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Abstract 

New photocatalytic materials for stable reduction and/or oxidization of water by harvesting a wider 

range of visible light are indispensable to achieve high practical efficiency in artificial photosynthesis. 

In this work, we prepared 2D WO3·H2O and WO3 nanosheets by an one-pot hydrothermal method 

and sequent calcination, focusing on the effects of crystal transformation on band structure and 

photocatalytic performance for photocatalytic water oxidation in the presence of electron acceptors 

(Ag+) under simulated solar light irradiation. The as-prepared WO3 nanosheets exhibit enhanced rate 

of photocatalytic water oxidation, which is 6.3 and 3.6 times higher than that of WO3·H2O nanosheets 

and commercial WO3, respectively. It is demonstrated that the releasing of water molecules in the 

crystal phase of tungstic acid results in transformation of the crystal phase from orthorhombic 

WO3·H2O to monoclinic WO3, significantly improving the activity of photocatalytic water oxidation 

in the presence of Ag+ because the shift-up of conduction band of WO3 matches well with the 

electrode potential of Ag+/Ag(s), leading to efficient separation of photoinduced electrons and holes 

in pure WO3 nanosheets. 
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Introduction 

Photocatalytic production of hydrogen and oxygen by water splitting is one of the most promising 

but challenging technologies in solving energy demand and environment issues because of its great 

potential in converting solar energy to chemical energy [1-4]. Nowadays, titanium oxide (TiO2) as a 

semiconductor photocatalyst has been still investigated due to its advantages, such as chemical 

stability, low-cost, and mature fabrication technology [5]. However, TiO2 is a semiconductor with a 

wide band gap, only adsorbing UV light, and has a severe issue of recombination of photoinduced 

electrons and holes, which limits its performance in photo-splitting of water. Alternative 

semiconductors with intrinsic narrower bandgaps are being explored, such as MoS2 [6], CdS [7], NiO 

[8], Co3O4 [9], In2O3 [10], Fe2O3 [11, 12], and Bi2O3 [13]. By analyzing the overall water splitting 

reaction, it is deduced that efficient large-scale production of hydrogen is hindered by the oxygen 

evolution reaction (OER) due to high energy demand for formation of O=O bond from two water 

molecules [14]. Therefore, it is generally considered that the valence band (VB) level of a 

semiconductor should be more positive than the standard redox potential of H2O/O2 (1.23 V vs. NHE 

at pH0; NHE = normal hydrogen electrode) to allow for efficient consumption of photogenerated 

holes and subsequent production of dioxygen. 

Tungsten trioxide (WO3), known as a nontoxic and photostable n-type semiconductor with a 

band gap of 2.6~2.8 eV, can absorb visible light (< 470 nm) and, therefore, it becomes a compelling 

photocatalyst for solar light harvesting [15-17]. In general, owing to insufficient conduction band 

level for photo-splitting of water reaction, WO3 is unable to reduce water to hydrogen, while it shows 

a very high activity for water oxidation to oxygen in the presence of a suitable electron acceptor, such 

as IO3
-/I- or Fe3+/Fe2+ in water splitting systems [18,19]. Recently, Suzuki et al. reported that tungstic 

acid monohydrate (H2WO4 or WO3·H2O) could function as an efficient and stable O2-evolving 

photocatalyst with an Fe3+/Fe2+ electron scavenger by harvesting visible light up to 500 nm under 

acidic condition, which is beyond the absorption edge of WO3 [20]. On the other hand, WO3·H2O 
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was usually used as a precursor to fabricate WO3 in the past due to the different priorities in the 

growth process [21]. However, the detailed physicochemical properties and photocatalytic 

performance of WO3·H2O have rarely been investigated. Particularly, the relationship between crystal 

phase transformation and photocatalytic water oxidation of WO3·H2O to WO3 has not been reported. 

In this work, we prepared 2D WO3·H2O and WO3 nanosheets by using an one-pot hydrothermal 

method and sequent calcination, focusing on their crystal transformation, band structures, and 

photocatalytic performance for photocatalytic water oxidation in the presence of electron acceptors 

(Ag+) under simulated solar light irradiation along with their adsorption properties. The effects of 

crystal transformation of WO3·H2O on physicochemical properties and photocatalytic performance 

were discussed. 

