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winasityvaoba 

 

naSromi warmoadgens mokle kurss da gamiznulia 

damxmare saxelmZRvanelod qimiis departamentis magistra-

turis studentebisaTvis. wignis gamosayeneblad aucile-

belia koordinaciuli qimiis sawyisebis, fizikuri da 

qvanturi qimiis zogierTi fundamentaluri sakiTxis cod-

na. ganxilulia koordinaciuli qimiis iseTi mniSvnelova-

ni Teoriuli sakiTxebi, rogoricaa: koordinaciul na-

erTTa eleqtronuli aRnagobis Tanamedrove koncefciebi, 

izomeriis tipebi, kompleqsnaerTTa Termodinamikis ele-

mentebi, umniSvnelovanesi tipis reaqciaTa meqanizmebi. 

avtorebi Seecadnen SeZlebisdagvarad kompaqturad, 

martivad da studentebisaTvis xelmisawvdomad warmoed-

ginaT sakmaod vrceli Teoriuli masala. amasTanave, Seda-

rebiT ufro maTematizirebuli sakiTxebi danarTSia gata-

nili. 

aseTi tipis naSromi qarTulad pirvelad gamodis, 

amitomac naklovanebebisagan araa dazRveuli. avtorebi 

madlierebiT miviRebT SeniSvnebs da rCevebs. 
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Sesavali 

 

studenti-magistranti bakalavriatSi gaecno komp-

leqsnaerTTa qimiis sawyisebs. miuxedavad amisa, Sexsene-

bis mizniT, saWirod miviCnieT mogveyvana qimiis am dargSi 

gamoyenebuli ZiriTadi terminebis ganmartebebi. 

termini kompleqsuri naerTi _ germanel mecniers 

vilhelm ostvalds ekuTvnis. 1889 wels man wamoayena 

winadadeba, rom im naerTebisaTvis, romlebic valenturad 

gajerebuli da TavisTavad mdgradi naerTebis SeerTebiT 

miiReboda, es saxeli ewodebinaT (am naerTebs sxvadasxva 

dros sxvadasxva saxeliT moixseniebdnen: molekuluri 

naerTebi, maRali rigis naerTebi da a.S.). mas Semdeg es 

termini mtkiced damkvidrda mecnierebaSi. 

am  terminiT moiazreba  uamravi  naerTi,  maT Soris  

umartivesi [NH +
4] -ioni da amave dros asobiT da zogjer 

aTasobiT atomis Semcveli rTuli naerTebic. kompleqsebs 

miekuTvneba didi xnis win miRebuli metalTa kaTionebis 

hidratebi, amiakatebi da, amave dros, arc Tu ise didi 

xnis win miRebuli tute metalebis kompleqsebi 

makrociklur ligandebTan, e.w. krauneTerebTan. kompleq-

sebia biologiuri da fiziologiuri TvalsazrisiT um-

niSvnelovanesi naerTebi: qlorofili, hemoglobini, vita-

mini BB12, mravali fermenti da a.S. qimiur elementTa um-

ravlesoba adamianis organizmSi swored kompleqsnaerTTa 
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saxiT arsebobs. kompleqsebi warmatebiT gamoiyenebian ana-

lizur qimiaSi, katalizis procesebSi, radioqimiaSi da 

a.S. kompleqsnaerTTa qimias gaaCnia uzarmazari perspeq-

tivebi. Tavidan is iTvleboda araorganuli qimiis erT-

erT Semadgenel nawilad, ramdenadac, naerTebi, romlebic 

klasikur kompleqsebs warmoadgenen, sinTezirebulia ara-

organuli ligandebis safuZvelze. Semdeg miRebuli iqna 

uamravi kompleqsi organuli da element-organuli 

ligandebiT. amJamad kopleqsnaerTTa qimia qimiuri mecnie-

rebis sruliad damoukidebel da mniSvnelovan nawils 

Seadgens. 

kompleqsebis gansxvavebul saxeobas warmoadgens mra-

valbirTviani kompleqsebi, romlebSic metalis atomebi 

erTmaneTTan uSualod arian bmuli. aseT mravalbirTvian 

kompleqsebs klasterebi uwodes. isini Cveulebrivi mono-

birTvuli kompleqsebisagan sruliad gansxvavebuli naer-

Tebia. kvlevis Tanamedrove meTodebis gamoyenebam cxadyo, 

rom maT mimarT koordinaciuli naerTebis Sesaxeb arse-

buli Teoriebis gamoyeneba SeuZlebelia. amitom klaste-

rebis qimia axal, damoukidebel dargad Camoyalibda. am 

naerTebis gamoyenebis perspeqtiva imdenad mravalmxrivia, 

rom maTi realizaciis gzebis ZiebaSi bunebismetyvelebis 

TiTqmis yvela dargis specialistia CarTuli. 

saerTod kompleqsuri naerTis iseTi ganmarteba, ro-

melic yvela mis warmomadgenels moicavs, ar arsebobs. 

magram umravlesobisaTvis samarTliania Semdegi ganmarte-
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ba: kompleqsuria naerTi, romelic rogorc kristalur, 

ise gaxsnil mdgomareobaSi Seicavs damoukideblad arse-

bobis unaris mqone rTul anu kompleqsur ionebs. SeiZle-

ba kompleqsuri fragmentis muxti nulis tolic iyos (ne-

itraluri kompleqsi): [Fe(CO)5], [Pt(NH3)2Cl ] da a.S. 2

kompleqsur naerTebs adre mxolod im molekulur 

naerTebs uwodebdnen, romlebic kompleqsuri ionebis sak-

maod maRali mdgradobiT xasiaTdeboda, xolo naklebad 

mdgradi, xsnarSi adviladdisocirebadi naerTebi, ormag 

marilebad ganixileboda. SemdgomSi terminma _ kompleq-

suri naerTi _ transformacia ganicada. amJamad ormag ma-

rilebs ganixilaven, rogorc naklebadmdgrad kompleqsur 

naerTebs. 

kompleqsuri naerTis centalur elements kompleqs-

warmomqmneli warmoadgens, romelic ZiriTadad metalis 

kationia, Tumca, SeiZleba metalis neitraluri atomic 

iyos da zogjer _ arametalis atomic: Ni(CO)4, [Fe(CO)]5,  

H2[SiF6], H[BF4] da a.S. 

kompleqsur ions qmnis kompleqswarmomqmnelTan da-

kavSirebuli sapirispiro niSnis ionebi an neitraluri 

molekulebi, romelTac ligandebs (adendebs) uwodeben. 

kompleqsur naerTebSi kompleqswarmomqmnelsa da li-

gands Soris minimum erTi qimiuri bma mainc unda iyos 

donorul-aqceptoruli meqanizmiT warmoqmnili. 
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kompleqswarmomqmnels axasiaTebs garkveuli koordi-

naciuli ricxvi (kr), romelic ganisazRvreba bmebis im 

saerTo ricxviT, romelic damyarebulia kompleqswarmom-

qmnelsa da ligandebs Soris. yvelaze xSirad gavrcele-

buli kr-ebia 4 da 6, Tumca misi mniSvneloba sxvac SeiZ-

leba iyos. kr-is minimaluri mniSvneloba oris tolia. 

mag.: [Ag(NH3)2]OH, sadac vercxlis kr oris tolia, 

[La(H2O)9](NO3)3-Si lanTanis koordinaciuli ricxvi 9-is 

tolia da a.S. 

kompleqswarmomqmneli masTan dakavSirebul sapiris-

piro niSnis ionebTan (mag. Cl¯, Br¯, OH¯, CN¯, CNS¯ da a.S.) an 

neitralur molekulebTan erTad (amiaki, hidrazini, eTi-

lendiamini da a.S.) qmnis kompleqsuri naerTis rTul, e.w. 

kompleqsur nawils anu Siga koordinaciul sferos, ro-

melic kompleqsis birTvs warmoadgens. kompleqsis birTvi 

SeiZleba iyos neitraluri, dadebiTi an uaryofiTi 

muxtis matarebeli: [Co(NH3)3Cl3]0, [Cu(NH3)4]2+, [PtCl4]2-. 

rodesac kompleqsis birTvi muxtis matarebelia, 

kompleqsnaerTs aqvs gare sferoc. mag.: [Co(NH3)6]Cl3, birT-

vsa da gare sferos Soris kavSiri ionuria da wyalxsnar-

Si advilad disocirdeba: 

 → [Co(NH[Co(NH3)6]Cl3 3) ]3+ + 3Cl¯ 6

ligandis molekulaSi arsebuli donoruli atomebis 

ricxvi, romlis saSualebiTac igi kompleqswarmomqmnels 

ukavSirdeba, gansazRvravs mis koordinaciul tevadobas 
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anu dentatobas*. arsebobs mono-, di-, tri- da polidenta-

turi anu ambidentaturi ligandebi. yvelaze gavrcelebu-

li monodentaturi ligandebia:  da , bidentatu-

ria _ eTilendiamini ( _CH

*

2 OH3

*
HN

2

*
HN 2–CH2_ ), tridentaturia 

_ dieTilentriamini _ ( _CH

2

*
HN

2

*
HN 2–CH2_ _CHHN

*
2–CH2_ ) 

da a.S. (varskvlaviT aRniSnulia donoruli atomebi). 

2

*
HN

aRsaniSnavia, rom polidentatur ligands unari aqvs 

Seasrulos sxvadasxva dentaturobis ligandis roli. ase, 

magaliTad, acetilhidrazins SeuZlia Seasrulos ro-

gorc bidentaturi, ise monodentaturi ligandis funq-

ciac. qvemoTY moyvanilia Sesabamisi magaliTebi: 

CH3 C NH NH2

Pt
Cl

CH3 C NH NH2
Cl

(monodentanturi)

O

O

    

C = O

NH NH2
CH3

CH3

NH2
Cu

NH

O = C
(bidentanturi)

    

                                                 
*  `denta~ laTinurad niSnavs kbils. 
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koordinaciuli naerTebi zogjer Zalze rTuli aR-

nagobisaa. sailustraciod moyvanilia biologiurad 

metad mniSvnelovani sami kompleqsi: hemini _ oTxkoor-

dinaciuli rkinis kompleqsi, qlorofili _ oTxkoordi-

naciuli magniumis kompleqsi da cianokobalamini 

(vitamini BB12) _ eqvskoordinaciuli kobaltis kompleqsi:  

C
C

H
C

C

HCH3

C
C

CH3

C CH = CH2

C
Fe

N C

CH3

N:
HC

C N
:

C

C
C

C
C

C
C

C
CH = CH2

HOOCCH2_ CH2_

HOOCCH2_ CH2_

hemini

CH
N

CH3

        

qlorofili

C
H
C

C C

CH=CH2

H2C

C
C

CH3

C
C

Mg
N C

CH3

N:
HC

C = N N: C
CH

H3C

C

C

C
C

C

C2H5

CH

CC

CH O

COOCH3

H

H2C

COOC20H39O

CH3

H
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CH2OH HO

HH

O HO

H

P
O

OO
H3C CH

CH2
NH

OC

CH

CH2

CH2

CH3HH

CONH2

CH2

CH2

N

N

CH3

CH3

C

CH3

CH3

N

N

H

CH2CH2CONH2

CH3

CH3

CH3

N
Co

CH2CH2CONH2

H

CONH2
CH2

H

CONH2

CH3
N

CH2CH2CONH2

H3C C
CN CH3

cianokobalamini
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1.  kompleqsnaerTTa eleqtronuli aRnagoba 

(qimiuri bmis buneba kompleqsnaerTebSi) 

 

koordinaciul naerTTa aRnagobis pirvel mwyobr Te-

oriul moZRvrebas warmoadgens koordinaciuli Teoria, 

romelic XIX saukunis 90-iani wlebis dasawyisSi SeimuSa-

va alfred vernerma. am Teoriam kompleqsnaerTTa qimiaSi 

Seasrula igive dominanturi roli, rac mixeil butle-

rovis aRnagobis Teoriam organul qimiaSi. 

