CHEMICAL BONDING
4.2.1 Valence Bond Theory :

Valence bond theory was postulated by Heitler and London. This was extented
y Pauling and Slater to explain the shapes of the molecules as well as the direc-

of the ponds inthem . Itis based on the overlapping and hybridisation of atomic
als.The important postulates of this theory are as follows

1. Acovalent bond is formed by the overlap of two atomic orbitals.
2. The overlapping orbitals contain

later b
tions
orbit

unpaired electrons of opposite spins.

3. Each qf the bonded atoms retains its own atomic orbitals. But the electron pair in the
overlapping orbitals is shared by both atoms.

4. Greater the extent of overlap orbitals stronger is the bond formed.

5.As the atomic orbitals are directional , the bonds that result due to the overlap of

orbitalg are also directional. This gives the definite geometry to the covalent molecule.
f;. The mcregsed electron density due to the overlap of atomic orbitals of the two atoms
is along the internuclear axis and keeps two atoms attracted to each other. This gives
stability to the molecule.

Limitations : 1. Valence bond theory explains about valence electrons of the bonded
atoms. It does not explain about role of other electrons.

2. It does not explains the paramagnetism of molecule like oxygen.

3. It does not explain bond order.

4.2.2 Hybridisation :

“ The intermixing of atomic orbitals of almost equal energies of an atom result-
ing in the formation of equal number of identical orbitals” is called as Hybridisation. The
different types of hybridisation as below
SP Hybridisation : One s orbital and one p orbital mix to form two ‘sp' hybrid orbitals,

they have 50% s and 50% p character .Geometry of sp hybridisation molecule is linear
and bond angle is 180°.

Ex: BeCIz, CH, , BeF,

Sp? ﬂyLdis_a_tzigi'_:One s orbital and two p orbitals mix to form three sp? hybrid orbit-
;Ts-. they have 33% s and 66% p character .Geometry of sp? hybridisation molecule is
Trigonal planar and bond angle is 120°,

Ex: BCl,, CH,=CH,

SP?Hybridisation : One s orbital and three p orbitals mix to form four sp? hybrid
;bitals, they have 25% s and 75% p character .Geometry of sp®hybridisation molecule
is Tetrahydral and bond angle is 109°28".

Ex: CH,,NH, H,O,F,0 . &

SP3d Hybridisation : One s orbital and three p orbitals and one d orbital mix to form
ﬂ_ve spd hybrid orbitals.Geometry of sp*d hybridisation molecule is Trigonal bipyramidal
and bond angle is 90°, 120°.

Ex: PCl, ,PF,
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SP*d? Hybridisation : One s orbital and three p orbitals and two d orbitals r;lx ItO fzfm
six spd? hybrid orbitals. Geometry of spd? hybridisation molecule is Octahedral an
bond angle is 90°,
Ex: SF,
4.2.3 Structure of CIF; : o five SPd

In CIF, the central atom Cl undergo spd hybridisation, OUt_Of the ve th
hybrid orbitals, three contain unpaired electrons which overlaps d:rectﬂy with the three
p-orbitals of fiuorine atoms to form 3 ¢ - bonds. The un used two pairs of electrons
form the two equitorial positions of the trigonal bipyramidal. The structure of
CIF, is Trigonal bipyramid (or) T- Shape.

Cl-17 - 3s? 3p° 4d°

XX xx

@ M 1T F—Cl —F
™excited state ~ 3s°  3p* 4d' ’I:
M o] G117
™
sp

4.2.4 Structure of Ni(CO), :

In Nickel carbonyl central atom nickel undergo sp® hybridisation. _
Ni(28) - 3d® 4s? 4p°. The 4s? electrons entered to 3d orbital to give sta.bl'e cpnflgu-
ration 3d'® 4s° 4p°. Now the vacent 4s and 4p orbitals undergo sp® hybridisation to
give four vacent sp® hybrid orbitals. These accept lone pairs from four carbon monox-
ide molecules to form coordinate covalent bonds. Hence the structure is Tetrahydral.