Experimental section 

Preparation of WO3·H2O and WO3 nanosheets 

2D WO3·H2O nanosheets were prepared by a facile hydrothermal route. In a typical procedure, 

6.12 mmol of Na2WO4·2H2O and 1.224 mmol of NH4F were dissolved into 12.5 mL of purified water 

and then 12.5 mL of HCl (2 M) was slowly added into the above solution drop by drop. In addition, 

1.53 mmol of oxalic acid was dissolved into 25 mL of purified water. The above two solutions were 

mixed and stirred for 30 min. The mixture was transferred into a 60 mL Teflon autoclave, which was 

heated to 90 oC and maintained at the temperature for 3 h. A pale-yellow sample was collected and 

dried at 60 oC overnight to obtain WO3·H2O nanosheets. Finally, the WO3·H2O nanosheets were 

calcined at 500 oC for 1 h for removing the crystalline water to gain WO3 nanosheets. 

Characterizations 

Crystalline phase of the synthesized samples was measured by X-ray diffraction (XRD) using a 

Rigaku D/max25 system operated at 40 kV and 40 mA with Cu-Kα radiation (λ = 1.5418 Å) at a scan 

rate of 5o·min-1. Fourier transform infrared spectra (FTIR) were recorded on a Bruker instrument with 

an ATR correction mode. Thermal analysis (TGA/DTA) measurement of the prepared NPs was done 
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using Shimadzu (model 60H) and DSC using Shimadzu (model 60). Scanning electron microscopy 

(SEM) was performed on a JEOL JSM-6360LV field emission microscope at an accelerating voltage 

of 15 kV. Transmission electron microscopy (TEM) images were taken on a JEOL 2010F. Raman 

spectra of the samples were recorded by ISA dispersive Raman spectroscopy using an argon ion laser 

with 633 nm excitation. Diffuse reflectance spectra (DRS) were measured with a Cary 4000 UV-vis 

spectrometer equipped with an integrating sphere accessory. The Brunauer-Emmett-Teller (BET) 

analysis was done using a Quantachrome Autosorb Automated Gas Sorption System. 

Photocatalytic activity evaluation 

The photocatalytic activity of these obtained samples in photocatalytic water oxidation reaction was 

conducted in a black jacket reactor by using a 300 W Xenon lamp as the simulated solar light. AgNO3 

as an electron scavenger was introduced to promote efficient utilization of photoinduced holes in the 

samples to oxidize water molecules. In a typical procedure, 0.05 g of powder catalysts were added 

into 200 mL of solution including AgNO3 (0.03 M) and La2O3 (0.2 g), an adjustor of pH value in 

solution. Before the simulated solar light irradiation, the suspension was mixed under vigorous 

stirring for 30 min. At the same time, the reactor was degassed for removal of O2. When a O2 probe 

presents the dioxygen concentration at zero, the lamp was lightened to trigger water oxidation 

reaction. Simultaneously, the O2 concentrations in the reactor were in situ measured by using a 

NEOFOX O2 probe and recorded in a computer through the software. Furthermore, the as-prepared 

samples were evaluated in photocatalytic degradation of methylene blue (MB). The concentrations 

of MB and a catalyst were at 10 mg/L and 0.5 g/L, respectively, and a high-pressure Xe-lamp (300 

W, Philips) was used as a simulated solar source. Prior to the illumination, the MB solution was mixed 

with the catalysts and sonicated for 30 min in dark to establish the adsorption-desorption equilibrium. 

During the photocatalytic process, 2 mL of the reaction solution was extracted for every 15 min and 

centrifugated to gain supernatant that was analyzed by a UV-vis spectrophotometer (JASCOV-670). 

Relevant active species were investigated by adding a quantity of different scavengers in a manner 

similar to the above MB photodegradation experiment prior to the addition of the catalyst. 
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Results and Discussion 

Structure, composition, and morphology of WO3·H2O and WO3 nanosheets 

The crystal phase structures of the as-prepared samples were characterized by X-ray diffraction 

patterns (XRD). In Fig. 1, the main diffraction pattern of WO3·H2O nanosheets is consistent with the 

standard card (JCPDS No. 43-0679), where the peaks at 16.5o, 25.6o, and 35.0o are observed and 

attributed to the (020), (111), and (131) crystal planes of orthorhombic WO3·H2O, respectively 

[22,23]. After calcination at 500 oC, hydrate water in WO3·H2O was removed, resulting in formation 

of highly crystalline WO3 nanosheets. It is found that the prepared WO3 nanosheets possess strong 

peaks at 23.1o, 23.6o, and 24.4o, which are ascribed to the characteristic (002), (020), and (200) crystal 

planes of monoclinic WO3 (JCPDS No. 43-1035), respectively [24]. This result indicates that tungsten 

oxide hydrate (WO3·H2O) was completely transformed to monoclinic tungsten trioxide after 

calcination under elevated temperature.  