verneris koordinaciuli Teoria emyareba postu-

lats, rom atomebs, ZiriTadis garda, aqvT damatebiTi, 

anu Tanauri valentobac da swored Tanauri valentobis 

gajereba xdeba kompleqsuri naerTebis warmoqmnisas. amas-

Tan, Tu metalTa kationebis ZiriTadi valentobis gajere-

ba xdeba mxolod uaryofiTad damuxtuli ionebiT, Ta-

nauri valentobis gajereba SeiZleba moxdes rogorc 

uaryofiTi ionebiT, ise neitraluri molekulebiT. 

dReisaTvis kompleqsnaerTTa eleqtronuli aRna-

gobis ganxilva ZiriTadad xdeba sami Teoriuli moZRv-

rebis _ valenturi bmebis meTodis, kristaluri velis 

Teoriisa da molekuluri orbitalebis meTodis farg-

lebSi. maT Soris qronologiurad pirvelia valenturi 

bmis (vb) meTodi, romelic kompleqsebisaTvis pirvelad 

polingma gamoiyena.  
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1.1. valenturi bmis meTodi 

 

valenturi bmis meTodi emyareba daSvebas, rom mole-

kulis Semadgeneli yoveli ori atomi erTmaneTTan dakav-

Sirebulia eleqtronuli wyviliT, romelic lokalizebu-

lia am or atoms Soris da, aqedan gamomdinare, bmebi or-

centriania. 

am Teoriis mixedviT kompleqsnaerTebis warmoqmna 

kompleqswarmomqmnelsa (luisis mJava _ eleqtronuli 

wyvilebis aqceptori) da ligandebs (luisis fuZe _ eleq-

tronuli wyvilebis donori) Soris donorul-aqceptoru-

li urTierTqmedebis xarjze mimdinareobs. bma xorciel-

deba aqceptoris Tavisufali orbitalebisa da donoruli 

atomebis eleqtronuli wyvilebiT dasaxlebuli orbita-

lebis gadafarviT. 

kompleqswarmomqmnelis vakanturi orbitalebi (rom-

lebic bmebis warmoqmnaSi monawileoben) ZiriTadad ener-

getikulad araekvivalenturi arian da bmis warmoqmnisas 

hibridizacias ganicdian. miRebuli hibriduli orbitale-

bi erTmaneTisagan mxolod sivrciTi orientaciiT gans-

xvavdebian. hibridizaciis tipi gansazRvravs kompleqswar-

momqmnelis koordinaciul ricxvs da miRebuli kompleq-

sis geometrias. 

cxril 1-Si mocemulia hibridizaciis ZiriTadi tipe-

bi da Sesabamisi konfiguraciebi. 
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cxrili 1 

hibridizaciis zogierTi tipi da kompleqsnaerTTa 

konfiguracia 

ko
o
r
d
in
ac

iu
l
i 

r
ic

x
vi
 

  
hi
b
r
id

iz
ac

ii
s
 

  
konfiguracia magaliTi 

t
ip
i    

 
 
 
 

sp, dp 2 wrfivi [Ag(NH3)2]+, ICl  −
2

3 sp2, dp2, sd2 ClFtrigonaluri 
brtyeli 

3

sp3,  sd3, tetraedruli PBr , PCl  +
4

+
4

 
4 sp2d, d2 2p tetragonalu-

ri brtyeli 
[PtCl4]2-, [Ni(CN)4]2-

5 nsnp3nd Fe(CO)trigonaluri 
bipiramida 

5

6 sp3 2d   oqtaedri [Co(NH3)6]2+, [Co(NH3)6]3+

 spd4, d5p trigonaluri 
prizma 

MoS2 polimeruli 

8 sp3 4d dodekaedri K4[Mo(CN)6] 
 

avxsnaT valenturi bmebis meTodiT ramdenime komp-

leqsis warmoqmna. 

+[Ag(NH3)2] : 

Ag+-ionis eleqtronuli konfiguracia Tavisufal 

mdgomareobaSi aseTia: 
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Ag+
5s 5p

4s 4p

[Ag(NH3)2]+

4d

 

am SemTxvevaSi adgili aqvs centraluri atomis s da 

p orbitalebis hibridizacias (sp-hibridizacia), rasac Se-

esabameba koordinaciuli ricxvi 2 da kompleqsis wrfivi 

aRnagoba. 

oTxis toli koordinaciuli ricxvis SemTxvevaSi, 

kompleqsnaerTs SeiZleba hqondes tetraedruli an brtye-

li kvadratis forma. ganvixiloT amoniumis ionis warmo-

qmna. amiakSi azoti imyofeba sp3-hibridul mdgomareobaSi, 

romelsac Seesabameba tetraedris wveroebisken mimarTu-

li oTxi hibriduli orbitali, romelTagan erT-erTze 

ganlagebuli wyvili eleqtronis xarjze amiakis azoti 

ierTebs H+-ions, amoniumis ionis _ [NH4)]+ warmoqmniT. am 

nawilaks tetraedris forma aqvs. aseTive aRnagoba aqvs 

[BF4)]¯-ionsac, romelSic eleqtronuli wyvilebis donori 

F¯-ionebia, xolo aqceptori _ sp3-hibridul mdgomareobaSi 

myofi boris atomi.  
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igive geometriuli konfiguracia aqvs TuTiis qve-

jgufis elementebis zogierT kompleqss, magaliTad, 

[Zn(NH3)4]2+,  [Cd(NH3)4]2+, [HgI4]2- da a.S. 

Zn2+-ions vakanturi aqvs 4s da 4p orbitalebi, romle-

bic ganicdian sp3-hibridizacias, ris Sedegadac miiReba 

tetraedris wveroebisaken mimarTuli, energetikulad 

ekvivalenturi oTxi orbitali, romlebzec xdeba ligan-

dis eleqtronuli wyvilebis Casaxleba. aqedan gamomdi-

nare, aRniSnul kompleqsur ions tetraedruli aRnagoba 

aqvs: 

Zn2+
4s 4p

[Zn(NH3)4]2+

4s 4p

3s 3p 3d

3s 3p 3d

 

[BeF4]2--tetraedruli ionis warmoqmna SeiZleba Semde-

gi sqemiT warmovadginoT: 

Be2+ 2s 2p

sp3-hibridizacia
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2+Be -ions aqvs Tavisufali 2s- da 2p-orbitalebi. isini 

warmoadgenen im oTxi eleqtronuli wyvilis aqceptors, 

romelsac iZleva fTorid-ionebi: 

Be2+ + 4:F- Be

F

F F

F 2-

 

[BeF4]2- kompleqsuri ionis tetraedruli agebuleba 

ganpirobebulia beriliumis valenturi orbitalebis  sp3-

hibridizaciiT. 

SedarebiT mtkice bmebi warmoiqmneba, roca hibridi-

zaciaSi  monawileobs d-orbitalebi, amitom d-elementebi 

tipuri kompleqswarmomqmnelebia. d-orbitalebis hibridi-

zaciaSi monawileobisaTvis aucilebelia centralur 

atoms hqondes Tavisufali, nawilobriv Tavisufali an 

aragawyvilebuli eleqtronebiT Sevsebuli d-orbitalebi. 

ganvixiloT zogierTi d-elementis (romelTac d-

orbitalebidan eleqtronebiT Sevsebuli aqvT oTxi) 

kompleqsebi oTxis toli koordinaciuli ricxviT. isini 

ligandTa eleqtronebisaTvis iyeneben (n-1)d, ns; xolo np-

orbitalebidan ors, e.i. adgili aqvs kompleqswarmomqm-

nelis dsp2-orbitalebis hibridizacias. magaliTad, ganvi-

xiloT kompleqsi [Pt(NH3)4]2+. 
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Pt2+-is eleqtronuli konfiguracia 

 

6s 6p

5s 5p

[Pt(NH3)4]2+

5d

6s 6p

dsp2-hibridizacia
 

aRniSnuli tipis hibridizacias Seesabameba kvadratu-

li topologia, ligandebi ganlagebulia kvadratis wve-

roebSi. kompleqsi diamagnituria (ar gaaCnia gauwyvilebe-

li eleqtronebi). 

kompleqsis magnituri Tvisebebi ganisazRvreba orbi-

talebze eleqtronebis Casaxlebis xasiaTiT _ gauwyvile-

beli eleqtronebis arsebobis SemTxvevaSi kompleqsi 

paramagnituria, ararsebobisas _ diamagnituri. 

pirveli mwkrivis gardamavali metalebis ionebisaT-

vis miRebulia korelaciuri formula, romelic erTma-

neTTan akavSirebs gauwyvilebeli eleqtronebis ricxvs 

da am metalis Semcveli kompleqsis magnitur moments (μ): 

nx(mx + 2)μ  =  
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mag. [Cu(NH3)4]2+ kompleqss, valenturi bmis meTodis mixed-

viT gaaCnia Semdegi eleqtronuli konfiguracia: 

Cu 3d104s1_

3d 4s

3d
4s 4p

4p

Cu2+ 3d9_

Cu2+

komp.

3d 4s 4p

   

amrigad, kompleqss gaaCnia erTi gauwyvilebeli eleq-

troni da formulis mixedviT magnituri momenti μ=1,79. 

eqsperimentulad gansazRvruli μ=1,89. aqedan gamomdinare, 

Tanxvedra damakmayofilebelia. 

eqvsis tol koordinaciul ricxvs Seesabameba oqta-

edruli aRnagoba. ganvixiloT kompleqsi, romelic oqta-

edrulia da diamagnituri. Co3+-s araaRgznebul mdgoma-

reobaSi Seesabameba eleqtronuli konfiguracia: 

 

4s 4p
Co3+

3d

Co3+

              

ligandTa  oqtaedruli  ganlagebisaTvis  saWiroa 

Co3+-ionis 3d-qvedonidan ori orbitalis gamonTavisuf-
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leba, rac SeiZleba miRweul iqnas ori saSualebiT: 1) 3d-

orbitalidan ori eleqtronis energetikulad ufro 

maRal 4s-, 4p-orbitalebze gadayvaniT an 2) 3d-

orbitalebze eleqtronebis gawyvilebiT. energetikulad 

ufro xelsayreli aRmoCnda meore SemTxveva. marTlac, 

miRebuli kompleqsi aRmoCnda diamagnituri, rac 

eqsperimentiT dadasturda. 

[Co(NH3)6]3+

3d 4s 4p

d2sp3-hibridizacia
 

dadgenilia, rom Co3+-is yvela oqtaedruli kompleq-

si araa diamagnituri. magaliTad, oqtaedruli kompleqsi 

[CoF6]3- paramagnituria. masSi SenarCunebulia gauwyvilebe-

li eleqtronebi. 

