I'anorensnl.
oF [He] 2sp’
1-C1 [Ne] 3sp’
1sBr [Ar] 3d"%4s%4p’
sl [Kr] 4d"4s*4p’
ssAt [Xe] 41'*5d"6s°6p°

Ta6J'II/IIIa 1. OCHOBHBIE CBOMCTBA DJIEMEHTOB.

F Cl Br I At
0 0.39 0.73 0.87 1.07 -
AddekTuBHbIN paauyc, A
o [0.72 0.99 1.14 1.33 -

KoBarneHTHbIN paguyc, A

o) 1.33 1.81 1.95 2.20 2.3
NoHHBbIM paguyc, A (X))
NoHM3aLMOHHbIN 17.42 (1297 (11.81 |9.45 9.2
noteHuwnan (l4), B
CpoAacTBO K 9NeKTpoHy, 3B 3.5 3.6 3.5 3.3 -
CoaepxaHuvie B 3eMHON  |2.8¢10™ [2.6e10° |1.5010" (4¢10° |cnenbl
kope (aT. Knapku) 2 2 3

18+
= . | ’a
16 ~ F-qawa
20 “ : =
3 -
2 — GaC
<15 -\-
| - 10 \-
,. 8
R - /. — —
- —e—
o/ - — * R cmremain .
= 4
0.5A L S — —
2 ‘ ‘
T T T T T T T T T 0 20 p . m 1w
0 10 20 30 40 50 60 70 80 T -
AOVHL HOVED
A b¥1 Hovep

Puc.1. 'ameHeHune pagunycos ranoreHoB. Puc.3. lameHeHwe |4,Eg, ,30.

210At -T2 = 8,5 Yyaca, 209At =T = 5,4 vaca; 208At -T2 = 1,63 yaca




Tabnuuya 2. CBoUCTBa NPOCTLIX BELLECTB.

F2 C|2 Brs 5 At
o) 1.43 1.99 2.28 2.66 -
[nvHa cBsisn, A
AHeprusa cBasu, khx/monb | 158 243 193 151 -
T0n,°C -218.6 [-101 -7.25 |113.6 -
T, C -188.1 |-34 59.5 185.2 -
AHqn, kKDx/Monb 0.51 6.41 10.57 [15.52 -
AHn, KX/MONb 6.54 20.41 [29.56 [41.95 -
P+, MM Hg 1.44 10.16 [34.9 71.3 -
T, °C (1%) Xo=2X 765 975 775 575 -
E°, B X34 t262X 2.87 1.395 [1.087 |0.615 |0.3
Amax., HM 285(7?) (330 420 520 -
200 - P e Tmn
/ /, TITI
100 - / B /
, 7
o -
=04 - o
///
-100 | ///;/
Gl P
T4 16 18 20 24 26 28
owacsm [{ A

Puc.3. NameHeHne TemnepaTyp KUNeHUs 1 nraBneHus rasioreHos oT

anuHbl ceasn I - T,



Tabnuua 3. MexXmMoneKynsipHble paccTosHus Xo.

X o [X....X B [X....X X -XIX...X |Puerann,rf1a
X-X A
crnoe MeXCcCi.
F [1.49 3.24 3.84 1.91
Cl |1.98 3.32; 3.82 3.74 1.68 130+20
Br |2.27 3.31; 3.79 3.99 1.46 80
I 2.72 350; 3.97 4.27 1.29 21

[[lOMONUTMYECKUN paspbiB CBA3MN.
[ < 2 (T, hv)

Hy + ™ — HI + H*
+H* > HIM+T1™

H* + ™ — HI

H* +H* — H,

M+ T,

o0pbIB Lenu

Tabnuua 4. SHTanbNMM paguKanbHbIX NPOLIECCOB raroreHoB ¢

BOZOPOAOM.
F Cl Br I
Mn-2r 155 (243 |192 151
H, + ™ — HI +H* |-130 |+9 +102 [+199
H*+Lb>HIC+r* (410 |-189 |(-170 |-147
AHP505, Kk/MONb |-270 [-90  |-34 +26

Tabnuuyab. TepmogmMHamuyeckme napameTpbl ranioreHoBo4OpPO40B.

AH 298, kK/MOMb AsSC95, Dx/MonbeK AG®, k>x/MOnb pKp
HF -270.5 173.5 -272.6 -95
HCI -89.82 186.6 -94.77 -33
HBr |-34.11 197.6 -51.12 -18
HI +26.55 206.3 1.756 0.616




Tabnuua 6. Heprum XMMmn4eckom ces3n ranoreHoB (KIk/mMmonb).

X [ XX |HX |BX; |AIX; [CX,

F |158 |574 |645 582 |456

Cl (243 |428 |444 427 327

Br |193 |363 |272 (285 |239

I 151 (294 272 285 |239

[[eTeponuTmnyeckun paspbis casu [ -I.
M -+ (AH=Eg + Epou + Eqp)

F Cl Br I
AH, k[x/monb 1503 1145 1008 863

Monapusaumst (NoNsSspn3yemMocTb CBS3N).

227 | 283 | 227

o
2 MejNel, MesN NMe; (I, -1=2.66 A

)

2 MeCNeBr, MeC=N — 234

284

> Br 233 Br N=CMe

o o
(IBr-BronaBr,2.28 A) 2MeOHeBr, Br-Br=228 A

CeHs® Bro, Br-Br=2.28 2\
I+ H0
1. ObpasoBaHue knatpatos (Cl,, Br).
2. XuMmn4yeckoe B3anMoaencTBme.
F, + H,O — 2 HF + O, (F,0, HOF)
o+ H,O pa— HIC + HOI (I = CI, Br, |)

C|2 Brz |2
K 3¢10% 4107 5107
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Puc. 1. TemnepaTtypHasa 3aBMCUMOCTb paCTBOPUMOCTU rasnioreHoB B
BOZE.

KnaTtpartbl.

o o
46 monb H,O: 6 nonocten (V=216 A ) 2 nonoctn (V=169 A)
8 Clg. 46 HQO (C|2 .5,75H20)
8 Broe 46 Hzo (Br2072/3 HzO)



Taauua 1. OcHOBHBIE MTapaMeTpbl HU3IIUX OKCHA0B rajgoreHos I',0.

OF,
OnFZ

Kncnoponnme COCINHCHUSA IraJIOTC€HOB.

Cl
CL,O
CL 04
Cl10,
CL 04
Cl,0,

Br I

Br,O 1,04 (I[104))
Br,0, 1,05

Br,05

I,0 T K | Tu, K | AH 08, KKkaII/MOIB o Z Zror,” |u,D
I'-O»

OF 127,9 49 4 5,7 1,42 102,5 0,3

ClLO |[275,2 152,6 |19,2 1,70 111 0,78

Br,O |256, |- : : } .

F, + 2NaOH = OF, + 2NaF + H,0

2HF + H,0 (1%) (3nekTpoaus)— 2H, + OF,

2Cl1; + (n+1) HgO = C1,0 + HgCl,enHgO (n=3)

2Cl; + 2Na,CO; + H,0 = CL,0 + 2NaHCO; + 2NaCl
2Cl, + 2NaHCO; = Cl,0 +2CO,; + 2NaCl + H,O

I',0 + H,O0 2HTO

0 9/$\44 A /S>{70 A58
H 100 F g 113°] H 110° B,

F, + H,0 — HOF + HF

HOF + H,0 — HF + H,0,

ClL, + H,0 HOC1+H" + CI



Tadoauua 2. Kuciopoanbie coeuHeHUs XJ10pa.

CLL,O |CIO, |[CIOCIO; [Cl,0O6 |C1L0;

Tpr,°C 1206 |-39  |-117 35 [-915
To, C 2.0 11 445 ¢ 203¢ |81
d,r/em’(0°) - 1.64 |1.806 - 2.02
AH s, kJlk/Mors  |80.3  [120.6 |(180) (155) [272

AG° 595, KJIK/MOITB 97.9 120.6 |- - -

AS®0z, Jk/MonpeK  [265.9  |256.7 |327.2 - -

w, D 0.78 [1.78 |- - 0.72

Cl10, paaukan ( HecnapeHnblii e TU ), H3031eKTPoHHBIIi SO, + e

4 A

o 176 o

2 Cl10; + SO, — 2C10, + SO42' ( B KHCJIBIX BOJAHBIX PACTBOPAX)

ClO; +1/2C,04 +2H" — CIO, + CO, + H,0

2AgClO; + Cl, — 2C10; + 0, +2AgCl

2NaClO, +Cl, — 2CI10; +2NaCl ( npu B3auMoeiiCTBMU TBEPAOI0 XJIOPUTA)
3KCIO; + 2H,SO0y (konn) = 2C10; + 2KHSO, + KC1O4 + 2H,0



Cl,0 2
Mg, Al
(CIO,)(S 0) ClO; + CIO;
2 4
(CI0,)(NO,) NaClO,

CLOq [CIO,H][ClO 4]

ClO, * [NOx][ClO,]

ClOM%)&A TNOX (x=1,2)
+1/2Cl,

HFE

o

HClO, * CIO,F

\@5

r'vs
CI‘OZCIZ lSOZCIZ CIO3ASF5
CrO,(ClO,),
[C1O,][S30 0]
71 A
A g
c1\119° 1405 A
YZERN / \ O
O

Cl,0;



Tabnuua 3. KucnopogHble KMCNOTbI rafioreHoB.

pK Cl Br |I
HXO =—— H'+0X 725 |87 |11
HXO0, = H'+ X0, 20 |- -
HXO0; = H" + XOy3 0 0.7 (0.8
HXO, =— H'+ XO4 -100 |- -
H;sXOg H" + HXOg |- - 3.2
H,XOy¢ H* + HyXOg> |- . 6.7

Tabnuna 4. 3HaUeHHe CTaHAAPTHBIX 3JEKTPPOIHBIX MOTEHIIHAIOB ranoreHoB (E°,

B).

Cl Br I
H'+HOX+e 112X mrey¥H20  [1.63 159 |1.45
3H++HX02+36 1/2X2+2 Hzo 1.64 - -

6H +X05;+5¢ =—— 1/2X,+3H,0 1.47 [1.52 |[1.20
SH+XO0,+7e = 1/2X,+4H,0 142 [1.59 |(1.34

1/2%smmte == X 136 [1.07 [0.54
XO+H,0+2¢ X +20H 0.89 [0.76 [0.49
X0, +2H,0+4e X +40H 0.78 |- ]

X0y +3H,0+6e =——= X +60H" 0.63 |0.61 [0.26
X0, +4H,0+8¢ =—= X +OH" 0.56 |- 0.39

3X, + 6NaOH — 5NaX + NaXO; + 3H,0 (pH=14)
5X + XO3- - 3X2 + 3H20 ( pH:O)

Tabmuua 5. CTpoeHre aHMOHOB UCIIOPOJHBIX KUCIOT TAJIOT€HOB.



JIEMEHT Cl Br
COCTAB aHHOHA o /‘Z\ Z0I'0 o, Z Z0I'0 ko, Z Z0I'o
o 1.70 - - - - -
o, 1.56-1.59 108-116 - -- - -
Io; 1.49 107 1.65 104 1.81 100
o, 1.43 109.5 1.61 109 1.78 107-114
o - - - - 1.85 90
_H Clo,
O o
‘1,635 ‘
105:%,?}@08 _a__
o” i
112,87 o 0
O
O*
Clo;
0 0 0
Cl— Cl Cl
/ | -0 N N
O ! ! O %
O ‘: O
O 0O O
(SO, * 2¢)
Cl— O~ (CIF)

Tabnuua 6. TepmoagnHaMmnyeckne CBOMCTBA NepranoreHaToB Kanusl.

KC]O4 KBTO4 KIO4
AfHozgg, KI[)I(/MOHL -431.9 -287.6 -460.6
AfGozgg, KI[)I(/MOHL -302.1 -174.1 -349.3




4KClO, —L— KCI + 3KCIO,

3 H,O, anektponns
KaT.CI‘TO; \2 ™

KCIO,
BrO 3 MFT BrOj

5Ba(I03), — > Bas(I0,). + 41 + 90,

Tabmmma 6. CsoiictBa Hs51O4

2H410¢"

IIpouecc K pK=-I1gK

HcIO" HslOg + HY 6.3 -0.80

HslOg == H,lO+H" 5.110% |3.29

HaOs == H;lO¢% +H" 49107 |[8.31

H3lOg? H,lOg% +H* 2510 |11.60

Hi 0y == 10, + 2H,0 29 -1.46
H,l,040% + 2H,0O |820 -2.91

Puc.1. quarpammbl @pocTa rajioreHoB (Xj0p, Opom, o).

3X, + 6NaOH — 5NaX + NaXO; + 3H,0 (pH==14)

5X° + X0y + 6H' — 3X, + 3H,0 (pH=0)




MeskrajoreHHbie CoOCANHCHMU.

XX, (n=1,3,5,7)

Cl Br 1

CIF BrF IF
bTopuIsl CIF; BrF; IF;

CIFs BrFs IF;s

IF;
XJIOPHUJIbI BrCl ICl
ICl;
OpoMUIBI IBr
Tabnuua 1. CBoicTBa HU3IIMX MEXIKIAIOT€HHBIX COSAMHEHUH.

CIF BrF IF BrCl |IC] IBr
arperaTHoe ra3 ra3 ras ra3z KPHCT. KPHCT.
COCTOSIHHE
Tun, °C -155.6 -33 - -66 27201393 |41
T, °C -101.1 20 - 5 97-100 116
AH 503, -56.5 -58.6 [-954 |+14.6 |-353 -10.5
kJ[>x/MOJIb
AG®508, -57.7 -73.6 |-117.6 |-1.0 -13.95 o +3.72
kJ>x/MOJIb
E.s., xJ[>x/Moab 252.5 248.6 |277 215.1 (207.7 175.4
Ix.x, A 1.628 1.756 |1.909 |2.138 |[2.370 2.485
u, D 0.881 1.29 |- 0.57 0.65 1.21
p, oM e’ 1.9¢107 |- - - 5.5¢107 3.4¢10™




X" + XOj + X-

2XX’ X, + X', (ASO MnHUManbsHa)
(2n + 1) XX’ NXs + XX'5n+1 (ASO MakcnmanbHa)
Tabnuua 2. Ceonccta XX's.

CIF; BrF; IF; |ICl
T, °C -76.3 8.8 - 101 (16 atm)
T, °C 11.8 125.8 - -
AH,9, KK/ MOJIb -164 (1) -301 (k) -485 |-83.3 (1)
AG9g, KJK/MOJIB -124 (1) -241 (k) -460 |-21.5 (1)
Ix-x"axc.» A 1.70 1.81 - 2.70
Ix-X"5xs.» A 1.60 1.72 - 2.38
ZX’XX,° 87°29’ 86°12’ - 94°
E¢p x-x>, KK/ MOIIB 174 202 275 |-
Junonpueiii MomeHt (L, D | 1.00 1.19 297 |-
p, oM 'ecm™ (T) 6.5¢107(0) 8107 (25) |- 8.6107 (102)

Ctpoenune XX’;.

F F
/1.69T
Q ' 1598 1711

1.810 Cl .38 +1.68 Cl
Q / /

Cl FooF B
d \87.50 \ 861 4

F F

{

ICl, (1,Cly)




[XX'4]- +OH-
X' +X™ +XO5
2BrF;
BrF; + CIF;
XF3; + SbFs

HXO;

HX' + [HXO,]

/\

AgCl + CIF; — AgF, +1/2Cl, + CIF
NiO + 2/3CIF; — NiF, + 1/2Cl, + 1/20,

Ta6muma 3. CpoiictBa XX’5 (XX7).

X

= BrF," + BrF,” 30° [BrF,"][BrF4] = 0,9 monb/n
[CIF;"] + [BrF,]
[XF,"] + [[SbF¢]

CIFs BrF; IFs IF,
T, C -103 -60.5 9.4 6.5 (T.1.)
T, °C -13.1 41.3 104.5 4.8
AH®, kJx/MOb -255 -429 -843 -962
AG®, k]Jx/MOJIb -165 -351 =775 -842
Ecp x-x, KxK/Monb 154 187 269 232
Ix-x axc.» A 1.67 1.78 1.87 1.825
Ix-x" oxs> A 1.58 1.68 1.75 1.825
XXX, ° 86 84.5 82 90.72
[LnotrOCTSH, T/eM’ (°C) 2.105(-80) [2.47 (25) |3.207 (25) |2.67 (25)
JlunosibHBIA MOMEHT, U (D) 1.00 1.51 2.18 0
Jlusnexktpuueckas 4.28 (-80) 7.91 (25) [36.14(25) [1.75(25)
IPOHHIIAEMOCTH, € (°C)
DNEeKTPONPOBOLHOCTE, oM ecM  [3.7010% (- [9.9¢10° |5.4¢10° 107 (25)
("C) 80) (25) (25)




1.75
; Rf—F
pif ot N
F/‘.\.l'.&?iF FT/ - F
F
F E
. 1.75 - ___,___F
FQ/F Ny
lé/ ‘\18_le F\?/ \F

MF + X, (XF3)

HF + HXO,
(XOF3)
XO.F
F* X0y
IFe <2 1F, T 1Ry
[IF6][AsF] [NO][TFs]
I” + nl [lonea]
n=1 I3 —1—1
».81
g
~ 3.63

| o
n=2 ls L1745



|82- (Cszls)

(215%+ 1)

o0

—/84

13.35

1.76

53.4T
W O oo
MonuranoreHna-noHsbl.
Cocra  |[XX’' XX’y XXy XXy XXg' XX’g
TUT ALE, ALLE; ALLE ALLE, ALg ALGE
MOJIEKYJIBI
THUII sp sp°d sp°d sp°d’ sp°d’ sp°d’
rudbpuIn3a
1017078
uzoagekTp |SCl, XeF, SF, XeF, SF, XeFq
OHHBIE
JaCTHIIBI
XXX |>109° 180° > 180° 90° 90° ~90°

>120°

CTpOEHHUE ‘X’ N YN X\ K'——i(

N 6 —x @ X/X _X

X-/




X3 XX’y XXX

[X—X—XT X —X—XT [X*—X—X"T
X=11x.x =2.93 Kl X=11=2.55 X’=11=2.78
2.92 AsPhyl; X’=Cl X=1 291
X=Br 2.54 X=11=2.71 X”=Br
X’=Br X’=Cl 2091
X=1 251
X”=Br

KI + Cl, +[HCI1] — KJ[ICly]

KI+Cl, + [HCl]— KJICl,]

2 KI0O; +KI + 12 HC1—3 K[ICl4] + 6 H,O

KIO; + I, + 18HC1-5 K[ICL,] + 9 H,O

KIO; + 6 HC1-K]JICl,] + Cl, + 3 H,O

[N(CH3)4][ICL] —[N(CH3)4][ICL] + Cl,

KICl4] — KCI+ ICI+ Cl,

KF + IF5 — KIFg

KI+2IFs — KIF, + 2 IF;

[BrF,][BF,] + K[BrF,] — K[BF,4] + 2 BrF;
KomnuiekcHble coeTuHeHU.

[lenTpanpHBIM aTOM (KOMITIEKCOOOPA30BATENb ).

Koopannanmonnoe uucio.

Jluranapl. JIeHTaTHOCT®.

°
O,
F I\(%ig“g ok
cl / cl k91/‘?\

139 1.7t
Cl

ICl; (I,Cly)



KoHcTaHTbIbl kKoMMNnekcoobpasoBaHmst (KOHCTAHTbI YCTONYMBBOCTU U

KOHCTaHTbl HECTOMKOCTH).

M+, =1y Ky = [T 5 K = /Ky = (1015
KoHcTaHTbl ycTonumBocTu (25°C).

Cly Br; I3 ICl, IBr,

10 1.8010 7.2010 1.7010° 3.7010°
Jlureparypa.

1. Korton @., Yunkuncon J[x. “CoBpemeHHas Heopranuueckasi xumus . M., Mup,
1969, 1.2. ¢.220-234, 419-453.

2. Hekpacos b.B. “OcnoBsl o0mie xumun’”. M., Xumus, 1973, ¢.238-295.

3. Couupin B.U., Mapteinenko JI.U. “Heopranudeckas xumus”. M., MI'Y, 1991,
yacThb 1, c. 49-78.

JlonoiHUTe/ILHASI JUTEpPaTypa.

1. Hukutun U.B. "®ropuns u okcudropunsl rajoreHos”. M., Hayka, 1989.

2. Huxkutun U.B. “Xumus kucaopoaHeIx coeauHeHui raoreHos”. M.,Hayka,

1986.

3.Shriver D.F., Atkins P.W., Langford C.H. “Inorganic Chhemistry”. (second
edition) Oxford University Press, 1994, p.542-571.

4. Jornal of Fluorine Chemistry. vol.33. N.1-4. October 1986. (3ToT TOM XypHana
nocasieH 100-neruto nonyuenus propa I.Myaccanom. [IpuBenensr ucropuueckue
aCMeKThl XUMUU (PTOpa, COBPEMEHHBIE JaHHBIE MO MPOU3BOACTBY U MCIOIH30BAHUIO
¢dTopa u ero coeaunenuit. Muoro gororpaduii, B ToM grcie ¢potorpadus

MATAMETPOBOM Ta30BOM KIOBETHI, 3aMIOJTHEHHON (hTOPOM. )



JI4. CTpoeHue U peaKMOHHASA CMIOCOOHOCTh KUCJI0PO/a.

Kucnopon - kallHOCUMMETPpUYHBIN 371EMEHT VI-0i rpyniibl.

Tab6n.1. CoiicTBa s3siemMeHTOB VI-0i1 rpynmsbl.

Lo a Feon. 4 ., a4 (I, kbx/moms - |90
O 1,40 0,66 1,40 |314 3,5
S 1,84 1,04 1,85 1239 2,5
Se |1,98 1,17 2,0 225 2,4
Te (2,21 1,37 2,20 (208 2,1
Po {(2,3) - - - 2,0
O, 1777 r JlaByasse (Llleene, [Tpuctin)
O3 1840 r [II€uGein
O, 1848 r ®apajeii (mapaMarHeTusm)

0, (') 1931 r Yunze, Mekke

0, (‘A 1934 r Tepubepr

Tabi.2. CBoMCTBa IBYXaTOMHBIX ()parMEeHTOB KUCIOPOA.

®parmenT | KparHocTh Jmuna cBsizu lo. | Ey, kx/Monb | [Ipumep

CBS3U o COE€IMHEHUU
0> A

0O, 2,5 1,123 625 0,AsFg

0, (1Z+g) 2 1,207 490 O, (ra3)

0, (' Ay 2 1,210 396 O, (ra3)

0, 1,5 1,25 - KO,

0,” 1 1,49 204 Na,0,

-0-0O- | 1,453 213 H,0,




Koopaunanmonnsie uncna kuciopona 1, 2, 3,4, 5, 6.
ClO™ + H,0, — Oy('A,) + CI' + H,0
0, ('Ay) = 0, ('L, + hv

o—©O R
R R
RS — ¢ \‘ (‘:/ — 2 R,CO
/c_ +0, —> C
R
R R/ Ny
.20
L .
M— O === O O AN o—©O
N Mo N/ e
M
[a Ib
0 a b
CYnepoKco NepoKco
IO-01 Z Vo.o, CM-l
la 1:1 1,25-1,35 1130 - 1195
b 1:2 1,26 - 1,36 1075 - 1122
a 1:1 1,30 - 1,55 800 - 932
b 1:2 1,44 - 1,49 790 - 884
PPh,
| pph3
/Ir/c1 + O -
0-C ‘ 4 100°§Ir 37 5130 A
O
PPhs pph3

2 Co(Salen) + O,

remorrniobuHa)

2 Co(Salen)eO, (npocTas xmumuyeckaa mogenb

O30H (naxHyLwmm rpey.) Os.

3/2 02 03 (ra3) AHOf,293 = +142,7 KD,)K/MOJ'Ib

AGof’293 = =163,2 K,D,)K/MOﬂb



O O

O; +2H' +2e — 0, + HO E°=2,076 B
0;+H,0+2e—>0,+20H E°=1.248

Konnentpauus NaOH BpeMs nosrypacmaza mpu 25 °C
IM 2 MUH

SM 40 muH

20M 83 vaca

2 NO, + 05 = N,0s + O,
2 ClO, + 05 — CLOg + O,
2KI+0;+H,0—>2KOH+1,+0,

40;+4KOH —4KO;+0,+2H,0  ([MesN]O3)

O; uzoonekrponen ClO, ,000 =100° lo.o=1,25 ,(Z\
A 0
AN / o)
-~ ™~ ~ . / No— .

nepexogHoe CoCtoAHne

Kucnas cpena (pH=0).

0, +4H' + 4¢ — 2 H,0 E°=1,2298

0, +2H" +2e — H,0, E°=0,695 B
0,+H +e — HO, E°=-0,105B
HO,+H' +e — H,0, E°=1,4958

H,0, +2H +2¢ — 2 H,0 E°=1,778

H,0,+H +e¢ — OH + H,0 E°=2,858



JIS. MoJiekyJ/isipHoe CcTpOeHHe cepbl (cejieHa, TeJlIypa).




1510 (1288 am)

Puc.1. CxemaTtnyeckasa P - T gmnarpamma cepbl.

| 1
\

1

1

3 Butka - 10 atomoB S /g5- 2,07 2\

ZSSS =106° (m1acTuyeckasi cepa)

leso= 2,37 A ZSeSeSe = 103°

Ire

re=2,385 A /TeTeTe=103.2" Se,

lsose = 2,33 A ZSeSeSe = 106°

(S20) (S,0,) SO, SO;

' Oxcun cepsi (IV), IMokena cepsl,

< ABYOKHCH cepbl. t,, =-75,5°C t,= -10
M3 IK
119°

°C p=1,67 D (ra3) PacTBopumoctsb B
O Boxe: s=22,8% s=11,5%.



Tada.1. Ctpoenne nuoxkcuaos 30;.

30, |KoopauHalMOHHOE YHCIIO Tun cTpykTypsl

SO, 2 MOJIEKYJISIpHAs

SeO, |3 [enovyeyHas

TeO, |4 CJIOWCTas UM TPEXMEpHas
PoO, |8 TpexmepHas (tun CakF,)

O O A
2 1,78 A
e )

900&‘
SeO;, 1173 A

O 0




Tab6.. 2. CoiictBa H,90;.

H2303 pK
S Se Te
H,D0; H +H30, |19 |26 |27
H30, = H'+30; 77183 18,0
H
N |
. . /, S\\\
=0T N T TN
-O (\)

[Tpumepsl peaknuii ¢ yaactuem SH-hopmel rugpocynbpuT-uoHa:

2 HSO; = S,0:2 +H,0 (K2S,05 - MeTabucynbduT kanus)
250, + Zn — ZnS,0,4 (AUTUOHKT)
250, + MnO; — MnS,0¢ (aMTNOHAT)

D0,
()- —— 1T10 1
o 908 ~
11,4r A O O
1 S 1,6T
' 1,37
S )y
KR 0750
O 1toe 'O
o-SO; (ra3) B-SO; (kmaKocThb)
H2304 (H6Te06)
pK S Se Te
H2304 H+ + H304_ -3’0 -1’0 7’7
HPO0, == H'+230,2 |1.92 [20 [112

~
o

S

v-SO; (TBepaoe)




F,80,-HO) FETeQ,-H0
120

T°C
s
T°C
T°C
8 &8 8 8

08 10 00 02 04 3 08 10 om o 004 006 008 010 o012 014

04 06
Vo Ao HSO, Mok fpriH;Se0, ok poreHgTeQy

S + 2HNO; — H,S0,4 + 2NO

Se + 4 HNO; — H,Se0; + 4 NO, + H,0

Te + 4 HNO; — TeO, +4 NO, + 2 H,0

12 S + 6 NaOH — 2 Na,S;s + Na,S,0; + 3 H,0
2 H,S +S0O, - 3S +2 H,0

4 Na,SO; — Na,S + 3 Na,SO,

4 Na,S,0; = Na,Ss + 3 Na,S0qy

Na,S,0 — Na,S0, + SO,

Na,S,0; + I, — Na,S,0¢ + 2 Nal

lo} 0}
o X A0 A /

\ / / 0= zsi (S)n— STO 0%,5—0—0%\50
""s—S / o o "o

A

/ \ o o

S,0:> S,05” S3:n06” S,04"



o pH4

* — = pHD
1 -
2 //I\-/ T Tm
14 o. -
‘ © ) /
0 ./n
m 1 S ~
or o o
I'ICJ 1 O o
2
4 o - - (@]
34
4- \
- o
_5 T T T T T
2 0 2 4 6
CT. onMae i

Puc.2. JIlnmarpamma ®@pocta cepsbl.

Jlureparypa.

1. AxmetoB H.C. “O06mas u Hepranudeckas xumus”’, M.”Briciias mkosa”, 1988,
cTp.297-328.

2. Hekpacos b.B., “OcHoBbl 00m1eit xumun”’, M., “Xumusa”, 1.1, 1973, ctp. 311-
364.

3. Korron ®@.A., Yunkuncon JIx., “CoBpemMeHHas Heopranuueckasi xumus, M.,
“Mup”, 1969, 1.2, ctp.193-219, 374-418.

JlononHUTENBHASA IUTEPATYPA.

1.PazymoBckuii C.[., “Kucnopon - anemeHntapHbie popmbl U cBoiicTBa”, M.,
“Anmusg”, 1979.

2. Yamic A. “CtpykTypHas Heopranuueckas xumus’, M., “Mup”, 1987, 1.2, cTp.

191-216, 239-350, 437-542.



J16. KucnopogHblie coeaguHeHUs a3oTa.

Tabn.1. CeBoncTBa okcKMaoB a3oTa.

CoeanHenusa

THJ'I.! OC

TKMH.! OC Sofa

AH?,  |AGP,  |u,
[bx/monbe |kx/mo |kOx/mo |D
K nb nb
N.O -91.0 -88.5 219.9 82 104.1 (0.1
66
NO -163.7 -151.7 210.6 90.25 [86.58 |0.1
5
N.O; -101 -40 (pasn.) | 307 83.3 1400.5 |-
NO, (N.O4) |-11.2 21 240.2 33 51.5 0.3
309.2 9.16 97.83
N,Os - 33 (Bo3r.) |178 -427 1141 -
Okcug asota (l), 3akucbh asoTa.
N,O 1,1263 1,18& n3oanektpoHHa CO,
N‘TNji—O
180°
Tabn.2. CpasHeHune csoncts N,O n CO,.
Tons | Tans | Tepur. | Prpur,@TM. |dipur,  |AHp5, AHgosr u, D
°C |°C r/lem®  |kDx/Mon | kpk/Monb
b
N.O |-91 |-88.5 |36.43|7.255 0.453 |6.52 23.08 0.16
6
CO, |-56.6 |-78 31.0 [7.387 0.468 |8.37 25.53 0
(Bo3r.)




