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ZnCdQO is a perfect material for ZnO-based gadgets. ZnCdO nanocomposites are mainly used in most
optoelectronic and display device applications. In the present investigation, a simple solution method was
used to synthesize pure ZnCdO and Ti-doped ZnCdO nanocomposites with different wt% ratios (0.1, 0.3,
and 0.5%). Characterization techniques such as the structural, morphological, and elemental composition of
the prepared samples were undertaken by X-ray diffraction, scanning electron microscopy (SEM), energy-
dispersive X-ray analysis, and photoluminescence (PL). The diffraction peaks of the prepared samples re-
vealed the cubic phase structure. SEM showed the presence of spherical chunks with irregular grains due to
agglomeration. For the prepared sample of pure ZnCdO, the particle size was found to be 62.08 nm, where-
as Ti-doped ZnCdO nanocomposites (0.1, 0.3, and 0.5%) were at 55.08, 50.03, and 45.08 nm. The peak ob-
served in PL spectra at 520 nm could be ascribed to the near-band-edge emission. The photo-generated
electrons have been trapped in to Ti*" levels in the forbidden gap, which enhanced the deep-level emission.

Keywords: Ti-doped ZnCdO, X-ray diffraction, scanning electron microscopy, energy-dispersive X-ray
analysis, photoluminescence.
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(Ilocmynuna 4 anpens 2022)

s cunmesa yucmoco ZnCdO u nanoxomnoszumog ZnCdO, necupo8annvlx Mumanom ¢ pasiudHbIMU
coomuowernusmu (0.1, 0.3 u 0.5 mac.%), ucnonvzosan npocmoii Memoo pacmeoperusi. Cmpykmyphbiil,
Mopghonocuveckull 1 2NeMeHmHbIl AHATU3 00PA3Y08 NPOBEOEH C NOMOWDBIO PEHMEEHOBCKOU Oudpaxyui,
ckanupyroweti  2aekmpontol  muxkpockonuu (COM), HepeoOUCnepCUOHHO20 PEeHMeeHO8CKO20 AHANU3A
u pomontomunecyenyuu (OJ1). Juipaxmozpammer 006pazyos viasusLiom Kyouueckyo hazoeyio cmpyKmypy.
C nomowgpio COM obHapysiceno nHanuuue cgepuieckux oopazo8anuii ¢ HenpasuIbHbIMU 3ePHAMU U3-3d de-
nomepayuu. /[na obpaszya yucmoeo ZnCdO paszmep wacmuy 62.08 um, oaa Ti (0.1, 0.3 u 0.5%)-recuposantvix
nanoxomnozumos ZnCdO — 55.08, 50.03 u 45.08 um. Maxcumym 6 cnexkmpax ®@JI npu 520 Hm moxcHo omme-
cmu K usnyuenuio 66usu Kpas noaocsl. @omozenepuposantvle 21eKmponsl 3axéamviéaromcs na ypoeuu Tit*
8 3anpeujenHoll 301e, YMo YCUIUBaem usiyierue 2nyooKux ypogHel.

Knrwouesvie cnoea: necuposannviti mumanom ZnCdO, pemmeenosckas ougpakyus, CKanupyowas
9NEKMPOHHAS MUKPOCKONUSL, IHEP2OOUCHEPCUOHHDLI PEHM2EHOBCKUL AHANU3, (POMOTIOMUHECYEHYUS.
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Introduction. In the present scenario, researchers have mainly focused on the preparation of nanopow-
ders by various doping materials, because these semiconducting nanopowders are at the cutting edge of nan-
otechnology as a result of a wide range of applications such as nano-devices, sensors, opto-luminescence,
photonics, data storage devices, etc. These nanopowders possess excellent photocatalytic and antimicrobial
activities owing to their surface characteristics, shape, and size. Semiconductor nanomaterials such as CdO,
ZnO, and TiO; are used in various applications such as solar cells, flat panel displays, and photovoltaic de-
vices, owing to their small optical bandgap within the range 2.2-2.7 eV [1]. Zinc oxide nanoparticles are
used in various fields such as LEDs and solar cells owing to their special features such as wide bandgap, i.e.,
3.6 eV and large excitation binding energy of 60 meV [2, 3]. They are chemically stable at room tempera-
ture. Semiconductor TiO; has an optical bandgap of 3.2 to 3.29 eV. It has direct and indirect transitions from
3.69 to 3.78 eV [4]. Various methods are used for the preparation of Ti-doped ZnO nanostructures such as
pulsed laser deposition, chemical vapor deposition, and sputtering [5]. Among various transition metal ox-
ides, TiO2 is a stunning electrode material. It is used in commercial applications owing to its high specific
capacitance and magnificent cycle-life stability [6]. The TiO, material is highly transparent in the visible re-
gion [7]. CdO nanoparticles are less toxic in nature than all other semiconductor nanoparticles [8—10]. They
are used as transparent electrodes in solar cells owing to their sharp exciton transition [11-14]. The perfor-
mance of the supercapacitors depends on the properties of the electrode materials. Semiconductor metal ox-
ides are also used in optoelectronic device applications such as photo-catalyst and sensing elements [15-17].

