
Cia,]
"

[Pda,]
"

[Pta,]
-

sp? tetrahedral
-

dsp? sg .planar
para, ABM µ=o (dial

Acc to VBT
,
all of three complexes should have same hybridisation because ligands

are same
, charge on metal is same but they have different hybridisation This isdrawback ofVB#

Drawbacks of VBT

1) VBT can't explain magnetic behaviour in complex compound regularly.

2) VBT can't explain colour in complex compoundproperly .

3) VBT can't explain high spin and tow spin compounds .

CRYSTAL FIELD THEORY (CFT)
any

: 188 : 88 ; :@ F
z

day dxz dyz dizye de
FEU -

axial
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'
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energy L .
-

-
.

or

'

i
,

L
"
-

-
-
-
.

.

-

i
'

da?y2 dzztfg
Caxias)enoyÑÑ•

*ÑÑ(fire degenerate orbits- - - - - - - - - - - -
- Barycentre

v00
in electric field) dry dye due tag

Cnon -axial( five degenerate orbitals
of metal cation/atom)

0o⇒ crystal field splitting energy for
octahedral complex

11
r

>

I

↳ P
SFL I 1 I 1 wry

0o< P

I 1
<

'
II

d
>

config
SFL WFL

I> I
1415

' 6)2>13
I 12134 5 6



1) kgffe (CN),] 4kt Fe
"

GCN-0

→FL

Fe "⇒ [Aifsd
'
4s
"

"

cntin-TF-kn-TH.ci?d3p?ininuoeta.egt----4s-up-:yu--o.dia
,
howspin3d ⇒

lil / THI

tag

2) kgffe 4kt Fe
"

GulfFFL
Fe"⇒ /Aif >d

'

-
-
- - - - - +

Hid ? outer octa,
Hit |☒ tea t.ci/a-t11para,TBM,
I
- -
It high spin

/tilt It

↳ [recent]

[Nicko!]
"

✗(Mg),]
"

[61--342013]

(blitz)
,]
"



↳ [Feccn:), ] 3k! Fe
"

Gcw
-

-

s.FI
.

Fe"⇒ {As]3d
's

•
- - - - - - - - T.dk/o?in-nerocta,:/Hai Icn- Icn- lenten- '

1-
- -- - - u para , /U=✓3BM

how spin
1111%4

[Niftfo),]
"

Ni"⇒[As ]3d? 61120
⇒

HIT HIII.IT#IkIH11sp3d?outerocta.para
,

µ=f8BM
171111 / Tl

3
⇒ Ni "⇒ [Aifzd 84,2

>
°""

µ:(NH,),]
"

in

SFL

Hit In.TT#nInn.TnnInn.i- 11
'
- -- - - w

sp
'd ? outer octa,para,r8BM

171171171

Fifi
88 defined
did ?d3 No high spin > also

14915

D8,d9,d " } No low spin SFL I 1111 wet

SFL
> ↳W Ñ

* 42,13 , d9
' 61438

d
"

> d
>

Yup
I

WFL
> high spin tape



eg
IN#N'"3

- - - -

[Vcntlzif
"

⇒ ✓
"
⇒ faifzdE.si

It 't

tagd2sp? inner octa ; para,
µ=T8BM
( no high/low spin defined)

[65-3412073] Co
"
⇒ [An]3dÉs" 35,3120

tttt ¥-2
Hit 71¥ -

Sfpd ? outer
octa
,

HATH para,KBM, high spin

⑥ (Hp),]
"

⇒ Co"⇒{ Aifsd >use' 611-0 WFL
HIT

s.pt?outaocta,yU--FBM,
para, high spin .

17117111

3-1

[Scalzo),]? [Tiako)Ñ?[KHz%)",[vc%%]
"

, [4%01]%[64%1]
[ layup]#

All have drhsp
>

hybridisation
sit.IT?t.vYrYG'---aeehowed'-d3confy
do



i • Metal
9
i •

• Ligandi. i
•- -- =-••i•i - -- - - •

> a

••
.

-

-
- :

I
1
'
•

I

É Here all ligands are approaching along the axis , so the energy
of axial orbitals will be higher than that of of non- axial orbitals .

dihyr di
e☒ ^

-13go o of a

- -
-00
- - -

- Oo

s v u

-250 o

tag
-

day dye daa

Tetrahedral splitting ( car = 4)



Drawbacks of V. B.T
.