NHsNO; — N2O + 2 H,0 (200 - 220 °C)

HNO, + HN;— N,O + N, + H,O

HNO, + NH,0OH — N,O + 2 H,0O

NaNH, + N,O — NaN; + H,0

[RU(NHa)s(H20)]** + N,O — [Ru(NH3)s(N,0)J** + H,0

Okcup asora (Il), okuch asora.

N==0 Ino=1,15A
3aceneHHoCcTb
Monekyna KpaTHOCTb Ocs. Tix Tty
N, 3,000 1,00 1,,00 1,00
NO 2,417 0,9820,9660,469
NO* 2,929 0,9770,9760,976
CO 2,760 0,9080,9260,926
1 NO 9,26 3B (890,6 k[x/Morb)
I, N (aT.) 14,534 3B T, -1e

,O(ar.) 13,618 38

218 R Anmep NO - (NO),
____________ _N
/ 2,62 A \
OF---mmme e R e 0
2 NO N,O, - nuMmnTUpyowas ctagus (Ea<0)

N202 + 02 — N204 - 6b|CTpO

N204 2 N02 - 6b|CTpO
HUTPO3UnbHbIE KOMMMEKCHI.
[Fe(H,0)s(NO)J** - kopuuHEBOe OKpaLuMBaHue

Na,[Fe(CN)s(NO)] - HuTponpyccua HaTpus



Cl 1'914\1 1249 s 138p
234\ lr/241 2317\]r/243
PEA 1 30c . Py, 1’ZZN
\O 116 O
[Ir(CO)CI(NO)(PPh3),]" [IrCI(NO),(PPHs),]"
M<—N—0 <~—> M<—N=0" (a0H0p 3reKTpOHOB)
) sp 1800 'ﬁ'
M—N=§ N
0 sp2 1200 Mo am
Cr(CO)s Cr(NO),

Okcug asota (lll), asotuctein aHrvapua. N2Os.

N,Os& NO(r) + NO, ) A80298= 139

,142 105, 1 112 7 { 202
x/monb K; AHgs= 40,5 kI>x/Monb;
N 129,8°

1,864 AG®95= -1,59 k[x/Monb; K 20s= 1,93

2 HNO; + H,0 + As;03 — N,O3 + 2 H3AsO,

2 HNO; + 2 SO, — 2 NOHSO, + 2 H,0O — N,O3 + H,SO,
N,O; + H,O & 2 HNO,

N,Os + 3 H,SO, — 2 NO™ + H;0" + 3 HSO,

N,O; + 2 NaOH — 2 NaNO,; + H,0O

Okcup asorta (1V), aByokuch asota. NO,, NoOy4/

——

N.O, = 2NO;
AS°298 =175,7 ,D,)K/MOJ_lb K



AH0298 = 57,20 KD,)K/MOJ'lb
AGozgg =477 KD,)K/MOJ'lb

Y Oz O
N 1.197 \\’ 1,75 // 0
ANE 'N N )15
A0 4 N
O 134 0) o)
N204 - NO+ + NO3_ (+ 2H+) — NO+ + H2N03+ ( + H+) — NO+ + N02+
+ H;0"
p (0°C) 1,3¢10 ™ om™'em™ ; € = 2,42
“‘HenTtpanusauns”.

NOCI + AgNO; — AgCl + N,O,

2 NIOCI + Sn — SnCl, + 2 NO

2 [EtNH;]NO; + N,O, + Zn — [EtNH3],[Zn(NO3)] + 2 NO

Ca0 + 2 N,O4 — Ca(NOs), + N,O;

ZnCl, + 2 N,O4 — Zn(NO3), + 2 NOCI

Tily + 4 NoO4 — Ti(NO3)s + 4 NO + 2 I,

[MNn,(CO)10] + N2O4 — [Mn(CO)s(NO3)] + [Mn(CO)(NO),] (x=1, y=5-x/2)
Fe(CO)s + 4 N,O, — [Fe(NO3);eN,0,] + 5 CO + 3 NO

Cu + 3 N,O; — (NO)[Cu(NO3)s] + 2 NO

4 SO, + 3 N,O4 — 2 (NO),S,0; + 2 NO

Okcug asota (V), a3oTHbIN aHrnmgpug.

N2Os () [NO,"] [NO57] (ra)

AHF 508, St 208, Ok/MONBK  AG{5gs,
k[>x/mMonb k[>x/Mmonb
N2Os («oucr.) -43,1 178,2 113,8

N2Os (raq) 11,3 355,6 115.1



Q) 0 180
"N—O97—~N_ 0=£N>>0
o/ W AN o L4

pacteopsbl B CCl,, POCI:.

N,Os + H,O — 2 HNO;

N,Os + H,O, — HONO, + HOONO,

N,Os + Na — NaNO; + NO,

NaF + N,Os — NaNO; + NO,F

N,Os + 1, — 1,05 + Ny

N2Os + 2 SO; — [NO],[S,07]

[MNOHUTPUTBI.

HONNOH — {HONNO7] — N,O + OH’

2 NaNO; + 8 Na/Hg + 4 H,O — NayN,0O, + 8 NaOH + 8 Hg

NH,OH + RONO + 2 NaOEt (EtOH) — Na,;N,O, + ROH + 2 EtOH

H-N,O, nsomep - HuTpoammg HoN-NO,
HO-N=N-OH 1,18 O
Y 1,43 / 0

N2 N Y30

H 50 "H )

Na,oNNO; ( Na;N,Oj3) HuTporgapokcomaT HaTpus

NH,OH + CH;3;NO3; + CH30Na (CH3;0H) — Nay;N,O5; + CH;0H
( HoNOy) Na;NO, - (rmgpoasoTuctas KMcnota) Corb QHIS
NaNO; (NHj3 sy 9nektponns) — NaNO,

NaNO, + Na (kngkun NH3) — Na,NO,

(0]
120

S



HuTputbl, azooTrucTas KucrnorTa.

H o
0,959{)2’1 o @
O14 3\1\{ 1177
110,7 \O N
. 1,236
/M\\\\
0% 115,4 O

2HNO2 (ras) = H2O (ras) + NO (ras) + NOZ (ras)
AH = 38 k[/mMonb Kp = 8¢10°

KoopanHaums HUTpUT-moHato

/,o M N . 1v[/o\
M—N o N
N \ /
o N\ 0
HUTPO- HUTPUTO- xenaTHasa bugeHTaTHas
O O
N\ N
N—O
I\/I/ \I\/I
@)
/ \
M M
acnMmMmeTpuyeckas u-O bugeHTaTHas
onpeHTaTHas

A3oTHagda kucnota. Hutpartsbl.

L O b (20°C) = 3,72¢10% ow "o’
PG N Yisd £(14°C) = 50+ 10
1406 A5, 1,21
114 \b



Tunbl KOOpAMHALMKN HUTPAT-UOHA.

@)
o N7 O: 120
: X K ilen
O o
MOHOAEHTaTHas BuaeHTaTHasi OCTPOBHas
o) o)
07\
107-
M 109 N H
\\\ /N
O \O
M AN
M
acuMmmeTpudHasa bugeHTaTHas u-0,0’ - BugeHTaTHas MocTukoBas
OCTpOBHas
Jlureparypa.

1. AxmetoB H.C. “O06mas u Hepranudeckas xumus’, M.”Bepicias mkosna”, 1988,
ctp.337-347.

2. Hekpacos b.B., “OcnoBsl 00m1e xumun”, M., “Mup”, 1973, 1.1, cTp.382 - 436.
3. Korron ®@.A., Yunkuncon k., “CoBpeMeHHas HeopraHuueckasi xumus’, M.,
“Mup”, 1969, 1.2, cTp.175-188.

JlononHuTebHAS IUTEPATYPA.

1.¥Ysmnc A. “CpykrypHasa Heopranuueckas xumus’, M., “Mup”, 1987, 1.2, cTp.

566-589.



7. BopgopoaHble coeauHeHusn anemeHToB V - Viirpynn.

FanoreHoBOoOoOpOAbLI.
Coe- |lux, WD |Tons |Tam, |Ece. AHZ, AGY, Pactso-
[INHe- °c C Kbk/monb | klx/monb | kIpKk/Monb PUMOCT®,
e n/100r
HF 092 (1,9 |92 [+19,4 [563,5 -271 -272 oo
HCI 1,27 |1,08 |-112 |-84 432 -92,8 -94,8 82,3
HBr (1,41 |0,8 |-89 |-67 366 -34 -53 221
HI 1,60 |0,,4 |-50,8 |[-35,5 [299 +26,6 +1.78 224
H,9 3

H/\)\H
Coean- |lyx, [ZHOH,° |u,D  |Ton, °C |Twm, |AH?®,  [Ens,  |Ka (eomn.
HeHne °C kw/monb | KIk/Mons | pacTeop)
H,O [0,96 (1045 (1,86 |0 100 |-242 |463  [18¢107
H,S 1,33 92,2 0,93 |-856 |-60,8 |-22,2 |276 10107
H,Se [1,46 |91,0 - -60,4 |-415 |[+77,5 |276 1,7¢10™
H,Te |1,69 |85,9 - -51 -1.8 +143,2 {238 1010
OHj;

P

™~




Coean-  |lhx, |£HOH,° [u,D |Tan, °C | Tam, °C |AHS, En-s,
HeHne KIpK/MOMb k[x/mMonb
NH; 1,02 [107,3 [1,48 [-77,8 [-33 -46,2 380
PH; 1,44 (93,3 0,55 |-133,8 |[-87,7 +5,4 323
AsHj; 1,52 |92 0,17 [-116 -62 +66,4  |281
SbH; 1,71 |91 0,04 |-88 -18 +145 256
[} [ bey
: B . \/
BopgopoaHas cBs3b.
l4,k[>x/Monb
Li 5,392
Be 9,323
B 8,298
C 11,260
H 13,599 N 14,534 P 10,487 As 9,82 Sb 8,64
O 13,618 S 10,360 Se 9,752 Te 9,010
F 17,423 Cl 12,968 Br 11,84 | 10,451
ABTONpOTONMU3.
2 HoX Hoer X+ Hog X
3HF == HyF +HF; k=2,07¢10""
2 H,0 =—= H,0" + OH k=1,8e10"  [H;O"[OH]=10"
2H,S = H;S"+HS t =-80° [HsS*|[HS] = 30107
2NH; = NH/ +NHy  t=-50° [NH,][NH,] = 210"



[vccounauusa B BOOHOM pacTBOpE.

HX+H,0 = H 0" +X

H.X+H,O = H30+ + HX

e

XH; + H,O XH4" + OH

Peakuumn B rasoBou (pase.

PE—— .

H,O + H” H,O" + 714 x[x/monb

——

NH; + H* = NH," + 848,4 k[x/Mornb

HF + H" H,F" + 420 k[x/monb
[Mpouecc AGC9s, |KOX/MOIb

HF HCI HBr |HI
Hrp-p _— HI 24 -4 -4 -4
HF, =—= H+I 537 405 340 |269
H-e = H' 1324 1324 1324 |1324
Me = [~ -349 -368 -344 |-316
H' A+ = H'+, -1518 1398 1368 |1334
> 18 -41 -52 -61
PKa 3,1 -7,1 -9,1 -10,7

H Hal
20 204 :>4 ]
2w g



MmapaTbl npotoHa. (LZHOH = 112° Ioy =0,8 )

H;O" 0
I—I/ \7\1—1
H
HSC)Z+ Q
0 \}H o
" \
H
H7C)3+ Q
N AH--__ H
A \H \o\/
o’
H— H
H
HoO4" Q
S\ A H-_ H
_H \ o~
o0 H
H— -
H
°\
H/ H
o N o @
me MMHZOZ
ConpsixeHHble napbl.
HsO" + OH" 2 H,0O
NH," + NH, 2 NH;3

HF* + HF, = 3HF



CoeanHeHunsa co cBA3bio O - O.

Coepuretne ||, I3, |Tan, °C [T, °C |AGP, PKs (a)
k[>x/monb
H,O, 0,96 1,48 |-0,43 152 -120,1 (11,7)
(25)
H,S, 1,33 2,05 |-89,7 71 - (7,2)
NoH,4 1,02 1,45 |2 113,5 149,2 7,9
0,3
NH,OH 0,95 1,47 |333 - -17,4 8,03
1,02
P2H, 1,44 2,20 |-9,9 65,2 - (26)
N3meHeHne onuH CBA3M Npu NPOTOHMPOBAHMUM.
Coeanrerne | |, o) CoeavHeie o,
NoH,4 1,46 | (NoHg) (HSO4), | 1,40
N,HseH,O | 1,446 | (N2Hs5)(HSO,) | 1,44
NoHgF > 1,42 NH,OH 1,47
N,HsCl 1,42 (NH;OH)CI 1,45
N,HeCl, 1,42 (NH3OH)Br 1,45
N,HsBr 1,45 | (NH3;OH)CIO, | 1,41
3HauveHune geyrpaHHoro yrna HOO/OOH ans H,0..
Coepurerve  |Yron, rpaj | CoeanHenue Yron, rpag.
H202 1. 90,2 Na,C,0,eH,0, [180
H202 ras 111-118 |Li,C,04eH,0, |180
H,O,e2H,0 |129 KoC,04eH,0, |101,6
Rb,C,040H,0, |103,4




1Lec8. OkucnurenLHO-BOCCTaHOBUTENbHbLIE peakUuum coeanHeHUn

anemeHToB V u VI rpynn.

V rpynna N, P, As, Sb, Bi
Virpynna O, S, Se, Te, Po

pH=0
+0,80B +1,078B +1,00B +1,598 +1,778 -3,098 -1,268
NO; - N,O, - HNO, - NO — N.O - N, - HN; -
NH;OH*
+1,418B +1,288
— N;Hs" — NH,
9 nonypeakunn (9! 9+8+7+6+5+4+3+2+1=45)
OKuUCneHHada EO, B ( 1M H+ )
dopma | NH,” NoHs NH;OH  HN3 N, N,O NO HNO, | N,O4
. +
NO; |+0,88 +0,83 +0,73 +0,10 +1,25 +1,11 +0,96 +0,94 +0,80
N,O, |+0,89 +0,83 +0,71 +1,01 +1,35 +1,02 +1,03 +1,07
HNO, |[+0,86 +0,78 +0,62 +1,00 +1,45 +1,29 +1,00
NO +0,84 +0,73 +0,50 +1,00 +1,69 +1,59
N,O +0,65 +0,44 -0,05 +0,56 +1,77
N, +0,27 -0,23 -1,87 -3,09
HN3 +0,69 +0,34 -1,26
NHsOH |+1,36 +1,41
NoHs+ [+1,28
2H" + NO5; + e = NO, + H,0 E°=+0,808 pH/ne = 2
4H" + NO3 +3e =NO +2H,0 E°=+0,968B pH/ne =1, 33

10H" + NO5; + 8e = NH," + 3H,0 E°=+0,888

pH/ne = 1,125



G°
6] '\03 ﬁ[l}lll\:
MO, “NO,

] N—gCH* NO NO
T

N |

NH, "
2 0 qq/é-l. 4 6

Puc.1. Anarpamma ®pocTa ang asoTa.

1. HepaBHOBE@CHOCHOCTb NpoLLeCcCOB.

2. OKUCNIUTENbLHO-BOCCTAHOBUTENIbLHOE ANCNPONOPLMOHUPOBaHME.
N+4 N N+3 + N+5
2NO, + H,0 — HNO, + NO3™ + H" (pH conamHpum ¢ pK HNO,)
NO + NOy + H* (pH < pK HNO,)
1. HNO3°3H20 — H7C)3+ + NO3_

_ H,0- HNO,
T 2. HNO3°H20 - H;;C)+ + NO3_
-10- 2
i IO, HO 1o, HO 3. 4HNO3eH,O0 — 7
o af 410, 10 HNO;
" o Ton, = -41,6 °C
o1 %(20°) om™'ecm™ = 3,720107
i I .
0 2 B & B ® £(14°) =50 +10
HNO, Bec. %
Puc.2. T - x guarpamma H,0O - HNO; CoctaBbl coeguHeHunn, ceorctea HNO;.

2 HNO3 = H2NC)3+ + NO3_ = N02+ + NO3_ + HQO
nnn
3HNO; & N02+ + 3NO3; + H,O



3. Yyactue KaTMOHHbIX POPM B OKUCIIUTEHO-BOCCTAHOBUTENbHbIX

npoueccax (NO,*, NO*). ( Peakuum ¢ manoaktusHeiMu metannamu: Cu, Ag, Hg.)
NO," + M - M + NO,
NO"+M — M" + NO
NO + 2HNO; < H,O + 3NO, (3aBucuMocTb OT KoHueHTpauun HNO3)

B3anmogencrteue metannos ¢ HNO;.
1. Bogopoga (kak npaBuio) He BbIAENSETCS: UCKNIOYEHME - aKTUBHbIE MeTansbl C
ManbiM nepeHanpsxeHnem (Mg, Mn).
2. B KOHUEHTpMpOBAHHOW a30THOW KUCINOTE OCHOBHOW NPOAYKT BOCCTAHOBIIEHUS -
NO,:
NO + 2HNO; < H,O + 3NO,
3. Uem MeHbLUe KOHUEHTpauus a3oTHOM KUCIOTbI, TEM Bbllle CTeNEeHb

BOCCTAHOBJI1€HNA a30Ta.

ey N + N3 — N
of | % N+ N® 5 N0 (?)
| o NH;OH" + NO > N, + 2H,0
QN* NO; + 10H" + 8e — NH," + 3H,0
[ N
0 » mmm% ® ©

Puc.3. Bbixog NpoaykToB BOoccTaHOBMNE- Bo3MoXHble NyTn obpasoBaHUs Npoayk-

HUA (Fe) oT KOHUEeHTpauumn KNCNOThI. TOB BOCCTaHOBIEHUS.

Peakuuuu ¢ yyactnem pagumkanos NO, NO..
4. ManoaktueHble MmeTannbl 06pasytoT Torbko NO unm NO,.
Cu + 4HNO3 (ou;, — Cu(NO3), + 2NO, + 2H,0
3Cu + 8 HNO; — 3Cu(NO3), + 2NO + 4H,0

AHanornyHo ans Ag, Hg.



Mo AorH, S0,

HS0,-H0 HySe0,- HO
2
50 -
0
-20 0
A &
[
404 50
-0
-100
80 +— T T T T T T
00 02 04 06 08 10 00 02 04 06 08 10
Mo e HS0, MOb orAH,Se0,

Puc.4. T - x gnarpamma H,O - H,.SO, n Puc.5. T - x gnarpamma H,0 - H,SeO,4
OTHOCUTENbHAs 3NEKTPONPOBOAHOCTb
pacTBopoB H,SOy.
Cu + 2H,S04 (o, — CuSQO,4 + SO, + 2H,0 ( npm 200 - 300 °C)
(Cu7S, - YepHbIM OCafOK B NPOAYKTaxX peakumnn)
2H,S0, < HSO,4 + H3SO," (MoHHOe npousseneHue ~10'2)
2H,S0y4 kory, + S — 3S0, + 2 H,O (npn HarpeBaHum)
2H,S0y oy, + C — 2SO0, + CO, + H,0O (npu HarpeBaHun)
5H,SO,4 pasb. + 4Zn — 4ZnS0O,4 + H,S + 4H,0
H,SO,4 + H,S —» S + H,0
B3anmopgencteue HNO; c HemeTannamm.
2HNO; + S — H,SO,4 + 2NO
5HNO; + 3P + 2H,0 — 3H3;PO, + 4NO
4HNO; + 3Se + H,O — 3H,SeO; + 4NO
5 HNO; + As + H,O — 3H3AsO, + 5NO



J19. CtpoeHune u peakuUMOHHaA CMNOCOOHOCTbL anemMeHToB V-oun

rpynnbl.

[MpocTble BellecTBa.

N

P>

Iy =1,10 & Epn = 946 kx/Mornb

o

Iop=1,895% Epp =490 kIK/MOmb

OHeprnsa opanHapHoOn curma cBsiau

Enn = 159 - 296 k[bx/monb; Epp = 200 k[x/Mmonb

P4
AS4
Sby

BI4 ras

1

1) bop= 2,25 &

Ihons = 2,44 A
o, B Ps AH,_p =-15,9 kx/monb , T, = -76,9 °C

KpacHbIn choccop: P4 (270-300 °)—
d=2,16r/cm’

P MOHOKNMUHHBIN d = 2,35 r/cm®

YepHBblii: opTopombBuyeckuii d = 2,69 r/icm®

— P

/p\p_
~p

poMBUYECKMiA d = 3,56 r/cm®

KyBU4eckuin d = 3,88 ricm®
CnoeBble mogudukaumm

. Q . 2 r/ry £333, °

P ueprwin 2,231 (3,32 1,499 196,3/102
o-As 2,517 |3,12 1,24 96,7
B-As 2,908 |3,355 (1,153 |96,6
o-Bi 3,072 |3,529 (1,149 |95,5

p/p\p_
~



Kybudeckne mogudumkaumm.

o

P4O1o

ls-3,
P 2,38
As ?
Sb 2,97
Bi 3,8 (3,29) npu BbICOKOM aBneHun
Okcugbl.
9,0, 9,05
P4Os P40y P4Os P4Oq P4O10
As,O¢ As,05
Sb4Os Sb,0s
o,B-Biz O3
Okemnabl pocdopa.
P4Os
AN ‘7
O \O © / p\;o
‘ s Oi\—P o o\ —
R p N/ o~
\ / ~~— © \é
O
CtpoeHune P4Og.n.
P4sOs [P4O7 P4Os [P4sOg [P4O1g
Cummetpus  |43m  |3m 2m 3m 43m
| P"-O-PY |- 1.68 [1.67 |1.68 |-
|P"-O-P" [1.64 [1.64 |163 |- -
|PY-0-PY |- -1.60 [1.59 1.60
| PY-O-P" |- 159 (158 |[1.60 |-
I PV-OKOHLL - 1.44 141 (142 |1.43

(PZOS)



/0-PV-0 |- 115 115  [117  |117

£0,-PV-0, |- 103 [103 [102 [102
~£0,-P"-0,, |100 |99 98 97 -
PV Om-PY |- - 121|123 |124
<PY-Oom-P" |- 124 124 127 |-

«P"Oy-P" (126 [126 (128 [130 |-

P4O1+ 2 HO = (HPO3)s;  P4Ogin+ H,O — ?
P4O¢ + 6 H,O — 4 Hy(HPO:5)

P4O¢ +n/2 Oy — P4Og.n

P,Os + 3 PCls — 5 POCl,

HNO; + P,Os5 — N,Os + (HPO3),

CtpoeHune neHTaookucaa dpocgopa P,Os.

1. MonekynpHoe P4Oqq.

2. Cnowuctoe (PO, - 3 casn): I P-O = 1,56, 1,49 A , Z/POP = 145°.
3. KapkacHoe (10 PO, - 3 cBa3n).
4. CteknoobpasHoe.

CtpoeHune 340s.

3406 3 = OM 3 = OKOHLI,. 4303 LOSO

P,Os [1.604 |1.429 124 102, 117

As,Os |1.78 - 128 99

Sb,Os |2.00 - 129 98

Cnocobbl NonNy4YeHns BbICLLUNX OKCUAOB.
300 36° AL O t
As;05:7H,0 —— As,05- 4H,0 ——> A505 -5 /3H,0 —> As;0;5

Sb + HNO3 KOHL. Sb205.nH20 — Sb205



[Mony4yeHne n npespalieHns As,0Os.

1800
ASzo6 —_—> A8203
MOHOKAHWHHAasA
\ 250° 1560
465°

ASZO3 —_ > AS4O6
AsCly + H,O

A5203 CTEKAO

o

As,03 MOHOKMMHHBIN | As - O = 1,97 », ZOAsO = 95 5°
[Mony4yeHune n npespatleHns Sb,0s.

>606° 655°

Sb406 Ky6I/I"I Sb'roy —_— G\aB
opTOpoMO.

5000 6000

Sb, O

i
-
T 7Y aq.

SbCl, + H,O

Sb,03 opTopomburyeckum Sb-0=2,01%
£0sbO = 80, 92, 98°
£SbOSb = 116°, 131°.

O, -O<., O~ O O
TUsb g sbT sk sk TN

oPv1” 07 0l e

Sh ¢ ) S
\O/ \O/Sb\O/Sb\O

[Mony4yeHune n npespatLeHns Bi,Os.

6LLD 7190
OLR-Bi,O(,+x) = > wmonoxr.-Bi, O, — > ky6.-Bi, O,
4yl
84LP o4 8rlP

BLrOy aq > TeTp,—BiTOy — » (Gas



MoHoknuHHasa mogudukauus o-Bi-Os : k4 Bi =5, 2,13 -2,6 A

o

6 2,84
TeTparoHanbHasa mogndgukauuns B-BiO;
O6bemHoULEHTpUpOOBaHHaA Kybuyeckast mogudpumkauma v-Bi,Oz (BOsE)

Kybuueckasa mogndmkauus o -Bi,Os.

—=— BpH0 —=— BpH0
--m - OpH1 --m - oM
20
5] 4 m
10 .
o o
00 ‘\l\ 24
< - <
05 - . /-
T o \/.
E 5 W0
20 LS
254 24 -
-30 . N
-354 L]
-40 T T T T -4 T
2 0 2 4 2 0 2 4
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1. AxmetoB H.C. “O06mas u Hepranudeckas xumus’’, M.”Briciias mkosa”, 1988,
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J1M10. KucnopopgHblie Kucnotbl hocdopa.
KoopanHaunoHHoe uncro (K.4.) pocdopa =4.
Ceasu: 1) P -O -(H) -o, koBaneHTHasi, nonsipHas.
2) P=0 O, T, KOBaneHTHasi, nonspHas
3)P-H G, KOBareHTTHas, HenonpHas.
4)P-O-P o, nonapHas.
5P-P C, KOBareHTHas, HenonsapHas.

Tabn.1. CoctaB 1 CBOMCTBA KNCNOPOAHbIX KACHOT.

CoctaB |ocHoBHOCTb |pK; [pKy [pKs |[pKs T, °C
HsPO, |1 1.1 |- - - 26,5
HsPO; |2 1,29 (6,74 |- - 73 -74
H,P,0¢ |4 2,22 2,82 |7,27 (10,03 |73 (guruna)
H;PO, |3 2,15 |7,10 |12,3 |- 42
H,P,O; |4 0,85 [1,96 |6,68 (9,38 |54
doccopHoBaTMUCTada Kncnota (conu - rmnooocunTbl).
P, +3 OH + 3 H,O — 3 H,PO, + PH;
Ba(H,PO,), + H,SO, — BaSO,! + H;PO,
120° o H;PO; + 2H" + 2e — H3PO, + H,0
H_O\F?/ E°=0,598
109°
H 92° H

H;PO, — H3PO; + PH; + H, ( Bbie 140°)
H,PO, + OH — HPO; + H,

Ni** + H,PO, + 2 H,O —Nil + PO,> + 2 H,
docdopucTas kucnota ( conu - pocuTbl).
P4O¢ + 6 H,O — 4 H3;PO;

Pcl; + 3 H,O — H3PO; + 3 HCI




) O

16° 0 7
_ RI
H—o (% (RO);P ——> (RO),P 4
104 P439 Y
H—O H

neperpynmuposka Ap6ysoBa

AgNO; + Na,HPO3; —-Ag,HPO3; + 2 NaNO;
KOpU4HEBbIN (?)

Ag,HPO; + H,0 — 2 Agl + H3PO,

Ba(H,PO3), - pactBopum; BaHPO; - manopactsopum

Mupodrocdopuctasa kucnota ( conu - NMPodochuThl).

@) pK; =1,3; pK, = 6,7
H—oO. O—H
NZE\V

Oundoocdopucrtas kucnota : H4P,0:s.
O O
H—O

H—o0"" \{

Tpudocdopucrtas kncnota : HsP30s.

2 Pbr3 +9 NaHCO3 — Na3HP205 +
9 COZ + 6 NaBr + 4 Hzo

NasP;0g¢14H,0 o :O
\ 1iby //
CTerneHb okncneHna gocdgopa: \ b -5
O—p 2124
2 - +3 AN
~ 0
1 - +2 O R



["ekcadocdopuctas kucrnota HgPeO1o.

\ / P-P 22A, Pypac. ¥+ NaCIO + NaOH
\ /O\ / KOHdpopmaums - kpecrno NagPeO4, nonydeHue
o— P—o (Ps) NOXOX€E Ha CUHTE3
O— ‘ f‘) MEernmMTOBOW KUCIOTbI N3
/ \ ~ \ rpagura
e \ °

docgopHoBaTas kucnota ( nsodocgopHosaTtas) : HyP,0s.
@)
H—O0 // H/O_H H— \// \\/O_H
27
o / A \ e \ / \

—H

I [!
I H4P,0O5 - H3PO3 . H3;PO, (B BOAHOM pacTteope npu pH<O0)
| H4P206 — H4P205 + H4P207 ( B BOOAHOM paCTBOpe)

OpTodocdopHas kncnota: HzPO,.

H—O\ 40 H,PO, - ourngpodocdatsl
H O~ p\O_H HPO,? - ruapodocdaTtsl

PO, - docdatsl (opTO-)

3 AgNO; + 2 Na,HPO, — A93PO4~L + NaH,PO, + 3 NaNO; (xentbin
0ocafok)

2 Na,HPO, — Na4P,0; + H,O (koHaeHcaums rugpodocdatoB npu Harp.)
x NaH,PO4 — (NaPO3), + x H,O (koHaeHcaunsa aunrnapodocdaTtos )

3 Na,H,P,0; +4 AgNO; — Ag4P,07! + 2 NaH;P,0; + 4 NaNO; (6enbin)
12 MoO,*" + H3PO, + 12 H,0 — [PM04,040]> + 27 H*

(NH4)3[PM0412040] - kenTbit 00canok - gpocopmonndaaT aMmMOHUS

PO, - ueHTpanbHbI TETpasap

12 MoOg - (4 x 3)



H,FO,-H,0

60
0
0]
0
o o
?_. i
40 -
0
0
-100 | T T T T T T T T T
00 02 04 06 08 10
vark JorAH; FO,
MonudoocdaThbl.
(HO),PO - [PO,(OH)], -OP(OH),
Hn+4|:)n+203n+7

n=1 HsP304 pK;=2,70; pK, = 6,52; pKs = 9,22.

n=2 HgP4)3 pKs; = 1,40; pK,s = 4,22; pKs = 6,70; pKs = 8,3.

N—co - IMHENHAA MeTadocdopHasa KucnoTa.

H;PO4 — H4P20; — HsP3019 — (HPO3),

Cu(HyPO,); — Cuy(PO3)s  umknoTtetpameTadocdat meam
Cuy(POs)s + 2 H,S — (HPOs), +2 CuSl

Na H,PO, — (NaPO;), - conu 'pama, Kyppons, Magapens, KHoppe.



