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To rationalize how the To rationalize how the To rationalize how the To rationalize how the shapes of atomic shapes of atomic shapes of atomic shapes of atomic orbitalsorbitalsorbitalsorbitals
are transformed into the are transformed into the are transformed into the are transformed into the orbitalsorbitalsorbitalsorbitals occupied in  occupied in  occupied in  occupied in 
covalently bonded species,covalently bonded species,covalently bonded species,covalently bonded species,

    we need the help of we need the help of we need the help of we need the help of twotwotwotwo bonding theories: bonding theories: bonding theories: bonding theories:

Valence Bond (VB) TheoryValence Bond (VB) TheoryValence Bond (VB) TheoryValence Bond (VB) Theory

Molecular Orbital (MO) TheoryMolecular Orbital (MO) TheoryMolecular Orbital (MO) TheoryMolecular Orbital (MO) Theory
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VALENCE BOND THEORY  VALENCE BOND THEORY  VALENCE BOND THEORY  VALENCE BOND THEORY  [text][text][text][text]

Developed in 1927 by HEITLER and LONDONDeveloped in 1927 by HEITLER and LONDONDeveloped in 1927 by HEITLER and LONDONDeveloped in 1927 by HEITLER and LONDON

For maximum electron density and overlapping For maximum electron density and overlapping For maximum electron density and overlapping For maximum electron density and overlapping 
i.e.stablei.e.stablei.e.stablei.e.stable bond formation- bond formation- bond formation- bond formation-

 i) The electrons should have opposite spins i) The electrons should have opposite spins i) The electrons should have opposite spins i) The electrons should have opposite spins and and and and

ii) The greater overlapping of the electron    ii) The greater overlapping of the electron    ii) The greater overlapping of the electron    ii) The greater overlapping of the electron    
    clouds.    clouds.    clouds.    clouds.
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VALENCE BOND THEORY  VALENCE BOND THEORY  VALENCE BOND THEORY  VALENCE BOND THEORY  [text][text][text][text]
    LinusLinusLinusLinus    PaulingPaulingPaulingPauling and J.C. Slater extended   and J.C. Slater extended   and J.C. Slater extended   and J.C. Slater extended  
                               this theory:                               this theory:                               this theory:                               this theory:
a) a) a) a) Extent of overlapping of the electronExtent of overlapping of the electronExtent of overlapping of the electronExtent of overlapping of the electron wave  wave  wave  wave 
functions determine the strength of a bondfunctions determine the strength of a bondfunctions determine the strength of a bondfunctions determine the strength of a bond
                    
[ maximum overlap=strongest bond][ maximum overlap=strongest bond][ maximum overlap=strongest bond][ maximum overlap=strongest bond]

b) Out of two b) Out of two b) Out of two b) Out of two orbitalsorbitalsorbitalsorbitals of identical stability or  of identical stability or  of identical stability or  of identical stability or 
energy the one energy the one energy the one energy the one with more directionally with more directionally with more directionally with more directionally 
concentratedconcentratedconcentratedconcentrated would form a stronger bond. would form a stronger bond. would form a stronger bond. would form a stronger bond.
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VALENCE BOND THEORY  VALENCE BOND THEORY  VALENCE BOND THEORY  VALENCE BOND THEORY  [text][text][text][text]
                                                    LinusLinusLinusLinus    PaulingPaulingPaulingPauling and J.C. Slater and J.C. Slater and J.C. Slater and J.C. Slater extended this theory: extended this theory: extended this theory: extended this theory:
a) Extent of overlapping of the electron wave functions determine a) Extent of overlapping of the electron wave functions determine a) Extent of overlapping of the electron wave functions determine a) Extent of overlapping of the electron wave functions determine 
the strength of a bondthe strength of a bondthe strength of a bondthe strength of a bond
     [ maximum overlap=strongest bond]     [ maximum overlap=strongest bond]     [ maximum overlap=strongest bond]     [ maximum overlap=strongest bond]
b) Out of two orbitals of identical stability or energy the one with b) Out of two orbitals of identical stability or energy the one with b) Out of two orbitals of identical stability or energy the one with b) Out of two orbitals of identical stability or energy the one with 
more directionally concentrated would form a stronger bond.more directionally concentrated would form a stronger bond.more directionally concentrated would form a stronger bond.more directionally concentrated would form a stronger bond.

