ORGANIC
MO theory (Delocalisation energy)
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Schrodinger equation
AY = E¥

(H = Hamiltonian operator E = energy value ¥ = electronic wave
function)

Multiple each side by ¥ and then integrate over all space

[ YAY dt =] YEY dt

| wA¥ dr

E= [ wwdr

If consider a diatomic molecule with LCAO, ¥yp = c101 + 0,

E= J (c191 + c202)H(C101 + C2002) dT
[ (c101 +c292)% dr

E =f (C1<P1HC1<P1 + C1(P1I:IC2(P2 +C2‘P2HC1§01 + Cz<p2H62§02) dt
f ((312</’12 + 2¢101C,0, + C22§022) dt

_ ¢{Hyy + 2cicHi, + c3Hp,
cZS11 + 2¢1¢,81, + €255,

Overlap Integral

f‘P1 Podt = S;;
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Coulomb Integral and Resonance Integral

J@iHp;dt = Hy; H;j = a (i = j) Coulomb Integral
B (i # j) Resonance Integral

The Coulomb integral o gives the energy of an electron occupying the orbital i
in the isolated atom i . a is always negative and its absolute value increases
with the electronegativity of i.

Resonance Integral , an intregal that determine energy of a electron in the field
of two atom i and j involving the orbital ¢; and ;

Solving , secular determinant

H,, - ES,, H,, - ES,,

1
=

H); = ESy; Hy, = ESy

S.P



Ethylene

H,C=—=—=CH,
Hy;, - ES;; Hy, - ES;,
H;, -ES;, H,, - ES,,
X 1
=0
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x2-1=0

x = %1

x = %1

Putting the value into x =%
EL=a+p

E, =a—-p

Total m energy E; =20 +2f
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Energy level diagram for Ethylene
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Cyclobutadiene

4 3
),
secular determinant
Hl] - ESll H]Z _ ESIZ
HZl _ E‘SZI HZE - ESEE
H31 — ESEI H32 — ESEE
Hy —ESyy  Hyp —ESy
«EB 0 B
B oEpPp O
0 B oE B
B 0 B oF
x 101
1x10
=()
01 x 1
101 x
X=-2, Ei=a + 20
X = 0, E2 =E3 = a
X =2, E4 =a — 28

H13 o ESIS
H23 - E523
H33 - ESEE
H43 - ES43
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Hiy — ESy4
Hyy — ESyy
H3, —ES3| =0
Hyy —ESuy
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The two energy levels E; and E; are degenerate (doubly degenerate
non-bonding levels).

The Hiickel energy level diagram for cyclobutadiene is shown below

E.=0-2P -
E.=a E,=0 4 #
E,=a+2p k2

Total menergy (E;) = 2(a + 2B) + 2a = 4a + 4f

D.E = E, — Eethylene = 4a + 4 — 4a — 45 = 0

1, 3- butadiene
CH,= CH-CH= CH,

secular determinant of 1, 3- butadiene

a-E B 0 0 a—FL
B o-E B 0| X =
o B o-E B | B
0 0 P ooa-
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e
—_— e = O

R

x*-3x2+1=0

x = 1.618,—-0.618,0.618,+1.618

a—E
B

Putting the value into x =

El = a + 1.6188
E,= a + 0.6188
E;= a — 0.6188
E,= a — 16188

Energy level diagram for 1, 3- butadiene

Energy
4 a-1.618 B
o —0.618 B
P — a+ 0618 B
a+ 1.618PB
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Total T electron energy

E, = 2(a+1.618F) + 2(a + 0.618p)

E, = 4a + 4.48p

D.E= (4a + 4.48F) — (4a+4p) = 0.48p

Benzene

secular equation for benzene

a—E P 0 0 0 B
B a-E 0 0
0 B a-E 0 0
0 0 B a—-E P 0
0 0 B o-E P
i 0 0 0 B a-E

S.P




x=x1,+1,%2
. ) a—FE
Putting the value into x = ——

B
Ei=a+2p
E,=E;=a+f
E,=Es=a-p
Ec=a+ 20

Energy level diagram for Benzene
E f — - 2[3
a-1p — —o-1p

Totalmenergy E,; = 6 a+ 8
D.E =2p
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Energy of cyclic and acyclic planar systems

oems | T 2
Cc=cC 2 g =o+f
(01) g, =u—f
= 4 2, =o+1.6180p
(02) 2, =a+0.61808
e, =a—0.6180p
2, = u—1.6180p
I | a gy =a+2f
g=g,=0
(03) g, =a—2
N\/ & 2, =0+1.7974p
g, =o+1.2404p
(04) 2, =o+04214p
g, =0—04214p
£, =0—12404p
2, =a—1.7974p
g =g =o+fi
gy =8, =0—
(05) 2, =a—2p
//f\/yf\\f\/f,ﬁ 8 g =a+1.8792%
(06) £, =o+1.5320p
g, =a+p
gy, =+ 034720
£, =a—03472p
g; =o—f
g, =a—1.533208
g, =0—1.87920
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