KayecTBeHHbIe peakuun metadocdaTtos.

Conb MeTon nonyyeHus CsowicTtBa
Mapnpensa |NaH,PO,, 300-400° KPUCT. HepacTB.B-BO
KHoppe 1. NaH,PQO,, 500-600° pacTBOOPUMOE B-BO, HET
2.Conb Mpema 300-400° ocapkoB ¢ Ag*, Pb**, ocagok ¢
Ca*".
(NaPQO3), CuO + 2 H;PO,, 400°. ObmeH |Benoe pacTBopumoe B-BO,
¢ Na,S. OcaxgaeTcsi ¢ Pb?*, Ca*"
HeT ocagka c Ag”.
‘poama NaH,PO, nnaBneHue Bblille PacTtBopumoe cTekro-
500°, ObicTpoe oxnaxaeHue |obpasHoe B-Bo. OcaxkgaeTcs
<200°. Ag*, Pb*. HeT ocagka ¢ Ca*".
Kyppons KH,PO, HarpeBaeTtcs Bbilwe |HepacTtBopumoe B-BO.
300°.
‘S
R
Pl
g |
o
o oEE

Puc.1. CogepxaHne gooChopHbIX KUCIOT B pacTBoOpe B 3aBUCUMOCTU OT

koHUeHTpauun P,Os. ( BepTukanbHbIM NYHKTUPOOM OTMEY€EHbI COCTaBbI,

cooTBeTCcTBYOWME nocnegosatenbHo H3PO4, H4P,07, HsP3044, HPO3.)
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J1. 11. CTpoeHue u peakLMOOHHasi CNOOBHOCTL 3nemeHTOB V-0
rpynnbi.
2.2 2.2 o o
ns“p” ( 2s°p” - Nosly3anofHEeHHbI BTOPOM YPOBEHD)

koHdpurypaums  2s’p? 2s%p? 2s%p? 2s'p’

TepM p 'D 'S °3
E, kbx/monb O 121,5258,2402,3
C Si Ge Sn Pb
MkoB.» 0.772 1.176 1.223 1.405 1.46
30 25 18 18 18 19
Thnas., °C 4100 1420 945 232 327
T, C ~5000 cy6n 3820 2850 2613 1751
d, ricm’ an.3,514 [2.336 5.323 5.769 11.342
rp.2,256 2.905 6.71 7.26
AHq, 105,0 50.6 36.8 7.07 4.81
k[>x/mMonb
AHycn., 710,9 383 328 296 177
k[>x/Mmonb
AHg-, 716.7 454 383 300.7 195
k[>x/mMonb
p, omcm™ 10™-10"® |48 47 B 10° 1070
AEaans., 580 106.8 64.2 o-7,7 0
k[>x/Mmonb B-0

rpacout




164 65004 c
s anf 1 D
14 - 07 \ ok
‘ 5000 S Ge
/./- 4500 L) S S] PO
12 Si g 4000 \ S
< ™
g Ge 3 ﬁ: — .
%1 dc 1000: — \i
o » A pA pA =3 » A pA
Mopraroes 1 HVED TOPTIOELIHOMED
400017 T\
T \"m=~___ 2KHJKOCTb
rpagur \ Se~a
3000 | % .
\\ ~_~(/
\\ \\
2000 \. aiMas
\\\ \\
1000 | \
1 1 1 1 1 P, x6ap
0 100 200 300 400 500 600

NHTepkanupoBaHHble coeanHeHus rpaduTa.

BewlectBo |p, om'cm™ (90 K) |p, omem™ (285 K)
o - rpacput | 37,7 28,4
CeK 0,768 1,02
Ci2K 0,932 1,15

Ci2K



K«Ceo T.=18,0£0,1 K J.Inorg.Chem. ,1991, v.30, p.2838
RbyCeo T.=28,6 K p.2962
[MonyyeHne cynnepeHoB.

Crp. = Nap — KoHAeHcauusa — nepekpucrannusaums (pasgeneHve Cgo 1

Cro).

T, C — Si — Sn
1500

1000

500

50 10|0 P, k6ap
Puc.1. P - T gnarpammel BbICOKOro AaBneHunsa ans NpocTbix BewecTs 1V-on
rpynnbi.

1. YMeHbLlweHune P, T TponHon Toukn (C— Pb).

2. YMeHbLueHune napameTpos nons (P,T) anmasonogobHomn

Moaucpukaunu.

3. YBenuyeHne ycTon4ymBoCTM MeTannndeckomn gasoi.
C.nmas Kybnyecknn — rekcaroHanoHoln (P, T =?)

NaHcoennt  d 6. = d rexc.

Si  1.kybuueckun

2. TeTparoHaneHbIn (TN 6enoro onosa).
Ge 1. «kybuyecknn a = 5,6575

2. TeTparoHanbHbIN (TUN 6enoro onoea)

Sn 1. kybuyeckoe (o -Sn) a = 6,4892



2. o.u.TeTparoHanbHoe (B- Sn) a = 5,8317, ¢ = 3,1813
Pb TLK a=4,9502
Si + 2 NaOH + H,0O — Na,SiO; + 2 H,
Pb+2H"— Pb* + H,
Sn+2H" — Sn*" + H,
Ge + 2 NaOH + 2 H,0, — Na,[Ge(OH)g]
5 PbO, + 2 Mn(NO3), + 6 HNO3; — 5 Pb(NO3), + 2 HMnO,4 + 2 H,O

R — C

nE° B
N
|

Puc.2. Anarpamma ®pocrta ansa anemeHtos 1V-om rpynnel pH=0.
koopanHaLmoHHble C - 2 (sp); 3 (sp?); 4 (sp°); 5, 6 (rTMnepBaneHTHbIe CB.)
uncna Si-4,6 (SiF")

Ge - 4 (GeOy); 6 (GeOy)

Sn (2+) 3 (SnCl,, CsSnCly)

4 (SnO)

Sn(4+) - 4 (SnCl,); 6 (K,SnCl)

Pb(2+) - 4 (PbO)

Pb(4+0 - 4 (Pb(C.Hs)s ); 6 (KoPbClg)



Okcuabl yrnepopa.

CO CO, C30,

Ton, °C -205,1 |-56,6 (5,2 atm) [-112,5
T, °C -191,5 |-78,5 (cy6n.) 6,7
AH?, kOx/monb  |-110,5 |-393,5 +97,8
lc.o, A 1,128 |1,163 1,16
Ceounctea COXo.

COF, COCl, COBr,
Ton, °C -114 -127,8 -
T, °C -83,1 7,6 64,5
d, r/lem® (°C) 1,139 (-114) {1,392 (-19) |-
lc.o, A 1,174 1,166 1,13
lc.o, A 1,312 1,746 (2,05)
£LX-C-X,° 108 111,3 11045
£0-C-X,° 126 124,3 125
CsoncTtBa ruapmaos.

CH, SiH,4 SioHg GeH, Ge,Hg

Ton, °C -182,5 -185 -132,5 -164,8 -109
Tam., °C -161,5 -111,8 -14,3 -88,1 29
d, r/em® 0,242 0,68 0,686 1,52 1,98
(°C) (-164) (-186) (-25) (-142) (-109)




[fanoreHunabl..

1. dTOPUAbI.

CF, SiF4 GeF,4 SnF4
Ton, °C -183,5 -86,8 -151 (4 at™m) |-
T, °C -128,5 -95,25 cybn. |-36,5cybn. |705 cy6n.
d, r/em” (°C) |1,96 (-184) [1,66 (-95) 2,126 (0) 4,78 (20)
2. Xnopwuaebl.

CCl, SiCl, GeCly SnCl, PbCl,

Tan, °C -22.9 -68,9 -49,5 -33,3 -7
T, °C 76,6 57 83,1 114 B3p. 100°
d, ricm® 1,594 (20) |1,48 (20) |1,844 (30) |2,234 (20) |3,18 (0)
(°C)
3. bpomunaebi.

CBry SiBry GeBry SnBr,
Ton, °C 90,1 5,4 26 31
T, °C 189,5 152,6 186 205
d, r/lem® (°C) [2,94 (10) [2,77 (25) [2,10(30) |3,40 (35)
CCly + H,O —»

SiCly + 2 H,O — SiO, + 4 HCI

GeCly + 2 H,O — GeO, + 4 HCI
GeCly + 2 HCl — H,[GeClg] pacreop
SnCly + (2+n) — SnO,enH,O + 4 HCI
SnCl, + 2 HCI — Hy[SnClg]

PbCl, + 2 H,O — PbO, + 4 HCI

PbCl, + 2 HCI — h,[PbClg]

PbCl; 1. + 2 HCI + Cl; — H,[PbClg]
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2. HekpacoB b.B., “OcnoBbl 00m1e xumun”’, M., “Xumus”, 1.1, ctp.492-535, 620-
643, 1973.

3. Korron ®@.A., Yunkuncon k., “CoBpemMeHHas Heopranuueckasi xumus’, M.,
“Mup”, 1969, 1.2, ctp.117-154, 306-338.

JlononHUTENBHASA IUTEPATYPA.

1.Ysmnc A. “CpykrypHasa Heopranuueckas xumus’, M., “Mup”, 1987, 1.3, c1p. 5-
114, 316-336.

2. “XuMmn4yeckuk n pusmyeckne csoncTsa yrnepona’, nog.peq d.Yokepa,
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1lec12. 30HHasA Teopusi CTPOEHUA: MeTasnsbl, NONYNPOBOAHUKU, NU3ONATOPbI.

EA

A

s

ns? np?

aNeMeHT | o, A | AEng.np, 3B |Q, oM oM

AE3.3., 3B CBOWCTBA




C 0,772 5,3 10™-10™ 6 AVISNEKTPUK
Si 1,176 5,2 ~48 1,1 NOJSTyNPOBOLAHMNK
Ge 1,223 6,7 ~47 0,7 NOSTYNPOBOAHUK
Sn 1,405 5,8 107 0,1 MeTans

Pb 1,46 ~9 107 ~0 MeTann
OUNI3NEKTPUK MeTarn nonynpoBoaHUK nonymeTann

N303nekTpoHHble aHanoru.

2 Si — AIP — MgS —  NaCl
2 Ge — GaAs —  ZnSe — CuBr
(0,79B) (1,35 a3B)
2 o-Sn — InSb — CdTe —  Adl
(0,1 3B) (0,71 3B)
AIIIBV AIVBVI
InP ZnS
(1,27 3B) (3,77 3B)
CdS
(2,42 3B)
A'BY AVBY A2|”B3VI AZVBBVI
ZnSb GeP Ga,S; As,S;

HonuposaHue Si(P).



B - ns?p’ Si - ns?p? P - ns’np?

AE

30Ha IPOBOAWMOCTH 30HaAsTIIPOBOJAUMOCTH 30HasAIIPOBOAUMOCTH
A
AOHoprIﬁG—@@—@@————L4E€ AE AE aKkgenTopEpld \E
yPOBEHb yPOBEHDb A
BaAEHTHasII30Ha BaA€HTHasII30Ha
BaA€HTHasIsI30HA
ONeKTPonNpOBOAHOCTb.
G = 0,0 5T (coBCcTBEHHAs 3NEeKTPONPOBOAHOCTb)

MpuMecHble NONyNPOBOLHUKN.
Oy = G 00 E2T S, = Gpo.e—AE/ZKT

In 6 = In 6,- AE/2kTe1/T

tg o = -AED(a )/2k
tg o = -AE/2k

(ne/ny) +b =8
Ne - OBLLEE YNCNO BaNEHTHbIX 3SIEKTPOHOB (S, p) HA POPMYITbHYIO eOuUHNLLY;
N, - Yncno atomos IV - VIl rpynn (aHMoHooOpa3oBaTenen);

b - yncno “aHnoH - aHNOHHBLIX” CBA3EWN.

JHepreTnyeckasa pasHoCTb NS - np opbutanen (AEqs .y, 3B).



2-o1 nepuoa Li Be B C N @) F Ne
1,9 2,8 4,6 53 6,0 | 149 | 20,4 | 26,8
3-un nepvoa Na Mg Al Si P S Cl Ar
2,1 2,7 4,5 5,2 5,6 98 | 116 | 13,5
4-bI1 Nepuoa - - Ga Ge As Se Br Kr
5,9 6,7 6,8 | 10,4 | 12,0 | 13,2
5-bI11 Nepuoa In Sn Sb Te I -
5,2 5,8 6,6 8,8 | 10,1
6-o1 nepuoa TI Pb Bi Po At -
(7)) | (9 | (10) | (12) | (16)
Jlntepartypa.

1. H.C.AxmeToB, “O0Lwas n HeopraHudyeckasa xumma”, M., “Bbicwias wkona”,
1988, cTtp. 118-122.
2. A.®.Yran, “Obwasn xumusa”, M., “Beicluas wkona”, 1977, ctp. 275-289.



J1.13. CTpoeHue u cBOMCTBA KUCITIOPOAHbLIX COeAUHEHUN KPEMHMUS.

SiO, (SiO) - CO,, CO
Si + SiO, — SiO (3akanuBaHue)
SiO..

1470
B-KBale ‘86—7_‘ B-TpM,D,MMVIT—‘ B-kpuctobanut

T

apu a-TpUaMMuT a-kpuctobanut

200-280

Puc.1. ®asoBble npeBpalleHnsi Npy 06bIMHOM AaBfIEHHUN.

100 = chawosur
P, kbap
KO3CUT
50 -

-
-
----------
-
e -

a-ksapy TPMAUMUT

b-kBapy

1 } \

s
——

1000 1500 T,0C

Puc.2. P -T pasoBasg guarpamma okcuaa KpeMHUS Npu BbICOKNX
AaBNeHusIX.

Tabn.1. CeoncTea pasnuUyHbIX MogmMduKaumin okcuaa KpeMHUS.

Moaudumkaumst  |d, ricm’ lsio, A /Si-0-Si, °  [k.u. Si
aMopPMHbIN 2,196 4
TPUAUMUT O 2,265 1,50 4
TpnaummT 1,61 144 4
Kpuctobanut o |2,334 1,61 147 4
kpuctobanut B |2,334 1,61 147 4
KBapL o 2,655 1,597 144 4




kBapuy 3 2,533 155 4

KO3CUT 2,911 - 137-150 4

KeaTut 3,010 - - 4

CTULLOBUT 4,387 4x1,76 ~180 6
2x1,81

CunukaTtbl.

“HsSiO4” & Si(OH)4 (K.4. Si=4)




['mapokcocunukaTol.
SiO,(OH),*

H—O O
10@3\;5116
O

H— O 108

Sio,*

A

n(Si05%)
(Si300)*

AV

(SigO4s)'*

SiO3(OH)*
H0’9 04,70 _O
R
Ss
O 0
Si,0,%
0o o %/\/
Si @) \
O
O
S0 %Q
O
(Sis012)%
(SigOp4)"®



VAVAVAVAV/AVIN o

A_A_A
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1. AxmetoB H.C. “O06mas u Hepranudeckas xumus’, M.”Bricias mkosa”, 1988,

ctp. 395-398.

Jlureparypa.

2. Hekpacos b.B., “OcHoBbl 00m1eit xumun”, M., “Xumusa”, 1.1, ctp. 582-589,
1973.

3. Korron ®@.A., Yunkuncon k., “CoBpemMeHHas Heopranuueckasi xumus, M.,
“Mup”, 1969, 1.2, cTp.319-326.
JlonoyiHUTEIBHAS JIUTEpATYpA.

1.Ysmnc A. “CrpykrypHas Heopranuueckas xumus”’, M., “Mup”, 1987, 1.3, cTp.

114-162.



J1.14. Oco6eHHOCTU CTepeoxumMmun coeamHeHMn b6opa.

1185 182282[31
OnemMeHT Be B C N O F

r,, A 1,13 0,88 (k) 0,71 (m) |0,77 |0,70 |0,66 |0,64
Iy, kOx/monb  |899,5 |800,6 1086 |[1402 (1314 (1681
Tabn.2. Npouecchbl MOHM3aUNN.

NcxogHbin aTom ONEKTPOHHOE OcHoBHoM TepMm | 4, kKk/MOnb
(MOH) COCTOSAHNE

B 152s°2p’ “Pij2 800,6

B 1s°2s 'Sp 2426,5
B 1s2s’ *Sii2 3658,7
B** 18 'Sp 25018, 1
B* 1s’ *Sii2 32816,8
ct.ok 3 (1) K.4. 3 (aHanornyHo C,N)

AEjs o, = 4,6 3B 4 (aHanormyHo Si)

Tabn.3. AnuHbl cBA3EN.

Cessb |[B-B |B-N |B-0O B-S |B-H B-F |[B-Cl
I, A 1,589 [1,281 |[1,2049 |1,609 (1,2325 |1,262 (1,715
Yros. |1,76 1,58 [1,54

[MpocToe BeLlecTBo.
Tan 2450 £ 20 K
Twn 3931 K

[MnoTHOCTBL

AH.;, = 5,39 kkan/monb

AHcyen. = 131,6 £ 4 kkan/monb

B amopdHbI 2,35 + 0,05 r/cm®

B-pomboagpwny. 2,35

r/lcm®

o - pom6oagpuy. 2,45 + 0,01 r/cm®

doasbl BbICOKOro gasrnenua 2,46 - 2,52 ricm®




Tabn.4 NonumopdHbie moandukauumm bopa.

Moaudumkaumsa a, A c, A o ZB
o-pomboagpuyeckas 5,057 - 58,06 (12
rekcaroHanbHas 4,908 12,567 |- 36
B-pombosgpuyeckas 10,145 |- 65,28 |[105
rekcaroHarnbHas 10,96 23,78 |- 324 (12x7)
o-TeTparoHanbHas (1) |8,75 5,06 - 50
o-TeTparoHanbsHas (Il) |8,57 8,13 - 78
TeTparoHanbHas (l1)) 10,12 14,14 - 192
rekcaroHanbHas 8,932 9,8 - 90
208

Puc. 2. CtpykTypa Bsy.




XmMmumnyeckme csoucTBa.

MgB M3BQ MB RU11B$

MB, MB+, (AlB12)
Cr+nB — CrB,

2TiCly+4 BCl; +10H,— 2 TiB, + 10 HCI

n BX; + (x+1) M — MB,, + x MCl3x

BCl; + W+ H, - WB + 3 HCI

Coctas B,C TiB, ZrB, HfB, BN
Ton, °C 2456 2980 3040 3250 3000
NbB,, TaB,, CrB, - HepacTBopuMsbl B ropsiyent HNO:s.

M;B,4

NbB,
3000



Tabn.5. Beicwumne ranoreHnabl bopa.

BF3 BC|3 BBr3 B|3

TFIJ'I.’ OC

-127,1 |-107 |-46 49,9

TKVII'I.; OC

-99,9 12,5 (91,3 |210

AH?, kkan/monb

-268,5 |-97,5 |-495 |-

S, kan/mons rpag 61,1 69,29 |74,49 |-

le-x, A

1,30 1,75 1,87 12,10

Esx, Kkan/monb

154,3 |106,1 |88,0 (63,7

ZXBX, °

120 120 120 120

BX; + 3 H,O — B(OH); + 3 HX
BF; + H,0 — BFzenH,0

n=2 [H3O][BF;0H]

4 BF; + 3 H,0 — 3 HBF, + B(OH);

Hu3wwne ranoreHnabl.

B.Cly

B,F,

W;

pCl;
[PCLI[B,Clg ]l €——

NMe,Cl
ClzB'CHz_CHz_BCIZ

[NMe,],[B,Cl] t

B,Cl,
BgClg



KucnopogHble coegnHeHust bopa.

Tan. 450 °C
Twn. 2250 °C

dipuer. 2,46 r/em®

d., 1,8-1,84r/icm®

1/2 B,O3 + 3/2 H,O = B(OH);
B(OH)s + H>O = B(OH)3 44

B+ 3/2 H2 + 3/2 02 = B(OH)3

CtpoeHune B(OH)s.

Tabn. 6. Kpuctannunyeckmne mogndmkauum HBO.,.

J

O

B TB?O\B 1,20
\\’O

1,36

-AH = 9,13 kkan/monb

-AH = 5,17 kkan/monb

-AH{ = 262,16 kkan/mornb

20 40 60
moab. % B,0Os3

T - x anarpamma B,0O3 - H,0.

Moaudumkaumus | cTpykTypHbIi MoTuB | T, °C  |koopa.uucno B |d, ricm®
pomMbuyeckas cnou B,O3(0OH); 176 3 1,874
MOHOKITMHHasA uenu B;O,OH(OH), |201 3,4 2,045
Kybunyeckas kapkac BO, 236 4 2,487

B(OH); + HoO — HyO" + [B(OH)




bopaTbl.

OTtHoweHune O:B

CTPYKTYPHbIA TUN

Umncno moctukosbix O

3

opTo6opaTbl BO;™

0

2.5 nupo66opaTbl B,Os" |1
2 mMeTabopaTtbl UMKIbl |2
1,5 B,O; - uenu 3
O o) o)
(‘) K / O\B/ O\B/
O/B\O O/B\O (l)/ \(l) IO/ \IO
N . S ey s
o 07 g o7 9T o \ O/ %
B3045 (B203) B3Os B3Os5 B30s (BOy)
Ca[B303(OH)5].nH20 C3[B304(OH)3].H20
B,O/* Na,[B,O5(OH)4]e8H,0
o| [B4O6(OH),*
—B”'O
L7 N
\O/-B\O
$
0 O ') O
3—0 0—8" “B—O Q_B/—O
/ \ / \ / \ / \
O
\ /N / O B O
B—0" 0—B'_ —d o—r
O O / \O
O
K[B5Og(OH)4]2H,0O NH,4[B507(OH),JeH,0O



J1.15. T'mapuabl 6opa ( 6opaHbl).
A.lUtok 1912 - 1930 rr.
MgB; + HCI — MgCl, + B,Hsg ( B4H10, BsHg, BsH1o, BsH11, B1oH14)

Tabn.1. CeoncTtea 60paHoOB.

CoctaB |HassaHue Tons °C | T, °C |AHP, kx/MOnNb
B.Hs avbopaH -165,6 |-92,6 36
BsH 10 TeTpabbopaH -120 18 -
BsHg neHTabopaH-9 -46,8 60 54
BsH 1 neHtabopaH-11 |-122 65 -
BsH 10 rekcabopan-10 |-62,3 - 71
BsH 1> rekcabopaH-12 |-82,3 80 -
BsH 1> okTabopaH-12 -20 - -
BsH1s okTabopaH-18 - - -
BoH15 9HHeabopaH-15 |2,6 - -
BioH1s |AekabopaH-14 99,5 213 32

Hupo6opaHbl ByHy+n ( HUOO - “rHE3ObILKO™)

ApaxHobopaHbl B He.n (@paxHo - “nayTnHka”)

Tepmuyeckoe B3anmMonpesBpalleHne 6opaHoB.

> B4Hjg

600°

2000

950

1809

BsH jj<——

1000, Hj







B/B\ /\B B< %\B ///\\B

}3/3\\3 }32\/B\\B 8 A
N N, D

B\\B/B

B/B B B P

\ / \ \s—~ \ \
A A \ B/

A A jy
g . e\ /73

B

MonyyeHne 6opaHoB.

2 NaBH,; + I, — B,Hg + 2 Nal + H, (B pacTtBope gurnuma, Bbixog 99%)
2 NaBH, + H3PO4 — B,Hg + 2 NaH,PO, + 2 H, (npu 70°)

3 NaBH; + 4 Et,0eBF; — 2 B,Hgs + 2 NaBF, + 4 Et,0 (B pactBope
anrnuma)

2 BF; + 6 NaBH; — B,Hg + 6 NaF ( npu 180°)

Xvmuyeckmne CBOUCTBA.

B,Hg + 3 O, — B,0O3 + 3 H,0O AH® = -2165 k[x/Monb

BoHe + HCI — B,HsCl+ H, (B rasoBon dase, npu HarpeBaHun)

B,He + 3 Cl, — 2 BCl; + 6 HCI



XrMunyeckas cBsi3b (TPEXLEHTPOBAast ABYX3NIEKTPOHHas).

H
B'&'B
H
B/—\B
B
B B
B
B/—\B
B
BA B
B

P

vs]

OTKpbITas TpexueHTpoBas CBA3b
BHB

OTKpbITas TPEXLIEHTPOBas CBA3b
BBB

3aKpbiTas TpexueHTpoBas CBA3b
BBB



CTpoeHne 6opaHoB.

BoHs
H
132911 NN
N
>BY-I0BE 15180 B
H™ N9650/ “H y N\ TH




B1OH14

H
H
—H
H

SH
KapbopaHbi.
BioH14 + CoHy, — B41oCoHq2 + 2 H, (kaTanutuyeckmin npouecc npum
HarpeBaHuK)
Ic.c=1,40 A (B B1oC2oH12)
lc.c=1,64 A
lc=c = 1,54 A
le.c = 1,34 A
Tabn.2. Cesasn B 6opaHax.
CoctaB |Yucno at. |Ywucno Yucrno BHB |BBB (3) [BBB (o)

opbuTanen |Ban.anek- |TPexueHT.
TPOHOB cBA3en

B,Hs 8+6=14 6+6=12 2 2 - -
B4H1o 16+10=26 |[12+10=22 |4 4 - -
BsHg 20+9=29 |[15+9=24 |5 4 1 -
BsH4+ 20+11=31 [15+11=26 |5 3 2 -
BsH1o 24+10=34 (18+10=28 |6 4 2 -
BsH12 24+12=36 (18+12=30 |6 4 2 -
BsH12 32+12=44 |24+12=36 |8 4 4 -
BioH14s [|40+14=54 |30+14=44 |10 4 4 2
BioHie [40+16=56 |30+16=46 |10 8 2 -




Jlureparypa.

1. AxmetoB H.C. “O06mas u Hepranudeckas xumus”’, M.”Bricias mkosna”, 1988,
ctp. 413-427.

2. Hekpacos b.B. “OcnoBsl 001eit xumuu”, M., “Xumus”, 1974, 1.2, ctp.5-32.
3. Korron ®@.A., Yunkuncon k., “CoBpemMeHHas Heopranuueckasi xumus, M.,
“Mup”, 1969, 1.2, cTp.78-118.

JlonoysHUTENBHASA JIUTEPATYPA.

1.¥Ysmnc A. “CpykrypHasa Heopranuueckas xumus’, M., “Mup”, 1987, 1.2, cTp.

163-222.



J1.16. XuMua nHepTHbLIX rasos.

Tabn.1. CBoncTtea 9NeMeHTOB.

OnemeHT |Nnn |3nekTpoHHoe cTpoenue |ly, 3B  |E np®— np’(n+1)s
He 2 1s* 24,58 |-
Ne 10 15°2s°p® 21,56 [16,5
Ar 18 15°25°p°3s°p° 15,76 |[11,5
Kr 36  |4s°3d"%4p° 14,0 (9,9
Xe 54  |5s°4d'5p° 12,13 8,3
Rn 86 |6s°4f'*5d'%6s? 10,75 |6,8
250 —
—eo—T .
—o—T
200 4 K
150 /
R / _________________
50 //
of &
R 40 & o 1w
N

Puc.1. Temnepatypbl nnaeneHus un kmnenus He, Ne, Ar, Kr, Xe, Rn (B

conoctasfieHnn ¢ Ty No 1 O5).

He Ne Ar Kr Xe Rn
AHycn., 0,02 0,44 1,5 2,3 3,3 4,3
Kkan/monb
conepxatue, 06.% |5 24410 |1,83010° 0,934 |1,14¢10° |8,7¢10° |-




OTKpbITUE NHepTHbIX razoB. Pam3anm (NP 1904 r)

dTopnabl KceHoHa. baptnet (1962 r).

02 + PtFG — 02+[PtF6_]
Xe + PtFg — Xe(PtFe),

Xe + F,— XeF, (npu HarpeBaHun, N3bbITOK KCEHOHA)

Xe + 3 F, — XeFg (npn HarpeBaHuu, n3dbITOK hTopa)

Xe + 2 F, — XeF,4 (B cMecu ¢ gpyrummn npogykramm)

Tabn.2. Ceonctea bTopmMaoB KCEHOHA.

CoeguHeHne T,.,,°C

XeF?

Xe F4

Xe FG

140

114

47,7

KKan/morsb

CTpoeHue
MoneKyrnbl

nMHenHoe

KBagpaT

oKTasap

F— Xe—F

F\Xe/
F— @\F

F\Xe/F

F— | —F

TpexueHTpoBble YeTbIPeX3aNeKTPOHHbIe CBA3M (T1nepBaneHTHbIe).



2 XeF, + Si — SiF, + 2 Xe

4 XeF, + KI - KF + IF; + 4 Xe

2 XeFg + SiO, — 2 XeOF, + SiF,

XeFg + RbF — Rb[XeF/]

2 Rb[XeF;] — XeFg¢ + Rby[XeFg] (npn HarpeBaHumn)
XeF, + H,O — Xe + 1/20, + 2 HF

XeF4 + 6 H,O —» XeO; +2 Xe +3/2 0, + 12 HF
XeFg + 3 H,O — XeO; + 6 HF

XeOj + 2 OH — XeOg* + Xe + 0, + H,0
Ba,XeOg + 2 H,SO, + 2 H,0O + XeO,

XeFg + AsF5 — [XeF5'][AsF¢]

XeF, + 2 SbFs — [XeF3"|[SbaF14]

2 XeF, + AsF5 — [XesF3|[AsFs]

214 _F
1,9 XeOXe
F/ 1510 \F

nE° B

o
L

Puc.2. Anarpamma ®pocTa KCeHoHa.



Jlureparypa.
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3. “CoeguHeHnsa bnaropogHblx razos”, nog.pen M.®.[ywneHkosa, M.,

“ATomuspgat’, 1965.



2-J11. “Xumuna metannos”.
anemeHTbl ( = 80)
MeTannbi NpocCTble BellecTsa
cnoxHole Bewlectsa (YBa,Cus;07,)
1. ONemMeHTblI -
MakcumarbHbI pagnyc (Muer = Mos.)
MWHUMarbHbIN NOTEHLLMaNn MOHM3aLUumn (ns1, ns?, np™)
U
BOCCTaHOBUTENbHbIE CNOCOBHOCTU

(MONOXOKUTENbHbIE CTEMEHN OKUCITEHNS)

s -1A, 1A (12)
p - min r, max m (9)
d - (3x10 = 30)
f - (2x14 = 28)
MeTannuyeckas cBA3b.
aNemMeHT Li Na K Rb Cs
AH® e My, kk/Mone  107,8 73,3 49,9 47,3 43,6
AH,;, kK>KMonb 162 110 90 88 79

KauecTBeHHble xapakTepucTukm metannudeckon cBasn (Tan, Tn.)-
anemeHT  Li Na K Rb Cs
Tan °C, 180,5 97,8 63,2 39 28,5
T, °C 1347 881,4 765,5 688 705



OcHoOBHbIe CTPYKTYpbl MeTansoB. [NnoTHenwas waposas ynakoska ([MLUY).

