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INTRODUCTION

Transition metal oxide nanoparticles have many appli-
cations in various fields [1]. In the midst of the transition metals,
chromium oxide is an extensively used material. The foremost
naturally occurring and highly stable form of chromium is the
trivalent oxide. It has very low solubility and less reactivity
which leads to low mobility in the environment and also possess
low toxicity in living organisms. Chromium(III) oxide is used
as a precursor for magnetic pigments. Because of its higher
stability the trivalent oxide of chromium (Cr2O3) finds more
refractory applications. Since it has ability to with stand at
high temperature and highly resistive to corrosive conditions,
chromium refractories are used in most severe environments
[2]. Moreover, enormous number of publications related to
the new applications of nano chromium oxide (Cr2O3) are reported
[3]. Additionally the recent publications show that pigment
field is one of the important fields which widely utilizes Cr2O3

[4-6], since it is used in paints and inks. Meanwhile chromium
oxide (Cr2O3) can be used as a catalyst [7-10] and also exten-
sively used in solar energy applications [11]. Chromium oxide
(Cr2O3) films or coatings prevent metal and ceramics from
corrosion and provides high wear resistance. Hence, the chromium
oxide nanoparticles can be used in steel and ceramic industries
[1,12]. Due to its multiple applications in various fields the
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researchers have made an attempt to prepare Cr2O3 nano-
particles by adopting different synthesis methods and reported
their results [13].

Makhlouf et al. [14] prepared nanosized chromic oxide
(Cr2O3) particles via chemical precipitation process. Likewise
Cherian et al. [15] prepared Cr2O3 nanoparticles successfully
through novel microwave technique method. Pei et al. [16]
synthesized the Cr2O3 nanoparticles via hydrothermal synthesis
in the reaction system of CrO3 and HCHO aqueous solution.
Hassen et al. [17] synthesized nano chromium oxide via sol-
gel method, while Tsuzuki and McCormick [18] synthesized
nano Cr2O3 via mechanochemical reaction procession. Bai et al.
[19] prepared a cake-like Cr2O3 with a rhombohedral structure
via microemulsion method. Anandan and Rajendran [20] have
successfully produced the Cr2O3 nanoparticles via facile solvo-
thermal method. Some other methods adapted to synthesis
Cr2O3 nanoparticles are thermal decomposition and ball milling
method [21,22]. Most of these synthesis methods have compli-
cations in being scaled up due to more complex process or
expensive reaction apparatus. Herein, the synthesis and
characterization of unadulterated Pb2+ doped chromium oxide
nanoparticles using the simple and cheap microwave assisted
solvothermal method are reported since it offers various
advantages like efficient source of heating which increases the
rate of reaction and enables faster synthesis.



EXPERIMENTAL

The chemicals viz. chromium triacetate, urea and lead
acetate trihydrate were procured from Sigma-Aldrich, USA
and used without further purification. Ethylene glycol was used
as solvent. Double distilled water and acetone were used for
washing the samples to remove the impurities.

Synthesis of chromium oxide nanoparticles: Chromium
triacetate and urea were taken in the molecular ratio 1:3 and
dissolved in 200 mL ethylene glycol using magnetic stirrer.
Microwave irradiation was carried out till the solvent evapo-
rated completely and a colloidal particles formed was washed
several times with water followed with acetone to remove the
impurities. The particles were dried in atmospheric air and
then annealed at 700 ºC for 2 h. Similarly, Pb2+ doped Cr2O3

nanoparticles were prepared by adding lead acetate with the
precursors used for the preparation of pure samples.

Characterization: The prepared samples were structurally
characterized by X’Pert Pro-PAnalytic diffractometer with
monochromated CuKα radiation (wavelength 1.5406 Å). The
morphology of the pure and Pb2+ doped samples have been
unveiled with SEM images obtained from scanning electron
microscopy (Jeol, Japan). The atomic weight percentage of
the elements found in the pure and Pb2+ doped samples were
obtained from EDX spectra recorded by Oxford instruments,
UK. The optical absorbance spectrum of pure and Pb2+ doped
Cr2O3 nanoparticles were taken by Perkin-Elmer UV WinLab
6.0.4.0738/1.61.00 Lambda 900.