4d

[CoF6]3-

4s 4p
sp3d2-hibridizacia

 

moyvanili magaliTebidan cxadia, rom erTi da igive 

kompleqswarmomqmnelis SemTxvevaSi ligandis bunebidan 

gamomdinare, kompleqsi SeiZleba iyos paramagnituri an 

diamagnituri. 
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valenturi bmis meTodi am movlenis asaxsnelad aseT 

gamosavals poulobs: kompleqsebi daiyo or jgufad: 

[CoF6]3- tipis kompleqsebi miekuTvna ionurs, xolo 

[Co(NH3)6]3+ _ kovalenturs. 

ionur kompleqsebSi ar xdeba ligandisa da metalTa 

ionebis orbitalebis gadafarva. am dros metalsa da li-

gands Soris adgili aqvs mxolod eleqtrostatikur ur-

TierTqmedebas. ase rom, kompleqswarmomqmnelis eleqtro-

nuli konfiguracia am SemTxvevaSi cvlilebas ar ganic-

dis. aqedan gamomdinare, Tu Tavisufal ionSi iyo gauw-

yvilebeli eleqtronebi, kompleqsSi xdeba maTi SenarCu-

neba. 

magram zogierTi kompleqsis aRnagobis axsna am mid-

gomiT ar xerxdeba. magaliTad, aRmoCnda, rom Ni(II)-is yve-

la oqtaedruli kompleqsi paramagnituria, amave dros, 

yvela maTganis `ionurisaTvis~ mikuTvneba SeuZlebelia, 

radgan Ni2+-is bevri kompleqsi kinetikurad `inertulia~ _ 

ligandebis mimocvla Znelad mimdinareobs. amitom aseTi 

kompleqsnaerTebisTvis aucilebelia donorul-aqcepto-

ruli urTierTqmedebis gaTvaliswineba. 

valenturi bmebis meTodiT aseTi SemTxvevebisTvis 

Semotanilia Siga da gareorbitaluri kompleqsebis cne-

ba. erTic da meorec warmoiqmneba donorul-aqceptoruli 

urTierTqmedebiT, im gansxvavebiT, rom erT SemTxvevaSi 

hibridizaciaSi monawileobs (n-1)d orbitalebi (Sigaorbi-
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taluri), meore SemTxvevaSi ki nd orbitalebi (gareorbi-

taluri), romelTac Siga d-orbitalebTan SedarebiT maRa-

li energia aqvT. 

aRmoCnda, rom gare d-orbitalebis hibridizaciiT mi-

Rebuli kompleqsebi labiluria (advilad gardaiqmnebian), 

xolo Sida d-orbitaluri hibridizaciis dros ganasxvave-

ben or SemTxvevas: 1. kompleqsi labiluria, Tu bmis 

warmoqmnaSi armonawile romelime d-orbitali vakanturia; 

2. kompleqsi inertulia, Tu bmis warmoqmnaSi armonawile 

yvela d-orbitali Sevsebulia (TiTo-TiTo an wyvili 

eleqtroniT). magaliTad, V3+-is kompleqsebi labiluria, 

radgan mis eleqtronul konfiguraciaSi erTi d-orbita-

li vakanturia: 

V 3d34s2_

3d 4s

4s
3d2_V3+

3d

4s 4p

3d

3d

d2sp3-hibridizacia

V3+
komp.

                  
                                                          

meores mxriv, Cr3+-is kompleqsebi inertulia, radgan 

yvela d-orbitali Sevsebulia (TiTo eleqtroniT): 
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3d

3d

4s

4s

Cr3+
komp.

3d 4s 4p

d2sp3-hibridizacia

3d3_Cr3+

3d54s1_Cr

          

amgvarad, kompleqsnaerTTa reaqciisunarianobis amaRle-

bas xels uwyobs gare d-orbitaluri hibridizacia da va-

kanturi d-orbitalebis arseboba. ganxiluli magaliTebi-

dan naTelia, rom vb meTodi kompleqsnaerTTa fardobiTi 

reaqciisunarianobis prognozirebis saSualebas iZleva. 

aRmoCnda, rom mkveTrad gamoxatuli eleqtrodono-

ruli ligandebis SemTxvevaSi, kompleqswarmoqmnis pro-

cesSi SesaZlebelia kompleqswarmomqmnelis gauwyvilebe-

li eleqtronebis gawyvileba da dabalspinuri kompleqse-

bis warmoqmna, mag., [Co(NH3)6]3+. eleqtroaqceptoruli li-

gandebis SemTxvevaSi eleqtronebis gawyvileba ar xdeba, 

ris gamoc miiReba maRalspinuri kompleqsebi, mag. [CoF6]3-. 

aRsaniSnavia, rom valenturi bmebis meTods 

kompleqsuri naerTebis zogierTi Tvisebis axsna ar 

SeuZlia. es meTodi ver xsnis kompleqsebis STanTqmis 

speqtrebs, ver iTvaliswinebs kompleqswarmomqmnelsa da 

ligands Soris  

 22 



π-datiuri urTierTqmedebis SesaZleblobas (romelic mni-

Svnelovnad zrdis kompleqsis mdgradobas), saerTod ver 

xsnis `sendviCuri~ da zogierTi sxva rTuli kompleqsis 

aRnagobas da a.S. 

 

1.2. kristaluri velis Teoria 

 

kristaluri velis Teoria emyareba centralur ion-

sa da ligandebs Soris urTierTqmedebis eleqtrostati-

kur xasiaTs. am Teoriis mixedviT, kompleqswarmomqmnelsa 

da ligands Soris bma ionuri an ion-dipoluria. es Teo-

ria iTvaliswinebs centraluri ionis d-orbitalebis gan-

sxvavebul sivrciT ganlagebas da, aqedan gamomdinare, ma-

Ti energiebis gansxvavebulad Secvlas ligandis orbita-

lebis urTierTqmedebis Sedegad. 

kristaluri velis qvanturi Teoria Tavdapirvelad 

SemuSavebulia h. biotes mier kristaluri nivTierebis 

Tvisebebis Sesaswavlad da saxelwodebac aqedan miiRo. 

Semdgom aRmoCnda, rom es Teoria Tanabrad misaRebia geo-

metriulad simetriulad ganlagebul, eleqtrulad ur-

TierTmoqmed nawilakebisagan agebuli nebismieri sistemi-

saTvis, rogoricaa, magaliTad, kompleqsuri ionebi.  

es Teoria ar iTvaliswinebs ligandebis zomebs da 

eleqtronul aRnagobas. ligandebi am SemTxvevaSi ganixi-

leba, rogorc wertilovani uaryofiTi muxtebi an dipo-

 23 



lebi, romlebic sivrceSi ise orientirdebian, rom maT 

Soris arsebuli urTierTganzidvis energia minimaluri 

iyos. eqvsis toli koordinaciuli ricxvis SemTxvevaSi es 

piroba ligandebis oqtaedruli ganlagebisas miiRweva, 

xolo 4-is toli kr-is SemTxvevaSi _ tetraedruli an 

kvadratuli ganlagebisas. 

gardamavali metalebis d-eleqtronebi ganawilebulia 

(paulis principis da hundis wesebis Sesabamisad) erTi da 

imave donis xuT d-orbitalze ( , , d22 yx
d

− 2z
d xy, d  da dxz yz), 

romlebic Tavisufal atomSi an ionSi energetikuli 

TvalsazrisiT tolfasia. isini erTmaneTisagan mxolod 

sivrciTi orientaciiT gansxvavdebian. d-orbitalebidan sa-

mi: dxy-, d - da dxz yz-, ganlagebulia dekartis samganzomilebi-

an koordinatTa sistemaSi koordinatTa RerZebs Soris, 

 _ z-RerZis gaswvriv, _ x da y koordinatTa Rer-

Zebis gaswvriv.  

2z
d 22 yx

d
−

z

dxy

x

y
dxz dyz

dz2
dx2-y2

x y

xy

z

z

zz

x x

y

y
 

aseT orbitalebs gadagvarebuls uwodeben. Tu war-

movidgenT, rom ligandebi qmnian Tanabari ganawilebis 

sferul eleqtrostatikur vels, romlis centrSic cent-

raluri ionia, maSin d-orbitalebis energia, ligandebis 

 24 



ganmzidavi Zalis moqmedebiT, erTnairad Seicvleba ise, 

rom maTi gadagvarebuloba ar moixsneba _ yvela d-orbi-

tali rCeba energetikulad tolfasi. sxva mdgomareobas-

Tan gvaqvs saqme, roca ioni ligandebis oqtaedrul, tet-

raedrul an sxva tipis garemocvaSia (nakleb simetriul-

Si, vidre sferuli). am SemTxvevaSi, sxvadasxvanairad 

orientirebuli d-orbitalebis mimarT ligandTa velis 

gavlena gansxvavebulia da, Sesabamisad, maTi energiebic 

gansxvavebulad icvleba _ isini aRar iqneba energetiku-

lad tolfasi _ aseT pirobebSi gadagvarebuloba ixsneba. 

ligandebis oqtedruli garemocvisas d-metalebis ionTa 

orbitalebi, romlebic oqtaedris RerZebis gaswvriv aris 

mimarTuli, romlis wveroebSic ligandebia, ganicdian 

ufro met eleqtrostatikur urTierTqmedebas, vidre is d-

orbitalebi (dxy, d  da dxz yz), romlebic am RerZebs Soris ar-

sebuli kuTxis biseqtrisas gaswvrivaa orienturebuli 

(ix. nax. 1, L-iT aRniSnulia ligandebi,  _ maTi 

Sesabamisi orbitali). 
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dz 2

x

y

L

L

L

L

L

dx 2 -y2

L

z

 

                     nax. 1.  

         ligandebis oqtaedruli veli 

22 yx
d

−
 da  orbitalebis energia oqtaedrul komp-

leqsebSi aRmoCndeba ufro maRali, xolo d

2z
d

xy, d  da dxz yz or-

bitalebis ki _ ufro dabali im energiasTan SedarebiT, 

romelic maT aqvT gadagvarebul mdgomareobaSi, e.i. Tu 

sferuli simetriis velSi gardamavali metalis atomis 

an ionis yvela xuTi d orbitali energiiT erTnairia, 

oqtaedrul velSi isini ori gansxvavebuli energiis 

mqone jgufad iyofa: energetikulad xelsayreli dxy, dxz da 

d  orbitalebi, romlebsac aRniSnaven tyz 2g-Ti da ori 

energetikulad araxelsayreli orbitali _  da , 

romelsac e

22 yx
d

− 2z
d

g-Ti aRniSnaven. 

t  da e2g g (ix. danarTi 2) orbitalebis energiaTa sxva-

obas gaxleCis energias uwodeben da aRniSnaven Δ-Ti. misi 

eqsperimentuli gansazRvra kompleqsuri naerTis STanTq-
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mis speqtris safuZvelze xdeba. oqtaedruli kompleqsebi-

saTvis, ionuri ligandebis SemTxvevaSi, Δ-s gansazRvra 

SeiZleba Semdegi formuliT: 

 

2

4

3r
5eqa

Δ≈       

 

sadac: e _ eleqtronis muxtia, q _ ionis muxti, a _ d-eleq-

tronebis manZili atombirTvamde, r _ manZili ionis centr-

sa da ligandebis centrebs Soris. 

neitraluri ligandebis SemTxvevaSi: 

 

6

4

r
5e aμ

    Δ≈       

 

sadac: μ _ ligandis dipoluri momentia. 

Δ-s sididis mixedviT ligandebis ganlageba rigSi 

aseTia: 

I¯< Br¯< Cl¯ <F¯< OH¯<NH3<NO < CN¯ −
2

 

am rigs speqtroqimiuri rigi ewodeba. 

aRmoCnda, rom oqtaedrul kompleqsebSi gaxleCis 

energia t2g orbitalebze myofi TiToeuli eleqtronisaT-

vis, gadagvarebuli orbitalebis energiasTan SedarebiT, 

3/5 Δ oqt. dabalia, xolo eg orbitalebze 2/5 Δ oqt. maRa-

li. 

