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Gallium nitride (GaN) powder was studied as a photocatalyst for overall water splitting. The photocatalytic activity
of GaN for the reaction was found to be strongly dependent on the crystallinity of the material and the cocatalyst em-
ployed. Modification of well-crystallized GaN with Rh2�yCryO3 nanoparticles as a cocatalyst for H2 evolution resulted
in the stable stoichiometric decomposition of H2O into H2 and O2 under ultraviolet irradiation (� > 300 nm) by the band
gap transition. RuO2 modification did not bring about appreciable H2 and O2 evolution. Low-crystallinity GaN exhibits
negligible activity for overall water splitting, regardless of the kind of cocatalyst applied.

Photocatalytic overall water splitting for the production of
hydrogen as a clean and renewable energy source using solar
energy is an important and challenging topic. Non-oxide mate-
rials, such as oxysulfides and oxynitrides, are promising photo-
catalysts for overall water splitting under visible irradiation.1–4

Although a large number of metal-oxides that function as a
photocatalyst for the overall water splitting reaction has been
developed to date,5 such catalysts are not active in the visible
region. However, there have been a few examples of non-
oxide photocatalysts that are active for the reaction: �-Ge3N4,

6

(Ga1�xZnx)(N1�xOx),
3 Zn–Ge oxynitride,4 and GaN doped

with divalent cations (e.g., Mg2þ and Zn2þ).7 The lack of suit-
able non-oxide catalysts suggests that it is considerably more
difficult to achieve overall water splitting using such a materi-
al. The development of new non-oxide materials that exhibit
activity for photocatalytic overall water splitting, particularly
under visible irradiation, is therefore of significant interest in
terms of both solar-driven photocatalysis and general progress
in photocatalysis technology.

The present study focuses on gallium nitride (GaN) powder
for use as a photocatalyst for overall water splitting. GaN is
a technologically important material with a wurtzite crystal
structure, in which GaN4 tetrahedrons are corner-shared, as
shown in Fig. 1.8 Extensive research has been conducted into
GaN for applications, such as light functional devices and pho-
toelectrodes.9,10 It is well known that GaN-based nitrides dis-
play intense emission in the ultraviolet–visible region, when
employed as a light-emitting diode,9 suggesting that the mate-
rials are promising for use as photocatalysts. Turner et al. have
reported that Mg- or Si-doped GaN thin film, having p- or
n-type semiconducting characteristics, respectively, exhibits
band-edge potentials suitable for overall water splitting.10

Overall water splitting reaction can be achieved using a photo-
electrochemical cell consisting of photoanode of such a GaN
thin film and a Pt cathode upon band gap illumination.10 Our
group has also recently reported that GaN powder doped with

divalent cations displays activity for overall water splitting un-
der ultraviolet (UV) irradiation (� > 300 nm) when loaded
with RuO2 as a cocatalyst.7 The same photocatalyst prepared
without doping does not display activity for the reaction,3a,7

and undoped GaN powder has yet to be reported to achieve
overall water splitting regardless of modification.

In this paper, undoped GaN powder modified with Rh2�y-
CryO3 nanoparticles were shown to be active for photocatalytic
water splitting under UV irradiation (� > 300 nm). The effect
of the crystalline properties of the GaN powder on catalytic
performance and the role of Rh2�yCryO3 nanoparticles as effi-
cient H2 evolution sites were examined, and the essential re-
quirements for overall water splitting using GaN powder are
discussed in detail.

Experimental

Materials. Two types of GaN powder were examined as pho-
tocatalysts for overall water splitting: GaN prepared from elemen-
tal gallium (Mitsubishi Chemicals), and GaN prepared by nitrida-
tion of Ga2O3 powder (High Purity Chemicals, 99.9%) under NH3

flow at 1123K for 15 h. These based powders are referred to here-

Fig. 1. Schematic illustration of wurtzite structure of GaN.
Each tetrahedral unit indicates GaN4 tetrahedron.

1004 Bull. Chem. Soc. Jpn. Vol. 80, No. 5, 1004–1010 (2007) � 2007 The Chemical Society of Japan

Published on the web May 14, 2007; doi:10.1246/bcsj.80.1004



after as GaN(MC) and GaN(HM), respectively.
Modification with Rh2�yCryO3 or RuO2 Nanoparticles.

