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In this work, hierarchical WO3 microspheres were synthesized using chemical bath deposition. The mor-
phology of the synthesized sample was studied using scanning electron microscopy (SEM). The hierarchi-
cal WO3 microspheres formed from spontaneously self-assembled nanosheets have a high specific surface 
area. Structural characterizations of sample were performed using X-ray diffraction (XRD) and Raman 
spectroscopy. Analysis of XRD spectra showed that synthesized particles have a monoclinic modification. 
The optical properties of the sample were studied using UV-Vis diffuse reflectance absorption spectra. The 
value of the energy gap calculated from the absorption spectra is 2.25 eV, which indicates high light absorp-
tion ability. A photocurrent study was done to investigate the photocatalytic activity. The photoelectrode 
was prepared using hierarchical WO3 microspheres and polymer deposited on fluorine doped tin oxide 
(FTO) glass via spin coating technique. A remarkable photocurrent density of 18 A/cm2 at 0.5 V was 
achieved. The elongated structures improved light absorption ability and photocatalytic activity, and might 
be perspective as photoanode in photoelectrochemical cells. 
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1 Introduction

In recent years, the conversion of solar radiation 
into practical forms of energy remains a scientific and 
engineering challenge in the context of fulfilling hu-
man energy demands. Photocatalytic water splitting 
is a technology that utilizes solar energy to drive a 
chemical reaction that splits water (H2O) into its con-
stituent elements: hydrogen (H2) and oxygen (O2). 
This process involves the use of a photocatalyst, a 
material that can absorb light energy and facilitate 
the necessary reactions. The absorbed photons pro-
vide enough energy to excite electrons in the pho-
tocatalyst to higher energy levels, leaving behind 
positively charged “holes” in their original positions. 
The excited electrons and holes participate in sepa-
rate reactions. The electrons are involved in the re-
duction of water (4H+ + 4e- → 2H2) to form hydrogen 
gas. The holes participate in the oxidation of water 
molecules, producing oxygen gas (2H2O → O2 + 4H+ 

+ 4e-). Therefore, the positions of the valence band 
(VB) and conduction band (CB) in a semiconductor 
material are main issue in terms of their energy levels 
relative to a reference electrode [1-4]. Tungsten oxide 
(WO3) and its nanocomposites are actively used as 
photoactive nanomaterials in applications involving 
photoelectrochemical cells (PECs) [5-7]. This is due 
to their outstanding characteristics including photo-
stability, a high electron mobility of approximately 
~12 cm2 V−1 s−1, and extensive hole-diffusion length 
of about ~150 nm, the ability to absorb around of 
~12% visible light, and cost-effectiveness [8]. WO3 
has a CB energy of +0.4 V relative to the NHE (nor-
mal hydrogen electrode) potential at pH = 0, while 
the valence band maximum is located at +3.1 V rela-
tive to the NHE potential, which is energetically fa-
vorable for water oxidation.

According to some works results, it was dem-
onstrated, that rational synthesis of semiconductor 
materials could provide active sides for catalysts [9-
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12]. Recently, flower like g-C3N4/NiO photocatalyst 
demonstrated much higher activity for the removal 
of tetracycline and Cr6+ than traditional layered sam-
ple [13]. Zhang and other authors obtained B-doped 
Bi2O2CO3  hierarchical microspheres with enhanced 
photocatalytic performance for NO removal [14]. 
Structure and morphology evolution mechanisms of 
hierarchical flower-like Nb2O5  microspheres have 
been suggested, and exhibits higher photocatalytic 
activity for photodegradation of Rhodamine B than 
commercial [15].

In this work, we report synthesis of spherical mi-
croparticles with high specific surface area through 
chemical bath deposition at 900C, and via calcination 
at 400оC. Chemical bath deposition (CBD) is one of 
the simplest and low cost method for synthesis semi-
conductor films and powders. In our previous work, 
WO3 nanoplates have achieved by CBD at a rela-
tively low temperature~ 90 °C using citric acid and 
hydrochloric acid [4]. In this work, we kept the low 
temperature ~ 90 °C, at normal atmospheric pressure 
due to simplicity. 

In many studies, the effect of inorganic com-
pound to the functional properties of synthesized 
nanomaterials were established [16-19]. Ma and fel-
low researchers employed the topochemical method 
with Na2WO4 and tetrafluoroboric acid HBF4 to pro-
duce tungsten oxide nanoplates for gas sensing appli-
cations. [20]. Meng and colleagues [31] synthesized 
a flower-like hierarchical structure using citric acid 
C6H8O7 and identified (-COOH) functional groups as 
key contributors to nanoplate growth [21-23]. In this 
work, we replaced the inorganic compound to the ni-
tric acid and studied characteristics such as optical 
absorption and photoelectrochemical activity. It was 
found, that using nitric acid leads to the formation 
of WO3 microparticles, which have good photores-
ponse. 

