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ABSTRACT
NiO nanoparticles have been successfully prepared by chemical precipitation method. e crystalline nature of the nanoparticles are 
confirmed by X-ray diffraction (XRD) analysis and High Resolution Transmission electron Emission (HRTEM).e particle size increases from 
22 nm to 47 nm respectively with increase in calcination temperatures of NiO nanoparticles from 673K to 873K. Strain is found to decrease with 
increase in calcination temperature. e optical band gaps are found to be of the order of 5.43 eV, 5.36 eV and 5.26 eV corresponding to  
calcination temperatures of NiO at 473K, 673K and 873K respectively.
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Introduction:
In the past few decades, the nanostructure materials have shown 
increasing research interest due to their unique physical and 
chemical properties. ese properties are greatly affected by the 
morphology, size, shape and crystallography of nanomaterials [1-3]. 
One of the most commonly used metal oxides for wide range of 
applications is NiO. Because of the novel physical and chemical 
properties of NiO [4–7], various nanostructures such as 
nanoparticles [8], nanosheets [9], nanorods [10], nanowires [11], 
hollow spheres [12] and porous solids [13] of nickel oxide are 
synthesized. Recently, three-dimensional nanostructures are also 
reported [ 12-18]. 

Nanostructure NiO particle shows stable wide bandgap in the range 
from 3.6 eV  to 4.0 eV [11-20]. When particle size decreases, 
nanoparticles show blue shift but in some reported work the values 
of optical band gap of nanostructure are found to be less than the 
optical band gap of bulk NiO nanoparticles [21-24]

Preparing of NiO nanoparticles
0.02M, 100ml alcoholic solution of Ni(NO ) .6H 0 in ethanol is 3 2 2

oprepared. e solution is stirred constantly at 60 C until it is 
dissolved completely to form a transparent green solution. A 0.25M 
solution of NaOH is also prepared in 80ml ethanol. ese two 
solutions are sonicated for 30 minutes to remove dissolved oxygen. 
NaOH solution is added drop by drop to the alcoholic solution of 
Ni(NO ) .6H 0 under constant stirring at room temperature for 2 h. A 3 2 2

black precipitate is obtained and the precipitation is centrifuged at 
14000 rpm at an ambient temperature for 15 min to clear the 
supernatant of the reaction. en the precipitate is washed with 
distilled water followed by ethanol and is further sonicated for 15 
min. e successive sonication and centrifugation process are 
repeated up to four times. Finally, the black precipitate is separated 
from supernatant liquid and washed with ethanol and distilled 
water. 

Characterisation 
X-ray diffraction analysis
e XRD spectra shows the formation of  NiOH nanoparticles at 
room temperature but as we increase the calcination temperature to 
673K, the NiO phase is achieved which is confirmed by XRD study and 
the prepared nanoparticles matched with the standard data of 
JCPDS No. 01-1239. e sample shows polycrystalline nature and the 
peaks are found which are indexed as (111), (200), (220), (311) and 
(222).e broadening of peaks is observed which is mainly due to the 
size-shape of the nanoparticles and presence of strain. e particle 
size is calculated using Scherer's formula,

 D = Kλ / βcosθ .....................................................(1)

Fig.1 XRD spectra of NiO nanoparticles prepared at 0.02M and at 
calcination temperature (A) RT (b) 473K (c) 673K and (D)873K

Where λ is the wave length of the radiation used, 2θ is the Bragg angle 
and K is a constant whose value is 0.9and β is the FWHM in radians. 

e patterns are characterized by classical W-H plot to calculate the 
strain present in the sample using the following relation,

βcosθ=Kλ/D+4ε sinθ………………………………(2) 

e slope of the curve (Fig.2) gives the values of strain βcosθ vs sinθ
present in the sample. e strains calculated from W-H plots are 
shown in Table.1. 

Fig.2 W-H plot of NiO nanoparticles prepared at 673K and at 0.02M
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Fig. 3 WH plot of NiO nanoparticles prepared at 873K

Table .1 particle size and lattice strain variation  

TEM analysis:
e HRTEM image of the synthesized nanoparticles recorded in a 
JEOL JEM 2100 (200 kV) shows that the particles size distribution is 
non-uniform. e average crystallite sizes of the NiO nanoparticles 
obtained by TEM analysis are compared with those obtained from 
XRD analysis. e inter planar spacing (d-value) are also obtained 
from TEM analysis and are matched with that obtained from the XRD 
spectra for each SEAD images of the nanoparticles. XRD is widely 
used to determine the particle size of nanoparticles but TEM is the 
best way for the measurement of nanoparticle size. e Scherrer's 
method for calculating particle size gives an average value of the 
entire particle responsible for diffraction perpendicular to a particle 
set of plane. However, by TEM, besides directly measuring particle 
size, the morphology of the particles can also be observed. Fig. 4a 
shows the uniform particles of the NiO nanoparticles and average 
particle size from TEM analysis are found to be 26 nm. Fig.4b shows 
the Lattice plane (002) and Fig. 4c shows the selected area diffraction 
pattern which shows the crystalline nature the nanoparticles.  