Ni-28 - 3d° 4¢? ap°
AL @ [O1]
Ni - 3d" 4s° 4p°
AAETITT] O 2 CO143
|
sp®
CO
Ni
5 co
CO

Tetra hydral
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4.2.5 Molecular Orbital Theo

: _ 2. Molecular orpj d by Hund
and Mulliken. The Sailent features of this theo lta! iheory Was cleveloped by
1. Electrons of atoms are Prese y are

_ nt
are presentin molecy|ar orbitals
2. The number of molecy| i :
il combining arorbitals formed wi| be equal to the number of atomic
3.When two atomi [ i
e Bondingc n:);:mtals are combine , two molecular orbitals are formed. One is
o ecular orbital while the otheris called Antibonding molecular
4. The bonding molecylar orbital h

he bo as lower ener il the
anti bonding molecu|ar orbital, SIS e A O
5. Atomic orbitals are monocentri
orbitals are poly centric, j.e influe
6. The filling of electrons in mole

according to Hund'’s rule, Pauli’

exclusion principle and Aufbau principle.
Linear Combination of Atomic Orbitals - rnep

- According to wave mechanics , the atomic orbitals can be expressed by wave
functions () which represent the amplitude of the electron waves. These are solutions
of Schrodinger wave equation. t s difficult to solve for many electron systems. There-
fodre {:tl rgethod is known as Linear Combination of Atomic Orbitals (LCAO) has been
adopted.

In atomic orbitals where as electrons of molecules

ci.einfluenced by only one nucleous while molecular
nced by two nuclei.

Consider a homonuclear diatomic molecule, hydrogen which consists of two
hydrogen atoms A and B. Each hydrogen atom in ground state has one electron in 1s
orbital. The atomic of these atoms may be represented by the wave functions y,and
W The formation of molecular may be discribed by the linear combination of atomic
orbitals as shownby y . =y, +y,

Therefore the two molecular orbitals o and o * are formed as o=y, +y_ and
g*= Wa-We

The molecular orbital o formed by the o=y, + W, is called Bonding molecular orbital

while molecular orbital o* formed by o* = W, - Y, is called antibonding molecular
orbital.

Molecular
orbital

E . .
A Atomic orbital [ Atomic orbital
o*= Wa- Yg

WA wB
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Bond Order : Itis defined as half of the difference between the number of electrons

present in the bonding and anti bonding orbitals.

Bond Order (B.0) = 1/2[ N,-N, ] N, = no of bonding electrons
N, = no of antibonding electrons

If N, > N, then the molecule would be stable.
If N, = N, then the molecule is unstable and does not exist.

Bond order values 1, 2, 3 corresponds to single , double, triple bonds resply.
Bond order is directly proportional to Bond dissociation energy and Bond order is
inversely proportional to Bond length.
Magnetic nature : If all the molecular orbitals in a molecule are doubly occupied , the
substance is diamagnetic. If one or more molecular orbitals are singly occupied the
substance is paramagnetic.

Linear combination of various atomic orbitals give following molecular orbitals

Atomic orbitals Molecular orbitals
ala - @ Bonding orbital

no|de

S S
—_— % AntiBonding orbital
s §
% o overlap
% - Bonding orbital
Px p,
o* overiap
% Gxa L AntiBonding orbital
p.

'x Px
D) T overlap
_— cmem—————= fi0de Bonding orbital
pl p’ ]
E m* overlap
_— =27 =4-—< node AntiBonding orbital
|
Py Py node

The energy order of molecular orbitals is :
o1s <0*1s <0 2s<0*2s< 02p, < M2p =T2p,<W'2p =T*2p, < o*2p,
w2p,, W2p,and W2p, , W2p, have same energy.
Conditions for LCAO :
1. The combining atomic orbitals must have the same or nearly the same energy.
2. The combining atomic orbitals must overlap to the maximum extent.
3. The combining atomic orbitals must have the same symmetry about the molecular

axis. -1 46 :-
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Molecular Orbital diagrams :

L.N,:

1. Atomic number of Nitrogen

- . B 7
2. Electronic configuration of Nitrogen -1s22s22p.'2p.'2p,!
3. Total number of electrons in N, -747= 1:; t

4. Molecular orbital configuration of N 7
2

O 1s% 0" 152 5 252 0* 28217 2p 2 17 2p 2 ’
| P’ 0 2p,
5. Number of bonding electrons(nb) - 10 "

6. Number of Antibonding electrons (n,) -4

7.Bond Order = n.n_ /2 = 10-4/2.= 3

| /.\lnpl.e bond exist between two nitrogen atoms, and it as no unpaired electrons,
so it is a diamagnetic molecule.

