
Adv. Studies Theor. Phys., Vol. 8, 2014, no. 6, 267 - 276 

HIKARI Ltd,  www.m-hikari.com 

http://dx.doi.org/10.12988/astp.2014.312139 

 

 

Effect of Concentration of Ni2+ on the Physio  

 

Chemical Properties of Cr2o3 Nano Particles 
 

K. Mohanapandian  

 

Department of Physics 

Gnanamani College of Technology 

Namakkal, India – 637 003 

 

A. Krishnan
 

 

Department of Physics  

M.A.M. College of Engineering  

Tirchirapalli, India – 621 105  
 

   Copyright © 2014 K. Mohanapandian and A. Krishnan. This is an open access article distributed 

under the Creative Commons Attribution License, which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited. 
 

Abstract 
 

 Pure and Ni2+-doped Cr2O3 nanoparticles have been synthesized by solvothermal 

technique. The synthesized nanoparticles have been characterized using x-ray diffraction 

(XRD), ultravioletvisible spectroscopy (UV-Visible), Energy dispersive spectroscopy (EDS), 

and scanning electron microscopy (SEM) at room temperature. Electrical measurements were 

done on the pelletized samples for various temperature ranging from 30-150oC.The results 

are discussed herein.  

 

1. Introduction 

 
During the past decade, considerable progress in the synthesis of nanoparticles has 

been achieved. Nanomaterials, particularly transition metal oxides play an important  
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role in many areas of chemistry, physics and material science. Metal oxides have 

wide band gap because of significant contribution of ionic character to the chemical 

bonds between the metallic cat ions and oxide ions. In general metal oxides are not 

electrically conducting. However, current interest in material science is in unraveling 

the fundamental aspects of transparent conducting oxides (TCO) and their 

applications as semiconducting and conducting transparent thin films. A transparent 

conducting oxide is a wide band-gap semiconductor that has a relatively high 

concentration of free electrons in its conduction band. These arise either from defects 

in the material or from extrinsic dopants, the impurity levels of which lie near the 

conduction band edge. As implicit in the name, transparent conductors must be 

simultaneously transparent and conducting, an unusual combination. The physics 

behind TCO materials as to why they possess both high conductivity and high 

transparency is important in attempting to improve our understanding of them and to 

develop new TCO materials. To date; this combination has only been usefully 

realized in a limited class of metal oxides, all of which yield n-type conductors.  

 

By comparing a variety of known materials we can establish some new transparent 

conductors, possibly including p-type transparent conductors and non-oxide 

transparent conductors.  

 

In the emerging field of nano technology, a goal is to make nanostructures or 

nanoarrays with special properties with respect to those of bulk or single particle 

species. Metal oxides as nanoparticles can exhibit unique chemical properties due to 

their limited size and high density of surface atoms [1,2]. Among metal oxides, 

special attention has been made on the formation and properties of Cr2O3. For 

nanoparticles of Cr2O3, though  toxic [3-7] it can be widely used in fields such as 

catalyst [8,9], coating, wear and corrosion resistance [10,14], advanced colorant [15-

17], H2 absorption material [18,19] and so on, it is significant to find an economical 

process which can be used to prepare them on a large scale. There have been some 

ways to obtain Cr2O3 nanoparticles, including microwave plasma [20,21], 

decomposition of chromium (III) nitrate solution, laser-induced deposition, 

sonochemical reaction, precipitation [22], mechanochemical process [23,24] gas 

condensation [25] and so on. But since either these processes are complex or their 

reaction apparatus are expensive, most of them have difficulties in being 

industrialized. Some new methods of preparation should be explored to meet the 

demands of industrialization. In this research, n-  type transparent conducting oxide 

nanoparticles of Cr2O3 were obtained successfully via microwave irradiated 

solvothermal technique. And the effect of Ni
2+

 on the properties of Cr2O3 for different 

concentrations were investigated.  
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1.1 Synthesis of  pure and Ni
2+

 doped Chromium oxide nanoparticles 

 
The chemicals used in the present work were of analytical grade obtained from Sigma 

Aldrich, and has been used as received without any further purification treatment. In 

this method  Cr2O3 nanoparticles were synthesized using CrCl3.6H2O as the 

chromium source with urea (NH2-Co-NH2) in molar ratio of 1:3 were mixed and 

dissolved in 200 ml ethylene glycol and kept in a domestic microwave oven. Then the 

mixture is placed under microwave irradiation for about 35 to 40 minutes. The 

amount of substance was calculated as follows 

M X V
Required substance (in gram units),

1000

   
      

where  M  is the molecular weight of the substance, 

  X  is the concentration in molar units, and 

  V  is the volume of solution (in Ethylene glycol). 

