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The physical interpretation as well as the accuracy of structural
paraneters derived from spectmécopie effective moments of inertia is
Jimited by vibration-rotation perturbations. It has recently been shown,
however, that the effective moments may be converted to the moments of the
average molecular configuration by corrections which involve only the har-

monie vibrational 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
gero~-point vibrational contributions to moments of imrtia.e’ 3 Thus, often
the isotopic dependence of the zero-point effects, which presente the

chief difficulty in structure snalysis, is primarily due to the isotopic
variation of the average molecular configuration. In this paper, we shall
consider the magnitude of these isotopic variations and their influence on
structure determinations.

It 18 now well established that deuterium subatitution has an appre-
ciable effect on the average molecular structure.B’u For heavier atoms
isotopic variations in average structural parameters are quite small, as
{llustrated in Table I. These slight isotopic changes in the actual param-
eters can give rise to much larger errors in calculated parameters, however,
as the usual methods of structure analysis magnify the effect of isotopic
variations. Fig. 1 illustrates this for a linear triatomic molecule. If
replacing an end atom my by & heavier isotope shrinks the Rl2 and R23 bonds

by 61 and &_, then the moment of inertia is changed by
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AL = pz"i + e(ml'-zisl - m3z3'63), (1)
where zy is the zero-point average distance of oy from the center of mass,
Bo= MAnl/M' , and the primes refer to the substituted species. Similar
equations obtain for substitution of m, or my. As the factors amiz]'_ a;nd
2m32§ vhich magnify &) and 8, are negative, the apparent coordinate §,
calculated from u?f = AT 1s alwvays too small in magnitude, The apparent
bond lengths &, = j3,-% and 6223 may be either too smll or too large,
however. In Fig. 1 the errors in the spparent coordinates were evaluated
for fm, = 1 substitutions in 0™c12532 vy agsuming & = 107 A for the bond
oxf bonds adjacent to the substituted atom. The masses of m, and m, vere
~ varied, with other paramcters fixed, in order to examine the role of
distance from the center of mass. The error in }2, vhich is relatively
large even for %, > 0.5 A, 1z catastrophic vhen z, is small, and 9,
becomes imaginary within the shaded regions.

Similar consideratdions explain the large variations in the "ro " bond
lengths of OCS shown in Tgble XY. Thus, the resulic derived from the first
two pairs of isotopes can be sccounted for with 8'c similar to those of
“l‘a.‘ble I for the 0303~8 and CSBL'“ bonrds, whereas the close agreement of the
results for the third :ud rourth palrs is cxpected if the 8's for C-5 and
S3h substitution are roughly additives

It is also fowl that ”rs" structures,5 while displaying much better
isotoplc consistency than £ structures, can deviatc seriously from the
actusl structure. oy more complicated molecules, relations enalogous to
(1) indieste that several cxzamples of apparent structural peculiarities

cep be abtributed to the aeglect of the isotopile variations.
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Table I. Variation of effective and average bond
lengths of CO and CS molecules.

Molecule r, r, (r) Ref.
012016 1.1282 1.13088 1.13228 a
t30%0 1.13082  1.13219

1218 1.13081  1.13219

1318 1.13075  1.13209

18532 1.53%9  1.53771  1.53917 b
123" 1.53768  1.53913

¢*3g32 1.53762  1.53905

%3, Rosenblum, A, H. Nethercot, and C. H. Townes,
Phys. Rev. 109, 400 (1958).
3. C. Mockler snd G. R. Bird, Phys, Rev. 98, 1837 (1955).

Table YI. Variation of effective bond lengths of 0OCS.

Isotopic pairs® ro( co) ro( cs)

0012532 oWBed2538 g 51,5653
010c1232 o16c1253% 5 g7 1.5576
01612532 (1613532 4 6pg  1.5501
Y6 12g34 01601333"‘1 1.1625 1,559k

8prom C. H. Townes and A. L. Schavlow, Microvave
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. 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

B. 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.

<
= )OM ,
%’< WVW




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

