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Abstract 

Chromium oxide nanoparticles were 

synthesized using microwave oven technique for 

different pH values. Synthesized samples were 

subjected to XRD and show amorphous. The samples 

are calcinated at 500 °C for 2 hrs resulted in the 

formation of chromium oxide nanoparticles. 

Chromium oxide nanoparticles were characterized by 

X-ray diffraction (XRD), Fourier transform infrared 

spectroscopy (FT-IR), UV-Vis spectroscopy, 

Photoluminescence (PL) and Scanning Electron 

Microscope (SEM). Cr2O3 phase were identified from 

the XRD data. Debye-scherrer formula was used to 

calculate the average crystallite size of the prepared 

nanomaterials and was found to be 25nm to 43 nm. 

Crystallite size increases with the increase in pH of 

the solvent (ethylene glycol at varied pH 3, 6, and 

10). FT-IR spectrum shows stretching and bending 

bands at 440, 506, 680 cm−1. UV-Vis spectrum shows 

the energy band gap < 4 eV. Photoluminescence 

shows peaks around 400 – 530 nm. The emission is 

in the visible region. Morphology of the sample was 

studied by SEM images. 

Keywords: chromium oxide, eskolaite, microwave, 

debye-scherrer formula, tauc plot 

 

 

INTRODUCTION 

Inspite of unusual structural geometry, 

semiconductor metal oxide nanostructures are of 

great interest of research in nanoscience and 

nanotechnology, because that this class of compound 

is frequently revealing the novel properties relative to 

their coarse-grained counterparts, due to their 

reduced size and large surface area [1 - 4]. Chromium 

oxide (Cr2O3) occurs in nature as a rare mineral 

called eskolaite [5]. It is the hardest material and 

exhibits high hardness values. It is also recognized as 

a stable oxide in the Cr–O binary system. Other well-

known oxides in this system are CrO3 and CrO2. This 

Cr2O3 has a wide band gap (Eg ~ 3.4 eV). In recent-

past studies [6] many crystalline modifications of 

chromium oxides: such as rutile (CrO2), CrO3, CrO4, 

corundum (Cr2O3), Cr2O5, and Cr5O12 has been 

reported. Among these modifications, Cr2O3 is the 

most stable magnetic-dielectric oxide-material [7]. 

The synthesis and formation of Cr2O3 have been 

focused with special attention among the other metal 

oxides because these nanomaterials are 

predominantly used as a dye, heterogeneous catalyst 

[8], coating material, wear resistance [9], advanced 

colorant [10], pigment [11] and solar energy collector 

[12].    

Various techniques for the synthesis of 

Cr2O3 nanoparticles such as hydrothermal [13], sol-

gel [14], combustion [15], precipitation-gelation, gel 

citrate [16], mechanochemical process [17], urea 

assisted homogeneous precipitation [18,19], gas 

condensation [20], and microwave plasma have been 

developed [21]. Here in the present study, we report 

the microwave synthesis of chromium oxide, along 

with its structural and optical properties. 
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MATERIALS 

 

Analar grade chromium (III) chloride 

(hexahydrated), urea, ethylene glycol, HCl, NaOH 

and acetone were purchased from HPLC, India. De- 

ionized water was used throughout the experiment. 

SYNTHESIS 

Chromium oxide nano particles were 

synthesised in the following method. Chromium (III) 

chloride and urea were taken in 1:3 molecular ratio, 

mixed and dissolved in 50 ml of ethylene glycol 

using a magnetic stirrer. Samples were stirred at 

room temperature for 1hr and kept aside for an hour, 

for residues (if any) to settle down. The clear 

transparent solution was transferred to a ceramic 

bowl. The solution was placed in a domestic 

microwave oven; due to microwave heating solvents 

get evaporated completely. A precipitate was formed 

at the bottom of the bowl. These precipitates were 

carefully collected and washed with deionized water 

for several times to remove the ions possibly 

remaining in the final products, and then washed with 

acetone for several times to remove the unwanted 

organic compounds, if any. Three samples of 

different pH were taken for this study by changing 

the pH of the ethylene glycol. The pH of ethylene 

glycol was kept as such for sample B (pH 6) and for 

other samples pH of ethylene glycol was made to 10 

(sample C) and 3 (sample A). 

Ethylene glycol was used as a solvent as 

well as capping agent. The pH value of 50 ml 

ethylene glycol solvent was increased by adding 

NaOH solution. For increasing the pH, 0.1 N NaOH 

solution was prepared and added in drops to ethylene 

glycol. To decrease the pH of ethylene glycol, 4N 

HCl solution was prepared and diluted HCl was 

added in drops to ethylene glycol to reach the desired 

pH.  

