The vapour density is 1-52.

Acetic aldehyde mixes in every proportion with water, alcohol,
and ether, in the two first cases with considerable evolution of heat.

Aqueous aldehyde becomes rapidly acid on exposure to air, being
converted by that, as by all other oxidising agents, into acetic
acid. It precipitates metallic silver from ammoniacal silver solutions,
ammonic acetate being formed :

0H3.0H0 + 2NH3A80H=A,g’ + NHa + H,O + CH,.C0.0-NH‘u

F1a. 20.

By treatment of the slightly acidulated aqueous solution with
sodium amalgam aldehyde is reconverted into ethylic alcohol :

CH, CH,
| +2H = |
CHO CH,.HO
but some other products are formed at the same time, especially

3-butylene glycol.

Phosphoric chloride converts acetic aldehyde into ethylidene di-
chloride (§ 381), and alkalies form from it a yellow resin (aldehyde
resin) of still uncertain composition.

By long contact with aqueous hydrochloric acid aldehyde is con-
verted into aldol ; by heating with a little zincic chloride two molecules
of aldehyde condense, with elimination of a molecule of water, into
crotonic aldehyde.
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By long heating at 180° with acetic anhydride in sealed glass tubes
aldehyde is converted into ethylidene acetate :

CH, CH,

| + O(CH;30)g = &
COH 'H(0.C,H;0),

This is a colourless liquid, boiling at 169° and not miscible with
water, but which on heating therewith yields aldehyde and two mole-
cules of acetic acid.

Further decompositions of ethylidene oxide will be mentioned
later.

3894. Chemically pure aldehyde remains quite unaltered in air-
tight vessels. Small quantities of acids or of certain salts (as zincic
chloride) cause its transformation on standing into two polymeric
modifications, paraldehyde and metaldehyde.

At ordinary temperatures paraldehyde, triethylidene trioxide,
CeH,,0,, is formed, and most quickly, and with great evolution of heat
and diminution of volume, when a drop of strong sulphuric acid is
added to pure aldehyde. Zincie chloride, sulphurous anhydride, and
hydrochloric acid similarly cause this change in a short time. Inorder
to obtain pure paraldehyde the modified aldehyde is cooled by a freez-
ing mixture, and the crystals formed are separated from the portion
remaining liquid, which still contains unchanged aldehyde.

DParaldehyde is a crystalline solid below +10°, and melts, when
perfectly pure, at 10-5°. At 15° the liquid has the sp. gr. ‘998 ; it
boils at 124°. The vapour density is 4'58, being three times as great
as that of aldehyde.

Paraldehyde is difficultly soluble in water, and still less on heating
than at ordinary temperatures, By strongly superheating its vapour,
and then condensing, ordinary aldehyde is obtained. The same de-
composition occurs on distillation with sulphuric acid. Phosphoric
chloride converts it completely into ethylidene chloride; acetic anhy-
dride, on heating, into ethylidene acetate. By these reactions there is
no doubt that the combination of three aldehyde molecules to one
molecule of paraldehyde takes place according to the formula :

CH, CH,

H—&-—O—(lJ—H
N 6

CH
bu,

395. Metaldehyde is formed by the action of somewhat dilute
sulphuric acid, sulphurous acid, calcic chloride, &c., at temperatures
below 0°, and separates in white needles or prisms. Sometimes this
modification is also obtained at ordinary temperatures under conditions
still unascertained, but there is invariably only a small portion of the
aldehyde transformed into metaldehyde. From the portion remaining
liquid it is separated by decantation and suction. It is insoluble in
water, difficultly soluble in cold aleohol, ether, carbonic disulphide, &c.
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It sublimes slowly at 100°, more quickly and without fusion at 112°-
115°. At the latter temperature it is partly converted into aldehyde,
the conversion being complete on heating for several hours in a sealed
tube. Phosphoric chloride converts it into ethylidene chloride. Its
vapour density cannot be determined on account of its ready conver-
sion into C;H,O, and on this account the molecular weight of metal-
dehyde remains unknown. It probably contains more than three
aldehvde molecules united together in similar manner to that in

paraldehyde,
Higher Aldehydes.

898. Propionic aldehyde, or propylidene oxide, CH,.CH,.CHO, is
prepared by oxidation of primary propylic alcobol and by dry dis-
tillation of a mixture of calcic propionate and formate. It is a mobile
liquid, of suffocating aldehyde-like odour, of sp. gr. ‘8074 at 21°,
and boils at 48:8°-49-5°. Itis no longer miscible in every proportion
with water, but requires five volumes of the latter for solution.

897. Butyric aldehydes, C;HZO. Two isomers exist corresponding
to the two primary butylic aleohols.

Normal butyric aldehyde, or butylidene oxide, CHy.CH,.CH,.CHO,
is obtained by dry distillation of calcic normal butyrate and formate as
a liquid of penetrating aldehydic odour. It boils at 75°, has sp. gr.
‘834 at 0°, and dissolves in about twenty-seven parts of water. It is
also formed in small quantity in the oxidation of albuminoids by man-
ganic dioxide and sulphuric acid.

Teobutyric aldehyde, or isobutylidens oxide, GIT*>CH.CHO, is pre-
3

pared by oxidation of ten parts of isobutylic alcohol by nine and a half
parts of potassic bichromate and a mixture of nine parts of sulphuric
acid with seventy-five parts of water. The reaction must be started
by gentle heating, and then completes itself. The crude distillate
must be fractioned, and the portion passing over between 60° and 80°
shaken with a concentrated solution of hydric sodic sulphite. A com-
pound of this latter with the aldehyde separates, which is pressed and
distilled with solution of sodic hydrate, when pure isobutyric aldehyde
is obtained. It is also prepared by the dry distillation of calcic iso-
butyrate and formate.

Tsobutyric aldehyde is a colourless, strongly refractive liquid of
penetrating odour, which boils at 61°-62° and has sp. gr. ‘8226 at
0°. It dissolves at 20° in about nine times its weight of water.

By hydrochloric acid, or somewhat concentrated sulphuric acid,
a8 also by addition of chlorine or bromine, isobutyric aldehyde poly-
merises with evolution of heat into

Paraisobutyric aldehyde, which crystallises in silky needles, re-
crystallisable from water and alcohol, and melts at 59°-60°. The
boiling point is 194°, the found vapour density 7-256, which corre-
sponds to the tngled molecule C,,H,,0; whose theoretical vapour
density would be 7-464. At 200° paraisobutyric aldehyde is still not
reconverted into isobutyric aldehyde.

398. Valeric aldehydes, C;H ,(,O Four of these bodies are possible,
corresponding to the primary amylic alcohols; only two, however, are
known as yet.
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Normal valeric aldehyde, amylidene oxide :
CH,.CH,.CH,.CH,.CHO,

is obtained by dry distillation of normal calcic valerate with calcic
formate as a liquid boiling at about 102° and requiring more than
thirty parts of water for solution. Its odour is very similar to that
of the following compound.

Isovaleric aldehyds, isoamylidene oxide, or valeral :

CH
GH >CH.CH, CHO,

is readily obtained from fermentation amylic alcohol. A lukewarm
saturated solution of twelve parts of potassic dichromate is placed in
a retort, and a mixture of sixteen parts of sulphuric acid with eleven
parts of isoamylic alcohol and sixteen parts of water allowed to flow in
slowly through a funnel tube. The temperature rapidly increases to
that of distillation, and no external source of heat is required till
nearly the end of the reaction. The vapours passing over are con-
densed in well-cooled receivers, and yield a distillate containing besides
valeral some isoamylic alcohol, isovaleric acid, isoamylic isovalerate, and
much water. Potassic hydrate is added to the distillate until alkaline,
with shaking, in order to convert the acid into the potassic salt. The
oil collected above the aqueous liquid is then poured off and shaken
for a long time with a concentrated solution of hydric sodic sulphite.
This latter combines with the valeral to a difficultly soluble com-
pound, which separates in brilliant plates. These are collected on
linen, pressed, washed with ether, dried, and distilled with concentrated
solution of sodic hydrate, whereby valeral is regenerated.

Isovaleric aldehyde is a colourless liquid of suffocating apple-like
odour, which boils at 92:6° and at 0° has sp. gr. ‘822. By oxidising
agents it is converted into isovaleric acid.

399. Normal caproic aldehyde, CH;.CH,.CH,.CH,.CH,.CHO, is
obtained by the dry distillation of a mixture of calcic normal caproate
and formate. It forms a colourless liquid boiling at 127:9° and of sp.
gr. "8498 at 0°.

Another caproic aldehyde, probably (CH,),:CH.CH,.OH, is
prepared by distillation of calcic isocaproate and formate as a
penetrating but not unpleasant-smelling liquid, boiling at 121°. It
yields with nascent hydrogen a hexylic alcohol boiling at 150°.

400. ®nanthol, or enanthic aldehyde, C;H, 0, is obtained by dry
distillation of castor oil, the distillate being shaken with hydric sodic
sulphite, &c., as under valeral, as an oily liquid of peculiar disagree-
able smell, which boils at 152° and has sp. gr. ‘827. As already
mentioned (§ 172), this is probably normal enanthic aldehyde :

CH,.CH,.CH,.CH,.CH,.CH,COH.

400a. The remaining known members of the series have been
prepared by dry distillation of intimate mixtures of calcic formate
with the calcic salts of the requisite acid, under reduced pressure
(15-256 mm.) They are :--

Lauric aldehyde, C,,H,, CHO, from lauric acid, melts at 44:5° and
boils at 184°-185° under 100 mm. pressure. It forms a brilliant
white, odourless, crystalline mass.
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400b. Myristic aldehyde, C,3H,,.CHO, from myristic acid, melts
at 52:5° and boils at 214°-215° under 100 mm. pressure.

401. Palmitic aldehyds, C,;Hj;, .CHO, from palmitic acid, forms
nacreous leafy crystals, melting at 58:6°. Under 100 mm. pressure it
boils at 239°-240°. By oxidation of cetylic alcohol a body is obtained
melting at 52°, but it appears doubtful if this is palmitic aldehyde.

401a, Stearic aldehyde, C,;Hy;.CHO, from stearic acid, crystal-
lises in fine crystal leaves with bluish shimmer; it melts at 63:5° and
boils at 259°-261° under 100 mm. pressure.

Ethereal Compounds of the Aldehyde Radicals.

402. The polymeric modifications of the aldehydes above mentioned
may be classed amongst these compounds, as in them the several
aldehyde radicals are held together by oxygen. In the true sense,
however, the term is restricted to compounds in which aldehyde
radicals and the monad alcohol radicals are joined together by oxygen,
giving bodies of the general formula :

CmHQIII+I

H(OCyHjp41)s

The number of compounds known is not large, only those of methene
and ethylidene having been prepared.

They were first obtained by incomplete oxidation of the respective
primary alcohols, together with the aldehydes, one oxygen atom
acting on three alcohol molecules according to the equation :

3CnH2n+ |.0H + 0 = 2H20 + CnHan(Oan’n.'. l)’o

These bodies are also obtained by mixing aldehydes with anhydrous
alcohols, especially if the mixture be heated to 100° for some time :

CmHzm-i- 1 CmHm-H
CHO CH(O.ChHgn 1)

By limited oxidation they are first converted into aldehydes :

ConHgm 4, CmHom 41
l +20=H,0+3 |
CH(O.CH,;.CaHyms )y . CHO

403. Methene dimethylate, methylal, or formal, CHz(0.CH,),, is
obtained on heating methylic alcohol with manganic dioxide and
sulphuric acid, and is separated from the crude distillate by fractional
distillation. It is a colourless liquid which boils at 42° and has sp.
gr. 855, The vapour density i8 2:625. With alcohol and ether
formal can be mixed in every proportion ; it dissolves in about three
times its weight of water. On saturation of its aqueous solution with
potassic hydrate it is again precipitated.

404. Ethylidene dvmethylate, CH,4.0 H$O.CH,),, is found in crude
wood spirit, and is prepared by oxidation of a mixture of methylic and
ethylic alcohols, or more readily by beating aldehyde with abeolute
methylic alcohol. It is liquid, boils between 63° and 65°, and has
8p. gr. ‘8674 at I° and a vapour density of 3:16.
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Bibylidens methylote-ethylate, CH,,CHCQ,GX2 , is obtained, to-
gether with the foregoing, by oxidation of a mlxtune of ethyhc and
methylic alcohols, as a liquid boiling at 86°.

405 Ethylidene ethylate, ethylidene disthyl-cther, or acetal,
CH,CH(O.C,H;),, is formed by the oxidation of ethylic aleohol
and is contained in that fraction of the distillate coming over
between 90° and 110°. By saturation of the liquid with calcic
chloride it separates as an oil which floats on. the surface, and is
purified by fractional distillation. It is obtained more readily by
heating aldehyde with absolute alcohol to 100°. Ethylidene dx-
bromide, when treated with sodic ethylate, gives in part acetal :

CH,.CHBr, + 2Na0.C,H, = 2NaBr + CH,CH.(0.C,H,),.

Ethylidene dichloride, on the other hand, yields monochlor-ethylene
by similar treatment :

CH,.CHC, + Na0.C;H, = NaCl + HO.0;H, + CH,:CHCL

Acetal is a colourless, mobile liquid, of ‘821 sp. gr. at 22-5°, which
boils between 104° and 106°. It dissolves in eighteen volumes of
water at 25°, but is less soluble at higher temperatures. On heating
with acetic acid it gives aldehyde and ethylic acetate :

CH;.CH(O.C’HG)Q + 2HO-C’H30 = H,O + CH'.OHO
+ 20,H,.0.C,H,0.
It is not attacked by potassic hydrate.

Sulphurous Acid Compounds of the Aldehydes.

408. As already mentioned (§ 389), the aldehydes unite with the

hydric sulphites directly, and without formation of bye products,

ielding crystalline compounds. By their properties these appear to
double sulphites containing the positive monad radical

CnHgm 4+ .CH.OH.
Their constitution is therefore expressed by the general formula :
CuHom 4

CH.OH

(&.SO,N&

They are readily decom by basic hydrates, or even by the car-
bonates of the alkalies, aldehyde being again formed :

CmnHgm 41 CoHom 4
2CH.OH + Na,CO, == CO, + 2Na0.80,.Na 4+ 2CHO
SO;Na

The action of acids also causes the decomposition of these compounds
into salts of the acids, aldehyde, and sulphurous acid.
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The hydric sulphite compounds of the lower members of the series
are readily soluble in water, those of the higher members difficultly
soluble; these latter, therefore, serve as a means of separating
aldehydes from mixtures with other bodies. If the aldehydes in such
mixtures be either difficultly soluble or insoluble in water, they must
be shaken violently for a long time with saturated solution of the
alkaline hydric sulphite, it being well to heat the mixture previously.

407. Ethylidene-hydrate metallic sulphites, or aldehyde metallic
sulphites, CH,.CH(OH).0.80,M. These compounds, which are
readily soluble in water, are best prepared by slow addition of acetic
aldehyde to well-cooled saturated solutions of the acid sulphites of the
respective metals, until the liquid, after standing for some time in
closed vessels, smells of aldehyde. From the solutions so prepared
the crystalline salts are obtained either by precipitation with strong
alcohol or by evaporation in a dry vacuum. On heating alone at
100° they decompose into aldehyde, sulphurous anhydride, and a
neutral sulphite.

Ethylidene-hydrate potassic sulphite, CH,.CH&OH).O.SO,K,
crystallises in tufts of needles the sodic salt CH,.CH(OH).0.80,Na,
by evaporation in fatty plates, by precipitation of its solution by
alcohol in satiny needles. The ammonic salt prepared from aldehyde
and hydric ammonic sulphite crystallises in small needles, which
dissolve in six times their weight of water at 16° and in the dry state
are not decomposed at 100°. It contains H,O less than is required

by the formula
C,H (OH)0.80,NH,,
and corresponds, very likely, to one of the forniulse
CH, CH,

H_é—NH, or H-(LNH,

$—to, do,b

probably by its stability at 100°, to the last. By dissolving baric
carbonate in aqueous sulphurous acid mixed with excess of aldehyde
and precipitating the filtered solution by alcohol, a satiny precipitate
of the baric salt (CH;.CH(OH).0.80,);Ba is obtained.

408. In the case of the remaining aldehydes generally only the
compounds with hydric sodic sulphite have been prepared. ~The
propionic aldehyde compound is readily soluble; those of the higher
molecular aldehydes separate on shaking with concentrated solution
of hydric sodic sulphite, mostly in plates of silvery lustre, and the less
soluble the richer in carbon the aldehyde is.

Ozychlorides of the Aldehyde Radicals.

409. In consequence of their divalent nature the aldehyde radicals
can unite with two different elements, such as chlorine and oxygen,
which latter, being diad, can still unite with other radicals. Chloro-
hydrates are not known, but chlor ethers and chlor salts exist.

410. Dimethene chlor-oxide, or dichlor-methyl ether :

OQH‘CIQO = Cl.CHg-O.CH’.Cl,
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is formed on carefully mixing dimethylic oxide and chlorine gases :
(CH,),0 + 2C1, = (CH,C1),0 + 2HC],

and is separated from the liquid products by fractional distillation.
It is a liquid boiling at 105°, of suffocating, tear-exciting odour, of sp.
gr. 1-:315 at 20°, decomposed by water into hydrochloric acid and
formic aldehyde or paraformic aldehyde :

(CH,01),0 + H,0 = 2HOI + 2CH,0.

411. Ethylidene chloro-ethylate, CHyCHCLO.C,H;. If hydro-
chloric acid gas be conducted to saturation into a well-cooled mixture
of aldehyde with twice its volume of absolute alcohol, the liquid
separates into two layers, of which the upper contains ethyhdene chlor-
ethylate. By submitting this to fractional distillation it is obtained
as an oil boiling at 97°-98°, which at every distillation is partially
decomposed with evolution of hydrochloric acid.

‘With an alcoholic solution of sodic ethylate it yields acetal :

CH,. CH<810 g, + NaO.C,H, = NaCl + CH, cH Y OE o

The same body is also obtained by the action of chlorine upon ethylic
ether, whence its other name, monochlor-ethylic ether (§ 207).
412. Diethylidene chlor-oxide, or ethylidene oxychloride :

CH,.CHCLO.CHCL.CH,,

is formed by passing hydrochloric acid gas into aldehyde at 0°. The
liquid divides into two layers, of which the upper is decanted, quickly
dried by calcic chloride, and heated to 60°-70°, whilst a stream of
carbonic anhydride is passed through it in order to remove any un-
altered aldehyde. The residue is then fractioned, and the portion
distilling between 116° and 117° collected. Pure ethylidene chlor-
oxide is liquid, smells at once of aldehyde and hydrochloric acid, and
has sp. gr. 1:1376 at 12°. It is not directly miscible with water, but
is soon decomposed by it into hydrochloric acid and aldehyde :

(CH,.CHC1),0 + H,0 = 2HCI + 2CH,.CHO.
Its formation is represented by the equation :

CH, CH; CH,
2é + 2HCl=H,0 + | é}
HO CHCLO.CHC1
It is isomeric with bichlor ether (§ 207), which boils at 145°,
. Cl
413. Ethylidene chloro-acetate, CH“'CH<O.C,H30' Aldehydeand

acetic chloride unite directly with one another, when equal molecules
are heated to 100° in sealed tubes:

1

CH,.CHO + CLC,H,0 CH,.CH<302H30

Ethylidene aceto-chloride is a liquid boiling at 120°-124°, which

floats on water, and is slowly converted thereby into aldehyde, hydro-

chloric and acetic acids.
414. By passing hydrochloric acid gas into an alcobolic solution of



268 DERIVATIVES OF THE ALDEHYDE RADICALS, C,H,,.

cenanthic aldehyde, there is obtained amongst other products a
heptylidene chloro-ethylate :

C¢H,;.CH
6512 <(O)] C,H,
as & light oil which cannot be distilled unchanged.

Sulphur Compounds of the Alcohol Radicals.

415. On bringing an aldehyde and sulphuretted hydrogen together
there result, frequently with formation of intermediate products, the
thio-aldehydes, Cpy Hypy . ;.CHS, which as yet, however, are only known
in polymeric modifications. These latter are crystalline bodies of
unpleasant odour.

418, Trimethene sulphide, parathioform-aldehyds, C,HgS,, is
readily obtained by saturating paraform-aldehyde, or an aqueous
solution of form-aldehyde, with hydric sulphide:

UH,—O—CHQ CH’—S‘—CH’
N
0\ 0 +3HS = s\ + 3H,0
6, G,

The same body is obtained by hesting methene diiodide with an
alcoholic solution of potassic sulphide :

3CHQI’ + 3K’s = 6K.I + CaHGS';

and by long standing of carbonic disulphide, granulated zinc and
dilute hydrochloric acid :

308, + 6Zn + 12HCI = C;H,S, + 3H,S + 6ZnCl,.

Trimethene sulphide is nearly insoluble in water, difficultly soluble in
alcohol and ether, more readily in carbonic disulphide, and most
soluble in benzene. It crystallises in interlaced needles of extremely
disagreeable, onion-like odour, which begin to sublime at 150°, but
melt at 218°. The found vapour density is 4:98, that required for the
formula C,H S, being 4-77.

With an alcoholic solution of mercuric chloride it yields silky
needles, quite insoluble in water, of the formula C;HS,HgCl,; with
argentic nitrate, plates, which can be recrystallised from hot water, of
C,H8,AgNO,;,H 0, and gives with platinic chloride (C,H¢8,),PtCl,.
By heating at 170° with argentic sulphate it yields paraform-aldehyde,
C;H0,.

*" Mothene sulpho-carbonate is obtained by heating methene diiodides
with an alcoholic solution of sodic sulpho-carbonate :

CH,T, + NeSS08 = 2Nal + CH,<S>CS,

as a yellowish white amorphous powder. The molecular formula is
probably a multiple of the above given.

417. Thioacetic Aldehyde, or Ethylidene Sulphide.—By passing
bydric sulphide into aldehyde there is first formed an oily body of
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nauseous odour, containing equal molecules of aldehyde and thio-
aldehyde:

C.H,08 = CH, CHCO>CH.CH,,

This solidifies when strongly cooled, melts again at —2°, and at 35°
begins to boil with decomposition, pure aldehyde passing over. By
treatment with acids it is split up into aldehyde and solid parathio-
aldehyde, or triethylidene trisulphide, C¢H,,;8;. In consequence of
this only the latter body is obtained when sulphuretted hydrogen is
conducted into strongly acidulated aldehyde. It is also readily pre-
pared from paraldehyde :

CH,.CH—O—CH.CH, CH,.CH—8—CH.CH,
H— + 3H,S = 3H,0 + g’o—(IJH
éHa CH’

Thio-paraldehyde crystallises in colourless needles of garlic odour,
insoluble in water, but soluble in alcohol and ether, and slowly
subliming on gentle heating. The vapour density is found to be
6-199, corresponding to the molecular formula C H,,8;, which re-
quires 6-22.

418. The thio-aldehydes richer in carbon are less known. Iso-
butyric aldehyde is converted by sulphuretted hydrogen into an oil of
unpleasant, onion-like odour, and which has not yet been obtained in
the crystalline state.

Isovaleric aldehyde only reacts with sulphuretted hydrogen when
in aqueous solution. There results a crystalline mass of tsoamylidene

eulphide, S*>CH.CH,.CHS. Re-arystallised from aloobol or ether,

3
this isovaleric thio-aldehyde forms white, asbestos-like crystals of
nauseous odour, which melt at 69° und can only be volatilised un-
changed in vacuo. The vapour density = found 3'508, calculated
3:525.

A selenio-isovaleric aldehyde is obtained from valeral and hydric
selenide in crystalline crusts of fearful odour. It melts at 56-5°
sublimes even at ordinary temperatures, and is readily decomposed
with separation of selenium.

Sulphonic Acids of the Aldehyde Radicals.

419, Methene forms a methen-disulphonic acid, generally termed
methionic acid, CH,(S0,.0H),, which can be obtained by oxidation
of methene sulpho-carbonate by nitric acid. It is also formed in small
quantity by the action of sulphuric anhydride upon ethylic ether,
more readily by heating acetamide or acetonitrile with Nordhausen
sulphuric acid, the reaction being probably as follows :

CH,.CO.NH, + 80, + 25,80, = CH,<50+0H | oo,

0,.0H
+ NH,H.S0,.
The free acid crystallises in long, deliquescent needles, and is not
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altered by boiling nitric acid. On mixing its solution with baric
chloride, baric methen-disulphonate :

cn,<§3::8>na,n,o,

separates in difficultly soluble, nacreous scales, which can be re-
crystallised from boiling hydrochloric acid.

420. Methene-hydrate sulphonic acid, CH,(OH).S80,.0H, is formed
when the vapour of sulphuric anhydride is into a well-cooled
mixture of methylic alcohol and sulphuric acid. As this mixture
would contain hydric methylic sulphate, the process probably is as

follows :
80,.0H
+ 803 = éHz

0.80,.0H
The liquid is then boiled with water for several hours :

OH,.80,0H CH,.80,.0H
+ H’O + QHQO = & + H’SO‘ + WHQO,
.80,.0H H

and neutralised with plumbic carbonate whilst still boiling.

The liquid, filtered from the plumbic sulphate, contains plumbic
methene-hydrate sulphonate ; this is decomposed by hydric sulphide,
and after filtration of the precipitated plumbic sulphide is saturated
with metallic carbonates in order to pre the respective salts. The
potassic salt, CH,.(OH).80,0K, crystallises in the rhombic system
the 11>aric salt in colourless tables. Both free acid and salts are very
stable,

421. Ethylidene disulphonic acid is not known, but on heating
ethylidene dichloride with normal sodic sulphite at 140° in sealed
tubes a salt of ethylidens chlor-sulphonic acid is obtained :

al B cl
cH,.OH{ Gl + N#80,0Na = NaCl + CH,CH{ 50, 0N,

CH,
$.m,on

To purify the compound the contents of the tube are treated with
excess of sulphuric acid and evaporated, in order to decompose sodic
chloride and excess of sodic sulphite. The residual acid mass is then
neutralised with sodic hydrate, evaporated to complete dryness, treated
with boiling absolute alcohol, and filtered. This dissolves the ethyl-
idene chloro-sulphonate, and on cooling the filtrate, nacreous plates of
the above-given formuls separate. The baric salt crystallises in
warty masses. Both salts, as also the acid, are very stable bodies.

Nitrogen Compounds of the Aleokol Radicals.

422, Most aldehydes unite directly—with evolution of heat—
with one molecule of ammonia, yielding crystalline compounds, the
:ﬁ;&ga ammonsas, which behave as the hydrate amides of the diad
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CmHHm " Cmim +1
41340 + NH, = (I;<OH
NH,

These compounds readily yield aldehyde when treated with acids :
CnHom . . CH(OH)NH, + H,80, = C,,H;y, . ,.CHO + NH,.HSO,.

By passing hydric sulphide into the aqueous solution of these sub-
stances water and ammonic sulphide are formed, and crystals of
sulphuretted bases, the thialdines, separate :

3(CuHgm+.CH.OH.NH,) + 3H,8 = 3H,0 + (NH,),8
+ (CuHsm 4 1.CH),NH.8,,

which yield crystalline salts with one equivalent of acid. These
thialdines and their salts are probably bodies of the constitution
expressed by the general formule :

CaHoms ,.(fH—(NH)-—CH.CmHm,, .
8—CH
é’mHa:M 1
H d
N
CaHim 4. CH—NH—CH.CoHym

and

émHsmn+ 1

i.e. imide disulphides of three aldehyde radicals.

If an alcoholic solution of an aldchyde ammonia be treated with
carbonic disulphide, crystalline bodies, termed carbo-thialdines, are
obtained :

2C,H,y OH.NH; + CS; = 2H,0 + (CoH,,) N H,CS,,
whose constitution is probably expressed by the formula :

CnHim 4 1. CH—NH—CH.CuHym

|
CS —NH

In addition to the hydrate amides, aldehydes also yield with ammonia
other products, which contain no oxygen ; these have the character of
nitrile bases of the aldehyde radicals.

423. On adding methene oxide, best in the form of paraformic
aldehyde, to ammonia, there is obtained kexmethene tetramine, also
termed heamethylenamine, according to the equation :

203H603 + 4NH3 = 6H’0 + CGHl2N4'

It crystallises from aleohol in brilliant colourless prisms or rhombo-
hedrons, which have an unpleasant odour on heating, and partly
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sublime undecomposed at 100°. It is readily soluble in water, diffi-
cultly in cold alcohol, and behaves as a monacid base.

‘With hydrochloric acid it gives the salt C¢H, ;N HC], crystal-
lising in white needles, whose aqueous solution yields with platinic
chloride a precipitate of the formula 2C¢H,, N, HC1,PtCl,.

The structural formula of hexamethene tetramine is probably

N gT‘)N
b, !‘,H,

| _on
2
RN .
By boiling with dilute acids it is reconverted into formic aldehyde :
(CH,)¢N ,HOI + 3HCI + 6H,0 = 4NH,Cl + 6CH,O0.

Methene hydrate-amide is not known.
424, Ethylidene hydrate-amide, or aldehyde ammonia :

NH
CH,.CH 51 *

separates in well-formed colourless rhombohedra when dry ammonia
is passed into a mixture of anhydrous ether and acetic aldehyde. The
crystals have a peculiar odour, like that of the excrements of mice,
and are very soluble in water, as also in alcohol. The vapour density
determined at 100°-160° in vacuo is 2:098 the number calculated
from the molecular formula being 2:-108. At reduced pressures alde-
hyde ammonia can be obtained at these temperatures in the state
of vapour, but at ordinary atmospheric pressure it decomposes below
100°, and still more quickly if water be present, turning yellow or
brown, and yielding water, ammonia, and amorphous basic oxytetral-
dine:

4CH,.CH(OH).NH, = 3NH; + 3H,0 + C4H,,;NO.
(Oxytetraldine.)
It suffers a similar decomposition when left for a long time either
when damp or in presence of alcohol, being thereby converted into an
amorphous oxygen free base—hydracetamide or aldehydine, C¢H, N,
which probably is triethylidene diamine :

OH,.CH>
30H,.0H<%%’ = NH, + 3H,0 + CH,.CH
CH,.C

This body is insoluble in ether, but readily soluble in alcohol and
water, and yields with acids amorphous soluble salts, which may con-
tain either one or two equivalents of acid ; e.g.

CH,.CH>N <(I;I 0H,.CH>N <(}}1
1 1
CH,.CH\N g and OH,.CH\
cH,cEZ U CH,.CH”
Both these compounds give precipitates with platinic chloride, of
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which CgH,,N,,2HCLPtCl, is a sandy, crystalline body, whilst
(CeH, ;N 4,HCI),,PtCl, is amorphous.

If the diacid salt be boiled with water it gives ammonic chloride
and oxy-trialdine hydrochloride :

(CH;.CH :);N,,2HC1 + H,0 =NH,C] + C;H,,NO,HCL
Owxy-trialdine is also obtained on evaporating a solution of aldehy-
dine at the temperature of the water bath :

(CH:«CH :)aNz + HQO = NHa + CBHllNO’
a8 a brown, amorphous, weakly basic subtance. In this, as in oxy-
tetraldine, the ethylidene group no longer occurs, but a complicated
carbon nucleus formed by simultaneous union of such groups (com-
pare ﬁgﬁdene bases).

. If an aqueous solution of aldehyde ammonia be saturated
with sulphurous anhydride and then evaporated, a crystalline body
remains, of the formula C,H,NSQ,, which is not identical with that
prepared from hydric ammonic sulphite and aldehyde (lg 407), but
only isomeric therewith. It dissolves in one and a half times its
weight of water, and decomposes at 100° with formation of a resinous
brown mass.

426. By passing sulphuretted hydrogen gas into an aqueous
solution of aldehyde ammonia, brilliant colourless crystals of thialdine,
C¢H,,N8, = (CH,.CH);8,.NH, separate. These are little soluble
in water, but readily in alcohol and ether, fuse at 42°, and can be
sublimed. Its nauseous odour is very persistent. Thialdine gives
salts with hydrochloric and nitric acids :

CGH|3NSQ,HCI and CGH 1 3NSQ,HN03-
Heated with argentic nitrate, it decomposes into aldehyde, ammonic
nitrate, and argentic sulphide. Alcoholic iodides unite directly with
it. Methylic iodide, for instance, yields, after some hours at ordinary
temperatures, methyl-thialdine todide :
I CH;,

NG
CH,CH—NH—CH.CH,

|
l H—S
CH,

Aldehyde ammonia unites with hydric selenide to form selenal-
dine, CGHMNSGQ = (CH3.CH :)asezNH-

427. Carbo-thialdine, CgH (N ,8,, separates on mixing an alcoholic
solution of aldehyde ammonia with carbonic disulphide in brilliant
colourless crystals, which only dissolve readily in hot alcohol, not in
water or ether, and on boiling with acids decompose again into
aldehyde, carbonic disulphide, and ammonic salts.

458. Butyricaldehyde-ammonia, CH;.CH,.CH,.CH(OH)NH,,and
tsobutyric aldehyde-ammonia, (CH,),: CH.CH(OH).NH,, are also
known. From the latter there have been prepared thio-isobutaldine,
[(CH,);: CH.CH],8,NH, as a difficultly crystallisable mass, and
carbo-tsobutaldine, [(CHg), : CH.CH,],C8,(NH,), in colourless prisms,
melting at 91°.

T
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429. Isovaleric aldehyde-ammonia, tsoamylidene hydrate-amide, or
valeral ammonia, (CH,),: CH.CH,.CH(OH)NH,,7H 0, is nearly in-
soluble in water, but considerably soluble in alcohol and ether, even
when they contain water. On heating, the crystals fuse and lose their
water of crystallisation, becoming again crystalline on cooling. The
vapour density in vacuo at 160° = 3-6, calculated 3-559. On adding
strong aqueous ammonia to a mixture of valeral and carbonic di-
sulphide, carbo-thiovaleraldine, C,H,3N,8,, or

[(CH,),:CH.CH,.CH],.C8,.(NH,),

tes in warty crystals, which melt at 115:5°-117°,
Th‘io-‘vakrawim, Cl5H31NSQ, or [(CH;),:CH.CHg.CH,]aS,NH,
is obtained as an oily body on passing dry ammonia gas oVer thio-
isovaleric aldehyde :
305H|°S + 2NH3 = CI5H31N82 + NH‘.SH»

On heating valeral ammonia with potassic hydrate, three molecules
of the compound lose two molecules of ammonia, and a basic body is
formed, which can be distilled with aqueous vapour, and has the
formula C,;H;,NO;, and therefore contains the elements of three
molecules of valeral and of one molecule of ammonia. It is probably
the nitrile hase of isoamylidene hydrate :

3(CH,),:CH.CH,.CH(OH).NH, = 2NH,
+ [(CH,):CH.CH,.CH(OH)],N.
(Enanthol also yields an ammonia compound, C;H, ;. CH(OH).NH,,
430. By gentle heating of methene diiodide with alcoholic tri-
methylamine solution, there is formed, according to the equation :
CH’I, + N(CHa)a = N(CHQI)(CHa)aI,
4011,.1
ITodo-methene trimethyl ammonic iodide, N<§CH3) 3 crystal-

lising in needles, and readily yielding with moist argentic oxide
the basic
Todo-methene trimethyl ammonic hydrate :
N(CH,I)(CH,);.0H.
If the aqueous solution be boiled for a long time with excess of
argentic hydrate, argentic iodide again separates, and the strongly
CH,;.0H
alkaline methens-hydrats trimethyl ammonic hydrate, Nigm’,), , is
H

now contained in solution. Both bases yield salts with acids. The
chlorides combine with platinic chloride and form
[N(CH,I)(CH,);Cl],,PtCl,, crystallising in tables :
[N(CH,.0H)(CH,),C1],PtCl, in octahedra.
431. Methene diiodide unites with triethyl phosphine, forming
Todo-methene triethyl phosphonic sodide, P(CH4I)(CoH,),1, from
which— corresponding to the above ammonic hydrate compounds—the
phosphonic hydrates P(CH,I)(CyH,),0H and :
P(CH,.OH)(C,H,);. OH
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can be obtained. Methene dichloride yields with triethyl phosphine
chlor-methene, triethyl phosphonic chloride, P(CH,Cl)(CgH,;);Cl,
together with methene hexethyl diphosphonic dichloride :

P(C,H,);Cl
RN T

432. The metallic and halogezl substitution derivatives of the
nitro-paraffins, already mentioned (§§ 289-292), must be regarded as
derivatives of the aldehyde radicals. '

Nitro-sodium methene = CH,.Na.(NO,) = sodium nitro-methene
(§ 296).

Nitro-mercury dimethene = NO,.CH,. Hg.CH (. NO,.

Nitro-sodium ethylidene = CH;.CH.Na(NO,;) = sodium nitro-
ethane.

Ethylidene nitro-bromide = CH3.CHBr(NO,) = brom-nitro-ethane,
boiling at 145°-148° (both § 291), &e.

432a. Dinitro-ethane, CH,.CH(NO,);, prepared by treatment
of brom-nitro-ethane with alcoholic potash and potassic nitrite and
decomposition of the resulting potassium derivative with an acid, is a
colourless refractive liquid, boils at 185°~186°, and has sp. gr. 1:3503
at 23-5°

a-Dinitro-propane, CH;.CH,.CH(NO,),, prepared in similar man-
ner from a-brom-nitro-propane, is a colourless oil, boils at 189°, and
has sp. gr. ‘8335 at 0°.

(3-Dinitro-propane, CH,;.C(NO,),.CH;, is a white, crystalline,
camphor-like solid, melting at 53° and boiling at 185:6°. It is pre-
pared by oxidising the body C,H¢N;0;, obtained by the action of
sulphuric acid on a mixture of potassic nitrite and B-nitro-propane
dissolved in potassic hydrate.

KETONE DERIVATIVES,

y Cn'Hsn‘+l }
Compounds of the Radicals CoHar, | C=
433. By replacement of two hydrogen atoms of a paraffin on omne
and the same intermediate carbon atom, there result derivatives of
the diad radicals:

CnH:Zn+ 1 CnHalu- 1
C= , whose oxygen compounds, C=0

(l“n"Hm' +1 CnHan +1

are termed ketones or acetones. It is self-evident that the paraffin
poorest in carbon that can yield a ketone is propane, and the lowest
member of the homologous ketone series C,H,,0 is acetone, C,HO or
CH,.CO.CH,, isomeric with propionic aldehyde. This first member
has been (as regards its chemical reactions) by far the best investigated.
A large number of higher homologues are known, but their derivatives
have mostly not been prepared.

Considering the alcohol radicals as compounds of carboxyl, CO,
with a hydrogen atom and an alcohol radical, the ketones would ap-
pear as compounds of carboxyl with two alcohol radicals, or as alde-

T2
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hydes in which the hydrogen atom in union with CO has been replaced
by an alcohol radical :
CH, CH,

d=o d=o
& ba,
Acetic aldehyde. Acetone.

434 The ketones are the first oxidation products of the secondary
alcohols (§ 160, 2), as the isomeric aldehydes are of the primary

alcohols :
CH, CH,
|
H.OH 4+ 0 = H;0 4 CO
bn, m,
Secondary propylic alcohol. Acetone.

and similarly, by treatment with nascent hydrogen (when their aqueous
or aqueo-alcoholic solutions are treated with sodium amalgam), are
converted into secondary alcohols : ;

CoHyn gy ?an+l
l 0] + 2H = CH.OH
CoHon pHon 41

4356. A method of general application for the synthetical prepara-
tion of ketones consists in the dry distillation of the salts of monobasic
organic acids of the formula C,H,,_,0.0H. If such salts be sub-
mitted to high temperatures in absence of air, a metallic carbonate is
left, whilst a ketone is evolved as the main product. From a salt of
a gingle organic acid a ketone is obtained whose two alcohol radicals
are similar :

CoHonyy  CnpHgppyy ONa  CyHyy,

b0 4+ b=0 = b=04b=0

(!)Na J)Na E)Nn. (ll'nH,n +1

A mixture of the salts of two acids, on the other hand, yields, in addi-
tion to the two respective ketones containing similar alcohol radicals,
also one containing two dissimilar alcohol radicals :

Co-Hopryy  CoHany ONa CoHan 4
+ CO = J}O + CO

(!)Na. (!)Na $Na é,,.H,,,.+ )

It is evident that these reactions correspond to the formation of
aldehydes by the dry distillation of salts of higher molecular organic
acids with formates, as

H.00.ONa + CH,;.CO.0Na = CO(ONa), + H.CO.CH, ;
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8o similarly :
CH,;.CO.0ONa + CH,;.C0.0Na = CO(ONa), + CH;.CO.CH,.

The ketone obtained as main product contains invariably a carbon
atom less than the sum of those contained in the two salt molecules
from which it is derived.

436. The following are of especial importance amongst the further
methods for the synthetical preparation of ketones :—

1. By the action of the acid chlorides, C,Hy,,,.CO.Cl, upon a
molecgle of a zinc dialkyl, a ketone is formed together with zincic
chloride :

CDH’U"‘] CnHﬂn+l
2 |— + zn(CnHm+ 1)2 = chla + 2 0
Cl nH?n'Fl

In place of the zinc alkyl, the mercury compound of an alcohol
radical can be employed, whereby, however, only one molecule of the
acid chloride reacts :

CoHgn 4 CoHgny
0 + Hg@:ﬁ:::: b 4 HgGpHm+1
éDHQD +1

2. Another way, which, however, only serves for such ketones as
contain methyl as one of the alcohol radicals (CH;3.CO.CyH,, . ), is
from ethylic aceto-sod-acetate, CH;.CO.CHNa.CO.C,H,. This latter
is first heated with an alkylic haloid :

CH;.C0.CHNa.C0.0.C,H; + IC,Hy, ., = Nal
+ CH,.CO.CH(CyHyy 4,)CO.0.CH,,
and the resulting ethylic alkyl aceto-acetate decomposed by boiling
with alkalies or baric hydrate :
CH,.C0.CH(CyH 3y 4,).C0.0.C,H;; + 2KOH = CO(OK),
+ C,H;.OH + CH,.CO.CHy(CyHyp ).

437. In comparison with the aldehydes the ketones are only
difficultly attacked by oxidising sagents. By energetic action, as by
boiling with chromic and sulphuric acids, or by fusion with alkaline
hydrates, every ketone is converted into at least two acid molecules,
of which one contains the CO group with one alcohol radical, whilst
the other is formed from the second alcohol group, provided it be
primary :

cn'Hm'+ 1 CnH,, +1

+30= é
0.CH,.Co-Haar 4 1 0.0H

Acetic acid always results from ketones containing the methyl group.
If, on the other hand, the alkyl separated from CO be secondary, there

+ HO-CO-CnnH’nn +1°
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occurs, together with the acid in the first line, a new ketone, which is
further oxidised to two acid molecules :

OxHym s 1.00.CHSTER® 11 4 30 = CyHy4,.CO.0H

H,.Cp-H zﬁ'+|
CO<g"' an~+1
+ H,.CopwHgp 41

00<g..-Hm-+. + 30 = Cp-Hypr,,.CO.0H

3:Cn=Hnm 41
+ HO.CO.CpHgpm 4 ;.

438. In analogy to the aldehydes (§ 406) many of the ketones
unite with the alkaline hydric sulphites to form compounds which
crystallise in silky plates, and from which the ketone is regenerated
on treatment with alkaline carbonates. These compounds appear to
be restricted to the ketones containing methyl :

CH -~
G, Hm’fco + HO.80,Na =, H,..“} <880,Na
CH’}C@ SO N& + N&gCOa = 2Na,so;

n'Hzn'+ 1
+ 0, H 2} 00 + €0, + H,0,

439. By moderated action of nascent hydrogen, the ketones yield,
together with the secondary aloohols, double tertiary diacid alcohols,
termed pinacones (§ 456), which are formed by true carbon nucleus
" synthesis :

:OH HE
g II:IIMH }CO + 2H _g wHan 41 >0 wHon 4

" ” 2n"+l n*tig2n" 41

Dehydrating agents, such as concentrated sulphuric acid, &c., when
heated with ketones, also cause synthesis of more complex molecules
(so termed condensation), but of different nature. These and other
changes will be considered under acetone.

Autme, CBHGO = CHa CO CH‘

440. Acetone, or dimethyl ketone, isomeric with propionic aldehyde
(§ 3963, is most readily obtained by dry distillation of acetates,

and

y the calcic salt :
0.0.02.0.00 = Cal’ >co+ 0
o .

It is also obtained from acetic acid by conducting its vapour through
tubes heated to dull redness :

2CH;.C0.0H = CO + H,0 + CH,;.CO.CH,.
It is further formed by the dry distillation of sugars, cellulose, tar-
taric acid, citric acid, and other organic bodies, and is therefore a
constituent of crude wood spirit (§ 165).
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If acetic chloride diluted with anhydrous ether be slowly mixed
with zinc methyl, the two ingredients react, forming zncic chloride
and acetone :

2CH3-COCI + Zn(CHa), + ZnCl, + 2CH3-CO-0H3-

Isopropylic alcohol is very readily converted into acetone by
oxidising agents :

CH CH
a>c<OH +0=H,0 + cH>00.

Other methods of formation of acetone will be mentioned later, such
as from propylene and glyceryl derivatives, from ethylic methyl-
aceto-acetate, &c.

441. For the preparation of acetone, calcic acetate is usually heated
to dull redness in an iron retort. The crude distillate is then dried
by calcic chloride and submitted to fractional distillation. The por-
tion distilling at 56° is nearly pure acetone.

Crude acetone is also obtained in large quantity as a bye product
in the preparation of aniline (which see).

If acetone be required in a state of perfect purity, purified acetone
must be shaken with a concentrated solution of hydric sodic sulphite,
80 as to convert it into its crystalline compound with this latter.
This is then pressed, washed with alcohol and ether, completely dried,
and decomposed by boiling solution of sodic hydrate in a distillation
apparatus. The aqueous acetone which goes over is then dried with
calcic chloride and finally rectified.

442. Acetone is a colourless, mobile liquid of peculiar agreeable
odour, of sp. gr. *814 at 0° and boiling at 86°. Its vapour burns readily
in air with a luminous but not smoky flame. It mixes in all propor-
tions with alcohol, ether, and water. From the latter it is in great
part separated on addition of very soluble salts, such as calcic chloride.

Like alcohol, it dissolves many substances insoluble in water (fats,
colouring matters, &e.)

‘When acetone is treated in aqueous solution with sodium amalgam,
it yields isopropylic alcohol (§ 168, 2) together with pinacone :

(a + 25)(CH,),CO + (26 + 2b)H = a(CH,),.CH.OH
(CH,),.C.0H
b

(CH,),.
The compound of acetone with hydric sodic sulphibe :

2 CH3>C<3 80,Na» H
which crystallises in nacreous prisms, is pretty soluble in pure water,
more difficultly so when the liquid contains much hydric salt or ace-
tone. It isalso in great part precipitated by alcohol. The similar
potassic compound is anhydrous.
443. Acetone is oxidised to acetic and formic acids by a solution
of potassic bichromate and sulphuric acid, especially on gentle heating ;

OH,.C0.CH, + K,Cr;0, + 4H,80, = K,Cr,(S0,), + 4H,0
+ CH,.CO.0H + HCO.0H,
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the formic acid being in great part further oxidised to carbonic anhy-
dride and water.

An analogous reaction occurs on passing acetone over heated
alkalies, best potash lime or soda lime :

CH,.CO.CH, + 2KOH + H,0 = CH,.C0.0K + HCO.0K + 3H,.

At the same time, especially at higher temperatures, another pro-
cess occurs, which yields carbonates and methane :

(CH,),CO + 2HOK = CO(OK), + 2CH,.

444. Strong mineral acids, such as sulphuric acid, and further
alkalies and quick-lime, on gentle heating withdraw water from several
molecules of acetone, and yield, by coalescence of the residues, com-
pounds richer in carbon. The chief products of these reactions are
mesityl oxide, C¢H,,0, phorone, CoH,,0, and mesitylene, CoH 4, a
liquid hydro-carbon, boiling at 163°, which is described later.

Mesityl oxide is formed according to the equation :

2(CH3)RCO = Hgo + CGH“,O.

It is a mobile, colourless liquid, of peppermint odour, which boils at
130°, and itself possesses the properties of a ketone inasmuch as it
takes up nascent hydrogen, and with phosphoric chloride gives phos-
phoric oxychloride and a chloride of the formula C¢H,Cl,.

Phorone, formed according to the equation :

3C'H60 = 2H20 + Cng‘O,

crystallises in large brittle prisms, melting at 28° and boiling at 196°.

Maesityl oxide and phorone are best prepared by saturating acetone
with hydrochloric acicr gas. The product is allowed to stand about a
fortnight in closed vessels, and then on addition of water gives a
yellow chlorinated oil, probably containing the chlor compounds
C¢H,,Cl; and CyH,,Cl;. By careful addition of alcoholic potassic
hydrate it is converted into the above oxides, which are then separated
by fractional distillation.

Compounds of the Acetone Radicals with other Elements.