 27 



Δ-s mniSvneloba damokidebulia kompleqsis konfigu-

raciaze, ligandisa da kompleqswarmomqmnelis bunebaze. 

kompleqsis sxvadasxva sivrciT konfiguracias Δ-s gansx-

vavebuli mniSvneloba Seesabameba. 

ligandTa tetraedruli garemocvisas dxy, d  da dxz yz 

orbitalebi ligandTa velis ufro Zlier gavlenas gani-

cdian, vidre  da  orbitalebi. amitom eleqtro-

nebs e

22 yx
d

− 2z
d

g orbitalebze ufro dabali energia aqvT, vidre t2g 

orbitalebze. amasTan, tetraedruli garemocvisas gaxle-

Cis energiis mniSvneloba, oqtaedrulTan SedarebiT, daba-

lia. Tu ligandebi da maTi daSoreba kompleqswarmomqmne-

lisgan erTnairia, tetraedruli garemocvis Δ-s mniSvne-

loba oqtaedrulis 4/9-s Seadgens (Δtetr. = 4/9 Δoqt.). tet-

raedrul kompleqsnaerTebSi t2g-qvedonis TiToeuli eleq-

tronis energia 2/5 Δtetr.-iT ufro maRalia, xolo eg-ze 3/5 

Δtetr.-iT ufro dabalia (xuTjer gadagvarebul mdgoma-

reobasTan SedarebiT). 

gaxleCis energia gardamaval metalTa Jangvis xaris-

xis zrdasTan erTad izrdeba, ramdenadac Jangvis xaris-

xis zrdasTan erTad centralur ionsa da ligands Soris 

manZili mcirdeba da urTierTqmedeba Zlierdeba. 

garda amisa, gaxleCis energia izrdeba 3d-, 4d-, 5d-mi-

marTulebiT. gardamaval metalebSi, periodis nomris 

zrdasTan erTad, Δ-s sidide 30-35%-iT izrdeba. es gamow-
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veulia d-orbitalebis sivrciTi gawelilobis zrdiT, 

rac aZlierebs ligandebTan urTierTqmedebas (topologia 

ufro xelsayreli xdeba). 

magaliTad:  [Co(NH3)6]3+       Δ -1
oqt.= 3000 sm

                                    [Rh(NH3)6]3+       Δoqt.= 34000 sm-1

                                    [Ir(NH3)6]3+        Δ -1 
oqt.= 41000 sm

 

nax. 2-ze mocemulia centraluri ionis d-orbitale-

bis energetikuli gaxleCa sxvadasxva simetriis velSi: 

 

dxy,dyz

dz2

dx2-y2, dz2

dx2-y2

dxy
dxy,dxz,dyz

dxy,dxz,dyzdx2-y2, dz2

d

tetraedri velis
gareSe

brtyeli
kvadrat.

oqtaedri

 

 

nax. 2 

centraluri ionis d-orbitalebis energetikuli gaxleCa  
sxvadasxva simetriis velebSi 
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kristaluri velis Teoria sakmaod martivad da 

TvalsaCinod xsnis kompleqsTa magnitur Tvisebebs, STan-

Tqmis speqtrebsa da rig sxva maxasiaTeblebs. amisTvis 

saWiroa ligandebis velSi moqceuli centraluri ionis 

d-orbitalebze eleqtronebis ganawilebis codna. es uka-

naskneli damokidebulia gaxleCis energiisa (Δ) da im 

energetikul danaxarjs (ρ) Soris Tanafardobaze, rac sa-

Wiroa eleqtronebis gasawyvileblad. 

roca erTi da igive orbitalis eleqtronebis gan-

zidvis energia gaxleCis energiaze maRalia (susti velis 

SemTxveva), maSin orbitalebi TandaTan Seivseba TiTo 

eleqtroniT da Semdeg daiwyeba gawyvileba. am SemTxveva-

Si miiReba maRal-spinuri, paramagnituri kompleqsebi. 

Zlieri velis SemTxvevaSi (Δ>ρ), jer bolomde ivseba da-

bali energiis orbitalebi _ oqtaedrul kompleqsebSi da 

mxolod amis Semdeg daikavebs eleqtroni maRali energi-

is orbitalebs. Sedegad miiReba diamagnituri, dabal-spi-

nuri kompleqsebi. 

centraluri ionis eleqtronuli struqturebisa da 

speqtroqimiur rigSi ligandebis mdebareobis mixedviT, 

kompleqswarmoqmna dakavSirebulia sxvadasxva sididis 

energiis mogebasTan. am energias kristaluri velis sta-

bilizaciis energias (kvse) uwodeben. stabilizaciis miR-

weva xdeba ligandTa veliT gaxleCili mocemuli donis 
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naklebi energiis qvedoneze centraluri atomis eleqtro-

nebis ganTavsebiT. 

ganvixiloT ligandTa oqtaedrul garemocvaSi myofi 

centraluri ionis d-eleqtronebis ganawileba. eleqtro-

nebi, pirvel yovlisa, daikavebs naklebi energiis t2g-orbi-

talebs: 

d1

d2

d3

t2g

t2g

t2g

           

eleqtronebi, hundis wesis Sesabamisad, rCeba gauwyvi-

lebeli. amasTan, eleqtronebis ricxvis zrdasTan erTad, 

kristaluri velis stabilizaciis energia izrdeba 

( ). 3
2g

2
2g

1
2g   t,  t,t

d4 konfiguraciis SemTxvevaSi, meoTxe eleqtrons ori 

SesaZlebloba aqvs. ligandTa Zlieri velis SemTxvevaSi 

(Δ>ρ) gagrZeldeba t2g orbitalebze eleqtronebis Casaxle-

ba, e.i. moxdeba eleqtronTa gawyvileba (ar moxdeba eleq-

tronis gadasvla energetikulad araxelsayrel eg orbi-

talebze). kvse momdevno eleqtronebis ricxvis zrdasTan 

TandaTan gaizrdeba -mde. am dros e6
2gt g vakanturia da 

kvse aris maqsimaluri (kvse = 12/5 Δoqt.). es aris Zlieri 

ligandis oqtaedrul velSi energiis yvelaze maRali 

mogebis SemTxveva. 
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Co3+ Tavisufal ionSi d-eleqtronebis ganawileba ase-

Tia: 

4s 4p

3d

Co3+(d6)

 

gamoTvlilia, rom Co3+-ionSi erTi da igive orbita-

lebis eleqtron-eleqtronis ganzidvis energia 252 

kj/molis tolia, xolo 3d-orbitalebis gaxleCis energia 

amiakis molekulebis oqtaedrul velSi _ 265 kj/molisa 

(Δ>ρ). 

energia

eg

t2g

0

6

 

ganxiluli kompleqsi dabalspinuri da diamagnitu-

ria, magram d6-is zemoT d-eleqtronebis ricxvis zrdisas, 

isini iZulebuli arian daikavon energetikulad araxel-

sayreli eg orbitalebi, rac iwvevs kristaluri velis 

stabilizaciis energiis Semcirebas, xolo Tu eg mTlia-

nad Seivseba ( ), es energia, cxadia, nulis toli gax-

deba: 

4
ge

6
2gt  kvse = 2/5 Δoqt.·6 =12/5 Δoqt.

4
ge  kvse = 3/5 Δoqt.·4 =12/5 Δoqt.
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(e.i. moxdeba energiebis kompensireba da jami nulis toli 

gaxdeba). 

susti velis ligandebis oqtaedruli garemocvisas 

(Δ<ρ), meoTxe d-eleqtroni, romelsac ara aqvs orbitalze 

myofi eleqtronis ganzidvis dasaZlevad saWiro energia, 

ikavebs erT-erT eg orbitals da amiT amcirebs kristalu-

ri velis stabilizaciis energias ( ). mexuTe d-eleq-

tronis SemTxvevaSi ( ) moxdeba d-orbitalebis sanaxev-

rod Sevseba _  da kvse gaxdeba nulis toli. 

1
g

3
2g d  ,t

2
gd

2
g

3
2g e  ,t

ganvixiloT kompleqsi [CoF 3-
6] . 3d-orbitalebis gax-

leCis energia F--ionebis oqtaedrul velSi 156 kj/molis 

tolia (e.i. ρ>Δ). 

Δ

 

kompleqsSi realizdeba  konfiguracia. amasTana-

ve, kompleqsSi Tavisufal ionTan SedarebiT gauwyvilebe-

li eleqtronebis ricxvi ar Secvlila. aqedan gamomdina-

re, [CoF

2
g

4
2get

3-
6]  kompleqsi maRalspinuri da paramagnituria. 
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rogorc zemoT aRvniSneT, Co3+ 6 (d ) ionis (Zlier oqta-

edrul velSi)  

kvse = 12/5 Δoqt.. 

Co(II)-is kvse = 2/5 Δ ·6 _ 3/5 Δ  = 9/5 Δoqt. oqt. oqt.. e.i. uf-

ro naklebia. aseTive eleqtronuli konfiguracia aqvs 

Ni(III)-s (d7). 

kristaluri velis stabilizaciis energiis dabal 

mniSvnelobebs labiluri kompleqsebi Seesabameba da pi-

riqiT. 

kristaluri velis Teoriis mixedviT oqtaedruli 

kompleqsebi energetikuli TvalsazrisiT ufro xelsayre-

lia, vidre tetraedruli. Tumca aris SemTxvevebi, roca 

orive konfiguraciis warmoqmnas daaxloebiT erTnairi 

albaToba aqvs. 

ganvixiloT Co(II)-is kompleqsebi. d-eleqtronebis ga-

nawileba ligandTa susti oqtaedruli velis SemTxvevaSi 

Semdegnairad xdeba , tetraedrulSi . 
eg

4
2g
2t2

g
5
2get

kvse (oqt.)= 2/5 Δoqt.·5 _ 3/5 Δoqt. ·5  = 4/5 Δoqt.. 

kvse (tetr.)= 3/5 Δtetr.·4 _ 2/5 Δtetr. ·3  = 6/5 Δtetr.. 

oqtaedruli veli

t2g
3eg

t2g

2

5
eg

4

tetraedruli veli
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ramdenadac Δtetr.= 4/9 Δoqt.,  6/5 Δtetr.= 6/5·4/9 Δoqt.= 3/5 Δoqt. 

am energiaTa mniSvnelobebi daaxloebiT erTnairia _ 3/5 

Δoqt. da 4/9 Δoqt., amitom Co(II)-is kompleqsebSi (susti veli) 

adgili aqvs am ori formis wonasworuli narevis warmoq-

mnas: 

  [Co(H2O)6]2+[Co(H2O)4]2+
          

asevea amiakur kompleqsebSic: 

 [Co(NH3)6]2+[Co(NH3)4]2+
 

Ni(II)-is (d8) Zlieri da susti oqtaedruli velis 

SemTxvevaSi, eleqtronebis erTnairi ganawilebaa . 

Tumca kvadratuli simetriis Zlier velSi, sust velTan 

SedarebiT, energiis damatebiT mogebas aqvs adgili (imas-

Tan dakavSirebiT, rom kvadratuli simetria d-orbi-

talebis gadagvarebulobis damatebiT moxsnas iwvevs). 

2
g

6
2get

aqedan gamomdinare, Tu Ni2+-ioni moxvdeba Zlieri 

velis ligandebis garemocvaSi, romelTa moqmedebisas mi-

Rebuli gaxleCis energia akompensirebs eg qvedoneze eleq-

tronebis gawyvilebisaTvis saWiro energias, kvadratuli 

konfiguracia, SesaZlebelia, yvelaze xelsayreli aRmoCn-

des. kristaluri velis TeoriiT SesaZlebelia kompleq-

sTa ara marto magnituri Tvisebebis, aramed maTi specifi-

kuri Seferilobis axsnac. magaliTad, Ti3+-ions aqvs erTi 

d eleqtroni (d1), romelic normaluri (araaRgznebuli) 

mdgomareobisas imyofeba erT-erT d-orbitalze. 
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kristaluri velis Teoriis Tanaxmad, d1 eleqtroni 

oqtaedrul kompleqsSi [Ti(H2O)6]3+,  daikavebs dabali ener-

giis t2g orbitals. garkveuli energiis (Δ=238 kj/moli) 

daxarjviT SesaZlebelia misi aRgzneba da gadayvana eg 

orbitalze. am gadasvlis dros STanTqmuli energiis 

Sesabamisi sinaTlis talRis sigrZe aris 500 nm, rac 

ganapirobebs [Ti(H2O)6]3+ kompleqs-ionis iisfer Sefervas. 

aseTi ganxilva gasagebs xdis Cu+, Ag+, Zn2+ 2+ da Cd  ionebis 

mier ufero kompleqsebis warmoqmnas. am ionebs aqvT d10 

konfiguracia _ roca yvela d-orbitali Sevsebulia, ase 

rom, eleqtronebis gadasvla t2g-dan eg-ze SeuZlebelia. 

