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TRANSLATOR'S PREFACE.

ProBaBLY every student of organic chemistry, at
some period of his career, becomes more or less over-
powered by the immense mass of detail which he
encounters, and it is only as he is able to apprehend
the fundamental principles and generalizations under-
lying these facts that he can emerge from the labyrinth.
The topics considered in this latest little book of
Professor Lassar-Cohn are of considerable importance,
and have hitherto failed to receive adequate treat-
ment in other works. It is hoped that the volume may
prove useful to students who are threatened with
the difficulty mentioned above, and also that it may
appeal to teachers and others engaged in research
work, both on account of the broad, suggestive discus-
sion of the subjects which it embraces, and also because
it includes mention of numerous themes which demand

investigation.
J. BisaOP TINGLE.
CHEMICAL LABORATORY,

JonNs Hopkins UNIVERsITY,
October 1904.






AUTHOR’S PREFACE.

A sURVEY of the enormous number of investigations
which are constantly appearing in the domain of organic
chemistry reveals the fact that, although their theoret-
ical portions are based, in the most severely logical
fashion, on the tetravalency of the carbon atom, the
technique of the research is essentially empirical.
An intimate connection with organic investigation,
extending over many years, has convinced me of the
availability of certain general principles in the practical
part of the work; they are partly theoretical, partly
practical in their nature, and their application to the
praxis of organic research is capable of affording general
help and improvement in an enormously large number
of cases. In this book I have presented all the material
bearing on the subject which I have accumulated.

Lassar-ConN.

Ko6N1G6SBBERG I. PR.,
July 1904.
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APPLICATION OF SOME GENERAL
REACTIONS TO INVESTIGATIONS
IN ORGANIC CHEMISTRY.

CHAPTER I

INTRODUCTORY. FIXATION OF LABILE HYDROGEN
ATOMS.

AvL investigations in the domain of organic chemistry
are based, in the firmest and most complete manner,
on those parts of general theory which apply to the
carbon atom, but only a comparatively small number
of them retain these higher and more exhaustive points
of view in the experimental portions of the work.
Should the desired result not be obtained by one
method, another, apparently more or less suitable,
is tried, the selection being usually haphazard. The
time has arrived when it is possible to formulate,
for the conduct of some operations, a number of general
rules derived from the enormous mass of experimeﬁta.l
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material which has accumulated, and, as a corollary,
to develop considerably many methods which are in
use for organic chemical investigations. It may be
hoped that, in course of time, the blind, trial and failure
process may be increasingly restricted; this little book
is offered as an attempt to systematize methods of
work, and treats of the following topics: fization o}
labile hydrogen atoms; modification of reactions; tma
provement in the conditions of reaction by due recognition
of the circumstances in which the product is formed; in~
fluence of meighboring atoms and atomic complexes; also
some remarks on the ‘‘overstrain” of reactions.

FIXATION OF LABILE HYDROGEN ATOMS.

Before the actual investigation can be commenced
it is frequently of the greatest importance to fix, or
protect, highly reactive (labile) hydrogen atoms which
are present in the material to be used or in the reagents.
Methods suitable for this purpose are now frequently
employed, but obviously they are only applicable
where the investigation is not concerned with the
behavior of the labile hydrogen atom in the mother-
substance. The object of fixation is to prevent the
hydrogen atom participating in reactions, and so either
complicating the phenomena or entirely inhibiting
the change which it is desired to investigate. Fixation
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is accomplished by substituting for the hydrogen
some suitable atom or group which must be of such
a nature that it will easily take the place of the hydrogen
atom in the mother-substance, and be itself readily
displaced from the product of the main reaction by
hydrogen, which must enter the molecule in its original
position. Although the term ‘‘fixation” is employed
to designate this procedure, it will be readily understood
that it consists of substitution and reverse substitution.
At present fixation is only wuniversally employed for
the amino hydrogen in the nitration of aromatic
amines, but it is just as important and suitable for
the protection of the hydrogen of hydroxyl and imino
groups if these are present in the compounds under
investigation. Even in the case of the amino deriva-
tives nothing of general application is at present known,
although, as will be apparent from what follows, a
very large number of isolated facts have been recorded.
A considerable amount of work in various directions
has been done on the preparation of mononitranilines,
and a brief consideration of it will best illustrate the
present state of knowledge of the subject of this
chapter.

Failure must, of necessity, attend any attempt to
nitrate directly, by means of nitric acid, compounds
containing the amino group, because the acid oxidizes
this group more rapidly than it attacks the nucleus.
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In these circumstances, at an early stage of the investi-
gation of aniline, attention was directed to the pro-
vision of methods of protecting the amino group during
the nitration process, or of fixing one or both of the
hydrogen atoms. In the case of aniline protection
may be obtained by dissolving it, before nitration,
in a large proportion of concentrated sulphuric acid;
this excess of acid restricts the action of the nitric
acid to the nitration of the nucleus, and, as the amino
group is protected, the complete decomposition of the
molecule is prevented. The chief product of the
reaction is metanitraniline, but a mixture of ortho
and paranitraniline is obtained by the addition of
aniline nitrate to concentrated sulphuric acid.
These two methods are, of course, only applicable
to such amines as are stable towards sulphuric acid;
those about to be described, although hitherto only
employed in the case of aniline, appear to be of
tolerably general utility. A consideration of acylated
anilines shows that the nitration of acetanilide yields
a mixture of the three nitranilines, the para derivative
predominating. Benzanilide behaves in a similar
manner, except that the proportion of meta compound
is small. These acylanilides were the first to be
employed on a large scale for the preparation of pure
orthonitraniline, but their use proved to be so trouble-
some that since 1885 it has been superseded by the

.
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following indirect method. Acetanilide is converted
into paracetanilide sulphonic acid,

N\H -C,H,0
Q
SO.H

which is nitrated in sulphuric acid solution; the nitro
group enters in the ortho position relative to the acet-
amino group because the para position is occupied.
The acid solution is diluted and boiled, the dilute sul-
phuric acid hydrolyzes the acetamino group, and the
resulting, readily soluble, nitrosulphanilic acid is
precipitated by means of hydrogen chloride. The
conversion of the nitrosulphanilic acid into ortho-
nitraniline is effected by heating the former with:
hydrochloric acid, under pressure, at 170°-180°.
Apart from the indirectness of the method, it suffers
from the further disadvantages that chemically pure
acetanilide must be employed, and that, during the
sulphonation, the temperature must not be allowed
to rise unduly; in consequence of these drawbacks it
is unsuitable for general use by the inexpert. Since
1889 orthonitraniline has been easily obtainable, in
large quantity, by means of a patented process which
requires no special precautions, and does not involve
the use of sealed tubes. Oxanilide, which is the start-
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ing-point in the process, is sulphonated by means of
concentrated sulphuric acid; in this case also the
sulphonic group occupies the para position. The
product of the reaction is cooled to 40°-50°, and treated
with nitric acid, which yields dinitroxanilidodisulphonic
acid,

NH.CO.-CO-NH

4 \No, |/ \jNoz.

k/ N/
S0.H SO.H

The elimination of the oxalyl and sulphonic radicles
from this compound is readily accomplished by adding
water and boiling at 120°-150° in a reflux apparatus.
At first there is a considerable gas evolution, due to
the decomposition of the oxalyl group; later the boilihg
proceeds quietly, and after several hours the sulphonic
radicle is eliminated. The yield of orthonitraniline
is 75 per cent. of the crude oxanilide employed. The
readiness with which the oxalic acid radicle is eliminated
and decomposed by means of dilute sulphuric acid
would indicate for it a more extended use than it has

_hitherto received. In addition to its employment

in the preparation of orthonitraniline it has been
successfully adapted to the preparation of dinitro-
diaminoanthraquinone from diaminoanthraquinone; this
is converted into the oxalyl derivative, and the latter
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nitrated in concentrated sulphuric acid solution. The
reactions take place most readily. In 1903 a patent
was granted for a process which not only allows of
the convenient preparation of paranitraniline, but also
permits of the regeneration of original acylated sub-
stance. The, reactions are as follows: phthalanil,

o
C‘,H,<c >N-CGH5,
0

is nitrated and yields chiefly paranitrophthanil, which,
when heated with aniline under pressure, liberates
paranitraniline and regenerates phthalanil.

Derivatives of aniline and nitro acids may be used
for the production of higher nitrated derivatives;
thus paranitrobenzanilide, in concentrated sulphuric
acid solution, yields, on treatment with nitric acid,
paratrinitrobenzanilide,

1 4
NH.-CO-CH,NO,

<\'NO, ,
) !
Xo,

and, by hydrolysis, dinitraniline. This method of
preparing dinitraniline is mentioned here, because hith-
erto it has not been adapted for the preparation of
a mononitraniline.
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Acyl derivatives of aniline are by no means the only
ones which have been employed for the production
of nitro derivatives; the readiness with which the
amino group combines with aldehydes has led to the
use of these compounds also for nitration purposes.
A typical derivative of this class is benzylidenaniline,

C.H,-CH : N-CH,,

from benzaldehyde and aniline; it is a somewhat
unstable substance, and is readily resolved into its
constituents by the action of dilute acids at the ordinary
temperature. On account of the absence of water,
and therefore of hydrbgen and other ions, hydrolysis
of the benzylidene derivative does not occur in con-
centrated sulphuric acid solution, and it is found by
experiment that such a solution is readily nitrated
without the production of resinous bodies; subsequent
dilution of the acid liquid causes separation of the
free nitro product. By means of this method . aniline
yields 90 per cent. of paranitraniline. Solution of the
benzylidenaniline in glacial acetic acid, addition of
acetic anhydride, and subsequent nitration yields, in
addition to paranitraniline, 15 per cent. of the ortho
derivative together with resinous products. The
experimental conditions here are obviously more
complicated than in the previous case.

Purpurin (trihydroxyanthraquinone) has also been
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employed for the purpose of combining with aniline,
which is subsequently nitrated; the purpurin anilide,

) NH * CI‘H7O‘
| <>

in concentrated sulphuric acid solution, is treated
with nitric acid, and, by boiling the resulting product
with sulphuric acid (70 per cent.), purpurin and ortho-
nitraniline are obtained.

This appears to exhaust the list of readily decom-
posable aniline derivatives which have been employed
for the production of mononitranilines; subsequent
reference will be made to the production of ortho,
meta, and paranitranilines by the partial reduction of
a mixture of ortho and metadinitrobenzene, or by its
treatment with ammonia, and also by the action of
alcoholic ammonia on ortho and parachloronitrobenzene
(vide p. 84). These methods have all been tested in
the laboratory, but, strictly speaking, they have nothing
to do with the nitration of aniline. The same is true
of a more recently described process for the production
of ortho and paranitraniline, from the corresponding
chloronitrobenzenes, by interaction with aqueous am-
monia at 170°. The yield is practically quantitative.

A consideration of the previous pages demonstrates
that even in the case of aniline, which has been the
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subject of so many researches, our knowledge is frag-
mentary, yet it is also practically certain that an
exhaustive systematic investigation of the whole
field would lead to the discovery of regularities; the
position with respect to the amino group taken by
the nitro group on its entry into the aniline molecule
can scarcely be a matter of chance, but must be subject
to definite rule. The influence exercised by the acyl
or other aliphatic or aromatic radicle which is introduced
into the amino group will also be capable of formula-
tion as soon as systematic investigations have been
carried out on the influence of these groups, as such,
and of their alkyl, halogen, and other substitution
products. The conclusions thus drawn may then be
tested in the case of other amines, and ultimately it
will be possible to see whether the regularities are
universally valid for amines or only for the various
classes of them. The investigation would also naturally
include the diacylated amines, now that they are
readily obtainable, especially as so very little is known
of their behavior towards nitrating agents.

Fixation of amino hydrogen by means of alkyl is
less interesting than by the use of the acyl and other
groups mentioned above; although the preparation
of methyl and ethyl derivatives from dimethylic and
diethylic sulphates is extremely easy, and these two
compounds are now readily available, the subsequent
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treatment of the alkyl amines offers difficulties because
the final elimination of alkyl takes place much less
readily than that of acyl, the benzylidene group, etc.

Some other cases may now be considered which
illustrate the convenience or necessity of fixing the
hydrogen atoms linked to nitrogen in carrying out
reactions other than nitration; they will also serve
to demonstrate that the influence of fixation extends
beyond the amino group primarily concerned.

Mauthner and Suida state that the tolylaminoacetic
acid,

_CH,
CH, :
NH.CH,-COOH

from chloracetic acid and toluidine, is not oxidized to
the corresponding acid,

<CO-0H
CH
*"*\NH.CH,-COOH

This latter compound, which is now termed phenyl-
glycinecarboxylic acid, subsequently = acquired a
great interest on account of its connection with the
synthesis of indigo. A further investigation of its
behavior towards oxidizing agents showed that the
methyl group is readily attacked by them if the imide
hydrogen is replaced by acyl. During the process of
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acylation a portion of the tolylaminoacetic acid is lost
in consequence of its decomposition with elimination
of carbonic anhydride; therefore, in order to avoid
this, an entirely different process has been worked
out for the fixation of the hydrogen atom. The acid
is nitrated by means of sodium nitrite, an operation
which is readily carried out and gives an excellent
yield of the nitroso derivative,

CH <
N(NO)-CH, -COOH"

this, with permanganate, gives nitrosophenylglycine-
carboxylic acid. The elimination of the nitroso group is
readily accomplished by dissolving the acid in sodium
carbonate solution, and boiling with zine-dust and
sodium hydroxide until ammonia ceases to be evolved.
The phenylglycinecarboxylic acid is then precipitated
by means of hydrochloric acid. The course of this
remarkable reaction could not have been foreseen,
and even after it had been demonstrated it remains a
matter for surprise that the original nitroso derivative
should not yield either a nitro acid or undergo decom-
position.

The oxidizing action of halogens often becomes
inconveniently prominent during the process of sub-
stitution of compounds containing free amino or
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hydroxyl groups; aniline, for example, must be con-
verted into acetanilide before it can be quantitatively
brominated, and the same is true of a-naphthylamine.
Benzidine is so sensitive towards chlorine and bro-
mine that it is scarcely possible to obtain substitution
products directly; diacetylbenzidine, however, gives a
quantitative yield of the dibromo-derivative,

PR

from which the acetyl groups may be eliminated by
boiling with sulphuric acid (50 per cent.).

The behavior of a compound during its conversion
into a hydroxyl derivative differs according to whether
it originally contained hydroxyl or amino groups,
but in all cases the greater sensitiveness of the latter
radicle is noticeable. Fusion of phthalic anhydride and
resorcinol,

OH
1

CaoH,,0,(0H),,

yields fluorescein,
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but direct heating of the anhydride with metamino-
phenol,
OH

’

does not yield the corresponding rhodamine,
ConxoOs(NHz)z;

the latter is, however, readily obtained by dissolving
metaminophenol -hydrochloride in a considerable
quantity of concentrated sulphuric acid, adding the
anhydride, and heating at 180°-190°. The sulphuric
acid here affords the necessary protection to the amino
group. In contrast with metaminophenol, metadi-
methyl aminophenol,

OH

N cm,

O

\CH,

in which the amino hydrogen is fixed beforehand,
yields tetramethylrhodamine by direct fusion with
phthalic anhydride. In this connection the following
observation is of interest; benzaldehyde and paranitro-
benzylecyanide readily condense in presence of sodium
ethoxide, but the corresponding reaction with
orthaminobenzaldehyde does not take place; it can,
however, be easily brought about by the use of an
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acyl derivative; acetyl aminobenzaldehyde was the com-
pound actually employed.

A study of the hydroxyl in carboxyl groups shows
conclusively that the replacement of the hydrogen by
metal, i.e., the use of a salt instead of the free acid,
not only facilitates a reaction, but is frequently the
factor which determines whether it shall or shall not
take place. The employment of solutions of salts,
instead of the free acids, is advantageous in such
operations as the treatment of acids with alkaline
reagents. In dealing with aromatic hydroxy acids it
is best to dissolve them in a considerable excess of
potassium hydroxide solution, which causes the
phenolic hydrogen to be replaced by metal. The
interaction of salicylic acid and potassium hypochlorite
proceeds most easily if the acid is previously dissolved
in aqueous potassium hydroxide (2 mol.). A further
example, which has just been worked out by the author,
is afforded by the action of dipotassium salicylate on
the calculated quantity of recently prepared potassium
hypobromite, in aqueous alkaline solution, at 0°. After
remaining for a short time the solution is acidified and
a copious precipitate of dibromosalicylic acid,

CO-OH

OH
Br Br
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is obtained. The purification of the acid is most
conveniently accomplished by the preparation and
subsequent decomposition of its ammonium salt,
which is very sparingly soluble at the ordinary tempera-
ture; recrystallization of the crude acid from water is
not a convenient method for removing impurities.
The purified acid is very sparingly soluble in boiling
water, melts at 222°, contains 54.05 per cent. of bromine,
and, on treatment with methylic alcohol and sulphurie
acid, yields a methylic salt which melts at 150°. These
facts establish the composition of the acid and show it to
be identical with one prepared by Lellmann and Groth-
mann?! by the action of bromine (5 atoms), on salicylic
acid in dilute glacial acetic acid solution. A similar iodo
acid has been prepared by the same method: the
iodine was determined by the convenient wet process
recently described by Baubigny and Chavanne.? The
use of salicylic acid in alkaline solution, as above
described, obviously results in the saving of a consider-
ble quantity of bromine.

The conclusions drawn from the foregoing facts are
undoubtedly applicable to amino hydrogen; it is well
known that the conversion of phthalimide into anthran-
ilic acid by means of sodium hypochlorite, a reaction
which is now of such great importance in the synthesis

Berichte d. deut. Chem. Gesell. 17, 2728.
? Compt. rend. 1903, 136, 1198.
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of indigo, only yields good results if alkali is present in
quantity sufficient to convert the imide into its sodium
salt, in accordance with the equation

0
C.H4<20>N~Na+ 9NaOH + NaOCl—

NH,-CH,-COONa+ Na,CO4+ NaCl.

