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Geo 

his theory is 
sometimes 

referred to as VBT or VB Iheory or Paulino 

Theory 

VALENCE BOND THEORY N 

)The central metal atom or ion provides a 
number or empty S, p and 

atomic orbitals equal to its C.N These 
orbitals can 

electrons donated by the ligands. 

d Assumptions Theory 
accomodate 

These vacant orbitals hybridise together to form hybrid orbitals whics 

are the same in number as the atomic 
orbitals hybridising togethe 

These are vacant equivalent, in energy 
and have definite geometry 

2) 

The metal orbitals and ligand orbitals overlap to form strong bond 

(co-ordinate bonds). 
3) 

The d-orbitals involved in the hybridisation may be inner (n-1) d-orbitals 

(dsp) or outer (n) d orbitals (sp'd*). The complexes formed using 

these orbitals are referred to as low spin or inner orbital complexes and 

high spin or outer orbital complexes respectively and high spin or outer 

orbital complexes. 

4) 

Each ligand donates a pair of electrons to the central metal ions 
5) 

The non-bonding metal electrons present in the inner orbitals do not 
6) 

take part in chemical bonding 
7)If the complex contains unpaired electrons, the complex is paramagnetic 

in nature, whereas, if it does not contain unpaired electrons it is 

diamagnetic 
8) Under the influence of a strong ligand, the electrons can be forced to 

pair up against Hund's rule of maximum muitiplicity 

Explanation of geometry, magnetic properties colour of complex 
Compounds based on the theory: 

To explain the magnetic propeties of complexes one has to know the hybridisation present in their molecules and their geometries. So we shali first explain the geometry of complexes based on V B theory. 
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Geometry of complex compound: The complex compounds 

C.N Hybrid- Arrangemnt Geometrical Examples 
sation_ shape 

2 Linear Ag(NH,) 
Ag(CN) 

sp 
180 

sp Trigonal Hgl 
planar 

sp ICo(NH) 1 
[Ni(NH,)1 
[Ni(CO), 
Cu(CN) 

Cd(CN),2 
FeCi1 

4 Tetrahedral 

A109 28 

[NiCI3 
INi(CN) 
IPt(NH)J 
Cu(NH) 

dsp2 Square 
planar 

90 

Fe(CO) 
[Cu(C) 

5 dsp(sp'd) Trigonal 
bipyramidal 

) 
outert nhrt 

6 d'sp'(sp'd) 
Je 

Co(NH,) 
Cr(NH,)1 
[Fe(CN),1 
CoF 
[Ni(NH, 

JFeF 

Octahedral 
hhSf 
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exist in various geometries They are (i) linear (i) trigonal planar (ii 

tetrahedral (iv) square planar (v) trigonal bipyramidal and (vi) octahedral Octa 

sp'a 

Explanation by V.B. Theory : According to Pauling strong bonds are not 

Tormed by pure s.p, or d orbitals Strong bonds are generally formed by 

hybridised orbitals Thus they postulated that hybridisation takes place in 

the central atom (Refer postulate 2) There are several types of hybridizations 

Each hybridisation leads to a definite geometry various hybridisations 

the related geometries are given as before 

Ele 
and 

(At 

3d 
Magnetic properties of complex compounds: 

The complexes having paired electrons do not exhibit magnetic moment 

and they are said to be diamagnetic. The complexes having one or more 

unpaired electrons show definite value of magnetic moment and are called 

paramagnetic complexes. The greater the number of unpaired electrons in 
a substance the greater is the magnetic moment of the substance. The 

magnetic moment of a substance can be calculated using the formula. 

Fe 

3 

n=nn +2)B.M. :H = Magnetic movement 

n Number of unpaired electrons.; B.M=Bohr Magneton 

When, n 1, u=y1(1+2) = V3 =1.73 B.M. 
Using this formula the number of unpaired electrons in an ion can be 

caiculated. The vaiues of n calculated for different magnetic moments are 
as follows 

Magnetic Moment Bohr Magneton Number of unpaired electrons 

0 

1.73 

2.83 2 
3.87 3 
4.90 

5.92 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 VB Theory: The magnetic properties of co-ordination compounds can be interpreted successfully by Pauling's V.B. Theory 



Octahedral eompleNes Octalhedal conplexes retll hom oither tly ' 

sp'e'hybrndisafion 

K,FeCN), 
Fe is the central metal ion and |Fe(CN)1 is the omplex 

Electronic structure of Fe 

(At No 26) 3d 4s 

3d'48 

Jd 4s Ap Feion 

3d4s 

In the presence of CN ligands the electrons in the 3d orbitals are forced to 

pair up against Hund's Rule of maximum multiplicity to make r0om for the 

electrons donated by the ligands 

3d 

Fe in (Fe(CN)1 
after rearangement 

d'sp' hybrid orbitals 

In order to give same properties and equal strength to all the metal ligand 

bonds. all the six orbitals (two 3d one 4s and three 4p orbitals) hybridise to 

give six equivalent d'sp" hybrid orbitals. These six hybrid orbitals which are 

vacant accept six electron pairs denoted by six CN ligands and thus form 

[Fe(CN), ion 

xx xx 

IFe(CN), CN CN CN CN CN CN 

d'sp' hybrid orbitals 

Since the complex results from d'sp' hybridisation,it has octahedal 

shape Since there is no unpaired electron in the complex, the complex is 

diamagnetic In the above complex the d or bitals used are from a lower 

shell (3d) than the s and p orbitals (4s and Ap) Comuplexos using thn innr 



They are alsa 

d-orbitals (3d orbitals) are caled inner 
orbital complexes 

Ahown as covalent 
complex or spin paired or low spin 

complexes. o 

examples i [Co(NH,) 

ther 
Co ii [Co(CN), 

KFeCN)) 
= 1.73 BM=1 unpaired 

electron Fe has Atomic numh 

ii) 

3d 
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On the basis of d'sp hybridisation 
the nature of bonding in the comple 

can be expiained as follows 

Fe" is the centrai metal ion and [Fe(CN),]" is the complex ion 

blex er 

s 

4s 4p 
3d 

1 11 Fe atom3d®4s? 