RESULTS AND DISCUSSION

PXRD analysis: The synthesized pure and doped Cr2O3

nanoparticles are subjected to PXRD analysis using X’Pert
Pro-P Analytic diffractometer with monochromated CuKα
radiation (wavelength 1.5406 Å) at high generator voltage (40
KV), in the angular range 20-80º of 2θ. The XRD patterns of
pure and different concentration of Pb2+ doped sample are shown
in Fig. 1. The occurrence of intense and sharp peaks and the
absence of diffraction halo, indicate the formation of high crys-
talline phase of the proposed samples and with absence of
amorphous phase formation. Furthermore, the d-spacing got
for unadulterated Cr2O3 concur well with that of reported one
in JCPDS file 82-1484, it belongs to rhombohedral system
with lattice parameter a = 4.957; c = 13.592 and space group
R3c. When compared with JCPDS diffraction peaks, the present
diffraction pattern shows a slight shift in diffraction angles
along with intensity variation. This may due to the effect of
crystallite size and lattice strain [23]. The presence of these
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 Fig. 1. PXRD pattern of pure and Pb2+ doped Cr2O3 nanoparticles (a) pure

Cr2O3; nanoparticles; (b) 2 wt %; (c) 4 wt %; (d) 6 wt %; (e) 8 wt %;
and (f) 10 wt % Pb2+ doped Cr2O3 nanoparticles

shift may also recognized with the contrast between the ionic
radii of the substitute Pb2+ (1.19 Å) with that of Cr3+ (0.64 Å),
These outcomes are anomalous proof to demonstrate the way
that a portion of Cr3+ particles have been displaced by dopant
particles. The lattice parameters (a and c) of the pure and Pb2+

doped Cr2O3 nanoparticles are calculated from the following
equation [24]:

2 2 2

2 2 2

1 4 h hk k l

d 3 a c

 + += + 
 

The variation of a and c with dopant concentration revealed
that added dopants successfully entered in Cr2O3 lattice and
produce lattice elongation. Thus the dopant induces a strain in
Cr2O3 parent lattice. The average grain size listed in Table-1
was calculated from Debye-Scherrer method [25-28]. The reason

TABLE-1 
STRUCTURAL DATA OBTAINED FROM XRD PATTERNS OF PURE AND Pb2+ DOPED Cr2O3 NANOPARTICLES 

Lattice parameter Grain size (error~ ±2) 
Sample name 

Dopant concentration 
(wt %) a c 

Unit cell volume 
Scherrer method (nm) 

Pure Cr2O3 
 4.9573 13.6138 334.5567 24.4 

Cr2O3: Pb 2 4.9612 13.6287 335.4501 25.7 
 4 4.9731 13.6354 337.2269 27.3 
 6 4.9754 13.6458 337.7964 27.6 
 8 4.8125 13.6411 315.9300 28.0 
 10 4.8741 13.6574 324.4568 29.3 

 

Vol. 32, No. 12 (2020) Doping Effect of Lead(II) on Structural and Optical Properties of Chromium Oxide Nanoparticles  3003



for increase in grain size of Cr2O3 after Pb2+ doping may due
to the difference in atomic radius; this may increase the tend-
ency for the agglomeration and produce larger grain size. The
average grain size obtained for pure and the doped samples
were small when compared with other reported values [11,29-32].

SEM analysis: The morphology of unadulterated and Pb2+

doped Cr2O3 nanoparticles having spherical shape and higher
degree of agglomeration were recorded with scanning electron
microscope for all the prepared samples and are shown in Fig. 2.
The spherical nanoparticles were agglomerated to reduce the
entire surface free vitality. It can likewise be seen that the surface
morphology of the nanoparticles did not indicate an appre-
ciable change in Pb2+ doping.

It was reported that the shape of the prepared nanoparticles
formed due to aggregation is an undefined one, while the shape
of particles produced by agglomeration is generally spherical
[33-35]. In the present investigation, ethylene glycol is used
as a solvent since it acts as a good reducing agent and reduces
the particle size to a greater extent. It was reported that organic
solvents endorse the formation of spheres and rods [36], conse-
quently an analogous trend was noticed with ethylene glycol
too. Since the prepared nanoparticles are so small, they are very
unstable and tend to agglomerate.

