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A B S T R A C T

Photoelectrodes of polyaniline-coated ZnS film/ZnO nanorods (NRs) for water splitting were evaluated for their
photocorrosion behavior. Their microstructure transition and photocatalytic properties were systematically in-
vestigated using cyclic voltammetry with light illumination. In photoelectrodes without polyaniline (PANI)
coating after 20-cycle tests, photocurrent was reduced by approximately 78%. The ZnO NRs were almost
completely photocorroded. On the other hand, PANI-coated photoelectrodes showed no reduction of photo-
current, and no photocorrosion of the ZnS/ZnO structures. Thus, it can be confirmed that the PANI layer has a
photocorrosion prevention effect. This effect can be explained by the self-redox potential levels and band
alignment of each constituent material relative to the redox potential for water splitting. We report that it is
important to prevent the accumulation of photo-excited electrons and holes in photocatalysts. It appears that the
PANI-coated ZnS/ZnO structures have sufficient band alignment to prevent this accumulation.

1. Introduction

Photocorrosion can be defined as the phenomenon of self-oxidation
or self-reduction with excited holes or electrons in photocatalytic
semiconductors, respectively, when they are exposed to solar light. The
occurrence of photocorrosion depends on the position of the self-redox
potential level of a photocatalytic semiconductor relative to the water-
splitting redox potential levels (0 V for H+/H2 and 1.23 V for O2/H2O
vs. NHE @ pH 0). In other words, if the self-oxidation potential level is
positioned within the band gap and at the same time at a negative value
compared to the water oxidation potential level of 1.23 V O2/H2O,
excited holes will participate in the self-oxidation reaction rather than
in the O2 evolution reaction (H2O(l) + 2h+→ 1/2O2(g) + 2H+

(aq)) [1–5].
For example, metal chalcogenide compounds such as SnS
(Eg = =1.01 eV), PbS (0.37 eV), NiS2 (0.3 eV), HfS2 (1.13 eV), FeS2
(0.95 eV), MnS2 (0.5 eV), Cu2S (1.10 eV), and TiS2 (0.70 eV) can fea-
sibly self-oxidize with holes (S2−(aq)+ 2h+→ S(s)) [6–10].

One of the methods to prevent photocorrosion is the addition of
electron–hole scavengers to the electrolyte, resulting in significant re-
moval of electrons or holes responsible for the photocorrosion reaction.
Electron scavengers such as Na2S2O8, AgNO3, and FeCl3, and hole
scavengers such as methanol, KBr, Na2S2O3, Na2S, and Na2SO3, have
been reported [11–13]. However, this may be not the ideal solution for
photocorrosion, because the consumable additives would need to be
supplied constantly. Another way to solve the issue is to deposit films or
nanoparticles on the surface of semiconductors sensitive to

photocorrosion. This can essentially prevent photocorrosion, resulting
from the capture of excited electrons or holes from semiconductors. To
make electrons and holes transfer, it is important to adjust the Fermi
energy level through proper band alignment between junction semi-
conductors. This can inhibit the accumulation of excited carriers inside
the semiconductors, blocking photocorrosion reactions. For example, it
was reported that MoS2 sheets deposited on CdS/graphene-oxide show
a superior prevention effect from photocorrosion [14]. Photo-excited
electrons and holes in CdS move to the MoS2 sheets and the graphene
oxide, respectively, so that accumulation of the charge carriers within
the CdS does not occur, and photocorrosion reactions are inhibited.
Other coated layers on CdS that inhibit photocorrosion include Ni2P,
Polyaniline (PANI), and carbon [15,16]. Electrons photo-excited inside
the CdS were extracted and moved to the conduction band of the shell,
and the holes reacted with hole scavengers (S2−, SO3