c) s-spherically symmetricalc) s-spherically symmetricalc) s-spherically symmetricalc) s-spherically symmetrical

d) The direction of bond forming orbitals will decide d) The direction of bond forming orbitals will decide d) The direction of bond forming orbitals will decide d) The direction of bond forming orbitals will decide 
the direction. e.g. the direction. e.g. the direction. e.g. the direction. e.g. PxPxPxPx    ––––    PxPxPxPx overlap will be in x direction. overlap will be in x direction. overlap will be in x direction. overlap will be in x direction.
    
e) When a bond is formed e) When a bond is formed e) When a bond is formed e) When a bond is formed along x-direction,along x-direction,along x-direction,along x-direction,
                    PPPPyyyy ,  ,  ,  , PPPPzzzz  orbitals   orbitals   orbitals   orbitals wilwilwilwil remain as it is. remain as it is. remain as it is. remain as it is.
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COVALENT BOND FORMATION ((((Valence Bond TheoryValence Bond TheoryValence Bond TheoryValence Bond Theory))))

 In order for a covalent bond to form between  In order for a covalent bond to form between  In order for a covalent bond to form between  In order for a covalent bond to form between 

 two atoms,  two atoms,  two atoms,  two atoms, overlap overlap overlap overlap must occur between the must occur between the must occur between the must occur between the 
orbitals containing the valence electrons.orbitals containing the valence electrons.orbitals containing the valence electrons.orbitals containing the valence electrons.

 The  The  The  The best overlapbest overlapbest overlapbest overlap occurs when two orbitals are  occurs when two orbitals are  occurs when two orbitals are  occurs when two orbitals are 
allowed to meet allowed to meet allowed to meet allowed to meet ““““head onhead onhead onhead on”””” in a straight line. in a straight line. in a straight line. in a straight line.
    

  When this occurs, the atomic orbitals merge to   When this occurs, the atomic orbitals merge to   When this occurs, the atomic orbitals merge to   When this occurs, the atomic orbitals merge to 
form a single bonding  orbital and aform a single bonding  orbital and aform a single bonding  orbital and aform a single bonding  orbital and a

    ““““single bondsingle bondsingle bondsingle bond”””” is formed, called a  is formed, called a  is formed, called a  is formed, called a sigma (sigma (sigma (sigma (σσσσ) bond) bond) bond) bond.... 
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MOLECULAR SHAPES:VALENCE BOND THEORY MOLECULAR SHAPES:VALENCE BOND THEORY MOLECULAR SHAPES:VALENCE BOND THEORY MOLECULAR SHAPES:VALENCE BOND THEORY 
(VBT)(VBT)(VBT)(VBT)

                      Valence Bond Theory:                      Valence Bond Theory:                      Valence Bond Theory:                      Valence Bond Theory:
• HHHH2222 forms due to overlap of two 1s orbitals. forms due to overlap of two 1s orbitals. forms due to overlap of two 1s orbitals. forms due to overlap of two 1s orbitals.

• FFFF2222  : Electron densities from Electron densities from Electron densities from Electron densities from p-subshellp-subshellp-subshellp-subshell    
electrons overlap to produce a bond in Felectrons overlap to produce a bond in Felectrons overlap to produce a bond in Felectrons overlap to produce a bond in F2222....