Fig.4a HRTEM  image of NiO nanoparticles prepared at 0.02M and 
673K

Fig.4b HRTEM image of lattice plane (200) of NiO nanoparticles 
prepared at 0.02M and 673K

Fig.4c SEAD Image of  NiO nanoparticles prepared at 0.02M and 673K

UV analysis: 
UV-visible absorption spectroscopy is one of the most important 
techniques to investigate the energy structures and optical 
properties of nanocrystalline semiconductors and has widely been 
studied [25]. e strong absorption in the UV region can be assigned 
to the band gap absorption of nanostructure NiO [26]. Fig.5 shows the 

2 plots of (αhν) vs hν for NiO nanoparticles corresponding to different 
annealing temperatures calculated from absorption data. e linear 
nature of the plots indicate the involvement of direct transition and 
thus the prepared NiO nanoparticles fall on the group of direct band 
gap Metal Oxide [27]. e calculated value of optical band gap of 
0.02M NiO nanoparticles prepared at calcination temperatures 673 
K, and  873 K  found to  be 5.43eV, 5.36eV and 5.26eV corresponding to 
calcination temperatures of NiO at 473K, 673K and 873K respectively.

Fig.5a shows the plots of (αhν)2 vs hν for NiO nanoparticles prepared 
at 0.02M and 473K.
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Sample code 2 θ  
values

(hkl) Size 
obtained 

by 
scherer 
formul 

(nm)

Size 
obtained 
by W-H 

plot( nm)

Lattice Strain
By W-H plot 

NiO-673K
0.2M

37.318 (100) 16 22 0.001653
43.356 (200) 17
62.959 (220) 15

75.5 (311) 14
79.495 (222) 14

NiO-873K
0.2M

37.318 (100) 31 47 0.001140
43.356 (200) 32
62.959 (220) 27

75.5 (311) 25
79.495 (222) 23
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2Fig.5b shows the plots of (αhν)  vs hν for NiO nanoparticles prepared 
at 0.02M and 673K.

Fig.5c shows the plots of (αhν)2 vs hν for NiO nanoparticles prepared 
at 0.02M and 873K.

Conclusions
It is found that with increase in calcination temperature from 673K to 
873K, the particle size increases from 22 nm to 47 nm respectively. As 
the particle size increases from 22nm to 47nm, the values of lattice 
strain calculated by W-H plot decreases from 0.001653 to 0.001140 
respectively. e optical band gap of NiO nanopartilce prepared at 
0.02M are found to  be 5.43eV, 5.36eV and 5.26eV corresponding to  
calcination temperatures of NiO at 473K, 673K and 873K respectively. 
Particle size obtained from TEM analysis are found to be 26nm at 
calcination temperature 673K of NiO nanoparticles prepared at 
0.02M.   

Acknowledgement: 
We express our appreciation and sincere gratitude to SAIF, Dept. of 
Instrumentation & USIC, Gauhati University for providing XRD 
facilities; Dept. of Chemistry, Gauhati University for providing UV-vis 
spectroscopy facilities and also SAIF, NEHU, Shillong for TEM-
HRTEM results. Finally, the authors are grateful for the financial 
support from Science and Engineering Research Board, 
Department of Science and Technology, Government of India.

Reference:
1. Kuang, D.B. and Lei, B.X. (2009) J. Phys. Chem. 113, 5508.
2.  Klimor, V.I. (2007) Annu. Rev. Phys. Chem. 58 , 635.
3.  Wu, L.L. Wu, Y.S. Lu, Y.Z. (2006) Mater. Res. Bull. 41, 128.
4.  Wang, X. Ye, L.J. Hu, P. Yuan, F.L. (2007) Cryst. Growth Des. 7, 2415.
5.  Huang, C.N. Chen, S.Y.  Shen, P. (2007) J. Phys. Chem. C 111, 3322.
6.  Zhao, B. Ke, X.K.  Bao, J.H. (2009)  J. Phys. Chem. C 113, 14440.
7.  Wu, M.S. Hsieh, H.H. (2008) Electrochim. Acta 53, 3427. 
8. (a) Sietsma, J.R.A. Meeldijk, J.D. Breejen, J.P.D. Helder, M.V.  Dillen, A.J.V.  Jongh, P.E.D. 

