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Semiconductor Electrodes
XVII. Electrochemical Behavior of n- and p-Type InP Electrodes in
Acetonitrile Solutions

Paul A. Kohl* and Allen J. Bard**
Department of Chemistry, The University of Texas at Austin, Austin, Texas 78712

ABSTRACT

The photoelectrochemical behavior of n- and p-InP single crystal semi-
conductors was investigated in acetonitrile (ACN) solutions which contained
various electroactive compounds. The cyclic voltammograms of the semicon-
ductors in the dark and illuminated with red light were compared to the
Nernstian behavior at a Pt disk electrode. The extent of photodissolution of
the semiconductors was decreased in ACN compared to aqueous solutions at
similar potentials. Intermediate levels or surface states located between the
conduction band and valence band which mediate electron transfer with solu-
tion redox couples are proposed. An underpotential was developed for the pho-
to assisted oxidations and reductions with n- and p-InP, respectively, and the
potential range for photoreductions on p-InP extended negative of the con-
duction bandedge. The electrochemical behavior and magnitude of the under-
potentials is compared to results with InP in aqueous solutions and with other

semiconductors in ACN.

The semiconductor-solution interface poses inter-
esting properties which can be employed in the con-
version of light energy to electrical and chemical en-
ergy by photoassisting electron transfer between the
semiconductor and solution species. InP is of particu-
lar interest because its bandgap of 1.25 eV is well
suited for efficient use of solar energy in a photovol-
taic threshold device (1). Although InP tends to be
unstable in aqueous solutions under irradiation, pre-
vious studies by Wrighton et al. (2) have shown that
n-InP can be used as a stable photoanode for the oxi-
dation of Te?™ in aqueous solutions. These authors

¢ Electrochemical Society Student Member.
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Key words: photoelectricity, solar, voltammetry, energy con-
version,
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found that while the positions of the bandedge en-
ergies and Eg for InP are similar to other semicon-
ductors, such as GaAs (3-5), the maximum under-
potential for electron transfer and the open-circuit
photovoltage (V,.) for stable redox systems, which
reflect the fraction of the input light available as work
was noticeably smaller. The basis of photoelectro-
chemical stabilization and magnitude of the under-
potential appears to include factors other than those
predicted from simple semiconductor band theory and
solution redox properties.

We describe here the photoelectrochemical behavior
of n- and p-InP in acetonitrile (ACN) solutions con-
taining various one-electron redox couples. ACN has
been shown to be well suited to the study of semicon-
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ductor electrochemistry because of its large solvent
bandgap (~5V vs. ~1.5V for water) and the existence
in it of a large number of reversible one-electron
redox systems spanning a wide potential range (5-8).
Previous papers in the series have shown that the
rate of photodissolution of some semiconductors,
[GaAs (5), CdS, GaP, ZnO (6), and Si (7)] is de-
creased in ACN and mechanistic information about
the electron transfer and electrode stabilization can
be obtained. Such studies have also shown that while
semiconductor band theory (9) can be used to inter-
pret the experimental results, many deviations from
ideal behavior are observed which seem to be related
to the specific chemical properties of each maferial;
the less stable, smaller bandgap materials such as
GaAs (5) and Si (7) show large deviations from pre-
dicted behavior. In this paper the location of the band-
edges, the determination of the flatband potential
(Vsb), and mapping of the bandgap region is discussed
and the results interpreted with respect fo semicon-~
ductor band theory and previously proposed models
of electron transfer.

Experimental

The low resistivity single crystal semiconductors
used (National Lead, Niagara Falls, New York) were
polished, provided with ohmic contacts, and mounted
as electrodes on glass rods as previously described
(6, 8, 10). After the electrodes were mechanically
polished with 0.5 um alumina they were etched by one
of the following procedures: (A) polished only; (B)
etched in 6M HCI for 30 sec; (C) etched in 3:1:1 con-
centrated HSO0::H:20:(30%):H20 for 10 sec; (D)
procedure (C) for 5 sec followed by 25 sec in 11M
HCl and (E) etched in 5% Brs in methanol for 30
sec. The electrodes were then rinsed with distilled
water and ethanol and then dried under vacuum for
1 hr. The purification, drying, and characterization of
all other chemicals followed previously determined
procedures (5-8).