4s 4p 
3d 

1111 Feion 
3d 4s 

4p 4s 
3d 

L1 Fe3 in [Fe(CN),J3 
after rearrangement 

d'sp" hybrid orbitals 

3d 

11 1 1x XX xx XX XX XX 

[Fe(CN)J 
n =1 

CN CN CN CN. CN CN 

d'sp3 

The complex has octahedral shape corresponding to d^sp 
hybridisation The number of unpaired electron is one. So, the complex is 

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

iin) COFel ion Co is the central metal ion and [CoF is the complex 
ion 3d 4s 4p 
Electronic structure of 1 Co[At No. 27] 
3d 4s 
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3d 4s Ap 
Co ion L1 1111 11 3d 

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 

shel. 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). 

CoF ion 

3d 
4d 4s 4p 

XX XX 1 11 11 XX XX XX | XX 

FF F FF 
n 4 

sp'd2 

Complexes such as [CoF]° 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 [CoFion 

Other examples: i) [Ni(NH,))1*; i) Fe(H,O),* 

ii) FeF 
Tetra hedral complexes: These are formed by sp'hybridisation. 

b) 
Example: [Ni(NH,),)1 ion. 

3d 4s 4p Electronic structure of 

Ni (At. No 28) 

3d4s? 

3d 4s 4p Ni2 ion 
3d 40 1 1 1 11 D 



NNH, As Ap 

NH NI N N 

p 'hhybridisalion 
ince sp hybridisalion is involved the complex has a totates 

atuoture here ae two mpaired electrons and the ion is thorot. 

paraitmagnetic 

Other exanples INi(C0),". |f eCL, 1ZnCI,1Zn(NH,)," Mnt P 
(CoC IColr INIX, 
c) Square planar complexes: 1hese are formed by dsp' hybridisatio 

INi(CN),1 0 0 unpaired electrons 

As 

xample 

3d 4p Ni(At No 28) 

3d 4s 4p Ni 

INi(CN),J in diamagnetic Hence it must involve dsp' hybridisatica 
tesulting in square planar structure. The two unpaired 3d electrons ar 
coupled making one d orbital empty and available for hybridisation s0 tha dsp hybrid orbitals can be formed 

3d 4s 4p 
N in Ni(CN),I' 

CN CN CN CN CN 

dsp 

T hese vacant orbitals accept four electron pairs donated by four CH ligands, to form a square planar ion 

Other examples i) |Pt(NH,),.IPICI, 
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Colour of complex compound 
Most of the complexes are coioured For example copper sulonate 

crystals are blue while anhydrous copper sulphate is white On adding 

NH,OH to CuSO, solution first is blue precipitate is formed which dissolves 

in excess NH,OH giving a deep blue coloured solubon 

Cuso, 5H,O exnsts as [CuH,O),JSo, 5H,O which is blue n colour 
adding NH,OH first [CuH,O)j0H, s formed which s nsoiubie n water So 

it is precipitated On adding excess NH,OH[Cu(NH,)NOH), s formed which 
is soluble in water and which s coloured deep biue Thus when there s an 

exchange of ligands the colour deepens 

In general when complexes are formed from colouriess compounds 
they are invanably coloured When complexes are formed from coloured 

compounds the colour of compiex deepens 

Explanation by VB Theory 
Valence bond theory is NOT n a positon to expia1n the colour ot the 

complexes or depending of colour dunng compiex formaton 

Comparison between Werner's theory and V.B Theory 

Similarities 
()Both account for the formation of complexes 

() Both recognize the geometry of the complex compounds 

() Both are unable to expiain colour ot complexes 

Distinctions 
(0Werner's theory does not rationalise the geometres of compeeres 

through the concept ot hybrndisation 
(1) Wener s theory is not in a position to explain the magnetic propertes et 

complexes VB theory offers a satstactory explanation for the magnete 

properties of complexes 

Since V B theory rationalises the geometry of compiexes -g 

hybridisation and since tis in a position to offer satistactory expianat en f 
the magnetic properties itis considered to be supenor to the Wemer s thesr 

Merits of V.B Theory 
1) It provides a satisfactory pictonal representat on geen 

complex through the concept of hybndiz ation 

2 t is good modei for qualitative prediction of the mage bena 3 

reactively of comple xes Thus v8 theory is an mereveme 

theory 
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Itis limited to qualitative 

explanations, 
good 

model for qualitatiue 

interpretation of the stability of the complexes 
is not poSsible. 

2) 

Limitation of V.B Theory: 

1) 

2) VB Theory is unable to explain 
colour of complexes. 

Consequently it is 

unable to account for spectra of complexes. 

3) 

nt C 

VB theory is unable to explain why the same 
metal is assiIgned different 

particular geometry 
Hund's rule is shown to be obeyed and in some 

other cases it is not obeyed. For example [Ni(CO)J 
is tetrahedral 

while [Ni(CN),] is square planar. 

VB Theory does not explain why some air inner orbital complexes, and 

some are outer orbital complexes. 

of 
geometries. In other words in the case of a particular metal, in. 

e 

a 

orb 
d- o 

5) V.B Theory does not provice suitable explanations from the energy point 

of the view with respect to complexes 
5) 

The colour and magnetic moments of transition metal complexes are 

due to their possessing d orbital electrons. So, there should be a quantitative 

connection is not revealed by Pauling's theory. 
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