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Cr2O3 nanoparticles: Synthesis, characterization, optical, magnetic 
properties and their photocatalytic degradation of methyl orange
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Cr2O3 nanoparticles are synthesized via solid-state thermal decomposition of 
the mixture of Cr(NO3)3∙9H2O (as Cr precursor) and benzoic acid (as fuel) at 
500 or 600 ºC for 3 h and characterized by FT-IR and UV-Vis spectroscopy, VSM, 
XRD and TEM. Also, characterized using zeta potential PZ measurement. FT-IR 
and XRD results confirm high degree of crystallinity of Cr2O3 nanoparticles with 
≈ 16-18 nm average crystallite size. The size distribution of the as-prepared 
Cr2O3 nanoparticles is estimated to be in the range of 10-60 nm using TEM 
images. The morphology of the as-prepared Cr2O3 nanoparticles is almost 
ellipsoidal or pseudo-spherical. In addition, the photocatalytic degradation of 
methyl orange (MO) under UV light was studied. The effects of pH solution, 
sorbent dose and irradiation time were investigated. Based on changes in the 
UV-Vis spectra of MO, photocatalytic efficiencies were calculated about 91% 
and 89% for CeO2 nanoparticles prepared at 500 or 600 ºC, respectively.

ARTICLE  INFO 

Article History:
Received 2021-10-29 
Accepted 2022-03-30
Published  2022-09-30

Keywords:
Cr2O3 Nanoparticles,
Thermal decomposition,
Pseudo-spherical,
Photocatalytic degradation,
Methyl orange.

ABSTRAC T

How to cite this article
Dehno Khalaji A., Machek P., Jarosova M., Cr2O3 nanoparticles: Synthesis, characterization, optical, magnetic properties and 
their photocatalytic degradation of methyl orange. J. Nanoanalysis., 2022; 9(3): 175-181.  DOI: 10.22034/jna.2021.1943565.1276

               This work is licensed under the Creative Commons Attribution 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

INTRODUCTION
Chromium oxide (its natural form is known as 

eskolaite) is an important transition metal oxide, 
that has been in the research spotlight for many 
years [1-5] and has been widely applied in various 
fields such as H2 adsorption [6], catalyst [7], 
sensing electrodes [8], solar absorbers [9], green 
pigments [10] and photonic and electronic devices 
[11,12]. Until now, various methods have been 
used for the preparation of Cr2O3 nanoparticles 
such as microemulsion [5], sol-gel [13], microwave 
irradiation [14], hydrothermal [1, 15, 16] and 
thermal decomposition of various precursors [3, 
4, 17-19]. Thermal decomposition is a simple, 
cheap and fast technique for the preparation of 
diverse transition metal oxides nanoparticles 
[17-20]. Recently, Guunewiek [17] synthesized 

rhombohedral Cr2O3 nanoparticles via thermal 
decomposition of a polyacrylate/chromium 
complex at 480  ºC for 2 h. Sun et al. synthesized 

a hollow microsphere of Cr2O3 by thermal 
decomposition of a precursor which was prepared 
via a mild template-free hydrothermal approach at 
500  ºC for 4 h [18]. Zhang et al. prepared Cr2O3 
nanoparticles through the thermal decomposition 
of chromium hydroxide precursor at 950 ºC for 1.5 
h [19].

The reduction of environmental pollution 
caused by different molecules such as phenol 
[21,22], toluene [23,24], NO2 [25] and organic dyes 
[26-32] coming from various industries such as 
textile, plastic, rubber and dye manufacturing, is 
one of the biggest challenges in recent years. The 
dyes can generate toxic and dangerous by-products 
due to oxidation, hydrolysis and other chemical 
reactions [26-32]. Methyl orange (MO) is an 
anionic dye (Scheme 1), widely used in titration as a 
pH indicator. Recently, photocatalytic degradation 
of MO has attracted significant attention due to 
high efficiency, non-toxicity and low cost [31-36].

