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The interaction between electron spins in pairs of 
reactive free radicals may produce the following ef­
fects on the EPR spectra of these species: (1) second­
order decay of the Signal by chemical reaction of the 
radicals, 1 (2) generation of chemically induced dynamic 
electron polarization (CIDEP), 2 and (3) spin relaxation 
induced by the electron exchange and dipole-dipole in­
teractions. Although (1) and (2) have been studied ex­
tensively, (3) seems to have been so far reported only 
for stable radicals. 3 

We report here the use of time-resolved electron 
spin echo (ESE) spectroscopy to determine the radical­
radical contribution to the spin-lattice relaxation time 
Tl over a tenfold concentration range of the chemically 
reactive acetate radical . CH2COi, formed by pulsed 
3 MeV electron radiolysis of basic solutions of potas­
sium acetate saturated with N20. 4 The time dependences 
of the EPR Signals of the low- and high-field lines of the 
. CH2COi triplet were determined using a 900 -T-180° 
spin echo sequence. 4 As shown in earlier work, 5-7 at 
very short times both lines are weakly absorptive, 6 

increase in intenSity under the influence of CIDEP, 
reach an extremum within a few microseconds, and 
gradually decay at longer times. 

The time dependence of the magnetization MA of the 
;\th hyperfine line is accounted for using Bloch-type 
equations4 further modified to include strong Heisen­
berg exchange8-

11
: 

[Mu - M~8] = - wllm MA+ - Cl'1(t) [MA8 - M~8] 

-Vex(t)[M~8-w,.L Mu] +EATR(trlM~., 
(1a) 

[MAc + iMAy ] ;;; MA+ = - iW1MA8 - [Cl'n(t) 

+ iawA]MA+ - w,.veit) [MA+ - L MA+] , 

(1b) 

where 

Cl'1(t) = Ti~ + TR(t)"1 + vex(t) ; 

Cl'2A(t) = T2~+ TR(t)-1 +(1- w,.) vex(t) • 

w,. is the relative weight of the hyperfine line (e.g., 
w,. =t for the outermost lines of acetate radical) and T10 

and T20 are concentration-independent relaxation times. 
For bimolecular decay of the initial radical concentra­
tion R(O) with second-order rate constant 2kd , 

TR(tr l =(t+ Tcrl = T~1 F(t) = 2kdR(0)F(t) 

and the decay of the hypothetical equilibrium magnetiza­
tion ~. is given by 

M~. = - TR (tr l M~ . 

Since electron exchange is also a second-order process 
we may write12 

The factor p is thus a measure of the ratio of cross 
sections for Heisenberg exchange and chemical reac­
tion kexl kd • A simple argument suggests that p should 
have a value close to unity: if electron dipole-dipole 
relaxation is negligible during an encounter, one-half 
of the radical pairs, i. e., those in which the electron 
spins are opposed, will lead to detectable exchange, 
but with only a 50% probability per encounter if exchange 
is strong. 8.13 It is likewise expected that only one-quar­
ter of the encounters, those in the electronic singlet 
state, will lead to reaction. 14 It is the determination 
of p which constitutes the most important new result 
of this investigation. 

The EPR Signal in the ESE experiment described here 
is proportional to the value of 1m M'A.+ observed at the 
time t + 2T following the VdG pulse. The initial longi­
tudinal relaxation times including exchange T1(0) 

T1(Or l 
= Tiil + pT~1 
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FIG. 1. Plots of enhancement factor I E I (upper) and initial 
relaxation rates TI(Orl (lower) vs initial radical decay rate 
constant Ti. Straight lines correspond to linear least squares 
fitting of data. Errors are one standard deviation. 

were obtained for six different initial radical concen­
trations by iterative fitting of the time-resolved EPR 
signals from the outermost lines of . CH2COi to Eq. (1) 
using Tc and the absolute value of the enhancement fac­
tor I E I as additional adjustable parameters. 15 

The values of T1(Or1 and IE I for different values of 
T;t, i. e., different initial radical concentrations, are 
summarized in Fig. 1. Two principal conclusions can 
be drawn from these results: 

(1) The enhancement factor I E I is independent of 
initial radical concentration up to the highest concen­
tration achieved in this work (- 4 x 10'" M, based on an 
estimated value of 1 X109 for 2k" for acetate radicals I8). 

This is consistent with the assumption that CIDEP 
arises only from pair-wise interaction of radicals and 
that contributions from higher aggregates of radicals17 

or polarization quenching17
,18 are negligible. This is 

in accord with earlier measurements carried out at 
lower radical concentrations. 19 

(2) The cross section for bimolecular electron re­
laxation is substantially larger than that for radical­
radical reaction (p "" 3). The fact that statistical factors 
alone are insufficient to predict p may be explained by 

postulating different steric constraints on electron ex­
change and chemical reaction in this case. The effect 
is also in the direction expected if the electron dipole­
dipole interaction were contributing to electron ex­
change by mixing all four electron spin states of the 
radical pair. 8 The general procedure outlined in this 
communication is now being applied to the study of other 
reactive radicals. 
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