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Abstract: The functional material was formulated by adding the solutions of AR grade Zinc acetate (Zn(O 2CCH3)2(H2O)2) and Nickel

chloride (NiCl2) with different molar concentration and heated at 100 oC . After heating it for 4h a resin like solid product was formed.
The solid product was sintered for 4 h at temperature 1000 oC; a light green colour solid product was obtained. Then it was milled for 2
h. The structural properties of the prepared powder materials were studied by X-ray analysis. The observed powder materials show the
polycrystalline nature and the crystallite size found to be in the range of 22 to 35 nm. Thermogravimetric (TGA) and differential thermal
analyses (DTA) of pure ZnO and NiO- doped ZnO samples were carried out. . The TGA analysis shows that t there is no significant %
wt. loss in both samples. Hence the doped sample is observed to be stable. The DTA showed the endothermic nature of reactions for both
pure and doped ZnO films.
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1. Introduction
NiO is the most exhaustively investigated transition metal
oxide. NiO is an antiferromagnetic, p- type semiconductor
with a wide band gap of (3.8 eV) oxide. NiO finds wide
range of applications due to its good chemical stability as
well as electrical properties. NiO is often non stioichometric.
wide-band-gap semiconductor, is used in magnetic, batteries,
chemical sensing, mass flow/temperature sensing,
electroluminescent, catalysis, fuel cells and smart windows
applications. Nickel addition in tin oxide gas sensor has been
investigated by various researchers [1-12].
ZnO is a II–VI group compound semiconductor with a
hexagonal wurtzite crystal structure. It has a wide and direct
band gap of 3.37 eV at 300 K and a large free exciton
binding energy of 60 meV. It has unique physical and
chemical properties, low-dimensional volume, high aspect
ratio, light-matter interaction, cost-effectiveness and can be
synthesized by various chemical and physical methods. ZnO
has become one of the most popular materials for electrical
and optical applications over the time. It is promising
material for many optoelectronic applications such as
ultraviolet lasers, light-emitting diodes, p–n junction devices,
thinfilm transistor, solar cells, acoustic devices, chemical and
biological sensors [13-20].
In the present work I investigated the effect of NiO doping
on structural and morphological properties of ZnO. Doping
of the base martial was carried out by adding the additives
(NiCl2) in the base material ZnO.

2. Experimental Procedure
2.1 Preparation of Functional Material
The pure AR grade powder of Zinc acetate
(Zn(O2CCH3)2(H2O)2) and Nickel chloride (NiCl2) solution
of different molar concentration were mixed and stirred for
10 min and heated at 100oC gives viscous solution. After
heating it for 4h a resin like solid product was formed. The
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solid product was sintered for 4 h at temperature 1000 oC; a
light green colored solid product was obtained. Then it was
milled for 2 h to obtain fine powder. The preparation
condition for the formulation of functional materials is as
shown in Table 1.
Table 1: Composition of functional material

Sample No.
Composition
S1(Pure ZnO)
Zn (O2CCH3)2(H2O)2
S2(NiO doped ZnO) 0.9M Zn (O2CCH3)2(H2O)2 +0.1M NiCl2
S3(NiO doped ZnO) 0.5M Zn (O2CCH3)2(H2O)2 + 0.5M NiCl2

3. Physical Characterization
3.1 Structural Analysis
In order to understand the structural properties of pure ZnO
and NiO doped ZnO powder materials at different molar
concentration, X-ray diffraction analysis of these sintered
powders were carried out using Cukα radiation.
Fig.1 (a-d) shows XRD pattern of ZnO obtained from Zinc
acetate (Zn (O2CCH3)2(H2O)2), NiO from Nickel chloride
NiCl2 and NiO- loaded ZnO materials at different molar
concentration.
Fig.1 (a) shows that the observed diffraction peaks of ZnO
are correspond to the hexagonal wurtzite structure of ZnO.
The observed peaks are well matched with the JDPS (760704) reported data of ZnO. The sharp peaks of XRD are
corresponds to ZnO material and are observed to be
polycrystalline in nature. The higher peak intensities of an
XRD pattern is due to the better crystallinity with preferred
orientation along the (101) direction. Fig.1 (b) shows the
diffraction peaks of NiO material was observed to be
polycrystalline in nature corresponds to cubic structure and
are well matched with the JDPS (75-0269) reported data of
NiO. The observed peaks shows that the NiO material is not
very crystalline but it having some preferred orientation
along the (200) direction.
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Sample
No.
S1
S2
S3
S1
S2
S3

Table 2: XRD data of Sample- S1, S2, S3.