This paper reports the preparation of new 
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pseudo-spherical Cr2O3 nanoparticles (Cr-1-500 and 
Cr-1-600) via solid-state thermal decomposition of 
chromium precursor at two different temperatures 
(500 ºC and 600 ºC). In addition, the photocatalytic 
activity of nanoparticles was evaluated through 
the degradation of MO under UV irradiation. The 
effects of solution pH, catalyst dose and contact 
time on the degradation of MO were determined.

EXPERIMENTAL
Materials 

All input materials (Cr(NO3)2·9H2O, benzoic 
acid, methyl orange) are commercially available 
from Merck Co. and they were used as received 
without further purifications. 

Synthesis of Cr2O3 nanoparticles 
1 mmol of Cr(NO3)2·9H2O was dissolved in 5 

mL of H2O under vigorous stirring and mixed with 
a solution of benzoic acid (1 mmol in 5 mL H2O). 
The mixture was stirred for 0.5 h, transferred into 
a crucible and maintained at 80 ºC for 3 h to dry 
completely. After that, the product was annealed 
at 500ºC or 600 ºC in air atmosphere for 3 h. The 
green products were rinsed several times with 
deionized water and ethanol, and finally they were 
dried overnight at 65 ºC in the oven.

Characterization 
FT-IR spectra were recorded using a FT-IR 

Perkin-Elmer spectrophotometer. UV-Vis spectra 
were carried out using a Jasco spectrophotometer. 
The magnetization was recorded by the vibrating 
sample magnetometer (VSM). XRD patterns were 
obtained on Empyrean powder diffractometer 
of PANalytical in the range of 2θ = 10-80° (Cu 
Kɑ radiation, λ = 1.5418 Å). TEM images were 
recorded on  transmission electron microscope 
Philips CM120. Zeta potential of as-prepared 
Cr-1-500 and Cr-1-600 nanoparticles were 
determined with Zetasizer Nano ZS, Malvern 
Panalytical.

Photocatalytic experiment
The photocatalytic activity of Cr-1-500 and 

Cr-1-600 nanoparticles was investigated by the 
degradation of MO under UV irradiation using a 500 
W mercury lamp. Typically, various amounts (0.1 
and 0.2 g) of Cr-1-500 and Cr-1-600 nanoparticles 
were added into 50 mL aqueous solution of MO 
(20 ppm). The suspensions were stirred for 60 min 
in the dark to achieve an equilibrium sorption/
desorption of MO on the surface of Cr-1-500 and 
Cr-1-600 nanoparticles. Afterwards, the solution 
was exposed to the UV irradiation. At specific time 
of irradiation, the nanoparticles were separated in 
the centrifuge and the residual MO concentration 
was determined using UV-Vis spectrophotometer 
at λmax = 464 nm. [33,35]. 

RESULTS AND DISCUSSION
Characterization of Cr2O3 nanoparticles
FT-IR spectra

Fig. 1 shows the FT-IR spectra of the as-prepared 
Cr-1-500 and Cr-1-600 nanoparticles. The peaks 
below 800 cm-1 in the metal oxides are generally 
caused by inter-atomic vibrations [38]. Likewise 
two peaks at about 620 and 557 cm-1 in Fig.1 are 
assigned to the Cr-O vibrations in rhombohedral 
Cr2O3. Broad characteristic bands at about 
3418 cm-1 for Cr-1-500 and 3403 cm-1 for Cr-1-600 
are ascribed to the O-H stretching vibration due to 
the chemisorption of water molecules on the surface 
of Cr2O3 nanoparticles [37-43]. The weak bands at 
1644 cm-1 and 1627 cm-1 may be well attributed to 
the stretching of non-dissociated water molecules 
adsorbed at the surface of Cr-1-500 and Cr-1-600.

UV-Vis spectra
Fig. 2 shows the UV-Vis spectra of the 

as-prepared Cr-1-500 and Cr-1-600 nanoparticles. 
The broad absorption peak at about 300 nm can be 
assigned to the band gap transition of Cr4+ ion [38]. 
Two shoulder peaks, observed at about 480 and 610 
nm, are attributed to the d3 electronic transitions of 
Cr3+ ions, situated in six-coordinate geometry and 
in octahedral symmetry [41].

