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Pure CdO and TiO2-doped CdO nanocomposites with different wt% ratios (0.1, 0.3, and 0.5%) were 
prepared by a simple solution method. Structural, morphological, and elemental composition of the pre-
pared samples was undertaken by X-ray diffraction, scanning electron microscopy (SEM), energy dispersive 
X-ray analysis, and photoluminescence. The diffraction peaks of the samples showed the cubic phase struc-
ture and the prepared nanocomposites were on the nanoscale. SEM revealed the plate-like chunks with ir-
regular grains due to agglomeration. The particle size of the pure CdO sample was found to be 61.98 nm, 
whereas TiO2-doped CdO (0.1, 0.3, and 0.5%) exhibited 49.57, 35.41, and 31 nm. The first peak was ob-
served at 1.90 eV in the IR-visible region and the second peak at 2.38 eV. Both the peaks correspond to 
CdO. Near-band-edge emission of 2.38 eV is typical for both pure and doped CdO. It can be suggested that 
the photo-generated electrons have been trapped in to Ti4+ in the forbidden gap, which enhanced the deep 
level emission.  
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Чистый CdO и нанокомпозиты CdO, легированные TiO2 (0.1, 0.3 и 0.5 мас.%), приготовлены 
методом простого растворения. Структурный, морфологический и элементный составы определе-
ны методами рентгеновской дифракции, сканирующей электронной микроскопии (SEM), энергодис-
персионного рентгеноструктурного анализа и фотолюминесценции. На дифрактограммах видно, 
что образцы имеют кубическую фазовую структуру, а нанокомпозиты — наномасштаб. С помо-
щью SEM выявлены пластинчатые участки с неравномерной зернистостью вследствие агломера-
ции. Размеры частиц чистого CdO 61.98 нм, а CdO, легированного TiO2 (0.1, 0.3 и 0.5 мас.%), — 
49.57, 35.41 и 31 нм. Максимумы при 1.90 и 2.38 эВ в ИК-видимой области соответствуют CdO. 
Близкраевое излучение при 2.38 эВ характерно как для чистого, так и для легированного CdO. Мож-
но предположить, что фотогенерированные электроны захватываются Ti4+ в запрещенной зоне, 
что усиливает излучение глубоких уровней.  
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Introduction. Scientific researchers have paid much attention to water contamination, and the necessity 
of world energy these days in relation to energy storage devices with high performance. In recent years, su-
per capacitors were found to have many advantages compared with energy storage devices owing to excel-
lent features such as high energy density, large power density, faster recharge capacity, and longer life [1]. 
The performance of the super capacitors depends on the properties of electrode materials. Semiconductor 
metal oxides such as CdO, TiO2, and ZnO are used in optoelectronic device applications such as photo-
catalyst and sensing elements [2–4]. The electrode materials of transition metal oxides improve the superca-
pacitor energy and power density [5]. The bandgap of CdO varies from 2.2 to 2.3 eV [6]. CdO (2.2 eV) has 
been reported to be an important semiconductor for the wastewater treatment of organic pollutants [7]. Be-
cause of these special characteristics, it is used in gas sensors, solar cells, laser, spintronics, etc. [8–18]. Ow-
ing to its unique physical and chemical properties, it is used in commercial device applications as IR detec-
tors, anti-reflection coatings, phototransistors, and liquid crystal displays. Owing to the presence of intersti-
tial cadmium and oxygen ions and high intrinsic durability, CdO materials possess high electrical conduc-
tivity. Cadmium oxide nanocomposites are used as super electrodes owing to their toxic nature. 

Among the various transition metal oxides, titanium oxide is a stunning electrode material. It is used in 
commercial applications owing to high specific capacitance and magnificent cycle-life stability [19]. The 
TiO2 material is highly transparent in the visible region [20]. In the present work, the simple solution method 
is used for the synthesis of CdO nanocomposites. The main aspect of the present study is to prepare the 
nanocomposites in a simple and cost-effective method. The outcome of the results shows potential application 
in the preparation of energy storage devices.  