1) VBT cant explain magnetic behaviour in complex compound regularly
2) VBT can't explain colour in complex compound properly .

3) VBT can't explain high spin and low spin compounds .

CRYSTAL FIELD THEORY(CFD
ay

8%188%88.8%0
day dye dnz dxzyr

•

der
- -

non -axial axial

[ . .
,

-
-

- -

4- - - , ,
,

Ii
"
-

:-.
.

.§m¥§
.

-

'

' "

i
i.

i'

i. . .
-

-

"

i

"
'

'
-
-

:"
'
-

-

-
- £ . -

-

-

-

'

Initially Repulsions were
same because all ligands
were at infinite distances



Eniyy
e

TM Adn:p deaf Caxial)
energy ,waive

form

☒µ give degenerate o

- - - - -
- Bary
Centre

orbitals in electric ~ tag
field) day dye dne (non- axial

(five degenerate
orbits

of metal catwryatmy

Do ⇒ Crystal field splitting energy for octahedral

SFL WFL

1 1

11

{do P Ooi}
11

1 11 1

ItI config SFL WFL

I > I
1415

H
I 1.41%5/3.61



Riffe (CN),] GCÑ, Fe
"
⇒ [Aifsdb 4s

"

SFL
,-
- -
-
-
-
--- ,

d :p? inmerocta .

eg
1k¥:

-

- I"¥,I ! dia µ=oBM
low spin3d ⇒

1111%11,4

tag

kqffeccl)) Fe
"

Gu
-

WFL

Fe"⇒ [An)3dttÉ

HH
'IÉÉ.la?IatIIa-Iide-Ii11--sp3d2outenocta.parajil.-F4Bry

Hilt high spin

R}[Fe(Cmd
"¥[Miami

"

s

Kz[Feccn?] Fe"⇒3d%¥
Hindi.IT#I--TTEid3p?irinerocta .

1911%4
µ=fsBM para
low

spin



More examples

④%)
"

[6%42013]

(Colts))
"

⇒ IN:( tho),)
"

Ni
"

-→ [An)3d°4s
"

61720
WFL

MEI.EE#7Ei--EimiiSp3d?outerocta.
,

Hilton para ,µ=ÑBM

[NiCNHz)if+ Hi , "¥%ÉÉ

sp'd ?outer octa
Hatti para,µ=✓8BM

-

Nohghspinorbw
spin definedd

'

.cl?d3 Hgf• FI

d?dq¢o }
" "HI"

.
.

No low spin SFL 1111 WFL

d4 , d
> low -915 / • 411B$ 11,12>13 ,

" d
"

°

, .pe
""

> high spin tape
I



Di -
g-
- - -

µ(NHz),]
"

⇒ v"⇒[Aiyzd•a¥
d?sp3 , inner octa,para , 1T€
µ=r8BM tag[6%42013]

(Colts))
"

Iggy G"⇒ [An]sdÉÉ 35,3110

☒
TE

Sfpd ? outer octahedral
F- VEUBM , para

+Hit
high spin

[GCHZO),]
"

G"⇒ [An] 3d
>
4s
"

6110
WE

HIT

sp3d ? outer oita .

TAH µ=F5BM , para
high spin

2-1

⑤ tho)Ñ+ , IT:(Him
"

,
[robot,] , [4%02]%[6%03]

"

[GCnuji"[GCglyb#
All have d ?sp

' hybridisation
sit
,
T.TV?v3+,G3-' ⇒ have d

'
→ d

>

configdo



ay
• Metal

a

÷
• Ligands

i.•
• - - - -

•

•q:÷ : - - - •
i
'
'

•

>
se

L

2

Here all ligands are approaching along the axis, so the
energy of

axial orbitals will be higher than that of non- axial orbitals .

> eg
^dn?y~^^dz2 (axial)

(fire degenerate go
-
¥59

-
-

-2500
orbitals in electric ~ tag
field) day dye dnz (non- axial

Tetrahedral splitting CcN=4)

ay *Note
B.

! Only weak field ligands shows'

, &• tetrahedral splitting (exceptI
'

d
"

config)

•
.

