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rö
d
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h
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v
e
fu
n
c
tio

n
fo
r
a
p
a
rtic

u
la
r
sy
ste

m
(
e
.g
.

a
to
m

o
r

m
o
le
c
u
le
)
is
o
b
ta
in
e
d
b
y
so
lv
in
g
th
e
S
c
h
rö
d
in
g
e
r
e
q
u
a
tio

n
:

Ĥ
ψ
=
E
ψ
,

w
h
e
re

Ĥ
is

th
e
H
a
m
ilto

n
ia
n
o
p
e
ra
to
r
(w

e
d
o
n
’t

n
e
e
d
th
e

e
x
a
c
t
d
e
fi
n
itio

n
o
f
Ĥ

fo
r
n
o
w
).

•
T
h
e
S
c
h
rö
d
in
g
e
r
e
q
u
a
tio

n
is
a
p
a
rtia

l
d
iff
e
re
n
tia

l
e
q
u
a
tio

n
.

•
T
h
e
w
a
v
e
fu
n
c
tio

n
ψ
is
a
n
e
ig
e
n
fu
n
c
tio

n
o
f
Ĥ

w
ith

th
e
e
ig
e
n
-

v
a
lu
e
E

(w
h
ic
h
sp
e
c
ifi
e
s
th
e
e
n
e
rg
y
).
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In

o
rd
e
r
to

u
n
d
e
rsta

n
d
th
e
n
a
tu
re

o
f
b
o
n
d
s
a
n
d
th
e
p
ro
p
e
rtie

s

o
f
m
o
le
c
u
le
s
c
h
e
m
ists

n
e
e
d
to

so
lv
e
th
e
S
c
h
rö
d
in
g
e
r
e
q
u
a
tio

n

fo
r
v
a
rio

u
s
sy
ste

m
s
a
n
d
o
b
ta
in

th
e
w
a
v
e
fu
n
c
tio

n
ψ
fo
r
th
e

sy
ste

m
.

•
T
h
e
w
a
v
e
fu
n
c
tio

n
s
fo
r
a
to
m
s
a
re

c
a
lle
d

a
to

m
ic

o
rb

ita
ls
a
n
d

th
e
w
a
v
e
fu
n
c
tio

n
s
fo
r
m
o
le
c
u
le
s
a
re

c
a
lle
d

m
o
le
c
u
la

r
o
rb

ita
ls.

•
E
a
c
h
o
rb
ita

l
c
a
n
a
c
c
o
m
m
o
d
a
te

2
e
le
c
tro

n
s
o
f
th
e
o
p
p
o
site

sp
in

(le
t’s

ju
st

sa
y
th
a
t
th
e
sp
in

is
so
m
e
p
ro
p
e
rty

o
f
th
e

e
le
c
tro

n
).
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r
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q
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is

so
lv
a
b
le
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n
ly

fo
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v
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ry

sim
p
le

sy
ste

m
s,
lik
e
th
e
h
y
d
ro
g
e
n
a
to
m

(th
a
t
h
a
s
o
n
ly
o
n
e
e
le
c
tro

n
)
.

•
T
h
e
re
fo
re

m
a
n
y
th
e
o
rie

s
u
se

d
iff
e
re
n
t
te
c
h
n
iq
u
e
s
to

try
a
n
d

a
p
p
ro
x
im

a
te

th
e
w
a
v
e
fu
n
c
tio

n
ψ
.

•
S
e
m

ie
m

p
iric

a
l
m
e
th
o
d
s
u
se

a
sim

p
le
r
H
a
m
ilto

n
ia
n
th
a
n
th
e

c
o
rre

c
t
o
n
e
a
n
d
a
lso

u
se

p
a
ra
m
e
te
rs
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h
o
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v
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p
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c
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c
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b
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c
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n
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o
n
d
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b
e
n
z
e
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e
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s
o
u
t
th
a
t
H
ü
c
k
e
l
th
e
o
ry

a
n
d
g
ra
p
h
-sp

e
c
tra

l
th
e
o
ry

(fo
r

p
la
n
a
r
c
o
n
n
e
c
te
d
u
n
d
ire

c
te
d
g
ra
p
h
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d
e
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h
e
H
ü
c
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o
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c
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la
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a
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a
p
p
ro
x
im

a
te
d
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s
a
lin
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r

c
o
m
b
in
a
tio

n
o
f
a
to
m
ic

o
rb
ita

ls.

•
T
h
e
H
ü
c
k
e
l
m
o
le
c
u
la
r
o
rb
ita

ls
(v
ie
w
e
d
a
s
v
e
c
to
rs)

a
re

in
fa
c
t

th
e
e
ig
e
n
v
e
c
to
rs

o
f
th
e
a
d
ja
c
e
n
c
y
m
a
trix

.

