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KomMnnekchbl 9To coeanHeHns, obpas3oBaHHble Mpu
KOOPAVHMPOBAHUM OHMM aTOMOM OOHOro U boriee NOHOB
N Monekxyn

CoeanHeHuns, cogepxKawme oaHy uniinm HeCKOJ1bKO
KOOPANHALUMNOHHbIX chep, Ha3bIBAOTCA KOMIMJ1EKCHbIMU

Komnsekcbl 3TO MOHbI U MOJ1EKYIbl, COCTOALLME N3
LleHTparibHOM YacCTuLbl U KOOPANHUPOBAHHbBIX BOKPYT HEe
nuraHgos (agoeHnoB)

KoMnnekc 3aTo ueHTparbHbIN aTOM, OKPY>XEHHbIN HabopoMm
nuraHooBs

KoMnneKkCcHbIMU Ha3bIiBalOT COEAUHEHUS, B y3lax KpuctasiyioBs
KOTOPbIX HaxoaAaATCA KOMIMJ1EKChbI, CNOCOOHbIE K
CaMOCTOATESIbHOMY CYLLECTBOBAHNIO B paCTBOpeE



N o g s~ 0N R

LieHTpanbHbIX aTOM
Nuranpbl

[1OHOpHbIX aTOM
KoopauHauuoHHaa cgepa
[leHTaTHOCTb
KoopAauHauuoHHoe 4nucno

N3omepua



KomMnaekc coCcTouT 13 LeHTpanbHoro atoma (u.a.) u
PacrnosioXXeHHbIX BOKPYr Hero nuraHaos (L)

LleHTpanbHbLIN aTOM — akuenTop 3NeKTPOHOB, Kak npasuno, d-
MeTann B HeoTpuuaTernbHOW CTENEHUN OKUCIEHNS

JluraHg, — QOHOP ANEKTPOHOB, MOXET BbITb YacTuLen Nobon
CITOXXHOCTU, UMetoLLIEN OaNH Unu bonee JOHOPHbLIX aTOMOB

COBOKYMHOCTL Ll.a. N BCeX L Ha3biBaeTCs KOOpAMHALIMOHHOW
cdepoun

BHewHss chepa

N

[Mn(H,0)4]Cl, KalFe(C;04)4]

Y

N

Koopod. copepa



Jlnurangbi

[Mn(H,0)¢]**

Mn<+— :0OH,

B cocTtaB nuraHga gornkeH
BXOOAUTb aTOM, UMEKLLNN OOHY
NI HECKOINbKO HENoaereHHbIX
9NIEKTPOHHbIX Mnap

1 napa — MOHOOEHTaTHbLIN L
2 napbl — bnageHTaTHbIN L
3 napbl — TPUAEHTATHbIN L

[lpuMepbl MOHOAEHTATHbIX NINTAHOOB:

F- (¢pTopo), CI- (xnopo), Br- (bpomo), I- (mogo), H,O (akea),
NH; (ammuH), OH- (rngpokco), H- (rngpo), S%= (cynbgo)



[Fe(C,0,)s]*
ﬂ,OHOprle dTOMbI

¥4

[Ipnmepbl BUOEHTATHbLIX NMUraHaoB:

NCS- (pogaHungo), CH,COO~ (auetarto),
(CO0),%~ (okcanato), (NH,CH,), (aTMneHgmamumH),
CH;CO(CH)COCH,~ (auetnnauertoHaTo)




ArnerunaneroHart [CH,(CO)CH(CO)CH,]* Acac 2:0
OxcaJjat [C,O 4]2' Ox 2:0
ITUIeHIaMUH (NH,CH,), En 2: N
2,2’-OUITUPUIUH =N N Bipy 2: N