2−) in the elec-
trolyte and were consumed. Photocorrosion reactions were thus in-
hibited. Similarly, studies on the photocorrosion-inhibiting effects of
Ta3N5 deposited with co-catalysts such as Co(OH)x and Co-Pi were re-
ported [17]. The mechanism was the transfer of photo-excited holes in
the Ta3N5 to the co-catalysts. In the case of Ag2O decorated with Ag
nanoparticles, photo-excited electrons in the Ag2O were attracted to the
Ag, and holes were consumed for the oxidation of dye in the electrolyte
[18]. PANI-coated PbS with a core–shell structure was also reported
[19]. Photo-excited holes in the PbS reacted chemically with Na2S2O3, a
hole scavenger, and were involved in the O2 evolution process. Another
way to inhibit photocorrosion is by changing the self-potential level
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through alloying. This was observed for alloys of CdS and Mn, Mn1-
xCdxS (0≤ x≤ 1) [20]. Furthermore, a method was reported to inhibit
photocorrosion by manipulating nano-structures, that is, crystal planes
and grain size, with high mobility of electrons and holes [21]. Fast
transfer of electrons and holes into the planes or fine grains can cause
prevention of photocorrosion due to a lack of electron and hole accu-
mulation in photocatalytic semiconductors. Consequently, if photo-ex-
cited electrons and holes, which can cause photocorrosion in photo-
catalytic semiconductors, are transferred into neighboring layers or
consumed in a redox process, then the photocorrosion process can be
prevented, essentially by a deficiency of photo-excited electrons and
holes in photocatalytic materials.

Although various types of photocorrosion have been reported in
many types of materials [22–26], there have been few detailed studies
on photocatalytic properties accompanied by nano-structural transi-
tions during the photocorrosion process. In this study, we investigated
this transition for nano-scale microstructural and photocatalytic prop-
erties depending on the number of cyclic voltammetry tests for PANI-
coated ZnS film/ZnO nanorods (NRs). The role of the PANI layer in
these samples was systematically examined by a cyclic voltammetry
method in which samples were tested for water splitting and compared
after 1 cycle and 20 cycles.

2. Experimental details

2.1. Preparation of ZnO NRs on FTO glass

ZnO NRs were grown on a fluorine-doped tin oxide (FTO, ~8 Ω/
cm2, Sigma Aldrich) glass substrate by a hydrothermal method. The
substrates were cleaned by ultrasonication in trichloroethylene,
acetone, and methanol sequentially for 10min each and then dried
under N2 blowing. Subsequently, ZnO seed layer was spin-coated on
dried FTO glass substrate using ethanolic zinc acetate solution (10ml
ethanol+ 30mM zinc acetate) at 3500 rpm for 30 s. After spin-coating,
the seeded FTO substrates were annealed at 350 °C for 30min in air.
The solution for growth of ZnO NRs contained 35mM zinc nitrate and
35mM hexamethylenediamine in deionized water. Annealed ZnO
seeded substrates were placed against the wall of a glass vial and then
maintained at 95 °C for 3 h. As-grown ZnO NRs were cleaned with
deionized water and dried under N2 blowing. Finally, ZnO NRs were
crystallized by annealing at 450 °C for 4 h in air [27,28].

2.2. Preparation of ZnS film on ZnO NRs

ZnS film was synthesized on the surface of ZnO NRs by immersing
the ZnO NRs/FTO photoelectrode in an aqueous 0.32M Na2S•9H2O
solution for 12 h. Sulfurization by anion-exchange reaction was carried
out in a deionized water bath at 60 °C. Na2S•9H2O was used as the S2−

anion source to form ZnS on the surface of the ZnO NRs, according to
the following reaction:

ZnO(s) + S2−(aq) +H2O(l)→ ZnS(s) + 2OH−
(aq)

The photoelectrode was then cleaned with deionized water and
absolute ethanol three times and dried at 80 °C for 2 h in a convection
oven [29,30].

2.3. Preparation of PANI on ZnS film/ZnO NRs

A PANI layer was electrochemically polymerized on ZnS film/ZnO
NRs photoelectrodes using a standard three-electrode configuration,
with as-prepared ZnS film/ZnO NRs/FTO as the working electrode, Pt
mesh as the counter electrode, and Ag/AgCl/sat.KCl as the reference
electrode. Aniline was distilled under low pressure and stored in the
dark before use. Electrochemical polymerization of PANI was carried
out using cyclic voltammetry at 50mV/s in 250ml of 0.5M aqueous

H2SO4 [31–33].

2.4. Microstructure characterization

The microstructure of the photoelectrodes was characterized by
field-emission scanning electron microscopy using an operating voltage
of 10 kV (FE-SEM; 10 kV/JSM-6500 F, JEOL), field-emission transmis-
sion electron microscopy (FE-TEM; 200 kV/JEM-2100F HR, JEOL), and
X-ray diffraction (XRD, Cu Kα/SWXD, Rigaku) operating in the 2θ
scanning mode with Cu-Kα radiation (40 kV, 200mA) and diffracted
beam monochromator, using a step scan mode with the step of 0.02°.