It will now be convenient to consider the case of a
reaction which it is desired to employ the progress of
which would be hindered, or completely inhibited, by
the free hydroxyl of the carboxyl group. The behavior
of aminoacetic acid towards nitrous acid affords one of
the best examples in this connection. Very numerous
attempts have undoubtedly been made to convert
aminoacetic acid hydrochloride into diazoacetic acid,
but always without success. In 1884 an entirely new
field of research was opened up by the discovery that
ethylic aminoacetate hydrochloride could be easily
converted into ethylic diazoacetate; in other words,
the desired reaction readily takes place if the hydrogen
of the carboxyl group is fixed (replaced) by ethyl.
Oxalyl chloride was unknown until 1892, because
it cannot be prepared directly from oxalic acid and
phosphorus pentachloride; it is, however, readily obtain-
ed from ethylic oxalate and phosphorus pentachloride.
Sodium derivatives of acetoacetic acid, malonic acid, -
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and similar compounds, in which the methylene
hydrogen is replaced, cannot be prepared from the
free acids, but are readily obtained from the ethereal
salts, and are widely used on account of their great
reactivity. No definite products can be formed by the
interaction of phosphorus pentabromide and malic
acid, either directly or in chloroform solution, but the
use of malic esters leads to the production of bromo-
succinic esters. Similar results are observed in the
case of tartaric acid; by the action of phosphorus
tribromide, in chloroform solution, at low temperatures,
on the ethylic salt, ethylic bromomalate,

C,H,0-CO-CH-OH CHBr-CO-OC,H;,

is obtained.

In many other cases, greatly differing from the
foregoing, the use of ethereal salts instead of free acid
has been proved to be very advantageous even if not
absolutely necessary. It is very probable that ethylic
sulphanilate would be more readily reduced by means
of sodium and amylic aleohol than the free acid; it
has been shown, by direct experiment, that this is
the case with ethylic methyldihydroxybenzoate in spite
of the fact that, during the reduction, a portion of the
ethylic salt is hydrolyzed by the sodium dmyloxide.

The yield of position isomers obtained by ‘the nitra-

- tion, sulphonation, ete., of aromatic acids differs widely
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according to whether the reaction is carried out by
means of the free acid or the ethereal salt. The nitra-
tion of cinnamic acid results in the almost exclusive
production of the para compound together with a very
little of the ortho derivative; ethylic cinnamate, under
similar conditions, yields 70 per cent. of ethylic ortho-
nitrocinnamate.

The behavior of aromatic nitro acids and their
ethereal salts towards sodium bisulphite also differs
greatly. It is well known that, by this method of re-
duction, not only is the nitro group converted into the
amino radicle, but simultaneously one or more sul-
phonic radicles may enter the nucleus, so that it is
possible to pass directly from a none sulphonated nitro
acid to a sulphonic amino compound. Treatment of
the ethereal salts of nitro acids with sodium bisulphite
results in the reduction of the nitro group, and the re-
placement by the sulphonic radicle of one hydrogen
atom in the resulting amino group, but the nucleus is
not attacked. A new and convenient method is thus
supplied for the preparation of sulphaminic acids:

NO,
CGH‘ + 3NaHSO,-—'
0-0C,H,
NH -SO;Na

+2NaHSO,.
\co .OG.H,
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The methyl and ethyl radicles are not the only ones
employed for the fixation of hydrogen in carboxyl; it
is often extremely advantageous for the conduct of the
reaction to substitute the hydroxyl by means of chlorine
or bromine; this method has the further merit of per-
mitting the restoration of the hydroxyl to take place
with extreme ease. The readiness with which acid
bromides may be brominated is illustrated by Dol-
hard’s admirable method for the preparation of mono-
brom acids in open vessels. Dibromohexahydrophthalic
acid is obtained by treating the mother-substance with
phosphorus pentachloride in an open tube, to the re-
sulting acid chloride the calculated quantity of bromine
is added, the tube sealed, and heated at 150°. Cam-
phoronic acid does not yield a substitution product by
treatment with bromine alone or when mixed with
phosphorus tribromide, but a brom acid is readily ob-
tained by heating camphoronic chloride with bromine.

The method of fixation of hydrogen, referred to in
connection with hydroxy acids, is also applicable to
phenolic derivatives. Pyrocatechol and hydroquinone
are oxidized, but not brominated, by the action of
nascent bromine. Resorcinol, the third isomeride,
yields a tribromide under these conditions. When
several hydroxyl groups are present in a ring their pro-
tection (fixation) is often almost as essential as that
of the amino group; hydroquinol, for example, can
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only be conveniently nitrated in the form of its diacetyl
derivative,

i
CH,(OCHO),.
Gallic acid,
C.H,(OH),-COOH,

is oxidized to oxalic acid by means of nitric acid, but
triethoxygallic acid,

CeH,(0C,H;),- COOH,

is nitrated with tolerable readiness, and yields, by loss
of carbonic anhydride, nitrotriethoxypyrogallol. It is
probable that the nitration of ethylic triethoxygallate,

CoH,(0C,H,),-C0-0C,H,,

would proceed without loss of carbonic anhydride, but
the experiment does not appear to have been tried.
In conclusion, it may be pointed out that bromonitro-
methane cannot be obtained directly from nitromethane;
if, however, the latter is converted into sodium nitro-
methane,

CH,-NO,-Na,

so as to fix the labile hydrogen atom, the desired com-
pound is produced by the action of bromine,

O,N.CH,-Na+ Br,—O,N-CH, - Br+ NaBr.
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The contents of this chapter demonstrate clearly
that the fixation of labile hydrogen atoms is a necessity
or convenience in compounds of widely differing con-
stitution which are to be made the starting-points of
research. Other examples to the same effect will be
encountered later.



CHAPTER II.

MODIFICATION OF REACTIONS.

THE modification of reactions is accomplished by
suitably modifying or varying the reagents employed.
It may be convenient to open the subject by a con-
sideration of the relative advantages accruing from the
use of sodium or potassium derivatives. It is un-
doubtedly true that, in many cases, and in reactions
of widely differing nature, practically identical results
are obtained by the use of compounds of either metal.
This rule is, however, by no means of universal applica-
bility; indeed experiment often shows that the exact
opposite is true, and if a reaction has given good re-
sults with a potassium compound, it is always necessary
to ascertain, by direct trial, what effect will be produced
by the use of the sodium derivative, assuming, of course,
that the question is of sufficient interest to justify the
work.

Metallic potassium is assuredly far more reactive
than metallic sodium: the former reacts violently with

anhydrous bromine, the latter does not. It may be
23
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confidently expected that the present relatively high
price of potassium will soon be reduced, so that one
drawback to its use will be overcome. Potassium has
recently been prepared by heating aluminium with
potassium fluoride or potassium silicofluoride in a
retort. As no carbon monoxide is produced by this
process, it constitutes the first distillation method,
free from danger, which has been devised for
the preparation of potassium. Pure potassium will
probably prove to be too violent in its action, but it
may be modified by the use of the liquid potassium-
sodium alloy, which can be regarded as being diluted
potassium. Its employment is extremely convenient,
because it usually floats, in the form of globules, on
the substances which are present; in all cases of its
use the, potassium reacts in preference to the sodium.

Potassium amalgam will doubtless also often super-
sede sodium amalgam. In cases where the action of
both these substances is too energetic it is often con-
venient to employ aluminium amalgam, which possesses
the further advantage of producing hydrogen in neutral
liquids:

Al+3H,0—AIl(OH),;+ 3H.

Magnesium amalgam is also extremely useful and has

a similar application. v
The following examples illustrate the superior re-
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activity of potassium compounds over those of sodium:
Ethylic sodiomalonate and ethylic dimethylacrylate
yield, in an open vessel, only 8 per cent. of the theoretical
quantity of ethylic tricarboxylate; the use of ethylic
potassiomalonate increases the yield to 35 per cent.
The maximum yield of phenylacetic acid is 14 per cent.,
if it is prepared by heating a mixture of phthalic anhy-
'~ dride, acetic anhydride, and sodium acetate; the sub-
stitution of potassium acetate not only accelerates the
reaction, but increases the yield to 50 per cent. Potas-
sium tartrate, phenol, and phosphorus oxychloride
yield diphenylic tartrate, but this compound is not
produced from sodium tartrate. The interaction of
chloracetone and sodium paranitrophenolate is accom-
panied by considerable decomposition, but the sub-
stitution of the potassium salt results in a yield of 50
per cent. of paranitrophenacetol.

The regulation of a reaction may also be accom-
plished by the use of ammonium salts instead of those
of the alkali, or alkaline-earth metals. The first prepa-
ration of phenylhydroxylamine was made in 1893 by
boiling nitrobenzene with water and zine-dust, and
it was shown that only certain samples of zinc-dust
are capable of bringing about the reduction. It was
then proved that the reaction was favored by the pres-
ence of neutral salts, especially of calcium chloride
or sodium chloride, but, by this method of working,
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it is impossible to prevent the formation of azoxy-
benzene and other compounds intermediate between
nitrobenzene and aniline, and, in order to ascertain
the progress of the reaction, it is necessary to test
successive portions of the product with Fehling’s
solution and stop the experiment when the maximum
reduction is observed. Further work led to the use
of the zinc-copper couple, containing only a small
proportion of copper, in place of zinc-dust. This was
boiled for several hours on the water-bath with nitro-
benzene, in ethereal solution, and aqueous calcium
chloride, and yielded hydroxylamine derivatives free
from by-products. In 1899 it was discovered that
the reaction proceeds quantitatively and directly
by heating zinc-dust with nitrobenzene and dilute
aqueous ammonium chloride solution. In this
reaction the ammonium salt is the specific agent, and
only in its presence does the change proceed smoothly.
The advantages derived from the addition of neutral
salts of the alkali, and alkaline-earth metals was quickly
discovered, but, in order to obtain a quantitative
yield and prevent secondary reactions, it was necessary
to modify the action of these reagents, and this is done
by substituting an ammonium salt for that of the
fixed alkali.

In order to grasp the relative influence on reactions
of sodium hydroxide and potassium hydroxide experi-
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mental information on the following points must be
forthcoming: (I) The result of using aqueous potassium
hydroxide in reactions heretofore carried out with
the sodium derivative. (II) The substitution of the
solvent water by alcohol. (III) The effect of fixing
the labile hydrogen atoms in the solvent and reagent
by replacing them with methyl or ethyl. In this
connection it would be interesting to determine the
effect of using the methoxides and ethoxides of the
alkaline-earth metals. (IV) In many cases it would
be extremely important to ascertain the result of replac-
ing sodium or potassium hydroxide by ammonium,
barium, and other hydroxides. These various factors
will now be considered in order as far as the available
material permits.

(I) The examples given above (p. 23 et seq.) of the
differences in behavior of potassium and sodium salts
render it unnecessary to adduce further instances of
the relatively greater reactivity of potassium hydroxide
as compared with sodium hydroxide.

(IT) The effect of using an aleohol instead of water
as solvent is illustrated by the following examples.
In 1877 Zagumenny obtained benzhydrol by the
interaction of benzophenone, zinec, and alcoholic
potassium hydroxide, *

(CoHs)zCO +2H— (CoHs)ch : OH’
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but the method only became generally applicable in
1884, when amylic alcohol was substituted for the
ethylic alcohol. Under these conditions it was possible
to convert tetramethyldiaminobenzophenone into its
hydrol derivative, which could not be done in ethylic
alcoholic solution.

(IIT) The advantages accruing from the fixation
of the hydrogen atom of the hydroxide may now
be considered. At present scarcely anything is known
of the behavior of potassium ethoxide as a reagent,
but it is to be hoped that this state of matters
may soon be changed, as it cannot be doubted that
its use would frequently be attended by advantageous
results. The modification of reactions produced by
the substitution of aquebus sodium hydroxide solution
by alcoholic sodium ethoxide has been demonstrated
in numerous instances. The latter is often superior
to the former for the preparation of salts. Brom-
acetic acid, in ethereal solution, when mixed with
the calculated quantity of sodium ethoxide, in
alcoholic-ethereal solution, gives a 95 per cent. yield
of crystalline sodium bromacetate. The preparation
of solid sodium phenoxides is most readily accom-
plished by adding the calculated quantity of sodium
ethoxide to the phenol, in alcoholic solution, and dry-
ing the mixture in a current of hydrogen.

As a condensing agent the great superiority, over
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sodium hydroxide, of sodium methoxide and sodium
ethoxide, in the solid state or in solution, is so generally
admitted and has been demonstrated in so many
instances that it is unnecessary to adduce special
examples.

Hydroxylamine Lydrochloride had been known for
thirty years before the free base was isolated by the
use of solid sodium methoxide; subsequently it was
obtained by the action of anhydrous barium hydroxide,
but all previous attempts to prepare it by the decom-
position of its salts by means of solid sodium hydroxide
or potassium hydroxide were fruitless. In this con-
nection attention may be directed to the use of the
sodium and potassium oxides, M,0. TUntil recently
these were not known with certainty; now they have
been made readily accessible by several methods of
preparation, amongst which may be mentioned fusion
of a mixture of potassium and potassium nitrite,

KNO,+3K—2K,0+N,

where the atmosphere of nitrogen necessary for the
conduct of the reaction is furnished by the substance
itself; and fusion of sodium peroxide or potassium
peroxide with the calculated quantity of the respective
metal. ‘

For purposes of hydrolysis sodium ethoxide offers
many advantages over sodium hydroxide; the resolu-
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tion of fats, for instance, by means of sodium ethoxide,
takes place in the easiest possible manner, and although
their decomposition with alcoholic alkali is not very
difficult, the use of aqueous hydroxide for this pur-
pose is decidedly unpleasant to carry out in a labora-
tory. Some hydrolyses can only be effected by means of
sodium ethoxide; so, for instance, in the case of ben-
zoyl d-glucose, by the action of sodium ethoxide the
benzoyl groups are eliminated and d-glucose (dextrose,
" grape-sugar) regenerated, whereas the use of any other
hydrolytic agent results in the d-glucose itself being
affected. It will undoubtedly be found that in many
other instances sodium ethoxide will be the most
suitable agent for the elimination of acyl groups from
compounds which are thereby rendered unstable, and
it will certainly be possible to modify the reaction by
the substitution of ‘sodium methoxide or sodium amyl-
oxide. A further means of modification is offered by
the use of the alkyloxides of the alkaline-earth metals,
instead of those of the alkali metals, and it appears
desirable to test this suggestion by experiments with
magnesium methoxide, which is now readily available.

In the case of unstable compounds, which are not
conveniently hydrolyzed by either alkalies or acids, a
further means of modifying the reaction is afforded
in the moderation of the alkali or alkaline earth by
its combination with a feeble acid such as carbonic
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acid, or, in other words, by substituting‘ for the hy-
droxide the salt of a feeble acid. Aliphatic chlorine
can frequently be removed by boiling the compound
with water and calcium carbonate or sodium carbonate.
Orthonitrobenzyl chloride,

NO,

C.H, ,
H,-Cl

which has been thoroughly investigated in this respect,
furnishes a good illustration; it is hydrolyzed by boil-
ing with calcium carbonate and water, but the reac-
tion only proceeds quantitatively by heating it with
aqueous sodium carbonate at 85° i.., at a tempera-
ture below the boiling-point. It is obvious that, in
the case of such a sensitive substance, not only the
reagent but also the temperature requires modification
and control.

When dealing with compounds econtaining an acyl
linked to nitrogen and another combined with oxygen,
it is particularly difficult to so control and modify the
hydrolytic agent as to remove only one acyl. An
example of the successful solution of this problem is
afforded by the conversion of diacetylindoxyl,

CzHaO . O M CsH5 * N * CgHgO,
into the monacetyl derivative,

HO-C,H,-N-G,H,0,
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"which cannot be prepared directly. It is obvious
that the only reagents suitable for the purpose would
be considerably moderated ones, and experiment shows
that the result is attained by the use of aqueous so-
lution of sodium sulphite, sodium hydrogen sulphite,
or sodium phosphate, but not by that of sodium car-
bonate.

Especial attention may now be directed to the sub-
ject of fusion with alkali. It has long been known
that, for this purpose, potassium hydroxide is far
superior to sodium hydroxide; for instance, potassium
benzenesulphonate, by fusion with potassium hy-
droxide, yields 96 per cent. of phenol; with sodium
hydroxide not more than 25 per cent. can be obtained.
It must, however, be recognized that intramolecular
rearrangement occurs more readily during fusion with
potassium hydroxide than with sodium hydroxide:
sometimes this is an advantage, at others it is not; a
practical instance of rearrangement is furnished by
Kolbe’s well-known synthesis of salicylic acid. Until
recently the only means employed for modifying this
reaction were changes in the temperature and differences
in the amount of water employed; in consequence,
however, of work on the conversion of phenylglycine-
carboxylic acid into indigo various other means of
modification have been discovered. Phenylglycine-
carboxylic acid has been previously referred to and
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will be mentioned again later. It was at first converted
by fusion with potassium hydroxide, but the yield
was extremely poor; better results were obtained by
adding quicklime to the potassium hydroxide; subse-
quently the latter was omitted altogether, and it was
found that improvement was effected by fusion of
potassium phenylglycinecarboxylate with barium oxide
at about 290°. Nothing is reported of the use of
sodium hydroxide, but it is practically certain that
it would be much less suitable than potassium hydrox-
ide; the use of sodium oxide, which is now readily
available, is, however, advantageous, a mixture of
this with the potassium salt being employed. The
best results of all appear to be given by the addition
of sodium ethoxide to the potash fusion. The yield
of indigo is 8.6 per cent. of the theoretical with a mix-
_ ture of sodium and potassium hydroxides; this is
increased to 18 per cent. when the hydrogen atom of the
sodium hydroxide is replaced by ethyl. In the alizarin
fusion it was found that the results were greatly im-
proved if the reducing action of the reagent were
inhibited by the addition of an oxidizing agent, such
as potassium chlorate. Experiments in this direction
have been made with phenylglycinecarboxylate, and
they indicate that, although potassium chlorate is not
suitable for the purpose, sodium peroxide gives good
results.
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A general survey of the work on the conversion of
phenylglycinecarboxylic acid into indigo, which has
been roughly summarized above, shows that here, as
in the nitration of aniline, the efforts to improve the
yield were not directed from a systematic, wide, gener-
alized point of view, but rather in the hope that, in
some haphazard, accidental fashion, a better process
might be found. The above results may, however,
be regarded as the beginning of an attempt to attain
a better yield by the modification of the original reac-
tion involved in the potash fusion; the solution of the
problem then ceases to be a case of lucky accident,
and becomes only a question of sufficient systematic
work carried out along lines already laid down and
which must eventually lead to the desired end. There
can be no reasonable doubt that the yield of indigo
is capable of much improvement, and that this result
will be attained by work directed and carried out in
the spirit indicated.

