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concentration and still reflect the same anisotropy associated 
presumably with the unresolved hyperfine coupling. 

The comparable solution and solid-state spin densities pi at  
atomic sites i of organic ion-radicals has long been taken as 
evidence9 for small perturbation of ?r-electron distributions on 
forming CT complexes or ion-radical salts. The Dp4 matrix ele- 
ments in eq 3 tend to average out small differences in pi, however, 
and primarily show the unpaired electrons to be on neighboring 
ions. Small (10-20%) reductions in D, have been associated with 
the larger separation in the antibonding triplet state of the dimer,Is 
additional spin delocalization to second or third  neighbor^,^^^^^ 
or genuine solid-state changesz4 in p,. The ... X'A-A-X' ... stacking 
in TDAC-DDQ not only leads to immobile triplet but conclusively 
rules out spin delocalization across two intervening X+ ions. While 
the closely similar D and E values in the TEA-DDQ complex may 
still be consistent with some spin delocalization there to second 
neighbors, our results certainly make it more difficult to invoke 
such contributions. 

The DDQ- spin densities of Pasimeni et al. in Table I11 are 
based on both solution hyperfine dataZS and theoretical consid- 
erations. The resulting D and E values are based on the observed 
structure, which means the singlet state for over 99% of the dimers 
a t  room temperature, and give satisfactory D and E values for 
both the TDAC and TEA complexes. The calculated D = 293 
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G is somewhat higher than the measured value of 215 G, which 
however can be regained by small increases in the equilibrium 
separation of a triplet dimer.Is For example, an increase of 0.2 
8, in the interplanar separation reduces the calculated D to 210 
G (and E to 21 G). The small interplanar separation in singlet 
DDQ- dimer and the relatively large singlet-triplet gap are 
consistent with a greater separation in the antibonding triplet state. 
A smaller geometrical change suffices if the pi are reduced by 
a few percent due to admixing neutral TDAC-DDQ. The large 
positive and negative pi in Table I11 calculated by Miller et 
should, on the other hand, lead to observable changes since E more 
than triples, but no such change is found experimentally in ref 
15 either. While electron correlations lead to pi < 0 at sites where 
Huckel or restricted Hartree-Fock (RHF) theory gives pi = 0, 
large negative spin densities are unphysical and a deficiency of 
unrestricted H F  methods. Simply canceling the pi < 0 sites against 
the larger adjacent positive pi in Table 111 essentially regains the 
spin density distribution of Pasimeni et al. The remaining dif- 
ferences cannot be resolved from TSE spectra. 

In summary, the TDAC-DDQ complex incorporates the planar 
TDAC' spacers in the stack of DDQ- dimers but gives no evidence 
for utilizing the degenerate LUMO of the spacer. The TSE 
spectra of the DDQ- dimers differ from related complexes mainly 
in the absence of exciton motion, as shown by resolved TSE spectra 
from magnetically inequivalent nearest dimers. Their relative 
orientations happen to be such that the largest TSE splitting for 
one coincides in the X Z  crystal plane with the magic angle of the 
other. 
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We used harmonic-content frequency-domain fluorometry to investigate the quenching of indole fluorescence by iodide and 
acrylamide in aqueous solution. The timeresolved intensity decays were recovered from the frequency response of the fluorescence 
emission, measured over a frequency range from 10 to 2000 MHz. In the absence of collisional quenching the decay of indole 
in water is predominately a single exponential. The intensity decays became increasingly nonexponential when quenched 
by either iodide or acrylamide. We attribute the complex decays to transient effects, as predicted originally by Smoluchowski. 
At quencher concentrations below 0.1 M the decays are of the form exp(-t/T - 2bt1I2), which is known to be an approximate 
model. At quencher concentrations above 0.1 M this decay law does not account for the data. The data are in better agreement 
with the radiation model, and the diffusion coefficients and interaction radii are more reasonable. However, in aqueous 
solution above 0.5 M acrylamide there appear to be deviations from the radiation model. The deviations are less apparent 
at high iodide concentrations. For comparison with future theoretical developments, the intensity decay laws are reported 
up to 0.5 M iodide or 0.7 M acrylamide. Evidently, the resolution and sensitivity of the frequency-domain method are adequate 
to recover the complex subnanosecond decays found at high concentrations of quenchers. 

Introduction 
Collisional quenching of fluorescence is of considerable interest 

for physical chemistry and biochemistry. Collisional quenching 

the lifetime of the excited state. Consequently, the quenching 
process yields information about diffusive motions in solution and 

the accessibility of fluorophores in macromolecules to externally 
added wenchers. For example, quenching has been used to 
determine the fraction of Protein fluorescence (tryptophan) which 

charge on the approach of Wenchers to the fluoroPhores.1'4 
Fluorescence quenching has also contributed to our understanding 

requires contact between the fluorophore and quencher during is accessible to water-soluble q~enchersl-~ and the effects of local 
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