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N = 4-10 can be characterized by a single peak at ~ 1031
cm ~ ! which steadily grows in intensity. For N = 11-16, the
intensity of the 1031 cm ~! band is virtually constant with
peak absorption cross section of 2.4 (2) X10~"7 em~2 A
second band for N = 11-16, grows from a shoulder at N =
11 to a resolvable separate peak at 1040 cm ™~ for N = 16.
No appreciable absorption was observed in the 9.6 4 R
branch (1070-1090 cm ~ '), the entire 10.6 u region, or for
N = 1-3. The depletion signals for each solvated ion were
found to exhibit a linear dependence on laser intensity.

The C-O stretch at 1031 cm ! in the Cs * (CH, OH) ,
N = 4-10, solvated ions is shifted to lower frequency relative
to gas-phase’ CH,OH (1034 cm~') or methanol dimer'®
(1045 cm ~ !). The interaction between the methanol and the
cesium cation is significantly different than the methanol-
methanol interaction, although the constancy of the C-O
stretch at 1031 cm ™! indicates a rather uniform environ-
ment. When more than ten solvent molecules are present,
the cross section of the 1031 cm ~ ! band is unchanged. Clear-
ly the interactions of the additional molecules are different
from the first ten as demonstrated by the generation of a
second C-O stretch band. Thus, it appears that the first sol-
vation shell about the cesium cation is comprised of ten
methanols. Although large, it is not inconsistent with ther-
modynamic ion-solvent association results for alkali ca-
tions. Data for Li* and Na* with NH; indicated a filled
solvation shell of four molecules,!! a number also inferred
from Raman spectroscopy of Li* and Na™ in liquid am-
monia.'? Data for K+ and Rb * show no evidence for a filled
shell at up to six ammonia molecules."' For larger Ca* and
Sr* ions with water, evidence for filled solvation shells with
six"® and eight'* molecules, respectively, is observed. The

Cs™ ion is considerably larger than the above mentioned
ions, thus an even larger solvation shell size would not be
unexpected.

Additional investigations to understand the vibrational
predissociation behavior for Cs* (CH;0OH), as well as
studies with different solvents and regions of the infrared
(~3p) are currently underway.
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The fate of an electron upon ejection into a liquid has
been of great interest, both experimentally’~” and theoreti-
cally.®>'* In nonpolar liquids, where there is only weak stabi-
lization of the parent cation and the electron, the dynamics
are thought to be controlled by the mutual diffusion of the
electron—cation pairs in a Coulombic field. If the electron
thermalizes before it reaches the Onsager radius,® the dis-
tance where the Coulombic binding energy equals the ther-
mal energy of the electron, there is a high probability of ge-
minate recombination. The rate of geminate recombination
is determined by the electron’s excess kinetic energy and
scattering cross section in the liquid. Electron scattering is
related to the packing and shape of the solvent molecules,
which also determine the electron mobility. The main focus
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of this letter is to study the influence of these solvent proper-
ties on the rate of geminate recombination.

There have been numerous picosecond studies of gemi-
nate recombination in hydrocarbon solvents.>”” In these
studies, geminate electrons are produced either by pulsed
electron beam excitation or by the photoionization of a low
concentration of solute molecules in the solvent of interest.
These experiments have provided extensive information
about the geminate recombination of electrons at low tem-
peratures and in the presence of scavengers, but have only
been able to give an upper bound ( <9 ps half-life in hex-
ane?) on the scavenger free, room temperature geminate re-
combination time. Higher mobility solvents have not been
studied thoroughly due to the lack of time resolution.
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In this letter we present preliminary results on the first
femtosecond study of geminate recombination of electrons
in nonpolar liquids. Exciting results on electron solvation in
water have been obtained recently using femtosecond tech-
niques.'* The experiments reported here are done in two neat
solvents, n-octane and iso-octane (2,2,4-trimethylpentane).
These liquids highlight the very strong dependence of elec-
tron motions on the shapes of the constituent molecules,
which in turn determines the structure and disorder in the
liquid. This strong dependence on structure is revealed by
the observation that iso-octane has a mobility nearly 200-
fold greater than n-octane.' It should be noted that their
densities are the same (within 1.5%). In this study we ask
how this large structural effect influences the recombination
dynamics in these two isomeric liquids.

The dynamics were obtained from pump-probe experi-
ments using an amplified colliding pulse mode-locked ring
laser'® which produces 100 fs, 400 uJ, pulses with a center
wavelength of 625 nm. The sample was multiphotoionized
by frequency doubled light at 312.5 nm and the resulting
alkane cation is probed by monitoring the absorption'”'® of
time-delayed 625 nm light. There are several advantages of
these experiments over the ones previously performed. In
addition to the improved time resolution, the high energy
femtosecond pulses allows us to photoionize the neat sol-
vents directly, making it unnecessary to add any solute to the
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FIG. 1. Top: n-octane cation absorption vs the pump—probe time delay; the
solid line is a fit to a single exponential decay; Bottom: Iso-octane cation
absorption vs the pump—probe time delay; the solid line is a fit to a single
exponential decay.

system which perturbs the microscopic environment. Also,
we are probing the cation absorption not the electron absorp-
tion. As mentioned in previous work, excitation of the ion-
ized electron changes its kinetic energy and can affect the
recombination kinetics.?