2 Materials and methods

2.1 Chemicals and materials
Sodium tungstate dihydrate (Sigma Aldrich, pu-

rity ˃99%) and nitric acid (Acros Organics, purity 
98%) were served as initial materials for the synthe-
sis.

2.2 Procedure for synthesis of WO3 particles
All chemicals were utilized as received without 

requiring further purification. WO3 powders were 
generated through a chemical bath deposition meth-
od. To synthesize tungsten oxide nanopowders hy-
drothermally, an aqueous solution containing 0.1M 
sodium tungstate Na2WO4·2H2O and 0.1M nitric acid 

was prepared. This solution was stirred at room tem-
perature for 15 minutes and then placed in an oil bath 
set at approximately 90°C for 1 hour. Afterward, the 
resultant solution was allowed to cool to room tem-
perature, followed by multiple washes with ethanol 
and water. The resulting samples were dried at 90°C 
under vacuum conditions for about 12 hours. Sub-
sequently, a further thermal annealing process was 
conducted in a muffle furnace (SNOL 8.2/1100) at 
400°C to achieve a polycrystalline phase of tungsten 
oxide nanopowders

2.3 Analysis and Techniques
The crystal phase composition and crystallinity 

of the products prepared were assessed using X-ray 
diffractometers: Rigaku Ultima III and MiniFlex 
Rigaku. X-ray diffraction patterns were acquired by 
scanning within the 2θ range of 5–90 °, with a step 
size of 0.02 ° and a scan rate of 0.33 min/degree. The 
X-ray source utilized was an X-ray tube with a cop-
per anode, emitting CuKα radiation at a wavelength 
of 1.5418 Å, operating at a voltage of 40 kV and a 
current of 44 mA.

Raman spectra were recorded using the NTegra 
Spectra (NT-MDT) instrument with a blue laser hav-
ing a wavelength of 473 nm. The exposure time was 
set at 30 s, and the laser spot diameter on the sam-
ple was approximately 2 μm. The laser power was 
maintained at 2 mW under 100% intensity. Scanning 
electron microscopy (SEM) images displayed in this 
study were captured using a Hitachi S4300 E/N FE-
SEM field emission scanning electron microscope. 
Diffuse reflectance spectra of the samples were ob-
tained using a Cary 5000 UV-Vis-NIR spectropho-
tometer equipped with an integrating sphere.

2.4 Measurements of photoelectrochemical char-
acteristics

Photocurrent measurements were carried out 
using a Xenon solar lamp (AM 1.5G, 100mW/cm2) 
with a UV-light filter, potentiostat (Corrtest CS310), 
and a quartz cell. All experiments pertaining to pho-
toelectrochemical analysis were conducted at room 
temperature, employing a conventional three-elec-
trode configuration with a platinum counter electrode 
and an Ag/AgCl reference electrode.The area of the 
working photoelectrode was 1.5 cm2. An aqueous so-
lution of electrolyte containing of H2SO4 (0.5 M) was 
used as an electrolyte. The Nernst equation is used to 
convert potentials: V_RHE=V_(Ag/AgCl)+0.0591 
×pH+ V_(Ag/AgCl)^0, where VAg/AgCl is the ap-
plied potential, V0Ag/AgCl is the standard potential 
of the Ag/AgCl reference electrode and pH is basicity 
or acidity of the electrolyte.
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Briefly, 1 g of WO3 particles and 0.05 g of polyvi-
nylpyrolidone (PVP) were added to a 10 mL ethanol. 
Then, the slurry was stirred for 12 h to make a uni-
form suspension, followed by heating at 30 °C. The 
suspension was then deposited onto a cleaned FTO 
glass by a spin coating techique. A guided frame of 
1 × 1.5 cm2 area was built on the FTO glass using 
a tape to control the thickness and the coated area. 
Next, coated electrodes were heated at 320 °C for 60 
min. 

3 Results and discussion

Figure 1 illustrates scanning electron 
microscopy (SEM) visuals of the tungsten oxide 
nanopowders that were synthesized. The images 
exhibit spherical microparticles characterized by 

a rough surface. It’s evident from the imagery 
that the microparticles have surfaces constructed 
from self-assembled nanosheets. The WO3 particle 
sizes varied within the range of 1 µm to 3 µm, as 
depicted in Figure 1b.

In our case, the formation of 3D hierarchical 
WO3 microspheres involves interaction of nanosheets 
during synthesis. As nanosheets continue to form, 
some of them might start to agglomerate, which 
means they clump together due to weak attractions 
between individual nanosheets. Over time, these 
agglomerates can undergo coalescence, where 
neighboring nanosheets merge into larger structures. 
During the coalescence process, smaller agglomerates 
with higher surface energy tend to dissolve and 
deposit material onto larger agglomerates with lower 
surface energy.

