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Pure CdO and TiO>-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 TiOx-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 Ti** in the forbidden gap, which enhanced the deep
level emission.

Keywords: TiO:-doped CdO, X-ray diffraction, scanning electron microscopy, energy dispersive X-ray,
photoluminescence.
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Yucmoiii CdO u nanoxomnozumsl CdO, neeuposannvie TiOz (0.1, 0.3 u 0.5 mac.%), npuecomognernwvl
memodom npocmoeo pacmeoperus. CmpyKmypHulil, MOPHOoI0SUYecKUll U d1eMeHMHbII COCMAasbl onpeoeie-
Hbl MEMOOaMu peHmeeHO8CKOU ouppaxyuu, ckanupyiowei snekmponnou mukpockonuu (SEM), snepeoduc-
NEPCUOHHO20 PEeHMEeHOCNPYKMYPHO20 aHAAU3A U (omonomunecyenyuu. Ha ougpaxmoepammax euomo,
umo 06pasybl umMelom Kyouueckyro azo8yio cmpykmypy, a HAHOKOMRO3umsl — Hanomacuima6. C nomo-
wwio SEM evlsagnenvl naacmuniamole yuacmku ¢ HePaAGHOMEPHOU 3ePHUCIMOCbIO 8Clle0Cmsue aziomepa-
yuu. Pasmepvr wacmuy uucmozo CdO 61.98 wm, a CdO, necuposannoeo TiO; (0.1, 0.3 u 0.5 mac.%), —
49.57, 35.41 u 31 wm. Maxcumymor npu 1.90 u 2.38 5B 6 UK-suoumoii ooracmu coomeemcmeyrom CdO.
bruskpaesoe uznyuenue npu 2.38 3B xapakmepho kax 0Jis yucmozo, max u 0ns necuposannozo CdO. Mooic-
HO Npeononodcumy, Ymo (omozeHepuposannvie nekmponst 3axeamoiéaomes Ti'" 6 3anpewennoii 3ome,
Ymo ycunugaem uziyyeHue 21yo0Kux yposHeil.

Knrouegwvie cnosa: CdO, necuposannwiti TiO», penmeenosckas Ouppakyus,; CKanupyowas 1eKmpoH-
Has MUKPOCKONUS, 9HEP2OOUCNEPCUOHHBII PEHIM2eHOCMPYKMYPHBIU AHATU3, POMOTIOMUHECYEHYUSL.
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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, TiO,, 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
TiO; 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)y), titanium dioxide (TiOz), 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), in the presence of CdAOH and CH30OH at room temperature. A solution
(20 mL) containing 0.1M Cd(NOs), in CH30H 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 650°C for 2 h by heat-
ing at a rate of 15° per min.

From the Bruker X-ray diffractometer, X-ray diffraction (XRD) patterns of the sample were recorded by
using CuK, 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 TiO;-doped CdO nanocompo-
sites, XRD patterns were recorded and shown in Fig.1. The XRD patterns corresponding to 26 values ap-
peared at 33.1, 38.4, 55.4, 66.1, 69.2, and 82.1° indicating (1 0 0), (002),(101),(220),(311),and (22 2)
reflections, respectively. The pure and TiO:-doped CdO has a face-centered cubic structure, because of
stronger intensity peaks at 33.1 and 38.4°, corresponding to the values of 20. Owing to TiO; 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 = 0.91/(Bcosb). (1)

The XRD peak value of FWHM is represented by B, and 0 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 TiO, 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, TiO,-doped CdO for (b) 0.1%, (c) 0.3%, and (d) 0.5%.
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Fig. 2. SEM and EDX images of (a) pure CdO, TiO,-doped CdO for (b) 0.1%, (c) 0.3%, and (d) 0.5%.
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The microstrain behavior of the CdO phase observed in the samples gives the relation between Pcos6
and 4sin6. 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 TiO,-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 TiO; percentage [23, 24].
It is found that the grain size of the TiO»-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/D% 2
where D is the crystallite size and 6 is the dislocation density. The obtained values of the crystallite size
of the samples are in good agreement with XRD data.
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Fig. 3. W-H analysis of (a) pure CdO, TiO;-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 TiO»-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
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Fig. 4. PL spectra of (a) pure CdO, TiO,-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 Ti*' in the
forbidden gap, which enhanced the deep level emission. Ti*" that occupied the Cd?" 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 Ti*' [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 TiO»-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 Ti*" in the forbidden gap, which enhanced the deep level
emission. Ti** that occupied the Cd*" 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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