In this paper, we report the synthesis and 

characterization of the chromium oxide with the 

effect of change in the pH of the solvent. The crystal 

structures were characterized by x-ray diffraction 

(XRD) analysis. Morphological structures were 

observed by scanning electron microscopy (SEM). 

The functional groups present in the samples were 

identified by fourier transform infrared spectroscopy 

(FTIR). The optical studies were carried out using 

UV-Vis and photoluminescence studies. 

RESULT AND DISCUSSION 

STRUCTURAL CHARACTERIZATION 

XRD 

 

X-ray diffraction (XRD) spectra of samples 

were recorded in a PANalytical Model X’pert pro X-

ray diffractometer employing CuKα radiation at 40 

kV and 100 mA at a scanning rate of 8o min-1 in the 

range 10-80o. The prepared samples were amorphous 

in nature hence the samples were calcinated at 500oC 

for 2 hrs.  XRD pattern of annealed Cr2O3 

nanoparticles (sample A) is shown in fig. 1. XRD 

shows sharp and intense peaks which confirm the 

formation of Cr2O3 nanoparticles which are 

crystalline in nature and has single phase. The 

various angular positions are at 24.55°, 33.58°, 

36.20°, 41.46°, 50.17°, 54.84°, 63.38°, 65.10° and 

72.99° which are indexed to the plane (012), (104), 

(110), (113), (024), (116), (214), (300) and (1 0 10)  

respectively. These peak positions matches well with 

JCPDS file number; 38-1479. This is in line with the 

pure eskolaite phase of green Cr2O3 [22]. The 

obtained values of d-spacing are in good agreement 

with the reported values and thus confirming the 

rhombo-centered rhombohedral structure of the 

annealed sample and it belongs to R-3c space group. 

The lattice constant of Cr2O3 nanostructures is a = b 

= 4.9614 Å & c = 13.5849 Å. Cell volume is 289.596 

Å3. The particle size along high intense peak (116) 

was found to be 25.98 nm. 

Lattice constant of a hexagonal structure were 

evaluated using equation (1) [23] 

1/d2 = 4/3 {(h2+ kh +k2)/a2} + (l2/c2)  

   ------------------ (1) 
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Fig. 1: XRD pattern of Cr2O3 (sample-A) nanoparticle 

 
XRD pattern of Cr2O3 nanoparticles 

(Sample B) is shown in fig. 2. XRD shows intense 

peaks at various angular positions at 24.59°, 33.68°, 

36.31°, 41.59°, 50.33°, 54.91°, 58.57°, 63.52°, 

65.21°, 73.01° and 77.08° which are indexed to the 

plane (012), (104), (110), (113), (024), (116), (122), 

(214), (300), (1 0 10) and (220) respectively. These 

peak positions matches well with JCPDS file number; 

84-1616. This agrees with the pure eskolaite phase of 

green Cr2O3 [24]. The obtained values of d-spacing 

are in good agreement with the reported values and 

thus confirming the rhombohedral structure of the 

annealed sample with pH of the solvent, ethylene 

glycol, is in Cr2O3 nanostructures. The lattice 

constant of Cr2O3 nanostructures is a = b = 4.9474 Å 

& c = 13.5826 Å. Cell volume is 287.92 Å3. The 

particle size of the intense peak (104) was found to 

be 33.73 nm

. 

 
                                Fig. 2: XRD pattern of Cr2O3 (sample-B) nanoparticle 

 
XRD pattern of Cr2O3 (sample-c) 

nanoparticles is shown in fig. 3. The XRD shows 

intense peaks at the various angular positions at 

24.57°, 33.67°, 36.29°, 39.79°, 41.56°,50.29°, 54.90°, 

63.49°, 65.17°, 72.95° and 76.95° which are indexed 

to the plane (012), (104), (110), (006), (113), (024), 

(116), (214), (300), (1 0 10) and (220) respectively. 

These peak positions matches well with JCPDS file 

number; 74- 0326 [25]. This belongs to pure 

Eskolaite phase of green α-Cr2O3. The value of d-

spacing confirms the rhombo centered rhombohedral 

structure with space group R-3c is in α-Cr2O3 
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nanostructures. The lattice constant of α-Cr2O3 

nanostructures is a = b = 4.9516 Å & c = 13.5836 Å. 