EDAX analysis: Energy dispersive X-ray spectra (EDX)
of the pure and Pb2+ doped Cr2O3 nanoparticles are shown in
Fig. 3. The solid pinnacles of Cr and O were plainly present in
the range and no indications of dissimilar compounds were
seen in the spectra proved the virtue of the samples. As the
dopant concentration increases the height of the peak also
increases, it proves that the dopant has entered in to the lattice.
The gold peak was formed around 2.2 keV since it is used as
a coating material to increase the conductivity. The peaks due to
carbon around 0.27 keV are assigned to the carbon coated layer.

UV-vis analysis: From Fig. 4, it is observed that the absor-
ption peak on set is red shifted with the increasing concen-
tration of Pb2+ from 2 wt % to 10 wt %. But the shifting is non-
systematic with concentration of dopants. The red shift of Pb2+

doping may be due to surface plasma effect and also denotes
weak confinement due to aggregation of nanoparticles.

The curves were plotted between (αhν)2 versus (hν) and
extrapolating of the linear portions of the curves to the hν axis
gives Eg (Fig. 5). It is clearly observed that the band gap of
Pb2+ doped Cr2O3 nanoparticles decreases non-systematically
from 4.72 eV (pure) to 3.78 eV (10 wt. % Pb2+doped Cr2O3),
which are higher than that of the bulk (3.4 eV), provides the
evidences of the quantum confinement effect. In fact, the band
gaps of bulk particles are actually formed by the unification
of a bunch of adjacent energy levels with a huge number of
atoms and molecules. When the particle size reaches the nano
scale, the number of atoms and molecules present in every
particle is largely reduced. The width of the band gap gets
narrower due to the reduction of the number overlapping of
orbitals or energy levels. This is the origin of increase in energy
band gap between the valency band and the conduction band.
It is the reason behind the higher energy gap in nanoparticles
than in the equivalent bulk matter. Hence, the nanoparticles
have lower electrical conductivity when compared with bulk
particles from which they are synthesized. Accordingly there
is a shift produced in the absorption spectrum towards the lower
wavelength or blue region. The decrease in Eg for Pb2+ doped
samples is due to increase in crystallite size from 24.4 nm to
29.3 nm (10 wt % Pb2+ doped Cr2O3) as the result of incorpo-
ration of Pb2+ ions with comparable radius to that of Cr3+ ions.
The observed Eg value of pure Cr2O3 nanoparticle (4.72 eV) is
higher than that of the energy band gap value (4.04 eV) as
reported by Anandan et al. [32] and enormously higher than

Fig. 2. SEM images of (a) pure Cr2O3 nanoparticles; (b) 2 wt %; (c) 4 wt %; (d) 6 wt %; (e) 8 wt %; and (f) 10 wt % Pb2+ doped Cr2O3

nanoparticles
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Fig. 4. UV-vis absorbance spectra of pure and different concentration of
Pb2+ doped Cr2O3

the reported value of (3.164 eV) for Cr2O3 nanoparticles [37].
The energy bandgap of Cr2O3 nanoparticles prepared by thin
film techniques [38-40] is also lower than the band gap values
of pure and Pb2+ doped Cr2O3 nanoparticles prepared by micro-
wave assisted solvothermal method. This discrepancy in the
band gap may be explained on the basis of morphology and
size effect of prepared nanoparticles [41]. This wider band
gap material is commonly used in UV-light emitters and optical
storage devices [42].
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Fig. 3. EDX spectrum of (a) pure Cr2O3 nanoparticles; (b) 2 wt %; (c) 4 wt %; (d) 6 wt %; (e) 8 wt %; and (f) 10 wt % Pb2+ doped Cr2O3
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Conclusion

This study reported the synthesis and characterization of
pure and Pb2+ doped chromium oxide nanoparticles possess
rhombohedral structure with particle size varied from 24.4-29.3
nm. SEM determines the spherical and slightly agglomerated
morphology of the obtained nanoparticles. EDX reveals the
presence of expected elements in the synthesized nanoparticles.
The variation of band gap on doping Pb2+ with pure chromium
oxide was clearly observed and greater than that of a bulk
chromium oxide, which confirms the quantum confinement.
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