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Characterization studies on the novel mixed thin films
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Among electrochemical processes having a considerable impact on technical development, the mixed thin film (Mo-Ni oxide) plays an important

role, due to its better mechanical, anticorrosive and thermal stability characteristics. The mixed films have been prepared by dip spin coating.

The films are grown on substrates like Indium Tin Oxide (ITO) and are well adherent on the substrates, pinhole free and transparent. The X-ray

diffraction analysis of the films confirms they are polycrystalline in nature. The morphological study reveals that the uniform distributions have

flower-like structure. From the compositional analysis, the EDAX spectra show the presence of molybdenum and nickel. The optical band gap

was found to be 1.36 eV and band assignments for Fourier Transform Infrared (FTIR) spectra are comparable to reported values.
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1. Introduction

The optical properties of thin films are very important for many applications. Researchers have shown
considerable interest in Ni–Mo oxide films, because of their applications such as hydrogen evolution catalysis [1,2]
and anticorrosion treatment [3]. Transition metal oxides, like nickel oxides have found application due to their
anti-ferromagnetic semiconducting properties with a wide band gap of 3.6 eV [4,5]. This provides opportunities for
use in electrochromic devices [6], fuel cells [7] or other applications. Electrodeposition-prepared transition metal
oxide films exhibit good electrochromic properties. For electrodeposited Mo–Ni oxide films, it has been shown
that as Mo content increases, certain peaks in XRD broaden and disappear due to a decrease in grain size [8, 9].
Even though there are reports for the optical properties, structural characteristics, band assignments and electrical
properties by dip spin coating Indium Tin Oxide (ITO) plates, values are reported only for Indium Tin Oxide (ITO)
substrates in this paper.

2. Experimental

The concentrations of 0.05 N (of MoO3 and NiSO4 mixture) at 330 K by dip spin coating under optimized
conditions. The coating was performed at 3000 rpm for 30 mins as optimized parameters to obtain the mixed oxide
thin film. The coated samples were investigated by conventional XRD with CuKα radiation using XPERT-PRO
diffractometer. FTIR measurements in the range of 400 – 4000 cm−1 were carried out by JASCO CANVAS. The
SEM photographs were recorded using HITACHI S-3400.

3. Results and Discussion

3.1. XRD Analysis

The structural properties of these films were analyzed by the X-ray diffractometer. Fig. 1 shows the diffraction
pattern of Mo–Ni mixed oxide thin film which is deposited on the Indium Tin Oxide (ITO) plate. From the surface
analysis, it was found that the mixed thin films exhibit uniform thickness. The diffracting angles were set to 20 ◦

to 80 ◦ with a low scanning speed and in continuous mode. Diffraction peaks were observed at 2θ = 28.450,
39.430, 44.720, 47.320 and 65.560, corresponding to the (0 0 2), (-2 -2 2), (1 2 2), (1 -1 3), (-1 -5 1) planes of
the mixed thin films respectively. XRD pattern of Mo–Ni mixed oxide thin films showed polycrystalline wurzite
structure with a preferential (1 2 2) orientation peak and the peaks are comparable to reported values [10].
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FIG. 1. XRD pattern of as deposited Mo–Ni oxide film on ITO substrate

3.2. SEM Analysis

The film deposited on the Indium Tin Oxide (ITO) substrate showed flower-like structure. The EDAX, which
was used in conjunction with SEM, confirmed the elemental composition of the film as deposited on the substrate,
revealing the presence of molybdenum and nickel (89.52 % Mo & 5.42 % Ni) as well as impurities like copper
and zinc.

FIG. 2. SEM images of as deposited Mo–Ni oxide film on ITO substrate

FIG. 3. EDAX spectra of as deposited mixed Mo–Ni oxide film on ITO substrate
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3.3. FTIR Spectra

Fourier transform infrared spectroscopy provides information about a particular compound’s functional groups,
molecular geometry and inter/intramolecular interactions. The bands at 3425 cm−1, 1614 cm−1 in Fig. 4 were
attributed to the surface absorbed water in the mixed Mo–Ni oxide thin films. The band 3780 cm−1 and 3932 cm−1

are due to O–H stretching vibrations of water molecules. The vibration absorption peaks at 875 cm−1 were due to
Mo–O–Mo stretching [11].

FIG. 4. FTIR Spectra of as deposited mixed Mo–Ni oxide film

3.4. Optical Studies

Optical absorption characterisitcs were studied in the 200 – 1100 nm range. The absorption spectrum for the
as-deposited mixed Mo–Ni oxide film is shown in Fig. 5. The UV-Visible spectrum shows a sharp peak centered
at 360 – 376 nm with a long tail towards longer wavelength side. Absorption has very high value in the UV region
and decreases with increasing wavelength, becoming constant towards the visible region, which indicates a high
transparency in the visible region. The optical band gap of mixed Mo-Ni thin film was found to be 1.36 eV.

FIG. 5. Absorprtion Spectra for as deposited mixed Mo–Ni oxide film on ITO substrate
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4. Conculsion

Electrochromic materials, like mixed Mo–Ni oxide thin film, were deposited on ITO under optimized con-
ditions. The dip spin coated films are white in color and are transparent. The films are well adherent on the
substrates, pinhole-free and transparent. X-ray diffraction shows that the films are polycrystalline in nature and
are comparable to JCPDS data. SEM images reveal that the films are without any pinholes or cracks and cover
the substrate well. The optical absorption spectrum reveals that the material has a direct band gap nature and its
energy is in agreement with the reported values.
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