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T or VB Theory Ot F’auling“

VALENCE BOND THEORY - VB
This theory IS gometimes raferre
Theory \ . »ﬁi
Assumptions / Theory: mber or empYy 5P and,
1) The central metal atom or ton provides a (bitals can accomoday,
| atomic orbitals equal to its C.N. Thesé Y
. N |
elections donaled oy e b to form hybrid orbitals Whigg

3)

4)

8)

idi ether i
ybridise tog orbitals hybridising togethg,

mic &
y and have definite geometry,

jap to form strong bong,

These vacant orbitals h
are the same In number as the ato

These are vacant equivalent, in energ

The metal orbitals and ligand orbitals over

(co-ordinate bonds). ' 1) deorbi
The d-orbitals involved in the hybridisation may be nlfmers( o u;-als
(d°sp?) or outer (n) d orbitals (sp’d?). The comp gxe ing

er orbital complexes ang

these orbitals are referred to as low spin or inn . )
high spin or outer orbital complexes respectively and high spin oOr Cutg

orbital complexes.

Each ligand donates a pair of electrons to the central metal ions.

The non-bonding metal electrons present in the inner orbitals do no

take part in chemical bonding.

If the complex contains unpaired electrons, the complex is paramagnetie
in nature, whereas, if it does not contain unpaired electrons it is
diamagnetic.

Under the influence of a strong ligand, the electrons can be forced tg
pair up against Hund's rule of maximum multiplicity.

Explanation of geomet [ [
ry, magnetic properties colour of
Compounds based on the theory: SRS

1 . . .
0 explain the magnetic properties of complexes one has to know the

hybridisati ‘ ‘
flrySt ' rs?tfon present in their molecules and their geometries. So we sh
Xplain the geometry of complexes based on V B theory | o
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Geometry of complex compound: The complex compounds

CN Hyb.rid- Arrangemnt Geometrical Examples
_sation shape

2 sp Linear 180° Ag(NH,),+

-

€ 3,58, 7 o—Le—0 [Ag(CN),]

Trigonal
planar /.

. s
1 B LA

[Hal,)

A s

[Co(NH,) J**
[Ni(NH,) J*
[Ni(CO),JI°
[CU(CN) J*
[CA(CN),J*
[FeCl,]*

[NiCI,)¥
[NI(CN ¥
[Pt(NH,)
[Cu(NH,) I**

dsp

[Fe(CO).)°
[Cu(ChJ*

5 dsp’(spd) Trigonal
bipyramidal

4 297

R
)

[CO(NHE}E}3°

[Cr(NH,).1™

/[Fe(CN) )

[CoF I

) [NI(NH,) ™
J[FeF.)?

6 d’sp’(sp’d®) Octahedral

", s

1« JE

) (T (yoxX)
A"} 7

K
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are (i) linear (1) trigonal planar (m)

al bipyramidal and (vi) octahedra) | Ocla

exist in various geometries They
tetrahedral (iv) square planar (v) tngon

Explanation by V.B. Theory : According
formed by pure s.p, or d orbitals Strong bonh
idi i that
hybridised orbitalis Thus they postulated bridizatic
the central atom (Refer postulate 2) There are several typ:sbci'i:iiauons )’nntd |
Each hybridisation leads to a definite geometry various ny _: Tt
the related geometries are given as before. ,

sp'd
to Pauling strong bonds are ngy

ds are generally formed by
ybridisation takes place ip

|
Ele:

. 3d"
Magnetic properties of complex compounds: " netic moment
The complexes having paired electrons do not exhibit mag :

and they are said to be diamagnetic. The complexes having Od“e or m"‘)ft
unpaired electrons show definite value of magnetic momeqt an afet ca gd 1
paramagnetic complexes The greater the number of unpaired electrons in
a substance the greater is the magnetic moment of t.he substance. The
magnetic moment of a substance can be calculated using the formula.

P
n= \;"n(n +2)B.M. ;| u = Magnetic movement ({ [
n = Number of unpaired electrons; B.M=Bohr Magneton. /

When, n=1 u=/1(1+2)=/3=173BM.

Using this formula the number of unpaired electrons in an ion:can be
calculated. The values of n calculated for different magnetic moments are

as follows:

Magnetic Moment Bohr Magneton Number of unpaired electrons

0 0
173 1
2.83 2
3.87 3
4.90 4
592 5

Thus magnetic studies (measurement of m) Will reveal whether a
co-ordination compound has unpaired electrons in it or not. Now any theory
on co-ordination compounds should account for the magnetic properties of
the co-ordination compounds.

