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Irradiated suspensions of semi

conductor powders, e.g., Ti0,, have
been employed in such heterogeneous
photo processes as the oxidation of
cyanide, the decomposition of car-
boxylic acids, and the deposition
of metals. Details about these and
other reactions are given in recent
reviews (1-3). The mechanism pro-
posed for these processes is based
on the formation of an electron-
hole (e'h+) pair at the particle
surface upon absorption of light of
energy greater than the semiconduc-
tor band-gap. The particle then
behaves as a short-circuited cell
with both oxidation and reduction
taking place at the particle sur-
face. Recent measurements of the
electrophoretic mobility of TiO,
powder have demonstrated that in
solution, the surface charge on the
particle under illumination is more
negative than that measured in the
dark (4). Moreover, this negative
charge persists for at least 10-15
minutes after the irradiation stops.
These results suggest that when the
holes are scavenged by an oxidation
process, electron density builds up
on the particle surface. We report
here that this excess charge can be
collected on an inert electrode to
produce an anodic current flow.
Thus, semiconductor powder suspen-
sions (e.g., Ti02, WO3, CdS) can
behave as electrodes ('slurry elec-
trodes'") in the same manner as the
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single crystal and polycrystalline
semiconductor materials currently
being investigated. Measurements
involving such slurry electrodes
are of use not only for the char-
acterization of the powders but
may also have practical applica-
tions in photoelectrochemical
cells.

In a typical experiment, a
suspension of n-TiO, particles in
0.02 M HC1 was deaerated for 24
hours prior to measurements. A Pt
foil (area ~ 3 cm2), polished with
Alp05 and cleaned in boiling HNO,,
was used as the collector elec-
trode. Electrochemical measure-
ments were conducted in a Pyrex H-
cell, with the compartments sepa-
rated by a fine-porosity glass
frit. One compartment contained
the deaerated TiO9 suspension
while the other compartment con-
tained a Pt counter electrode and
0.02 M HCl1 with a low oxygen con-
centration to support a current
flow. A 2500 W xenon lamp, opera-
ted at 1600 W, was used for illu-
mination. A Pyrex water bath ap-
proximately 15 cm in diameter was
placed in front of the electro-
chemical cell to remove IR radia-
tion.

A negligible current flowed
between the two half-cells in the
dark under short circuit condi-
tions. When the TiO2 suspension
was irradiated, a cathodic current
transient appeared; the current
quickly became anodic and finally
attained a steady anodic current

electricity. photoanode, solar energy.
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level (Fig. 1b). When the light
beam was interrupted, an anodic
transient appeared and the anodic
current decayed to zero. In a con-
trol experiment in the absence of
the suspension under otherwise iden-
tical conditions, only very small
current responses appeared under
illumination (Fig. la). The behavior
of the TiO, suspension canbe inter-
preted based on the model for photo-
processes at the particle surface
(Fig. 2). The photoproduced hole
rapidly forms a hydroxl radical that
reacts in a following reaction to
produce oxygen (5). In the absence
of oxidants in solution, electrons
accumulate at the powder surface.
While proton reduction is a possible
process, this reaction is apparent~
ly slow at an uncatalyzed TiO2 sur-
face. The direction of current flow
depends upon the relative rates of
electron transfer between the col-
lector electrode and the particle.
Initially a cathodie current, prob-
ably representing reduction of OH-,
is observed. However the accumula-
tion of electrons and the subsequent
reaction of *OH leads to a net anodic
current. A quantitative treatment
of themodel of Fig. 2, to be de-
scribed elsewhere, leads to current-
time (i-t) curves resembling the
experimental ones. Evidence in fa-
vor of such amodel is the finding
that addition of oxygen to the sus-—
pension quenches the ancdic photo-
current, and produces only a brief
cathodic transient and a small cath-
odic steady state current, since
the photogenerated electrons react
with 0,. Similarly the anodic cur-
rent with platinized TiOp is much
smaller, because Pt catalyzes the
proton reduction reaction. Finally
the addition of acetate causesa de-
crease or elimination of the cathodic
transient and an increase in the anod-
ic current, because the preferential
oxidation of acetate at the powder
produces methyl radical which under-
goes avery rapid reaction (6), so
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that electron transfer to this spe-
cies does not occur.

Similar behavior is observed
with other semiconductor powders.
The i~t curves with WO, powder in
sulfate solutions (pH i.8) are
similar to those of Ti0, (Fig. lc).
For a CdS suspension in a sulfate
medium, however, no cathodic tran-
sient is observed and the current
rises in an anodic direction and
then decays to a steady value (Fig.
1d). In this case the photogenera-
ted holes lead to decomposition of
the semiconductor

+ 2+

€cdS + 2nT - ¢d“ + S [1]
and the sulfur so produced is not
reducible. The addition of Na SO3
(lO‘S.E) which retards this decom-
position reaction (8) caused no
significant change in the photo-
response.

Electrochemical studies of
semiconductor slurries in the dark
and under illumination appear
promising. The determination of
photocurrent as a function of the
wavelength of the irradiating light
can provide information about the
band gap energy and, perhaps the
existence of energy levels within
the gap, with the powder immersed
in the reaction medium. Moreover
the effect of solution conditions
on the photoresponse can provide
information about relative reac-
tion rates at the particle surface.
Although the magnitudes of the
photocurrents generated with the
slurry electrodes are small com-
pared to single crystal and some
polycrystalline film electrodes
under similar dirradiation inten-
sities, they may find some practi-
cal application. They are poten-
tially very inexpensive and easy
to construct and replace. Regener-
ative (photovoltaic) and storage
(photoelectrosynthetic) cells em-—
ploying slurry electrodes are pos-
sible and are currently under in-
vestigation in this laboratory.
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Fig. 2. Model of process at parti-
cle surface. R represents a solu-

tion reductant (e.g. Hy0, CH3C02™)
and 0' a solution oxidant (e.g.
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