Rh2�yCryO3 or RuO2 nanoparticles as water splitting promoters
were loaded onto the GaN powder according to the method report-
ed previously.3 In the case of Rh2�yCryO3, GaN powder and an
aqueous solution containing an appropriate amount of Na3RhCl6�
2H2O (Kanto Chemicals, 97% as Rh) and Cr(NO3)3�9H2O (Wako
Pure Chemicals, 99.9%) were placed in an evaporating dish in a
water bath. The suspension was stirred to complete evaporation
using a glass rod. The resulting powder was collected and heated
in air at 623K for 1 h to convert the Rh and Cr species to
Rh2�yCryO3.

3f The catalyst was loaded with 1wt% Rh and
1.5wt% Cr (metallic content), which has previously been found
to be optimal in the case of (Ga1�xZnx)(N1�xOx), a visible-light-
driven photocatalyst for overall water splitting.3 Prior to photo-
catalytic reactions, the Rh2�yCryO3-loaded GaN was washed with
distilled water to remove any remaining impurities, e.g., Naþ,
Cl�, Cr6þ, from the catalyst surface.3f To load the catalyst with
RuO2, the GaN powder was immersed in a tetrahydrofuran (THF)
solution containing dissolved Ru3(CO)12 (Aldrich Chemical Co.,
99%) and stirred at 333K for 5 h. The solution was then dried un-
der reduced pressure by heating in air at 373K for 1 h to remove
THF. The resulting powder was finally heated in air at 623K for
1 h to convert the Ru species to RuO2.

3c The amount of loaded
RuO2 was 5wt%.

Characterization of Catalysts. The samples were studied by
powder X-ray diffraction (XRD; RINT-UltimaIII, Rigaku;
CuK�), scanning electron microscopy (SEM; S-4700, Hitachi),
UV–visible diffuse reflectance spectroscopy (DRS; V-560, Jasco),
and X-ray photoelectron spectroscopy (XPS; ESCA-3200,
Shimadzu). The UV–visible DR spectra were converted from re-
flectance to absorbance by the Kubelka–Munk method. A BaSO4

plate was used as a reference to correct the spectra. The binding
energies determined by XPS were corrected in reference to the
Au4f7=2 peak (83.8 eV) for each sample. The chemical composi-
tion of the materials was determined by inductively coupled
plasma optical emission spectroscopy (ICP-OES; Iris Advantage
Duo, Thermo Elemental Co.) and a TC436 oxygen and nitrogen
determinator (LECO Corporation). The Brunauer–Emmett–Teller
(BET) surface area was measured using a BELSORP-mini instru-
ment (BEL Japan) at liquid nitrogen temperature.

Photocatalytic Reactions. Reactions were carried out in a
Pyrex inner irradiation-type reaction vessel connected to a glass-
closed gas circulation and evacuation system. The overall water
splitting reaction was performed in an aqueous H2SO4 solution
containing 0.3 g of the catalyst. The pH of the reactant solution
was adjusted to 3.0 in the case of the RuO2-loaded sample and
4.5 for the Rh2�yCryO3-loaded sample according to previous opti-
mizations of reactions conditions for (Ga1�xZnx)(N1�xOx).

3a,e The
reactant solution was evacuated several times prior to the start of
reaction to ensure complete air removal, and then the vessel was
irradiated at � > 300 nm using a 450-W high-pressure Hg lamp
(UM-452, Ushio). Photocatalytic half reactions, that is, photo-
reduction of Hþ to H2 in aqueous methanol solution (10 vol%)
and photooxidation of H2O to O2 in aqueous silver nitrate solution
(0.01M), were also performed in the same manner. The tempera-
ture of the reactant solution was maintained at 293� 5K by flow-
ing water during the reaction. The evolved gases were analyzed by
gas chromatography.

The quantum efficiency (�) was estimated by the method de-
scribed previously3a using the equation �½%� ¼ ð2� R=IÞ � 100,
where R and I represent the number of evolved H2 molecules

and the number of incident photons. Here, � is the quantum effi-
ciency assuming all incident photons are absorbed by the photo-
catalyst. The number of incident photons was measured using a
calibrated Si photodiode.

Results and Discussion

Crystal Structure and Electron Microscopy. Powder
XRD patterns of the two GaN powders are shown in Fig. 2.
Both samples exhibited single-phase diffraction patterns,
which are indicative of a hexagonal wurtzite structure,8 with
no peaks assignable to gallium oxide or hydroxide. The dif-
fraction peaks for GaN(MC) were much narrower and more in-
tense than those for GaN(HM), suggesting that GaN(MC) has a
higher crystallinity.