Explanation by V.B Theory: The magnetic properties of co-ordination
compounds can be interpreted successfully by Pauling's V.B. Theory
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Octahedral compleves Octahedial complaxea reall from mither o/ ap o
“a"fh\ hinfization
C K PeUN)

Fe' is the contial metal fon and [Fe(CN) | Ta the complex o

F;.." on 49 4,)

wNNNNOEREEER

In the presence of CN ligands the electrons in the Al orhitals are forced 1o
pair up against Hund's Rule of maximum multiplicity to make room for the

electrons donated by the ligands

Flectronic stiucture of te

(At No 26)

R s
wer (IO (W]

|4p

Fe™*in [Fo(CN)J* l‘l[,l]laldnlgl | l ' | I/I

after rearrangement
‘Y— —

d?ap’ hybrid orbitals

In order to give same properties and equal strangth 1o all the metal ligand
bonds. all the six orbitals (two 3d one 4s and three 4p orbitals) hybndise to
give six equivalent d’sp’ hybrid orbitals These six hybrid orhitals which are

vacant accepl six election pairs denoted by six CN ligands and thus form
XX, [XX'XX'XX]

[Fe(CN),]* ton “ l” [ I ]x: I "T" ' o

Fe(CN) J* . . : .
[Fe(CN),] CN CN CN CN CN CN
- -~
] ‘ —v
d%sp” hybnd orbitals
Since the complex results from d’sp’ hybrdisation it has octahiedol
shape Since there is no unpaired electron in the complex, the complex s
diamagnetic In the above complex the d — orbitals used are from o lower
shell (3d) than the s and p orbitals (ds and 4p) Complexes using the mner




24 omplexes. They are g
spin complexes. c)m.'5

d- orbitals (3d
Known as Lova!em u\m;.wtex

examples i
-3 BM=1 unpall

|
i

) K\,{?TEKCN)J H
s the complex ion.

28 3
= _ N ;
Fe'l is the central metal ion and [Fe(C 6l A E— Complqi
basis of d“sp” hybridisation the naturé © 3
On the bas!
can be explained as follows. iy 4s 4p
Fe atom3dias” | ‘
4s 4p |
Fe®" ion (| ] ! [: j
23454 0 . -
3d-4s 4 4s 4p
| oM T T
Fe>'in [Fe(CN)t.]' L : H’ /I i 8
r ment S P AP
after rearrange d?sp® hybrid orbitals
3d
: T
t Al | | ? XX XX | XX | XX
[Fe(CN).J° “/ /H/ /] px [
o F + 1 t T Ll )
"1 ¢N CN CN  CNICN CN
< g
~ .3
d?sp

The complex has octahedral shape corresponding to d?sp?

A i ~
| (CoEN | | co
Atomic numb.,ﬁ ad

hybridisation The number of unpaired electron is one. So, the complex is

paramagnetic. K [Fe(CN)] is an inner orbital octahedral complex.

i) [CoF_]" ion. Co® is the central metal ion and [CoF6]3' is the complex

ion 3d 4s 4p

Electronic structure of TL /] ' ﬁ| /l ,“/ ! =

Co[At No. 27] T _ L -
3d74s?
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3d 4s 4p

e M 1

i

In a weak ligand field such as in [CoF ]*", electrons do not have sufficient
energy needed for pairing. Hence there are no vacant orbitals in the 3d
shell. The six ligands donate one lone pair of electrons each to the first six
vacant orbitals. Thus in this case one 4s three 4p and two 4d orbitals
hybridise to give six equivalent sp®d? hybrid orbitals. These accept an electron
pair from each of the six fluoride ions (ligands).

N
—_—
e

[CoF,)* ion
3d 4s 4p 4d
| | f xx o | |
A A B Rl =
m=¢ e P FF FF
—~ 7
gl
sp3d?

Complexes such as [C0F6]3_are called outer orbital complexes since
the d orbitals involved in the hybridisation are from the same shell as the s
and p orbitals. The outer orbital complexes are also known as ionic
complexes or spin free or high spin complexes.

The four 3d- orbital electrons which remain unpaired explains the
paramagnetic character of [CoF ] ion.

Other examples: i) [Ni(NHa)G)]Z*; i) [Fe(H2O)6]2‘
i) [FeF.J”
b) Tetra hedral complexes: These are formed by sp? hybridisation.

Example: [Ni(NH,),)I*" ion.

