
2
4 4 2 4 2 4

2
4 2

( ) 6 2

2 6

FeSO NH SO H O Fe NH

SO H O
4

4 6 6[ ( ) ] 4 [ ( ) ]K Fe CN K Fe CN

QB365 https://www.qb365.in/materials/



[COCl3(NH3)3]

K2[PtCl6],Pt4+

[Ni(NH3)6] Cl2, NH3

[Ag(CN)2] 2
[Cu(NH3)4]

2+ 4
[Cr(H2O)6]

3+ 6

(Co - ordination polyhedron)

[Ce (NH3)6]
3+ +3 Co (III)

[Fe (CN)6]
4– +2 Fe (II)

[Ni (CO)4] 0 Ni (0)

(homoleptic & heteroleptic complexes)
(homoleptic)

[CO(NH3)6]
3+

(heteroleptic)
[CO(NH3)4 Cl2]

+
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(Re cap)

CuSO4 KCN

H2S(g)

 CuSO4 + 4KCN  K2 [Cu(CN)4] K2SO4

i. = [Cu(CN)4]
2–

ii. Cu2+ (and) CN H2S

[CO(NH3)4 (H2O) Br] (NO3)2 CO
K3 [Fe (C2O4)3] Fe’

Nomeneclature of Mononuclear complexes :

(ide) ‘ ’ ‘ ’
‘ ’

‘ ’ (ium) NH2 - NH3
+

(ate)

i.
Cl–, CN–, S2–, SO2-

4

(ide)-
(ite) (ido)
(ate) - (ito)

C2O4
2-

HS –  acac– N–
3

NH 3N

OH
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ii.
H2O– NH3 C5H5N - 

iii. H3O
+

2NO

2 3NH NH NO*

(Denticity)
e

i. Cl–, H2O, NH3,
NH2, NH3

+

ii.

iii.

iv. (trien)

v.
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vi.

vii. (ambidentate ligands)

viii. (Flexidentate)

EDTA

H4 (EDTA) 2
H3 (EDTA) 3
H2 (EDTA) 4
H (EDTA) 5
 (EDTA) 6

i.
H2O, NH3 etc

ii. e–

*

CO, NO. 

iii.

2 4 6 6, ,CH CH C H C H etc

2
3 4 3 2 2 4[ ( ) ) ] , [ ( ) ] ,[ ( ) ]Cu NH Ag NH C Cr H O Cl

4 6 3 5 3 2 6[ ( ) ], [ ( ) ], [ ( ) ]O OK Fe CN K C CN NO Na C NO

6 3 2 2 3 3 3[ ( ) ], [ ( ) ], [ ( ) ]OCr CO Pt NH Cl C NH Cl
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3 6 6 3 4 4[ ( ) ] [ ( ) ], [ ( ) ], [ ]OCr NH C CN Pt NH CuCl

2 4 2
2 2 4 3 2 4, , , , , .H OC O EDTA CO SCN CO C H

2 4 2
2 4 3, ,C O EDTA CO

(Bridging binuclear complexes)
( )mu

2NH 2NO 3NH

4(0) ( 1) 4(0) 1 4( 1) 0
2 6 3

x x
x or x

(III) – – (III)

(III) – – (III)

3 5 3 5 5[( ) ( ) ]NH Cr OH Cr NH Cl
(III) – – (III)

< <

3 2 3 2;Fe Fe CO CO

(NO3)4

a a
m

a a[  ]
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1

2 2 2 2 2 2Mn Fe CO Ni Cu Zn

3 2NH H O HF

F Cl Br I

1

(n – 1)d

NH3 > en > <

( ; )CN CO

1

a) [Co(NH)3)5 (CO3)] Cl - (III)
b) [Pt(NH3)2Cl(NO2)] – N (II)

a) (0) – [Cr (CO)6]
b) (III) – [Cr (en)3]2 (SO4)3

[Co(NH3)4 Cl NO2] [Co (NH3)4 Cl2] NO2

[Cr(H2O)6] Cl [Cr (H2O)5Cl] Cl2 . H2O

[Cr (NH3)6] [Co(CN)6]  [Co(NH3)6] [Cr(CN)6]

[Co(pn)2Cl2]+ & [Co (tn)2 Cl2]
+

Pn – 1, 2 – 
tn – 1, 3 – 
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[Co(NH3)5NO2] Cl2 – N 
[Co (NH3)5 ONO] Cl2 – O