2.5. Photocorrosion and photocatalytic tests

The photocurrent densities of the photoelectrodes for water splitting
were measured using a potentiostat (AMT VERSASTAT 3, Princeton
Applied Research) with a three-electrode cell comprising Pt mesh as the
counter electrode and Ag/AgCl/sat. KCl as the reference electrode se-
parated by a proton exchange membrane in 0.1M aqueous Na2SO4

(pH = 7.15) electrolyte. The photocurrent measurements were fol-
lowed by cyclic voltammetry tests for photocorrosion investigation
using the potentiostat in the voltage range −1.5 to 1.5 V under white
light (consisting of UV and visible light) illumination. Using a 1 kW
xenon lamp (Newport) with the infrared wavelengths filtered out by
water, 1 cm2 of the working electrode was exposed. The light irra-
diance, measured using a thermopile detector, was 100mW/cm2.

3. Results and discussion

In this study, the photocorrosion properties of ZnS film/ZnO NR
heterojunctions with PANI layers for water splitting were investigated.
To fabricate the composite, first ZnO NRs were grown on an FTO sub-
strate by a hydrothermal method, then ZnS layers were formed via
sulfurization, followed by PANI coating via electroplating. In Fig. 1,
SEM images are shown for ZnS film/ZnO NRs and PANI/ZnS film/ZnO
NRs after a 1-cycle test in cyclic voltammetry mode. Fig. 1(a) and (b)
show representative surface and cross-sectional views of ZnS film/ZnO
NRs, in which ZnO NRs with an average length of about 1.5 μm and an

Fig 1. SEM images of ZnS film/ZnO NRs, and PANI/ZnS film/ZnO NRs after 1-
cycle test in cyclic voltammetry mode: surface (a and c), and cross-sectional
views (b and d).
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average width of about 90 nm were grown slantwise and cross-arranged
on FTO. The ZnS films are uniformly coated on the surface of the ZnO
NRs. In Fig. 1(c) and (d), surface and cross-sectional images of PANI-
coated ZnS film/ZnO NRs are shown. It can be seen that the spaces
between the ZnS film-coated ZnO NRs are completely filled with PANI.
The morphology of electropolymerized PANI is similar to that of glue.

The TEM bright field image and high-resolution lattice-fringes are
shown for the ZnS film/ZnO NRs sample after a 1-cycle test in cyclic
voltammetry mode in Fig. 2(a) and (b), respectively. The ZnS film
consists of densely agglomerated nanoparticles (NPs) with an average
diameter of about 7.5 nm. Fig. 2(c) shows the selective electron dif-
fraction patterns from TEM analysis for ZnS film/ZnO NRs. The (101)
diffraction spot (zincite, hexagonal, space group P63mc; JCPDS card
no. 36-1451) of single-crystalline ZnO NRs and the (111) diffraction
ring (sphalerite, cubic, space group F43m; JCPDS card no. 05-0566) of
polycrystalline ZnS film are shown. The bright-field TEM image and
high-resolution lattice-fringes for PANI/ZnS film/ZnO NRs after a 1-
cycle test in the cyclic voltammetry mode are shown in Fig. 2(d) and
(e), respectively. The PANI layer of ~10 nm thickness is coated uni-
formly on the surface of the ZnS-NP film. Fig. 2(f) shows the selective
electron diffraction patterns from TEM analysis of the PANI/ZnS film/
ZnO NRs. The (101) diffraction spot of single crystalline ZnO NRs and
the (111) diffraction ring diffraction of polycrystalline ZnS film are
observed.

Photocurrent densities measured after a 1-cycle and a 20-cycle
(~1.5 h) test under white light illumination in cyclic voltammetry
mode for ZnS film/ZnO NRs and PANI/ZnS film/ZnO NRs are compared
in Fig. 3(a) and (b), respectively. Photocurrent densities of the samples
for water splitting were measured in a photoelectrochemical cell under
white light exposure using infrared (IR) filters. The photocurrent den-
sity corresponding to pure photo-response was measured by using a
chopping light source (on-off). The measured photocurrent density is
the photo-response difference between the on- and off-states of the light
source. The photocurrent densities of the ZnS film/ZnO NRs electrode
after the 1-cycle and 20-cycle test were ~0.42 and ~0.09mA/cm2 at
1 V, respectively. In this measurement, the photocurrent density of the
20-cycle sample was reduced by approximately 78% compared with the
1-cycle sample. It is believed that this significant reduction of photo-
current density is due to photocorrosion with an increasing number of

