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CoP, a noble-metal-free cocatalyst, was first introduced onto the surface of Al-doped SrTiO3 (Al:STO) via
an in situ photodeposition-phosphorization method for photocatalytic overall water splitting (POWS)
into stoichiometric H2 and O2. Compared with pure Al:STO, the POWS activity was enhanced by a factor
of ~ 421 over 1.0%CoP/Al:STO, with the highest evolution rates of 2106 and 1002 lmol h�1 g�1 for H2 and
O2, respectively. The mechanism for the remarkably boosted POWS activity was systematically analyzed
based on the comprehensive characterization. On the one hand, benefiting from the in situ photodeposi-
tion process, CoP with metallic character were intimately decorated onto the surface of Al:STO and accel-
erated the separation and migration of photoinduced charge carriers. On the other hand, CoP, serving as
reactive sites for H2 evolution reaction, lowered the overpotential and facilitated the surface reduction
reaction, thereby enhancing the POWS activity. Furthermore, Cr2O3 was photodeposited on the surface
of 1.0%CoP/Al:STO composite to suppress the undesired reverse reaction and the POWS activity was fur-
ther enhanced up to 3558 and 1722 lmol h�1 g�1 for H2 and O2, respectively, with apparent quantum
yield of 7.1% at 350 ± 10 nm. This work presents a new avenue for designing POWS system without
noble-metal cocatalyst.

� 2021 Published by Elsevier Inc.
1. Introduction

Photocatalytic water splitting, as one of the most promising
approaches to converting inexhaustible renewable solar energy
into carbon-free hydrogen energy, has been extensively investi-
gated over the past decades, and various of photocatalysts have
been exploited, accordingly [1–4]. However, most photocatalysts
could only be applied for either H2 evolution reaction (HER) or
O2 evolution reaction (OER) in the presence of corresponding sac-
rificial reagents, which severely restrain their practical application
[5–8]. Up to now, only a handful of photocatalysts have been
reported to be capable of photocatalytic overall water splitting
(POWS) with stoichiometric H2 and O2 production, such as
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La-doped NaTaO3 [9], Ga(In)N [10,11], Al-doped SrTiO3 (Al:STO)
[12,13], (Ga1-xZnx)(N1-xOx) [14], Ta3N5/KTaO3 [15], and Y2Ti2O5S2
[16]. Among them, oxide photocatalysts have received great atten-
tion owing to their merits of low cost, excellent stability, and high
efficiency. Typically, Domen et al. applied Al:STO to POWS reaction
for the first time and an apparent quantum yield (AQY) of 30% was
obtained at 360 nm [12]. Recently, a record-breaking AQY of 95.9%
at 360 nm for Al:STO was achieved by co-loading Rh/Cr2O3 and
CoOOH [13]. However, it should be noted that the high efficiency
of Al:STO, as well as other typical overall-water-splitting photocat-
alysts, greatly depend on the loading of noble-metal cocatalyst,
which is economically unfavorable for potential large-scale appli-
cation [11–13]. Therefore, it is urgently necessary to seek noble-
metal-free cocatalysts for POWS.

Recently, transition metal phosphides (TMPs), such as CoP [17–
19], Ni2P [20], MoP [21], and Cu3P [22], have been widely applied
as cocatalysts for photocatalytic water splitting because of their
low cost, high electrical conductivity, and polytropic composition.
Among them, CoP has attracted the most attention as either HER or
OER cocatalyst owing to its metallic character, Schottky effect, and
chemical stability [19,23–25]. CoP as photocatalytic HER cocatalyst
was first reported by Fu et al. in 2015, and the established CoP/CdS
hybrid system exhibited excellent stability for>100 h in the com-
pany of sacrificial reagent [19]. In 2017, Wang et al. introduced
CoP on g-C3N4 as oxidative cocatalyst for OER using AgNO3 as elec-
tron scavenger [23]. Nevertheless, single CoP has been rarely
applied as cocatalyst for POWS into stoichiometric H2 and O2. In
addition, CoP as cocatalyst was generally loaded on photocatalysts
by physical mixing [19], impregnation [23], and photochemistry
methods [26], which usually gave birth to relatively loose contact
between CoP and photocatalysts, thus resulting in unsatisfied per-
formance. Therefore, it is of great significance to seek superior
method to manufacture intimate contact heterojunction between
CoP and photocatalysts.