-
-

-

-

-
••¥
-
-

→
• >

ze

-1%4
L 4-"

dry dye ^£zn2

-- - - -
- - - - - -

v7 v→ -31sDt
-
-
- -- di-yn die



NOTE

Stringfield ligands show square planar splitting .

i

y•
• - - - - ••
!
- - - - -•

•

>
ze Aditya n

L -

l l Ing Ospy
da?y~dT

I
dyl l l 11

1 11

daydyzdnz IT
dye daz

°

' " "

-

Dsp Oo Ot

Osp
= 1380

Of = 41900

¥
. If do for [GU,]

"-

is toooo
,

then calculate the value go
for foggy

"



How

1) icy]
"

2) [Nicki
"

3) [Geary,]
3-

4) [Cuca ),]
"

e- filling order in square planar and tetrahedral splitting
tetrahedral (always) squareplanar (always)
13814£ to I 1 I

4s gp
- - - law ☐ I 11

. - - -

4s Up
1 612 >

☒

(3d) ☒

I ' 312,

(3d)



NOTE

Stringfield ligands show square planar splitting .

:

y•
• - - - - ••
!
- - - - -•

•

>
ze Aditya n

L -

l t they
Y

da?y- der
,

Osp
f l l l l de '

111

daydyzdnz IT
dye dzez

°

' " "

-

Osp Oo Ot

Osp
= 1380

Of = 41900

¥
. If do for [GU,]

"-

is toooo
,

then calculate the value go
for Cockpit

[Gait ⇒ Co
"

Gawp, 0 needs to be calculated
t"

as splitting will be tetrahedral3d
>

Of --4400 ⇒ 44×18000=8000 as



How

1) icy]
"

2) [Nicki
"

3) [Geccnjgjt
4) [Cuca ),]

"

e- filling order in square planar and tetrahedral splitting
tetrahedral (always) squareplanar (always)
13814£ to I 11

4s gp
- - - law ☐ I 11

4s yp
- - - -

l b) 2 >
☒

(3d) ☒

11,12,

@d)

2-

1) [Nicoya] ⇒ Ni
"

4cm
-

cN=u

I

TFL@quareplanayfAif3d8I.E.tE
⇒ dsp
'

☒ dia ,µ=u
☒

111191

(3d)



2) [Nicky]
"

⇒ Ni "⇒fAif3d° 40 tetrahedral
.

¥

HATH ÉÉLaIata- sp
'

tetrahedral

1%11^1. Para, TSBM

3) @(a)g)
←

⇒ Cut ⇒ [Aifzd
"
4s

'
>

4cm
-

squareplanar
* lltiii TFL
-

TTT F-
'

⇒ sp3, tetrahedralTl Cn- CÑCÑCN
-

dia
, µ=o BM

71

Hdtv

4) [Cull,]
"

⇒ Gi ⇒ [An)3d'°§ 4cL
-

tetrahedral
wit

Hittin
' IT ,
"

I . -1 .-1.pe?9?+etraaeohd/U--0BM
111111 (dia

5) [Ni¢%J° Ni°⇒[Aif3d°4s2 46 squareplanar splitting-

SFL☐n☒• :* ,
☒ i☐?

sp? tetrahedral☒i '
- -

g
-

q
-

ing
!

tf
⇒ ☒

Coco Coco µ=0
☒ dia

194th Tlltv



Orbitals used in hybridisation

sp ⇒ s -1 anyone p out of pnfy.tk

spa ⇒ s -1 any two p out of pnfy.tk

9ps ⇒
☐+ put py -1Pa

→Pd ⇒

s-ipn-py-pz-dz~sptt-ds-ipntpytpz-dzr-dsi.pe
dsp
"
⇒ da:p

+

stpntpy

G) [ Cocchi
"
⇒ Co
"

6 CN
-

⇒ octahedral
-

①
SFL

[Arif 3d
>

µ;
-

-

iii-i.nu
it + + + in ⇒ drdsp? inner Octa .

CN
-

CN
-

CN
-

CN
-

CN
-

CN
- Gd

para , lupe ,
its BM

11111491
low spinTransference

When Co" is surrounded by 6 S.F.li
,
then it always form inner orbital

complex compound with the hybridisation days ? In such type of complex compounds,
unpaired e- is present in Gd orbital rather than 3d orbital due to transference .