ZnCdO is likewise viewed as a perfect material for ZnO-based gadgets. The joining of Cd into ZnO is
valuable for the manufacture of Zn0O/Zn;_«Cd,O heterojunction and super grid, which is the key component
in ZnO-based LEDs [2]. Moreover, the application of ternary ZnCdO alloys may extend the potential of
ZnO-based devices further, considering that bandgap engineering is essential for fabricating heterostructures
for light emitting or laser diodes, multi-junction solar cell applications, etc. Cd and Zn belong to group IIb of
the periodic table and possess similar physical and chemical properties owing to similar valence electron
structures. Cd-dopant in ZnO is considered one of the most promising candidates for narrowing the bandgap
energy of ZnO. Such properties indicate that Cd could be incorporated into ZnO to be used for bandgap tun-
ing/engineering, which could be useful for device applications. Thus, ZnO doping with Cd theoretically
permits bandgap narrowing and wavelength tunability to blue or even green light spectral range [18]. TiO; is
also utilized as a Ti source owing to its advantages such as ease, lack of harmfulness, and chemical stability.
As an n-type semiconductor with a wide energy bandgap, titanium dioxide is well known for its potential
applications in the field of photocatalysis, photoelectrochemistry, and optoelectronics because of its excel-
lent optical transmittance and high refractive index. Ti could improve the smoothness of the course of action
of the Zn, Cd, and O particles in the appropriate locales into the grid structure, and the Ti-doped samples
were methodically controlled for a good-quality nanostructure. For this reason, Ti-doped ZnCdO nanocom-
posites demand potential applications in the fabrication of optoelectronic and display devices. In the present
work, a simple solution method is used for the synthesis of ZnCdO nanocomposites. This method offers
a few preferences. For example, minimal effort, simple procedure, and hardware, prepared at room tempera-
ture, have enormous scope for the creation of nanostructures, films, and nanopowders, because it is a low-
temperature process and it is easy to control the particle size. The main objective of the present study is to
prepare the nanocomposites using a simple and cost-effective method. The prepared samples can be used ex-
tensively for obtaining novel materials with different properties because, through this process, nano-sized
grain particles have been deposited with high purity. The prepared nanocomposites can be utilized in many
applications such as luminescence, optoelectronic, and display devices.

Experimental. In the present investigation, chemical compounds such as titanium dioxide (TiO), zinc
nitrate (Zn(NO3)2), cadmium nitrate Cd(NOs), methanol (CH3OH), and NaOH were purchased from Sigma
Aldrich, India. ZnCdO solution was prepared at room temperature by dissolving the appropriate amounts of
Zn(NO3), and Cd(NOs), in the presence of NaOH and CH3OH. In the preparation, 100 mL of 0.1M NaOH
was added to the solution of 20 mL containing Zn(NO3), and Cd(NOs3), in CH3OH. After that, 0.01%
Ti(NO3)> was added, then the solution was stirred for 30 min. Further, a mixture of water to methanol in the
ratio of 0.04 was added to the above solution and stirred continuously for up to 30 min. The obtained solu-
tion 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 heating at a rate of 15° per minute [19].

X-ray diffraction (XRD) patterns of the samples were taken from the Bruker X-ray diffractometer with
a scan rate of 20° per minute using Cuk, radiation. For the prepared samples of pure ZnCdO and nanocom-
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posites of Ti-doped ZnCdO, the surface morphology and energy-dispersive X-ray analysis (EDX) were done
using Carl Zeiss, Neon 40 Crossbeam, Germany. Photoluminescence (PL) studies were recorded using a
450-W Light Xenon Source on a JobinY vonFluorimeter-FL3-11 spectro-fluorometer.

Results and discussion. XRD analysis. XRD patterns of the samples of pure ZnCdO and Ti-doped
ZnCdO nanocomposites were shown in Fig. 1. The diffraction angles of 20 that appeared at 33.1, 38.4, 55.4,
66.8, 82.1, 92.8, and 96.5° indicate (100), (002), (101), (220), (311), and (222) reflections, respectively. The
pure and Ti-doped ZnCdO has a face-centered cubic structure because of stronger intensity peaks at 33.1,
38.4, 55.4, and 66.8° corresponding to the 26 values. Owing to Ti doping, the intensities of the peaks are
changed. The zinc oxide has a hexagonal structure corresponding to different planes (100), (002), (101),
(102), and (110) with the JCPDS Card no. 89-1397 [20]. The samples of nanocomposites are observed with
good intensity as the dopant concentration increases [21, 22]. It shows that Ti could improve the smoothness
of the course of action of the Zn, Cd, and O particles in the appropriate locales into the grid structure and the
Ti-doped samples were methodically controlled for a good-quality nanostructure. The peak appearing at
25.5° represents a TiO, nanoparticle-significant anatase phase with JCPDS Card no. 21-1272 [23]. Another
peak that is observed at the diffraction angle 20 of 49.87° corresponds to ZnCdO [24]. 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 X-ray diffraction pattern [25]:
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The XRD peak value of FWHM is represented by B, and 0 is the diffracting angle.
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Fig. 1. XRD patterns of (a) pure ZnCdO, Ti-doped ZnCdO for (b) 0.1, (¢) 0.3, and (d) 0.5%.