445. Dimethyl carbon-dickloride, or methyl chlor-acetol :
CH,.CCl,.CH,,
is formed by the action of phosphoric chloride on acetone :
(CH,),CO + PCl; = (CH,),CCl, -+ POCI,,

as a colourless, mobile liquid, boiling at 69°~70°, and which is isomeric
with propylidene dichloride, CH,.CH,;.CHCl,, boiling at 84°-87°.
By alcoholic potassic hydrate it is converted into monochlor propylene
(see this) : .

CH,.CCl,.CH; + KOH = CH,;.CC1:CH, + KCl1 + H,0,
which is formed also in large quantity in the preparation of the
dichloride, hydrochloric acid being evolved :

CH,.CO.CH, + PCl; = POCl; + HCl + CH,.CCl:CH,,
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The corresponding dimethyl carbon-dibromide, or methyl brom-acetol,
CH,.CBr,.CHj, prepared from acetone and phosphoric chloro-bromide :

(CH,),C0 + PCl,Br, = POCl, + (CH),CBr,,

boils between 113° and 116°, and has at 0° sp. gr. 1'815.

446. Thiacetons is obtained as the doubled molecule, C¢H,,S,
= 8%:}0@0(2%:, on bringing together the higher sulphides of
phosphorus and acetone. The reaction :

2P285 + 1003HGO = 2P205 + 5(C3H6)282’

which, however, is accompanied by other processes, evolves much
heat. By fractional distillation the double thiacetone is obtained as
a yellowish oil of extremely unpleasant and persistent odour. It boils
between 183° and 185°, and has the vapour density 5-08.

447. On allowing acetone saturated with ammonia gas to stand
some time, as by heating the mixture to 100° in sealed tubes, various
basic nitrogen compounds are obtained, which probably possess some
similarity with the aldehyde derivatives obtained in analogous manner,
but require closer investigation.

An acetone solution containing hydrocyanic acid is converted on
heating with hydrochloric acid into a-oxyisobutyric acid (see this).
The reaction completely corresponds with the conversion of aldehydes
into acids of the lactic series.

448. Numerous halogen substitution products of acetone are
known : monochlor acetone, C;H;ClO or CH,;.CO.CH,CIl, and two
isomeric dichlor acetones, CH;.CO.CHCl, and CH,CL.CO.CH,Cl; a
trichlor acetone, C;H,C1;0,; tetrachlor acetone, C3H,.C1,0 ; penta-
chlor acetone, CHCl,.CO.CCl,; and perchlor acetone, CCl;.CO.CCl,.
They are all liquids of powerfully irritating odour. From acetone
itself only the first four are prepared, the two latter being obtained
from other organic compounds, such as citric acid. The more interest-
ing of them will be described later. Some bromine and iodine sub-
stitution products of acetone are also known.

Homologues of Acetone.

4;19. The formula C,H O only corresponds to a single ketone,
that isomeric with butyric aldehyde, methyl-ethyl ketone :
CH,.CO.CH,.CH;,

which is obtained by oxidation of secondary butylic alcohol (§ 169).
It is also obtained by double decomposition of acetic chloride and
zinc ethyl :
2CH,.COCl + Zn(C,H;), = ZnCl, + 2CH;.CO.CH,,
as also by boiling ethylic methyl aceto-acetate with an alkali :
CH,.CO.CH.(CH,).C0.0.C;H; + 2KOH = K,CO; + HO.C;H,
+ CH,.CO.CH,.CH,,

and is contained in small quantity in the crude acetone prepared from
acetates. Methyl-ethyl ketone is a colourless liquid of agreeable



282 DERIVATIVES OF THE KETONE RADICALS, C,H,.

odour, of sp. gr. *8125, which boils at 81°. On oxidation it yields
only acetic acid :

CH,.CO
| 4+ 30 = 2CH,.CO.0H.
450. Three isomeric ketones, C;H,,0, correspond to valeric

aldehyde.
1. Methyl-propyl ketone, CH,.CO.CH,.CH,.CH,, is obtained by
dry distillation of a mixture of an acetate and butyrate :
CH,.C0.0M + CH,.CH,.CH,.C0.0OM = M,CO,
+ CH3-CO.CH2.CH2.CH3;

also obtained on the careful oxidation of propyl-methyl carbinol,
into which it is converted by action of nascent hydrogen (§ 170), and
also formed by the decomposition of ethylic ethyl aceto-acetate by
potassic hydrate :

(|30.CH3 ('30.011,
CH.CQHb + 2KOH e= KaCOa + HO.C,Hﬁ + CHQ.CQH‘;
0.0.C,H,

It is a colourless liquid, of agreeable acetone-like smell, which at 13°
has sp. gr. ‘8132 and boils at 101°. It yields a beautifully crystalline
compound with hydric sodic sulphite. By oxidation it gives acetic
and propionic acids.

2. Hethybisopropyl ketons, CH,CO.CHCG T, is obtained by the
decomposition of ethylic dimethyl aceto-acetate :

CH,.C0.C(CH,),.C0.0.C,H,.
It boils at 93'5°, and has at 13° the sp. gr. ‘8099.

3. Diethyl ketone, or propione, CH;.CH,.CO.CH,.CHj, is obtained

by the dry distillation of propionates :
(C,H;.C0.0),Ca = CO,Ca + (C3H;),CO;
by decomposition of propionic chloride by zinc ethyl :
2C,H,;.CO.C] + Zn(C,H;), = ZnC], + 2C,H;.CO.C,H, ;
and by the action of carbonic oxide on the product, containing potas-
sium ethyl, of the action of potassium on zinc ethyl :
CO + 2K.C,H; =K,; + CO.(C,Hj;),.

It is also prepared by the careful oxidation of diethoxalic acid :

C,H — C.H,

C:H:>C.OH.CO.OH 4+ 0= C,H;>CO + H,0 + CO,.
It has sp. gr. *813 at 20°, and boils at 101°. It is converted into
propionic and acetic acids on energetic oxidation. It gives no com-
pounds with the hydric sulphites.

451. Hex-carbon ketones, C¢H,,0. Six of these bodies are
possible—namely, four methyl-butyl ketones, CH;.CO.C,H,, and two
ethyl-propyl ketones, C,H,.CO.CH,.

Methyl-butyl ketone, CH;.CO.CH,.CH,.CH;.CH,, is obtained by
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the oxidation of methyl-butyl carbinol (§ 171). It boils at 127° and
has sp. gr. -8298.

Methyl-trimethyl carbin-ketone, pinacoline, CH;.CO.C(CH,),, is
prepared by heating pinacone with dilute sulphuric acid or with con-
centrated acetic acid. It is a colourless oil, boiling at 105°; on oxi-
dation it yields trimethacetic acid ; nascent hydrogen converts it into
pinacoline alcokol, CH ;. OH.

A ketone of this formula, boiling at 128° is obtained as a bye
product in the dry distillation of calcic butyrate. It hasat 0° sp. gr.
*833, and is probably ethyl-propyl ketone :

CH,.CH,.CO.CH,.CH,.CH,.

452. The main product of the dry distillation of calcic butyrate is
dipropyl ketone, or butyrone, C;H,,0 = (CH,;.CH,.CH,),CO. It
boils at 144°-145° and has at 20° the sp. gr. "82. By chromic acid
and sulphuric acid it is oxidised to butyric and propionic acids, by
fuming nitric acid to nitro-propionic acid, C;Hy(NO,)O,.

Drisopropyl ketone, or wsobutyrone, [(CH,),.CH],CO, is obtained
by the careful oxidation of diisopropyl oxalic acid and by the dry
distillation of calcic isobutyrate. It distils at 123°-126° and is
oxidised by chromic acid to isobutyric, acetic, and carbonic acids.

Methyl-amyl ketone, CH,.CO.CH,.CH,.CH,.CH,.CH,;, is obtained
by the oxidation of methyl-amyl carbinol, as an agreeable-smelling
liquid, boiling at 155°-156°, which unites with the alkaline hydric
sulphites and is oxidised to acetic and normal valeric acids.

Methyl-isoamyl ketone, CH;.CO.CH,.CH ,.CH :(CH,),, is obtained
by the action of zinc amyl on acetic chloride or of isocaproic chloride
on zinc methyl :

20H3.CO-C] + Zn[CH,.CHg.CH :(CHa)g]g
= chlg + 2CH3.CO.CH2.CH,.CH H (CHa)g
(OHa)an + 201.CO.CHQ.CH2-CH :(CHB)Q
= Zn0l, + 2CH,.C0.CH,.CH,.CH :(CHj),.

It boils at 144° and has at 0°sp. gr. ‘829. It unites with hydric
sulphites, and yields acetic and isovaleric acid on oxidation.

4538. Methyl-hexyl ketone, or methyl cenanthone, CgH,;0 or
CH,;.C0.CH,.CH,.CH,.CH,.CH,.CHj, is obtained by dry distillation
of a mixture of calcic acetate and eenanthate, and by the oxidation of
methyl-hexyl carbinol (§ 173). It boils at 171° and yields on oxida-
tion acetic and caproic acids. The sp. gr. = ‘818.

An isomeric ketone, termed methyl butyrone, occurs amongst the
bye products of the preparation of butyrone, as a liquid boiling at
180° It is probably a propyl-butyl ketone, C3H,.CO.C H,.

454. The body termed valerone, obtained by the dry distillation
of calcic isovalerate, is undoubtedly dtisobutyl ketone :

[(CH,),.CH.CH,],CO.
It is an oily liquid, boiling at 181°-182°, and of sp. gr. ‘823 at 20°.
454a. Methyl-octyl ketone, CH,.CO.CH,.C;H,;, is prepared by
the action of alcoholic potash on ethyl-heptyl aceto-acetate. It is a
liquid boiling at 214° and of sp. gr. ‘8294 at 17-7°.

455. Methyl-nonyl ketone, C,1Hy,0 = CH;3.CO.CoH 4, forms the

main constituent of ethereal oil of rue (Ruta graveolens), and is ob-
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tained therefrom by shaking with a concentrated solution of hydric
sodic sulphite in form of the crystalline compound

CH, H

CH, } C<8.SO,N&

from which it is obtained in the free state by treatment with alkaline
carbonates. It is also obtained by the dry distillation of a mixture
of calcic acetate and caproate. At ordinary temperatures it is a
colourless oil with blue fluorescence, of sp. gr. ‘8268, which, on cool-
ing, solidifies in leafy crystals; it melts at + 15° and boils at
225°-226°.

Isomeric with this is caprone, probably normal diamyl ketone,
(CsH,,),: CO, obtained by the dry distillation of calcic caproate. It
boils at 220°-221°, has at 0° sp. gr. ‘822, and solidifies to a crystal-
line mass on cooling. .

@namthone, C,3H,60 = (CgH,3),0, is a dikexyl ketone, which is
obtained by the dry distillation of potassic cenanthate. It crystal-
lises in leafy crystals, melting at 30°, of sp. gr. ‘824, which boil at
254°-255°.

455a. Isomeric with this is methyl-undecyl ketone :

prepared by the dry distillation of a mixture of baric laurate and
acetate under reduced pressure. [t melts at 28°, boils at 195'5°
under 100 mm. pressure and at 263° at ordinary atmospheric pres-
sure, .
Baric caprylate yields on decomposition, at high temperatures, a
dikeptyl ketone, C;Hy300 = (C,;H,;);,CO. It crystallises in leafy
crystals, melts at 40°, and boils at 278°.
455b. The isomeric methyl-tridecyl ketone :

Clbﬂaoo = CH;-CO.C|3H21,

is prepared by the dry distillation of a mixture of baric myristate
and acetate under reduced pressure. It melts at 39°, boils at 223-6°
under 110 mm. pressure and at 294° under normal pressure.

456c. Methyl-pentadecyl ketone, C,;H;,0 = CH,;.CO.C,;Hj,,
obtained on dry distillation of mixed acetate and palmitate of barium
under reduced pressure, melts at 48°, boils at 246° under 110 mm.
pressure and at 319°-320° under atmospheric pressure.

Methyl-diheptyl-carbin-ketone, CH;.CO.C(C;H,;),, isomeric with
the preceding, is obtained by the action of alcoholic potash on ethylic
diheptyl aceto-acetate ; it is a colourless liquid, boiling at 300°-304°,
and of sp. gr. ‘826 at 17°. .

456d. Methyl-heptadecyl ketone, C,gHzs0 = CH,.CO.C,;H,;,
prepared as above from baric stearate and acetate, melts at 55:5°,
and boils at 266-5° under 110° mm. pressure.

GLYCOL DERIVATIVES.
Compounds of the Diad Alcohol Radicals, CoHgp.

456. By replacement of two of the hydrogen atoms of a paraffin
on two different carbon atoms there results derivatives of the divalent
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alcohol radicals, C,H,y, the olefines, whose chief representatives are
the hydrates, the diacid alcohols or glycols, Cp Hyn(OH),.

The first member of the series must be a dicarbonide, ethylene
glycol, C,;H (OH),, a double primary diacid alcohol :

CH,.0H

H,.OH

The second member, C;H4(OH),, is known in two isomers, of
which the one is a primary-secondary, the other a diprimary, glycol :

CH, ' CH,.0H
(l}H.OH and ))H,
(lm,.ou éHg.OH

Propylene glycol.  Trimethene glycol.

Of the tetracarbon glycol, C,Hg(OH),, six isomers are possible,
namely :

CH, CH, CH,0H CH,
J}H, %H.OH !)H, JJH.OH
J:H.OH CH, «l:H, &H.OH
éH,.OH éH,.O EH,.OH (IJHa
Secondary B-Secondary Diprimary Diaecondlry__/
Primary butylene glycol. Bﬁf)Tene glycol. -
CH,.CH, CH,CH,.OH
N AN
(OH C(H
éH,.OH !)H,.OH
Tertiary Double
Primary isobutylene glycol.

It is self-evident that for every additional carbon atom the num-
ber of possible isomers must increase in rapid progression, and that
still further complications in the character of the substitution must
ensue, ag, for instance, secondary-tertiary glycols. Of the ditertiary
the first member, the hexcarbon acetone-pinacone or tetramethyl-
ethylene glycol, is known :

?H OH
|
0<gm} o<y
| 3 ethylene glycol = |
0<CHs ocH
H, S
H OH

457. In by far the largest number of known glycols one of the
hydroxyl groups occupies the primary position, ie. is on a terminal
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carbon atom, the other on the next neighbouring, either secondarily or
tertiarily united, carbon atom. These are the primary a-secondary
and primary a-tertiary glycols :

CoHonyy CoHgn 4y CoHgnyy
$H.0H \(Ofi
én,.on (g

H,.O0H

In those cases where the hydroxyl groups are united to neigh-
bouring carbon atoms the hydrocarbon radicals of the glycols can
form free molecules by diad carbon union :

?n'H‘ln’+ 1 CnHSD+ 1 Cann+ 1 CIlHII!+|
CH H
H o [l
H, g CH
H, b
nHan +1 &0.

These hydrooarbons (olefines) all contain twice as many atoms of
hydrogen as of carbon, have all with different molecular weights the
same percentage composition, and are polymeric to the simplest atomic
proportion formula, CH,.

Olefines.
Hydrocarbons of the Formula CyHgp,

458. For the preparation of the olefines the mono-acid aleohols or
their haloid compounds are usually employed.

From the alcohol molecules a molecule of water must be removed.
This occurs on heating with strong polybasic acids, such as
sulphuric acid, or with certain salts, such as zncic chloride. The
higher molecular alcohols, which cannot be distilled unchanged, are
resolved on heating alone—by distillation—into water and olefine.

By employment of sulphuric acid as the decomposing agent there
is first formed, in addition to water, hydric alkyl sulphate, which at
higher temperature splits into olefine and sulphuric acid :

CuHin s 1. H.80, = CuHyy + H,S0, (§ 215).

As the latter is regenerated, the process (similarly to that of the for-
mation of ether, § 201) can be made continuous. For this purpose the
sulphuric acid is heated to the temperature of decomposition of the
monalkyl sulphate, and the supply of the alcohol or its vapour so
regulated that the temperature remains constant at that point.

The secondary and tertiary alcohols are most readily decomposed
in this way (that is, at the relatively lowest temperatures).

If the alkyl haloids be employed as the raw material for the pre-
paration of olefines, the decomposition is effected by means of
alcoholic potassic hydrate. The potassium unites with the halogen,
whilst the hydroxyl residue of the base removes a hydrogen atom

\
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from the neighbouring carbon atom, and double carbon linking then
ensues :

CuHyniI + KOH =KI + H;0 + CoHy,,

459. Tri- and polyvalent alcohols yield olefines when heated with
adequate quantities of sufficiently concentrated hydriodic acid :

CH,OH ¢HI I, H,0 CH,
I .
HOH + HI = + H,0 + CH,

I,
H,OH HI H,0 H,
Glycerine. Propylene.

Olefines with ,, carbon atoms are obtained from the monobasic
organic acids of the formula C,H;,0, or CpHgy, ;. ;.OH when their
salts are mixed with soda lime and submitted to dry distillation ; not
only paraffins being formed (§ 149), but also hydrogen and olefines :

Cn'Hﬁl'-}- l-C0.0Nﬂ: + HON& = CO(ON&)Q + Ha + Cn'H”t.

Single olefines, especially the first members of the series, occur
amongst the products of the dry distillation of complex organic bodies.
Lighting gas, prepared from wood or coal, invariably contains some
quantity of ethylene, C,H,.

460. The true olefines invariably unite with free halogens when
brought into contact, with change of the divalent union of the carbon
atoms into monovalent, and formation of the olefine dihaloids. As
these do not mix with water, and otherwise resemble oils, ethylene
received the name olefiant gas, and the whole group of hydrocarbons
are termed olefines.

The property of direct union with halogens is general to molecules
with other than single carbon union.

Similarly to their behaviour with halogens, the olefines also unite
with the elements of hypochlorous acid, with formation of olefine

haloid hydrates :
CH, ¢Cli CH,.C1

(LH, * $H - (I'}H,.OH

That olefines unite with concentrated sulphuric acid to form mon-
alkyl sulphates, and with haloid hydro-acids to form alkyl haloids, has
been already mentioned (§ 163), as also the fact, in the case of olefines
containing more than two carbon atoms, that the bodies so formed
are derivatives of secondary or tertiary alcohols.

461. All olefines have the property of polymerising at the moment
of their formation, their nascent bonds, instead of uniting to divalent
linking, combining with those of similar molecules, and so yielding
bodies in which closed rings must exist. In the simplest cases two
olefine molecules unite together, but the polymerisation can go much
further. In the preparation of isoamylene from iscamylic alcohdl,
diiscamylene and triisoamylene are invariably formed. Their forma-
tion may be explained as follows :
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CH, CH, CH, CH,
OH,—A CH,—c!—éH . CH

%}1 iH—J:—CH, CH,—(E} /a/ “ g:

H, H, OH, L ,/CH’

| \/011
CH,
on,/ \CH.,

1soamylene. Diisoamylene. Triisoamylene.

These polymers have been mostly but little investigated. Their
general molecular formula is evidently the same as that of the
olefines :

6 .CoHop = CoHgpyif . p = 4.

They differ frequently in their properties from the simple olefines.

CH,
Ethylene, CsH, = !!'
2

462. The first member of the series is ethylene, also termed
ethene or olefiant gas, as the property of yielding an oily body with
chlorine was first discovered in its case.

It is dimethene, and results therefore from the halogen derivatives
* of methene on removing the halogen from them by metals :

201{2.12 + 2Nag = 4NaI + CH’ :CH’.

Similarly it is formed from methylic alcohol on heating with phos-
phoric anhydride, the two methene groups in the nascent state
uniting to an ethylene molecule.

It is obtained by the dry distillation of many organic-substances,
such as fats, resins, coal, wood, &c.; in small quantity also by the
distillation of salts of organic acids, even those of formic acid. Syn-
thetically it can be prepared, together with methane, by passing a
mixture of the vapour of carbonic disulphide and sulphuretted hydro-
gen gas over heated copper :

208, + 2H,8 + 12Cu = 6Cu,8 + C,H,.

It is most conveniently prepared by heating ethylic alcohol with
sulphuric acid or boric anhydride. By employment of the first the
process can be made continuous, the method being as follows :—

A mixture of twenty-five grams alcohol with 150 grams of con-
centrated sulphuric acid is placed in a flask of two to three litres’
capacity, which is placed on a sand bath and connected to a series of
four Woulff’s bottles, of which the first serves to collect the condensed
liquid distillate ; the second contains concentrated sulphuric acid'; the
third and fourth are about half filled with concentrated potassic
hydrate solution, to absorb any acid gases (SO, and CO,). The flask
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is now heated till ethylene is quietly evolved, and a cooled mixture of
equal parts of ethylic alcohol and concentrated acid is then allowed to
flow drop by drop down the funnel tube placed in the neck of the
flask. By regulating the rapidity of the flow and the flame, a con-
tinuous evolution of ethylene is obtained, which may be passed from
the last Woulff's bottle into a gas holder, or into the halogen directly,
if required, for the preparation of ethylene dihaloids.

463. Ethylene is a colourless gas of peculiar agreeable odour,
which burns in air with a clear luminous flame. Its density is
*9784. At 0° and under a pressure of 42° atmospheres it condenses
to a mobile, colourless liquid.

Water absorbs about } volume, alcohol and ether about two
volumes, of the gas. Ethylene unites directly and readily with chlorine,
bromine, and iodine, to form dibaloids; it is also absorbed by concen-
trated sulphuric acid, especially on slight warming, hydric ethylic
sulphate being formed :

CHg :CH’ + H,SO‘ = (CH;.CH,)HSO”

from which, by distillation with water, ethylic alcohol can be re-
generated. It is absorbed with much greater readiness by Nord-
hausen) sulphuric acid, yielding with the 80, ethionic anhydride
(§ 6513).

It is also absorbed by concentrated hydriodic acid, especially on
gentle heating, ethylic iodide being formed :

CH, : CH, + HI = CH,.CH,L

At a red heat it is decomposed, yielding methane and tarry
products.

4684. Polymerisation of Ethylene.—In the distillation of ethylene,
polymeric products are always formed, though but in small quantity.
These are more abundantly obtained by the dry distillation of metallic
ethylic sulphates. Together with ethylene :

K.02H5.SO‘ = KHSO‘ + OgH‘,

condensable vapours pass over, which collect in a cooled receiver to a
liquid of acid reaction. On treatment with water, an oil separates,
from which on strong cooling a solid hydrocarbon—etherine—crystallises,
which melts at 110° and boils at 260°. The portion remaining liquid
is termed etherol. Both bodies have the percentage composition of
olefines and the formula C,H,p,.

Propylens, C;Hy = CH,;.CH:CH,.

465. Propylene is frequently observed amongst the products of the
dry distillation of organic bodies. It is formed, e.g., when the vapour
of isoamylic alcohol is passed through red-hot tubes and by the dry dis-
tillation of the salts of many acids of the formula C,H,,0,. Iso-
propylic iodide is converted into propylene by alcoholic potassic hy-
drate even at 40°-50°:

CH,.CHIL.CH, + KOH = KI + H,0 + CH,.CH:CH,.
Primary propylic iodide suffers the same decomposition, only with
greater difficulty.

v
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Propylene is farther obtained by the action of phosphorous iodide
or hydriodic acid upon glycerine (§ 469). Nearly pure it is obtained
with greatest readiness when allylic iodide is treated with zinc and
hydrochloric acid in the presence of alcohol :

ik I
9CH + 2Zn + 2HCl = Znl, + ZnCl, + 2!:3
(JJH,I H,

Propylene is a gas very similar to ethylene, and of the density
1-498. It isliquefied on great compression. It is readily absorbed by
concentrated sulphuric acid in the cold, yielding isopropylic hydric
sulphate, which even at ordinary temperatures soon decomposes
into sulphuric acid and polymeric propylenes.

It yields isopropylic iodide directly with concentrated hydriodic
acid, and isopropylic chloride by long heating with hydrochloric acid.

Butylenes, C H,.

466. The two tetracarbon nuclei admit of three butylenes.

1. Normal butylene, CH;.CH,;.CH:CH,, is obtained as methyl
allyl by heating a mixture of methylic and allylic iodides diluted
with ether and metallic sodium at 100° in strong closed vessels :

CH,I + I.CH,.CH:CH, + Nay; = 2Nal + CH,.CH,.CH:CH,.

The cooled vessel is surronnded with a freezing mixture, opened,
and the butylene by gentle heating distilled over into receivers cooled
to at least —10°. It is then obtained in the form of a light, mobile,
colourless liquid, which distils at about —4°. It unites with hydrio-
dic acid to form secondary butylic iodide.

The same butylene is also obtained by the action of zinc ethyl
on monobrom-ethylene :

Zn(C,H,), + 2BrCH:CH, = ZnBr, + 2C,H,;.CH:CH,,
and by the decomposition of primary butylic iodide by potassic hy-
drate. Itboilsat — 5°

9. Irobutylene, Gr>>C=CH,, is obtained by several methods.

Isobutyl alcohol and trimethyl carbinol both yield it on treatment
with sulphuric acid or zncic chloride, a great part, however, poly-
merising. It is more generally prepared by decomposition of isobutylic
iodide or trimethyl carbin-iodide (§ 193) with alcoholic potassic hy-
drate :
(OH;),CH.CH,I + KOH =KI + H,0 + (CH,),:C=CH,
(CH,),C1.CH,; + KOH = KI + H,0 + (CH,),:C=CH,,.

It is also obtained when the vapour of isoamylic alcohol is passed
through red-hot tubes, and, together with hydrogen and diisobutyl,
by the electrolysis of aqueous solutions of alkaline valerates.
It is an unpleasant-smelling gas, which condenses, on cooling with a
mixture of ice and salt, to a colourless liquid boiling at — 7° to -- 6°.
It unites readily with hydriodic acid, forming trimethyl carbin-
iodide. It is absorbed by a mixture of three parts of concentrated
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sulphuric acid and one part of water, giving hydric trimethyl carbin-
sulphate, which, after dilution with much water, yields trimethyl
carbinol on distillation (§ 169). At the same time a considerable
portion of the isobutylene polymerises, separating even during the
absorption of the gas as a colourless oil, which consists in great part
of triisobutylene, C,;H,,, boiling at 173°-176°.

3. Pseudobutylene is formed by heating secondary butylic iodide
with alcoholic potassic hydrate :

CH, CH,

H, H
|  +KOH=KI + H,0 + g
CHI H

bm, bm,

and by heating the vapour of normal secondary butylic alcohol to 250°.
Tt is liquid at 0°, boils at + 3°, and on strong cooling crystallises.
It unites with hydriodic acid to form secondary butylic iodide.

Amylenes, C;H, .

467. Of the five possible hydrocarbons of the amylene formula in
which two neighbouring carbon atoms are doubly united, only four
have yet been obtained, and in part still require investigation.

1. Normal amylene, or ethyl-allyl, CH;.CH,.CH,.CH:CH,, is
Q:dt;;.ned by the action of sodium on a mixture of ethylic and allylic
iodides :

CH,;.CH,I + ICH,.CH:CH, + Na; = 2Nal

+ OHa.CH,.CH’.CH :CHQ.
It is & colourless liquid, boiling at 73°, which gives with hydriodic
acid first normal secondary amylic iodide (§ 194), and unites with
hydrochloric acid, apparently only in the warm, to the corresponding
first normal secondary amylic chloride. Normal amylene occurs in
the fraction distilling between 30°-40° of the products of the dry dis-
tillation of some asphalts.

2. Isoamylene, gg;}() :CH.CH,, is formed, together with its poly-

mers, by the distillation of isoamylic alcohol with zincic chloride, as a
mobile, colourless oil of peculiar odour, of 35° boiling point and
-663 sp. gr. at 0°. It combines, even in the cold, with hydrochloric
acid to secondary isoamylic chloride, with hydriodic acid to the cor-
responding iodide (§ 194).

It is converted nearly completely into its polymers by contact
with concentrated sulphuric acid, or by action of zincic chloride on
heating ; dilute sulphuric acid partly producing this change, partly
forming secondary iscamylic hydric sulphate.

Diamylene, C,oH,, i8 an oil boiling at 165° and of.*777 sp. gr.,
which unites with two atoms of bromine to form C, H,,Br,.
Mmyk’nﬂ, Oleao = (CﬁHlo)a, distils at 248° H tetrwmykm,
CQQH‘Q = (05HIO)4’ at above 390°.

3. An amylene also boiling, at 35° but differing from the fore-
going, is obtained from the iodide of tertiary amylic alcohol (§ 170, 6)

L]
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by decomposition with alcoholic potassic hydrate. Its odour is
different to that of isoamylene, and by union with hydrochloric acid it
is reconverted into tertiary amylic iodide. It is, therefore, either

CH CH
0l >C-CH,.CH, or y*>C=CH.CH,.

Probably it has the first formula, as the second agrees more with the
properties of the former isomer.
4. An amylene boiling at 25°:

CH :
(CH:>GH.CH:CH, s),

is obtained from the optically inactive isoamylic iodide by action of
alcoholic potassic hydrate, which appears to yield tertiary isoamylic
chloride with hydrochloric acid.

6. Methyl-ethyl ethene, CHz CH : CH.CH,.CH,, is obtained by the
action of potassic hydrate on the iodide from diethyl carbimol. It
boils at 36°.

The amylene obtained by heating zinc ethyl with chloroform :

CHCl; + Zn(CyH;)y = ZnCl,y + HCl + C;H,,,
requires further investigation.
) Hewykm, CoH‘ 9

463, Several olefines of this formula have been prepared, but
scarcely enough investigated to enable rational formulee to be assigned
to them with certainty. Two isomeric hexylenes occur in the products
of dry distillation of certain asphalts, which—the one in the cold, the
otber only on heating—unite with hydrochloric acid to form two
different chlorides, C¢H , ;Cl (boiling points 116°-117° and 122°-124°).

Normal primary hexylic iodide gives with alcoholic potassic hydrate
a-hexylene, boiling at 68°-70°, probably CH,;.CH,.CH,;.CH,.CH :CH,.

The best known hexylene is obtained by decomposing first normal
secondary hexylic iodide (§ 195) with alcoholic potassic hydrate. It
is also derived from normal hexane, and is probably ;3-hexylene,
CH;.CH,.CH,.CH:CH.CH;. Its boiling point is 65°-66°., With
hydriodic acid it yields secondary hexylic iodide.

Another hexylene, boiling between 68° and 72° is obtained by
action of alcoholic potassic hydrate on the iodide of diethyl-methyl
carbinol (§ 171, 6). Its constitution is expressed by one of the two

formulse :
CH,.CH, . CH,;.CH,
CH,.cH 2> C-CHs or gy oy, > 0=CHs.

Hexylenes from other sources, as by decomposition of dichlorinated
petroleum hexane by sodium, or by the action of high temperatures
on paraffin, &c., may be passed over here, not having been sufficiently
investigated.

469. Several of the higher members of the olefine group, exclusive
of the above-mentioned olefines, have been obtained. From such of
the monovalent alcohols as distil unchanged they are generally pre-
pared by heating with sulphuric acid or by decomposing the corre-
sponding haloid compounds by alcoholic potassic hydrate. By the
second method a heptylene, probably (CH,),C:CH.CH(CH,),, has
been obtained from the iodide derived from dimethyl-isobutyl carbinol.
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It boils at 83°-84° and has sp. gr. *7T14at 0°. And by the first method
a-normal secondary octylic alcohol (caprylic alcohol, from castor oil)
yields an octylene, caprylene, which boils at 118°-119°. The higher
molecular alcohols which cannot be volatilised unchanged decompose,
on dry distillation, into water and hydrocarbons of the formula
CpH,y,.  Cetylic alcohol thus yields cetene, C,¢Hj,, a liquid boiling
at 275 degrees. Cerotone, Cy,H;,, and melene, C3oHgy, are crystal-
line bodies, which readily decompose further on heating, and are
therefore scarcely obtainable in the pure state. Paraffin (§ 159) in all
probability contains, together with high molecular paraffins, also some
quantity of hydrocarbons of the formula C,H,,. Such bodies also
occur in different natural paraffin-like bodies, e.g. in ozocerite.

Halogen Compounds of the Divalent Alcohol Radicals.

470. The hydrocarbons C,H,,, existing as free molecules by the
diad union of neighbouring carbon atoms, combine directly with two
halogen atoms to form liquid or solid dihaloids insoluble in water.
The respective bromides and chlorides of low molecular weight distil
unchanged; the higher members decompose, at least partly, on heating,
with evolution of the hydro-acids, and probably, in the first place,
formation of halogen mono-substituted olefines :

CnHmClg = HCl + CnHm‘_lCl-
The few iodides known are unstable bodies, which cannot be vola-
tilised without partial dissociation into their components.

471. By action of alkaline hydrates, best in alcoholic solution,
these haloien compounds cannot be converted into the divalent
alcobols; the metal of the hydrate removes one halogen atom, whilst
the OH group at the same time oxidises and removes a hydrogen

atom, and with renewed double linking of carbon a mono-halogenated
olefine is formed :

CanClg + KOH = KC] + H,O + CDHQII—ICI'

By employment of a large excess of alkali, or by action of sodic or
tassic ethylates assisted by heating, this process is repeated, another
ogen atom and hydrogen atom being removed, and a hydrocarbon
of the general formula Cp,Hp _ 4 formed :

CuHyn_,Cl + KOH = KCl + H,0 + CoHy_s,
CnH,n_ICI + NaO.C,Ha = N&Cl + H0.02H5 + CHH’I\—"

In these latter either two neighbouring carbon atoms are in trivalent
union, or else the double union occurs twice over :

OH, CH
H + KOH = KOl + H,0 w
HOL H

CH, CH, CH, CH,
N AN

4’:‘. + KOH =KBr + HO + g
dg, 8,



294 DERIVATIVES OF THE DIAD ALCOHOL RADICALS, G,Hy.

The halogenised olefines formed as the first products of the action of
alkalies are themselves capable of combining with two halogen atoms,
and the resulting trihaloids, CoHgn _;Cl;, suffer a like decomposition
with alkalies, so that in this way a gradual replacement of the hydro-
gen atoms of paraffins by halogeus can be effected. The processes can
be expressed by the following series of equations :

C,Hyp 4 Br + KOH = KBr + H;0 + CyHy,

CpyHgy + Brg = CyHpnBry :

CoH;,Bry + KOH = KBr + H,0 + C,H;,_ Br, monobrom olefine
CuHgn_Br + Bry = CyHy, _ Bry, tribrom paraffin

CoH;n - Bry + KOH = KBr + OH, + CyHj, - ;Bry, dibrom olefine
CoHgn _ oBr, + Bry = CpHy, _ 3Br,, tetrabrom paraffin

CoH;y, 3Br, + KOH = KBr + KOH + C,Hgq _ 3Bry, tribrom olefine
&e.

472. The olefine dihaloids can be reconverted into olefines, with
partial polymerisation, by action of strongly positive metals :

OuHuCl,y + Nay = 2NaCl + CyHy,.

By action of nascent hydrogen, best from zinc and hydrochloric acid,
or by action of hydriodic acid, the olefine dihaloids are converted into

paraffine (§ 149) :
CnHQnClg + 2HC]. + 2Zn == 2Zn012 + CIIHQII-P 2

Ethylene Haloids.
CH,CI
478. Ethylene dickloride, C,H/Cl; = JJ , isomeric with
H,01

ethylidene dichloride (§ 381).  This compound was discovered m
1795 by four Dutch chemists, and was long termed Dutch liguid,
ethylene being named olefiant
gas. To prepare it, equal vo-
lumes of ethylene and chlorine,
_ both quite dry, are brought to-
- gether in a tritubulated balloon
(fig. 21). The union is accom-
panied by evolution of heat, and
the ethylene dichloride formed
condenses on the sides of the
balloon and flows down the long
neck into a cooled receiver, from
which any uncombined gas can
escape by the exit tube.
Ethylene dichloride is a
colourless, mobile liquid of sweet
odour, of sp. gr. 1'28 and of
boiling point 85°. It isinsoluble
in water, but miscible in all pro-
portions with alcohol and ether.
By alcobolic potassic hydrate it is converted into monochlor ethylene,
C;H;Cl; this by combination with chlorine yields a trichlor ethane,
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C,H,Cl,, which is not identical with that obtained by the direct
chlorination of ethane. By repeated successive treatment with aleoholic
potassic hydrate and union with chlorine there are formed two series
of chlorinated ethylenes and ethanes, of which only the two members
richest in chlorine are identical with the products of the substituting

action of chlorine on ethane. The following is a tabular view of these
derivatives :

Products from Ethylene.

Products of the direct

Alcoholic Potassi ination of th Cblorination of
B A Bvarate | toiegomn s Chorn Ethane
OH,Cl CH,
é boil. point 85° (l} boils at 58°-59°
H,.Cl HCl,
OH, CH,.Cl CH,
1] boils at —18° é boils at 115° é boils at 75°
CHCI HCl, Cl,
Chlor ethylene Chlor-ethylene dichloride Trichlor ethane
CHCI CHCI, CH,CI
| boils at 4+ 37° J} boils at 137° é boils at 102°
CHCI HCl, cl,
Dichlor ethylene Dichlor-ethylene dichloride| Tetrachlor ethane
CHCI CHCl,
I boils at 88° | boils at 158°
cacl, ccl,
Trichlor ethylene Trichlor-ethylene dichloride, or pentachlor ethane
cal, cCl,
||~ boils at 117° | boils at 182°
col ccl,
%erehlor ethylene Perchlor ethane
CH’BP
474. Ethylene dibromide, C,H Br, = | , is formed, with
CH,Br

strong evolution of heat, by bringing together bromine and ethylens
gas. In order to prepare this important body, which- serves as the
starting point in the preparation of other ethylene derivatives, ethy-
lene gas is absorbed by liquid bromine kept well cooled. This is
frequently done in a thick flask of 2-3 litres’ contents, on the bottom
of which is placed 120-150 grams of bromine covered with water.
The flask is then filled with olefiant gas, and, when the air has been
completely expelled, closed with a cork, through which passes a tube
connected with a gas holder filled with ethylene. On shaking the
flask the gas is quickly absorbed by the bromine, and is constantly
replenished from the store in the gas holder. Ethylene evolved in a
regular stream, as in the above-given method (§ 462), can be con-
ducted directly into liquid bromine, the only precaution requisite
being that the gas remains a sufficient length of time in contact with
the bromine for complete absorption. This is effected by passing the
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gas through the bromine contained in the long limb of the bent glass
tube in fig. 22.

As soon as, by either of these methods, the bromine is nearly
saturated with ethylene, shown by its being nearly decolorised, the
product is shaken with dilute solution of alkali till colourless, the under
layer separated from the aqueous solution, and, after mixing with
concentrated sulphuric acid to fix the water, distilled on a sand bath,
when pure ethylene dibromide passes over.

It is & mobile, colourless, sweet-smelling liquid of sp. gr. 2:163;
it solidifies at 0° to colourless crystals, melting at + 9°. The boiling
point is 129°. By alcoholic solution of potassic hydrate it is con-
verted into monobrom ethylene, CH,:CHBr (boiling point 23°),
from which a series of brominated ethanes and ethylenes can be pre-
pared, similar to the chlorine derivatives (§ 473).

T @0

Ethylene dibromide can be regenerated from monobrom ethylene,
by heating in closed vessels to 100°, with a solution of hydrobromic
acid saturated at + 6°:

ng CHgBl‘

CHBr CH,Br
Monobrom ethylene unites more slowly, and apparently in quite a
different manner, with dilute hydrobromic acid. If the acid saturated
at + 6° be diluted with one-third of its volume of water, and then em-
ployed, ethylidene dibromide is the main product :

CH, CH,

" + HBr = I

CHBr CHBr,
CH,I

476. Ethylene diiodide, C,H,I, = | . Ethylene unites
CH,I

2
with iodine when exposed to light or on gentle heating, especially if
the iodine employed be somel:rghat dam;;ge The oom}fonnd is szlid,
crystallising in colourlees silky needles or prisms, which melt at 75°,
and on stronger heating decompose into ethylene and free iodine.
This change also occurs at ordinary temperatures, though very slowly.
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Ethylene diiodide can only be sublimed or preserved colourless in
vessels filled with ethylene gas.

Alcoholic potassic hydrate decomposes ethylene diiodide very
readily. Only a little moniodo-ethylene, CH,:CHI, is obtained, as a
colourless oil, boiling at 55°, the greater part being converted into
mtylene, CQHQ H

CH,I CH
(lj + 2KOH = 2KI + 2H,0 + w
H,I ' H

476. Some double haloids of ethylene are known.

Ethylene chloro-iodide, CoH ,CII = CH,Cl.CH,I, can be prepared
by the action of ethylene on iodine chloride, and by decomposition of
ethylene diiodide with a little mercuric chloride :

2C’H‘I’ + HgCl, = HgI, + 2CQH‘ClI.
It is a heavy liquid of sweet odour, boiling at 137°-138°,

Ethylene brom-~iodide, CoH, Brl = CH,Br.CH,l, is formed when
hydriodic acid (saturated at 4 4°) is heated at 100° with brominated
ethylene, and when iodine bromide is saturated with olefiant gas. Itis
a colourless mass, melting at 28°, which boils at 163° and has sp. gr.
2:7 at + 1°, .
Halogen Compounds of Propene.

477. The divalent alcohol radical C;Hg can possess two different
constitutions, namely :

CH, CH,—
' ¢
(IJH— and CH,
|
OH,— OH,—
Propylene. Trimethene.

Derivatives of both are known.

478. Propylene dickloride, C;HgCl; = CH;.CHCLCH,CI, is ob-
tained- directly from propylene and chlorine gas, and by the action of
chlorine gas upon isopropylic chloride in sunlight :

(IJHa CH,
CHCI + Cl, = HCl + J'mm
H, CH,0!

in the latter case obtained together with the metameric methyl chlor-
acetol (§ 446). It is a colourless liquid, boiling at 96°-97°, and has
sp. gr. 1°1656 at 14°. By alcoholic potassic hydrate it is converted
into monochlor propylene (boiling at 23°) :

CH, CH,
HCI +K0H=K01+H,o+$m
CH,C1" H,

the same which is formed from acetone by the action of phosphoric
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chloride. The chlor propylene, CH;.CH :CHCI, isomeric with this,
has not yet been observed.

Propylene dibromide, C3HBr, = CH,.CHBr.CH,Br, is formed
by the absorption of propylene gas by bromiue, and by heating iso-
propylic bromide with liquid bromine. It is an oil boiling at 142°,
having the sp. gr. 1'974. Tt is converted into monobrom propylene,
CH,.CBr.CH, (boiling point 57°-58°), by action of aleoholic potassic
hydrate, from which, by heating with hydrobromic acid saturated at
+ 6°, propylene dibromide is regenerated, whilst by employment of
;noreeddilute acid, methyl brom-acetol (§ 445), CH;.CBr,.CH,, is
ormed.

Propylene diiodide, C;Hgl, = CH,.CHI.CH,I, obtained by
direct union of iodine and propylene at a temperature of 50°-60°, is
a colourless oil of powerful odour, decomposing on distillation.

Propylene chloro-bromide, CH,.CHBr.CH,Cl, is obtained by
heating monobrom propylene with concentrated hydrochloric acid.
It boils at 112°-113°, and is reconverted into monobrom propylene
by alcoholic potassic hydrate :

CH,;.CHBr.CH,Cl + KOH = KCl + H,0 + CH,.CBr:CH,.

The isomeric propylene bromo-chloride, CH,.CHCL.CH,Br, is ob- -
tained by continued boiling of propylene dibromide with mercuric
bromide :

2CH,;.CHBr.CH,Br + HgCl, = HgBr,; 4+ 2CH,.CHCL.CH,Br.
It boils constantly between 119° and 120°, and yields monochlor pro-
pylene on boiling with alcoholic potassic hydrate :

CH,.CHCL.CH,Br + KOH = KBr + OH; + OCH,.CCl:CH,.
On heating propylene haloid compounds with water to 210°-220° in
sealed glass tubes, there is obtained, together with halogen hydro-
acid, not, as might have been expected, propylene oxide, formed by
the direct replacement of the halogen by an atom of oxygen, but the
compounds isomeric with this, acetone and propionic aldehyde.
Without doubt in these decompositions it is not both hydrogen atoms
of the water molecule that are employed to form the halogen hydro-
acid, but only one of them, together with a hydrogen atom of the
protiylene ; 80 that the process proceeds with intermediate phases
in the following way :

CH,.CHCI.CH,Cl + HOH = HC1 + CH,.CC1:CH,; + HOH

= 2HCl + CH,;.CO.CH,,
and CH,.CHCL.CH,.Cl + HOH = HCl + CH,.CH:CHCI
+ HOH = 2HCI + CH;.CH,.CHO.

479. Trimethene dibromide, CH,Br.CH,.CH,Br, is formed by
beating allylic bromide with hydrobromic acid (saturated at 0°) for a
short time to 100° in sealed tubes. Some propylene dibromide is
always formed also. The process can be expressed by the equation :

CH’ CH,BI’ ?H‘
JIJH 4+ aHBr = bJ!H, + (a-b) CHBr
CH,Br H,Br H,Br

Allylic bromide. Trimethene bromide.  Propylene bromide.
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The isomeric products are separated by fractional distillation.
Scarcely anything but trimethene dibromide is obtained when
hydrobromic acid is passsed into allyl alcohol at 0°:

CH, CH,Br
I
L!H + 2HBr = H,0 + éH,
éH’-OH éHQBl'
Allylic alcohol.

Trimethene dibromide is a colourless liquid insoluble in water,
boiling at 160°-163° (about 20° higher than propylene dibromide)
and having sp. gr. 20177 at 0°. It is reconverted into allylic
bromide by alooholic potassic hydrate :

CH,Br (le:
H, +KOH=KBr+H,O+AH
H,Br H,Br

Trimethene dichloride is obtained, by heating trimethene dibro-
mide for a long time at 160° with mercuric chloride, as a colourless
oil boiling at 117°, having at 15° sp. gr. 1:201, and being oconverted
into allylic chloride by alcoholic potassic hydrate :

CH,C1 CH,
H, + KHO=KCI+ H,0+ gH
 CH,01 H,Cl
Trimethene dichloride. Allylic chloride.
Higher Homologues.

480. Butene Dihaloids.—As yet only few haloid compounds of
the three butylenes (§ 476) are known.
Normal butylene dibromide, or methyl-allyl dibromide :

CH,.CH,.CHBr.CH,Br,

boils at 156°-159°, but has probably not yet been obtained quite
pure. The bromine compound of the butylene obtained by action of
zinc diethyl on monobrom ethylene boils at 166°.

Pseudo-butylene dibromide, CH;.CHBr.CHBr.CHj, obtained from
butylene and bromine, boils at 159°.

Two halogen compounds of isobutylene are known. The dichloride,
(CHj,),:CCLCH,CI, boils at 130°, the dibromide at 149°. Similarly
to the propylene dihaloids, which yield propionic aldehyde on boiling
with water, isobutylene dibromide gives isobutyric aldehyde :

(CH,;):CBr.CH,Br + H;0 = 2HBr + (CH,),: CH.CHO.
481. Normal amylene dibromide, or ethyl-allyl dibromide :
CH,.CH,.CH,.CHBr.CH,Br,
boils at about 175°,
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JTsoamylene dichloride, (CH;),.CCl.CHCIL.CHj, is a colourless dis-
tillable oil. Jsoamylene dibromide, (CH,;),.CBr.CHBr.CH ,, boils with
slight decomposition between 170° and 175°, and yields with alcoholic
potassic hydrate monobrom amylene, (CH,),:CH.CBr:CH,, whose
boiling point is 112°.

482. The dibromides of the higher members of the series, such as
hexylene, octylene, and diamylene, are oily liquids which decompose
on distillation. Some of these bodies will be mentioned later.

The Diacid Alcohols or @lycols, OpH,,(OH),.

483. The methods used for preparing the glycols or dihydrates of
the divalent alcohol radicals vary with the nature of these bodies.
In most cases the dibaloid compounds are employed, and are first
converted into the acetates.

A good yield is obtained by employing the diiodides or dibromides
of the olefines, and heating them with argentic acetate in presence of
glacial acetic acid :

CaHjnl, + 2Ag0.C,H;0 = 2AgI 4 C,H,,(0.C3H,0),.
The diacetate is first purified by distillation, and then saponified by
addition of just the requisite quantity of alkali :

CoH3a(0.C;H,0); + 2KOH = 2KO0.C,H,0 + CyHyo(0OH),.

Another, if also analogous, way consists in heating the dibromides
or dichlorides of the olefines with alcohol and potassic acetate to 100°,
until the reaction is complete. There is then formed potassic and
ethylic acetates together with the olefine hydrate acetate :

OuHuBr, + HOC,H, + 2K0.C,H,0 = 2KBr + C,H,0.C,H,0
+ CpH,(OH)(0.C,H,0),

which is also purified by rectification and then decomposed by the
requisite quantity of strong basic hydrate, and the glycol separated by
fractional distillation.

The double tertiary glycols or pinacones are prepared from the
ketones by action of nascent hydrogen.

484. The glycols are mostly syrupy liquids, the lower members
mixing in all proportions with water, but, like the alcohols,
CoH,p 4. 1-OH, becoming less soluble with rise in molecular weight.
They are soluble in alcohol without exception, mostly also in ether.
80 far as the members of this series have yet been obtained, they
distil unaltered and generally taste sweet.