These compounds acts as strong reducing agent.

M→ M
-'

+ e- (oxidation)
(Reducing agent)



Conditions for transference
1) Complex should contain only SFL

2) Complex should have only one unpaired electron

3) Complex should have possibility of inner
orbital complex compound

All three conditions should be simultaneously satisfied .

7) Cucuta]
"

[once,]
"

I 1

Git⇒ [Aifzd
"

GCN
-

ait ⇒ [Aifsd
'
4a-

SFT IFL

squareplanar tetrahedral
CN
-

CN
-

→ in
t☐ 1 1 10

1%
4s In- In- "P HAH t

lil ☒t
⇒ dsp

"

hybridisationIHH

ape
-
- 1
, para, V5 BM As no SFL

,
no transference

1) presence of SFL
✓

2) Only one ape ✓
3) possible of dsphr
1

transference ✓



Exception bidented

CN=L

2-[ Coccqog)g)
"

⇒ Co" 34£ octahedral

H IFL ⇒ chelation[An] 3d
'

n
1919

a 1 I

↳ Ñ
u Dik

↳
ape,sp3d2✗

- +44%

0 ape , d2sp3✓
(03-1 (03 +

FACTORS AFFECTING CFSE VALUE

1) Nature of ligands
As the metal and ligand come elope together , the e-- e-repulsion will be higher

and the splitting will be very
much higher which in turn increases the stability of e compound.

the compound

1) No of ligands same
ii) charge on cation same

iii) type of cation same

order of stability :[
É:'(cards

-

[ r¥cno•%j [Éiinnsij
SELF stability I



2) Charge on cation ÷
i) Nature of ligand same
ii) No of ligand same
ii) type of cation same

then charge on Caton T stability I

[Fe (cn),]
"

[Feeny]
"-

As the charge increases
,
more attraction is there in between metal Caton

and ligand ,
hence more stability .

3) No of ligands :
d) Charge on cation same
(Ii) Nature of ligand same
Ciii) type of cation same

[Ni (1%0) )
"

4-
[Ni ( tyo),]

"

☐
t do

2-

[Niang] [Ni CCNI,]
"

Osp Oo

④ Zeff of metal cation :- poor shielding orbitals and e-

3d - - - - - -- -

Ni Gi Zn ⇒ 3d
' °

4d - - - - -
-

Pd Ag Cd ⇒ 3d
"

ad
"

Sd
- - - -

Pt Au Hg ⇒ 3d
"
4d
"

4ft
"
sd
"



[Nice,]
"

[Pdq]
"

[Pta,]
"

leave space1 I
5) Chelation :

2-1 2-1

[NiChik] + Ben > [Nien} ] + 61120
OS> 0 chelate ring isformed
OH =- ve

oh = - re

processor reaction is spontaneous so reaction is possible .
H2O

N
tho

"20 N N

µ;2+ +3em
, + 61120

0172
- 61120

Nik

* N N

0112 N

Chore stable)
It is more stable due to

ring formation, moietheno
.

of rings is the stability .



Q
. Compare stability :-

a) [Nictezo),]
"

[Nien,]
"

b) [Nicno,)if
"

[ Nien}]
"

c) [Fecal,]
"

[Fecal,]
"

d) [relents]
"

[FeCEDTAÑ
e) [Feeny)if

"

[Fe(go,),]
"

key point :-
> WFL tetrahedral

CN=4

> SFL square planar

d
"

sd
"
SFL dsp

"

d
"

s SFLYWFL sp
>

d
'

> d
'
⇒ WFL sp3 tetrahedral



Electronic Configuration and CFSE.in octahedral complex
CFSE⇒ crystal f¥1d stabilisation energy

configuration ☐
(WFL) Configuration ☐

(SEL)
d
'