Cu2+-ioni ki Seferil kompleqsebs warmoqmnis, ramdenadac 

mas d9 konfiguracia aqvs da amis gamo arsebobs t -dan e2g g-

ze erTi eleqtronis gadasvlis SesaZlebloba. 

kristaluri velis Teoriis gamoTvliTi meTodebi 

moicavs simetriisa da jgufTa Teoriis maTematikur 

aparats. am urTulesi masalis zogierTi aspeqti moyvani-

lia danarTSi #1.  

kristaluri velis Teoria xSir SemTxvevaSi saSua-

lebas iZleva aixsnas kompleqsebis stereoqimia da maTi 

zogierTi Tviseba (speqtruli kanonzomierebani, magnitu-

ri Tvisebebi da sxv.) am Teoriis ZiriTadi naklia is, rom 

kompleqswarmomqmneli ionisa da ligandebis eleqtronu-

li struqtura ganixileba izolirebulad da maT Soris 

urTierTqmedebaTa mTeli erTianoba modelirdeba ro-
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gorc wertilovani muxtebis urTierTqmedeba. es nakli ga-

mosworda molekuluri orbitalebis meTodSi. 

 

1.3. molekuluri orbitalebis meTodi 

 

molekuluri orbitalebis meTodi (mo-meTodi) dRei-

saTvis qimiuri sistemebis da, maT Soris, kompleqsnaerT-

Ta eleqtronuli struqturis aRweris yvelaze ufro 

srulyofil Teoriul moZRvrebas warmoadgens, Tumca mi-

si gamoyeneba mniSvnelovan gamoTvliT sirTuleebTanaa 

dakavSirebuli. 

koordinaciuli naerTebis aRwerisas SenarCunebulia 

mo-meTodis centraluri debuleba _ bma kompleqsur na-

erTebSi xorcieldeba mravalcentriani molekuluri or-

bitalebis saSualebiT, romlebic erTmaneTTan akavSirebs 

sistemaSi Semaval yvela atoms. 

kompleqsuri naerTis molekuluri orbitali Ψ zo-

gadad ase Caiwereba: 

Ψ = aΨ0 + bΦ    

sadac: Ψ0 _ centraluri ionis atomuri orbitalia, 

xolo Φ _ ligandebis sistemis molekuluri orbitali 

(e.w. jgufuri orbitali). Φ tolia ligandebis atomuri 

orbitalebis wrfivi kombinaciisa: 

Φ =      ∑
=

n

1i
iic ϕ
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molekuluri orbitalebis agebisas gadamwyveti ro-

li eniWeba sawyisi atomuri orbitalebis simetrias. rad-

gan am sakiTxis detaluri analizi moiTxovs jgufTa Te-

oriis maTematikuri aparatis gamoyenebas (ix. danarTi 1), 

mogvyavs mxolod Tvisobrivi warmodgenebi oqtaedruli 

ML6 kompleqsisaTvis (romlebic ar Seicaven π-bmas). 

nax. 3-ze moyvanilia ML6 oqtaedruli kompleqsis gan-

lageba dekartis samganzomilebian koordinatTa sistema-

Si: 

                  

M

L

x

z

L L

L

L

L

y
               

nax. 3. 

ML6 oqtaedruli kompleqsis ganlageba dekartis samgan-

zomilebian koordinatTa sistemaSi 

 

nax. 3-dan naTelia, rom  orbitali urTierTqme-

debs eqvsive ligandis (jgufur) orbitalTan. amasTanave, 

im ligandebis orbitalebs, romlebic ganlagebulia z-is 

gaswvriv, molekulur orbitalSi ufro maRali wvlili 

SeaqvT (ix. danarTi 2).  orbitali urTierTqmedebs 

2
zd

22 yx
d

−
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mxolod x da y koordinatTa RerZis gaswvriv ganlagebu-

li ligandebis orbitalebTan. dxy, d  da dyz xz ar urTierTqme-

deben ligandebis orbitalebTan. oqtaedrul kompleqseb-

Si (sadac ar realizdeba π-bma), maT gaaCniaT araSemakav-

Sirebeli orbitalebis buneba da lokalizebuli arian 

metalis centralur atomze. 

s-orbitali, sferuli simetriis gamo, erTnairad 

moqmedebs eqvsive ligandis orbitalebTan. TiToeuli p-

orbitali (px, py, pz) moqmedebs mxolod im ori ligandis 

orbitalebTan, romlebic Sesabamisi koordinatTa RerZis 

gaswvriv arian ganlagebuli. 

amgvarad, ML6 oqtaedrul kompleqss (π-bmebis gare-

Se), ZiriTad mdgomareobaSi aqvs Svidi energetikuli do-

ne: sami makavSirebeli, erTi aramakavSirebeli da sami _ 

gamTiSavi. 

nax. 4-ze mocemulia maRalspinuri oqtaedruli ML6 

kompleqsis _ [CoF6]3--is molekulur-orbitaluri diagrama: 
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σ∗
x y zσ∗ σ∗

σ∗ σ∗4s

4p
σ∗

s

3d

x2-y2 z2

πxz πxyπyz
araS. araS. araS.

σx2-y2 σ z2

σs

σzσx σy

L-is
ao

M-is
 ao

ML6-is
  mo

E

 

nax. 4. 

maRalspiniani oqtaedruli ML6 kompleqsis _ [CoF6]3-

molekulur-orbitaluri diagrama 
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amgvarad, [CoF6]3- kompleqsSi 12 eleqtroni ganlage-

bulia makavSirebel orbitalze, 4 _ aramakavSirebelze 

da 2 _ gamTiSavze. misi Semoklebuli orbitaluri Canawe-

ri iqneba: 

[σs]2[σp]6[σd]4  2*4 ][][π dd σ.araSemakav

(πd-Ti aRniSnulia araSemakavSirebeli π  ππxz, yz, xy orbitale-

bi). 

nax. 5-ze mocemulia dabalspiniani oqtaedruli ML6 

kompleqsis _ [Co(NH3)6]3+-is molekulur-orbitaluri diag-

rama: 
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σ∗
x y zσ∗ σ∗

σ∗ σ∗4s

4p
σ∗

s

3d

x2-y2 z2

πxz πxyπyz
araS. araS. araS.

σx2-y2 σz2

σs

σzσx σy

L-is
ao

M-is
 ao

ML6-is
  mo

E

 

nax. 5. 

dabalspiniani oqtaedruli ML6 kompleqsis _ [Co(NH3)6]3+

molekulur-orbitaluri diagrama 
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amgvara oni ganla-

gebu

[σs]2[σp]6[σd]4

rodesac ML6 kompleqsSi warmoiqmneba 

π-bme

gjer molekulur-orbitalur diagramaze σs da 

orbitalebi aRiniSneba rogorc 1g da ; p da  or-

bitalebi _ rogorc 1u da ; d da  orbitalebi _ 

g d bi _ 2g

 izomeriis tipebi kompleqsnaerTebSi 

ordinaciul naerTebSi arCeven e.w. WeSmarit izo-

meri

naciuli, ionizaciis). 

d, [Co(NH3)6]3+ kompleqsSi 12 eleqtr

lia SemakavSirebel orbitalebze, 6 _ aramakavSire-

belze. amgvarad, misi Semoklebuli orbitaluri Canaweri 

iqneba: 

 6][π .araSemakav
d  

 oqtaedrul  

bic, Sesabamis diagramas kidev ufro rTuli saxe 

eqneba. 

zo
*
sσ  

α  * σ *σ

t * σ

rogorc e  da *e ; π  orbitale rogorc t   (ix. danar-

Ti 2). 

 

1gα p

*
dσ1ut

g

2.

 

ko

as, romlis dros Siga koordinaciuli sferos Semad-

genloba da ligandebi ucvlelia (maT miekuTvneba: geo-

metriuli, optikuri, konformaciuli, bmebis) da fsevdo-

izomerias, romlis dros Siga koordinaciuli sferoebis 

Semadgenloba an ligandebi icvleba (liganduri, koordi-
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2.1. WeSmariti izomeria 

 

geometriuli ganpirobebulia 

Siga koordinaciul sferoSi sxvadasxva ligandis gans-

xvave

       

 (sivrciTi) izomeria 

buli ganlagebiT. magaliTad, Tu yvela ligandi mo-

nodentaturia da koordinaciuli ricxvia 4,5 an 6, gvaqvs: 

M M

X

X YX

MX2Y2  kr=4

Y

Y

X

cis- trans-

Y

 

 

 

 

 

 

 

 

 

 

 

                                 MXY4 kr=5 

                        X                                                     Y 
              
                           Y                                                      Y 
 
                    
                          M                                                     M 
    Y                                     Y           Y                                       X 
                     
                              Y                                                     Y 
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                                       MX2Y3 kr=5 

                                                                X                                            Y 
              
                   Y                                          Y                                             X 
 
                    M                                       M                                           M 
  Y                                 Y     Y                                  X      X                                   Y 
                      X                                         Y                                            Y

      

 X

   

    
 

 

                                                       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

optikuri izomeria 

 

                                               MX3Y3 kr=6 
                          X                                                              X 
 
                Y                            Y                               Y                             Y 
 
                      M                                                             M 
     
     X                            X                            Y                                X 
 
                            Y                                                               X 
 
    c waxnagovani)            trans-(meridianaluri) 

   

      

   

                                               MX2Y4 kr=6 
                         Y                                                   Y 
 
           X                             Y                   X                             Y 
 
                   M 
  X                                Y                Y                               X 
 
                         Y                                                   Y 
 
          

                   M                                    

cis-                       trans-

is-(
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optikuri izomeria 

u oqtaedrul kompleqsSi eqvsive monodentaturi 

ligandi gansxvaveb lia 15 

geom

      

T

ulia MX1X2X3X4X5X6, SesaZlebe

etriuli izomeris arseboba, romelTagan TiToeuli 

warmoqmnis 2 optikur izomers (antipods). magaliTad: 

Cl
Py NH3

Cl
PyNH3

I NO2

Br

Pt

INO2

Br

Pt

sadac Py _ piridinia
 

 

traedruli struqtura, sadac oTxive monodenta-

turi ligandi gansxvavebulia MXYVW: 

te

M
W

X X

M
W Y

V

Y

V  
tetraedruli struqtura, sadac ori bidentaturi 

ligandi gansxvavebulia MXY: 
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qtaedruli kompleqsebi, sadac sami erTnairi biden-

taturi ligandia M(XX)3: 

 

 

konformaciuli izomeria _ am dros xdeba koordina-

ciul oliedris formis Secvla, magaliTad, tetraedri 

gadadis kvadratSi (rogorc wesi, es procesi realizdeba 

fizi

 

edruli kompleqsebi, sadac sami erTnairi biden-

taturi ligandia M(XX)3: 

onformaciuli izomeria _ am dros xdeba koordina-

ciul oliedris formis Secvla, magaliTad, tetraedri 

gadadis kvadratSi (rogorc wesi, es procesi realizdeba 

fizi

 

 
                                            Y 
 
                                                                                 
                    M                                                         M 
 
 
                                           X             X 

        Y                                                       

      
      

      

o

  

 

 

 

 

  

 

  

i pi p

kuri pirobebis SecvliT _ temperatura, wneva): 

 

 

 

kuri pirobebis SecvliT _ temperatura, wneva): 

 

 

 

  

 

 

     
                                                                                             X 

                 M                X                                        M                               
                                                                                                X 
                                                                                                
  X                                                                                        X                  

     X                                                
           

 
    
   

   

 

k
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                  X                                                      X                            Y 
 
 
                                                                                   M 
                                                                        
                    
X                               Y                                      Y                         X 
                       Y   
                                                                 
   tetraedruli                     kvadratuli 

      
      M

      

bmebis izomeriis dros icvleba monodentaturi l

gandis metalTan bmis centri (atomi). am dros, ligan

unda gaaCndes ori an meti araeqvivalenturi donoru

i-

ds 

li 

cent , NCS¯-s SeuZlia koordinireba N an S 

atom

zomeruli li-

gandebis arsebobiT (mag.: _ butili da izobutili). 

koordinaciul ebulia kompleq-

sur kationSi da anionebSi igandebis gansxvavebuli ga-

nawil

iTad: 

 

 

ri. magaliTad

iT; NO −
2 -s N an O atomiT da a.S. 

