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Out of the all metal oxide nanoparticles, recently nickel oxide has been widely 
investigated due to their potential application in electro-chromic films, 
sensor,electrochemical capacitors, photo catalysts, batteries, photo electrodesetc .The 
NiO nanoparticles of desired properties (particle size, distribution and morphology) are 
synthesized using various techniques.Objectives of the project is to Synthesis  NiO 
nanoparticles by sol-gel method and its  Characterization  by IR spectroscopy and X-
Raydiffraction. This method results in the formation of NiO nanoparticles of size 9.9 nm 
by sol-gel method without assistance of external agents such as surfactants or stabilizing 
agents to avoid agglomeration.This work gives evidences for the  unique physical and 
chemical properties of NiO nanoparticles. Further studies have been carried out to come 
up with applications of prepared NiO nanoparticles in various fields of science and 
technology.In future NiO will have significant applications in the fields of  catalysis, 
battery electrodes, gas sensors, electro chromic films, photo-electronic devices, solid 
oxide fuel cell applications , nanoscale optoelectrochromic display , opticalfibres, 
photovoltaic applications , solar thermal absorbers and environmental remediation etc. 
 
KEYWORDS:NiO, sol-gel method,nanoparticles, IR spectroscopy, Powder X-ray 
Diffraction (PXRD) 
INTRODUCTION 
Metal oxides play a very important role in many areas of chemistry, physics and materials 
science.Out of the all metal oxide nanoparticles, NiO nanoparticles are an interesting 
materialdue to its useful electronic and magnetic properties. NiO nanoparticle is used as 
sensors, catalyst, anode material in Li–ion batteries solid oxide fuel cell 
applications,nanoscale opto electrochromic display, optical fibres, photovoltaic applications, 
solar thermal absorbers and environmental  remediation.  In this paper, we report on the 
preparation of NiO nanoparticles by simple chemical method using aqueous solution of 
Nickel chloride and sodium hydroxide at 70ºC.The formed material has been characterized 
from XRD, IR spectroscopy. Several methods (mechanical or chemical) have been used and 
developed for synthesising oxide powders in nanoscale dimensions. In many of them, the 
main objective is to reduce the costs of chemical synthesis and to produce materials for 
technological applications. The purpose of this work is the synthesis of NiO nanoparticles 
by the chemical precipitation process using sodium hydroxide. Chemical precipitation is a 
simple way and low in cost since the starting materials are inexpensive and which could be 
carried out in any lab without any sophistication. It is a NaCl type antiferromagnetic oxide 
semiconductor. It is considered to be a model semiconductor with P-type conductivity films 
due to its wide band gap energy range from 3.6-4 eV. Uniformsized with well-dispersed 
NiO nanoparticles as a kind of functional material has attracted extensive interests due to its 
novel optical, electronic, magnetic, thermal and mechanical properties and potential 
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application in catalysis, battery electrodes, gas sensors, electro chromic films, photo-
electronic devices and so on. 
Material and Methods 
Reagents and Solutions 
NiCl2.6H2O (LobaChemie) and NaOH (Nice) were of analytical grade and used as 
received. All aqueous solutions were prepared in double distilled water. 
Synthesis of NiO nanoparticles 
NiO nanoparticles have been prepared by sol–gel chemical method. The chemicals used 
in the preparation were of analytical grade and were used without further purification.0·1 
M of NiCl2·6H2O and 0·3 M of NaOH pellets were dissolved separately in 500 ml of 
double distilled water. Aqueous solution of 0·1 M NiCl2·6H2O in 1.0 L beaker was kept 
on aheated magnetic stirrer at 70°C. NaOH(0.3M) solution was added drop-wise from 
burette into 0·1 M NiCl2·6H2O the till the turbidity occurred, for 10 h under constant 
stirring. Thus, the green gel was formed which was washed several times with double 
distilled water. The dried precipitate is transferred into silica crucible and heated to 500 
°C for five hours. The obtained powder is called NiO nanoparticles. The prepared NiO 
nanoparticles were characterized using IR spectroscopy and PXRD. 
Mechanism of formation of NiO nanoparticles 
The formation of NiO happens in two stages. First stage is the precipitation of Ni(OH)2 

from NiCl2 using NaOH as precipitation agent. 
NiCl2 + 2NaOH → Ni(OH)2↓ + 2NaCl 

The second stage involves the calcination of Ni(OH)2 to NiO. The precipitated 
Ni(OH)2 wasthen calcined at 500°C for 5 hrs.Calcination leads the Ni(OH)2 to lose H2O 
which in turn results in the formation of NiO. Second stage provides the NiO 
nanoparticles of desiredproperties. 