Cell volume is 288.42 Å3. The average particle size 

for the intense peak (110) was found to be 42.47 nm. 

 

 
Fig. 3:  XRD pattern of α-Cr2O3  nanoparticles 

 
The lattice parameter of a rhombohedral structure was calculated from [23] 

 

aR = 1/3 √(3*aH
2 + c2);  

sin (α / 2) = 3/ (2*√(3 + (c/ aH )2) and                                                 (2) 

VR =  aR
3 * √ (1- 3 cos2 α + 2 cos3 α) 

 

where, aR is the lattice parameter of rhombohedral structure; aH and c are the lattice parameter of hexagonal 

structure; α is the lattice angle of rhombohedral structure; VR is the volume of rhombohedral strucuture. The lattice 

parameters of the three samples are given in table.1 

Table. 1: Lattice parameter of the synthesised samples  

 

 

 

Sample 

 

 

Hexagonal structure 

 

 

 

 

c/a 

ratio 

 

Rhombohedral Structure 

 

 

 

 

Ref 
 

Lattice Parameter  
 

 

Cell 

volume 

 

Lattice Parameter 

 

Cell 

volume 

a (Å) c (Å) a  (Å) α (⁰) 

 

A 

(pH 3) 

 

4.9614 

 

13.5849 

 

289.59 

 

2.738 

 

5.3582 

 

55.1578 

 

96.53 

 

 

Farzaneh [26] 

a = 4.9752 Å and 

c = 13.8178 Å. 
 

B 

(pH 6) 

 

4.9474 

 

13.5826 

 

287.92 

 

2.745 

 

5.3532 

 

55.0443 

 

95.97 

 

C 

(pH 10) 

 

4.9516 

 

13.5837 

 

288.42 

 

2.743 

 

5.3548 

 

55.0771 

 

96.14 
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Table. 2: Particle size of the high intense XRD peak  

 

 

Sample 

 

2θ With 

rel.int  

100% (deg) 

 

 

 

FWHM 

 

 

d-spacing 

 

 

h, k, l 

 

 

D (nm) 

 

A 
(pH 3) 

 

54.8452 

 

0.3444 

 

1.6739 

 

1,1,6 

 

25.98 

 

B 
(pH 6) 

 

33.6896 

 

0.2460 

 

2.6604 

 

1,0,4 

 

33.73 

 

C 
(pH 10) 

 

36.2974 

 

0.1968 

 

2.4750 

 

1,1,0 

 

42.47 

 

The observed value of c/a = 2.738 for 

sample A and 2.74 for samples B & C, it matches 

with the standard value of 2.742 of the bulk 

rhombohedral structure. When compared with the 

bulk value, the obtained value is slightly less. This 

gives clear evidence for the existence of compressive 

strains in the nanopowders as mentioned by Sone et 

al [24]. 

From table. 2, the crystallite size of the 

nanomaterial increases with the increase in the pH 

value. When the pH is 3 the crystallite size (D) of the 

material is 25.98 nm. When the solvent pH decreases, 

crystallite size of the material also decreases. When 

NaOH is added to solvent, crystallite size increases 

and in other hand, when acid nature of the solvent 

increases, crystallite size decreases. The pH 

concentration versus the crystallite size was given in 

fig. 4 

. 

 
 

Fig. 4 pH concentration vs crystallite size for Cr2O3 nanoparticle 
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FTIR: 

FTIR spectrum of Cr2O3 NPs is shown in 

fig. 5. Chromium oxide nanoparticles generally have 

their absorption bands below 1000 cm-1 (as the metal 

oxides reveal absorption bands below 1000 cm-1) due 

to inter-atomic vibrations. The two sharp peaks at 

608 and 533 cm-1 are due to M-O (Cr-O) stretching 

modes, which gives a clear evidence for the presence 

of crystalline Cr2O3 [27].  FTIR Spectrum shows two 

peaks at 533 and 608 cm-1 due to M-O (Cr-O) 

stretching and a sharp peak at 440 cm-1 [26]. 

 

The vibrational band at 554-564 cm-1 

characterizes Cr-O distortion vibration, and the bands 

at 608 and 535 cm-1 identify the chromium oxide is in 

Cr2O3 phase. The vibrational modes observed at 440, 

506, 535, 608 cm-1 are typically of metal oxide single 

bonds in bending and stretching modes. The 

relatively weak absorption band at 440 cm-1 and the 

strong broad absorption band at 506 and 535 cm-1 can 

be attributed to Cr-O bonds in the bending mode. 

