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ABSTRACT 
 
Chromium oxide nanoparticles were synthesized using auto-combustion/sol-gel 
method by employing green chemistry. This method is environmentally friendly 
and less expensive than other methods. Natural extracts of different plants were 
used as substitutes for materials used as a fuel for the process of ignition.  
Prepared Powders were characterized using X-ray diffraction (XRD). The as-
burnt powder of Cr2O3 nanoparticles, which showed the presence of crystalline 
Rhombohedral with unit cell parameters was conformed with standard data. The 
crystallite size observed was in the range of 29 to 35 nm. Scanning electron 
microscopy (SEM) showed that the nanoparticles were spherical or semi-
spherical in shape. Vis- UV spectrometry showed that Cr2O3 nanoparticles have a 
high absorbance at λ between 310 and 500 nm and that the energy gap varies 
between 3 and 3.05 eV for the three samples prepared in green chemistry. The 
results of the present study showed that silver nanoparticles synthesized by 
plant extracts had effective antibacterial activities on the test isolates as 
indicated by the diameter of inhibition zone. It was from 12 to 18 mm for Gram's 
negative bacteria, and from 10 to 16 mm for Gram's positive bacteria. The study 
revealed that the Chromium oxide nanoparticles synthesized using plant extracts 
could be used as antibacterial agent for human pathogenic bacteria. 
 
Key words: Chromium oxide nanoparticles, plant extracts, green chemistry, 
antimicrobial activity.  

 
 
INTRODUCTION 
 
The development of green processes for the synthesis of 
nanoparticles is evolving into an important branch of 
nanotechnology because biological methods are 
considered safe and ecologically sound for the 
nanomaterial fabrication as an alternative to conventional 
physical and chemical methods (Ramesh et al., 2012). 
Metal oxides as nanoparticles can show unique chemical 
properties due to their limited size and high density of 
corner or edge surface sites (Tsoncheva et al., 2010). They 
represent a broad class of materials that have been 
researched extensively due to their interesting catalytic, 
electronic and magnetic properties (Yang et al., 2009). 
Among metal oxides, special attention has been focused on 
the formation and properties of chromia (Cr2O3) because 
of their importance both in science and in technology, 

which is important as heterogeneous catalyst (Wang et al., 
2009), coating material (Pang et al., 2009), digital 
recording system (Bijker et al., 2003), wear resistance 
(Hou and Choy, 2008), pigment (Xu et al., 2009), advanced 
colorant (Kim et al., 2003), and solar energy collector 
(Teixeira et al., 2001). Various techniques have been 
developed to synthesize Chromia Cr2O3 nanoparticles as 
solid thermal decomposition (Li et al., 2008), sol gel (Music 
et al., 1999), gel -citrate (Kim and Oh, 2005), combustion 
(Fu et al., 2011), precipitation-gelation (Hou and Choy, 
2008), mechanochemical process (Fu et al., 2011), and so 
on. Among these techniques as aforesaid, chemical 
reduction in aqueous solvents shows the greatest 
eventuality to be expanded to further applications in 
expressing its simplicity and low cost. The green chemical  
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method by used plant extracts have drawn attention as a 
plain    and     viable    alternative  to  chemical and physical  
techniques.                  

The green synthesis techniques are generally synthetic 
routes that utilize relatively non-toxic chemicals to 
synthesize nanomaterials and include the use of non-toxic 
solvents such as water, biological extracts, biological 
systems and microwave assisted synthesis. The interaction 
of nanoparticles with biomolecules and microorganisms is 
an expanding field of research. In this study, we 
demonstrate the synthesis and characterization of 
Chromium oxide nanoparticles from plant extracts at room 
temperature using green methods. 
 
 
MATERIALS AND METHODS 
 
Experimental details 
 
All chemicals were of highest purity available and used as 
received without further purification or distillation: [Cr 
(NO3)3 .9H2O] (99.5%, Sigma-Aldrich), ammonia (NH4OH) 
(99%, Fluka), black lime (BL) extract (Citrus aurantifolia), 
the extract of crankets Roselle Plant (R) (Hibiscus 
sabdariffa), and lemon extract (L) (Citrus Limon); its 
source was from local market. 
 