By action of hydrochloric acid gas they are converted into mono-
hydrate chlorides :

CoHgu(OH), + HOl = C,H,, { o
which by action of phosphoric chloride are converted into the
dichlorides :
CnHzn { ng + P(}lg = POC], + HCl + CnHmCl,.

Hydrobromic, and especially hydriodic, acids convert the glycols
with greater readiness and completely into the respective dihaloids,
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By heating with concentrated hydriodic acid to 150°-200° alkyl
iodides are formed :

CoHyu(OH), + 3HI = 20H, + I; + CoHpmy I,

and even paraffins :
onHm(OH)’ + 4HI = 2H20 + 213 + OnHm+ 2°

Ethylene Qlycol, CygHOy = C,H (OH),.

485. To obtain ethylene dihydrate or ethylene glycol, frequently
also termed glycol, either ethylene diacetate, boiling at 187°, is pre-
pared by heating ethylene diiodide with argentic acetate in presence
of glacial acetic acid at 100°:

CH,I CH,.0.C;H,0
é + 2Ag0.0,H,0 = 2AgI + J}
H,I H,.0.CyH,;0

or ethylene hydrate acetate (boiling at 182°) is prepared from ethylene
dichloride or dibromide, alcohol, and potassic acetate :
CH,.Br

é + 2KO.C,H80 + HO.C,H5 = C’HQ0.0QH,O
H,.Br

OH,.0H

+ |
CH,.0.C,H,0

In employing this latter, generally preferable, method, equal parts
of potassic acetate and ethylene dibromide are placed in a thick-walled
flask—e.g. champagne bottles—two parts of alcohol are then added, and,
after securing the cork in its place, are heated for several hours on the
water bath, Ifethylene chloride be employed, the proportions must be
altered to one part of this, two parts of potassic acetate, and four
parts of alcohol.

After cooling the heated mixture much potassic chloride or bro-
mide is found to have crystallised out; the alcoholic solution is
filtered, the alcohol and ethylic acetate distilled off, and that portion
passing over at higher temperatures submitted to fractional distilla-
tion. To that passing over between 140° and 200°, mostly ethylene
hydrate acetate, a hot concentrated solution of potassic hydrate is
slowly added, until a distinctly alkaline reaction is obtained after
long shaking. Carbonic anhydride is then passed in to convert the
free alkali into carbonate, and the whole submitted to distillation.
‘Water first passes over. Ethylene glycol is obtained by repeated
fractionation from that portion distilling above 100°.

Instead of potassic hydrate, the saponification may be effected in
similar manner by hot saturated solution of baric hydrate. After
precipitation of the excess of baric hydrate by carbonic anhydride,
the whole is evaporated as far as possible on the water bath, the
baric acetate precipitated from the residue by addition of absolute
alcohol, and the glycol separated from the alcoholic filtrate by frac-
tional distillation.

Ethylene glycol can be obtained in one operation from ethylene
dibromide, when molecular weights of it and of potassic acetate are
heated with double the weight of alcohol in a vessel provided with
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an inverted condenser, and the filtered liquid submitted to fractional
distillation. About one-half of the bromide is obtained un y
the other half in great part as ethylene glyool. Undoubtedly ethylene
bromide acetate is first formed :

20,H Br; + 2K0.C,H,0 = 2KBr + 2C,H Br(0.C,H,0),
which is resolved by the alcohol present into ethylic acetate, ethylene
dibromide, and glycol :

2C,H Br(OC;H,0) + 20,H;.0H = C,HBr, + 2C,H,.0.C,H,0
+ C;H,(OH),.

488. Ethylene glycol is a colourless liquid, of about the consistence
of a thin syrup, of sweet and alcoholic taste, and scarcely any smell.
Its S}; gr. is 1'125 at 0°, the vapour density 2:164. Its boiling point
is 197°.

It mixes with water and aloohol in every proportion, but is less
soluble in ether. Sodium dissolves in it, with evolution of hydrogen,
the compound, C,H, { 8ga,eon'esponding to sodic ethylate, being
first formed as a solid white mass. By heating to 190° with as much
sodium again, this is converted, though completely only with difficulty,
into disodsic ethylenate, CyH ,(ONa),. Like the sodium derivatives of
the C,H,y ., alcohols, both these bodies are decomposed by water,
yieldi.l¥ glycol and sodic hydrate.

487. Ethylene glycol, as a diprimary alcohol, is capable of
similar oxidation to the primary monacid alcohols; only this can be
repeated twice. The first stage of oxidation that might have been

expected H
OH,.0H CH,.0H

J} +0=H0+ |
H,.OH CH:O0

has not yet been realised, the oxidation always proceeding beyond this
point. If two oxygen atoms act on a molecule of glycol, glycollic
acid is formed :
CH,;.0H CH,.0H
JJ +20 =H,0 + é (glycollic acid)
H,OH 0.0H
which is related to glycol as acetic acid is to ethyl alcohol.
By the same proportion of the ingredients the double aldehyde
glyoxal is also readily formed :
CH;0H O H,0 CH:O
I + = __ + | (glyoxal)
CH,0H O H,0 CH:0
Both oxidation products are converted by further oxidation into an
aldehydic acid, glyoxylic acid :

CH,0OH O CHO
(l)o 4+ =H 0+ | (glyoxylic acid)
.OH CO.0H
CHO CHO

bmo * 0!
HO O CO.0OH
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which finally yields the dibasic oxalic acid :
CHO (o) CO.0OH

oort = 4
CO.0H 0.0H

Both the primary alcohol groups CH,.OH, united in glycol, there-
fore il;ﬂ'er the same changes as in the primary monacid alcohols
(§ 384).

By heating with potassic hydrate, ethylene aloohol yields an
oxalate, hydrogen being evolved :
CH,.0H CO0.0K
| + 2HOK = (l; + 4H,
CH,.OH 0.0K
Zincic chloride, on gentle heating, converts it, with elimination of
water, into acetic aldehyde :
: CH,.OH CH,
= H,0 + |
H,.OH CHO
Tricarbon Glycols, C;H¢(OH),.
488. The two possible isomeric tricarbon glycols :

CH, . CH,0H
JDH.OH (boiling at 188°) and éH, (boiling at 212°)
H,.OH CH,0H
Propylene glycol, Trimethene glycol,
a-oxypropylic alcohol. B-oxypropylic alcohol.

are known.

1. Propylene glycol, or a-oxypropylic alcohol, is prepared from pro-
pylene dibromide. By decomposition with argentic acetate the di-
acetate, boiling at 186°, is first obtained, and from this, on saponifi-
cation, the alcohol. This latter is colourless, syrupy, and of sweet
taste ; its sp. gr. at 0° is 1'051, its boiling point 188° and the vapour
density 2:596.

By oxidation of propylene glycol diluted with water, by means of
platinum black and oxygen, it behaves as though only a monhydric
primary alcohol yielding an acid of like carbon contents—ethylidene
lactic acid, which is at the same time a secondary alcohol :

CH, CH,
|
CH.OH &H.OH (ethylidene lactic acid)

I
éH,.OH + 20 = H,0 + CO0.0H
By heating with hydriodic acid to 100° isopropylic alecobol and
isopropylic iodide are formed :
H, CH,
(IJH.OH &H.OH

J’H’-OH + 2HI = éHa + H’O + I,, &0.
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2. Trimethene glycol, a double primary alcohol, is obtained in the
manner already described, first as diacetate (boiling point 203°-205°),
and further, on saponification of this, as a syrupy, sweet-tasting liquid
boiling at 212°.

Tetracarbon Qlycols, C Hy(OH),.

489. Of the six possible isomers of this formula :

1. 2. 8. 4.
CH, OH, CH,0H  CH,
|
JJH, +H.OH J!H, CH.OH
&H.OH CH, éH, J)H.OH
|
JJH,.OH JJH,.OH CH,OH ('311,
-~ @ B y Pseudo-butylene
glycol.

Oxybutylic alcohols.
b. 6.
OH, CH, CH, CH,.0H

LOH H
_a JJH,.OH B JJH,.OH
Oxyisobutylic alcohols, or isobutene glycols, .

only three have yet been obtained. They are
1. a-Butene glycol, CH,.CH,.CH(OH).CH,.OH, is obtained from
the dibromide.of normal butylene. It is a syrupy liquid boiling at
192°, of sp. gr. 10189, and on oxidation yields glycollic and gly-
oxylic acids.
2. B-Butene glycol, or B-oxybutylic alcohol :
CH,.0H(OH).CH,.CH,.OH.

This compound is obtained, together with ethylic alcohol, by the action
of sodium amalgam upon acetic aldehyde. The aldehyde for this
purpose is distilled with three to six times its volume of water, and
one per cent. sodium amalgam slowly added, the liquid being kept
nearly acid by addition of hydrochloric acid in small quantities. The
liquid at the close of the reaction is poured off from the mercury,
neutralised with sodic hydrate, and everything volatile below 100°
distilled off, the residue shaken with ether to remove other products,
and the aqueous layer evaporated as far as possible on the water bath.
Strong alcobol is then added to precipitate sodic chloride, and the
filtered liquid submitted to distillation. 3-Butene glycol passes over
at 203-5°-204°. It is a colourless, sweet-tasting, viscid liquid, which
mixes with water and alcohol, but is not perceptibly soluble in ether.

Nitric acid and chromic acid oxidise it to acetic acid, oxalic acid,
carbonic anhydride, crotonic aldehyde, with some acetic aldehyde :

COH,.CH(OH).CH,.CH,.0H + 60 = CH,;.CO.0H
Acetic acid,
+ HO.CO.CO.0H + 2H,0.
Oxalic acid.
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OH,.CH(OH).CH,.0H,.0H + 60 = CH,.CHO + 2C0, + 3H,0.
OH,.CH(OH).CH,.CH,.0H + O = CH,.0H:CH.CHO + 2H,0.

In the formation of 3-butene glycol two aldehyde molecules coalesce
under the action of nascent hydrogen :

CH, CH,
J!H.O J!H.OH
CH, - (jm,

(LH:O +2H &H,.OH

3. a-Tsobutens glycol, termed tsobutylens glycol, is usually pre-
pared from isobutylene dibromide. It resembles the preceding, boils
between 183° and 184°, and has at 0° the sp. gr. 1:048. It is con-
verted into a-oxyisobutyric acid by dilute nitric acid :

CH, CH, ~ OH,CH,
e
OH +20=H,0+ OCOH
H,.0H (Lo.on

490. Only three of the numerous possible isomeric pentene glycols
are known, namely :
. a-Pseudo-amylene glycol, CH,.CH,.CH(OH).CH(OH).CH,, pre-
med from thg4 dibromide of ethyl-methyl methene, boils at 188° and

8p. gr. ‘9945,

a-Tsoamylene glycol, (CH,;);CH.CH(OH).CH,OH, obtained from
the dibromide of the isoamylene (§ 467, 4),is a thick liquid, boiling at
206° and of szﬂgr *9987.

B-Isoamylens glycol, (CH,)y: C(OH)CH(OH).CH,, obtained from
isoamylene dibromide in the way already frequently mentioned, and
also by the direct combination of isoamylene with hydric peroxide :

CH, CH, OH, CH,
.OH
HH 0—H (53.03

et b m i,

It is a bitter-tasting, syrupy liquid, which boils at 177° and has at 0°
the sp. gr. ‘987. It dissolves in water, alcohol, and ether, and on
oxidation yields oxyisobutyric acid, (CH;),.C(OH).CO.0OH.

Hexene @lycols, CgH, 3.(OH),.

491. 1. A Aexylens glycol is obtained from the dibromide of the
hexylene mentioned in § 468 as obtained from a-normal secon
hexylic iodide. It is a thick liquid, miscible with water, of 967
8p. gr. and 207° boiling point.

2. Diallyl dikydrate is probably a double secondary normal

x
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hexene glycol of the formula CH,;.CH(OH).CH,.CH,.CH(OH).CH,.
To prepare it diallyl is heated for several hours with concentrated
hydriodic acid, whereby it unites with two molecules of HI, and is
converted into diallyl dihydroiodide, C¢H 41, :

CH,:CH.CH,.CH,.CH:CH,;+ 2HI = CH,.CHI.CH,.CH,.CHI.CH,.

This reacts with argentic acetate even in the cold, forming the corre-
sponding diacetate, which boils at 225°-230°, and on saponification with
alkali yields diallyl dihydrate as a colourless thick syrup, which hus
at 0° sp. gr. ‘9638, boils between 212° and 215°, and mixes with
water, alcohol, and ether. By heating with concentrated hydrochloric
acid it yields its dichloride, the so-called diallyl dihydrochloride :

OH,.CHCL.CH,.CH,.CHCLCH,,

which is also obtained by the direct union of diallyl with hydrochloric
acid as an oil boiling between 170° and 180°.
On oxidation diallyl dihydrate yields only acetic and carbonic acids.
3. Pinacone, (OHy),:C OHﬁC(OH) :(CHy,),, is the double tertiary
alcohol of the formula CgH,,(OH),. It isobtained, together with iso-
propylic alcohol, by the action of nascent hydrogen upon acetone, and
is formed especially when the acetone is employed in considerable

excess
OH, CH, OH, CH,

H
om0 "= b om

ofi,tm,  oft,vm,

To prepare this body acetone is poured upon a large quantity of a
half saturated solution of potassic carbonate, and sodium added in
pieces about the size of a pea. These sink through the layer of ace-
tone, and on reaching the aqueous solution evolve hydrogen, which is
completely fixed by the acetone. One part of sodium is employed to
about three parts of acetone. When the reaction is completed the
upper layer is submitted to distillation, and about one and a half per
cent. of crude isopropylic alcohol is obtained below 100°. At higher
temperatures pinacone passes over, and is obtained on cooling as a
crystalline mass. To purify it, it is dissolved in water and evaporated,
when it separates in large quadratic tables, C¢H,,(OH),,6 H,0, melt-
ing at 42°, and which lose their water of crystallisation slowly in
dry air. On distillation witer first passes over, and later, at about
170°, anhydrous pinacone. This latter is a colourless crystalline mass,
which melts at 38° and boils between 171°and 172°. By phosphoric
oxychloride pinacone is converted into the corresponding dichloride,

CH 3)2 :C-Cl

(CHL) , & crystalline mass melting at 160°.

CH,)y: 1
( 492. Of higher molecular glycols only octylene glycol, prepared from
the dibromide of caprylene (§ 469), is sufficiently known to be worth
wmention. It is & colourless liquid miscible with alcohol and ether,
insoluble n water, of ‘932 sp. gr., and boiling at 235°-240°,
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Haloid Hydrates of the Glycol Radicals.

493. On passing hydrochloric gas into an olefine glycol, one of
the hydrogen groups is first replaced by chlorine :

CuH,u(OH), + HOl = CH,, { 8111 + H,0.

The corresponding replacement of the second hydroxyl group occurs
with far greater difficulty, but, as previously mentioned (§ 484), can
be effected by phosphoric chloride. Hydriodic acids react more
vigorously, forming the diiodide from the glycol.

Other methods of preparing the hydrate haloids depend on the
direct union of the halogen hydro-acids to the acids of the glycol
radicals, and on the power of the olefines of uniting directly with
hypochlorous acid :

CuH,, + CI0H = C,H,,(OH)CL
494. By action of alkaline solutions the haloid hydrates are not

reconverted into glycols, but into the anhydrous oxides of ‘the glycol
radicals :

o,.n,,{glﬂ + KOH = KCl + H,0 + CpHy:0.

These anhydrous oxides unite very readily with halogen hydro-acids,
and are thereby reconverted into haloid hydrates :

OgHypn:0 + HBr = c,,H,,.{ 8

To obtain the glycols from these latter, they must first be con-
verted into hydrate acetates by heating with potassic acetate :

CuHa { Oy + KOGH,O = KOl + G { 9210

and afterwards saponified.
By treatment with sodium amalgam and water the hydrate
haloids yield the monovalent alcohols :

CuH4uCLOH + Na, + H,0 = NaCl + NaOH + CoH,,,,.OH.

496. The ethylene hydrate haloids are the best known.
1. Ethylene hydrate chloride, or gl;(y}c]oil chlorkydrin :
Cl

2
C,H,(OH)Cl =
(0F) JZH,.OH
is formed by passing hydrochloric acid gas into ethylene glycol and
distillation of the mixture after standing some days. The compound
can also be prepared from ethylene and an aqueous solution of hy-

pochlorous acid :
OH,Cl1

&H,.OH

In employing the latter method chlorine gas is passed into ice-cold

water in which yellow mercuric oxide is suspended, and the solution

of hypochlorous acid so prepared poured into a balloon filled with
x2

CH,
TR
CH,
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ethylene, and allowed to remain for some days in the dark. Theacid
liquid is then neutralised with sodic hydrate and submitted to dis-
tillation, as long as the liquid passing over still tastes sweet. Ethylene
chloro-hydrate is then removed from the distillate by shaking with
ether, and after evaporation of the ether purified by fractional dis-
tillation.

It is a colourless liquid of somewhat sweet taste, boiling at 128°,
and completely miscible with water.

2. Ethylene hydrate bromide, CH,Br.CH,;.0OH, can be p
from ethylene oxide and hydrobromic acid ; it boils at 147° :

CH CH,Br
1 ’>o +HBr= |
H H,.0H
8. Ethylene hydrate todide is obtained by heating the chloride with
potassic iodide :
CH,.C1 CH,I
+ KI=KCl + L
H,.OH H,;.0H
as a heavy liquid, which cannot be distilled unchanged.

By action of sodium amalgam the acidulated aqueous solutions of
all three hydrate haloids yield ethylic alcohol :

CH,.Cl CH,
é + Na, + H,0 = NaCl + NaOH + |
H,.0H CH,.0H
496. Propylene glyool can yield with hydro-acids two isomeric
hydrate haloids :

CH, OH,
|

(:}HOI and CH.OH
|

OH,.0H CH,.Cl

but only compounds of the latter variety are known with certainty.

Propylene hydrate chloride, or propylene chlorhydrin, obtained
from propylene glycol and hydrochloric acid, or from propylene gas
and hypochlorous acid, is a colourless liquid, boiling at 127°, which on
careful oxidation yields monochlor acetone :

CH, CH,
JJH.OH +0=H,0 + (l;o
(Im,m (SH,CI

Propylene oxide combines with hydrobromic acid, forming pro-
pylene hydrate bromide, which boils hetween 145° and 148°, and yields
with hydriodic acid propylene hydrate iodide. This latter compound
is decomposed on distillation at ordinary atmospheric pressure, but
distils unaltered at a pressure of 60 mm. at 105°.

B-Tsoamylens hydrate chlorids, CyH { Ol can be obtained from
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iscamylene glycol and hydrochloric acid, or by union of iscamylene
and hypochlorous acid. It possesses a strong odour, recalling that
of valeric acid, is soluble in water, and boils at 155°.,

Octylens hydrate chloride, c,H,s{ng, obtained from caprylene

and hypochlorous acid, is a yellowish viscous liquid of camphor-like
odour, decomposing on boiling. It has sp. gr. 1-003 at 0°.

Ethereal Derivatives of the Qlycols.

497. Tu addition to the anhydrous oxides of the glycol derivatives
and their polymers, the so-called poly-ethylenic alcohols and the
ethylene ethyl oxides must be classified amongst the ethereal glycol
derivatives.

Anhydrous Oxides of the Qlycol Radicals, CoH .0, and their
Polymers.

498. The anhydrous oxides of the olefines are formed, as already
mentioned (§ 494), by the decomposition of the haloid hydrates by
alkalies. They are isomeric with the aldehydes and ketones of like
carbon contents, but are distinguished from both groups of compounds
by the oxygen being united to two different—without exception
neighbouring—carbon atoms of the chain :

CH, tIJH, (lm,
H, (boilsat 49:5°) CO (boils at 58°) CH . (boils at 35°)
HO H, H,>O
Propylic aldehyde. Acetone.

8o far as known, these bodies possess much lower boiling points than
the isomeric members of the other two groups.

499. That these bodies unite with the halogen hydro-acids to form
hydrate haloids has been already mentioned. In a similar way they
unite with the oxyacids to form basic salts:

OH CH,.0.0,H,0
I ’>0 + HO.C,H,0 = é
H, H,OH

With acid anhydrides they yield neutral salts :

CH, CH,
' (S'H + O(C,H,0), = JJH.O.C,H,O
H,>O CH,.0.0,H,0
Acetic anhydride.
and with the acid chlorides they give compounds analogous to the
hydrate chlorides :
CH CH,.Cl

Acetic chloride.
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They also unite with water, especially on heating, and are thereby
converted directly into glycols :

CH CH,.0H

| + HOH =

CH, CH,;.0OH

By nascent hydrogen the olefine oxides are converted into the mon-

hydric alcohols :
CH CH,
I 0+ 2H = b
H, 2.OH

CH
B00. Fihylens ozide, OHO = | '>o, isomerio with acetic al-
H

2
dehyde, is obtained by mixing ethylene hydrate chloride with potassic
hydrate, and condensing the vapours, previously dried by quick-lime,
in strongly cooled receivers.

It is a colourless, mobile, agreeably smelling liquid, boiling at 13:5°,
of .sp. gr. ‘898 at 0°, and having a vapour density of 1-432. It mixes
in every proportion with water, and unites slowly with it, forming
ethylene glycol. It is converted into ethylic alcohol by action of
nascent hydrogen.

Ethylene oxide not only unites with free acids, but also decom-
poses the salts of weak basic metals with strong acids. It precipitates,
for instance, the hydrates of magnesium, aluminium, and iron from the

respective salts :
Mg { 030+0H | 0,H,:0 + H,0 = Mg(OH),

1 0, { 50+08

501. On slowly mixing well-cooled ethylene oxide with bromine,
there is obtained a compound forming yellowish red crystals of the
formula (C;H,0),Br,. These melt at 65°, boil at 95°, and are obtained
again unaltered on condensation of the vapours. Metallic mercury
withdraws the bromine, and gives diethylene dioxide :

CH,—O0—CH, CH,—0—CH,

(IJH,.O.Br Br—JJH, + g = EH,-O-(‘:H, + Baabey

This is, in the cold, a white crystalline mass, soluble in water, aleohol,
and ether ; it melts at 9°, and at 0° has sp. gr. 1:048. The boiling point
is 102°, the vapour density 3-1. ’

Isomeric with diethylene dioxide, and corresponding to acetal
(§ 402), is ethylene ethylidene oxide, which is obtained, by heating ethy-
lene oxide with acetic aldehyde in sealed glass tubes, as a colourless
liquid, boiling at 82-5° :

CH CH,.0.
™N0 4+ OCH.CH,= | = SOH.CH,.

It has at 0° sp. gr. 1, dissolves in one and a half times its weight of
water, but is again separated on adding potassic hydrate.
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502. Propylens oxide boils at 35°, mixes with water, and is con-
verted into isopropylic alcohol by action of nascent hydrogen :

CH, CH,

é |
H. +2H=CHOH
No

|
éH,/ CH,
It has sp. gr. ‘859 at 0°.

(CH,),:C

508. Isoamylens oxide, \/O, prepared from isoamylene
CH,;.CH

hydrate chloride, is a liquid insoluble in water, of sp. gr. ‘824 at 0°

and boiling at 96°.

504. Two oxides are known corresponding to two of the hexene
glycols (§ 491).

1. Hexylene oxide, C¢H,,0, is obtained from hexylene glycol by
saturating with hydrochloric acid and decomposing the product with
potassic hydrate.

2. Diallyl hydrate is formed amongst other products by the action
of argentic oxide on dijallyl dihydro-iodide :

CH,.CH.CH,
CH,.CHIL.CH, (L
J: + Ag,0 = 2AgT + ®)
H,.CHI.CH, [
CH,.CH.OH,

It is a colourless liquid of penetrant aromatic odour, which boils
between 93° and 95°, has sp. gr. *8367 at 0° and vapour density 3°6.
It is reconverted into diallylic dihydro-iodide by action of hydriodic
acid.

506. Octylens oxide, CsH 0, is an oil boiling at 145°.

Poly-ethylenic Alcohols.

508. In similar manner to its reaction with water ethylene oxide
unites with ethylene glycol, especially when heated in sealed tubes at
100°, and thereby yields the poly-ethylenic glycols, in which several
ethylene groups are united together by oxygen, and two of them also
united to hydroxyl. From the mixed product of the reaction there
can be isolated on fractional distillation

Diethylene alcokol, or diethylens oxy-dikydrate, O JH,OH’ %%
thick liquid boiling at 260°. It is formed accordiag to the equation :

OH,.0H
OH,.0H CH &H’
"
(|}H,.OH * éH:>O - 1
H,

H,OH
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Triethylene alcokol, or triethylene dioxy-dihydrate, is formed from
two molecules of ethylene oxide and one molecule of glycol :

0,H,(OH), + 2C,H,0 = C,H, - C:HOH

.C,H,.OH
and boils at 285°-289°.

Tetrethylene alcohol, or tetrethylene trioxy-dikydrate :

,H,.0.C;H,.OH
O<g,H4.O.C,H‘.OH
boils above 300°.

By distillation under reduced pressure (35 mm.) a Aezethylens
alcohol, (C3H ()§05(OH);, can be separated from the less volatile por-
tion. On heating these poly-ethylenic alcohols with acetic acid, both
hydroxylic hydrogens are replaced by the acid radical, with formation
of diacetates.

Ethylene Ethyl Ethers.

507. If the sodium derivatives of ethylene glycol (§ 486) be
treated with alkyl iodides, the alkyl derivatives of ethylene glycol
are formed in addition to sodic iodide :

CH’.ON& CHQ-O-Can +1
+ ICHgp ., = é + Nal,
H,.OH H,.OH

CH,.ONa OH4.0.CoHn

é + 2IC Hpny, = (l} :
The ethylene ethyl ethers are obtained in this way.
: CH,.0.CHj
Monethyl glycol ether, or ethylens hydrate ethylats, |
CH,.0H
is an agreeable-smelling liquid, boiling at 127°. It is also formed by
the direct combination of ethylene oxide and ethylic alcohol :

CH ~ CH,.0H
I ’>o + HOCH, = |
Potassium dissolves therein with evolution of hydrogen :
CH,0.C,H, . CH,.0.C,H,

2(1311,.011 *HRa=Ho 4 2&}1,.0.1:

The resulting solid mass yields, by heating with ethylic iodide,
Diethyl glycollic ether, or ethylene diethylate, | , & mobile
CH,.0.C,H,
liquid boiling at 123-5°, isomeric with acetal or ethylidene diethy-
late (boiling at 105°, § 405).

Glycollto Salts.
508. Besides the basic and normal acetates but few acid deriva-

tives of the glycols have been prepared, and these in general only of
ethylene glycol.
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CH,.0.NO,
Ethylene dinitrate,. , i8 easily obtained by pouring
CH,.0.NO,
one part of ethylene glycol into an ice-cold mixture of two and a half
parts of concentrated nitric acid and five parts of sulphuric acid.
Addition of water precipitates the nitrate as a heavy oil of unpleasant
sweet taste; this is then washed with sodic hydrate and dried by
calcic chloride. On heating it burns with strong detonation and
luminous flame. Potassic hydrate readily saponifies it, yielding
glycol and potassic nitrate.

Ethylene hydrate sulphate, HO.CH,.CH,.0.80,.0H, is formed,
gimilarly to the monalkyl sulphates, on gentle heating of ethylene
glycol and concentrated sulphuric acid. The product is diluted with
water, saturated with baric carbonate, and the filtered solution
evaporated to crystallisation. The salt, (HO.CH,.CH,.0.80,.0),Ba,
80 obtained gives, on boiling with baric hydrate, a precipitate of
baric sulphate, ethylene glycol remaining in solution.

Sulphur Compounds of Ethylene.

509. Mercaptans.—As a diad radical ethylene can unite with
two or also with only one SH group, though self-evidently in the
last case saturation must be completed by other elements.

These bodies can be prepared, similarly to the mercaptans of the
alkyls (§ 237), by heating the respective haloids with potassic sulph-
hydrate. The hydrogen atom in union with sulphur is readily re-
Flaoed by heavy metals. Oxidising agents convert them into ethy-
ene sulphonic acids, the group SH being oxidised to 80,.0H.

Ethylene disulphhydrate, ethylene dimercaptan, ethylene thio-glycol,
O,H (SH),, prepared from ethylene dibromide and potassic sulph-

hydrate :
CH,-B!' . OH’.SH
é + 2KS8SH = 2KBr + |
H,.Br ’ CH,.8H
is a colourless, strongly refractive oil, of penetrating mercaptan-like
odour, which boils at 146°. It gives precipitates with alcoholic
solutions of silver, copper, lead, and mercury, &c., salts; plumbic
acetate, for instance, precipitating yellow plumbic ethylene mer-

captate :
CH,.
é Pb.
H,.8
Ethylene hydrate sulphhydrate, ethylene monothso-glycol :
C,H,(OH)(SH),

is obtained from ethylene chloro-hydrate :

OH,.Cl CH,.SH
(g + KSH = KOl + |
H,O0H OH,.0H

It is a colourless, heavy liquid, insoluble in water, only one hydrogen
atom of which is readily replaced by metals.
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510. Ethylene Sulphide.—Ethylene sulphide has as yet only been
obtained in the double molecule corresponding to diethylene dioxide
a8 diethylene disulphide, best by mixing alcoholic solutions of ethylene
dibaloids with potassic sulphide :

CHgBl' KSK CHQ.S.CHQ

2 + =4&Be+ | ']
HgBl‘ KSK HQ.S-CH’

It is also obtained by decomposing mercuric ethylene mercaptate by
ethylene dibromide :
CH,.BI‘ Q-CHQ OH’-S.CH,

(lJH,.Br .éH, = Hghey + EH,.S.J:H,

It is a white, crystalline mass, insoluble in water, but soluble in

alcohol and ether, which melts at 111° and boils at 200°. The vapour

density is found to be 4-28, corresponding to the formula (C,H,),S,.

It unites directly with bromine to yellow crystals of diethylene disul-
Br’

CH,.Q.CH,
phide tetrabromide, (IJ J‘,H (comp. § 241), which on treatment
2 2

Ty
with water and argentic oxide is converted into diethylens dithionyl,
(0]

OH,.H.CH,
4’ é . This body is also obtained on boiling the sulphide
H,.8.CH,

with nitric acid. It forms colourless crystals, readily soluble in water,
little in alcohol, and insoluble in ether.

By heating the sulphide to 150° with nitric acid diethylene sul-
phone is formed (comp. § 266) :

2
on,¥cm,
bz

Y
¢}
in the form of colourless

If ethylene i“ be conducted into liquid sulphur dichloride, they
both unite to a liquid of mustard-like odour of the formula C,H,SCl,,
probebly C;H,K e, This is not volatile unaltered, blisters the akin,

dissolves in fifty volumes of ether, very little in alcohol, and is in-
soluble in water. Isoamylene also gives a similar compound.
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Ethylene persulphides are obtained as white amorphous bodies by
the action of ethylene dibromide upon the persulphides of potassium.
They are insoluble in water and alcohol, but dissolve in carbonic
disulphide. :

611]1. Thio-ethers of Ethylene.—The thio-ethers of ethylene are
obtained by action of ethylene dibromide on sodic thio-alkylates as
unpleasant-smelling oils :

CH,Br - OHy8.CoHpy,
(!; + 2Na8.CoHynyy = 2NaBr + |
H,.Bl‘ : OH’-S-CBH”I.', 1

Ethylens dithio-methyl ether, C,H (8.CH,),, boils at 183°.

Ethylene dithio-ethyl ether, C;H (8.CoH,),, boils at 210°-213°,

Ethylene dithio-isoamyl ether, CoH,(8.CsH,,);, boils between
245° and 265°.

The methyl compound, when heated with nitric acid, yields

Ethylene dimethyl dithionyl, C3H,[(80)CH,],, crystallising in
brilliant plates, which melt at about 170°,

512. Of the thio-salts of ethylene the following may be men-
tioned :—

Ethylene disulpho-cyanate, C H, S.CN{,, readily formed by boil-
ing ethylene dibaloids with alcobolic solution of potassic sulpho-
cyanate. It crystallises in colourless, brilliant, rhombic tables,
melting at 90°. It is decomposed on strong heating, and is but little
soluble in cold water.

CH,—
Ethylene sulpho-carbonate, JYH’ :>CS, is formed by double de-
—

composition of ethylene dibromide and sodic sulpho-carbonate in
alcoholic solution. It separates at first as a yellow oil, difficultly
soluble in alcohol, but after solution in ether alcohol and evaporation

stallises in golden yellow prisms of onion-like odour. It melts at
36:6°, and yields with ammonia, glycol-mercaptan and ammonic
sulpho-cyanate.

Ethylene Sulphonic Acids.

518. Ethylene gas and sulphuric anhydride anite directly to form
ethiontc anhydride :
CH,.0.80,

= éH,.SO,\.O

a colourless crystalline body, which unites the properties of a salt and
of a sulphonic sulphuric anhydride. It is also obtained, together with
diethylic sulphate and ethionic acid, by the action of ethylic alcohol
vapour on sulphuric anhydride.

It absorbs water from moist air, and deliquesces to ethionic

acid :
OH,.0—80, CH,.0.80,.0H

& | 4+ HOH = JJ
H,.80,.0 H,.80,.0H
This latter, which is at once ethylenic hydric sulphate and ethylene

CH,
I+ 280,
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sulphonic acid, is obtained in larger quantity by saturating abeolute
alcohol or ethylic ether with sulphuric anhydride :

CH, CH,.80,.0H

| 280, =

CH,.0H H,.0.80,.0H
The product is diluted with water, and the solution neutralised with
baric carbonate to remove sulphuric acid and ethylic sulpbate.

CH,.0.80,.0.
Bario ahionate, | “MBa, remains dissolved, and on addi-

H,.80,.0”

tion of alcohol is precipitated as a white powder. By addition of the

requisite quantity of sulphuric acid to the aqueous solution a solution

of ethionic acid 1is obtained, which, on evaporation, decomposes into

tsethionic acid and sulphurie acid : A
CH,.0.80,.0H CH,;.OH

]

H,.80,.0H CH,.80,.0H
Potassic ethionate, KO.80,.0.CH,.CH,.80,.0K, obtained by ad-
dition of ic sulphate to the baric salt, crystallises readily. All

the salte decompose on boiling with water into hydric sulphates and
isethionates.
514. Isethionic acid, ethylene hydrate sulphonic acid :
HO.CH,.CH,.80,.0H,

is obtained in addition to the above-mentivned methods by oxidation
of ethylene monothio-glycol (§ 509) with nitric acid :

CH,.0H COH,;.0H
I +0;= |
CH,.8H CH,.80,.0H
and further by heating ethylene hydrate chloride with normal potassic
sulphite :
CH,;OH CH,.0H

(I; + K.80,.0K = KCl + |
H,.Cl CH,.80,.0K

It is obtained most readily by addition of sulphuric anhydride to
well-cooled anhydrous ether. After saturation the thick liquid is
diluted with water, and boiled for several hours, in order to decom-

the ethionic acid. The solution contains, together with some
methionic acid 93§ 419), isethionic acid and sulphuric acid. The
latter is removed on saturating with baric carbonate. The liquid
filtered at the boiling point first yields, on cooling, crystals
of baric methionate, and later, on evaporation, baric tsethionate,
(HO.CH,.CH,.80;.0)3Ba. If the solution of the latter be precipi
tated by sufficient sulphuric acid, and the filtrate evaporated, tsethto-
nio acid is obtained in strongly acid deliquescent needles.

The isethionates, which can be prepared from the baric salt by
addition of the respective metallic sulphates, are readily soluble in
water, less in alcohol, crystallise well, and in most cases can be
heated to 350° without decomposition.
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Tsethionic acid as a sulphonic acid is distinguished from the iso-
meric monethylic sulphate :

C,HgS()‘ = CgHb-O.SOQ.OH and HO.CQH‘-SOQ.OH-
Monethylic sulphate. Isethionic acid.

by its grmter stability.

515. Dry potassic isethionate readily reacts with phosphoric
chloride, forming hydrochloric acid, phosphoric oxychloride, and
ssethionic chloride or ethylene sulphon chloride :

CH,.0H OH,.Cl
(:JH, + 2PCl, = 2POC], + 2HOI + én,
80,.0H 2.0l

The latter boils at 200°, and combines the.properties of an alcohol
radical chloride with those of an acid radical chloride, only the latter
being attacked on boiling with water and formation of ethylens
chloro-sulphonic acid :

CH,.0l ('311,.01
Hz + H‘O + QH,O = HCl + OH’ + xH,O
2.Cl 80,.0H

516. Ethylene disulphonic acid, or disulphethiolic acid, is formed
by the oxidation of ethylene dithio-glycol, ethylene sulpho-carbonate,
and of ethylene dithio-cyanate with concentrated nitric acid :

OH,.8H CH,.80,.0H

é + 60 ==é

H,.SH H,.80,.0H

further by decomposition of propionitril by concentrated sulphuric
acid, and by boiling ethylene dibromide with normal potassic
sulphite :

OQH‘BPQ + 2K.SOQ.OK = 2KBr + CQH‘(SOQ.OK)Q.
Separated from its lead salt by hydric sulphide, or from its baric salt
by sulphuric acid, it is obtained on evaporation of the solution in
form of colourless crystals, melting at 94° and readily soluble in

water.
OH,.80,.0
The baric salt, & >Ba, crystallises in hexagonal tables,
H,.80,.0

insoluble in concentrated nitric acid, but can be recrystallised from
boiling dilute nitric acid and is also soluble in water.

NitrogEN CoMPOUNDS OF ETHYLENE.
Amine Bases of Ethylene.

517. In the action of ethylene haloids upon ammonia, or the
alkylamine bases, similar reactions occur to those in the formation of
the alkylamines, but—in consequence of the divalency of ethylene
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—with far greater complications of the products simultaneously
formed. Of these only the simpler and more important will be
mentioned.

518. On heating ethylene dibromide with alcoholic ammonia
there are principally formed, in consequence of the union of ethylene
with the nitrogen of two ammonia groups, the hydro-bromides of the
ethylene diamine bases. The first and simplest reaction yields, by
direct union of a molecule of C,H,Br, with two molecules NH,
ethylene diammonic dibromide :

CH,.CH
BP.OH’-CH’.BI' + 2NH3 = N’::Ha Ha;‘N
Br Br

The process, however, does not stop at this stage, but proceeds
further:

OH,.CH
éﬁa H'_;—-N + Bl'.OH,.OH,.Br + 2NH’ = ZNH‘BI‘

r Br
COH,.CH

and
CH,.CH

OH,.CH, _
@’ H,_N + Br.CH,.CH,.Br + 2NH; = 2NH,Br
Br B
gH,.CH,
H,.CH,
+N <0H,.0H,S N
H H/
Br B
diethylene diammonic dibromide and triethylene diammonic dibromide
being simultaneously formed.
Ammonic bromide first crystallises out of the solution, then ethy-
lene diammonic dibromide, and later follow the other salts.
If the whole mass of salts obtained by evaporation be distilled
with solution of potassic hydrate :

CyH,(NH,Br), + 2KOH = 2KBr + 2H;0 + C,H,(NH,),, &c.,

and the mixture of free amine bases dried by means of solid potassic
hydrate, the single compounds can be separated on submitting to
fractional distillation.

019. Ethylene diamine, C;H (NH,),, is a colourless, strongly
alkaline liquid of faint ammoniacal odour, boiling at 123°, and has a
\;tgowen;ity of 2. I; :'zrms salts with two equivalents of acids,

i tammonto dickloride, CgH(NH,)Cly, crystallises in
beawtiful needies of slvery Tustre, " 100

Another method of preparing ethylene diammonic dichloride con-
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sists in conducting cyanogen gas into hydrochloric acid in which
granulated tin is dissolving :

=N CH,.NH,.HCl

! <+ 48n + 10HCl = 48u0], + |
CH, NH,.HCI
Nitrous anhydride converts ethylene diamine into ethylene oxide,
nitrogen being evolved :

CH, NH CH

I T N0, = 2H,0 + ON, + L ™o

H, NH, H,

By heating with ethylic iodide and decomposition of the product
with potassic hydrate, ethyl groups can be introduced. In this way
there have been prepared
Diethy] ethylene diamine, C,H [N(C,H;)H],
and wt!'ethyl Othylene diamine, CQH‘[N(CgHb)’],.
The latter unites with ethylic iodide, forming
CH,.N(CyHj),L

|
CH,.N(C,Hj;),1
Ethylene diamine, diethyl ethylene diamine, &c., combine directly
with a molecule of water to form ammonic oxides, which on evaporisa-
tion decompose into their constituents, but are again formed on con-
gexau;;tion. The water is removed on distillation over fused potassic
ydrate :

CH,NH, CH,.NH,
é + H,0 =$ >0, ethylene diammonic oxide ;
H, NH, H,NH,

CH,.N(C,H,;)H + EO= CH,.N(C,H;)H diothyl-ethylene
= ) 2 . IO
H,.N(C,H,)H J}H,.N(C,H,,)H,/ diammonic oxide.
The latter solidifies to a stearine-like, brittle mass.
520. Diethylene diamine, CH,(N, or NH<g:g:>NH, is 8 co-
lourless, liquid base, boiling at 170° and of vapour density 29.
It unites directly with ethylic iodide, yielding diethyl-ethylene
diammonic diiodide, from which alkalies separate
Diethyl-diethylene diamins, C;H,N<SELSN.0,H,, as a vola-
C,H,
tile amine base; this further unites with two molecules of ethylic
iodide, giving tetrethyl diethylens diammonic ditodide :
0,H,>N ONEC,H,
1/ NoH,cH,” N
H,.CH,
621. Tf"‘d‘ykm d“mm, CGHl’N, = N CH’.CHQ N’ is an

CH,.CH,
oil boiling at 210°,

Hexethyl ethylene ammonic iodide,
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522. If ethylamine be heated with ethylene dibromide, there are
formed, in addition to diethyl-ethylene diammonic dibromide and
diethyl-diethylene diammonic dibromide :

N(C,H,)H,B

9N(C,H,)H, + O,H,Br, = c,H.<N§C:H3H:B;
also bromides of other ammonium bases, containing more than two
nitrogen atoms. Decomposed by potassic hydrate, there pass over,

above 200°, strongly caustic thick-liquid compounds which are soluble
in water, and from whose mixture
N(C,H,)H
(C,H,)

triethyl-diethylene triamine, N(C,H;)
(CaH),
N(C,H,)H
O,H,.N.(C,H,).N.C,H,

and triethyl-triethylene tetramine, ( 2H‘).ll‘T.( L,H,)

O;H,
can be isolated. These give salte with two or three equivalents of
acid.
523. By the action of trialkylamine bases upon ethylene dibromide,
trialkyl-ethylene bromide ammonic bromides are formed :

CH,.CH,.Br
N(Can.', l)’ + Br.CH,.CH,.Br = NE(Can_'. 1)3
\Br
Triethylamine and ethylene bromide, e.g., give triethyl-ethylene
bromide ammonic bromids, N(CyH,);(CoH,Br)Br. With argentic
nitrate it yields triethyl-ethylens bromide ammonic nitrate :
. [N(C,H;)s(C;H,Br)]O.NO,.

By treatment with argentic oxide and water all bromine is removed
and replaced, as far as regards that united to nitrogen, by hydroxyl,
whilst the ethylene mono-bromide group loses an atom of hydrogen
also, and is converted into vinyl, OH,:CH. There thus results
triethylvinyl ammonic hydrate :

CH,.CH,Br CH:CH,
N—(CsHy), + 2AgOH = 2AgBr + H,0 + N&(C,Hy),
\Br \OH

By nascent hydrogen the ethylene bromide group is converted into
ethyl, and tetrethyl ammonic bromide is formed :

CH,.CH,.Br CH,.CH,
N&=(C,H;) + 2H = HBr + N=(C,H,)
Br Br

524. The ethylene hydrate amines are closely related to the ethy-



AMINE BASES, 321

lene monobromo-bases. In these ethylene is united by one bond with
OH, and by its second bond to an ammonia residue. These strongly
basic ethylene hydrate amines are formed by the combination of ethy-
lene oxide with concentrated solution of ammonia or substituted
amines, the reactions being violent :

H..CH,.OH
CH,.CH; + NH; =N g ethylene hydrate amine ;
N

2C,H,0 + NH, = N H1CHz0M)s gigiylane hydrate amine;

3C,H,0 + NH; = N—(CH,.CH,.0H),, triethylene hydrate amine,

In the form of their salts they are obtained by bringing together
ethylene hydrate chloride and ammonia or amine bases, only one mole-
cule, however, generally entering into reaction :

OH,.CH,.0H
NH, + CLCH,.CH,.0H = N=H,

o1

Ethylene hydrate ammonic chloride.
CH,.CH,.0H

and  N(CH,), + CLCH,.CH,.0H = N4(CH,),

Cl

Ethylene hydrate trimethyl ammonic chloride,
or choline hydrochloride.

They are, therefore, half alcohols and half animes,

In order to separate the compounds simultaneously formed, the
varying solubility of their hydrochlorides and platino-chlorides is
made use of. The mixture, after addition of hydrochloricacid, is eva-
porated as far as possible to dryness, whereby triethylene hydrate
ammonic chloride, N(C,H,OH);. HCl, partly crystallises out in
prisms, whilst diethylene hydrate and monethylene hydrate ammonic
chlorides cannot be obtained in the solid state. The first is insoluble
in absolute alcohol, which dissolves both the others; the alcoholic
solution is then mixed with platinic chloride. The double salt of
diethylens hydrate ammonic chloride, [N(C,H,.OH),H,Cl],PtCl,,
crystallising in prisms, first separates, whilst that of ethylene hydrate
ammonic chloride, [N(C,H,.OH)H,CI],PtCl,, is precipitated later on_
addition of ether. The platino-chlorides are separated, dissolved in
water, and the platinum precipitated by hydric sulphide. On evapora-
tion the hydrochlorides are obtained, which by treatment with moist
argentic oxide yield the free bases. The latter are strongly alkaline
syrups, which dissolve in alcohol.

onethylene hydrate amine is isomeric with aldehyde ammonia or
ethylidene hydrate amine (§ 424):

CH,O0H CH, o
H
H,NH, H<yn,
Ethylene hydrate amine. Ethylidene hydrate amine,

R 4
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585. Choline, C;H,,NO,, trimethyl ethylene hydrate ammonic
Aydrate :
CH,.CH,.0OH
CH,
Lo
CH,
OH

requires more detailed notice.

This strongly alkaline ammonium base was first found in the bile,
later prepared under the name neurins from the brain, and also occurs
widely diffased in organic nature as ¢ sincaline’ Neurine does not
occur as such in the organism, but in combination forming lecithine, a
fatty substance, which yields neurine as a product of its resolution
into simpler bodies.

In order to prepare choline, ox brain is generally employed. This
i8 finely divided, and extracted first by frequent shaking with ether
and then with warm alcohol. The ether and alcohol are then eva-
porated off, and the residue boiled for about an hour with excess of
solution of baric hydrate. Excess of baric hydrate is then removed
by passing carbonic anhydride, the liquid boiled, filtered, and the clear
aqueous liquid evaporated to a syrup on the water bath. This is ex
tracted with abeolute alcohol, the filtered solution treated with slight
excess of hydrochloric acid and precipitated with platinic chloride.
The clear yellow precipitate of platino-chloride is then dissolved in
water, freed from platinum by hydric sulphide, and finally crystalline
choline hydrochloride, N(CH,),(C,H .OH).C], obtained by evaporation
in a dry vacuum. This, on treatment with moist argentic oxide, yields
an aqueous solution of free neurine :

N(CH,)3(CsHOH)Cl + AgOH = AgCl + N(CH,),(C,H,.0H)OH,

which, on complete evaporation, forms a caustic, alkaline, difficultly
soluble syrup, which absorbs water and carbonic anhydride from the
air. The platino-chloride, [N(CH,),(C,H . OH)CI],PtCl,, crystallises
from its aqueous solution in beautiful reddish yellow tables. ~Accord-
ing to some authors, the base obtained from nervous tissue is not
choline, but trimethyl-vinylammonic hydrate, which they then term
neurine. But, as hydrochloric acid is employed in the preparation, it
may readily have occurred that trimethyl-ethylene chloride ammonic
chloride may have been formed, which would yield the vinyl base
when treated with argentic oxide.

Choline is obtained synthetically by the action of ethylene hydrate
" chloride or of ethylene oxide and water on trimethylamine:

oH CH,.CH,.0H
I ’>o + N(CH,), + HOH = N<(CH,),

On heating choline with concentrated hydriodic acid and some red
hosphorus at 140° it yields trvmethyl-ethylene todo-ammonie todide,
(CH,)s(CsH, I)I, which is also obtained from trimethylamine and
ethylene diiodide. Moist argentic oxide converts it into trimethyl
vinylammonic hydrate :
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N(CH,)(C,H,I)I + 2AgOH = 2AgI + H,0
+ N(CH,),CH : CH,.0H.

5268. Urea Derivatives.—On heating ethylene diammonic chloride
with argentic cyanate, and evaporating the filtered liquid, crystals are
obtained of .

Ethylene diurea, C H,,N 0, :

OH,;.NH,Cl CH,.NH.CO.NH,
(lj + 2Ag.N:00 = 2AgCl1 + |
H,.NH,(l CH,.NH.CO.NH,

This is difficultly soluble in cold water and alcohol, melts at 192°,
combines with acids to form salts, and on heating with potassic hy-
drate yields ammonia, ethylene diamine, and potassic carbonate.