•
T
h
e
e
ig
e
n
v
a
lu
e
s
o
f
th
e
a
d
ja
c
e
n
c
y
m
a
trix

(th
e
ro
o
ts

o
f
th
e

c
h
a
ra
c
te
ristic

p
o
ly
n
o
m
ia
l)
a
re

th
e
e
n
e
rg
ie
s
c
o
rre

sp
o
n
d
in
g
to
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e
H
ü
c
k
e
l
m
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c
u
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L
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t
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−
b
e
th
e
n
u
m
b
e
r
o
f
n
e
g
a
tiv

e
ro
o
ts

o
f
th
e
c
h
a
ra
c
te
ristic

p
o
ly
n
o
m
ia
l,
N

0
b
e
th
e
n
u
m
b
e
r
o
f
z
e
ro

ro
o
ts

a
n
d
N

+
b
e
th
e

n
u
m
b
e
r
o
f
p
o
sitiv

e
ro
o
ts.

•
N
−
,
N

0
a
n
d
N

+
c
o
n
ta
in

im
p
o
rta

n
t
in
fo
rm

a
tio

n
a
b
o
u
t
th
e

m
o
le
c
u
le
.
F
o
r
e
x
a
m
p
le
,
sta

b
le

m
o
le
c
u
le
s
a
lw
a
y
s
h
a
v
e
N

+
=

N
−
a
n
d
N

0
=

0
.

•
T
h
e
m
o
le
c
u
la
r
o
rb
ita

ls
w
ith

e
n
e
rg
y
0
a
re

c
a
lle
d

n
o
n
-b

o
n
d
in

g

m
o
le
c
u
la

r
o
rb

ita
ls

(N
B
M

O
s)
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−
,
N

0
a
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d
N

+
c
a
n
b
e
c
a
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d
b
y
ju
st

lo
o
k
in
g
a
t
th
e
c
h
a
r-

a
c
te
ristic

p
o
ly
n
o
m
ia
l.

D
e
n
o
te

th
e
c
h
a
ra
c
te
ristic

p
o
ly
n
o
m
ia
l
b
y

P
(G
,x
)
=
a
0
x

N
+
a
1
x

N
−
1
+
...
+
a

N
.
It
h
o
ld
s
th
a
t:

a
N
=
a

N
−
1
=
...
=
a

N
−

N
0
+

1
=

0

a
N
−

N
0
6=

0

C
h
(a

0
,a

1
,...,a

N
−
1
,a

N
)
=
N

+
,

w
h
e
re

C
h
d
e
n
o
te
s
th
e
n
u
m
b
e
r
o
f
sig

n
c
h
a
n
g
e
s
in

th
e
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q
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n
c
e
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E
x
a
m
p
le
:
p
e
n
ta
le
n
e
(C

8
H

6
):

T
h
e
c
h
a
ra
c
te
ristic

p
o
ly
n
o
m
ia
l
is
P
(G
,x
)
=

x
8
−
9
x
6
+

2
4
x
4
−

4
x
3
−
1
6
x
2
+

8
x
.
W
e
se
e
th
a
t
a
8
=

0
,
b
u
t
a
7
6=

0
.
T
h
e
re
fo
re

N
−
N

0
+
1
=

8
y
ie
ld
in
g
N

0
=

1
.
W
e
c
a
n
a
lso

c
a
lc
u
la
te

N
+
=

C
h
(1
,−

9
,2
4
,−

4
,−

1
6
,8
)
=

4
a
n
d
N
−
=

8
−
N

+
−
N

0
=

3
.

S
in
c
e
N

+
>
N
−
a
n
d
N

0
>

0
w
e
p
re
d
ic
t
th
a
t
th
e
c
o
m
p
o
u
n
d
is

u
n
sta

b
le
,
w
h
ic
h
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c
o
rre

c
t.
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c
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s

•
C
h
a
in
s
(e
.g
.
lin
e
a
r
p
o
ly
e
n
e
s
a
n
d
n
-a
lk
a
n
e
s):

P
(L

n
,x
)
=
x
P
(L

n
−
1
,x
)
−
P
(L

n
−
2
,x
)

•
T
re
e
s
(e
.g
.
b
ra
n
c
h
e
d
a
lk
a
n
e
s):

th
e
stra

te
g
y
is
to

b
re
a
k
th
e

tre
e
in
to

c
o
n
stitu

tin
g
c
h
a
in
s
a
n
d
to

u
se

th
e
fo
rm

u
la

P
(T
,x
)
=
P
(T
−
e,x

)
−
P
(T
−
u
−
v
,x
)

•
C
y
c
le
s
(e
.g
.
c
y
c
lo
a
lk
a
n
e
s):

P
(C

n
,x
)
=
P
(L

n
,x
)
−
P
(L

n
−
2
,x
)
−
2
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b
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b
e
r
o
f
v
e
r-

tic
e
s.

•
T
h
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c
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c
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T
h
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th
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e
v
e
n
A
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s
th
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n
u
m
b
e
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o
f
N
B
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O
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is
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v
e
n
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n
d
fo
r
o
d
d
A
H
s
th
e
n
u
m
b
e
r
o
f
N
B
M
O
s
is
a
t
le
a
st

1
.

•
T
h
e
p
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g
th
e
o
re
m

h
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re
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h
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c
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c
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b
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b
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e
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c
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b
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c
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c
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c
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n
a
n
c
e

e
n
e
rg

y
:

R
E
=
E

a
ctu

a
l
co

m
p
o
u
n
d
−
E

r
ef

er
en

ce
str

u
ctu

r
e .

T
h
e
c
h
o
ic
e
o
f
th
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c
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b
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