= -
LR |\~
hI__O\O/ / Os ‘\_Q/
\\/ AP TS ‘tl/
Q / ol
7971 A RATREN
/ // \Q_ 1 ;/,_O - 0= >0
W - ’\O\T// / \J /
= (0] (0] (0]
MUK (Cu) rmy (Mg) OUK (a-Fe)
ABC...ABC... AB..AB..AB..
12 nnockocTel CKONbXeHNUs1 3 NITOCKOCTU CKOSbXEHMS
K.Y. 12 K.J. 12 K.4. 8
74% 3anonHeHunsa 74% 3anonHeHus 68% 3anonHeHunsa

TpuroHanbHble nyctoTbl 8N (0,155)
TeTpasgpuyeckue nyctoTsl 2N (0,255)
okTasgpudeckme nyctotol N (0,414)

OD,HOKOMI'IOHGHTHbIe anarpamMmbl.

300 1 600 ‘V
T,°C
T,oC , :
200 400
200/
100 |
0 0 I Il
-100 -200
] I I I I I I I I I
20 40 P, x6ap 20 40 P, x6ap
Cs |- OLKK Tl I- OLIK
II- UK Il -y
Il - TLK (6s — 5d) 1l -FLK

IV - FTIY (?)



,D,ByXKOMI'IOHeHTHbIe aunrpamMmmbl.

638
600 '
500 \ 50
T.oC i T.%
400 } !
300 | \
200
975
100
I I LI 0 I I LI
0 ar.% Na 100 I% ar.% Rb 13%
Mg Na
XK
K+a
o 2ﬁ+b//
B
3
o+p

A

B

NMC - nutepmeTannmnyeckoe coegmHeHume.

1. Mpasuno Pyanpe. Ar < 8-15%,

6nmnsoctb 30, aNeKTPOHHOM KOHMUrypaumm (TBepable pacTBOpbl).
MeTans V Cr Mn

Fe Co Ni
100 100

28 20 13 10
CoeauHeHusn KypHakoBa - VIMC, obpasytoLwinecs ns teepabix pacTBOpOB 3ame-

pactBopumocTb B B-Ti, aT.%

LLl,eHVIﬂ(I'IpI/I oTXure nnum OXJ'IG)K)K,EI,GHVII/I), Xapakrepusyruwinecd ynopagoyeHHbIM

pacnonoXxxkeHneMm atoMoB B y3nax pelietkn (MgAgs, FesAl, Vnis, CuPt, Vcos,
MnAus, NizAu, TizAl). (BnusocTb MeTanMyeckmx pagnycos).



T,%

B
1ooos/ 0o———

- 0
i Noy-— 271
() o ,,/—‘Qo 7
— | — N I
o B N/ //l/ /
v .\
N IV /
0L CuwAu ,'/’*Q ! -'——0
, al
i | Wl --Qi7
i | 0
% Au CU.AU

Cu
dasbl JlaBeca(AB,).
VA:VBzZZ 1 (rA:rBz1,26)
nuwy. (MgCu,, MgZn,,, MgNi,)

dasbl BHeapeHus ( kapbuabl, HUTpuAabl, IMapuabl,...).

MY mertanna - BHegpeHue B NyCTOTHI.

MpaBuno Xarra: r3 : ry < 0,59. Ecnn 3anonHATCA TONbKO OKTasgpuyeckne

nNycToThl - cocTaB M3 (TeTpasgpuyeckue - M3,). TiC, TiH,.

PIK (dpopmanbHas aNEeKTPOHHAs KOHLEHTpaUmMS) - OTHoWweHNe obLiero ymicna

anekTpoHoB (N rpynnbl) K 4Yncny atoMoB B hopmynsHon eanHunue (KOm-Posepn).

CocTtaB 1 CTpYKTypbl coeanHeHnn KOm-Posepu.

CocTtaB |4Yvcno BaneHTHbIX Yucno atomos B ®3K an./at. | Tun CTpPyKTYpbl
911EeKTPOHOB COeAnHeHUm

CuZn 142 2 3/2 B-dasa
AgMg 1+2 2 3/2 -7~
CusAl 3+3 4 6/4=3/2 -7~

InNi 3+0 2 3/2 7.
CusZng |5+16 13 2113 v-dasa
CusAl, 9+12 13 2113 -7~
CuzSng [31+32 39 2113 -7~
CosZnyy |0+42 26 2113 -7~
AgCd; 1+6 4 7/4 e-hbasza
CuZn; 1+6 4 7/4 -7~
AgsAl;  |5+9 8 714
CuzSn 3+4 4 7/4 -7~




JlnTepaTtypa.

1. H.C.AxmeToB, “O0Lwas n HeopraHuyeckast xumus”, M., “Beiclias wkona”, 1988,
cTp.92-93, 218-246.

2.4.A.Yran, “Obwas xmmma”, M.,”Beliclias wkona”, 1977, ctp.329-360.
[dononHuTenbHaa nuTeparypa.

1. E.M.Cokonosckas, J1.C.l'yzen “Metannoxumunsa”, M., MI'Y, 1986.

2. “©usmko-xmmus TBepgoro tena’ (nog pea.b.CtanuHckoro), M., “Xumus”, 1972.



2112. LLllenoy4Hble meTannbl.

Li Na K Rb Cs |Fr
Ne nn 3 11 19 37 55 87
|1, KIx/Mon 520 (496 [419 [403 |376 [~375
|, KIx/Mon 7298 [4562 [3051 (2632 [2632 |-
Far, A 152 (1,86 (227 (2,48 (265 |-
For, A 0,76 [1,02 [1,38 [1,52 [1,67 [1,78
AH°M,, kDwmone  |017,8 [73,3 (49,9 (47,3 436 |-
d, ricm® 0,534 [0,968 (0,856 [1,532 [1,90 |-
Ton, °C 180,5 |97,8 (63,2 [39,0 (285 |-
Twm, °C 1347 |[881,4 7655 (688 [705 |-
AH®,., kOx/mors  |162  [110 |90 88 79 |-
Li a=3,51 A(<78 K -
. - i . o~ MYya=3,11;,c=5,092) Na a=4,29 A
NS K a=5427A Z=2
Gy B Rb a=5,70 A
o/ \]o/ Cs a=6,141 A
OLIK
| S S
" '\\\‘ o oM, e 100 :: N giomoo
: .
SIS 4 N




8 100 - 10
= é|._) ®
0 20 40 . 80 100 20 40 o 60 100
o of & ap
0 20 40 . 80 100 0 20 40 . 60 100
OuTanbnumn obpasoaHus (-AH®%, kx/monb).
(OHeprnm kpuctannumyeckmx pewetok (E, kx/monb)/
MF MCI MBr Ml MH MO |MOH
Li [616,9 408,3 350,9 270,1 90,6 (929) 598 485
(1033) (740)
Na |575,4 411,1 361,4 289 (701) |56,4 (799) (418 426,3
(910) (772) (736)
K [568,6 436,7 393,9 333 47,7 (673) |330,1 |418,4
(704)
Rb [557,5 435,3 393,9 333 47,7 (673) |330,1 |418,4
Cs [554,8 442.8 405,0 3477 42,3 (611) |317,6 4171
(741) (652) (611)




AG®, (k>x/Monb) pacTBOPEHUS Comnelt LLenoYHbIX MeTansnos.

OHTanbnuu ruapaTaummn noHos (-AH®, kx/mMonb).

NOH Li* Na* K* Rb* Cs’
AH 536 423 339 318 280
NOH Li* |[Na® |K" Rb* |Cs*

F +14 |3 |26 [-38 [-59

Cr 41 |9 |5 -8 -9

Br 57 |17 |-6 -7 -2

I 78 [-31 [-12 |-8 0

OH [-8 [-42 |65 [-75 [-84
NO, [+4 [-13 |35 |- -

HCO; |- +3 |9 14 [-37
NO; [-15 [-7 |0 -3 0

Clo, |- 16 [11 13 [14

S* - 69 [-121 [-135 [-147
COs~ |+17 |-4 |36 [-50 |-73
SO, [-10 [+1 [+10 [+2 |-6

=

489

CI

347

Br

318

276



3,0 3,0,

3  AH%, kOx/monb AG®, kOx/mMonb AH®%, kDx/monb  AG®%, k>k/Monb
Li  -595,8 -526,1 - -
Na -416 -376,1 -510,4 -446,9
K -363,2 -323,1 -495,8 -29,8
Rb -332 -292,9 - -
Cs -317,1 -274 -402 -327,2
M,O, — M0 + 1/20, (T, °C)

Li Na K Rb Cs

342 596 490 567 597
MO,— 1/2M,0, + 1/20,

Na K Rb Cs
T 100 471 600 900
AH 41 32,4 51,2 58,5

LiOH + H,0O, — Li,O,02H,0

M+ O, - M,0 (Li)

M+ O, > M0, (Na) MO; (K, Rb, Cs)

JlntepaTtypa.
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3. b.B.Hekpacos, “OcHoBbl 06wen xumun”, M., “Xummuuns”, 1974, 1.2, ctp.210-
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n texdonorna”, M.,”Atommnsgat’, 1960.



2113. Xumunsa anemeHTtos ll-a rpynnoi.

Be Mg Ca Sr Ba Ra
Ne nn 4 12 20 38 56 88
l4, kK>x/Monb 899,2 |737,5 |589,6 |549,2 |502,7 |509,1
l,, K>K/Monb 1757 1450 [1145 |1064 |965 975
Fver.,A 1,12 1,60 1,97 2,15 2,22 -
M**, A ~0,27 0,72 1,00 1,18 1,35 1,48
E°M**/M, B -1,85 -2,37 |-2,87 |-2,89 |-2,91 -2,92
T, °C 1287 649 839 768 727 ~700
T, °C ~2500 [1105 (1494 |1381 |~1850 |~1700
d 20°, r/cm’ 1,848 |1,738 [1,55 2,63 3,62 5,5
AH®., kk/Monb |15 8,9 8,6 8,2 7,8 ~8,5
AH® ., kKk/Monb | 309 127,4 (155 158 136 ~113
p20°, MOMeCM 4,46 7,46 3,5 23 50 100

Be Mg Ca Sr Ba

157252 ...2s%2p°3s? ...(n-1)s?(n-1)p®(n-1)d°ns?

AE(n-1)d° - ns?

60~

304 S — 55 — 5T °C1000
o
254 —=—, 07 —=—T,,,°C100
] - - -® 7D7|2 45 —o—d
20 o — e r_ A 40
s wer.?

. v o rM?‘;,A 35 -] /
" Lo | x—EW'Ms 30

/

10 d oxg/\ 57 a

- = = 20

] o< ° ———
05 4 i - 154 —
/ 10 4
o
E\H/D . _
00 T T T T T 1 05 T T T T T
0 2 0 60 8 100 0 20 2 5y 8

Nem Nemn



(o) (0]
T, oC % T, oC x
1400 |- 1L -
I OLIK
I OLIK
1200 8LLI}
1000 HITIY
- 61:[:[/FI=[K
| I I I I | | I
20 40 60 80 20 40 6l 8L
P, x6ap Be P, x6ap Ca

’ XK
8LLI /_\ 4111} |
TOUK ' I TTIY

I OLIK :
611 21 ;
I I I I I I I I
20 40 ol 8 20 40 el 8L
P, x6ap Sr P, x6ap B3
Okucapl.
BeO MgO CaO SrO BaO
TMn pewetkn  ZnS (Bopumt)  NaCl NaCl NaCl NaCl
Ton, °C 2530450 2826+30 2613+£30 2430+25 1923+25
2M + O, —» 2MO
2Ba0 + O, < 2Ba0,
[FanoreHnabl (TN peLeTkn).
Be Mg Ca Sr Ba
F |SiO; kBapy |TiO, pytun |CaF, CaF, CaF,
Cl |SiO, keatut |[CdCl, TiO, Bropuunt | TiO, Bropumt | PbCl,
Br |SiO, keatut |Cdl, TiO, Bropunt |PbCl, PbCl,
I - Cdl, Cdl, Srl, Pbl,




B rasoson gase:

1,77 al Cl
ClmBe7— Cl— Be
18 a-"
= (sp)
BeF; & SlOz
270° - kBapL Kpuctobanut
227° -0 B TPUAUMUT

CteknoobpasHbie dasbl.

Be

Cl

w2 o T (sd)

[Be(H,0)a]*" + H,O <« [Be(OH)(H,0)s]" + HzO*

[Be(H,0)** < Be(OH),d < [Be(OH)*

PactBopumocTb ruapokemaos (r/n 20°).

M(OH), Be Mg Ca |Sr |Ba
pacTBopuMocTb |3e¢10* |3¢102 (1,3 |8 |38
Be-ku4.(2,3)4
Be;,O(RCOO)
‘ i R O T~
~ T\o
| \
O y o/;G\R
\/Bio Q@e\o
0. / O\/
C— C
/ € R
R R
Be;sO(NO3)e

BGC'Q + 2N204 — BG(NOg)z + 2NOCI

4B€(NO3)2 — BG40(NO3)6 + 2N02 + 1/202



50] °
45
40_- /
35 /
30
25

IgK

05- s

00

_ e— }_ng

—=— LiNaKRoGs
o Cagipa

20 h
15 N
10 -/-

T T T
06 08 10 12

OHTanbnumn obpasoaHus (-AH®, kx/monb)

T T
14 16
I'VIOH.

anumknorekcun-18-kpayH-6

(3Heprnmn kpucTannmyeckux pewetok E, khk/monb).

Metann |MF, MH, |MCl, MBr, \YIP MO M2N;
Mg 1123,4 |75,3 |641,3 524,3 364,0 601,7 460,7
(2922) (2402) (2317) (3921)

Ca 1219,6 |186,2 |795,8 682,8 533,5 635,1 431
(2597) (2226) (2066) (3515)

Sr 1216,3 |180,3 |828,9 717,6 558,1 592,0 391,2
(2458) (2125) (3310)

Ba 1207,1 178,7 |858,6 757,3 602,1 553,5 363,2
(2366) (1951) (1841) (3118)

MCO; = MO + CO,

M Mg Ca Sr Ba

AG9s, kKk/Monb 48,3 [130,4 (183,8 (218,1

Tpasn, 'C 400 900 1280 1360

M(OH), = MO + H,O

M Mg Ca Sr Ba

AH®qs, kKk/Monb [81,0 [109,2 [125,2 [149,4

Tpasn, 'C 300 |390 466 700
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2J14. XecTkune n markme Kncnotbl n ocHoBaHua (© C.U.'openbckun, 1991).
AnekTpooTpuuartenbHocTb (Pauling). “Cuna, yaoepxunBatoLwasi 3neKTpPOHbI K
aTOMbI B Morekyrne”.
A -A(E) B-B (E)

A -B (Ej)

A = E3-(E4+EL)/2; |XA 'XB| = (3Ha4YeHns1 NpuBeaeHbI B KKan/mMonb).

A
23,06

Touka otcyeTta -y=4,0

LLIkana oTHOCUTeNbHas, pa3MepHOCTbL:VaB
OHeprusi MoHHoro pesoHaHca A% - B < A° -B° < A> - BY

XA<XB XAZXB
nponopuMoHarnbHa KBagpaTy pasHOCTU 3NeKTPOoOoTpMLUaTENBHOCTH.
NMoTeHuMan noHU3aLmm - 3Heprus, Heobxogmmas ansa yaaneHus anekTpoHa (B
o) OT YacTuLbl (aTOMa, MOSEKYNbI, MOHA).
CpoACTBO K 3Mf1EKTPOHY - SHEPTUS, BblOENAOLWAACS Npy NpUcoeanHEHUN
9I1IEKTPOHA (M3 =) K YacTuLe .
IP(A) = EA(A") , IP(A) = EA'(A)
Pa3mepHOCTb 3Tnx Benn4inH: IB.
OHeprus noHa E= i anq". Mpu manbix q E ~ aiq + a,q°

n=1

g=1E = a+a, = IP;
g=-1 E = -a;+a, = -EA. Pewas cucremy, nony4mm:
a; = (IP, + EA)/2 a, = (IP, -EA)/2



AneKTpooTpULATEeNbLHOCTb X= Oj_)g =3 a q™'= a;+2a,0° + 3azq° + ...
n=1

Mpu q=0 y=a, - aneKkTpooTpuLLaTENLHOCTL aToma.

Mpn manbIx q y~ai+2a,q, T.e. 2a, - “CKOPOCTL” U3BMEHEHUS

%) y
3NEKTPOOTPULATENBHOCTH, 1| = 1/2% ~a, - NapamMeTp, Ha3BaHHbIN XECTKOCTbHO.

MpuHuun MannukeHa: B Monekyre, Haxoasauwenca B COHOBHOM

HeBO36y>K,EI,eHHOM COCTOAHUN, NEKTPOOTPULATENTIBOHCTU NOHOB PaBHbI.

M*  |IP, (3B) |EA, (3B) |y (3B) |n (3B) |-AG rugparaumn, |I1gK, [1] |IgK, [2]
k[>x/monb

Be”* |[153,983 (18,211 [86,052 [86,052 [2487 4,92

Mg”® [80,143 [15,035 [47,589 [32,554 [1922 1,32 2,58

ca”™ [50,908 [11,871 31,389 [19,518 |[1592 0,58 2,58

St 43,6 11,030 [27,315 [16,285 |[1445 0,1 0,8

Ba®* |37 10,004 23,502 [13,498 |1304 -0,3 0,6

Ra”* |34 10,147 22,073 [11,926 |[1259

[1]
[2]

JlntepaTtypa.
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2. R.G.Pearson Survey of Progress in Chtmistry, 1969, v.5.

3. R.G.Pearson “Hard and saft acids and bases”,

M2 + F < MF" K= [MF'J/[M?'][F]
M* + OH < MOH*  K=[MOH']/[M*][OH]

4. A.[l.MNapHoeckmin, A.lN.Caanmenko, O.A.Ocunos, I.B.LlnHuaase “XKectko-

MSIrKne B3anMoaencTBms B BKOOPANHALLMOHHON XUMUK’, n3a-so PocToBcKoro

yHuBepcuteTta, 1986.

5. “PeakumoHHasa cnocobHOCTb U NyTH peakunn” (nog pea. I'.Knonmana),

M.,"Mup”, 1977.




2115. Xumunsa anemeHTos lll-a rpynnbi.

B Al Ga In Tl
Ne nn 5 13 31 49 81
l4, KI>K/MOSb 800,5 574.,4 578,6 558,2 589,1
l2, kK>x/Monb 2426,5 [1816,1 |1978,8 [1820,2 |1970,5
I3, kK>x/MOnb 3658,7 |2744,1 (2962,3 [2704,0 |2877,4
Fuer., A 0,8-0,9 (1,43 1,35 1,67 1,70
Foows A M** 0,27 0,535 0,62 0,801 0,885
M*| - - 1,20 1,40 1,50
Ton, °C 2180 660,4 29,8 156,6 303,3
T, °C ~3650 |2467 2403 2080 1457
d (20°) r/icm® 2,35 2,699 5,904 7,31 11,85
AH®... , k>x/Monb 23,6 10,5 5,59 3,26 4,31
AH® . , KOK/MOMb 504,5 290,8 270,3 231,8 166,3
AH®; , KO>x/Monb 571,1 321,7 286,2 2431 230,7
E M**/M, B -0,87 -1,66 -0,56 -0,34 +1,26
E M'/M, B - 0,53 -0,79 -0,18 -0,31
TBEpOOCTb, ed. Mooca |11 2,75 1,5 1,2 1,2-1,3
P, MOMeCM 6,7¢10* [2,655 |27 8,37 18
T, °C T, °C
1000 | g 0ol
800 O
. i
600 |- 100 |
I I I I I I I I
20 40 60 80 20 40 60 80
P, x6ap Al P, x6ap

Ga



T, oC T, oC

I OLIK

3LLF Tk
|
1LL1/- LI IIITry III 'K
[ [ [ [ [ [ [ [
Tl 40 eld 8L 40  eld 8L
P, x6ap In P, x6ap T
—x—1, —m—A
4000 - — 15 ﬁj%
J - —I—IS AT A
3500 —o—1|, 10
3000- \ .\-/_ ;A;E 05
200 ° 00
g 2000- \o \oo\. ?-E -05
= o \o/\ 10
00 o, A
] . 15
500
. -20 T T
0 P 40N9m &0 8 100 ) 05 10 ) 15 20 25 30

Tll; - nsomopdpeH NHyls, Csls.
TP 431 - Tllzd (TI" 13)
E°TIP/TI"=1,258
E°I,/I'=0,54 B
E°15/31' = 0,55 B
Tl'; + 1" = [TIM4]
2Tll; + 60H < TI,05 + 61" + 3H,0

CybranoreHnabl antoMUHKS.

AIF  |AICI |AIBr [All

AH%p., kKOK/MONb  |-393 |-188 |-126 |-46

AH® e, kKk/Monb  |-105  |-46 -50 -59

AIX & 2/3Al + 1/3A1X;



Csonctea ranoreHngos TI(l).

TIF TICI TIBr TII

Ton, °C 322|431 460 442
Tem., °C 826 720 815 823
oKpacka benas |benas |3onotuctas |3orotucras
pacTtopumocTb, /100 r H,O |80 0,33 0,058 0,006
CTPYKTYypa NaCl CsCl CsCl -
AH%, k[x/Monb -326 -204 -173 -124
AICle2L (L=NR3) AIClyeL (L=NR3)

R;N Cl Cl

\Al/ o R3N\\A1—Al//NR3
RsN\Al/ \ NR, . l/ \Cl
R3N/ \A/
\s,

Ga, In (1) Ga'[AlX,], Ga'[GaX4] [GaL.][GaX4]
Ga, In (Il) GaXyel, la-ca = 2,406 A

(BuN),[Cl;Ga - GaCl,] lga-ca = 2,39 A
2Bu,NX + In,Xs — (BusN)o[Xaln - InXs] ; X = CI, Br, I.

CBoWcTBa TpuUranoreHnaoB antoMuUHKS.

AlF; ['AICI; [AIBr; |Alls

Thn, °C 1290 (1924 (97,8 [189,4

Twn., °C (cy6.) 1272 (180 256 |382

AH°..... kx/monb | 1498 707|527  |390

AICl;ePOCl; ton= 186,5 °C
AICl;02POCl; ton= 164 °C
4AICl3ePOCl; thn=41°C




AICl; 6 -1 koopaz.
AHcy6ax

AHma. 35 Kﬂ,?ﬂ/ljyf\/ d=T144 I"/CM \117 k/lxpMOAD

\ /n\ /nl \5/1\0§1180

790
T
/ I
/ \ \ I l I Tl,ﬂ1 - l
4-X KOOPAMHTIIMOHHDIH 4-X KOOPAMHTIMOHHBIH
A= 151 rbicM> AHaucnpx
nl 6y x/l:xbpmorb

Al
N
y-X KOOPAMHELIMOHHBIi}
4AICI; + BPOCI; — [AI(POCI)s]** + 3[AICL]
GaF; (6 koopaunHau.) Tn, = 1000 °C, Teyen = 950 °C
GaCl; (4 koopavHay,.) Ty, = 77,8 °C
(NEt,)(GaCls) k4. =5
TIX, (X=CI,Br,1)  TlhXs® (66nokTasgp) k.m = 2,81 A
[AI(H20)6]’* + H;0 & [AI(OH)(H,0)s]o+ + H30"
[AI(OH)(H,0)s}*" +OH" ¢ [AI(OH),(H,0)a]" + H20
[AI(OH)2(H,0)4]" + OH < Al(OH)zenH,0l
Al(OH);enH,0 + OH" < [AI(OH),]
2[AI(OH),] + CO, < 2 Al(OH)zenH,0! + CO5*
amop.Al(OH); — v - AIO(OH) (6&muT) —0. - Al(OH); (6aitepnT) — Y- AI(OH),
(rmgparennTt) — v - Al,O3
o - AlL,Os - kopyHa d = 4,0 r/cm®
py6uH  + Cr'" - kpacHbiii
cancup + Fe'", Fe", Ti"V - rony6on
ametmct + Cr'" Ti"V - dpronetoBbIi

Tonas + Fe' - 3onotucTbin



NponssoacTBo meTtanna.

MnH.T/rog [1900 1960 1973 [1974
Al 0.0057 |4.67 |13.6 |14
Cu 0.50 440 |8.79

Zn 0.48 3.07 |6.28

Pb 0.88 2.63 (442

nektponus pacnnea wnxtbl: 80-85% NazAlFe, 5,7% CaF,, 5-7% AlF3, 2-8%
AlL,Os;. 1 =10° A, U ~ 4,58 (0,7 Alcm?)io
Ha npoussogacteo 1 T antoMmuHmus pacxogyetcsa: 1,89 1 AlL,O3

0,45 1 yrna (aHoA)

0,07 T NasAlFg

15000 kBT
JlntepaTtypa.
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cTp.54-67, 365-381.

dononHuntenbHas nutepartypa.



2J16. KomnnekcHble coeauHEHUs.
KoHCTaHTbI YCTOMYMBOCTM.
[M(H20)a}™ + L & [M(H20)4L]™ + H20
K1 = [M(H20)4L]™/[M(H20),][L];
[IM(H20)n4L]™ + L < [M(H20)n.2L2]™ + H,O
Kz = [M(H20)n2L2]™ /[M(H20)1L1™[L;
[M(HO)Loa]™ +L & [MI]™ + H,0
Kn = [MIp}™ /IM(H20)Ln.]™"[L].
[M(H,0),}™ + nL < [MI,]™ + nH,O
Bn = [MLa]™ /IM(H20)} ™ [L]"
Pan VpeuHra-Bunbamca:
Mnll < Fell < COII < Ni“ < Cull S anl

[CoClyJ* + 6H,0 & [Co(H,0)e]**

[1ns1 anemeHTOB Knacca “a”: knacca’B”:
F>CIr>Br>1I F <<CI'<Br<rI
O>>S>Se>Te O<<S=Se=Te

N >>P > As > Sb > Bi N << P > As > Sb > Bi

XenaTtHbln apdekT (AeHTaTHOCTb NuraHaa).
Mag"" + 2Laq © ML

BL = ML) [M™]ILT?
Maq"" + L-Laq & [M(L-L)]™ 4

Bre = [M(L-L)I™ /IM™][L-L]
ML, o + L-Laq. & [M(L-L)]" aq + 2L4q

K =B /BL
BLL >PL K>1
AG® = -RTIn B = AH° - TAS®
[CA(NHMe)s]*" 2. + 2en,q < [Cd(en)y]* aq. + 4NH,Me

1 + 2o 1 + 4



lg B AH®,, kOx/monb | AG®,, kk/Monb | TAS®, kx/Monb
[Cd(NH,Me),]**|6,55 |-57,32 -37,41 -19,91

13,53 -72,20 +19,98
[Cd(en),]** 10,62 |-56,48 -60,67 4,19

14,11 -80,51 24,04
A 4,07 [+0,84 -23,6 +24,1

0,58 -3,34 +4,08

1893 r A.BepHep (19121 N.P.)
KOooOpAMHaALUMOHHas cpepa, KOoOpANHALMOHHOE YNCHO (K.Y.).
Cu', Ag', Au', Hg".

[Ag(NH3),]" - nuHenHbIN

K.M.

K.M.

K.M.

K.4.

K.4.

Hg" [Hgls] ; Cu'

[Cu(tur)3]CI

nnockuin TpeyronbHuk [Cu(SPPh3)3]ClO,

TeTpasagp,
[CoCl4*

[GaCls]*

NIOCKUM KBagpar

[PtCl4]*

umnc-, TpaHc-nzomepmsa (MA2B;)




L|,|/|C-MA4BQ TpaHC- MA482 fac- MA3B3 mer- MA3B3

D, L - M(L - L); (3epkanbHas

n3omepus)

K.Y, =7

[NbF;]* [TaF;]*
[ZrF;]*> [HfF/]>

[Ti(Ox)3(H20)1*
ogHoLlanoyHas
neHTaroHarnbHas
TpeyrornbHas
bunupamuaa Pey
npuama
K.Yy. =8
Ky0 [IFg] agoaekass,

Apxumenosa aHtunpuama: P [Mo(CN)g]"
[ZrFg]*; U(CH3COO),

N = [M(H,0)e]** M=P33
ReHg

K.4. > 9 (10,12) 4f, 5f-anemenTb!: [Th(C,04)4(H20),]*



N3omepus.
KoHngopmaumoHHas: [NiCly(PhsPCH,Ph),]
KBagpaTt < TeTpasap (Npu HarpeesaHun pacTeopa).
"leomeTpuyeckas:
uuc-, TpaHc- MA,B, (kBagparT);

MA,B, (okTasagp);
mer-, fac- MA;B; .
Ontnueckas  M(L - L); oktaagp. ( [Cr(C,04)s]” ; [Co(en)s]*" ).
NoHunzaumnoHHasa: [Co(NH3)s5(NO3)]SO4

[Co(NH3)5S04]NO3

[PtCl2(NH3)4]Bro < [PtBry(NH3)4]Clo
'mopaTtHasa nsomepus:
[Cr(H,0)6]Cl3 < [Cr(H,0)sCI]ClyeH,0 < [Cr(H,0),Cl,]Cle2H,0
domoneTonsbIn  3eneHo-ronyboun TEMHO-3eNneHbIN
CBsizeBasi UsomMepus:
CNS™(SCN’); NO;” (ONO).
KoopaunHaumoHHas nsomepus:
[Cr(en)s][Co(CN)s] < [Co(en)s][Cr(CN)e]
[Pt'(NH5)4][Pt"Cle] ¢ [Pt"(NH3)4Cl][PtCl,]

MNMonumepnsaunooHHas U3oMepUs:

[Co(NH3)3(NO,)s]
[Co(NH3)6][Co(NO2)e]
[Co(NH3)4(NO2),][Co(NH3)2(NO2)4]
K.4. |aT.opbutanu TMn rmbpmgmsaummn |reomeTpus
2 S Px sp nnHenHas
3 [spdy sp* TPeyronbHYK
4 |s ppyp: sp’ TeTpasap
4 S pypydx°-y* dsp?, sp“d kBagpaT
5 |s ppyp.dz dsp®, sp>d Tpur. Gunupamuaa
5  |S pxpypdx--y’ dsp°, sp°d kBaAp. NMpammaa
6 |s pxp,p.dz°dx*-y* |d“sp’, sp°d” oKTasaap




Co?* 3d’

TITYT T T
3 4s 3p 4d

sp’l TYTUT | T T L N LI

MapamarHetTnam. W = m (4ncTo cnuHoBoEe 3Ha4veHueO.

n=o0 u=0

n =1 1 =+3~ 1,8 M.b. (MarHeToHbI Bopa)

n= n=v8~28m.b.

n=3 =15~ 3,87 m.b.

n=4 =24 ~5m.b.

n=>5 n=+v35~59m.b.

