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) Benzene
The HMO wave function for benzene is

Y= +CP:t C3p3 + Codpy + C5Ps + Csd’s

and the secular equations in terms of x are,
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C1X + C; + ¢ = 0

€y + CX + C3 =0
Cy + C3x + ¢y =0

(

C3 + C4X + C5 =0

Ca+cesx+cg =0

Cy +cs+cgx =0/

The corresponding determinant is,

X 1 0 0 0 1

1 X 1 0 0 0

0 0 0 1 X 1

1 0 0 0 1 x

The determinant can be expanded into the polynomial,

x6—6x*+9x2—4=0

which can be factorised as

(x+2)(x-2)(x2-1)?=0

...(9.106)

..(9.107)

...(9.108)

...(9.109)

The equation leads to the following six roots and cbrrespondingly six energy levels:

x] E] j
x=-2  Ei=a+2p 1 — Lowest bonding HMO
X, =1 E,=a+p g] — Doubly degenerate
s Es=a+f bonding HMO’s
x4 =+1 E,=a-p g} — Doubly degenerate
e = +1 Es=a-f antibonding HMO’s
x6 =42 E6 =a- ZB 6

—Highest antibonding HMO.



Of these E;, E; and Ej levels correspond to bonding MO’s. Each of thesé bonding
MO’s can hold two m-electrons with antiparallel spins. The six 7-electrons of benzene
occupy these three bonding orbitals of low energy (Fig. 9.7). On the other hand, E,, E.
and E¢ levels correspond to antibonding MO’s. However, two of the bonding energy
levels (E, and E3) and two of the antibonding levels (E, and Es) are degenerate.

Total m-electron energy,

Er=2(a+2pB)+2(a+p)+2(ax+p)=6a+8p ..(9.110)
n-bond energy= 6a + 8f — 6a = 8f
If we assume that benzene consists of three localised single bonds and three

localised double bonds, the energy of the molecule should be the sum of the energies of
three -bonds. The energy of the three ethene units is

3(2a + 2B) = 6a + 6. |
Delocalisation energy= 6a + 88 — 3(2a + 2p) = 2

Therefore, Benzene is more stable than three ethylene molecules by an energy of
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Fig. 9.7. Molecule energy level diagrams for planar cyclic polyenes: CyHy

The molecular orbitals with bonding energies By, By and Ey are ¥y, ¥, and ¥s
respectively. Therefore the ground state electronic configuration of the molecule is

Yivi. ¥l



The HMO Functions:
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or

or

or

bonds are not true double bonds.

Py == (B1+ by + by + by + s+ Po) -

Yo =5 (61— 3 = Pa + b6)

Py =35 (1 + b2 = b4~ ¢s)

V3 = = ($1 + 202 + b3 — $4 — 205 — G6)
W3 = = (61 — b2 = 265 — da + &5 + 26)
Yo =2 (B — b3 + D4 — P6)

Yy == (1= b2 + bs — $5)

b = 7= (9 = 20+ B + by — 205+ 60)
W5 = 7= (61 + §2 = 205 + G4 + b5 — 2¢6)
s = 7= ($1 = $2 + b3 — by + Ps — o)

Electron Density:
12 1\? 1 \2
%=2x(ﬁ)+2x&)+2x(ﬁ9 =1.0
Similarly, 92 = q3 =G4 = qs = 4 = 1.0

Charge Density: Using the coefficients of HMO’s, we get
g;=10, and §=1-q;=1=1=0
Bond Order:
Al b = LRI T e
P12—Zx(ﬁxﬁ)+2x(2x0)+2x(mx 12)_3
1

P =2x (3 3)+2x (0%-1) 23 () =

127 V12
Alternatively,
1.1 Lo 1 1y_2
PIZ_ZX B \/g)+2x ZXZ +2X(\/ﬁ _—\/ﬁ = -
Ppa=2x%(=x—)+2x (2 Ll _2)_2
23 - \/E)+ (sz +2><( 7 s/'ﬁ)—a

Similarly,

P34=P45=P56=P61=§

This shows that (i) all the six € — € bonds in benzene are equivalent, and (ii) the

The conclusions are supported by experimentally
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observed bond length (1.39 A%) in benzene which is intermediate between that of a single
(1.54 A®) and a double (1.33 A°) bond.

Free Valence:

Fy = 1732 = (P, + Pgy) = 1.732 = (G + 3) = 0.40
F, = 1.732 = (P, + P,3) = 1.732 — (g + §) = 0.40

It can be easily verified that

F1=F2=F3=F4=F5_=F6=0.40