VSM 
Fig. 3 depicts the magnetization versus applied 

magnetic field (M-H) curves for the as-prepared 
Cr-1-500 and Cr-1-600 nanoparticles. The 
magnetization increases linearly in the region of 
higher magnetic field and both M-H curves do 
not reach the saturation. This behavior is usually 
attributed to the weak ferromagnetism [26]. It might 
arise from the finite-size effect and modification 
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of the bulk state due to surface effects [44, 45]. It 
suggests that the long-range antiferromagnetic 
order is destroyed in the nanoscale materials. A 
small difference between M-H curves of Cr-1-500 
and Cr-1-600 indicates differences in the crystallite 
sizes [12].

XRD Patterns 
Fig. 4 reveals XRD patterns of both as-prepared 

samples. Observed diffraction peaks are clear and 
sharp and can be fully assigned to the rhombohedral 
phase of Cr2O3 (JCPDS file no. 38-1479) [14-17]. 
Rietveld fit confirmed space group ‘R-3c’ and 
lattice constants a=4.954(1)  Å and c=13.585(5)  Å 
for Cr-1-500 and a=4.9576(3) Å and c=13.597(1) Å 
for Cr-1-600. The average size of crystallites was 
calculated from Williamson-Hall plot (Fig. 5) 
drawn in accordance with the following equation:

                  
(1)

Where β is FWHM in radians, θ is Braggs angle, 
λ is wavelength, D is the average crystallite size, e 
is micro strain and k is a constant between 0.9-1. 
The average crystallite size determined for Cr-1-
500 sample is 15.8 nm and 17.6 nm for Cr-1-600 
sample.

TEM images
The morphology and size of the as-prepared 

Cr-1-500 and Cr-1-600 nanoparticles were 
characterized by TEM, as shown in Fig. 6. The 
Cr-1-500 matter predominantly contains single 
oval-shaped nanoparticles while nanoparticles 
Cr-1-600 appear to be more spherical. The 

 
Fig. 1. FT-IR spectra of the as-prepared Cr-1-500 and Cr-1-600 nanoparticles 

  

Fig. 1. FT-IR spectra of the as-prepared Cr-1-500 and Cr-1-600 
nanoparticles

 

 

 
Fig. 2. UV-Vis spectra of the as-prepared Cr-1-500 and Cr-1-600 nanoparticles 

  
Fig. 2. UV-Vis spectra of the as-prepared Cr-1-500 and Cr-1-600 
nanoparticles

 

 
Fig. 3. VSM of the as-prepared Cr-1-500 and Cr-1-600 nanoparticles 

  

Fig. 3. VSM of the as-prepared Cr-1-500 and Cr-1-600 nanoparticles
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sizes of the as-prepared Cr-1-500 and Cr-1-600 
nanoparticles were observed in the range of 10-60 
nm. 

Photocatalytic activity
The photocatalytic properties of the as-prepared 

Cr-1-500 and Cr-1-600 nanoparticles were 
investigated using MO degradation under UV 
light irradiation. The degradation of MO is greatly 
affected by the solution pH because of catalyst 
aggregation, dye and also the surface charge of 
catalyst depends on the pH [46]. To determine 
the surface charge of the as-prepared Cr-1-500 
and Cr-1-600 nanoparticles, the Zeta potential 
was measured at different solution pH and its 

values are depicted in Fig. 7. As seen in this figure, 
nanoparticles Cr-1-500 and Cr-1-600 have point of 
zero charge (pHPZC) at 7.41 and 7.51, respectively. 
The optimum pH for high adsorption and efficient 
photodegradation of MO was selected at level 
7. At this pH, the positive surface charge of the 
as-prepared Cr-1-500 and Cr-1-600 nanoparticles 
can well interact with negative charge of MO by 
using a strong electrostatic attraction. 

