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« compounds, which include complex
fons, existing in the crystal, and in
solution, called the complex or
coordination compounds



Structure of complex compounds

+

= In a molecule of a complex compound,
one of the atoms, generally positively
charged, occupies the central site
(central ion or complexing agent).



+

= Oppositely charged ions or neutral
molecules called ligands are coordinated
around the central ion.



+

= The complexing agent and ligands form inner
sphere of a complex compound. It is
characterized by coordinate bonds which are
formed while overlapping of empty p- and
d-orbitals of a central ion and orbitals
containing lone electron pairs of ligands. The
ions in the outer sphere are mainly bonded to
the complex ions by forces of electrostatic
interaction (ionic bonds).



+

= [he total number of coordinate bonds formed
by the complexing agent is known as
coordination number of the central ion. It
mainly depends upon the charge of the
complexing agent (for monocharged ions it
usually equals 1, for discharged ions — 4 or 6,
for tricharged — 6 and above), and the size of
an ion (the larger the central ion, the greater
its coordination number is, for lanthanides
and actinides it can reach to 12).
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i Nomenclature of complex compounds

=« Names of complex compounds are similar to
the names of simple salts. The order of
naiming particles in a complex ion is the
following: anionic ligands — neutral ligands —
central ion. Number of ligands is designated
with the help of greek numerals



HoMeHKkaTypa KOMMIEKCHBIX COEAVHEHWA

1 — MOHO
2—1aun

+3
3.
K; [Fe(CN)¢] 1,
5 — neHTa

[[ekcaliyaHodeppat(IIll) kanng 6 — rekca

H,O — akBa

+2
[CU(NH3)4]C'2 NH, — amMuH

Cl- — xnopo-

Xnopuvg TerpaaMmmHEmMeny (1) e

. SCN- - poaaHo-
[TopsAoK nepeyncrieHns NuraHa;

1. AnwuoHHble: H-, O%, OH-, npocTbie aHNOHbI, MHOrOAaTOMHbIE aHWOHBI,
opraHuyeckue B andaBUTHOM Nopsake

1. HeutpanbHbie: NH;, H,O nt.a. O

2. KatuoHHbie: NoH:* 1 T.4. + -UyM
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« [Cu(NH3)4]CI2 — tetraammine
copper(II) chloride;

« K2 [Cu(OH)4] — potassium
tetrahydroxocupprate(II);

[Cr(NH3)3CI3] — trichloro triammine
chromium(III).



= [ekcaHuTpokobaneTaT(IIl) HaTpus
Na;[Co(NO,)¢)
= [napokcna amammmmnHcepebpa(l)

[Ag(NH;),]JOH  peaktus TonneHca
= TeTpanoaomepkypaTt(Il) kanus
K,[Hgl,] peakTuB Heccnepa
TetpapoaaHomepkypaT(Il) aMMoHUS
(NH,),[Hg(SCN),]|




* Classification of complex compounds

= There are several types of classification
of complex compounds.



* Classification of complex compounds

1. Depending upon a charge of the inner sphere:

(i) Cationic complexes (the inner sphere is positively
charged — complex cations). Examples:
[Cr(H20)6]CI3, [Co(NH3)6]CI3.

(ii) Anionic complexes (the inner sphere is negatively
charged — complex anions). Examples: K2[HgI4],
Na[Sb(OH)6].

(iii) Neutral complexes (the inner sphere is not
charged). Examples: [Pt(NH3)2CI2], [Fe(CO)5].



22) Depending upon the type of the ligand:

Ei) Agua-complexes (ligands are water molecules —
Cu(H20)5]S04).

(i) Ammino-complexes (ligands are molecules of
ammonia or organic ammines — [Ag(NH3)2]CI).

(iii) Hydroxy-complexes (ligands are OH— anions —
Na2[Sn(OH)4]).

(iv) Carbonyl-complexes (ligands are molecules of
carbon monoxide — [Fe(CO)5]).

(v) Acido-complexes (ligands are anions of inorganic
acids). Examples: chlorocomplexes K2[HgCl4],
fluorocomplexes K3[FeF6], cyanocomplexes
KFe[Fe(CN)6], thiocyanocomplexes K3[Fe(SCN)6],
sulphitocomplexes K[Ag(S03)], etc.



6) mapokcoKkoMriieKChl — 3TO KOMMNEKCHbIE aHUOHbI, B
KOTOPbIX NUraHaamMun BNSKOTCS MMAPOKCUA-NOHbI
OH-. KomnniekcoobpasoBaTensiMn SABNsOTCS
MeTassibl, CK/TOHHbIE K NPOSIBIEHUIO aM(POTEPHbIX
cBonctB — Be, Zn, Al, Cr.

Hanpumep: Na[Al(OH)4], Ba[Zn(OH)4].
B) AMMUaKaTtbl — 3TO KOMIMJIEKCHbIE KaTUOHbI, B KOTOPbIX

nuraHaamm aenaroTca Monekynbl NH3.
KoMnnekcoobpasoBaTensaMm aBnsoTCA d-3/1EMEHTHI.

Hanpumep: [Cu(NH3)4]S04, [Ag(NH3)2]CI.
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= Depending upon the nature of a
central ion: complexes of copper,
silver, iron, chrome etc.



Xe/aTHble KOMMJIeKCHbIe
coeANHEeHNS

TepMuUH «xenar»
1920 r. MopraH u [pto
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Isomerism



3oMepusa nuraHaoBs

CBsi3eBas
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CBOUCTBaMM.