N\ 7/ \—
1,10-peHaAHTPOINH 7NN Phen 2: N
CaumuHar [NH,CH,COO]* Gly 2: O+N
1,2-TMMETOKCH~ CH,0-CH,-O-CH,-OCH, Diglyme |3:0
STHJIEHTJINKOJIb
Hustwinentpuamud | NH(CH,-CH,NH,), Dien 3:N
2.2’ 2”-TpHaMHUHO- N(CH,-CH,NH,), Trien 4: N
TPUSTHUIEHAMUH
2.2’ 2”-TPHUOKCO- N(CH,-CH,OH), H.triet 4: 30+N
TPUSTHUJIEHAMUH
OTUIeHJUaMIH- [(CO,),N-N(CO,), ]+ EDTA 6: 40+2N

TeTpaaleTaT




K.4. Pacnono)xeHne JOHOPHbLIX aTOMOB
TUNNYHOE penkoe

2 NMHEenHoe yrnoBoe

3 TpeyrosibHoe nMpamMmuaanbHoe

4 TeTpasgpunyeckoe, *

KBagpaTtHoe
5 KBagpaTHO- TPUrOHarnbHO-
nMpamMmugansHoe bunnpamuagansHoe
6 oKTasgpuyeckoe TPUroHanbHO-
npnamaTtmndeckoe




PacnonoxeHune OoH aToMOB

TUNNU4YHOE

aTnyeckoe




BcTtpevaetcs HevacTo, TunnyHo ansa Cu*, Cu?t, Ag*, Au*, Hg?*
‘/N . |

Ag
KY. =2 ‘(/ i ‘\A”

[Ag(NH5),]* [Auly]”

KM.=3 BcTtpevaetca HeyacTo, B
OCHOBHOM Ans Hg?*, Ag*
HEeKOTOpPbIX MeTansoB
naaTMHOBOW rpynnbl

[HgCl;]~



KoopanHaLnoHHbIe Ynucna

[1Be o4eHb pacnpocTpaHeHHbIE KOHUrypaLmnu:
KH.=4  terpasgp v kBagpat; 06e BCTpeyatoTcsl 04eHb
4acTo cpeamn KoMmnnekcoB d-anemeHToB

[NiCl,]2- [PtCI,]2-



KY.=5

BcTpeyaeTcs 4acto B komnnekcax 3d-metannos oT Fe oo
Cu B dpopme KBagpaTtHoOU nupamuabl, pexe — B dpopme
TpUroHarnbHoOM dunupammabl

[NiCl.]3- [Pt(SNCl,).]%



KY.=6

OkTasgpu4yeckme Kommnrekcbl — Hanbonee
4acTo BCTpeYvarLmecs KOMMnekchl ans
BCEX NEPEXOHbIX 3NTIEMEHTOB

[Co(CN)g]*



KY.=7

NeHTaroHanbHasn OpHowanoYHbIn OpHowano4Has
onnupamupa: okTtaspgp: [IF/]*- TPUroHanbHas
[HfF/]3- npusma: [TaF,]%-

KY.=8

Ky6: KBagpaTtHas dopekasapp:
[UF,]3 aHTUNpU3Ma: [Mo(CN)g]4
[ReFg]3-



1. Wcnonb3oBaHue TpaguUMOHHbLIX HA3BaHUN:
K,[Fe(CN)y] — »kenTasa KpoBaHasa cornb
NH,[Cr(NCS),(NH,),] — conb PenHeke
[Pt(NH,),][PtCl,] — 3eneHasa conb MarHyca
Pt(C,H:NH,),Cl;-H,O — kpacHasa conb Bonbgppama

2. ®opmyna no NHOTAK:
KBagpaTHble CKOOKU — LleHTparibHbI aTOM — @HUOHHbIE
nuraHgbl No andgaBnTy — KATUOHHbIE U HENUTPaSibHbIEe
nuraHgbl No andgaBnTy — MOCTUKOBbIE NUraHabl B
nopsiake yBenuyeHns EMKoCTH

[Cr(H,0)]Cl3 [NIiCl5]*- [V(H,O)g]**
[CoCI(CN),(H,0)]* K3[Fe(CN)g]