Daethyl-ethylene diurea, C¢H (N ,O,, is obtained similarly to the
foregoing from diethyl ethylene ammonic dichloride and argentic
pseudo-cyanate :

CH,.N(C,H,)H,Cl CH,.N(C,H,)CO.NH,

+ 2AgN:00 = 2AgCl + (';
CH,.N(C;H,)H,Cl H,.N(C,H,)CO.NH,

It is readily soluble in alcohol, and is readily decomposed on heating
with acids, yielding carbonic anhydride and salts of diethyl ethylene
diamine and ammonin.

Ethylene diethylurea, CgH,gN,0,, isomeric with the preceding,
is obtained by the action of diethylene diamine on ethylic pseudo-
cyanate :

. OH,NH, CH,.NH.CO.N(C,H,)H

é + 2CO.N.C,H, = $
H,NH, H,.NH.CO.N(C,H,)H

It is insoluble in alcohol and is difficultly decomposed by strong acids,
but on heating with alkalies gives carbonates, ethylamine, and ethylene
diamine.

527. Ethylene dithio-urea can be obtained from ethylene diamine
and carbonic disulphide in the following way (comp. § 284):—On
mixing in presence of alcohol, the mixture, at first clear, solidifies to a
mass insoluble in alcohol and ether, containing equal molecules of the
two ingredients. On boiling the aqueous solution for a long time,
hydric sulphide is evolved, and on cooling fine white crystals of bitter
taste separate of ethylens sulphurea, CsHgN S :

CH,.NH,.8 CH, NH
| =H,8+ | Nos
H, NH.CS CH,NH/
Tt yields very unstable salts with acids, but is precipitated by mercuric
chloride and argentic nitrate as crystalline compounds with these
ulte; e.g. 203H6Ngs,3HgC]3.

Tam, CzH-'NSOa.
528. Taurine, or ethylene-amine sulphonic acid, stands in close
relationship to isethionic acid :
Y2
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CH,.0H CH,.NH,
|
2 CH,
éo,.on éo,.on
Isethionic acid. Taurine.

It is of great physiological importance. As this compound is at
the same time a sulphonic acid and an amine, it can only exist as a
saline compound, which may be derived from only one molecule, but
more probably possesses the double formula :

CH,.NH,.0.80,
OH,.CH, NH, é
or H, H,
0,.0 | é
80,.0.NH,;.CH,

Taurine is most readily prepared from the bile of animals, which
contains invariably the alkaline salte of nitrogenous and sulphur-
ocontaining acids, taurocholic acids. The latter are converted into
sulphur-free acids (cholic acids) and taurine on boiling with strong
acids or bases (comp. bile acids).

Taurine is also found in animal tissues, e.g. in the lungs and
muscles (especially of mollusca).

It is prepared synthetically by heating ammonic ethylene chloro-
sulphonate with aqueous ammonia to 100° :

CH,.CH,.Cl OH,.CH
'>NH,

LO,.O.NH. +NH, = NHA+ | 0,.0

Taurine crystallises in large, hard, colourless prisms of the monoclinic

system, without taste or odour, and which are ditficultly soluble in

cold, readily in hot water, insoluble in alcohol and ether. With

potassic hydrate it yields potassic ethylene-amine sulphonate :
CH,.CH CH,.CH, NH,
80,.0 0,.0K

which is of alkaline reaction and is soluble in alcohol. .
By action of nitrous acid taurine is converted into isethionic acid,
nitrogen being evolved :
CH,.OH,\ CH,.CH,.OH
0,.0 80,.0H

Nitryl Compounds of the Olefines.

629. Compounds of the glycol radicals with nitryl, (NO,), have
only as yet been obtained from the olefines by action of concentrated
nitric acid or by direct union with nitric peroxide.

Ethylene dinitryl, CsH ,N,0,, is most readily obtained when dry
ethylene gas is passed into anhydrous ether, to which, at the same
time, liquid nitric peroxide is added drop by drop:

O’H‘ + N,O‘ = C,H‘(NO,),.
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Colourless prisms or tables of ethylene dinitryl separate, which melt at
37'5° and volatilise at slightly higher temperature (with especial
readiness in an atmosphere of ethylene gas).

TIsoamylene dinitryl, CsH,o(NO,),, 18 obtained by passing nitric
peroxide vapour into isoamylene, or iscamylene vapour into red fuming
nitric acid. It crystallises in rectangular tables, which decompose at
96°, but sublime slowly below this temperature.

Phosphorus and Arsenic Compounds of Ethylene.

830. Triethyl phosphine and triethyl arsine bebave towards ethy-
lene haloids in similar manner to the trialkylamines (§ 522).

1. If triethyl-phosphine be left for a long time with ethylene
dibromide at ordinary temperatures, it yields mainly

Triethyl-ethylene bromo-phosphonic bromide :

C'HIQPB!" = P(C’Hﬁ)s(CHg.CH’BP)Br,

crystallising from water and alcohol n rhombic dodecahedrons. On
addition of argentic nitrate half the bromine is precipitated, whilst the
nitrate, P(C3H,)3(CsH,Br)O.NO,, remains in solution. The latter is
converted by hydrochloric acid into the chloride, P(CyH,),;(C,H Br)Cl,
which gives wii.h platinic chloride a difficultly soluble double salt,
stallising in long prisms.

i If tl;:s;ngﬁginaln%r%mide be heated, either alone or with argentic
salts, it loses hydrobromic acid from the ethylene bromide group, and
yields derivatives of triethyl-vinyl phosphonium ; on heating to 240°,
e.g., a residue of triethyl-vinyl phosphonic bromide, P(C;3H,)5(C;H,)Br,
remains,

If, on the other hand, the first bromide be heated in dilute solution
with argentic oxide, both bromine atoms are replaced by hydroxyl,
and the strongly alkaline base triethyl-ethylene hydrate phoaphonicxz -
drate, P(C,H,)3(CH4.CHa.OH)OH, is obtained.

2. An excess of triethyl-phosphine is converted by ethylene di-
bromide into

OH’.P(O’HS )331'
Hezxethyl-ethylens diphosphonic dibromide,

H,.P(C,H;),Br

crystallises in colourless needles readily soluble in alcohol and water.
By moist argentic oxide it is converted into
CH,.P(C,H,),0H

Hexethyl-ecthylene diphosphonic dihydrate, | y &
CH,.P(C,H,),0H
strongly caustic, deliquescent mass. Triethyl-ethylene bromide
phosphonic bromide also gives analogous derivatives with trialkyl
phosphines :
CH,.P(C,H;),B!’ CH,.P(C,H,);BI‘
+ P(CH,); = &
H’-Bl' H,-P(CH,);BP
Trimethyl-triethyl diphosphonic dibromide.

531. The latter reaction can be employed for the preparation of
compounds containing both phesphorus and nitrogen :

is
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CH,.P(C,H,),BI‘ N CH,-P(C,H,,),B!'
+ -

HQ.BP CH,-NH’BP
Triethyl-ethylene phosphammonic dibromide.
OHQ.P(C’Ha)aBr CHQ.P(CgHb)sBI'
! + N(CHp)H; = |
OH,.Br CH,.N(CH,)H,Br
Triethyl-methyl ethylene phosphammonic dibromide.
OH,.P(C,H;);Br CH,.P.(C,H,),Br
+ N(CH,), = | i
H,.Br CH, N(CH,)H,Br
&e. Triethyl-trimethyl ethylene phosphammonic dibromide.

532. Triethylarsine behaves towards ethylene dibromide in similar
manner, and yields arsonic derivatives analogous to the phosphonic
derivatives (§ 530) :

(I)H,.As(c,n,),nr . CH,.As(C,H,),Br
AN

CH,.BI‘ CH’.AS(CgHs)aBr
Triethyl-ethylene bromide Hexetbyl-ethylene diarsonic
arsonic bromide. dibromide.

of which the first unites directly with ammonia, amines, and phos-
phines; e.g.

CHQ-AS(CQH&)’BT CH,.AB(C,H,,);BI‘

: + N(CsH)Hy = |

CH,.Br CH,.As(C,H,)H,Br

Triethyl-ethyl ethylene arsammonic dibromide.

Triethyl arsine also unites directly with triethyl-ethylene bromide
phosphonic bromide :

CH,.P.(C,H,),Br CH,.P(C,H,;),Br
+ A8(C,H,); = |
CH,.As(C,H;);Br

Hexethyl-ethylene phospharsonic dibromide.

|
CH,-BI'

Metallic Compounds of Ethylene.

533. Glycol derivatives corresponding to the large group of
metallic compounds of the monad alcohol radicals are not known.
Their preparation has in part been attempted without vesult. Only
ethylene forms some derivatives in which it is at least in part united
to metals, especially platinum and iron.

Ethylene platinum chloride, C;H PtCl,, is formed by heating a
solution of platinic chloride with alcohol, or by passing ethylene gas
into a hydrochloric acid solution of platinous chloride :

om, ?H,\ e (]3H,.Cl
+ == or
HH, ) : a CH, PtCl

It is a clear yellow mass, whose aqueous solution yields compounds
with ammonic and potassic chlorides, crystallising in rhombic prisms,
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The latter, C,H ,PtCl,,KC],H 0, yields on beating ethylene gas, whilst
potassic platinous chloride remains. Propylene and isoamylene also
yield similar compounds ; C;HPtCl,;, KClLH,O crystallises in yellow
tables ; C,H,,PtCly, KCLH,0, in golden yellow scales resembling
plumbic iodide.

Ethylene iron chloride, CoH FeCly,2H,0. This body is obtained
on heating a solution of ferric chloride in ether to 140°-150°, better if
some phosphorus dissolved in carbonic disulphide be added, the heat
of the water bath then sufficing. The liquid fills with hard, nearly
colourless crystals of the above formula. These become somewhat
damp in the air, and oxidise, turning yellow. They dissolve readily
in water, and lose their water of crystallisation at 100°. Their whole
bebhaviour characterises them as a ferrous compound, so that their

CH,\ /Cl
composition cannot be expressed by the formula | /F ,butis
C 1

H,
CH,.Cl
in all probability | « . Their formation is expressed by the
CH,.Fe.Cl
equation :
2(C’H5)20 + FO,CIG = 'JC,HJ:“eC], + 202H5.0H + 2012,‘
the chlorine acting on the resulting alcohol or the excess of ether
either directly or after combination with phosphorus.



TRIPLE SUBSTITUTION PRODUCTS OF THE
PARAFFINS.

DERIVATIVES OF THE TRIVALENT RabpIcALS, ChHgp_ ;.

534. The replacement of three hydrogen atoms in a paraffin by
other elements or compound radicals yields, in accordance with the
chemical position of the replacement, the following groups of com-
pounds :—

1. If the three substitution positions are on & single, necessarily
terminal carbon atom, there occur derivativee of the hydrocarbon

radical :
CoHgn s

whose simplest oxygen compounds are the organic acids CpH 3,0, or
OwHyn 4y

bu

The first member of the series is the mono-carbonide formyl
H.C:

2. If two substitution positions occur on one, the third on a second
carbon atom, two cases may occur.

a. The double replacement occurs, as in the aldehydes, on a ter-
minal carbon atom :

&nﬁﬂw
i
The compounds of this class are those of the mono-substituted alde-

hyde radioals. The first member of the series is a dicarbonide :

CH,.

|
CH:

b. In the derivatives of the mono-substituted ketone radicals the
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double substitution has occurred on an intermediate secondarily united
carbon atom :
CpHpn—

&,.H,,...,. 1

All compounds of this class must contain more than two carbon
atoms.

3. If, finally, all these substitution positions occur on three different
carbon atoms, there result derivatives of the trivalent alcohol radicals,
whose first member is the tricarbonide glyceryl or allyl :

CH,—
H—

b,

DEr1vaTIVES OF THE Acip Rapicats, CpH,p, 1.0t

535. The first member of this series, strictly speaking, is the radical
of acetic acid, CH;.C ; (acetyl), but that of formic acid, H.C : (formyl),
shows such a.na.logy that it must be included in the group. Up to the
tricarbon radical of propionic acid, CH,.CH,.C :, no isomerism occurs,
this commencing only with a carbon contents of four atoms :

OH,

by
=L

Their number is always equal to the number of primary alcohols of
equal carbon contents.

536. By far the larger number of the acid radical derivatives con-
tain an oxygen atom in divalent union, oxidised radicals, CoHop 4.,.CO,
actdoxyls, thereby resulting, whose hydrates are the monobasic organic
acids, CyHgn 4.,.CO.OH. In these hydrates not only the halogen
atom, but also the whole hydroxyl group is readily replaced by other
elements, whilst the oxygen atom in diad union i8 only eliminated
or replaced with difficulty.

Halogen and Nitryl Compounds.

537. The number of known halogen compounds of the acidyl
residue C..H,,,_l is very small, consisting of the trihaloids of formyl
and acetyl.

The trichlorides and tribromides are obtained directly by the action
of the ive halogens upon the paraffins, but are more readily

from the chlorides and bromides of the respective primary
cohols and the dihaloids of the aldehyde radicals :

CH, CH,
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CanQn'.’. I-CHgCl + 201, = Cn:Hgnr.'. |.Ccla + 2HC].
CD'HZII'+ ]-CHC], + Clg = OB'HQB'-Q- l.CCls + HCl.

They can be partly obtained from the acidoxyl chlorides,
CnHpy 4 1.COCl, by heating with excess of phosphoric chloride :

CB'HQII'-G— l.COCl + PClﬁ = POC]3 + CB'HZII'+ I.Ccla-

The yield, however, is but small, the high temperature required for
the reaction leading to further decompositions.

Formyl Compounds.

838. Formyl trickloride, or chloroform, CHCl,, trichlor methane.
Chloroform is obtained by the direct action of chlorine gas on methane,
methylic chloride, and methene dichloride, and further by the dis-
tillation of wood spirit, aleohol, acetone, acetates, and several other
organic bodies with chloride of lime, also, together with potassic for-
mate, by heating chloral with solution of potassic hydrate :

CCl,.CHO + HOK = CCL,H + CHO.OK.

The latter method has been employed of late for the manufacture
of pure chloroform ; in large quantity it is still obtained from alcohol.
For this purpose three parts of alcohol, 100 parts of water, and fifty
parts of chloride of lime are submitted to distillation. In the receiver,
which must be kept well cooled, two layers of liquid collect, the under
consisting mainly of chloroform. This is shaken with water and then
purified by distillation over concentrated sulphuric acid.

Chloroform is a colourless, strongly refractive liquid, not miscible
with water, of sp. gr. 1'62 at 0°, boiling point 61° and of vapour
density 4:199. It is uninflammable in air, has an agreeable odour, a
sweet taste, and on long inhaling of its vapour produces loss of con-
sciousness and insensibility to pain. It is therefore employed as an
ansesthetic agent.

Chloroform is further employed as a solvent for fats, resins, caout-
choue, &c. Sulphur, phosphorus, and iodine also dissolve in it, the
latter with violet colour.

Ammonia converts chloroform at 180° into ammonic chloride and

cyanide :
HCCl, + 5NH; = 3NH,Cl + (NH,)CN ;
by addition of potassic hydrate ammonic cyanide is obtained at con-
siderably lower temperatures :
HCC]; + 2NH, + 3KOH = 3KCl + (NH,)CN + 3H,0.
Alcoholic potassic hydrate converts it into potassic chloride and

formate :
HCC]; + 4HOK = 3KCl 4+ HCO.0K + 2H,0,

or in presence of alkylamines gives the alkyl isocyanates (§ 278).

The chloroform of commerce, especially when prepared from
aleohol, is frequently contaminated with other bodies, such as aleohol,
aldehyde, ethylidene dichloride, &c., and then readily becomes useless
on keeping. Pure chloroform must be without action on vegetable
colours, must not colour a mixture of sulphuric and chromic acids
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green, must not turn brown with sulphuric acid or potassic hydrate,
and must not suddenly evolve inflammable gases (monochlor ethylene)
when heated with alcoholic potassic hydrate.

By the action of chlorine on boiling chloroform in sunlight

Carbonic tetrachloride, or tetrachlor methane, CCly, is obtained as a
colourless oil of ethereal odour, of sp. gr. 1:56 and of boiling point 78°.
The same compound is formed by passing chlorine into a heated
mixture of carbonic disulphide and antimonic chloride :

C8, + 601 = 8,01, + CCl,.

The product is distilled, and that portion passing over below 100°
treated with solution of potassic hydrate in order to decompose the
sulphur chloride.

Potassic hydrate decomposes an alcoholic solution of carbonic
tetrachloride into potassic chloride and carbonate :

00l, + 6KOH = 4KCl + K,CO, + 3H,0;

and nascent hydrogen converts it into chloroform, methene dichloride,
methylic chloride, and even methane :

CCl, + 2H = CHCl,; + HC], &e.

Methane is also obtained when the vapour of tetrachlor methane mixed
with hydrogen is passed through red-hot tubes :

CCl, + 4H, = CH, + 4HCL

539. Formyl tribromide, bromoform, CHBr;, is obtained, similarly
to chloroform, by the action of bromine and potassic hydrate upon
methylic and ethylic alcohols, acetone, &c. It closely resembles chloro-
form, but has a higher sp. gr. (2'9), boils between 150° and 152°, and
solidifies at —9° to a colourless crystalline mass.

_ On heating bromoform or carbonic disulphide with bromine, car-
bonic tetrabromide, CBr,, is obtained ; it melts at 92-5° is insoluble
in water, and forms tabular crystals.

540. Formyl tritodide, or todoform, CH,I, is obtained by heating
methylic and ethylic alcohols, ether, acetone, sugar, dextrine, albumin-
oids, &c., with potassic hydrate and iodine. It separates thereby in
yellow leafy crystals, which on recrystallisation from ether form large,
citron-yellow, brilliant, bexagonal tables. It is insoluble in water,
but readily soluble in alcohol and ether. At ordinary temperatures
it evaporates slowly and smells like saffron. It evaporates readily
and unchanged with aqueous vapour and melts at 119°, Its reactions
resemble those of chloroform. Its convertibility into methene com-
pounds has been already mentioned (§ 380).

If iodoform be distilled with plumbic, mercuric, or zinic chlorides,
JSormyl dichloroiodide, or dichloriodoform, CHCl,I, passes over as a
yellow-coloured oil, boiling at 131°.  Bromine converts iodoform into
formyl dibromiodide, or dsbromiodoform, CHBr,lI.

641. Nitroform, or trinitro-methane, CH(NO,;),, is formed by
the action of the most concentrated nitric acid upon the bile acids,
upon cenanthol, and some organic bodies. It is usually prepared from
triaceto-nitrile (see later). On boiling this with water or alcohol,
carbonic anhydride is evolved, and the solution evaporated on com-
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pletion of the reaction yields yellow crystals of a saline ammonium
derivative of nitroform :

O(NO,);.ON + 2H,0 = O(NO,), NH, + CO,.

On heating this latter with concentrated sulphuric acid, nitroform
separates as a colourless oil, which crystallises on cooling :

C(NH,)(NO,); + H,80, = (NH,)HSO, + CH(NO,),.
Trinitro-methane crystallises in colourless cubes, which melt at 15° to
a liquid of powerful odour. It decomposes slowly at 100°, on quicker
heating, with violent explosion.

Nitroform has the properties of a powerful acid, combines with
ammonis, forming C(NH,)(NO,),, and yields yellow crystallisable
salts with the alkalies :

CH(NO,); + KOH = CK(NO,), + H,0.

A mixture of concentrated nitric and sulphuric acids converts it into
Tetranitro-methane :

CH(NO,), + HO.NO’ + H,SO4 = H4SO§ + C(NOQ)‘,

a colourless uninflammable oil, boiling at 126°, which solidifies in the
cold to colourless crystals, melting at about 13°.

542. Nitro-chloroform, or chloro-pierin, CCl3(NO,), is formed by
the distillation of methylic or ethylic alcohol with sodic chloride,
nitric acid, and sulphuric acid. It is formed from many chlorinated
organic bodies by heating with concentrated nitric acid :

CCl,.CHO + HO.NO; = CCl3(NO,) + H,0 + CO,.

Chloral.

By heating chloroform with concentrated nitric and sulphuric acids,
but little chloro-picrin is formed together with many gaseous pro-
ducts :

CHCl; + HONO, + H 80, = H,80, + C(NO,)Cl,.
It is most readily prepared by mixing one part of & solution of trinitro-
phenol (picric acid), saturated at 30°, with ten parts of bleaching
powder rubbed up with water to a thick paste, when, without appli-
cation of heat, chloro-picrin distils as a colourless, uninflammable oil,
of sp. gr. 1:66, boiling at 112°~113°. The vapour attacks the mucous
membrane violently. Treated with iron filings and acetic acid, it
yields methylamine :

2CCl4(NO,) + 12Fe + 18HO.C,H,0 = 2CH, NH, + 4H,0

+ 3FeCl, + 9Fe(0.CyH,0),.
‘With sodic ethylate it gives ethylic ortho-carbonate (§ 227), and by
heating with alcoholic ammonia, guanidine (§ 127):
C(NO,)Cl; + TNH, = C(NH)(NH,), + 3NH,C] + 2H;0 + N,.

D;/nmodw hlo“ mﬂww, C(NO,)QCIQ, iB fomed by dlﬂ. h.l. i

naphthaline chloride with nitric acid, as a colourless oil, distillable

with water vapour.
Nitro-bromoform, CBry(NO,), is obtained, like chloro-picrin, b
heating picric acid with lime paste and bromine. It is an oil, crystal-
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line below 10°, of sp. gr. 2:8, and possessing similar properties to
chloro-picrin. It cannot be distilled under ordinary pressure without
decomposition, but distils unchanged in vacuo.

Acetylic Trichloride.

543. Acetylic trickloride, or tricklor ethane, CH,4.CCly, is formed,
together with ethylidene dichloride and higher substitution products,
when ethylic chloride vapour is mixed with chlorine in sunlight. The
reaction is generally conducted in a balloon, as in the preparation of
ethylidene dichloride (fig. 21, § 473). Another still better method
consists in passing chlorine on to the surface of ethylidene dichloride
contained in a glass balloon exposed to sunshine. The balloon is at
starting heated on a water bath until the ethylidene dichloride begins
to boil. If the chlorine be added quickly, and the prooees :

OH,.CHCI, + Cl, = HCl 4+ CH,.CCl,,

is lively, the liquid continues to boil of itself. The action is interrupted
as soon as the temperature of the boiling liquid reaches 70°. But
small quantities of chlorine-richer products are then formed ; there is,
however, still some unaltered ethylidene dichloride. A cetylic trichloride
is obtained pure by fractional distillation.

It is a colourless liquid, of chloroform-like odour, not miscible
with water, boils at 73°-75°, and is converted into potassic acetate by
heating with aqueous or aqueo-alcoholic potassic bydrate :

CH,.CCl, + 4HOK = 3KCl 4 OH,.CO.0K + 2H,0.

Ethereal Derivatives of Acidyls,
CaHyn+1.01 (0.CaHpn 4 1)ae

544. One molecule of an acidyl trihaloid so reacts with three mole-
cules of a sodic alkylate that in great part the three halogen atoms
are replaced by oxyalkyl groups, and the ethereal derivatives of the
acidyl radicals obtained. Boiling solutions of alkaline hydrates con-
vert these compounds into alcohols and salts of the monobasic organic
acids :

Can“l+ 1.02 (O.CnHm+ |)g + HOK + H’O = Cn-H’n'... l.C0.0K
+ 3CyHyp 4 ,.OH.

So far only the following compounds have been obtained : —
Formyl-triethyl ether, or ethylic orthoformate, H.C: (0.C4H,),, is
obtained by heating chloroform with an alcoholic solution of sodic
ethylate :
H.COl; + 3NaO.C,H, = 3NaCl + H.C(0.C,H,),,

as & liquid boiling at 146° and insoluble in water. It yields potassic
formate when heated with alcoholic potassic hydrate.

Acetyl-triethyl ether, or ethylic ortho-acetate, CH,.C :(OC,Hy),, is
formed by heating acetylic trichloride with sodic ethylate free from
alcohol in presence of ethylic ether at 100°-120°:

CHa.OC]3 + 3N‘0.C’H5 = 3NaCl + CH,.C(O.C,H,),.
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At the same time a peculiar compound is formed according to the
equation :

CH,.CCl,; + 2Na0.CyH, = 2NaCl + HO.C,H, + CH,:CCIl(0.C,H,).
This boils at 122°, and cannot be completely separated from the acetyl-
triethyl ether by fractional distillation. The latter boils at about 142°,
and on heating to 120° with water decomposes into acetic acid and
alcohol :

CH,.C(0.C;H;); + 2H,0 = CH,.CO0.0H + 3HO.C,H,.

Acido-nitriles, or Alkyl Cyanides, CoHgpn o ,.C:N.

545. The three bonds of the acid radical can be united to a single
nitrogen atom. There thereby result compounds of the true cyanogen
group, —C=N, with the alcohol radical of next lowest carbon con-
tents, the true alkyl cyamides, acidyl nitriles, or acido-nitriles, which
are isomeric with the alkyl isocyanides or alkyl carb-ammonium com-
pounds (§§ 278 and 279).

As alkyl cyanides these compounds are obtained with carbon-
nucleus synthesis when alcoholic solutions of the alkyl haloids, best
the iodides, are heated with potassic cyanide or potassic mercuric

cyanide :

CnH!n +1 Can +1

i + KC:N=KI + é

I ‘N
or when an intimate mixture of a potassic alkyl sulphate and potassic
cyanide is submitted to dry distillation :

(CnH2n+ |)KSO‘ + KCN = K’SO‘ + Can+ I-CN.
In the latter method some isocyanide, (CuHgy 4 ).N: C, also distils
over. In order to destroy this the distillate is shaken with water
containing hydrochloric acid until the unpleasant odour of the iso-
cyanide has disappeared ; the excess of acid is neutralised by addition
of dried soda, and the cyanide obtained pure on distillation.
" These compounds are also formed by the action of cyanogen

chloride on the zinc dialkyls :

2NCCl + Zn(CaHgn 41)s =ZnCl; + 2N :C.CyHyy ).
As acido-nitriles these compounds are obtained by distillation of
the acid amides with phosphoric anhydride :
CvHon 4y CoHjn g

|_ + P,Os - 2HP03 +
NH, .
546. As triad nitrogen compounds the nitriles (like prussic acid)
unite directly with a molecule of a halogen hydro-acid. The com-
ds 8o formed decompose with water into an ammonic salt and
free organic acid :

OaHim41.C: N2 4+ 2H,0 = NH,C1 + CyHoye4,.CO.OH.
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The cyanides undergo the same change when boiled with a strong
mineral acid. Alkalies act on them in a similar way, giving free
ammonia and the potassic salt of a monobasic acid of like carbon
oontents :

Cn,Hm,+ l.CN + HOK + H,O = Cn'Hn'.'_ |.C0.0K + NH;.

Nascent hydrogen converts them into the alkylamines (§ 266).

647. Formo-nitrile, HCN, has already been described as hydro-
cyanic acids amongst the cyanogen compounds (§ 74).

Aceto-nitrile, or methylic cyanide, CH;3.CN, 18 obtained either from
methylic iodide and potassic cyanide, or best from acetamide by dis-
tillation with phosphoric anhydride. It is a colourless, agreeable-
smelling liquid, which boils at 82°, mixes with water in every pro-
portion, and burns with a violet-mantled flame.

It combines with a molecule of bromine, on heating to 100°, to a
body, CH3;.CNBr,, crystallising in rhombic prisms, melting and
subliming at 65°, and probably of the constitution CH,Br.CNHBr.

The bodies CH,;CN.HBr and CH,;CNHI, obtained directly
with considerable evolution of heat, are solid crystalline masses.

Aceto-nitrile also unites with phosphorous chloride, CH;.CN.PCl,,
and with many metallic haloids forming crystalline compounds, such
as CH,.CN,SbCl,, (CH4.CN),8nCl,, &e. These volatilise on heating
and condense unchanged, but are decomposed by water.

548. Propio-nitrile, or ethylic cyanide, C;H;.CN, is prepared from
ethylic iodide, or ethylic potassic sulphate and potassic cyanide, also
from propionamide and phosphoric anhydride. It is a colourless
liquid of agreeable odour, not miscible with water in every propor-
tion, which boils at 98° and has sp. gr. -787. It yields similar com-
pounds to aceto-nitrile with bromine, hydro-acids, and metallic
chlorides.

If propio-nitrile be allowed to drop on metallic potassium, a violent
reaction occurs, in which potassic cyanide and butane are formed :

2CgH5.CN + K’ = 2KCN + C‘HIO,

but at the same time a part polymerises to

Cyanethine, CoH | N,. This latter is a white, odourless body,
crystallising in leafy crystals, which melt at 190° and boil at 290°
with partial decomposition. It is little soluble in cold water, is a
strong base, and yields crystalline salts with one equivalent of acid,
e.g. CoH, N3, HNO,. Its constitution is not yet certain, but from
ita formation it would appear to be triethylic tricyanids (§ 72):

03H5-0=N

O,H,.

549. Butyro-nitrile, O3H;.CN, occurs as two isomerides.

1. Propylic cyanide, CH;.CH,.CH,.C: N, prepared from normal
propylic iodide and potassic cyanide, or by distillation of butyramide
and P;0;, is an oil boiling at 118°-119°,

2. ITsopropylic cyamide, or isobutyro-nitrile, (CH,;),CH.CN, is ob-
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tained from isopropylic iodide and potassic cyanide, or by long heating
of isobutyric acid with potassic sulpho-cyanate :

(CH,),0H.CO.0H + HSON = H,8 + CO, + (CH,),CH.CN.

It is an oil of peculiar aromatic odour, boiling at 107°-108°,

550. Valero-nitriles, or butylic cyanides, C,Ho.CN. Four of these
compounds are possible, but are not all known.

1. Normal valero-nitrile, or butylic cyanide :

OH,.CH,.CH,.CH,.CN,

is prepared from normal butylic haloids and potassic cyanide. It
boils at 140°5° and has at 0° sp. gr. ‘8164.

2. Isovalero-nitrile, or ssobutylic cyamide, is prepared from iso-
butylic iodide and potassic cyanide, or by heating isovaleric acid with
potassic sulpho-cyanate, as a colourless oil of bitter almond odour, of
8p. gr. ‘8227 at 0°, and boiling at 126°-128°,

3. Trimethyl aceto-nitrile, or trimethyl carbin-cyanide :

CH,

CH,—>C.CN,

CH,
is obtained readily by the action of pure trimethyl carbin-iodide on
potassic mercuric cyanide. SBome isocyanide, (CH,),C.N=C, is
always formed at the same time, but is readily decomposed by hydro-
chloricacid. Trimethyl aceto-nitrile is a colourless oil, boiling at 105°-~
106° ; on cooling it solidifies to & crystalline mass, melting at 16°.

The fourth isomeride, CH"gg?CH.CN, has not yet been pre-

pared.
551. Tsoamylic cyanide, or isocapro-nitrile :
(CH,),.0H.CH,.CH,,.CN,

obtained by the dry distillation of isoamylic potassic sulphate with
potassic cyanide, is an unpleasant-smelling oil, of boiling point 146°
and sp. gr. ‘806.

Duvmethyl-ethyl aceto-nitrile, C(CH,),C,H,.CN, boils at about 130°,

@nantho-nitrile, or hexyl cyanide, C¢H, 5.CN, is prepared by action
of potassic cyanide on hexyl chloride.

Caprylo-nitrile, or heptyl cyanide, C,H,;.CN, pre by heating
ammonic caprylate with phosphoric anhydride, boils at 194°-196°
and has sp. gr. "8201 at 13-3°.

Pelargo-nitrile, or octylic cyanide, CgH;,.CN, prepared by boiling
octylic cyanide with potassic iodide and alcohol, boils at 206° and
has sp. gr. ‘8187 at 14°.

Cetylic cyamide, or margaro-nitrile, C,¢H,,.CN, is prepared by the
action of oetylic iodide upon potassic cyanide, though not in a com-
pletely pure condition.

NH,
Ac‘dyl Dmim, Canznl+ |.C NH

552. Of the compounds of the acid radicals with two nitrogen
atoms—one amide and one imide group—only the members poorest
in carbon are known, and then only in compounds with acids.
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553. Formyl diamine, or formyl imide-amide, CH,N,, or
CH(NH)NH,. On heating formyl triethylate with acetamide to
180° both bodies react according to the equation :

CH(0.C,H;); + 2N(C,H,0)H, = 3HO.C,H,
=N.(C.H,0)
+ CH{ _N(C,H,0)H
This diacetyl-formyl diamine crystallises in colourless cubes, which
on heating with water yield formyl diamine acetate : )

H H
+ﬂ—CgH30 + 2H,0 = I—-NHQ.O.C,H.O
N(C,H;0)H _ NH,;.0.0;H,;0
This on evaporation with hydrochloric acid gives :

) 1

(E:.N H,.0.C;H,0 + 2HCl = 2HO.C,H;0 + C=NH.HC(l]

|

NH,;.0.C,H;0 : NH,.HCl

which yields with platinic chloride golden yellow crystals of the
double salt CH,N,2HCIPtCl,. On heating prussic acid hydro-
chloride (§ 77) with absolute alcohol, the mono-hydrochloride of
formyl diamine is obtained :
2CH:NHCI + 2C,H;OH = C;H,Cl + CHO.0.C,H,
+ CH(NH).NH,.HC],

forming colourless crystals melting at 81°; and on addition of alkali
yielding ammonia and a formate :

HC=NH

I
NH,.HCl

A related body is isomeric with urea, namely :

Isuret, formyl-imid hydroxylamide, CH(NH).NH.OH. It is
formed by the direct union of prussic acid with hydroxylamme in
alcoholic solutlon

H.C=N + NH,.0OH = H.C=NH

|
NH.OH

It crystallises in rhombic prisms, which are readily soluble in water,
difficultly in alcohol, and melt at 104°-105°. The aqueous solution
on boiling decomposes in very complicated manner, urea, biuret,
idine, ammonia, carbonic acid, and nitrogen being formed.
554. Acetyl diamine, or acediamine :

C,H,N, or CH,.C { —NE
is obtained as hydrochloride, together with ammoniec chloride, diaceta-
z

+ 2HOK = K(1 4+ HCO.0K + 2NH,.
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mide, and free acetic acid, on heating acetamide in a stream of dry
hydrochloric acid gas :

2CH,.CO0.NH, + HCl = CH,.CO.0H + CH,.C : (NH)(NH,.HCI).
On distillation the salt remains in white needles, which can be re-
crystallised from ether alcohol. With platinic chloride it yields the
crystalline double salt [CH,.C(NH)(NH,)HC]},,PtCL. By mixing
a solution of the hydrochloride with solutions of argentic salts, other
salts, containing one equivalent of acid, can be prepared. On en-
deavouring to obtain the free base from these, it decomposes into
ammonia and ammonic acetate :

CH,.C(NH)(NH,) + 2H,0 = NH, + CH,C0.0.NH,.

DErivaTivEs oF THE Acmpoxyis, CpHyy . ,.CO.

565. By combination of an acid radical with the two bonds of an
oxygen atom, there result the very stable monad acidoxyls or ozy-
radicals : '

CoHaw s

. I —
of the monobasic organic so-called fatty acids :
CnHQnOg = CD'HQII'{- l.C0.0H,
or CoHop gy

bu

By action of various chemical bodies on the acids the acidoxyls
behave in many ways like the alcobol radicals. The hydroxyl group
is replaced by halogen when they are treated with phosphoric haloids,
the halogen compounds of the acidozyls being produced :

CpHyp 4 1.CO.CL;
on replacing the hydroxyl by amidogen, NH,, the acidoxyl amides,
CpHyp 4 1.CO.NH,, are formed ; and the diacidoxyl amides :
(CoHsw4.1.CO),NH,

and triacidoxyl amides, (CoHgp 4,.CO);N, stand in very close relation
to these latter.

If the hydroxylic oxygen atom of an organic acid be replaced by
sulphur, the compounds formed, the acidoxyl sulph-hydrates, possess
the character of monobasic acids, and are termed thio-acids,
CoHp 4 1.CO.8H.

The hydrogen atoms in the groups OH and SH united to acid-
oxyls are distinguished by the ease with which they are replaced by
basic metals or by alcohol radicals, salts of the fatty acids being
thereby formed :

OuHgwy.COOM  CoH,u,1.00.0.Ch-Hon- 4,
CoHowy 1 COSM  CpHypy.CO.8.CoHpp
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If the respective hydregen atoms be replaced by acidoxyl groups, the
diacidoxyl oxides or acid anhydrides, CyHyp . 1.C0.0.CO.Cp-Hgpo 4y,
and the diacidoxyl sulphides or sulph-anhydrides :

CpHoy 41.CO.8.CO.Cpo Hgpo . 1,
are obtained.

The aldehydes (§ 383), CyH,y 4 ,.CO.H, may be considered as the
hydrides of the acidoxyls, standing to the acids in the same relations
as those of the paraffins to the alcohols of the series C,H,y,, ;.OH.
The ketones may be looked on—in agreement with several of their
methods of formation (§ 436)—as compounds of the acidoxyls with
alcohol radicals :

CH,.CO.CHj;, acetone = acetyl-methyl.

As the acids occur frequently in nature in the free state or in
form of their metallic or ethereal salts—in the latter case mostly as
salts of the trihydric alcohol glycerine, forming the chief constituents
of animal and vegetable fats—it is advisable to consider them before
all other acidoxyl compounds, which are generally prepared from
them.

The Monobasic Fatty Acids, OgH 3,0,
Acidoxyl Hydrates, CyH;,_,0.0H or CyHyy , ,.CO.OH.

566. The homologous series of fatty acids contains members with
from one to thirty carbon atoms.

In the case of the three first members, as in that of the primary
alcohols of like carbon contents, no isomers exist, but the formula
C,H,0.0H corresponds to two isomeric acids, which are obtained by
oxidation of the two primary butylic alcohols (§ 169). With increase
in the carbon contents the number of possible isomers increases in
rapid progreesion.

In general the number of possible acids of any given carbon con-
tents is the same as that of the primary alcohols, with like number of
carbon atoms, as only primary alcohols can be converted into acids
by oxidation without alteration of the carbon nucleus :

OwHyr 41 CwHnet

H,.OH

Further, as the number of primary alcohols of equal number of
carbon atoms, n, is as great as that of all—primary, secondary, and
tertiary—alcohols of the next lowest number of carbon atoms, n — 1,
the number of possible isomeric acids with n carbon atoms must also
be the same, as every fatty acid is the compound of the next lowest
3lkyl, CE—IHQ(LI)'Fl or cn:Hm‘r,'_ 1 if n_|=n" with the carbozyl
hydrate group, CO.OH.

Above C,; many members entirely lack representatives; the
number of known members of the series is, however, larger than in
the aloohols, C,H,p, . .OH.

With increasing carbon contents the solubility of the fatty acids
rapidly diminishes, and the melting and boiling points rise, with the
modifications already mentioned (§§ 54-57). Acids containing more
than ten carbon atoms in the nucleus can no longer be volatilised

z2
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unchanged under ordinary atmospheric pressure, but suffer dry dis-
tillation on heating ; under reduced pressure the limit of unaltered
volatilisation is higher, and, though not yet determined, certainly
above a nucleus of eighteen carbon atoms (comp. § 594).

§57. The following is a table of the general composition of the
known members of the series :—

Formic acid CH,0, = H.CO.OH ydro-carbonic acid)
Acetic acid 0,H,0; = CH;.CO.0OH (methyl carbonic acid)
Propionic acid  C3HgO, = C,H;.CO.OH (ethyl carbonic acid)
Butyric acids 0,Hy0; = C,H,;.CO.0H (propyl carbonic acids)
Valeric acids C;H,00, = C,H,.CO.0H (butyl carbonic acids)
Caproic acids C¢H,304 = C;H,,.CO.0H (amyl carbonic acids)
(Enanthylic acids C;H,,0, = C¢H,;.C0.0H ihexyl carbonic acids)
Caprylic acids CgH,40, = C,;H,;.CO.0H (heptyl carbonic acids)
Pelargonic acid  CyH,40, = CgH,;.CO.0H (octyl carbonic acid)

Ca.pric acid C|0H900,= Ongg.C0.0H
Undecylic acid C“H’202= CNH,[.CO.OH
Lauric acid Oy Hai0s= O, Hay.CO.0H

Tridecylic acid  C,;Hyq0,= O,3H,,.CO.0H
Myristic acid Oy ¢H 04— C,3H.s.CO.0H
Pentadecylicacid C,;Hzi0y= C,H4,.C0.0H
Palmitic acids  C,qHaqOp= C,sHar.CO.0H
Mm‘ga-ric a»cid C|7H3402= ClsHas.CO-OH
Stearic acid 018H3602= C|7H35-C0.0H

Arachidic acid C 20H4 002 &o.
Behenic acid  CyeH,,0,

Hyaenic acid CysH;00,
Cel‘otic acid 021H5‘02

Mellissic acid CaoHsoOg

Preparation of Fatty Acids.

558. The fatty acids can be obtained without essential alteration
of the carbon mucleus of the bodies they are prepared from, and
especially without alteration of the number of carbon atoms—

1. From the primary alcokols, CyHyy 1, OH, their ethers, and
other oxy compounds of the alkyls, by oxidation with ozone or oxidis-
ing agents or by fused potassic hydrate (§§ 160, 1, and 556).

2. From the aldehydes, CH,,0, which are themselves obtained
from the primary alcohols by less active oxidation :

Cn'Hﬂll'+ 1 ' 0III-I211+ 1

— +O=C=O

|
i om
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The oxidising agent employed for the alcohols is a mixture of
potassic bichromate and sulphuric acid, the reaction generally starting
without external application of heat :

3CyH w4 .CH,.0H + 2K,Cr;0, + 8H,80, = 2K,Cry(SO,),
+ 11H,0 + 3CyHym 4 ,.CO.0H

3. The acido-nitriles &? 546) are converted into the free fatty acids
by heating with aqueous hydrochloric or sulphuric acids :

CaHyn41.ON + HOl + 2HOH = NH,Cl + OyHyy ,,.CO.0H;

and on boiling with solution of potassic hydrate they yield ammonia
and the potassic salt of the fatty acid :

OwHyo 4 1.ON + H,0 + HOK = NH, + CyHyy ,,.CO.0K.

559. The fatty acids can be obtained, with increase of the carbon
nucleus, by several methods from the alcohols of next lower number
of carbon atoms. Of these methods there may be mentioned—

1. From the alcohbols, by means of their haloids or hydric sul-
phates, the alkyl cyanides or acido-nitriles are prepared, and these
then transformed as above.

2. Mixtures of sodium alkyls with zinc dialkyls (§ 371) absorb
dry carbonic anhydride, which unites with the sodium compound,
forming a sodium salt of the alkyl carbonic acid :

CaHgny CoHgn 4y
| + 00y = |
Na CO.ONa

3. Alcobholic solutions of potassic alkylates (§ 197) slowly absorb
dry carbon monoxide gas on warming, and yield, though with diffi-
culty, the potassic salts of the alkyl carbonic acids :

A better result is obtained by the use of dry sodic alkylates and
higher temperatures (190°~210°), but the reaction appears to be con-
fined to the lower members of the series, taking an entirely different
course with sodic isoamylate.

4. A method of very general application in the synthesis of fatty
acids starts from the product of tie action of sodium upon ethylic
acetate (see this). The ethylic aceto-acetate, separable therefrom,
dissolves an atom of sodium with evolution of hydrogen, and yields
pure ethylic sodaceto-acetate, CH,;.CO.CHNa.CO.0.C H;, in which,
by action of alkyl haloids, the sodium atom can be replaced by an
alkyl group. The ethylic alkyl aceto-acetates :

CH,.CO
CH } CH.C0.0.0,H,,

so obtained (which, by boiling with alkalies, yield ketones [§ 436, 2]),
on heating alone, or better with ethylic sodaceto-acetate or ic
ethylate, eliminate COH,.CO (of which several groups coalesce
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to form complicated molecules, e.g. dehydracetic acid) and give the
ethylic salt of a fatty acid :

gflﬁ'f?: }CH.C0.0.C,H, = C,H,0 + CoHy,,.CH,.C0.0.C,H,,
from which the synthetically formed fatty acid is obtained on saponi-
fication.

The ethylic alkyl aceto-acetates can further exchange an atom of
hydrogen for sodinm. The ethylic alkyl sodaceto-acetates :

CH,.CO }
CuHy, , § CNaCO.0C,H,,
thus formed, yield, on heating with alkyl iodides, sodic jodide and an
ethylic dialkyl aceto-acetate :

CH,.CO

CuHyn 4y pC.CO.0.CiHy + IC,-Hypp, = Nal

a
CH,CO
+ CyHgy,, pC.CO.0.C,H;,
n"H‘)n"+ 1
from which, by similarly conducted elimination of the group C,H,0,
the ethylic salt of a new fatty acid results, which contains a secondary
alcohol radical united with CO.OH :

CH,.CO
CII‘HQB'-l-I C.CO.OC’HO = C,H,O
n"Hon 41 )
CoHan s } g
+ Co-Han ot CH.CO.0.C,H;.

560. Fatty acids are obtained with splitting, i.e. diminution of
the carbon nucleus by numerous decompositions of carbon-richer com-
pounds. As already mentioned, the secondary alcokols and their
first oxidation prodncts, the ketones, yield by the action of powerful
oxidising agents (chromic and sulphuric acids on heating) always at
least two molecules of acid, the sum of whose carbon atoms is the
same as the number of carbon atoms in the parent body (§ 437).
Tertiary alcokols on oxidation are generally decomposed into three or
more acid molecules.

As general methods there may be mentioned the splitting up of
the acids of the lactic series by heating with sulphuric acid or oxida-
;';iog;‘ or that of the acids of the acrylic series by fusion with potassic

ydrate.

561. Very important methods of obtaining fatty acids start from
their naturally occurring alcoholic salts, especially from the vegetable
and animal fats. These, on heating with aqueous or alcoholic solutions
of strong basic hydrates, yield the respective alcohols together with a
metallic salt of the fatty acid :

CNIHnn.'. I.O.CO-Cn Hgn' +1 + KOH = Cn’ngn".'. ]-OH
+ KO.CO.CuHyn 4 1.

The alkali salts of monobasic fatty acids of high molecular weight,
which dissolve unchanged in alcohol and little water, but are partially
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decomposed by much water into free alkali and fatty acid (which
latter causes the liquid to appear turbid, and to froth strongly on
shaking), are termed soaps, and from this the process of decomposi-
tion of all aleoholic salts by alkalies has been termed ‘ saponification.’

The fats are organic salts of the trihydric alcohol glycerine, and
yield therefore, on saponification, glycerine and three molecules of the
alkali salt of an organic acid :

CH,.0.C0.C,H 4 | CH,.0H
H.0.C0.CyHypny; + 3KOH = CH.OH + 3K0.C0.0,H,a,,
éH,.O.CO.C,,H,H, (BH,.OH
Fat. Glycerine. - Soap.

Most of the natural fats contain the glycerine salts of several
fatty acids, most also of acids of the oleic series, CoH,,_ ;0.0H,
and therefore yield on saponification a mixture of potassic salts, from
which mineral acids set free a mixture of acids. The separation of
the single acids is in such cases attended with extraordinary difficul-
ties, and is partly impoasible even.

If together with non-volatile acids of high molecular weight
also acids of lower molecular weight, which can be volatilised un-
changed, oecur, the two groups can be separated by distillation with
water vapour. The distillate then contains the volatile acids, either
dissolved in the water or floating as an oily layer on its surface. In
order to separate them further, as a rule they are converted into baric
salts by boiling with solution of baric hydrate, and these—utilising
the different solubility of the respective salts—separated from one
another by crystallisation, each one being purified by repeated re-
crystallisation.

562. If only two volatile acids have to be separated from one
another, this can be effected either by fractional distillation, or the’
method of partial saturation with following distillation may be used.
One half of the acid mixture is neutralised with alkali, the other half
then added, and the whole aqueous solution submitted to distillation
as long as any liquid of acid reaction passes over. The distillate then
contains mainly the acid of lower boiling point, with a small quantity
of the less volatile acid, the residue mainly of a salt of the latter. By
renewed partial saturation and distillation, and if needful frequent
repetition of the process on the distillate, the non-volatile acid is at
last obtained alone in aqueous solution, but evidently with great
loss in the process. From the residue of the first distillation, con-
taining a little of the salt of the more volatile and much of the salt
of the less volatile acid, the latter is obtained pure by decomposing
the salts with sulphuric acid, distilling, half saturating the distillate,
and again distilling. The residual salt is again subjected to a similar
process, until at last the less volatile acid salt is left in a state of
purity.

563. From mixtures of non-volatile acids the admixed members
of the oleic series must first be removed. This is effected by pre-
cipitating the solution of the alkali salts by plumbic acetate, a.ntf 80
converting them into the insoluble lead salts (lead plaster); this
latter is then dried and extracted with ether as long as any lead salts
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of oleic acids are removed. By evaporating the ether from this
solution the lead salts of the oleic acids are obtained, from which the
latter can be separated.