Herein, CoP as noble-metal-free cocatalyst was attached inti-
mately onto the surface of Al:STO via an in situ photodeposition-
phosphorization method. The as-prepared CoP/Al:STO composites
were employed for POWS into stoichiometric H2 and O2, and the
mechanism of enhanced POWS was systematically investigated
according to the comprehensive analysis based on various charac-
terizations. This work may offer a new thought for the develop-
ment of low cost POWS system.
2. Experimental section

2.1. Synthesis of photocatalysts

Al:STO was prepared by a flux method as model photocatalyst
according to the previous report [12], and the detailed synthesis
process was supplied in supporting information. CoP/Al:STO com-
posites were prepared by an in situ photodeposition-phosphoriza
tion method, and the typical process was described detailly as
follows.

For the in situ photodeposition process, 0.01 mmol Co(NO3)2
was dissolved in 150 mL deionized water, then 1 mmol Al:STO
was added. The obtained dispersion was transferred into a
190 mL Pyrex glass reactor with a side window and purged with
Ar for 10 min to eliminate air. Then the dispersion was irradiated
from the side window using a 300 W Xe arc lamp at 35 �C under
continuous stirring for the photodeposition of CoOOH onto the sur-
face of Al:STO. After irradiated for 10 h, the dispersion was cen-
trifuged and rinsed with deionized water for several times. The
obtained product was dried at 60 �C under vacuum for 12 h and
labeled as 1.0%CoOOH/Al:STO.
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With regard to the phosphorization process, NaH2PO2 was cho-
sen as the phosphorus source, which could generate phosphine
during the calcination process. Typically, the collected 1.0%
CoOOH/Al:STO and NaH2PO2 with a mass ratio of 1:5 were put into
two sides of a crucible to avoid the direct contact between 1.0%
CoOOH/Al:STO and NaH2PO2 as well as the potential P doping. To
guarantee the sufficient phosphorization of CoOOH into CoP, the
crucible was covered with a lid, transferred in a tube furnace,
and heated at 300 �C for 2 h with a heating rate of 2 �C min�1 under
an inert atmosphere of Ar flow. After naturally cooling to room
temperature, the product was rinsed with deionized water and
ethanol for several times to eliminate the possibly adsorbed PH3

on the surface of photocatalyst, dried at 60 �C for 12 h under vac-
uum, and finally collected and labeled as 1.0%CoP/Al:STO. Samples
with other contents of CoP were prepared based on the same pro-
cess by adjusting the molar ratio of Co(NO3)2 and Al:STO, and the
corresponding products were labeled as xCoP/Al:STO (x = 0.5, and
3.0%).

To exhibit the superiority of CoP/Al:STO composites prepared
by the in situ photodeposition-phosphorization method, 1.0%CoP/
Al:STO composites were also prepared by physical mixing, impreg-
nation, and photochemistry methods for comparison, and the
detailed synthesis process was supplied in supporting information.

2.2. Photocatalytic measurements

POWS reaction was conducted in a top-irradiated quartz reactor
connected to a closed gas circulation system (LabSolar 6A, Per-
fectLight, Beijing). 20 mg of photocatalyst was uniformly sus-
pended in 100 mL deionized water with stirring. After pumped
to vacuum, the dispersion was irradiated by a 300 W Xe arc lamp
and the temperature was maintained at ~ 298 K. The evolved H2

and O2 were analyzed by an online gas chromatograph with a 5A
molecular sieve column, a thermal conductivity detector, using
Ar as carrier gas. The AQY for POWSwas measured under the above
Xe arc lamp with a band-pass filter (k = 350 nm), and calculated
according to the following equation.

AQY %ð Þ ¼ Number of reacted electrons
Number of incident photons

� 100%

¼ Number of H2 evolved� 2
Number of incident photons

� 100%
3. Results and discussion

3.1. Preparation process

Fig. 1 exhibits the facile synthetic route of CoP/Al:STO compos-
ites via a photodeposition-phosphorization method. Firstly, cobalt
(hydr)oxide nanoparticles (marked by red circles) were tightly
attached on the surface of Al:STO nanocubes via an in situ pho-
todeposition method as the transmission electron microscopy
(TEM) image exhibited (Fig. S1a). To identify the cobalt (hydr)ox-
ide, high-resolution transmission electron microscopy (HRTEM)
image was recorded and the lattice spacing with a distance of ca.
0.440 nm could be well indexed to the (003) plane of CoOOH
(Fig. S1b) [27], demonstrating that the photodeposited cobalt
(hydr)oxide was CoOOH, which is consitent with previous report
[13]. Then PH3 derived from the pyrolysis of NaH2PO2 could con-
vert CoOOH to CoP through a phosphorization process. Considering
that Al:STO was fabricated through a high temperature flux
method at around 1100 �C, the phosphorization treatment
at ~ 300 �C would scarcely affect the crystal structure andmorphol-
ogy of Al:STO.