2θ
dCrystallite Size
FWHM
(deg.) Spacing(Å)
(D nm)
31.70
2.82
0.265
35
31.80
2.81
0.275
33
31.70
2.82
0.393
23
77.00
1.22
0.422
27
77.00
1.24
0.660
22
77.00
1.24
0.660
22

(hkl)
Z-100
Z-100
Z-100
Z-202
Z-202
Z-202

Table 2 shows the variation in the d- spacing and crystallite
size of all samples corresponding to the different crystal
planes. It shows that the doping would changes the d-spacing
and crystallite size. The XRD pattern of doped samples
shows that the intensity of observed peaks were decreased
with increase in dopant
concentration. The slightly
broadening of diffraction lines may be attributed to small
crystalline effects or chemical heterogeneity of the samples.
3.2 Thermal analysis
Thermogravimetric (TGA) and differential thermal analyses
(DTA) of pure ZnO and NiO- doped ZnO samples were
carried out under same condition in static air, and their
profiles are given in Figs. 2[23, 24].

Figure 1: XRD Patterns of pure ZnO, NiO and NiO-ZnO
composite materials.
Fig.1(c) shows the XRD pattern of sample S2. The observed
peaks shows that the final compositions consists of two
phases namely ZnO and NiO where ZnO peaks are dominant
with some traces of NiO are also present. Fig 1 (d) shows the
XRD pattern of sample S3. The observed peaks shows that
the final compositions consists of two phases namely ZnO
and NiO where NiO peaks are dominant with some traces of
ZnO are also observed. It was confirmed by referring to
JCPDF data for ZnO and NiO. The presence of both peaks in
the final material composition would give the possibility of
formation of p (NiO) - n (ZnO) heterojunction junction at
grain boundaries of ZnO.
Detailed knowledge of crystallite size and shape in a finely
divided powder often helps to correlate many physical
properties of a system undergoing transformation in a solid
state reaction. The average crystallite size from X-ray line
broadening has been calculated using the Scherrer
eq.(1)[21,22]. The d-spacing of the planes corresponding to
the different observed peaks, FWHM, crystallite size and
hkl-planes of the pure and NiO- loaded functional materials
are listed in Table 2.
0.9 λ
D=
(1)
β Cos θ

Where D- is average crystallite size, β - is the broadening of
the diffraction line measured at half
maximum
intensity(FWHM), λ -is wavelength of the x- ray radiation
and (0.1542 nm). θ - is the Bragg angle,λ -Wavelength of the
x- ray radiation and θ -Bragg’s angle.
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4) The observed powder materials show the polycrystalline
nature and the crystallite size found to be in the range of
22 to 35 nm.
5) Thermogravimetric (TGA) analysis shows that there is
no significant % wt. loss in both pure and doped samples.
Hence the doped sample is observed to be stable.
6) The differential thermal analyses (DTA) showed the
endothermic nature of reactions for both pure and doped
ZnO films
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Figure 2: TGA and DTA profile of pure ZnO and NiO –
ZnO composite.
Table 3: Weight loss of pure ZnO and NiO doped ZnO.
Temperature Weight. Loss Temperature Weight. Loss of
Range in oC of pure ZnO Range in oC
NiO – ZnO
-0.068 mg
-0.079 mg
256-663
143 - 515
-0.900 %
-1.588 %

Table 3 shows that the loss in weight of pure ZnO and NiOdoped ZnO samples in the different ranges of temperature
observed from TGA. It can be concluded from the profiles
that there is no significant % wt. loss in both samples. Hence
the doped sample is observed to be stable. The variation in
weight with temperature was presented by TGA at a high
resolution.
The DTA showed the endothermic nature of reactions for
both pure and doped ZnO films. The heat absorbed by the
samples may be due to the non-stoichiometry and oxygen
deficiency of the film.

4. Conclusions
1) The NiO-ZnO composite materials were synthesized by
adding Zinc acetate (Zn(O2CCH3)2(H2O)2) and Nickel
chloride (NiCl2) with different molar concentration
2) The XRD pattern of doped samples shows that the
intensity of observed peaks was decreased with increase
in dopant concentration.
3) The observed X-ray data shows that the doping would
changes the d-spacing and crystallite size.
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