The portion insoluble in ether consists of the lead salts of the
acids of the fatty series rich in carbon, which can be liberated by
decomposition with mineral acids, especially hydrochloric acid.

The preparation of the pure acids is attended with great difficul-
ties and loss, as with not too great difference in composition there is
but little difference in properties. If the mixture contains but two
members of the series (e.g. palmitic and stearic acids), the partial
separation succeeds only by.the method of partial precipitation. The
mixture is dissolved in alcobol, and alcoholic solution of magnesic
acetate added with constant stirring in such quantity that only about
one-seventh of the fatty acids shall be precipitated as magnesic salt,
and the precipitate a then separated from the solution b of the
greatest part of the acid mixture by filtration. a consists mainly
of the magnesic salt of the acid richer in carbon (stearic acid), but is
still contaminated by the acid poorer in carbon. It is therefore
decomposed by hydrochloric acid, the free fatty acid dissolved again
in alcobhol, and one-seventh precipitated by magnesic acetate. This
precipitate, which contains only ;l; of the quantity of the original
mixture of acids, consists nearly entirely of the salt of the acid richer
in carbon, but as a rule requires further treatment in a similar
manner, in order to obtain it in a state of chemical purity. This
point is settled by means of the melting point.

The filtrate & from the first precipitation is now partly precipi-
tated by slow addition of magnesic acetate, whereby the later precipi-
tates, and still more the solution, become richer and richer in the
acid, poorer in carbon spalmitic acid), until at last—the successive
additions of magnesic salt being always smaller—a solution is obtained
which contains the latter acid only.

564. That the fatty acids can be converted into members of the
foregoing series has been already mentioned at the respective places;
it will therefore suffice to merely recapitulate.

Conversion of fatty acids into parafins—

1. Without increase and with diminution of the carbon nucleus
§ 149).
2. Wi(th formation of larger carbon nuclei by electrolysis of the
fatty alkaline salts (§ 150).

Conversion into aldehydes (§ 386), and through these into the cor-
responding primary alcohols (§ 388).

Conversion into ketones richer in carbon by dry distillation of the
salts (§ 435), and through the ketones into secondary alcohols (§ 434).

Co:):version into tertiary alcohols by means of the acid chlorides

§ 163).
( 565. By oxidation of acids richer in carbon, by distillation with
manganic dioxide and sulphuric acid, there are formed, together with
carbonic anhydride and water, salts of the unchanged acids with
alcohols of less carbon contents. Butyric acid, for instance, yields
propylic butyrate :

COH,.CH,.CH,.CO.0OH + HO.CO.CH,.CH,.CH; + O

] CHa-OHQ.CH’.OO.O.CHQ.CH’.CHS + 003 + OHQ.
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568. If pure fatty acids, soluble in water, be brought into contact
with water, there occurs—frequently with considerable evolution of
heat—a diminution of the total volume, which appears to be greatest
when one molecule of acid is mixed with one molecule of water. The
product thereby formed is the acidyl tréhydrate :

OH
CoHop 4). COH + Hy0 = CyHyn +1C{Og

corresponding to the acidyl ethers (§ 544). These compounds, simi-
larly to the dihydrates of the aldehyde radicals (§ 383), are but little
stable, and on distillation partly decompose into their components.
If brought together with bases they yield the salts of the monobasic
fatty acids :

CpHop 4 1.C(OH); + KOH = C,H,,.,,.C0.0K + 2H,0,

which generally are left anhydrous on drying at 100°.

The anhydrous fatty acids are attacked by chlorine and bromine,
especially on heating and exposure to sunlight, with formation of halo-
gen substitution acids. The first replacement by a halogen atom
occurs in general in the a position, i.e. on that carbon atom which is
united to carboxyl hydrate :

CH,;.CH,.CO.0H + Cl, = HCl + CH;.CHCL.CO.OH
a-Chlor-propionic acid.
CH,;.CH,.CH,;.CO.OH + Br, = HBr + CH;.CH,.CHBr.CO.OH
a-Brom-butyric acid.
(CH,);.CH.CO.OH + Br, = HBr + (CH,);:CBr.CO.0H
a-Brom-isobutyric acid.
In these substitution bodies, by boiling with alkalies, the halogen
atom can be replaced by hydroxyl, so yielding the a-oxyacids of the
lactic series.
Formic Acid, CH,0,.

567. Formic acid, formoxyl hydrate, HCO.OH, occurs ready-
formed in ants, stmgmg nettles, pine needles, &c., from ‘which it can be
separated by distillation with water. Although it is the first member
of the series of fatty acids, it differs in one essential from all others,
inasmuch as in it the carboxyl-hydrate group is united not with an
alcohol radical, but with hydrngen. As hydro-carbontc acid, or com-

I
pound of the aldehyde group, C—0, with hydroxyl:
H

deo
bu

it is the half-aldehyde of carbonic acid, and is converted into the latter
by the action of oxidising agents :

H.CO.0H + O = HO.CO.OH = H,0 + CO,.
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In agreement with this view it can be prepared from carbonic
anhydride by the action of nascent hydrogen in the presence of alkaline
hydrates. Potassium is placed in a dry basin floating on luke-warm
water, covered with a bell filled with carbonic anhydride, and left to
itself for 24 hours, when the metal is found to be converted into a
mixture of potassic carbonate :

Ke + 009 + H’O == KQCOa + 2H,
and potassic formate :
K, + 200, + 2H = 2H.C0.0K.

Some formate is also formed in a similar reaction in the decomposition
of sodium amalgam by a concentrated aqueous solution of ammonic
carbonate :

CO(ONH,), + 2Na = H.C0.ONa + NaOH + 2NH,,

and by boiling a mixture of powdered zinc and zincic carbonate with
solution of potassic hydrate :

ZnCO, + Zn + 5KOH = 2Zn(OK), + HCO.OK + 2H,0.

Carbonic oxide is slowly absorbed at 100° by the most concentrated
solution of potassic hydrate, with formation of potassic formate :

CO + HOK = HCO.OK.

It is formed from hydrocyanic acid, formo-nitrile, by decomposition
with water, usually assisted by the presence of mineral acids (§ 76)
or alkalies (§ 79), and from methylic alcohol by ozone or heated soda
lime (§ 165). '

e formyl trihaloids (chloroform, &c.) and formyl triethylate
yield formate on heating with alcoholic potassic hydrate (§§ 538
and 544).

Formic acid is of frequent occurrence as an oxidation product of
other organic bodies of higher molecular weight, as ketones containing
methyl, many acids of the lactic series, malic, tartaric, and citric acids,
the sugars and their congeners. Formerly it was generally prepared
by the distillation of sugar or starch with sulphuric acid and manganic
dioxide or potassic chromate.

It is now usually prepared from oxalic acid. This on heating
alone yields some formic acid : .

CO0.0H H

| = CO, + (!

CO0.0H 0.0H
A very good yield is obtained when crystallised oxalic acid is added to
glycerine, rendered as free as possible from water, and heated to
100°-110°. Evolution of carbonic anhydride commences, and at the
same time very dilute formic acid distils. The greater part reacts
with the glycerine, forming monoformin, or glycerine monoformate :

C;H,(OH); + [C,04(0H),,2H,0] = C3H,(OH)4(0.CHO) + CO,
+ 3H,0.

As soon as the evolution of carbonic anhydride ceases, and without
alteration of the temperature, a new quantity of oxalic acid is added,
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whose water of crystallisation is partly evolved and partly resolves
the monoformin into glycerine and formic acid :

CsH ;(OH),(0.CHO) + H,0 = C,H,(OH), + HO.CHO.

The dried oxalic acid converts anew unaltered glycerine into the mono-
formate until the liquid becomes rich in this latter; the formation
exceeds the decomposition, but the amount of the latter continually
increases, so that formic acid of increasing concentration distils over.
At last, with continued addition of crystallised oxalic acid, the forma-
tion and decomposition of the monoformin reach an equal amount,
afx.xd a distillate passes over containing 56 9 of formic acid and 44 9%
of water,

By careful heating of glycerine with anhydrous oxalic acid, a
solution of formic acid of 70 94 may be obtained (farmyl trihydrate).

All the methods described, as also distillation of formates with
dilute sulphuric acid, yield aqueous formic acid. In order to obtain it
anhydrous, the dry lead salt is decomposed by dry sulphuretted hy-
drogen at a temperature not exceeding 100°, when anhydrous formio

acid distils :

Pb(0.CHO), + H,8 = PbS + 2HO.CHO,
which is freed from any absorbed sulphuretted hydrogen by repeated
rectification over plumbic formate. A 7094 formic acid solution can
also be deprived of its water by addition of dried oxalic acid, with
gentle heating. On cooling, crystallised oxalic acid separates, and the
decanted liquid yields anhydrous formic acid on distillation.

568. Pure formic acid is a colourless, mobile liquid, which solidi-
fies to a crystalline mass below 0°, melts at 8:5°, and boilsat 99°. Its
sp. gr. is 1-233. It has a penetrating acid odour, and raises blisters on
the skin. It unites with a molecule of water (719 pts. CH,.04 and
28'1 H,0) to form formyl trihydrate :

HCO.OH + H,0 = HC(OH),,
a liquid which does not solidify at —15° and which boils at 106°.

Concentrated sulphuric acid decomposes formic acid, with brisk
evolution of carbonic oxide :

H.CO.0H + H,80, =CO + H,S0,.
Ohlorine and oxidising agents decompose it with formation of car-
bonic anhydride :
H.CO.0H + Cl, = 00, + 2HC1
H.CO.0H + O = CO4 + H,0.
The oxides of the noble metals are thereby reduced to metal :
‘CH,0, + HgO = CO, + H,0 + Hg
CHQOQ + Ag,O = COQ + H,O + A.gg.

569. Formates are all soluble in water, and generally crystallise
well. They are obtained by the solution of metallic oxides, hydrates,
or carbonates in aqueous formic acid.

Ammonic formate, (NH,)O.CHO, crystallises in very readily
soluble rectangular prisms. On heating to 180° it decomposes into
water and hydrocyanic acid (comp. § 76) :

H.CO.0.NH, = 2H,0 + HON.
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Plumbic formate, Pb(0.CHO),, forms characteristic long, brilliant
needles, rather difficultly soluble.

Cupric formate, Cu(0.CHO),,4H,0, forms large blue, trans-
parent crystals. '

On shaking aqueous formic acid with mercuric oxide, the latter
dissolves in large quantity to mercuric formate. The clear solution
now begins to cloud, more quickly on warming, evolves carbonic
anhydride, and deposits difficultly soluble, silky crystals of the mer-
curous salt :

/O.CHO Hg.0.CHO
2Hg = 00, + HO.CHO + |
\0.CHO Hg.0.CHO
Mercurous formate.

which soon further decompose into formic acid, carbonic anhydride,
and mercury :
Hg.0.CHO
= Hg, + HO.CHO + CO,.
.0.CHO

If argentic nitrate be mixed with a not too dilute solution of an
alkaline formate, white crystals of argentic formate precipitate, which
very soon blacken and decompose :

2Ag0.CHO = Ag, + HO.CHO + CO,.

Acetic Acid, C,H,0,.

870. Acetic actd, acetyl hydrate, HO.C,H,0, or methyl-carbonic
acid, CH,;.CO.0OH, is the oldest known acid. It occurs frequently in
small quantities, in form of salts, in vegetable and animal fluids, and
i8 obtained in the decay of many organic bodies. It occurs largely as
an oxidation product of organic bodies, whether the oxidation be
effected in the wet way (e.g. from lactic acid) or by fusion with alka-
line hydrates (e.g. malic acid). It is also formed by the dry distillation
of complicated compounds, such as wood, starch, &e.

Sodium methyl i8 converted by absorption of carbonic anhydride
into sodic acetate :

CH,.Na 4 CO; = CH,;.CO.0ONa.

Aceto-nitrile, or methylic cyanide, yields the same salt on boiling
with sodic hydrate solution :

CH,.CN + Hy0 + HONa = CH;.CO.ONa + NH,,
or free acetic acid when heated with hydrochloric acid :
CH,.CN + 2H,0 + HCl = NH,Cl 4 CH,.CO.OH.

Technically, acetic acid is prepared from ethylic alcohol, or from
the products of the dry distillation of wood.

Dilute alcoholic liquids, especially such as contain other animal or
vegetable bodies capable of decomposition, and mineral salts (beer,
light wines), as also impure sugar solutions (juice of fruits, wort,
honey-water), become acid on standing in the air, especially at tem-
peratures between 20° and 40°, acetic acid being formed (vinegar).
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The cause of this change is always an organised ferment, which
has the power of absorbing the atmospheric oxygen and carrying it to
oxidised bodies. As this ferment is contained in large quantity in
crude vinegar, some of this is always added to the alcoholic or sachar-
rine liquid, in order to start the fermentation more quickly.

Platinum black acts similarly to this organised ferment, and in
presence of air converts concentrated alcohol into pretty concentrated
acetic acid, heat being evolved.

571. Aqueous acetic acid is generally prepared on the large scale
by the process known as ‘ quick vinegar process.’

F1a. 28.

The vessels employed, termed * graduators ’ (fig. 23), are made of
oak, and are provided with false perforated discs, one near the bottom
of the vessel and again near the top. The space between these is
filled with shavings, whilst the perforations in the upper disc are loosely
filled with pieces of string. The shavings are first moistened with
vinegar, in order to sow the ferment ; there is then poured on the.
upper disc a dilute brandy (of 10-12 94 alcobol), which slowly passes
through the capillaries of the strings on to the shavings, and flowing
over these exposes a very considerable surface to the air. Care must
then be taken that a stream of air sufficient for the oxidation of the
alcohol shall pass through the interior of the vessel. This is effected
by holes a in the sides of the vessel, whilst the warm residual air
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(nitrogen) escapes through the upper openings d and e. Dilute
vinegar collects at the bottom of the flask, and is drawn off by a tap.
The product contains, as a rule, unaltered alcohol, for whose complete
conversion the liquid is passed once or twice more through the ap-
paratus.

The regulation of the amount of air is of great importance. If
there be not enough, much aldehyde volatilises, whilst, if the air
stream be too quick, the temperature in the interior of the apparatus
never reaches the necessary height.

A large portion of the acetic acid employed for industrial purposes
is obtained from the aqueous products of the distillation of wood
(comp. § 165). From this, by saturation with lime, calcic acetate is
p which remains behind in solution on the distillation of the
methyl-alcohol, acetone, &c. The cleared liquid is mixed with so
much solution of sedic sulphate as is necessary for the precipitation
of the calcium as sulphate. The clear solution of sodic acetate is then
evaporated, and the dry salt heated for a long time to 250°. Other
products of dry distillation still admixed are thus either volatilised or
carbonised. The salt, after cooling, is then dissolved in water, and
the clear solution distilled with slight excess of sulphuric acid.

By both of these methods aqueous acetic acid is obtained, which
can only be concentrated to a certain degree by fractional distillation.

572. In order to prepare acetic acid free from water, dried acetates
have to be employed.

Alkaline acetates, freed from their water of crystallisation by fusion,
are mixed with exactly sufficient sulphuric acid, or better with fused
hydric sodic sulphate, and distilled :

9CH,.C0.0Na + H,80, = 20H,.00.0H + Na,80,
OH,.CO.0Na + NaHSO, = CH,.CO.0H + Na,80,.

The anhydrous lead salt also yields anhydrous acetic acid when
treated by the last method.

573. Anhydrous acetic acid, glacial acetic acid, is in the cold a
white mass of leafy crystals, which at +17° melts to a colourless,
mobile liquid, having a strong acid smell and taste, and which blisters
the skin. Its sp. gr. is 1'063 at 18°, its boiling point 118°, and its
vapour density 2-09.

On adding some water to acetic acid, heat is evolved, and the
specific gravity is increased, until by addition of one molecule of H;0
it reaches the maximum 1:079. There is thus formed acetyl trihy-

drate :
CH,.C0.0H + H,0 = CH,.C(OH),,

a8 a liquid which does not crystallise, and on heating to 123° boils
with partial dissociation into its components. If this be diluted with

. water the density diminishes, so that an acid which contains about
50 94 H,0 and 50 95 C3H,0, (or 65 9% CH;.C(OH); and 35 9 H,0)
has the same density as the anhydrous acid.

Pure acetic acid, and also its aqueous solution, are very stable
towards oxidising agents, being only attacked with difficulty by even
potassic permanganate. Its vapour, when heated in air, burns with a
slightly luminous flame. When passed through red-hot tubes, the
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vapour decomposes into numerous products, amongst which acetone
and marsh gas occur largely :
CHa-C0.0H - CO, + CH‘
2CH,.C0.0H = CO, + OH, + OH,.CO.CH,.

574. Acetates.—The neutral metallic salts of acetic acid, which are
readily obtained by saturation of acetic acid with the basic hydrates,
oxides, or carbonates, are without exception soluble in water, though
not very readily in some cases ; the alkaline salts are the most soluble.
These melt on heating and decompose at above 300° into acetone and
an alkaline carbonate :

20H,.C0.0K = CO(OK), + CH,.CO.CH,.

The salts of polyvalent heavy metals decompose at lower tem-
peratures, and, especially if not quite free from water of crystallisation,
give off glacial acetic acid, and leave a difficultly soluble or insoluble
basgic salt, which decomposes at higher temperatures into metallic
oxide, carbonic anhydride, and acetone.

575. Potassic acetate, CoH3;KO, ="CH,.CO.0K, is a white de-
liquescent salt, which is readily soluble in absolute alcohol, and on
heating fuses to a thick liquid, which solidifies on cooling to a leafy
crystalline mass. On dissolving in concentrated acetic acid, and eva-
porating the excess, there crystallises out a salt, C,H;0,K,C,H,O,,
in nacreous leaves or needles, which melt at 148° and at 200° split
up into glacial acetic acid. which distils, and normal potassic acetate.
This potassic diacetate is probably constituted as in the following
formula, similarly to the polymeric aldehydes (§ 385):

OH,0=0 O=C.CH; on,.c<8>(|3.011,

e ¥ be T bk bm

Sodic acetate, CgHzNaO,, crystallises from aqueous solutions in
large rhombic prisms, C4H;NaO4,3H,0, which dissolve in 28 parts of
cold and more readily in hot water. They suffer aqueous fusion at
100°, and lose their water of crystallisation at somewhat higher tem-
perature. The dry salt fuses and behaves quite similarly to the
potassic salt.

Ammonic acetate, C,H3(INH,)O,, is prepared directly from glacial
acetic acid and ammonia. It resembles the potassic salt, but decom-
poses on heating into water and acetamide. Its solution loses
ammonia on heating and becomes acid.

The salts of barium, strontium, calcium, magnesium, zine, &ec., are
soluble, and in part crystallise well.

576. Lead Salts.—Normal plumbic acetate, plumbic diacetate,
(CH,.C0.0),Pb,3H,0, known in commerce as sugar of lead, is
obtained by dissolving litharge (PbO) in distilled vinegar, and

“crystallises in tetragonal prisms of first sweet, but later nauseous
metallic taste. It dissolves in 14 part of water and eight parts of
alcohol. The crystals effloresce in dry air, They fuse in their water
of crystallisation at 75° and lose the same quickly at 100°. The then
solid mass fuses again at higher temperatures, loses 4 of its acid in
the form of carbonic anhydride and acetone, and solidifies suddenly to
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a greyish white mass of basic salt, which decomposes at higher tem-
peratures into plumbic oxide, carbonic anhydride, and acetone.

Basic salts are also prepared by digesting plumbic diacetate with
plumbic oxide.

Plumbic monacetate :

2HO.Pb.0.C,H,0,H,0, or C;H,0.0.Pb.0.Pb.0.C,H,0,2H,0,

is formed by boiling a solution of 1 part of sugar of lead with 6 parts
of plumbic oxide, and separates in crystals on addition of aleohol to
the filtered solution.
If a solution of plumbic diacetate be boiled with excess of plumbio
oxide, triplumbic acetate is formed :
.0.C,H,0 _pp-0.Pb.0.C,H,0
Pbo.c.H,0 T 2P0 =Pb'5 by, 0.0,H;0

a8 a salt readily soluble in water, of strongly alkaline reaction, which
on addition of alcohol is precipitated in fine transparent needles.
Still more basic salts are obtained as white precipitates when
lumbic acetate is decomposed by a large excess of ammonia, e.g.
mbic acetate :
HO.Pb.0.Pb.0.Pb.0.C,H,0,H,0.

All the basic acetates are decomposed by carbonic anhydride into
basic carbonate (white lead) and normal sait, and this latter also in
dilute aqueous solution is partly decomposed by carbonic anhydride
into carbonate and free acetic acid.

577. Copper Salts.—In addition to the normal salt numerous basic
salts are known.

Cupric diacetate, termed distilled verdigris, obtained by dissolving
cupric oxide in acetic acid, crystallises below < 8° in large blue prisms
of the formula Cu(0.CO.CH,),,6H,0, above this temperature in dark
green rhombic prisms, Cu(0.C,H;0),,H,0. It is moderately soluble
in water ; the dilute aqueous solution partly decomposes even in the
cold, but more readily on boiling, into free acetic acid and difficultly
soluble basic salt. Ordinary verdigris is a mixture of different basic
salts. It is prepared on the large scale by exposing plates of copper
to the air for some time in contact with acetic acid or the marc of

pes. o

On heating a mixture of equal molecules of cupric diacetate
and lime with water, and then adding acetic acid until all is dis-
solved, there separates on evaporation a double salt of the formula
Ca(0.C,H;0),,Cu(0.C,H;0),,8H;0 in deep blue octagonal prisms of
the quadratic system.

By mixing boiling solutions of cupric diacetate and arsenious acid
a precipitate is formed which, after remaining some time under the
liquid, changes into a beautiful green powder of Schweinfurth green.
This is a cupric arseno-acetate of the formula Cuy(0.As0),(C,H;30,).

578. Argentic acetate, Ag.0.C,H,0, is obtained on mixing argentic'
nitrate with a strong solution of an alkaline acetate, as a spongy crys-
talline precipitate, which dissolves to a greater extent in hot water
and separates again on cooling in colourless nacreous plates and
flexible needles.

§79. Iron Salts—Ferrous diacetate, Fe(C,H;0,); prepared by
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dissolving iron in acetic acid, crystallises in green prisms, which dis-
solve readily and are quickly oxidised in air. Several ferric salts
are known. By dissolving freshly precipitated ferric hydrate in acetic
acid, a deep brown red solution of normal ferric acetate :

FGQ(O.C’H30)6,

is obtained, which—evaporated at a low temperature—yields a black-
brown syrup, also soluble in alcohol. On boiling the dilute aqueous
solution all the iron is precipitated in the form of an amorphous basic
salt, whilst acetic acid is set free.

580. Aluminium Salts.— Normal aluminic acetate, Al,(0.C,H,0),,
is obtained in aqueous solution by double decomposition of aluminie
sulphate and plumbic acetate. It behaves similarly to the solution of
the corresponding ferric salt, e.g. on boiling precipitates all its alumi-
nium as a strongly basic amorphous salt.

P ropionl'c Acid, 03H602’

581. Propionyl hydrate, HO.C;H,0, or ethyl carbonic acid,
HO0.CO.C,H, = HO.CO.CHy.CH;. Propionic acid was first ob-
tained by cxidation of metacetone with chromic and sulphuric acids,
and was therefore termed metacetonic acid. It is formed in small
quantity in the dry distillation of wood, in the decomposition of sugar
with concentrated potassic hydrate, the action of carbonic oxide
upon sodic ethylate :

CO + NaOC;Hy; = Na0.C0O.C,H,,
&c. A better yield is obtained from carbonic anhydride and sodium

ethyl :
CO; + Na.C,H; = Na0.CO.C,Hj,

but it is most conveniently prepared by decomposition of aceto-nitrile
by alkalies or strong acids in concentrated aqueous solutions :

0,H5.CN + Hgs()‘ + 2H’O == NH‘.HSO‘ + C,H5.CO-OH.

It is further obtained by reduction of fermentation lactic acid by
heating with concentrated hydriodic acid :

0H3 CH3
H.OH + 2HI = I, + H,0 + OH,

JJ0.0H 0.0H

also from aceto-methacetic acid (§ 569, 4).

Other methods of formation, as from B-iodo-propionic acid, &e.,
will be mentioned later.

Propionic acid is a li%uid resembling acetic acid, of sp. gr. ‘991 at
25° and boiling at 140-6°. It mixes in every proportion with water,
but is separated as an oily layer on saturating the solution with calcic
chloride,

The normal propionates are all soluble in water, in part even
more readily than the corresponding acetates. The baric salt,
Ba(0.C;H,;0)4,H,0, crystallises in rhombic prisms. Normal plum-

Aa
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bic propionate does not crystallise, or only with the greatest difficulty ;
the silver salt, Ag0.CO.C,;H,, crystallises from saturated solutions in
tufts of colourless needles, which require 120 times their weight of
water at 18° for solution and blacken at 100°,

Butyric Acids, C,Hg0,.
582. Both possible isomers :

CH; CH,
H, N
and H
H, I
- CO.0H
0.0H
Normal butyric acid, Isobutyric aci
or propyl carbenic acid. or isopropyl carbonic acid.
are known,
1. Normal butyric acid, or fermentation butyric acid :
CH,.CH,.CH,.CO.0H,

occurs as fat (glyceric salt) in butter, as hexylic salt in the oil of
Heracleum giganteum (§ 171), as octylic salt in the seeds of Pastinaca
sativa. It occurs also in the free state or in the form of salts in
many animal liquids, e.g. in sweat and muscle juice, and as a product
of the putrefaction and oxidation of many albuminoids and of gelatine.
It is prepared by the oxidation of normal primary butylic alcohol, by
boiling normal propylic cyanide with potassic hydrate, and by the
decomposition of ethylic aceto-ethyl acetate.

It is obtained readily and in large quantity by a peculiar fermen-
tation of sugar. A solution, prepared at the boiling temperature,
and afterwards cooled, of three kilograms of cane sugar and fifteen
grams tartaric acid in fifteen kilograms of water is, after standing for
several days, mixed with 120 grams of putrefying cheese in four
kilograms of sour milk ; one and a half kilogram of powdered chalk
is added, and the mixture then allowed to stand and kept at a
temperature of 30°-35°. After about a week or a week and a half
the mixture forms a crystalline paste of calcic lactate, which slowly
becomes again liquid, carbonic anhydride and hydrogen being evolved
and calcic butyrate formed :

2(03H503)QC& + Hgo = (C4H702)QC& + CaCOs + 300’ + HQ-

Calcic lactate. Calcic butyrate.

On addition of sodic carbonate all the calcium is precipitated as
carbonate, whilst sodic butyrate remains in solution. Thisis filtered,
evaporated considerably, and carefully decomposed by a slight excess
of sulphurie acid, whereby the crude butyric acid collects as an oily
layer on thesurface. This is removed, dried by means of calcic
chloride, and purified by fractional distillation. Asin the fermenta-
tion, together with much acetic acid, some caproic acid and also higher
homologues are formed, the butyric acid, if required chemically pure,
must be submitted to further treatment. That portion of the crude
acid distilling between 155° and 165° is converted into the calcic salt
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by saturation with thin milk of lime, and the filtered solution evapo-
rated by boiling. Calcic butyrate then separates on the surface as a
leafy crystalline scum; this is skimmed off, collected on a filter,
washed with boiling water, and then pressed. The pure calcic
butyrate so obtained is then converted into the sodic salt, this de-
composed by concentrated sulphuric acid, and the oily acid which
separates rectified.

Pure butyric acid is & colourless liquid of unpleasant, penetrating,
rancid odour, and solidifies in the cold to a crystalline mass of
nacreous lustre. It melts at about 0° and boils at 163° ; its sp. gr. is
‘958 at 14°. It mixes in every proportion with water, but is sepa-
rated from this solution by saturation with readily soluble salts, such
as calcic chloride, as an oil containing water, probably butyric tri-
hydrate, C3H,.C(OH),. It is only attacked with difficulty by oxidis-
ing agents, chromic and sulphuric acids first oxidising it at about
200° to acetic and carbonic acids :

OH,.CH,.CH,.C0.0H + 2K,Cr,0, + 8H,80, = OH,C0.0H
+ 200, + 10H,0 + 2K,Cry(S0,)..

By more gentle oxidation propylic butyrate, propionic acid, &c., are
formed (§ 565).

Butyrates.—The butyrates are soluble in water and alcohol, are
crystallisable, and smell of butyric acid when moist. Even those
readily soluble are only slowly moistened when thrown on cold water,
and exhibit a rotary movement during solution.

Calcic butyrate, Ca(0.CO.CH,.CH,.CH,),,H,0, is dissolved by
three and a half times its weight of water at 14°, but very difficultly
at 70°, so that a cold saturated solution, when heated to this tem-
perature, separates nearly all its salt in brilliant leafy crystals, which
disappear again on cooling.

aric butyrate, Ba(O.CH,0);, crystallises in readily soluble
nacreous plates.

Argentic butyrate, Ag0.C,H,0, is precipitated on mixing not too
dilute solutions of other butyrates with argentic nitrate, in colourless
scales, which require more than 400 parts of water at 14° for
solution.

On mixing solutions of butyrate and acetate of the same metal
and evaporating, crystalline compounds are frequently obtained, con-
taining both bodies in equal molecules. These butyrato-acetates
(which are polymeric with the propionates) appear to have a similar
constitution to the diacetates (§ 575) :

CHa.o,jg'_c.oH,.CH,.CH,
H OH

9. Isobutyric acid, gg:>cn.co.011, occurs in 8t. John’s bread

(the fruit of Ceratonia siliqua), and is formed from isobutylic aleohol

or isobutyric aldehyde on oxidation, also from isopropylic cyanide by

boiling with acids or alkalies. It is separated as an oil by addition of

concentrated sulphuric acid to its salts. Ita sp. gr. is *9503 at 20°.
AA2
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It boils at 154° and requires five times its weight of water at 20° for
solution. It is readily oxidised by chromic and sulphuric acids to
acetic acid and carbonic anhydride.

Calcic isobutyrate, Ca[0.CO.CH :(CH,),],,5H,0, crystallises in
long prisms, which dissolve much more readily in hot than in cold
water.

Argentic isobutyrate, AgO.CO.CH : (CH,),, crystallises in plates,
which require 110 parts of water at 16° for solution.

Valeric Acids, C5H,,0,.
583. All four possible isomeric valeric.acids :

CH,
dm T
2
§ o
H,
H.CH,
H,
(110 .OH
.OH
Normal valeric acid, p-butyl carbonic acid,
butyl carbonic acid, me*h-eth-acetic acid,
or propyl acetic acid. or a~-methyl butyric acid.
CH, CH,

(BH.OH, on,—é;—cna

(BH, ' (E0.0H

I
CO.0H

Isovaleric acid, Trimeth-acetic acid,
isobutyl carbonic acid, or trimethy] carbin-carbonic acid.
B-methyl butyric acid,
isopropyl acetic acid.

have been prepared.

1. Normal valeric acid is formed by the oxidation of normal primary
amylic alcohol and by boiling normal butylic cyanide with alkalies.
It 18 liquid, smells like butyric acid, has sp. gr. ‘9577 at 0°, and does
not solidify at —16°. It boils at 184°-185°, and dissolves in twenty-
eight times its weight of water at 16°.

Baric valerate, Ba(0.CO.CH,.CH,.CH,.CH;),, crystallises in
plates, which dissolve in six times their weight of water at 10°.

Calcic valerate, Ca(0.CO.C H,),,H,0, crystallises in fatty leafy
crystals, dissolves in twelve parts of water at 20° and, like calcic
butyrate, separates in great part on heating the solution to 70°.

9. Isovaleric acid, gg:>CH.CH,.C0.0H, occurs in the roots of

Valeriana and Angelica officinalis (in the latter together with angelic
acid) and in the berries and bark of Viburnum Opulis. It is ob-
tained from these parts of the plants by fine division and distillation
with water. It occurs as fat in the tears of Delphinus globiceps. It
is formed by the oxidation of fats of higher homologous acids and by
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the putrefaction of albuminoids; e.g. it occurslargely in rotten cheese.
It is obtained synthetically by boiling isobutylic cyanide with alkalies
and by oxidation of isoamylic alcohol.

This succeeds best when five parts of potassic dichromate are
placed with four parts of water in a retort turned upwards and pro-
vided with an inverted condenser, and a mixture of one part of fer-
mentation amylic alcohol and four parts of sulphuric acid then added.
The reaction soon starts of itself with lively ebullition. Later it is
heated to boiling until no oily streaks of isoamylic aldehyde can be ob-
served in the neck of the retort or the condenser. The retort is then
turned downwards, and the valeric acid, together with water, distilled
over. The distillate is saturated with sodic hydrate, the oily iscamylic
isovalerate which separates removed, the salt solution evaporated to
dryness and treated with four-fifths of its weight of sulphuric acid
that has previously been diluted with half the quantity of water.
The oily valeric acid is then separated, dried with calecic chloride, and
purified by distillation.

Tsovaleric acid is a thin, colourless oil of unpleasant valerian-like
odour. It has sp. gr. ‘947 at 0°; it boils at 175°. The anhydrous
acid, on shaking with water, takes up a molecule of the latter :

(CH,),CH.CH,.CO.0H + OH, = (CH,),CH.CH,.C(OH),,

yielding isovaleryl trihydrate, which is not completely decomposed on
distillation and dissolves in thirty parts of water.

The metallic isovalerates have a fatty feeling, smell of valeric acid
when damp, are mostly readily soluble in water, and in part crystal-
lise therefrom with difficulty.

Baric isovalerate, Ba[0.CO.CH,.CH(CH,),];,H;O, forms thin
prisms or plates, which dissolve in two parts of cold water, but in their
own weight of water at 22°,

Zincic tsovalerate, Zn(0.C,H,0),, forms nacreous scales, which
are more soluble in alcohol than in water. The salt is officinal.

Argentic isovalerate, AgO.CsHg0, crystallises in brilliant leafy
plates, which require 450 parts of water for solution.

3. Eth-meth-acetic acid, CH(CH,)(C,H;).CO.OH, has been pre-
pared synthetically by distilling ethylic eth-meth-aceto-acetate with
sodic ethylate and saponification of the ethylic eth-meth-acetate
so formed. The same acid appears to be formed by oxidation of
optically active fermentation amylic alcohol (§ 170) with potassic
dichromate and sulphuric acid. Obtained by this latter method, it
rotates the plane of polarisation strongly to the right, whilst that
prepared synthetically appears to be optically inactive. Otherwise
the acids from both sources agree in properties. Eth-meth-acetic
acid is a thin liquid of boiling point 173°. The argentic salt crystal-
lises from hot water in feathery needles; the baric salt refuses to
crystallise, leaving a gum-like mass on evaporation.

4. Trimeth-acetic acid, pseudo-valeric acid, or pinalic acid,
(CH,);:C.C0.0H, is obtained by heating trimethyl-carbin-cyanide
with alkalies, or better with concentrated hydrochloric acid, to 100°,
and by oxidation of pinacoline (§ 504, 3) with chromic and dilute
sulphuric acids. The crude acid is converted into the potassic salt,
this evaporated to dryness, and decomposed with sulphuric acid.
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Trimeth-acetic acid then separates as an oil, which crystallises on
cooling.

Trimeth-acetic acid forms leafy erystals, melting at 34°-35, and
boils at 161°. It requires forty times its WElchtOf water for solntmn.
Its baric salt, Ba[O CO.C:(CH,),),,5H,0, and calcic salt :

Ca(0.C;H,y0),,4H,0,
crystallise in silky needles, which are readily soluble.

Caproic Acids, or Amyl Carbonic Acids, C¢H,,0,

584. Of the eight possible isomeric amyl carbonic acids only the
following have yet been prepared :—

1. Normal caproic acid, CH;. CH,.CH, CH,.CH,.CO.0H, occurs
in nature partly in the free state (in sweat and in the blood of
Satyrium hircinum), partly in several fats as glyceric salts (in butter
and cocoa-nut oil), and is formed from albuminoids and acids richer in
carbon by oxidation. It is obtained from normal primary hexylic
alcohol by chromic and sulphuric acids, and from normal pri
amylic iodide by conversion into the cyanide and decomposition of
this latter by alkalies. It is formed also in pretty considerable quan-
tity in the butyric fermentation of sugar. In order to parify it the
calcic or baric salt is prepared, mcr\'bt.llh:ed and the caproic acid
separated by addition of the hydrochloric acid.

Caproic acid is an oily liquid of faint, unpleasant odour, not mis-
cble with water, having at (° sp. gr. ‘945. On strong cooling it
solidifies to a crystalline mass, which meltsat —2°. It bails at 205°.

Calcic caproate, Ca(0.CO.CH,.CH,.CH,.CH, CH,),,H,O crystal-
lises in plates, which dissolve in 36—37 parts of water at 19°.

Baric caproate, Ba(0.C H,,0),, requires about twelve times its
weight of water at 20° for solution.

Argentic caproate is nearly insoluble in water.

2. Isocaproic acid, gg?cmm, CH,.CO.0H, or inumyd car-

bonic acid, is obtained from isoamylic cyanide by decomposition with
alcoholic potassic hydrate and by saponification of ethylic aceto-iso-
butyl acetate. It is an oil resembling the normal acid, of sp. gr.
*931, and boiling at 199°-200°.

Caleic isocaproate, Ca[0.CO.CH,.CH,.CH : (CH,),};,3H,0, crys-
tallises in plates, and requires nine parts of water at 18'5° for
solution.

3. If the secondary isoamylic iodide be heated in alcoholic solution
with potasgic cyanide, the resulting cyanide decomposed by alkali,
and the alkaline salt treated with acid, methyl-isopropyl acetic acid,

H*>CH.CH<ggbn, is obtained in the free state as an oil of

fearfnl odour, which has been little investigated. Its calcic salt is
difficultly soluble in hot water and crystallises in scales.
4. Dieth-acetic acid, OE*CHTSCH.CO.0H, is obtained by sa-
3:CHly
ponification of its ethylic salt, which latter is a product of the split-
ing up of aceto-diethyl acetate. The free acid is an oil ; the baric
salt, Ba[0.CO.CH(C,H,),);, is crystalline and readily soluble in
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water. The argentic salt, Ag0.CO.CH(C,H,),, is also soluble, and
crystallises in asbestos-like, silky needles.

5. Dimeth-eth-acetic acid, C(CH,),(C,H;).CO.0H, is obtained
by heating dimethyl-ethyl carbin-cyanide with strong hydrochloric
acull :';t 100°. It is a colourless liquid, insoluble in water, boiling
at 187°.

Baric dimeth-eth-acetate, (C;H,,C0.0),Ba,5H,0, crystallises in
large transparent plates. The zincic salt forms transparent prisms,
and the silver salt fine silky needles.

Heptylic Acids, or Hexyl Carbonic Acids, C,H, 0,.

585. Only two of the numerous possible hexyl carbonic acids have
been accurately investigated.
Normal heptylic acid, or enanthylic acid :

CH,.CH,.CH,.CH,.CH,.CH,.CO.0H,

is obtained from normal primary hexylic iodide by conversion into
normal primary hexylic cyanide by treatment.with potassic cyanide
and decomposition with alcoholic potassic hydrate, and also by the
oxidation of normal primary heptylic alecohol. It is prepared most
readily by the oxidation of its aldehyde, cenanthol (§ 400). It forms
a colourless oil of faint odour and of sp. gr. 9345 at 0°, solidifying
in the cold to a crystalline mass, melting at —10'5° and boiling at
223°-224°,

The calic salt, Ca(0.C,H,;0),,H,0, crystallises in tufts of
needles, which dissolve in 106 parts of water at 8°.

Tseenanthylic acid, probably (CH,),: CH.CH,.CH,.CH,.CO.0H,
is prepared by oxidation of iscenanthylic alcohol. It is a colourless,
oily liquid of peculiar and disagreeable odour ; it boils at 210°-213°.

Another isenanthylic acid, boiling at 220°, is obtained by heating
& mixture of sodic ethylate and isovalerate in carbonic oxide.

Acids Richer in Carbon.

586. In most cases only one representative of each higher mem-
ber of the series is known, although the number of possible isomers
increases enormously with each additional carbon atom. With few
exceptions they are prepared from the fats, and those so obtained
appear to be normal acids, CHy(CH,),CO.0H, as on oxidation with
chromic and sulphuric acids they yield normal acids poorer in carbon.
They are insoluble in water, soluble in alcohol and ether, and are
crystallisable. Their alkali salts are true soaps, i.e. dissolve in little
water to a clear solution, but are partially decomposed by much
water, with clouding and liberation of some alkali, to liquids which
froth strongly on shaking. The other metallic salts are most diffi-
cultl solu'llﬁe or insoluble in water, but mostly soluble in alcohol.

0%7. Octylic or caprylic acid, CgH,,0, = C,H,,;.CO.0H, the car-
bonic acid of normal primary heptyl, is prepared by oxidation of
normal primary octylic alcohol (§ 173), and occurs in wine fusel oils,
as a fat in butter, in cocoa-nut oil, and in other vegetable fats.

Caprylic acid crystallises in fine needles or plates, which melt
between 16° and 17° and smell like sweat. It boils at 232°-234°,
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Its baric salt requires fifty parts of cold, and more than 100 parts of
hot, water for solution.

An 1is0-octylic acid, C(CH,),.CH,.CH(CH,).CO.0OH, is prepared
by oxidation of diisobutylene ; it is an oily liquid, boiling, apparently
with some decomposition, at 205°-218°,

588. Nonylic acid, or pelargonic acid, CoH, 0, = C,H,,.CO.0H,
occurs in the essential oil of Pelargonium roseum, and is obtained by
oxidation of methyl-nonyl ketone, the essential oil of Ruta graveolens
(§ 455), with nitric acid, and also by acting on ethylic heptyl aceto-
acetate with solid potassic hydrate and acidulation of the resulting
salt. It is solid below 12° and boils at 253°-254°.

Methylhexyl acetic acid, C¢H,;.CH(CH,).CO.0OH, is prepared
from the cyanide derived from methyl-hexyl carbinol. It is a colour-
less oil, boiling at 245°.

689. Capric acid, C,H;,0, = CyH,,.CO.0H, occurs as glyceric
salt in butter, in cocoa-nut oil, and all fats which contain caproic or
caprylic acids. It is solid and crystalline, melts at 30°, boils at 270°,
and has a faint, goat-like odour. The baric salt is scarcely soluble
even in hot water.

690. Undecylic acid, C, H,,0, = C,(H,,.CO.0H, obtained by
the oxidation of methyl-undecyl ketone (§ 456a), melts at 28-5° and
boils at 212°~213° under a pressure of 100 mm.

691. Lauric acid, ClQHg402 = C|3H2300.0H, obtained from the
fat of pichurium beans, the fruit of Laurus nobilis, butter, cocoa-nut
oil, &c., crystallises in spear-like, silky needles, which melt at 43-6°
and have sp. gr. ‘883. It boils at 225'5° under a pressure of 100
mm., but is partially decomposed on distillation at ordinary pressures.

592. Tridecylfc acid, 013H2802 = C]aHgyC0.0H, obtained by
oxidation of methyl-tridecyl ketone (§ 4551;), melts at 45° and solidi-
fies a little below this to scaly crystals. It boils at 236° under a
pressure of 100 mm.

593. Mymtic ac“d, C|‘HQQO, = C]aH27-CO.OH, forms a glyceric
salt, the chief constituent of muscat butter (the fat of the fruit of
Myristica moschata), but is also prepared from spermaceti, cocoa-nut
oil, and other fats. It crystallises from alcohol in silky needles,
which melt at 54°. Under a pressure of 100 mm. it boils at 248°.

694- Penta(ieeyl’ic aci(i, ClesoOg = Cl,‘H’p-C0.0H, Prepanrﬂi
by the oxidation of methyl-pentadecyl ketone (§ 455¢), forms nacre-
ous scales, which melt at 51° and boil at 257° under a pressure of
100 mm.

696- Palmit'ic Mid, ClsHagog = Cl5H3‘-CO-OH, occurs as a gly-
ceric salt in nearly all animal and vegetable fats. In the solid
animal fats it occurs mostly with stearic and oleic acids, in olive oil
with little but the latter. It is obtained from its mixture with
stearic acid (stearine candles’ material) by the method of fractional
precipitation (§ 563), and more readily from olive oil. This is saponi-
fied by boiling with sodic hydrate, when the thick solution contains
glycerine and the soda soaps of oleic and palmitic acids. These are
precipitated on saturating the water with common salt, separated
from the salt solution, dissolved in pure water, and precipitated by
addition of plumbic acetate as plumbic oleate and palmitate (lead
plaster). From this mixture the plumbic oleate is completely removed
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by extraction with ether, and the residual plumbic palmitate decom-
posed by alcoholic hydrochloric acid. The alcoholic liquid, filtered
from plumbic chloride, yields, when precipitated with water, nearly
pure palmitic acid, which must be recrystallised several times from
alcohol.

Palmitic acid is also obtained by heating cetylic aleohol with solid
alkalies :

015H3‘.CH3-0H + HOK = 2H2 + C]aHs].C0.0K,

and from oleic acid by heating with potassic hydrate.

Palmitic acid crystallises in needles, which melt at 62° and re-
solidify in leafy crystals on cooling ; it boils at 268-5° under a pres-
sure of 100 mm.

The alkaline salts are soluble in alcohol and little water, and are
true soups ; all other metals yield insoluble soaps with palmitic acid.

An isomeric acid, dikeptyl acetic acid, CH(C;H,;);.CO.OH, is
Erepared by action of ethylic dibeptyl aceto-acetate on solid potassic

ydrate. It forms a paraffin-like mass, melting at 26°-27° and boil-
ing at 240°-250° under 80-90 mm. pressure.

698. Margaric acid, cetyl carbonsc acid :

017H3‘Og = ClsHal.CH,.C0.0H,

is obtained from cetylic cyanide by boiling with potassic hydrate
solution, and also by oxidation of methyl-heptadecyl ketone (§ 455¢).
It resembles palmitic acid, melts at 59'9°, and boils at 277° under a
pressure of 100 mm.

597. Stearic acid, 018H36027 or O|7H35.CO.OH, occurs especially
in the solid animal fats, and, mixed with palmitic acid, forms the
material used for making stearine candles. To prepare this latter,
solid animal fats are heated with water, to which a very small quan-
tity of sulphuric acid has been added, for some time to 200°.
According to the equation :

CSHS(O'CnHﬂ— |O)3 + 3H’O = CaHs(OH)a + 3HO.CnH2n_ ]0,

the fats are decomposed into glycerine, which remains dissolved in
the excess of water, and a mixture of stearic, palmitic, and oleic acids,
which float on the surface of the liquid. This is removed after solidi-
fication, and strongly compressed by hydraulic presses, first at ordi-
nary temperature, later at 30°-40°, in order to remove the liquid
oleic acid. The mixture of solid acids melts at a lower temperature
than palmitic acid, and, after addition of some wax or paraffin to
hinder crystallisation, is employed for stearine candles.

Pure stearic acid, which can be prepared from this mixture by the
method of fractional precipitation, melts at 69-2°, solidifies in scaly
crystals, and is obtained from alcoholic solutions in brilliant plates.

At ordinary pressure stearic acid only distils with decomposition :
at a pressure of 100 mm. it distils unaltered at 287°, and also passes
over at 250°-360° in a current of super-heated steam.

A fused and resolidified mixture of equal molecules of stearic and
palmitic acid, which contains the elements in the same proportion as
margaric acid :

C1sH360; + C16H3a0y = C3Heg0, = 20,,H,,0,,
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was taken for margaric acid before the method of fractional precipi-
tation was known. It melts at about 60° and solidifies to & needle-
formed crystalline mass. A mixture of two parts palmitic acid and
one stearic acid fuses at 55°.

98. Arachidic acid, CooH (O, is found in the fat of earth nut
(Arachis hypogaea), in butter, and some other fats. It crystallises in
brilliant plates, which melt at 75°.

599. Behenic acid, Cy9H ,0,, prepared from oil of ben, the fat of
the fruit of Moringa-nux Belhen, melts at 76°.

m. Hyaenic acid, C,sH&oOa, issepmt&i from the fat of the
glandular pouches of Hyaena striata as an acid melting at 77°.

801. Cerotic acid, Cy,H;,0,, forms the chief constituent of bees’-
wax, and is extracted therefrom by boiling with ether, whilst mellis-
sylic palmitate remains undissolved. On cooling the hot filtered
liquid, erude cerotic acid separates, and is collected on a filter and
pressed. It is then dissolved in hot alcohol, precipitated with plumbic
acetate, and the crude plumbic cerotate so obtained purified by treat-
ment with alcohol and ether. It is decomposed by hot acetic acid,
and the ted cerotic acid recrystallised from alcohol.

It is also obtained by the saponification of Chinese wax (cerylic
cerotate), and by oxidation of cerylic alcohol by fusing with potassic
hydrate.

7Cerotic acid crystallises from alcohol in small grains, which melt
at 79°,

802. Mellissic acid, C30Hg,0, is prepared by oxidation of mellis-
sylic alcohol with fused alkalies :

C,oHﬁo.OHQ.OH + HOK = 2H’ + CQgHgg‘C0.0K.
It is an indistinctly crystalline, wax-like substance, melting at 91°.

Halogen Compounds of the Acidoxyls.