cycles in the voltammetry test. As seen in the inset photo of Fig. 3(a),
photocorrosion damage occurs on the electrode. The brown color of the
electrode after one cycle becomes transparent after 20 cycles. It is
thought that this is due to photocorrosion of the ZnS film and ZnO NRs.
Meanwhile, for the PANI/ZnS film/ZnO NRs electrode, the photo-
current densities after one cycle and 20 cycles are ~0.54 and
~0.60mA/cm2 at 1 V, respectively, as shown in Fig. 3(b). In this
measurement, the photocurrent density of the 20-cycle sample is
slightly increased when compared to that of the 1-cycle sample. It is
generally increasing by increasing cycle numbers during cyclic vol-
tammetry measurement. It is estimated that increasing activity of re-
frained electrons–holes at the interfaces improves photocurrent density
of the samples. The UPS measurements confirmed the band alignment
of PANI/ZnS/ZnO suitable for the effective charge transferring (see
Fig. 4). It means photo-excited electrons and holes can effectively se-
parate and transfer at each interface.

We attribute this almost constant photocurrent density to an ab-
sence of photocorrosion in PANI-coated ZnS film/ZnO NRs during the
cyclic voltammetry test. As seen in the inset photo in Fig. 3(b), no
photocorrosion of the electrode is evident. The color of the electrode
after one cycle is almost unchanged after 20 cycles. We believe this is
due to a photocorrosion prevention effect of the PANI coating on the
ZnS film/ZnO NRs sample.

X-ray diffraction patterns for ZnS film/ZnO NRs and PANI/ZnS film/
ZnO NRs after one cycle and 20 cycles in cyclic voltammetry mode,
respectively, are compared in Fig. 5. In the X-ray diffraction pattern of
the ZnS film/ZnO NRs electrode after the 20-cycle test, peaks for ZnO
crystal planes such as (002), (101), (102), (110), and (103) have
completely disappeared, and peaks for ZnO (100) and ZnS (111) planes
have significantly decreased, when compared to the pattern for the 1-
cycle tested sample (see Fig. 5(a)). On the other hand, in the X-ray
diffraction pattern of the PANI-coated ZnS film/ZnO NRs electrode after
the 20-cycle test, all peaks for ZnO and ZnS crystal planes are com-
pletely preserved, when compared to the pattern from the 1-cycle tested
sample (see Fig. 5(b)). This is in agreement with the results of the
photocurrent measurements discussed in Fig. 3. We believe that the
presence of the PANI layer is the main contributor to the inhibition of
photocorrosion.

Changes in microstructure accompanying the cyclic voltammetry
tests under white light illumination were investigated by SEM and TEM.
SEM images for surface and cross-sectional views of the ZnS film/ZnO
NRs sample after the 20-cycle test in cyclic voltammetry mode are
shown in Fig. 6(a) and (b), respectively. Dissolution of the ZnS film/
ZnO NRs is observed. The ZnS is partly photocorroded and its hollow
structures are observed, whereas the ZnO NRs are completely dissolved
and aggregated with each other. This SEM observation corresponds to
the results of XRD measurements, in which several ZnO peaks dis-
appeared and the peak intensities of some ZnS and ZnO planes de-
creased. We attribute this to photocorrosion in the central part of the
NRs, compared to the 1-cycle tested samples of Fig. 1(a) and (b).

SEM images for surface and cross-sectional views of the PANI-
coated ZnS film/ZnO NRs sample after the 20-cycle test in cyclic vol-
tammetry mode under light illumination are shown in Fig. 6(c) and (d),
respectively. The PANI-coated ZnS film/ZnO NRs are preserved without
dissolution, compared to the 1-cycle tested samples of Fig. 1(c) and (d).
This SEM observation corresponds to the results of X-ray diffraction
measurements in which the intensities of the ZnO and ZnS peaks were
preserved. Again, this can be attributed to the inhibition of photo-
corrosion by the PANI layer, compared to the 20-cycle tested samples of
Fig. 6(a) and (b), in which the samples without the PANI layer show
significant photocorrosion.