3oMepust BHYTPEHHEN cdepbl: reoMeTpuyeckas

[eoMeTpuyecKas U30Mepus Bbi3BaHa HEOAMHAKOBbLIM
pa3MeLLeHNEM NUraHaoB BO BHYTPEHHeN cdepe.

HeobX. yCn. reomerpuy. H30MEepHH — HATHYHE BO BHYTP.
chepe He MeHee JIBYX pa3/IMYHBIX JIMTAHJI0B.
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[ eoMeTpuyeckass nsomepus
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[[eoMeTpuyeckas msomepus
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MexaychepHas u3omepus:
1) conbBaTHasA (ruaparHas); 2) HOHHAsE U30MEPUs

~

ruaparHas
A

HOHHas
A

~

~

—

[Co(en),Cl,]CI * H,0 |+ 1 C; H,0 (AgCi)
[Co(H,0)(en),ClICl, |+ 2 C- (2 Agcl)

[Co(NH5)sI]SO. S042~ (BaSOg44)



KOMMJIEKCHbIE COEANHEHNS B
DACTBOPaX

NepBUYHaA guccoLMaLlnsa KOMMJIeKCHbIX cCoeANHEeHUM

K;[Fe(CN)g] = 3K* + [Fe(CN)¢]*

[Cu(NH;),]SO, = [Cu(NH;),]** + SO,*
[Ag(NH,),]CI = [Ag(NH,),]* + CI




BTOpUYHasa AMCCOLMALINA KOMIT/IEKCOB

[Ag(NH3),]* = [Ag(NH,)]* + NH,
[AgINH,)J*= Ag* + NH,

[Ag(NH;),]* = Ag" + 2NH;

[Agr] [NH3]?

Ky =
[ [Ag(NH3z),1™ ]

Anccoumnanms Kommnnekcos (v peakumy obMeHa

JVFH/0B Ha MOJIEKY/ibl paCTBOleTeJ'IFI) KO/IMYECTBEHHO
xapaKTepM3yeTc;| KOHCTaHTaMV HEeCTONKOCTY

1IHJIEK




KOHCTaHTbl HECTONKOCTW
HEKOTOPbIX KOMI/IEKCOB

KOMMMIEeKCHbIN NOH

KoHCTaHTa HECTOMKOCTMU

Fe(CN)el>

1,0 - 1031

Fe(CN)e]*

1,0- 1036

[Co(NH3)g]#*

7.75 - 10-5

|Ag(NH3),1*

9,31 - 1078

[Cu(NH3)4]%*

214 - 10713

Zn(OH), ]~

3610716




Electronic structure of complex ions
Interaction of lone electronic pairs of
ligands with empty valence orbitals of the
central ion of different types leads to
their hybridization. For example, the
electronic structure of a complex ion
[Cu(NH,),]** can be reflected as

following:



K ocanky rugpokcuia meau(1l)
[IPUWINTH PACTBOP aMMHUAaKa

Cu(OH), + 4NH, = [Cu(NH,),](OH),

APKO-CUHUIN pacTBOp
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BO03MOXHBI OKTa3IpUYECKUE KOMILJIEKCHI:

° BHy’I‘pI/IOp6I/ITaHBHBIe (d23p3);
o BHeHIHeOp6I/ITaJIBHBIe (Sp3d2);

Co(NH,),

CoF,
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GHEULIHE Opﬁ UMATTbH b KOMAJIEKC




DJICKTPOHHOE CTPOCHHUS aToMa KOOaJIbTa:
3d 4s 4p

Con=4 Wiwv ]I
llpu oOpazoBanuu uoHa Co’"
ocBOOOXHaeTcsa 4s-opouTtanb, a Ha 3d-

OpOHUTaAJIM OCTACTCA 6 BAaJICHTHBIX JIEKTPOHOB:

3+ 3d 4s 4p
Co NMORERE

Jluraner — 6 monekyn NH, npexocraistor
Ha CBSI3b C KOMILIEKCOOOpa3oBarenemM 6
HEIIOJICJICHHBIX ANICKTPOHHBIX map (HOII).



Entering of lone electronic pairs of ligands into
valence orbitals of the central ion leads to their
interaction with the electrons of 3d-orbitals.
This interaction is defined by degree of
penetration of electrons of ligands on empty
orbitals of metallic cations. In connection of
force of interaction, ligands may be arranged in
a spectrochemical series and are devided into
ligands of weak and strong field.:

CO CN > NO, > NH, > SCN- >H,0 > OH > F > CI'

Ligands of a strong field Ligands of a weak field
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2. Ecnu nuranasl HEAOCTATOYHO aKTUBHBI U
CIIapUMBaHUs DJIEKTPOHOB HAa BHYTPEHHUX d-
opOuTalIIX  HE  IPOMCXOAUT, TO B
rUOpyUAu3aluyd  Y4YacTBYIOT  BHEIIHHE  d-
opouranu (sp>d?):

F~ - co3gaet cnaboe noJe

4d

) 4s 4p
[CoF, | [W] 4] ] ] ¢ W

sp d’*-rubpun
YeThIpe DJJICKTPOHA HOHA KOOaJibTa

HCCIIAPCHbI, KOMIIJICKC - IIdAPAMAI'HUTCH.
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[anTens TpeyronsHuK Keanpar  Tetpasgp 1pPHIOHalbHAT Oxrasgp
: bunupamMuga
o [Mi(CI),]© [Cr(OH)]®
® [Cu{5P(CHz)3)] 4' [Be(OH) @ @ 5
[ CuCly] 4 o [CdCls) Fe(CI) 619

[AgQUH ;) 2]@- [AuCl 4] ® [Za(OHD) %
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