[Pt(NH3)2 Cl2] and [Pt (NH3)4] [PtCl4]

a) 3 6 6( ) ( )Cr NH Cr CN 3 4 2 3 2 4( ) ( ) ( ) ( )Cr NH CN Cr CN CN

b) 3 4 2 2( )Pt NH Br Cl 3 4 2 2( )Pt NH Cl Br

c) 2 2 2 2( ) ( )Co py H O Cl 2 2 2 3 2( ) ( )Co py H O Cl H O

d) 3 5 2 2( )Co NH NO Cl 3 5 2( )Co NH ONO Cl

a) b) c) d)

*
* [Ma4], [Ma3b], [Mab3]

* Ma2b2, Ma2bc, Mabcd, M(AB)2

* Mabcd

AB
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(Binuclear Bridged Planar Complexes)

– [Ma4b2] [Co (NH3)4 Cl2]
+

– [Ma3b3] [Cr(NH3)3 Cl3]
– [Mabcdef]  [Pt (py) (NH3) (NO2) Cl Br]

– [M(AA)2Q2] [Co(en)2Cl2]
+

– [M(AA)2 ab] [Co(en)2 (NH3) Cl]+

– [M(AA) a2 b2] [Co(en) (NH3)2 Cl2]
+

– [M(AB)3] [Cr (gly)3]

Note : [M(A3B3)]
(Facial) fac

(equatorial plans) 
-

meridional on mer
fac (mer)
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4 5
3 6 4 3 6( ) P ( ) 4Pt NH Cl t NH Cl

3AgNO AgCl

3 5 3 3( ) .Pt NH Cl NH

3 4 2 3( ) .2Pt NH Cl NH

3 3 3( ) .3Pt NH Cl NH

3 2 3( ) 4Pt NH NH

AgCl

Cl

(Sidgwick Effective Atomic Number Theory)

(EAN)

i. 4 6[ ( ) ]K Fe CN 26Z
2Fe 2e

e– 6 2 12x
Fe 26 2 12 38 2 36EAN Kr
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ii. 4( ) 28;NiNi CO Z
e– 4 X 2 = 8

EAN Ni = 28 + 8 = 36 = Kr

EAN
e– e–

e–

Fe2+ 26 6 2 12 36(Kr)
Co3+ 27 6 3 12 36 (Kr)
Cu+ 29 4 1 8 36 (Kr)
Pd4+ 46 6 4 12 54 (Xe)
Ir3+ 77 6 3 12 86 (Rn)
Pt4+ 78 6 4 12 86 (Rn)

EAN
[Fe(CN)6]|

3–

Fe EAN = 26 – 3 + 12 = 35
| EAN

3 2
3

4 6 2. [ ( ) ] .[ ( ) ( ) ]i K Fe CN ii Co en NH

2

3

. 26 2 (2 6) 36

. 27 3 (2 6 36
i EAN of Fe x
i EAN of Co x

(VALENCE BOND THEORY) :

e– (n – 1)d, ns, np
d Sp2_ Sp3_ Sp3d2_

(n – 1)d d2Sp3

(Low spin complex)  (Inner Orbital complex) 

np nd sp3d2 (High Spin Complex)
(Outer Orbital Complex)
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( 2)

0 0
1 1.73
2 2.83
3 3.87
4 4.90
5. 5.92

n n BM

n

QB365 https://www.qb365.in/materials/



VB

( 2) 4(4 2) 4.90n n BM BM

3NH [Co 3 e
]

SP3

2
4[ ]NiCl 2 2.83sn BMM

4[ ( ) ]Ni CO

(0)Ni 0 0sn

CO

 d1sp2

2
4[ ( ) ]Ni CO

e– 
[MnCl6]

4– 3d5, d2Sp3

[Fe(H2O)6]
3– 3d5,d2Sp3

[CuCl4]
2– 3d9, Sp3

[Zn(NH3)4]
2+ 3d10, Sp3

[pt(CN)4]
2– 5d8, dSp2
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VB

e–

(Crystal Field Theory)

*

*

*

*

* e– e– d 
e–

*

* d

* e–

t2g, eg. d –
(CRYSTAL FIELD SPLITTING) 

d

, ,I Cl Br ( )O

( )O 2,CN NO CO

I– < Br– < S2 < Cl– < NO3
– < F– < OH– < EtOH < < C2O4

–2 < H2O < EDTA < NH3 < py < en < dipy < NO–
2

_

,CN CO

(Strong field complex)
(high

field) ( O) < P
(Weak field complex)

(low field) ( )O P

2O gt eg
P = e–
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Crystal fieldsplitting in octahedral complexes.

Crystal Field Spliting in Square Planar Complexes :

Crystal field spliting in Tetrahedral complex.