 

Microwave irradiation was carried out with power 40% (About 40%: it means that if 

microwave works in a 60 second regime, it works 24s, and does not work 36s. This is  

some  kind  of  pulse  regime, but the total power is still 100 %)  until the solvent gets 

evaporated.  The colloidal precipitate obtained were cooled to room temperature and 

the precipitate was collected and washed with distilled water for several times. 

Approximately 10 liters of distilled water was used for washing purpose. Later the 

above purified colloidal particles were centrifuged for further purification with 

7000rpm. As collected particles were washed with acetone to remove organic 

impurities if present any. Then 98% pure Cr2O3 particles were collected and kept in 

hot air oven at 70
o
C for about 48hrs. For the impurity added Cr2O3 nano particles, 

Nickel chloride have been added with the above sol in different concentrations 

namely 2.5, 5 and 7.5  mole %. The dried samples were collected as a yield for 

coating thin films. 

 

 

2. Methods  

 
X-ray powder diffraction patterns were obtained using an automated P-analytical X-

ray powder diffractometer with monochromated CuK radiation (=1.5405 AU). The 

crystallite size analysis were made using Scherrer [18] method. Microstructural 

analysis has been performed using SEM Zeiss-SUPRA 40 by secondary electron 

imaging mode.Chemical composition and the presence of dopant in Cr2O3 lattice was 

analysed by recording EDAX spectra using Jeol make JSM 5600 LV Model attached 

with Energy Dispersive Spectrometer of EDAX inc . Optical characterstics of the as  
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prepared samples were explained by recording UV-visible absorption spectra in the 

range of 180-900nm. The resultant powder materials prepared in the present study 

were compacted into disc shaped pellets of dimensions 13 mm in diameter and 1.5 

mm (± 0.025 mm) in thickness with 4 ton hydraulic pressure. The dimensions of the 

pellets were measured using a travelling microscope (L.C. = 0.01 mm). The pelletized 

samples were annealed for two hours at ~150 ºC to achieve densification. After the 

sintering process, both surfaces of the sample were coated with silver paste to obtain 

a good conductive surface layer. The capacitance (C) and dielectric loss factor (tanδ) 

measurements were carried out to an accuracy of ± 1 % with Agilant 4284A LCR 

meter in the temperature range of 40 – 130 ºC. The observations were made while 

cooling the sample. Temperature was controlled to an accuracy level of ± 0.5 ºC.  The 

observations were made using the conventional two-probe technique [17]. Air 

capacitance (Cair) was also measured. The dielectric constant (εr) of the crystal was 

calculated using the relation,  

r
air

C
         .

C
 

   (1)  

The AC electrical conductivity (σac) was calculated using the relation 

ac o r                tan ,     
 (2) 

where εo is the permittivity of free space (8.854 x 10
-12

 F/m) and ω is the angular 

frequency (ω = 2πf;  f = 1 kHz in the present study). 

 

 

3. Results and Discussion 

 
3.1 PXRD Analysis 

 

Figure 2 shows the room temperature X-ray diffraction pattern of the pure and Ni
2+

 

doped (2.5, 5 and 7.5  mole %. ) Cr2O3 nanoparticles. Inspection of the results 

revealed that pure Cr2O3 thus formed is of rhombohedral phase (JCPDS no. 38-1479 

with a=4.95876 Å, c=13.594 Å and space group R 3 c). No characteristic peaks of 

nickel impurity (such as NiS, NiO) were detected, at least within the resolution limit 

of the diffractometer. In all of the XRD patterns, the broadening of the diffraction 

peaks of the nanoparticles is obvious, which is characteristic of nanosized materials. 

The average crystalline sizes of the samples were estimated from the half-width of 

diffraction peaks using the Debye–Scherrer formula. The observed structural data and 

crystallite sizes of the samples from the XRD are summarized in Table 1. Upon the 

doping as shown in fig.2, the diffraction peaks sharpness improved with respect to the 

dopant concentration and the full width half maximum [FWHM] values decreased 

with increasing dopant concentration. 
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Figure 1: Powder XRD patterns of (a) Cr2O3 (b) Cr2O3:2.5 %Ni
2+

 (c) Cr2O3 :5 

%Ni
2+

and
 
 (d) Cr2O3:7.5 %Ni

2+
 nanoparticles 

 

Table 1: Summery of structural data, crystallite size and obtained yield percentage of 

pure and Ni
2+

 doped Cr2O3 nanoparticles 
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Pure Cr2O3 
4.951 