Jong, K.P.D. (2007) Angew. Chem. Int. Ed. 46  4547 (b) Ahmad, T. Ramanujachary, K.V.  
Lofland, S.E. Ganguli, A.K. (2006) Solid State Sci. 8, 425. 

9. Yang, L.X.  Zhu, Y.J.  Tong, H.  Liang, Z.H.  Li, L. Zhang, L.J.  (2007)  J. Solid State Chem. 
180 2095

10. (a) Wu, L.L. Wu, Y.S. Wei, H.Y. Shi, Y.C. Hu, C.X.  (2004) Mater. Lett. 58, 2700. 
 (b) Chen, X.B. and Mao, S.S. (2007) Chem. Res. 107, 2891 
 (c) Zheng, M.B. Cao, J.M.  Chen, Y.P. Ma, X.J. Deng, S.G. Tao, J. (2005)  Chem. Lett. 

117,1175;
11. (a) Xu, C.K. Hong, K.Q. Liu, S. Wang, G.H.  Zhao, X.N.  (2003) J. Cryst. Growth 255, 308 
 (b) Wang, X.  Li, L. Zhang, Y.G. Wang, S.T. Zhang, Z.D.  Fei, L.F.  Qian, Y.T. (2006) 

Cryst.Growth Des. 6, 2163.
 (c) Zhao, B. Ke, X.K. Bao, J.H. Wang, C.L. Dong, L.   Chen, Y.W. Chen, H.L. (2009) J. Phys. 

Chem.  C 113, 14440. 
12. Xing, W. Li, F. Yan, Z.F. Cheng, H.M.  Lu, G.Q. (2004)  Int. J. Nanosci. 3, 321.
13. Liu, X.M.  Zhang, X.G.  Fu, S.Y. (2006) Mater. Res. Bull. 41, 620. 
14. Bai, L. Yuan, F.  Hu, P. Yan, S. Wang, X. Li, S. (2007)  Mater. Lett. 61, 1698.
15. Ni, X.M. Zhang, Y.F.  Tian, D.Y.  Zheng, H.G. Wang, X.W.  (2007)  J. Cryst. Growth 306, 

418. 
16. Al-Hajry, A. Umar, A. Vaseem, M. Al-Assiri, M.S. (2008) Superlattice Microstruct. 44, 

216.
17. Zhu, L.P.  Liao, G.H.  Yang, Y.  Zhao, H.M. Wang, J.G. (2009) Nanoscale Res. Lett. 4, 550.
18. Wang, H.Z. and Qian, Y.T. (2010)  Cryst. Res. Technol. 45, 545.
19. Yang, H. Tao, Q. Zhang, X. Tang, A. Ouyang, J. (2008)  J. Alloys Compd. 98, 459.
20. Varkey, A.J. and Fort, A.F. (1993) in Solid Films. 47,  235.
21. A. Kalam, Ayed S. Al-Shihri, M. Shakir, A. A. El-Bindary, El Sayed S. Yousef ,Gaohui Du, 

(2011) Synthesis and Reactivity in Inorganic, Metal-Organic, and Nano-Metal 
Chemistry. 41, 1324–1330.

22. Boschloo, G. and Hagfeldt, A. (2001) J. Phys. Chem. B. 105, 3039.
23. Wang, X. Song, J. Gao, L. Jin, J. Zheng, H. Zhang, Z. (2005) Nanotechnology 39, 16.
24.  Chakrabarty, S. and Chatterjee, K.(2009) J. Phys Sci., 13, 245.

25. Klug, H.P. and Alexander, L.E. X-ray Diffraction Procedures for Ploycrystalline and 
Amorphous Materials. second ed. New York: John Wiley & Sons; 1974.

26. Liu, J. Huang, X. Li, Y. Sulieman, K. M. He, X. Sun, F. (2006) Cryst. Growth Des. 6, 1690
27. Miah, M. A. H. Begum, J. Uddin, M. J.  Momin, M. A. Bhuiyan, M. R. A. (2010) J. Appl. Sci. 

Tech., 7(2), 27-32.

 ISSN No 2277 - 8179 | IF : 4.176 | IC Value : 78.46VOLUME-6 | ISSUE-5 | MAY - 2017

17International Journal of Scientific Research


	Page 1
	Page 2
	Page 3