603. The organic salts are not altered by the halogen hydro-acids
even in the absence of water ; in the latter case, however, if phosphoric
anhydride be also present, reaction occurs. A mixture of glacial acetic
acid and phosphoric anhydride yields acetyl chloride when heated
with dry hydrochloric acid gas :

CH;.C0.0H + P,Og + HC] = 2HP03 + CHa-CO.Cl.

The acid chlorides are obtained more readily by the action of the
halogen compounds of phosphorus on the acids or their anhydrides.

Phosphoric chloride or bromide react with one molecule of the
acid, yielding phosphoric oxy-haloid, acid oxy-baloid, and halogen hydro-
acid, the reaction starting at the ordinary temperature and evolving
much heat :

CnHgp 4 1.C0.0H + PCl, = POCl; + CyHg,4,.CO.Cl1 + HCL

For this purpose phosphoric chloride is placed in a retort, whose
neck is turned up and attached to an inverted condenser ; the acid is
then allowed to flow in slowly through a funnel tube provided with a
stop-cock, and passed through the tubulus of the retort. After
completion of the reaction the liquid products are separated by frac-
tional distillation.
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On bringing together one molecule of & phosphoric oxy-trihaloid and
two molecules of a dried alkali salt of an organic acid, an energetic
reaction ensues, in which acidexyl haloid, metallic haloid, and meta-
phosphate are formed :

POCI, + 2Na0.00.CoH,u, ; = NaO.PO, + NaCl
+ 201.CO.CoHyury 1

The reactions between phosphorus trihaloids and acids, which can
also be employed, require to be assisted by heat, but, from the non-
formation of any volatile phosphorus compound, yield the pure
acidoxyl haloid on careful distillation.

Acidoxyl iodides cannot be prepared from the acids themselves,
as these, on treatment with phosphorus iodide, yield iodine, and are
further decomposed ; but by treatment of the ucid anhydrides with
phosphorus triiodide, the acidoxyl iodides are formed, e.g.

3(CH,.C0),0 + 2PI, = P,0, + 6CH,.CO.I,

;he phosphorus trioxide then acting further on a portion of the an-
ydride.

Instead of employing the haloid compounds of phosphorus, the
dried acids or anhydrides may be mixed with amorphous phosphorus
and then treated with the halogen.

604. The acidoxyl haloids are mostly heavy liquids which fume in
the air. When added to water, they generally sink in oily globules,
but soon decompose with it into halogen hydro-acid and fatty acid,
the reaction being generally violent :

CaHin41.C0.C1 + H,0 = CyH,a,,.CO.0H + HCL
CH,.CO.I + H,0 = CH,.C0.0H + HI

The halogen is much less firmly united to carbon in these com-
pounds than in the alkyl haloids, which do not contain oxygen united
- to the same carbon atom. In this respect the halogen compounds of
oxygenated organic radicals behave like those of the inorganic acid
radicals.

The reaction of the acid haloids upon alcohols is similar to that
with water, as the alcoholic salt of the acid and halogen hydro-acid
are formed with much evolution of heat; or, if excess of alcohol be
present, the latter forms with it alkyl haloid and water. The first
reaction occurs according to the equation :

C!IH’I!-l- l.OH + Cl-CO-Cn'HQn'.P 1= HCl1 + CnH’n+ l'O’CO'On'Hﬂn’-'-l'

605. Formyl haloids are not known. If, for instance, phosphoric
pentachloride reacts on pure formic acid, carbonic oxide is evolved :

H.CO.0H + PCl; = POCl,; + HCl 4+ HCO.Cl = POCl,
+ 2HCI + CO.

608. Acetyl Haloids.—Acetic chloride, or chlor-acetyl, CH,.CO.C],
is a colourless liquid of penetrating odour, fuming in the air, has
sp. gr. 1:125, and boils at 56°. It first sinks in water, but soon de-
composes with violence into acetic and hydrochloric acids. Acetic
bromide, or brom-acetyl, CH;.CO.Br, resembles the chloride, but boils
at 81°, Acetic todide, or todo-acetyl, CH,.CO.1, is a liquid boiling at
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108°; it is always coloured brown by free iodine, and decomposes on
exposure to light with separation of iodine and further changes of the
organic residue.

607. Propionic chloride, or chlor-propionyl, CH,.CH,.CO.Cl,
boils at 80°, propionic bromide at 96°-98°, and propionic todide,
CH,;.CH,.CO.I, at 127°-128°.  All three fume on exposure to air.

Butyric chloride, or chlor-butyryl, CH,.CH,.CH,.CO.C], boils at
101°; tsobutyric chloride, (CH,;),CH.CO.CI, at 92°.

) 0£walgic chloride, or -isovaleryl, boils at 115° and has sp. gr.
*005 ab 6°.

Ethereal Salts.

608. Methods of Preparation.—On mixing a fatty acid with
alcohol, only a feeble and incomplete reaction occurs; on heating the
mixture to higher temperatures it occurs to a greater degree, so that
considerable quantities of the salt, together with water, are formed, but
even then considerable quantities of the ingredients remain unaltered.
The process is represented by the following equation :

aCan.H.OH + aHO.CO.CNHm,.,,l = bH,O
+ 8CHyp 4 .0.CO.CLHype g
+ (@ — 5)(CnHgn 4 .OH + HO.CO.CpHype ).

By employment of an excess of alcohol an increased quantity of
acid, by an excess of acid a larger quantity of alcohol, can be converted
into the salt.

The yield of salt is increased by the presence of bodies which can
combine with the resulting water, such as sulphuric acid or hydrochloric
acid gas ; but the action of these acids does not cease with combination
with water, but, especially with sulphuric acid, they take part in the
reaction, combining with the alcoho{

In preparing ethereal salts which volatilise unchanged, a mixture
of alcohol and free acids or their salts is distilled after addition of
sulphuric acid. The latter partly forms with the alcohol monalkyl
sulphate, which at higher temperatures reacts with organic acids
similarly to its reaction with alcohol and water (§ 215):

(CoHga 4+ ,)HSO, + HO.CO.CoHyy 4, = CuHyn 41.0.C0.CoHyn 4
Ethereal salt.

Volatile ethereal salts are also similarly obtained by the dry distilla-
tion of an intimate mixture of the alkali salts of fatty acids with
potassic alkyl sulphates:
CDHSII-F le()‘ + KO-Canm'_ 10 = K’SO‘
+ CoHgn 4 0.CoHgn 0.

The alcohols react very completely with acids when hydrochloric
acid gas is passed to saturation into a mixture of the two. In the
main the hydrochloric acid acts by uniting with the water, but also
oconverts a portion of the alcohol into alkyl chloride, of which a certain
quantity acts further as follows :

CoHsny .01 + HO.00.CpHyp ;. , = HOL + CyHyp 4 1.0.00.0 Hynry .
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This method is especially applicable when an insoluble salt of high
boiling point is to be prepared from an alcohol miscible with water.
After standing for several days the excess of alcohol is in great part
distilled off, and the residue shaken with water. This removes alcohol
and hydrochloric acid, whilst the ethereal salt separates and is puri-
fied either by distillation or, if solid, by crystallisation.

The following are also methods of general application :—

An alkyl haloid is heated with the potassic or argentic salt of the
acid at 100°, best in the presence of some alcohol :

CoHgpn 4, Cl + KO.CpHgp.— ;O = KCl + CpHgp 4 1.0.CpHop_,0.
CnHan+ lI + AgO.Cann:_ 10 = AgI + CnHan+ ].O.Cn'Hmv_ 10.
The acid chlorides react with great emergy on the alcohols yielding

ethereal salts :
C!IHD{- |.0H + CI.CO-OnIHnl_'_ 1= CHH”.', ].O.CO.CnIH’n:_'_ 1 +HC].

809. Reactions of the Ethereal Salts.—If not of very high molecular
weight they are mostly liquids, distinguished, as a rule, from their
constituent acids and alcohols by their agreeable odours. Many of
them occur naturally, and impart to fruit, flowers, &c., their character-
istic odour.

Solid crystalline ethereal salts of high molecular weight also occur
naturally, forming the chief constituents of the various kinds of wax.

Treated with much water, and especially on heating, the ethereal
salts are reconverted into acid and alcohol :
aCnHm+ l.O.Cn:H,n._|0 +bHQO = CCnH2n+ X.OH + cHO.Cnan'_IO

+ (a—¢)CoHgp 4 }O.CxHpp 0 + (—¢)H,0;
the reaction being effected more readily and completely on heating
with strong bases :
Cann.‘. 10.0,,H,n_10 + KOH —_ KO-CNH”'_lo + anm+|OH.

As already mentioned, this process is termed saponification.

Ammonia, even in the presence of water, converts them into
alcohol and acid amide :

Oan+ lO-CO.Cn:HQn'.'.] + NHa = CBH”.'. 1.OH
+ NHQ-CO.Cn'Hn'_‘_ 1

Phosphoric chloride decomposes the ethereal salts into alkyl

chlorides and acid chlorides :
OIIHQ!I+I°O'C!I'HBII'— |O + PC].5 = POCI; + CnHm.'.lCl
+ CICpHgy 0.

By action of bromine and chlorine, substitution products are

formed (with elimination of hydro-acids), in which even all the hy-

drogen atoms can be replaced by halogen. For this complete replace-
ment the assistance of light and heat is requisite.

Ethereal Salts of the Mon-hydric Alcohols.

610. A very large number of cases of metamerism occur amo
the salts of this group, depending on the nature of the alcohols and
acids. In addition to this they are further metameric with the mono-
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basic acids, the general formula of the ethereal salts being the same as
that of the fatty acids, CoH 4,0, :

CoHin41.0.C0.0xHyne 4y = O sur s 1 Hawr 4 241)03
= CpHgnO4 if n = n o 41-

In comparison with the metameric acids the ethers always boil at
lower temperatures and are less soluble in water. These liquids mix
with alcohol and ether in every proportion.

611. Methylic formate, CH;.0.CHO, metameric with acetic acid,
is best obtained by distillation of sodic formate with potassic methyl
sulphate. It is & mobile, colourless liquid, boiling at 36°.

612. C;HO,. Ethylic formate, C,H,;0.CHO, is obtained by dis-
tillation of seven parts of dried sodic formate with six parts of 90 93
alcohol and ten parts of sulphuric acid, or better by heating glycerine
with oxalic acid and alcohol in a vessel provided with an inverted
condenser (comp. § 567). It boils at 55° and dissolves in ten times
its weight of water.

Methylic acetate, CHz.0.CO.CHj;, occurs ready formed in crude
wood spirit. It boils at 56° and has sp. gr. ‘956 at 0°. The first
chlor substitution product is methene aceto-chloride, C1.CH,.0.CO.CHj,
an oil boiling at 115°-116°, which on heating with water is converted
into acetic and hydrochloric acids and methylic aldehyde.

613. C .HO,. Propylic formate, CH;.CH,.CH,.0.CO.H, boils at
82-5°-83°.

Ethylic acetate, CH;3.CH,.0.CO.CH,, is best prepared by distilling
ten paris of sodic acetate with a mixture of fifteen parts of sulphuric
acid and six parts of alcohol. In order to remove any alcohol from
the distillate, it is shaken several times with small quantities of a
saturated solution of common salt, and the acetate then separated and
dried by distillation over calcic chloride.

Pure ethylic acetate is a clear thin liquid of refreshing odour,
boiling at 72°-74° and dissolving in about eleven times its weight of
water, the latter soon partially decomposing it into acid and alcohol.
It has sp. gr. "9068 at 15°.

On adding sodium to perfectly pure ethylic acetate it dissolves
with heating and evolution of but little gas to a mixture of sodic
ethylate and ethylic aceto-sod-acetate (see ketonic acids).

Methylic propionate is not known.

614. C;H,,0,. Of the numerous possible salts of this molecular
formula (four butylic formates, two propylic acetates, ethylic pro-
pionate, and two methylic butyrates) the following have been
sufficiently investigated :—

Propylic acetate, CH;.CH;3.CH,.0.CO.CHj, is a colourless liquid,
boiling at 103°, of sp. gr. *899 at 15°.

Isopropylic acetate, (CH,4), :CH.0.CO.CH,, boils at 90°-92°.

Ethylic propionate, CgH,;.0.C0.C,Hj, boils at 99°-100° and has
sp. gr. ‘8945 at 17°.

Methylic butyrate, CH,.0.CO.CH,.CH,.CHj,, boils at 93°, smells
like butter, and has at 0° sp. gr. 9091.

815. CgH,,0,. Jsoamylic formate,(CH,),:CH.CH,.CH,.0.CHO,
::i)ils at 112°, has sp. gr. ‘8945 at 0°, and has an agreeable fruity

our.
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Primary butylic acetate, CH;.CH,.CH,.CH,.0.C0O.CH,;, boiling
_point 125°, sp. gr. "8768 at 23°,

Secondary butylic acetate, CHa_gg?on.o.oo.cH,,boﬂsatur,

sp. gr. -892 at 0°.
Primary isobutylic acetate, (CH,;),:CH.CH,.0.C;H;0, boils at
114°, sp. gr. ‘8845 at 16°.
Tertwry isobutylic acetate, (CH,);.C.0.C,H,0, boils at 96°.
Propylic propionate, CH,. CH, CH,.0.CO.C,;H;, boils at 124:5°,
Ethylic butyrate, C;H,.0.CO.CH,.CH,.CHj, is an oil boiling at
121°, of s.greeable anise-like odour, and of sp. gr. ‘9003 at 18°. Kthy-
lw uobutyrate, gH‘r, 0 CO CH (CHa),, bolls at 113°
Methylw tsovalerate, CH;.0.C0.CH,.CH:(CH,),, boils at 112°,
‘896 at 0°.
16. C,H,,0,. Normal primary amylic acetate :

CH,.CH,.CH,.CH,.CH,.0.C;H,0,
boils at 148-5°. Normal awonda/ry amylic acstate:

OH, CH, on }CH 0.C,H,0,

boils at 140°, Primary isoamylic acetate :
(CH,),:CH.CH.CH,.0.C,H;0,

boils at 133°, and has the odour of jargonelle pears. Secondary iso-

amylic acetate, (CH3)3:C ECH .0.C,H,0, boils at 125°.

135Isobut ylic pr opwnate (CH), : CH.CH,.0.C3H;0, hasboiling point

ITsopropylic butyrate, (CH;), CH.0.CO.CH,;.CH,.CH;, boiling
point 128°, sp. gr. -878 at 0

Ethy, le valerate, C,H;.O. CO CH,.CH,.CH,.CHj, boils at 144'5°;
ethylic tsovalerate, C:,H,, 0.CO.CH,.CH :(CH,),, at 133°; and ethylw
trimethyl acetate, CgH;.0.CO.C: (CHs)a, at 118-5°.

Methylic caproate, CH;.0. CgH,,0, has an unpleasant odour and
boils at 131°.

617. CgH,,0. The following are the best kmown salts of this
formula :—

Hexylic acetate, CH;.CH,.CH,.CH,.CH;.CH,.0.C,H;0, an oil of
agreeable fruity odour, boiling at 169°-170°.

Butylic butyrate, CH;.CH,.CH,.CH,.0.CO.CH,.CH,.CH,, boils
at 165-5°.

Isobutylic isobutyrate, (CH,),: CH.CH,.0.CO.CH :(CH,),, boils
at 142°, sp. gr. ‘8702 at 0°. .

E‘hyl’iﬂ wp’m, CaHb.O.CO.CHa.CHQ-CH,.CH,.CH‘, boils at
167°.

Ethylic tsocaproate, CaH;.0.CO.CH,.CH,.CH:(CH,),, boils at
160-5°.

Ethylic dieth-acetate, C,H;.0.CO.CH : (C,H;),, boils at 151°.

618. C,H,,0,. Ethyhc enanthate, C;H,.0.C,H,,0, is an oil of
agreeable odour, boiling at 187°-188°, of sp. gr. ‘8735 at 16°. The
aroma of old wines appears to be in part due to this body.
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CIOHQOOQ' E“ylic butyfate, CGH130.04H70, and Odyk'c wm,
CgH,,0.C;H,0, form together that part of the oil of Heracleum
gigamteum which distils between 201° and 206°. The latter also
for;mls 7t:l;)e chief constituent of the oil of Heraclewm Spondylium (§§ 171
an .

Tsoamylic isovalerate, (CH 3),:CH.CH,.CH,.0.CO.CH,.CH:(CH,),,
is formed as & bye product in the oxidation of fermentation amylic
alcolhol to isovaleric acid. It boils at 188° and smells agreeably like
apples.

Ethylic caprylate, C;H;.0.C4H 0, also boils at 188°.

C1,H,;0,. Ethylic pelargonate, CoH;.0.CoH, 0, smells like Pelar-
gonium roseum, boils at 207° and has sp. gr. ‘86.

CI’HQ‘OQ. Normal myl‘c Woate, CGHla'O‘CGHIIO’ is ob-
tained in the oxidation of normal primary hexylic alcohol as an oil of
faint odour, boiling at 245°5°, and of sp. gr. *865.

Ethylic caproate, C;H;.0.C,H 0, boils at 226°, sp. gr. 862.

C,H,40,. Ethylic laurate, C,H;.0.C\3H,;0, obtained by the
action of hydrochloric acid on a solution of lauric acid in aleohol, boils
at 264° and solidifies in crystals on cooling.

Cl sHagO. Eﬂlylic myriatate, CQH5.0.CI‘HQ7O, is an ea.sﬂy
fusible, colourless, crystalline mass. Normal caprylic octylate,
CeH,,0.C.H, ;0, boils at 297°-299°, has sp. gr. ‘8625.

619. The ethylic salts of the acids richer in carbon are all pr
by saturation of their alcoholic solutions with hydrochloric acid ; they
are crystallisable, wax-like, brilliant, colourless masses. :

Ethylic palmitate,C,H;.0.C, ¢H ;,0, melts at 24:2°; ethylic stearate,
C’H5.0.018H35o, at 33'705 ethylic arac’lidate, CgH’,.O.CgoHsgo, at
50°; and ethylic cerotate, C;H;.0.C3,H 30, at 59°-60°.

Cetylic acetate, isomeric with ethylic palmitate, is obtained by
saturation of a solution of cetylic alcohol in glacial acetic acid with
hydrochloric acid. It crystallises in needles melting at 18-5°.

620. The highest members of this series form the chief constituents
of vegetable and animal wax.

Cetylic pa]/mitate, CNH”.O.CIGHNO. Spermmti consists in
great part of this substance. It is obtained by crystallisation and
pressing from the oil occurring in the bones of the skull of certain
species of whales (Physeter macrocephalus and Delphinus), and forms
a colourless mass of leafy crystals of waxy lustre. In the pure state
it melts at 49°.

Bees'-wax is a mixture of several bodies, which are partially
soluble (chiefly cerotic acid), partially insoluble in boiling aleohol.
The chief ingredient of this latter portion is mellissylic palmitate,
080H61'0‘016H810 (Oomp. § 179). .

. Chinese waz, a body of leafy crystalline fracture, consista of cerylic
mota'te, C,,Hss.O.Ca,H&zO.

A variety of wax is obtained by extracting meadow hay with hot
alcohol ; it consists of mellissylic mellissate :

CsoHlaoOa = CaoHeno-anstso-

Wax-like substances are widely diffused in plants—e.g. on the sur-
face of green leaves, stalks, and many fruits (pears, apples, cherries,
&c.) These still require investigation.
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Salts of the Fatty Acids with the Diad Radicals, CuH .

621. Alkylidens Salts.—The more important of these compounds
have already been mentioned, more especially the formation and pro-
perties of methene diacetate, CH,:(0.CoH;0), (§ 389); ethylidens
diacetate, CH;.CH : (0.C,H ;0),, boiling point 169° (§ 393) ; and ethy-
UWdene aceto-chlorids, CH,.CHCI.0.CoH,0, boiling at 120°-124°,

622. The salts of the olefines have already been mentioned as in-
termediate products between the olefine haloids and the glycols. In
their formation and decomposition they resemble the salts of the
alkyls, but from the diad nature of their radicals exhibit some modi-
fication, especially in the methods of preparation.

On heating & glycol with a fatty acid, a dasic salt is first

obtained :

CoHyn(0OH).0.CoHy, 0,
for whose conversion into the neutral salt a considerably higher tem-
perature and excess of acid is requisite.

In the reaction between olefine dihaloids and salts of the fatity
acids, normal ethereal salts only are formed, when the free acid itself
is also present. If, on the other hand, alcohol be employed as a sol-
vent, only basic salts of the olefine and alkyl salts are formed (§ 483).

On adding acidoxyl chlorides to the glycols, an energetic reaction
ensues, whose chief product is an olefine chloro salt :

CH,.0H CH,.0.C,H,;0
+ 01.00.0H, = ' + H’O
H,.OH CH,.Cl

The same product is also formed in considerable quantity when hy-
drochloric acid gas is passed into a mixture of a glycol with an excess
of an organic acid : )

CH,.0H CH,.0.C;H;0

J} + 2HO.0,H,0 + 2HCl = | + H;0

H,.OH CH,.Cl
+ HO.C;H,0 + HCL

Acid anhydrides yield either basic or normal salts with the glycols,
according to the proportions of the ingredients employed : ‘

CuHa(OH); + (CoHan 10)30 = CoaHn(OH).0.CxHyy_,0

+ HO.C,Hyy_,0 ‘
Can(OH)Q + 2(Cn'H2nr_]O)g0 = CI‘H”(OcOn'Hn'_lO)g
+ 2HO.C, H,, 0.
‘Whilst the ethers or dialkyl oxides scarcely react with organic acids,
the olefine oxides readily combine with them, forming basic salts :
OH,\O CH,.0.C,H;0

b, /0 FOURO= by om

and with equal readiness with the anhydrides forming the normal salts :
CH CH,.0.C,H;0

(SH:>O + 0(C:H,0), = JTH,.O.C,H,O
BB
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6238. The acetates are best known of these compounds. A short
notice of the characteristics of some few members will suffice.

Ethylene hydrate acetate is a liquid miscible with water, boiling at
182°. Ethylene diacetate requires seven times its weight of water for
solution, and boils at 186°. Ethylene aceto-chloride is readily pre-
pared by action of hydrochloric acid gas on the basic acetate :

CH,.0.0,H;0 CH,.0.0,H;0
H,.OH CH,.Cl1

and by heating ethylene hydrate chloride with acetic anhydride to
110°:

CH,.0H CH,.0.0,H,0

é + 0.(0,H;0), = E + HO.C,H,0

H,.Cl H,.Cl

it is isomeric with ethylidene aceto-chloride, and boils at 195°.

The basic salt yields with hydrobromic acid gas ethylene bromo-
aoetate, Br.CH,.CH,.0.C,H;0, and with hydriodic acid ethylene ace-
to-iodide, which cannot be distilled without decomposition, and which
is readily converted into ethylic acetate by excess of hydriodic acid :

I.CH,.CH,.0.C,;H;0 + HI =1, + CH,.CH, 0.C,H,0.

The three haloid acetates of ethylene are liquids which sink in water,
and on saponification yield ethylene oxide :
CH,;.0.C,H,;0 KO0.C,H;0 CH,
| + 2KOH = + H0 + | >o
CH,.Cl KCl CH,
The following basic ethylene salts are also known :—Zthylene
hydrate butyrate, C,H ,(OH).0.C,H,0, boiling point 220° ; the tso-
valerats, CoH,(OH).0.CsH O, boiling point about 240°. The neutral
butyrate, C,H,(0.C ,H;0)s, boiling at 240° ; the neutral <sovalerate,
boiling at 255°. Double salts are also known, such as ethylene aceto-
butyrate, CgH,(0.C,H;0)(0.C,H,0), boiling at 208°-215°, and the
aceto-isovalerats, CH (0.C,H30)(0.C,H,0), boiling point about 230°.
All the above neutral salts are oily liquids. KEthylene distearate,
C,H,(0.C,gH;50),, is solid and crystallises in plates which melt
at 76°.
Acetates of the polyethylenic glycols (§ 506) are also known.
Of the salts of higher members of the series there may be mentioned—
Propylene diacetate, CH,;.CH(0.C,H;0).CH,.(0.CqH;0), boils at
186°; the isomeric trimethene diacetate :
C,H,;0.0.CH,.CH,.CH,.0.C;H 0,
boils at 203°-205°. Butylens diacetate boils at 200° ; isoamylene di-
acetate, at above 200°.

Anhydrides of the Fatty Acids.

624. If two oxygenated acid radicals are combined together by
means of an oxygen atom, the anhydrides of monobasic acids result :

CyHyy 1.CO
CoHarr.C0>0
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whose general molecular formula is CyHyy 305 Their preparation
is not effected directly from the acids, like the ethers from the alcohols,
but is accomplished readily by the reaction of the acid haloids on an-
hydrous salt of the acids, the sodium salts being generally taken.
The reaction is accompanied by considerable evolution of heat and
separation of sodic chloride. If both the salt and acid haloid em-
ploy;d cz:lxtain the same acid radical, the so-called stmpls anhydrides
are formed :

On'HW,l.‘.OO.Cl + NaO.CO.Cn,Hn,,,_‘ = NBGI
+ CpHyp 4,.C0.0.C0.CoHyy 4y,
whilst if derivatives of different acids be used, mized anhydrides are
obtained :
CB'HD"I' loCOCI + NaO.CO.CnMHmu_'_l = Naol
+ Cn'H”l.', l.C0.0-CO.Cn"H’an. 1 )
If the resulting anhydride can be volatilised unchanged, it is separated
from the sodic chloride by distillation ; in other cases the mixed pro-
duct is extracted with ether, which dissolves the anhydride only and
yields it again on evaporation.

In preparing the ‘simple’ anhydrides it is not necessary to first
prepare the acid chloride, as the formation of this can be combined
with its action on the salt into a single operation by decomposing four
molecules of a salt with one molecule of phosphoric oxychloride
(comp. § 603) :

POCl,; + 4NaO.CuHgy |0 = NaOPO, + 3NaCl + 2(C,H,, ,0),0.

625. The acid anhydrides are very unstable compounds in the
presence of water or alcobol. At first they do not mix with water,
but soon decompose with it into free acid :

(CuHgn_,0);0 + OH, = 20,H,, ,0.0H;
with alcohols they yield the free acid and ethereal salt ;

(CnH’n_lo)gO + Cangn'.'. ].OH = Cn,H,u._,_,.O.Can_,O
+ CyH,, ,0.0H.
They are still more readily decomposed by basic oxides.
On heating with chlorine they yield acid chlorides and chlor
substituted acids :
CnHu‘;.‘. l.C0.0.CO.CgHu.,.} + Cl, = OnH”.'. ,.0001
+ C,H,;,C1.CO.0H.

626. Baric peroxide converts the anhydrides into peroxides of the
acid radicals, heat heing evolved : -

B‘<E+ 20 00.0aHgn _ B&<z.oo.c,,n,,,+,
0.0, Hyn s, .C0.0pHop 4,
0.00.CHyn
.COoCnH’n +1

BB2
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Thesee latter compounds can also be obtained by action of acid
chlorides on baric peroxide :
0.CO.CH,
BaO, + 201.CO.CH; = BaOl, + J)
.CO.CH,

827. Acetic anhydride, diacetyl oxide, C HiO3 = (CH,;.CO),0, is
obtained when one part of phosphoric oxychloride is allowed to slowly
drop on three parts of finely powdered anhydrous sodic acetate, or
when equal weights of acetic chloride and sodic acetate are similarly
mixed. The reaction is conducted in a tubulated retort, and at its
completion the acetic anhydride distilled.

It is a colourless, mobile liquid, of 1-073 sp. gr. at 20°, 138° boiling
point, and 3-47 vapour density. It at first sinks in oily globules in
pure water, but soon dissolves with evolution of heat and conversion
into acetic acid. On heating with potassic acetate it dissolves two
molecules of this salt, forming a crystalline compound corresponding

to potassic diacetate (§ 575) :
OH,.0<3>0.CH,
bk ¢

OK J,
0H,.JJ<8> CH,

If chlorine gas be passed into acetic anhydride contained in a tubu-
lated retort, and heated to 100°, chlor-acetyl distils, whilst monochlor
acetic acid remains behind. '

628. When baric peroxide is added to acetic anhydride mixed
with ether, heat is evolved and baric acetate separates. The ethereal
solution, decanted from the latter and evaporated, yields a residue of

CH,.C0.0
Acetoxyl peroxide, , 88 & viscous liquid of persistent
i CH,.CO.(J) 1 pe
taste, not miscible with water. On slight heating it explodes with
great violence. It decolorises indigo solution, liberates iodine from
potassic iodide, and yields, with baric hydrate, baric acetate and baric
peroxide: -
(CgHaO),O, + 2Ba(OH)’ = Ba(O.C’HsO)z + B“OaHs-

629. The other anhydrides resemble acetic anhydride so closely
that a very short description will suffice.

Propionic ankydride, (CH,;.CH,.CO),0, boils at 165°.

Butyric anhydride, (CH;.CH,.CH,.CO),0, boiling point about
190°, sp. gr. ‘978, vapour density 5-38 (calculated 5-44).

Isovaleri¢ ankydride, ((CHy], : CH.CH,.CO),0, boils at 216°.

Caprylic ankydride, (C;H,;.CO)40, solidifies in crystals at —18°,
is liquid at 0°, and boils with partial decomposition between 180° and
190°.

Pelargonic anhydride, (CgH,;.CO),0, solidifies at 0°, melts at
+ 5°, and cannot be distilled without decomposition.

Myristic anhydride, (C,,Hg,.C0),0, is a fatty mass which melts
at 54°.

\ o

2K0.CO.CH, + (CO.CH,),0 =
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630. Some compounds may be mentioned here which are the
mixed anhydrides of fatty and inorganic acids.
Aceto-hypochlorous anhydride, chlorine acetate, CH,.CO.Cl, formed
on strongly cooling acetic anhydride and chlorine monoxide :
(CgHaO)’O + 0120 = 2CQH30.O.CI,

as a colourless liquid, not miscible with water, which on heating to 100°
explodes violently, and is decomposed by water into acetic and hypo-
chlorousacids. It absorbs ethylene with formation of ethylene aceto-

chloride :
CH, CH,Cl1
I + CLO.CO.CH; = JJ
CH, 'H,.0.C0.CH,

Aceto-iodous anhydride, or iodine triacetats, 1(0.CO.CHy,),, is ob-
tained, by passing chlorine monoxide into a solution of iodine in acetic
anhydride, as colourless prisms, which explode between 100° and 140°
and deliquesce in moist air.

, P(OH .

Aceto-pyrophosphorous acid, 0<P(OH;.'3(O.C,H,O)’ is prepared
by the action of acetic chloride on phosphorous acid :

2P(0H); + 2CIC,H,0 = 2HCI + HO.C,H,0 + Py(C;H,0)H,05.
It yields dibasic salts with the metals, and in the case of lead a tri-
basic salt. On oxidation with hydric peroxide (baric peroxide in
presence of hydrochloric acid) it yields the tribasic aceto-pyrophos-
phoric acid :

PO(OH
0<P0$0H;?O.C,H,O

Aceto-ortho-silicic anhydride, silicon tetracetate, Si(0.CgH,0),, is
obtained on heating a mixture of one molecule of silicic tetrachloride
and four molecules of acetic acid (with elimination of 4HCl), or with
four molecules of acetic anhydride (together with 4Cl.CO.CH;). On
cooling the compound crystallises in white quadratic prisms, melting
at 110° boiling at 148° under a pressure of 6 mm., but decomposing
at 160°-170° into silica and acetic anhydrides :

8i(0.C0.CH,;), = 8i0, + 20(C0.CH,),.
Thio-Acids, their Salts and Anhydrides.
631. On adding liquid fatty acids to phosphorus tri- or penta-

sulphide, oxides of phosphorus and thio-acids are formed, with evolu-
tion of heat. The thio-acids can be purified by distillation :

PQSE + 5HO'OO-CnH2n+l = P’O‘ + 5HS.C0.0nH“+‘.

In similar manner the anhydrides and phosphorus sulphides yield
thio-anhydrides—diacidoxyl sulphides :

P,8; + 50(CO.CaHyn 4 1); = P3Os + 58(CO.CoHyn 4 1)ae

Ethereal thio-salts are prepared from metallic mercaptides and acid
chlorides :

angn.'. ISK + CI-CO.Cn'Hn'.', 1= KCl + Can-l- l.S.CO-Cn-H”;_'_ 1
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or from alkyl haloids and metallic salts of thio-acids :
CoHon 41 I + Na8.CO.CpHyp 4y = Nal + CoHgy ).8.C0.CoHyp .

The ethereal oxy-salts can also be converted into thio-salts by
action of phosphorus sulphides, but further decompositions readily
ensue.

Thio-anhydrides are slowly converted by water into oxy- and thio-
acids :
S(CO.CWH”'.'. l)’ + H,O = HO.CO-CyHn'+| + HS.CO.CNH“'.'.].

632. By action of nitric acid the sulphur of the thio compounds is
oxidised, the thio-acids and anhydrides yielding sulphuric and fatty
acids: -

HS.OO.C,-H,,,:.“ + 40 + H’O = H’SO4 + HO-CO.OB'H’D»_}_l

S(CO.CWH”'.', l)’ + 40 + 2H90 = H,S()‘ + 2HO-C0.0n-Hw+|.

The ethereal thio-salts yield the respective alkyl sulphonic acids and
fatty acids :

Cann.', ‘.S.OO.Cn'Hn'+| + 30 + H’O = Can.'. 1.80,.0H

+ HO.CO.C,Hgp 4. ,

633. Thio derivatives of formic acid have not yet been prepared
in the pure state. By the decomposition of plumbic formate by
hydric sulphide there is formed—especially when the temperature is
high (200°-300°)—a crystalline sulphuretted product, which was
formerly taken for thio-formic acid, but later has been shown not to
possess a definite composition.

634. Acctoxyl Derwatives.—Thiacetic acid, CHy.CO.SH, is formed,
in addition to the above-mentioned reactions, by the action of acetic
chloride on potassic sulph-hydrate ; it is a colourless liquid, soon turns
yellow, and has an odgmr resembling both acetic acid and hydric
sulphide. It mixes in every proportion with alcohol and ether, but
is more difficultly soluble in water. It boils at 93°, has at 10° sp. gr.
1:074, and does not solidify at —17°. Phosphoric pentachloride
reacts on it as on acetic acid.

PCl; + HS.CO.CH; = PSCl, + HOI + OLCO.CH,.

Its salts are mostly crystalline and readily soluble. Plumbic thi-
acetate, Pb(S.CO.CH,),, forms characteristic colourless needles, which
after some time blacken, with formation of plumbic sulphide and
probably of sulphacetic anhydride.

Ethylic thiacetate, CqHz8.CO.CH;, i8 an oil which floats on
water and boils at 117°,

Thiacetic anhydride, diacetoxyl sulphide, is a yellowish oil, which
boils at 121°, at first sinks in water, and then slowly dissolves to
acetic and thiacetic acids.

Diacetoxyl disulphide, S,(C0.CH,),, is formed according to the
general method for obtaining disulphides (§ 242) by depomposing
alkaline thiacetates with iodine : ‘

8.CO.CH,

9KS8.C0.0H, + I, = 2KI + |
8.00.0H,

It is a yellow crystalline body, decomposed on distillation.
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885. Thiobutyric acid, CH,.CH,.CH,.CO.8H, is a liquid of
nauseous odour, boils at 130°, and is nearly insoluble in water.

Nitrogen Compounds of the Acid Oxyls.

636. Formation.—The acid oxyls can be substituted for the
hydrogen of ammonia in similar manner to the alcohol radicals,
whereby first amide (NH,) compounds, the acid amides, are formed.
They are obtained by action of the acid haloids on ammonia :

CpH4p 4,.CO.C1 4+ 2NH; = C,H,, 4 ,.CO.NH, + NH,C],
and can be separated from the accompanying ammonic salts by
solution in anhydrous alcohol or ether.

They are prepared more conveniently from the ethereal salts of
the fatty acids, which by long standing, or more quickly by heating
with ammonia solution, are decomposed into alcobols and acid
amides :

Can.’.l.O.oo.Cnanq.] + NH, = Can+ ‘.OH
+ NH,.CO.CxHgy 4y
OBH!II(O'OO'CII’HW-Q-I)Q + 2NH3 = CnHRn (OH)’

+ 2NH,;.C0.CoHygp 4.

Those members of the series which can be distilled unchanged are
usually prepared by dry distillation of the ammonic salts of the acids :
Gn'H’nr.'_ l.C0.0.NH‘ - Hgo + Cn'Hgn +1.CO.NH2,
or, what comes to the same thing, by distillation of a dry mixture of

the sodic salt of the fatty acid with ammonic chloride.

The anhydrides are decomposed by ammonia, yielding acid amides
and ammonic salts :

O(CO.CWH"’.,, l)ﬁ + 2NH3 - NH4.O.00.OB'H”:+‘
+ NH,;.CO.CpHgp 4.

837. Di- and triacid oxylamine compounds cannot be obtained from
the acid amides by a repetition of their method of formation, these
bodies being only obtainable indirectly, as by heating the acid nitriles
with the acids to 200° :

CopHyp 4.CO

CoHgn 410N + CyHyy ,CO.0H = C, .H,.,.“.cg}N

Diacidoxylamine, or

diacid amide.
and with the anhydrides :
CopHop 41.CO
CaHen 41:CiN + (CoHgn +1C0)30 = CyHyny.COON
wHan 41.C

Triacidoxylamines, or
triacid nitriles.
638. If, instead of ammonia, alkylamines are employed in the
method of preparing acid amides, there are obtained alkyl acidoxyl-
amines ; e.g.

o H s CyH,
N<f1:;[ + 0,H,.0.CO.CH, = C,H,.0H + N<1010.CH,

Ethyl acetanine,
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The same compounds ars obtained by action of ethereal isocyanates
on fatty acids :

O H
N/ 4+ HO.COCH, = CO, + N{go.cn,
N\C,H, .H,

whilst with anhydrides diacid-oxyl alkylamines are formed :

.CH
N/CO + O(CO.CH,), = CO’ + N .CH:
A H,
Ethy] discetamine.

639. In like manner to their action on ammonia, the acid chlorides
also react on other ammonia derivatives in which there is still hy-
drogen united to nitrogen. The acid-oxyl group can thus be inserted
in urea, sulph-urea, isocyanides, &c.; e.g.

NH,.CO.NH,; + CLCO.C,Hyn ., = HC1
+ NH,.CO.NH(CO.CpHyn )
Acid-oxy] urea.

C:NAg + CLCO.CH, = AgCl + C: N.CO.CH,.
Isocyanacetoxyl.

640. Properties.—Whilst the alcohol radicals can only be sepa-
rated with difficulty from the nitrogen united to them, the acid oxyls
are readily disunited from their amide compounds, this occurring even
by heating with water, which unites directly with the monamides,
forming ammonic salts :

CB’H!B‘-i» '.CO.NH, + H’O = CgH~+|.CO.O.NH4;
more readily by means of alkalies :
CﬂHu.‘,l.CO.NH’ + HOK = CrH,a.‘, |00.0K + NH,,
or by acids in presence of water :
CnH”+|-CO-NH, + H’O + HCI = NH‘CI + CnﬂHw_',l.CO-OH.
Nitrous acid readily oxidises them, with liberation of nitrogen :
CpHyy 4 ,.CO.NH, + HO.NO = H,O + N + CyH,, . ,.CO.OH.

The formation of acid nitriles or alkyl cyanides by heating the

acid amides with phosphoric anhydride has been already mentioned

(§ 545).
Formoxyl Compounds. -
|
841. Formyl amide, or formamide, CH,NO = (=0, is formed
NH,

by heating ethereal formates to 100° with alcoholic ammonia, and
by the dry distillation of ammonic formate; also by the action of
nascent hydrogen on potassic isocyanate :
C:0 CH:O
N’K + 2H + H,0 =KOH + |
NH,
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It is & colourless liquid, readily soluble in water and alcohol, which
boils at 192°-195°, partially decomposing into carbonic oxide and

ammonia :
CHO.NH, = CO + NH,,
Phosphoric anhydride converts it into prussic acid (formo-nitrile) :
CHO.NH, + P,0, = 2HPO, + CHN.

Ethyl form-amide, N(C,H;)(CHO)H, is obtained by the decom-
position of ethereal formates by ethylamine, as also, together with
chloroform, by distillation of a mixture of chloral and ethylamine.

It is a liquid which boils at 199°.

CH,.NH.CHO
Ethylens diform-amide, & , is obtained as a trans
H, NH.CHO
parent syrup on heating chloral with ethylene diamine:

C,H, :(NH,), + 20Cl,.CHO = C,H, :(NH.CHO), + 2CHC],.

Alkalies convert it into an alkaline formate and ethylene diamine,
acids into formic acid and a salt of ethylene diamine.

Acetoxyl Compounds.

842. Acetamide, C;H,NO = CH,;.CO.NH,, is obtained by heat-
ing ethereal acetates with ammonia to 100°-120°, by the dry distilla-
tion of ammonic acetate, and other general methods. It forms long
colourless needles, which smell like the excrements of mice, melt at
78°-79°, and distil at 222°. It is readily soluble in alcohol, diffi-
cultly in ether. It yields weak compounds with acids which are de-
composed by water. On passing hydrochloric acid into an ethereal
solution of acetamide, lanceolate crystals separate of the formula
20,H°N0,HC], or

on,.o\<8><i.cn,

NH, NH,C
which on heating decomposes partially into acetyl diamine hydro-
chloride (§ 554), and acetic acid, partly into ammonic chloride and
diacetoxylamine :
(CH,.CO.NH,),HCl = NH,Cl + (CH,.CO);NH.

A solution of acetamide in concentrated nitric acid yields, on

evaporation of the excess of acid, leafy crystals of acetamids nitrate :
"~ N(CO.CH,)H,.0.NO,.

On boiling an acetamide solution with mercuric oxide, and evapo-

rating the filtered liquid, colourless crystals of mercuric acetamide :

. Hg[N(C,H,0)H],,
are obtained.

Ethyl acetamide, N(C3H)(CyH,0)H, is obtained on decomposing
ethylic acetate with ethylamine, and by action of acetic acid on ethylic
isocyanate. It is a syrup boiling at 200°.

843. Diacetamide, or diacetylamine, N(CO.CH,) H, is obtained by
heating acetamide with hydvochloric acid, or aceto-nitrile with acetio

acetamide hydrochloride,
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acid, at 200°. It forms colourless crystals, readily soluble in water,
melts at 59°, and boils at 210°-215°,

Ethyl diacetamide, N(CyH;)(CO.CH,),, is formed on bringing to-
gether ethylic isocyanate and acetic anhydride :

OC=N.C,H; + O(CO.CHy) = CO; + N.C,H,.(CO.CH,),.

844. Triacetamide, or triacetylamine, N(CO.CH,),, is formed by
heating a mixture of aceto-nitrile with acetic anhydride to 200°

N : C.CH, + O(CO-OH3)’ == N(CO'CHa)‘-

It forms small colourless crystals, melting at 78°-79°.

645. Acetyl urea, NH,.CON(CO.CH,)H. If acetic chloride is
poured over urea, the mass becomes heated, with evolution of hydro-
chloric acid and formation of acetyl urea. The same compound is
also formed, together with acetic acid, by the action of acetic anhydride
on urea.

Acetyl urea crystallises in long needles, little soluble in cold water,
melting at 112°, and decomposing at higher temperatures in cyanuric
acid and acetamide, similarly to the conversion of urea into uric
acid and ammonia. Acetyl urea does not yield compounds with
acids.

On heating carbonic oxychloride with acetamide to 50°, diacetyl
urea is formed :

COC], + 2N(C,H30)H’ = 2HC] + CO(N.C,H;O-H)’.

The hydrochloric acid so formed reacts in turn on the acetamide, so
that aceto-nitrile, water, acetic acid, and ammonic chloride are also
formed. Diacetyl urea crystallises in colourless needles, which are
difficultly soluble in cold water and can be sublimed without de-
composition.

Acetyl sulph-urea, NH,.C8.NH(C,H,0), is readily prepared from
sulph-urea by action of acetic chloride or acetic anhydride. It crystal-
lises in colourless prisms, which melt at 165° and dissolve in large
quantity in water and alcohol.

848. Acetic isocyanide, cyamacetyl, is obtained by the action of
acetic chloride on argentic cyanide :

CH,.CO.C1 + Ag.N:C = AgCl 4+ CH,.CO.N: C.
It is a liquid boiling at 93°, which is decomposed by water into acetic
and hydrocyanic acids, and by warming with aqueous acids into acetic
and formic acids and ammonic salts :
CH,;.CO.N :C + 3H,0 + HCl = CH,.C0.0H
+ NH,Cl + CHO.OH;

and on long standing, or by contact with sodium, is converted into a
crystalline polymeric compound, melting at 69° and boiling at
208°-209°.

647, Propionamide, CH,;.CH,.CO.NH,, crystallises in colourless
prisms, melting at 75°-76° and boiling above 210°,

Butyramide, CH;.CH,.CH,.CO.N H,, melts at 115°, boils at 216°.

Tsobutyramide, (CH;)s: CH.CO.NH, (§ 549§, forms crystals of
agreeable odour, melting at 100°-102°.
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Tnovaleramide, (CH,), :CH.CH,.CO.NH,, crystallises in leafy
Is.

Amides of acids richer in carbon have been prepared by decom-
position of the ethereal salts with ammonia. Their melting points
are as follows: enanthamide, C¢H,,;.CO.NH,, at 95°; caprylamide,
C,H,;.CO.NH,, at 110°; palmitamide, C,sH,,.CO.NH,, at 93-5°.

Mixtures of several amides are obtained by shaking the fats, the
glyceric salts of fatty acids, with aqueous or alcoholic ammonia :

CaHn-(O.CnH’n_ 10)5 + 3NH3 = C:Hg(OH); + 3NH,.CnHm_ lo'

Cn'HnI_
DERIVATIVES OF THE ALDEHYDE ALCOHOL RADICALS, J)E_

648, If in a paraffin three hydrogen atoms have been so replaced
by oxygen ‘that on one terminal carbon atom two, on another only
one substitution position occurs, the body formed in the simplest case
of oxygen union will be:

CnHon.OH

I
CHO
which is at the same time aldehyde and alcohol.
Only few of the derivatives of their triad hydrocarbon radicals,
the alkenyls, are known, and these are mostly halogen compounds.

‘When the substitution positions are neighbouring, double union
can occur between the carbon atoms. The nuclei :

CoeHanr 4y

—H

d n

I
are then united with monad elements or radicals, and bhave the
character of ¢ unsaturated’ compounds—i.e.can combine directly with

two halogen atoms, like the olefines, as whose first substitution pro-
ducts they appear.

Ethenyl Compounds.

649. The radical C;H, = CH, : CH. is termed vinyl.

Vinylic chloride, monocklor ethylene, CH4: CHCI, is obtained from
ethylenic dichloride by action of alcoholic potassic hydrate (§ 473), as
also, though with more difficulty, from ethylidenic chloride, as a
colourless gas of garlic odour, which on strong cooling is condensed to
a liquid boiling at —18°:

CH,.CLCH,Cl + KOH = KCl + H,0 + CH,:CHC1
CH,;.CHC]; + KOH = KCl 4+ H,0 + CH, : CHCL

Vinylic bromids, monobrom ethylens, CH,:CHBr, prepared

gimilarly to the foregoing from ethylene dibromide (§ 474), is &
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liquid not miscible with water, of boiling point 23°. Sodium con-
verts it into a mixture of ethylene and acetylene :
CH, CH CH,

2 I(LHBr + Na; = 2NaBr + IJJH + I(IJH,

( l;w;yho todide, moniod-ethylene, boils at 55° and has sp. gr. 198
§ 475).

All three vinylic haloids are converted into acetylene when heated
with alcoholic potassic hydrate.

The formation and properties of the nitrogen and phosphorus
bases have been already mentioned (§ 523).

850. Ethenyl trihaloids are formed from the vinylic haloids by
direct combination with halogens.

Ethenyl trichloride, chlor-ethylene dichloride, CH Cl.CHCl,, is a
oolourless oil boiling at 115°, and having sp. gr. 1-4223 at 0°.

Ethenyl tribromide, brom-ethylene dsbromide, CH,Br.CHBr,,
smells like chloroform, and does not mix with water; it boils at
186-5° and has sp. gr. 2:62 at 23°.

Ethenyl dichloride ethylate, CH,Cl.OHCLO.C,Hy, is the bichlor
ethér obtained by the direct action of chlorine on ether (§ 207). To
prepare it, perfectly pure ether is placed in a flask cooled with ice,
and chlorine passed into it. When the liquid, coloured green by
chlorine, is only slowly decolorised, it is distilled from the water bath,
when ether distils over. The brown residue is then submitted to
fractional distillation, that passing over between 140°-147° being
bichlor ether, which is purified by renewed fractionation.

Bichlor ether is a colourless liquid, of sp. gr. 1°174 at 23°, and
boils with slight decomposition at 145°. It dissolves slowly in water,
yielding hydrochloric acid, alcohol, and apparently aldehyde-like
bodies. For its conversion into ethyl chlor-ether and secondary normal
batylic alcohol see § 169, 2.