2( ) 4 ( ) ( 6 ( )o CFSE C Xne t g Xne eg Dq

2( ) ( )ne eg ne t g eg 2gt e
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x, y, z dx2 – y2 x  y
dx2 – y2 dz2 z

* t2g t2g

O P e

CFSE = –4P + 6Q Dq + mP

P - t2g e
Q – eg e
MP

a.

0

1

2

3

4

5

6

7

8

9

10

0 0 0 0
1 0 0 4
2 0 0 8
3 0 0 12
3 1 0 6
3 2 0 0
4 2 1 4
5 2 2 8 2
6 2 3 12 3
6 3 4 6 4
6 4 5 0 5

P q m CFSE
d Dq
d Dq
d Dq
d Dq
d Dq
d Dq
d Dq IP
d Dq P
d Dq P
d Dq P
d P
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0

1

2

3

4

5

6

7

8

9

10

0 0 0 0
1 0 0 4
2 0 0 8
3 0 0 12
4 0 1 16
5 0 2 20 2
6 0 3 24 3
6 1 3 18 3
6 2 3 12 3
6 3 4 6 4
6 4 5 0 5

P q m CFSE
d Dq
d Dq
d Dq
d Dq
d D q p
d Dq p
d Dq p
d Dq P
d Dq P
d D q P
d D q P

CFT
[Ti (H2O)6]

3+

t2g eg e– d – d 

[COCl(NH3)5]
2+

[COCl (NH3)6]2+
[CO(CN)6]3–

CFSE

0 1 2 3 4 5 6 7 8 9
0 0.4 0.8 1.2 0.6 0 0.4 0.8 1.2 0
0 0.27 0.54 0.36 0.18 0 0.27 0.54 0.36 0
0 0.51 1.02 1.45 1.22 0 0.51 1.02 1.45 1

d e

highspin

0 0.4 0.8 1.2 1.6 2.0 2.4 1.8 1.2 1.6 0
0 0.27 0.54 0.8 1.08 0.90 0.72 0.54 0.36 0.18 0
0 0.57 1.02 1.45 1.96 2.47 2.90 2.67 2.44 1.22 0

lowspin

(EDTA, DMG, 
Ca2+ (and) Mg2 Na2 EDTA

Au, Ag

[(Ph3P)3 RhCl]-

EDTA
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[Fe(H2O)6]
4– <  [Fe(H2O)6]

2+,  [FeCl6]
4

[FeCl6]
4– < [Fe(H2O)6]

2+ < [Fe(H2O)6]
3

i. Cl ii. Fe2+ < Fe3+ (CFS
1) + 2

CFSE 

(Organometallic compounds)

[Ni(CO)4]
i. CH3 MgBr, CH3Li, (C2H5)4 Pb, AAl2 (CH3)6

ii. 

iii. 
[NiCl4]

4- Fe(CO)5, Fe2(CO)9

M + 4L ML4
M – L ML, K1 = [ML] [M] [L]
ML + L ML2, K2 = [ML2] / [M] [L]
ML2 + L ML3, K3 = [ML3] / [ML2] [L]
[ML3] + L ML4, K4 = ML4 / [ML3] [L]

4 = K1 X K2 X K3 X K4 = 4
4

[ ]
[ ][ ]

ML
M L

[Ni(NH3)6]
2+ 2 x 1012 

K 
12 13

6

1 1 10 5 10
2

x X
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[Pt Cl4]
2–

[Pt (en)2 Cl2] e–

a) CO b) NH3 c) Cl– d) H2O

[Ni(CO)4]
2+  Ni

a) SP3 b) dSP2 c) SP d) SP3d

a) dxy, dx2 – y2 b) dx2 – y2 c) dxy, dyz d) dz2, dxz

[M(en)2(C2O4)] Cl
a) 7 b) 8 c) 9 d) 6

(III)
AgNO3 Cl–

a) COCl3.6NH3  b) COCl3, 3NH3   c) COCl3, 4NH3    d) COCl3. 5NH3

2.84BM
a) CO2+ b) Ni2+ c) Ti3+ d) Cr2+

CFSE = 0
a) [Mn(H2O)6]

2+ b) [Fe(H2O)6]
3+ c) [CO(H2O)6]

3+

(high spin)d4 CFSE

a) –1.8 O b) –1.6 O + P   c) –1.2 O d) –0.6 O

 Co(NH3)6 Cl2 

a) 6 b) 4 c) 3 d) 2

12. Hg[Co(CNS)4]

(II)

(II)

(II)

(II)
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