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A number of investigators have published
the polarizahility of hydrogen molecule cal-
culated by the variation!™ and perturbation
method. #5 The polarizability calculation of
Ishigaree, et al,® by 11+10 terms and 11-+9
terms James-Coolidge type wave functions gave
the polarizability value of hydrogen molecule
which is very close to the experimental value.
The polarizability of hydrogen molecule is
calculated in this work, using the perturbation
method. The modified form of the first order
correction term of wave equation was derived
by Lennard-Jones, using quantum mechanical

method’.
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Substituting the modified form of the first order
correction term of the wave equation into the

second order correction of energy leads to the

modified form of the second order correction of

energy.

E{® =38 (& ~E:®) 14,2
=3'Hy/ Hy | (B0~ E;) @
Ei®=(g| |40/ E—Hyf |ES
+3'H;/H,/ES/ELES—ES) (3)

where &' =ux,y or z and H,;;'=<{|H |9,

The polarizability which is the induced electric
moment per unit field is given by®
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where
g=z, y or 2z

Substituting equation (3) into (4) gives the
expression for the polarizability of the molecule.
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Table 1. The polarizability of hydrogen molecule (1072 cm3).

Excited s | b
state This work | Easope | Expl®® | This work | Eastrope | Expl M
(19)%,25 | 8720 543 | | se2 | 514
157, 25,2, | 0.700 0.59 — -
,20%, | L | 0.9 | — -
15, 2.1, J — ’ — ] ’ 1287x2 | 0.42x2 |
1,325 | 008 | 008 | -~ -
Ln3p%, | 023 0.18 - -
L, 370, | — - 0.126x2 | 0.003x2 |
Total | s 728 | 1028 oz | ss | 7w
ar—a 3. 062 .60 | | - - —
(@ | sa 81 | - - —

Following Mrowka®, the Heitler-London wave
functions are assumed to represent the ground
state of the hydrogen molecule and following
Eastrope, the important contributions to the
polarizability of the hydrogen molecule are

assumed to come from the following terms,

1s,, 25,° 2,
15,4, 35,12,

L5, 2p5' 2,
150: Bpn‘lzu

1s,, 2p: 1 ,(double)
154, 3pI,(double)

The wave functions which were derived by the
method of Kemble and Zerner'® were adopted
to represent the above terms. The polarizability
contributions from the above terms for the hy-
drogen molecule along the Z and Y axis were
calculated, substituting the dipole moment ma-
trix elements for those terms calculated by the
expansion method for spherical harmonics!?:12,
The calculated polarizability tensor components
for the hydrogen molecule are listed in Table 1
with Eastrope values and the experimental
values.

As shown in Table 1, the calculated values
in this work are closer to the experimental

values than those of Eastrope. The above good
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results are due to an improvement of the call

culation method compared to Eastrope’s work.

REFERENCE

1) J. D. Hirschielder,

(1935).
2. ].G. Kirkwood, Phys. Z., 33, 57 (1932).

3. C.J. Slater and J. G. Kirkwood, Phys.
37, 682 (1931).

4. G. Steinholt, Phil. Mag., 38,748 (1947).

5. R. 8. Mulliken and C. Riebe, Rep. Prog.
Phys., 8, 231 (1941).

6. E. Ishigra, et al., Proc. Phys.

J. Chem. Phys., 3, 553

Rev.,

Roc., 65A, 178

(1952).

7. E. E. Lennard-Jones, Proc. Rog. Soc., 139,
598 (1930).

8. C.D. Lastrope, Proc. Camb. Philo. Soc., 32, 260
(1936).

9. Z. Mrowka, Phys. 76, 300 (1932).

10. Kemble and Zerner, Phys. Rev., 33, 512 (1529)..

11. S. Ahn, to be published.

12. S. Ahn, to be published

13. H. Meger, and A. Scheig, Theoret.. €him. Act.
(Berlin), 29, 375 (1973).

14. H. S. Hush and M. L. William,. Chem.
Letters, 5, 507 (1970).

Phys.