 

Fig. 1 XRD patterns of the as-obtained WO3·H2O and WO3 nanosheets. 

 

The morphologies of the as-obtained WO3·H2O and WO3 samples were analyzed by scanning 

electron microscopy (SEM, Fig. 2). It is observed that WO3·H2O mainly displays uniform nanosheets 
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with 350 nm in length and 30 nm in thickness as shown in Fig. 2a and b. Regarding WO3 nanosheets 

(Fig. 2c and d), their nanosheet frame was kept but the size of the nanosheet changed apparently after 

the calcination. The length of the nanosheet shrunk from 350 to 200 nm and the thickness changed 

from 30 to 20 nm due to releasing of crystalline water in WO3·H2O sample. The formation of 2D 

nanosheet indicates that the obtained samples possess special crystal facet, which is in a good 

agreement with the XRD patterns. Meanwhile, SEM images of the WO3 sample prepared in the 

absence of oxalic acid show irregular particles (Fig. S1), which testifies the important role of oxalic 

acid in formation of WO3•H2O nanosheets. By means of adding oxalic acid into the precursor 

solution, the growth direction of WO3•H2O crystals could be controlled due to the interlayer water in 

the WO3•H2O snatched by C2O4
2- ions, resulting in limiting growth of certain crystal facets [25, 26]. 

Although the interlayer water and oxalic acid were removed owing to the annealing at 500 0C, 

resulting in the aggregation of nanosheets (Fig. 2d), the morphology frame of WO3•H2O nanosheets 

was basically retained, leading to the formation of WO3 nanosheets.  

 

Fig. 2 SEM images of the as-obtained WO3·H2O (a, b) and calcined WO3 (c, d). 
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Moreover, HRTEM image of the WO3 sample is presented in Fig. 3, where 0.387 nm of the 

lattice fringe on the top/bottom of the nanosheets is ascribed to the (002) facet of monoclinic WO3 

crystals, demonstrating the high exposure of the (002) facet [27, 28]. Meanwhile, the (020) and (002) 

facets present the similar intensity as the (002) facet in the XRD pattern of WO3 sample, which 

indicates that they are exposed at the same time.  

 

Fig. 3 TEM (a) and HRTEM (b) images of the prepared WO3 nanosheets. 

 

To further investigate the loss of crystalline water in WO3·H2O sample, thermal gravimetric 

analysis (TGA) was used to observe the relationship between weigh loss and temperature [29]. The 

derived TGA curve (red line), as illustrated in Fig. 4a, displayed a principal weight change between 

160 and 340 °C, corresponded to the loss of the crystalline water in WO3·H2O [30]. The weight of 

crystalline water was estimated to be 7.7% in WO3·H2O sample, which demonstrates the molar ratio 

of WO3 to H2O at stoichiometric 1:1. During the calciniation process, the crystalline water was 

released from WO3·H2O, which results in the changes of WO3·H2O crystal structure, as depicted in 

Fig. 4b. It is seen that the water existing at the interlayer of WO3·H2O disappears, leading to compact 

bonding between the WO6 layers, which is the motivation of ultrathin WO3 nanosheets by 

intercalation route [31]. 



 

8 
 

 

Fig. 4 Thermal gravimetric analysis of the as-prepared WO3·H2O sample. 

 

Raman, FTIR, and optical properties. 

As shown in Fig. 5, the surface properties of WO3·H2O and WO3 nanosheets were verified by FTIR. 

In the 3600~ 3400 cm-1 spectral range, an obvious vibration peak at 3552 cm-1 appears due to the 

stretching vibration of υ(O-H) in WO3·H2O samples, while it disappears in WO3 sample due to the 

removal of water at elevated temperature calcination. Meanwhile, the peak at 1673 cm-1 in WO3·H2O 

sample is observed, ascribed to the bending vibration [δ(O-H)] of crystalline water [22, 32]. The WO6 

vibrations within a tunnel-structured framework result in typical absorptions in the spectral region of 

1000-400 cm-1, which can be understood by the similar vibrational features in monoclinic WO3 

nanosheets [29]. The sharp shoulder absorption peak at about 965 cm-1 is attributed to W=O stretching 

vibrations, which is also found in WO3·H2O sample. On the other hand, the strong absorption peak 

at 653 cm-1 in WO3·H2O sample is attributed to the υ(O-W-O), which shifted to low frequency 792 
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cm-1 in WO3 sample. Furthermore, the small absorption at 478 cm-1 can be ascribed to υ(O-W-O) 

bending vibrations in WO3 nanosheets [33,34]. In the previous reports, the vibration intensity of W=O 

bands are weaker than that of O-W-O bands due to a large percentage of O-W-O in the bulk WO3 

[35]. In WO3 nanosheets, the WO3 grew along the [002] direction, resulting in the increase of W=O 

percentage. 