Electronic structure of 3d 4s 4p
Ni (At. No 28) PTERVTE |
e LT W |

Ni?* ion 3d 4s 4p
3d%4° | i ' 71 ] |
AAAEN L]

RS -



INHNIE) ) Wl ™ Ap
l X X KM |y ’
T TET Dok oo
e NI, NH, NH N

ap hybridisatiog,
; | o complex has a e,
Nince wp ' hybrdieation ie involved th I Al

stinctuie  Theie are fwo unpaited sloctrons and the jon ja |||u“,’“

paramagnoli

¥ / } 2 ;,,
Other examples [Ni(CO) )" (FeCl ] [ZnCL] 0 [Z0(NH L) ] le,|1|
|( o l‘l‘ || .ol\l‘l" ‘[NHJ“

] Y ,
¢) Nquare planar complexes 1hese are formed by dsp hyhmlmm..,,,

Fxample  [Ni( N)‘l" jo= 0 = O unpaited electrons

NI{AL N 1) Ad 15 ap
S AN RN (A
NI Ad 15 an

[INICCN) 1T is diamagnetic Hence it must involve Adsp” hybridisan
tesulling in square planar stiucture The two unpaired 3d electrons ,,

Coupled making one o orbital emply and available for hybridig

ation so h
dsp™ hybrid orbitals can be formed

3d as 4ap
e (L] (] oo
\‘l CN w}IN N (JNJ
dsp?

hewe vacant orbitils ac

eptfour elactron P
Hgands

s donated by four C!
Stotorm a square plana 101

Other examples ) [PHNH) )7 [Pter )



Colour of complex compound:

Most! of the complexes are coloured For example copper suiphate
crystals are blue while anhydrous copper sulphate s wivte On adding
NH,OH to CuSO, solution first is diue preciptate i3 formed wiich Bi3soives
in excess NH OH giving a deep Dive coloured solubon

adding NH OH first [Cu(H 0) JOH, i3 formed which 3 insoiudie  water SO
118 precipitated On adding excess NH OH{CU(NH )OM) s formed whach
is soluble in water and which 1s Coloured deep Dive ""a,slu'*ef‘ there 3 a0
exchange of igands the colour deepens

CuSO, SH,0 ewsts as (Cu(H 0) SO, 34 O which 13 dive n colour On

In general when compiexes are formed from Colouriess Compounds
they are nvanably coloured When complexes are formed Fom Coloured
compounds the colour of compiex Jeepens

Explanation by V.B Theory
Valence bond theory 8 NOT in a position 10 expian the toowr of ™
complexes of depending of colour dunng compiex farmaton

Comparison between Werner's theory and V.B Theory.

Similarities

(1) Both account for the formation of compiexes

(1) Both recognize the geometry of the compiex Compounds
(in) Both are unable to expian colour of complexes

Distinctions:

(i) Werner's theory does not rationaiise the geometnes of compreves
through the concept of hybndisation

(1) Wener s theory is nOt in @ pOSition 10 explaun the Magnetic progertes ot
complexes V B thecry offers a satisfactory explanation for the magnetc
properties of complexes

Since V B theory ratonalises the geometry of compiexes ™ oug®
hybridisation and Since it 1S in @ posion to offer satistactory expianaton 0
the magnetic properties it1s considered 10 e supenar o the emer s 1hedry

Merits of V.B Theory:

1) It provides a satisfactory pictonal representat on geomety o 7
compiex through the concept of hybndization

2} Itis good modet for qualitative prediction Of the mag=e! & denaw > 3°s
reactively of complexes Thus Vv B theory is an imprtve™e 20 e e ¢
theory

L3 7
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Limitation of vV.B Theory'.
0y It 1s limited to qualitativé
interpretation of the stability of the C

2) V.B Theory Is unable to explain colou © s
. ectra of complexes: . ' "
unable to account for sp metal i assigned differen C

e to explain why the same ‘ '
f a particular metal, in.g

Jexes 1S not p
: of complexes. consequently it jg

3) V.Btheory is unabl )
' in the case
geometries. In other words n .
particular geometry Hund's rule is shown to be obeyfd. and in some = O
d. For example [Ni(CO)4] is tetrahedra| orb
d- o

other cases it IS not obeye

while [NI(CN),] is square planar. |
4) VB Theory does not explain why some air inner orbital complexes, and
omplexes.

some are outer orbital C
le explanati

5) V.B Theory does not provice suitab
of the view with respect to complexes.

ons from the energy point

The colour and magnetic moments of transition metal complexes are |
bital electrons. So, there should be a quantitative |

_‘t ‘
due to their possessing d or
connection is not revealed by Pauling’s theory. )

- L e e o a s e G I &
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