The advantages accruing from the replacement of
hydrogen by alkyl are even more marked in the case
of ammonia than in that of sodium or potassium hy-
droxides. Derivatives of ammonia, i.e., organic bases,
of all classes, are capable of yielding crystalline salts
from mixtures of acids, or of precipitating bases in a
crystalline form in ecircumstances where this cannot
‘be accomplished by the use of any inorganic base. In
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cases of difficulty the use of brucine salts is often ad-
visable, but frequently the desired result is obtained
by means of diethylamine, a much closer analogue of
ammonia. An example is furnished by the history
of glucosamine; it was first prepared in 1876, in the
form of hydrochloride, by boiling crab-shells with hy-
drochloric acid, and was speedily recognized as being
an amino sugar, but all attempts to obtain it in the free
state, by means of inorganic bases, were fruitless. After
almost thirty years, in 1894, it was found that diethyl-
amine readily liberated it in crystals from the hydro-
chloride. In this connection diethylamine may be
regarded as modified ammonia. As a condensing
agent diethylamine is much superior to ammonia, pre-
cisely as sodium ethoxide is to sodium hydroxide.

It has long been known that alkalies produce resinous
substances from aldehydes and ketones, but by the
use of ‘‘ modified” ammonia derivatives, such as

Hydroxylamine, NH,-OH;
Phenylhydrazine, NH,-NH-CH;;
Semicarbazine, NH,-CO-NH-NH,;
Aminoguanidine, NH,-C(NH)-NH-NH,;

and similar substances, aldehydes and ketones of
the most complicated kind readily yield compounds
which crystallize with ease; indeed it is only by the
preparation and use of such compounds that certain
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classes of complex aldehydes and ketones, such as the
sugars, could be investigated.

The superiority in reactivity of methylamine to
ammonia is illustrated by the partial reduction of
orthodinitrobenzene. Its conversion into orthoni-
traniline proceeds very slowly by the action of alcoholic
ammonia in a sealed tube, but it is converted quanti-
tatively into orthonitromethylaniline,

NH-CH,
CGHl ?
NO,

by heating it for a few minutes at 100° with methyl-
amine in alcoholic solution. Metadinitrobenzene does
not react in this manner, so that the method is the most
convenient known for the preparation of orthonitro-
methylaniline from the mixture of ortho and meta-
dinitro derivatives obtained by the direct nitration of
benzene.
Nitrobenzyl bases, such as orthonitrobenzylaniline,

CH,-NH-CH,
CoH, ’
NO,,

are not reduced in either acid or ammoniacal solution;
in the former decomposition takes place and resinous
matter is formed; in the latter the substances obtained
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are not reduction products. In 1889 it was found that
the ““modification” of ammonia into aniline readily
yields the desired result, the nitro compound, in aniline
solution, being easily reduced to aminobenzylaniline.
Modification of the action of acids may be accom-
plished by many means. The concentrated or fuming
sulphuric acid, which is so largely employed for sulpho-
nation, has several drawbacks, perhaps the chief one
being its decomposing action on the material to be
sulphonated, whereby the yield is diminished and the
product contaminated. The fixation of a hydrogen
atom by an alkali metal, i.e., the use of a bisulphate
instead of the free acid, is not satisfactory, as the con-
ditions under which organic compounds are sulpho-
nated by means of bisulphate are difficult to realize.
The results are, however, entirely different if poly-
sulphates are employed instead of bisulphates; potas-
sium trihydrogen disulphate is the most convenient
one to use, as it melts at the temperature of a boiling
water-bath and can, consequently, be employed under
the same experimental conditions as sulphuric acid
itself. Moreover, the introduction of more than one
' sulphonic group can be accomplished by the use of
higher temperatures: A further advantage offered by
this potassium compound is that, after the sulphonation,
the molecular ratio of sulphonic acid to potassium
hydrogen sulphate is such that it is only necessary
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to neutralize the free acid by means of milk of lime in
order to obtain directly the potassium salt of the sul-
phonic acid, as is shown by the following equations
for the sulphonation of aniline:

NH,
C,H.NH, + KH,(SO.),—»CGH.% +KHSO,+ H,0;

NH, |
C,H4< +KHSO,+ Ca(OH),—
SO,H

NH,
C,H.< +CaS0,+2H,0.
SO.K

Phenylsulphonic acid is obtained far more readily
from potassium trihydrogen disulphate than from
sulphuric acid. With the latter the yield is not par-
ticularly good, even if alarge excess of acid is employed,
unless the mixture is absorbed by ignited infusorial
earth and allowed to remain for some time; under
these circumstances the yield is quantitative (vide p. 82).

Admirable agents for etherification and esterification
are furnished by phenylsulphonic acid,

oHs
SO, )
H

and naphthylsulphonic acid,

CyH,
80, )
H
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which may be regarded as sulphuric acid ‘‘modified” by
the replacement of one hydroxyl by means of phenyl
or naphthyl; Krafft and Roos state that, for the
manufacture of ether from alcohol, phenylsulphonic
acid is superior to sulphuric acid.

Modification of sulphuric acid, in the sense of in-
creasing its activity, is effected by the replacement of
a hydroxyl by means of chlorine; the resultmg sul-

phuryl chloride,
soz<z‘ :
A H

may be used for the sulphonation of substances which
are only little, if at all, affected by ordinary or fuming
sulphuric acid, and also in cases where the latter reacts
too energetically. '

It is well known that, in addition to its sulphonating
action, sulphuric acid readily causes both intramolecular
and extramolecular dehydration. Such reactions and
condensations often proceed smoothly; but frequently,
in order to obtain good results, it is necessary to modify
the acid so as to reduce its decomposing power. Until
1895 amylene was always prepared by dehydrating
amylene hydrate by means of sulphuric acid.

(CH‘)Z M COH * CH, : CHa—' (CHa)z . C : CH . CH@+ HzOo
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Irrespective of whether concentrated or dilute acid was
employed, the amylene was always contaminated by
condensation compounds of high boiling-point. The
results were not improved by the use of zinc chloride,
or phosphoric anhydride in place of sulphuric acid, but
by adding the tertiary alcohol, in a continuous stream,
to oxalic acid at 90°, water and amylene distil over
together, the decomposition proceeds regularly for
an indefinite time, and all secondary actions are
avoided. .

The use of an organic acid in place of an inorganic one is
a method of modifying a reaction which is capable of wide
application, as is shown by the following examples, in
addition to the one just given. Paranitroacetanilide
is not reduced by means of tin and hydrochlorie
acid, because of the hydrolytic action of the acid, but
iron and acetic acid readily convert it into aminoacet-
anilide. The use of hydrochloric acid for reduction
purposes frequently leads to the introduction of chlorine
into the reduced compound. As a rule the proportion
of chloro derivative formed is small, but it is the chief
product of the interaction of orthonitrobenzylsulphonic
acid, tin, and hydrochloric acid, the yield of chloramino-
benzylsulphonic -acid being 70 per cent., together with
a certain amount of the aminosulphonic acid; the nitro
compound is, however readily reduced by means of
iron and acetic acid in place of tin and hydrochloric
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acid, an excellent yield of aminobenzylsulphonic acid
being obtained. -

The use of halogen acids, under appropriate condi-
tions, may also be regarded as a method of modifying
reactions. Hydrogen bromide dissolves more readily
in water than hydrogen chloride, and its equivalent
solutions have higher boiling-points; in consequence
of this, orthodinitrodibenzylcyanide is readily hydro-
lyzed to orthodinitrodibenzylearboxylic acid by heating
it in an open vessel with highly concentrated hydro-
bromic acid, but the reaction does not'take place with
hydrochloric acid. Similar results have been obtained
with other cyanides, and also with certain esters.

In this connection it may be mentioned that recent
observations show that silicotungstic acid is much
superior to phosphotungstic acid or molybdotungstic
acid for the separation of alkaloids. The precipitates
given by the last two are frequently amorphous and
of varying composition, whereas those obtained by the
first are stable, well defined, and frequently crystalline,
and, on account of their constancy of composition, are
suitable for direct analysis.

The modification of the oxygen of acids by means of
sulphur, i.e., the use of thio-acids in place of carboxylic
acids, may now be considered. The only acid studied
at all closely in this sense is acetic, and excellent
results have been obtained. Acetic acid alone can only
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be employed for acetylation purposes in exceptional
cases, but thiacetic acid is very generally applicable,
and the yields aré good. It interacts directly with
nitraniline for example, in accordance with the equa-
tion

NO, NO,
CeH +CH,-CO-SH—CH, +H,S,

NH, NH-C,H,0 :
the yield of nitracetanilide being 95 per cent. If it
should be found possible to carry out the reaction in the
presence of substances capable of absorbing the hydro-
gen sulphide which is produced, in the same manner
that dehydrating agents are employed to absorb the
water formed by acetylation with acetic acid itself, it
is certain, as will be shown later, that the use of thiacetic
acid will be found to be capable of very wide extension,
and that the results obtained from it will be consider-
ably improved.

In the preceding pages the only salts which have
been mentioned have been those of the alkali metals;
it will now be convenient to extend the subject and
consider the use of those of other metals. It is well
known that salts vary greatly in reactivity; indeed
different salts of the same acid do not always yield
corresponding decomposition products. Alkyl sulphites,

OR

so< ,
OR
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are obtained from sodium sulphite and alkylhaloids;
silver sulphite, under the same conditions, yields sul-

phonic esters,
R

so,< .
OR

Potassium cyanide and alkyl haloids produce cyanides,
RCN, but with silver cyanide isomeric carbylamines,
RNC, are obtained. Silver xanthate and methyl iodide
give a methylxanthine which is not identical with
theobromine, but this compound is formed if the
amorphous silver salt is replaced by the crystalline
lead derivative.

The extensive use of aluminium chloride for synthet-
ical purposes does not entirely inhibit the necessity
for occasionally modifying it by the substitution of
sublimed ferric chloride; this acts less energetically,
and for many ketonic syntheses is preferable to
aluminium chloride. The action of the two chlorides
is analogous in all respects, and similar intermediate
products are formed; for example, benzoyl chloride
in carbon bisulphide solution, yields the crystalline
additive compound

CH,COCI - FeCl,.

In certain cases the use of inorganic salts may be
entirely avoided by employing, in their place, esters
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of the acid; thus sodium nitrite may frequently be
substituted by amylic nitrite for diazotizing. Amongst
other advantages which the latter affords is the oppor-
tunity of working in solvents other than water; the
majority of diazonium salts are very readily soluble in
water, so that their preparation in the solid form
depends on its exclusion and therefore on the use of
amylic nitrite.

Ethylic nitrate is an admirable nitrating agent, and
can be advantageously used in place of nitric acid
in the case of compounds, such as amides, which do
not form nitrates, or only yield them with difficulty;
for instance, urethane,

NH,-CO-0C,H,,

can be readily nitrated in sulphuric acid solution by
means of ethylic nitrate.

This section may be concluded by a consideration
of reactions involving the necessity for the modifica-
tion of the halogens and the derivatives of them which
are used as reagents, in so far as this modification
concerns the halogen atoms which they contain.
Chlorine is the most generally reactive halogen; the
double linkage in xeronic anhydride,

C,Hs-h}-CO
C,H,-C-
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is not affected by bromine, but is very readily resolved
by means of chlorine, the compound

C,H5~CCI-C§>O

C,HS-J}CI-C

being formed. Silver salts behave very differently
with different haloids; silver phthalate is not affect-
ed by benzylchloride or paranitrobenzylchloride, but
readily reacts with the corresponding iodine derivatives.
Paranitrobenzyl phthalate may of course be obtained
by a different method, viz., by the action of phthaeyl-
chloride on paranitrobenzyl alcohol, in which the
calculated quantity of sodium has been dissolved.

Ethylene chloride and ethylic sodiomalonate yield
ethylic butanetetracarboxylate,

(C,H,0-CO),CH-CH,-CH,-CH(CO -OC,H,),;

the yield is much less with ethylene bromide, and
the use of ethylene iodide results in the production of
ethylic acetylenetetracarboxylate,

(G,H,0-C0),CH-CH- (CO-0C,H,),,

and evolution of ethylene. Ethylic chloride, in boiling
alcoholic solution, is without action on silver nitrate,
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but ethylic bromide under these conditions yields
ethylic nitrate. Phenylhydrazine and ethylic iodide
interact with explosive violence, but with ethylic
bromide the reaction proceeds quietly, and may be
completed by boiling the substances in a reflux appa-
ratus during several hours. The propylic derivative
of benzyleyanide is easily obtained by the action of
propylic iodide, but not from propylic bromide. By
means of ethylic bromacetate or ethylic iodacetate
the group

CH,-CO-0C,H,

may be readily introduced into desoxybenzoin, but
ethylic chloracetate is not suitable for this purpose.
In many cases halogens may be removed from pyridine
derivatives by means of sulphuric acid and iron filings;
the method is successful in the case of iodolepidine,
but fails in the case of the chloro-derivative.

The employment for alkylation purposes of di-
methylic sulphate or diethylic sulphate, instead of
methylic iodide or ethylic iodide, avoids the necessity
for the use of sealed tubes; the two sulphates are
now readily accessible, and consequently, for both
reasons, the method affords a welcome means of
modifying one acid, hydriodic, by the substitution of
another, sulphurie.

Since the preparation of fluorine compounds has
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ceased to offer special difficulties, the question must
be raised as to their reactivity and the extent to which
they may be advantageously employed for modifica-
tion purposes.



CHAPTER III.

i IMPROVEMENT IN THE CONDITIONS OF REACTION.

IT has been recognized for a long time that nitration
by means of a nitro acid effects an improvement in
the conditions of the reaction. The use of the method
implies that due consideration has been given to the
circumstances prevailing during the formation of the
product. The nitration of benzene proceeds practically
quantitatively because the concentrated sulphuric acid
which is present absorbs the water produced during
the reaction, and so prevents dilution of the nitric
acid.

The formation of hydrogen chloride, as a by-product,
is of very common occurrence; for instance, in acyla-
tion by means of acid chlorides. This method of
acylation only achieved its present wide application
after the discovery that the reaction proceeded readily,
at the ordinary temperature, if the hydrochloric acid
were absorbed while in the nascent state. At first
this result was produced by allowing the substances

to interact in presence of aqueous sodium hydroxide
) 48
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solution; in this form the method was available for
many substances, but failed in some cases; fixation
of the hydrogen atom of the sodium hydroxide by
means of ethyl or some similar group, i.e., the use of

sodium ethoxide, in place of sodium hydroxide, for
the absorption of the acid greatly increased the sphere

of usefulness of the process. This modification has
proved of special value in cases where the substance
to be acylated is unstable towards sodium hydroxide.
It sometimes happens that it is necessary to entirely
avoid the use of caustic alkali; in these circumstances
.potassium carbonate is frequently found to give excel-
lent yields of the desired compound, provided the
proportions employed are such as to result in the
formation of bicarbonate, as shown by the equation

XH+Cl1-CO-R+K,CO—X-CO-R+KCl+ KHCO,.

Potassium carbonate is, however, unsuited for use in
the preparation of certain diphenolic derivatives, on
account of their extreme sensitiveness towards hydro-
lytic agents. The compound formed from pyrocatechol
and ethylic chlorocarbonate,

C,H,(OH),+2Cl1-CO-0OC,H,—CH,(0CO - OC,H;),+2HCl,

belongs to this class, and is obtained, in excellent
yield, by boiling the constituents, in benzene solution,
with calcium carbonate.
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All these inorganic neutralizing agents are inferior
in their range of application to certain organic bases,
such as pyridine. These bases are generally used not
only to neutralize the acid, but also to dissolve the
reacting substances; the action is, of course, favored
by the very fact of these bodies being in solution.

The formation of hydrhaloid acids also occurs during
the direct action of halogens on organic compounds
(substitution); in the majority of cases it is unneces-
sary to deal specially with this by-product, particu-
larly when working with chlorine or bromine. Iodine
does not directly replace hydrogen in hydrocarbons,
such as benzene, on account of the reducing action of
hydriodic acid; in these circumstances an oxidizing
agent is added to the reacting materials, the effect of
which is to convert the hydrogen iodide into water and
iodine, and so allow the substitution to proceed to
completion. The substances usually employed for this
purpose are lead oxide, mercuric oxide, or potassium
iodate; where the oxidation of hydrogen chloride or
hydrogen bromide is desired, potassium chlorate or
potassium bromate is selected. In certain cases the
oxidizing agent may consist of the solvent employed;
if this is fuming sulphuric acid, a portion of the dissolved
sulphuric anhydride may be reduced. An example is
afforded by the preparation of tetrabromoterephthalic
acid, by dissolving terephthalic acid in fuming sul-
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phuric acid, adding bromine, and gradually heating up
to 200°:

C.H,(CO-OH),+ 4Br+4S0,—
: CBBI‘4 (CO * OH)z + 2HzSO‘ + 2802.

