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be dissected Into 3 0 % noncage and 7 0 % cage reaction of the aryl-
methyl radicals (unpublished results of B. Matuszewski and D. Leung). 
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Table I. Solvent, Cation, and Cation Concentration Effects on 
Disproportionation Equilibria 

Cation and Electrolyte Concentration Effects on 
Equilibria and Kinetics of Processes Involving 
Disproportionation of Radical Ions 

Sir: 

Our recent measurements of reversible electrode poten­
tials1 for both the first and second charge transfers to aro­
matic hydrocarbons in tetrahydrofuran (THF) in the pres­
ence of various tetraalkylammonium salts gave results in 
sharp contrast to those reported by Rainis and Szwarc for 
potentiometric titrations using sodium biphenylide.2 Our in­
ability to make reversible potential measurements in the 
presence of sodium ion at that time made it impossible to 
determine whether the discrepancies were due to experi­
mental error or if a large cation effect on disproportionation 
equilibria was operative. The experimental difficulties have 
since been resolved and we now report substantial differ­
ences between potentials measured in the presence of sodi­
um ions and tetraalkylammonium ions as well as a signifi­
cant effect of cation concentration. The latter is especially 
important since it may be used as a powerful tool in evalu­
ating possible disproportionation mechanisms of radical 
ions. 

The measurement of reversible potentials for the reduc­
tion of most aromatic hydrocarbon radical anions in the 
presence of sodium ion at a mercury electrode is precluded 
by the reversible reduction of sodium ion at a potential less 
negative than necessary to reduce the radical ions. Difficul­
ties were also encountered1 during attempts to use micro 
platinum electrodes for the measurements. We have now 
found that both platinum and glassy carbon electrodes are 
suitable for the measurements when freshly polished and 
when oxygen is completely removed from the electrolytic 
solutions. In order to obtain reversible potentials the mea­
surements were conducted in solutions which were in con­
tact with active alumina, a procedure which removed trace 
impurities that react with the highly reactive dianions.1'3 

The voltammetric measurements were made in the manner 
previously described.1-4 

Data for the reversible reductions of perylene (PE) and 
anthracene (AN) in THF, 1,2-dimethoxyethane (DME), 
and dimethylformamide (DMF) are summarized in Table 
I. The disproportionation equilibrium constants (ATdisp) at 
110C are calculated according to eq 1. 

0.057 log A:disp = E2 - E1 = AE° (1) 

The reversibility of the two consecutive charge transfers to 
PE in the presence of sodium ions is demonstrated by the 
cyclic voltammogram in T H F (Figure 1) where E\ and E2 

refer to the peak potentials for the first and second charge 
transfers, respectively. The difference in peak potential, E2 

- Eu for reversible charge transfers may be equated to the 
difference in formal potentials, A£°. The effect of N a + con­
centration on AE0 for the two reduction stages of PE in 
T H F is demonstrated by the data in Figure 2. Over the con­
centration range of NaBPIu investigated AE0 increased Hn-
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Figure 1. Cyclic voltammogram for the reduction of perylene in THF 
(NaBPh4 = 0.07 M). Voltage sweep rate = 150 mV/sec. Temperature 
= 11°. 

-1.4 -1.0 

log [Na BPhJ 

Figure 2. The effect of [NaBPh4] on A£° for the reduction of perylene 
in THF. 

early with the logarithmic increase in the salt concentration 
according to eq 2. 

(AE0) = (log CNa+)66 mV (2) 

The data are extrapolated to a constant sodium ion concen­
tration (0.02 M) in Table II and compared to that available 
from potentiometric titrations.2 The slope of the AIi0 vs. log 
[BU4NBF4] for the reduction of PE in DME was also found 
to be equal to 66 mV. The difference in formal potentials 
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Table II. Disproportionation Equilibrium Constants Standardized 
for Cation Concentration 

concentration is increased due to the decrease in AT3 accom­
panying the salt concentration change. 

Compound Solvent Cation" (CV.)6 Pot. riv> 

Perylene THF 

Anthracene 

Na+ 7.2 X 10-7 

Bu4N
+ 2.8 X 10"9 

Na+" 5.5 XlO"10 

Bu4N
+ 1.9 X 10"' 

Na+ 2.4 X 10"10 

Bu4N
+ 3.7 X 1O-'0 

Na+ 1.9 X 1O-5 

Bu4N
+ 1.1 X 10"" 

Na+ 9.8 X 1O-9 

Bu4N
+ 1.4 X 10"" 

DMF Bu4N
+ 6.4 XlO-13 

DME 

DMF 

THF 

DME 

6.9 X 10" 

2.1 X 10" 

7.4 X 1O-6 

8.6 X 10" 

aCation concentration 0.02 M. -̂KTdisp calculated from cyclic 
voltammetry, temperature 11°C. cA^j s p from potentiometric titra­
tions, temperature 250C, data from ref 2. 

was found to be almost independent of salt concentration in 
DMF. 