3. HaseaHwue no NKOINAK:
KoopAuHaUMOHHaA cjpepa — MOCTUKOBbIE NUraHabl —
aHWOHHbIe NnuraHabl No andaBUTy — HeENTParsibHble
nuraHabl No andgasnTy — LeHTpanbHbIM aToM — cyddpukc
Onst aHWOHHOIO KOMIJEKCa — CTeneHb OKUCIIEHUS
LEeHTparbHOro atoma

Cr(H,0)6]Cl, rekcaakBaxpoma(lll) xnopuag

NIClg]*- neHTaxnopoHukenat(ll)

V(H,O)q]* rekcaakBaBaHagumn(lll)
CoCI(CN),(H,0)]>~ xnopoteTpaunaHoakBakobansrat(lll)

Ks[Fe(CN)g] rekcaumaHodeppat(lll) kanns



N3omepbl —
BellecTBa O4AMHAKOBOIo cocTaBa, HO pasfiIM4HOro CTPOEHUS

Tunbl N30MEPUMN:

[ eomeTpunyeckas

OnTunyeckas

oHW3aLUnoHHaa 1 rmapartHas
KoopanHaunoHHas u nonmmepusalmoHHas

3omepunsa ceasmu

o 0k WD E

KoHpopmaunoHHas



[eoMeTpuyeckne n3oMepbl B KBagpaTte 1 oktasgpe

[Ma,b,] — kBagpar [Mabcd] — kBagpar
a,"n .\\‘\b a”"- .\\\\b al"':, .\\\\b a"’h \\\‘\d a""r \\‘\d
yuc | mpanc
[Ma,b,] — okTasgp [Masb;] — okTasgp
a da a a
a b a b a b b b
a a b a
yuc mpauc fac mer




Ca
NH; .Pt C;O " CI
LIMC-TPaHC 7 TN
e
© “3oMepbl

" trans-[P(Cl),(NH;),] uuc-[CoCly(en),]

% B OKTasape ‘ ¢

§ o o (>Ce

® Cl
cis-[P(Cl),(NH5),] mpaHc-[CoCly(en),]

Structure 8-6
Shriver & Atkins Inorganic Chemistry, Fourth Edition
©2006 by D.F. Shriver, P.W. Atkins, T.L. Overton, . P. Rourke, M. T. Weller, and F. A, Armsts




KP-cnekTp unc un tpaHc nsomepa PtCl,(NH;),

600 500 400 300



Cl Cl
Co >CoT
HN” 7 N H,N” | NCl
NH, Cl
fac-[CoCl;(NH;),] mer-[CoCl;(NH,)4]

gpaH-[CoCl;(NH,),] oc-[CoCl;(NH),]




OnTnyeckme N3omepbl

JHAHTUOMEDDI:
COBMeLLatoTcs npu
OTPaXeHnn 4Yepes
NSIOCKOCTb CUMMETPUN

N3BeCTHbI OAns
TETPasapoB U
OKTad1poB

(\NHz HoN
HZN”I""Clo' B Br”hm., l aw NH,
| Na a” | i,

L_NH, HoN

[CoBrCl(en),]

(\NHZ H H HZN/ﬁ
HoNsy,, Clo'“““\ N2 j I:' Ni;”m Clo“"““ NH,
LN | vy H/ [ Y

L NH, 2 2 H,N



X “
E. Heilbronner, J. D. Dunitz “Reflections on Symmetry in Chemistry ...
and Elsewhere”. Helvetica Chimica Acta, Basel, 1993, pp. 70.



OHaHTUOMEPLI B OKTalgpe
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|/|OHI/I3aLI,I/IOHHbIe N3OMEPDbI.
[CoBr(NH,)<]SO, 1 [COSO,(NH,):]Br