Fig. 1. Schematic illustration of the synthesis of CoP/Al:STO composites via a photodeposition-phosphorization method.
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3.2. Microstructure and morphology characterization

Fig. 2, S2, and S3 demonstrate X-ray diffraction (XRD) patterns,
scanning electron microscopy (SEM), TEM, and HRTEM images of
the as-prepared samples. Bare Al:STO possessed a standard SrTiO3

(JCPDS No. 00–035-0734) cubic phase perovskite structure (Fig. 2a)
and cubic morphology with the size ranging from 100 nm to 1 lm
(Fig. S3a), which was well matched with previous results [12], indi-
cating the successful preparation of Al:STO. Upon loading CoP, the
composites exhibited analogous XRD patterns and morphologies
(Fig. 2 and S3), confirming that the as-proposed photodeposition-
phosphorization process scarcely affected the microstructure and
morphology of Al:STO. Moreover, no obvious shift could be
observed for the strongest diffraction peak of Al:STO after the
introduction of CoP (Fig. S2), thus eliminating the possibility of P
doping. It should be pointed out that no characteristic peaks of
CoP were observed for all CoP/Al:STO composites, which might
be due to its relatively low content and weak crystallinity. How-
ever, it could be clearly observed that CoP nanoparticles (marked
by red circles) were tightly attached on the surface of Al:STO as
CoOOH, demonstrating that the intimate contanct between CoOOH
and Al:STO originated from the in situ photodeposition process
could be well maintained through phosphorization treatment
(Fig. 2c). Furthermore, the lattice spacing with distances of ca.
0.276 nm, 0.247 nm, and 0.245 nm in HRTEM image could be well
indexed to the (211) plane of Al:STO [28], (110) and (102) planes
of CoP [24,29], respectively (Fig. 2d). Accordingly, CoP/Al:STO com-
posites were successfully prepared by decorating CoP nanoparti-
cles intimately on the surface of Al:STO nanocubes via a
photodeposition-phosphorization method.

In addition, the Brunauer-Emmett-Teller (BET) surface areas for
as-prepared samples were measured and listed in Table S1. For
bare Al:STO, it exhibited the lowest BET surface area of 5.5 m2

g�1. With regard to the composites, the BET surface areas increased
slightly with the loading amount of CoP, which could be ascribed to
the ultrasmall particle size of CoP. However, it was worth noting
that all samples possessed comparable BET surface areas, which
was also supported by their analogous morphology as shown in
Fig. S3, further implying that the photodeposition-phosphorization
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process had little effect on the microstructure and morphology of
Al:STO.

3.3. Chemical composition and state

To investigate the surface chemical compositions of as-
prepared samples, the X-ray photoelectron spectroscopy (XPS) sur-
vey scan spectra for Al:STO and 1.0%CoP/Al:STO samples were
obtained and the results are shown in Fig. 3a. For bare Al:STO, only
Sr, Ti, O and adsorbed C elements were detected, while 1.0%CoP/Al:
STO composite revealed the signals of Co and P elements as well as
Sr, Ti, O and adsorbed C elements, indicating that CoP was success-
fully introduced on the surface of Al:STO. It should be pointed out
that Al element was diffcult to identify in the survey scan spectra
for its low content. To disclose the surface chemical states of as-
prepared samples, high-resolution XPS spectra were further mea-
sured. With regard to bare Al:STO, a weak peak located
at ~ 74.4 eV was observed for Al 2p orbital (Fig. S4), which could
be assigned to Al3+ [30], evidencing the existence and low content
of Al element in Al:STO. In addition, the two split peaks at 457.9
and 463.5 eV were corresponding to the 2p3/2 and 2p1/2 orbitals
of Ti4+ [31,32], while the peaks located at 132.5 and 134.2 eV were
attributed to the 3d5/2 and 3d3/2 orbitals of Sr2+ [32]. After loading
CoP, the binding energies of Ti4+ and Sr2+ exhibited a positive shift
of 0.4 eV, indicating the potential electron-transfer from Al:STO to
CoP [33,34]. It should be noted that Sr 3d orbital overlapped P 2p
orbital. As shown in Fig. 3c, the peaks located at 132.9 and
134.6 eV were attributed to the 3d5/2 and 3d3/2 orbitals of Sr2+,
while the peak located at around 129.3 eV was ascribed to P-Co
in CoP [35]. Additionally, high-resolution spectrum of Co 2p3/2

