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The physical interpretation as well as the accuracy of structural

paramcters derived from spectroécopic effective moments of inertia is
limited by vibration-rotation perturbations. It has recently been shown,
however, that the effective moments may be converted to the moménts of the
average molecular configuration by corrections which involve only the har-
monic vidbrational force constants,l’a To a good approximation, the entire
effect of anharmonicity is absorbed in displacing the average configuration
from the equilibrium one, and this usually gives the dominant part of the
zero~-point vibrational coniributions to moments of inertia, =3 Thus, often
the isotopic dependence of the zero-point effects, which presents the
chief difficulty in structure snalysis, is primarily due to the isotopic
variation of the average molecular configuration. In this paper, we shall
congider the magnitude of these isotopic variations and their influence on
gtructure determinations.

It is now well egtablished that deuterium substitution has sn appre-

4 For heavier atoms.

ciable effect on the average molecular structure°3’
isotopic variations in average structural parameters are quite small, as
illustrated in Table I. These slight isotopic changes in the actual param-
eters can gilve rise to much larger errors in calculated parameters, however,
as the ususl methods of structure analysis magnify the effect of lsotopic
variations. Fig. 1 illustrates this for a linear triatomic molecule. If
Yeplacing an end aton my by a heavier isotope shrinks the R12 and R23 bonds

by 61 and 83, then the moment of inertia is changed by



N = m.’i + 2(mizi&l - mgzéBB), (1)
where N is the zero-point average distance of my from the center of mass,
i =m /M, and the primes refer to the substituted species. Similar
equations obtain for substitution of m, or my. As the factors om) 2 and
2m3z3" which magnify &, and 8y are negative, the apparent coordimate §,
calculated from u@f = Al 1s always too small in magnitude, The apparent
bond lengths G].z = 3,-% and %3 may be either too small or too large,
hoyrever. In Fig. 1 the errors in the apparent coordinates were evaluated
for fm = 1 substitutions in 016012532 by assuming & = 10~¢ A for the bond
oxf bonds adaacgnt to the substituted atom. The masses of my and m, were
varied, with other psrameters fixed, in order to examine the role of
distance from the center of mass. The error in 92, which is relatively

large even for z. > 0.5 A, is catastrophic when z, is swall, and 9,

2
becomes imaglnary within the shaded regions.

Similar consideratdons explain the large variations in the "rO" bond
lengths of OCS shown in Table IX. Thus, tlic results derived from the firsvu
two puirs of isotopes can be accouwnted for with 8's similar to those of
Table I for the C()j"8 and CSSH' bonds, whereas the close agreement of the
results for the third -3 vourth palrs is expected if the &'s for c'3 ane

SBh subsgtitution are roughly additives

1"

It is also found thuat "rs structures,5 while displaylng much better
isotoplc consistency than ro structures, can deviate seriously from the
actuzl structure. TFor zors compllieated molecunles, rclations analogous to

1) iundicote that several examples of apparent structural pecullarities
¢ P

con e abttributed to the neglect of the isotopice varilatlons.
[ )
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012332 1.53%9 1.53771 1.53917 b
ct2g3k 1.53768  1.53913

ct3g32 1.53762 1.53905
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Table YI. Variation of effective bond lengths of 0CS.

Isotopic pairs” ro(CO) ro(CS)

012532 o18c12532 g ye5p 1,5653
ot0c18532 o26c1253h ) ey 1.5576
ol6c12532 (1613532 3 1gng 15501
0161234 (1661353h 4 165 1.5594
%From C. H. Townes and A. L. Schawlow, Microvave
Spectroscopy (McGraw-Hill Book Co., Inc., N.Y.,

1955 ); p. 42.
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report was prepared as an account of Government

ed work. Neither the United States, nor the Com-
, nor any person acting on behalf of the Commission:

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the

Commission" includes any employee or contractor of the Com-

mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access

to,

any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.