 
Preparation of Cr2O3 nanoparticles 
 
25 g of Roselle Plant and black lime were taken and 
submerged in 200 mL of distilled water and left for a 24 h 
each, separately. On the other hand, a quantity of lemon 
juice was extracted. The three extracts were then filtered 
with the filter paper and the three extracts were stored in 
the refrigerator until use. Thereafter, 50 ml of the 
extracted juice was take and placed in a 500 mL flask and 
add 20 g of chromium nitrate [Cr(NO3)3.9H2O] and place 
on the magnetic stirrer to dissolve the chromium nitrate 
well. Then several drops of ammonia were add to the 
solution until it attained pH = 7. The temperature was 
increased to 100°C and left to turn into liquid (Gel). Thus it 
was allowed to stay for one and the half hour after which 
the temperature was increased to (120°C) and left to 
become dry gel (Xerogel). The ignition was then obtained 
by the presence of the berma extract, which is considered 
as fuel for the ignition process, then lifted and left to cool 
down. The powder was collected and placed in a container 
of porcelain and inserted into the oven. The temperature 
was increased until it reached (700°C) and then remained 
for 2 h. The oven was turned off and the powder was 
allowed to cool down inside the oven for 24 h. The same 
steps were then taken with the extract of the crankshaft 
and the lemon extract, and the Cr2O3 powder, which was in 
the form of a green powder, was collected for testing. The 
three powders were named according to the material used 

as a fuel with the symbols Roselle Plant (R), black lime 
(BL),and the lemons (L). 
 
 
Collection of pathogens 
 
The multiple antibiotic-resistant isolates collected from 
microbiology diagnosis laboratory, Al-Numan hospital 
included Escherichia coli, Proteus mirabilis, Klebsiella 
pneumonia, Streptococcus sp., Enterobacter cloacae, 
Bacillus cereus, Pseudomonas aeruginosa and 
Staphylococcus aureus. These isolates were identified by 
standard biochemical tests and used API 20 E, API 50 CHB, 
API Staph kit and Vitek 2 compact system (Frebourg et al., 
1988).  
 
 
Determination of antibacterial activity 
 
The antibacterial activity of Chromium oxide nanoparticles 
was tested by standard agar well diffusion method (Valgas 
et al., 2007). Wells were made using sterile cork-borer 
under aseptic conditions. The inocula were prepared by 
diluting the overnight cultures with 0.9% sodium chloride 
to 0.5 McFarland standards and were swabbed onto the 
plate. Synthesized solutions were loaded on marked wells 
with the help of micropipette under aseptic conditions and 
incubated at 37ºC for 24 h. The zone of inhibition was 
measured and expressed in millimeters.  
 
 
RESULTS AND DISCUSSION 
 
Figure 1 shows the recorded XRD patterns of Cr2O3 
nanostructures. The general aspect of the XRD patterns, in 
particular, sharp peaks, indicate the presence of crystalline 
phase. The obtained values of d-spacing and lattice 
constant (Table 1) are in good agreement with the 
reported values and thus confirming the Rhombhedral 

crystalline Cr2O3 (Eskolaite) with space group (R  c) (Al-
Saadi et al., 2015). This clearly shows that the growth of 
Cr2O3 nanostructures by Sol - Gel / auto-combustion 
method does affect the morphology to a certain extent but 
not the crystal structure. Comparison of the three 
crystallographic data shows slight difference in (a), (c) and 

density ( s shown in Table 1 in our 
results with Standard data.  

The peak width at half maximum was used to evaluate 
the crystallite size (D) by using the following Debby-
Scherer formula (Khodair et al., 2016): 
 
D = Kλ/ (β cos θ)                                                (1)  
 
where, K = 0.9 is the Scherer constant, λ: is the wavelength 
of the X-ray radiation (= 1.54056 Å), β: is the peak full 
width    at    half   maximum in radians and (θ): is the Bragg  
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Figure 1: XRD pattern of the Cr2O3 nanoparticles. 

 
 

Table 1: The XRD parameters in Cr2O3 nanoparticles. 

 

Sample 

a(Å)  c (Å)  ρ (g/cm3) 

This study Standard data 
 

This study 
Standard 

data 

 
This study Standard data 

BL 4.951 

4.958 

 13.578 

13.59 

 5.254 
 

5.231 
R 4.949  13.578  5.254 

L 4.951  13.572  5.259 

 
 

Table 2: Shows the comparison of observed and standard “d” values, and their respective planes, FWHM(β), and crystallite size (D). 
 