Ni%* TeTpasgpuyeckne KBagpaTHble OKTaapu4yeckue
u~2,8m.b. u=0 u~2.8m.b.
sp® dsp? sp’d?

Co** (3d°) [Co(NH3)e]** [CoFg]*

uw=0 u~5mb.
d’sp® sp°d?

BHYTPUCEPHbIN
BHYTpMopOunmnTanbHbIin

HU3KOCMNHOBLIN

BHeLUHeC(epPHbLIN
BHeLLUHeopbuTanbHbIN

BbICOKOCMMHOBbIWU




2117. Teopwus kpuCTanIM4eckoro noss.
1929 r I'.beTe (PTT)
1953 r BaH ®nek, ...

4 y
X y
X
dXZ dyz
d
242
dz2
AZ AZ
Az
¢ y y
o /y > O O >
> X X
e
ﬂ—7 X
D
®
TeTpasgpuyeckoe none C(bepmquKoe none OKTasapwunyeckoe nore
dzr de-y
T TRk
&3_' dy, dyz /,'/
A el o A
_A_T_ ____________________ ) ::::_:= ’_/ __________________ O_ .
ydzT dxToyT - Ay = 4/9A, (10Dq) Sy
dxy dyz dxz
- — — 4 — 7
3/5A,|6D
i i 4, A
g1 (AE=1/5A) gr (AE=4/5A) g3 (AE=6/5A,) T 4|| T VT
4Dq 8Dq 1+Dq 44 (AE=3/5A,) Y

6 Dq HAES8/500P)



d*  BbicokocnnHoBoe toy.e'y 3/5A>8/5A, -P P>A,
HM3KOCMMHOBOE  t'y,e, 8/5A,-P>3/5A, AS>P
d®>  BbICOKOCTIMHOBE  t p4e°y 6/5A, - 5/5A, =0
HU3KOCTIMHOBOE  t54€ 10/5A,- 2P> 0 A>P
d°  BbicokocnnHoBOe t'p.e’y 8/5A,-6/5A,-P
HU3KOCTIMHOBOE  t55€, 12/5A,-3P>2/5A,-P  A,>P
d”  BbicokocnMHOBOE top4e°y 10/5A,-6/5A4-2P
HU3KoCnMHOBOE  t°54e’y 9/5A0-3P>4/5A0-2P A,>P
d®  BbicokocnnHoBoe t°,e°y 6/5A,-3P
d®  BbicokocnnHoBoe t°.e’, 3/5A,-4P
d'®  BbicokocnnHoBoe t°.e"y AE =)
3Ha4YeHNa BENUYNH pacLLensieHnst KpUCTanndeckum nosiem (A,) n aHeprum
cnapusaHus (P).
ON.KOHdwr. MOH | NuraHAabl P, cm™” Ao,CM™’ CMNHOB.COCT.
d* crf 6 H,0 23 500 13 900 B.C.
Mn”* 6 H,0 28 000 21 000 B.C.
d’ Mn** 6 H,0 25 500 7 800 B.C.
Fe” 6 H,0 30 000 13700 B.C.
d° Fe 6 H,0 17 600 10 400 B.C.
6 CN 33 000 H.C.
Co”* 6 F 21 000 13 000 B.C.
6NH; 23 000 H.C.
d’ Co** 6 H,0 22 500 9 300 B.C.

2117. Teopwusa nonsa nurangos (TMJ1), MMO.)
CnexkTpoXuMmn4eckmn psa nuraHgos:
CN>NO,;>phen~bipy>en>NH;>9ATK>H,0>F>CI>Br>I’

(T-akuenTopsl, G-O40HOPbLI)

(o-OoHOpbI) (T-OoHOPLI, G-A0HOPLI




T-aKuernTopbl, 6-A0HOPLI.
NO>CO~RNC~PF;>PCl;~AsCI;PCl,(OR)>PCI,R>PCI(OR),>PCIR~
~P(OR);>PR3;~AsR;~SbR3;~SR,>RCN>NR;~ROH>H,NC(O)R

] +
0105 | o rM*,hu |
0100 -
009
0090 - R
2 o / \
] o
0080 - o o/D
1 o o /
0075 - \ \
(@]
1 (@]
0070 -
T T T T T T T T T T T
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nd)

Puc.1. MiameHeHne pagnycoB ABYX3apsaHbix KaTuoHos (Ca®' - Zn?Y).

—O—OKL.BC
—e—Tem.
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SAKI( A,

n(d)

Puc.2. SHeprusa ctabunmsaumm kpuctannuyecknm nosnem (A, ).



—eo— AHVm.

—o— AH-O1

3000 /0\,\
N _ .iQ/O/O/O
2800 - o —© / o

: . L

% 2700 e c

T ] o
2600 - o
2500_ o /
2400 T T T T T T T

0 2 4 6 8 10
n(d")

Puc.3. Qutanbnus rugpataunn M*: M** + o H,0 — M**,,

CpekTpanbHble xapaktepuctuku coegunenun Ti(lll) - d*.

CoeguHeHne oKpacka v, CM" uw,m.B.
CsTi(SO4),#12H,0 |duroneTtoBas 19 900, 16 000 |1,79
[Ti(ur)els ronybas 17 550,14 700 |1,77
TiCl;e3CH3CN ronybas 17 100, 14 700 |1,68
TiCl;e3Py 3eneHad 16 600(assim.) |[1,63
TiCl;e3THF 3en.-rony6as 14 700, 13 500 |1,76
TiClze(gmokcaH); 3en.-ronybagd 15 500, 13400 |1,69
(NH,)3[TiFg] croneTtosas 19 000, 15100 |1,78
(PyH)3[TiBrg] OopaHxeBasi 11 400, 9 650 1,80
(BugN)3[Ti(CNS)e] |TemHo-cbmonetoBas |18 400(assim.) |1,91




Y® AE = hcN/A
OKpackKa I[NOraoII€eHue h = 6.628 .10-37
400 {0 r0tHCTO- 36 ACHBIH (PUOAETOBbIH @ 5 000 kx/MOnb
B0ATHUCTbIN
—————————— ~mm R —— c =2,998010° wm/cek
A, 1M | opamzkeBbIH roay6oit
_________________ - L o ] — 23
500pkpacubit || roayGosorogserenpiif T0 000 N =6,022¢10
Iy pITy pHBIi 3eAeHbIH
| pmoaeroppii_____| | 30r0THCTOgBE NCHDIH
oo __________| L 30MOTHCTRI _____ _| voend
[roay6od_________| | OpAHKEBDIM
" bosyGonarogueacun om0
800’@
Y
MK
AdhdekT AHa-Tennepa.
\ —
I S
g —
AgaAE Aq A2
d', d? d* d° (.c.), d” (B.c.), d® (B.C.),d".
Otcytetayet d°, d° (H.c.).
["leomMeTprnYecKoe NCKaXeHMe.
de(IyT
PPy W
/—’//’ A \\\\
dxrgyr dar - ° S
A \\\\ \\\
\\\\\ dx ——_”’__’\*:\__::/’
~ _ y -~ <
AjaAE NS RN 4e9A
ISty ThiyA e Mo
dyy dpy vy ANE S
Tl IoilTAg T
Clyz dxz




(d’, d®, d°
TepMbl: CMMBOIbI
L=0123
SPDF

d:x=1 2 3 4 6 7 8 9
2D 3F 4F 5D 5D 4F 3F 2D

x=5 °s
PacluenneHne TepmMoB B OKTas34puU4eCcKoMm rnorse.
1 . 2
d —E d
D
T,
d3 TT1 d4
4aF / 4TT
\JL “Ag
d° 63 oA, d®(e.c.)
d’(B.c.) A, d¥B.c.)

/7\A
(0]
4F T,

D

D

vF

L.y
>




MonspHble KO3(PPUUNEHTLI IKCTUHKLNN (1/CMeMONb).

KO3.3K. TUN nepexoaa TN KOMMekca
107-1 3anpeLLeHHbIN MO CNMHY M YETHOCTM d” okT; [Mn(H,0)e]**
1-10 TeTp. d°; [MnBr,]*
pasp. Mo CMVHY, 3anp. No YeTHOCTU [Ni(H,0)e]**
10 -10°  |3anpeLLeHHbIN N0 CMINHY U YETHOCTU koB.TeTp. d°
3anp. no CrnuHy, pasp. No YeTHOCTM OKT.KOMT. C OPF.JIMr.,
TeTp.-kBag. [PACl,]*
10°-10° | pa3pelUeHHble MO CMNHY, 3anp. no YeTHocTu |TeTp. [NiCl]*;
HU3KOCWM. KBaApaTHble
paspeLleHHble MO CMUHY U YeTHOCTU nosiockl nepeHoca
3apsaa (MNr3)
10°-10° | pa3speLueHHbIe MO CrUHY, 3amp. Mo YETHOCTH |Hu3KocuM. KoB.(acac-..)
10°-10" | pa3peLUeHHbIe MO CMINHY Y YETHOCTY nepexonbl C NepeHOCoM

3apsaga




2J18. KomnnekcHble coeguHeHus (MMO).
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Puc.1. Cxema MonekynsipHbIX (rpaHn4YHbIX) opbuTanen ona okrasgpudeckmx
Komnnekcos (6e3 m-cBA3bIBAHUSA).
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Puc.2. Cxema MmonekynspHbIX (rpaHn4HbIX) opbuTtanen ans teTpasgpudeckmx
komnnekcoB ML, ( ¢ m-CBA3bIBaHMEM).



Monockl NepeHoca 3apaaa B TeTpasapuyeckmx OKCoOaHNOHaXx.

CoefyHeHWe |v nornoLieHns, cM ' |okpacka
d°  |vO,” 36 900 66€eCcLBETHbIN
d’ [CrO,~ 26 800 KENThIN
d’ [MnO, 18 700 chroneToBbIN
d" [MnOs~ 14 000 3eneHbli
d’  [MoO4~ 43 200 BecLBeTHbIN
d’° WO, 50 300 6ecLBeTHbIN
d’ |TcO, 34 600 BecLBeTHbI
d’° |ReO; 43 700 6ecLBeTHbIN

OkpalueHHble nepokcocoeanHenuns O, ( Ti(1V), V(V), Cr(VI) , cynbdoconu,

cynbduabl - S%.

2J19. PeakumoHHass cnocoOHOCTb KOMMNMNEKCHbIX COeANHEeHUMN.

MapameTpbl peakuum obmeHa Boabl B [M(H,0)s]™.

dO d2 d3 d4 d5 d6 d7 d8 d9 d10
M Sc”* Vet [Crt [Mn*t [Fe*™™ [Co®* [Ni¥* [Cu® |zZn*'
k,cex" |20107 1,2¢ |8,3¢ [3,1¢ |3e10° [2,5¢ (3,60 |[7,4e (2010’

102 |10° |10° 10°  |10* |10°
AH, 81 |8 11,5 [12,3
*/Monb
M vt |ert Fe>* |Co’ Ga’*
k,cek” 3¢10° |5¢107 2,60 |~10° 2¢10°
10°

AH, 0 26,7 6,3
X/ MoInb
M Rh** In**
k,cek” 40108 2010°
AH,xn 33
X /Monb




Peakunun conbBonu3sa.
[RsMX] + S © [RsMS] + X

1. BnusHue uueHTpanbHoro atoma:

[M(NH5)sCIJ?* umc-[M(en),Cl,]" TpaHc-[M(en),Cl,]"
M 10°k, ¢ | AH,kanmons [10°K, €' | AH,kkanmons [ 10K, € | AH, kkan/mons
Co(lll) |17 23 2500 22 320 27
Cr(lll) |73 24 3300 21 220 23
Ru(lll)  [8,0 23 450 21 - -
Rh(Il)  [0,6 24 10 - 0,9 25
Ir(l) ~ [~0,001 - - - 0,005 29

Co(Il) (d®)~Cr(1l) (d*) > Ru(lll) (d®) > Rh(lll) (d®) >>Ir(lll) (d®)
2. Mpupopaa yxopdaien rpynnbi:

[Co(NH3)sX]™

X: HCO5 (1,6010°)>>NO; (2,60107°)>I" (8,3¢10°) ~ H,O (6,,6010°) ~ Br (6,3¢10°
®) > SCN" (8¢107) > F (8,6010%) > CH;COO  (1,6010%) > NCS™ (5¢107°) > NO, >
NH; > OH > CN  (k, c™)

[Co(CN)sX]*

F>>CI>Br>SCN"

3. BrivsHue gpyrmx nuraHgoB KoOMMsiekca.

KocTaHTbl CKOPOCTW peakLmu akBaTaumum umc- u TpaHc-[Co(en),ACI™ (10°%k, ¢’

25°).
A
OH
Cl
Br
NCS
NH3
H,O
VN
N3
NO,

Lmc- TpaHc-
1200 160
24 3,5

14 4,5

1,1 0,005
0,05 0,005
0,16 -

- 8,2

20 22

11 98




| Tnn. CKopOCTb 3aBMCUT OT NpMpPOAbl NUraHaa, Ho He YycTBUTEMbHA K MO
T-goHopbl  JNTOXKEHUIO NraHga, OTHOCUTESNbHO yXoasLWwen rpynnbi.
Il Tun. CKOpOCTb 3aBMCUT OT NpMpoabl NUraHaa B TPAHC-MOMOXEHUM, HO Ma
Tl-akuenTtopbl JT1O 3aBUCUT OT LUUC-NOJTOXKEHUA.
OCHOBHbIV rMaponus.
[Co(NH;3)sCIJ** + OH = [Co(NH5)s(OH)** + CI
k1

—_—

[Co(NH3)sCIIZ* + OH ®1 [Co(NH3):NH,CI]* + H,0
[Co(NH3)4sNH,CI" —*——— [Co(NH3)sNH,]** + CI
[CO(NH3)aNHJ*" + H,0 220 [Co(NH;)s(OH)J**
-d[komn.])/dt = koK[komn.][OH)/(1+K[OH)

npn K[OH]<<1 -dc/dt = K[komn.][OH]

M NH TH?’ N NH, NH
i [y [,
— - (0]
NH, 3 ® NHNH;
2

3 —x 4
—F—X
+Y 2

n-goHop (A)



o /
A— M —X —> A—M + X-
| ~

N3meHeHne KoHurypauum katnoHos TpaHc-[CoL,AX]"™ B peakuuu aksaTauum.

MpoaykT peakunn,%
L4 A X umc- TpaHc-
NH3 Cl Cl 55 45
en OH Cl 75 25
en Cl Cl 35 65
en Br Br 30 70
en NCS Br 45 55
en CH;COO Cl 75 25

OKucnuTenbHO-BOCCTAaHOBUTESNbHbIE peaKunu.

Fe*" + e = Fe** E°=0,7718
[Fe(CN)e]* + e = [Fe(CN)e}*" E°=0,356 B
Au’ +e=Au E°=1,6928
[AU(CN),]" + e = Au + 2CN’ E°=-0,618B
Cd* +2e=Cd E°=-0,403 B
[CA(NH3)s]*" + 2e = Cd + 6NH; E°=-0,618
[CA(CN),]* +2e =Cd + 4CN E°=-1,09B

[Fe(Me;bipy)s]>* + [Fe(phen)s]*" — [Fe(Mezbipy)s]** + [Fe(phen)]**

t=25° k > 10% (Monb/n)'ec™




PeareHTbl 3NEKTPOHHaS ko, (Monb/n)ec™
KOHJpurypaums

AG=0 |[Fe(phen)s]**+[Fe(phen)s]** 25+t 0g 10°
[Os(bipy)s]**+[Os(bipy)s]”* g+ 5¢10°
[Fe(CN)s]*+[Fe(CN)e]® - g+t g 740107
[IrClg]>+[IrClg]” g+t g 10°
[Co(phen)s]** + [Co(phen)s]® * t254€q+ 2 1,1

AG=#0 |[Fe(CN)e]* + [Fe(phen)s]™* t2g+t g 10°
[Fe(CN)e]* + [IrClg]” g+t g 3.8¢10°
[Ru(phen)s]** + [RuClg]” g+t g 2 5010°

MocTtukoBas caasb: M'- L - M".
KomnnmmmeHTapHoCTb peakuuun (red - ox).
KOMMNIIMMEHTapHbIE:
Co(lll) + Cr(Il) =Co(Il) + Cr(Ill)
V(1) + TI(H) — V(IV) + TI(I)
Sn(ll) + TI(I) — Sn(IV) + TI(I)
HEKOMMMAMMEHTapHbIE :
2Fe(Ill) +Sn(ll) — 2Fe(ll) + Sn(1V)
2Cr(I1) + TI(HT) — 2Cr(11) + TI(I)
Cr(VI) + 3Fe(ll) — Cr(lll) + 3Fe(lll)
Katanus HekoMnnuMeHTapHbIX peakumi.
S,04% + 2e — 2S0,% (AgY)
2Co(ll) & Coy(Il)
Coo(Il) + Pb(IV) — 2Co(lll) + Pb(ll)




JlnutepaTtypa (2J16-2119).

1. H.C.AxmeToB, “ObLwas n HeopraHuyeckasi xumus”, M., “Beiclias wkona”, 1988,
cTp.482-498.

2. ®.KotToH, K. YnnkmHcoH, “CoBpemMeHHasi HeopraHmdeckasa xumus”, M., “Mwup”,
1969, 4.3, cTp.48-160.

3. b.B.Hekpacos, “OcHoBbl 0bwen xumumn’, M., “Xummmna”, 1974, 1.2, ctp.414-
462.

4. B.N.CnvupbiH, J1..MapTbiHeHKO, “Heoprannyeckasa xumma”, M., MY, 1991, 4.1,
cTp.311-338,1994, 4.2, cTp.561-585.

JononHuntenbHas nutepartypa.

1. N.6.Bepcykep, “OnekTpoHHOE CTPOEHNE U CBOMCTBA KOOPANHALMOHHBIX
coegnHeHun”, J1.,”Xumuna”, 1976.

2. [1.Kunept, "Heoprannyeckaa crepeoxumus”, M., “Mup”, 1985.

3. 3.Jlneep, “OnekTpoHHasi CNEKTPOCKONUA HEOPraHNYeckux coeguHeHnn”, M.,
“Mnp”, 1987.



2J110. NepexogHble (d) meTannbl.

nd" - nd" (n+1)s*"

\

Puc.1. ameHeHne noTeHUnanoB MoHM3aUnn nepexoaHbiXx MeTannos: a - 3d-psa;

0 - 4d-pag; B - 5d-paa.
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Puc.2. MameHeHna meTannnyeckux pa-

[INYCOB B psigax nepexoaHbix MeTan-

|, Kivors
g B g
/.
K *
et

pexogHbIX MeTallJ10B.

J10B.

MeTtann |cTpykTypa |MfioTHOCTb, r/cM° |Ton, °C |y, om™'ecm™(0°C)
Sc MUK 3 1200 |-

Ti rny 4,5 1660  |1,2¢10"

V OLIK 6,0 1710 |-

Cr OLK 6,9 1600  |6,5010"

Mn OLUK, Tetp. |7.4 1260 1,1010"

Fe OouK, ruk (7,9 1535  |11,2010*

Co UK, rmy (8,7 1490 16010*

Puc.3. Temnepatypbl nnaasneHus ne-



Ni MLIK 8,9 1450 16010*
Cu MLIK 8,9 1083  [64,5010%
Zn rmy 7.1 419 18,1¢10*

BennunHbl ANEKTPOAHbIX NOTEHUMAJSI0OB MNMepexoHblX MeTalrJoB.

AnemeHT |E°M/M**, B |E°M**/M**, B |OnemenT |E°M/M**, B E°MY/M** B
Sc 2,08 Fe 0,44 -0,77

Ti 1,63 0,37 Co 0,28 -1,82

\ 1,2 0,26 Ni 0,25 (-1,68)

Cr 0,91 0,41 Cu -0,34 >-2

Mn 1,18 -1,51 Zn 0,76

CBoncTBa MOHOOKCUOB.

CoctaB |-AH®%, kkan/mornb |AS°, kan/mornberpag | CTPYKTYPHbBIN TUM
TiO 124,2 8,3 NaCl

Vo 100 9,3 NaCl

MnO 92,1 14,3 NaCl

Feoos0O (63,8 13,7 NaCl

CoO 57,1 12,7 NaCl

NiO 57,3 9,1 NaCl

Cuo 37,6 10,2 PtS

ZnO 83,3 10,4 ZnS

CsomnctBa okengoB M,Os;.

CoctaB |-AH®%, kkan/mornb |AS®, kan/monberpag | CTPYTYPHbLIV TUM
Ti,05 363,4 18,8 Al,O3 kopyHA
V,0; 296 23,5 Al,O4

Cr,03 272,7 19,4 Al,O4

Mn,O; |228,4 26,4 Al,O3 BbiCc.AaB.
Fe,O; 196,8 20,9 Al,O4




CsowncTtBa okcnagoB M3Oy,.

CoctaB |-AHY%, kkan/monb |AS°, kan/monberpag | CTPYTYPHbIA TUN
Mn;O, [331,4 26,9 MgAIl,O4

Fe;0,4 267,8 35 MgAl,O4

Co304 |~204 24,5

CBolcTBa ANXIIOPUO0B NEPeXonHbIX METaroB.

CoeaunHeHne |-AH®, kkan/monb |AS°, kan/Monberpag | CTPYKTYPHbIW TUN
TiCl, 123,6 25,3 Cdl,

VCl, ~100 23,2 Cdl,

CrCl, ~97 27,7 nck. TiO, pyTun
MnCl, 115,2 28 CdCl,

FeCl, 81,9 28,7 CdCl,

CoCl, 75 254 CdCl,

NiCl, 73 23,3 CdCl,

CuCl, 51,6 25,9 Cdl, uck.

ZnCl, 99,6 26,6 ZnCl,

* - adpdpekT AHa-Tennepa
CrCl, (d*): 4i Cr - C1 2,39 A; 2/ Cr-Cl 2,91 A.

CBolicTBa TpuranioreHnaoB NnepexoaHbIX MeTanos.

CoeaunHeHne |-AH®%, kkan/monb |AS°, kan/Monberpag | CTPYKTYPHbLIW TUN
TiCl; 172,5 33,4 Bil;
VCl; 140 31,3 Bil;
CrCl; 132 29,4 Bils
FeCl; 95,7 35 Bil;




JlntepaTtypa.

1. H.C.AxmeToB, “ObLas n HeopraHuyeckasi xumus”’, M., “Bbiciag wkona”, 1988,
cTp.478-481.

2. ®.KoTToH, [X.YUnknHcoH, “CoBpemeHHasa HeopraHunyeckas xumma”, M., “Mup”,
1969, 4.3, cTp.9-32, 204-207, 333-338.

3. B..CnunublH, J1.M.MapTbiHeHKo, “HeopraHnyeckas xumma”, M., MI'Y, 1994, 4.2,
CcTp.439-443.

[dononHutenbHasa nuteparypa.

1. O.0oHcoH, “TepmognHaMmmnyeckne acnekTbl HeopraHM4eckon xummumn’, M.,
“Mnp”,1985, cTp.175-235.

21111, Xumusa anemeHToB V-6 rpynnbl.

Ti Zr Hf
N 22 40 |72
anekTp.ctpoeHne |3d%4s® |4d’5s®  |4f"*5d%6s”
M, A 1,448  [1,60 1,564
M™, A 0,605 0,87 0,84
M, A 0,69
M=, A 0,80 1,09
Ton, °C 1667 1852 2222
T, °C 3285 4200 4456
AHps, KO/MOnb 18,8 19,2 ~25

AHin , kDx/Monb 425(11) |567(11) |[571(25)

AH,; , xOx/monb 469(4) 612(11) [611(17)

d, r/cm’ 4,50 6,51 13,28
p Lomecm™’ 42 40 35,1

Triveoouk °C 882 863 1740
T.TunT, °C 640(50) 1800

P, kbap 8(0,7) 30
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Puc.1. N'ameHeHne MoHn3aLnOHHbIX

noteHymanos Ti - Zr - Hf.

' MET, H\

0160 ~ -\
|
0155 -
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0145 - o
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Nm

pagnycos ansa Ti -Zr - Hf.

1000 1L

o 0
T, oC T, oC 1 OLIK
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I TTIIY I I'TIY
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P, x6ap 1
Zr
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Puc.2. NameHeHne meTannmyeckmnx

21111
T, °C 10K -
/f”—’—’
15114
— I TTIY
I
LI I I I
31 P, x6ap
Hf

Puc.3. ®asosble P -T guarpammel Bbicokoro gasnenusa Ti, Zr, Hf.

04
4 707'“
-14 —o— 4
] — A H
-2
-3
O
- \o o
4 -
-5
-6
®
1 A
T T T B
0 1 3 4
CroNaeHA

Puc.4. Ouarpamma ®pocta ansa Ti, Zr, Hf (pH=0).




Ti + 3HCl.q, —[Ti(H20)6]Cls + 3/2H,
Ti + 6HF — Ha[TiFg] + 3/2H, ( [Ti(H,0)]F>)

Ho[TiFe] + 2H,

Ti + HNOskoHu.— TiOzaq. + 4NO; + 2H,0

3Zr + 4HNO; + 18HF — 3H,[ZrFg] + 4NO +8H,0
3Hf + 4AHNO; + 18HF — 3H;[HfF¢] + 4NO +8H,0
M+ 2X; - MXy (M =Ti, Zr, Hf; X=F, Cl, Br, |)
3MO; + 4All; — 3Ml4 + 2A1,04

CBonctBa TeTparanoreHMaos.

MX, |okpacka Ton, °C Tem, °C
TiF, |benas 284 (Boa3r.) |-

TiCl, |»xenTasa -24 136,5
TiBr, |opaHxeBas 38 233,5
Tily TeMHO-KpacHaa |155 577
ZrF, |bBenas 903 (Bo3r.) |-

ZrCl, |Benas 331 (Bo3r.) |-

MCl, +2Mg — M + 2MgCl, (M= Ti, Zr, Hf - npouecc Kpons).

WNogngHoe padonHMpOBHUE MeTarsoB:

M + n/2l, < MI, ( npouecc BaH-Apkens, [le-bypa).

T, oC

9LLIF

7LLF

5L

T, oC

8LLI

7L

|

6L1

|
o Rbo T



T, % T, %

Nl W]

7L} 7L

I [ [ I I [

My " |

I

o 20 44 el 84 111 o 210 440 6l
KF %, TiF, KF

Hu3wwne ranorennabl.

3MX, + M — 4MX; M = Ti, Zr, Hf.
2MX4 + Hy — 2MX; + 2HX X =Cl, Br, .
2MX3 — MX; + MX, T

MXs5 - MXg2 Uy - X crnou oktasgpoB MXg

MX, - MXg/3 usz - X crou oktasgpos MXg
MX  cnov (uenn M-M)
ZrCl |7z, = 309 Nm
rv = 160 nm

o -TB.p-p HBITIY Ti

B - OUK Ti (TiH)

v - TiHo;

TiFe —» TiFeH — TiFeH,;
o B Y

I I I I
o 210 44 ol 84 1L

ar.% H

Cuctema Ti - O.

8L 1LLI

O/O,ZI‘F4



O:Ti CTpyKTypa

0,33< TBepabIn pacteop (IM1Y)
0,33 (Ti30) aHTN-AX3 (CroncTbIn)
0,5 (Tiy0) aHTu - Cdl, (cnoucTtbin)
<1 9TiO (x - 0,68 - 0,75) AeduunTH. No kucnopoay e-TaN
~1 TiO1« NaCl
1,5 Ti,O4 Al;O3 - KopyH[,
1,76 - 1,9 Ti,O2,.4 (4N <9) dbasbl KOrepeHTHOro cpacTaHus
2 TiO, | - pyTun, aHartas, 6pykur. Il - o-PbO,
PYyTUI 1,944 (x4) 1,988(x2)
aHaTas 1,934(x4) 1,980(x2)
OpykuT 1,87 - 2,04

6agnenut (MoHoKmn.) 2,07(x3) 2,11(x4)

Kybunyeckas 2,20(x8)

crabunusauuns kyou- duaHnTbl

T % HfO, ;

yeckomn ZrO, nermpo-

15&'\ ) BaHMeM Y,03; (P3M)
1Ly
5L
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4. B.N.CnnublH, J1.U.MapTblHEHKO, “HeopraHndeckas xumunsa”, M., MI'Y, 1994, 4.2,
cTp. 96-115.

[dononHutenbHasa nuteparypa.

1. I.MN.Jly4ynHckmin, “Xumusa tntana”, M., “Xumusa”, 1971.



2J111. KapboHunbl meTansoB (U POACTBEHHbIE COEANHEHNS).

C=0 - + .
M<— C — OZ — C - O:
Mpasuno Cugxsuka (18e)
Cr(CO)e Fe(CO)s Ni(CO)e V(CO)e
3d°4s" + 12e 3d%4s? + 10e 3d%4s? + 8e 3d%4s? + 12e
18e 18e 18e 17e
3d°4s? Mn,(CO)40 Ti(CO); (?)
3d’4s? Co,(CO)s 3d°4s® + 14e
TI(C0)3(dmpe)2 dmpe - (CH3)2=P'CH2-CH2'P=(CH3)2
Ti(CO)s(dmpe) [Ti(CO)e]* (4+12+2=18e)

MeToabl nonyyeHus .
M +nCO — M(CO), (P, T);[M=Ni, Fe, Co, ...]
MCI, + nCO + xNa + L — xNaCl + [NaLg][M(CO),]
[ML][M(CO),]
(M=V,Cr, ...)



CBoncTBa BbICLUNX KapboHMOB

CoctaB oKpacka Ton. CsowcTtBa

V(CO)e YepPHO-Kp. pasn.>70° napamMarHUTHbIW, pP-p XenT.-

op., obpasyet [V(CO)g]

Cr(CO)s , | becup. kpuctannbl BO3roHsaeTCcs OoKTasgpud. KpucTannsl,
Mo(CO)e pacTBOPUMbI B HEMOJI. pacT.,
W(CO)e pasn. >180 -200°
Mn,(CO)4o | 30MOTUCT.KPUCT. 154 - 155°, obpasyet [Mn(CO)s
BO3rOHAOTCH

Tc,y(CO)qo | Becup. kpuctannbl | >177° Boar. B Bak. |o6pasyeT [Tc(CO)s],

Rez(CO)qo [Re(CO)s|
Fe(CO)s | »enTas )XUOKOCTb Toin=-20°Ton=|pa3n. Yo o Fe,(CO)q
103°
C0,(CO)g | OpaHX. KpucTannbl Ton=51° pasrn. npu nnaesn. 4o
Co4(CO)12

Ni(CO), | 6ecuB. xuakoctb | Tp,=-25° Tn=43°

Ti(CO);(dmpe), J.Amer.Chem.Soc., 110, (1), 163-171, 1988.
Ti(CO)s(dmpe)
[Ti(CO)e]* J.Amer.Chem.Soc., 110, (1), 303-304, 1988

“The Electronic Structure of V(CO)s. Why It is black.” J. Amer.Chem.Soc., 105,
(8), 2308, 1983.