 

Fig. 5 FTIR spectrum of the WO3·H2O and WO3 nanosheets. 

Raman scattering spectra also confirm the formation of WO3 nanosheets, displaying two 

strongest peaks at 715 and 807 cm−1 assigned to the stretching vibration of tungsten atom with 

neighboring oxygen atoms [υ(O-W-O) ] (Fig. 6). In addition, two obvious peaks at around 273 and 

327 cm−1 account for the bending vibration [δ(O-W-O) ] [36,37]. Nevertheless, by compared with the 

Raman spectrum of WO3, it is found that the corresponding characteristic peaks of W-O and W=O 

bonds in WO3 sample are absent in the Raman spectrum of WO3·H2O, while two strong peaks at 647 

and 944 cm-1 are present, which might be ascribed to the characteristic stretching vibrations of W6+-

O and terminal W6+-O in orthorhombic WO3·H2O [38, 39]. Furthermore, WO3 nanosheets were 

probed by X-ray photoelectron spectroscopy (XPS). In Fig. S2, elements of W 4f and O 1s in WO3 

nanosheets are displayed, calibrated using C 1s (BE = 284.6 eV) as a reference. The high resolution 

XPS spectrum of W 4f reveals two obvious peaks at 38.1 and 35.9 eV corresponding to W 4f5/2 and 
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W 4f7/2, respectively, which evidently demonstrates the valence state of tungsten element at +6 in the 

sample of WO3 [40]. Moreover, there are two apparent binding energy peaks at 531.2 and 528.9 eV 

in the high resolution XPS spectrum of O 1s, ascribed to the surface adsorbed oxygen species (oxygen 

vacancy, hydroxyl-like group or the chemisorbed water) and the lattice oxygen species, respectively 

[41]. 

 

Fig. 6 Raman spectra of the as-prepared WO3·H2O and WO3 nanosheets. 

 

The optical absorption of the as-prepared WO3·H2O and WO3 nanosheets was measured, as shown in 

Fig. 7a. It is found that both the samples have photo respone ranging from UV to visible light and the 

absorption-edge of WO3·H2O and WO3 nanosheets are at about 530 and 472 nm, respectively, which 

implies that the visibl light absorption of WO3·H2O is stronger than WO3 nanosheets. The optical 

band gap energies of the as-prepared WO3·H2O and WO3 samples were calculated from the 

absorption data by the following equation near the band edge: αhν= A(hν-Eg)
n/2, where α, Eg, and A 

are absorption coefficient, band gap and a constant, respectively. The value of n is 1 or 4 for direct or 

indirect transition corresponding to WO3·H2O and WO3, respectively [42, 43]. The values estimated 

from the interception of the plots are 2.44 and 2.64 eV, as displayed in Fig. 7b. In compared to the 
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bulk WO3 (2.60 eV), the as-obtained WO3 nanosheets present an enlarged band gap, which is 

originated from the significant quantum confinement effect. Moreover, it is also observed that 

WO3·H2O nanosheets have a narrower band gap than WO3 nanosheets, implying WO3·H2O 

nanosheets could produce more photoinduced charge carriers than that of WO3 nanosheets. Based on 

the above results, the conduction band and valence band positions of the prepared samples can be 

calculated by the following equation: ECB=X-Ee-0.5Eg, where X is the Mulliken’s electronegativity of 

the samples, Ee is the energy of a free electron on the hydrogen scale (4.50 eV), and Eg is the bandgap 

[44, 45]. The values of Mulliken’s electronegativity for WO3 and WO3·H2O are equal to 6.59 and 

6.88 eV, respectively. Accordingly, the bottoms of conduction band (CB) of WO3 and WO3·H2O 

were calculated to be 0.77 and 1.16 eV, respectively. Consequently, the valence band values (VB) of 

WO3 and WO3·H2O were estimated to be 3.41 and 3.60 eV vs. NHE, pH0, respectively. It is indicated 

that both WO3 and WO3·H2O nanosheets could theoretically oxidize water to evolve O2 under 

sunlight irradiation.  

