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~ Coordination Compounds

Compounds . in which a central metal atom

or ion is bonded to a Fixed number of ions
or molecvles (zatredt ligands) by coordinate
(dative) bonds. e.9. [colrH3)9] S0%

Lmportant ch/orophy!l [/?/59), haem0ﬁ/obrh

.(Fe), witaon B2 0Ca) .= all complexes.

Werner's Theory (1598)

Studied.  Cocis . xAMZ series
CoCI3.6MH3 (yellow) -7 3 AgCl ppt
CoCI3.6MH3 (purple) -7 2 AgCl ppt
CoCI3.9MH3 (green) -7 7 AgCl ppt

Postulates

/. Two valences primary £ secona’ary.
2 Pﬂ'rnary_ = ionisable, satisted by
ne\gdﬁue ons (e.ﬂ. Cl- outside).
T Secondary = non-ionisable, +ixed
in number = coordination number.
. Secondary valences are directed in

space - 9:1/€ definite ﬂemwef'ry/.
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'Imgorfanr Terms

Coordination entity

Central metal + bonded ligands within 2 . 3
k. [ Mkc@lv] . [FeCrde]  9-

Central atom / ion

Atom to which It'gands are bonded; acts

as a Lewis aud (e!ecf'ron-pm'r acceptor).

Lizand
Lon / molecule that donates an e- pair.

Acts as a Lewis wwEeE base.

Types based on ro. of doror atoms

- Unidentate - cl-, AH3, H20

- Didentate :  en, €209 2- (oxalate)

- Polydentate : EDTA  9- (hexadentate)
- Ambidentate : MI2- |, SCN-

Coordination number (CN)

o. o_vc donor atoms -S{gma—bor:ded to the
central metal. (pi-borads MOT  counted)

e.9- TPicin]l 2o env o= 6 faiaHRI9) 0

/

Bt = o f '[Co(en)_?j e CN = & e e

/

didenf'af’e, so each en counts f'wa'ce).
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Oxidation MNMumiber & MNMomenclature

Oxidation no. of central atom

Charge it would carry #F all l{gands lef+

with their shared e- pairs. Romarn in ( ).

el el 7 Fe i Felid) ST 4 >
- el A =D

IUPAC Maming Rules

(7 Cation named before anrion.

(o) Ligands  alphabetical, BEFORE metal.

(i) Anionic /{9and.s’ pnd in a0 ol =
chloride, CN- = (yam'do, oH- = hydroxfdo.
/Veuf'ra;l = H20 = agua, MHZ = ammine,

: CO0 = carbonyl, M) = nitrosyl.

Giv) Prefixes di, fei) Telrd- .l for nro.
Iﬁ‘lfgand name has di/tri itself,
vse bis, tris, ftetracis 7

(v) Metal in cation 7 Enﬂlt'sh name ;
in anion -7 -ate suthix (wcerraf'e,

cuprate, TTPAIAATE aluminate).

Worked example
[crimH3)3(H2023]CIZ =  triammine- .

f'rt'azua oo EEL) chloride.
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LsomeriSm

..der‘w__e'- Pormula, diﬁperenf arranﬁemenf'.

Two classes :  Stereo  and  Structoral.

/. Geometrical (cs-trans)

Found in  square planar  and octahedral
complexes with two Kinds of I('gand.s.
Sguare planar Ma2o2 : us & r}ans ;
e.g. [PH(H3)2¢12] cis-platin (anti
tumouy, dru‘g) : trans-platin ( ihac_,t;ty’gg.

MH32 ~Hz2 wH3 cl
Pt Pt

ocmhedraz Ma9p2 . s & trans . Ma3b3:
-
Paual (fac) & mer:d:onal (rmer) Form.s

2. Optical (d and 17

Won—-&upeﬂmposable mirror images fhaf

plane -polarised light. .S'hown by
' and  cis-[ Co(en)ZCle‘f"
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Structural Lsomerism

(a) Lim{a_ ge ISomerism

Ambidentate l{gand binds wvia different

donor atoms. e.ﬁ. _/VOZ— - via N or O

\

’ . |
k[Co(/VHS)S‘(/VOZ)j 74/ [Co(/VHs’)s"(O/VO):J 2+

nitrito- vs nitrito-0

() Coordination isorerism

Inferchanﬁe of I{?ana’.s between cationic

and anionic complex ions of same cow:pouna’.

