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The existence of trapped electrons in gamma ir-
radiated glass was directly substantiated by ESR
studies?. The ESR technique, however, can not
be applied to such a transient entity as solvated elec-
trons in solution. On the other hand, the possible
existence of free solvated electrons in solution at rea-
sonably close proximity to the parent ion was sug-
gested by spectrophotometric studies®) using a matrix
isolation technique. From kinetics and mass-trans-
port studies?'®) the reactive but transient entity of
an electron in solution is known to be solvated. Ac-
cordingly, photo-detached electrons emitted into an
aqueous electrolyte solution from an electrode ir-
radiated by ultra-violet light are reasonably assumed
to be aquated at a certain distance apart from the
electrode surface, where electrons are thermalized.
The aquated electrons e;, then react with scavenger
ions or molecules in solution, producing the photo-
current in an electrolytic cell circuit.

The electrolytic photo-current is controlled by
the diffusion of e;; and its reaction rate with a scav-
enger. Barker et al.%) gave an equation for the photo-
current, but without details. A more generalized
solution of this semi-infinite diffusion problem is pres-
ented in this paper on the basis of Hatta’s theory on
the absorption of gases in a reactive solution?. The
validity of our theory was proved by the dependence
of the photo-current on the scavenger concentration
and by the Br¢nsted theory on an ionic reaction with
special regard to the solvent effect on the rate process.®)

Theory

According to Barker’s model of the reaction the electrons
emitted from the irradiated electrode partly return to the
electrode by attraction. Some electrons, however, have suf-
ficient kinetic energy to overcome the attraction,” and are
thermalized at a distance & where the attraction is equal
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to the thermal energy of an electron k7. In this process
water molecules are repelled by a thermalized electron,
and the liquid is dilated so that a cavity is created in the
solution. The electron is then held in the cavity as an
aquated electron (Eq. (1)), and enters into the chemical
reaction with a scavenger ion or molecule S, as shown in
Eq. (2). In this reaction it is assumed that the aquated
electrons are wholly depleted through Reaction (2) except
the self-decay (Reactions (3) and (4)).

These reactions are schematically shown in the following:

e~ + nH,0 == e, (€))
ks

e 45 -, §- @

€xq — Haq + OHy, (3)®

2e;, — H, + 20H,, (4w

When the self-decay of e, can be neglected in comparison
with the rate of the scavenging reaction, the semi-infinite
diffusion equation for the process given by Egs. (1) and (2)
is expressed as follows:

ac, _  oc,

ot ox?

where C, and D, are the concentration and diffusion coef-

ficient of the aquated electron, respectively, ks the rate con-

stant of Reaction (2), and C; the scavenger concentration.

Under a sufficiently high concentration of scavenger, Cs the

scavenger concentration. Under a sufficiently high con-
centration of scavenger, Cg(s=g,x)= Cs(t=1,x), We have

k:C.C; = kC, (6)

Thus, Reaction (2) can be approximated as a pseudo-first

order reaction.
At the stationary state of the diffusion and scavenging

process 8C,/0t=0, and we have from Eq. (5)

= D, — kCoCs (5)

%G,
D"Ei_:ko" (7)
The boundary conditions for Eq. (7) are
at x=0, Co=0GC}
dc, ®)
and at x=r, dx" =0,
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where r denotes the distance where e;s are depleted.
The solution of Eq. (7) is given by Hatta” as in the fol-

lowing:
e N

¢ JF
h
cos < D, r)
The rate of electron depletion, v, through the scavenging
reaction is expressed by the number of electrons diffusing
away from the deposite plane during unit time, i.e.,

dC,
0= =2(4)., 1o

Thus, the photo-current can be expressed as follows:

. dC, B s |k Tk
ip = —FDe< e )Fo = FDSCG«/_Dé_tanh{x/—D—er} (11)

When the reaction rate is sufficiently high, then V'k/Dy-r—

o0, and tanh(V'k/D,-r) can be approximated as unity.
Thus, Eq. (11) leads to

iy = FD,GiY -} - = Fe3vEGD, (12)

On the contrary, when the diffusion is sufficiently high
in comparison with the reaction rate, the rate will be expres-
sed simply as

o' = kCir and i,' = FClksCyr (13)

It is noteworthy that Eq. (12) coincides well with the

Barker equation®).

