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func ti on,!G we :~;lcllha.t a shift of f.e observed magni­
lude would be produced by 0.03% 3p char:1.cter on the 
Cl- ion. This is surprisingly sm:1.11 and its elucidation 
must await further data . 

"F. Hcrm:m and S. Skillman, A tom·ic Structure Colwla/ions 
(Prentice-Hall, Inc., Englewood ClilTs, New Jersey, 1963) . 

Work is continuing in other compounds of the UCls 
structure, and at lower temperatures. 
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The paramagnetic reson:mce linewidlhs of the di-Iert-butyl nitroxide free radical have been measured 
;'IS a funct ion of hydrostatic pressure and of temperature in the pure hydrocarbon solvents methylcyclo­
hexane, ?I-pentane, and propane. These dat:!. ar.:: reported :!.t conditions under which intermolecubr spin 
exch:lnge gives the principal contribution to the linewidth. Deviations of the lincwidth from a linea: (1.::­
]1cndcncc on T h, where." is the liquid viscosity, :!.re altrilmted to a dropping otT of p, the average exchange 
probability per radical-radical encounter, from unity at low v:tlues of "IT. The viscosity and temperature 
clcpcnclence of p is found to be p = l-exp ( - a'lIT) , where u is:!. positive constant which depends upon the 
solvenl. This form of jJ ('I, T) is shown to arise from a theory which treats the exchange reaction as :!. uni­
molecular kinetic process which may occur, however, only during n. radical-radical encounter in the liquid . 
Radical-oxygen exchange rates were also measured in methyl cyclohexane and the Slme theory explains 
the 'I and T dependence . 

INTRODUCTION 

nr-m widths of individual hyperfine lines of free 
r:1.dicab in liquids are observed to broaden witll 

increasing radical concentration and with decreasing 
solvent viscosity. This phenomenon is due to spin­
exchange i'nteractions which cause the magnetic en­
"ironment of an electron spin undergoing magnetic 
resonance to fluctuate . At high solvent viscosities, the 
widths of the hyperfine lines increase anisotropically 
with viscosi ty as the rad ical tumbling becomes too 
slow to average the anisotropies in the spin Hamil­
tonian.! \\' e are concerned in this paper with the study 
oi radicai-solvent systems in which spin exchange is 
the dominant line broadening process. \Ve have done 
t\l'O typ<.:s of experiJ11(;nts on the paramagnetic reso­
nance lill<':\I' idth :; of the free radical di-t-butyl nitrox­
ide CDTB:\,) in solutions of simple saturated hydro­
carhons in ordt.;r to study these exchange interactions. 
In lh-: :,rs t typ<.: of experiments, the paramagnetic 

• l 'rc~ent .\dd1',·';'; : Department of Chemistry, Univcr,ity of 
C:tliiorni:t, R!wrsid", C:t1iforni;t. 

I (a) 11 . i\f. i\ lcCunntll, J. Chem . Phys. 25, 709 (1956). (lJ) 
:1\. Edelstein,:\. l\.\\'ok , and A. H. i\f:tki, ·ibid. 41,179 (196-1) . 

resonance linewidths were measured at constant tem­
perature a<; a function of solvent viscosity. The solvent 
viscosity was varied by the application of hydrostatic 
pre::;sure. Radical-oxygcn exchange, as well as radical­
radical exchange was ~.' udied in samples which were 
not deoxygenated . The second type of experime:nt was 
done by varying the temperature of solutions of the 
radical dissolved in liquid pentane and in liquid propane 
in scaled tubes . In this type of e),:periment the radical­
radical exchange rates were correlated with the tem­
perature, as well as with the viscosity of the liquid. 

Pake and Tuttle2 have developed a theory which 
gives the dependence of the spin exchange frequency 
Pcx on temperature and the visco~ity of the solvent. 
They assume 

where Pene is the encounter ra.tc of paramagnetic mol­
ecules in the liquid, and p is the probability of ~pin 
exchange during :l.I1 encounter. Both Pene ani: p (k )cnd 
upon viscosity and temperature; al1 expression for Peno 

2 G. E . Pake and T. R. Tuttle, Jr. Ph),s. l~cv. Letters 3, 423 
(1959) . 