Bright-field TEM images and the high-resolution lattice-fringes for
the ZnS film/ZnO NRs sample after 20 cycles in the cyclic voltammetry
mode under light illumination are shown in Fig. 7(a) and (b), respec-
tively. The ZnO NRs are significantly photocorroded and partially va-
cant. The ZnS film are also partially decomposed. Finally, a partially

Fig 2. TEM images of ZnS film/ZnO NRs, and PANI/ZnS film/ZnO NRs after 1-
cycle test in cyclic voltammetry mode: bright field (a and d), high-resolution
lattice fringes (b and e), and selective electron diffraction patterns (c and f).
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corroded ZnS-shell structure with a vacant ZnO-NRs-core is observed.
Fig. 7(c) shows the selective electron diffraction patterns from TEM for
the ZnS film/ZnO NRs after the 20-cycle test. The (101) diffraction spot
of single-crystalline ZnO NRs is not observed. A ring shape consisting of
many (111) diffraction dots from polycrystalline ZnS film is observed,
and can be compared to the sample after one cycle, in which the
complete ring-line of the (111) diffraction from polycrystalline ZnS film
is observed. The difference between these two patterns is attributed to
partial dissolution of the ZnS film. Bright-field TEM images and high-
resolution lattice-fringes for PANI-coated ZnS film/ZnO NRs after the
20-cycle test in the cyclic voltammetry mode under light illumination

are shown in Fig. 7(d) and (e), respectively. The PANI-coated electrode
is not photocorroded after 20 cycles. Fig. 7(f) shows the selective
electron diffraction pattern by TEM for PANI/ZnS film/ZnO NRs after
the 20-cycle test. The (101) diffraction spot of single-crystalline ZnO
NRs and the (111) diffraction ring diffraction of polycrystalline ZnS film

Fig 3. Photocurrent density measured after 1-cycle and 20-cycle test in cyclic voltammetry mode of (a) ZnS film/ZnO NRs, and (b) PANI/ZnS film/ZnO NRs.

Fig 4. Band alignment based on UPS measurement of the PANI/ZnS film/ZnO
NRs.

Fig 5. X-ray diffraction patterns of (a) ZnS film/ZnO NRs and (b) PANI/ZnS film/ZnO NRs after 1-cycle and 20-cycle test in cyclic voltammetry mode.

Fig 6. SEM images of ZnS film/ZnO NRs, and PANI/ZnS film/ZnO NRs after 20-
cycle test in cyclic voltammetry mode: surface (a and c), and cross-sectional
views (b and d).

H. Kim, et al. Thin Solid Films 693 (2020) 137678

4



are identical to those from the sample after one cycle.
The detailed mechanism can be described by the schematic diagram

shown in Fig. 8, based on UPS(ultraviolet photoelectron spectroscopy)
measurement results(see Fig. 4). Fig. 8(a) shows a schematic elec-
tron–hole transfer diagram for the self-oxidation of ZnS film/ZnO NRs,
and Fig. 8(b) depicts the self-oxidation inhibition of ZnS film/ZnO NRs
by the PANI layer. If the self-oxidation potential level (for example, for
ZnO, 0.9 V vs. NHE, pH 0) of a photocatalyst is located at an energy site
within the band gap and is simultaneously more negative than the
potential level of 1.23 V (vs. NHE, pH 0) for the O2/H2O oxidation re-
action, the participation of photo-excited holes in the self-oxidation
reaction (for example, ZnO(s) + 2h+→ Zn2+(aq) + 1/2O2(g)) is more

thermodynamically stable than the O2 evolution reaction
(H2O(l) + 2h+→ 1/2O2(g) + 2H+

(aq)). Thus, as shown in Fig. 8(a), the
holes accumulated inside ZnO can decompose it. Similarly, the self-
oxidation potential level (0.35 V vs. NHE, pH 0) of ZnS is located at an
energy site within the band gap which is more negative than the po-
tential level of 1.23 V (vs. NHE, pH 0) for the O2/H2O oxidation reac-
tion. Thus, the participation of photo-excited holes in the self-oxidation
reaction (ZnS(s) + 2h+→ Zn2+(aq)+ S(s)) is more thermodynamically
stable than the O2 evolution reaction (H2O(l) + 2h+→ 1/
2O2(g) + 2H+

