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Conjugated Hydrocarbons
Conjugated hydrocarbons have alternating single and double bonds
In the Lewis structure.

The network of m-bonds leads to delocalization of electrons, which
gives additional stability.
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Types of Chemical Bonds in Hydrocarbons

o-bond m-bond




A5 Theyl orotut AmE=

Types of Chemical Bonds in Hydrocarbons
Example: ethylene (C,H,)

o-bond network m-bond network Is —2p,: nonbonding

The o-bond network (1s of H atoms and sp? of C atoms) and =-bond
network (2p, of C atoms) can be separately considered.
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Huckel Molecular Orbital Theory

Assumption: the property of the planar conjugated hydrocarbons will
be mostly determined by 2p, orbitals that forms a delocalized network.

Other orbitals are still important as they form the shape of the molecules.

Similar to what we did for H,*, we calculate the molecular orbitals by
applying variational principle to the atomic 2p, orbitals.

------- ¢1 — cll¢1 + ClQCbQ
—
Yo = Ca1P1 + Co209

Atomic orbitals Molecular orbitals



it

2L st B}t 2

— L -1

Ethylene

The secular equation for ethylene is

Hy1 — ES11 Hio — ESio

— 0,
Hoy — ES9y Hog — E S

where the values of the integrals are
S11 :/|Cb1|2dT:1, 822:/|qb2\2d'r:1,
S12 = /¢T¢2 dr ~ 0, So1 = /¢§¢1 dr ~ 0,
Hi = /gb;ﬁgbl dr = o, Hoy = /¢;ﬁ¢2 dr =a, (a>0)

H12:/¢Tﬁ¢2d’r:5, H21:/¢§ﬁ¢1 dr=p3. (8<0)

tot

1%
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Ethylene
As a result, the secular equation becomes
a—F B 0
B a—FE 7

and expanding the determinant and the solving for E gives two roots:
E1:@+B, Egza—ﬁ.

Inserting each root in the secular equation and solving the
simultaneous equation

() ()= ()

yields the coefficients for molecular orbitals.

tot

1%
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Ethylene

In summary, the molecular orbital diagram for ethylene is as below:

Molecular orbital Nodes Energy

1
%02:%(%—@52) 8 8 1 Ey=a—p

|OF

tot

Py = i(!51-|-¢2 8 8 0 ‘1 EFi=a+p
(8 <0)

E?T,CQH4 — 20& —1_ 2/6
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We assume that the integrals in the secular equation only become
significant for self- and nearest-neighbor interactions,

. 1 tm=n

( .
Q0 if m=n

Hpn = fqbfnﬁcbn dr =< [ if m # n, adjacent

0 if m # n, non-adjacent
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Butadiene

The secular equation becomes

Hi1 — ES11 Hiz — ESi2
Ho1 — ES31  Hag — ES>
H31 — ES31  H3zo — ES39
Hy — ESy1 Hys — ESy0
a—F 15 0
B I5; a—F 15
0 5] a—F
0 0 15

where we have defined

Hi3 — ES13 His — ESi4
Haz — ES33  Hay — ESay
H3z — ES33 Hzy — ES34
Hyz — ESy3 Hyy — ESyy
0 z 1 0 O
O | 41 = 1 0
8| b 0 1 = 1
a—F 0O 0 1 =«

JH
|OF

tot



Butadiene

Expanding the matrix gives
z* —32°+1=0,

which gives four roots

~ +1.618,

r =

1
N x/52+

The molecular orbitals are
Yy ~ 0.37¢1 — 0.60¢2 + 0.60¢3 — 0.37¢4,

W3 ~ 0.600; — 0.37¢9 — 0.37¢3 + 0.60¢4,
Vo ~ 0.6001 + 0.37dy — 0.37¢3 — 0.600.,
W1 ~ 0.37d1 + 0.60p5 + 0.60¢3 + 0.37¢4,

b—1
:I:\/_2

~ =0.618.

Eis~a—1.6180,
F3 ~a—0.6180,
Ey ~ a4+ 0.618p3,
Ey ~ a4+ 1.61885.

b
==

tot

1%
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Butadiene
Molecular orbital Nodes Energy
1y Eg;g; 8 3 By~ a— 161883
3 8 i 8 8 i 8 5 Es ~ o — 0.6183
P2 8 8 E 8 8 1 H Ey ~ a+0.6185
v R 8 8 2 0 'l By ~ o+ 1.6183
(6 <0)

Erc,u, = 4o+ 4.4728

A810U3
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Comparison to Experimental Observation

1,3-pentadiene 1,4-pentadiene
T -
H ! G 3 C_5 _H H ! C C
N~ TN TN
C/2 C 4 C< C 2 4 C/
| | | "H | / \ |
H H H H H

Ei14~FE;+2E; coH,
= F, + 2(2a + 20)
— F, +4a + 45

Ei3~ Es + Er o, H,
— B, + 4a + 4.4728

Ei3—FE14=04728 ~ 0472 x (—75 kJ mol~ ') = =35 kJ mol ™"
AH¢3 — AHgy = —31kJ mol ' (experiment)
13
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Benzene 1
Ve = %(él G2 + ¢3 — b4+ 5 — P6)
s = (261 b — b0+ 204 — 65 — b0
s = (62— b+ 65 = 90
s = (201 + 02 — 0u = 201 — b5 + )
o = (62 + 6a = b5 — b0)
1 = (61 + 02+ s+ 01 + 05+ )

McQuarrie, D. A.; Simon, J. D. Physical Chemistry: a Molecular Approach, Ch. 10 15