Results and Discussion

In the following the validity of Eq. (12) is proved
in relation to the dependence of photo-current on
the scavenger concentration, ionic strength of the
solution and on the static dielectric constant of the
solution.

Field Effect on i, The field effect on the photo-
current was first pointed out by Barker et al.®
Delahay and Srinivasan applied Fowler’s theory of
photo-detached electrons in wvacuo to the solution
medium in question, and a quadratic relation of ¢,
to the electrode potential E was proved in the scaveng-
ing of ey by the hydrogen ion. Brodski and
Gurevich'® proposed an improved theory and proved a
better linear relationship between i, and E%2. In
our experiment using polychromatic light (250—
350 mu) and nitrate as the e scavenger® a better
linear relationship of i, versus E®? was obtained as
shown in Fig. 1.

Dependence of i), on C,. Eq. (12) shows a linear
relationship between the photo-current and the square
root of the scavenger concentration. The photo-
current measured at the electrode potential of —1.6 V
vs. S. C. E. showed a good linearity against the
square root of the nitrate concentration as shown
in Fig. 2. Even in 449, ethanol- water mixture the
linearity was excellent in accordance with Eq. (12).

The Bronsted Theory Applied to the Reaction of ey
with Nitrate. We assumed that the photo-current

14) The scavenging reaction seems to proceed as follows:
€aq + NO; — NOj~ + aq — NO, + 20H~
(or HNOj; + OH-)
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Fig. 1. Dependence of the photo-current on the electrode
potential.
0.2m KCI and 5mmM KNO, aq. solution.
1) ip'2—E, (2) ip?S—E.

T T T T T T

25k (1) J

ip,X 102, A
5

—
(=3
T
1

2

0 L L s ) L

C12% 102, M1/2

Fig. 2. Dependence of the photo-current on the scavenger
concentration.
(1) Im KCI aq. solution.
(2) 0.2M KCI and 44% ethanol aq. solution.
Scavenger, NOj;.

flows as a result of Reaction (2) which proceeds in
the solution phase at a distance § apart from the elec-
trode surface (for the reaction model proposed hitherto,
¢f. Ref. 6, 15, 16). The validity of our reaction
model, which coincides with the Barker model, can
be proved by a solvent effect on the activity coefficient
of the reacting species. Thus the Brgnsted theory on
an ionic reaction was treated, and in the modified
expression of the theory a plot of log i, vs. v /(14
V') (#: the ionic strength) should yield a straight
line with slope of 0.51 Z,Z,, provided C, and D, are
not significantly varied with changing u. These
data are shown in Fig. 3, which indicates that the
values of both Z, (the charge of the aquated electron)
and Z, (the charge of the scavenger) are univalent and
negative.

The effect of the static dielectric constant of a solvent
on the rate of an ionic reaction can be discussed in
the same way. By combining the Brénsted-Chris-
tiansen-Scatchard equation'”18) and Eq. (12) a plot
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Fig. 3. Effect of the ionic strength on the photo-current. (—8——:/2—‘>><103
KCl and 5mum KNOy aq. solution. ) e L
Fig. 4. Effect of the static dielectric constant on the photo-

of log i, versus (V& —const)[V'e® (e : the static dielec-
tric constant) should yield a straight line for solutions
constant 4. The data are shown in Fig. 4. The
value of D, was not corrected for the charge of the
solution media in this plot. Nevertheless, it gives a
fairly good straight line in accordance with the theory.
From the plot the charge of an aquated electron is

current.
Ethanol-water mixture containing 5 mM KNO; and 0.2M

KCIL

evaluated to be negative, and the rate-determining
step of the photo-current is a reaction of an aquated
electron with nitrate in the reaction layer.