Éy -0.4×1 d
' tyf -0.4×1

d2 Ekg -0.4×2 d2 tag -0.4×2

d
>

Pay -0.4×3 d
's

tys -0.4×3

I
d
"

tyeg -04×3+01×1
d
"

ty -0-4×4
- 0.4×3+0.6×2

d5t}geg ds tag -0.4×5
d
'

tzgeg -0.4×4+0.6×2

db try -0.4×6

d
>

tszgegh -04×5+0.6×2

d
>

try egt -0.4×6+0.6×1

D8 Ézgegf -0.4×6+0.6×2
D8 tzgeg -0.4×6+0.6×2

da toy eg
}

-0.4×6+0.6×3
d9 tyeg

} -0.4×6+0.6×3
d"tigej -0.4×6+0.6×4

d
"

try ago
-0.4×6+0.6×4



d. Predict the hybridisation of ÷
2-1

1) Brown Ring Complex [Fe (Hzolglviso;
-

Gift"

Fett ⇒ [Asif 3064,211
"

'

" '""% 3d > 4,0 51120 7- No
"

Hit TEL TfL
• . -

→
(splitting ace to WFL)

1711749
sp3d ?outer octa, para

ape :3 , its
BM

high spin

2) Sodium nitwpvusside 2-

Nagffeccnk.NO] ⇒ 2Not [F- (CN)sN°] ⇒
gear,1no+9+1 C-11 41)

Fe"⇒fAn)3d " 1+1++1+1 , ! ⇒ d?sp3, inner Octa, TE
1911+414 dia

, µ
--0 tow spin

3) {Nifdmgg ] Rosy Red ppt cN=4 dmg
-

⇒ both Nations donor

⇒ chelation (4 Rings)Ed
en

µ ,2+⇒ [An)3d°
'
☐ it , hence .si#.

☒
dsp? square planar ,☒

little µ=o , dia

4) ① icghpz] As same as @icdmg)j gly
-

⇒ dnetochelatm.ci" act

¢N=4) ⇐
as SFL

unsymmetrical bidenled
N

,
yo

-0

5) [ Gdghp,] ¢N=D fly
-

⇒ SFL mi"

i.
' iii.G" ⇒ [An] 3dB d ?sp? inner octa ,

para, V15 BM
IT IT IT



"

ii@a.oi.T

"

if [Cocoon)zÑ
HW

8) Ky[Fe(CN)sOq]

%) [Nifif
"

iii. sauce:P

6) @ (Goa),]
-

⇒ a
" 3405 ( large splitting duetochekton)

cN=6 Octahedral

G"⇒[An] 3d>
dbp? inner octa, FSBM, para .

ape =3

(no louyhigbspin defined)
-

7) [G(Goa),]
'

⇒ G
"

3405 ( large splitting)

G
"
-→ {Any}d%i

car -6 octahedral

d2sp
>
inner Octa

,

dia,µ=o BM , lowspin



4-

8) kyffeccnlso, ] ⇒ 4kt Fe" scar 05 (large splitting
431 (1) (2) ✗ JFL Superoxide^

CN --6 octahedral
then

Fe 024 Fe "⇒ [Aifsdcas"

* ft)
0
ape, dia, dip

>

,
inner Octa; low spinthen

✗ ✗

Here g- ( acc.to Mot) has unpaired e- so paramagnetic

correct ⇒ tape, para, etsp3.innmocta.lowsp.is

9) [Nitro]
"

⇒ Ni
"

GF
-

CN --6 octahedral

3d
'

Ni "⇒fAif3d%µ [ high -we charge hence large splitting]
I 1 dry? innuocta, oupe , OBM, did

HLITLITL

lol [Aacejf ⇒ Au" 4K CN --4 square planar

Ace"⇒[✗e)y
'"5d¥É

£

⇒ 5d°
☐

pig
. - -

. dsp? square planar, dia, OBM

☒

1911+1



11) [Feels] FÉ
5¥
,

cN=s

Fe ⇒ [An)3d64st
a

Hilt / THI -1 Ith l l l due to SFL
, pairing of e-
and excitationof

3d 4s Gp 4s e-

A

Tiki /Hit ☐ I 1 I

9 T T Tt

dsps , dia , µ --0 Trigonal bipyamidd✓

dzz Co

t
co

co ' FF!
co

CO

14 feeds]
"

G
"

, scene
WFL

9

Cee
"
⇒ [An)3d*4si

Him Hittite

t

It 111 " t, , , ,
3d 4s Up 4d

sp'd , trigonal bipyramidd. para , BBM



13) (CN)
,]
"

N?⇒ [Aifsds 5 CN
-

¥

€# I 111

He

a. Infill if I 1 I 1

T T TT t

dsp? doezyz , square pyramidal , OBM, dia

CNN
jyizii

-Yi
. s r !

