HYBRIDIZATION

A linear ombination of the orbitals of same atom is called “hybridization”. The combination of n-
atomic orbitals of an atom generates ‘n’ hybrid orbitals.

The hybrid orbitals have better directional properties and can form stronger bonds.
The important consideration is that.

I The hybrid orbitals must be equivalent, which means that a symmetry operation of the
molecule can transform one hybrid orbital into another
Il. It must be normalized
Il. It must be orthogonal

s-p hybridization
the combination of one 2s and one 2p orbital, giving two hybrid orbitals ¥; and ¥, may be
expressed as.

¥ = ayWps + bWy (1)

W, = a;Wys + bWy (2)
The values of the linear combination coefficient a4, by, a,, b, may be determined by the following
considerations.

. W, &Y, are normalized
.  W¥; &YW, are orthogonal, and
. ¥, &W¥, are equivalent
From Ist condition (normalization)

f‘l’lz dt

-[‘PZZ dt
= a22 + b22 =1 (4)

From (ii) condition (orthogonality)

fl'pllpz dT = f(all'ng + bll'IJZp) (azlpZS + bzlpzp)d‘[ = O

alzflpzj dr + blszzpz dr + 2a1b1fw25w2p dr =1

> a2+ b =1 (3)

a22 f q”zsz dT + b22 f l‘pzpz dT + 2a2b2 f l‘pzsl‘pzp dT =1

= aa, J LlJZSZ dt + a1b2 -[ l‘pzsl‘pzp dt + b1a2 j l'pzpl'pzs dt + +b1b2 -f l.Iszz dt=0

= aa, + b1b2 =0 (5)

Sine the s-orbital is sperically symmetrical and the two hybrid orbitals ¥; &Y, are equivalent, the
share of ‘s’ function is equal in both ¥; &Y, i.e.

a12=a22=%0ra1=a2=% (6)
Then from equation (3) we have
a’+b*=1
We have



Or
b1 = - (7)
So that,

Y, = % (LIJZS + lpZp) (8)

Further from equation (5)

alaz + ble = 0

we have
L 1,1 1
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1
Therefore
1
Vo= (W5 — lIJ2p) (10)

Where ¥,&W¥, are given by equations (8) and (10) represent two sp-hybrid orbitals.
Directional characteristics of s-p hybrid orbitals can be determined as follows.

Using the normalized f,(0) X f3($) i.e Y(0,d) for 2s and 2p- orbitals and choosing 2p,, for
example , as 2p orbital, we get the two sp-hybrid orbitals as:

‘P1=? —+\/;cose‘
v, =%[\/Tlﬂ—&cos 6] (11)

we get the functions which determine the directions of the two hybrid

and

Taking out the factor — \/_

orbitals

f1=—[1+\/3c059]

<|

and

=%[1—\/3c056] (12)



The function f; & f, are maximum for = 0 (i.e in the +z direction) and 8 = Tt (i.e in the -z direction)

respectively. The value of maximum in either case is 1;—\2/3 = 1.932, which is greater than that for the

pure 2s orbital (f = 1) or a 2p orbital (f = V3 =1.732. While the simple p, — orbital is directed along
both +z and -z directions, an sp-hybrid orbital is directed towards only either +z or -z and the angle
between the two being 180°. The polar plots of f; and f, for various values of 0 are shown below.
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sp-hybrid orbital

sp-hybrid orbital
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Polar plots of sp-hybrid orbitals

The angle between two hybrid orbital is calculated using the relation.
s character of hybrid orbital
1 — s character of hybrid orbital

cosf = —

sp-hybridization is responsible for linear structure of acetylene



sp> — HYBRIDIZATION

Wave function of sp> hybrid orbitals

For the three hybrid orbitals, we may write

vi.

Lpl = aleS + bllppx + Cllppy
Lpz = az“ps + bzlppx + Czlppy
Lp3 = a3‘~p5 + b3lppx + C3lppy

Since the charge density of s orbital is equally divded among the three hybrid orbitals, we
get
1. 1
a;? = a,? = asz? =jileam=a=a=7
If we assume '¥; to point towards x-axis, then the contribution of p,, orbital in this will be
zero, i.e

C1:0

Normalization condition of ; gives

. 1
Since a; = 73 we get

Orthogonal conditions of ¥; & W, and W; & W5 gives
a1a2 + b1b2 = 0
a1a3 + b1b3 = 0

Hence
T 1/3 __ 1
? by f2/3 V6
a;as 1/3 1

Normalization condition of ¥, gives a,? + b,> + c,2 = 1
Hence
1 1 1 1
sz = 1_(a22+b22): 1_<§+g) =35 Orcz = 7=

Normalization condition of W5 gives
a32 + b32 + C32 = 1



1 1 1 1
C32=1_(a32+b32)=1—<§+g)=§OT‘C3=—ﬁ

(For ¥, and W; to be different, we take the mius root of c3)
Hence three functions are

1

W=+ 23, (1)

Y=Y -~y 4y 2

273 7's V6 Px 2 'Py ( )
1 1 1

v, _Elys_ﬁlppx+ﬁlppy (3)
Angle between the hybrid orbitals
Utilizing the expressions

p; = V3cos@

Py = V3 sin 0 cos ¥
Py = V3 5in 0 sin ¥

(Where 0 is tha angle which radius vector makes with z-axis and ¥ is tha angle which the projection
of radius vector in xy plane makes with x-axis)

we get,
1 2
Y, =—+— /3sinOcos¥
PV3 3
W, = < —— V3 sin0 cosW + =3 sin O sin ¥
= —— sin O cos — Sin O sin
V3 V6 V2