Figure 1 – SEM image of synthesized WO3 microparticles

In Figure 2, the X-ray diffraction patterns of 
the WO3 microparticles are depicted. The structure, 
aligning with the XRD data specified in the JCPDS 
No-01-083-0950 standard for the monoclinic form of 
tungsten trioxide.

Figure 3 presents the Raman spectra of WO3 par-
ticles. The primary vibrational modes of tungsten ox-
ide manifest within the frequency range of approxi-
mately ~ 805, ~ 710, ~ 270 cm-1, corresponding to the 
stretching of the O-W-O bond, W-O bond, and the O-
W-O bending, respectively (Daniel et al., 1987). [24]. 
Additionally, a group of weak peaks below 200 cm-1 

is observed, attributed to lattice vibrations. Notably, 
sharp peaks around 270 and 324 cm-1 are associated 
with bending strain δ (O-W-O) [25].

The optical absorption characteristic of 
photocatalysts is important parameters. Since the 
obtained nanopowders are not transparent, the 
optical features of the samples were studied using 
UV-Vis diffuse reflectance spectra (UV-VIS Diffuse 
reflectance). The sample demonstrates absorption 
from UV to visible range of 500 nm, which makes it 
photocatalyst active in visible range and promising as 
photoanode material. 
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Figure 2 – XRD of the synthesized WO3 
microparticles

Figure 3 – Raman spectra of the synthesized WO3  
microparticles

In the upper right corner of Figure 4, the Tauc 
curve is shown, from which the optical bandgap of 
WO3 particles was estimated using the equation:

αhv = A(hv – Eg)
n                       (1)

where:
α – the absorption coefficient;
Eg– is the optical bandgap of the semiconductor.
For crystalline semiconductors, n can take val-

ues of 1/2, 3/2, 2 or 3 when the transitions are direct 
allowed, direct forbidden, indirect allowed and indi-

rect forbidden transitions, respectively. The bandgap 
of the obtained particles was estimated from the de-
pendence of (αhv)1/2 versus hv. An extrapolation of 
the linear region of the curve to photon energy axis 
gives the value of band gap. Thus, for the synthesized 
material, bandgap energy is 2.25 eV, which indicates 
high light absorption ability [26, 27]. In the literature, 
the band gap of tungsten oxide is varying from 2.6 
to 3 eV [28-30]. The redshift of optical absorption 
might be related with distinctive surface of the syn-
thesized samples [31, 32]. 

Figure 4 – UV-Vis diffuse reflectance absorption  
spectra of synthesized WO3 particles.  

Plots of (αhv)1/2 vs. hv (insert)
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The photocatalytic performance of the WO3 
photoelectrode was evaluated by the photocurrent 
response under simulated sunlight irradiation. The 
chronoamperometry experiment at 0.5 V vs. Ag/
AgCl was conducted under chopped illumination by 
swithcing simulated light on or off with each time 
duration of 10 sec as illustrated in Figure 5a. As ex-
pected, negligible current in the dark condition is 

observed. Under illumination, the significant current 
value of 18 μA/cm2 appears. Linear sweep voltam-
metry (LSV) under chopped simulated solar light 
conditions was recorded at scan rate of 10mV/sec 
from 0 to 2V potential ranges. The results of chro-
noamperometry is in good agreement with the LSV 
results. The photocurrent increases with increasing 
voltage. 

Figure 5 – (a) Photocurrent response of WO3 electrode at 0.5 V vs. Ag/AgCl  
and (b) LSV curves in 0.5 M H2SO4 aqueous solution under solar irradiation

4 Conclusion 

In conclusion, this study demonstrated a successful 
synthesis of hierarchical WO3 microspheres through 
a chemical bath deposition method, highlighting their 
unique morphology characterized by spontaneous 
self-assembled nanosheets. The investigation of 
structural properties using X-ray diffraction and 
Raman spectroscopy revealed the monoclinic 
modification of the synthesized particles. In addition, 
the optical analysis using UV-Vis diffuse reflectance 
absorption spectra revealed a notable energy gap of 
2.2 eV, demonstrating the material’s exceptional light 
absorption capabilities.

The WO3 photoelectrode exhibited a remarkable 
photocurrent density of 18 μA/cm2 at 0.5 V, 
highlighting the enhanced light absorption and 
photocatalytic performance attributed to the 

elongated structures within the microspheres.
These findings indicate the potential of 

hierarchical WO3 microspheres as promising 
candidates for various applications, particularly 
in the field of photocatalysis, where their high 
specific surface area and improved light absorption 
make them a valuable asset for harnessing solar 
energy and promoting sustainable environmental 
solutions. 
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