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Since the successful recording of the transient absorption spectrum
of the hydrated electron by Keene! and Hart and Boag? using pulse
radiolysis, an enormous amount of experimental and theoretical
data® has been presented confirming the existence of the hydrated
electron in water (at room temperature). In comparison, how-
ever, the solvated electron in pure ice was identified only recently
by Eiben and Taub.* They irradiated pure ice samples at 77°K
with 8°Co gamma radiation, recorded and analyzed the absorption
spectra of the irradiated samples, and subsequently assigned the
observed absorption maximum at 6400 A (1.9 eV) to the hydrated
electron. The observed absorption was thermally stable at 77°K
and could be photobleached using visible radiation. Working with
pure ice samples in the temperature range of 200°K to 260°K,
V. N. Shubin ef al.’ employed the techniques of pulse radiolysis to
map the absorption spectra of short-lived species (typical lifetimes
of 1073-107° sec) in ice, and they attributed the observed transient
absorption centered around 6400 A to the hydrated electron.

The experimental confirmation of a stable bound electron in pure
ice provides an opportunity to ascertain the validity of the polaron
model suggested for the hydrated electron in ice.® We have
examined the binding of an electron in pure ice using the simple
polaron model of Jortner.” The electron is assumed to be bound to

t Work supported in part by the Army Research Office (Durham),
National Science Foundation, and Advanced Research Projects Agency
through Contract SD-100.

1 National Science Foundation Predoctoral Fellow, 1965-1968.

§ Present address: Crystal Growth Laboratory, Department of Physics,

University of North Carolina, Chapel Hill, North Carolina 27514.
135



Downloaded by [Tomsk State University of Control Systems and Radio] at 06:10 17 February 2013

136 MOLECULAR CRYSTALS

a spherical cavity of radius R, in a continuous dielectric medium.
We have calculated the ground state (E;) and first excited state
(Egp) energies for several values of the parameter R, in order to
evaluate the optical absorption properties for the 1s — 2p transi-
tion of an electron in ice. Jortner? has shown that the energy E, of
a bound state » is given by

E, =W, +8, (1)

where W, is the energy of the electron in the potential well formed
by the “permanent’” polarization (atomic and dipole) of the
medium and is calculated from a one-parameter hydrogenlike
variational wave function; 8, is the electronic polarization energy,
which effectively lowers the energy of the bound state ».

The calculated energies W, 8, and &, for the ground state (1s)
and first excited state (2p) and the transition energy hv=F,,— E,,
as a function of the cavity parameter R, are listed in Tables 1 and 2
for an electron bound in pure ice. In order to evaluate completely

TasrLe 1 Energies of a Trapped Electron in Pure Ice at 77°K
(Ds=3.0 and D,,=1.76)

Transition
Ry State energy? — B, —Wa —Sn
(4) (n) (eV) (eV) (eV) (eV)
0 1s 1.20 1.67 0.75 0.92
2p 047 0.9 0.28
0.5 1s 1.10 1.57 0.71 0.86
2p 0.47 0.19 0.28
1.0 1s 0.94 1.41 0.65 0.76
2p 0.47 0.19 0.28
1.5 1s 0.81 1.27 0.59 0.68
2p 0.46 0.19 0.27
2.0 1s 0.68 1.14 0.53 0.61
2p 0.46 0.19 0.27
2.5 18 0.59 1.05 0.49 0.56
_ 2p 0.46 0.19 0.27
3.0 1s 0.53 0.97 0.45 0.52
2p 0.44 0.18 0.26

a Experimental absorption maximum of 1.9 eV in ice at 77°K.4
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TaBLE 2 - Energies of a Trapped Electron in Pure Ice at 77°K
(Ds="175 and D,p=1.76)

Transition
Ry State energy — B, —Wha —Sn
(&) (n) (eV) (eV) (eV) (eV)
0 1s 4.66 6.36 4.19 2.17
2p 1.70 1.05 0.65
0.5 1s 3.52 5.22 3.49 1.73
2p 1.70 1.05 0.65
1.0 1s 2.47 4.15 2.79 1.36
2p 1.68 1.04 0.64
1.5 1s 1.81 3.43 2.31 1.12
2p 1.62 1.01 0.61
2.0 1s 1.37 2.93 1.97 0.96
2p 1.56 0.98 0.58
2.5 1s 1.11 2.57 1.72 0.85
2p 1.46 0.93 0.53
3.0 1s 0.90 2.29 1.53 0.76
2p 1.39 0.89 0.50

the polaron model for ice at 77°K two different degrees of orienta-
tional polarization of the dielectric medium by the electron were
considered.

Case (1)—Assuming that the dipolar medium molecules sur-
rounding the electron are unable to uniformly orient themselves
with respect to the electronic charge (effectively, there is a large
relaxation time®), then complete orientational polarization of the
surrounding medium is hindered. This is the actual condition in ice
at 77°K and is characterized by the small static dielectric constant
D,; for the calculations in Case (1) we used D,=3.0.>° A summary
of the results for Case (1) is shown in Table 1. If it is assumed that
the observed absorption maximum (1.9 ¢V) in pure ice at 77°K
reported by Eiben and Taub* for the hydrated electron corresponds
to a 1s — 2p optical transition of the polaron model, then it is clear
that there is insufficient polarization for the model to give a
potential well deep enough to account for the observed transition
energy.
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Case (2)—Assuming that the dipolar medium molecules are free
to rotate, then polarization of the medium by the electron produces
a cavity similar to that found in water. For this hypothetical
situation of a high degree of rotational freedom in ice at 77°K a
static dielectric constant of 75 was used. The calculated results for
Case (2) are listed in Table 2. Under these conditions the model
potential well is deep enough to account for the experimental
transition energy.

Previously the simple polaron model was used to estimate the
cavity radius at 77°K for trapped electrons in 2-methyltetrahydro-
furan!?® (2-MTHF) and triethylamine!! (TEA) glasses. The experi-
mental threshold photobleaching energy was equated to the ground
state energy E,, of the trapped electron, yielding cavity radii of
R,~2.0 A for 2-MTHF and R,=2.3—4.3 A for TEA. In these
glasses the static dielectric constant is sufficiently large to permit
the polaron model to account for the stabilization of the electron.

The observed thermal stability* of trapped electrons in ice at
77°K, together with the inability of the polaron model to predict
enough stabilization with the real static dielectric constant, leads
us to conclude that the electrons are most likely trapped at im-
mobile physical defects. If the medium about such a defect is
characterized by some random frozen-in orientation, the potential
well of the electron could be deepened enough to explain the
observed stabilization [cf. Case (2) above]. Thus, we picture the
electron to be trapped in a lattice defect region, the contribution to
the trapping potential coming from two sources, namely medium
polarization and an additional potential resulting from the presence
of the defect region.
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