Experimental. Cadmium nitrate (Cd(NO3)2), titanium dioxide (TiO2), cadmium hydroxide (CdOH), 
and methanol (CH3OH) from Sigma Aldrich, India, were used. The CdO solution was prepared by dissolving 
an appropriate amount of Cd(NO3)2 in the presence of CdOH and CH3OH at room temperature. A solution 
(20 mL) containing 0.1M Cd(NO3)2 in CH3OH was added dropwise to 100 mL of 0.1 M CdOH and then 
stirred for 30 min. Distilled water was added to the obtained solution in the ratio 0.04 and the solution was 
stirred continuously for up to 30 min. Further, the obtained solution was kept under refrigeration for 2 h, for 
centrifugation. After the formation of precipitate, it was washed with distilled water several times and then 
dried at room temperature for more than 24 h, and finally it was calcinated at 450 and 650oC for 2 h by heat-
ing at a rate of 15o per min. 

From the Bruker X-ray diffractometer, X-ray diffraction (XRD) patterns of the sample were recorded by 
using CuKα as radiation with a scan rate of 20° per min. Surface morphology and energy dispersive X-ray 
analysis (EDX) of the prepared nanocomposites were characterized by a Neon 40 Crossbeam (Carl Zeiss, 
Germany). For the synthesized sample, photoluminescence (PL) studies were recorded with a 450-W Light 
Xenon Source on JobinYvonFluorimeter-FL3-11 Spectrofluorometer.  

Results and discussion. For the synthesized samples of pure CdO and TiO2-doped CdO nanocompo-
sites, XRD patterns were recorded and shown in Fig.1. The XRD patterns corresponding to 2θ values ap-
peared at 33.1, 38.4, 55.4, 66.1, 69.2, and 82.1° indicating (1 0 0), (0 0 2), (1 0 1), (2 2 0), (3 1 1), and (2 2 2) 
reflections, respectively. The pure and TiO2-doped CdO has a face-centered cubic structure, because of 
stronger intensity peaks at 33.1 and 38.4°, corresponding to the values of 2θ. Owing to TiO2 doping, the in-
tensities of the peaks are changed. From the recorded data, it was confirmed that the phase in CdO is single, 
which coincides with JCDPS card No.78-0592. Using Scherrer’s equation, the full width at half maximum 
(FWHM) and the crystalline size of the samples can be calculated with the help of the XRD pattern [21]: 

D = 0.9/(cos).           (1) 

The XRD peak value of FWHM is represented by β, and θ is the diffracting angle.  
The morphological features of pure CdO sample represent irregular grains. They were shown in Fig. 2a 

by an SEM image. The samples of nanocomposites at higher concentrations of TiO2 doping were observed 
through the micrographs of Fig. 2b–d. The presence of CdO containing sample forms plate-like chunks. The 
nanoparticles, which are accumulated on the surface, form intensified plates [22]. From the EDX analysis, 
the elemental and chemical compositions are estimated and presented in Fig. 2a–d. As the agglomeration in-
creases, the number of nanoparticles also increases. The sample content of CdO characteristic peaks repre-
sents the confirmation of Cd, Ti, and O. From the EDS data, the nanocomposite samples represent the per-
centage increment in the TiO2-doped CdO. The XRD results are consistent with EDX data. 
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Fig. 1. XRD pattern of (a) pure CdO, TiO2-doped CdO for (b) 0.1%, (c) 0.3%, and (d) 0.5%. 
 
 

       
 

Fig. 2. SEM and EDX images of (a) pure CdO, TiO2-doped CdO for (b) 0.1%, (c) 0.3%, and (d) 0.5%. 