orbital for 1.0%CoP/Al:STO was provided (Fig. 3d). The peaks
located at 778.1 eV could be attributed to Co-P bond in CoP, while
the peak at 780.4 eV, as well as the satellite peak at 786.0 eV could
be assigned to surface oxidized cobalt species [36,37].

The bulk elemental compositions of as-prepared samples were
detected by energy dispersive X-ray spectroscopy (EDS) analysis
and the results are listed in Table S2. It could be observed that
all the samples possessed similar Sr:Ti:Al molar ratio, which indi-
cated that the photodeposition-phosphorization process scarcely



Fig. 2. (a) XRD patterns for as-prepared Al:STO and xCoP/Al:STO (x = 0.5, 1.0, and 3.0%) composites. (b) SEM, (c) TEM and (d) HRTEM images for 1.0%CoP/Al:STO.
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affected the bulk elemental composition of Al:STO, thereby reveal-
ing the stable structure of Al:STO. To be specific, the Ti:Sr molar
ratio was close to 100%, while the Al:Sr ratio was ~ 1.2%, implying
the low content of Al element, which was in good agreement with
the weak peak of Al 2p orbital aforementioned. As for the compos-
ites, the contents of Co and P was slightly lower than the feeding
ratios, and increased with the loading amount of CoP. It should
be noted that the molar ratio of Co:P was approximately 100%, fur-
ther confirming chemical formula of CoP.
3.4. Optical properties

In addition, the XPS valance band for as-prepared Al:STO, 1.0%
CoP/Al:STO, and CoP (Fig. S5) were measured as shown in Fig. 4a.
It was observed that 1.0%CoP/Al:STO exhibited two valance band
edges of 1.96 and �0.57 eV (vs. the Fermi level), which is in accor-
dance with the valance band maximum (VBM) of Al:STO and CoP,
respectively, thereby further confirming that CoP was successfully
introduced onto the surface of Al:STO. It is worth noting that the
VBM of CoP was lower than the Fermi level, demonstrating its
metallic character [38], which could also be evidenced by its high
absorption coefficient from ultraviolet to visible region as shown
in Fig. 4b. As for Al:STO, it performed a 390 nm absorption edge
corresponding to a band gap energy of ~ 3.19 eV. After loading
CoP, the absorption in the visible light range was significantly
increased with the loading amount of CoP. However, the absorp-
tion edges for the composites remained nearly the same with that
of pure Al:STO, implying that CoP was loaded on the surface
instead of introduced in the crystal lattice of Al:STO, which was
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consistent with the TEM results. Accordingly, CoP, with metallic
character, was successfully introduced on the surface of Al:STO.

3.5. Photocatalytic performance

POWS of the as-prepared samples were conducted and the
results are shown in Fig. 5. Bare Al:STO exhibited a very low H2

evolution rate of ~ 5 lmol h�1 g�1 due to the less effective reactive
sites. After loading CoP, the POWS activities of CoP/Al:STO compos-
ites were significantly enhanced (Fig. 5a). Specifically, the highest
activity was achieved on 1.0%CoP/Al:STO, with gas evolution rates
of 2106 and 1002 lmol h�1 g�1 for H2 and O2, respectively, which
was ~ 421 times as those of bare Al:STO, corresponding to an AQY
of 4.2% at 350 ± 10 nm (The detailed information for the calculation
of AQY was supplied in Table S3). However, the POWS activity
diminished when further increasing CoP amount because the
absorption of Al:STO would be blocked by excessive CoP [21]. In
addition, reports about CoP as single cocatalyst for photocatalytic
water splitting in recent years were listed in Table S4. It could be
found that CoP cocatalyst was generally applied for photocatalytic
half reaction and there were few reports about single CoP as cocat-
alyst for POWS. Fortunately, single CoP was loaded on Al:STO in
this manuscript and achieved the goal of decomposing water into
stoichiometric H2 and O2.