Sodium acetate is frequently employed for the neutral-
ization of halogen acids when the reaction producing
them is carried out in aqueous solution; the acetic acid
which is liberated is usually without action on the
other substances present. The effects caused by the
presence of acids may be still further reduced, if neces-
sary, by using, in place of sodium acetate, the salt
of a weaker organic acid. .

The same result may, however, be attained by the
addition to the solution of an inorganic salt, such as
borax or sodium silicate. The acidity of boric acid in
solution is practically negligible, and that of silicic acid
entirely so; this procedure is of course applicable to
reactions other than those involving the use of free
halogen.

As is well known, diazonium salts are converted into
the corresponding phenols by boiling in aqueous solu-
tion:

CeH,- I}ICI+ H,0—C.H,-OH+N,+HCI.

The yield is usually poor, probably because the nascént
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hydrochloric acid acts as a condensing agent; it may,
therefore, be confidently anticipated that, in many
cases, the yield would be improved by boiling the
diazonium salt in borax solution instead of water.

A number of other inorganic salts, some soluble, .
others insoluble, may be employed for the absorption
of the nascent halogen acid; sodium carbonate is one
of these and, as previously stated, calcium carbonate
is another; it is used either in the precipitated form
or as marble. By the action of chlorine on acetone
substitution takes place, but the condensing action of
the hydrochloric acid produced causes the formation,
in considerable quantity, of the numerous condensa-
tion compounds of acetone; moreover, one of these,
mesityl oxide, happens to have almost the same boiling-
point as chloracetone itself; hence, in spite of many
efforts, this latter compound long resisted all attempts
to isolate it. In 1893, however, it was directly obtained,
in a high degree of purity, with the greatest ease, by
adding marble to the acetone before commencing the
chlorination; in this case sodium carbonate is obvi-
ously unsuitable. Sodium carbonate is employed to
neutralize the hydrogen chloride produced by the
interaction of chloronitrobenzoic acid, used in the form
of its sodium salt, and aminophenol; the analogous
action of aminosalicylic acid and paranitrochloro-
benzoic acid,
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cl (1) NH, Q1)
C H/ CO-OH (2)+C, H/ OH (3)—

S\

NO, (4) CO-OH (4)

CH <CO -OH (2)

+HCl,
(3)

CeH;
CO-OH (4)
is carried out by heating the constituents with water
and calcium carbonate, during six hours, at 120°. In
1859 diethylenediphenyldiamine was prepared in accord-
ance with the equation

2C,H,NH, + 2BrCH, - CH,Br—
CH,-CH,

CHNC
*\CH,.CH,

>N -CyH,+ 4HBr.

The results, however, were not specially good on account
of the acid produced during the reaction; its neutrali-
zation, by means of the bases present, always gave
rise to the formation of complex mixtures of second-
ary bases. In 1889 ignited sodium carbonate was
employed as neutralizing agent; in consequence of this
the yields increased to 80 per cent. of the theoretical,
and the formation of tarry substances was avoided.
The essential condition for the successful conduct of
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the reaction is that the medium in which the substances
interact should be continuously neutral, or only acid
from carbonic acid; hence, in such operations as the
alkylation of amino acids the latter are employed in
the form of their salts; ethylaminacetic acid, for
example, is prepared by heating, under pressure, the
calculated quartities of sodium aminoacetate, ethylic
chloride, and calcium carbonate:

2NH,-CH,-CO-ONa+ 2C,H,Cl1+ CaCO.—
2C,H,NH-CH,-CO-ONa+ CaCl,+ CO,+ H,0.

The facts detailed above do not of course profess
to exhaust what is even already known of the subject,
and much work remains to be done before it can be
regarded as being at all fully investigated. In many
cases fixation of the acid is much more difficult than
in the foregoing, as the following example shows.
v. Baeyer has proved that the oxidation of ethylic
indoxylate to ethylic indoxanthinate is accomplished
most conveniently by means of ferric chloride, but
the oxidation is one of the most delicate reactions
known in the whole indigo group, partly because the
hydrochloric acid formed decomposes the ethylic
indoxanthinate, partly because the oxidation may
cease with the formation of an intermediate compound.
These difficulties were overcome by dissolving ethylic
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indoxylate in four parts of acetone, adding recently
precipitated ferric hydroxide, and then ferric chloride,
in acetone solution, the temperature being maintained
at 60°. The ferric hydroxide not only secures the
neutrality of the liquid by combining with the acid,
but also regenerates the oxidizing agent.

In the previous pages consideration has been restricted
to the neutralization of the inorganic acid while in
the nasccnt state, but it is possible to inhibit the forma-
tion of acid by a suitable arrangement of conditions
and proper selection of materials. E. Fischer’s oxida-
tion of glycerol to glycerose furnishes an example of
this; originally the oxidation was accomplished by
means of bromine in presence of sodium carbonate:

CSHQOS + Brz_’CaHQOS + 2HBI‘.

In these circumstances the reaction takes place only
with difficulty, but the substitution of lead glyceroxide
for the glycerol gave a good yield of almost pure
glycerose:

C,HO,Pb+ Br,—C,H,0;+ PbBr,.

Difficulties reciprocal to those hitherto discussed
arise from the production of free alkali during the
course of a reaction; this occurs, for example, in oxida-
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tion by means of neutral potassium permanganate
solution:

2KMnO,+ H,0—2KOH + 2Mn0, + 30.

The difficulty may be obviated by the addition to the
solution of magnesium sulphate, which interacts with
the potassium hydroxide to form potassium sulphate
and magnesium hydroxide, the latter, being insoluble,
is necessarily inactive. The oxidation of phenylsemi-
carbazine to phenylazocarbonamide,

C,H,NH-NH-CO-NH,+0—C,H;:-N:N-CO-NH,+H,0,

is best accomplished by mixing magnesium sulphate,
in excess, with the hot aqueous solution of the semi-
carbazine and gradually adding the necessary amount
of saturated solution of potassium permanganate.

It has been previously mentioned that nitrocom-
pounds are reduced to hydroxyl derivatives by means
of zinc-dust in presence of ammonium salts; although
this is the best method to employ, yet the reduction
may be accomplished in other ways, provided the
medium in which the action occurs is maintained
uniformly neutral. Tertiary isobutylglyceryl— 8 — is
hydroxylamine obtained from nitroisobutylglycerol,

NO,-C(CH,0H),+4H—HO-NH-C(CH,-OH),+ H,0,
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by dissolving it, together with crystallized aluminium
sulphate, in a large volume of water and adding sodium
amalgam; the sodium hydroxide reacts immediately on
its production, and precipitates aluminium hydroxide
so that the liquid cannot become alkaline.

The following method for the preparation of nitram-
ino derivatives affords an excellent illustration of
the subject-matter of this chapter. Kekulé stated that
nitramino compounds can only be obtained from
dinitro derivatives if the latter are in solution when
acted on by the reducing agent. For example, work-
ing with aqueous media, and employing tin and hydro-
chloric acid, he suggested that the acid dissolved the
nitramino compound as it was formed, and that in
solution it was much more easily acted upon by stan-
nous chloride than was the insoluble dinitro derivative;
hence the second nitro group was reduced before the
formation of more nitramino compound. In con-
sequence of this it was customary for many years to
carry out such reductions in alcoholic instead of in
aqueous solution. The limitations imposed by Kekulé’s
theory will, however, be maintained if a reducing
agent is employed which reacts as readily with the
dinitro derivative as with the nitramino compound,
or, in other words, the experimental conditions must
be such that the latter compound does not become,
by passage into solution or in any other way, more
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sensitive to the reducing agent than the original sub-
stance. In 1891 Wiilfing showed that nitramino com-
pounds could be prepared without the use of alcohol,
provided the reduction was effected by means of iron
and hydrochloric acid, sulphuric acid, or acetic acid.
Only a very small quantity of acid is necessary when
iron is employed; consequently little of the nitramino
compound is at any time dissolved, and it is eventually
precipitated by the iron as the latter neutralizes the
acid. Although the reduction of the solubility of the
nitramino compound to a minimum by the use of the
least possible quantity of acid is of primary importance
for the reaction, the amount of water employed as
solvent is almost equally so. The equations

—NO,+2Fe+ H,0 — —NH,+ Fe,0,,
—NO,+2Fe+3H,0— —NH,+ Fe,0(0H),, -

indicate that, by this method of reduction, the quantity
of water involved is also relatively little. Provided,
then, that care be taken to add it gradually in small
portions instead of all at once, all the necessary con-
ditions are realized for a partial reduction to take
place, and this is what actually occurs. The prepara-
tion of metanitraniline from metadinitrobenzene will
serve as an illustration. Metadinitrobenzene is heated
at 100° with small quantities of acid and water; iron
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powder, mixed with a little water, is gradually added,
the whole being constantly stirred; the addition of iron
is stopped when only a small amount of the dinitro-
benzene remains unattacked. After further agitation
alkali is added, and the mixture of metanitraniline,
dinitrobenzene, and metaphenylenediamine is separa-
ted. If the operation has been properly conducted, the
production of the last should not exceed 1 per cent.

In 1876 Tiemann and Reimer discovered a method
for the preparation of aldehydes by the interaction of
a phenol, sodium hydroxide, and chloroform; in this
manner they synthesized vanillin from guaiacol, in
accordance with the equation

-CH, (1) .
" NOH  (2)

OCH, (1)
CHZOH (2)+3NaCl+2H,0.
CHO (5)

The yield at the best did not exceed 5 per cent., and
large quantities of tarry matter were formed; conse-
quently many more valuable methods for the technical
preparation of vanillin were subsequently worked out
by the original discoverers and by others, but the
first one can be made to give excellent results provided
the conditions of reaction are suitably adjusted so
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as to facilitate to the greatest possible degree the inter-
action of the constituents. These conditions were
realized by Traub in 1896; it is well known that alde-
hydes are easily converted into resinous bodies by
the action of alkalies; hence it would appear to be
undesirable to add the necessary large excess of alkali
directly, in one portion, to the mixture of chloroform
and phenol; when the alkali was added gradually to the
phenol, chloroform, and water, boiling together in a
reflux apparatus, better results were obtained, but
the production of tarry matter was still considerable.
Chloroform and aqueous liquids can of necessity react
only slowly; this point was the next to receive atten-
tion, and it was found that when alcoholic potassium
hydroxide was employed, and the solvent water also re-
placed by alcohol, the results were admirable. In these
circumstances the chloroform reacts far more readily;
the operation is therefore completed in a very much
shorter time, the resulting liquid is usually barely
yellow, seldom more than a shade darker, and the product
deposited from it consists almost exclusively of alde-
hydes free from resin. The maximum quantity of
guaiacol which could be transformed in one operation
by the first method was 5 grams; the use of more re-
sulted in complete resinification; by the modified
process 10 kilograms may be readily operated on at
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once, and the separation of the vanillin from the small
quantity of isomeric compound,

OCH, (1)
C.,H340H @),

CHO (3)

which is simultaneously formed, can be effected with
ease. .

The preparation,of aldehydes is a matter of difficulty,
because they so readily undergo transformation during
the course of the reaction by which they are formed.
A method has been devised to overcome this drawback;
it differs entirely from the one just described, because
it utilizes the oxidation process for the preparation of
aldehydes, and not a specialized reaction; conse-
quently its applicability is extremely ggneral. In
principle the method consists in causing the aldehyde,
at the moment of its production, to enter into com-
bination with some suitable substance, so that it is
protected from spontaneous change and from the
further action of the reagents. At present it is cus-
tomary to attain this result by adding to the materials
employed in the reaction such substances as will yield
benzylidene or acetyl derivatives of the aldehyde.
The oxidation may be effected by means of sulphurie
acid and benzidine chromate, instead of sulphuric acid
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and potassium bichromate. An-example is afforded
by the preparation of homosalicylic aldehyde from the
corresponding alcohol: homosaligenin is mixed, in
aqueous solution, with the necessary amount of benzi-
dine chromate,

C.H,,N,-H,CrO,,
and the calculated quantity of sulphuric acid gradually

added; the reaction takes place in accordance with the
equation

C.H, NH, H,
(‘; +20,HLCH,-OH + 20—
H,-NH, "\OH

CH
C.H, N :CH-C(,H.3< s
OH

H +4H,0.
C,H,-N:CH-CoH3<g H’

The condensation compound of homosalicylic aldehyde
and benzidine is gradually deposited; when boiled with
dilute sulphuric acid it is decomposed, and the liberated
aldehyde distils over with the steam. The method of
procedure followed when acetic anhydride is employed
is illustrated by the preparation of isophthalic aldehyde.
Acetic anhydride, glacial acetic acid, sulphuric acid,
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and metaxylene are mixed, cooled, and chromic anhy-
dride gradually added. The completion of the re-
action is recognized by the deposition of a solid sub-
stance from a portion of the mixture to which water
has been added so as to dilute it and decompose the
acetic anhydride; the solid consists of isophthalic alde-
hyde tetracetate; when boiled with dilute hydrochloric
acid it yields the aldehyde in a state of purity.

At high temperatures the hydroxyl radicle may be-
come as sensitive as the aldehyde group is at all tem-
peratures, and the need for its protection as great; the
hydroxyl derivatives of the anthracene series have
been especially well investigated in this connection.
In 1890 it was found that at temperatures not exceed-
ing 60° anthracene derivatives were oxidized to hydroxyl
compounds by the action of fuming sulphuric acid con-
taining a large percentage of anhydride. As inter-
mediate products sulphuric esters of the hydroxyl
derivatives were obtained; thus, from alizarin, the ester

5< —0 O O____SO

is formed. In many cases, however, these products
could not be isolated, owing to the original substance
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being decomposed in consequence of the disruptive
action of the strongly fuming acid. Later it was found
that fuming acid was not essential to the oxidation at
temperatures above 250°; it could be accomplished by
means of concentrated sulphuric acid; the tendency
of the hydroxyl derivatives to undergo decomposition
is, of course, greatly increased at these elevated tem-
peratures, but it may be entirely overcome by the
addition, to the mixture, of some substance capable
of esterifying the hydroxyl derivatives immediately
they are produced; excellent results have attended
the use of boric acid and arsenic acid for this purpose.
Tetrahydroxyanthraquinone (anthrachrysol),

CO
HO)LCHL  DCH,(OH),
( v )

gradually decomposes by the action of concentrated
sulphuric acid at high temperatures, but if boric acid
is added to the mixture, an excellent yield of hexa-
hydroxyanthraquinone,

0.
c,H<0H>3<§ O>ceH<0H)s,

is obtained.
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It is generally recognized that, in almost all cases,
the best method of preparing acid chlorides in a state
of purity consists in treating the acid with phosphorus
pentachloride, and separating the resulting mixture
of acid chloride and phosphorus oxychloride by frac-
tional distillation. The method has, of course, spe-
cially commended itself in cases where the mixture of
acid chloride and phosphorus oxychloride could be
utilized directly for further transformations without
previous separation; examples of this have been already
given (vide p. 17). In 1898 Ashan showed that in
certain classes of compounds the yield of final prod-
uct could be improved, and its preparation rendered
easier, if the acid chloride were obtained from phos-
phorus trichloride, instead of the pentachloride. Ashan’s
work was chiefly concerned with the preparation of
amides from acid chlorides; the transformation of the
latter into the former, by means of aqueous ammonia,
was first investigated by Liebig and Wahler in 1832;
it involves the isolation of-the acid chloride. Fifty
years later A. W. Hofmann ecriticised the method
adversely on this account, pointing out that its em-
ployment would seldom be advantageous because of the
loss of time and material involved in the preparation
and purification of the acid chloride. In the same year,
1882, an improvement was introduced by Krafft and
Stauffer which consisted in mixing the acid with phos-
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phorus oxychloride, and adding the mixture gradually
to the aqueous ammonia. The acids they worked with
have high molecular weights, consequently the chlorides
can usually be prepared only with considerable difficulty.
The chief objection to this method is that the phos-
phorus oxychloride dehydrates a portion of the amide
at the moment of its formation, converting it into the
nitrile; this, in itself, decreases the yield, and further
loss of substance is sustained during the purification
of the amide, as it always retains traces of the nitrile
with great tenacity. Another objection to the method
is found in the quantity of ammonia required: eight
molecules are needed for the decomposition of the
mixture of chlorides, but only two molecules are con-
verted into the amide: '

R-COCl+2NH—R-CO-NH,+ NH,I;
POCl,+ 6NH, + 3H,0—PO(ONH,),+ 3NH,CL

. All these drawbacks are overcome by the use of phos-
phorus trichloride, instead of the pentachloride, for the
conversion of the acid into its chloride; moreover,
the conversion is accomplished by means of one atom
of chlorine instead of five:

3R-C0-OH+ PCl—3R-CO-Cl+ H,PO,.

The reaction is completed by gently heating the mixture
for a short time. After cooling by means of ice-water,
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the phosphorus acid, which is formed instead of phos-
phorus oxychloride, becomes so viscid that it is easy
to pour off the mobile acid chloride; the latter is then
dropped into aqueous ammonia and furnishes, directly,
an excellent yield of amide, free from nitrile and in a
high degree of purity.