NE- - - - - - - en-0

Colour Nature Of Compound
1) Polarisation

> Polarisation T

Agf Aga Aga AGI
- w w

while pale
yellow

Yellow

PolarisationT cov. chin intensity of colourI

g) HOMO - LUMO transition

I. Us . By / I, they are coloured due to this concept
( all are diamagnetic



3) d- d transition

lil d-orbital must have atleast one electron

ii) d- orbital must have atleast one vacant orbital

iii) Generally unpaired electron compound are paramagnetic and have coloured
nature

.

Iii) Generally , unpaired e-= 0 compounds are diamagnetic and colourless
czew) (it is notalways

true)

imi.hn

Keeffe (CN), ] Keeffe Fs]

Fe"⇒ {Aifzdb Coca
-

⇒ SFL Fe"⇒ {An] 3d
6 GFÉWFL

0
upe , dia 4

ape , para
colourless coloured

4) Charge Transfer Spectrum (cts)
CTS O.s. up e-

1) Gaff +6 0

2) Grof
- +6 0

3) Mn05 +7 0

4) V05 +5 o

5) Groseclose +6 o

6) 60g Fog +6 0



All these compounds are diamagnetic and coloured , tetrahedral and hybridisation
is d 's instead of sp

'

I °

1) Goi all a) Goi ai
% Holo

- 0=1 'o -o g o
-

i
-

31mn05 I 4) V05
yMn

0=1
!
-
o
- J o

o
-

ig) 60202
Cee G) GOLFE

0=1 Te ai
ce

0=1 F

oÉ F

Cr ⇒ [Asf 3ds4s
"

3d 4s

liltiititi ⇒ d}
,
tetrahedral

t.tn - ÷
0
"

O
-

o
-

÷
0=6
"

1-
'
o
-



Here 0.5 of Cris + 6
,

that is its max charge hence Zeff 1^1 This causes to
attractshared pair of e- towards G and now , the OS . changes to +5 which is
unstable and oxygen

and fluorine are also highly EN so e- returns to them .
This

transition of e- releases energy
whose wavelength is in the visible range . That is

why , they all are coloured .

d3s ⇒ day , dye, daz 's

5) By complimentary colour wheel. V1 B G Y O R
tmint ✗

Max
T

R VI
VmaxT

Ema✗ T
Umist
Emint

°
B

Energy t
Absorbed energy (E)

⇒ E = ¥ = hv

Energy : [ Mccoy]
"

[MCN%Ñ [mail]
"

t :

absorbed
[MAY]
"

[MCN%Ñ [Mayo,]
"



Q Three complexes give red , blue and green colour in aq . solution [Meth]
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- "? Identify the colour of each complex

with appropriate reason .

Q
. Match the proper colour with the following compounds

1) [M(Nod] PI Yellow
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MI same oxidation
state



Here 0.5 of Cris + 6
,

that is its max charge hence Zeff 1^1 This causes to
attractshared pair of e- towards G and now , the OS . changes to +5 which is
unstable and oxygen

and fluorine are also highly EN so e- returns to them .
This

transition of e- releases energy
whose wavelength is in the visible range . That is

why , they all are coloured .
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Q Three complexes give red , blue and green colour in aq . solution [Meth]
"

?
[MCHZO) ,]

" "

, [MIRI,]
- "? Identify the colour of each complex

with appropriate reason .

Q
. Match the proper colour with the following compounds

1) [M(Nod] A Yellow

2) [ M(Hz%] d) Red

3) [ MF, ] R) Blue

MI same oxidation
state

n+
Released Absorbed

Ans . 1 . then}] ⇒ Red - green
ht

⑨ ( 11201,1 ⇒ blue > Orange
-6th

[MCBS)j ⇒

green
> Red



M '

,j[m(No;] A Yellow

2) [ Mikoto] d) Red

3) [ MF, ] R) Blue
Released Absorbed Eats
Yellow > violet > It [mcnq

"

✗ It

Red > green > T [Makoto]
+1

Blue > Orange > t [ ME]
it