2V(CO)e — > [V(CO)el" + [V(CO)eI




Puc.1. OnekTpoHHbIN CnekTp NornoweHns kapboHmna BagaHus.

CTpOGHlAe BbICLLINX Kap6OHI/IJ'IOB.

CocTtaB reomeTpuyeckoe anMHa ceasm M - C, A
CTpoOeHue
V(CO)e oKTasap 1,998 + 0,006
Cr(CO)s oKTasap 1,92 £ 0,04
Mo(CO)e OoKTasap 2,06 £ 0,02
W(CO)e OoKTasap 2,06 £ 0,02
Fe(CO)s TPUroHanbHas 1,797 (15) akc.
bunupamuga 1,842 (15) akBar.

Ni(CO), TeTpasgp 1,84 £ 0,04

KapOoHunat - MOHbI.

Fe(CO)s + 3 NaOH — Na[HFe(CO),4] + Na,CO5; + H,O
Co,(CO)g + 2 Na (Hg) — 2 Na[Co(CO),] ( B pacTtBOpe TID)
Mn,(CQO)qo + 2 Li — 2 Li[Mn(CO)s] ( B pacTtBope TI®)
Mo(CO)e + KI + 3 diglime — [K(diglime);][Mo(CO)sl] + CO

Na[Co(CO),] + H'4q. — HCo(CO), + Na*,,

Fe(CO)4l, (BoccTtaHoBneHne NaBH, B TT®) — H,Fe(CO),




Mny(CO)4g + H, (200 aTm, 200°C) — 2 HMn(CO)s
Co +4 CO + 1/2 H, (50 atm, 150° C) — HCo(CO),

KnucnoTHble cBoncTBa KapOoHUNrMapunaos.
HMn(CO)s — H* + [Mn(CO)s]  pK~ 7,1
H,Fe(CO), — H' + [HFe(CO)] pK ~4,4
[HFe(CO),] — H* + [Fe(CO),J* pK~14
HCo(CO), - cunbHas kucnoTa

Cxema xumundeckux npespatteHnn Mny(CO)4q.

NR,X
Mn(CO)5X — > NR4[Mn(CO)5X2]

Zn[Mn(CO);1,

CO +
H+

ALRg, Na[Mn(CO);]——> HMn(CO)j;
MHIZ
Cxema xumndeckux npespatteHnn Mo(CO).
Mo(CO);sL, (Mo(CO);3L3)
CH;COOH
Mol'5L, > Mo,(CH;COO0),

PoacTBeHHble coeguHEHMS.
Ni(Pl3), TI'=F,Cl
Ni[P(OR)3] dhochpuThl



TPEXANEKTPOHHbIN NuraHa

N=0O
Cr(NO), 6+12=18
V(CO)5(NO) 6+12=18
Na,[Fe(CN)s(NO)] HUTPONpyccua HaTpus

CN’ - n3o0anekTpoHHbIn aHanor CO (cTabunusayumsa HU3LWNX CTeNeHen oKucre-
HUS).
[Mo(CN)e]" ; Nay[Ni(CN)4].

JlIntepartypa.

1. J1..MapTbIHeHko, B.N.CnnubiH, “MeToanveckme acnekTbl Kypca HeopraHndec-
kon xumun”, M., MI'Y, 1983, ctp. 131-1309.

2. ®.KoTToH, [X.YUnknHcoH, “CoBpemeHHasa HeopraHunyeckas xumma”, M., “Mup”,
1969, 4.3, cTp.113-140.

3. B.I.CblipkuH, “KapboHunbl meTtannos”, M., “Xumus”, 1983.



2J112. Xumusa anemeHToB V-b rpynnbi.

Y] Nb Ta
N nn 23 41 73
anek. ctpoeHne |3d°4s®  |4d'5s’ |4f“5d°6s’
My, MM 132,1 142,9 [143
MY, nm 59 69 64
MY, nm 61 74 68
rM", nm 65 - 72
rM", nv 72 - -
Tan, °C 1915 2468 2980
T, °C 3350 4758 |5534
AH.,, kOx/Monb  [17,5 26,8 24,7
AH, , Kk/Monb | 459,7 680,2 |758,2
AH,., kOx/Monb  |510(29) (724 782(6)
d(20°), r/cm® 6,11 8,57 16,65
p(20°), uomecm™ | ~25 12,5 [~12,4
05
0.0—- Q
_05_- —Oo—V
4 7-7N3
_10__ —e—Ta o
-15 4
2 20
U$J 251 T
30.]
35.] - -
-4.0—- P
-45 ] T T T T T T T T T T T
0 1 2 3 4 5
CI. Mg eH A

Puc.1. darpamma ®pocta ansa V, Nb, Ta.



1gC |

Vo,

U W N O
T T

(VO3)..
K.4.=4, VO, K.4.=5 VOs
[VO2:2:2] [VO2:a3] -
V5,05 K.4.=5 [VO1+1/2+3/3] o

V,05 = MOH — M3VO, (pH > 13)
MVOs; (pH < 13)
V,05+ 2H* —2V0," (ph ~ 0)
V,05 + BHCI — 2VOCI, + Cl, + 3H,0
V,05 + 3SOCl, — 2VOCl; + 3S0,
V,05 + H,S0O, + SO, — 2V0S0, + H,0
Nb,Os(Ta,0s) + 3 Na,CO; — 2NazNb(Ta)O, + 3CO,

VO, + H o HVO,”

2HVO, < V,07* + H,0
n/2V,0;*+nH" &(VO3),"+n/2H,0
HVO,” + H" & HyVO,
H,VO, + H < H3VO,
H;VO, + H® < VO, + H,0O

Y

S D

V1002%
K.4.=6 VOg



MgO10™
(M=Nb, Ta)

[ManorenHngbl V, Nb, Ta.

VF5 ,TemMH., T, =19,5°C,

Twn =48,3

NbFs, 6enbin, T, =79,
Twn. =234

TaFs, 6enbin, T, =97,
Tan =229

NbCls, 3onotuctbin, T, =
203, Tyn, = 247

TaCls, 6enbin, T, = 210,
T =233

NbBrs5, opanxeBbint, T, =
254, Tyun. = 360

TaBrs, xXentbin, T, =
280, Ty = 345

TaFs, yepHbIn, T, = 496,
Twn. = 543

VF4, 3eneHbin, cybn.>150

NbF,4, yepHbIn, cy6n.>360

VCl,, kopwud.-KpacHbln,T;,
=-26, Tyn = 148

NbCl,4, 4yepHo-

domoneToBbIn

TaCly, yepHbIn

VBr4, TEMHO-KOPUYHEBbLIN

NbBr4, TEMHO-

KOPUYHEBbLIN

TaBry, YepHbIn

VF3;, 30nN0TUCTO-3€NEHbIN,
Tan = 800

VCl;, domoneToBbIn

CpekTpanbHble xapaktepuctuku V(I1) - d°.

CoeanHenve |vicm' |[vo, e |vs, cm”  [10Dg,cm’ [B u, Mm.b.
[V(H,O)e]SO, |12 100 |18 000 |28 000 12 100 650 |3,85
K4[VClg] 7 200 12 000 |19 000 7 200 800 [3,72
[V(en)]Br,  |15500 |21400 [(32000) |15 500 581 |3,75
KJ{V(CN)]  |22300 |27700 |(36700) |22 300 484 (3,78
[V(NHa)e]Br, |14 800 |21200 |(32000) |14 800 660 |3,74




Puc.2. Onarpamma Oprena (d°, oktasgp).

E/B| 4Ty Tyy(F)
50
) 4T ,(F)
30|
P
10 | 10 Dq )
F | | | | AZg
1 2 3 4 Dq/B

_4 4

—4 4
V3 = Agg — T1g

0,5 ¢}
0zl \_/\/\/

30 28 26

Puc.3. OnektporHbii cnektp V(I1) C =10? M B BogHOM pacTBope.

24 22 20

16 14 1000 em-1

CnekTpanbHble xapaktepuctuku V(II) - d¥/

Mepexonbl.
vi = *Agg = “Tog (=10 Dq)

CoeguHeHue oKkpacka vi,eMm’ |vo,em™ |[10Dg (B u, M.B
(NH4)V(SO4),#12H, |ronybas 17 800 |25700 |19200 |620 |2,81
O

VCl;e(CH3CN);  |3eneHas 14 400 |21400 [15500 |540 |2,79
VCl3e(THF); opaHxeBasi 13300 [19900 |14 000 [553 |2,82
KsVFe 3eneHas 14 800 |23250 |16100 |649 |2,78
(PyH);VClg ¢hmoneToBo- 16650 (18350 [12680 |513 (2,74

pO30BbIV

D}

0,5:

02|

O l | \ \ \ \ \ \ |

30 28 26 24 22 20 16 14 v-1000 cw-1

Puc.4. OnektporHbint cniektp V(I1I) B BogHOM pacteope C=107 M.




Puc.5. Onarpamma Oprena (d?, oktasap)

E/B|

Tig(F)

3 4 Dq/B

CBoncTBa OKCoranoreHmaoB.

v = Tag(F) = *Tog(F)
va = *T1g(F) = *T1g(P)
Vi3 = 3T1g(|:) — AZg(F)

CnekTpanbHble Nepexoasbl.

CreneHb F Cl Br I
OKncneHunsa
\Y VOFj3;, 3onT., VOCI;, xent., |VOBrs, TeMH. |-
T1n.=300, Ton=-77, Typn=
Twn. =480 127
VO,F, kop. VO,CI, opaHx. |- -
NbO,F, 6enbin |NbOCl;, NbOBr3,3en.- |[NDbOI3, YepHbIn
Benbin KOPUYHEBbLIN
TaOClj, 6enbini | TaOBr; NbO,l
NbO,Cl,
benbin
TaO,Cl, 6enbin
Vv VOF,, VOCI,,3eneH. |VOBr,,pas. -
3eneHbin 186
NbOCI,,4epH.
TaOCl,, TemMH.
1 VOCI,3en.-kop.

CTeneHb okucnennss +4. VO** k.u. = 5 (6).

d'" VOSO,e5H,0

VOCzO4.nH20 n=1, 4.
VO," + 20H — VO(OH),l
VO(OH), + 20H — [VO(OH).J* (?)

K.4.=6: 4 H,O; O (V=0); O (SO,)




JlnTepaTtypa.
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[dononHuTenbHasa nuTepartypa.
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2L13. KnacTtepHble coeauHEHMUs.

“Knactep” - rpossb, poun, CKOMNsieHue.

Knaccudumkauus.
Tun meTan- o o A3 o
nyeckmx [°© ° © o So |T7° {/0_\ D
vacy | " N SR oé\) 0 Z %
o \ Vg 309
o 13
Konm4ecTs 1 2 3-12 13-50 151 | 2,2¢10%- | >10°
O aToMOB, 5
510
q
cpeaHnin | 2 4-3 4 4,5-6 5,5-8 8-20 20-100 | 100-300 | =300
avnameTp, A
Konu4ects 0 0 0 1-3 4-18 >18 MHOIo
(0}
BHYTPEHHM
X crnoeB
% noBepx- 100 100 100 92-63 63-15 15-2 <2
HOCTHbIX
aToMoOB
COEAMHEHMS, ML, L.M-ML, | Mgl MqLn MqLn Mgln anc. | Mgln anc.
nosfiy4yeHHbIe
A gn<1| gn>1 g>n g>>n g>>n
JEencTBum ¢
nvraHgamu
MoHoAOep- 6V|;|ﬂepr|e KnacTepHble | KnacTepHble | KnacTepHble | KonniongHble | ynbTpaguc-
Hble MeTannbl, nepcHble
4YyepHu mMeTannbl




4YMCNo aTtomMoB

n=3
n=4 o
(¢
0/
\O
n=>5
O\O
O/
\O
0/
n==6 o,
v
0\0
0/
\0
0/
o<
o
o

A-M-M=25A

B-M-M=2,9 A

Tunbl N130OMEPOB FOMO3SIEMEHTHbIX YacTmy n = 3 - 6.

Lenm
o
~N
0—0—o0 _°
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[MpocTpaHcTBEHHbIE 3O EKThI B KrlacTepax.

KnacTtepHbiin koHndeckuin yron (KKY 6°).

M-CO

TeTpasap oKTasap
36 34
33 31
68 64
64 60
114 108
108 102

nonmagpsbl

/N

N/
o

—_/_—|\0 O—|\O/0 %‘\XO
\CI)/ \(I)/ 0/_ 0/

o

7

o

o]

o)
0%\\\0 0/‘\0
LY S \(\)/ o

7]
0
o
/
o

nKkocasap

30
28

57
54

96
90



rB,B_CI = 1,8 A Nbe(Tag) Nb - Nb = 3,0 A MOG(We) Mo-Mo=2,6A

Nmax.= 4TR%/(2rg ) Nmax.= 12,6 Nmax.= 9,1
NbgF15; NbgClyg; [MeX12]™ (M = Nb, Ta) [MeXs]™ (M = Mo)
NbeBr2; Nbgly X =Cl, Br (u2) X =Cl, Br, | (us)

[Nbels]™  (13) X =S, Se (u3)

KoopauHauus nuraHaos.

nuraHg/koopanHaums BepLIMHHAZA pebepHas (U2) rpaHeBas (Ws)
Cl 1e 3e oe
S 2e 2e 4e

KOOp,EI,VIHaLl,VIﬂ CO.

‘ o
M —I\/I \
) M/ghé

M

I\/I—I\/I

S—O=—=0

ctpoeHne CO BEPLUMHHAA MOCTUKOBAsi MONYMOCTUKOBAS —CUMMETPUYHAs HECUMMETPUIHAS

pebepHass  pebepHas  pebepHas rpaHeBas rpaHeBas



Twvnbl KOOpAMHALUUN ONlePUHOB.

| | |
e A Sw o D
meTtannbl VII-VIII Mn, Re, Fe Ru, Os
rp.
‘ ‘_>M M M M
H [ [
M M M
meTtannsl V-VIII rp. Co Ru, Co
meTtannsl VI-VIII rp. M Me<— ‘ ‘_,M
[ y
BHyTpuNonocTHble nuraHap!.
oo H, N, C, P, Si, As, ...
FesC ne™ - C
nonunagp r, A (Rh) Fron.s A aTtom loss A
TeTpasgp 1,225 0,315 H 0,37
KBaap. nMpammaa 1,414 0,58 N 0,71
oKTasgp 1,414 0,58 C 0,77
TPWIOH. 1,525 0,735 S 1,04
npusama
KBaap. aHTUNpu3ma 1,64 0,90 P 1,10
agopexkasap 1,701 0,98 Si 1,17
Ky©0 1,732 1,02 As 1,24
[Ms(u6™"™-H)(CO)m] M=Co, m=15
M=Ru, m=18
[Ms (u5°"-C)(CO)15] M =Fe, Ru, OS

[Ru(ue™"-C)(CO)1s] ; [Cos(ps™ -N)(CO)1s]'; [Rhiz(ez™*-Sb)(CO)27]” .




OnNeKTPOHHOE CTPOEHME KNacTepos..

ML, Mm Ln
MLG - MLs-n + nL
a a a a rPaHnYHbIE
1 1011 — 1 1011 — P
opbutanu
— by —
ay (6-q)
tog — — — — tog
Lq = = — — Lq
COCTaB ML;5 ML, ML3 ML,
doparmeHTa
CTPOEHMe anmep Luenb - UMKN  nonuagp nonuagp 4
dparMeHTa Tpu pebpa pebpa

U3onobanbHble oparMeHTbl - rpynnbl, AN KOTOPbIX NPUGNN3NTENBHO OAMHA-

KOBbI YMCIO, CBOMCTBA CUMMETPUN, hopMa N SHEPIUS rPaHNYHbIX opbuTanen.

n3ornobanbHble CbparMeHTbI CyMMa BalrieHTHbIX | HACIO 3JIEKTPOHOB

mMeTanncogepxawune [ Hemetarnsindeckme ANEeKTPOHOB CKeIlnneTHOro CcB4a3.
Co(CO);,NiCp,Ir(CO)s -CH 5 3
Fe(CO)s, Os(CO)s, -CH*, -BH 4 2

CoCp

Mn(CO)s, FeCp -CH** 3 1
Cr(CO)s, Fe(CO), -CH** 2 0
Fe(CO),, Os(CO), -CH, 6 4
Mn(CO)s, Re(CO)s -CHjs 7 5




KnacTtepHble coeavHeHNst NpaBunbHbIX (NNIAaTOHOBCKMX) NONM34POB.

nonuaap |TeTpasg | okTa’gp nkocasap rekcasgp | AoAekasgp
p (ky6)
B &y | @
BW[, FPaHK | TPEYronbH | TpeyronbHuK TpeyronbHuK KBagpaT NATUYTOSTbHUK
UK
4Yncno: 4 6 12 8 12
BepLwunH B
pebep P 12 30 12 30
rpaHen [ 4 20 12
rpaHen, 4 5 3 3
cxXoadaLwunxcda
B BEpLUMHE
knactep | Ir(CO)1z |[Osg(CO)1s]” | [Rh12(Sb)(CO)a71> | [Nis(PPh)g(CO)e]
KB3 60 86 170 120
BakaHTHbIX 6 11 23 12
MO
[on. an-HbIX O 1 7 O

nap

KBO - knactepHble BaneHTHbIE 3NTIEKTPOHbI

KBMO - knactepHble BanieHTHble MOMeKynsapHble opbutanu

TeTpasgp KBMO =30
KBMO =60

Ky®

KB3 = 18B -2P (18 anektpoHoB gns M)
KBMO = KB3/2=9B - P

KBMO =8B - T + 2 = KBJ3/2

OKTasap

KBMO =
nkocasgp KBMO =76

42

KBMO =KB3/2=8B -I + 2 +X

X - yncno “gononHUTenbHbIX” 3aNeKTPOoHHbIX nap (4o 18 anektpoHoB) X 0 -7.

[MpaBnno 18 3neKTpoHOB.




18 3neKkTPOHOB - 3aBepLUEHHas ANEKTPOHHas obonoyka atoma [(5d+3p+s)e2=18]

MnLn

L - ABYX3NEKTPOHHbIN NuraHz,

O606Lee YnNCnNo aNeKTpoHOB: vm + 2n (v - 9NeKTPOoHbI M).

Yuncno ceasen M-M (x)

X =[18m - (vm + 2n)]/2
HFGCO3(CO)9[P(OCH3)3]3
vm + 2n = 8(Fe) + 3¢9(Co) + 1(H) + 9¢2(CO) + 302(P)

X=60e x=[18¢4-60]=6
M, - 60e TeTpasap (18e4 -26) =60
2 A I I O A N e IR
\O/ \(l)/ O< _/0 /_|0/
KC3 4 6 8 10 12 18 24
KB3 50 48 64 62 60 90 120
Os3(CO)10Br2 | Os3(CO)42 Pt4(OAC)s [Re4(CO)12]” Iry(CO)12 [Rhs(CO)15]” | Nig(CO)s(PPh)s
O =L — @ e <>
-2e
60e 62e 62e 64e
TeTpasgp “6abouka’ ‘pomM0”  nnockun kBagpart

“Maruyeckue yucna”.
[MNoTHOyNakoBaHHbIbIE TPEXMEPHbIE NONU3APUYECKNE CTPYKTYPbI, UMelLme
TONbKO TPELrofbHblE rPaHn: TpUroHanbHas dunnpamuaa, okTasap, KBagpaTHas
aHTMNpM3ma C ABYMS LUankamu, nkocasgp.
N - yncno atomoB metanna; 5N (d) - aToMHbIX opbutanen metanna (AO);
(sp + 2p) - uncno BHyTpeHHUX opbutanen; N +1 - Yncno cBA3bIBaKOLLNX

ckeneTHbiX MO; sp - YACO BHELLHNX OpuUTanen.

(N+1)+ N + 5N = 6N + (N+1)
ckeneTHble  BHewHue d-6nok
MO MO
OkTtasgp 43 KBMO — 86 KB3



[Cog(CO)1s]” 54 +30+ 2 =286

Cog(CO)16 54 + 32 = 86
Rhe(CO)16 54 + 32 = 86
H2Rug(CO)1g 48 + 36 + 2 = 86
2 3 4 5
1 E E .
[P+ = [ 2 = [ i [ [ s (a2

NisCps 1,0 0,19 -0,26 -0,97 174 (®)
Nutepatypa.

1. @. KoTTOH, [X.YUNKNHCOH, “CoBpemMeHHast HeopraHmndeckas xumus”, M., “Mwnp”,
4.3, 1969, cTp.40-47.
2. C.IN.I'y6uH, “Xumuna knactepos”, M., “Hayka”. 1971.



2114. Xvmusa anemenToB VI-b rpynnebl.

Cr Mo W

N nn 24 42 74
anekTp. ctpoeHne |3d°4s’ 4d°5s"  |4f'*5d*6s?
anekTpooTpuuyat. |1,66 2,16 2,36
Fver., MM 124,9 129 130
MY, nm 44 62 62
MY, nm 49 59 60
M, nm 56 65 66
rM", nm 64 69 -
rM", nm 84 (.c.), 73(H.c.) |92 -
Ton., °C 1900 2620 [~3380
Ten-, °C 2690 4650 [~5500
AH®,, kOx/Monb |21 28 ~35
AH ., KK/MONb | 342 590 824
AH®., kx/Monb | 397 664 849
d, r/cm® (20°) 7,14 10,28 |19,3
p(20°) pomecm™ 13 ~5 ~5

. \ - =

- I, i

\

1, kkivors
g g

—o—|3
—o—|

R |5

— v |6

Puc.1. UameHeHne noteHumanos

MOHM3aLMM SNEMEHTOB Vi-0 rpynnsbil.

-nFB

Puc.2. Qnarpamma dpocTa 3nemMeHToB

VI-b rpynnbl.

Cr.omaeHms



|
b HCog CroZ
- V|
IgCr 5
3t
Cr2072'
1 -
| | | ! l \ | | | | |
1 3 5 7 9 11 13 pH

Puc.3. lnarpamma coctosiHma nHos Cr(VI) B BOOHLIX pacTBopax.

CrO,* < HCrO,
HCrO, < CrO,*

= Cr2072'

+H*

HszO4 = HCI’O4- +H*
Cr,0,” + Hy,0 < 2HCrO4
HCI'QO7- = Cr2072' +H*

CBoNcTBa BbICLLMX OKCUIOB.

pK=5,9
pK =-0,26
pK = 2,2
pK = -0,85

CrO; MoO; WO,
AG®, kx/monb  |-506 -618 -764
Ton, °C 197 801 (Bo3r.) |[1473
Tam, °C pasn. 1155 ~1670
CTPYKT.TUN TeTp.uenu |OKT. criou OKT. 3-XMepHbIN Kapkac (ReOs3)
4CrO; — 2Cr,05 + 30,
WO,
Ul pH~6
[HWs0,1]> (napaBonbdpamart)ess [HoW1,04,]"" (napaBonbdpamart) -MeaneHHo
UTpH~4
[HWeO25%1n & [HoW1,040]® (MeTaBOnbdpamar)

U pH ~ 1




WQO3ze2H,0

MoO,* — usononumonubaaTtbl — MoO3eH,O —  MoO,**
CUMbHOLLENoYHas Kucnas cpega
cpepa
CsouncTBa ranoreHnaos.
CT.OKuUC. F Cl Br I
+6 CrFg, xent.,
(pa3n.-100)
MoFg, 6euB., T
=174, Tyn=34
WF;g, 6ecus., WClg, TemH.-ron.,
T, =1,9, Ton =275, Tn. =346
Tan=17,1
+5 CrFs5, kpacH.,
Ton. =34,
Twn =117
MoFs, xenT., MoCls, TemH.,
T, =67, Ton=194, Try =268
Twn=213
WFs, xenrT. WCls, temn.-3en., |WBrs5, TEMH.
Ton=242, T\n.=286
+4 CrF4, 3en., CrCly, kop.,
Tan =277 pasn. >600
MoF4, Kp.-Kop. MoCl,, TemHbin | MoBr4, TEMHbIN
WF,4, Kp.-Kop. WCl,, TeMHbIN WBr4, TEMHBIN
+3 CrF3, 3en., T,,= |CrCl3, comon., CrBrs, T.-3en., Crls, T.-3€n.
1404 Ton= 1150 Tn=1130
MoF3, kop. MoCls, T.-Kp, MoBr;, 3en., Mols;, TeMH.,
Ton=1027 Ton=1977 Ton=1927
WCl3, Kp. WBr3;, WI3, TeMH.

pa3n.>860




+2 CrF,, 3en., CrCl,, 6en., CrBr,, 6en., Crl,, Kp.-kop.
Ton=894 T.,.=820 Thn=842
MoCl,, xenT., MoBrs,, xenT.- Mol,, TemH.
pas3n.>530 Kop.,pa3n.>900
WCl,, xenT. WBr, WI,, TeMH.
Mo X M=M Cr-3,12 A
Mo - 2,62 A

W- 242A  (Wyer - 2,74 A)
Cr+ 2HX — CrX2 + H2
2CrCl; + Hy, — 2CrCl, + 2HX

OkcoranoreHmasl.

CrOF,, kpacH., T,,=55 CrO,Cl,, kpacH., T, =- CrO4Br,, KpacH., pasn.
96,5, Twn=117

CrOng, Cpl/lOJ'l. o Tnn.=32

MoOF,, 6enbin, T,,=97, |MoOCI,

Twn=186

MoO,F, 6en., cybn.270 MoO,Cl,, xent., T,,=175, |MoO,Br,, kopu4HEBbIN
Twn=250

WOF,, 6en., T,,=101, WOCI,, kpacH., T,,=209,

Twn= 186 Twn=224

WO,F,, 6en., WO,Cl,, ron.-xenTt. WO,Br,, TeMH.-kop.,

Ton=272

CoeauHenus Cr(ll) - d*.

CoeauHerne |°A; « °B; |(°Ty ) « °B;

[Cr(en)s]** 8 300 16 000
[Cr(en),Br,] 13 200 17 900
[Cr(H.0)]”* |9 500 14 000

CrF, (i3 -F)  |11500 |14 000

CrCl, (us - Cl) |8 750 12 000
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Puc.4. Pacwennenve Tepmos (d*) B nonsix pasnuuHoi cumMmmeTpum.

FeomeTpuueckoe nposiBneHne acbdekra AHa-Tennepa ans d*-koHdurypaumm.

CoeguHenne |Cr-4X, A [Cr-X", A | X'/X
CrF, 2,00 2,43 1,215
CrCl, 2,39 2,91 1,218
CrBr; 2,54 3,00 1,18
Crl, 2,74 3,21 1,17

CnekTpanbHble xapaktepucTuku coeauHenuin Cr(lll) - d°.

CoeauHeHune ookpacka |vi, cM” |v,, M’ |vs cm’ [10Dg |B

KCr(S0O4),012H,0 dovon. 17 400 |24 500 |37800 |17400 |725
Ko[Cr(C,04)s]s3H,0 | cre-pon. |17 500 |23 900 17500 |620
Ko[Cr(CNS)eJedH,0 |nypnyp. |17 800 |23 800 17800 |570
[Cr(NH3)6]Brs 30510T. 21550 |28 500 21 550 |650
[Cr(en)s]l;eH,O 30/10T. 21600 |28 500 21600 |650
Ka[Cr(CN)] 3010T. 26 700 |32 200 26 700|530

u=3,87 m.b.




JlnTepaTtypa.

1. H.C.AxmeToB, “ObLwas n HeopraHuyeckasi xumus”, M., “Beiclias wkona”, 1988,
cTp. 521-538.

2. ®.KoTtToH, K. YnnkuHcoH, “CoBpeMeHHasi HeopraHmdeckasa xumus”, M., “Mwup”,
1969, 4.3, cTp. 228-244, 356-388.

3. b.B.Hekpacos, “OcHoBbl 06wwen xumumn’, M., “Xumusa”, 1974, 1.2, cTp.364-381.

4. B.N.CnnublH, J1.U.MapTblHEHKO, “HeopraHndeckas xumuns”, M., MI'Y, 1994, 4.2,
cTp. 146-193.

[dononHutenbHasa nuTepartypa.

1. ®.A.KoTToH, P.YonTtoH, “KpaTHble cBa3n metann-metann’, M., “Mup”, 1985.



2J115. U3ononu- n retepononmcoeanHeHMUs.

(U3ononunokcomeTannarbl).

AdpekTMBHbIE NO

HHblEe paanychbl.

NoH TeTpaspuy.pagmyc | OKTaspud. paguyc | KoopauHai.uucna
Al** - 0,57 4,6
v 0,49 0,68 4,5,6,7
Nb®** 0,62 0,78 6
Ta™ 0,62 0,78 6
Mo®* 0,55 0,73 4,6,7
w* 0,56 0,74 4,6
pH" + qMO," < [HMO,]" + (49-y)H.O
p=8g-2y +x (p/q=z-“KNCNOTHOCTbL W30MONMNaAHNOHA).
N3ononumonubaarbl, BblAeNeHHbIE U3 pacTBopa.
z cocTaB CTpoOeHue
0 MoO,* TeTpasap
1,0 [Mo,0/]* ouMTeTpasap
1,0 [(M0,07)*].. Lieny TeTpasapoB-OKTaspoB
1,14 [Mo7024]6' CeMb COENHEHHbIX OKTasapoB
1,20 [M0+10024]% CoeaMHeHHble OKTaaapbl
1,25 [M0gO26(OH)2]*; [M0gO27°]. COEeMHEHHbIE OKTadpbi
1,33 [(M03010)*].. oKTaspbl
1,50 o, B-[MogOy6]* OKTa3apsl

MoO,* + H" & HMoOy4 + H,0 — [MoO,(H,0)(OH)s]

[
[

(?)
(M0,07)*].. B (NH4),M0,0;
Mo"'] > 10° M, pH = 3 -5,5 [M070,4]*

(N H4)6MO7024.4 HZO




00 - G~ &

CxemaTtunyeckoe ctpoeHne Mo;Oy,"

o - M080244- B- M080244- Y- M080244-

N3ononueornbpamaT-aHNUOHLI, BblAeneHHbIe U3 pacTBopa.

Z cocTaB CTPO€EHUE

0 WO~ TeTpasap

0 [W,O46]” 4 coeqVHeHHbIX TeTpasapa
1,14 [W70,4]% oKkTasapbl, aHanorny. Mo,0,,°
1,17 [W1204.H,]"" 12 okTasapos, 2H B nonoctu
1,48 0ot-[W12040]" cT-pa KerreHa, H B nonoctu
1,50 B,0-[W12040]" cT-pa KerreHa
1,60 [W10032]" 2x5 okTasappo., Npounss. MO+
1,67 [WeO1o]* 6 okTtasgpoB = MgOqg




["leTepononuaHnoHbI.