 

2.2. fsevdo-izomeria 

 

liganduri izomeria ganpirobebulia i

i izomeria ganpirob

l

ebiT. magaliTad: 

[M1X6][M2Y6] da [M1Y6][M2X6] 

ionizaciuri izomeria ganpirobebulia erTnairi Sed-

genilobis ori kompleqsuri naerTis unariT disocirdes 

sxvadasxva ionad, magal
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3. koo pis 

ligandebis Canacvlebis procesebi miekuTvneba nuk-

li  _ 

SN2. 

SN1 _ meqani si warimarTeba 

asin

centraluri ionis koordinaciuli ricxvis Semcire-

bas. 

3+ 3+

[Pt(NH

rdinaciuli naerTebis umTavresi ti

qimiuri reaqciebi da maTi meqanizmebi 

 

3.1. Canacvlebis reaqciebi 

leofilur reaqciebs. isini warimarTeba ori gansxvavebu-

meqanizmiT: disociaciuriT _ SN1 da asociaciuriT

zmiT Canacvlebisas proce

qronulad: amosavali kompleqsis disociaciis neli 

pirveli stadia, romelsac mosdevs axali jgufis swrafi 

koordinireba. ase rom, pirvel (nel) stadiaze adgili 

aqvs 

magaliTad: 

[Co(NH3)5Cl]2+   ⎯⎯ →⎯neli   [Co(NH3)5]3+ + Cl¯  
     kr = 6                     kr = 5

[Co(NH3)5]  + H2O   ⎯⎯ →⎯ [Co(NHCqari   3)5(H2O)]
      kr = 5                               kr = 6

 

3)3Cl]NO3            da       [Pt(NH3)3NO3]Cl 

 

[Pt(NH3)3Cl]+ + NO −
3                    [Pt(NH3)3NO3]+ + Cl⎯ 
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oqtaedruli aRnagobis kompleqsebis disociaciuri 

irami-

triis mqone 

Sualeduri naerTis warmoqmnas. 

meqanizmis stereoqimia varaudobs tetragonalur-p

dul r-bipiri an trigonalu amiduli geome

L

L LM

LL

L

L

L
M

L

L

tetragonalur-piramiduli trigonalur-bipiramiduli  
bolo wlebis qvantur-qimiurma gamoTvlebma (maTi 

sirTulis gamo am naSromSi isini ver ganixileba) aCvena, 

rom intermediatis geometriuli struqtura damokidebu-

lia M-is da L-is eleqtronul bunebaze. 

[Ta(O

miCneulia, rom oqtaedruli kompleqsisaTvis garda-

eiZ-

SN1 _ meqanizmiT, Canacvleba warimarTeba sinqronu-

lad, Sualeduri kompleqsis neli warmoqmniT, sadac ad-

gili aqvs centraluri ionis koordinaciuli ricxvis 

gazrdas. magaliTad: 

PR3)F5]+O
*
P R3 ⎯⎯ →⎯neli [Ta(OPR3)(O

*
P R3)F5] ⎯⎯ →⎯Cqari  

      kr = 6 kr = 7                                                 

→ [Ta(O
*
P R3)F5] + OPR3 

    kr = 6

mavali he dinaciu mareobis warmoqmna Sptakoor li mdgo
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leba moxdes ori gansxvavebuli stereoqimiuri gziT: cis-

SeteviT da trans-SeteviT. 

cis-Setevis SemTxvevaSi, Semomavali jgufi utevs 

wamavali jgufis mimarT cis-mdgomareobas: 

cis-Seteva
L

L
M

L2

L
LL

L
L L1

+ L3

gardamavali 
mdgomareoba

L
L

M
2

L3

L1

L
L

L
L

L

 L3

 

trans-Setevis SemTxvevaSi, Semomavali jgufi utevs 

wamavali jgufis mimarT trans-mdgomareobas: 

M + L1

2

trans-Seteva
L

L

L
L L1

+ L3M
L2

gardamavali 
mdgomareoba

L
L

L

L2

L

M
L1

L
L

L
L

L

3

M + L1

2

 L
 L3

 

rac Seexeba gardamavali mdgomareobis geometrias 

(gansxvavebiT misi topologiisagan), masze saboloo er-

Tiani Sexeduleba dReisaTvis ar arsebobs. 

Tidaigive, ise 

gansxvavebuli centraluri atomebis Semcvel ligandebs 

Sori e.w. 

oTx

 

3.2. ligandebis urTierTgadanawilebis reaqciebi 

es procesebi warimarTeba rogorc er

s. S 1 da S 2 meqanizmebis garda, maT axasiaTebT N N

centriani meqanizmi (qvazi-pericikluri meqanizmi), 

romlis drosac ori kompleqsi sinqronulad cvlis li-
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gandebs (oTxcentriani gardamavali mdgomareobis gav-

liT): 

[R2Hg] + [HgCl2]
R

HgHg ClR

Cl

2[RHgCl]

           

am meqanizmis faqizi niuansebi amJamad Seswavlis 

procesSia (mas ikvleven rogorc kvanturi kinetikis, aseve 

ri qimiis poziciidan). 

vlis reaqciebi 

 reaqciebis specifikas warmoadgens is, rom isini 

SeiZleba warimarTos ligandebs da centralur ions So-

ris qimi etalu-

rad 

  

topologiu

 

 

3.3. Sidamolekuluri mimoc

am

uri bmebis gawyvetis gareSe. SedarebiT d

isini Seswavlilia trigonaluri bipiramidis geomet-

riis mqone kompleqsebisaTvis (sadac isini maRali siCqa-

riT mimdinareoben). erT-erTi alternatiuli meqanizmia 

fsevdobrunva _ aqsialuri (apikaluri) da eqvatorialuri 

ligandebis urTierTSecvla (es procesi bmebis gawyvetis 

gareSe realizdeba): 

 

Leqv.Laqs.

Laqs.
Leqv.

Leqv.

Laqs.

Leqv. Laqs.

Leqv.

Leqv.          
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3.4. kompleqsebis izomerizaciis reaqciebi 

monodentaturi ligandebis SemTxvevaSi es procesebi 

SeiZleba warimarTos rogorc disociaciuri SN1 meqaniz-

miT, aseve ligandebis centralur atomTan bmebis gawyve-

tis gareSe. magaliTad: 

    

Pt
NH3Cl

Pt
NH3Cl

ClNH Cl3 NH
trans cis

 

bidentaturi (xelaturi) ligandebis Semcveli komp-

leqsebis izomerizacia

3

 mimdinareobs Sidamolekuluri 

SN1 asinqronuli meqanizmiT, xelaturi ciklis gaxsniT 

(gardamaval mdgomareobaSi centraluri ionis kr mcirde-

ba). magaliTad: 
 

Co
NH 3

HO

NH 2_
CH 2_

C 2_
NH 2

H

NH2_CH2_CH2_NH2

NH 2_
CH 2_

CH 2_
NH2

Co NH3

HO Co
NH3

OH
NH

2_CH
2_CH

2_NH
2

H

gardamavali 
mdgomareoba
   kr=5

trans
kr=6

cis
kr=6

H2N_CH2_CH2_N 2

NH 2

H

 

(am dros bidentaturi NH2 – CH2 – CH2 – NH2 ligandi `gada-

dis~ monodentaturSi). 

_CH2_
C 2_

NH 2
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3.5. kompleqsuri naerTebis redoqsi reaqciebi 

am reaqciaTa Soris gansakuTerbiT mniSvnelovania 

e.w. garesferuli redoqs-procesebi, romelTa dros Sida 

koordinaciuli sfero ucvleli rCeba, ar warmoiqmneba 

Sualeduri struqturebi. es procesi `sufTa~ eleqtronis 

gadatanis reaqciebs warmoadgens. mag.: 

[Fe(H2O)5X]2+ + [Cr(H2O)6]2+ → [Fe(H2O)5X]+ + [Cr(H2O)6]3+

am procesis fizikuri meqanizmi martivad ase 

gamoisaxeba: 

           
Fe2+ + Cr2+ + + Cr3+Fe

e

                     

am meqanizmze Tanamedrove Sexeduleba SemuSavda 

reaqc

e.w. gvirabuli meqanizmiT _ rogorc amboben, eleqtroni 

wvrilebiT am sakiTxis garSemo ix. danarTi 3). 

 

 

danarTi 1 

si

iis qvantur-meqanikuri kinetikis warmodgenebis Suq-

ze, sadac dadgenilia, rom eleqtronis gadatana xdeba 

ganicdis aqtivaciis barierqveSa tunelirebas (ufro da-

 

 

 

metriis wertilovani jgufebi da jgufTa Teoriis 

elementebi 
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simetria sxeulis Tvisebaa SeuTavsdes Tavis Tavs 

garkveuli, e.w. simetriis operaciis Sedegad. 

simetriis elementebi. arsebobs simetriis sami ele-

menti: simetriis RerZi, simetriis sibrtye da simetriis 

(inversiis) centri. 

imetriis RerZi ewodeba sxeulSi gamaval warmosax-

viT rfes, romlis garSemo sxeulis garkveuli kuTxiT 

Semobrunebisas sxeuli SeuTavsdeba Tavis Tavs. simetriis 

RerZs C simboloTi aR

 

warmosaxviT sibrtyes, uls yofs or _ erT-

maneTis sarkisebr gamosaxulebis msgavs nawilad. 

gatarebuli 

nebis

aciebi ewodeba im moqmedebebs moce-

mul 

arul sibrtyeSi erTdro-

uli 

nebisas. 

s

w

niSnaven. 

simetriis sibrtye ewodeba sxeulSi gamaval iseT

romelic sxe

simetriis (inversiis) centri ewodeba iseT warmosax-

viT wertils sxeulis SigniT, romelzec 

mieri wrfe, misgan orive mxares, gadakveTs sxeulis 

identur wertilebs. 

simetriis oper

sxeulze, romelTa Sedegad sxeuli Tavis Tavs 

uTavsdeba. arCeven simetriis operaciebis sam tips: brunva 

(Cn), sibrtyeSi arekvla (σ), `arasakuTari~ brunva da 

brunvis RerZisadmi perpendikul

arekvla (Sn). 

brunvis operacia _ (Cnm), n _ gviCvenebs, ramdenjer 

SeuTavsdeba sxeuli Tavis Tavs 3600-ze Semobru
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mas 

0-is, C4-Tvis _ 900-is da a.S.  _ 

niSnavs, rom sxeuli Semobrunda 90 -iT,  _ 180 -iT, 

acia _ σ. σh _ aRniSnavs arekvlas ho-

rizo

d

S  S σ

S -s aRniSnaven simboloTi: 

i = C σh

sxeulis damaxasiaTebel simetriis operaciebis er-

Tobl

simetriis operaciis rigi ewodeba. im kuTxes, rom-

liTac Semobrunebisas sxeuli Tavis Tavs uTavsdeba, 

brunvis elementaruli kuTxe ewodeba. C2-Tvis is 1800-is 

tolia, C C 1
43-Tvis _ 120

0 C 2
4

0 C 3
4

_ 270

 