∆, 500 oC

-H2O
Ni(OH)2

NiO

 
The prepared NiO nanoparticles were characterized  by X-Ray diffraction and 
IRspectroscopy. 
 
RESULT AND DISCUSSIONS 
Characterization of NiO nanoparticles using IR spectroscopy 
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  Figure 1: IR spectrum of NiO nanoparticles. 
 
The IR spectrum of NiO was recorded and shown in Fig. 1.The characteristic Ni–O 
stretching vibrations of NiO nanoparticles occur at lower wave number regions (900 –400 
cm–1). The lower wave number regions are characteristic of Metal–Oxygen stretching. 
IR spectrum shown in Fig. 1 confirms the formation of NiO nanoparticles. O–H 
stretching and O–H bending vibrations are attributed to the adsorption of moisture on 
calcined NiO nanoparticles. The H2O molecules will be adsorbed at Lewis acid sites on 
NiO nanoparticles.This leads to weaken the  O–H bond and shift the characteristic 
stretching and bending vibrations of water to lower wavenumbers. 
 Characterization of NiO nanoparticles using PXRD 

 

Figure 2: PXRD pattern of NiO nanoparticles. 
The prepared NiO nanoparticles were characterized using X-Ray diffraction technique. 
The resulted PXRD pattern of NiO nanoparticles is shown in Fig. 2.This data clearly 
shows distinct peaks at 2θ of 37·17, 43·3 and 62·8. The peaks have been identified as 
peaks of cubic NiO crystallites with various diffracting planes [111], [200] and [220].The 
PXRD pattern revealed the formation of cubic phase of NiO. The other peaks observed at 
an angle (2θ) of 31·6, 56·54, 66·5 which have been identified as Ni2O3 corresponds to 
[002],[202] and [004] crystal planes, respectively. A peak observed at 2θ of 45·4 have 
been identified for Ni [111] phase. The observed reflections are clearly seen and closely 
match the reference pattern for NiO nanoparticles maintained by International Centre for 
Diffraction Data (ICDD). This confirms the formation of NiO nanoparticles. It can be 
concluded that NiO nanoparticles also contain small quantities of Ni2O3 and Ni 
nanoparticles. The sharp peaks indicate the crystalline nature of the prepared NiO 
nanoparticles. The prominent peaks of NiO have been utilized to calculate the particle 
(crystallite) or grain size of NiO nanoparticles. The Debye-Scherrer equation was 
exploited for the calculation of crystallitesize.  
The Debye-Scherrer equation can be written as follows: 
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where, 
D → Average size of crystallite 
K → Constant with value 0.9 
λ → Wave length of X-Ray used (0.154056 nm) 
β → Full width at half maximum 
θ → Angle of diffraction (Bragg’s angle) 

� =

. 9 × 0.154

����19.3
=

0.1386

0.01501 × cos�21.66�
=

0.1386

0.01395
= 9.9 �� 

The significance of present synthesis route, i.e., simple precipitation leads to the 
formation of NiO nanoparticles of size 9.9 nm which could be used for the various 
applications in science and technology. 

 
CONCLUSIONS 
NiO nanoparticles of size 9.9 nm were successfully prepared by sol-gel method without 
assistance of external agents such as surfactants or stabilizing agents to avoid 
agglomeration.The Crystallite size of 9.9 nm portrays the efficiency of method.The newly 
prepared NiO nanoparticles were characterized using IR spectroscopy and X-ray 
diffraction which ascertain the formation of NiO nanoparticles.  
NiO  nanoparticles can exhibit unique physical and chemical properties due to their 
limited size and a high density of corner or edge surface sites.  
An important factor to consider when dealing with the electronic properties of a bulk 
Nickel oxide surface are the long-range effects of the Madelung field, which are not 
present or limitedly inorganic materials like glasses, glass ceramics or ceramic materials 
at very low temperatures compared to the high temperature process required by melting 
glass or firing ceramics.  
 Uniform sized with well-dispersed NiO nanoparticles as a kind of functional material has 
attracted extensive interests in future due to its novel optical, electronic, magnetic, 
thermal and mechanical properties and potential application in catalysis, battery 
electrodes, gas sensors, electro chromic films, photo-electronic devices, solid oxide fuel 
cell applications , nanoscale optoelectrochromic display , opticalfibres, photovoltaic 
applications , solar thermal absorbers and environmental remediation and so on. In 
technological applications, Nickel oxides are used in the fabrication of microelectronic 
circuits, sensors, piezoelectric devices, fuel cells, coatings for the passivation of surfaces 
against corrosion, and as catalysts etc. 
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