To evaluate the photocatalytic stability of as-prepared CoP/Al:
STO composites, cyclic tests were carried out. As shown in
Fig. 5b, the gas evolution rates of 1.0%CoP/Al:STO revealed little
decrease after 3 cyclic tests for 9 h, implying the excellent POWS
stability of CoP/Al:STO composites prepared by the
photodeposition-phosphorization method. In addition, the XRD



Fig. 4. (a) XPS valance band spectra for as-prepared Al:STO, 1.0%CoP/Al:STO, and CoP. (b) UV–vis spectra for as-prepared Al:STO, xCoP/Al:STO (x = 0.5, 1.0, and 3.0%)
composites, and CoP.

Fig. 3. (a) Survey-scan XPS spectra, high resolution XPS spectra of (b) Ti 2p and (c) Sr 3d + P 2p orbitals for Al:STO and 1.0%CoP/Al:STO. (d) High resolution XPS spectrum of Co
2p3/2 orbital for 1.0%CoP/Al:STO.
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patterns for 1.0%CoP/Al:STO kept almost the same before and after
POWS (Fig. S6), which also indicated the stability of CoP/Al:STO
composites. Furthermore, the TEM and HRTEM images for 1.0%
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CoP/Al:STO after POWS were obtained as shown in Fig. S7. It could
be observed the CoP nanoparticles were still decorated intimately
on the surface of Al:STO nanocubes after POWS, further confirming



Fig. 5. (a) POWS performance for as-prepared Al:STO and xCoP/Al:STO (x = 0.5, 1.0, and 3.0%) composites under full-arc irradiation. (b) POWS stability tests of 1.0%CoP/Al:STO
under full arc irradiation. (c) POWS performance for 1.0%CoP/Al:STO composites prepared by different methods under full arc irradiation. (d) POWS performance for 1.0%CoP/
Al:STO and 1.0%Cr2O3@1.0%CoP/Al:STO under full arc and visible light (k > 400 nm) irradiation.
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the excellent stability of CoP/Al:STO composites prepared by the
photodeposition-phosphorization method.

For comparison, the photocatalytic performance of 1.0%CoP/Al:
STO samples prepared by physical mixing, impregnation and pho-
tochemistry methods was also investigated as shown in Fig. 5c.
Compared with bare Al:STO, all the compisites exhibited enhanced
photocatalytic performance, cofirming that CoP could indeed boost
the POWS activity of Al:STO. Moreover, the composite prepared by
the photodeposition-phosphorization method exhibited superior
photocatalytic performance than the others prepared by physical
mixing, impregnation and photochemistry methods, which usually
gave birth to relatively loose contact between different compo-
nents, thus demonstrating that the intimate contact between CoP
and Al:STO resulting from the photodeposition-phosphorization
process played a crucial role during the POWS. Specially, the com-
posite by simply mixing CoP and Al:STO possessed the lowest gas
evolution rates of about 91 and 44 lmol h�1 g�1 for H2 and O2,
respectively, due to the worst contact between CoP and Al:STO.

In addition, to suppress the undesired reverse reaction [39],
Cr2O3 was further in situ photodeposited on the surface of 1.0%
CoP/Al:STO composite prepared by the photodeposition-phosphor
ization method. As shown in Fig. S8, the high resolution XPS spec-
trum of Cr 2p orbital exhibited two split peaks at 576.9 and
586.7 eV, which could be ascribed to 2p3/2 and 2p1/2 orbitals of
Cr3+, respectively [40], demonstrating that Cr2O3 was successfully
photodeposited on the surface of 1.0%CoP/Al:STO. Compared with
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1.0%CoP/Al:STO, the as-prepared 1.0%Cr2O3@1.0%CoP/Al:STO
exhibited superior POWS activity with the gas evolution rates of
3558 and 1722 lmol h�1 g�1 for H2 and O2, respectively, with an
AQY of 7.1% at 350 ± 10 nm. Moreover, the as-prepared 1.0%
Cr2O3@1.0%CoP/Al:STO even exhibited POWS activity (52 lmol h�1

g�1 for H2) under visible light (k > 400 nm) irradiation.