¢.9. [colrH3)e ][ clcr)e] and
[Cr(/VH_?)épj[Co(C/V)bj ;

() Lonisation isomerism

Couﬁf’er ion In complex salt is itself a
pof‘enh'al l{gand. Bt Give different

ions in solution.

[ColrH3)s(S09)]8r /| [ColAH3)sB,-]S09

Br- free vs S0 2- free in soln.

*

(d) Solvate ( hydrafe) 1SomerisSm

B0 i« i» /] out of copra’. sphere.
[c(H2006Tciz (violet), [cAH20)sci]ci2
H20 (blue-jreen).

Scanned with CamScanner




Date : Page :

Valence Bond Theor:/ VBT)

Metal ion hybn'df.ses (n-/)d, n%, np or
ns, np, nd orbitals to give ezu;'ua/enf
hybrid orbitals.  Ligands donate lone pairs

into these wvacant hybr{d orbitals (dah'ue!y).

Hybridisation vs Geometry

v Hybm’a’. Geometry

< sp3 tetrahedral

7 dsp2 square planar

£ sp3d - trig. br,'oyramidal
6 5p3.d2 (outer)  octahedral

6 d2sp3 (inner)  octahedral

Inner wvs QOuter orbital  complex

Lnner = dZSpS - vses (n-72d - low spin,
Spin-pm'red - Sf“ronﬁ field /{gand.

Outer . = 2p3d0 - uses nd - high spin,
 spin-free - weak Field ligand.

[CO(NHg)bj 3‘,“ -7 dZ_SP_g (L'JS‘i C‘dq;ae_r orbital

[core] 2 -7 sp3d2 (HS, <pari. 3ot

mu = Szrf'[ n(n+2) j W4

o~
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Crysf’al Freld Theor:/ (CFT)

Electrostatic model - M-L bond purely
" ionic. L{'ﬁana’s = point char:ges / dfpoles.
Deﬁenerafe d orbitals split in presence

ot l{gand field. Pattern depends on geometry.

Octahedral splitting

€9 (dx2-y2, d22) : raised by 3/5 Do
t2g (dxy, dyz, dxz) : lowered by 2/$72/Bovo

e fZﬁ

Do = crystal Field SP/"f’L"”ﬂ Ll e e

Spectrochemical series

5 = B S sReds. Lo e E e
G209 2. v e M e S e e ey e

< Mz e e & CAL o) (vas Sf'ronﬂ)

Hiqh vs Low spin (octahedral d9-d7)

Compare Do with pa.r'rf'ny energy P

D = .P e, ht;gh spin (f'Zﬁ 3 jej"weﬁ‘@ Field

. > F = low spin (f’Zﬂ & eﬁ.'“f?®)”€fd

Tefrahedral Dy = (9/9) Do , inverted ;
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Colovr, Carbonyls & /-lpEIfcaﬁ'on.s

 Colour in complexes

d-d transition e- excted from f'Zﬂ -7 €g
by absarbfnﬁ visible I{ghf’ {hiro . = Dol

Observed colovr = c0mplemenf’ar7/ of

the ‘colour werttedt ab sorbed.
[Tf(HZO?ézj 3+ absorbs G998 rm (ﬂreen)
-7 appears violet. do / d/0 ions are

colourless (no d-d transition).

Metal carbonyls

Ht)moleph'c CO complexes. M oxidn = O.

M(c0)S - tetrahedral ElcOle trig.

/

bipy. ; €r(C0)6 - octahedral.

M-C pbond : has 'Sigma -+ pi character.
Sryma - cO lone pair -7 empfy M orbital.

Bl flled M d-orbital -7 pt* ot CO..

»

!

Syner‘gic boncffnj strengthens M-C ke

<- donation

Applications

EDTA - water hardress ; cs-platin -

anti-tumour

chlorophyll, Ho, B/2 - Iife 7

V4
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