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Abstract 
Nickel nanoparticles prepared from NiCl2·6H2O by using 
chemical precipitation is the approach utilized in this work. 
Materials mainly used in this project are Nickel Chloride 
hexahydrate (as a basic material), Ammonia solution (as a 
precipitating material) and calcined at 6000C for 4hrs. The 
properties i.e. size, morphology and crystallinity of 
synthesized nickel oxide Nanopowders were studied and 
characterized by XRD, FTIR, SEM, and TEM. The results 
of XRD peaks confirm the presence of nickel oxide 
nanopowders produced during chemical precipitation and 
size of as synthesis nanoparticles are 19 nm and 20nm. 
TEM result also confirms the synthesis of nickel oxide 
Nanoparticles. 
Keywords: Co-precipitation method, nanoparticles, 
XRD, TEM, FTIR etc. 

1. Introduction 

Metal oxide Nanomaterials exhibit significantly 
chemical, mechanical, electronic, thermal, magnetic, 
catalytic properties, and optical properties in 
comparison with their bulk counterparts, and have 
extensively attracted applications [1,2]. In past 
decade, there has been an increasing interest in the 
synthesis of nanosized crystalline metal oxides 
because of their large surface areas to volume ratio,  
high chemical reaction rate ,unusual adsorptive 
properties, surface defects, and fast diffusivities [3].  
nanoparticles may have many applications such as in 
the manufacture of semiconducting materials , 
catalyst, electrochromic films, magnetic materials, p-
type transparent conducting films, gas sensors, 
alkaline batteries cathode, and solid oxide fuel cells 
anode [1–5]. Several methods synthesises  of nano-
crystalline materials viz. Bottom- up approach, Top-
down approach i.e. Physical vapor deposition,  Inert 
gas condensation, Molecular beam epitaxy , 
Chemical vapor deposition (CVD) , Laser ablation 
,Sol-gel process,  Sputtering etc [6-10]have been used 
and developed for synthesizing crystalline oxide 
powders in nanoscale dimensions. In many of them, 
the main objective is to reduce the costs of synthesis 
and to produce high phase purity materials for 
technological applications [11]. The purpose of this 

work is the synthesis of nanoparticles by the 
chemical co-precipitation process in the presence of 
ammonia solution, which is a simplest way due to 
less expensive and easy availability in market. The 
variations of lattice parameters, crystalline size and 
band gap were studied by using UV-VIS, FTIR 
spectroscopy. 
 
2. Materials and Method 

Synthesis: All chemicals used were AR grade not 
further purify. Nickel chloride hexahydrated    
(NiCl2.6H2O)(99.99% pure , Himedia), ammonia 
solution (NH3·H2O), Ethanol (C2H5OH) are used raw 
material. In this synthesis 26.4g of Aluminum 
chloride mix with 100 ml of deionized water then 
NH4OH solution was injected to the above solution at 
25°C under constant stirring, and the resulting 
mixture was kept at the room temperature for 24hrs 
for aging. After the reaction was complete, the 
resulting light-green solution was filtered, and then 
washed with deionized water and ethanol for 5–10 
times to remove the by-products or impurities, and 
dried in air at 100°C for 4hr. The as-synthesized 
material was calcinated at 600°C for 4 hrs and 6 hrs 
in air to obtain nanoparticles. The structural 
properties nanoparticles were analyzed by XRD using a 
Bruker Axs D8 analyzed automated with CuK 
radiation = 1.5406Å) . FTIR was recorded on a Bio-
Rad (Hercules, CA) FTS-165 spectrometer. The 
morphology of the nanoparticles was   studied by 
using JSM-6360 JEOL TEM. The optical band gap of 
the nanoparticles was estimated from DRS using 
JASCO V- 670 double beam spectrophotometer at 
laboratory SAIF, Punjab University, Chandigarh 
(INDIA), TEM (transmission electron microscopy) at 
laboratory, AIIMS, Delhi (INDIA) 

3. Result and Discussion 

3.1 XRD analysis 
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X-ray Powder Diffraction (XRD) studies were carried out 
to confirm the the structure ( crystallinity) using  X-ray 
diffractometer with Copper(kα) radiation (λ = 1.5418 Å) 

in the range of 10–80° in steps of 0.0170  at a scan speed 
0.4°/min. The XRD pattern is shown in Fig.1.  