It is now necessary to return to the consideration
of sodium ethoxide, which will here be regarded as
consisting of ethylic alcohol with its mobile hydrogen
atom fixed by means of sodium; this point of view
is, therefore, the complement of that elucidated on
p. 28. In 1859 Heintz endeavored to prepare ethylic
hydrogen succinate by boiling succinic anhydride with
absolute alcohol, neutralizing the product with potas-
sium carbonate, and precipitating the ethylic potassium
salt,

C,H;0.CO-CH,-CH,-CO-OK,

by means of ether; the precipitate, however, could
not be induced to solidify, and therefore the method
is unreliable because the results are uncertain. In
1893 Brithl, through a careful study of the experi-
mental conditions, was enabled to introduce modifica-
tions which rendered the reaction thoroughly trust-
worthy and gave excellent yields. The production of
the ethylic hydrogen salt, which is intermediate be-
tween the free acid and the normal ester, by boiling
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the anhydride of the dibasic acid with alcohol, is emi-
nently calculated to lead to the formation of by-
products, because of the uncertainty of determining
the end of the reaction. Briihl avoided this difficulty
by using sodium ethoxide in place of alecohol; this pre-
vents the production of free acid and gives, directly,
the sodium ethylic salt in which, of course, the mobile
hydroxyl of the second carboxyl group is fixed from
the moment of its formation. In the case of succinic
acid the two reactions are represented by the equations

CHz * CO\ CHz * CO M OCzH5

CH,-CO CH,-CO-OH
and

CH .0 CH,-C0-0G,H,

>O+C,H .ONa— |

CH -CO CH,-CO-ONa

The above reaction not only applies to succinic anhy-
dride and sodium ethoxide, but also to other metallic
alkyloxides derived from alcohols of the most complex
constitution; indeed the process furnishes one of the best
methods for the isolation of such alecohols from com-
plicated mixtures. Alcohols of the terpene series, for
example, such as linalool or geraniol, which occur in
admixture with a variety of substances, are conve
niently separated by treatment with sodium; to the
product is then added ether and phthalic anhydride,
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which results in the formation of a sodium alkylic
phthalate,

Co
C,H.<Co>o+ R-ONa—RO-CO-C,H,-CO-ONa;

this compound may be separated by the addition of
water, in which the impurities do not dissolve, or it
may be extracted from the aqueous solution by means
of ether. The sodium alkylic phthalate, after isola-
tion, is readily hydrolyzed by the action of alcoholic
potassium hydroxide, during several hours, at the
ordinary temperature; by this means the terpene
alcohol is obtained in a high degree of purity.

The latest method for the preparation of fuchsin
forms an admirable illustration of the excellent results
which may follow from modified experimental con-
ditions introduced into complex processes as the result
of ‘a clear, wide-reaching view of the theoretical con-
ditions. Since the early sixties fuchsin has been
prepared by the oxidation of a mixture of aniline
and toluidine as represented by the equation

CH& . CQH‘ . NHz + 2C°H5 . NHz + 30_’
HO-C(CH NH,),+2H,0.

The most convenient oxidizing agent proved to be
arsenic acid, but its use caused the dye to be poisonous;
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consequently the manufacture, in the seventies, of
non-toxic fuchsin, by the use of nitrobenzene as the
oxidizing agent, constituted a most important technical
advance. Considered from the chemical standpoint
neither method was specially good because neither
gave a yield exceeding 38 per cent. As the result
of much brilliant and strenuous work, participated in
by many of the leading chemists of the time, fuchsin
was finally shown to be a triphenylmethane derivative,
but the establishment of this fact did not lead to any
immediate change in the method of its manufacture,
and .it was not until 1891 that the poor yield was
recognized as being due to overstrain of the reaction,
as it may be termed. In the old fuchsin fusion the
methane carbon atom, which linked the triphenyl
complex, had to be derived from the paratoluidine,
which itself possesses a fairly complicated molec-
ular structure. The production of this carbon atom
was necessarily accompanied by a considerable variety
of decomposition phenomena, and consequently to
the formation of many by-products. The addition
of sodium methylic sulphate to the ordinary in-
gredients of the fuchsin fusion makes it possible to
obtain the necessary methane carbon atom from one
of the simplest derivatives of methane, instead of
by the decomposition of a complex compound, and
this of course facilitates the participation of that carbon
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atom in the reaction which, in consequence of these
new conditions, proceeds with facility, the formation
of by-products being reduced to a minimum. The
simplification may, however, proceed further; the
paratoluidine is .obviously unnecessary, and the aniline
may also be dispensed with; the formation of the
desired triphenylmethane derivative is fully secured
by ‘the use of a mixture of orthotoluidine, sodium
methylic sulphate, and arsenic acid, which, moreover,
yields pure triaminorthotolyl carbinol, the most valuable
fuchsin dye. It is even possible to secure a further
advantage. Methylic alcohol volatilizes at too low a
temperature to admit of its carbon atom entering into
the reaction; the employment of its derivative, sodium
methylic sulphate, allows the operation to be performed
in an open vessel at a temperature sufficiently high to
enable the methyl group to participate in the change.
The use of an autoclave readily overcomes this diffi-
culty, and permits the sodium methylic sulphate to be
dispensed with, consequently fuchsin is now manufac-
tured by heating orthotoluidine with methylic alcohol
and arsenic acid, at 160°, in acordance with the equation

1 2
HO-CH,+ 3CH,-CHNH,+30—
1 2
HO * C(CgHsCHs * NH3)3+ 3H30.

These changes have not only rendered the process one
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of the most simple conceivable, but have caused the
yield to become almost quantitative.

In connection with the reference made above to
the use of nitrobenzene as an oxidizing agent it may be
stated that, in the author’s opinion, ‘‘overstrain of
the reaction” will always accompany the employment
of any nitroderivative for this purpose, no matter
whether it be employed for' extramolecular or intra-
molecular oxidation; the decomposition which must
precede the production of oxygen necessarily involves
the formation of substances which are well suited to
cause resinification of the compounds which it is desired
to prepare. Thus, when warmed with alkalies, paranitro-

toluenesulphonic acid,
4CH3 1)
CoHs\\SOsH ),

NO, (4)
is converted into dinitrodibenzyldisulphonic acid,

/CHZ—CHZ\ . .
CQHS_\_803H HOsS7CeH3, [CHz; SOaH; NOZ = 1 ; 2; 4,]

NO, O,N
or into dinitrostilbenedisulphonic acid,

CH——=CH

cuaLsoH HOBS>‘C.,H3, CH; SO.H; [NO,=1; 2; 4,]

NO, ON
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the oxygen necessary for the oxidation of the methyl
groups being furnished by the nitro groups of other
molecules of the original compound. The yield of

the two products is extremely poor, but a vast improve-
ment in this respect is effected if sodium nitrotoluene-

sulphonate, in aqueous solution, is oxidized by means
of quantities of sodium hypochlorite solution calculated
for the respective products.

Skraup’s admirable synthesis of quinoline, dis-
covered in 1880, may now be considered from this
point of view. To the original mixture of aniline,
glycerol, and sulphuric acid, nitrobenzene was added
in the hope that the excess of hydrogen, produced in
.a,ccordance with the equation

C.H,-NH,+ C,H,0,—C,H,N + 3H,0+H,,

would combine with some of the oxygen of the nitro-
benzene and so improve the yield. The equation

CeHNH, +2C,H,0,+ CH,NO,—2C,H,N + 7H,0+0

shows an excess of oxygen which, by its action on
the substances present, must reduce the yield; after
many experiments it was found possible to increase
the amount of quinoline formed to about 70 per cent.,
but not more than this could be obtained although,
if the materials are taken in the proportion

20, H, - NH, + 3C,H,05+ C,H, - NO,—3C,H,N + 11H,0,
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neither oxygen nor hydrogen is in excess. In 1896
Kniippel substituted the nitrobenzene by arsenic acid,
which, of course, cannot form tarry matters by its
reduction. He obtained without difficulty a 92 per cent.
yield of quinoline, in accordance with the equation

20,H,NH, + 2C;H,0, + 2H,As0,—
2C,H, N+ 11H,0+ As,0,.

The preparation of nitroquinolines by Skraup’s original
method is necessarily attended by very poor yields
because, in the conversion of the nitranilines, the
nitro groups take part in the reaction instead of passing
intact into the quinoline molecule. In these cases,
too, arsenic acid has proved to be an excellent oxidizing
agent, and by its use the yield of orthonitroquinoline,
for example, is 57 per cent. of the theoretical.

In concluding this chapter attention may be directed
to the nitrating action which nitrous acid occasionally
exhibits. It forms an excellent agent for the nitration
of the three hydroxybenzoic acids, and for the alizarin-
sulphonic acids. This action can obviously only occur
.in consequence of the oxidation, during the course of
the reaction, of a portion of the nitrous acid to nitric
acid in some such manner as indicated by the equation

3HNO,—HNO,+2NO+ H,0.
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This appears to indicate an “ overstrain of the reaction”
which would, of necessity, involve either a diminution
in the yield of the nitro-derivative, or a reduction in
the apparent efficiency of nitrous acid as a nitrating
agent. The author therefore suggests that nitration
by means of the usual mixture of nitrite and sulphuric
acid will, in many cases, be greatly facilitated by the
addition of arsenic acid, or some similar agent, which
will render superfluous the oxidation of one portion of
the nitrous acid by means of another; this method of
nitration permits of the use of nitric acid in a nascent
state entirely different from that involved in its liber-
ation from a mixture of potassium nitrate and sul-
phuric acid.



CHAPTER 1IV.

INFLUENCE OF NEIGHBORING ATOMS AND ATOMIC
COMPLEXES.

TeE mutual influence of neighboring atoms and
atomic complexes, in both the aliphatic and aromatic
series of compounds, is a well-known phenomenon,
but its application to practical work has frequently
failed to receive the recognition which its value de-
mands. In the case of aromatic compounds its appli-
cation for the facilitation of reactions, and for the
improvement of yields, is assuredly capable of far
wider extension than it has hitherto been accorded.
It is well known that many atoms, especially those of
the halogens, and many atomic complexes, such as
hydroxyl, are far more reactive in aliphatic than in
aromatic compounds, but this is not universally true:
it fails to apply if the atoms or groups in question are
rendered mobile by the influence of neighboring atoms
or groups present in the aromatic compound. In the

case of the halogens a recently discovered example,
76
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given subsequently, demonstrates this proposition in
the clearest possible manner.

In the aliphatic series of compounds the subject may
be illustrated by considering the influence exerted on
an oxygen atom, doubly linked to carbon, by other
atoms linked to the same carbon atom. The divalent
carbonyl group may be linked to a hydrogen atom and
a hydrocarbon radicle,

H
R>C :0,

or to two hydrocarbon radicles,

R>C:O,
R

forming, therefore, aldehydes and ketones respectively;
by the action of phosphorus pentachloride on each
of these classes of compounds two atoms of chlorine
may be substituted for the oxygen atom. Combination
of carbonyl with hydroxyl gives the carboxyl group,
which, together with a hydrocarbon radicle, yields the

complex
R
>c: 0,
HO
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. characteristic of organic acids; phosphorus penta-
chloride is without action on the doubly linked oxy-
gen atom of these compounds, but it causes sub-
stitution of the hydroxyl by one atom of chlorine.
The resulting compounds are termed acid chlorides,

R
:0,
Cl

and the above fact may be expressed by saying that
the chlorine atom present in them exerts a very strongly
~ protective influence on the oxygen atom against the

-attack of the phosphorus pentachloride. Replacement
of the chlorine atom by the cyano or amino radicles
produces a complete change; the resulting compounds
behave like aldehydes or ketones, and, by the action of
phosphorus pentachloride, readily exchange oxygen for
two chlorine atoms. It is possible, therefore, by this
circuitous method, to increase the mobility, and hence
the reactivity, of the doubly linked oxygen atom of a
carboxyl group, and consequently to realize such trans-
formations as the conversion of ethylic oxamate (oxa-

methane)
H,N-CO-CO-0C,-H,,

into ethylic dichloraminoacetate,

H,N -CCl,-CO-OC,H,.
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In the course of his work on the syr;thesis of indigo v.
Baeyer utilized the preceding observations to effect the
reduction of isatin. The direct interaction of pseudo-
isatin,

o
CJ{,\NH>CO,

and any reducing agent is exclusively confined to
that carbonyl group which is in closest proximity to
the benzene nucleus; if, however, the pseudoisatin is
treated with phosphorus pentachloride, and the result- .
ing dichloro derivative reduced, the carboxyl group
directly linked to imide is affected.

Koepp states that acid amides, in which the aminie
hydrogen is fixed, are reduced by contact of their
aqueous solutions with zinc-dust, during twenty-four
hours, at 50°; in this manner he obtained zinc phenyl-
aminoacetate (phenyl glycocoll),

CeH;-NH-CH,-CO-OH,
from phenylaminoxalic acid,
CeH,-NH-CO-CO-OH.

The mutual influence of neighboring atomic groups
is far more complicated in the case of cyclic compounds
than in that of open chain derivatives, and the sub-
ject has hardly received any investigation; conse-

quently work in this direction consists very largely of
blind empirical efforts. So little, indeed, is known that
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processes are still employed which are antiquated and
based on wholly insufficient knowledge and which, con-
sequently, not infrequently lead to undesirable results.
It is tolerably well established that nitro groups are
rendered more mobile and reactive by the presence,
in the same ring, of halogen atoms; but until very
recently this was not known to be equally true for
the carboxyl group, yet the knowledge, had it been
available, would have saved an enormous amount of
valuable effort, energy, and time. In the preceding
pages reference has frequently been made to phenyl-
glycinecarboxylic acid, which is of such great impor-
tance for the preparation of synthetic indigo; no
attempt has been made to mention all the known
methods for its preparation; only those were cited
which were specially illustrative of the topics discussed
in this volume and which were the result of much
brilliant and valuable work. The methods of prepa-
ration may be summarized by saying that they effect
the substitution, by means of the acetic acid radicle,
of an animo hydrogen atom in orthaminobenzoic acid,
in accordance with the equation

0-0H
CoH, +CICH,-CO-OH—

NH,
0-OH
C.H, +HCL
\NH-CH,-CO-OH
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The most widely varying means have been utilized to
realize this substitution. The complementary reaction,

CO-OH (1)
C.H.< +NH,CH,C0-OH—
a @
00-0H
C,H, L HO,
NH.-CH, -CO-OH

would appear, on first consideration, to be simpler
and therefore preferable. Moreover, the materials
required, viz., orthochlorobenzoic acid and amino-
acetic acid, are more readily accessible than those
employed in the former reaction, and the fact that the
amino group is initially in the acetic acid molecule
and not in the ring is also a simplifying factor. In
spite of these advantages the practical application
of the reaction has only been made within the past
two years, because the views which prevailed previously
did not justify the expectation that the chlorine atom
in the benzene ring would be rendered sufficiently
reactive by the presence of carboxyl in the ortho
position to it. Experiment shows that the reaction
proceeds quantitatively if the two acids, in the form
of alkali salts, are mixed in aqueous solution with
potassium carbonate and copper turnings, and the
liquid boiled during several hours. This single
example indicates what startling and valuable results
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may be expected to be attained by the utilization of
the mutual action of neighboring atoms when the
subject has been thoroughly and systematically in-
vestigated. '

In the preceding reaction the copper cannot be
regarded as belonging to the group of halogen-carriers,
which act chemically; its influence appears to be due
solely to ‘“contact action.” In the future substances
belonging to this class will doubtless become of increas-
ing impertance for organic reactions. In the indigo
synthesis two of them already occupy a position of
the first rank: the one is copper, as has just been stated;
the other is mercury, the presence of which is essential
to the successful oxidation of naphthalene to phthalic
acid by means of sulphuric acid. To this might be
added the successful reoxidation, by the influence of
platinized asbestos, of the sulphur dioxide produced
during the formation of the phthalic acid. Another
instance of such action is the employment of iron in
Coupier’s process for the production of fuchsin. The
employment of silica to promote reaction between
immiscible substances is frequently attended by the
best results; the action appears to be due to its absorb-
tive power. In consequence of this the surface on which
the substances may come into contact is enormously
increased. As previously mentioned (p. 38), benzene
and sulphuric acid in presence of silica react quantita-
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tively, at the ordinary temperature, to form phenyl-
sulphonic acid. Silica (infusorial earth) is also capable
of promoting oxidations of a special nature in the case
of certain compounds containing nitro groups; thus,
orthodinitronaphthalene when treated on the water-
bath with feebly fuming sulphuric acid and infusorial
earth is not sulphonated, as would naturally be expected,
but undergoes conversion into naphthazarol,

O OH
00
’
/
0O

the nitro groups being eliminated; the yield is excellent.

