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Abstract: Nano materials had been synthesized to produce new alternate substance for reducing the rare or high cost of industrial
materials. In this work, Nickel Oxide doped by (Co O) at different molar (0.1, 0.3, 0.5, 0.7and 0.9) Nanomaterial made by sol gel
method. (XRD) and (SEM) investigated structural and morphology properties. The XRD data showed that crystal structure of all
(Ni x Coy.x O,) samples are s (Hexagonal — primitive), the density of Ni, Co,., O, samples increasing by rat (0.801 mg.cm™/molar ,
crystals size decreasing the by rated 39.63 nm / molar and d- spesing increases by rated 1.9x10°m / molar . SEM result verified
the formation of structure and average size was calculated to be 81.4 nm for sample 0.1 molar, 55.8 nm for 0.3 molar, 54.7 nm for
0.5 molar, 53.4 nm for 0.7 molar and 50.3 nm for 0.9 molar.
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Introduction

Recently, Nickel Oxide NiO has been investigated as a type of important inorganic material[1]. The NiO is a crucial material that
can be grown and used in a wide range of applications, such as solar cell[2], capacitor[3], and rechargeable lithiumion batteries[4].
In addition, NiO nanoparticles have attracted and great attention because of their potential applications and their specific physical
and chemical propertiesl.The structure, calcination temperature[1,5] and pH value[1,6] of the solution must be controlled to
produce pure NiO nanoparticles. These parameters affect the sizel,5, distributionl and morphologyl of the particles. The specific
physical and chemical properties of pure NiO can be determined if pure NiO is produced. Sol-gel is a suitable method to
synthesize NiO nanoparticles because it exhibits homogeneoeus mixing7, better crystallinity[7], uniform particle distribution[7],
and smaller particle size[7].

Cobalt oxide-based materials are suitable candidates for the construction of solid-state sensors,[8,9] heterogeneous
catalysts,[10,11] electrochromic devices [12], and solar energy absorbers.[13,14]. To our knowledge, there are few reports about
the production of cobalt oxide nano- tubes. The major example that we are aware of is the cobalt oxide nanofibers prepared by
Martin and coworkers using the sol-gel method combined with a membrane-based synthesis.

This work aims to synthesize Nickel Oxide doping by Cobalt oxide (Ni x Co1.x O,) nanoparticles through sol-gel method. Several
characterizations were conducted to ensure the quality of the synthesized (Ni x Co;.x O,) nanoparticles. Characterizations for
thermal, structural, morphological, and elemental analyses are required to determine the synthesized (Ni x Co,.x O,) nanoparticles.

Material & Method

Nickel (I1) nitrate hexahydrate [Ni (NOs),-6H,0, Merck] was dissolved in 20 ml of isopropanol alcohol [(CH3),CHOH, Merck]
and 20 ml of polyethylene glycol [H (OCH,CH,)nOH), Merck]. The solutions were stirred with a magnetic stirrer for 24 hours
until chemically dissolved. Ammonium hydroxide (NH,OH, Merck) was added until solutions reached pH 11. Triton X-100
[C14H,,0 (C,H,0)n, Sigma Aldrich] was added to avoid particle agglomeration. Then cobalt nitrate was dissolved in 20 ml of
isopropanol alcohol stirred with magnetic stirrer for 24 hours to , Ammonium hydroxide (NH,OH) was added until solution
reached pH 11,and Triton X-100 [CI4;H,,O(C,H,0) was added to .Max the tow solvents by rat Ni x Co;.x O, , and the mix
solutions were gradually heated at 80 °C until gel was formed. The gel was dried at 200 °C and then ground. The sample was
ground again before thermal, structural, and morphological analyses. Phase identification and structural analysis were performed
by XRD (Bruker Advanced X-ray Solutions D9) in the 20 range of 7° to 24° with monochromatized Cu Ka radiation (A = 1.5406
A). The morphologies of the Ni x Co,.x O, nanoparticles were observed directly by (ESM)

Results and Discussion

After made Ni x Co;x O, Nanomaterials by sol gel method in different molar (0.1, 0.3, 0.5, 0.7 and 0.9) used X-ray diffraction
(XRD) to study crystal structure properties, and scanning electron microscopy (SEM) to study the image of synthesized(
morphology and determined particle sizes ) as showing in the results blow .
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Fig (1) XRD spectrum of five sample Ni x Co;.x O, (0.1, 0.3, 0.5, 0.7 and 0.9) m Molar

Table (1) some crystallite lattice parameter (c- form , a,b,c, B,a, y, density ,Xs(nm ) and d — spacing ) of five sample Ni x Co;.x
0, (0.1,0.3,0.5,0.7 and 0.9) m Molar

Sample a=b=c o=p=y density X(nm) d-spacing 10° m
Ni Co.9 3.529 90 1.887 51.60 6.382525
Ni Co.7 3.529 90 1.886 56.98 6.41634
Ni Co.5 3.529 90 1.884 58.71 6.43233
Ni Co.3 3.529 90 1.879 58.75 6.45432
Ni Co.1 3.529 90 1.872 85.48 6.52634

