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INTRODUCTION
The understanding of solvation has always been a key component in

understanding the chemistry that occurs after the irradiation of a polar liquid
with ionizing radiation. It is competition between solvation and thermalization
that determines the spatial distribution of ions and radicals.(l) This spatial dis-
tribution defines the amount of ion and radical recombination that competes
with the reaction of radiation-produced species with other additives in a solu-
tion. The competition between solvation, thermalization and reaction deter-
mines the amount of the "dry electron" reaction (static scavenging).(2-5)
Finally, solvation provides the energy for many reactions.(6) As an example
the rates of electron transfer reactions depend on the solvation energy. For all
of these reasons, solvation has been an important subject of study in radiation
chemistry.

In previous work we studied the solvation of the electron in a series of
alcohols.(7) These results suggested a correlation between the solvation time
and t2, the second dielectric relaxation time, which has been ascribed to the
rotation of an alcohol molecule without breaking hydrogen bonds.(8) Results
were suggestive of a two-state solvation mechanism in that the decrease in
absorption measured by Hunt and coworkers at 1300 nm (9) correlated
remarkably well with the solvation time measured at 500-600 nm.(7)
However, the data of Hunt at 1000 nm are not so clear. Similar results have
been obtained for the solvation of the electron in water where the decay of the
precursor of the hydrated electron is very similar to the growth of the hydrated
electron.(10,ll)

The apparent two-state model for the solvated electron is not ubiqui-
tous. Experiments in alcohols at lower temperatures(12,13) and in glasses(14)
strongly suggest a multi-stage process is occurring. For example n-propanol
appears to show a simple two-state behavior above 130 K, but at lower
temperatures multistate behavior appears to dominate.(15) Multistate behavior
is also seen in other alcohols.(12,13,15) In fact even at room temperature in
alcohols and in water, the processes appear to be more complex than simple
two-state processes in that the absorption between the early time and the late
time spectral maxima appears to be too large.(10)

In many ways, however, electron solvation may be an unusual pro-
cess. Experimental data suggest that the electron solvation occurs in pre-
formed traps, "density fluctuations", and thus the solvation process does not
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probe the solution as a whole, but instead samples only a subset of the solu-
tion.(16,17) Thus conclusions about solvation drawn from electron solvation
may not be general.

Because solvation is such an important field, there has been consider-
able study of the dynamics of solvation processes in other systems. For
example considerable effort has been expended in studying the solvation of
excited states of molecules.(18-21) In those studies, an aromatic molecule
with large dipole moments was created by exciting the ground state molecule
with light. The solvent was arranged around the newly created excited state to
minimize the energy of the low dipole moment ground state. The solvent
molecules would then rearrange to minimize the energy of the system
including the high polarity excited state. The velocity of mis rearrangement
process was followed by measuring the change of the optical absorption
spectrum.

Considerable work has been done in measuring the effect of solvation
or of the solvent on optical absorption(22) although little work exists on the
dynamics of ion solvation process. In this paper we describe our measure-
ments of ion solvation in a series of alcohols. We use the system that was
used by Hickel and coworkers at low temperatures.(23) Benzophenone is
dissolved in an alcohol at a sufficiently high concentration so that the electrons
formed by radiation will react with the benzophenone molecule to form the
anion. The spectrum of the anion is then observed as a function of time. As
the benzophenone anion solvates, the spectrum shifts to the blue.

The results of our measurements clearly show that both the size of the
solvent molecules and their shapes are important in the solvation process.
Different spectral relaxation processes are observed for ions than are observed
for electron solvation, the "simple" ion system that has been most heavily
studied. In addition, these results suggest that the rate of solvation may be
different for ions in solution than for dipoles in solution.
EXPERIMENTAL

The Argonne stroboscopic pulse radiolysis system was used for these
measurements. (24) Because this system has been described completely in the
past, only a short summary of its capabilities will be given in the present
publication. A 20-MeV electron linac generates a short pulse of electrons
(approximately 30 ps FWHM). Approximately 30% of the electrons are inter-
cepted by a cell filled with 1 atm of xenon to generate Cerenkov light for an
analyzing light pulse. The remainder of the electrons are focussed into a 2 cm
radiolysis cell (approximately 70 Gy).

