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The time-resolved EPR spectrum, shown in Figure 1, of radical 
ion pairs of HMDB,+ and A*" which recombine to give 1A* was 
obtained by measuring the fluorescence intensity as a function 
of the applied magnetic field. The resonant decrease in the in
tensity of fluorescence is induced by the application of a single 
100-ns microwave pulse immediately following the electron beam 
pulse. The fluorescence signal was integrated by a boxcar detector 
over a 100-ns time window beginning immediately after the 
microwave pulse. The details of the time-resolved FDMR 
spectroscopy method have been described elsewhere.9 

The FDMR spectrum consists of an intense central line (off-
scale) due to the unresolved EPR lines of scintillator ions su
perimposed on a wider, multiplet spectrum. As indicated by the 
stick spectrum, the multiplet shows 11 lines out of a binomial 
13-line pattern with a single spacing of 9.2 G, which is due to the 
interaction from 12 protons of four olefinic methyl groups. The 
spectrum is assigned to HMDB,+ in the 2B2 state and is incon
sistent with HMDB"1" in the 2A1 state, which should give rise to 
a septet EPR spectrum with the major hyperfine coupling to only 
six protons of the two bridgehead methyl groups. 

The FDMR spectrum differs from that of HMB'+, to which 
HMDB may rearrange upon electron removal. FDMR spectra11 

of HMB,+ obtained between 205 and 298 K in cyclopentane 
containing 10~3 M HMB show a coupling constant of 6.7 G in 
agreement with the published value.5b>12 

In order to probe the longevity of HMDB"\ a study was carried 
out by delaying application of the microwave pulse with respect 
to the electron beam pulse. The intensity of the FDMR spectrum 
decreased with increasing time delay from 0 to 1000 ns. But even 
after 1000 ns, the multiplet due to HMDB,+ could be clearly 
recognized, indicating that 2B2 HMDB*+ can persist for a mi
crosecond or longer (before recombining with A'") under our 
experimental conditions. In the time frame of our observations, 
no FDMR features that can be assigned to HMDB"1" in the 2A1 
state were observed, and no evidence of the HMB1+ spectrum could 
be seen. 

HMDB*+ was also studied in n-pentane solvent. Similar results 
were obtained. Rhodes5 proposed that the 2A1 state he observed 
in the less rigid CF2ClCFCl2 matrix be assigned to the ground 
state, while the 2B2 state observed in CFCl3 is due to the more 
tightly packed matrix that prevents the HMDB"1" from relaxing 
via stretching of the transannular bond to form the 2A1 state. Our 
result disagrees with this proposal, and very recent work refutes 
the Rhodes5 assignment of the 2A1 state.7 Additionally, an EPR 
study of the bicyclof 1.1.0]butane radical cation in CFCl3 has 
demonstrated that stretching of the transannular bond of the cation 
is not hindered in the rigid CFCl3 matrix.13 

Our FDMR results indicate that the lifetime of HMDB,+ in 
nonpolar alkane solvents is significantly longer than the reported 
value of less than 15 ns in a study of isomerization of HMDB to 
HMB catalyzed by excited electron acceptors in polar solvents.10 

A recent optical study14 of HMDB*+ pulse radiolytically generated 
in 3-methylpentane containing 1-butyl chloride as an electron 
scavenger gives rate constants of 1.71 s"1 and 0.015 s"1 for the 
valence isomerization of HMDB,+ at 93 and 77 K, respectively, 
which also points to longer lifetimes of HMDB'+. 

The relative longevity of the HMDB radical cation obtained 
in our study suggests that we are observing a ground-state species, 
which is the 2B2 state. 

We have found no evidence of HMDB,+ in the 2A, state, even 
though one expects charge transfer from the solvent radical cation 
to populate both states of the HMDB radical cation since the 
energy difference between them is expected to be small.2,3 If both 
states of HMDB"+ are produced and the 2A) state quickly rear
ranges to HMB'+, we would expect to see the HMB*+ FDMR 
spectrum, which was not the case. As we have mentioned above, 

the HMB'+ FDMR spectrum was easily observed when HMB 
was the solute in cyclopentane. We conclude that there is a fast 
conversion of the 2A1 into the 2B2 state and the reverse is not 
thermally accessible. Such an interconversion is state symmetry 
forbidden,15 but is not without precedent.16 
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Two recent communications2'3 reported on the ESR studies of 
the radical cation generated from hexamethyl(Dewar benzene) 
(hexamethylbicyclo[2.2.0]hexa-2,5-diene, 1) by 7-rays in CFCl3 
and CF2ClCFCl2 matrices at 77 K. With CFCl3 as the matrix,2 

the ESR spectrum obtained consisted of a multiplet spaced by 
0.95 mT, which was assigned to the 12 equivalent protons of the 
four outer methyl groups in the 2,3,5,6-positions of the primary 
radical cation T+. Annealing of the sample led to rearrangement 
of V+ into the radical cation of hexamethylbenzene (2).2 When 
CF2ClCFCl2 was used as the matrix,2 the ESR spectrum, also 
taken at 77 K, differed completely from that observed for V+ in 
CFCl3. This spectrum was regarded as a septet spaced by 1.4 
mT, stemming from six equivalent protons of the two inner methyl 
groups in the 1,4-positions of T+.3 On annealing, some features 
seemingly due to 2*+ became apparent. The author3 claims that 
the different ESR spectra observed at 77 K with CFCl3 and 
CF2ClCFCl2 arise from different electronic states of the same 
radical cation, and he tentatively suggests that this difference is 
caused by an effect of the matrix on the relaxing framework of 
l ' + . 