Figure 3 shows the corresponding SEM images. The mor-
phologies of the two GaN powders differed considerably in
that GaN(HM) forms large agglomerates consisting of small
primary particles (0.1–0.2mm), while GaN(MC) has a smooth
surface consisting of larger primary particles (0.5–2mm) and
secondary particles. These observations are consistent with
the XRD measurements (Fig. 2). The specific surface areas
of GaN(HM) and GaN(MC) were calculated to be 6.8 and
0.3m2 g�1, respectively.

XPS. The surface electronic state of the two types of GaN
was investigated by XPS. Figure 4 shows the XPS spectra for

31 32 33 34 35 36 37 38

In
te

n
si

ty
 / 

a.
u

.

2θ / Degree

10 20 30 40 50 60 70 80

In
te

n
si

ty
 / 

a.
u

.

2θ / Degree

a

b

a

b

Fig. 2. Powder XRD patterns for GaN: (a) GaN(HM) and
(b) GaN(MC).
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the Ga2p3=2, O1s, and N1s peaks in GaN. No appreciable dif-
ferences in peak positions were observed between GaN(MC)
and GaN(HM). The position of the Ga2p3=2 peak was observ-
ably higher than the reported values for GaN thin film
(1117.1 eV,11 1118.0 eV12), which is attributed to the greater
abundance of oxygen species on the surface, as can be seen
in the O1s spectra.11 The O1s peaks for both GaN powders
could be resolved into 2 peaks (530.9–531.3 and 532.1–
532.6 eV) assignable to lattice oxygen and surface OH groups,
respectively. The N1s peak position is close to that reported
previously for N1s in GaN (397.3 eV,12 397.8 eV13). However,
the intensity of the N1s peak for GaN(HM) was somewhat
smaller than that for GaN(MC) due to the presence of oxygen
species. As can be seen in the O1s spectra, the intensity of
the O1s peak assigned to lattice oxygen for GaN(HM) was

also somewhat larger than for GaN(MC), indicating that the
GaN(HM) surface hosts a higher concentration of oxygen
compared to the GaN(MC) surface.

Atomic Compositions. Table 1 shows the bulk and sur-
face atomic compositions (O/Ga and N/Ga) for GaN. The
bulk atomic ratios were determined by elemental analysis,
and the surface ratios were estimated from the areas of the
O1s, N1s, and Ga2p3=2 peaks in the XPS spectra. The atomic
ratio of N/Ga in GaN(MC) was 1.0, indicating stoichiometry.
Although surface oxygen species were detected by XPS
(Fig. 4), the amount of oxygen in the GaN(MC) bulk was
found to be negligible. In contrast, the atomic ratio of N/Ga
in the GaN(HM) bulk was clearly less than unity, and the
amount of oxygen both in the bulk and on the surface was
greater than that for GaN(MC). These results indicate that
the density of defect sites in the GaN(HM) bulk is substantially
higher than in GaN(MC), even though the two powders have
the same wurtzite crystal structure (Fig. 2).

UV–Visible Diffuse Reflectance Spectra. Figure 5 shows
the UV–visible DRS results for the two GaN samples.
GaN(MC) exhibited a steep absorption edge at ca. 380 nm
and a long tail in the visible region. The position of the absorp-
tion edge of GaN(MC) was located at a slightly longer wave-
length than those of a bulk-type GaN film14a and a GaN single
crystal14b reported previously. An apparent red shift observed
in the present case is presumably due to the difference in the
form of GaN and the method for the measurement. In addition,
the existence of a broad absorption in the visible region
(� > 400 nm) might cause the position of the real absorption
edge to be ambiguous.
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Fig. 4. XPS spectra for Ga2p3=2, O1s, and N1s of GaN: (a) GaN(HM) and (b) GaN(MC).

Table 1. Bulk and Surface Atomic Compositions of GaN

Sample Bulk atomic ratioa) Surface atomic ratiob)

N/Ga O/Ga N/Ga Oc)/Ga

GaN(HM) 0.9 0.2 0.3 0.6
GaN(MC) 1.0 �0.01 0.7 0.4

a) Determined by ICP-OES. b) Estimated from corresponding
XPS peak areas. c) O1s peak assignable to lattice oxygen.