The solvents were either "distilled-in-glass" (Burdick and Jackson) or
"spectroscopic" from Fisher Scientific and were used without further purifi-
cation. Benzophenone was purchased from Aldrich (specified as 99+%) and
was used as received. Solvation experiments were run using .25 or .5 M ben-
zophenone solutions, depending on the solubility. Experiments were also
performed at .05 M benzophenone to observe the overlap of the electron
spectrum with the benzophenone anion spectrum. Solutions were flowed
through a suprasil cell to minimize radiation damage and the amount of
radiation damage was shown to be minimal. All experiments have been done
at room temperature.



RESULTS AND DISCUSSION
Figure 1 shows the spectrum of the benzophenone anion at 50 ps, 300

ps and 3 ns in n-octanol solutions. The shift of the spectrum from the blue to
the red is quite obvious. The absorption peak present at 550 nm has been
assigned to the ketyl radical.(23) The characteristics of its formation appear to
be quite interesting and the mechanism for it is unclear. However, we will not
discuss this issue in this paper. Similar data have been published for the
solvation of the benzophenone anion in n-decanol, where the solvation is
slower.(25)
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Figure 1: Absorption from the irradiation of .15 M benzophenone in n-octanol
at 50 ps, 300 ps and 3 ns after the pulse. The absorption is assigned to the
benzophenone anion.

The spectrum of the solvated electron would also overlap this spec-
trum. However, little solvated electron is formed in this system because the
benzophenone reacts with the electron before its solvation. The overlapping
electron has been seen when experiments are done using .05 M benzophenone
rather than .25 M benzophenone. (It must be remembered that the yield of the
solvated electron is exponentially decreasing as a function of the electron
scavenger concentration so that the factor of 5 in concentration can make a
large effect on the yield of the electron.)

One major difference between the behavior obtained for the benzo-
phenone anion and the solvated electron is the shift in the spectrum. For the
solvated electron, the spectrum is in the infrared and shifts to the visible. (9)



However, for the benzophenone anion, the initial species is shifted from the
final species by less than 100 nm rather than 500 nm. This is because the
electron must create its own localizing potential from the solvent molecules.
For the benzophenone anion, the solvent acts only as a perturbation potential
on the basic structure of the anion. In other words, the benzophenone anion
would exist in the gas phase without the solvent; the solvated electron would
not exist without the solvent

The importance of the exact structure of the solvent can be seen in
Figure 2. The shift of the spectrum of the benzophenone anion in 2-octanol is
smaller than in the n-octanol and the final spectrum is red-shifted from what is
observed in the normal alcohol. This result is not surprising because it is more
difficult for the secondary alcohol. The methyl group near the solvating
hydroxyl group interferes with the solvation. It is important to note that the
position of the spectrum and the amount of shift is virtually independent of
chain length for a primary alcohol.
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Figure 2: The absorption spectrum of benzophenone anion in 2-octanol.

The effect of structure is even greater on the solvated electron. The
maximum of the solvated electron is strongly shifted to the red in 2-butanol or
2-octanol.(7,26) The difference in the amount of shift between primary and
secondary alcohols and the way this difference changes between benzo-
phenone and the solvated electron is consistent with the previous discussion

As has been mentioned earlier, electron solvation appears to be fairly
well described by a two-state model.(7,9-ll) In such a model, an initial
species relaxes to a final species. This means that the kinetics are similar at all
wavelengths. In benzophenone, however, the kinetics depend strongly on
wavelength as is seen in Figure 3. Similar results have been obtained in
decanol where the solvation time of the anion (as measured by the decay of
the absorption) appears to be 80 ps when measured at 800 nm or 110 ps when



measured at 750 nm.(25) These can be compared to the solvation time of the
electron measured at 600 of 60 ps. Further, there appears to be both a growth
and decay at 650 nm. This could not occur if relaxation were a two-state
process.
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Figure 3: Absorption kinetics for .25 M benzophenone in n-octanol except for
the neat octanol trace that is given as reference.

The solvation of the electron occurs from a special site within the
solution, a site that must be favorably arranged to lower the energy of the
electron, otherwise it wouldn't trap the electron. However, the solvent around
the benzophenone anion is initially arranged to minimize the energy of the
neutral molecule rather than the charged species. Thus the orientation of the
solvent molecules may be closer to final configuration around an electron and
thus the solvation would take less time for the electron. This is indeed what
we see.

Other experiments that we have not discussed here include experi-
ments in acetonitrile. In acetonitrile, the solvation appears to be slow and the
spectrum does not changed strongly as a function of time.(26)
SUMMARY

The solvation of the benzophenone anion has been measured in sev-
eral alcohols. The solvation process goes through multiple intermediate states
that have some lifetime on the picosecond time scale rather than through what
appears to be only two states in alcohols
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