The results of our experiments are shown in Fig. 1. The
curves were fit to single exponential decays (solid lines).
The decay times for n-octane and iso-octane are 2.2 + 1.0 ps
and 470 + 40 fs, respectively. The fits to single exponential
decays are not meant to imply any model for the geminate
recombination. We are comparing this data and the data for
several other neat alkanes'® to theoretical models.*'®!? As-
suming these decay times are equal to the geminate recom-
bination times, which seems reasonable, there is a marked
difference between the two octane isomers. As noted earlier,
the molecular structure of hydrocarbons can strongly influ-
ence the electron mobility, with the mobility increasing as
the shape of the molecule approaches a sphere.'® In the lin-
ear octane there is more disorder due to the entangling
chains than in the more spherical iso-octane. Since the elec-
tron has a greater spatial extent in the more ordered iso-
octane its corresponding motion, e.g., mobility, is greater
than in the more disordered n-octane solvent.'*° Consistent
with this view, we find from this work that the recombina-
tion rate is much larger in iso-octane. An important point to
note is that on these short time scales neither the iso-octane
nor the n-octane decay curves level off to their negative time
values. We interpret this to mean that a fraction of electrons
have escaped from their parent cations. Therefore, we could
have a method to measure directly the early time escape pro-
babilities of electrons in different liquids. Finally, if the elec-
tron thermalizes before returning to its parent cation, then
the thermalization time in iso-octane is very short, < 500 fs.

In conclusion, we have performed the first study of
room temperature geminate recombination of an electron
with femtosecond time resolution. The recombination times
of the two octane isomers are consistent with the view that
the electron motions in nonpolar liquids are strongly depen-
dent on the liquid structure and, in particular, disorder.
Further work is now in progress to try to quantify these
results.

The authors wish to gratefully acknowledge the Nation-
al Science Foundation, the Air Force Office of Scientific Re-
search, and the Petroleum Research Fund for their support.
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We report measurements of the unimolecular vibration-
al predissociation lifetimes and NH(X *=~) product state
distributions following excitation of the fourth and fifth NH-
stretching overtone transitions of HN,. These state-to-state
photodissociation experiments provide an exceptionally de-
tailed view of the dynamics of rovibrationally excited HN,
and complement high resolution spectra and linewidth data
for assigned rovibrational levels of v, = 4, 5, and 6."* The
results build upon previous overtone excitation experi-
ments® on HOOH and tetramethyldioxetane, infrared multi-
photon dissociation experiments* on DN, and theoretical
calculations® on the energetics and product spin selectivity
of the ground state reaction HN,(X 'A’) »HN(X33~)

+N,(X'E}), AH®=5250 cm™}, E}7=12600 cm™".
The dissociation is spin forbidden, and the large barrier cor-
responds to the minimum energy singlet—triplet crossing.’

Our measurements were performed using a low pres-
sure, thermal (293 K) HN, sample in a flow cell and two
Nd:YAG-pumped dye lasers. The overtone pump laser op-
erated at 575 (v, =6«0) or 662 nm (v, = 5<0) with a
spectral bandwidth ~0.4 cm ~! and energies 3 to 6 mJ. The
HN fragments were probed by laser induced fluorescence of
the 4 *I1-X 33~ transition using a frequency-doubled dye
laser with a bandwidth of 0.7 cm ™' and energy 5 uJ (étalon-
narrowed t0 0.05 cm ~ ! for the measurement of Doppler pro-
files, energy =~0.2 uJ). The lasers were collimated with
beam diameters of =~0.5 mm and propagated anticollinear-
ly. The observed LIF signals were linearly dependent on
both pump and probe laser energy. The time delay between
pump and probe was stepped electronically in 1 ns incre-
ments. Difference frequency generation in LilO; gave a 10
ns FWHM cross correlation between the 575 nm pump and
336 nm probe lasers.

A portion of the nascent NH-fragment LIF excitation
spectrum® obtained exciting the (5v, ) 2Q, branch of H'*N,
at 15 103 cm ~ ' is shown in Fig. 1. Results for a collisionally
equilibrated sample are also shown. Under collisionless con-
ditions there was no measurable population in the antisym-
metric F, spin-rotation state, probed by transitions such as
2P,,(1). The experimental signal-to-noise (S/N~40) and
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relative line strengths [R,(1) vs 2P;,(1)] put a limit on the
ratio F, /F, <0.06. Since the populations of F, ~F,, less
than 3% (and perhaps none) of the nascent fragment popu-
lationisin F, levels. The rotational population distributions
in the symmetric F;, F, spin-rotation states, determined
from more extensive excitation spectra, were approximately
Boltzmann, characterized by T, = 280 + 50 K for levels
N6, corresponding to an average internal energy
(Eip) =200cm ™"

Doppler profiles were measured for HN Q, (3) and
R,(3) transitions following 5v, excitation. The observed
profiles were essentially “top hat” in shape with 0.61 + 0.03
cm ™! FWHM widths, independent of probe transition and
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FIG. 1. Fluorescence excitation spectra of HN fragments following over-
tone photodissociation of HN; at the 5v,2Q, branch. Nascent population
distributions were obtained at a 21 ns time delay for samples at 10 mTorr
pressure (bottom spectrum); collisionally equilibrated samples (50 Torr of
5%HN;, in Ar) were probed in control experiments (top spectrum).
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