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The photovoltages and photocurrents in pho-
toelectrochemical cells are generated in Schottky
barriers formed at the contact between a semicon-
ductor and a redox electrolyte. A simple cell de-
sign was described and the relation to solid-state
photovoltaic cells was analyzed. The specific
problems of the electrochemical systems with re-
spect to efficiency and stability were outlined.
[The SCI ® indicates that this paper has been cited
in more than 365 publications.]
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This paper was stimulated by a publication of
A. Fujishima and K. Honda,! in 1972, who had
achieved photodecomposition of water by illu-
mination of TiO; electrodes with solar light. A
year later, the first energy crisis created world-
wide interest in alternative energy sources. Pho-
toelectrolytic splitting of water has a close anal-
ogy to photosynthesis, with the important
difference being that the energy carrier is hydro-
gen instead of carbohydrates, but the energy
gained is nearly the same. This avoids the enor-
mous difficulty of the reduction of CO;, which
nature has achieved at room temperature with
great perfection, while all technical processes
for CO; reduction require a large input of addi-
tional free energy.

At that time, | had been studying pho-
toelectrochemical processes at semiconductor
electrodes for more than 10 years, with empha-
sis on the kinetics of the charge transfer reaction
at the interface to an electrolyte. This provided
me with a clear understanding of the conditions
that were required to generate photocurrents. In
the kinetic experiments, these conditions were
controlled externally. With this experience,
however, it was not difficult to analyze the func-
tion of an electrochemical cell with a semicon-

ductor electrode and an inert counter electrode,
both in contact with the same redox electrolyte,
as a source of photoelectric energy.

In this paper, a simple cell design was de-
scribed and tested with n-type semiconductors
by measuring photovoltages at open circuit and
photocurrents at closed circuit. | used the semi-
conductors CdS, CdSe, and GaP, which absorb
visible light and could therefore reach much
higher efficiencies under solar illumination than
TiO2, which absorbs only in the ultraviolet
range. The theoretical analysis showed that the
existence of a depletion layer at the semicon-
ductor/electrolyte contact is necessary for the
generation of photocurrents and photovoltages.
This requires a suitable combination of a semi-
conductor and a redox system in order to form
such a depletion layer at equilibrium. The pho-
toelectrochemical cell is in its function fully
equivalent to a semiconductor/metal cell with a
Schottky barrier, with the same conversion effi-
ciency limitations.

In the discussion of this paper, some advan-
tages due to the variability of the combination of
semiconductors and redox systems and the sim-
plicity of the contact formation were empha-
sized. However, serious disadvantages also were
pointed out, particularly the energy losses by
slow electron transfer rates at the semiconduc-
tor electrode and the susceptibility of semicon-
ductors in contact with electrolytes to pho-
todecomposition.

The potential and the problems of pho-
toelectrochemical solar cells were later ana-
lyzed much more extensively in two review pa-
pers.2:3

Many systems have been investigated since,
making considerable improvements with respect
to energy conversion efficiency and stability.45
But the efficiency and lifetime of solid-state de-
vices have not yet been reached. | think the
merit of this paper was that it gave a first clear
idea of the function of photoelectrochemical
cells. It also indicated their weaknesses, how-
ever. This has not delighted all of my colleagues.
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