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Abstract:- ZnTiOs is a promising wide-energy band gap
semiconductor material because of its current and potential
uses in catalysts, microwave insulators, luminous materials,
nonlinear optics, solar cells, and gas sensors. In the present
work, ZnTiOs nanoparticles were synthesized by
hydrothermal method. The structural properties and
parameters have been investigated by using X-ray
diffraction (XRD). The XRD results raveled that the particle
attributed high phase purity, and good crystalline. The
structure of ZnTiOz nanoparticles found cubic spinel phase
and using the Scherrer equation the average crystallite size
was calculated as 31.74 nm. The X-ray peak broadening
analysis was used to evaluate the crystalline sizes and lattice
strain by the Williamson-Hall (W-H) analysis. The
functional group information conforms to the ZnTiOs
nanoparticles. The FE-SEM images showed the particle
shape spherical with partial agglomeration. Furthermore,
the optical band gap (Eg) was determined using UV-Visible
spectra.

Keywords: XRD, FTIR, UV-Vis, Hydrothrmal Method and
Optical band gap

1. INTRODUCTION

The development of nanomaterials has been strongly
pursued due to their unique features such as electronic,
chemical, mechanical, magnetic, and optical properties
that differ from bulk materials [1-11]. Size-dependent
properties are observed such as surface plasmon
resonance in some metal particles, quantum confinement
in semiconductor particles, and superparamagnetism in
magnetic materials. Among the different nanomaterials,
perception of the behavior of ferroelectric materials at
the nanoscale is important for the growth of molecular
electronics.  Indeed, perovskite-phase mixed-metal
oxides are significant for their advantageous
electrostrictive, pyroelectric, piezoelectric, electro-optic
and dielectronic  properties with  corresponding
applications in the electronics industry for high-k-
dielectrics, actuators, and transducers [12, 13]. Among
perovskite-phase mixed-metal oxides, ZnTiO3; has been
reported to have superior electrical properties that are
sufficient for applications towards microwave dielectrics
[14]. Furthermore, ZnTiO; is an effective photocatalyst
because this compound is categorized in a group of

coupled photocatalysts that can help to enhance the
photocatalytic activity of TiO, through reducing
recombination process and change band gap to
enhance the optical response in the UV to the visible
light range [15, 16]. Pure h- ZnTiO; represents
superior dielectric properties in the microwave range.
Many reports have been made to produce pure ZnTiOs
powders and ceramics. But the synthesis of pure ZnTiO;
from a mixture of ZnO and TiO2 witha molar ratio of 1
was not successful. There are various problems with the
synthesis of pure zZnTiO; powders by the solid-state
reaction method such as large particle size, a limited
degree of chemical homogeneity, high temperature, and
long range of diffusion distance. In the past two decades,
the sol-gel route has been successfully used for the
preparation of ceramics, thin films, fibers, and glasses;
this method has various advantages such as low
calcination  temperature, low cost, chemical
homogeneity, and easy component adjustment. Besides,
the sol-gel route is one of the methods for the synthesis
of nanomaterials [17, 18]. Here, ZnTiQ; nanostructures

were synthesized by an unusual sol-gel method.
Utilizing new and smaller number chemical materials in
addition to a simple procedure is the characteristic
benefit of this method in assessment to the other reports
[19, 20]. In this paper, ZnTiOs nanoparticles were
successfully synthesized by hydrothermal method. The
products were characterized by various analyses such as
XRD, SEM, TEM, EDS, FT-IR, and UV-Vis
spectroscopy.
2. EXPERIMENTAL

To synthesize the ZT nanoparticles, the
starting materials were chosen as Zn (NOs), 6H,O and
TiO2 (each of 99.9% purity, Sigma-Aldrich). These
precursors were mixed after taking their stoichiometric
ratio. The whole mixed precursors were transferred to a
glass beaker. Furthermore, distilled water was added to the
precursors in a ratio of 1:4 (mixed precursors (gm):
distilled water (ml)) and the resultant solution was kept on
a magnetic stirrer. A stirring rate of 500 rpm was
maintained to stir the solution. Later NaOH solution was
slowly added, and the pH value reached 11. Furthermore,
this solution was transferred to a 500 ml Teflon bowl
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inserted in an autoclave. The sealed autoclave was kept in a
hot-air oven at an operating temperature of 150°C/8 hours.
After completion of the reaction, the autoclave was slowly
cooled to room temperature. The final ZnTiO3
nanoparticles were removed from the Teflon-lined
autoclave and washed with acetone and distilled water
several times until the pH was reduced to 7. Later it was
heated at 60°C/2 hour. The final ZT new particles were
removed and characterized for various characterized
techniques such as the X-ray diffraction method, field
emission scanning, and transition electron microscopy. In
addition, the Fourier transform infrared spectroscopy
(FTIR), and UV-Visible techniques were used to find the
presence of metal oxide bands and the optical energy band
gap.
3. Results and discussion