1 1 1
Y, =——— +/3sin0cos¥ — —+/3sinOsin¥
T V3 Ve V2

Since the p, orbital does not appear in the equation (1)-(3), we may conclude that all three orbitals
lie in the xy-plane for which angle 0 is equal to 90°. thus, the above relation become

1
‘Pl—E+2cos‘P (4)
-1 _1 3/ i
W, = cos¥+ f /o sin¥ (5)
-1 _1 — 13/«
W3 =7 — 5 cos¥ /o sin¥ (6)
Let W; have its maximum on x-axis. In order to find the direction of maximum of ¥,, we equate
av,
v 0. Thus, we have

d¥ 1
d_LpZ = Esin‘l’+ fg/zcos‘P =0



Or

tan¥ = — [3/,.V2 = —V3 = -1.7322

Hence W = 120°
Thus the three hybrid orbitals are inclined at an angle of 120° with each other.

Shape of the hybrid orbitals

The function W; will have its maximum, say on x-axis, for which ¥ = 0. This maximum relative to s-

orbital has avalue of 1 + V2 = 2.414 . In comparison to p,, orbital (6 = 90°, ¥ = 0, maximum =
1.732 ), the sp® orbital is better in overlapping with the orbital of another atom. The function

W, , W, &Y; when plotted against different values of W give the orbitals as shown in the following
figure.

e
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Wave function of sp> hybrid orbitals

For the four hybrid orbitals, we may write
¥ =a;¥s + bW, + cl‘Ppy +dq ¥,
W, = a¥s + bW, + czll’py + d,%¥p,
W3 = az¥s + b3'¥p, + c3‘Ppy + d; ¥y,

1'1"4 = a4,l'p_5‘ + b4l'ppx + C4lppy + d4‘quz

i.  Since the charge density of s orbital is to be distributed equally over all the four orbitals, we

get
2 2 2 2 _ 1. 1
a” =a, =a3 = Q4 =Z|.ea1=a2=a3=a4=5
ii.  Letusdevelop'¥; on the x-axis. It is obvious that the combination of ¥, &W¥, inthe
function W; will be zero and hence we may write

c;=0andd; =0

iii.  Normalization condition of ¥; gives

2 2 1 3
a12:b1 =10rb1 :1—(112:1—2:2

Hence

b_\/3
172

iv.  Orthogonal conditions of ¥; and ¥, ,¥; and W3, and ¥; & ¥, gives
a,a, +byb, =0
a,az + bb; =0
a,a, + biby =0

Hence



b =bs=b :_a1a2:_1/4:_1
S by V3/2 23

v.  We assume that ¥, lies on xz-plane. Hence the contribution of p,, in ¥ will be zero i.e

Cr = 0
vi.  Normalization condition of ¥, gives a,? + bzz + dzz =1
Hence
1 1 1 2
dy” =1—(az” +b,") = 1_(Z+ﬁ> =1-gordy’= |3

vii.  Orthogonal conditions of ¥, and W5 ,and ¥, & ¥, gives
a2a3 + b2b3 + d2d3 =0
aArAy + b2b4, + d2d4 =0

Hence
boby /g +1/
a2a3 + 203 4_ 12 1
d3 = d4 = — = — = — —
d; 2 V6
3
viii.  Normalization condition of W5 gives
a32 + b32 + C32 + d32 =
i.e
! + ! +c32 + L,
2 127 T
, 1 1
3 50T €3 = N

Hence the four functions are

Wy =W +£wpx

1
W, =W - Mw +flppz
1 1

I{J3 =ELIJS 2\/_LP +\/_Lp ﬁquz
Y=Y —— P Ly g

2 2v/3 Px N7 py_ﬁ Pz

Angle between the hybrid orbitals

Utilizing the expression

=+/3cos0



Py = V3 sin 0 cos ¥
by = V3sin @ sin ¥
we get,

1 3
v, =§+7 (v/35in 6 cos ¥)

1 1 2
Y, =———— (v/3sinBcos¥)+ |=(v/3cosHO
=557 ¢ ) ﬁ( )

1

1 : 1 o
‘{1325— \/§Sm9cos‘{’)+ﬁ(\/§smesm‘{’)—\/6 V3 cos 0)

—(
23
Py, = 1(x/§'e ¥) 1(x/§'e'lp) 1(\/§ 0)
=——— sinBcos¥) — = sinfsin¥) —— cos
"2 243 2 V6

Let W; have its maximum on x-axis, for 6=90° & W=0°. Thus, the relative magnitude of ¥; on x-axis
1+3_2
2 2

This may be compared with the value of 1.732 of the p, orbital.

We have assumed the function W, to lie on the xz-plane. We take W=180° for this plane. Substituting
this value of ¥ in ¥,, we get

1 1
‘{’2=§+§ sin® + V2 cos 0

. dw
Setting d_ez =0, we get

1
EcosG—\/Esin6=0

Or

1
tan © V2 2828 0.35

Hence 8 = 19°28’

Since O is the angle between the axis of W, and the z-axis, the angle between the axes of ¥; &¥, is
90° + 19°28’ = 109°28'.

The spatial arrangement of the four hybrid angles is tetrahedral.



Shape of the hybrid orbitals

Is given in the following diagram.
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