[CoBr(NH,):]Br,

[uapartHble N3oMepbl:
Cr(H,0)¢]Cl; u [CrCl,(H,0),]CI-2H,0

Cr(H,0)6]Cl3
CrCI(H,0):]Cl,-H,0O
CrCl,(H,0),]CI-2H,0
[CrCl3(H,0),]-3H,0

AG,SO, [CoBr(NH,):]1SO,
BaCl,? AgNO;?
H,SO, (K),
BaBr, [CoSO,(NH,):]Br

JoNOSEeETOBLIN
CBETI10-3€eNEeHbIN
TEMHO-3€ef1eHbIN
KpacHbIN

> CrCl, 6H,0




KoopanHaLlMoHHas n NnonmMvepusaLmoHHas N3OMeEPNA
NPOABIIAETCA TOJIbKO B MOJINAAEPHbIX KOMIJ1IEKCAX

KOODﬂ,MHaLIMOHHble N3OMeEPbI:

[CO(NH3)e][Cr(CN)g] < [Cr(NH3)6][Co(CN)¢]

[Pt(NH,3),][CuCl,] < [Cu(NH,),][PtCl,]

[Cr(NH;)6][Cr(C,0,);] < [Cr(C,0,)(NH3),][Cr(C,0,),(NH3),]
O

N\
(CO),Co ——Co(C0), < (CO);Co Co(CO),
N/
cO
|_|OJ'IVIMeDVI3aLI,VIOHHbIe N3OMEPDLbI.

[CO(NO,)3(NH3);3] <> [Co(NH3)s][Co(NO,)]
[PtCI,(NH;),] < [Pt(NH3),][PtC,]




CBsi3eBble N30MEPDI:
[CONO,(NH;):]Cl, < [Co(ONO)(NH;):]Cl,
[C0SeO,4(NH,):|Br < [Co(OSeO,)(NH;):]Br

Yo

HCI

HUTPUTO-NUrang

HUTPO-IMNraHA
[CI(SCN)(H,0):]Cl, <> [Cr(NCS)(H,O).]Cl,

N
M M N c S

CS

poOaHVO0-NNraHa n3oTuoumaHaTo-nuraHg



KoHdopMaLIMOHHbIE N30OMEPHDI:
[NIBr,(PEt;),] — TeTpasgpunyeckni, 3eneHbiu
[NIBr,(PEt;),] — KBagpaTHbIA, KOPUYHEBbIN

PEt; = P(C;Hs),

CNI L

[Ni(CN)gJ*- *"*NO:’

TpuUroHanbHasi Gunupamuaa

s

KBagpaTHas nMpaMmmaa



N3omepus
|

[MpocTpaHcTBEHHAA CTpyKTypHas
|

NoHn3aumnoHHas

[moparHas
[eomeTpuyeckas Aap

KoopanHaunoHHas
Ontnyeckas PA H

[TonnmepusaunoHHas

CBsa3eBad

KoHpopmaunoHHas




. donosneToBbLIN \
| 3€1eHbIN ,  M3omepebi
1. TE€MHO-KPaCHbIU CoCl;-6NH,
V. XKENTbIN )
| + 1AgNO, — 1AgCH Il + 1AgNO, — 1AgCK
Il + 2AgNO; — 2AgCN IV + 3AgNO, — 3AgC
l. [CoCI,(NH,),]*Cl- } y '
1. [COCl,(NH,),]*Cl- 30MepbI MPOCMPaHCMEEHHbIE !
I1l. [CoCI(NH,):]?*(CI), Kak onpenenntb

IV. [Co(NH)g]**(ClF), NPOCTPaHCTBEHHOE CTPOEHUe?



[Ina 6 L aByx TUNOB:

MIL,X,]

L\I_

\

L=~
X

\

L\I_/X
npusama |
L\/X
L
OKTad
Ap L
X
reKkcaroH
L X
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KoopanHaymoHHaa Teopus
CTPOEHUS KOMIMITEKCHbIX
coeVHEHUN

Cucrtemartmka KOMMMeKCHbIX
coeHEHUA

MeToauka onpegeneHus
CTPOEHUA KOMMJIEKCHbIX
coeanHEeHUN No Ynucny u Tuny
N30MepoB

Anbdpen BepHep
(1866-1919)

Hobenesckasa npemust no xumumn (1913)
«B 3HaK Npu3HaHUs ero paboT 0 NpUpPoae CBA3EN
aTOMOB B MOSEKynax»
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