3.1. XRD analysis

The diffraction pattern of ZT nanoparticles is depicted in
Figure 1. It can be seen that the Zinc titanate (ZT)
nanoparticles exhibit the cubic perovskite structure about
the reflection planes as indicated in Figure 1. These
reflection planes are in good agreement with the Joint
Committee on Powder Diffraction Standards (JCPDS) data
of file number: 39-0190. Amongst these planes, the 211
planes at 25.3579° revealed the maximum intensity. No
secondary peaks are observed in the ZT structure. The
average crystallite size (D,) is evaluate with the help of the
average full-width at half maxima (FWHM) of reflection
planes using the Debye-Scherrer equation [22],

Da = (k1) / BCos0 (1)

Where B is full-width half maxima, A is the wavelength of
CuK, radiation (0.15406 nm), 0 is the diffraction angle, and
"k" is a numerical constant that is equal to 0.9 for a
spherical atom. The results are repeated in Table 1. It is
clear from the table that the average crystal size is D, is
calculated to be 31.74 nm.

Figure 2, depicts the variation of D, and micro-strain as a
function of diffraction angle. It is very clear from the figure
that there exists a reciprocal relationship between micro-
strain and D, Similar kinds of observations were
previously reported in the literature [23]. In addition, the
lattice constant (a) is calculated after finding the inter-
planar spacing (d) and miller indices (hkl) by using the
following formula [23]:

a=d (h2+k2+|2)1/2 2)

The lattice parameter is found to be 8.391 A. The X-ray
density (Dy) is evaluated using the formula Z M.W/NV,
where “Z” is the number of molecules per unit cell (Z = 8),
“M.W” is the molecular weight of the composition, “N” is
Avogadro’s number (6.023 x 102%), and “V” is the Volume
[23]. The calculated numerical value of Dy is 3.517 g/cm?®
of ZT nanoparticles [24]. This may be attributed to the high
homogeneity of prepared ZT nanoparticles. Moreover, the

structural parameters such as inter-planer spacing (d),
FWHM, micro-stain (¢), miller indices (h k 1), and
dislocation density (p) are listed in Table 1 as a function of
diffraction angle.
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Fig. 1. The diffraction pattern of ZT nanoparticles.

Table 1. The data on structural and physical parameters of
ZT nanoparticles

20(°) FWHM d(A) £ Da hkl  p(@m?
B () (nm)
253579  0.1861 3509  0.003609 43.7528 211  5.22E+14
31.8093  0.2630 2.810  0.004027 314075 300  1.01E+15
34.4708  0.2090 2599  0.002940 39.7828 310  6.32E+14
36.2927  0.2743 2473 0003652 304756 311  1.08E+15
37.8497  0.2182 2375  0.002776  38.4871 320  6.75E+14
47.8762  0.8057 1.898 0007919 10.7881 331  8.59E+15
539284  0.2442 1.698  0.002095 36.4878 422  7.51E+14
55.0872  0.2501 1.665  0.002092 358263 510  7.79E+14
56.6124  0.3383 1624 0002741  26.6667 511  1.41E+15
62.8195 0.3924 1478 0002803 237221 440  1.78E+15
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Figure 2. The variation of micro-strain and D, of ZT nanoparticles

The inter-planer spacing is decreasing with an increase of
20 angle. In addition, the dislocation density is a parameter
that evaluates the defects per unit area of the sample. The
smaller value of p indicates the low porous structure of ZT
nanoparticles and vice versa. In the current study, the
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average p is ~ 1.72 x 10 m™. The micro-strain at an

average of all diffraction angles is noticed as 0.00346. The 0.008
specific surface area (S) is a significant physical parameter
for nanoparticles and is computed using the relation
6000/DiDy, where the symbols have their usual meaning 0.006 4
[25]. In this study, the S is achieved to be ~ 54 m?/g. This ' o
kind of high value of S can be attributed to the smallest )
value of D, when compared with bulk materials. This 9

larger S value in turn affects the electrical, optical, and Q

morphological properties of nanoparticles.

