
© 1960 Nature Publishing Group

N~. 4749 November 5, 1960 NATURE 485 

The splitting produced in praseodymium nitrite 
strongly suggests a similar bridging strueture. For 
purposes of comparing band intensities, the spectrum 
of praseodymium nitrite is reproduced in Fig. 2. 
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CHEMISTRY 

Invariance of Molecular 'Inverse' 
Force-constants 

I N the quadratic form: 

V = r2:'~:Ekr8qrq8 (1) 

representing the harmonic approximation to the 
potential energy of a vibrating molecule, the 'force 
constants' krs depend on the definition of the internal 
co· ordinates gi used to represent small changes in 
the molecular configuration. For example, a full 
analysis1 of the vibrations of UNO. and "N0 2, with 
co-ordinates g, and g. the NO bond stretches, gives 
for the stretch and stretch-interaction constants 
kl1 == k' 2 and k , • the following values (in units 10' 
dynes/cm.): (i) 10 ·884 and 1·9914 and (ii) 15 ·507 
and 6 ·614 in the two cases where the third co
ordinate is (i) the ONO angle distortion and (ii) the 
change in 00 distance . Thus the interpretation and 
comparison of force· constants obtained by different 
co-ordinate analyses present difficulties, which 
naturally increase with molecular complexity. 

' Inverse' force·const.ants, hrs, may be defined as 
the elements of the matrix {hrs} inverse to {krs}. 
A changed definition or choice of the internal co
ordinates gr corresponds to a linear transformation, 
and the necessary invariance of V in (1) under this 
transformation implies that the hrs can be transformed 
like the dyad or set of products grg.. Thus if new 
co· ordinates g., ... , qn (lineal' combinations of the 
old g" ... , gn) are chosen, leaving the old gland g. 
as m embers of the new set, then the elements h l1 , 

h" and h •• are unchanged; and in general, the 
inverse force- constants corresponding to any un
changed co-ordinates are invariant. This can b e 
verified with precision by using full sets of force
constants k,. for N0 2 in cases (i) and (ii) above. 

This invariance of inverse force-constants holds 
similarly for the potential energy in the vibrations 
of a single symmetry class, where the krs are sym-

m etry ·co-ordinate force·constants, and a partial 
change is made in the choice of sYlluuetry co·ordin
ates. 

It has often been found useful tcntatively to 
transfer one or more force· constants k, .. , fron1 one 
fully analysed molecule to anoth er containing a 
s imilar atomic group. The prcsent considerations 
suggest that it might be m ore suitable to transfel· 
t he corresponding inve1 .. ~e force· constants h ),o' 
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cH lclllat ions. 

Re-assessment of the Electron-spin 
Resonance Splitting Constants of Several 

Well-known Free Radicals 
THE hyperfine splitting constants of the electron 

spin resonance spectra of several well·known free 
radicals in solution havc been re·mcasured recently. 
In some cases discrepancies with the values quoted 
in thc literature have been found. 

The particular case examined was tho detection 
and identification by electron·spin resonance of a free 
radical proriuced during the t,hermal cracking of 
hydrocarbons, as the p erinaphthenyl radical (it. 
is hoped to publish details of this work in due course). 
It was found that the values of th e splitting constants 
for the perinaphthenyl radical differed from those 
already reported' . In order to ch eck the calibration 
of th e magnetic field, the splitting constants of several 
well·known free radicals were m easured, and the 
values obtained in the presen t work are compared 
with those reported in t h e literature in Table 1. 
The accuracy of the magneti c field calibration is con· 
firmed by the agreement obtained for the last two 
free radicals listed. (Similar agreement has been 
obtained for several other free radicals.) 

Tn hIe 1. IIYPERFINE SPLITTING CONSTANTS FOIt FREE R.\DICALS IN 
SOLUTION 

I Rer. 1 
- ,--' 

llree radical I; Hyperfine splitting (oersted) 
This work JAterature 

------ --1-6.30 +._ 01 I 7'3 
P erinaphthenyl 1·82 _.. 0 ·05 2·2 
DPPH' • 8·9 ± 0·2 10 

5·9 + 0'1 4·9' 5'7 
Coppinger's t 1 '45 ± 0 ·05 J ·O; 1 '3 

i '" I 2 -; 3 

I 

Ha.nd Kt • 11 ·9 ± 0·2 13'0; 11·0 

p ·Benzoscmiquinone 2 '34 i: 0 ·05 : ~ :~ ~8 I g :871 

l Hyd rogen atom 512 :r. 10 505'4 ; 508·j 

I 4 : 5 
I 6 
I 7 
; 8 ; 9 

• a,a' -Diphenyl·/l·pierylhydrazyl. 
t 1,3 - Dimethyl-I· (phenylimineoxide)·butylidcnc·3·X' ·phenyl·N'

oxynitrogen. 
t 2,6 · Di-t·butyl·4·(3,5-di+butyl·4·ox ocyclohcxa · 2.5 - dien.didene 

methyl)phcnoxy. 

In view of the potentia l IISC of electron.spin 
resonance for identifying unknown free radicals, the 
need for an accurate measurement of t.h e h yperfine 
splitting constants cannot be emphasized too strongly. 
The apparat.us used for measuring the magnetic field 
was relatively simple, consisting of a proton resonance 
probe and a Be 221 crystal. controlled frequency 
meter. In most cases the derivat.ive electron· spin 
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