• CHCHCHCH4444: The 1s orbital of hydrogen must The 1s orbital of hydrogen must The 1s orbital of hydrogen must The 1s orbital of hydrogen must 
overlap with overlap with overlap with overlap with the 2s and 2p orbitals of the 2s and 2p orbitals of the 2s and 2p orbitals of the 2s and 2p orbitals of 
carbon.  carbon.  carbon.  carbon.  
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LIMITATIONS LIMITATIONS LIMITATIONS LIMITATIONS 
of VALENCE BOND THEORY  of VALENCE BOND THEORY  of VALENCE BOND THEORY  of VALENCE BOND THEORY  [text][text][text][text]

VBT doesnVBT doesnVBT doesnVBT doesn’’’’t explain :t explain :t explain :t explain :
    a] the formation of coordinate bonda] the formation of coordinate bonda] the formation of coordinate bonda] the formation of coordinate bond

  b] The formation of odd electron molecules   b] The formation of odd electron molecules   b] The formation of odd electron molecules   b] The formation of odd electron molecules 
e.g. e.g. e.g. e.g. HHHH2222++++ , NO,  O , NO,  O , NO,  O , NO,  O3333  etc. where no electron   etc. where no electron   etc. where no electron   etc. where no electron 
pairing takes place.pairing takes place.pairing takes place.pairing takes place.

  c] the paramagnetic nature of Oxygen.  c] the paramagnetic nature of Oxygen.  c] the paramagnetic nature of Oxygen.  c] the paramagnetic nature of Oxygen.

d] structure of molecules involving d] structure of molecules involving d] structure of molecules involving d] structure of molecules involving resonance resonance resonance resonance 
and hybridization.and hybridization.and hybridization.and hybridization.

15/01/2013 8Chemi/DIT-2013



15/01/2013 Chemi/DIT-2013 9

MOLECULAR ORBITAL THEORYMOLECULAR ORBITAL THEORYMOLECULAR ORBITAL THEORYMOLECULAR ORBITAL THEORY
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Fig. 10.34 MO Diagram of NFig. 10.34 MO Diagram of NFig. 10.34 MO Diagram of NFig. 10.34 MO Diagram of N2222
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1.Ligands1.Ligands1.Ligands1.Ligands

2.Coordination number2.Coordination number2.Coordination number2.Coordination number

3.Coordination sphere3.Coordination sphere3.Coordination sphere3.Coordination sphere
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Fe = 26Fe = 26Fe = 26Fe = 26

(+3)(+3)(+3)(+3)

[Fe(CN[Fe(CN[Fe(CN[Fe(CN6666)])])])]3-3-3-3-
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Fe = 26Fe = 26Fe = 26Fe = 26

(+3)(+3)(+3)(+3)
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paramagneticparamagneticparamagneticparamagnetic

dddd2222s ps ps ps p3333 [Fe(CN)[Fe(CN)[Fe(CN)[Fe(CN)6666]]]]3-3-3-3-
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KKKK4444 [Fe(CN [Fe(CN [Fe(CN [Fe(CN6666)])])])] [Fe(CN)[Fe(CN)[Fe(CN)[Fe(CN)6666]]]]4-4-4-4-

(+2)(+2)(+2)(+2)
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KKKK4444 [Fe(CN [Fe(CN [Fe(CN [Fe(CN6666)])])])] [Fe(CN)[Fe(CN)[Fe(CN)[Fe(CN)6666]]]]4-4-4-4-

(+2)(+2)(+2)(+2)
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[Fe(CN)[Fe(CN)[Fe(CN)[Fe(CN)6666]]]]4-4-4-4-

diamagneticdiamagneticdiamagneticdiamagnetic
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paramagneticparamagneticparamagneticparamagnetic spspspsp3333dddd2222

xxxx

Fe = 26Fe = 26Fe = 26Fe = 26

(+3)(+3)(+3)(+3)

[Fe(H[Fe(H[Fe(H[Fe(H2222O)O)O)O)6666 ] ] ] ]3+3+3+3+
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paramagneticparamagneticparamagneticparamagnetic
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Ni = 28Ni = 28Ni = 28Ni = 28

diamagneticdiamagneticdiamagneticdiamagnetic
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diamagneticdiamagneticdiamagneticdiamagnetic
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