A conventional three-electrode electrochemical cell
fitted with an optical window was used for all electro-
chemical measurements. The Pt wire counterelectrode
and Ag wire reference electrode were each separated
from the main compartment by a medium porosity
fritted glass disk. The main compartment also con-
tained a large area Pt counterelectrode (>>10 cm?) for
capacitance measurements. The cyclic voltammograms
were obtained with a PAR (Princeton Applied Re-
search, Princeton, New Jersey) Model 173 potentio-
stat and Model 176 Universal Programmer. The cur-
rent-voltage curves were recorded on a Houston In-
struments (Austin, Texas) Model 2000 X-Y recorder
or a Nicolet (Madison, Wisconsin) Model 1090A digi-
tal oscilloscope for scan rates greater than 1 V/sec.
The open-circuit voltage was measured with the elec-
trometer output of the potentiostat. The semiconduc-
tors were illuminated with a 450W xenon lamp (Oriel
Corporation, Stamiord, Connecticut) which was fitted
with a red filter (i.e., wavelength >600 nm).

Results and Discussion

Flatband potential.—The Vi and energy of the
edges of the conduction (E;) and valence (Ey) bands
for the n- and p-InP were determined by three in-
dependent methods. First, the cell capacitance (C)
was measured for potentials consistent with a deple-
tion layer formed within the semiconductor electrode
from the charging current in the cyclic voltammo-
grams for scan rates, v, of 0.5-500 V/sec (11). A plot
of C—2 ps. V produced linear Schottky-Mott plots at
a given v from —0.1 to —0.8V for n-InP and —0.1 to
— 0.5V for p-InP, following Eq. [1]

C-2=(V — Vg, — kT/e)2/(eee.Np) [1]

where ¢ is the dielectric constant of the semiconduc-
tor, e, the permittivity of free space, Np, the dopant

SEMICONDUCTOR ELECTRODES 599

density, e, the electronic charge, k, the Boltzmann
constant, and T, the absolute temperature. Frequency
dependency of the slopes and x-intercepts were ob-
served for both materials over this range of » as dis~
cussed previously (12), and this causes some uncer-
tainties in the derived Vg, and Np values. The donor
and acceptor densities were estimated as 3 x 1019
em~3 and § x 1018 em—3 for the n- and p-InP, re-
spectively, and Vg was —1(+0.2)V (n-InP) and
0.0(x0.2)V (p-InP).

Vi, was also estimated from the open-circuit photo-
voltage (13). Briefly, when the potential of an n-type
semiconductor electrode with a potential adjusted
positive of Vg, is illuminated with light of energy
greater than E, the open-circuit potential pulses in
the negative direction toward Vg, Similarly, a p-type
semiconductor polarized negative of Vg shows po-
tential pulses in a positive direction, toward Vi, when
illuminated. The potential of the electrodes was set
with a battery and negative potential pulses were ob-
served with n-InP for potentials positive of
—1V(=0.2) and positive pulses were observed for
p-InP from —0.1 to —2.4V(+0.2V) in good agreement
with the Schottky-Mott plot estimates of Vi,

Ve, was also located from the most negative poten-
tial at which a photoanodic current for oxidation of
an electroactive solution species was observed for n-
InP and most positive photoreduction current on p-
InP, as will be discussed.

Voltammetric studies.—Cyclic voltammetry {(cv} at
the semiconductor electrodes in the dark and illumi-
nated with red light was carried out for a number of
compounds and the results compared to those obtained
at a Pt electrode immersed in the same solution. The
peak potentials (E,) and wave shapes were depend-
ent upon scan rates and intensity of irradiation for
the irrveversible and quasi-reversible waves, The E,
values, which were generally stable and reproducible,
are summarized in Table I and values obtained under
irradiation are shown in Fig. 1. Details of the behavior
for different couples are discussed below.

n-InP.—The background behavior of n-InP in an
ACN solution containing only 0.1M TBAP is shown
in Fig. 2a. A small reduction was observed at poten-
tials negative of the conduction bandedge which in-
volved ~40 uC/cm2 A small photooxidation current
was observed at potentials as far negative as —1.0V,
approximately Vg. However, this anodic current,
which is attributed to the photodissolution, does not
reach significant current densities until potentials
positive of 0.0V. Redox couples with E° values (as
estimated from cv at a Pt elecirode) negative of the
CB edge show nearly reversiple dark cv i~V curves at
n-InP, as expected when an accumulation layer
forms, resulting in degeneracy and metal-like be-
havior. Previous studies have shown that n-TiO; (8),
n-CdS and n-ZnO (6) exhibit nearly reversible cv
behavior at potentials negative of Vg, As shown in
Table I, the cathodic peak potentials (E,) for A,
DPA, Ox-1, Ru(bipy)st?, and Ru(TPTZ):3+ were
nearly the same as at a Pt disk electrode and were
unaffected by irradiation with red light. The current
decay following the current peak, which showed {~1/2
dependency (i.e., diffusional behavior) in the dark,
was affected by irradiation; this has been attributed
to some convective stirring due to heating of the elec-
trode surface. The behavior in this region was gen-
erally independent of the etchant.

