
Introduction to multiconfigurational quantum chemistry

H2 in a minimal basis
EXERCISE:

(1) Show that the Hamiltonian matrix for H
2

can be written in the basis of the two single-determinant
states |1�↵

g

1��

g

i and |1�↵

u

1��

u

i as follows,

[Ĥ] =

2

4

E
g

K

K E
u

3

5 , where

for i = g, u, E
i

= 2h
ii

+ h1�
i

1�
i

|1�
i

1�
i

i, h
ii

= h1�
i

|ĥ|1�
i

i, K = h1�
u

1�
u

|1�
g

1�
g

i.

(2) In the following, we use the minimal basis consisting of the two 1s atomic orbitals. Explain why, in the

dissociation limit, E
g

= E
u

and K =
1

2
h1s1s|1s1si > 0 .

(3) Conclude that, in the dissociation limit, the ground state is multiconfigurational and does correspond
to two neutral hydrogen atoms with energy E

g

�K.
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