The molecular orbital energy diagram for N, molecule is represented as in below

[T "2,
} 2P 2n le
7 N 17
n 2py ﬂ' 2pz
V]
E} a*2s
L
ki
28 2S
[11]
o2S
[1V]
o*s
1S
[
o1S
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1. Atomic number of Oxygen - 8 o i
2. Electronic configuration of Oxygen - 1s22s72p,2 2p," 2P,
3. Total number of electrons in O, -8+8=16

4. Molecular orbital configuration of O, -
o 1s2 0* 1s? 0 2s2 0* 2s? 0 2p2 T 2P,

5. Number of bonding electrons (n, ) - 10
6. Number of Anti bonding electrons (n,) - 6
7.Bond Order = n-n /2 = 10-6/2 = 2 _ _

A double bond exist between two oxygen atoms, and it contais un paired elec-
trons , so it is a paramagnetic molecule.
The molecular orbital energy diagram for O, molecule is represente

2qr 2p2 " 2p,' T 2P,

d as in below

[A4T4]
A 2p2p,2p, 2p, 2p, 2p,
NZp, m nzp:
o 2p,
[1]
o*2s
=)
Lg 25 25
[1v]
g 2S
o*1s
'
18 .18
[
018
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3.CO (Carbo%) .

1. Atomic number of Carbon

. . -6

2. Electronic configuration of Carbon -1s22522p 1 2p !

3. Atomic number of Oxygen 88 s‘2p,' 2p,

4. Electronic configuration of Oxygen -1s22s22p22p 1 2p !
5. Total number of electrons in co ok 1P4, Py 4P,

6. Molecular orbital configuration of CO

W2p 2w 2p2 g2p?
- 10
~ (n,) - 4
= nb‘nalz ] 10_4,2 - 3
A tripl i
ple F)Ond e>f|st between carbon and oxygen. Itis isoelectronic with N,. It
does not contain unpaired electrons, soitis a diamagnetic molecule.

The molecular orbital energy diagram for O molecule is represented as in below

0 1s? 0* 152 g 252 g* 2s?
7. Number of bonding electrons (n,)
8. Number of Anti bonding electrons
9. Bond Order

n 2p‘, T Zp,

[1V]

o's

Energy
<

28 | 28
[1v]

o2s

[1V]

o*1s

1S

[v]

g1s
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4. NO ( Nitric oxide ) :

1. Atomic number of Nitrogen -7

2. Electronic configuration of Ntrogen - 1s22572p,'2p,' 2 A
3. Atomic number of Oxygen - 8

4. Electronic configuration of Oxygen - 1s22522p,2 2p," 2P,
5. Total number of electrons in NO -7+8=15

6. Molecular orbital configuration of NO -
o 1s20* 1s2 0 2s2 0* 282 0 2p 2T 2p 2 2p7 T 2p,

7. Number of bonding electrons (n,) - 10
8. Number of Antibonding electrons (n_) - 5
8.Bond Order = n-n /2 =10-5/2 = 25 »

NO molecule exist , but unstable. It contain unpaired electron, so it is a para-
magnetic molecule.
The molecular orbital energy diagram for NO molecule is represented as in below

N NO 0

[1T4T4] n'2p, 2,
A20,20,20, N\ 2p, 2p, 2p,
ﬂ2p, HFI nzpl
o 2p,
1]
a*2s
B
ks 25 25
ag2S
[4V]
/ oS
[4V]
18 \
[4V]
g 1S
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4.2.7 Differences between Valence bond theory and Molecular orbital

theory : V.B.T M.O.T
1. Atomic orbitals are monocentric. 1. Molecular orbitals are polycentric.
2. Can not explains excited states. 2. Explains excited states in a
. molecule
3. Does not explains bond order. 3. Explains bond order, odd electron
bond
4. Does not explains para magnetism 4. Explains para magnetism of
of oxygen. oxygen.
5. Resonance plays an important role. 5. Resonance has no place in MOT
— Q) ) O
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