Couples with Eredox levels located within the gap
region show irreversible reduction in the dark and
photoanodic currents under illumination. The reduc-
tion of AQ, whose E° lies slightly positive of Vi, takes
place at electrode potentials more negative than Vi,
with the onset of degeneracy within the semiconduc-
tor (Fig. 3). The dark reoxidation of the radical anion
only appeared at potentials corresponding fo Ey, prob-
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Table I. Peak potentials for reductions and reoxidations of the compounds used in this study
at the semiconductor electrodes in the dark and illuminated with red light. All potentials
are vs. SCE and at a scan rate of 0.2 V/sec*

n-InP p-InP
Vin = ~1.0V (%0.2) Vo = 0.0V (£0.2)
Dark Illuminated Dark Iluminated
Compoundft Pt Epe Epa Epe Epa Epe Epa Epe Epa
A —1.94 —-1.97 —1.91 —1.97 —191 —2.38 —1.75 - 175 —1.62
DPA —1.84 -2.0 —-1.81 -2.0 ~1.81 —-221 -15 —1.65 —1.41
Ru (bipy)s+2 —1.30 —1.33 —1.27 —-1.33 —-1.27 —17 —0.85** —0.85 -0.7
—-1.50 —1.53 —1.46 —1.52 —1.46 —-2.19 —-0.90 —1.03 —0.85
-1.75 — 177 —1.68 —-1.76 —1.68 —-23 —-2.1 —1.38 —1.17
Ru(TPTZ)2+3 —0.80 —0.84 —0.74 —0.84 —0.77 —1.24 —0.44 —0.3 —0.17
—-0.97 —-1.01 —-0.94 —1.01 —-0.95 —-1.33 —0.64 —0.64 —0.41
—1.63 —1.69 —1.58 —1.69 —1.58 -1.78 —-15 —1.34 —-1.14
—1.87 —1.92 —1.83 —-1.92 —1.83 —2.02 —1.83 —1.58 —-1,39
AQ —0.94 —~1.24 0.0%* —1.24 —0.6 -13 0.25** —15 0.25
BQ —0.52 —0.94 0.58** —0.77 —0.71 -14 —s —-0.14 —-0.08
+
ox — 1- —-0.42 —0.51 0.32** —0.51 —0.59 -1.34 —0.12 -0.1 —0.08
-1.3 -1.37 -~1.15 —1.37 —-121
+
TMPD- 0.1 —0.29 —*s —0.22 —0.07 ~1.0 0.41 0.11 0.49

* Irradiation with red light; pretreatment (D), unless noted otherwise.
1 Abbreviations used in this table: A, anthracene; DPA, diphenylanthracene; bipy, bipyridine; TPTZ, 2,4,6-tripyridyl-s-triazene; AQ an-
thraquinone; BQ, benzoquinone; Ox — 1, oxazine — 1; TMPD, N,N,N'N’-tetramethyi-p-phenyienediamine.
** Etched by procedure (E).

ably via band to band tunneling through the thin
space charge region. The E, values for AQ depended
upon the etchant and the largest photoanodic cur-
rents, found with treatment (E), are reported in
Table L. The photooxidation current appeared to start

erated holes within the semiconductor to the semi-
conductor-solution interface to be filled by electron

transfer from the AQ -
Redox couples whose E°'s are located at energies

about —1.05V, near Vg, where a depletion layer is

) +
formed within the n-InP which forces the photogen- near the middle of Eg, e.g, BQ and Ox — 1°, were

reduced on n-InP with the Ep. shifted negative from
its value on a Pt disk electrode, as shown in Fig. 4.
However, the reduction peak occurred at potentials
positive of Vi, possibly via an intermediate level
mechanism as previously proposed with n-TiO. (8),
n-CdS, n-ZnO (6), n-GaAs (5), and n-Si (7). The

reduced species, BQT and Ox — 1 were photooxidized
-2~ at potentials negative of their values on Pt; the under-

