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Ŝ

z
sy

m
m

et
ry

,
ho

w
m

an
y

de
te

rm
in

an
ts

ca
n

be
fo

rm
ed

?
If

th
er

e
ar

e
N

�
(N

�
)

el
ec

tr
on

sw
ith

�
(�

)
sp

in
,i

n
n

or
bi

ta
ls

,
on

e
ca

n
ke

ep
M

s
�x

ed
by

m
ov

in
g

th
e

�
an

d
�

el
ec

tr
on

ss
ep

ar
at

el
y.

T
he

re
ar

e
ve

ry
m

an
y

w
ay

s
to

do
th

is
!

N
de

t
=

0 B @
n N

�

1 C A

0 B @
n N

�

1 C A
:



N
um

b
er

of
M

s
=

0
D

et
er

m
in

an
ts

(C
S

F
's

in
pa

re
n

th
es

es
)

N
um

b
er

of
el

ec
tr

on
s

O
rb

ita
ls

6
8

10
12

10
14

:4
�

10
3

44
:1

�
10

3
63

:5
�

10
3

44
:1

�
10

3

(4
:9

5
�

10
3
)

(1
3:

9
�

10
3
)

(1
9:

4
�

10
3
)

(1
3:

9
�

10
3
)

20
1:

30
�

10
6

23
:5

�
10

6
24

0
�

10
6

1:
50

�
10

9

(3
79

�
10

3
)

(5
:8

0
�

10
6
)

(5
2:

6
�

10
6
)

(3
00

�
10

6
)

30
16

:5
�

10
6

75
1

�
10

6
20

:3
�

10
9

35
3

�
10

9

(4
:5

6
�

10
6
)

(1
72

�
10

6
)

(4
:0

4
�

10
9
)

(6
2:

5
�

10
9
)



F
ul

l
C

I
is

Im
pr

ac
tic

al

�
A

b
ou

t
1

bi
lli

on
de

te
rm

in
an

ts
is

th
e

lim
it

of
w

ha
t

ca
n

be
re

ac
he

d
to

da
y

fo
r

Fu
ll

C
I

co
m

pu
ta

tio
ns

.
T

hi
s

re
qu

ire
s

hi
gh

ly
op

tim
iz

ed
co

m
pu

te
rc

od
e!

�
Fo

r
a

de
te

rm
in

an
t

ba
si

s,
th

is
m

ea
ns

ab
ou

t
12

el
ec

tr
on

si
n

20
or

bi
ta

ls
,o

r1
0

el
ec

tr
on

si
n

30
or

bi
ta

ls
.

M
os

tly
di

at
om

ic
s.

�
N

ee
d

to
se

pa
ra

te
th

e
\m

or
e

im
p

or
ta

nt
"

de
te

rm
in

an
ts

fr
om

th
e

\le
ss

im
p

or
ta

nt
."

A
co

m
m

on
w

ay
:

tr
un

ca
te

C
I

ex
pa

ns
io

na
cc

or
di

ng
to

ex
ci

ta
tio

n
le

ve
l.



C
la

ss
i�c

at
io

n
b

y
S

ub
st

itu
tio

n
(\

E
xc

ita
tio

n"
)

C
la

ss
es

T
he

H
ar

tr
ee

-F
oc

k
\r

ef
er

en
ce

"
de

te
rm

in
an

t
j�

0
i

sh
ou

ld
be

th
e

le
ad

in
g

te
rm

.
E

xp
ec

tt
he

im
p

or
ta

nc
e

of
ot

he
rc

on
�g

ur
at

io
ns

to
dr

op
o�

ra
pi

dl
y

as
th

ey
su

bs
tit

ut
e

m
or

e
or

bi
ta

ls
.

Le
t

j�
ab

���
c

ij
���

k
i

de
no

te
a

de
te

rm
in

an
t

w
hi

ch
di

�e
rs

fr
om

j�
0
i

by
re

pl
ac

in
g

or
bi

ta
ls

ij
��

�k
w

ith
ab

��
�c

.

j	
i

=
c 0

j�
0
i

+
P

ca i
j�

a i
i

+
P

cab ij
j�

ab ij
i

+
P

cab
c

ij
k
j�

ab
c

ij
k
i

��
�

R
ef

er
en

ce
S

in
gl

es
D

ou
bl

es
T

rip
le

s
��

�



E
xa

m
pl

es
of

E
xc

ita
tio

n
Le

v
el

s

8 > > > > < > > > > :

"

9 > > > > = > > > > ;
8 > > > > < > > > > :

"#

#

"#

9 > > > > = > > > > ;

S

8 > > > > < > > > > :

"#
9 > > > > = > > > > ;

8 > > > > < > > > > :

"# "#

9 > > > > = > > > > ;

D

8 > > > > < > > > > :

" "#

9 > > > > = > > > > ;
8 > > > > < > > > > :

#

"#

9 > > > > = > > > > ;

T

8 > > > > < > > > > :

"# "#

9 > > > > = > > > > ;
8 > > > > < > > > > :

"#

9 > > > > = > > > > ;

Q



H
o

w
to

ob
ta

in
C

o
e�

ci
en

ts
?

�
V

ar
ia

tio
na

lly
:

T
hi

s
is

th
e

co
n�

gu
ra

tio
n

in
te

ra
ct

io
n

m
et

ho
d.

F
in

d
th

e
co

e�
ci

en
ts

w
hi

ch
m

in
im

iz
e

th
e

to
ta

l
en

er
gy

.
E

qu
iv

al
en

t
to

di
ag

on
al

iz
in

g
Ĥ
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jĤ

jS
i

hD
jĤ
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