The crystal structure of all samples characterized at room temperature using a Philips PW1700 X-ray diffract meter (operated at 40
kV and current of 30 mA) and samples were scanned between 5° and 25° at a scanning speed of 0.06 °C/s using Cu Ka radiation
with A = 1.5418A. The representative XRD charts of all five sample Ni x Co,.x O, (0.1, 0.3, 0.5, 0.7 and 0.9) m Molar as show in
fig (1). Miller indices provided in the figure and all peaks determine transformation of five sample Ni x Co;.x O, (0.1, 0.3, 0.5, 0.7
and 0.9) m Molar crystallites with (Hexagonal — primitive) crystal structure. Table (1) shows the XRD parameters five sample Niy
Coy« 0, (0.1, 0.3, 0.5, 0.7 and 0.9) m Molar samples at various crystalline orientations. When we describe the relation between
the rated molar of five sample Niy Co; O, and density of samples, we showing that increase the density of sample by increasing
the molar of Ni, Co;, O, samples by rat (0.801 mg.cm™/molar (as calculated from table (1)). The dislocation density (8) and
number of unit cells (n) of five sample Ni, Co;.4 O, hanoparticles is calculated and listed in table (1). Dislocation density decreases
and the by number of unit cells increases growth and decreasing the defects in crystallites. From the relation between the rated of
five Niy Coy, O, samples molar and crystallite size. On the other hand, it has noticed that the rated of Niy Co;.x O, molar increases
with decreasing the crystals size by rated 39.63 nm / molar. Finally, describes the relation between the rated of Niy Co;4 O, molar
and d- spesing NiCoO,nanoparticles samples, and noticed that the rated of decreasing the d- spesing of five NiCoO, samples with
increases the Ni, Coy., O, molar by rated 1.9x10™°m / molar (other calculated from table (1)).
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Fig (2) SEM image of five sample Niy Co,.x O, (0.1, 0.3, 0.5, 0.7 and 0.9) m Molar

The scanning electron microscopy (SEM) image of synthesized five Niy Co,.x O, samples at (0.1, 0.3, 0.5, 0.7 and 0.9) m Molar is
shown in Fig (2-A) to fig (2-F) SEM image gives sufficient information on the structure and particle ratio. It can be observed from
the SEM image that it is a single phase with grain sizes ranging from 81.4 nm to 50.3 nm .The morphology and SEM. determined
particle sizes of the as-prepared sample. The SEM images of NiCoO, 0.1 m Molar concentration sample films are shown in Fig (2-
A). These indicate that sphere-like NiCoO, 0.1 m Molar sample nanostructures obtained by this method are uniform in both
morphology and particle size, but have agglomeration to some extent. The average size was calculated to be 81.4 nm from the
measurements on the SEM micrographs. Corresponding histograms, showing the particle size distribution, are also presented in fig
(2-A). The mean particle size 85.48 nm estimated from XRD is in close agreement with SEM, then the average crystallite size
83.44 nm as calculated from histograms line broadening and XRD method .The SEM images of NiCoO, 0.3 m Molar sample are
shown in Fig (2-B). These indicate that sphere-like NiCoO, 0.3 m Molar sample nanostructures obtained by this method are
uniform in both morphology and particle size, but have agglomeration to some extent. The average size was calculated to be 55.8
nm from the measurements on the SEM micrographs. Corresponding histograms, showing the particle size distribution, are also
presented in fig (2-B). The mean particle size 58.75 nm estimated from XRD is in close agreement with SEM, then the average
crystallite size 57.28 nm as calculated from histograms line broadening and XRD method. For the second SEM images of NiCoO,
0.5 m Molar sample are shown in Fig (2-C). These indicate that sphere-like NiCoO, 0.5 m Molar sample nanostructures obtained
by this method are uniform in both morphology and particle size, but have agglomeration to some extent. The average size was
calculated to be 54.7 nm from the measurements on the SEM micrographs. Corresponding histograms, showing the particle size
distribution, are also presented in fig (2-C). The mean particle size 58.71 nm estimated from XRD is in close agreement with SEM,
then the average crystallite size 56.71 nm as calculated from histograms line broadening and XRD method. The SEM images of
NiCoO, 0.7 m Molar sample films are shown in Fig (2-D). These indicate that sphere-like NiCoO, 0.7 m Molar sample
nanostructures obtained by this method are uniform in both morphology and particle size, but have agglomeration to some extent.
The average size was calculated to be 53.4 nm from the measurements on the SEM micrographs. Corresponding histograms,
showing the particle size distribution, are also presented in fig (2-D). The mean particle size 56.98 nm estimated from XRD is in
close agreement with SEM, and then the average crystallite size 55.19 nm as calculated from histograms line broadening and
XRD method. At last, The SEM images of NiCoO, 0.9 m Molar sample films are shown in Fig (2-F). These indicate that sphere-
like NiCoO, 0.9 m Molar sample nanostructures obtained by this method are uniform in both morphology and particle size, but
have agglomeration to some extent. The average size was calculated to be 50.3 nm from the measurements on the SEM
micrographs. Corresponding histograms, showing the particle size distribution, are also presented in fig (2-F). The mean particle
size 51.6 nm estimated from XRD is in close agreement with SEM, and then the average crystallite size 50.95 nm as calculated
from histograms line broadening and XRD method.
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Conclusion

The (Ni x Coy.x O,) nanoparticles were successfully synthesized through the sol-gel method. A (Hexagonal — primitive) structure
was formed in the (Ni x Coy.x O,) nanoparticles. The sample showed that (Ni x Coy.x O,) nanoparticles size were between (51.6 -
85.48) nm. The morphological analysis was demonstrated in nanoscale range.
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