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NOTES

Centrifugal Distortion in Water and Hydrogen Sulfide?

It is the intent of this note to present specific results pertaining to the changes in molecular geometry
of water and hydrogen sulfide which arc induced by centrifugal effects in rotational states of the molecuies,
Hydrogen, deuterium, and tritium substitutions are considered. A general expression for centrifugally
induced geometry changes has been presented by Toyvama ef al. (1) but specific results included only
the symmctric forms of water, HO and D20, A sign error is present in that work but appears to be only

typographical, as the numerical results given are correct. The term p sin « in Eqg. (33) should be negative.
Considerable simplification occurs in the symmetric cases and a calculation of centrifugal distortion in
HDO, DTS, ctc., must procced from the most general approach.

THBLE 1. - Coefficients of Eq. (3) for Water and Hydrogen Sulfide?
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BA11 coefficients have been multiplied by 1075
associated with the lighter atom in the asymmetric species.

1This work supported by the U.S. Army Rescarch Oftice, Grant DAIICO4

Copyright © 1977 by Academic Press, Inc.
All rights of reproduction in any fuim reserved.

3

-

N}

0

anglas are in radians; " is

71 G 0034,

ISSN 0022-28352



NOTES 331

The general expression for the distortion eflects are given in Ref. () in matrix form

(R)cent = F[g'lG/;_‘B‘I'X, (1
where
Ar;
<R>ccut = Ara (2)
(rir)ida

and X is, in the case of the bent triatomic molecule. a nine component vector describing the position of
the three nuclei in a body fixed Cartesian coordinate system which is parallel to the molecular inertial
axes. I'g, Gy, B, and @ are defined in Ref. (/). As was shown by the authors of Ref. (/), it is convenient
to rewrite Eqg. (1) as

(Rdeent = pulPu?) + po(Ps?) + pc(P2), 3

where a, &, and ¢ designate the molecular inertial axes and (P2, etc.. are the expectation values of the
angular momentum component operators along the molecular equilibrium axes. These values may be
easily calculated for any specific rotational Ievel of a given molecule (2). The vector coeflicients Das
ps, and p. of Eq. (3}, which are defined in Ref. (1), have been evaluated and are presented in Table I
for water and hydrogen sulfide. Cocflicients for HL,O and .0 have been recalculated for completeness.
The force constants used are those of Cook, De Lucia, and Helminger (3, 4). As noted by the authors
of Refs. (3) and (4), model errors produce significant uncertainties in the values of the force constants.
The constants used are those obtained from infrared data with equal weighting. These uncertainties are
the primary limitation to the accuracy of the cocfiicients of this work and those of Ref. (7). Symimetric
forms of water and hydrogen sulfide distort symmetrically and only one coeflicient is necessary to de-
scribe the change in bond length. In the case of the asymmetric forms, changes in both bonds must be
specified. In Table I, 7 refers to the bond extending from the apex atom to the atom of least mass.
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