13.59

8 

288.7

5 
24 17.52 28.52 

Cr2O3 with 

2.5% Ni
2+

 4.954 13.62 

290.3

3 
26 19.56 27.21 

Cr2O3 with 

5% Ni
2+

 4.962 13.71 

290.3

3 
29 21.42 25.63 

Cr2O3 with 

7.5% Ni
2+

 4.968 13.75 

289.4

9 
32 24.63 22.32 

 

3.2 SEM –EDAX Analysis 

Incorporation of dopant in Cr2O3 lattice was confirmed by EDAX spectra. Figure 3 

shows the EDAX spectra of pure and Ni
2+

 doped Cr2O3 nano particles. In order to 

understand whether doping treatment indeed play a role in the microstructure, we 

have carried out SEM study of the doped and undoped Cr2O3 nanoparticles. The 

comparison is shown in Figure 4. 
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Figure 2: EDAX spectra of (a) Cr2O3 (b) Cr2O3 : 2.5 %Ni
2+

 (c) Cr2O3 :5 %Ni
2+

and
 
 

(d) Cr2O3:7.5 %Ni
2+

 nanoparticles 

 

 

 

Figure 3: SEM images of (a) Cr2O3 (b) Cr2O3 :2.5 %Ni
2+

 (c) Cr2O3 :5 %Ni
2+

and
 
 (d) 

Cr2O3:7.5 %Ni
2+

 nanoparticles 

3.3 UV-VIS Analysis 

Optical absorption measurements were done at room temperature on the pelletized 

samples using a Schimidaz UV spectrophotometer  with a medium scan speed 

sampling interval 1 nm in the wavelength range 200-2000 nm. Figure 4 shows the 

optical absorption spectrum of the pure, Ni
2+

 ( different mole %) doped Cr2O3  nano-  
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particles. The corresponding energy vs (αhυ)
2
 plot is given in Figure 4b. The 

observed optical bandgap energy values are 3.33, 3.49, 3.62 and 3.68 eV for Pure 

Cr2O3, 2.5 , 5  and 7.5 mole % Ni
2+

 doped Cr2O3 nano particles respectively. The 

bandgap observed for the doped Cr2O3 nanocrystals are higher than the pure Cr2O3 . 

It is known that semiconductor nanocrystals with crystallite size significantly smaller 

than the exciton Bohr radius show size-dependent optical properties due to the strong 

quantum confinement effect for the charge carriers. A weak quantum confinement 

effect occurs when the crystallite size is larger than the Bohr radius [26]. It is known 

that the typical exciton Bohr radius for Cr2O3 is 3 nm [27]. 
 

 
 

Figure 4: UV optical spectra and Tau plot of pure and doped Cr2O3 nano particles 

 

3.4 Electrical Analysis 

It is also known that the electrical behavior of nanostructured materials is strongly 

influenced by geometrical factors [22]. Figure 5 shows the temperature dependence 

of electrical parameters such as εr , tan  and σac observed in the present study for the 

temperature range of 40 to 130 ºC at a constant frequency (1 kHz). It can be seen that 

all the three electrical parameters increase with the increase in temperature also the 

electrical parameters increases with increasing impurity concentration from 5 to 7.5 

mole % considered in the present study. The electrical resistivity of nanocrystalline 

materials is higher than that of both conventional coarse grained polycrystalline 

materials and alloys. The magnitude of electrical resistivity and hence the 

conductivity of nanomaterials (or quantum dots) can be changed by altering the size 

of the electrically conducting component.  In the present case, the observed σac values 

are very small. When the crystallite size (the obtained crystallite size of all the 

synthesized samples are less than 20 nm) is smaller than the electron mean free path,  
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grain boundary scattering dominates and hence the electrical resistivity is high as 

compared with the corresponding bulk counterpart.  

 

 

 
 

Figure 5: Variation of Electrical parameter ( r, tan  and ac) for pure and 

doped Cr2O3 at 1kHz. 

 

 

 

4. Conclusion 
 

Pure and different concentrated Ni
2+

 doped Cr2O3 nanoparticles were synthesized by 

simple cost effective microwave technique. Increase in concentration of dopant, 

decreases the crystallite size of the pure Cr2O3 which leads to strong quantum 

confinement. As the particle size decreases, the increasing number of surface and 

interface atoms generates stress/strain and concomitant structural perturbations. A 

decrease in the average size of an oxide particle do in fact change the magnitude of 

the band gap with strong influence in the conductivity and chemical reactivity of 

Cr2O3.  
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