PYEY)  nhPE,)  BMP(E)

—A —A potential for the photooxidation indicates the work
DPA —pPa available from the illumination as chemical or _elec-
- 0 7 trical energy. The magnitude of the underpotential is
Ru( ) Ru(b)° :SPA limited by the potential at which the reduetion (or
—R (T)+ + back reaction) occurs. Thus, the dark reductions
- u R“(T) = which were observed at potentials positive of Vg via
+ —IAQ the intermediate level, limit the output of the semi-
—Ru( ) —'Ru(b)+ conductor threshold device. The open-circuit photo-
B + voltage, which was measured between the n-InP and
N F —lox1 _‘R“g)o a large area Pt counterelectrode in an equimolar BQ,
o i -—Ru -
> —i0Ox-1 ) _ BQ- (2-10 mM) was only about 260 mV rather than
e the maximum predicted value of |[E° — V| of about
] - 500 mV. Note that agueous studies of redox systems
2 R“(b) energetically located at a similar level have shc_)wn
s only the dissolution of the IuP at these potentials,
[« W +3
- —Ru(T) Ru(T)" -
BQ
- —ox-1" -
—BQ
L —ox 1+ | z
—Ry(T)" s
Q
L BQ _
—{TMPD! jo 1
O + | | | B
— TMPD* —|TMPD" ! 0 Potential, V. vs SCE -

Fig. 2. Cyclic voltammogram in ACN —0.1M TBAP of n-InP and
p-InP at 0.2 V/sec in the dark (———) and illuminated with red
light (- - ----- ).

Fig. 1. Peak potentials for photooxidations on n-InP and photo-
reductions on p-InP.
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Fig. 3. Cyclic voltammogram at 0.2 V/sec of @ 2 mM solution of
AQ at a Pt disk electrode and n-InP electrode in the dark and
illuminated with red light.

Pt

o— 0.4n_|x/cm"l_.
41
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= 0.5mA /cm2
Q
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1Hum.

| | 1 | BQ
00 -1.0
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Fig. 4. Cyclic voltammogram of a 0.4 mM BQ, 04 mM BQ-~
solution at a Pt disk and single crystal n-InP electrode in the dark
and illuminated with red light; v = 0.2 V/sec.

The reduction of TMPD"j to TMPD, which occurs re-
versihly at a Pt disk electrode at potentials just nega-
tive of the InP VB edge, was irreversibly reduced on
n-InP in the dark at potentials well positive of V.
The photooxidation of TMPD to the blue-colored radi-
cal cation was observed at a potential of about 170
mV more negative than on a Pt disk. The extent of
the negative shift in the photooxidation peak was
again limited by the rate of the dark reduction.

The electrode pretreatment procedure had a sig-
nificant effect on the observed behavior. Thus for AQ
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pretreatments (A) and (B) produced more reversible
dark cv curves than that shown in Fig. 3; irradiation
had very little effect on these. These pretreatments
probably produced a large number of defects and
energy levels at the semiconductor surface as a result
of the abrasive polishing and the lack of sufficient
etching. Treatments (C), (D), and (E) produced
voltammograms more characteristic of n-type semi-
conductor behavior. Pretreatment (D) produced un-
derpotentials only slightly inferior to those shown in
Table I for couples in the gap region while treatments
(A) and (B) again produced more reversible dark
behavior (i.e., peak separations similar to those on a
Pt disk electrode) and very small photoeffects.

p-InP.-—The background current of p-InP in an
ACN solution containing 0.1M TBAP is shown in Fig.
2b. A small dark reduction wave was again observed
and the oxidation current in the dark, corresponding
to dissolution of the InP, seen at potentials positive of
0V, near Vi, was decreased in magnitude under il-
lumination with red light. More specifically, irradia-
tion caused a decrease in the oxidation current of
p-InP in the dark with a small cathodic current spike
observed when the light pulse was initiated. After po-
tential scans to +1V, where the dissolution was ob-
served, the small reduction peak at potentials nega-
tive of —1V was much larger than in an initial cath-
odic scan. This suggests that products of the dissolu-
tion are reduced at these potentials. When this nega-
tive going potential sweep was carried out while the
p-InP was irradiated with red light, the photoreduc-
tion started just positive of 0V, near Vi, and the
cathodic peak height increased.

