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1. 
B

enzene absorbs at 260 nm
, corresponding to the H

O
M

O
 – LU

M
O

 
transition. 

 

(a) 
W

hat is the spectroscopic value of β in eV
 and Joules. 

(b) 
C

alculate the total energy of the π
 electrons in benzene using this 

value 
(c) 

A
n isolated C

=C
 π

 bond has energy σ + β. W
hat is the total energy 

of the π
 electrons in three C

=C
 bonds 

(d) 
U

sing your answ
er to (b) and (c), w

hat is the arom
atization energy? 

2. 
D

raw
 a circle and inscribe an equilateral triangle inside such that one 

vertex lies at the 6 o’clock position. The points at w
hich the tw

o figures 
touch are the π

 energy levels. 

3. 
R

epeat for 4, 5 and 6 m
em

bered rings. 

  

Appendix)

T
h
e
"fo

llo
w
in
g
"is
"a
"d
e
riv

a
5
o
n
"o
f"th

e
"e
n
e
rg
y
"fo

rm
u
la
"fo

r"m
o
le
c
u
la
r"o

rb
ita

ls
"o
n
"a
"rin

g
."

φ
1 

φ
2 

φ
3 

φ
4 

φ
5 

φ
6 

n
n

j

n
n

j

n
ij

n
ij

φ
π

φ
π

∑ ∑

=
±

=
±

$% &
'( )

=
Ψ

$% &
'( )±

=
Ψ

61

*

61

6 2
exp

6 1
6 2

exp
6 1



S
in
c
e
"th

e
"s
in
"a
n
d
"c
o
s
"w
a
v
e
fu
n
c
5
o
n
s
"a
re
"d
e
g
e
n
e
ra
te
,"w

e
"m

a
y
"m

a
k
e
"lin

e
a
r"

c
o
m
b
in
a
5
o
n
s
"o
f"th

e
s
e
"to

"m
a
k
e
"n
e
w
"s
o
lu
5
o
n
s
."It"w

ill"s
im

p
lify

"th
e
"m

a
th
e
m
a
5
c
s
"to

"

u
s
e
"th

e
s
e
"c
o
m
p
le
x
"fo

rm
s
"o
f"th

e
"w
a
v
e
fu
n
c
5
o
n
s
."W

e
"c
a
n
"n
o
w
"d
is
5
n
g
u
is
h
"

b
e
tw

e
e
n
"th

e
"tw

o
"d
e
g
e
n
e
ra
te
"s
o
lu
5
o
n
s
"a
s
"±j,"w

h
ic
h
"is
"lik

e
"g
o
in
g
"a
ro
u
n
d
"th

e
"rin

g
"

o
n
e
"w
a
y
,"o
r"th

e
"o
th
e
r."

com
plex)w

avefunc%ons)
(

)
(

)
(

)θ
θ

θ
j

i
j

ij
sin

cos
exp

±
=

±

(
)
(

)
∫

∑
∫ ∑

∫

+
+

+
+

+
+

+
+

+
+

=

#$ %
&' (

#$ %
&' (−

=

Ψ
Ψ

=

=
=

τ
φ

φ
φ

φ
φ

φ
φ

φ
φ

φ
φ

φ

τ
φ

π
φ

π

τ
ε

d
c

c
c

c
c

c
H

c
c

c
c

c
c

d
n

ij
H

n
ij

d
H

n
n

n
n

6
6

5
5

4
4

3
3

2
2

1
1

6
*6

5
*5

4
*4

3
*3

2
*2

1
*1

61

61

*

ˆ
6 1

6 2
exp

ˆ
6 2

exp
6 1

ˆ

energies)

α
#

β#

T
h
e
"in
te
ra
c
5
o
n
"b
e
tw

e
e
n
"a
n
"o
rb
ita

l"a
n
d
"its

e
lf"is

"α
,"th

e
"C
o
u
lo
m
b
"in
te
g
ra
l."

T
h
e
"in
te
ra
c
5
o
n
"b
e
tw

e
e
n
"a
n
"o
rb
ita

l"a
n
d
"a
n
"a
d
ja
c
e
n
t"o

n
e
"is
"th

e
"R
e
s
o
n
a
n
c
e
"in
te
g
ra
l,"β

."

T
h
e
"in
te
ra
c
5
o
n
"b
e
tw

e
e
n
"n
o
n
Oa
d
ja
c
e
n
t"o

rb
ita

ls
"is
"ig
n
o
re
d
."

ignored 



(
)
(

)

!" #
$% &

+
=

! !" #
$ $% &

!" #
$% &+

+
!" #

$% &+
+

=

+
+

+
+

+
+

=

!" #
$% &

!" #
$% &−

=

∫

∑
∫ ∑

=
=

N
j

N
ij

N
N

ij
N

N
N

d
c

c
c

H
c

c
c

d
N n

ij
H

N n
ij

N

N
N

N
N

n

Nn
n

Nn
j

π
β

α

β
π

β
π

α

τ
φ

φ
φ

φ
φ

φ

τ
φ

π
φ

π
ε

2
cos

2

2
exp

2
exp

1

...
ˆ

...
6 1

2
exp

ˆ
2

exp
1

2
2

1
1

*
2

*2
1

*1

1
1

energies)neighbours to the left 
to the right 

!" #
$% &

+
=

N
j

j
π

β
α

ε
2

cos
2