While the absoption band at 608 cm-1 is due to the 

Cr-O stretching vibration mode gives a clear evidence 

for the presence of crystalline α-Cr2O3 as stated by 

Salah A. Makhloaf et al [28]. 

 

 

Fig. 5:  FTIR spectra of Cr2O3 nanoparticle 

Table. 3: Functional group of Chromium oxide nanoparticle 

 

Sample M-O (Cr-O) stretching cm-1 Ref 

A (pH 3) 608 506 Farzaneh [26] 652 cm-1, 562 cm-1 

Gibot [29] 613 cm-1, 541 cm-1 

 
B (pH 6) 608 506 

C (pH 10) 608 535 

 

OPTICAL PROPERTIES: 

UV- Vis 

The optical absorption peaks for Cr2O3 

nanoparticles are seen along 360.16, 354.86 and 

346.92 nm for the samples A, B and C respectively. 

As the crystallite size of the nanomaterial decreases, 

the peaks of the material appear to be broader. The 

UV-Vis spectrum for the samples A, B and C is 

shown in fig. 6. 
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Fig. 6: UV absorption spectra of samples A, B and C 

 

As crystallite size of nanomaterial increases, there is 

a blue shift in the peaks of absorption spectra, when 

moving from the samples A to C. The energy band 

gap of the nanomaterial is calculated using the tauc 

plot. Crystallite size, optical absorption peak and its 

energy band gap are tabulated in table. 4.

 

Table. 4: Energy band gap of samples A, B and C 

Sample Crystallite size, D 

(nm) 

 

Optical absorption 

peak (nm) 

Eg (eV) Ref 

A (pH 3) 25.98 360.16  3.44 K. Anandhan 

[30] B (pH 6) 33.73 354.86 3.5 

C (pH 10) 42.47 346.92 3.58 

 

The energy band gap of these Cr2O3 nanoparticles is estimated using the Tauc relation 

[6].  

αhυ = A(hυ−Eg)n   ---------------- (3) 

where α is absorption coefficient, hυ is the 

photon energy, Eg is the band gap n=1/2 for the 

direct transitions [31, 6]. A plot of (αhυ)2 versus hυ is 

shown in fig. 5.7 (a - c) and linear portion of curve is 

extrapolated to hυ axis to determine  band gap. Band 

gap energy of samples A, B and C are given in table. 

4. 

Energy band gap of sample A is 3.44 eV, 

sample B is 3.5 eV and Sample C is 3.58 eV. 

Absorbance peak is red shifted from A to C. Energy 

band gap of the α-Cr2O3 nanostructures has been 

determined to be 3.44 eV to 3.58 eV, which confirms 

Cr2O3 nanomaterial has semiconducting property. 

The tauc plot for the samples A, B and C are given in 

the Fig. 7 ( a - c) respectively.
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(a)             (b) 

 

(c) 

Fig. 7 (a-c):  UV-VIS spectra of Cr2O3 nanoparticle 

PHOTOLUMINESCENCE 

 The PL spectra of Cr2O3 nanoparticles for 

samples A, B and C are shown in fig. 8. The spectra 

show a sharp intense peak at 407 nm for all samples 

A, B and C. The spectra shows emission peaks at 

407, 418, 490 and 518 nm for all the samples which 

matches with the bulk and nanomaterial value as 

reported by Farzaneh [26]. 
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Fig. 8:  PL spectra of Cr2O3 nanoparticle 

SEM 

SEM micrograph of  Cr2O3 calcinated at 500 

°C is shown in fig. 9 (a – b are SEM images of 

sample – A; c – d  are SEM images of sample – B; e - 

g are SEM images of sample - C). It can be seen that 

the particles for all samples are spherical in 

morphology and are evenly sized, and particles are 

agglomerated at the surface. Spherical shaped 

formations were aggregated in the form of clusters.  

        

(a)                                                                              (b) 

       

(c)                                                                           (d) 
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(e)      (f) 

 

(g) 

fig. 9 (a-g): SEM images of Chromium oxide 

CONCLUSION 

 Chromium oxide nanocrystals were 

synthesized using microwave oven technique with 

three different pH values. XRD confirms that, the 

synthesized nanomaterials have Cr2O3 phase with 

rhombo centered rhombohedral structure for all the 

samples. Particle size of synthesized nanomaterials, 

increases with the increase in pH concentration. SEM 

micrograph of Cr2O3 calcinated at 500 °C reveals that 

the particles are spherical in morphology and are 

evenly sized.  
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