In studies of various redox couples, pretreatment
(D), which produced the largest photfoassisted reduc-
tion currents and caused a slight darkening of the
electrode surface was used, unless otherwise noted.
Redox couples whose standard redox potentials lie
negative of the CB edge are expected, from the usual
band model, to be oxidized (and rereduced) with
minimal photoeffects because of the potential inde-
pendent rate of oxidation (9). However, we previ-
ously found that at p-GaAs photoreductions could be
performed at potentials positive of their value at a
Pt disk electrode (i.e., with underpotentials) for
redox couples located negative of this CB edge. This
was attributed to the formation of a surface layer
which formed a Schottky barrier with the underlying
semiconductor; this junction, when illuminated, pro-
duced a photovoltage. Similar effects were observed
with p-InP, e.g., with anthracene (A). The E,. for
the reduction of A to the blue-colored radical anion
in the dark was observed on p-InP at a potential more
negative than that observed at a Pt disk electrode, as
shown in Fig. 5a. However A was photoreduced at

potentials well positive of the E° for the A/A - couple,
i.e., at an underpotential. At higher light intensities
the cathodic peak was shifted to even more positive
potentials because of the increased rate of photore-
duction with respect to the fixed rate of oxidation.
This photoreduction depended on the previous history
of the semiconductor surface. The importance of the
previously proposed film formation is shown by the
experiments in Fig. 5b, where the photocurrents re-
sulting from pulsed irradiation of an electrode held

at —1.7V (240 mV positive of the E° for the A/A-
couple) are given. The photoreduction currents
clearly depended upon the previous history of the
electrode surface. If the potential was first scanned
to —1.0V (at 0.2 V/sec) and then held at —1.7, the
photocathodic current peaks with diffusion-controlled
(t—1/2) decay were not observed until after several
light pulses, probably because a surface film had to
be formed. However a photocathodic current with a
t—1/2 decay was observed on the first light pulse, and
was constant after successive light pulses, when the
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Fig. 5. (a) Cyclic voltammogram of a 2.8 mM anthracene solution
at o Pt disk and p-InP electrode in the dark and illuminated with
red light; v = 0.2 V/sec. (b) Current vs. time curve at —1.7 VY of
p-InP irradiated with chopped light (cathodic current plotted up-
ward) after (1) a potential scan to —1V and (2) a potential scan
to —2.2V,

electrode was first scanned to —2.2V. This behavior
was reproducible and smaller photoreduction currents
were again observed if the potential was again
scanned to positive potentials.

The redox behavior of DPA, whose E° is also nega-
tive of the CB edge, was similar to that of A; an over-
potential was observed for the dark reduction, prob-
ably because the surface film provides a barrier to
electron transfer, and an underpotential was found
for the reduction under irradiation. The magnitude of
the underpotential was independent of E° for couples
with E°’s negative of —1.3V. Thus each of the three
cathodic peaks for the reduction of Ru(bipy)s*2 to
the +1, 0, and —1 species were shifted to potentials
positive of their value at Pt by a similar amount when
illuminated with red light and were not shifted with
respect to each other (Fig. 2). This constant photo-
potential can again be attributed to the voltage
fermed at the surface Shottky barrier.

The redox behavior of couples lying positive of the
CB edge was more like that expected for the semi-
conductor-solution interface. The dark reduction of
solution species did not occur until the potential was
negative of the CB edge. In the reduction of
Ru(TPTZ)>*3 to the anion (Fig. 6), only the Ru(Ill)/
Ru(II) couple was located positive of the CB edge.
An overpotential existed for this reduction in the
dark so that E,. occurred negative of —1V. The over-
potential for other couples lying within E; varied
with E°, with Ep. always occurring negative of —1V.
The reduction waves for the +1 to 0 and 0 to -1
states (Fig. 6) were both shifted by a similar amount
and not with respect to one another. The oxidation of

species with E°'s located within E,, e.g., AQ ", BQ ",
Ox — 1, were observed at potentials more positive
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Fig. 6. Cyclic voltammogram of a 0.3 mM solution of
Ru(TPTZ)2*3 at a Pt disk electrode and p-InP single crystal elec-
trode in the dark and illuminated with red light; v = 0.2 V/sec.

than Vi, ~0V. The largest stable underpotential ob-
served for the reduction of BQ to the radical anion
(380 mV) was found with pretreatment (E). Although
the largest photopotentials should be found for redox
couples lying close to the CB edge, the rate of back
reaction (i.e., dark oxidation of the reduced species)
limited the magnitude of the underpotential. Thus the
photoreduction of Ru(TPTZ);13 started near Vi but
the dark oxidation limited the positive potential shift
of E,.. The peak potential for the photoreduction of

+
BQ and Ox — 1 was also shifted to a similar poten-
tial under irradiation with light of energy greater than
1.25 €V. The small underpotential for the photoreduc-

+
tion of TMPD - is consistent with a Vg, located just
positive of 0V vs. SCE.