0-iT, C 4  _ 360
4 0-iT. aRvniSnavT, rom C n

n  warmoadgens 

uZraobis eqvivalentur operacias (mobrunebas 00-iT): 

C n
n = E 

arekvlis oper

ntalur sibrtyeSi (im sibrtyeSi, romelic yvelaze 

maRali rigis simetriis RerZis marTobulia). σν aRniSnavs 

simetriis RerZze gamaval vertikalur sibrtyeebSi arekv-

las. σ  aRniSnavs kuTxeebis biseqtrisebze gamaval verti-

kalur sibrtyeebSi arekvlas. 

arasakuTari brunvis operacia _ Sn warmoadgens 

simetriis ori operaciis namravls: 

n = n h

2

2

iobas simetriis wertilovani jgufi ewodeba (sa-

xelwodeba asaxavs im faqts, rom simetriis nebismieri 

operaciis Sedegad sxeulis erTi wertili mainc uZravi 

rCeba). ganvixiloT kvadratis simetriis operaciebi: 
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i si-

br lu-

ri sibrtye, oTxi C2  simetriis meore rigis RerZi da 

erTi C4 simetriis meoTxe rigis RerZi. simetriis zemoT 

CamoTvlili elementebi warmoqmnis simetriis wertilovan 

jgufs da igi D4h-iT aRiniSneba:   

D4h(C4, 4C2, 2σν, 2σα,  σh) 

 

 

i si-

brtye _ σh, ori vertikaluri σν sibrtye, ori vertikalu-

ri σ sibrtye, oTxi C2  simetriis meore rigis RerZi da 

erTi C4 simetriis meoTxe rigis RerZi. simetriis zemoT 

CamoTvlili elementebi warmoqmnis simetriis wertilovan 

jgufs da igi D4h-iT aRiniSneba:   

D4h(C4, 4C2, 2σν, 2σα,  σh) 

 

 

 

 

 

 

 

amgvarad, kvadrats gaaCnia erTi horizontalurTi horizontalur

                                 C4 
 
 
   

                    σh                                                                         
                                 C2 

 

 
 
                                                         C

                                                                                       C2 
 
 

tye _ σh, ori vertikaluri σν sibrtye, ori vertika

σd d 

 

                            
                                                            

σd

2 
   C2 

σd

σν

σν
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cxri  2
Ti rebebi

ko
nk
r
et

u
l
i 

li  
wertilovani jgufebi, maTi simetriis elementebi da konkretuli niv e  

 

w
er

t
il

o
-

va
ni

 j
g
u
f
i 

s
im
et

r
ii

s
 

o
pe
r
ac

ie
b
i 

  ko
nk
r
et

u
l
i 

ni
vT

ie
r
eb

eb
i 

w
er

t
il

o
-

va
ni

 j
g
u
f
i 

s
im
et

r
ii

s
 

o
pe
r
ac

ie
b
i 

ni
vT

ie
r
eb

eb
i 

C1 _ C,  F, Cl, Br,  I D2h 2C2, 2σν, σh N2O4 (brtyelia) 
C2 C2 H2O2 D3h C3, 3C2, 3σν, σh B (brtyelia) Cl3 

D4h C4, 4C2, 4σν, σh 4
) 

[PtCl ]2- 

(brtyelia
C2h C2, σh trans-C2H2Cl2

 
D5h

 
C5, (S5), 5C2, 5σν, σh

 

C2ν C2, 2σν H2O D∞h C∞, ∞C2,  ∞σν, σh 2CO

Fe

C3ν C3, 3σν NH3 D2d 3C2, 2σd, S4, =H C=C CH2 2

C4ν C4, 4σν [Cu(NH3)5]2+ Td (tetraedri) 6S4, 3C2, 8C3, 6σd CH4 uli)  (tetraedr
C∞ν C∞, ∞ σν HCl Oh (oqtaedri) 48 simetriis operacia 6

) 
[PtCl ]2- 

(oqtaedruli

 



simetriis D4h w fs ekuTv

[P q  2-Si moyv ierTi 

nelovani wert n gufi, misi si i opera-

ci  da konkretuli nivTierebebi (igul meba, rom 

umoZraobis operacias E Seicavs yvela wertilovani jgu-

fi

unda aRiniSnos, om mol ikuTvne-

ba simet u ti vani jg

Rirebul i ci va xeb (ar-

sebobs am problemis g ris ecialu teruli 

programa). ase magaliTad, simetriis ricxvis iis 

operaciebis jamis) safuZvelze SeiZleba apriorulad Se-

vaf  Tu SesaZlo alternatiuli izomerebidan, reaq-

ci Sedegad romeli izomeri ra raodenobiT Reba. es 

faqti ey t ur warmodgen is mi-

xe Tac, warmoqmnili izomerebis fardobiTi raodenoba, 

am izomerebis simetriis ricxvebis ukuproporciulia. 

molekulis simetriis elementebis codna saSualebas iZ-

le apriorulad g sazRvros, iqneba Tu ara igi opti-

kurad aqtiuri. kerZ molekula Se imetri-

is r iZ ba iTqvas, rom ig iarse-

bebs optik ebis (marjvniv mbrunavi da marcxniv 

mbrunavi formebis) saxiT. didia am informaciis Rirebu-

le sp aS . 

er

si.

il

t

 c

ova

il

xr

ovan jgu

il

i j

ni

a

isx

s,

 z

 magali-

og

s 

Ta

mni

d, 

Sv

ebi

). 

xazgasmiT 

as

is 

dvi

va 

 Re

ba 

tCl4]2- komple anili

metri

 r

lo

am moleku

 sp

eku

uf

li

ri k

l

is

s 

is

aT

Se

omp

 m

vis Zalze 

sa

iu

(simetr

riis ama T

nforma

 i

as 

m 

iZ

ad

wer

le

aW

oT,

 m

ro

ii

mlrdnoba s atistik ebs, 

ani

od

 Se

, Tu 

le

icavs S

i ver 

n s

Zs, calsaxad

uri izomer

eqtroskopi ic



ganvixiloT simetriis operaciebis `gamravleba~. si-

metriis zogierTi operacia komutaturia, e.i. mniSvneloba 

ar aqvs operaciebis Tanmimdevrobas: 

C2σν= σνC2

zogierTi operacia arakomutatiuria: 

C3σν ≠ σνC3

arsebobs e.w. `gamravlebis tabula~ wertilovani 

jgufebisaTvis. mag. C2ν jgufisaTvis mas Semdegi saxe aqvs: 

 E C 'σ  ''σ  2 ν ν

E E C2 '
ν

''
νσ  σ  

C C E ''
νσ  '

νσ  2 2

'
νσ  '

νσ  ''
νσ  E C2

''
ν

''
ν

'
ν

C E σ  σ  σ  2

 

simetriis problemebis Seswavlisas gamoiyeneba umaR-

lesi maTematikis dargi _ jgufTa Teoria. wignis mocu-

loba da daniSnuleba saSualebas ar iZleva dawvrilebiT 

SevCerdeTYam ulamazesi Teoriis mZlavr maTematikur apa-

ratze. mogvyavs mxolod jgufis maTematikuri ganmarteba 

(simetriis poziciidan). 

imisaTvis, rom mocemuli simravle jgufs warmoad-

gendes, unda Sesruldes oTxi piroba: 

1. ori nebismieri simetriis operaciis namravli unda 

warmoadgendes am jgufSi Semaval simetriis operacias; 

 60 



2. jg

3. unda Sesruldes obis kanoni simetriis sami 

op

4. simetriis yovel isaTvis unda arsebobdes 

is

Tu d akvir iT g avlebi abulas C2ν wertilo-

vani jguf aTvis, davrwmundebiT, rom oTxive zemoTmoyva-

nili piroba daculia, kerZod, C2 operaciisa da opera-

ciis namravli iZleva (romelic Sedis am jgufSi): 

  C

jgufi Seic s simetriis `erTeulovan~ operacias E-s. 

       EC = C;  Eσ = σ 

srul

dakmayofilebulia meoTxe pirobac: 

ufi unda Seicavdes simetriis `erTeul~ operacias, 

romelze gamravlebac ar cvlis simetriis nebismier 

operacias; 

asociativ

eraciis namravlisaTvis; 

i operaci

eTi `Sebrunebuli~ operacia, rom maTi namravli 

molekulas ucvlels tovebdes. 

av deb amr s t

is

'
νσ  

 ''
νσ  

2
'
νσ = ''

νσ  

av

deba asociativobis kanoni: 

C '
νσ ''

νσ = (C '
νσ ) ''

νσ = C2 2 2( '
νσ ''

νσ ) = E 

   C2 = 2C  = E 

 (C 2C_ 1800-iT brunvaa saaTis isris mimarTulebiT, 2 _ 

saaT

esi maTematikis 

is isris sawinaaRmdegod). amgvarad, wertilovani 

jgufi warmoadgens jgufs umaRl

poziciidanac. 
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danarTi 2 

oqtaedrul ML6 kompleqsur naerTSi arsebuli 

molekuluri orbitalebis analizuri forma 

 orbitalebi 

 

SemakavSirebeli

 

d1y-orbitali 

Ψs = αs + )(
6 zzyyxx σσσσσσ +++++  

t

1 2α−

1u-orbitalebi 

xp )(
2

1 2

x
α−= αpx + x σσ −  

= αpy + 

Ψ

)(
2

σσ
2

1
yy

α
−

−  

= αpz 

ypΨ

)(1 2

z σσα
−

−  + pΨ
2z z

eg-orbita  lebi

2d zΨ = α 2d + )22(1 2

xzz σσσα
−−+

−
12 yyx σσσ −−  

z

)(
4 yyxx σσσσ −−+  

 

 

1 2α−

 

Ψ 22 yx
d

−
= α 22 yx

d
−

+
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gamT ebi 

= 

iSavi orbital

*
ge -orbitalebi 

)22(
12

d1 1
z

2
1 2 yyxxzz σσσσσσαα −−−−−−  +2zdΨ

)(
2

d1 1
yx

2
1 22 yyxx σσσσα

22 yx
d

−
= α −−+−− −  

i 

Ψ

*
1gα -orbitaleb

)(
6

S= 1 α−  12
1 zzyyxx σσσσσσα

+++++−

-orbitalebi 

Ψs 

*
2ut

)1 2α− (
2

p 1
1 xxx σσα

−−  =
xpΨ  

)1 2
1α− (

2
p 1

yyy σσα
−−  =

ypΨ

)1 2
1α−=

zpΨ (
2

p 1
zzz σσα

−−  

eqsSi π-bmebi ar warmoiqmneba, dxy-, dxz-

da dyz-orbitalebi warmoadgenen araSemakavSirebel orbi-

talebs da aRiniSnebian rogorc t2g. 

 
 simbo niSna erTxel gadagvarebul (  gadaugvarebel) 

orbitals, e _ orjer gadagvarebul , t _ samjer gadagvarebuls; g da u 

germanuli sityvebis gerade da ungerade pirveli asoebia da niSnavs 

simetriis operaciis _ inversiisadmi imetriulobas da asimetriulobas 

(ix. danarTi 1). 

rodesac kompl

 

* - lo vs e.i.

s

 s
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danarTi 3 

polarul areSi mimdinare eleqtronis gadatanis 

(mimocvlis) procesis kvanturi kinetikis zogierTi 

gantoleba 

 

emoT ganxilulia polarul gamxsnelSi mimdinare 

garesferu -reaqciebisaTvis kvanturi kinetikis 

farglebSi miRebuli zogierTi formula. 

leqsnaerTebs Soris mimdinare garesferuli 

redoqs-reaqciebi pirobiTad ase SeiZleba Caiweros: 

1 MM +→  

sadac:  M  _ kompleqsuri ionebia. 