A number of other cases showing the influence of
neighboring atoms may now be considered; of all
compounds which exhibit this property those contain-
ing one or more nitro groups possess a special interest,
because the influence of that group on neighboring
atoms or atomic complexes is utilized, in the Sand-
meyer-Gattermann reaction, to effect, via the amino
group, substitution by means of hydrogen or radicles
of all kinds. In many such compounds the nitro
groups themselves are more mobile than is generally
assumed; they may not only equal, but even exceed,
their neighboring halogen atoms in this respect, as
shown by their more ready substitution. In such
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reactions the effect of position isomerism is, of course,
very marked. Ortho- and parachloronitrobenzene
yield the corresponding nitranilines when heated-
under pressure with alcoholic ammonia (p. 9); meta-
chloronitrobenzene does not react in this manner.
The presence of more substituents, which need not
necessarily be nitro groups, increases the mobility of
the chlorine atom in orthochloronitrobenzene, as
exhibited in the following equations:

CHO CHO

\Cl +NaSO— [ TPON2 | a1,
NOZ N02

SO;Na SOsNa

ONO2 + Na,SO;— ONO, + NaCl.
Cl SO,Na

The first reaction occurs by heating the mixture under
pressure, the second by boiling in a reflux apparatus.
In dinitrochlorobenzene the mobility of the halogen
atom is the same as in aliphatic compounds. In
consequence of the readiness with which derivatives
of this substance crystallize it is employed for the
purification of compounds; thus, for example, an acid
may be freed from foreign bodies by dissolving the
crude material in alcohol, or some other appropriate
solvent, adding the calculated quantity of sodium
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ethoxide, and then alcoholic solution of dinitrochloro-
benzene; the resulting dinitrophenylic salt of the acid
can be readily removed in a crystalline form. Mono-a-
dinitrophenylglycerol ether,

' CeHa(Noz)z -0- CsHs(OH)zy

is obtained by dissolving the chloride in glycerol,
and adding the calculated quantity of alkali in glycerol
solution. Trinitrochlorobenzene is also quite reactive;
for example, with sodium sulphite it yields sodium
trinitrophenylsulphonate. An instance of the nitro
group exhibiting a greater mobility than its neighboring
halogen atom is furnished by the interaction of sat-.
urated alcoholic ammonia and dinitrochlorobenzene;
after remaining at the ordinary temperature during
four days a nitro group is replaced by an amino radicle,
nitrochloraminobenzene being formed, thus:

NOz / NOZ
01-0,H,< +2NH—C1-CHC 4+ NHNO,
NOz NH2

If, however, the reaction is allowed to proceed at a
higher temperature, under pressure, the halogen atom
is replaced, dinitroaminobenzene being formed:

NO: /NOz
CI-C.H,< +2NH— HN-CHS_+NHL
NO, \NO,
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Prolonged boiling of dinitrochlorobenzene with so-
dium sulphite solution likewise causes substitution of
a nitro group and not of the chlorine atom, sodium
nitrochlorophenylsulphonate being formed:

NO, O,Na
01-C,H,< +Na,S0—Cl-C,H, +NaNO,.
NO, NO

As would naturally be expected, the action of sodium
sulphite on nitro derivatives may easily lead to more
or less reduction of the nitro groups; this is found to
be accompanied by a marked increase in the mobility
of the neighboring hydrogen atoms, a result which
could not be foreseen. For example, the action of
sodium hydrogen sulphite solution on a,-a,-dinitro-
naphthalene not only involves the reduction of the
nitro to the amino groups, but also the substitution of
three hydrogen atoms by sulphonic radicles, the prod-
uct obtained being, therefore, diaminonaphthalene-
trisulphonic acid:

NO,
C,OH,< +6H,S0—
NO,

SO.H
H.ZS0.H+3H,80,+ H,0.
H,N SO.H
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This great mobility of hydrogen atoms may, however, |
occur in the presence of nitro groups without reduction;
thus metadinitrobenzene,

NO, (1)
CH, ,
"\No, 3)

is converted into the compound

0-CH, (1)
CGH3<CN @)
NO, (@3)

by the action of potassium cyanide in alcoholic solu-
tion; there occurs the simultaneous substitution of a
nitro group by ethoxyl, and of hydrogen by the cyano-
gen radicle. In compounds containing several nitro
groups one of them may be highly reactive without
any apparent influence being exercised on the others
or on the neighboring hydrogen atoms; thus ortho-
dinitrobenzene yields orthonitrophenol when boiled
with aqueous sodium hydroxide:

NO, OH
CH, +NaOH—-C,H,< +NaNo,.
N NO,

2

When heated with ammonia the dinitro compound
yields orthonitraniline, as previously stated, but pyro-
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catechol or metaphenylenediamine cannot be obtained
by these methods. s-Trinitrobenzene,

NO,
| ’
O,Nl /NO,

behaves in a similar manner under the influence of
sodium ethoxide; only one ethoxy group is introduced,
the compound

0.CH,
0,N|\/'No,

being formed. This reaction does not occur with the
homologous compounds symmetrical trinitrotoluene,

NO,
CH,
H
0,N\_/NO,

NO,

CH,
o,N\_ /No,

CH,

and trinitroxylene,

(vide p. 92). In many other directions nitro com-
pounds exhibit a much higher degree of reactivity than
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the non-nitrated substances from which they are de-
rived; it is scarcely possible to obtain any phenol by
the direct oxidation of benzene, but by the action of
feeble oxidizing agents trinitrobenzene is readily con-
verted into trinitrophenol (picric acid); toluene is
also much more difficult to oxidize than nitrotoluene.
Similar conditions are found to apply to reactions
involving condensation; thus benzene -and benzalde-
hyde do not interact in presence of concentrated sul-
phuric acid, but, under the same conditions, para-
nitrobenzaldehyde yields nitrotriphenylmethane:

NO, NO,
C,H4<C +2C,H,—»C6H4<C H,+H,0.
HO H

oH;

The high degree of mobility exhibited by neigh-
boring hydrogen atoms is not specifically induced by
nitro groups, as might almost be supposed from the
preceding paragraphs. Similar results are produced by
the presence of the sulphonic radicle. The prepara-
tion of picric acid affords the best known example of
this; by the direct action of nitric acid on phenol the
vield of picric acid is, at the most, 120-130 per cent.,
but this is increased to 150-155 per cent. if, previous
to nitration, the phenol is sulphonated; moreover, just
as the presence of sulphonic radicles facilitates the entry
into the molecule of nitro groups, so the presence of
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these renders the elimination of the sulphonic radicles
a matter of great ease; indeed it is effected by boiling
with dilute acid in an open vessel.

The remarks made above about polynitro-deriva-
tives apply also to the corresponding hydroxyl com-
pounds; i.e., reactions which occur incompletely or
not at all in the case of compounds containing one of
these groups may proceed with great facility with sub-
stances containing two or more, because their mutual
action increases their mobility. Phloroglucinol and
rescorcinol react readily with ammonia to form amino-
phenols:

H NH,
CH, +NH3~C,H,< +H,0;
H OH

the corresponding reaction with phenol is well known
to be very incomplete, otherwise it would constitute
the best method for the preparation of aniline. Reac-
tions which do not occur in compounds containing one
ring may, however, take place with facility in the case
of di- or polyeyclic systems; accordingly the method
just given affords the best means for the production
of a- and S-naphthylamine:

C,.H,0H+ NH,—C,H,NH,+ H,O.

An example of the high degree of 'mobility ex-
hibited by halogen atoms under the influence of neigh-
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boring groups, when they are present in systems con-
sisting of three rings, is afforded by dichlorotetrahy-
droxyanthraquinonedisulphonic acid (dichloroanthra-
chrysonedisulphonic acid), which substitutes its chlorine
atoms for the radicles of amines, aminophenols, di-
amines, etc., if the amine is warmed on the water-bath
with the sodium salt of the disulphonic acid, in aqueous
solution.

It will be readily seen from the foregoing what an
enormous field is open for investigation along the
lines which have been indicated, and of what great
importance and value the results will be to subsequent
workers. Moreover, the development of the subject will
ultimately necessitate regard being paid to the methods
of modifying reactions; thus, to take an obvious exam-
ple, a consideration of the reactivity of dinitrochloro-
benzene will involve the investigation of the behavior
of dinitrochloronaphthalene, dinitrobromobenzene and
dinitroiodobenzene.

In the preceding sections consideration has been
limited to cyclic compounds containing atoms or
radicles which initiate or increase the reactivity of
neighboring hydrogen or halogen atoms or of atomic
groups. Such induced influence on reactivity may,
however, be the exact  antithesis of the foregoing,
and may be exerted so as to hinder or entirely inhibit
a reaction which might otherwise be expected to take
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place. In the latter cases, as in the former, position
isomerism plays an important part. This phenomenon
may be appropriately designated the ‘‘protective
action” of neighboring atoms and groups. One ex-
ample has been already given (p. 88) in which the
protective action of the methyl group inhibits the
interaction of sodium ethoxide and trinitrotoluene
or trinitroxylene, but with trinitrobenzene the change
easily takes place. It is obvious that phenolcarboxylic
chlorides could not be expected to- be produced by
the action of phosphorus pentachloride on the three
hydroxybenzoic acids; investigation of the reaction
shows that the carboxylic hydroxyl is first attacked,
the resulting phosphorus oxychloride then interacts
with the phenolic hydroxyl, the final product being a
phosphorus oxychloride derivative of phenolcarboxylic

chloride,
OCl
CeH, .
0-POCl,

This is consistently true of meta- and parahydroxy-
benzoic acids and their derivatives, but the phenolic
hydroxyl of orthohydroxybenzoic acid (salicylic acid)
may be protected against the phosphorus oxychloride
by the introduction of halogens, methyl, the nitro
group, etc., into the second ortho position relative
to this hydroxyl. In these derivatives the phosphorus
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pentachloride yields only the acid chlorides, such as
chlorosalicylic chloride,

CcoCl

OH,
Cl

or methylsalicylic chloride,

COCl1
OH.

./ CH,

-

Similar conditions are found to exist in the naphthalene
series of compounds. A further instance of the pro-
tection of a phenolic hydroxyl, and also of an amino
group in the para position, is afforded by the behavior
of paraminophenol towards nitric acid; irrespective
of variation in the conditions, the compound is never
nitrated, but only oxidized to quinone. In contrast
to this the orthocarboxylic acid of the compound, i.e.,
paraminosalicylic acid, is quantitatively converted, by
means of nitric acid, into the nitro derivative

CO-OH

OOH
H,N\_NO,

The accumulation of halogen atoms in a eyclic com-
pound appears to protect the ring from disruption,
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as shown by the following example: Tetrabromo-
paraxylene can only be converted into tetrabromo-
terephthalic acid, to a very limited extent, by any of
the ordinary oxidizing agents:

CH, /£0-OH
C‘,Br4<c +60—CuBr +2H,0.
H, CO-0H -

The change can, however, be accomplished by the
action of a mixture of nitric acid and potassium per-
manganate, in large excess, at 180°, under pressure;
it cannot be doubted that, under these conditions,
paraxylene itself would suffer complete decomposition.

The protective action of an atomic complex may
be so great that a nitro group attached to it may be
rendered completely unreducible. This is shown in the
case of nitro-a-naphthylcarbonate,

0—C0—0
NO,  Xo,

and a number of other examples are also known.

At present the number of definitely ascertained
instances of protective action is somewhat limited;
reactions inhibited from this cause have usually failed
to be recorded on account of their negative result.
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It is well known that certain acids are not esterified
by means of a mixture of alcohol and sulphuric acid
or hydrochloric acid, and that certain nitriles and
amides are not hydrolyzed by the action of dilute
acids. The inhibition of the reaction in these and
similar cases is due, apparently, solely to stereomeric
influence and consequently does not call for considera-
tion here.
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Wood’s Treatise on the Theory of the Construction of Bridges and Roofs.8vo, 2 0o
Wright's Designing of Draw-spans:
Part 1. —Plate-girder Draws. ......cceveeeeeeercrciaceaccsanas 8vo, 2 S0
Part II.—Riveted-truss and Pin-connected Long-span Draws....... 8vo, 2 so
Two partsinone volume.......ccoovenene cneessse teesecccesss.8V0, 3 SO

]



HYDRAULICS.

Bazin’s Experiments upon the Contraction of the Liquid Vein Issuing from an
Orifice. (Trautwine.) .....cccocceeecccccscccccccccccceses.8V0,

Bovey's Treatise on Hydraulics......cccccceeesecenccccsacccccacacs8V0,
Church’s Mechanics of Engineering.......ccececeecescasccccccsasss8v0,
Diagrams of Mean Velocity of Water in Open Channels..... +e...pRPET,
Coffin’s Graphical Solution of Hydraulic Problems....... ...16mo, morocco,
Flather’s Dynamometers, and the Measurement of Power.............12mo,
Folwell’'s Water-supply Engineering....cocceeveeceeccecscccccasssss.8v0,
Frizell’'s Water-power..... S veee 8V0,
Fuertes’s Water and Public Health.........ccoc000tctscecececss...12M0,
Water-filtration Works........qccceeineecceeiircccecenss...12M0,
Ganguillet and Kutter’s General Formula for the Uniform Flow of Water in
Rivers and Other Channels. (Hering and Trautwine.)........ 8vo,

Hazen's Filtration of Public Water-supply..... tesessensstesesesesss 8VO0,
Hazlehurst’s Towers and Tanks for Water-works.....ccooveueen eeens 8vo,
Herschel’s 115 Experiments on the Carrying Capacity of Large, Riveted, Metal
Conduits. ..... o stesesassacns secasscssacse seveses . .8vo,

Mason’s Water-supply. ( Comndered Pnncipally from a Samury Sta.nd-
point.) 3d Edition, Rewritten ...... ssessscsasersatencsases 8vo,
‘Merriman’s Treatise on Hydraulics. oth Edition, Rewritten....... ....8vo,
* Michie’s Elements of Analytical Mechanics.................. ceeeees 8vo,
Schuyler’s Reservoirs for Irrigation, Water-power, and Domestic Water-
BUPPIY . e eeeeneerreieaecnnaconssansesesassasacennns Large 8vo,

#% Thomas and Watt’s Improvement of Riyers. (Post., 44 c. additional), 4to,
Turneaure and Russell’s Public Water-supplies. .........co000nee «eo..8v0,
‘Wegmann's Design and Construction of Dams...... ereessesenss . 4to,
‘Water-supply of the City of New York from 1658 t0'1895.......... ..4to,
‘Weisbach’s Hydraulics and Hydraulic Motors. (Du Bois.).............8vo,
Wilson’s Manual of Irrigation Engineering.......cc000vevunn.. Small 8vo,
Wolff’s Windmill as a Prime Mover.....c.ccocteeceeececcccacncscss8v0,
Wood’s Turbines. .......coviuieieereecsccnssancscssscncacaseesss8V0,
ElementlofAnalytiulMechzmu ..... esscessvecsscsecsrane ....8vo0,

MATERIALS OF ENGINEERING.

Baker’s Treatise on Masonry Construction.....c.coceeeeeccccccceeecs. .8v0,

Roads and Pavements....... teteeseseesaststssttnsantotaaans .8vo,
Black’s United States Public Works.........cc00uue. veeee..000blong 4to,
Bovey’s Strength of Materials and Theory of Structures.................8vo0,
Burr’s Elasticity and Resistance of the Materials of Engineering. 6th Edi-

tion, Rewritten........ cesessesssescesetstasnaacasraanens 8vo,

Byrne’s Highway Construction.......cooeveeeeecaceoceeeeranaecnnns 8vo,
Inspection of the Materials and Workmanship Employed in Construction.
16mo,

Church’s Mechanics of Engineering......ccccvueeecececenancass AR, 8vo,
Du Bois’s Mechanics of Engineering. Vol I ..... N Small 4to,
Johnson’s Materials of Construction.....ccoevivevvvearenennes Large 8vo,
Keep'sCastIron........covovinvnnenecnnnns Ceteetaareee it 8vo,
Lanza’s Applied Mechanics. .....ovuvvieneereeieenanereseanoreasenns 8vo,
Martens’s Handbook on Testing Materials. (Henning.) 2 vols......... 8vo,
Merrill’s Stones for Building and Decoration........coceveveeeinnenn.. 8vo,
Merriman’s Text-book on the Mechanics of Materials.......oo0vvnnnn.n 8vo,
Strength of Materials............... eerieentaeteratstnranaans 12mo,
Metcalf’s Steel. A Manual for Steel-users.......coovvieeveeannareen 12mo,

Patton’s Practical Treatise on Foundations.. ... tesesrerareoreserneian 8vo,
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Rockwell’s Roads and Pavementsin France..........c.cc.c00ne. ec...12mo, *
Smuth’s Materials of Machines.........cco00euee. secsasee sessseces 12mo, I
Snow’s Principal Species of Wood..........ccei0ienvenenncccecs....8v0, 3
Spalding’s Hydraulic Cement....... A S T
Text-book on Roads and Pavements...............coc00eennn.. 12mo, 3
Thurston’s Materials of Engineering. 3 Parts...................... 8vo, 8
art L—Non-metallic Materials of Engineering and Metallurgy..... 8vo, 2
Part IL.—Iron 4nd Steel.....ccoveeriiiinreriireninnncenrenns 8vo, 3
Part III.—A Treatise on Brasses, Bronzes, and Other Alloys and their
Congtituents. .. cooovererrreeniniiiieiicierareiareniinns 8vo, 32
Thurston’s Text-book of the Materials of Construction ...........c.00u0. 8vo, 5
Tilison’s Street Pavements and Paving Materials...........cco000euene. 8vo, 4
Waddell’'s De Pontibus, (A Pocket-book for Bridge Engineen.) x6mo. mor., 3
Specifications for Steel Bridges..occccveeieiiieerreinnncnanns 12mo, I
Wood’s Treatise on the Resistance of Materials, md an Appendlx on the Pres-
ervation of Timber..ceeeecerecereencorereneneeneceennnnns 8vo, 2
Elements of Analytical Mechanics........ooevvviiiviiinnnncnnnn 8vo, 3
‘Wood’s Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. . .8vo, 4

RAILWAY ENGINEERING.

Andrews’s Handbook for Street Railway Engineers. 3Xs inches. morocco, 1
Berg’s Buildings and Structures of American Railroads............. ves..4t0, S
Brooks’s Handbook of Street Railroad Location.............16mo, morocco, I
Butts’s Civil Engineer’s Field-book..........ccc0cvve.....16mo, morocco, 2
Crandall’s Transition Curve. ........c..cve0eeseecases....16mo, morocco, 1
Railway and Other Earthwork Tables......c.cceeeeeeeees. vee...8v0, 1
Dawson’s “Engineering’’ and Electric Traction Pocket-book. 16mo, morocco, 5
Dredge’s History of the Pennsylvania Railroad: (1879)........ «....Paper, s
® Drinker’s Tunneling, Explogsive Compounds, and Rock Drills, 4to, ha)f mor., 25

Fisher’s Tableof Cubic Yards. ........cccceiieennecnnnas «+...Cardboard,
Godwin’s Railroad Engineers’ Field-book and Exploren' Guide.....16mo, mor., 2
Howard’s Transition Curve Field-book........ccc00vvuenn. 16mo, morocco. I

Hudson’s Tables for Calculating the Cubic Contenm of Excavations and Em-

DANKMENS .. ciieiiieeeraececonenrnntaseeeroacassnnans 8vo, 1
Molitor and Beard’s Manual for Reddent Engineers................. 16mo, 1
Nagle’s Field Manual for Railroad Engineers............... 16mo morocco. 3
Philbrick’s Field Manual for Engineers....................16mo, morocco, 3
Searles’s Field Engineering......cco000vuveenns ceeeeeieaan 16mo, morocco, 3
Railroad Spiral.....cccecceecececaceccnes eterenan 16mo, morocco, I
Taylor's Prismoidal Formula and Ea.rthwork ......................... 8vo, 1

® Trautwine’s Method of Calculating the Cubic Contents of Excavations and
Embankments by the Aid of Diagrams..............cc0o0vun.. 8vo, 2

The Field Practice of {Laying Out Circular Curves for Railroads.
12mo, morocco, 2

Cross-section Sheet....coceeeeeicriereeneeraieronensneeans Paper,
Webb’s Railroad Construction. 2d Edition, Rewritten. ..... 16mo. morocco, §
Wellington’s Economic Theory of the Location of Railways...... Small 8vo, s

DRAWING.