Sample (hkl) 2 θ (°) standard 2 θ (°) observed d (Å) standard FWHM (°) D (nm) 

 

B L 

(116) 33.6474 33.596 2.66146 0.29020  

33 (110) 36.2503 36.195 2.47610 0.24300 

(104) 54.8978 54.851 1.67109 0.23670 

       

R (116) 33.6176 33.596 2.66375 0.35390  

29 (110) 36.2443 36.195 2.47650 0.25800 

(104) 54.8817 54.851 1.67154 0.28560 

       

 

L 

(116) 33.5957 33.596 2.66544 0.27300  

35 (110) 36.2120 36.195 2.47863 0.23520 

(104) 54.8439 54.851 1.67260 0.22750 

 
 
 
diffraction angle. Using this formula, the average crystallite 
size of as-grown nanostructures was found to be equal to 
(29-33) nm and the results are shown in Table 2.  
   The    SEM   micrographs   as seen in Figure 2 showed 
that the    particles    have   a    spherical or     semispherical 

formation aggregated in the form of clusters. 
The shape and size of nanoparticles have significant 

effect in the antibacterial activity. For these reasons, 
nanoparticles must be examined with a scanning electron 
microscope   to determine   the shape of the nanoparticles,  
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Figure 3: The optical (a) absorbance (b) transmittance spectra of Cr2O3 nanoparticle for three samples. 

 
 

 
 

Figure 4: Plot of (αhυ)2 vs. photon energy (hυ) of Cr2O3 nanoparticles for three samples. 

 
 
and from it, the size of nanoparticles can be calculated.  
 
 
Optical properties of the nanoparticle 
 
In order to study the optical properties of nanoparticles, 
0.001 M of the nanopowders was dissolved in 10 ml of 
distilled water. Then the solution was placed in ultrasonic 
for 5 min. Finally, the reference sample and the sample of 
distilled water were placed in absorption spectrometry. 
The optical properties were measured by UV-Vis 
spectrophotometer (IRAffinity-1 FTIR Spectrophotometer) 
(Figure 3). 

Cr2O3 nanoparticles have high absorbance within the 
wider wavelength. There are three regions inside the 
absorbance curve. In the initial region (500 nm ≤ λ ≤ 1100 
nm), the absorbance can increase smoothly. The second 

region (310 nm ≤ λ ≤ 500 nm) is where the absorbance is 
rapidly increasing in the absorption region, and then falls 
short. Within the tertiary region (300 nm ≤ λ ≤ 310 nm), 
the absorbances have associate upsurge, while the 
transmittance spectrum is the opposite of that. 

The band gap energies were calculated according to 
Kubelka – Munk (K-M) model. The K-M model at any 
wavelength is given by equation: (∞) = (1− 𝑅) 2/2𝑅F (∞) is 
the so called remission or Kubelka – Munk function, where 
R is the percentage of reflectance. A graph was plotted 
between [F (∞) hυ] 2 Vs hν and its intercept with hν 
represent the band gap energy (Al-Saadi et al., 2015). The 
band gap value is 3.05, 3 and 3.02 eV for BL, R and L, 
respectively. The band gap value of the Nanoparticle is 
depended on the kind of sample Figure 4. 

The data in Table 3 and Figure 5 show that Cr2O3 
nanoparticles  synthesized   by  plant  extracts has effective  
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The band gap energies calculated according to Kubelka – Munk (K-M) model. The K-M model 

at any wavelength is given by equation: (∞) = (1− 𝑅) 
2
/2𝑅F (∞) is the so called remission or 

Kubelka – Munk function where R is the percentage of reflectance. A graph was plotted between 

[F (∞) hυ] 
2
 Vs hν and its intercept with hν represent the band gap energy [19]. The band gap 

value is 3.05 eV ,3 eV and 3.02 eV for BL, R and L respectively. The band gap value of the 

Nanoparticle is depended on the kind of sample figure (4). 

 

Figure (4) Plot of (αhυ)
2
 vs. photon energy (hυ) of Cr2O3 nanoparticles for three samples. 

The data in table (3) and Figure (5) shows that Cr2O3 nanoparticles synthesized by plant extracts has 

effective antibacterial activities on the test isolates as indicated by the diameter of their zone of 

inhibition.In addition, the best effective was by using chromium oxide nanoparticles  
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Table 3: The antibacterial activity of the Chromiumoxide nanoparticles synthesis by plant extracts against the tested bacteria as 
demonstrated by diameters of the inhibition zone (mm)*. 