OneMeHTbl CTPYKTYpbl KerreHa. CtpykTypa KerreHa.

CoeanHeHnsa co cTpykTypon KerreHa (o-m3omepsl).

[XW;,04,]": X =H, 2H, B, Al, Ga, Si, Ge, P, As, V(V), Cr(Ill), Mn(IV), Fe(lll),
Co(lll), Co(ll), Cu(ll), Cu(l), Zn, Se(IV), Te(IV), Sb(lll).
[XW1,04]™: X =Si, Ge, P, As, V(V), Ti(IV), Zr(IV), In, 2H, Mo(VI).
MexaToMHble paccToAHUA B 0-[M12040]™.
X M X-0, M-O, M-O; | M..M g | M...M py-
@] @]
W 1,53 2,44 1,70 3,41 3,70
P Mo 1,54 2,43 1,,66 3,41 3,70
Si W 1,63 2,38 1,68 3,42 3,68
Si Mo 1,62 2,35 1,67 3,36 3,70
Ge Mo 1,73 2,229 1,69 3,35 3,74
2H W - 2,26 1,70 3,32 3,69
Co”* W 1,92 2,14 1,71 3,25 3,73




[TIC co cTpykTypon AHOepceHa.
[X(06)sM0gO45]™: X = Mn(ll), Fe(ll),
Co(Il), Ni(1),Cu(ll), Zn(1), Al(IIN), Ga(lll),
Cr(111), Fe(111), Rh(1II).

CTtpykTypa AHOepceHa. [X(OH)eWs015]™ : X = Ni(ll).
[XOsM0eO35]™: X = Te(IV), I(VII). [XOeW5035]™: X = Mn(1V), Ni(IV),
Te(IV).

MexaTOMHble paccTosiHus (A) B aHMOHaX CO CTPYKTypon AHLepceHa.

aHMOH M-O, M-O, M-O, X-0O M....M
[TeOgMogO15]" 1,71 1,94 2,29 1,93 3,29
[106M0gO+g]” 1,71 1,92 2,34 1,89 3,31
[Cr(Il)(OH)sM0gO15]° | 1,71 1,94 2,29 1,97 3,33
[Ni(IV)OgWgO15]* 1,78 1,96 2,15 1,94 3,18
[Mo(IV)OsWeO1s]* 1,78 1,96 2,15 1,94 3,18
[CoOgl3C030sH2 | 1,80 1,89 2,04 1,92 2,93

1,95 1.89

[TIC ¢ BbICOKMMUW KOOPAVUHALMOHHBIMM YUCTTaMMW.

®

LeHTpasribHbIn

12 Brnoktasgpos

aToM - MO,

M K.Y.=12

[Xn+Mo12042](12-n)- X = Ce|V, Thlv, U|V




OxkuncnutenbHo-BoccTaHoBUTENbHbIE cBocTBa [T1C, B OTHOCUTESNBHO

xnopcepebpsiHOro anekrTpoga (B ckobkax gaHo 4ncro e ).

aHWOH Eip, B(N€) | Eq52,B (N€) E4p,B (N€) E4,B (ne) E4,B (ne)
B-SiW, -0,80 (2) -0,90 (2)
o-SiWy -0,65 (2) -0,91 (2)
o-SiMoy, | +0,25 (2) +0,13 (2) -0,06 (2)
B-SiMo;, +0,35 (2) +0,27 (2) -0,13 (2)
o-GeMo4, | +0,36 (2) +0,24 (2) +0,06 (2)
B-GeMo,, | +0,50 (2) +0,40 (2) 0,0 (2)
B-PWq -0,80 (2) -0,89 (2)
B-AsWq -0,80 (2) -0,90 (2)
o-PMoy; +0,36 (2) +0,22 (2) -0,01 (2) -0,15 (2)
B-PMo,, | *0,55(2) | +0,37(2) -0,07 (2)
o-AsMoy, | +0,36 (2) +0,24 (2) +0,02 (2) -0,13 (2) -0,23 (2)
B-AsMos, | +0,58 (2) +0,41 (2) +0,10 (2) -0,18 (2)
o-P,Moss | 10,46 (2) | +0,34 (20 +0,16 (2) -0,14 (4)
B-P,Moss | +0,53 (2) +0,41 (2) +0,22 (2) -0,07 (4)
o-As,Mog | +0,48 (2) +0,36 (2) +0,19 (2) -0,17 (4)
B-As,Mosg | +0,55 (2) +0,43 (2) +0,25 (2) -0,10 (4)
Jlutepartypa.

1. ®.KoTTOH, [XK.YUNnKnHcoH, “CoBpemeHHasa HeopraHunyeckas xumma”, M., “Mup”,
4.3, 1969, cTp. 364-373.

2. A.lNon, “rUsononu- n retepononumeTtannaTtel”’, HoBocubupck, “Hayka”, 1987.




21116. Xumusa anemeHTtoB VII-b rpynnebl.

Mn Tc Re

N nn 25 43 75
Fver. (K.4.12), NM 124 135,8 |137
rM", nm 46 56 60
rM”, nm 50 - 61
rMY, nm 52 60 62
rMY, nm 52 72 72
rM", nm 58(H.c.),64,5(.c.) |64,5 |-
rM", nm 91 95 -
Ton, °C 1244 2200 [3180
Tan., °C 2060 4567 |~5650
AH®., kDx/monb | 13,4 23,8 |34
AH®cn, KDK/MONb  221(8) 585 704
AH%., kDx/Monb | 281(6) - 779(8)
d, ricm® 7,43 11,5 |21,0
P, LOMeCM™" 185 - 19,3
pelueTka (a)OUK rry rmy

. i .

- \ o e, e

I, Kkivors
g

N |7

Puc.1. N'ameHeHune noTeHumanoB MOHU-

3auuun ansa anemeHTtos VII-b rpynnbl.

—=—Tc (pHFO)
—°—Re (pH0)

D\
\

Cr.omaeHs

Puc.2. Anarpammbl ®pocTta ans

anemeHToB VII-b wpynnbi.



MnCl, ReClg

HReO,

3Mn0O,* + 2H,0 < 2MnO,4 + MnO,
+40H

3MnO,#+4H"—-2MnO,+ MnO,+ 2H,0
1) MnO4%+2H,0+2e—>MnO,+40H

2) MnO4*-e — MnOy,’

EB

CT.OK. |311.KOHG. [K.4. Mn Tc Re
0 d’ 6  [Mn,(CO)q Tca(CO)1o Re,(CO)qq
+1 d° 6 [Mn(CO)sCl Tc(CO)sCl Re(CO)sCl
Ks[MNn(CN)s]
2 | 6 [Mn(H0)”
4  MnCl~
Tc,Clg>
+3 d* 6 Mn(acac)s Tc(acac); Re,(ac),Cl,
(5) [[Mn(H,0)e]** Tc,Clg” Re,Clg”
+4 d’ 6 |MnO,, MnXg” [Tc(acac)s]’ ReCl,,ReXs”
,ReO,
TcXs™
+5  |d° 4  MnO,”
TcFs ReCls, ReOXy
+6  |d’ 4  MnO,”




6 TcFg ReOs3;, ReFg
+7 | 3  |MnOs’

4 MnQO,4’, Mn,O7 TcOy, Tcy,0y ReO,

6 Re,O7

8 KReFs

Csonctsa ranoreHngos anemeHToB VII-b rpynnbl.

CT.OK. F Cl Br |
+7 ReF;xenT., T =
48,3, Tyn=73,7
+6 TcFg, xent., Tyn=
37,4, Tyin=55,3
ReFg, xenT., ReClg, kp.-3en.,
Ton= 18,5, Ton=29
T =33,7
+5 TcFs, xenTt.
ReFs, xent.-3en., |ReCls, TeMH.- ReBrs, TeMH.-KOp.
Ton=48, Tin=221 |Kop., Ton=220
+4 MnF,, ronybon
TcCly, KpacH.
ReF,, ronybon ReCl;, TemMH.-kop. | ReBry, TEMH. Rel, Temp.
+3 MnF3, KpacHbIn
(ReCl3)s, TemHO- |(ReBr3)s, kp.-kop.
KpacH.
+2 MnX,

(X=F,Cl,Br,|)




o —0 0
2,66 > A
O_*//\\xz,“g /E\\

0 AN

Puc.3. CtpoeHune (ReCly)s.

CsoncTBa okcoranorreHngos Mn, Tc, Re.

CT.OK. F Cl Br
+7 MnOsF, 1.-3en.,T,s=- |MnO3Cl, xentbin

78 Tun.=60

TcOsF, xenT., TcOsCl, 6.u.

Tnn.=1 8,3, TKVII'I.=~1 00

ReOFs, kpacHbIn,
Tnin=43,8, Tyn =73

ReO,F3;, xent., T,,=90,

Twn=185
ReOsF, xenT., ReOsCl, 6.4., T,n=4,5, |ReO3Br,
Tan=147, Ton=164 Twn=13

+6 TcOF,, ronybon, Ton= |[MnO,Cly, xenTbin
134, T,n.=165

TcOCly, ronydon

ReOF4, ronybon, T,,= |ReOCl4, kopuu.. ReOBry, ronybon
108, Tyn=171 Tnn=30, Tin.=228
+5 ReOF;, TeMHbIN MnOCI;, neT.kngkocTb
TcOCl; TcOBr3;

2KMnO, + 14HCI — 2MnCl, + 5CI, + 7H,0 + 2KCI
(KoMnClg, KMnClseH,0)
KTcO, + HCI — K,TcClg + Cl, + H,O
(H,TcClg)
KReO, + HCI - KReOCl; + H,0




JlntepaTtypa.

1. H.C.AxmeToB, “ObLas n HeopraHuyeckasi xumus”’, M., “Bbiciag wkona”, 1988,
cTp. 538-548.

2. ®.KoTToH, [X.YUnknHcoH, “CoBpemeHHasa HeopraHunyeckas xumma”, M., “Mup”,
1969, 4.3, cTp. 245-261, 389-4009.

3. b.B.Hekpacos, “OcHoBbl 06wen xumuun”, M., “Xumusa”, 1974, 1.2, ctp. 296-310.
4. B.N.CnvupbiH, J1..MapTbiHeHKO, “Heoprannyeckasa xumma”, M., MY, 1994, 4.2,
cTp. 202-233.

JononHuntenbHas nuTepartypa.

1. B..CnnupblH, A.®.Ky3uHa, "TexHeunn”, M., “Hayka”, 1981.



2Lec17. CoeanHeHNA € KpaTHbIMU CBA3AMU MeTarnn.
1963 -1965 r.r. MOHX AH CCCP

HReO, + HCI + H, (P, T) - “H;ReCly”
(NH,).ReCly4; K;HReCly02H,0
MIT (Cotton F.A., Curtis N.F., Johnson B.F.G.)
ReO4 + H3PO, + HCl + M* — “MReCly” M,Re,Cls (M = K, Cs)

A d
Re-Re=2,24 A % XZ — >

o [Tc,Clg]* - o n* 828
—r* 3- 2 4
s d o =n
s d°-o®t* 62 &2
—T

——0

Re,Clg> + 4RCOOH — Re,(RCOO),Cl, + 4 HCI + 2CI

coeanHeHune Re - Re, A
K>Re,Clge2H,0 2,241
(NH,)2Re,Clge2H,0 2,234
(NBuy), Re2CI8e2H,0 2,222
Re,[(CH3);CCOO0],Cly 2,236
Re;[(CH3);CCOO0],4Br; 2,234




RGQ[CH3COO]QC|4 2,21 1

(NHz)2[Re2(CH;COO0),Clg] 2,260

Re,[(PhN),CPh],Cl, 2,177

XapakTepucTuku kpatHom cesasn M-M.

SNEKTPOH.KOHGMUT. coeanHeHne | M-M, A E 88, cm”
d* -d* Cry(AcO),e2H,0 2,836 21 000

Mo,(AcO), 2,093 21700 (2)

21 975 (xy)

22 345 (xy)

Mo,(HCOO), 2,091 21870 (2)

22 270 (xy)

22 660 (xy)
Mo,(SO),e2H,0 2,111 19 400
Re,(HCOO),Cl, 2,235 20 120
Re,(C,HsC00),Cl, 2,234 19 650
Re,(CH;COO),Cl, 2,209 15 750
KsMo,Clg 2,15 17 897
Mo,Brg" 2,135 19 400
Re,Clg* 2,224 14 183
Re,Brg” 13 597
Re,ls” 13 000
Re,(CNS)s™ 10 000
Tc,Clg™ 2,117 14 400
d*-d° Tc,Clg™ 5900
Mo,Brg- 13 900
Mo2(SO4)s™ 6 900
Re,Cl4(PPrs)," 6 653
d>-d° Re,Cls(PPrs), 2,232 13 790
d>-d° Ru,(AcO),Cl 2,287 9 000




QHeprum cnekTparnbHbIX NEPEXOA0B B aHMOHAaX Re,Xg> (cwl'1).

nepexon X=F X =Cl X =Br X=
58 17 900 14 183 13 597 13 000
o1 17 062 17 475
T—oT 39 200 26 000 19 400
M —0 (a°Es), 27 000 21 290

G.Wilkinson, J.Chem.Soc., 1964, p.2538.
Mo(CO)e + 2 CH3;COOH — Mo(CH3;COO0), + 6 CO + H,
D.Lowton, R.Mason, J.Amer.Chem.Soc., 1965, v.87, p.921.

R Mo-Mo 2,11A
| R
C e (527'C482
~C
g
M Ml
2
/S C
R R

J.W.Brancic, F.A.Cotton (1969-1970)

Mo,(RCOO0),
00C, 14M HCI
600, \ 6M HCI
- HCl, to ]
Mo, Clg* >(Mo,Clg)3 (?)
Cl Cl u=0,3mb., cr.ok.+3, Mo-Mo 2,371 A,
AN / Mo,ClgH* (MK, nR): Brancic,
Cl M(}\/ ° Cl
Bino,Cotton 1979 -80 r.r.

cl” ClI7 \

Cl




3. Pyun110°u 44
Mo,ClgH > Mo, Cly(Py)4

yir 200°u 18 4 Pyu 200°u

IA~AU3
e 18 4
Y 3 0 v
MoyCly — yu200ul8u o MoCly(Py)s

CxemMa XMMmn4eckmnx npespaLleHni Mo,ClgH®.

24
105
86°
Mo,Clg* Inorg.Chem.,1969, v.8,p.7.
[
10
08 |-
U)é 06
%)
04 -
02 -
00
o 10 x  x w0
6, pan

3aBNCUCMOCTb NepKpbIBaHNS MO 3-TUMY OT Yria BHYTPEHHEro BpalleHus 0.



NV \ /R
R f~R
| ca |
/Mo :/Me:
ca” | a ][ \

R
|_X >|< | 2RCOOH |/X(|) .
» Mo
— pd -
x| M TNV
X c—O
4 RCOOHH 1|(

RCOOHu

CH,OHu 800 o
v CH}OH C6H6PI 80

Mo,(RCOO), < Mo,(RCOO),L,

Cxema xumndeckux npespawieHnn Mo,Xyl,.

Jlntepartypa.

1. ®.A.KoTTOH, P.YonToH, “KpaTHble cBa3n metann-metann’, M., “Mup”, 1985.



2J118. Xumusa anemeHToB Tpmagbl xenesa: Fe, Co,Ni.

Fe Co Ni
N nn 26 27 28
a1. CTpPOeHMe 3d°4s® |3d’4s® [3d%4s?
3.0. 1,83 1,88 1,91
Fver., MM 1241 125,3 124,6
Y 25 - -
M"Y, nm 58,5 53 48
rM", nm (H.c.) 55 54,5 56
rM", nm (B.C.) 64,5 66,5 60
rM", nM (H.c.) 61 65 -
rM", nm (B.C.) 78 74,5 69
Ton, °C 1535 1495 1455
T, °C 2750 3100 2920
AH®., kOx/Monb | 13,8 16,3 17,2
AH%,c, kKOk/Morb  |340(13) 382 375(17)
AH®,. , kx/monb  |398(18) [425(17) |429(13)
d(20°, r/cm” 7,874 8,90 8,908
p(20°), nomecm™ 9,71 6,28 6,84
M + 2HCI—>MCI, + H, (M= Fe,Co,Ni)
2Fe + 3Cl, — 2FeCl;
M + Cl, — MCl, (M= Co, Ni)
[M(Hzo)6]2+ M = Fe, Co, Ni.

d®, d’, d®

[M(H2O)6]3+ M = Fe, Co/

d5, d6




| | o Fe@HO)
- e - Fe(pH=14)
1 | -~ = CoH0)
4 | o NpHo)
YRS
o
0 0\8/
24 o e . ‘.-
0 : 2 3 4 5 6
CT. o)aeHA

Puc.1. dnarpammbl PpocTa Anga anemMeHToB Tpuaabl XKenesa.

Fe" Fe' E° B
[Fe(phen)s]”*  |[Fe(phen)s]** 1,12
[Fe(dipy)s]”*  |[Fe(dipy)s]™ 0,96
[Fe(Hzo)e]3+ [Fe(Hzo)e]2+ 0,77
[Fe(CN)e]™ [Fe(CN)e]*™ 0,36
[Fe(C204)s]”  |[Fe(C204)]"+C,04~ 0,02
[Fe(edta)] [Fe(edta)]” -0,12
[Fe(quin)3] [Fe(quin)s] -0,30

Co" Co" E° B
[CO(Hzo)es]3+ [CO(Hzo)es]2+ 1,83
[Co(C204)s]”  |[CO(C20a4)s]* 0,97
[Co(edta)] [Co(edta)] 0,37
[Co(bipy)s]”*  |[Co(bipy)s]* 0,31
[Co(en)s]** [Co(en)s]** 0,18
[Co(NH3)e”*  {[Co(NH3)g]** 0,108
[Co(CN)e]* [Co(CN)s(H,O)]*+CN"  [-0,80




HuskocnuHosble kommnekcsl Co(lll) - dP.
1 1
Vi = A1g —> T1g

— 1 1
Vo = A1g —> ng

E
1]

a

’H

D

Puc.2. OnarpammaTaHabe-CyraHo Ans anekTpoHHON KoHdurypauum d°.

CoeanHeHne |okpacka vi,cM'  |v,, em”' [10Dqg,cm” |B, cm™
[Co(H,0)% | rony6as 16600 |24 800 |18 200 670
[Co(NH5)s]”*  |enTas 21 000 29 500 |22 900 620
[Co(C,04)s |senenas |16 600 |23 800 |18 000 540
[Co(en)s]”* sonotuctas (21400 (29500 (23200 590
[Co(CN)® _ |sonotucras |32400 |39000 |33 500 460

[Co(H,0)6]*" + NH3 +(NH,Cl) + Oz +(Caue.!) — [CO(NH3)e]**
)6l + NH3 +(NH4Cl) + O, — [Co(NH5)sCI**

[Co(H,0)6]*" + HCO5™ + H,0, — [Co(CO3)s]*

[Co(CO3)s]* + H30" — [Co(H0)e]**

Komnnekcbl Co(ll) - d’.
OkTasgpuyeckne KOMMNIIeKCoI.
V1 = 4T1g(F) — 4T29(F)

vy = *Tyg(F) — *Agg(F)

v = *Ty4(F) — “T14(P)
TeTpasgpuyeckne KOMNEKChI.
vs = *T1(P) « “Ay(F)

v2 = *T4(F) « *A; (F)




(v1 = *To(F) « *Ay(F) ~ 3 000 - 5 000 cm™).

CnekTparnbHble XxapakTepUCTUKN okTasgpudeckmx komnriekcos Co(ll).

vi,em | vo, M | vs, em [10 Dg,em™ |B, em”
[Co(bipy)s> 11300 |- 22000 |12670 790
[Co(NH5)s]** |9 000 - 21100 |10 200 885
[Co(H,0)]” |8100 |16 000 [19400 |9 200 825
CoCl, 6 600 13300 |17 250 |6 900 780

CnekTpanbHble XxapakTepUCTUKN TeTpasgpuyecknx komnnekcos Co(ll).

vo, oM |vs, cm” |10 Dg, cm™ |B, em”
[Co(NCS),]= |7 780 16 200 |4 500 691
[Co(N3)s]” 6 750 14 900 |3 920 658
[CoCl,]* 5460 14700 |3920 658
[Col,]* 4 600 13250 |2650 665
KomnnekcHble coeamnenms Ni(ll) - d®.
T, T oKTas{gp
T

E/B
50}

3T2

v = *Agy(F) = *Tog(F) = 10 Dq

Vo = *Agg(F) — *T14(F)
V3 = *Agy(F) = *T14(P)

TeTpasap

vq = °T4(F) = °T(F)
vo = °T4(F) — °Ay(F)

V3 = 3T1(|:) - 3T1(P)

I T,
40}
1A1
30}
1G
20t IE
V.
1D
10 4
V) 3
SF | | | | | A;
10 20 30 40 50 Dq/B

Puc.3. lnarpamma TaHabe-CyraHo ans

OKTa3pN4eCcKoro oKkpyeHust d°.




CneKTparbHble XxapakTepucTuku oktaaapuyeckux komnnekcos Ni(ll) -d®.

vi, cM” |vo, cM” |vs, v [10 Dq, cm”
INi(DMSO)s]** [7730 [12970 [24040 |7 730
[Ni(NH;3)e]*" 10750 [17500 [28200 |10 750
[Ni(H,0)]**  [8500 [13800 [25300 [8500
[Ni(en)s]** 11200 [18350 | 29000 [11200
[Ni(bipy)s]* 12650 [19200 |- 12 650

CnekTpanbHble xapakTepucTuku TeTpasgpudeckux komnnekcos Ni(ll) - d2,

vy, M |vo, em™ |vs, em? [10 Dq, om™
[Nil,]* - 7040 [14030 |3826
[NiBr,]* - 7000 {13 230 [3790
[NiCl]* - 7549 (14250 | 4096
[NiBr,(OPPhs),] |- 7250 [15580 (3950
JlnTepaTtypa.

1. H.C.AxmeToB, “ObLwas n HeopraHuyeckast xumus”, M., “Beiclias wkona”, 1988,
cTp. 548-584.

2. ®.KotToH, K. YnnkmHcoH, “CoBpemMeHHasi HeopraHmdeckasa xumus”, M., “Mwup”,
1969, 4.3, cTp. 260-310.

3. b.B.Hekpacos, “OcHoBbl obwwen xumumn’, M., “Xumusa”, 1974, 1.2, ctp.318-377.

4. B.N.CnnublH, J1.U.MapTblHEHKO, “HeopraHndeckas xumunsa”, M., MI'Y, 1994, 4.2,
cTp. 233-273.



21119. Xumua nnatMHOBbLIX MeTannos.

Ru Os Rh Ir Pd Pt
N nn 44 76 45 77 46 78
311.KOHG. 4d'5s"  |4f'*5d°6s* |4d°5s’ |5d'6s® |4d'%5s” |5d°6s’
30 2,2 2,2 2,2 2,2 2,2 2,2
Fver., MM 134 135 134 135,5 [137 138
Ton, °C 2282 |3045 1960 [2443 [1552 1769
Teun °C 4050 [5025 3760 [4550 [2940  [4170
AH,, kOx/Monb 25,5 31,7 216 [26,4 [17.6 19,7
AHar, kx/Monb | 640 791 556 669 377 545
d, r/em® 12,41 [22,57 12,39 [22,61 [11,99 [21,41
p,omecw” 6,71  [8,12 433 4,71 9,93 9,85
CTPYKTYpa my [ruk ruKk  [rny  |rukK LK

Ru - Poccus (nat.);  Os - naxHywun (rpeu.);
Rh - po3osbii; Ir - pagyXHbIu;

Pd - 6oruHs MNMannaga; Pt - “cepebpuwwiko” (1cn.).

12000 [ B
12000 . — —e—| 10000 | | —e—L
] - 3 -
11000 [ ) I 1 el
] B
10000 - J— 8000 v —a—|
2000 5

g / A
8000 ~—————>5 ks
—v— |7

——1

|, iviors
g8

I, ivorb
4}
-

4000 7 P S————
J L
2000 ] 0— 00—

T T T T T T T
440 45 450 455 460 760 765 770 775 780
Nm Nm

Puc.1. UameHHne noteHunanoB nonnsa- Puc.2. UameHHne noteHumnanoB MOHM3a-

LMW1 NnaTuHOBbIX MeTannos 4d-psaa. LMW1 NnaTuHOBbIX MeTannos 5d-psaa.

Os + 202 — OSO4

Ru 04 OSO4




THJ'I.! OC 25 41
AH®, k>x/Mmonb -239,3 |-394
|3_o, N 174
Evon, B 12,3 13,0
Ka (B BOZE) 701072 [107¢
pact. B CCly, /100 1 375
pacTB. B Boae, r/100 r 7
10—-
—eo—Fe o
o - o Ru o
-4 - @ [ ]
6 -
o
; -4
2_ -
1 .o T
04 -
i \Q/
'2 T T T T T
0 2 4 6 8

Puc.3. Auarpammbl ®pocTta ansa anemeHToB noarpynnel xenesa (Fe, Ru, Os).
Ru + Na,0O, — Nay;RuO,

Na,RuO, + Cl, - RuO,4 + NaCl ( B BogHOM pacTBope)

0s0, + 20H — [0sO4(OH),]*

RuO, + HCl,q — H3[RuClg] + Cl;



—0—1r
e (@)
- = |r@Q)

BB

Puc.4. narpammbl ®pocta ansa Rh, Ir (pH=0).
2M + 3Cl, —» 2MCl; (M= Rh, Ir)
AH®, k>x/monb 24267 280

B
w
|

- 407H
7—_ o
R - H(O) /

-

Puc.5. Qunarpammel ®pocta ansa Pt, Pd (pH=0)/
3Pt + 18HCI + 4HNO; — 3H,[PdClg] + 4NO + 8H,0
3Pd + 12HCI + 2HNO3; — 3H,[PdCl4] + 2NO + 4H,0

o



OXe? + 2e= IX,Z + 2X (E°, B; pH=0)

9 [X=ClOs |CI Br I

Pd 1,60 1,29 10,99 (0,42

Pt 1,10 0,74 (0,64 |0,39

21120. KomnnekcHble coeanHeHUs nnaTtuHOBbLIX MeTarnmnoBs.
Ru, Os (Il 11l, IV)
Il [3(NH3)6]2+; 32(RCO0),
Il [3(NH3)6]3+; [3r6]3+
[Ru(NHj3)6]Cls; KsRuCle
\Y; [OCIs]*
K2RuClg
K,OsClg
Ru(CsHs), - pyTeHoueH (aHanor eppoueHa)
VI Ru+ Cl, + HCI + H,0 — H,;[RuO,Cl,]

H,[OsO,Cl4]
Rh, Ir (II, 11, IV).

Il 392(RCO0),; 9,(RCOO)L, 3 =Rh,Ir.
M2[Rh,(RCOO),I]

M4[Rh2(CO3)4]

Nl [O(NHs)e]Xs; [ 9=Rh,Ir.
KRh(SO4),¢12H,0) (opaHxeBbii)
Ms[Ir(C,04)3] (opaHxeBblin)

Pd, Pt (I, 1V)

Pd + 4HNO3; — Pd(NO3), + 2NO, + 2H,0 (aHanornmyHo Hukeno)

Pt + 6HCI + 2HNO3; — H,PtCls + 2NO + 4H,0

H,PtClge2H,0 = (H50),[PtClg] (kpacHoe KpucTannuyeckoe BeLLECTBO)
(NO),[PtCls

[PtClg]* + Pt + 2CI" — 2[PtCl,]*  (BoccTaHoBuTenu: SO,, anbaervasl, ...)



YCTOMYMBOCTb ranooreHnaHbix komnnekcos M(II).

M [MCl,~ [MBr,~ [MI,~

Pd [6e10™ [8e10™" |10

Pt (31077 [4e107?" |3e107°

N.N.YepHaes 1926 r. [NpaBuro TpaHC-BNUSHNA.
[PtCl,]* + NH3 — [Pt(NH3)Cls] + NH; — umc-[Pt(NH;),Cl,] (xenTo-3eneHbiit)
[Pt(NH3).]** +CI” — [Pt(NH3)4Cl]" + CI' — Tpanc-[Pt(NH;),Cl,] (SpKko-xenTbiit)

/Cl A /Cl
A\pt —>+NCHIB \Pt
/ \Cl — B/
B \NH3 TpaHc-BnusHne A>B.
Psap TpaHc-BnnaHuS:
CN >CO >PR3 > HSO3_ > NOz_ >1">Br>Cl > py > RNH2 > NH3 >0H > Hzo

Cratnyecknn acbPd ekt TpaHC-BNUSHUSL.

pMe3 231 pEt3
2,29 ’
Cl%Sp e Cl\Pt/
t 2725
T~ e T—~q
Cl PMe; PES
Cl NH(CH3;),
2,38 2,02
Pt 2.3() ,pt 2,32
CH, , al CHy,~ cl
1,37 }/ 1,47 }/
CH, CH,
Conb Llepl3e - K[PtClg(C2H4)] [PtClg(NHg)(CzH4)]
[PtLN,T] + E —(menn.) —»[PtELN,T]—(6bicTpo) — [PtEN,T] + L

N

ruA‘iII"VN LAY ;i;}Fli.II!’VN

N



Katanus.
1) lNeteporeHHbin (Pt, Pd, Rh, ...[Ni]) - npoueccbl rmgpupoBaHus -
AernapupoBaHusi, pudopMuHra.
2) FoMOreHHbI KaTanns ( KOMMMEKCHbIE COeQMHEHUS NITATUHOBLIX METansoB).
Katanusatop BunkuHcoHa (G.Wilkinson).

[Rh(P Ph;);ClI]

T j H, \ / CHy=CH,

L—Rh —L +S—> L—Rh—L ——> L—Rh—L

\ \ N

Cl Cl
H H ‘ L
— L—\Rh/—L — Cl—Rh/\L 5 > RS + GH
N ‘ !
CH,=CH, CH,-CH;

MeTtnn TonmeHa.

CH;-CH;
~—L
Cl
L— Rh L
CH2 CH, c \s

I‘_I C ZZCHZ

L H 4

S ~ I %

‘ Cl— Rh
| S
CHz'CH3 T CHZZCHZ

'mapupoBaHune, rugpodopmMunnpoBaHue.
CuHTes - ras (H, + CO).