Ethenyl chloride diethylats, CH,CL.CH(O.CyH,),, chlor-acetal, is
formed, together with further substitution products, by the action of
chlorine on 80 94 alcohol :

CH‘-CH,.OH + 2H0.0,H§ + 20]2 =CHQCI.CH(OCQH5)’
+ H,0 + 3HCL
It is also formed by slowly adding sodium ethylate to bichlor ether :
CH,CL.CHCI(0.C,H;) + NaO.0,H; = NaCl + CH,CL.CH(0C,H;),,

and rectifying the oil separated by water. It boils at 157°, has sp. gr.
about 1'02, and is not altered by potassic hydrate. :

Ethenyl bromide disthylate, CHyBr.CH(O.C.H,),, brom-acetal, is
formed by dropping bromine into cooled acetal. It is a heavy, colour-
less oil, boiling with partial decomposition at 170°.

851. A very violent reaction occurs between bichlor ether and
concentrated solution of potassic hydrate; an oily liquid separates,
which can be resolved into two compounds by repeated fractional
distillation.

Ethenyl hydrate ethylate chloride, or B-oxychlor ether :

' CH,4(OH).CHCL.O.CsHj,
boils between 151° and 156°.
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Ethenyl chloride ethylate oxide, [CH,Cl.CH(OC,H,)),0, boils at
163°-1656°. This latter body results from the decomposition of the
substance next to be described.

Ethenyl chloride ethylate hydrate, a-oxychlor ether, or mono-
chlor aldehyde alcoholate, CH,Ol.CH(OH)(O.C,H;), is obtained by
the action of water at high temperatures on bichlor ether, as a liquid
boiling at between 95°-96° : .
CH,C1.CHC](0.C,H;) + HOH = HC1 + CH,Cl.CH(OH)(0.C;Hj).
On repeated distillation it decomposes slowly into ethenyl chloride
ethylate oxide and water. The reaction of potassic hydrate on bichlor
ether is represented by the equation :

aCH,C1.CHCI(0.C H;) + aKOH = aKOl
" 4+ 6CH,(OH).CHCL(OC,H;) + (a—b)CH,C1.CH(OH)(O.0,Hy).

852. Monochlor aldehyde, or ethenyl chloride oxide, is obtained by
gently heating chlor-acetal or ethenyl chloride ethylate hydrate with
concentrated sulphuric acid :

CH,CL.CH(OH)(0.C,H,) + H,80, = C,H,.HSO, + H,0
+ CH,CL.CHO ;

it is also obtained from vinylic chloride by oxidation with hypo-
chlorous acid :

CHCl: CH, + HOC1 = CH,CL.CHO + HCL

In presence of water monochlor aldehyde can be distilled below
100°, probably as ethenyl chloride dihydrate, CHCL.CH(OH),.

It oxidises in the air and reduces argentic oxide, being converted
into chloracetic acid :

CH,01 CH,01
$=0 +0= $=o
h H

853. Oxyaldehyde, or ethenyl hydrate oxide, CH,(OH).CHO, has
not yet been obtained in a state of purity, but is formed in some
quantity when bichlor ether is heated with water, or 3-oxychlor ether
with strong sulphuric acid :

CH,CLCHCL.O.C,H; + 2H;0 = CH,(OH).CHO + 2HCl
+ HO-C’H5
CH,(OH).CHC(0.C,H;) + H,80, = CH,(OH).CHO + HCl
+ C.H;.HSO,.
On shaking the brown mass obtained in the latter case with ether,
and evaporating the ethereal solution, there is obtained a syru(? of
persistent aldehyde-like odour, which oxidises to glycollic acid on
exposure to air, or more quickly by treatment with argentic oxide :
CH,.0OH CH,.0H

(l}HO to= "J0.0H

Oxyaldehyde. Glycollic acid.
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Ozyacstal, or glycol acetal, CH,.(OH).CH(O.C,Hj),, ethenyl hy-
drate diethylate, is obtained by heating brom-acetal with potassic
hydrate to 160°. It is a liquid of agreeable odour, boiling at 167°,

864. Ethenyl triethylate, CHy(OC,H,).CH(OC,Hy),, is formed by
heating chlor-acetal with sodic ethylate to 140°-150° :

CH,Cl1 CH,.0.C,H,

l + Nao 02H5 = N&Ol + é

CH(0.0,H,), H(0.C,H,),
On addition of water it separates as an oil boiling at-168°, of sp. gr.
*8924 and vapour density 5°8.

Ethenyl triacetate, CHy(0.CaH40).CH(O.C,H;0),, is obtained in
small quantity, together with ethylene diacetate, when ethylenic
diiodide is heated with argentic acetate and glacial acetic acid. Vinylic
iodide is first formed, HI being evolved : .

CH,I.CH,I + Ag0.C;H,0 = Agl + HO.C,H,0 + CH,: CHI,
which then further reacts as in the following equation :

CH, CH,I CH,.0.0,H,0
g + I + sAg-O-O,HaO = I
HI CHJ H CH: (O-CgHaO)’
2
+ ||+ 3AglL
bs,

Ethenyl triacetate boils somewhat above 250°.

858. Propenyl trichloride, CH,.CHCL.CHC,, is formed, together
with glyceryl trichloride, by the action of iodine chloride on propylene
dichloride at 170° :

CH, CH, CH,Cl1

a(lJHCl + 2aICl=al; + aHCI + b(|3HCI + (a—b)éﬁHCl
J)H,Cl HCl, H,Cl.
Pmpen}’,ll‘ﬁchlorl&es. Glyoery!

Propylene trichloride is a colourless oil, distilling between 138° and
1400,

658. Aldol, CH,.CH(OH).CH,;.CH.O, a true aldehyde alcohol, is
“a tri-derivative of butane.

In order to prepare it, a mixture of ethylic aldehyde with dilute
hydrochloric acid, after standing fourteen days, is neutralised with
soda and shaken with ether. The ethereal layer is removed, and
yields on evaporation impure aldol, from which, by distillation under
reduced pressure (at 2 c.m. pressure between 95° and 105°), pure aldol
is obtained. It is & mobile liquid miscible with water, sp. gr. 1:1208
at 0°, Its formation occurs according to the equation :

CH, CH,
|

la:o  lmom
CH, én,

J)H:O (BE:O .
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After some time it changes into a viscous transparent mass,
probably a polymeric modification, and is then no longer soluble in
water. This loses water on gentle heating in a stream of air, and
crystals slowly separate of the formula CgH, O, :

CH,.CH.CH,.CH :0
90H,.CH(OH).CH,.0H : 0 = H,0 +

OH,.(&H.CH,.OH :0

which stands in the same relation to aldol as ether to alcohol. The
crystals melt at 156° and distil under reduced pressure at 157°.
_ Aldol reduces argentic oxide and is converted into 3-oxybutyrie

acid :
CH,.CH(OH).CH,.CHO + Ag,0
=Ag; + CH,;.CH(OH).CH,.CO.OH.

On distillation under ordinary atmospheric pressure water is elimi-
nated and crotonic aldehyde formed :

CH,.CH(OH).CH,.CHO = H,0 + CH,;.CH :CH.CHO.
Ammonia unites directly with aldol, as with the ordinary alde-
hydes :
CH,.CH(OH).CH,.CHO + NH,
= CH,.CH(OH).CH,.CH(OH)NH,.

Aldol ammonta is a solid mass which dissolves in water and smells
like the aldehyde ammonias.
Nascent hydrogen converts aldol into 3-butylene glycol (§ 489,1):

CH,.CH(OH).CH,.CHO + 2H = CH,.CH(OH).CH,.CH,.OH.

857. Isobutenyl Compounds.—If isobutylene dibromide be heated
with alooholic potassic hydrate, isocrotyl bromide is formed :

CH, CH, CH, CH,
Br 4+ KOH = KBr 4+ HO +
JJH,Br HHBr

as a colourless oily liquid of sharp odour, boiling at 91°; on heat-
ing with sodic ethylate to 160°~170° in sealed tubes it is converted
into isocrotyl ethyl ether :
(CH,), : C : CHBr + NaOC,H,
= NaBr + (CH,),:C: CH.O : OC;H,.

This latter is an oil, lighter than water, and boiling at 92°-94°; it
unites with bromine to form

Isobutenyl dibromide ethylate, (CHj); : CBr.CHBr.0.C;H;, and is
oxidised by chromic acid into acetone, carbonic anhydride, and acetic

(OHB), :C: CH.OC,H; + 50 = (CH,)’CO + CO,
+ HO.CO.CH, + H,0.
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DErrvaTives or THE KETONE ArcoHoL Rapicars, CoHgy ;.
8568. The group of ketone alcobol radicals :

CoHon 41

=

|
CoHon—

is chiefly represented by derivatives of acetone and propylene, i.e. of
the hydro-carbon nucleus:
CH,

bmt,
The unsaturated bodies of this class are the monosubstituted pro-

pylenes, which are obtained by the action of aleoholic potassic hydrate
upon propylene dihaloids (§ 478):

CH, CH,
CS]IBr + KOH =KBr + H,0 + éBr
'!73:31‘ I 2
and on the dihaloids of the acetone radical (§ 445) :
CHQ ?Hl
(g(}l, + KOH=KCl + H,0 + C0l
3 H,

Monocklor propylens, CH,.COl: CH,, boilsat 23° and below that
temperature forms a liquid little soluble in water.

Monobrom propylene, CHy.CBr : CH,, boils at 57°-58°.

659. By the union of these two compounds with halogens the
trihaloids of the radicals are obtained as liquids insoluble in water.

Chlor-propylens dichloride, CH4.CCl,.CH,Cl, boils at 123°; it
is also obtained by the action of phosphoric chloride on monochlor
acetone:

CH,.C0.CH,C1 + PCl; = CH,.CCl,.CH,Cl 4 POCl,,

and by the action of chlorine on methyl chlor-acetol (§ 445) in
sunlight :

CH,.CCl1,.CH, + Cl, = HCl + CH,.CCl,.CH,Cl + HCL
It is isomeric with propenyl trichloride (§ 666).

Brom-propylene dibromide, CH3.CBr,.CH ,Br, is an oil of powerful
burning odour, of sp. gr. 3:392 at 23°, and boiling at 195°. The same
compound is obtained when the vapours of propylene dibromide and
bromine are brought together.

Chlor-propylene dibromide, CH,.CCIBr.CH,Br, prepared from
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monochlor propylene and bromine, boils at about 170°, and has sp. gr.
2:064 at 0°.

660. Monosubstitution Products of Acetone.—Monochlor acstone,
CH,;.CO.CH,C], is obtained by oxidation of monochlor propylene by
an aqueous solution of hypochlorous acid :

CH,.CC1:CH, + HOCl = HCI + CH,;.CO.CH,C],
by oxidation of propylene hydrate chloride (§ 496), and by the action
of chlorine on acetone. In the latter case well-cooled acetone is
saturated with chlorine and the monochlor acetone separated by
fractional distillation. It is a colourless liquid which attacks the
mucous membrane and tear glands, is insoluble in water, boils at 119°,
and has sp. gr. 1'17.

Acstate of acetonalcohol, CH3.CO.CH,.0.C,H;0, is obtained by
heating monochlor acetone for some time with an alcoholic solution of
potassic acetate, as a liquid of refreshing odour, boiling at about 175°,
and having sp. gr. 1°063 at 11°. It is soluble in water, but soon
decom: therewith. .

861. Monobrom butylens, CH,;.CH,.CBr.CH,, is formed from
butylene dibromide by action of alcoholic potassic hydrate as a colour-
less oil, boiling at 140°-150°, and uniting with two atoms of bromine
to form

Butenyl tribromide, CH3.CH,.CBr,.CH,Br, a liquid not miscible
with water, boiling with decomposition at 208°-215°.

DERIVATIVES OF THE TRIVALENT ALcoHOL RaADICALS, CoHgp .

662. Nearly the only compounds of trivalent alcohol radicals
known are the derivatives of the tricarbon radical C;H;. This, when
rendered monovalent by the double union of two of its carbon atoms,
forms the radical allyl, and when in the trivalent state the radical

glyceryl :
I il
!IBH allyl CH— glyceryl
CH, CH,—
Allyl Compounds.

663. Diallyl sulphide and allyl mustard oil are found in nature, the
former in leeks and onions, the latter as product of the fermentation
of the myronic acid contained in black mustard seeds.

Allyl compounds can all be obtained artificially from the trivalent
alcohol glycerine.

By treating glycerine 15 parts with 10 parts iodine and 6 of
amorphous phosphorus, and heating, allyl iodide is obtained and
may be separated from the isopropyl iodide formed at the same time
by distillation (§ 192):

CH,OH HI H,0 CH,

I

l)H,.OH HI H,0 H,I
co
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The allyl iodide can then, similarly to the alkyl iodides, be converted
into the salts of allyl, and these again by saponification into allyl
alcohol. ’

By slowly heating a mixture of 4 parts glycerine with 1 of crys-
tallised oxalic acid, with addition of a little ammonic chloride, to
between 220° and 230°, and then to about 260° a mixture first passes
over of aqueous formic acid and allyl alcohol, and above 195° glycerine
monoformate principally distils, which by repeated distillation splits
up into water, carbonic oxide, and allyl alcohol :

CaH&(OH)’O-CHO —_ CO’ + OH’ + C,Hg-OH.

After saturating the collected distillates with K,CO, the allyl
alcohol separates on the surface, and is further purified by distillation
first over solid KHO and finally over BaO.

The general behaviour of the allyl compounds is quite analogous
to that of the alkyl derivatives. The most important difference con-
sists in that the allyl compounds, as primary substitution products of
propylene, enter into direct combination with the halogens and hypo-
chlorous acid, &c., to form glycerine compounds :

ﬁH, CH,Br
CH + Br,= CHBr
éHBr éH,Br

Allyl bromide, or Glycerine tribromide.

y-brom-propylene.
864. Halogen Compounds of Alyl.—Alyl chloride :
CH,:CH.CH,C],
isomeric with monochlor propylene (§ 658), is prepared by the action
of PCl, or HCI on allyl alcohol :
CH,:CH.CH,.0H + HCl = CH,;:CH.CH,.Cl + OH,,
and also from allyl iodide by the action of HgCl,:
203H5I + Hg012 = 203H501 + Hglg.

It is a colourless liquid, of disagreeable smell, boiling at 46° in-
soluble in water, and having at 0° the sp. gr. *964.

Allyl bromide, C3H;Br, resembles the chloride; it boils between
70°-71°; sp. gr. 1'461 at 0°. It combines with HBr to trimethene
dibromide (§ 479).

Allyl iodide, CHy:CH.CH,I, is an oily liquid of sp. gr. 1-789 at
16°, smells strongly like leeks, and boils at 101°. It is converted by
zinc and HCI into propylene (§ 6568), by heating with HI into pro-
pylene and isopropyl iodide :

CH,:CH.CH,I + HI =1, 4+ CH,:CH.CH,
CH,:CH.CH,I + 2HI =1, + CH,.CHI.CH,.
On agitating an alcoholic solution of C,H I with metallic mercury,

colourless, leafy crystals, quickly turning yellow in sunlight, of
mercury allyl iodide (comp. § 361) crystallise out :

CH,:CH.CH,I + Hg = CH,:CH.CH,.Hgl,
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which, treated with HI, yield propylene gas :
OH,:CH.CH,.HgI + HI = CH,:CH.CH, + Hgl,.

665. AUyl alcohol, CH, : CH.CH,.0OH, obtained as above described,
is a colourless and mobile liquid of a sharp smell and sp. gr. at 0° of
*858. It boils between 96° and 97°, and crystallises to a colourless
mass at a temperature of —50°. It combines directly with the halo-
gens to glycerine monohydro-dihaloids, e.g.

CH,C1.CHCL.CH,.OH.

By oxidising agents it is converted first into acrolein and then into
formic acid.

Nascent hydrogen does not combine with it at the ordinary tem-
perature, but by heating with potash to 100°-105° formic acid,
ethyl alcohol, primary propyl alcohol, and some products containing
less hydrogen, which have not been much investigated, are produced.
Potassium and sodium dissolve in allyl aleohol with disengagement of
hydrogen and formation of bodies analogous to the alkylates of the

es

2CH,:CH.CH,;.0H + Na, = H, + 2CH,:CH.CH,;.ONa.

666. Ether-like compounds of allyl are obtained by the reaction
between metallic allylates and the halogen compounds of the alcohol
radical.

Allyl ether, or diallyl oxide, (CH,:CH.CH,),0, is formed accord-
ing to the following equation :

_ C;H
C,H ;0K + C,H,I =KI + C:H:>O’
and also by the action of allyl iodide on the oxides of mercury or

silver :
2CaH61 + Ag,o = (CaHﬁ)’O + 2AgI.

Tt is a colourless liquid, insoluble in water, boiling at 82°, A small
quantity appears to occur naturally in oil of garlic.

Allyl-methyl ether, CH,:CH.CH,.0.CH,, from sodic methylate
and allyl iodide, is a colourless liquid boiling at 46°.

Alyl-ethyl ether, CH,:CH.CH,.0.CH,.CH;;, obtained in a similar
manner, boils at 64°. )

667. The allyl salts are most easily obtained by the reaction
betwecn allyl iodide and the silver salts of the acids.

Allyl acetate, CH,:CH.CH,;.0.CO.CH;, boils between 98° and
100°. The formate is found in small quantities, along with formic
acid and allyl alcohol, among the products resulting from heating
glycerine with oxalic acid. It is lighter than water and boils between
82° and 83°. Both salts have a verysharp smell.

Alyl butyrate boils at 140°, isovalerate about 162°.

Monallyl sulphate, C3H ;. H80,, is formed by mixing H,80, and
allyl alcohol ; its barium salt is soluble in water.

AUyl nitrate, CHy: CH.CH,.0.NO,, boils at 106°, sp. gr. 109 at

668, Allyl Sulphur Compounds.— Thio-allyl alcohol, or allyl mer-
cc2

10
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captan, CH, : CH.CH,.SH, is formed by the action of C3H I on an
alcoholic solution of potassic sulph-hydrate :

C,H,I + KSH = KI + C,;H,.8H.

It is very similar to the ethyl mercaptan, and boils at 90°. The sul-
phur is easily replaced by metals, especially mercury.

It gives by oxidation with nitric acid allyl sulphonic acid,
CH,:CH.CH,.80,.0H, the barium salt of which crystallises in
shining prisms.

Drallyl sulphide, or thio-allyl ether :

CH,:CH.CH,.8.CH,.CH:CH,,

is the principal constituent of the yellow ethereal oil obtained by dis-
tilling garlic (Alliwm sativum) with water, from which it is obtained
by repeated fractionation and rectification over potassium. It also
occursin the leavesand seeds of many Cruciferse (4 4iaria officinalis, &c.),
and is obtained synthetically by the reaction between C3H,I and K,S
in alcoholic solution.

In the pure form it is a colourless oil, of a powerful garlic-like
odour, boiling at 140°.

669. Nitrogen Compounds of Allyl.—Allyl yields with nitrogen
compounds similar to those of the alcohol radicals. v

Allyl iodide and ammonia react, forming the iodides of the various
allylamines, from which a mixture of the free bases is liberated by
treatment with potassic hydrate. The separation of the individual
constituents in a state of purity is attended with the usual difficulties.

Alylamine, CH,:CH.CH,.NH,, is most easily obtained in the
pure form by reducing allyl mustard oil with zinc and HCI in
alcoholic solution :

CH,:CH.CH,.N:C8 + 2Zn + 6HCl = CH,:CH.CH, NH,HCl
+ 2ZDC]2 + CHQS.

On distilling the product of the reaction with OKH, it is obtained as
an ammoniacal liquid of sp. gr. ‘864 and boiling point 58°.

The principal product of the reaction between allyl iodide and
ammonia :

4C;H,I + 4NH, = 3NH,I + N(C,H,),I,

tetrallyl ammoniwm todide, is precipitated from its aqueous solu-
tion by KHO as a syrup, and crystallises in vacuo over H,SO,
after some time. By treating its solution with argentic hydrate
tetrallyl ammonium hydrate, N(C3H,),OH, a caustic alkaline liquid,
is obtained, which on heating decomposes principally into triallylamine,
N(C;3H;,);, a basic volatile oil.

870. AUyl pseudo-cyanate, or allyl carboxylamine :

CH,:CH.CH,.N:CO,
is formed by heating allyl iodidd and potassic pseudo-cyanate together.
It is a sharp-smelling -oil, which boils at 82° and excites to tears.
By gently heating with water it splits up into CO, and diallyl urea,
or sinapoline (comp. § 280):
20,;H;.N:CO + OH, = CO, + (C;H;)HN.CO.NH(C,H,),

which crystallises in large leafy crystals, melting at 100°.
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It combines directly with ammonia to form monally! urea :
C;H,N:CO + NH; = (C;H;).HN.CO.NH,,
and with ethylamine to form etAyl-allyl urea :
(C;H;).HN.CO.NH(C,H,),
which crystallises in fine prisms.
671. Allyl mustard oil, or allyl pseudo-sulpho-cyanate :
CH,:CH.CH,.N:C:8

(comp. §§ 284 and 285). Black mustard seeds contain the potassium
sult of a glucoside acid, myronic acid, which, in presence of water and
a ferment existing in the seeds (myrosine), is converted into sugar,
hydric potassic sulphate, and allyl mustard oil. The very powerful
odour of mustard oil is indeed evident after slightly moistening the
seeds with water. The oil is obtained by distillation with water, and
purified by further fractional distillation. It possesses the sp. gr.
1-017 at 10°, and boils between 150° and 151°; its vapour density is
3-4. Itis insoluble in water, but mixes freely with alcohol and ether.

The liquid raises blisters on the skin, and its vapour powerfully
irritates the mucous membranes.

Synthetically it may be obtained by the reaction between C,HI
and potassium sulpho-cyanate in alcoholic solutions (difference from
the alkyl mustard oils).

Ammonia forms with mustard oil

Allyl thio-urea, or thio-sinnamine :

8:0:N.CH,.CH:CH, + NH, = s:c-ggfs-CH-CHz)H

which crystallises in colourless rhombic prisms, of bitter taste, melting
at 74°, and soluble in water, alcohol, and ether. It combines with
monobasic acids to acid, easily decomposable salte, and also gives com-
pounds with metallic salts like mercuric chloride and silver nitrate.
Allyl pseudo-sulpho-cyanate combines with ethylamine to form
allyl-ethyl thio-urea, (C3H,)HN.C8.NH.C,H;, a difficultly crystallis-

able
?lymBy heating an aqueous solution of sulph-allyl urea with
flumbm,loxlde the sulphur is removed and allyl cyanamide formed
see § 276

Allyl c;ammmde is obtained as a syrupy mass after separating the
lead from the solution by SH, and evaporating. It gradually changes
or metamerises into ¢triallyl melamine or sinnamine, C3N¢(C3H ) H,,
which is soluble in water, alcohol, and ether, has a bitter taste, and
reacts alkaline.

Alyl nitryl, CH,:CH.CH,.NO,, formed by the double decom-
position between allyl iodide and argentic nitrite, is an oil heavier
than water which boils at 96°.

Compounds of Glycerins.

673. The glycerine derivatives contain the same radical as the
allyl compounds, but with single combination between the carbon
atoms, so that it acts towards other radicals or elements as a trivalent

group.
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Either the triatomic alcobol glycerine or the compounds of allyl
serve as raw material from which the glycerine compounds may be
formed.

(I)H,.OH
@lycerine, C;Hy(OH), = CH.OH

CH,.0H

674. The naturally occurring fats, both from plants and animals,
are the neutral salts of the triatomic alcohol glycerine with the
CyHyn_,0.0H and the C,H,,_30.0H series of acids and a few
others. As previously explained (§ 561), the fats are decomposed by
boiling with strongly basic hydrates into the salts of the particular
acids and glycerine (saponification).

If the alkalies are used as saponifying agents the glycerine can be
obtained pure only with difficulty :

C;H,(0OC,H,y, - 0); + 3KHO = 3K0.C,Hy, O + C3H;(OH),.

In this case the mixture of soap and glycerine is neutralised with the
proper amount of H,80,, the fatty acid which separates removed
mechanically, and the aqueous solution evaporated as far as possible.
The residue is a mixture of alkaline sulphate and glycerine ; the latter
is removed by absolute alcohol, from which it is again obtained as a
syrup on distilling off the alcohol. The saponification i8 much more
conveniently made with plumbic oxide and water, whereby an insoluble
lead salt is formed, from which the glycerine solution is filtered and a
little dissolved lead removed by means of SH,. On the manufactur-
ing scale glycerine is obtained by distillation of fats with superheated
steam, producing insoluble fatty acid and pure glycerine. Glycerine
can be obtained in several ways from allyl compounds, most con-
veniently by combining allyl bromide with bromine to form the tribro-
mide, converting this by heating with silver acetate into glyceryl tria-
cetate, which can be easily saponified into acetic salts and glycerine :

CaHoBra + 3A3002H30 = 3AgBr + CsH&(OCgHaO)z.

From propylene, and therefore from acetone and isopropyl alcohol,
glycerine can be obtained by means of propylene dichloride.

The latter is converted, by heating with iodine chloride to 140°,
into glycerine trichloride (§ 655), which further, by heating with much
water to 170°, is converted into glycerine :

0,H;0l, + 3HOH + 20H, = C,H,(OH), + 3HCI + zOH,.

Small quantities of glycerine are also formed during the alcoholic fer-
mentation of sugar. Consequently it is found in small quantities in
such alcoholic beverages as are.not distilled.

675. Glycerine in the ordinary condition is a syrupy liquid of
very sweet taste; it can, however, by means of cold and simultaneous
shaking, be obtained in fine crystalline masses.

It is soluble in water and alcohol, but scarcelv in ether. By
heating in open vessels to 170° it is rendered anhydrous, and then
possesses the sp. gr. 1-27. It absorbs moisture from the atmosphere.
Under ordinary pressure glycerine boils at 280°, with partial decom-
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position ; in a vacuum of 50 mm. the boiling point is 210°, at 12 mm.
179-5°. It is easily carried over with steam.

When distilled with debydrating substances, such as P,0; or
potassic hydric sulphate, acrolein is formed :

C;H,(OH), = 20H, + C;H,0;
with melted potash, acetate, formate, and free hydrogen are yielded :
C;H,(OH); + 2KOH = KO0.CHO + KO.C,H,0 + OH, + 2H,,.

Phosphorus iodide and HI convert it, according to the proportion used,
into allyl iodide, propylene, or isopropyl iodide (§ 192).

A weak aqueous solution of glycerine is slowly fermented by con-
tact with yeast at 20° to 30°, propionic acid being formed :

OH,(OH).CH(OH).CH,.0H= CH,.CH,.C0.0H + OH,.

676. Metallic Compounds.—Glycerine dissolves metallic oxides in
certain proportions, and not alone the alkali metals, but also calcium,
barium, lead, and copper oxides, undoubtedly forming metallic deriva-
tives of glycerine. The copper compound may be

C3H,(OH),.0.Cw.0.C,H (O H), (%),

from whose solutions alkalies do not precipitate the copper.

Many salts are also very largely dissolved by glycerine—e.g. sodic
chloride, and also arsenious anhydride.

Sodium does not act on dry glycerine at ordinary temperatures ;
on warming, however, the reaction is so viclent that the sodium
becomes nearly red hot, and the glycerine is carbonised with produc-
tion of acrolein. On warming with sodium amalgam the reaction
takes place quietly, a crystalline compound being obtained after the
addition of alcohol of the form C;H;(ONa)(OH),,C,H,OH. The same
body is, however, much more easily formed by adding glycerine to a
solution of sodiumn ethylate in absolute alcohol. The sodium com-
pound crystallises out almost immediately, and may be freed from the
alcohol molecule by heating to 100° in a stream of hydrogen.

Sodic glycerate is a white, very hygroscopic substance, easily
decomposed by water into glycerine and sodic hydrate.

Halotd Derivatives of Qlycerine.

677. The three hydroxyl groups in glycerine can be individually
replaced by halogens.

By treatment of glycerine with the halogen acids, one or two of
the hydroxyls can be replaced according to the relative proportions
operated upon—temperature, presence of water, &c. The mono- and
dihaloid compounds are generally simultaneously formed, but the
reaction can never be carried out quantitatively :

OH OH
C,H,,<3H + HOl = OH, + O,;H,COH  (monochlorhydrin).
H !

H cl
c,n,{éu + 2HOl = OH, + 0,H5<31H (dichlorhydrin).
H
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To remove the last OH group recourse must be had to the penta-
haloid phosphorus compounds :

1 a .
trichl
C,H,élﬂ + PCl, = POCI, + HOI + c,n,ég} yc °;’“

Haloid glycerines can be formed from the allyl series by addition of
h;::egens, hypochlorous acid, and haloid acids, as described in another

By heating the glycerine haloids or haloid hydrates with metallic
acetates the halogen atoms are replaced by 0.C,H,0, yielding
glycerine acetates, from which, on saponification, glycerine is obtained.

878. Monochlorhydrin, C3H(OH),Cl, doubtless exists in two
isomeric forms, namely :

CH,.Cl CH,.OH
H.OH and HC
(IJH,.OH !JH,.OH

which, however, are not yet known in the pure state. It is very
probable that a mixture of the two bodies is formed when glycerine
saturated with HCl is heated for a long time at 100°, and afterwards
fractionally distilled.

Allyl alcohol combines with hypochlorous acid with evolution of
heat, and the chlorhydrin is left, after evaporating the liquid on the
water bath, as a thick sweet and sharp-tasting liquid, of sp. gr. 1'4 at
13° and boiling between 230° and 235°.

From its high boiling point it is probably the double primary
hydrate CH,(OH).CHCL.CH4(OH).

The preparation from glycerine certainly contains the primary-
secondary hydrate in greater proportion, since its aqueous solution is
reduced by sodium amalgam principally to propylene glycol (§ 488):

?H,.Cl (Im,
OH.OH + Na, + OH, = NaOl + NaOH 4+ CH.OH
+OH éH,.OH

679. Dichlorkydrin, C;H,.C1,.0H, is known in both its isomeric
forms,

a. The primary hydrate is obtained pure by passing chlorine into
anhydrous allyl alcohol cooled by ice :

CH, (fH,Cl
HH +Cly= ?1101
én,.on CH,.0H

as a mobile, colourless liquid, soluble in much water, of sp. gr. 1:3799
at 0° and 182° boiling point.

On account of its method of formation it is called allyl-aleokol
dichlorids, and can also be considered as dicklor-propyl aleohol. The
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same compound is formed directly from allyl chloride and hypochlorous

acid :
CIH, ?H,.OH
- CH,C1 CH,C1

Sodium takes away the two chlorine atoms, reforming allyl aleohol,
which by excess of sodium passes into the allylate.

B. The secondary hydrate, CH,Cl,CH(OH),CH,Cl, commonly
and improperly called dicklorhydrin, properly dichlor-isopropyl alco-
hol, is obtained in the pure state by mixing epichlorhydrin with HCL
The combination takes place with evolution of heat :

CH CH,.Cl
(!)H’>0 + HCl = }JH.OH
JJH,C] J)H,Cl

The S-dichlorhydrin is a mobile liquid of agreeable smell, boiling at
174°, therefore 8° lower than a, and of sp. gr. 1:383 at 19°, It mixes
with alcohol and ether, and dissolves in nine times its volume of
water.

Sodium amalgam converts it into isopropyl alcohol :

CH,C1.0H(OH).CH,C1 + 2Na, + 20H, = 2NaCl + 2NaOH
+ CH,.CH(OH).CH,.

It yields, by oxidation with dilute chromic and sulphuric acids, a
dichlor acetone of the form CH,C1.CO.CH,Cl.

The two isomers are formed together by long-continued heating of
one volume of glycerine and twelve volumes of fuming HC1 to 100°,
and fractionation of the product; more conveniently by saturating
a mixture of glacial acetic acid and glycerine with HCl at 100°. The
dichlorhydrin, boiling at 174°, generally predominates; and when the
temperature at which the mixture is saturated with HCI exceeds 100°
it is the sole product. By this last method some acetate chloride is
also formed.

An excellent yield of dichlorhydrin is obtained by gradually
adding one molecule of glycerine to two of sulphur chloride, with con-
tinuous shaking and warming on the water bath, until the sulphur
has separated in a compact state. It may then be purified by distil-
lation :

03H5(0H)3 + 2SgClg = 2HCI + SOQ + 38 + CaHb(OH)Clg-

Both the a-and 3-chlorhydrins are converted by concentrated alkalies
into ept hydrin.

. T'richlorhydrin, or glyceryl trickloride, CH,Cl.CHCL.CH,C],
isomeric with propylene trichloride (§ 655) and chlor-propylene
dichloride (§ 659), is obtained by the action of PCl; on the two
previous compounds. It is separated from the simultaneously formed
POCI; by washing with water and distillation.
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It is a colourless, mobile liquid, with an odour similar to that of
chloroform, boiling at 158° and of sp. gr. 1'417 at 15°.

Trichlorhydrin is also produced by the direct addition of chlorine
to allyl chloride, CH, : CH.CH,,Cl + Cl, = CH,C1.CHCLCH,CI, and,
along with the isomeric propylene trichloride, by heating propylene
dichloride with iodine chloride.

Solid caustic alkalies convert it into dichlor glycid :

03H5013 + KOH = KC]. + HQO + CSH‘CIQ-

881. The bromides of glycerine correspond in properties and
methods of formation to the chlorides, differing mostly from the latter
by their greater density and higher boiling point.

Monobromhydrin, C3Hz(OH),Br, is a thick liquid only distilling
unchanged in vacuo at 180°.

Glyceryl dibrom-hydrate. Both isomers are known.

a-Allyl-aleokol dibromide, or dibrom-propyl alcokol :

CH,Br.CHBr.CH,OH,

prepared by the direct combination of bromine and allyl alcohol, boils
between 212° and 214°.
(-Dibromhydrin, dibrom-isopropyl alcokol :
CH,Br.CH(OR)CH,Br,

from glycerine and HBr, boils at 219° and has the sp. gr. 2:11 at
18°. ’

T'ribromhydrin, CH,Br.CHBr.CH,Br, isomeric with brom-propy-
lene dibromide, is obtained from the previous compounds by means
of phosphorus bromide, and also from allyl bromide or iodide and
bromine :

CH,:CH.CH,I + 2Br, = CH,Br.CHBr.CH,Br + IBr.

It crystallises in colourless shining prisms, melting at 16° and boiling
between 219° and 220°.

682. Chlor-brom-hydrin, C3H,.Cl.Br.OH, is formed by the action
of hydrobromic acid on epichlorhydrin :

' CH,\O CH,Br
b/ 4+ HBr= biom
éH,Cl JJH,CI

or by action of hydrochloric acid on epibromhydrin :

CH CH,0!
), l.
CH + HCl = (IJH.OH
(llH,Br CH,Br

Tt is an oily body, boiling at 197°, of sp. gr. 1740 at 12°.

The chlor-allyl dibromide, of the formula CH,Br.CHBr.CH,Cl,
may be regarded as glyceryl chloride-dibromide ; it boils at 195° and
has the sp. gr. 2:088.

The isomeric chlor-dibrom-hydrin, CH,Br.CHCl.CH,;Br, which
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boils between 202° and 203°, is a product of the action of PCl; on
dibromhydrin.

Both compounds are isomeric with chlor-propylene dibromide.

Brom-dichlor-hydrin is obtained quite in an analogous manner
from dichlorhydrin and PBr;. It boils at 176° and has the formula
CH,CL.CHBr.CH,Cl

683. A moniodo-hydrin, C;H,I(OH),, is obtained by heating
glycerine saturated with HI to 100° for forty hours, and after neutralis-
ing the free acid with alkali shaking out with ether. The latter
leaves on evaporation iod-hydrine, a yellow syrup slightly soluble in
water, of sp. gr. 1'783, which decomposes on distillation,

Driiodo-hydrin, CH,I.CH(OH).CH,I. The product of long-con-
tinued heating of dichlorhydrin with a concentrated solution of
potassic iodide is a thick oil of sp. gr. 2:4. It crystallises at —16° to
colourless crystals, and decomposes on heating with formation of allyl
alcohol, allyl iodide, and acrolein, and evolution of iodine.

Chlor-iodhydrin, CH,Cl.CH(OH)CH,I, prepared by direct com-
bination of epichlorhydrin and HI, boils at 226° under partial
decomposition ; sp. gr. 2:06 at 10°.

The corresponding bromine compound, (CH,Br.CH(OH).CH,I),
is not capable of being distilled.

Tritodo-hydrin, or glycerine triiodide, is not capable of existing,
decomposing at once into iodine and allyl iodide. Several trihaloid
glycerine compounds are known, however—viz. iodhydrin and PCl,
give CH,CLCHCL.CH,I, boiling at 205°, sp. gr. 2:0476 at 9°; and
CH,CL.CHBr.CH,Cl, from chloriod-hydrins and PBr;, decomposed
by distillation, sp. gr. 2:325 at 9°.

Ethereal Derivatives of Qlycerine.

684. These bodies are easily obtained by the reaction between
haloid glycerine and the sodium alcoholates (e.g. sodic ethylate).

Monochlorhydrin yields in this manner with sodium ethylate
ethyl hydrin, or ethylin, a liquid boiling at 230° and soluble in water :

O3;H;(0OH),Cl + Na0.CyH, = NaCl + C,H;(OH),(0.C,Hj;) ;
dichlorhydrin yielding a diethylin, CH,(OC,H,;)CHOH.CH,.0C,H;,
boiling at 182°-183°, possessing a faint odour of pepper, sp. gr. ‘92.

This co::&ound dissolves sodium and reacts again with ethyl iodide,
forming triethylin :

C;H4(0.C;H,;),.0ONa + C,H,I = Nal + C,H;(0.C,Hj),.
It is insoluble in water and boils at 185°.

885. A glycerine chloride hydrate ethylate, or ethyl chlor-hydrin, is
formed when (§ 666) allyl-ethyl ether comes in contact with diluted
hypochlorous acid :

CH,: CH.CH,.0.C;H; + CIOH = CH,(OH).CHCIL.CH,.0.CH;.
It may be extracted from its aqueous solution by ether, and remains on
ovaporation of that solvent as a thick liquid of faintly ethereal odour,
boiling between 183° and 186°, of sp. gr. 1-117 at 11°,

By the combination of cooled allyl-ethyl ether with chlorine, a
glycerine dichlorethylate, CH,Cl.CHCL.CH,.0.C,H, boiling at 165°,
is formed. The corresponding bromine compound also exists, boiling
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at 195°. Metallic sodium extracts the halogen from both bodies,
reforming the allyl-ethyl ether.

Allylin, C;H4(OH),0.CH,.CH : CH,, or glyceryl dihydrate allyl
ether, can be isolated from the following compound by fractional
distillation of the residue remaining in the retorts after the prepara-
tion of allyl alcohol from glycerine by heating with oxalic acid. It is
a thick liquid boiling between 226° and 240°, and combines directly
with bromine to form C;H;(OH),.0.C;HBr,.

Glyceryl ether, (C3H;);0;, obtained along with the above, is a
colourless, odourless liquid, soluble in water, and boiling between
169° and 172°. It has not yet been determined which of the two fol-
lowing formul® represents its constitution

brods b 0° b
bH,.O.l?H, J)H, .0. tlJH,

688. To the ethereal derivatives belong also the glyceryl oxyhaloid
compounds, or epihaloid Aydrins, and other bodies constituted on the

general formula :
CH
b )°

LH,X

(for analogous bodies see § 499).
They are formed by the action of alkalies on glyceryl dihaloid
hydrates; e.g.

CH,0I (l)H,OH rlm

+H.0H or CHCl +OKH = KCl + OH,+CH 7

CH,CI (EH,.C] H,Cl
corresponding to :

CH,.OH CH
I + OKH = KOl + OH, + | ’>o
4C1 CH,
combine directly with water to form glyceryl dihydrate haloids,
the oid having a pnma.ry position :

CH,.0H
JJH">O +OH, = (IBH.OH
JJH, ‘ «JJH,Cl

and with the haloid acids to the above-described dihaloid hydrins.
Epichlorhydrin, or glycoryl oxychloride :

u/\ H, .CH.CH,C],
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isomeric with monochlor acetone (§ 660), is easily formed from the
glyceryl dichlorides. Dichlorhydrin, boiling between 160°-and 200°,
may be conveniently used for its preparation. On mixing gradually
with concentrated potash and shaking, the reaction takes place with
considerable evolution of heat, necessitating cooling ; the epichlor-
hydrin separates to the surface as an oily layer, and is purified by
fractional distillation. It is a limpid liquid, of sp. gr. 1194 at 11°,
and boils between 118°and 119° ; it resembles chloroform in taste and
smell.

Alcohol and ether dissolve it in all proportions. By long warming
with water, in which it is insoluble, it combines with it to form
monochlorhydrin. o

Epibromhydrin, C/H>CH.OH,Br, isomeric with monobrom
acetone, is very similar to the chlorine compound ; it boils between
130° and 140°.

Epiiodo-hydrin, CzH,I : O, obtained by heating epichlorhydrin
with potassic iodide, boils at about 160°.

Epiethylin, or glyceryl oxy-ethyl ether, prepared by the decomposi-
tion of ethyl chlorhydrin with alkali :

CaHyCl(OH).OCgHs + OKH = KCl + OH’ + CaHb( :0).OC,H5,
is a pleasantly smelling liquid, boiling between 126° and 130°.

Epichlorhydrin heated to 220° with isoamylic aleohol forms
tsoamylehlor-hydrin, C3H;.CL.(OH).(0.C;H,,), boiling at 235° and
decomposing on distillation with concentrated alkali into glyceryl
oxide wsoamyl ether, CHy.CH.CH,.0.C;H,,, a mobile liquid of exceed-

N

ingly glea.sa.nt odour, boiling at 188°.

687. Derivatives of glycerine are known, but not in the pure
state, owing to difficulty of separation, bearing the same relation to gly-
cerine that the poly-ethylene alcohols bear to ethylene glycol (§ 506).

They are generally formed by the abstraction of water from gly-
cerine at a temperature of incipient decomposition,

‘When glycerine is saturated with HCl and heated with an equal
volume of glycerine to 130°, a liquid is obtained distilling in & vacuum
of 10 mm. between 220° and 230°, thus:

C3H,(OH), + C;H,Cl(OH), = HCl + C;H4(OH),.0.C,H4(OH),,
diglyceryl alcohol ; and between 275° and 280° triglyceryl alcohol :
C;H;.(OH).[0.C3H4(OH),],,
passes over.

Salts of Glycerine with Inorgamic Acide.

688. All or part of the hydroxylic hydrogen in glyceric hydrates
may be substituted by acid radicals, neutral and basic compounds
being known.

689. Glyceric Nitrates.—Glycerine dissolves in a mixture of fum-
ing nitric acid and oil of vitriol with very considerable evolution of
heat, the operation requiring to be gradually performed with strong
cooling. On pouring the mixture into a large volume of water a
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heavy, colourless, poisonous oil, glyceric trinstrate, mitro-glycerine,
C3H,(0.NO,),, is precipitated. It crystallises at — 20° and has sp.
gr. 1'6.  In aleohol it is scarcely soluble, but easily in ether. Alcoholie
potash saponifies it very easily into glycerine and potassic nitrate.

By percussion or quick heating nitro-glycerine explodes with
fearful violence, complete combustion taking place, excess of oxygen
being present, thus:

4CBH6(O.NOQ)3 = 1200’ + IOHQO + 6N2 + O,.
‘When merely inflamed, however, nitro-glycerine burns rapidly, but
without explosion. It is much used as a blasting material either in
the liquid form or mixed with silica or fine sand, generally then called
dynamite. For purposes of transport it is often diluted with methyl
alcohol.

Dichlorhydrin is converted by a mixture of nitric and sulphuric
acids into glyceryl dichlor-nstrate, CHCl.CH(O.NO4)CH,Cl, an oil
boiling with decomposition between 180° and 190°, but not exploding ;
it has a sp. gr. at 10° of 1-465.

In a similar manner chlorbromhydrin gives

CH,C1.CH(O.NO,)CH,4Br ;
epichlorhydrin, CHyCL.CH(O.NO,).CH;.0.NO,. Both are thick
liquids not distillable without decomposition. The latter is of sp. gr.
1-5112 at 9°.

690. Glycerine combines with sulphuric acid, when mixed with it,
with evolution of a considerable amount of heat. On diluting with
water and neutralising with chalk a mixture of calcic sulphate and
the calcium salt of sulpho-glyceric acid is obtained ; the latter may be
separated from the gypsum by its much greater solubility in water.

The free acid may be obtained by exactly precipitating the calcium
from a solution of the above salt with oxalic acid.

Glycerine sulphuric acid, or sulpho-glyceric acid :

O;H;(0OH)4(0.80,.0H),

is an acid and also a basic ether, and corresponds to monethyl sulphate
or ethylene hydrate sulphate.

Its aqueous solution reacts strongly acid, and gives salts with
oxides, and carbonates of basic metals mostly crystalline and without
exception soluble in water.

Monochlorhydrin similarly forms a chlorbydrin sulphuric acid,
C;H,Cl(0OH).0.80,.0H.

691. Powdered metaphospboric acid mixed with glycerine also
combines with it, forming glycerine phosphoric acid :

C;H,;(OH);.0.PO.(OH),,
with evolution of heat.

On diluting with water and precipitating the excess of phosphoric
acid with baric carbonate and then adding alcohol, baric glycero-phos-

phate :
oo
PN0 0SB

is thrown down,
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This salt, when decomposed by the exact quantity of sulphuric acid,
yields the free acid, which on evaporation of its aqueous solution may
be obtained in the form of an acid, thick syrup. Its salts are mostly
soluble in water and crystallisable.

Its calcium salt is thrown down in pearly scales on boiling its cold
saturated solution.

Glycerine phosphoric acid occurs as one of the decomposition
products of lecithin (§ 697), and is physiologically important from
its supposed existence in brain substance, &c.

Salts of Glycerine with Organic Acids. Fats.

692. Glycerine combines with the acids of the C,Hjj, _,0.0H series
when heated, water being eliminated. The number of hydroxyl
groups replaced depends greatly on the temperature of the reaction
and the quantity of acid present.

The neutral salts of the form C;H;(0.C,H,,_,0); occur in most
natural fats, and are in fact, in many, the principal substance. Most
solid animal fats, tallow, &c., are composed of glycerine fats of
palmitic and stearic acids. As yet no known fat consists entirely of
the salt of one acid ; they are generally mixtures of several, not only
of the above-mentioned series, but also with salts of acids of the oleic
series, C3H;(0.CuHyn_30);. These latter salts confer liquidity
(animal oils) or buttery consistency on many fats, according to the
extent of their admixture.

Fatty or animal oils also frequently contain acids of still lower
hydrogen contents, which oxidise easily on exposure to air, becoming
hard and resinified, the same property being imparted in some degree
to their glycerine salts, which are hence termed drying otls.

The existence of glycerine salts of mixed acids has no doubt a
great influence in causing the variety of animal fats. It appears, for
instance, that mutton fat, or sheep tallow, contains a glycerine di-
stearin palmitat;e, CsHb(O'Cl8H35O)2'(0‘016H3|O)’

To extract fats from organic tissues or substance mechanical pres-
sure, sometimes with elevation of temperature, is generally resorted to,
whereby the cells containing the fats are broken. In cases where it
is desired to extract the whole amount completely, solvents, like ether
or disulphide of carbon, are used. From these the fat may be obtained
by evaporation of the solvent.

Natural fats may be purified from the albuminous substances which
generally accompany them, when mechanically extracted, by gently
warming with a little potash solution or sulphuric acid, by which the
albuminoids are decomposed or dissolved. Care must be taken that
the temperature employed be not too high, or the glycerine salts or
fats will themselves be saponified or converted by the sulphuric acid
into free fatty acid and sulpho-glyceric acid.

The decomposition of fats by water or steam at a high temperature,
as well as their decomposition by ammonia into glycerine and acid
amides, has already been considered.

The fats, when heated by themselves, undergo dry distillation,
acrolein being one of the constant products, depending on the presence
of glycerine in the fat.

693. Only one formic ether of glycerine is.known—glyceryl di-
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hydrate formate, or monoformin, C;H,.(OH),(0.CHO). Itis formed
by heating glycerine with oxalic acid to 190°, and may be extracted
from the cooled product of the reaction by ether, on the evaporation
of which it remains as a colourless liquid, miscible with water and
distilling unchanged in a vacaum. On heating to 200° it decomposes
into CO,, water, and allyl alcohol (§ 663).

094. Acetic Acid Derivatives.—Glycerine heated with glacial
acetic acid for some time to a temperature of 100° yields a mixed
product, from which ether extracts

Monacetin, or glyoeryl dikydrate acetate, formed according to the
equation :

C,H,(OH), + HO.C,H,0 = OH, + C,H;(OH),(0.C,H,0).

It is a colourless liquid, miscible with a small quantity of water, but
is decomposed by a large quantity.

Diacstin, C3H,.(OH).(0.CyH;0),, is formed by heating glycerine
with a large excess of acetic acid to 200°. It may also be extracted
from the cooled reaction product by ether. It is a liquid, and boils
at 280°. .