3.6. Photocatalytic mechanism

Photoluminescence (PL) and Electrochemical impedance spec-
tra (EIS) were carried out to disclose the separation and migration
of charge carriers and the results are shown in Fig. 6a and S9. The
fluorescence intensity of 1.0%CoP/Al:STO was much lower than
that of bare Al:STO (Fig. 6a), implying that the loading of CoP could
enhance the seperation and migration of photoinduced charge car-
riers and hence inhibit their internal recombination. Similarly, 1.0%
CoP/Al:STO exhibited a smaller arc radius than bare Al:STO (EIS in
Fig. S9), indicating that the charge transfer resistance could be
effectively decreased after loading CoP, which was consistent with
the results of PL spectra. Specially, electrochemical performance
for Al:STO and 1.0%CoP/Al:STO were recorded, as shown in
Fig. 6b. Compared with bare Al:STO, 1.0%CoP/Al:STO exhibited a
positive-shift overpotential (with 0.12 V difference at 1 mA cm�2),
implying that CoP could significantly enhance the HER ability of Al:
STO by serving as cocatalyst. In addition, photocatalytic H2 evolu-
tion half reactions for Al:STO and 1.0%CoP/Al:STO were conducted



Fig. 6. (a) PL spectra, and (b) HER performance for Al:STO and 1.0%CoP/Al:STO composite. (c) Schematic illustration for the POWS of CoP/Al:STO composites.
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as shown in Fig. S10. Compared with 1.0%CoP/Al:STO, bare Al:STO
possessed negligible H2 evolution, which also demonstrated that
CoP functioned as HER cocatalyst. Moreover, photodeposition of
Pt over 1.0%CoP/Al:STO was conducted, and the scanning transmis-
sion electron microscopy (STEM) image and corresponding ele-
mental mapping images are exhibited in Fig. S11. It was
observed that the distribution of Pt element was almost the same
as that of P element, which further confirmed that the CoP on the
surface of Al:STO served as the reduction reaction sites, i.e, active
sites for H2 evolution.

Based on the comprehensive characterizations and analysis, the
mechanism for the boosted POWS performance was proposed and
illustrated as Fig. 6c. On the one hand, CoP nanoparticles, decorated
intimately on the surface of Al:STO nanocubes through the novel
photodeposition-phosphorization process, possessed metallic
character and should be responsible for the enhanced seperation
and migration of photoinduced charge carriers [38]. On the other
hand, CoP was able to lower the overpotential and decrease the
energy barrier for H2 production, enhancing the HER ability of Al:
STO, thereby facilitating the POWS process significantly [24,36,41].
4. Conclusions

In conclusion, single noble-metal-free cocatalyst CoP was inti-
mately decorated onto the surface of Al:STO via a novel in situ
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photodeposition-phosphorization method for POWS into stoichio-
metric H2 and O2. The introduced CoP, with metallic character, not
only accelerated the separation and migration of photoinduced
charge carriers, but also decreased the overpotential for H2 produc-
tion and facilitated the surface reduction reaction, thereby enhanc-
ing the POWS activity. Accordingly, the highest photocatalytic
activities was obtained over 1.0%CoP/Al:STO, and the correspond-
ing evolution rates for H2 and O2 reached 2106 and 1002 lmol h�1

g�1, respectively, which was ~ 421 times higher than those of pure
Al:STO. Benefiting from the intimate contact derived from the
in situ photodeposition process, the CoP/Al:STO composite pre-
pared by photodeposition-phosphorization method exhibited
superior POWS activity than those prepared by conventional phys-
ical mixing, impregination, and photochemistry methods, which
usually gave birth to relatively loose contact between CoP and
Al:STO. Compared with previous reports [19,24,25,36,38], noble-
metal-free cocatalyst CoP was first applied here as single cocatalyst
on Al:STO for POWS into stoichiometric H2 and O2. Furthermore,
Cr2O3 was photodeposited on the surface of 1.0%CoP/Al:STO com-
posite to suppress the undesired reverse reaction and the POWS
activity was further enhanced up to 3558 and 1722 lmol h�1 g�1

for H2 and O2, respectively, with an AQY of 7.1% at 350 ± 10 nm.
It is believed that this work could provide a new avenue for design-
ing POWS system without noble-metal cocatalyst. Future work is
expected to proceed on decorating CoP with special morphology
onto the surface of Al:STO for further enhanced POWS activity.
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