Conclusion

This and earlier papers in this series suggest that
while semiconductor band theory can be used to model
the semiconductor-solution interface and form a basis
for the prediction about the nature of charge transfer
across it, the specific nature and properties of each
semiconductor, its intermediate levels and surface be-
havior, must be characterized for a more complete
understanding of the interface. For example, although
the position of the energies of the bands are quite
similar for the small bandgap semiconductors, Si,
GaAs, and InP, the i-V curves, underpotentials, and
stability in various solvents is very different. The
trends in the magnitude of the underpotentials de-
veloped for the different semiconductors in ACN seem
to follow that in aqueous solutions, i.e., compounds
such as GaAs show good solar energy conversion and
stability in aqueous and nonagueous solvents while

Downloaded 16 Feb 2009 to 146.6.143.190. Redistribution subject to ECS license or copyright; see http://www.ecsdl.org/terms_use.jsp



Vol. 126, No. 4

InP and Si, whose band structures are very similar,
give relatively poor behavior. The use of nonaqueous
solvents have also produced several novel semicon-
ductor effects which could not be investigated in aque-
ous solutions. Thus while n-InP photodecomposes in
aqueous solutions (except those containing Te2~), the
stability range in ACN is much larger. The extended
solvent stability at negative potentials and the surface
film effect allowed photoassisted electron transfer
over a potential range of about twice Eg Moreover,
n- and p-type InP in ACN has recently been utilized
for photoassisted electrogenerated chemiluminescence,
where the irradiating red light was up-converted to
violet emission (14).
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Semiconductor Electrodes
XVIII. Liquid Junction Photovoltaic Cells Based on n-GaAs Electrodes
and Acetonitrile Solutions

Paul A. Koh!* and Allen J. Bard**
Department of Chemistry, The University of Texas at Austin, Austin, Texas 78712

ABSTRACT

Regenerative photoelectrochemical cells (PEC) were constructed utilizing
single crystal n-GaAs in acetonitrile solutions. Solution redox couples (an-
thraquinone, p-benzoquinone, dimethyl terrocene, ferrocene, hydroxymethyl
ferrocene, and tetramethyl-p-phenylenediamine) whose standard redox poten-
tial varied by over 1.2V, were photooxidized at the semiconductor electrode and
reduced at a Pt counterelectrode converting light directly into electrical en-
ergy. A power conversion efficiency of 14% was observed for the n-GaAs elec-
trode in a ferrocene-ferricenium acetonitrile sclution at a radiant intensity of
0.52 mW/cm?2 of 720-800 nm light. The efficiency and stability were found to
be very dependent upon the residual water concentration, radiant power,

and concentration of electroactive species.

The effective utilization of semiconductor elec-
trodes in photoelectrochemical devices for the con-
version of light energy to chemical and electrical
energy depends upon a knowledge of the mechanism
of charge transfer at the interface and hence of the
energy level distributions within the semiconductor
and solution. These determine the rates of competitive
reactions of photogenerated holes or electrons and
thus the stability, efficiency, and over-all electro-
chemical behavior of the semiconductors. The char-
acteristics of a photoelectrochemical cell (PEC) can
be predicted from the electrochemical behavior of
the individual semiconductors and counterelectrode
in regenerative PEC’s (or liquid junction photovoltaic

* Electrochemical Society Student Member.

** Electrochemical Society Active Member. X
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cells) which show no net solution reaction and convert
light to electricity, photoelectrosynthetic cells, which
cause a net change in the solution composition and
creation of chemical free energy (e.g., the decom-
position of water to Hy and Oz), or in photocatalytic
cells in which light is used to catalyze solution reac-
tions at the semiconductor surface. Although a num-
ber of aqueous photovoltaic cells have been described,
the recent cell by Tsubomura et al. (1) utilizing
n-CdS and iodide ion in acetonitrile (ACN) is the
only reported PEC using an aprotic solvent.
Previous studies of the electrochemical behavior of
n- and p-type GaAs in anhydrous ACN solutions have
shown that these semiconductors are stable under
irradiation and suggested several suitable couples for
use in photovoltaic PEC’s (2). It was shown that:
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