Barr’s Kinematics of Machinery....... P 8vo, 2
L Baruett's Mechamul Drawing. ....ceeveeeieennnesenneneenesnnnens 8vo, 3
L " Abridged Ed.........ccoiiiiennnnann. 8vo, 1
Coolidge’s Manual of Drawing.......c.coceeeeuierenecennanes 8vo, paper, 1

Coolidge and Freeman’s Elements of General Drafting for Mechanical Engi-
neers. (In press.)
Durley’s Kinematics of Machines..........coceeeeneennceccsacaceenes 8vo, 4
8
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Hill's Text-book on Shades and Shadows, and Perspective.....cccccc....8v0,
Jamison’s Elements of Mechanical Drawing. (In press.)
Jones’s Machine Design:
Part I.—Kinematics of Machinery........ teccscsssscsassaceses . 8V0,
Part II.—Form, Strength, and Proportions of Parts................8vo0,
MacCord’s Elements of Descriptive Geometry .. .......s00cc0000....8v0,
Kinematics; or, Practical Mechanism........ecoc0etveercces....8v0,
Mechanical Drawing.....cceeeeecececccsoscecaccassossrosscanas 4to,
Velocity Diagrams. .......ccocecveeeccacccccscscsscces teasesss 870,
¢ Mahan’s Descriptive Geometry and Stone-cutting.....cccoeeiveeeeens 8vo,
Industrial Drawing. (Thompson.)........ccceicecccccccccsesss.870,
Reed’s Topographical Drawing and Sketching........ceveiececececs o0 .40y
Reid’s Course in Mechanical Drawing.......cccececceeeocccscccsss. 870,
Text-book of Mechanical Drawing and Elementary Machine Design. .8vo,
Robinson’s Principles of Mechanism................coiiiiiieinnnnne. 8vo,
Smith’s Manual of Topographical Drawing. (McMillan.).............. 8vo,
Warren’s Elements of Plane and Solid Free-hand Geometrical Drawing. . 12mo,
Drafting Instraments and Operations. . e o ceovovvveeeeneennennns 12mo,
Manual of Elementary Projection Drawing. .................... 12mo,
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Manual of Elementary Problems in the Linear Perspective of Form and §i

Plane Problems in Elementary Geometry. . o...ocovvvveeeenennn. 12mo,
Primary Geometry. .. .......ooiiiiiiiierintrineriennaonneans 12mo,
Elements of Descriptive Geometry, Shadows, and Perspective.......8vo,
General Problems of Shades and Shadows........ccevveeecnces...8v0,

El ts of Machine C tion and Drawing........cc0uvve...8v0,
Problems, Theorems, and Examples in Descriptive Geometrv. .......8vo,
Weisbach’s Kinematics and the Power of Transmission. (Hermann and
Klein.) .......... e . LS
Whelpley’'s Practical Instruction in the Art of Letter Engraving........1amo,
Wilson's Topographic SUrveying......cceeeeeesecccccccccccsscacsss .80,
Free-hand Perspective......ccoocieeesesstcccnsessssccccncsss 870,
Free-hand Lettering. .. c.ccovviveeceeccesccsenscssesccscnssss .8V0,
Woolf’s Elementary Course in Descriptive Geometry.............Large 8vo,

"ELECTRICITY AND PHYSICS.

Anthony and Brackett’s Text-book of Physics. (Magie.)........Small 8vo,
Anthony’s Lecture-notes on the Theory of Electrical Measurements. . .. . 12mo,
Benjamin’s History of Electricity........ PP 3 ('
Voltaic Cell....oovviiieiennenencasecacacnanan cesessetenneans 8vo,
Classen’s Quantitative Chemical Analylin by Electtol'ylil. (Boltwood. ) .8vo,
Crehore and Squier’s Polarizing Photo-chronograph..... T 8vo,
Dawson’s “Engineering” and Electric Traction Pocket-book. . 16mo, morocco,
Dolezalek’s Theory of the Lead Accumulator (Storage Battery). (Von

Ende.). . oo e e e 12mo,™

Duhem’s Thermodynamics and Chemistry. (Burgess.).......ceee...... 8vo,
Flather’s Dvnamometers, and the Measurement of Power.............12mo,
Giulbert’s De Magnete. (Mottelay.)......... cetesnnen cetesscncssss..8V0,
H;nchett's Alternating Currents Expla.ined .............. teesieaane 12mo,

Holman’s Precision of Measurements.................... ceseasccanss 8vo,

Telescopic Mirror-scale Method, Adjustnuntl. md Tests.....Large 8vo,
Landauer’s Spectrum Analysis. (Tingle.).......... eeseesvessarsssene 8vo,
Le Chatelier’s High-temperature Measur ts. (Boudouard—Burgess.)12mo,
L5b’s Electrolysis and Electrosynthesis of Organic Compounds. (Lorenz.) 1amo.
® Lyons’s Treatise on Electromagnetic Phenomena. Vols. I. and II. 8vo, each,
¢ Michie. Elements of Wave Motion Relating to Sound and Light.......8vo,
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Niaudet’s Elementary Treatise on Electric Batteries. (Fishoack.)......12mo,
® Rosenberg’s Electrical Engineering. (Haldane Gee—Kinzbrunner.). .. .8vo,
Ryan, Norris, and Hoxie’s Electrical Machinery. VoL IL...............8v0,
Thurston’s Stationary Steam-engines......... s A Y
® Tillman’s Elementary Lessons in Heat........ tesesscsrcceccsscccss 8V0,
Tory and Pitcher’s Manual of Laboratory Physics.....cccec..... Small 8vo,
Ulke’s Modern Electrolytic Copper Refining .........cccuuee......8V0,
LAW.
® Davis’s Elements of LaW .....ccocuveccccccccsscsssssscccnnssse. 870,
* Treatise on the Military Law of United States......ccc0c00ve....8v0,
* Sheep,
Mmullforcouru-marhn.... ...... tesssssesssssssssss.16mo, morocco,
Wait’s Engineering and Architectural Jurisprudence......cocoveve.....8v0,
Sheep,
Law of Operations Preliminary to Construction in Engineering and Archi-
teCtUre. . ccvcernvnccccccsssscscsconcnccssscssnsscescscs 8VO,
Sheep,
Law of Contracts. ...cvveovecseccesssscnsssscessonsssssnsssss 8V0,
‘Winthrop’s Abridgment of Military LAW. .c.ccceceeeccccccscccesss..12M0,
MANUFACTURES.
Bernadou’s Smokeless Powder—Nitro-cellulose and Theory of the Cellulose
MOleCule. . vvueeeccesieaonnnnssroctcscecnenarssaocaons 12mo,
Bolland’s Iron Founder.......c coecvececses e seccssosessssrsanne 12mo,
“The Iron Founder,” Supplement.........co coceeveeraioasss 12mo,
Encyclopedia of Founding and Dictionary of Foundry Terms Used in the
Practice of Moulding.....cco0eeeeeeoraccceceneenaneenens 12mo,
Eissler’s Modern High Explosives........cc0uvercereeccececcocananns 8vo,
Effront’s Enzymes and their Applications. (Prescott.).......cc00vvue.. 8vo,
Fitzgerald’s Boston Machinist........cecoievenneeceneccianenns ...18mo,
Ford's Boiler Making for Boiler Makers......
Hopkins’s Oil-chemists’ Handbook.........
Keop’s Cast ITon.. c.ceeeenecrcorecieecncecesosenesceatasesennnnes

Leach’s The Inspection and Analysis of Food wnth Specml Reference to State
Control. (In preparation.)

Metcalf’s Steel. A Manual for Steel-users. .....cocoeeeacaaassn eenn 12mo,
Metcalfe’s Cost of Manufactures—And the Administration of Workshops,

Public and Private.......c..... ceteetteataaneans e e 8vo,
Meyer’s Modern Locomotive Construction.......coccvue DN 4to,
Morse’s Calculations used in Cane-sugar Factories. ......... 16mo, morocco,
® Reisig’s Guide to Piece-dyeing.......co00itvnvicaceronecannaaanns 8vo,
Smith’s Press-working of Metals........ teeteenateesatannntenannn.aa 8vo,
Spalding’s Hydraulic Cement.....cccoveieeenenancocanans PN 12mo,
Spencer’s Handbook for Chemists of Beet-suzu.r Houses..... 16mo, morocco,

Handbook tor Sugar Manutacturers and their Chemists.. . 16mo, morocco,
Thurston’s Manual of Steam-boilers, their Designs, Construction and Opera-

L PP P, fetencnaann 8vo,

* Walke’s Lectures on Explosives....cocevereececnccccesscccenanaans 8vo,
West’s American Foundry Practice............ teeetsiesceretntneas 12mo,
Moulder’s Text-book.....cco0nue. cesevereteetetsesasassaneas 12mo,
Wiechmann’s Sugar Analysis..... tesstescsseanas eeeereesnan Small 8vo,
Wolff’s Windmill as a Prime MoVer........ccceviiiiriecececenssnans 8vo,
Woodbury’s Fire Protection of Mills.........cccvitevievnneccanennns 8vo,
Wood’s Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. . .8vo,
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MATHEMATICS.

Baker’s Elliptic Functions......ccieeeeeeecirencerecccecccnecnnss. .8v0,
¢ Bass’s Elements of Differential Calculus.........ccv00eeeveeee....12m0,
Briggs’s Elements of Plane Analytic Geometry......... [ 12mo,
Compton’s Manual of Logarithmic Computations......... cereneanans 12mo,
Davis’s Introduction to the Logic of Algebra.............. cesseceeses.8V0,
® Dickson’s College Algebra................. et seenanas .... Large 1amo,
*  Answers to Dickson’s College Algebra . .................... 8vo, paper,
¢ Introduction to the Theory of Agebraic Equations .......Large 12mo,
Halsted’s Elements of GEOmMetry. .ccoveeeceeecrcecscscsocosccaeesss .80,
Elementary Synthetic Geometry.............. seecsscnnsss ceanes 8vo,
Rational Geometry. «...covvvvreoeereerierneorsrsnoncsneannss 12mo,

® Johnson’s Three-place Logarithmic Tables: Vest-pocket size......paper,
100 copies for

. Mounted on heavy cardboard, 8 X xo inches,
10 copies for

Elementary Treatise on the Integral Calculus............ ..Small 8vo,
Curve Tracing in Cartesian Co-ordinates...........cc000u. ee...12mo0,
Treatise on Ordinary and Partial Differential Equatlom veu..Small 8vo,
Theory of Errors and the Method of Least Squares...............I12mo,

* Theoretical Mechanics. ..o.oooeeeererecserececssecesasesss . 12M0,
Laplace’s Philosophical Essay on Probabilities. (Truscott and Emory.) 1amo,

® Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other

Tabled. ..cveveeeeenoeraeeernionaneannans seecsssvans eeos.8v0,
Trigonometry and Tables published npsrately. cetesseccasanen Each,

* Ludlow’s Logarithmic and Trigonometric Tables .................... 8vo,
Maurer’s Technical Mechanics................ ceseiecssesetancannann 8vo,
Merriman and Woodward’s Higher Mathematics ....ccoeeevenccceacees 8vo,
Merriman’s Method of Least SQuUAares.....c.cccceeeeececccacccsscaacans 8vo,
Rice and Johnson'’s Elementary Treatise on the Dlﬂerentml Calculus Sm., 8vo,
Differential and Integral Calculus. 2 vols. in one.......... Small 8vo,
Sabin’s Industrial and Artistic Technology of Paints and Varnish. (In press.)
‘Wood’s Elements of Co-ordinate Geometry......ocvo0vveene eeeeeenann 8vo,

Trigonometry: Analytical, Plane, and Spherical.................12mo,

MECHANICAL ENGINEERING.
MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS.

Buldwin’sSteaneatmgforBuddmga.............................zzmo,
Barr’s Kinematics of Machinery........cceoveeeees .
* Bmlett's Mechamcal Drawing... ....cco0eneen ceeresetenneaen veo..8v0,
. “ Abridged Ed. ......... ceeetetneenan ...8vo.
BenjammsWnnklesandRecipes ......... P tesessssssessss12mO,
Carpenter’s Experimental Engineering......... cetesescssteseseaanns 8vo,
Heating and Ventilating Buildings...... Ceeeesensserstenesenanas 8vo,
Cary’s Smoke Suppression in Plants using thuminous Coal. (In prep-
aration.)
Clerk’s Gas and Oil Engine.........ccocveeveeeccssceacsases..Small 8vo,
Coolidge’s Manual of Drawing.........cccecceeeennses eeenes 8vo. paper,

Coolidge and Freeman’s Elements of General Dra.ftmg for Mechanical En-~
gineers. (In press.)

Cromwell’s Treatise on Toothed Gearing........ccocceceecevcscess..12mO,
Treatise on Belts and Pulleys.........coveeeeecocecncocancenss 12mo,
Durley’s Kinematics of Machines...... etessenecasscttanrnnes P 8vo,

Flather’s Dynamometers and the Meuurement of Power.............12mo0,
Rope Driving.....ccoieieieiiieeieicecssecersescsssseenes 13m0,
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Gill's Gas and Fuel Analysis for Engineers.............co00ueu......12m0,

Hall’s Car Lubrication.............c.oiiiiiiiiiininnrnnnnnann... 12mo,
Hering’s Ready Reference Tables (Conversion Factors)...... 16mo, morocco,
Hutton’s The Gas Engine............ Ceeesbecieteienneas eenes «....8v0,
Jones’s Machine Design:
Part I.—Kinematics of Machinery......coovvveenenrenennnnnn. 8vo,
Part IL.—Form, Strength, and Proportions of Parts................ 8vo,
Kent’s Mechanical Engineer’s Pocket-book................ 16mo, morocco,
Kerr’s Power and Power Transmission..... cevesseessosenes ecsrenes 8vo,
MacCord’s Kinematics; or, Practical Mechanism.............cc000u... 8vo,
Mechanical Drawing......ccccceeeececeacsccocencnscnnns eseses.4to,
Velocity Diagrams. ......c.ccviiieeccsecrssereoscssscssncnnnns 8vo,

Mahan’s Industrial Drawing. (Thompson.).........c.c.cco0veeeeenn....8v0,
Doole’s Calorific Power of Fuels.......cccovvieeerececerecncacnnasa. .8V0,
Reid’s Course in Mechanical Drawing.......cc.covveeneiecnacenennnns 8vo.

Text-book of Mechanical Drawing and Elementary Machine Design. .8vo,
Richards’s Compressed Aif........ccoeceveevecensccaccccccnes.120,
Robinson's Principles of Mechanism............ tecsssecsssnccssnes 8V0,
Smith’s Press-working of Metals. .....c.ovuereeeeesesocnceconssssss-8V0,
Thurston’s Treatise on Friction and Lost Work in Machinery and Miil

WOTK. e eeveenees conernorsoconencnssassooennnsasaasone .8vo,

Animal as a Machine and Prime Motor, and the Laws of Energetics.x2mo,

+ Warren’s Elements of Machine Construction and Drawing.............. 8vo,
Weisbach’s Kinematics and the Power of Transmission. Herrmann—

Klein.).oooeeeeeeoseoes covennsssascscesnnsns Ceeseseanes 8vo,

Machinery of Transmission and Governon. (Herrmann—XKlein,). .8vo,
Hydraul.cs and Hydraulic Motors. (Du Bois.)....ccccveeeeses...8v0,
Wolff’s Windmill as & Prime Mover..........cc.000
Wood’s Turbines...ccceeeeecescenceccncen cesseseces .............Svo,

MATERIALS OF ENGINEERING.

Bovey’s Strength of Materials and Theory of Structures................8v0,
Burr’s Elasticity and Resistance of the Materials of Engineering. 6th Edition,

Reset.....ooovveeeneeeens tettetecacssstsssssscnsessssss 8VO,
Church’s Mechanics of Engineering .......ccccvvvveeiennnnces....8v0,
Johnson’s Materials of Construction...........ccc0veeeees... . Large 8vo,
Keep’s Cast IT0n. ... cvcveeenresrecececccccssossenssascscenceecsss8V0,y

Strength of Materials.............. BN cerienn 12mo,
Metcalf’s Steel. A Manual for Steel-users......... ceeeenanen veees..12mO,
Smith’s Materials of Machines.....cccoeeeieeenecarecneeneaaccnans 12mo-
Thurston’s Materials of Engineering...ccoeeeeeeeneencnnanns 3 vols., Svo,

Part II.—Ironand Steel.......cccivveveenninniiinaecnnanes ...8vo0,

. Part III.—A Treatise on Brasses, Bronzes, and Other Alloys and their
ConStituents. . .. ovvuuenreeeeernnnes covernraconcnnannnenes 8vo

Text-book of the Materials of Construction. ceeeeeetieeions ..8vo,

Wood’s Treatise on the Resistance of Materials and an Appendix on the
Preservationof Timber. ........cooiiniiiiiinnnieneann, 8vo,
Elements of Analytical Mechanics.........ccocvveierenenecnnnn. 8vo,

‘Wood’s Rustless Coatings: Corrosion and Electrolysis of Iron and Steel.. .8vo,

STEAM-ENGINES AND BOILERS.