(aq)). Photocorrosion of ZnS will be dominant because the
self-redox potential of ZnS is more negative than that of ZnO from a
thermodynamic point of view. As shown in Fig. 8(a), the holes accu-
mulated inside ZnS can decompose this compound. However, as can be
inferred from the SEM and TEM images (Fig. 6(b), and 7(a), respec-
tively), ZnO NRs were almost completely photocorroded, but the ZnS
film was only partially photo-decomposed. The reason for this differ-
ence is that the hole scavenger Na2SO4 was used as an additive in the
electrolyte for the cyclic voltammetry test, and can consume holes near
the ZnS rather than near the ZnO NRs. More holes accumulate in ZnO
NRs than in the ZnS; consequently, ZnS shows partial photocorrosion
behavior compared to the almost complete photocorrosion of ZnO. As
shown in Fig. 8(b), the PANI coating can contribute to the inhibition of
photocorrosion in ZnS/ZnO structures. The reason for this is that ex-
cited holes in ZnS/ZnO can easily transfer into the PANI layer, due to
the more negative potential level of PANI, and the accumulation of
excited holes within the ZnS/ZnO can be completely prevented. XPS
measurement results confirmed the compositions of PANI/ZnS film/
ZnO NRs (see Fig. 9) and no interaction between PANI layer and ZnS
film/ZnO NRs. That is, accumulation of excess photo-induced holes at
surface of ZnS/ZnO causes the photocorrosion.

Thus, it is prevented if those holes were transferred from the surface
of ZnS/ZnO and accumulated on the surface of PANI [34]. The holes
transferring is highly significant because the measurement results in
Fig. 4 showed suitable band alignment (see also the discussion in
Fig. 8). Thus, the PANI-coated ZnS/ZnO showed superior behavior with
respect to photocorrosion. Various candidates for photocorrosion pre-
vention such as NiO, RuO2 and carbon nanotubes have been reported
[35–37]. However we believe that PANI is a superior photocorrosion
protection layer for ZnS/ZnO because of dense formation of PANI on

Fig 7. TEM images of ZnS film/ZnO NRs, and PANI/ZnS film/ZnO NRs after 20-
cycle test in cyclic voltammetry mode: bright field (a and d), high-resolution
lattice fringes (b and e), and selective electron diffraction patterns (c and f).

Fig 8. Electron–hole transfer schematics, based on UPS measurement, of (a) ZnS film/ZnO NRs self-oxidation, and (b) self-oxidation inhibition of ZnS film/ZnO NRs
by PANI layer, related to water redox potential.
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ZnS film/ZnO NRs and suitable band alignment to avoid accumulation
of holes at the interface.

In summary, PANI-coated ZnS film/ZnO NR photoelectrodes were
fabricated and evaluated for their photocorrosion performance. The
role of the PANI layer, which leads to superior photocorrosion perfor-
mance, can be understood in terms of self-oxidation potential levels and
band alignment of each constituent material relative to the water redox
potential.

4. Conclusions

In this study, photoelectrodes of PANI-coated ZnS film/ZnO NRs
were investigated for their photocorrosion behavior during water
splitting. Their microstructure transition and photocatalytic properties
were systematically evaluated using cyclic voltammetry tests with light
illumination. To fabricate the PANI-coated ZnS film/ZnO NRs samples,
ZnS film was coated on the surface of ZnO NRs which were synthesized
by a hydrothermal technique, and then a PANI layer was coated on the
ZnS film/ZnO NRs. After these photoelectrode samples were tested as a
function of the number of voltammetry cycles under light illumination,
changes in the photocurrent and microstructure were compared for 1-
and 20-cycle tests by photo-response measurements, SEM, TEM, and
XRD. In the photoelectrodes without PANI layers after the 20-cycle
tests, photocurrents were reduced by approximately 78%. ZnO NRs
were almost completely photocorroded, while ZnS films were partially
decomposed with a hollow structure. On the other hand, PANI-coated
photoelectrodes showed no reduction of photocurrent and no photo-
corrosion in the ZnS/ZnO structures. Thus, it was confirmed by this
study that the PANI layer in these photoelectrodes has a photocorrosion
prevention effect. The effect can be explained by the self-redox poten-
tial levels and band alignment of each constituent material relative to
the water redox potential for water splitting. Based on these results, it is
important to prevent the accumulation of photo-excited electrons and
holes in photocatalysts. It appears that PANI-coated ZnS/ZnO structures
have sufficient band alignment to prevent photocorrosion.
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