Triacetin, glyceryl triacetate, C3H4(0.C,H,0);, obtained by long
heating of diacetin with glacial acetic to about 250°, is a neutral oil
of sp. gr. 1:174, boiling at 268°. It occurs naturally in small amount
in the oil from the spindle tree (Evonymus europaeus).

696. In addition to the acetic ethers just mentioned, haloid"
acetates are also known.

Aceto-chlorhydrin, CyHCl(OH)(0.C;H,0), prepared by the action
of acetylic chloride on glycerine :

C,H,(0OH), + CL.CO.CH, = H,0 + C,H,;.C1L.(OH)C,0,H,,
as a liquid of boiling point 250°.

Aceto-dichlorhydrin, C3H;.Cly.(0.CoH;0), is formed, together with
dichlorhydrin, by passing hydrockloric acid gas into a mixture of
glycerine and glacial acetic acid heated to 100°; also from dichlor-
hydrin and acetyl chloride. There appears to be two isomers of this
body, the one prepared in the former manner having a boiling point
205°, the latter, which is possibly CH,Cl.CH(O.C;H;0)CH,C],
boiling at 194°-195°, and having sp. gr. 1-274 at 8°,

Both compounds give epichlorhydrin on saponification with
potash : ’

CaHs.Clg(O.CaHao) + 2KOH = KOl + KO-O,H,O + OH’

+ OQHG(: O).Cl-

Diacesto-chlorhydrin, CgH Cl(OC,H ;0),, is best prepared by heat-
ing glycerine with acetic acid and acetyl chloride simultaneously. It
boils about 245°.

Several corresponding bromine compounds are also known.

698. Analogous bodies to the ucetins are produced by heating
glycerine with the homologues of acetic acid. Many of these bodies
have been prepared.

Tributyrin, CyH(0.CO.C3H,)s, occurs naturally in butter along
with tricapronin, tricaprylin, tricaprinin, trilaurin, trimyrisin. tri-
pelmitin, tristearin, and triolein.
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Monopalmitin, CyH,(OH,)0.C,H;,0), is solid, and melts at
58°; dipalmitin, CzH,(OH)(C,cH3,0,)5, at 59°; tripalmitin,
C3H;(C,6H;3,0,)5, at 63°.  The latter is found in nearly all animal
and vegetable fats. It is most easily obtained from olive oil, which is
a mixture of that substance with triolein, C;H;(0.C,sH;;0),, by
cooling, and pressing the solid palmitin from the liquid olein, and re-
crystallising from a mixture of alcohol and ether. It forms pearly
plates difficultly soluble in alecohol. It melts about 46°.

Mono-, di-, and tristearin can be artificially prepared from stearic
acid and glycerine. The latter is a very general constituent of
natural fate, animal fats or tallows being composed principally of
that body with a little tripalmitin and triolein.

On treating tallow with cold ether, the two latter bodies may be
extracted, most of the tristearin remaining behind. It may be dis-
solved and crystallised from warm ether, and got in pearly scales
almost insoluble in cold alcohol and only very slightly so in warm
ether. It melts at 63°. If it be not heated above 65° during the
experiinent it solidifies again at 61°, and then only melts again at
66°. If it be heated, however, higher than 67°, it solidifies again at
51°, and then melts at 53°, but returns to the melting point, 63°,
after some time.

Other ethers occurring in natural fats will be considered under
the respective acids.

697. Lecithin.—This name is applied to several bodies of very
similar chemical and physical properties derived from brain sub-
stance, nerves, blood corpuscles, gall, &c., and also from some vege-
table substances (maize, &c.), and which appear, indeed, as constant
constituents of the cell substance of organised bodies. All these
bodies, when decomposed by water, acids, or bases, give glycerine-
phosphoric acid, neurine, and fatty acids.

Every lecithin is a fat containing only two fatty acid radicals, the
third hydroxyl group being replaced by ethylen-trimethyl ammonie
hydrate (neurine) in.combination with phosphoric acid.

The following general formula, in which X may be supposed to
represent the acid radicals of palmitic, stearic, and oleic acids,
exhibits the constitution of lecithin, and the equation, its decomposition
by alkalies :

/O—N(CHz)a

CJI..,(OX),.O.PO\O o é + 4KOH = 2K0X

U, U,

+ C;H;(0H),.0.PO(0OK), + HO.CH,.CH,.N.(CH,),.0H.

Brain and nerve substance appear to contain the palmitic oleic
lecithin, C;,H( ;NPO, :

The preparation of lecithin from brain substance is only accom-
plished with great loss.
The brain substance must be freed as far as possible mechanically
DD
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from blood vessels, cuticular substance, &c., rubbed up to a thin
paste with water, and this repeatedly shaken out with ether, at a
temperature of about 0°, until no more fat or cholesterine is taken up.
The insoluble residue is then filtered from excess of water and pressed,
after which it is heated with 80 24 alcohol to between 40° and 45°.
The warm alcoholic solution, after filtration and cooling, separates
crude lecithin as a flocculent substance, which is again washed many
times with ether to remove traces of fatty bodies, and finally crystal-
lised from alcohol at a temperature of 45°. Lecithin may be obtained
in a similar manner from amniotic liquid.

It can also be easily obtained from the latter substance by means
of ether alcohol. After evaporating the ether and separating from
the precipitated fats, an alcoholic solution of cadmic carbonate is
added, which causes a precipitate of lecithin-cadmium chloride, which
is suspended in water and treated with hydric sulphide. The lecithin
hydrochloride thus set free is sbaken out with ether, from which
solution it is obtained by evaporation.

Lecithin crystallises from its saturated solution in alcobol in fine
radially-grouped needles, which dry up in vacuo to a white powder,
which melts on gently heating. It is slightly soluble in cold aleohol
and ether, much more freely on heating. It may also be crystallised
from glacial acetic acid.

‘With bases and acids compounds are formed on the type of

/O.C,GH,,,O
C,H,,—O'C‘ eH3 31({)
No.po .C,H,.N(CH,), OH
and
/O.CIGH;,,O
0.C, H;30

0,8, S0 Cretlas0
\°-P°<g.c,n..N.(CH,),.01

Sulphur Compounds of Glycerine.

698. Mercaptans.—Thio-hydrates of glyceryl are produced by the
action of haloid glyceryl compounds on alcoholic solution of potassic
sulph-hydrate according to the general equation :

C,;H;.CL,(OH);_, + aKSH = «KCl + C;H4(SH),(0OH),_,,
in which a may have the values 1, 2, or 3. They have all the

properties of the mercaptans proper, and exchange the hydrogen of

their SH groups for mercury, copper, and similar metals.
Monosulph-hydrin, glyceryl thio-dioxyhydrate, C3H 4. (SH).(OH),,
obtained by double decomposition between monochlorhydrin and
potassic sulph-hydrate, is a colourless, thick liquid, of sp. gr. 1295 at
14°, which gives off a very disagreeable odour when warmed. It is
only slightly soluble in water and not at all in ether.
Disulph-hydrin, CsH (SH),0H, obtained in a similar manner,
only by using dichlorhydrin, has a sp. gr. = 1-342, and is insoluble in
water and ether. .
Trisulph-hydrin, CyH(SH);, from trichlorhydrin. It is more

e b
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liquid than glycerine, of sp. gr. 1-391, and only soluble in strong
alcohol.

Glyceryl trisulphocyanate, C;H;.(SCN);, is the only sulph-
ethereal salt of glycerine known. It may be prepared by the action
of tribromhydrin on potassic sulphocyanate, and forms hard white
needles melting at 126°.

689. Sulphonic Acids.—The glyceryl mercaptans pass on oxida-
tion with nitric acid into sulphonic acids.

The reaction takes place pretty directly with the monosulph-hydrin,
glycerine monosulphonic acid, which yields soluble and crystallisable
salts, being formed :

OH /OH
03H5 H + 30 = 03H5=OH
SH \80,0H

Glycerine disulphonic acid is easily obtained in the form of potassic
salt by boiling dicblorhydrin with a concentrated solution of neutral
potassic sulphite :

C,H,(OH)Cl, + 2(K.80,0K) = 2KCl + C,H,(OH).(80,.0K),.

Trichlorhydrin yields in a similar manner the tribasic glyceryl tri-
sulphonic acid :

CaH.’Ola + 3K.-S02-OK = 3KCI + CaHo(SOg.OK)’-

Nitrogen Compounds of Glycerine.

700. Very few bodies of this class are known in a pure condition.

Although the haloid glycerine compounds, like the haloid com-
binations of all other alcohol radicals, act upon aqueous ammonia, the
products, especially in the case of the di- and tri-substitution, are so
numerous and complicated that a perfect separation becomes almost
impossible.

As far a8 is known, however, they are basic compounds corre-
sponding to the alkylamines.

By heating dichlorhydrin with aqueous ammonia, the hydro-
chlorate of a glyceramine, or a basic substance which may either be
glyceryl hydratamide, C,H,(OH),NH,, or glyceryl oxide amide,
C3H,(: 0).NH,, is formed along with ammonic chloride.

Homologues of Allyl and Glyceryl Derivatives.

Homologues of the glyceryl compounds with four carbon atoms
are not known as yet ; several penta- and hexacarbon homologues are,
however, known.

701. Isoamyl Glycerine.—Isoamylene dibromide is converted by
strong alcoholic potash .solution into potassic bromide and &rom-
ssoamylene, C;Hqo.Br. This latter is very probably a mixture of
several isomeric bodies, and gives, on fractional distillation, a mobile
oil, boiling between 100° and 110° and of not unpleasant odour.

Owing to its conversion, under the influence of hydrates, into a
trihydric alcohol, the following formula appears most likely to ex-
press its constitution :

DD2
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CH, CH, CH, CH,
AN
CH
é + KOH = KBr + H,0 + 1]
I‘HBr CH

|
¢H,Br CH,Br
‘When carefully cooled and brought into contact with bromine, a
dimethacetyl bromide, or dimethglyceryl tribromide :
CH, CH,

Br
éHBr

JJH,BI'
is produced, forming colourless elastic needles of camphor-like odour.
It is soluble in ether and warm alcohol. Dimethyl-allyl bromide
combines with chlorine to form dimethyl-glyceryl brom-dickloride :
(CH,), : CCL.CHCL.CH,Br.

On heating the above isoamylene dibromide with potassic acetate in
alcohol solution, a brom-isoamylens diacetate, CgHoBr(0.CoH,0),, is
produced, which yields, on saponification, brom-iscamylene dihydrate,
OsH,Br(OH),, from which the bromine may be removed by long
heating with potassic hydrate, giving

Tsoamyl glycerine, or dimethyl glycerine :

CH; CH,
N/
C.OH
l
CH.OH

ém, om

This is a thick liquid, soluble in water, and of a sweet, aromatic
taste.
702. Pscudo-Diallyl Alcohol—When diallyl is heated with hydric
iodide, a compound of diallyl with two molecules of hydric iodide
(§ 491, 2) is formed, and also a compound containing but one molecule
of HI, thus :
CH,:CH.CH,.CH,.CH:CH, + HI
= CHQ :CH.CHa.CHz.CHI.CHs-

This iodide boils at 164°-165°, and is converted on heating with
tic acetate into the salt CH,:CH.CH,.CH(O.C;H,0)CH,
(boiling point 150°-160°), which gives on saponification pseudo-diallyl
aleohol, CH, : CH.CH,.CH,.CH(OH).CH;, an oily liquid boiling at
140° and of sp. gr. ‘8625 at 0°.
The corresponding triatomic or trihydric alcohol :

CH,(OH).CH(OH).CH,.CH,.CH(OH).CH,,
has not yet heen prepared.
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703. By replacement by hydroxyl of one of the hydrogen atoms
of the alcohol radical contained in a fatty acid, compounds are obtained
which combine the characters of a monobasic acid with that of a mon-
acid alcohol, the hydroxy futty acids:

CoH,n.OH

I
CO0.0H

A ccording to the position of the hydroxyl on the carbon nucleus,
primary, secondary, or tertiary alcohol acids are obtained :

CH,.OH CH, CH, CH,
I | N/
CO.OH CH.OH COH
I
é0.0H CO.0H
Primary Secondary Tertinry/

Alcohol acids.

If the nucleus contains three or more carbon atoms, the proximity
or otherwise of the hydroxyl and carboxyl groups causes isomerisin,
which, according to the degree of proximity, are termed a-, 3-, y-, &e.,
derivatives :

CH, CH, CH,.0H

l |

CH, (I:H.OH CH,

I |

CH.OH CH, %H,

I

CO.0H J?0.0H CO.0H
~—_ B- r v

Hydroxy-butyric acids.

704. The alcohol and the acid hydroxyl groups can be replaced by
other elements (halogens) or radicals (amides, &c.) in similar manner
to the replacement of the hydroxyl groups of acids or alcohols; further,
the hydrogen atoms can be replaced by metals and the radicals of
acids and alcohols.
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705. The following are amongst the most generally applicable
methods of preparation :—

1. Those of the glycols which contain the primary alcohol group,
CH,.OH, at least once, are converted into hydroxy-acids on gentle oxi-
dation, as by atmospheric oxygen in presence of platinum black or by
dilute nitric acid :

CoH,,(OH).CH,.0H + 20 = H,0 + C,H,,(0OH).CO.0OH.

2. The hydroxy-aldehydes (§§ 653 and 656) absorb oxygen from
the air and reduce the oxides of noble metals :

CuH;n(OH).CO.H + O = C,H,,(OH).CO.0H.

3. The fatty acids yield mono-substitution products on heating
with the halogens, and, when the nucleus contains at least three car-
bon atoms, give the a derivative in by far the greatest quantity

CH;.CH,.CO.0H + Br, = HBr + CH;.CHBr.CO.OH
Propionic acid. a-Brom-propionic acid.
On long boiling the alkali salts of these latter, they decompose into
metallic haloid and hydroxy-acid :
CH,.C1.CO.OK + HOH = KC(l + CH,(OH).CO.0OH,
the process occurring in shorter time in presence of free alkali :

CH,CLCO.0K + KOH = KC1 + CH,(OH).CO.OK.

4. The aldehyde and ketone acids derived from the pentavalent
nucleus CyHyy, _ 5 (see later) combine with hydrogen and are con-
verted into hydroxy-acids, the first into primary, the second into
secondary alcohol acids :

CH:0 CH,.0H
0.0H CO0.0H
Aldehyde acid.
CH, CH,

&O (BH OH

+ 2H = &
C':H, H,

|
CO.0H CO0.0H
Ketone acid.

5. The aldehydes can be converted, with nucleus synthesis, in two
ways into secondary a-alcohol acids.
a. Aldehydes unite directly with hydro-cyamc acid to form an
alkylidens hydrate cyanide :
CH,
CH,

I

| + HCN = CH.OH

CH:0 |
C=N
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which, like all nitriles, is decomposed on warming with acids, yielding
an ammonic salt and the secondary a-hydroxyl acid :

CH, CH,
|
élH.OH + HCl + 2H,0 = NH,Cl + CH.OH

I
C=N CO0.0H

b. Aldehyde ammonias (§ 422) are readily converted into alkyli-
dens amid cyanides by action of prussic acid :

CH, CH,
I
H.NH, + H.ON = H,0 + CH.NH,
H CON

The latter are converted by dilute mineral acids into acid deriva-
tives of a-amidated fatty acids :

CH3 CH3
H.NH, + 2HCI + 2H,0 = NH,Cl + (]JH.NH;,CI
CN CO.0H

from which the secondary a-hydroxy-acid can be obtained by action
of nitrous acid (comp. § 266) :

CH, CH,
(:)H.NH, + NO.OH = H,0 + N, + CH.OH
CO.0H CO.0H

The secondary a-hydroxy-acids are therefore alkylidene hydrate
carbonic acids :
OH

Colawr 1 CH{ 30 05

6. Tertiary a-hydrozy-acids can be prepared in similar manner
from the ketones when a mixture of ketone and hydro-cyanic acid is
decomposed by a mineral acid :

CH CH
cu*>C0 + HON = (¥>C(OH).ON

CH CH
CH:}C(OH).CN + HCl + 2H,0 = CH:>C(OIE[).CO.O}I
+ NH,CL
7. In similar manner to the formation of fatty acids from the
alkyl haloids of next lower carbon contents the alcohol acids can be

obtained from the olefine hydrate haloids (§ 493). The latter com-
bine with potassic cyanide to olefine hydrate cyanides :

CH,(0OH).CH,Cl + KCN = KCI + CH,(OH).CH,.CN,
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and from these, ol-fine hydrate carbonic acils, which must be at least
j3-uxy-acids, are readily obtained :
CH,(OH).CH,.CN + HCl 4+ 20H, = CH,(OH).CH,.CO.0OH
+ NH,CL

8. A method of very general application for the formation of
tertiary a-alcohol acids consists in the decomposition of neutral ethereal
oxalates with zinc dialkyls. If they are mixed together, or if the
oxalate be heated with an alkyl iodide and zinc, and the product decom-
posed by water, the ethereal salt of a tertiary hydroxy-acid separates :

C,H,C,H,
C0.0.C,H, .0.Zn.0.C,H,

1 + 2IC;H; + 2Zn = | + Znl,
°0.0.C,H; C0.0.C,H,

C,H}C,H, C,H,C,H,
(.0.20.0.C,H, + 2H,0 = C.OH + Zn(OH), + HO.C,H,
£0.0.¢,H, (0.0.C,H,

708. On heating in sealed tubes with concentrated hydriodic acid
the alcohol acids are reduced to the fatty acid of like carbon nucleus:

CoH,o.0H CoH,oI
+ 2HI = H,0 + | +HI=H,0 +1,
'0.0H C0.0H
C’n‘Hzn'+l
+
CO.0H

By dry distillation, or better by heating with dilute sulphuric acid,
the «-hydroxy-acids are split up into formic acid and an aldehyde
(secondary) or a ketone (tertiary) :

CoHyy 4 CH(OH).CO.0H = CyHyy 4 ,.CH:0 + H.CO.OH
(CoHyn 4 1)5.C(OH).CO.0H = (CyHyy 4,),CO + H.CO.OH.

If oxidising agents are also present the formic acid is in great part
converted into carbonic anhydride, the aldehyde into the corresponding
fatty acid.

707. A peculiar property of the oxy-acids consists in their power
to form two different ether-like derivatives when gently warmed with
acids for some time, or by long standing in a perfectly dry atmosphere.
Two molecules then so behave that one acts as an alcohol, the other as
an acid :

CovHy OH  HO.CO CpHy, . 0.CO
+ | =H,0 + | |
*0.0H HO.C, Hypy CO.OH HO.C, Hyy

This first ethereal anhydride is at once both alecohol and monobasic
acid, and is slowly decomposed by water into two molecules of the
oxy-acid, or quickly by alkalies yielding salts of the latter. In dry
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vacuo, or on further careful heating, the first ethereal anhydride again
loses water and gives the second ethereal anhydride :

CyHy . 0.CO CoHyp—0—CO
| | =H,0 + |
CO.0H HO.C,H,, _ CO0—O.

which is also saponified by water and basic hydrates.

|
CaHgn

Grycorric Acip, C;H,O;, AND I1TS DERIVATIVES.
Compounds of the Radical Qlycolyl, —CH,.C=.

708. The tetrachloride of this radical, CH,Cl.CCl,, is known, and
has already been mentioned (§ 473), as tetrachlor ethane, obtained from
ethane by direct chlorination. It is a colourless oil, which boils at
102°, and on heating with solution of potassic hydrate is converted
into potassic glycollate :

CH,CLCCl; + 5KOH = 4KCl + CH,(OH).CO.OK + 2H,0.

709. Halogen-substituted acetic haloids are obtained either from
acetic chloride or bromide by action of free halogens :

CH,.COCI + Cl, = HCI + CH,0LCOCI;

or by decomposition of glycollic acid or its salts by the phosphorus
haloids :

CH,(OH).C0.0H + 2PCl; = 2POC, + 2HCI + CH,CLCOC;

and finally from mono-halogen substitution derivatives of acetic acid
by phosphorus haloids :

3CH,CL.CO.0H + PCl, = P(OH), + 3CH,CLCOCI.

They unite the properties of alkyl haloids with those of the oxygenated
acid radicals, and react with water to form substituted acetic acids:

CH,CL.COCI + H,0 = HCl + CH,C1.CO.0OH.

Chlor-acetic chloride, CH,C1.COC], chlorinated acetylic chloride, is
a colourless fuming liquid of sp. gr. 1'495 at 0°, boiling at 105°.

Brom-acetic chloride, CH,Br.COC], is obtained from brom-acetic
acid and phosphoric pentachloride as a liquid boiling at 134°. With
water it yields hydrochloric acid and brom-acetic acid.

The isomeric chlor-acctic bromide, C11,Cl.COBr, prepared from
chlor-acetic acid and phosphoric bromide, also boils at 134°, but is de-
composed by water into hydrobromic and chlor-acetic acids.

Brom-acetic bromide boils at 150°.

Halogen Substitution Derivatives of Acetic Acid.

710. These compounds, which stand in the same relation to gly-
collic acid as the alkyl haloids to the alcohols, are, as a rule, prepared
from acetic acid or anhydride.

Chlor-acetic acid, CH,Cl.CO.OH, is formed by the action of
chlorine gas in sunlight on acetic acid heated to nearly the boiling

point :
CH,;.CO.0H + Cl, = HCl + CH,C1.CO.0OH.
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Instead of operating in sunlight, some iodine can be dissolved in
the acetic acid and chlorine then pussed into the liquid. Iodine
chloride is first formed, which reacts with the acetic acid, forming
chlor-acetic and hydriodic acids ; the latter, by action of further quanti-
ties of chlorine, yields hydrochloric acid and iodine chloride, which
reacts anew on the acetic acid.

In this process some dichlor acetic acid is always formed, which
can only be removed from the monochlor acid with difficulty ; it is,
therefore, more usual, by action of chlorine, to convert acetic anhydride
into aceiic chloride and chlor-acetic acid (§ 624), and to then separate
the products by fractional distillation.

Chlor-acetic acid crystallises in rhombic tables or prisms, melting
at 62° and boiling at 185°-187°. They have a caustic action on the
skin and deliquesce in air. The salts are mostly readily soluble in
water and crystallisable. The potassic salt, CH,C1.CO.OK, separates
in nacreous plates on neutralising a cold alcoholic solution of potassic
hydrate with one of the acid. An acid potassic salt:

CH,(L.CO.0K,CH,CLCO.0OH,

is also known. On addition of argentic nitrate to a concentrated solu-
tion of the neutral potassic salt, a scaly precipitate of argentic chlor-
acetate, CH,C1.CO.0Ag, is formed, which detonates when heated to
120° in the dry state. All its salts are decomposed on boiling with
water, glycollic acid being formed (§ 705, 3).

Ethylic chlor-acetate, CH,C1.CO.0.C,H,, is formed by saturating
a solution of one part of chlor-acetic acid in four to five parts of
alcohol with hydrochloric acid. After standing for twenty-four hours,
etbylic chloride and the greater part of the alcohol are removed by
distillation from the water bath, and the cooled residue mixed with
several times its volume of water. The lower oily layer is then
washed several times with water, dried over calcic chloride, and puri-
fied bydistillation. It is also obtained by the careful addition of acetic
chloride to ethylic alcohol :

CH,CLCOC! + HO.C,H, = HCl 4 CH,C1.C0.0.C,H,,

It is a colourless, mobile liquid, heavier than water, boiling at
143°-144°, and whose vapours attack the eye violently.

711. Brom-acetic acid, CH,Br.CO.OH, is best obtained by heating
equal molecules of bromine and glacial acetic acid to 120°-130° in
strong sealed glass tubes. It crystallises in colourless, readily fusible
rhombohedra, and boils at 208°, Its ethylicsalt, CH;Br.CO.0.C,Hj,
boils with partial decomposition at 159°.

Iod-acstic acid, CH,I.CO.OH. On heating an alcoholic solu-
tion of ethylic brom-acetate with potassic iodide, ethylic iod-acetate is
formed, which is separated on addition of water as a brown oil
which cannot be distilled without decomposition. This is readily
saponified by solution of baric hydrate, and the resulting baric salt, on
treatment with the requisite quantity of sulphuric acid, gives a solu-
tion of iod-acetic acid. On evaporating this in vacuo, iod-acetic acid
is left in colourless rhombic tables, which melt at 82° and decompose
at higher temperatures. It is readily soluble in water, but does not
deliquesce in air. The silver salt readily decomposes in presence of
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water into argentic iodide and glycollic acid. By heating with con-
centrated hydriodic acid it is converted into acetic acid.

@lycollic Acid.

712. Glycollic acid, hydroxy-acetic acid, or methene hydrate car-
bontc actd, CH,(OH).CO.OH, was first obtained by oxidation of an
aqueous solution of glycocine acid with nitrous acid.

It is further formed by the oxidation of ethylene glycol by air and
platinum black :

CH,(OH).CH,.0H + 20 = CH,(0OH).CO.0H + H,0.

In large quantity it is prepared by the oxidation of ethylic alcohol
with nitric acid. 100 grams of 80 94 alcohol are placed in & glass
cylinder, at most 6 c.m. wide. 50 grams of water are then added by
means of a funnel tube drawn to a capillary point, so as to form a
layer below the alcohol, and then 170 grams of nitric acid, of sp. gr.
135, similarly poured in, forming a layer below the water. The three
layers mix, on quiet standing (in about five days at 20°-22°), with oxi-
dation of the alcohol and evolution of gas. The homogeneous liquid
is then evaporated in small portions to a syrup on the water bath,
and this—a mixture of oxalic, glyoxalic, and glycollic acids and gly-
oxal—after dilution with ten times its volume of water, neutralised
at the boiling temperature with powdered chalk. On cooling, the
whole becomes a stiff pulp of crystals, which is mixed with an equal
bulk of alcohol, strained and pressed. The alcoholic filtrate serves for
the preparation of glyoxal. The mixture of calcic salts is boiled with
water and filtered boiling; calcic oxalate remains undissolved ; the
cooled filtrate deposits first calcic glyoxalate, or a double compound of
it, with calcic glycollate, whilst the greater part of the latter remains
in the mother liquor. In order to remove the slight portion of gly-
oxalate still remaining in solution, the mother liquor is boiled with
calcic hydrate :

CH(OH), CH(OH), 0.0,
9 + Ca(OH), =2 | Ca
€0.0.02.0.CO c0.0”
Calcic glyoxalate.
CH,OH CH,OH
+ 4H,0

+ I
C0.0.Ca.0.CO
Calcic glycollate.

and the filtered solution evaporated. Glycollic acid is then liberated
by precipitation of the calcium with oxalic acid.

Glyecollic acid is prepared from chlor-acetic acid by slightly over-
neutralising an aqueous solution of the latter with potassic hydrate
and then heating to boiling for a long time. Whenever an acid reaction
is observed a slight excess of alkali is added, until the reaction of the
liquid remains faintly alkaline after long boiling. It then contains
potassic chloride and potassic glycollate. After slight acidulation
with sulphuric acid, cupric sulphate is added, and the mixture allowed
to stand some days, when green crusts of the difficultly soluble cupric
glycollate separate, which is readily obtained chewmically pure by re-
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crystallisation from boiling water. The boiling aqueous solution is
then decomposed by hydric sulphide, filtered from cupric sulphide, and
evaporated to a syrup on the water bath.

On standing in a desiccator the syrupy glycollic acid solidifies
after a time to a colourless, indistinctly crystalline mass, melting at
80° and deliquescing in air. It is a strong acid, and is readily
soluble in alcohol and ether. .

On long heating to 100° the greater part volatilises, leaving some
glycollide (§ 713).

By heating with sulphuric acid it is decomposed into formic acid
and formic aldehyde, the latter appearing as paraformic aldehyde, and
the formic acid in great part splitting up into water and carbonic
oxide :
: 3CH,(OH).CO.0H. = (CH, :0); + 3HCO.0OH.

Oxidising agents readily convert it into oxalic acid, glyoxalic acid
probably being formed as an intermediate product.

By heating with hydrochloric or hydrobromic acids, it is recon-
verted into chlor or brom acetic acid :

CH,(OH).CO.0H + HCl = CH,CLCO.0H + H,0,

whilst hydriodic acid converts it into acetic acid.
Phosphoric chloride converts it into chlor-acetic chloride (§ 709).
The alkali salts of glycollic acid are extremely soluble. The
calcte salt, [CH,(OH).C0.0‘],Ca,‘iH,O, crystallises in fine needles,
which dissolve in 82 parts of water at 10° and in 19 parts at 100°.
Argentic glycollate, [CH,(OH).CO.0Ag],,H,0, is a crystalline pre-
cipitate which dissolves, with blackening, in boiling water.

Ethereal Salts of Glycollic Acid.

712a. These compounds are obtained by heating glycollide with
the monacid alcohols. Ethylic glycollate, CH,(OH)CO.0.C;Hy, is a
neutral liquid, boiling at 150°, is miscible with water and readily
saponifiable by alkalies.

Salts are also obtainable in which glycollic acid plays the part of
the base, as in aceto-glycollic acid. By heating ethylic chlor-acetate
with anhydrous sodic acetate there is obtained ethylic aceto-gly-
collate :

CH,CI CH,.0.C,H;0

4}0 + NaO.C,H,0 = NaCl + J}
-O-CQH5 0'0'02H5

a8 a thin oil of agreeable fruity odour, boiling at 179°, If two mole-
cules of this are mixed with not quite one molecule of calcic hydrate,
calcic aceto-glycollate is obtained :

2CQH30.OoCH2.CO-O.CQH5 + Ca(OH)g = 2H0.02H5

+ (C,H;0.0.CH,.C0.0),Ca,

which on evaporation of the solution is obtained in prismatic crystals.
By boiling with excess of base, the methene-acetate group is readily
saponified :

(C,H;0.0.CH,.C0.0),Ca + Ca(OH),; = (C;H;0.0),Ca

+ (HO.CH,.CO0.0),Ca.
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713. Both the ethereal anhydrides (§ 707) of glycollic acid are
known. By long fusion on the water bath, or by contact with the
vapours of sulphuric anhydride, glycollic acid is converted, with loss
of water, into an amorphous mass, insoluble in water, the first ethereal
anhydride, which fuses at 128°-130° and on long heating yields, with
partial volatilisation, the second ethereal anhydride, glycollide :

CH;. OH HO.CO CH,—0—CO

| + | =H0+ | I

CO.OH  HO.CH, C0.0H HO.CH,
First ethereal anhydride

CH,—0—CO
2H,0 + | |
. C0—O0—CH,
Second ethereal anhydride.

Glycollide was first obtained by heating tartronic acid to 180° :
2C,H,0, = 2CO, + 2H,0 + C,H,0,,

but is most readily obtained by long heating of potassic chlor-acetate
at 150°:

CH,C1 KO.CO CH,.0.CO

(]} + é = 2KCl + | |
0.0K CL.CH, C0.0.CH,

It is an amorphous mass, which on long boiling with water dissolves
to glycollic acid, and which with two molecules of alkali quickly
saponifies to glycollates.

Ethereal Derivatives of Glycollic Acid.

714. These compounds, in which the hydroxylic hydrogen atom of
the alcohol group is replaced by an alcohol radical, are obtained by
double decomposition between an alkaline chlor-acetate and a sodic
alkylate, when one molecule of the chlor-acetic acid is employed to two
atoms of sodium dissolved in the respective alcohol, the mixture being
heated at the end of the violent reaction :

CH,CI CH,.0.0,H;
I + 2NaOC,H; = NaCl 4 | + HO.C,H,
C0.0H C0.ONa

Sodic chloride separates whilst the sodic salt of the alkyl glycollic
acid remains dissolved in the excess of alcohol, from which it can be
precipitated by addition of ether. The alkyl glycollic acid can be
liberated by addition of sulphuric acid.

Methyl glycollic actd, CH,.0.CH,.CO.OH, or methoxyacetic actd, is
a colourless, thick, strongly acid liquid of sp. gr. 1'18 and boiling
point 198°. Its alkali salts are deliquescent, but crystallisable, the
calcic salt amorphous ; the readily soluble zinc and copper salts crys
tallise beautifully with two molecules of water :

(CH,.0.CH,.C0.0),Zn,2H,0.

Ethyl glycollic acid, C,H,.0.CH,.CO.0OH, or ethoxyacetic acid,
isomeric with ethylic glycollate, boils at 190°, its ethylic salt,
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C,H,0.CH,.CO.0.C,H;, at 155°. The latter, or saponification with
alkalies, yields alkaline ethyl glycollates.

Isoamyl glycollic acid boils at 235°.

714a. In addition to the above bodies, which correspond to the
mixed ethers, the simple ether anhydride of glycollic acid—diglycollic
acid—O(CH,.CO.0H),, is also known, and is isomeric with the first
ethereal anhydride. It is obtained, together with glycollic acid, by
boiling chlor-acetic acid with bases, the yield being especially rich on
employment of milk of lime :

CH,C1 CH,—0—CH,
2| + 2Ca0 = CaCl, + H,O + | |
CO0.0H C0.0.Ca.0.C0

The difficultly soluble calcic salt separates from the solution in
crystals, leaving calcic glycollate in solution, and may be decomposed
by oxalic or sulphuric acids.

Diglycollic acid is also obtained by oxidation of diethylene alcohol
with nitric acid. It forms large transparent rhombic crystals, which
dissolve readily in water and alcohol and melt at 148°. It is a
dibasic acid, yielding acid and normal salts :

O.CHZ.CO.O.H O.CH,.CO.OK
.CH,.CO0.0K .CH,.CO0.0K

As an ether diglycollic acid is not decomposed by boiling with
excess of alkali; excess of phosphoric chloride converts it into chlor-
acetic chloride :

HO.CO.CH,.0.CH,.CO.0H + 3PCl; = 3POCI, + 2HCI
+ 20L.CH,.COCL

By heating ethylic chlor-acetate with dried sodic carbonate di-
glycollic ethyl-ether is obtained : :

2CICH2.C0.0.C,H5 + NﬂngOa = 2NaCl + CO’
+ O(CH,.C0.0.C,H,),

as a colourless oil, heavier than water, which boils at 240° and yields

salts of diglycollic acid on saponification.
The acid anhydride of glycollic acid, HO.CH,.C0.0.CO.CH,.OH,

has not yet been prepared.
Sulphur Derivatives of Glycollic Acid.
- T18. Thio-glycollic Acid.—Of the possible isomeric thio-glycollic
acids, CH,(SH)CO.OH and CH,(OH).CO.SH, only the first, mer-
capto-glycollic acid, has been prepared by heating potassic chlor-acetate
with potassic sulph-hydrate :
C1.CH,.CO.0K + HSK = KCl 4+ HS.CH,.CO.0K.

It is best separated by treatment of the amorphous difficultly
soluble lead salt with hydric sulphide, and is then obtained on evapo-
ration of the aqueous solution as a nearly solid, yellow, deliquescent
mass, of strongly acid reaction.

The ethylic salt, HS.CH,.C0.0.C,H;, is readily prepared by boil-
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ing the acid with alcohol and some hydrochloric acid. It behaves as
a true mercaptan, e.g. yields the crystalline mercury compounds :
ClL.Hg.8.CH,.C0.0.C,H; and Hg(S.CH,.C0.0.C,H,),,
and is readily oxidised by nitric acid to sulphonacetic acid.
Thio-diglycollic acid, S(CH,.CO.0H),, is formed by heating chlor-
acetic acid with potassic sulphide ; its ethylic salt, S(CH,.C0.0.C,Hy),,
a yellow oil boiling at 267°, is formed, together with mercapto-gly-
collic acid, by heating ethylic chlor-acetate with an alcoholic solution
of potassic sulph-hydrate :
C1.CH,.C0.0.C;H; + HSK = KCl + HS.CH,.CO.0.C,H,
HS.CH,.C0.0.C;H; + HSK = K8.CH,.C0.0.C,H; + H,S
K8.CH,.C0.0.C,H; + Cl1.CH,.C0.0.C;H;, = KCl
+ 8(CH,.C0.0.C,H;).
The acid is solid and crystallises in readily soluble rhombic tables,
melting at 129°, .
716a. Sulphonacetic acid, CHy(S0,.0H).CO.OH, or sulpho-acetic
acid, has already been mentioned as an oxidation product of mercapto-
glycollic acid; it is further formed by bringing together acetic acid
and sulphuric anhydride (comp. § 513):

CH, CH,.80,.0H

CO.0H 0.0H
and by boiling an alkaline chlor-acetate with neutral sodic sulphite :
CH,Cl1 NaS0,.0Na CH,.80,.0Na

é0.0Na * =T+ }J0.0Na,

By addition of sulphuric acid to the baric salt :
80,0. -
CH, { 0.0, B H;0,
it is obtained in the free state, and then forms colourless, deliquescent
prisms, melting at 62°-63°. Its salts are soluble in water. By
heating with excess of sulphuric anhydride it is converted into methene
disulphonic acid (§ 419) :

$0,.0H _ 80,.0H
o, { pory + 80, = CH, { SO 0H + €0s

Amine Derivatives of Glycollic Acid.

716. Glycolamide, C,H,NO, = CH,(OH).CO.NH,, is obtained
by the action of ammonia on the ethereal salts of glycollic acid, and
also by heating glycollide in an atmosphere of ammonia gas :

CH,.0.CO CH,.0OH
| +2NH;=2 |
0.0.CH, CO.NH,
It forms colourless crystals, melting at 120°, which yield ammonic

glycollate on boiling with water, and are decomposed by alkalies into
ammonia and glycollates.
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717. Glycocine, glycocoll, or amido-acetic acid :
CH,NH,
CzHoNOQ = I or C‘H|0N204
CO.0OH

is isomeric with glycollamide. As it is at once an amineand an acid,
its true composition is in all probability that of a salt :

CH,.NH, CH,.NH,.0.C

([: ({ \\ , or still more probably | 1
0. H CO.0.NH;.CH.

this view being in complete accordance with its properties.

Prior to the discovery of glycollic acid glycocine had already been
obtained from different animal substances by boiling with mineral
acids or alkalies—e.g. from gelatine (hence the name glycocine = sugar
of gelatine), from hippuric acid, and, together with taurocholic acid
(comp. § 528), from the glycocholic acid occurring in the gall. Itis
most readily obtained from hippuricacid (benzoyl glycocoll), contained
in large quantity in the urine of herbivora, by boiling for some
hours with concentrated hydrochloric acid. The solution is evapo-
rated nearly to dryness, and the pulpy residue extracted with a little
cold water, which takes up glycocine hydrochloride and leaves the
resulting benzoic acid nearly untouched :

CH,.N(C,H,0)H CH,.NH,.HCl
+ HCl + H,0 = HO.C;H;0+ |

C0.0H CO.0H

Hippuric acid. Benzoic acid. Glycocine hydrochloride.

The solution is then boiled with plumbic hydrate, filtered from
the precipitated plumbic oxychloride, treated with hydric sulphide to
remove lead, and evaporated to crystallisation.

It is obtained synthetically by heating chlor or brom acetic acid
with ammonia : .

CH,01 CH,.NH,.0.CO
2| + 4NH, = 2NH,CI + | |
C0.0H (0.0.NH,.CH,

but, as in the preparation of the alkylamines, the process goes in part
further, diglycollamic acid and triglycollamic acid being formed.

Glycocine forms large, hard, monoclinic prisms, unalterable in air,
of strongly sweet taste and neutral reaction, which dissolve in four
times their weight of cold water, but little in alcohol and not at all
in ether. It melts at 170°, and decomposes at slightly higher tem-
perature with carbonisation and formation of ammonia and some
methylamine. The latter is especially formed on heating with baric
hydrate :

CH,NH,;.0.CO
é + 2B&(OH), = 2B8:003 + 2CH3.NH2 + 2H20,
0.0.NH,;.CH, .
but not on employment of alkalies, which only give ammonia (comp.
§ 16).

Nitrous acid converts glycocine into glycollic acid.
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718. As organic ammonic salt glycocine is altered by strong acids,
bases, or the salts of both.

By treatment with strong mineral acids glycocine salts ure formed,
which being at the same time free organic acids, have an acid reaction.
These reactions occur in two stages.

On dissolving a molecule of glycocine (C,H,,N,0,) in a molecule
of hydrochloric acid, colourless prisms of the formula :

C,H,,N,0,.HCl,

crystallise on cooling, which, with excess of acid, yield the very
soluble compound C,H;NO,. HCl:

CH,.(NH,).0.CO CH,.(N H,).0.CO
HC

<+ =
CO.O(NH,;).CH, CO.0H CINH,.CH,
CH,.(NH,).0.CO CH,.NH,Cl
| +HCI=2 |
CO.0H CINH,;.CH, CO.0H

The latter gives with platinic chloride a readily soluble, crystal-
line double salt, (HO.CO.CH ;. NH;Cl),,PtCl,. The sulphate

(HO.CO.CH,.NH,),80,

crystallises with difficulty.
Strong basic hydrates give salts of alkaline reaction which are at
the same time free amine bases :

CH,.(NH,).0.C0 CH,NH,
4+ 2KOH =2 | + 2H,0
CO.O(NH,).CH, C0.0K

Glycocine yields with many neutral salts compounds which
generally crystallise beautifully, to whose formation both the above-
mentioned reactions combine :

CH,.(NH,).0.CO CH,.NH,C1
5 + 2KCl = 2 |
¢0.0.(NH,).CH, C0.0K

719. Weak basic metallic oxides or hydrates are also taken up by
glycocine. They are mostly the oxides of metals which readily
replace the hydrogen of ammonia and amides, such as copper, mer-
cury, and silver. The resulting crystallisable compounds are there-
fore probably not analogous to those of the alkalies. Especially
characteristic is the cupric compound, obtained by boiling a solution
of glycocine with cupric oxide, which separates from tho deep blue
liquid in beautiful blue needles of the formula :

CH,.(NH,).0.CO
C,H,CuN,0,H,0 = (ll‘u ,H0
CO.O(l"IHz)—CH2
Their water of crystallisation is lost at 100°. The analogous silver

compound, C,H3Ag,N,0,, separates in colourless anhydrous crystals.
EE
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From these bodies the metal in union with nitrogen cannot be
precipitated by alkalies. Copper glycocine dissolves in alkali solutions
with deep blue colour, a compound of the formula :

Cu(NH.CH,.CO.0K),,

doubtless being formed.
On heating an alcoholic solution of glycocine with ethylic iodide
to about 120°, ethylic glycocine hydro-iodide is formed :

CH,.(NH,).0.CO CH,.NH,I
+ 2C,H,I =2 |
C0.0(NH,).CH, €0.0.C,H;

It remains on evaporation in colourless, rhombic crystals, which
are also readily soluble in water or ether. On shaking the aqueous
solution with argentic oxide, hydriodic acid is removed, but on evapo-
rating the ethylic amido-acetate, N H,.CH,.C0.0.C,H, is decomposed
by the water into glycocine and ethylic aleohol.

720. Diglycollamic Acid and Triglycollamic Acid.—As already
mentioned, these are formed in the preparation of glycocine from chlor-
acetic acid and excess of ammonia. The resulting solution contains, in
addition to ammonic chloride and glycocine, the ammonic salts of
diglycollamic and triglycollamic acids. By evaporation the greater
part of the ammonic chloride is removed, and the mother liquid is
then boiled with plumbic hydrate until all ammonia is driven off.
Plumbic triglycollamate separates, whilst the filtered solution contains
glycocine and plumbic diglycollamate. This is then treated with
hydric sulphide to remove lead, and boiled with zincic carbonate in
order to scparate diglycollamic acid as its difficultly soluble zinc
salt.

Diylycollamic actd, C,H,NO,, crystallises in large, colourless,
rhombic prisms, not perceptibly soluble in cold water, insoluble in
alcohol and ether. It tastes and reacts acid,and behaves towards
carbonates as a monobasic acid, but by treatment with strong basic
hydrates takes up two equivalents of metal.

It is glycocine, in which the nitrogen is united to the methene
carbonic acid residue of glycollic acid, CH,.CO.OH, in place of a
hydrogen atom ; therefore

CH,.N(CH,.CO.0H)H
N
0.0 H
CH,[N(CH,.C0.0H)H,].0.CO
0.0[N(CH,.CO.0OH)H,].CH,
With strong acids it yields crystallisable salts similar to glyco-

cine, e.g.
' HO.CO.CH, o pr
HO.CO.CH,.

Triglycollamic acid, CgHNOg, crystallises in very difficultly
soluble small prisms. It is glycocine with two methene carbonic acid

or probably

,Cl
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groups on each nitrogen atom, and unites with carbonates to dibasic,
with free bases to tribasic, salts :

CH,.N(CH,.CO.0H),
00 H

Triglycollamic acid
(probably with doubled formula).

CH,.N(CH,.CO.0M), . CH,.N(CH,.CO.0M),
an

é0.0 H C0.0M
Dibasic Tribasic
Salts,

Mineral acids do not unite with it.

On treatment of the tribasic silver salt with ethylic iodide, #ri-
ethylic triglycollamate, N(CH,CO0.0.C,H;);, is obtained as an oily
liquid, very little soluble in water, which boils at 290° with partial
decomposition, and unites with ammonia, forming triglycollamic tri-
amide, N(CH,;.CO.NH,);. This latter crystallises in difficultly
soluble tables ; these, on boiling with water, are converted into free
ammonia and the dibasic ammonic salt, and yield a crystalline salt
with hydrochloric acid, N(CH,.CO.NH,),HCI.

721. Glycolylimide.—On heating glycocine in a stream of hydro-
chloric acid gas, water is evolved, and neutral crystalline glycolylimide
remains behind :

CH,.(NH,).0.CO CH,.(NH).CO OH,\
é =2H,0+ | ([) or2 | /NH'I
C0.0.(NH,).CH, CO (NH) . CH, (6]0)

Glycolyl diamide is also known, and is formed hy heating glycocine
with alcoholic ammonia at 155° :
CH,.(NH,).0.CO CH, NH,
' + 2NH, =2 & + 2H,0
O.NH,

C0.0.(NH,).CH,

It is a colourless mass of strongly alkaline reaction, whose aqueous
solution on evaporation partly decomposes into ammonia and gly-
cocine.

Its hydrochloride is formed by heating ethylic chlor-acetate with
alcoholic ammonia :

CH,C1 CH,.NH,Cl
(k + 2NH3 = l . + HO-OQH&
0.0.C,H, CO.NH,

in the form of readily soluble prisms, but the process also goes further
and yields diglycoloxyl diamidamine hydrochloride :

N(CH,.CO.NH,),H.HOL

T2. Alkyl derivatives of glycocine are obtained by the decomposi-
tion of chlor-acetic acid by excess of alkylamine bases. They behave
like glycocine, yielding saline compounds with bases and mineral
acids,

EE2
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Methyl glycocine, or sarcosine :
CH,.N(CH;)H
CH,NO, = | /\
C00 H
is formed by long boiling of chlor-acetic acid with methylamine, and
was obtained earlier as a product of the action of baric hydrate on
caffeine and creatine. It crystallises in rhombic prisms of sweet
taste, which are readily soluble in water, difficultly in alcohol, com-
mence to sublime at 100°, and melt at a higher temperature.
CH, N(C,H,)H :
Ethyl glycocine, C,H,NO, = | /\\ , isomeric with
C0.0 H
ethylic amido-acetate, is prepared from chlor-acetic acid and ethyl-
amine. It deliquesces in air and is also soluble in alcohol.
CH,.N.(C,H;),
Diethyl glycocine, C;H|3NO, = | ({ AN , is obtained simi-
C00 H

CH,.N(CH,;),
Trimethyl glycocine, or betaine, | | , occurs in the beet
CcO.0
(Beta vulyaris), and is obtained as hydrochloride by boiling chlor-
acetic acid with trimethylamine and by oxidation of choline hydro-
chloride:
CH,.N(CH,),Cl1 CH,.N(CH,);C1
+ 20 = | + H,0
CH,.OH CO.0H
It is very soluble in water, .deliquesces in air, and crystallises from
nearly anhydrous alcohol in large brilliant crystals, containing one
molecule H,0, which they lose at 100°.
Probably the molecular formula of all the above alkyl glycocines

should be doubled.
CH,.N(C,H;0)H

728. Acetyl glycocine, ov aceturic acid, | , corre-
CO.0H

sponding to hippuric acid, is obtained from the silver compound of

glycocine and acetylic chloride in the form of small white needles,

readily soluble in water and alcohol. It is a monobasie acid, which

decomposes carbonates.

larly from diethylamine.

Urea Derivatives of Glycocine.

724. Chlor-acetyl urea, CH,.C1.CO.NH.CO.NH,, and brom-acetyl
urea, CH,Br.CO.NH.CO.NH,, are formed, similarly to acetyl-urea,
hy action of chlor-acetyl chloride and brom-acetyl bromide on urea.
They crystallise in colourless needles, difficultly soluble in cold, de-
composed by hot water.

On heating one of the preceding compounds with alcoholic am-
monia, ammonic bromide is formed, together with

Glycolyl urea, or hydantoin, CH N0, :

CH,Br NH, CH,—NH

>co + NH, = NH,Br + | >
CO—NH

|
CO——NH
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in the form of colourless needles of sweet taste, difficultly soluble in
cold water, melting at 206°, and resolidifying in crystals on cooling.
Hydantoin is also formed by heating hydriodic acid with allantoin
and alloxamic acid, and by boiling glycoluril with strong mineral

acids,
, CH, NH
Thio-hydantoin, | \C