We have performed ESR studies on 7-irradiated 1 in CFCl3, 
CF3CCl3, and CF2ClCFCl2 matrices. The results reported pre
viously2 with CFCl3 were confirmed, and an ESR spectrum similar 
to that observed with this matrix at 77 K was obtained with 
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Figure 1. Top: ESR spectrum of 3" in a CF2ClCFCl2 matrix at 115 K 
(g = 2.0026 ± 0.0002). The dashed curve was obtained by deducing an 
absorption from the -y-irradiated quartz tube. The simulation made use 
of the coupling constants, in mT: 1.50(2H), 1.405 (3 H), 0.315 (3 H), 
0.197 (3 H), and 0.056 (3 H); line shape Gaussian; line width 0.2 mT. 
Bottom: corresponding proton ENDOR spectrum. The low-frequency 
A signal, marked by an asterisk, overlaps with a 19F ENDOR absorption 
from the matrix. 

CF3CCl3 at the same temperature. It can reasonably be assigned 
to the primary radical cation T+ . Conversion of V+ into 2 , + was 
also detected at elevated temperatures, this rearrangement oc
curring less readily in a CF3CCl3 than in a CFCl3 matrix. 

However, with CF2ClCFCl2 as the matrix, our analysis and 
interpretation of the ESR spectrum are at variance with those 
given previously.3 The multiplet with an average spacing of 1.44 
mT is clearly a five-proton sextet and not a six-proton septet, 
as revealed by the ESR spectrum in Figure 1. (The broad, weak 
signal at low field in Figure 1 of ref 3 does not belong to this 
multiplet, but stems from an unknown impurity.) As the five 
protons giving rise to the major hyperfine splitting of 1.4-1.5 mT 
must be located in one CH3 and one CH2 group, the obvious 
structure of the paramagnetic species in question is the neutral 
cycloallyl radical 3', which has been formed from T + by the loss 
of a proton. 

coupling constants amount to a^ = 1.405 ± 0.005 and aa = 1.50 
±0.10 mT. The smaller value (1.405 mT), associated with the 
narrow signals D, arises from the three equivalent /3-protons in 
the freely rotating methyl substituent of the allyl ir-system, whereas 
the larger one (1.50 mT), represented by the broad signals E, is 
appropriate for the two nonequivalent a-protons of the allyl 
methylene group. These assignments are fully compatible with 
the hyperfine data for structurally related allyl radicals.5 The 
broadening of the E signals is attributed to the hyperfine anisotropy 
of the a-protons and to the unresolved difference in the coupling 
constants for the endo and exo positions. The three inner pairs 
of ENDOR signals (A, B, and C), centered at vH = 14.56 MHz, 
are separated by the coupling constants of 1.58, 5.52, and 8.84 
MHz or, in a unit of the magnetic field, by 0.056 ± 0.002, 0.197 
± 0.002, and 0.315 ± 0.002 mT. They belong to the protons of 
three methyl substituents further removed from the allyl x-system 
of 3'; the coupling constant of the protons in one methyl group 
evidently fails to be observed or the associated ENDOR signals 
coincide with A or B or C. Assignments of the three values to 
methyl substituents in individual positions are difficult.6 Nev
ertheless, their nonequivalence accords with the low symmetry 
(C1) of 3*. 

Additional evidence favoring the structure of a neutral allyl 
radical is the persistence, unusual for radical cations in freon 
matrices. Thus, the ESR spectrum of 3* could still be observed 
at 150 K, well above the softening point of CF2ClCFCl2. 

As stated in a paper by Williams et al.,9 conversion of 1 , + to 
3* in the CFCl2CF2Cl matrix occurs when the concentration of 
1 exceeds ca. 1 mol %. This finding indicates that the reaction 
is bimolecular, i.e., the neutral 1 acts as the proton acceptor. Such 
ion-molecule reactions have often been observed in the relatively 
mobile CF2ClCFCl2 matrix.10 
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Reinvestigation of the Hexamethyl( Dewar benzene) 
Radical Cation in Freon Matrices 

Y+ 

The structure 3" has been corroborated by the corresponding 
ENDOR spectrum also displayed in Figure 1. The two outer pairs 
of ENDOR signals (D and E), centered at aff/2 = 19.68 and a Jl 
= 21.01 MHz, are separated by twice the free proton frequency, 
cH = 14.56 MHz.4 In a unit of magnetic field (B), the two 
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Rhodes recently reported1,2 that the electronic state of the 
hexamethyl(Dewar benzene) (HMDB) radical cation generated 
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