0.004 1

p Cos6

Williamson—Hall (W-H) plot (as shown in Figure 3) is 0.0021 y =0.00131 x +0.00227
drawn for BcosO versus 4sinf to evaluate micro-strain (g)

and crystallite size (Dy) using the following relation [26], T T T
0.8 1.2 1.6 2.0 2.4

B Cos6 = (0.92/D) + 4¢ Sin6 3) 4sing

where the slope of a straight line offers micro-strain while
D, is associated with to intercept parameter. This provides
the correlation between strain and size of the crystallite.
The results from W-H plot express that the stain (0.00131)
is almost consistent with the Scherrer strain from the
diffraction pattern. The average D is of the order of 61.08
nm which is almost in agreement with the Scherrer size.

Figure 3. The W-H plot of ZT nanoparticles

3.2. Surface morphology

The surface morphology of ZT nanoparticles is analyzed
by a field emission scanning electron microscope (FESEM)
and a High-Resolution transmission electron microscope
(HRTEM). The FESEM photographs of ZT nanoparticles
are shown in Figure 4(a). From Figure 4(a), it is noticed
that ZT shows well-defined spherical shapes and rods. The
grain size (G,) is determined using the linear intercept
method [25]
3L

Ga= 4)
where “L” is the line length, “N” is the number of grains
intercepting the test line, and “M” is the magnification. The
average grain size (G,) is 135.03 nm. This confirms the
presence of microspheres and rods. The energy dispersive
X-ray analyzer (EDAX) (Figure 4(c)) reveals the presence
of Zn, Ti, and O elements. HRTEM generally provides
information about the existence of nanoparticles. The
HRTEM images of ZT nanoparticles are shown in Figure
4(b). It is seen from Figure 4(b) that all ZT nanoparticles nor oo .
are spherical in shape. The average particle size is 112.57 Figure 4. (a) The FESEM photos of ZT nanoparticles
nm. In HRTEM images a weak agglomeration is identified.
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Figure 4. (b) The HRTEM with SAED photos of ZT nanoparticles.
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Figure 4. (c) The EDAX of ZT nanoparticles.

3.3 Optical Properties
3.3.1. FTIR analysis

In order to study the characteristic vibration bands
corresponding to different bonds, the FT-IR spectra (Fig. 5)
is used in the spectral range of 400-4000 cm™. It is well
known that the characteristic vibration bands
corresponding to metal-oxygen bonds be in the range of
400-700 cm™. As seen from the spectrum, peaks 464.84

cm? and 634.58 cm™ are the characteristic bands of
ZnTiO3, corresponding to the stretching vibration of the
Zn-0 and Ti-O bond [26]. Also, in the bonds at 1529.41—
2090.28 cm™ and 2337.43-3742.81 cm™ wave number
range, the peaks were tailored owing to the O—H stretching
and bending vibrations of H,O molecules absorbed by the
ZT nanoparticles [27]. So, the FT-IR spectrum confirms
that ZnTiO3 nanostructures were produced according to
appeared peaks.
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Figure 5. The FTIR spectra of ZT nanoparticles
3.3.2. UV-visible spectral analysis

The room temperature UV-Vis absorption spectra of
ZnTiO3 nanoparticles were also measured in the range
of 200-1600 nm. Fig. 6 (a) shows the diffuse reflection
adsorption spectra (DRS) of the ZnTiO3 nanoparticles at
room temperature. The figure indicates that the ZnTiO3
nanoparticles show absorption maxima at 312.04nm, the
direct optical band gap estimated from the absorption
spectra of the ZnTiO3 nanoparticles is shown in Fig. 6(b).
An optical band gap is obtained by plotting (ahv)? vs ho
where a is the absorption coefficient and hv is photon
energy. Extrapolation of the linear portion at (ahv)? = 0
gives the band gaps of 3.19 eV for perovskite ZnTiO3
nanoparticles. The optical band gap of 2ZnTiO3
nanoparticles is smaller than those of the bulk ZnTiO3
(band gap 3.70 eV) [29].
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Figure 6(a). The absorption spectra of ZT nanoparticles.
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Figure 6(b). The “ahv” versus photon energy of ZT nanoparticles.

4. CONCLUSIONS

The hydrothermal method in comparison to other
synthetic methods of nanoparticle preparation has many
advantages, for example: simple, available, and
inexpensive. In this work, we have prepared the ZnTiO3
nanoparticles by hydrothermal method. A systematic
study on the structural, morphological, and optical
properties of ZnTiO3 nanoparticles was carried out
using various analyses. FESEM images reveal that the
ZnTiO3 have a mean particle size of about 135.03, with
spherical-like shapes and rods. The average particle size
was 112.57 nm using HRTEM images. The band gap
was 3.19 eV estimated by UV-vis spectroscopy.
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