 

Fig. 7 UV-visible spectra (a) and Tauc’s plots (b) of the as-obtained WO3·H2O and WO3 nanosheets.  

 

Photocatalytic activity evaluation 

In general, valence band energy of WO3 is more positive than the standard redox potential of 

H2O/O2 (1.23 V vs. NHE, pH0), suggesting that the photo-generated holes of WO3 could theoretically 

oxidize H2O to produce O2 [46]. Nevertheless, it is well known that transferring and separation of 

charge carriers play important roles in the photocatalytic process because only a small percentage of 



 

12 
 

excited charges, particularly holes, could efficiently take part in O2-evolution reaction. To investigate 

the effects of crystal phase and nanostructure on photocatalytic O2 evolution from water, WO3 

nanosheets were used to compare with WO3·H2O nanosheets and commercial WO3 powder. In Fig. 

8a, the concentration of O2 evolution from water after 3 h was 69 μmol/L for WO3 nanosheets, which 

is 6.3 and 3.6 times higher than that of WO3·H2O nanosheets (11 μmol/L) and commercial WO3 (19 

μmol/L). Meanwhile, it is found that WO3·H2O nanosheets exhibits less O2-evolving ability than 

commercial WO3 powder in spite of the larger photo response range of WO3·H2O. This result 

indicates that the photocatalytic water oxidation of WO3 nanosheets was significantly enhanced after 

crystalline transformation by calcination. The stability of photocatalytic water oxidation is presented 

in Fig. 8b, where WO3 nanosheets still exhibited considerable stability after 4 recycling, though the 

photocatalytic performance was to some degree undermined due to deposition of Ag0 under simulated 

sunlight illumination.  

 

Fig. 8 The photocatalytic O2 evolution curves of WO3·H2O, WO3 nanosheets, and commercial WO3. 

 

To further investigate the relationship between crystal transformation and photocatalytic ability, the 

three samples were further used for oxidation of an organic pollutant, methylene blue (MB). From 

Fig. 9a, it is seen that WO3 nanosheets display the best photocatalytic ability compared with 

WO3·H2O nanosheets and commercial WO3. The MB degradation rate of WO3 nanosheets is 4.2 and 

6.7 times higer than that of WO3·H2O nanosheets and commcercial WO3, respectively (Fig. 9b). 

These results demonstrate that the crystalline transformation from WO3·H2O to WO3 leads to the 
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releasing of crystal hydrate, which is beneficial for transferrring photoinduced electrons and holes 

despite WO3·H2O nanosheets have a better light responsive ability in comparison with WO3 

nanosheets. 

 
 

Fig. 9 Photocatalytic activity (a) and reaction kinetics (b) of MB over the as-prepared WO3·H2O, 

WO3 nanosheets, and commercial WO3 under simulated sunlight irradiation. 

 

The radical trapping experiments were performed to reveal the active specie during the 

photocatalytic degradation process by adding tert-butyl alcohol (TBA, hydroxyl radical scavenger), 

ammonium oxalate (AO, hole scavenger), benzoquinone (BQ, electron scavenger), and nitrogen (N2, 

removal of superoxide anion) [47,48]. As shown in Fig. 10, it is clearly found that the scavenging of 

photo-generated electrons significantly enhances the photocatalytic activity due to the improvement 

of electron and hole separation. Moreover, the addition of TBA and AO leads to the apparent 

reduction of photocatalytic activity, which indicates that the dominant active specie is hydroxyl 

radical. When the photogenerated holes are formed on the surface of WO3, they react rapidly to 

produce hydroxyl radical to oxide the organic dye. The TBA has more evident influence in 

photocatalytic activity, while the superoxide anion removed by N2 shows a minor effect, which 

suggests that photoinduced electrons directly work for photocatalytic reaction. These results 

demonstrate that the hydroxyl radicals deriving from the further oxidation of holes are the domain 

active species during the photocatalytic degradation. 
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Fig. 10 Decolorization efficiency of MB in the presence of different radical scavengers over WO3 

nanosheets. 