In DMF, ATdisp for both A N - and P E - is nearly the same 
when the cation is N a + or Bu 4N+ . In THF but not DME, 
ATdisp for both P E - and A N - is greater in the presence of 
N a + than in the presence of Bu 4N+ . The latter is brought 
out dramatically by Scheme I. For PE in THF, AE0 

Scheme I 
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+) AN (Bu4N

+) 
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changed by only 135 mV in going from Bu 4 N + to N a + 

while a change of 350 mV was observed in AE0 for AN 
with the cation change. Changes have previously been ob­
served in A£° for both PE and AN in the presence of Li+ , 
Na + , and K+ and have been attributed to changes in the de­
gree of solvation of the cations in the presence of the radical 
ions.2 The previous discussion2 assumed that both dianions, 
A N 2 - and P E 2 - , bring about the desolvation of sodium ions 
which are solvated in THF in the presence of the corre­
sponding anion radicals. If the increase in disproportiona­
tion equilibrium constants in THF and DME as compared 
to DMF is indeed due to the increased interaction between 
dianions and cations as compared to the anion radical-cat­
ion interaction in the less polar solvents, then the interac­
tion must be greater for A N 2 - and N a + than for P E 2 - and 
Na + . The latter is of course reasonable since the degree of 
interaction of dianions with cations is expected to increase 
as the dianion becomes smaller.5 

The effect of electrolyte concentration on the degree of 
disproportionation of radical ions must be due to an effec­
tive increase in the dielectric constant of the medium as the 
salt concentration is increased. This is indicated by the fol­
lowing: (i) the magnitude of the effect decreases with in­
creasing dielectric constant of the solvent, DME = T H F » 
DMF; (ii) the magnitude of the effect is essentially inde­
pendent of the radical anion, A N - = P E - ; and (iii) the ef­
fect is the same for N a + as for Bu 4N+ . Thus, it seems high­
ly unlikely that the origin of the effect lies in any specific 
equilibria involving the organic anions and the cations. It 
follows from the above discussion that reactions involving a 
disproportionation (eq 3) of a radical ion to a reactive di­
anion (in DMF or THF) followed by product forming reac­
tions of the dianion (eq 4) should decrease in rate as the salt 

2ir--

~ 2 - products 

(3) 

(4) 

For example, a 100-fold increase in salt concentration 
brings about a change of 8 X 10 - 3 in disproportionation 
equilibrium constants of PE and AN radical anions. Thus, 
kinetic studies which involve measurements at various salt 
concentrations would be of great value in evaluating possi­
ble disproportionation mechanisms. The kinetics of proton-
ation of aromatic hydrocarbon anion radicals have been the 
subject of several recent studies,6-11 some of which have re­
sulted in the conclusion that disproportionation is an impor­
tant contribution to the overall mechanisms. In such cases, 
further work involving kinetic studies with variable salt con­
centrations should prove decisive in establishing mecha­
nisms. 
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The Electron Paramagnetic Resonance Spectra of 
a-Substituted Nitrotoluene Anion Radicals. The 
Influence of Electron-Withdrawing Substituents 
on the Coupling Constants for /3-Hydrogen Atoms 

Sir: 

We have obtained new experimental and theoretical in­
formation which indicates that electron-withdrawing sub­
stituents importantly diminish the magnitude of spin de r ­
ealization to /3-hydrogen atoms in radicals. These substitu-
ent effects are so large that the EPR coupling constants for 
/3-hydrogen atoms, a$.n, cannot be used without correction 
to estimate conformational preferences, to detect structural 
changes such as bridging (distortion), or to guide the exper­
imental assessment of Bi parameters for other /3-atoms, 
such as fluorine. 

Radicals with electronegative substituents often exhibit 
unusually low values of a^-H-1 Such results have often been 
interpreted as evidence for bridging (distortion at C^) by 
X.1 '2 However, according to the concept of hyperconjuga-
tion,3 electron-withdrawing substituents should diminish 
the donor properties of the /3-carbon-hydrogen bonds. Thus, 
as pointed out by Symons and his associates,4 hyperconju-
gation alone may provide a satisfactory explanation for the 
influence of electronegative groups on a^-H-
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