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Investigation of Microstructural and Intrinsic Defect States of Facile

Synthesized WO3 Film
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Abstract: In this study, WOs films were simply deposited onto In:SnO; (ITO) substrates by
chemical bath in acidic medium. Structural, mophological and optical properties of the
synthesized WOs film were investigated by using x-ray diffraction (XRD), scanning electron
microscope (SEM), atomic force microscope (AFM), photoluminescence (PL), Uv-Vis and
Raman spectrophotometer. From x-ray patterns, the tungsten oxide coating exhibits a
monoclinic phase structure. Relative homogeneous particle distribution of nanorod/nano-
tooth mixed forms have been observed on the surface and also surface roughness is less
compared to similar studies in the literature. Surface defect emission peaks esepecially
oxygen vacancies are determined from PL spectrum. Green emission is attributed to
heterogeneous film growth process. Raman spectra of the films is proof WO3; formation.
From these results, the aggregation—deposition mechanism is responsible to WO; film growth
process.
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1. INTRODUCTION

Metal oxide nanomaterials are known to exhibit improved
optical, electrical and chemical reactivity properties
compared to bulk counterparts (Pavia-Santos vd., 2021).
Amog them, as an anode or cathode material (tungsten
trioxide) WQO; film is so preferable layer in electrochromic
device applications due to its high coloration efficiency,
transparent in oxidation state, deep blue in the reduction state
and has a large number of coloration (Pooyodying vd., 2021).
It exhibits a colour change according to this reaction;

WO3 + xLi* + xe- »Lix\WO3 (l)

where WO;3; and LixWO;3; are transparent and absorbing,
respectively. However WO; can not meet the color neutrality
required for many smart window applications due to its blue
color in the spectrum (Lagier vd., 2021). Therefore,
controlled growth is targeted so that the optical properties of
WO; films are improved to achieve high performance from
them. At the same time, fast and efficient production is
targeted
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There are a lot of study including WOs; films and their optical
properties with using different techniques such as sol-gel,
electrospinning and magnetron sputtering etc. (Hariharan
vd., 2019). Recently, chemical bath deposition is very
interesting among chemical film production methods
because it is simple, allows large area application,
inexpensive and does not need vacuum pump.

In this work, our goal is to investigate the growth process as
well as to determine the intrinsic defect states of WO3 films
with using cost-effective chemical bath.

2. MATERIAL AND METHOD

ITO substrates were cleaned by detergent, alcohol and n-
hexzane in ultrasonic bath along one hour. All chemicals
were purchased from Sigma-Aldrich without further
purification. Sodium tungsten dihydrate (Na;WO4.2H,0)(
>% 99) was used as a tungsten source and HCI was used as
a complex agent to adjust pH of the solution. In 100 ml.
distilled water, 0.1 M W-source was dissolved and mixed on
the magnetic stirrer. ITO substrates were immersed in
aqueous solution and WOs; films were grown into acidic bath
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solution (pH=2). Along the film synthesis process, working
temperature and immersion time were 70«5 °C and 15 min.
Finally, WO film annealed at 500 ° C for 2 h in the furnace.
The crystal structure and measured structural parameters of
the sample were determined by X-ray powder diffraction
(XRD; Rigaku Smart Lab x-ray diffractometer; CuK,
radiation; 45 kV; 40 mA, step size 0.013°) with powder
method. Nanostructural investigation was done using
scanning electron microscopy (SEM; JEOL JSM- 7100F;
Au-Pd (80-20 %) coating) and atomic force microscopy
(AFM;Witec Alpha 300 RA; non-contact mode). Surface
elemental composition was determined by using energy-
dispersive x-ray spectrometer (EDX; OXFORD Instruments
X-Max) which was attached to SEM. UV-Vis spectra of the
samples was investigated between 300-900 nm range.
Optical parameters (T and A) was investigated by Analytic
Jena Uv-Vis spectroscopy in the 300-900 nm. range.
Photoluminescence emission measurements were realized by
ANDOR SR500i-BL with excitation wavelength of 349 nm.
Raman spectrophotometer (Thermo DXR) was used to
confirm the degree of microstructural disorder.