zogadad, am tipis reaqciebis siCqaris mudmivas aqvs 

Semdegi saxe: 

k=exp(-σ)

qv

li redoqs

komp

ox MM + ox
2

red
1

red
2

1,2

æ V]/kT}/4E)vvΔG9E[vexp{
2π
ω

s
2r

e
p
e0s

r
e

ef Δ−+++−   

sadac: σ=0,02Es/kT tunelire is faqtoria, æ _ transmisiu-

ω

ωef=1013); ΔV _ sare-

aqci  moculoba; _ kulonis tipis urTierTqme-

debi

gamxsnelSi, sawyis da mdgomareobaSi; _ re-

b

li koeficienti, ef _ gamxsnelis polarizaciis fluq-

tuaciis efeqturi siCqare (wylisaTvis 

p
e

r
e vv  da  o

s Tavisufali energia M1-sa da M2-s Soris polarul 

 saboloo ΔG0 

aqciis Tavisufali energia (jibsis izobarul-izoTer-
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muli potenciali). Es _ rganizaciis ener-

gia, k _

u-

turi siCqareebis Teori i formiTac: 

k= æ

gamxsnelis reo

 bolcmanis mudmiva; T _ absoluturi temperatura. 

es gamosaxuleba SeiZleba Caiweros reaqciis absol

aSi miRebul

⎟
⎠

⎜
⎝ RTh

 

gamxsnelis reorganizaciis energiis gamoTvla SesaZ-

loa sxvadasxva modelur miaxloebaSi. metaluri sferoe-

⎟
⎞

⎜
⎛

−
≠ΔGexpkT     

bis umart

Es = 

ives modelSi mas aseTi saxe aqvs: 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−⎟

⎠
⎞

⎜
⎝
⎛ −+

s0 ε
1

ε
1

R
1

2
b

2
a     

s efeqturi radiusebia, 

R _ 0

i dieleqtrikuli SeRwevadoba. 

i formulebis am wignSi warmodgenas er-

TaderTi mizani aqvs _ mkiTxvels aCvenos is sirTuleebi, 

 

 

 

sadac:  a  da b metaluri sferoebi

manZili am sferoebis centrebs Soris, ε  da εs _ opti-

kuri da statikur

aRniSnul

romlebic am procesis Teoriul SeswavlasTanaa dakavSi-

rebuli, daarwmunos, Tu fizikisa da maTematikis raoden 

Rrma codna sWirdeba qimikos-Teoretikoss. 
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danarTi 4 

[Co(NH3)5Hal]2+-sa da wyalbadatoms Soris mimdinare 

redoqs-reaqciebis maTematikur-qimiuri Seswavla  

fsevdo-rnb-matricebis meTodiT 

 

koordina i naerTebis ie-

bis intens

tis kationur 

kompleqss _ [Co(NH3)5Hal]2+ (sadac Hal ≡ F, Cl, Br, I) da wyal-

badatoms Sor

[Co NH ) Hal]2+ + H → [Co(NH ) Hal]+ + H+ 

amgvarad, am dros xdeba eleqtronis gadata yal-

cxrilSi 3 moyvanilia am procesebisaTvis eqsperimen-

tulad gansazRvru

cxrili 3 

naerTi  naerTi  

ciul  da maTi qimiuri reaqc

iuri Seswavla warmoebs maTematikur-qimiuri 

poziciidanac. 

Seswavlilia redoqsi reaqciebi kobal

is: 

( 3 5 3 5

na w

badatomidan kompleqsur kationze: 

li reaqciis siCqaris mudmivebis aTo-

biTi logariTmebis _ lgk-s mniSvnelobebi: 

lgk lgk

[Co(NH ) F]2+ [Co(NH ) Br]2+ 
3 5

[Co(NH3)5Cl]2+

6,04 

7,84 

3 5

[Co(NH3)5I]2+

8,66 

9,52 

 

am procesis maTematikur-qimiuri analizi Catarebu-

lia fsevdo-rnb-matricebis )rnb(  meTodis farglebSi. 

fsevdo-rnb-matricis diagonaluri elementebia moleku-
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laSi Semavali qimiur igobrivi nomrebi da 

mol  

qimiu o-

naluria _ qi

baltis kationuri kompleqsisaTvis SerCeulia 

umar

 [Co(NH3)5]-s, B _ halogenatoms. am mode-

lis

 

sada

i elementis r

ekulis sxvadasxva struqturul fragmentSi Semavali

ri elementebis rigobrivi nomrebis jami, aradiag

miur bmaTa jeradobebi. 

ko

tivesi modeli: 

A – B  

sadac: A aRniSnavs

 Sesabamisi fsevdo-rnb-matricaa: 

 

 
Z 1 A 

1 ZB 

c: ZA aRniSnavs A fragmentSi Semavali atomebis 

rigobrivi nomrebis jams: 

ZA = ∑ AZ      

ZBB

odis gamoyene-

biT, agebulia korelaciuri gantoleba: 

gl = l

 _ Sesabamisi halogenis rigobrivi nomeria. 

kompiuterze, umciresi kvadratebis meT

       l 4,29 g )Δ - 5,93 (
rnb

   

korel r fic t  0,997 ja-

fes kriteriumiT, adgili aqvs `brwyinvale~ korelacias. 

ase rom, lg

i tolia r =aciis  koe ien . amgvarad, 

)
rnb

(Δ  SeiZleba gamoviyenoT am tipis kompleq-

suri naerTebis kinetikuri spec ikis maxasiaTebel to-

pologiur indeqsad (molekulur deskriptorad). 

if
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danarTi 5 

xelaturi efeqti 

 

terminiT `xelaturi efeqti~ aRiniSneba iseTi komp-

leqs

komplesur erT an ramdenime rgols 

(cikls). 

mpleqsis warmoqmna da disociacia xdeba safexu-

rebr ad da maT axasiaTebs warmoqmnis (stabilurobis) 

safexurebrivi mudmivebi (K). 

M + L ⇄ML,  K  = 

uri sistemis SedarebiT amaRlebuli mdgradoba, ro-

melic Seicavs Sida

kompleqsebis mdgradoba xasiaTdeba maTi stabiluro-

bis (warmoqmnis) mudmivebiT.  

ko

iv

;
[L][M]

[ML]
⋅

1  

ML + L ⇄ML2,  K2 ;
[L][ML]
][ML2

⋅
 = 

-------------------------------------- 

MLn-1 + L ⇄MLn,  K1 = .][MLn  
[L]]1-n ⋅

arsebobs warmoqmnis (stabiluro ruli mudmive-

bi ( ): 

ML,   

[ML

bis) s

β

M + L ⇄  β1 = ;
[L][M]⋅

 

 

[ML]
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M + 2L ⇄ML2,    β2 = ;
[L][M] 2⋅

][ML2  

-------------------------------------- 

M + nL ⇄ML ,  β = .n n [L][M]
][ML

n
n

⋅

K da β konstantebs Soris arsebobs Semdegi Tanafar-

doba: 

 

n 1 2 n

davubrundeT xelatur efeqts. Tu SevadarebT 

nikelis kompleqsis stabilurobis srul mudmivebs sxva-

dasxva aminTan: amiakTan _ 3 (monodentaturi), eTilen-

diaminTan _ NH2 – CH2 – CH2 – NH2 (bidentaturi), dieTilen-

tria 2NHC 2CH2NH2 ( (tridentaturi): 

Ni2+ + 6NH3 ⇄ [Ni(NH3)6]2+, lgβ = 8,61; 

2 2 2 – NH2 ⇄ [Ni(NH2CH2CH2NH2)3]2+,  

CH2CH2NH  

⇄ [Ni(NH2CH2CH2NHCH2CH2NH2]2+,  lgβ = 19,3 

vnaxavT, rom Sidakompleqsuri ciklebis warmoqmna masta-

bel gavlenas axdens koorinaciul naerTze. 

ivi Termodinamikuri axsna aqvs. ro-

gorc cnobilia, wonasworobis konstanta jibsis potenci-

alTan (izobarul-izoTermul potencialTan) dakavSire-

bulia gamosaxulebiT: 

β = K  · K  ... K . 

NH

minTan _ NH2CH2CH H

Ni2+  + 3 NH  – CH  – CH

lgβ = 18,28; 

Ni2+  + 2 NH2CH2CH2NH 2 ⇄

bilize

am movlenas mart
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ΔG0 = -RTlnK      

amasTan,  

 

eqsperiment lad dadginda, rom ΔH0-is mniSvnelobebs 

Sor

ea. amgvarad, xelaturi efeqti dakavSirebulia 

entrop an. es faqti martivad SeiZleba avxs-

naT. rodes ndi

veben wylis molekulebs (metalis kationebi wyalxsna-

rebSi met-na ia). monodentaturi li-

gandis erTi  wylis erT moleku-

las _ amgvarad, molekulebis saerTo ricxvi sistemaSi am 

SemTxve tridentaturi ligan-

debi le-

kul  sistemaSi `Tavisufali~ molekulebis sa-

erTo vs sistemis mouwes-

rigeblobis xarisxis _ entropiis zrdas. 

 

ΔG0 = ΔH0 - TΔS0. 

u

is sxvaoba, sxvadasxva dentaturobis mqone ligandebs 

Soris mcir

iul faqtorT

ac liga s atomebi SeaRweven kompleqsis ko-

ordinaciul sferoSi (saubaria wyalxsnarebze), isini aZe-

klebad hidratirebul

moleklula, anacvlebs

vaSi ucvleli iqneba. bi- da 

s SemTxvevaSi, Cainacvleba wylis ori an sami mo

a, ase rom,

 ricxvi izrdeba. swored es iwve

 

 

 

 

 

 

 70 



danarTi 6 

ligandebis urTierTzegavlena 

gavlena 

 

n n-m

L

L – M – L′   

0 ena ewodeba. Tu 

L′ l s gavlena ufro Zlieria iseT L ligandze, ro-

melic L – M – L′  fragmentSi marTi kuTxiTaa ganlagebuli 

(∠LML′=900), adgili aqvs cis-zegavlenas. es ori efeqti 

(kvadratuli kompleqsis SemTxvevaSi) qvemoTaa warmodge-

nili: 

trans-ze

terminiT `ligandebis urTierTzegavlena~ aRiniSneba 

M centralur atomTan koordinirebuli L ligandebis 

Tvisebebis Secvla (an M – L qimiuri bmis bunebis cvlile-

ba), MLn koordinaciul naerTSi erTi (an ramodenime) L 

ligandis L′-iT SecvliT. es gavlena gamowveulia ligan-

debis urTierTqmedebiT an uSualod, an centraluri ato-

mis saSualebiT. ligandebis urTierTzegavlena Tavs iCens 

Canacvlebis reaqciaTa siCqaris SecvlaSi (kinetikuri 

efeqti), an M – L qimiuri bmis maxasiaTeblebis (simtkice, 

sigrZe da sxv.) SecvlaSi. 

ML  naerTidan  ML '
mL  naerTze gadasvlisas, L′ li-

gandis gavlena xSirad ufro metia iseT  ligandze, ro-

melic fragmentSi wrfivadaa ganlagebuli

(∠LML′=180 ). aseT movlenas trans-zegavl

igandi
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lad aRmo  i. Cerniaevma 1926 wels, platinis kvadra-

tuli konfiguraciis kompleqsebSi (ligandis reaqciis-

egavlenis meqanizmze erTiani 

Sexedule . 

 

 

 
 
 

trans-zegavlena ufro Zlierad vlindeba. igi pirve-

aCina

unarianobis gazrda NO 2  jgufis gavleniT). miCneulia, 

rom trans-zegavlena warmoadgens ZiriTad faqtors, rome-

lic moqmedebs koordinaciul naerTTa reaqciisunariano-

baze. dReisaTvis trans-z

trans-zegavlena 

 
                 L                         L     cis-zegavlena 
 
 
 
              L                         L 

 
        M 
 

−

ba ar arsebobs
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