SEM analysis. Figure 2a represents the formation of the irregular grains and morphological features of
the prepared samples of pure ZnCdO. The SEM images of pure ZnCdO and nanocomposites of Ti-doped
ZnCdO in various wt% (0.1, 0.3, and 0.5%) were observed through the micrographs of Figs. 2b—d. It can be
see that the Ti-doped ZnCdO nanocomposites form spherical chunks due to agglomeration. It is suggested
that this microstructural transformation could be attributed to the extremely small dimensions of the nano-
particles with high surface energy. From the EDX analysis, the elemental and chemical composition are es-
timated and presented in Fig. 2. As the agglomeration increases, the number of nanoparticles is also in-
creased. The sample content of ZnCdO characteristic peaks represents confirmation of the occurrences of
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Cd, Zn, Ti, and O. Owing to the presence of Ti, the particle size is decreased. From the EDX data, the nano-
composite samples represent the percentage decrement in the Ti-doped ZnCdO.

i S L E F:
Full Soae 7465 ol Cursor .00 ke Ful Some T cla Cursor 00000 iy

F: ] 2 ¥ F) 1 i
Soals 746 ol Cumoe 0,000 ke [l Somle 7405 ofs Cornor 000D

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

W-H graph. Figure 3 shows that the graph, which is plotted 4 sinf against B cosf, forms a straight line.
It is equal to its slope, which represents the micro strain behavior of the ZnCdO phase. The y-intercept of the
prepared samples are found to be 0.00234, 0.00262, 0.00292, and 0.00300 and the particle size of pure
ZnCdO is 62.08 nm, whereas Ti-doped ZnCdO (0.1, 0.3, and 0.5%) are found to be 55.05, 50.03, and 45.08 nm.
The particle size of the samples shows a decrement in size, as on increasing the Ti concentration [26, 27].
The relation between the crystallite size and dislocation density is represented by [28-31]:

5=1/D?*, )

where D is the crystallite size and 3, 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 ZnCdO, Ti-doped ZnCdO for (b) 0.1, (c¢) 0.3, and (d) 0.5%.

Photoluminescence studies. Photoluminescence spectra give information about excitation and emission
wavelength corresponding to the intensity of the emitted radiation. The intensity of the light is plotted
against the wavelength on the spectrum. Figure 4 shows the recordings of pure ZnCdO and Ti-doped ZnCdO
at room temperature. From the PL spectra, two peaks are observed. The peak observed at 340 nm is due to
the contamination present in the synthesized samples. The peak that appeared at 475 nm is due to the direct
recombination of conduction electron in the conduction band (Cd) in 3d state and a hole in the valance band
(O) 2p state corresponds to blue emission [32]. The peak observed at 520 nm corresponds to Ti-doped CdO
and could be ascribed to the near-band-edge emission [33]. The other peak at 650 nm detected in the visible
region indicates the presence of point defects within the bandgap such as vacancies and interstitials known as
deep-level emission (DLE) [34, 35]. DLE enhancement can be seen after Ti doping.

The photo-generated electrons have been trapped into Ti*" in the forbidden gap, which enhanced the
DLE. Ti*" that occupied Cd** and Zn*"* sites in the lattice structure can trap the electrons that come back
from the conduction band to the valence band. The deep level intensity was increased in Ti-doped ZnCdO
compared with pure ZnCdO. This referred to an increase in Ti concentration that has been trapped into Ti*"
levels in the forbidden gap and then increased the captured electrons within, which as a result enhanced the
deep level intensity [36].
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Fig. 4. PL spectra of pure ZnCdO, Ti-doped ZnCdO for 0.1, 0.3, and 0.5%.

Conclusions. Pure ZnCdO and Ti-doped ZnCdO nanocomposites were prepared using a simple solution
technique. From the XRD patterns, the prepared nanocomposite was within the nanoscale range. The pres-
ence of ZnCdO forms spherical chunks with irregular grains due to agglomeration. The particle size of the
pure ZnCdO was found to be 62.08 nm, whereas Ti-doped ZnCdO (0.1, 0.3, and 0.5%) were 55.05 and
50.03, and 45.05 nm. The peak that appeared at 475 nm is due to the direct recombination of a conduction
electron in the conduction band (Cd) in 3d state and a hole in the valance band (O) 2p state corresponds to
blue emission. The peak observed at 520 nm corresponding to Ti-doped CdO could be ascribed to the near-
band-edge emission. The other peak at 650 nm detected in the visible region indicates the presence of point
defects within the bandgap such as vacancies and interstitials known as DLE. The photo-generated electrons
have been trapped into Ti*" in the forbidden gap, which enhanced the deep level emission. Ti*" that occupied
Cd*" and Zn*" sites 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 development of display de-
vices and optoelectronic gadget applications.
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