Fig. 3. SEM images of GaN powder: (a) GaN(HM) and
(b) GaN(MC).
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As reported in the previous paper,3b density functional theo-
ry (DFT) calculations show that the tops of the valence bands
for GaN are composed of N2p orbitals, whereas the bottoms of
the conduction bands consist of 4s,4p hybridized orbitals of
Ga. Therefore, the absorption band around 380 nm was attrib-
uted to the transition from N2p orbitals to hybridized Ga4s,4p
orbitals. The broad absorption in the visible region is probably
due to remnant Ga. The spectrum for GaN(HM) included a
shoulder peak at a wavelength of ca. 400–500 nm, presumably
due to nitrogen defects in the GaN(HM) bulk, as suggested
above.

Photocatalytic Activities for H2 or O2 Evolution in the
Presence of Sacrificial Reagents. Prior to the overall water
splitting reactions, the individual photocatalytic activities for
H2 and O2 evolution in the presence of a sacrificial electron
donor or acceptor were investigated. Reactions involving sac-
rificial reagents are not ‘‘overall’’ water splitting reactions, but
are often carried out as test reactions for overall water split-
ting.5b As GaN(HM) and GaN(MC) without modification dis-
played no activity for H2 evolution even in the presence of
methanol as a sacrificial electron donor, the Rh2�yCryO3-load-
ed catalysts were used to ensure promotion of H2 evolution.

3d–f

As shown in Table 2, both GaN(HM) and GaN(MC) exhibited
activity for both H2 and O2 evolution, indicating that GaN
meets the thermodynamic requirement for overall water split-
ting, that is, the tops of valence bands of the material are locat-

ed at a more positive level than the water oxidation potential,
whereas the bottoms of the conduction bands are located at a
more negative level than the water reduction potential. How-
ever, the activities for H2 evolution were approximately an or-
der of magnitude lower than for O2 evolution, and GaN(MC)
exhibited higher activities than GaN(HM).

Photocatalytic Activity for Overall Water Splitting.
Table 3 lists the photocatalytic activity of GaN modified with
RuO2 or Rh2�yCryO3 for overall water splitting under UV irra-
diation (� > 300 nm). None of the RuO2-loaded or unmodified
cocatalysts exhibited activity for simultaneous H2 and O2 evo-
lution under these conditions. Over RuO2-loaded GaN(MC),
N2 was evolved instead of O2, indicating that the photogener-
ated holes oxidize not water molecules but the catalyst itself by
the reaction 2N3� + 6hþ ! N2.

2a–d,3b,e However, the Rh2�y-
CryO3-loaded GaN(MC) displayed clear stoichiometric H2

and O2 evolution. A typical time course for overall water split-
ting on Rh2�yCryO3-loaded GaN(MC) under UV irradiation
(� > 300 nm) is shown in Fig. 6. The reaction was continued
for 50 h with evacuation every 5 h to evaluate the stability of
the catalyst. The rates of H2 and O2 evolution decreased grad-
ually with each reaction run of 5 h, but reached an almost con-
stant level after approximately 15 h, yielding stable perform-

Table 2. Photocatalytic Activities of GaN for H2 or O2

Evolution in the Presence of Sacrificial Reagents under
UV Irradiation (� > 300 nm)a)

Sample Reactant solution Activity/mmol h�1

H2
c) O2

d)

GaN(HM)b) 10 vol% MeOH aq. 18 —
GaN(MC)b) 10 vol% MeOH aq. 90 —
GaN(HM) 0.01M AgNO3 aq. — 214
GaN(MC) 0.01M AgNO3 aq. — 704

a) Catalyst (0.3 g); an aqueous solution (370mL); light source,
high-pressure mercury lamp (450W); inner irradiation-type
reaction vessel made of Pyrex. b) Loaded with Rh2�yCryO3.
c) Steady rate of gas evolution. d) Initial rate of gas evolution.

Table 3. Photocatalytic Activity of GaN for Overall Water
Splitting under UV Irradiation (� > 300 nm)a)