Carnot’s Reflections on the Motive Power of Heat. (Thurston.)...... .12mo,
Dawson’s ‘“Engineering” and Electric Traction Pocket-book..:16mo, mor.,
Ford’s Boiler Making for Boiler Makers........ [ £-3: (L
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Goss’s Locomotive Sparks............ tetessscesasencanans eeenanen 8vo, 2 o0

Hemenway’s Indicator Practice and Steam-engine Economy....... ...12m0, 3 00
Hutton’s Mechanical Engineering of Power Plants. ........ eeetenaens 8vo, 5 00
Heat and Heat-engines. ... ....cccoceoeerertrnnenencsennennan. 8vo, 5 0O
Kent’s Steam-boiler ECONOMY. .....cvvvernneereeeennenceeeennnnnnes 8vo, 4 00
- Kneass’s Practice and Theory of the lnjector ...... ceeees eeessecaaann 8vo 1 %0
MacCord’s Slide-valves.........cccovieivieiriececiesseneccnnesss..8v0, 2 00
lenr'sl!odeml.ooomoﬁvc(:omh-uction ............................ 4to, 1000
Peabody’s Manual of the Steam-engine Indicator................... 12mo, I S0
Tables of the Properties of Saturated Steam and Other Vapors...... 8vo, 1 00
Thermodynamics of the Steam-engine and Other Heat-engines. . ... 8vo, 5 0O
Valve-gears for Steam-engines.......ccee0veereeeecccecannaanns 8vo, 2 so
Peabody and Miller’s Steam-boilers .......c.ccvveevennnenceennnanns 8vo, 4 00
Pray’s Twenty Years with the Indicator...............ccun.... Large 8vo, 32 S0
Pupin’s Thermodynamics of Reversible Cycles in Gam and Saturated Vapors.
(OBterberg.). . ccovvenrnnnns conennecnnncasanas tesesseasss..12m0, I 328
Reagan’s Locomotives : Simple, Oompound. and Electric.............. 12mo, 2 S0
Rontgen’s Principles of Thermodynamics. (Du Bois.)................8v0, § 00
Sinclair’s Locomotivc Engine Running and Management.............. 12mo, 3 00
Smart’s Handbook of Engineering Laboratory Practice............... 12mo, 2 50
Snow’s Steam-boiler Practice.......cc..... ceesssccsassssssssssass 8V0, 3 00
Spangler’s VAIVe-gears. ......cccvcecererecccacscscecscacsssssaascs . 8V0, 3 SO
Notes on Thermodynamics..... S ¢ S T
Spangler, Greene, and Marshall’s Elements of Steam-engineering........ 8vo, 3 oo
Thurston’s Handy Tables.........cc00000eee S 8vo, 1 SO
Manual of the Steam-engine.........c.ccccceceetese oo.. 3 VOIS, 8vo, 10 0O
Part 1.—History, Structuce, and Theory..........cccce00eece....8v0, 6 0O
Part II.—Design, Construction, and Operation..... tetessennsasens 8vo, 6 oo
Handbook of Engine and Boiler Trials, and the Use of the Indicator and

the Prony Brake..............
Stationary Steam-engines. ....... tecesssesssssncess8V0, 2 50
Steam-boiler Explosions in Theory and in Practice......... ve...12m0 I SO
Manual of Steam-boilers, Their Designs, Construction, and Operation.8vo, s 0o
Woeisbach’s Heat, Steam, and Steam-engines, (Du Boi8.)....cc..uun.. 8vo, 5 00
‘Whitham's Steam-engine D:8ign.....cccceceveeccencceccccsneess...8Y0, 5 00
2 50

4 00

Wilson’s Treatise on Steam-boilers. (Flather.)......... tesessssss..16mo,
Wood’s Thermodynamics Heat Motors, and Refrigerating Machines. . . .8vo,

MECHANICS AND MACHINERY.

Barr's Kinematics of Machinery...........couiieeievoeceonsonnaneas 8vo, 2 50
Bovey's Strength of Materials and Theory of Structures. ............... 8vo, 7 S0
Chase’s The Art of Pattern-making...... sesscecccssscesssatnssnas 12mo, 2 50
Chordal.—Extracts from Letters..... cecetvseccesssssscsessces ....12mo, 2 00
Church’s Mechanics of Engineering.......cccc0eeeeecsccecceceess...8v0, 6 00
Notes and Examples in Mechanics..... ticececssascsssssenssses.8V0, 2 00
Compton’s First L in Metal-working.....ce0000eeeeccceeesss.12m0, I'SO
Compton and De Groodt’s The Speed Lathe................ tessecans 12mo, 1 50
Cromwell’s Treatise on Toothed Gearing........... esessensenns ...12mo, I S0
Treatise on Belts and Pulleys.........c.covtinnnniencnenanns 12mo, 1 SO
Dana’s Text-book of Elementary Mechanics for the Use of Colleges and
SCho0ls. .. ocver tieiiiinanannne s Ceeetieesactsessnanns 12mo, 1 50
Dingey’s Machinery Pattern Making...............cc0ennnn +es..12M0, 3 OO
Dredge’s Record of the Transportation Exhibits Building of the World’s
Columbian Exposition of 1893...... teseeesees.4to, half morocco, s 00



Du Bo's's El tary Principles of Mechanics:

Vol. I.—Kinematics...... . sesstsscescscena sesessenas cheenes 8vo, 3 50
Vol II.—Statics.. ...... Ceebessececeaasece sae Ceetteecaneaan 8vo, 4 o0
Vol. IIL.—Kinetics. . . oovvnn tviiiinen corerennnonncannennnns 8vo, 3 50
Mechanics of Engineering. Vol IL.............. ceetaaan Small 4to, 7 S0
VoLIL...iiiiieiieaenannnnn. Small 4to, 10 0O
Durley’s Kinematics of Machines ...........cceieiieeeencenncecnnns 8vo, 4 00
Fitzgerald’s Boston Machinist. .........oo.iiviiniinnen.. [N 16mo, 1 00
Flather’s Dynamometers, and the Measurement of Power............ 12mo, 3 00
Rope Driving.........ccvvveeennes serssssenan cetessscsssess . 12M0O, 2 00
Goss's Locomotive Sparks.....ccveveeeneannes cetesserescesscsssess 8V0.2 00
Hall’'s Car Lubrication. ....ccveieieeceeeecanesennns eessesascranne 12mo, 1 00
Holly’s Art of Saw Filing......... PN 18mo, 78
* Johnsoa’s Theoretical Mechanics............. ceeesssccsassnossne 12mo, 3 00
Statics by Graphic and Algebraic Methods.............. vesese..8v0, 32 0O
Jones’s Machine Design:
Part I.—Kinematics of Machinery...........ccoeveenennens «...8v0, 1 S0
Part II.—Form, Strength, and Proportions of Parts...............8v0, 3 00
Kerr’s Power and Power Transmisgion...........cceeuuee cetseceess..8v0, 2 0O
Lanza’s Applied Mechanics................. eressssceseresaae [ 8vo, 7 S0
MacCord’s Kinematics; or, Practical Mechmum. Cetesseecesacnan ....8v0, 5 00
Velocity Diagrams ...... P L T 38}
Maurer’s Technical Mechanics. c.cooveeneeereeeeenennenceneeeeennnns 8vo, 4 00
Merriman’s Text-book on the Mechanics of Mzumls cecessenessrenas 8vo, 4 00
® Michie’s Elements of Analytical Mechanics......... ceieesascneianes 8vo, 4 00
Reagan’s Locomotives: Simple, Compound, and Electric. .. 2 50
Reid’s Course in Mechanical Drawing 200
Text-book of Mechanical Drawing and Elementary Machine Design. .8vo, 3 oo
Richards's Compressed Alf......ccceeevvecreccccacnnnaes ceeeneas .12mo, I S0
Robinson’s Principles of Mechanism........cce000eeeeeaes cesscesss..8v0, 3 0O
Ryan, Norris, and Hoxie’s Electrical Machinery. Vol.I................8v0, 32 S0
Sinclair’s Locomotive-engine Running and Management..............12mo, 3 00
Smith’s Press-working of Metal8....cccoccecocersscessccccccccsess..8v0, 3 00
Materials of Machines.......ceceeeveeeeccenccereeeccsccasss.12m0o, I 00
Spangler, Greene, and Marshall’s Elements of ‘Steam-engineering.......8vo, 3 0o
Thurstan’s Treatise on Friction and Lost Work in Machinery and Mill ’
WOTK. e ovceveee socacacssccsossssssscsssncscaccacnnns ...8v0, 3 oo
Animalasa Machine and Prime Motor, and the Laws of Energeucs 12mo, I 00
Warren’s Elements of Machine Construction and Drawing............. 8vo, 7 50
Woeisbach’s Kinematics and the Power of Transmission. (Herrmann—
Klein.)........ e csecencsconns sesssessasssecns ceesessss.8v0, 5 00
Machinery of Transmission and Govemorl. (Herrmann—XKlein.).8vo, s 00
Wood’s Elements of Analytical Mechanics...oceeoeeeeccrecacances.. 8vo, 3 oo
Principles of Elementary Mechanics....c.cceeeceecseccsssecc...12mo, I 28§
Turbines. ......... e - T -1 ]
The World’s Columbian Exposition of 1893.ccceeeesscssses seeseccces 4to, I 00
METALLURGY.
Egleston’s Metallurgy of Silver, Gold, and Mercury:
VoL I.—Silver.... ... Cereesaes teeteecesstssscsnnsessssesss. .8V0, 7 50
Vol. II.—Gold and Mercury ..................... cecees ceeenan 8vo, 7 s0
** Jles’s Lead-smelting. (Postage 9 cents add:ﬁonal.) tecssescssas.12m0, 2 S50
Keep’s Cast Ir0nN. . ..covveeereioerencascsssesnacanss ceeeeeeesenans 8vo, 2 50
Kunhardt’s Practice of Ore Dressmg in Europe ..................... 8vo, 1 50
Le Chatelier’s High-temp re Measur ts. (Boud rd—Burzess ).12mo, 3 00
Metcalf’s Steel. A Manual for Steel-users. .... ceecteecanes coessecene 12mo, 2 00
Smith’s Materials of Machines............... teetessncssssssssssss.12M0, I 0O



Thurston’s Materials of Engineering. In Three Parts................ 8vo,
Part II.—Ironand Steel.........covieneeerennnnnnnacareannnns 8vo,
Part III.—A Treatise on Brasses, Bronzes, and Other Alloyn and their

Constituents. .coovveieiene conennaroce coveneas soconcans 8vo,

Ulke’s Modern Electrolytic Copper Refining........cce0eeveceecnnnnss 8vo,

MINERALOGY.

Barringer’s Description of Minerals of Commercial Value. Oblong, morocco,
Boyd’s Resources of Southwest Virginia........... tesecsesceasnanans 8vo,
Map of Southwest Virginia...... eesscsen sevessenne .Pocket-book form,
Brush’s Manual of Determinative Mineralogy. (Penfield.)............ 8vo,
Chester’s Catalogue of Minerals............. cessseseasesssss.8V0, paper,
Cloth,
Dictionary of the Names of MineralS.......ccoeeeeeesceessannass 8vo,
Dana’s System of Mineralogy........ccvvevenennns Large 8vo, half leather, I
First Appendix to Dana’s New “Syltem of Mineralogy.”....Large 8vo,
Text-book of Mineralogy......ccceeeeneoaceccaces cesesettennas 8vo,
Minerals and How to Study Them........ccceeeeeenannenennns 12mo,
Catalogue of American Localities of Minerals..............Large 8vo,
Manual of Mineralogy and Petrography......c.co0eeeevenennns 12mo,
Eakle's Mineral Tables.. .......coooiiiiiitiinenieninrnnnnenennnnens 8vo,
Egleston’s Catalogue of Minerals and Synonyms............cc000nnu.. 8vo,
Hussak’s The Determination of Rock-forming Minerals. (Smith ) Small 8vo,
Merrill’s Non-metallic Minerals: Their Occurrence and Uses............. 8vo,
* Penfield’s Notes on Determinative Mineralogy and Record of Mineral Tests.
8vo, paper,
Rosenbusch’s Microscopical Physiography of the Rock-making Minerals.
(IAdings.) e eoeeeieeerecanancaccasccassennss cecasscrsenes 8vo,
® Tillman’s Text-book of Important mnenls md Dockl. . eeesss.8v0,
Williams’s Manual of LithologY. cc.oveeeeeertenccancsonssaccsaoanes 8vo,

MINING.

Beard’s Ventilation of Mines............ [ S 3T N
Boyd’s Resources of Southwest Virginia.......co00veeuee... sesecccees 8vo,

Map of Southwest Virginia................. R Pocket-book form,
¢ Drinker’s Tunneling, Explosive Compounds. and Rock Drills,
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4to, half morocco, 35

Eissler’s Modern High Explosives.....ccccceeeeresceccenes PN 8vo,
Fowler’s Sewage Works Analyses........cccccceveeeccecascscnsss 120,
Goodyear’s Coal-mines of the Western Coast of the United States......12mo,
Thiseng’s Manual of Mining................ teteececssecssesssases 8V0,
#% Jles's Lead-smelting. (Po.uzegc.nddmonal.) . £ 3 TN
Kunhardt’s Practice of Ore Dressing in Europe.........cc00. ceesesss.8V0,
O’Driscoll’s Notes on the Treatment of Gold Ores.......cccccceveress..870,
* Walke’s Lectures on Explosives.............. P 1 (Y
Wilson’s Cyanide Processes........cccccccecececaseccsscscssesss. 120,

Chlorination Process..... T S ¢ 3 L1

Hydraulic and Placer Mining.......cccc0ceeeiacecccacesscee. .12M0,

Treatise on Practical and Theoretical Mine Ventilation...........12mo0

SANITARY SCIENCE.
Copeland’s Manual of Bacteriology. (In preparation.)

Folwell’'s Sewerage. (Designing, Construction and Maintenance.)......8vo,
Water-supply Engineering..........c.ccuunnn tecesecscnscencss.8V0,
Fuertes’s Water and Public Health........... cectessssssansasneess13MO,
Water-filtration Works................. [P PPS £ 3. . N
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Gerhard’s Guide to Sanitary House-inspection..........cec00eeee...26mo,
Goodrich’s Economical Disposal of Town’s Refuse..............Demy 8vo,
Hazen's Filtration of Public Water-supplies..........
Kiersted’s Sewage Disposal ....... [ .
Leach’s The Inspection and Analysis of Food with Special Reference to State
Control. (In preparation.)
Mason’s Water-supply. (Considered Principally from a Sanitary Stand-
point.) 3d Edition, Rewritten...... tececcecanssssrssssss 8VO0,
Examination of Water. (Chemical and Bacteriological.)........12mo,
Merriman’s Elements of Sanitary Engineering ................ eeeess.8v0,
Nichols’s Water-supply. (Considered Mainly from a Chemical and Sanitary
Standpoint.) (1883.).. cecvrvieiereioiiioanncnnn vevassnes 8vo,
Ogden’s Sewer Design. .. ....cccieveerreraccecssnccacascassasases 12mo,
Prescott and Winslow’s Elements of Water Bactenology, with Special Reference
to Sanitary Water Analysis. . .. ....ovvvevineiiincnnanenn, 12mo,
* Price’'s Handbook on S.nitaﬁon................................nmo.
Richards’. Cost of Food. A Study in Dietaries......cccc00eeeee....12m0,
Cost of Living as Modified by Sanitary Science .........cco0vee.. 12mo,
Richards and Woodman's Air, Water, and Food from a Sanitary Stand-
BT3P -1 1.3
* Richards and Williams’s The Dietary Computer......ccccceeececcss.8v0,
Rideal's Sewage and Bacterial Purification of Sewage..................8v0,

Turneaure and Russell’s Public Water-supplies.....cccecceeeccaccscees 8vo,
Whipple’s Microscopy of Drinking-water. ..cceecececccrccaccscascsnns 8vo,

Woodhull’s Notes and Military Hygiene........cccceeeeeccscces...16mo,

MISCELLANEOUS.

Barker's Deep-sea Sounding8.....ccoeececee. ceoemcesscsccscccsss 8V0,
Emmons’s Geological Guide-book of the Rocky Mountain Excursion of the

International Congress of Geologists..........,......Large 8ve
Ferrel's Popular Treatise on the Winds.....eccoeeceecccoccrcasce....8V0
Haines’s American Railway Management.........coeceeeeeeeces.. 120,
Mott’s Composition, Digestibility. and Nutritive Value of Food. Mounted chart.

Fallacy of the Present Theory of Sound.....ceeo0vveeernanenns 16mo
Ricketts’s History of Rensselaer Polytechnic Institute, 1824-x894. Small 8vo,
Rotherham’s Emphasized New Testament..........cccc0ceuanes Large 8vo,
Steel’s Treatise on the Diseases of the Dog....c.coeveeennnnnnes v....8v0,
Totten’s Important Question in Metrology....ccoceeveereinneanneans 8vo
The World’s Columbian Exposition ot 1803......cccvivieieenieiennnns 4to,

Worcester and Atkinson. Small Hospitals, Establmhment and Maintenance,
and Suggestions for Hospital Architecture, with Plans for a Small
HoBPital. .. ccevesaneccccscscscccscescccsccccssnsasssess 12Oy

HEBREW AND CHALDEE TEXT-BOOKS.

Green’s Grammar of the Hebrew Language.....cceeeeceerccccacacsns 8vo,
Elementary Hebrew Grammar. ...cceeeeeescceccsscccsssacseas 12mo,
Hebrew Chrestomathy......ccoeveaecacesaces [P eeeean 8vo,

Gesenius’s Hebrew and Chaldee Lexicon to the Old Testament Scriptures.
(Tregelles.). ....cooeeeeeecesensssess..Small 4to, half morocco,
Lett ris’s Hebrew Bible....ceoeoecccccn .. tecesscsassasssecensses 8V0,
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