3. RESULTS

Figure 1 shows the x-ray patterns of the produced film. The
sharp peaks indicate that the as-synthesized products are
well-crystallized. ITO-based peak and W-related peak are
observed in the 20= 65°-70° and 206= 45°-50°range,
respectively due to less crystal nuclei at pH value of 2.0
(Lu vd., 2014). According to JCPDS Card No: 43-1035,
characteristic three monoclinic WO3 phase peaks of (001),
(020) and (200) are detected between 20= 25°-30°and
(220) peak is observed in the 26= 30°-35"range. From
these results, retention level of WO; film onto I1TO
substrate is high.
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Figure 1. X-ray patterns of WOj3 film in the 20= 20°-80°
range

In Figure 2., surface image of the WOs film is shown.
Relatively homogeneous and smooth surface is observed
with mixed nanorod/nano-tooth forms due to some
particles are growing fast, but others are growing slowly.

Nanorod forms are associated with the crystal planes are
parallel to the ¢ axis WO, crystal nucleus. Observed nano-

tooth forms can provide porosity on the surface, thus
increasing the surface/volume ratio. It may be useful due
to functionality of material is strongly depends on surface
morphology.
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Figure 2. Surface morphology of WOs films

Elemental analysis results are given as below in Figure 3.
It is proof that tungsten and oxygen peaks are recorded.
Sodium and sulphur peaks are shown due to low solubility
of W-source aqueous solution whereas annealing process
is applied to remove surface impurities.
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Figure 3. Elemental analysis results WO; films

Figure 4 shows that two dimension (2D) and three
dimension (3D) AFM images of WOs film. It is kown that
surface roughness is so important for optical studies
(Ramkumar vd., 2016). Surface roughness values of SA
and SQ are 16.02 nm and 19.29 nm, respectively. From this
result, surface roughness of the synthesized sample is
lower than compared to literatiire (Babu, 2016). When
looking at both 2D and 3D AFM images, the particle
distribution is relatively uniform and agglomeration of
atoms on the surface can cause the formation of large
grains which correlated to SEM images.

Figure 4. 3D (a) and 2D (b) surface topography of WO;
films
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Figure 5 exhibit the PL emission spectra of WO3 film 0.6 —— T
which measuring between 350 to 800 nm with 349 nm
excitation wavelength of Nd—-YLFQ laser. A series of peak
are detected at 432, 522, 574 and 700 nm which may be
attributed to surface defect related peaks. Emission peaks
of surface defects are often associated with oxygen
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55
/ In Figure 7, Uv-Vis spectra in the 300-900 nm range and
50 : . ‘ ‘ . ‘ 1 . opitcal band gap of WOg film is shown. The wide optical
400 500 600 700 800 absorption band in the optical transmittance spectra of the
wavelength (nm) deposited WOs film is attributed to the presence of tungsten
Figure 5. PL spectrum of WQ; films ions with the W®* states (Zou, 2014). Low optical band gap
value of 2.7 eV is proper for opto-electronic device
In Figure 6, Raman spectra of WOjz films, which is sited at applications.
range 200-1200 cm. Symmetric streching mode of W=0 is
observed in the 950-1050 ¢cm™ range (Diaz-Reyes, 2008). 4. DISCUSSION AND CONCLUSIONS
Crystalline WO3 phase is determined in 806 cm™ which
corresponds to stretching vibrations of the bridging oxygen Herein, WO; film was deposited by chemical bath
(Tagtstrom, 1999). J6(O-W-0O) bending modes are deposition and structural, morphological and optical
determined in the 200-400 nm range (Ou, 2011). Impurity properties of the WO; film were investigated in detail.
based peaks are determined in in the 400-700 cm™ range. Monoclinic WOs3 crystal phase from XRD, W and O
indexed peaks from elemental analysis and optical phonon
modes of W-O from Raman spectrum are evidence of the
——Wwos WOQs film production. Nanorod and nano-tooth forms are
500 exhibited whn investigated surface images. Oxygen

vacancy correlated defect energy states are determined at
522, 574 and 700 700 nm. According to the obtained
5400 results, the aggregation—deposition mechanism can be
explain the WOs; film growth process under film deposition
parameters (complex agent was HCI, W-source was
sodium tungsten dihydrate, pH=2, T=70 °C, t=15 min.)
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