The degradation percentage of MO was 
evaluated by the following equation:

        

(2)

 

 
Fig. 4. XRD patterns of the as-prepared Cr-1-500 and Cr-1-600 nanoparticles 

  

Fig. 4. XRD patterns of the as-prepared Cr-1-500 and Cr-1-600 
nanoparticles

 
Fig. 5. WH plots of the as-prepared Cr-1-500 and Cr-1-600 nanoparticles 

  

Fig. 5. WH plots of the as-prepared Cr-1-500 and Cr-1-600 
nanoparticles

 

 
Fig. 6. TEM images of the as-prepared Cr-1-500 and Cr-1-600 nanoparticles 

  

Fig. 6. TEM images of the as-prepared Cr-1-500 and Cr-1-600 nanoparticles
Cr-1-500 Cr-1-600
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Where Co is the initial concentration of MO 
(ppm) and Ct is the concentration at irradiation time 
t.  The dependency of MO degradation percentage 
(%) versus irradiation time is depicted in Fig. 8. 
The MO degradation increases with increasing 
irradiation time and reaches its maximum at 91% 
in the presence of 0.02 g of Cr-1-500 and at 89% 
in the presence of 0.02 g of Cr-1-600. As seen in 
Fig. 8, the adsorption amount increases very fast 
in the first 15 min. The equilibrium is approached 
after 60 min, when 0.02 g of catalyst used. The 
photodegradation of MO at equilibrium increases 
from about 50 to 80% when catalyst dose increases 
from 0.01 to 0.02 g, due to increases of active sites 
on the surface of the catalyst.

The kinetics of MO degradation was studied 
using Langmuir model utilizing following 
equation:

                                                     
(3)

Where k is the reaction rate constant (min-1) 
and t is irradiation time (min).

The curves of ln  versus t are plotted in Fig. 

9 for distinct amounts of the as-prepared Cr2O3 
nanoparticles. The photocatalytic degradation of 
MO was found to be of pseudo-first order with rate 
constants of (k) 1.38 × 10-2, 1.06×10-2, 2.29×10-2 and 
2.11×10-2 min-1 for Cr-1-500-0.01 g, Cr-1-600-0.01 
g, Cr-1-500-0.02 g and Cr-1-600-0.02 g, respectively.

The maximum reaction rate was achieved with 
0.02 g of Cr-1-500 nanoparticles. The values of k, 
t and degradation (%) were compared with other 
catalysts employed for photocatalytic removal of 
MO and summarized in Table 1.

 

 
Fig. 8. Effect of catalyst dose and irradiation time on degradation of MO 

  

Fig. 8. Effect of catalyst dose and irradiation time on degradation 
of MO

 
Fig. 7.  Zeta potential of the as-prepared Cr-1-500 and Cr-1-600 nanoparticles as 

function of pH. 

  

Fig. 7.  Zeta potential of the as-prepared Cr-1-500 and Cr-1-600 
nanoparticles as function of pH.

 

 
Fig. 9. Langmuir plot of photocatalytic reaction of MO using various amounts of as-

prepared Cr2O3 nanoparticles. 
 

Fig. 9. Langmuir plot of photocatalytic reaction of MO using various amounts of as-prepared Cr2O3 nanoparticles.
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CONCLUSIONS
In summary, Cr2O3 nanoparticles with pseudo-

spherical shape were prepared by the cheap, 
simple and eco-friendly method and the basic 
characterizations were performed. According 
to the XRD, the average crystallite size of Cr2O3 
nanoparticles is 15.8 and 17.6 nm. VSM results 
confirm the weak ferromagnetic behavior 
of the as-prepared Cr2O3 nanoparticles. The 
photocatalytic degradation results indicate that the 
maximum of MO removal is 91% and was achieved 
after 105  min UV irradiation of 0.02 g dose of 
Cr-1-500 nanoparticles with reaction rate constant 
of k  =  2.29×10-2 min-1. The photodegradation of 
MO increases when the catalyst dose is increased 
from 0.01 to 0.02 g, because active sites are raised 
on the surface of catalyst.

It is proved in the paper, that the method is 
suitable for the synthesis of Cr2O3 nanoparticles. 
We propose to use this method in a similar way 
for the preparation of other transition metal oxide 
nanoparticles such as CuO and Fe2O3. 
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