CH, (CnH,n+2)
Hy * CO—> Rr.0H (CH,0H)

R-COH



[MonyyeHne NNaTUHOBLIX METaNsOB.
1. OBoraLyeHne (MpoMbIBKa - CAMOPOLKM; INIEKTPOSNS - LWaMbl).
2. BekpbiTne:
Pd, Pt -"uapckas Bogka’;
Ir, Rh -cnnaBnenne ¢ NaHSOy;
Ru, Os - okucnexue; cnnasneHune ¢ Na,O,.
3. Pasgenenue:
a) OKUCNUTENbHO-BOCCTAHOBUTENbHbIE peakLny KOMMNEKCHbIX
coeUHEHUN.
6) oocaxokaeHne KOOpaANHALMOHHBLIX COEOUHEHUN.

4. BbinnaBka meTansnos.

JlntepaTtypa.

1. H.C.AxmeToB, “ObLas n HeopraHuyeckasi xumusi”’, M., “Bbiciag wkona”, 1988,
cTp. 548-584.

2. ®.KoTToH, [X.YUnknHcoH, “CoBpemeHHasa HeopraHunyeckas xumma”, M., “Mup”,
1969, 4.3, cTp. 410-476.

3. b.B.Hekpacos, “OcHoBbl 06wen xumun”, M., “Xumuns”, 1974, 1.2, ctp.377-413.

4. B.N.CnvupbiH, J1..MapTbiHeHKO, “Heoprannyeckasa xumma”, M., MY, 1994, 4.2,
cTp. 273-289.

JononHuntenbHas nutepartypa.

1. “CuHTE3 KOMMNJIEKCHbIX COEaMHEHNI MEeTasnsoB NnaTMHOBOW rpynnbl” (Nog,

pen.n.N.YepHsaesa), M., “Hayka”, 1964.



25121. Xumus anemenTos I-b rpynnel: Cu, Ag, Au.

Cu Ag Au
N nn 29 47 79
30 1,90 1,93 2,54
an. koHdurypaums |3d'%4s’ 4d"%5s' 4f"*54"%s'
Mver., MM 127,8 1444 144,2
MY, nm - - 57
M, v 54 75 85
rM", nm 73 94 -
rM', v 77 115 137
l4, K>x/Mmonb 7454 731 890,1
l>, kKx/Monb 1958 2073 1980
I3, kKOx/Monb 3554 3361 2900
Ton, °C 1083 9261 1064
Tan., °C 2570 2155 2808
AHn., kk/mMonb 13,0 11,1 12,8
AH,en, kKx/monb | 307 258 343
AH.;, k[>k/Mmonb 337 284 379
—h T
= = E
3 \- 1060
3
{ e - 90

Puc.1. UameHeHne noteHumnanos

noHmsaumm Cu, Ag, Au.

Puc.2. UameHeHne Temnepatyp

nnasneHus Cu, Ag, Au.




o———° 1804 | —o—L,NaKRo,GF

/ —o—QuAg AU /o
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O

220 140
g - / —o—Li,Na KR, Qs Fr o/
- 200+ —— QJ!AQ!AJ E. 120
E R o s
< 0 = /
w] / s
4 (o) o
140 /D c T c
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Puc.3. ameHeHne meTannunyeckux pa- Puc.4. Al3meHeHne NOHHbIX paanycosB

anycos Cu, Ag, Au B conoctaeneHumn co Cu, Ag, Au B conoctaBfieHUN CO

weriovYHbIMA MeTallramMu. wenmo4YHbIMK MeTalnamMun.
02+
50 - ° o QX+te=Qu+X
45_- —em—Qu o 014 X=Q,Br,CN
40_. com- OJ(N'%)

35-
30-
25-
20-
15-
10-
05-

B

00
05

=)

-02 o

03

04 -

-05

CT. MOEHVE prP

Puc.5. Quarpammel ®pocta Cu, Ag, Au. Pwuc.6. ameHeHne noteHumanos CuX

OT pacTBOPUMOCTMN.
2HX + 2Cu — 2CuX{ + H,T (X=I1)
4HX + 2Cu — 2H[CuX;] + H,T (X=ClI, Br, 1)

4NaCN + 2Cu + H,0 — 2Na[Cu(CN), + H,T +2NaOH
Cu®" + 2CN" — Cu(CN), — CuCNJl + (CN), (t>25 °C)
2Cu®* + 21" — 2Cull + 1,
Cu + 4HNOj3ouy)— Cu(NOs), + 2NO, + 2H,0
Cu + 2H,S0; (o) — CuSO, + SO, + H,0 (t~250 °C)
Cu,SO4 Cu,S -yepHbIn
Ag + 2HNO; — AgNO; + NO, + H,O
2Ag + 2H,S0, — Ag,SO,4 + SO, + H,O



Au + 4HCI| + HNO3;—H[AuCl4] + NO + 2H,0
4Au + 8NaCN + O, + 2H,0 — 4Na[Au(CN), + 4NaOH

YcTonumBocTb koMmnnekcHblx coegmnHenun (pK) Cu(l), Ag(l), Au(l).

Coctas komnnekca |M = Cu Ag Au
MCl5* 5,30 5,40 -
MBr, 5,89 7,11 12,4
MI, 8,76 13,85 -
M(CNS), 12,11 7,57 2,3
M(S203), 12,22 13,60 -
M(CN), 24 21,1 38,3
M(NH;)," 10,87 7,03 -
CuL, + CO — [Cu(CO)L] + L (L = NHg3, CI)

Katanus Cu(l).

2CH=CH —CH,=CH-C=CH (kaTtanunsaTtop KCuCl,)
CH=CH + HCI| — CH,=CHCI (HCuCl,)

CH=CH + HCN — CH,=CH-CN ( Cu(CN);")

3II (d9)

J‘ﬁ 2y

pK,

Cu?*, Ag” K.4. 6 - UCKaXXeHHbI OKTa3ap

Ni#* (d®) 9,40
Cu?* (d°) 7,53
Zn** (d"%) 9,60

H+ g
T A

CTpyKTypHble UckaxxeHnsa kooamnHaumoHHoro nonmagpa Cu(ll). (3ddekt Ana-

Tennepa).
CoeaunHeHve ANVHBI 3KBATOPUANbHBIX CBA3EI | ANMHbI aKCMarnbHbIX CBA3ENA, NV
CuF, 193 (4 F) 227 (2 F)
CuCl, 230 (4 ClI) 293 (2 ClI)
CuBr; 240 (4 Br) 318 (2 Br)




Na,CuBr, 191 (4 Br) 237 (2 Br)
KCuF, 207 (4 F) 196 (2 F)
CuCl,4H,0 228 (2 Cl), 193 (2 H,0)  |295 (2 Cl)
Cu(NH3),S0,02H,0 205 (4 NHa) 259 (H,0), 337 (H,0)
Cu(NHz)e>" 207 (4 NHa) 262 (2 NH3)

Ag(ll) d®°  k.u. =4 (kBagpar)

[Ag(Py)a]*"; [Ag(o-dipy)]*"; [Ag(phen)o]*".

Ag" + 4Py + 1/2S,05” — [Ag(Py)s)*" + SO~

() d®

3CsCl + CuCl, + F, — Cs3CuFg (= 2,8 M.B.)

KCuO., LisCu,Os (kBagpat, kKBagpaTHas nupamuia)
KMd. =4 K.Y. =5

IM"(HIO6).]°; [M"(H,TeOg).]> M =Ag, Cu

MAgF, M'=K, Cs ky.=4  (kBagpar)

“AgO” = Ag'Ag"0, Ag'- 02,18 A (k.u. =2) Ag" - 02,05 A (k.u.=4)
AuX, K.4. =4, kBagpaT X = F, Cl, Br, CN

AuClj l Ci\2’34 / Cl
9@ Av )86 AW 224
Cl o Na
(AU F2F2/2)6 < Au F3
Au’ Au+ O, + 3F, (370° 8 atmM) — O,[AuFg] -(180°)— AuFs
CUlV (d7) Cs,CuFg
JlntepaTtypa.

1. H.C.AxmeToB, “Oblas n HeopraHuyeckasi xumusi”’, M., “Bbeiciag wkona”, 1988,
cTp. 585-595.

2. ®.KoTToH, [X.YUnknHcoH, “CoBpemeHHasa HeopraHunyeckas xumma”, M., “Mup”,
1969, 4.3, cTp. 311-327, 476-490.

3. b.B.Hekpacos, “OcHoBbl 06wen xumun”, M., “Xumuns”, 1974, 1.2, ctp.244-279.

4. B.N.CnvubiH, J1..MapTbiHeHKO, “Heoprannyeckasa xumma”, M., MY, 1994, 4.2,
cTp. 289-338.




21122. Xnmusa anemenTos II-b rpynnel: Zn, Cd, Hg.

Zn Cd Hg

N nn 30 48 80
an. koHdurypaums |3d %487 449557 4f"*5d"%6s*
Fver., MM 133,2 148,9 160
ro", Nv 83 103 112
rd, nm - 114 127
30 165 1,69 2,00
|1, KOK/MOnb 906,4 867,6 1007,0
l,, KOK/MOTb 1733,3 1631 1809,7
|5, KOK/MOTb 3832,6 3616 3300
d, r/cm’ 7,14 8,65 13,534
Ton, °C 420 321 -39
Tern’C 913 767 357
AHqr, kO/Mons — [129,3 111,9 61,3
P, LoMecM™ 5,8 7,5 95,8

1 oz

15 | & hpH14)

—o— Qi (pHR)

104 | - - = - Cd(pH14) /

05

054

10

. R

Puc.1. Anarpammel ®pocta ana Zn, Cd, Hg.




Zn +2H" - Zn*" + H,T

Zn + 20H + 2H,0 — [Zn(OH)4]* + H,T

Hg + Hg** & Hg,*

Hg?* + 2e — Hg E°=0,8454 B

Hg.?* »Hg + Hg®*  E°=-0,1318

E° = (RT/nF)InK = 0,059/nelgK

IgK = -0,131/0,0591 = -2,217

pK = 2,217; K= [Hg*'/[Hg,**] = 0,0061

Hg + 4HNO; ou, — Hg(NOs), + 2NO,T + 2H,0
BHQ ysser. + SHNO3 — 3Hg,(NOs), + 3NOT + 4H,0
2Hg + HgCl, + 2AICl; — Hgs[AICLl,  [Hg-2,55-Hg
Hg + AsF5 B xxuagkom SO, Hga[AsFg)-
[Hg-2,59-Hg-2,62-Hg-2,59-Hg]** CT.OK.*+1/2
YCTONYNBOCTb KOMMSIEKCHbLIX COEAUHEHUIA.

M. 2 + 4X & [MXZ] K = [MX2V[M**IXT*

Hg] #*cT.0K.2/3

x/M** Zn cd Hg
Cr 1 10° 10"
Br 10" 10 10%
§ 10 10° 10%
NH; 10° 10’ 10™
CN’ 10" 10" 10"

M?* + 20H — M(OH),! (M =Zn, Cd)
Zn(OH), + 20H — [Zn(OH),]*

Hg®* + 20H — HgO! + H,O

4KI + HgO + H,0 < Ky[Hgl,] + 2KOH
4H1 + Hg — Ha[Hgls] + H,T




14 -

124

[M(H20)ml2+ + H20 & [M(H20)m-1(OH)]" + Hs0"

Puc.2. A'ameHeHne KOHCTaHT ruaponnsa MoHOB arieMeHToB |l rpynnbi.
Zn4(OH)GSO4, Zn40(RCOO)6,

Hg(OH)X X =F, ClO3, NO,
nHgOeHgCl,
. o
O . Hg/ N o,
109° g\o / \g/
H
["anoreHnapbl.
XnX,
F Cl Br
AH?, kx/monb | 183 99 78 50
Ton, °C 875 326 394 446
T, °C 1550 772 656 624
pacTt.,mone/n |0,09 27 21 14
CdX,
AH?, kx/monb | 167 93 75 48
Ton, °C 1078 564 568 388




Tam., °C 1750 980 847 741

pact.,mone/n (0,3 7 4 2,5
HgX.

AHP, kx/monb |95 55 41 25

Tan, °C 645 277 238 257

T, °C 650 304 319 354

pacT.,monb/n |rmgponunsyetcsa |0,3 0,017 10

AyTokomnnekcoobpasoBaHue.
M?* . + X & MX*
MX" + X & MX,
MX, + X" & MX5
MX5 + X & MX,*
Pacnpegnenenne doopm (%) B 0,01 M pacteope CdX,.

X cd* cdx” CdX, CdXs CdX,*

Cl 41 56 3,9 0,05 0,002

Br 32,8 60,5 6,5 0,16 0,007

I 23,1 66,5 6,9 0,45 0,02
Oxkeunapil.

ZnO CdO HgO
oKpacka 6enas KOpUYHEBas KENT.,KpacHas
AH?, kx/Monb -348 -256 -90

2HgO < 2Hg + O,
Cynbduabl.
ZnS CdS HgS
oKpacka benas Xenrtagd (4epH.), KpacHas
AH?, k>x/Monb -46 -36 -14
P 10°% 810 2010




M** +S* 5MS (M = Zn, Cd, Hg)
MS + 2H* > M**+ H,ST (M = Zn, Cd)
3HgS + 12HCI + 8HNO; — 3H,[HgCl,4] + 8NO + 3H,SO, + 4H,0
HGS wepn. + S* & [HgS2I™ (p-p Gecup.) [HgS,*
HgS yepHbin  d = 7,7 r/cm® pelueTka ZnS
HgS kpacHbiii (kuHoBapb) d = 8,1 ricm®

HgS uepH. ->350°— HgS kpacH.

S
S o
103 H/ AN

~ Hg g
il T
~ 172° S

S

AMMMaYHbIE COEAMHEHMS.

Hg(ll).
Hg®* + 2NH; < [HgNH,]" + NH,"
HgCl, + 2NH; (+ NH,") — [Hg(NH;),Cl,] - nnaBkumn 6enbiit npeunnutaT (0CazoK)
K4.Hg=6/Hg-N=203A
Hg - Cl =2,87 A
[Hg(NH3),Cly] © NH,CI + [Hg(NH,)CI] - HennaBkuu 6enbin npeunnurtat
H,
EZ AN He

- \Hg\N/Hg \.

H H,

2

2[Hg(NH,)CI] + H,0 & [Hg:NCI (H,0)] + NH,CI

\ / [HgoN]X(H20)
HP\ /H% X = OH - ocHoBaHWe MunnoHa
N X = Cl - benbin
Hg/ \H X =1 7
o = | KPaCHO-KOPUYHEBDIA
% N P p

Peaktus Heccnepa.
Hg* + 21" — Hgl,d (kpacHblii ocagok)
Hgl, + 2I" — [Hgls]* (becuBeTHbIN pacTeop)
2[Hgls]* + NH; -(KOH 4o, )— [Hg2NII(H,0) 1



JlntepaTtypa.

1. H.C.AxmeToB, “ObLas n HeopraHuyeckasi xumus”’, M., “Bbicwias wkona”, 1988,
cTp. 595-602.

2. ®.KoTToH, [X.YUnknHcoH, “CoBpemeHHasa HeopraHunyeckas xumma”, M., “Mup”,
1969, 4.2, cTp. 464-487.

3. b.B.Hekpacos, “OcHoBbl 06wen xumun”, M., “Xumuns”, 1974, 1.2, ctp.182-209.
4. B.N.CnvupbiH, J1..MapTbiHeHKO, “Heoprannyeckasa xumma”, M., MY, 1994, 4.2,
cTp. 338-364.



21123. Xumusa Sc, Y, La, Ln (P39).

an-1|Sc |Y |La |Ce |Pr [Nd |Pm|Sm|Eu |Gd |Tb |Dy |Ho [Er |{Tm|Yb |Lu
Nmn 121 139 |57 |58 |59 |60 |61 |62 |63 |64 |65 |66 |67 |68 (69 |70 (71
6s |2 (2 (2 |2 |2 |2 (2 |2 |2 |2 (2 |2 |2 |2 |2 |2 |2
5d1{1 (1 (1 |0 (O (O (O |O |O (1 (O |O |O (O (O |0 |1
4f (- |- |- |2 (3 |4 |5 |6 |7 |7 |9 (10 (11 {12 |13 (14 |14
210
O Tyer. Eou
200
Yb
o
190 La
QO
E.- /\Oﬂo\o\
& 180+ Y? Ce °—o o
= w\o\o\o
O
170 H
1604 Sc ©
55 60 65 70
Nm
Puc.1. NameHeHne meTannuyeckmx pagunycos P33 (nm).
130
La
120 '
110
[ 1

rM", ™

100 —

90 —

80 —

Sc

55

60

Nm




Puc.2. N'ameHeHune pagunycoB (NM) TpexsapsaHbix noHoB P33.
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Puc.3. NameHeHne nnotHocTn ans P33.
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Puc.4. NameHeHne TemnepaTyp nnasnexms P3M.
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Puc.5. ameHeHne anekTpoagHoro noteHunana M3**/M gns P33.
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rec e B
OLIK(I)
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Puc.6. QHepreTuueckas pasHocTb (AE) anekTpoHHbIx cocTostHmin f'd's? n f's?.
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Puc.7. MNposansiemble cTeneHn okucrnenuns P33.




y o
B) Puc.8. Ounarpammbl $pocta P33:
a) Dy, Nd;
6) Sm, Eu, Yb, Tm;
B) Ce, Pr, Nd.

Ce® + 30H — Ce(OH);d (6enbiit)
2Ce(OH); + H,O, — Ce(OH); (opaHxeBbin)
Ce(OH)4 + 4HNO3; — Ce(NO3), + 2H,0
2Ce(OH), + 8HCI — 2CeCl; + Cl, + 4H,0

([CeClgl” ; (NMes)2[CeCle])
Ce*'/Ce* . E°=1,748



CpaBHUTENbHAA XapakTepPUCTMKA KOMIMMEKCHbIX coeaAnHeHnn 3d-9N1eMEHTOB n

NOHHbIN paganyc
K.\.
KOOPANHALNOHHbIE
nonuagpsl

CBA3U meTansn - nmraHg

cunla CBA3n

KOMIMIIEKCbl B pacTBope

P33%,

P33
1,06 - 0,85 A
6,7,8,9

Tpwur. Npu3ama, KBagp. aH-
TMNpu3ma, Aoaekasap

cnaboe B3anmMmopaencTeune
4f-opbutanen metanna c

Op6VITaJ'IF|MI/1 JiMraHgoB

F>0OH>H,0>NO5;>CI’
ObICTPbI OOMEH

JiMraHgoB

3% + 30H — 3(OH);d

3d-anemMeHTbl
0,75-0,6 A
4, (5), 6
TeTpasgp, KkBagpar,
OKTaagp
cunbHoe
B3aMmMmogaencrTeme
opbutanen (3d) metanna
c opbutanamu nuraHga
CN™>NH3>H,O>0H>F

MeANeHHbI OOMeH nuraH.

pMP 3(0OH); 18,9 20,1 21,1 21,5 22,1 22,5 22,7 22,9 23,1 23,2 23,3 23,6 23,7

3

C] Pr

La Ce Pr
AH®,(kkan/monb)3(OH); 361

Nd Sm Eu
360 359
Nd Sm

Gd Tb Dy Ho Tm Yb Lu

358
Gd

356
Dy



u, Mb.
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10 4

2 4 6 8 10

n@"

Puc.9. 3HayeHnss MaruTHbIX MOMeHTOB ans P33%".

12

14

WoH 3% [Tepm oKkpacka Won 3% Tepm
La 'S, 6ecLBeTHas Lu 'S,
Ce °Fe)y BecLBeTHas Yb °Fe)y
Pr °H, 3erneHas m °H,
Nd *loj kpacHo-droneToBas Er s
Pm 5I4 po30Bag, Xesnras Ho 5I8
Sm ®Hs), XenTas Dy ®Hsp
Eu Fo 6neaHo-po3oBast Tb Fe
Gd °S712 6ecupeTHas Gd °S712
M,O3; CeO, Tb,O7 (TbO1 74 - TbO4g¢) THO,  EuO; SmO




JlntepaTtypa.

1. H.C.AxmeToB, “ObLas n HeopraHuyeckasi xumus”’, M., “Bbicwias wkona”, 1988,
cTp. 499-502, 603-611.

2. ®.KoTToH, [X.YUnknHcoH, “CoBpemeHHasa HeopraHunyeckas xumma”, M., “Mup”,
1969, 4.3, cTp. 500-524.

3. b.B.Hekpacos, “OcHoBbl 06wen xummun”, M., “Xumuna”, 1974, 1.2, ctp. 71-91.

4. B.N.CnvupbiH, J1..MapTbiHeHKO, “Heoprannyeckasa xumma”, M., MY, 1994, 4.2,
CTp. 67-96.

JononHutenbHaa nuteparypa.

1.”KoopAanHaumnmoHHasa XmMmusi peako3eMenbHbIX 3rieMeHToB” (Nog pea.
B.N.CnnubiHa, J1.U.MapTbiHeHkO), M., MY, 1979.

2.’ TTanTaHongbl n aktuHonab!” (noa pea. K.Y.berHanna), M., “Atounsgat”, 1977.



21124. X»muna akTUHMOOB.

On-1 [Nnn || Tip AN.KOHD. |fuer, A [IM", A [rMY, A
Ac |89 [227 |21,7ropa 6d'7s” 1,11
Th |90 [232 |[1,4e10"ner |6d°7s” 1,79 0,99
Pa |91 231 [3,28e10%neT |5f6d'7s® |1,63 0,96
5f'6d°7s?
U 92 [238 [4,5e10°netr |5f6d'7s* [1,56 [1,03  [0,92
Np |93 [237 [2,2¢10%ner |5F7s° 1,55 1,01 0,93
5f'6d'7s?
Pu |94 [242 |[3,8e10%ner |5f7s° 1,59 [1,00 |0,92
Am |95 (243 |[8e10°ner |5f'7s” 1,73 0,99 0,89
Cm |96 [244 |[17,6 nmeT 5f'6d'7s* (1,74 0,98  |0,88
Bk |97 [249 [100 gHeir 5%6d'7s*  [1,70
5f7s?
Cf |98 [252 |2,2ropa 5f1°7s” 1,86
Es |99 |253 [~10 gHeit 5 7s” 1,86
Fm [100 [257 [~10 gHeii 5f'°7s”
Md [101 |256 |~100 gHeit |5f°7s?
No [102 [256 |10 munyT 5f147s?
Ir 103 [260 |~10 cek 5f°6d'7s”




CBoKcTBa NPOCTbIX BELLECTB.

Tnn, °C Ty, °C d, ricm®

Th 1750 4850 1178
Pa 1552 4227 1537
U 1130 3390 19,05
Np 640 3235 20,45
PU 640 3230 19,86
Am 1170 2600 13.67
Bk 1340 1351
Cr 986 14.78
Es 900

Fm 860

Il hat v A

0Py 220 g _p, 20705y p, ¥15° 5 5, BT5 (-py 412 ¢ p,

MOHOKAMH. MOHOKA. POMOHH. Ky 6. 2Ze2parom. Ky6ud.
d=19,86 17,77 17,19 15,92 15,99 16,48
0 5779
pom6, u. Ze2p=romn. Ky6, 4.
d=20,45 19,y6
T, IE T, It T, IE K
u i Pu — —
1200 S S— 600 600 /I —
L I |
I v, I NP
1000 400 }]11 400 ——
[ VI T
800 200
1l 200
111 111
600
0 2 4 6 p, ITl= 0 4 8 12 p, ITl=
0 2 P, IT= 4
6)
a) B)

Puc.1. P - T gmarpammbl a)U, 6) Pu, B) Np.

npOﬂBﬂﬂeMble cTeneHn okncneHmna aktTuHmMaos.




ctok. Ac Th Pa U Np Pu Am Bk Cf Es Fm Md

M’ (2) 2 @2 2 2
2

M" 3 ¢ 3 3 3 3 3 3 3 3 3
(3)

MY 4 4 4 4 4 4 4 4

M 35 ) 38 5 53

M 6 6 6 (6)

MVII 7 7

Puc.2. dnarpammbl PpocTta akTUHMOOB.

30, (n=1,2,3)3=Pa, U, Np, Pu, Am.

0=3=0 UO,*" - ypaHun
180°

UO,(NO3),06H,0 - ypaHun HutpaTt

[UO2(H20)6](NO3).



UO,* + 2H,0 < UO,(OH)" + H;0"
O k4.UO,%" -56:ky.U-7,8

H0_ —QH, UO,%*, U(IV), U(lll) - xecTkne KncnoTl
H0 L 2Ui - >0H, H,0, OH", 0%, RCOO", CO5%, F -
H,0 5 OH, ECTKNE OCHOBaHMSA

pH>7  2UO,(NOs), + 8NHzeH,0 — (NH,4),U,071 + NH4NO;
anypaHat aMMOHUA
UO2(NOs3), + 3(NH4)2CO3 — (NH,4)4[UO(CO3);] + 2NH4NO3
(NH,4),U,07 —(300°)— 2UO; + 2NH; + H,0
UO,* + H,0; »UOQ,e2H,0l + 2H*
2U0,02H,0 —(300°)— 2UO; + O, + 4H,0
B6UO; —(t>600°)— U30g + O, (U30g - 3aKMCb-0KMCh YpaHa)
UsOg + 2H, —( t ) — 3UO, + 2H,0
UsOg + 2H" — U,05 + UO,*" + H,0
U30g + 8HNO3 (o) — 3UO,(NO3), + 2NO, + 4H,0
UO, +4HNO; ouy) = UO2(NO3), + 2NO, + 2H,0
V! H.H.Kport, A..F'enbmaH, B.U.CinupiH (~1967 1., UdX AH CCCP)
NpO,* + O3 —( OH) — NpOs*> + O,
PuO4* + O3 —( OH) = PuOs> + O,
10Li,O + 4NpO, + 30, — 4LisNpOg



Okeunapil.

on-T1 +6 +5 +4 +3 +2
Th ThO,
Pa Pa,0s PaO, PaO
U UO; U304 U,0s5 UO,.s (UO)
Np Np3;Os Np.Os NpO, NpO
Pu PU308 PU02 PU203
Am AmO, | Am,O;
Bk BkO, Bk,O5
Cf CfO, Cf,0;
Es E302
000 - :
’ St | B % j
AR <;+E,2'\ It T, It
2600 : W1 i - S—2+ WO+«
{ 1500 7| UOjz4x /U02+x UgO21.7 UgO31.7
2200( / UOj x
/ S{tUO0) x 1000 - U409y
\ U409+ Ug021.2 SRCRE=T
1800 500 . ---------15
\ UOj4x ,“'*lr_::::: _______ i“--—
1400 s 0- +U4O9Y b i
P2l 00800 00 T e 27 ao v

Cozepx=, e UOZ, % m%.

Puc.3. T - x gnarpammel U - O.

3\/

3|V

30," (3= Pa, Np, Pu, Am)

O2:%uen, e O/U

UCls, UFs, UClg", UFg
2UQO; + 6SOCI; — 2UCI5 + 5SSO, + SO,CI,

90,, 34, I(RCOO), ,[3F7]%, [3(CO3)4]*"

3 =Th, U, Np, Pu, Am.

UO,*" + 4H* + Zn — U* +2H,0 + Zn*"

"ekcadpTOopuabl akTnHNOoB OF (3 = U, Np, Pu).
9 + 3F, —» OF;
2UF4 0.B.+ 02 — U02F2 + UF@




U Np Pu
AH%, kkan/monb 516 472 460
b F A 2,00 1,98 1,97
T, °C 64 (nasn.) 55 52
T, °C 57 (Boar.) 55 62

Th
Pa

UFs + 2AgF — UF, + 2AgF,
OFs + MF —» M3F;  (M,3Fs)
OF;5 (3 =Pa, U, Np, Pu, Am)
OF, (3 =Pa, U, Np, Pu, Am)
OF, + 2Ca — 3 + 2CaF,
3% + 4F + nH,0 — OF,enH,0!
MNonyyeHne akKMTUHNOOB.
(1789r) M.K. Knanpot (UQO3)
(1841 r) b.MNenvro (U metann.)
(1829 r) A.bepuenunyc (ThO,)
(1913 r) K.®dagHc

23892U%(0€ ) —> 23492Th %(B)%23491Pa%([3)%23492u

typ = 6,6 Haca

1916 r. O.laH, J1.ManTtHep, P.Coaan, O.KpeHcTaH.

23592U%(0€)%231goTh%(B)%zmm Pa%(()()%

Np

Pu

Am

Cm

Bk

22789AC

t10,=32 800 net
(1940 r.) E.MakMunnaH, P.AbenbcoH
2%85,U +'on %[23992U] Q(B)A%Q%Np t12= 2,35 gHaA
(1940 r.) I.Cunbopr, E.MakMunnaH, [x.KeHHean, A.Bon
23892U + 21H %(B)%24094PU

(1944 r.) I'.Cunbopr, P.Oxewnnec, J1.MopraH, A..'Mopco

240

?%94Pu + Ton —(B)—>"*%sAm
(1944 r.) Cunbopr, xenmc
23994Pu + 42He N 24296Cm + 1On

Cwubopr, TomcoH, ['mopco




241960m + 42He N 24497Bk + 1On

Cf Cwubopr, 'vopco, Ctpwur.

#256Cm + *He — **gsCf + 'on
Es, Fm BblAeneHbl N3 NPOAYKTOB B3pbiBa BOAOPOAHON GOMObI
Md "mopco, Cnbbopr, Xapsen, TOMCOH

?%50Es + HHe — 2*%14;Md + "on
No Cwunbopr, BonTtoH

96Cm + 5C — 102NO

Lr 'mopco, CukkeneHa, Napww, Jlatnmep.

0sCf + 5B — 4o3Lr
O.l"aH, J1.MenTHep;
2%,U + Ton(tenn.)— "2%%515X + 12%05,15Y + (2 -3)n + ~200 MaB
23994PU, 23592U.
[Mpouecchbl nony4yeHnsa n nepepaboTkn ypaHa.
1. I3BneyeHne ypaHa 13 npupogHbIX pya, O44MCTKa ypaHa.
2. PasgeneHue (oboralleHve) nsotonos ypaHa: >°U (0,7%), 22U (~99,3%).
(dndpdpyamns, razoBoe LeHTpUdyrmpoBaHue, CENeKTUBHOE NasepHoe BO3BYX
AeHune).
3. NepepaboTka (pereHepauns) SsA4epHOro ropo4ero.
1) U30g + 8HNO; — 3UO,(NO3), + 2NO; + 4H,0
(NH,4),U,074; UO4e2H,04;
[UO,(COs)s]* pacTeop.
UO,** + 4H" + Zn — U** + 2H,0 + Zn**
U* + 4F — UF,enH,0! (Ha pa3geneHue n3otonos)
UO, (TB3Jlbl - TennoBblgensaowme anemMeHThbl)
2) UO;, + 4HNO; — UO,(NO3), + 2NO, + 2H,0
PuO,(NO3),
PuO,” + 2Fe* + 4H" — Pu*" + 2Fe*" + 2H,0
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