Sample Cocatalyst Activityb)/mmol h�1

H2 O2 N2

GaN(HM) None 0 0 0
GaN(HM) RuO2 0 0 0
GaN(HM) Rh2�yCryO3 0.4 0 0.6

GaN(MC) None 0 0 0
GaN(MC) RuO2 4.2 0 1.9
GaN(MC) Rh2�yCryO3 19 9.5 0

a) Catalyst (0.3 g); an aqueous solution (370mL); light source,
high-pressure mercury lamp (450W); inner irradiation-type
reaction vessel made of Pyrex. b) Steady rate of gas evolution.
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Fig. 6. Time course of overall water splitting over
GaN(MC) under UV irradiation (� > 300 nm). Reaction
conditions: 0.3 g of catalyst, aqueous solution adjusted to
pH 4.5 with H2SO4 (370mL), high-pressure mercury
lamp (450W), Pyrex inner irradiation-type reaction vessel.
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Fig. 5. Diffuse reflectance spectra for GaN: (a) GaN(HM)
and (b) GaN(MC).
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ance for an extended reaction period. A low level of N2

evolution (ca. 10mmol) was detected in the initial stage of
the reaction (0–15 h), which was attributed to oxidation of
N3� species near the GaN surface to N2, as mentioned above.
However, the production of N2 was completely suppressed
after repeated runs and no noticeable change in the XRD pat-
terns was observed even after 50 h of reaction, demonstrating
the stability of the material.

The quantum efficiency of Rh2�yCryO3-loaded GaN(MC)
for overall water splitting as a function of irradiation wave-
length is shown in Fig. 7.15 The apparent quantum efficiency
decreased with increasing cutoff wavelength, and the onset
wavelength was found to be consistent with that indicated by
the diffuse reflectance spectrum. Irradiation at wavelengths
longer than 400 nm did not produce appreciable conversion.
These results clearly indicated that the reaction proceeded pho-
tocatalytically via the band gap transition from the valence
band formed by N 2p orbitals to the conduction band formed
by Ga4s,4p hybridized orbitals. Sakata et al. have reported that
Ga2O3, a typical metal-oxide photocatalyst, exhibits activity
for overall water splitting when loaded with NiO as a cocata-
lyst but only at UV wavelengths shorter than 275 nm due to the
large band gap energy of the material (ca. 4.5 eV).5f Accord-
ingly, it is clear that the main unit of active sites for overall
water splitting in GaN is not Ga–O species on the surface
but the GaN4 tetrahedra unit constituting the wurtzite crystal
structure.

The apparent quantum efficiency of the present Rh2�y-
CryO3-loaded GaN(MC) (ca. 0.7% at 300–340 nm) is about
an order of magnitude lower than those of the same non-oxide
photocatalysts, e.g., Rh2�yCryO3-loaded (Ga1�xZnx)(N1�xOx)
(ca. 4% at 300–340 nm)3d and RuO2-loaded Ge3N4 (ca. 9%
around 300 nm.6 As mentioned above, GaN(MC) had a specific
surface area of 0.3m2 g�1, which is smaller than those of
(Ga1�xZnx)(N1�xOx) (7.4m

2 g�1, x ¼ 0:12)3b and Ge3N4 (2.4
m2 g�1). Therefore, it is likely that the relatively low quantum

efficiency of the present catalyst is due to the small surface
area. In metal-oxide photocatalysts, it has been reported that
a decrease in the surface area of the catalyst directly contrib-
utes to a decrease in the activity, because the number of the
surface reaction sites becomes small.5a,d,e The fact that the
loading amount of Rh2�yCryO3 cocatalysts has not been opti-
mized would also have a negative effect on the quantum effi-
ciency. Accordingly, the performance of GaN is expected to be
improved by developing a new preparation method that can
produce a material with high crystallinity and large surface
area as well as refining the loading amount of cocatalysts.

Factors Governing Photocatalytic Activity. The charac-
terization results above suggest that the physicochemical prop-
erties of GaN(HM) and GaN(MC) are dissimilar. GaN(MC)
was highly crystalline, as indicated by XRD measurements
and SEM observations, while GaN(HM) appeared to have
low crystallinity considering the relatively high density of de-
fect sites in the bulk. Consistent with these observations,
GaN(MC) exhibited higher photocatalytic activity both for half
reactions (H2 and O2 evolution) in the presence of sacrificial
reagents (Table 2) and in overall water splitting (Table 3).
The high crystallinity of GaN(MC) allows electrons and holes
photogenerated in the catalyst bulk to migrate to the surface
reaction sites with less recombination, leading to higher photo-
catalytic activity. On the other hand, recombination between
photogenerated electrons and holes would occur frequently
both in the bulk and on the surface of GaN(HM) due to the
high density of nitrogen vacancies in the crystal and the rough
surface structure. The specific surface area of GaN(HM) is
approximately 23 times that of GaN(MC), and the number of
reaction sites on the surface is expected to be similarly higher.
In this case, however, it is clear that the crystallinity is of par-
ticular importance for obtaining high photocatalytic activity
for the water splitting reaction.