 

Fig1. XRD of  nanoparticles at 600 oC (4Hrs)

                          Fig2. XRD of  nano particles at 600 oC (6Hrs) 

 
 
The spectrum reflect the good crystallinity for   
nanoparticles.The highest  peaks position (2θ) of   
nanoparticles were at 43.64 & 43.96, change in peaks 
show that particle size increase with increase the 
sintering time. All the diffraction peaks can be indexed 
to the face-centered cubic structure of nanomaterials 
(JCPDS card No: 47-1049). No characteristics peaks of 
Ni(OH)2 and other impurities was detected in the XRD 
pattern Considerably broadened lines in the XRD 
patterns are indicative of the presence of nano-size 
particles. The XRD patterns is used for obtaining the 

average particle size with the help of Debye - Scherrer’s 
equation 

D = 0.9 λ / B cos θ 

Where D is the crystallite size, λ is the X-ray wavelength, β 
is the full width at half maximum of the diffraction peak, and 
θ is the Bragg diffraction angle of the diffraction peaks.  The 
calculated average particle sizes for nanosamples were 19 
and 20 nm respectively. It shows that increase the heating 
time the size of the sample increase. 
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3.2 FTIR Study  

 

 

Fig. 3 FTIR Spectroscopy of NiO nanoparticles 

 

The sharp and intense peak at 3396cm-1 is attributed to 
the - OH antisymmetric stretching vibration in    the 
crystal structure of Ni(OH)2 due to water presence. The 
peak at 650 ,486cm−1 are assigned to the Ni–O stretching 
vibration [12]. The absorption peaks at 1454cm−1 and 
1073,1035cm−1 corresponds to the bending vibration of 
OH bond and Ni–OH stretching vibrations respectively. 
The other absorption solder peaks at  1640cm−1 is due to 

the stretching and the bending vibration of water, 
respectively [13]. The FTIR spectrum of  nanocrystals  is 
shown in Fig.3. Absence of 3680cm-1 sharp peak due to 
antisymmetric stretching vibration in the  Ni (OH)2 
crystal structure further confirms that calcinating at 
600°C for 4hrs in air completely transforms hexagonal 
structure of Ni (OH)2 to cubic  nanomaterials. 

 

3.3 TEM Studies 

 



International Journal of Engineering, Applied and Management Sciences Paradigms, Vol. 06, Issue 01, August 2013  
ISSN (Online): 2320-6608  
www.ijeam.com 

IJEAM 
www.ijeam.com 

67 

 

 
The Transmission electron microscopy (TEM) measurement 
was carried out  in AIIMS , Delhi instrument in order to 
analyze the structure and morphology of synthesized NiO  
nanoparticles.  From The TEM images the particle sizes of 
the NiO  nanoparticles  were found to be in the range 15-32 
nm, which is in quite accordance with the reported value. It is 
also clear that the synthesized NiO nanoparticles sample is 
very hygroscopic in nature. 

4. Conclusion 

NiO nanoparticles have been synthesis successfully by co-
precipitation method in the presence of ultrasonic waves .The 
crystalline size of as synthesis nanoparticles are calcined for 
4Hrs and 6Hrs at 600 o C were evaluated by using Debay-
Scherrer formula and it comes out to be 19 nm and 20nm 
respectively. From result it was found that particle size 
increase with increase calcined time. TEM result were show 
a general view of morphology of NiO nanoparticles and 
results revales that at high calcined temperature   
nanoparticles are polycrystalline in nature. From FTIR 
spectroscopy it was confirmed that no intermediate 
compound is form in as synthesized sample. Now author see 
towards the application part of as synthesized sample in 
future.  
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