 

N2 adsorption and desorption isotherms tests have been conducted to obtain the specific surface 

areas, as shown in Fig. 11. The prepared WO3•H2O and WO3 samples and the commercial WO3 show 

similar adsorption isotherms of type IV with a hysteresis loop [49, 50]. The values of the BET specific 

surface areas of WO3•H2O, WO3, and commercial WO3 were calculated to be 38, 36, and 22 m2 g-1, 

respectively. The as-prepared nanosheet samples have a larger specific area than that of the 

commercial WO3 due to the nanoscaled structure and highly exposed surface. Meanwhile, the 

annealing treatment slightly decreases the surface area of the WO3 due to the aggregation of 

nanosheets, which reduces the exposed surface area. In spite of the slightly decreased specific area 

for the WO3 sample, the corresponding photocatalytic water oxidation is enhanced in comparison 

with the WO3•H2O and commercial WO3, which indicates that the improvement of photocatalytic 

activity results from the crystal transformation accompanying with energy level redistribution.  
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Fig. 11 Nitrogen adsorption-desorption isotherms of the prepare WO3•H2O, WO3, and commercial 

WO3. 

Photocatalytic mechanism 

From the above results, the photocatalytic water oxidation process over WO3·H2O and WO3 was 

proposed and displayed in Fig. 12. For the WO3 nanosheets, the values of conduction band and 

valence band are located at 0.77 and 3.41 eV vs. NHE, pH0, respectively. Nevertheless, the reaction 

mechanism of photoinduced charge carriers was proposed for the real catalytic reaction in the neutral 

aqueous solution (pH6.8). The relative positions of CB and VB vs. NHE, pH6.8 should be converted 

through the following equation, ECB,pH=ECB, pH0 - 0.059pH, where ECB,pH is the value of conduction 

band at specific pH value, ECB, pH0 is the value of conduction band at pH0 [51, 52]. So the CB and VB 

values of WO3 nanosheets at pH6.8 are 0.34 eV and 3.01 eV vs. NHE, pH6.8, respectively. In the 

case of WO3·H2O nanosheets, the conduction band and valence band are located at 0.76 and 3.20 eV, 

respectively. Meanwhile, the potential of Ag+/Ag is converted from 0.8 V, pH0 to 0.4 V, pH6.8, 

respectively. On the other hand, the electrode potentials of H+/H2 and O2/H2O are situated at - 0.4 and 

0.83 V vs. NHE, pH=6.8, which implies that WO3·H2O and WO3 nanosheets could theoretically 

oxidize water to produce dioxygen but not hydrogen [53]. Nevertheless, the rapid recombination of 

photoinduced electrons and holes leads to the low evolution of O2. When the Ag+ was introduced as 
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an electron scavenger, the recombination of photoinduced electrons and holes is suppressed. 

Generally, the electrode potential of Ag+/Ag(s) is 0.4 V vs. NHE, pH=6.8, which is lower than the 

potential of conduction band of WO3. Therefore, the photoexcited electrons could easily react with 

the adsorbed Ag+ ions, resulting in the efficient O2-evolution. In contrast, the potential of the 

conduction band of WO3·H2O is lower than that of Ag+/Ag(s), which could not trigger the reduction 

reaction of Ag+. Consequently, the excited electrons could recombine with the holes at the valence 

band, leading to low efficiency of photocatalytic water oxidation. As discussed above, the crystalline 

transformation ascribed to calcination not only realizes the removal of crystal hydrate, but also leads 

to the realignment of energy level, which allows more photogenerated electrons and holes to 

participate in the reduction and oxidation reactions for oxidizing water molecules and pollutants. 

 

Fig. 12 The illustrated scheme of photocatalytic water oxidation over the WO3·H2O and WO3 

nanosheets in the present of Ag+.  

Conclusions 

In this work, we successfully fabricated 2D WO3 nanosheets by a facile hydrothermal and calcination 

method for photocatalytic O2 evolution from water. The WO3 nanosheets show uniform morphology 
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with an average diameter of 2-3 μm and display an enhanced O2 production, which is 6.3 and 3.6 

times higher than that of the WO3·H2O nanosheets and commercial WO3. WO3·H2O has better visible 

light response than WO3 nanosheets, while the photocatalytic water oxidation activity is less due to 

the disadvantageous energy band alignment in the present of Ag+ as an electron scavenger under 

neutral condition. It is demonstrated that the releasing of water molecules in the crystal phase of 

tungstic acid results in transformation of the crystal phase from orthorhombic WO3·H2O to 

monoclinic WO3, significantly enhancing the photocatalytic water oxidation activity because the 

shift-up of the conduction band of WO3 matches well with the electrode potential of Ag+/Ag(s), 

leading to the efficient separation of photoinduced electrons and holes in pure WO3 nanosheets. 
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