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The physical interpretation as well aa the accuracy 01' structural

parameters derived :from spectroscopic effective moments ot inertia 1a

limited by vibration-rotation perturbat10ns~ It haa recently been shown,

however, that the ef:f'ective moments may be converted to the momenta of the

average JOOlecu.lar configuration by corrections which involve only the har

monic vibrational force constants .. l ,2 To a good approximation, the entire

effect ot anharmonicity is absorbed in displacing the average configuration

trom the equilibrium one, and this usualJ::l gives tbe dominant part ot the

zero-point vibrational contributions to moments of inertia. 2,3 Thus, often

the isotopic dependence ot the zero-point effects, which presents the

chief difficulty in structure a.nalysis I is primarily due to the isotopic

variation ot the average molecular configuration. In thia paper, we shall

consider the mgnitud.e 01' these isotopic variations and their influence on

structure determinations.

lio is now well established that deuterium 8ubatitution has an appre...

ciable effeet on the average JIlOleeular structure. 3, 4 For heavier atoms;

isotopic variations in average structural parameters are qUite small, as

illustrated 1n Table I. These slight isotopic cb.anges in the actual. param-

eters can give rise to much larger errora in calculated pa.~ters, however,

as the usual methods of' structure ana~s::I.s magnify the effect of isotopic

var1ations. Fig. 1 illustra.tes this for a linear triatomic molecule. If

replacing an end atom ~ by a heavit:r isotope shr:Lll:s the RJ.2 and R23 bonds

by 8
1

a.nd 8
3

, then the molOOUt of inertia 16 chancc:d by
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(1)

where zi is the zero-point average distance of m
i

from the center of mass,

~ = }'~/M', and the pr~s refer to the substituted species. Similar

equations obtain :for 5ubs'titution of ~ or~. As the factors 2m{z{ and

~z3 which magnify °1 and 03 are negative, the apparent coordinate 1'i

2
calculated from ~'i '" III is always too small in nngnitude. The apparent

bO~ lengths ~ J:I '2- 11 and ~3 may be e1ther too sn:all or too large,

however. In Fig.. 1 the errors in the apparent coordinates were evaluated

~ ~~ -4·for ~1 =1. sUbstitutions 1n 0 C S by assuming B = 10 A for the bond

or bonds adJacent to the substituted atom. The masses of ~ and ~ were

varied, with other parameters fiXed, in order to examine the role of

distance from the center at mass. '!'he error in ~2' which is relatively

large even tor z2 > 0 .. 5 A, is catastrophic when z2 is small, rmd -a2
becomes im9.ginary within the shaded regions.

S1m1lar consideratd.ons explain the large variations in the
H U
l' bondo

lengths of OCS shown in 'rable II. ThUD, the rcclllt;:; derived :from th0 f'j;CSl.:.

two pairs of isotopes can be account,cd :for uith 0 I G simiJAr to those of'

Table I for the C018 and CS3h bonds, \lhereas the close agreement of the

; 1 ~
results for the third ~.cLl i'ourth p3.1rs is eXIx~cted if' the 0 S for C~.... and.

334 substitution 8.1'13 ::::'cu~~l11:y "",dditiire·

It is also fOUl"~l. tk:.t "r tl structures,5 ,,,hile clisplaying much better
s

isotopic conGi;;;t,mcy tt:J.H r structures, can devi:.lu seriously f'rom the
o

actw::.l strllctL'.l"e. J!'CJ1' :::10J:8 complicated IJJDlecules, :cclationa ana.logouo to

(1) inlic<.:.te tlut 88',":;1'2.1 0:l:!."lI2Ples of apparent structural peculiar!ties

Cdl 1,2 o.tt,ributed to tlL-:; nc-glect of the isotopic vD.l'iatlons.
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Table I. Variation of effective and average bond
l.engths of CO and CS molecules.

Molecule r r (r) Ret.
e 0

22016 1.1282 1.13088 1.13228 a

C13016 1.13082 1.13219
22018 1.13081 1.13219
C130lB 1.13075 1.13209

C12S32 1.5349 1.53771 1.53917 b

C12S34 1.53768 1.53913
C13832 1.53762 1.53905

,
~. Rosenblum, A. lie l~thercot, and C. H. :L'Ownes,

Pby"s. Rev. .!Q2, 400 (1958).
'h
-R. C. 1·1ock1er and G. R. Bird, Phys. Rev .. 2Q, 1.837 (1955).

Tab1.e II. Variation of' effective bond lengths ot OCS.

i i

Isotopic pairsa r (CO) r (CS)o 0

016C12S32,oiBc12S32 1.1552 1.5653
016c12s32,016C12sj4 1.1647 1.5576
016c12s32,o16c13s32 1.1629 1.5591
01601283\,o16c13s34 1,.1622 1. 5(9,.4

~om C. H. Townes and A. L. Schalllow I Hicrollave
SpectroscoJ2l (McGraw-Hill Book Co., Inc., N.Y.,
1955 ), p. li2.
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person acting on behalf of
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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
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mation, apparatus, method, or process disclosed in
this report.

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