The difference in crystallinity is also apparent in the activ-
ities for H2 and O2 evolution in the presence of sacrificial re-
agents. As shown in Table 2, the activities of both GaN(MC)
and GaN(HM) for H2 evolution were about an order of magni-
tude lower than for O2 evolution, and the difference in activity
between GaN(MC) and GaN(HM) was larger for H2 evolution
than for O2 evolution. Specifically, GaN(MC) exhibited five
times higher activity than GaN(HM) in the H2 evolution reac-
tion, yet only 3.5 times higher activity in the O2 evolution re-
action. This result showed that the migration of photogenerat-
ed electrons from the bulk to the surface is more severely ob-
structed in GaN(HM) than the migration of photogenerated
holes. Elemental analysis (Table 1) showed that GaN(HM)
contains many nitrogen vacancies in the crystal, which would
produce large band bending at the solid–liquid interface, thus
forming a Schottky barrier.16 The large band bending in the
GaN(HM) is expected to hinder prompt electron migration
from the bulk to the surface, degrading the activity for water
reduction. The relatively low activity for H2 evolution com-
pared to O2 evolution is a common characteristic of (oxy)-
nitride-type photocatalysts2,3d and is considered to be caused
by the higher donor concentration in the material.

Although both GaN(HM) and GaN(MC) were confirmed
to be active for H2 or O2 evolution in the presence of metha-
nol or silver nitrate as sacrificial reagents (Table 2), overall
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water splitting was achieved only over Rh2�yCryO3-loaded
GaN(MC). GaN(HM) exhibited negligible activity for overall
water splitting even when modified with Rh2�yCryO3 nanopar-
ticles (Table 3). In overall water splitting, photogenerated
electrons and holes in the bulk must migrate a relatively long
distance to the surface reaction sites. The degree of crystallin-
ity is thus the most important factor governing the perform-
ance of a catalyst in overall water splitting.

The activity of the loaded GaN(MC) photocatalyst for over-
all water splitting differed depending on the cocatalyst em-
ployed. RuO2, which has been used as a cocatalyst for overall
water splitting with many photocatalysts,3a–c,4,5b–d,6,7 did not
improve the activity of GaN(MC) for the splitting reaction,
judging from the lack of O2 evolution in the overall water
splitting reaction (Table 3), as reported previously.3a,7 Un-
modified GaN(MC) exhibited no activity for H2 evolution in
the presence of methanol, but produced O2 from aqueous silver
nitrate solution (Table 2). Furthermore, as described above,
loading cocatalysts is indispensable for achieving H2 evolution
from an aqueous methanol solution using GaN catalyst, indi-
cating that GaN itself can oxidize methanol on its surface,
but does not possess H2 evolution sites. Taking these results
into account, the rate-determining step for overall water split-
ting over GaN was considered to be the water reduction pro-
cess by photogenerated electrons. As demonstrated in the pre-
vious study, Rh2�yCryO3 nanoparticles are more efficient H2

evolution sites than RuO2.
3d,e It is therefore considered that

the superiority of Rh2�yCryO3 nanoparticles as a cocatalyst
for H2 evolution mainly contributes to achieving the overall
water splitting on GaN(MC). We have previously reported that
GaN doped with divalent cations shows higher photocatalytic
activity for overall water splitting than undoped GaN, even
though there is no difference in crystallinity between doped
and undoped GaN.7 This is attributed to an increase in the mo-
bility and concentration of holes due to the formation of accep-
tor level derived from the dopants.7 Accordingly, to increase
the number of photogenerated carriers available for the surface
chemical reactions is essential for achieving overall water
splitting using a GaN-based material.

Conclusion

GaN powder was confirmed to meet the thermodynamic
requirements for overall water splitting and was demonstrated
to function as a stable photocatalyst for overall water split-
ting under UV irradiation (� > 300 nm), when modified with
Rh2�yCryO3 nanoparticles as a cocatalyst for H2 evolution.
The photocatalytic activity of GaN for overall water splitting
was shown to depend strongly on the crystallinity of the mate-
rial and the kind of cocatalyst applied. The crystallinity of
GaN predominantly affected the efficiency of water photo-
reduction rather than water photooxidation. Modification of
well-crystallized GaN with a superior cocatalyst that promotes
H2 evolution is concluded to be most important for achieving
efficient overall water splitting.
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