                           a                                                      b 

I, a. u. 

d 
 
 
 

c 
 
 

b 
 
 

a 

 10            30             50             70             90    2, degree 

                     c                                                      d 

119-3



ABSTRACTS ENGLISH-LANGUAGE ARTICLES 
 

122 

The microstrain behavior of the CdO phase observed in the samples gives the relation between βcosθ 
and 4sinθ. It forms a straight line and is equal to its slope. It is shown in Fig. 3. The y-intercept of the pre-
pared sample is found to be 0.00175, 0.0021, 0.0028, and 0.0032 and the particle size of the pure CdO is 
found to be 61.98 nm, whereas TiO2-doped CdO (0.1, 0.3, and 0.5%) are at 49.57, 35.41, and 31 nm. The 
particle size of the samples clearly shows the decrement in the size on increasing TiO2 percentage [23, 24].  
It is found that the grain size of the TiO2-doped CdO samples decreases with an expansion in the Ti content. 
This is presumably due to the Ti ions lessening the crystallinity of the CdO. The relation between the crystal-
lite size and dislocation density is represented by [23, 25, 26]: 

 = 1/D2,            (2) 
where D is the crystallite size and δ is the dislocation density. The obtained values of the crystallite size  
of the samples are in good agreement with XRD data. 
 

  

 
 

Fig. 3. W-H analysis of (a) pure CdO, TiO2-doped CdO for (b) 0.1%, (c) 0.3%, and (d) 0.5%. 
 

Photoluminescence study is an authoritative characterization method of determining the electronic 
structure, recombination of the electron-hole pair, and the energy band level of the nanocomposites. Photo-
luminescence spectra give information about the intensity of emitted radiation as a function of either the ex-
citation wavelength or the emission wavelength. The intensity of the light is plotted against the energy on the 
spectrum. Figure 4 shows the recordings of pure and TiO2-doped CdO at room temperature. From the PL 
spectra, two peaks are observed. The first peak is observed at 1.90 eV in the IR-visible region and the second 
peak is at 2.38 eV. Both the peaks correspond to CdO. Near-band-edge emission of 2.38 eV is typical for 
both pure and doped CdO. The fact that its intensity (as well as the intensity of radiation from deep levels) 
increases with the doping level may testify to a decrease in the concentration of nonradiative centers as a re-
sult of doping [27]. The interpretation of the emission band of deep centers (1.9 eV) raises no particular ob-
jections, although with a growth of the doping level, an increase in the intensity of both bands is observed. 
This indicates a decrease in the concentration of nonradiative centers rather than an increase in the  
 

 

Fig. 4. PL spectra of (a) pure CdO, TiO2-doped CdO for (b) 0.1%, (c) 0.3%, and (d) 0.5%. 
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concentration of deep centers [28]. The peak at 3.65 eV is due to the contaminations present in the synthe-
sized sample. It can be suggested that the photo-generated electrons might have been trapped in Ti4+ in the 
forbidden gap, which enhanced the deep level emission. Ti4+ that occupied the Cd2+ site in the lattice struc-
ture can trap the electrons that come back from the conduction band to the valence band. This refers to the 
large positive charge of Ti4+ [29].  

Conclusions. TiO2-doped CdO nanocomposites were prepared by a simple solution technique. From the 
X-ray diffraction patterns, the prepared nanocomposite was within the nanoscale range. The presence  
of CdO forms plate-like chunks. The nanoparticles accumulated on the surface form-intensified plates. The 
particle size of the pure CdO was found to be 61.98 nm, whereas TiO2-doped CdO (0.1, 0.3, and 0.5%) were 
at 49.57, 35.41, and 31 nm. The photoluminescence spectra showed two peaks. The first peak is observed at 
1.90 eV in the IR-visible region and the second peak is at 2.38 eV. Both the peaks correspond to CdO. Near-
band-edge emission of 2.38 eV is typical of both pure and doped CdO. It can be suggested that the photo-
generated electrons might have been trapped in Ti4+ in the forbidden gap, which enhanced the deep level 
emission. Ti4+ that occupied the Cd2+ site in the lattice structure can trap the electrons that come back from 
the conduction band to the valence band. The expected outcomes of the present work are suitable for the de-
velopment of display devices and optoelectronic gadget applications.  
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