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Optical and structural studies of vanadium pentoxide thin films
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Recently, transition metal oxides like Vanadium pentoxide have become a subject of intensive studies. The particular physical and chemical
properties of these materials allow a wide range of practical applications such as electrochromic devices, cathode electrodes for lithium batteries,
humidity sensors. The V2Os5 film was prepared by an electrodeposition technique. The structural and optical properties were studied by X-
Ray Diffraction (XRD), scanning electron microscopy (SEM), UV-Visible and Fourier Transform Infrared Spectroscopy (FT-IR). XRD spectra
recorded has been observed and compared with the JCPDS values. SEM images showed very smooth surface morphology and the elemental
compositions of the film were confirmed by EDAX. The transmittance of the V2Os films showed 75 % at 425 nm for the as-deposited
substrate. The energy band gap of the films was found to be 2.45 eV and the band assignments of the V205 film are comparable with the
reported values.
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1. Introduction

V205 is an important material among other transition metal oxides from the view point of its novel electronic
and optical characteristics in thin film form, leading to applications in lithium solid state micro batteries, gas sensors
and electrochromic display devices [1,2].The vanadium-oxygen system has been intensively studied by theoretical
and experimental techniques. Vanadium oxide is used in thermal sensing and switching. Vanadium pentoxide
films have been prepared using various physical and chemical techniques, such as thermal evaporation, electron
beam evaporation, sol-gel, electrochemical deposition and pulsed laser ablation [3-6]. Some unique features of
V205 include its orthorhombic layered structure, high electrochromic activity, high stability and ease of thin
film formation by numerous deposition techniques. Among the various preparation methods, the electrodeposition
method was one of the simplest methods, due to its deposition rate, good uniformity on the substrates and thickness
control of the film. The main advantage of this electrodeposition coating is the conformal resist layer, independent
of the substrate geometry. Electrodeposition coating is the most suited technique to pattern structures that run in
and across cavities or when a smaller line width is required. In this present work, the films were prepared by an
electrodeposition technique and were characterized to study the optical and structural properties using XRD, SEM
with EDAX, UV-Vis Spectroscopy and FT-IR Spectra.

2. Experimental

In electrodeposition techniques, structurally and compositionally-modulated alloys and compounds can be
deposited and the deposition can be carried out at room temperature enabling the formation of the semiconductor
junctions without interdiffusion. The V505 films were prepared by electrodeposition technique having a bath 0.2 M
of vanadium pentoxide powder mixed with hydrogen peroxide which was used as the stock solution. The parameters
like the concentration of the solution, pH, current and temperature were optimized. The electrodeposition process
was carried out with three electrode systems, one is ITO coated plate acting as working electrode, the other the
platinum electrode as counter electrode and the third one was the saturated calomel electrode (SCE) as the reference
electrode. Two grams of vanadium pentoxide of 99 % purity and 30 % of sulfuric acid were added to avoid the
effervescence produced in the solution. Then the stock solution was diluted to get the concentration of 0.1 M.
The pH of the solution was maintained as 3.0 and the deposition current was fixed as 1 mA and the temperature
maintained at the room temperature. The crystallographic structure of the film was determined from Powder
X-ray diffraction patterns obtained by using BRUKER ECO D8 Advance diffractometer with a monochromatic
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CuKa radiation (A = 0.15406 nm , 40 kV, 20 mA). The surface morphology was studied using SEM (BRUKER
ECO D8 ZEISS). The Compositional analysis was done using EDAX spectrometer attached to SEM. The optical
transmission studies were done using UV-Vis Spectrophotometer (HP2000). FTIR Spectra were obtained from
Perkin-Elmer make model spectrum RXI spectrophotometer.

3. Results and discussion

3.1. XRD Analysis

Figure 1 shows the diffraction pattern of V5O5 thin film which was deposited on the ITO substrate. From
the analysis, it was found that the V505 film exhibited uniform thickness [7,8]. The XRD analysis proves that
the V205 films exhibit polycrystalline nature and the diffraction peaks for (2 2 0), (3 2 0) and (3 0 1) planes
were prominent. The other low intensity peaks showed that the as-deposited film has coarsely fine crystallites and
nanocrystallites. Sharp diffraction peaks at positions 26 = 22.4 °, 27.14 ° and 52.22 ° correspond to the (2 2 0),
(32 0)and (3 0 1) planes respectively. The XRD pattern suggests that the film is polycrystalline with varying
degree of orientation and has FCC structure when compared with the JCPDS (03-0206) value. The smoothness of
the XRD pattern confirms the uniformity in the grown film. The average particle size, which was calculated using
the Scherrer relation, ranges from 28.21 nm to 30.81 nm.
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F1G. 1. XRD pattern images of V2O5 film on ITO substrate

3.2. Surface morphology studies: SEM with EDAX

The microstructure and morphology analysis of the as-deposited V2Oj5 thin film was carried out. The SEM
image in Fig. 2 shows that the film is nearly homogeneous without any pinholes or cracks and covers the substrate
well. The particles are spherical in shape. The particle size observed from the SEM images was of the order
of 100 — 200 nm [9]. Fig. 3 shows the elemental composition of the as deposited V05 film. The presence of
vanadium and oxygen were confirmed by EDAX analysis and their atomic weight percentages are calculated as
10.45 % and 28.33 % for vanadium and oxygen respectively.
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F1G. 2. SEM images of as deposited V205 film on ITO substrate
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F1G. 3. EDAX spectra of as deposited V205 film on ITO substrate

3.3. FTIR

The FTIR spectrum of V505 film is portrayed in Fig. 4. FTIR investigation was performed to study the
structural changes and band stretching of vanadium pentoxide. The band at 841 cm™! corresponds to the polycrys-
talline V505 also the band at 814 cm™! is assigned to the crystalline Vo05. A shoulder type of vanadium band
is observed at 767 cm~! and bands located at 530 cm™', 521 cm™! are assigned to the stretching mode of the
oxygen which is shared between 3 vanadium atoms. The band at 431 cm™"' is assigned to the bending vibrations
of the bound oxygen which is shared by 2 vanadium atoms [10, 11].
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F1G. 4. FTIR Spectra of the V505 film

3.4. Optical studies

The UV-VIS spectrum measured for VoO5 film is shown in Fig. 5(b) and the band gap calculated from
Fig. 5(a). The optical parameters are calculated from the transmittance spectrum in the 300 nm to 800 nm
wavelength region. The as-deposited film has a steady transmittance of 75 % in the visible region. The oscillations
in the curves were due to interference effects that depend on the film thickness and the refractive index. The plot is
linear, indicating a direct optical transition and the evaluated energy gap is 2.45 eV, which agrees with the reported
values [12,13] and is similar to the value reported in the pulsed laser deposition technique [13]. Given this data,
one can say that a high quality V2Os thin film was obtained using the electrodeposition method.

4. Conclusion

Polycrystalline V505 thin films were deposited on ITO substrate by electrodeposition method and the films
were well adherent, uniform and pinhole-free. The XRD pattern of the Vo035 film showed a polycrystalline nature
with a preferential (3 0 1) orientation. Morphological studies showed a well-defined structure and elemental
composition. The optical band gap of the V505 thin film was found to be 2.45 eV. The electrochromic studies and
coloration efficiency of the vanadium pentoxide thin films are areas for future exploration.
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FI1G. 5. (a) (ah7)2 versus Photon energy film for V205 thin film; (b) Transmittance curve for
V505 thin film
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