 

Isolated bacteria 

Inhibition zone 

Cr2O3 nanoparticles synthesized by 
Chromium nitrate 

solution Citrus aurantifolia 
extract 

Hibiscus sabdariffa 
extract 

Citrus Limon 
extract 

Bacillus cereus 10 10 10 0 

Enterobacter cloacae 10 12 12 0 

Escherichia coli 11 12 12 0 

Klebsiella pneumonia 14 15 18 0 

Proteus mirabilis 12 13 14 0 

Pseudomonas aeruginosa 10 12 12 0 

Staphylococcus aureus 10 12 16 0 

Streptococcus sp. 10 10 12 0 
 

*Zone of inhibition, including the diameter of the cup plate method (6.0 mm). The recorded value is mean value of 3 replicates. 

 
 

 
 

Figure 5:The antibacterial activity of Cr2O3 NPs synthesized by plant extracts on different Gram- negative and Gram-
positivebacteria.1, a-E. coli, b-Pseudomonas aeruginosa, c-CNS against E. coli, 2, a-Klebsiella pneumonia, b-Proteus mirabilis, c-CNS 
against K. pneumonia. 3, a-Staphylococcus aureus, b-Bacillus cereus, c-CNS against S. aureus., CNS=Chromium nitrate solution. 

 
 
antibacterial activities on the test isolates as indicated by 
the diameter of their zone of inhibition. In addition, the 
most effective was the use chromium oxide nanoparticles 
synthesized by Citrus Limon extract. The inhibition zone 

was from 12 to 18 mm for Gram's negative bacteria, and 
10 to 16 mm for Gram's positive bacteria. 

The mechanism of the antibacterial activity of Chromium 
oxide     nanoparticles   (Cr3O4 NPs)    on   bacteria   is    not  

 

 

 

 



Academia Journal of Agricultural Research; Al-Kalifawi et al.         031 
 
 
 
completely known. Some studies have found that the 
positive charge on the Cr ion is crucial for its antimicrobial 
activity through the electrostatic attraction between 
negative charged cell membrane of bacteria and positive 
charged nanoparticles (Sangwan et al., 2016). In contrast, 
Ramesh et al. (2012) reported that the antimicrobial 
activity of Cr3O4 NPs on Gram-negative bacteria was 
dependent on the concentration of Cr3O4 NPs, and was 
closely associated with the formation of pits in the cell wall 
of microorganisms. Then, Cr3O4 NPs accumulation in the 
microorganism membrane caused permeability, resulting 
in cell death. In addition, the studies included both 
positively charged Cr ions and negatively charged Cr3O4 
NPs, it is insufficient to explain the antibacterial 
mechanism of positively charged Cr nanoparticles. 
Therefore, we expect that there is another possible 
mechanism. Abd et al. (2016) suggested that Cr3O4 NPs 
may cause the formation of irregularly shaped pits in the 
outer membrane and change membrane permeability, 
which is caused by progressive release of 
lipopolysaccharide molecules and membrane proteins. 
Also, several researchers have speculated that a similar 
mechanism may cause the degradation of the membrane 
structure of E. coli during treatment with Cr3O4 NPs 
(Ramesh et al., 2012; Ritu, 2015). Although their inference 
involved some sort of binding mechanism, still unclear is 
the mechanism of the interaction between Cr3O4 NPs and 
component(s) of the outer membrane. Recently, Sangwan 
and Kumar (2017) reported that Cr3O4 NPs generated free 
radicals, which attack the cell wall of K. pneumoniae and 
destroyed the bacteria. Ramesh et al. (2017) suspected 
that the antimicrobial mechanism of Cr3O4 NPs is related to 
the formation of free radicals and subsequent free radical 
induced Gram-negative bacteria membrane damage. 
 
 
Conclusion 
 
Nanoparticles of Cr2O3 with crystallite size range of 29 – 35 
nm, were successfully synthesized using auto combustion 
method. This method is environmentally friendly and less 
expensive than other methods. The natural extracts of 
different plants were used as substitutes for materials 
used as a fuel for the process of ignition. Prepared 
Powders were characterized using (XRD), SEM, UV-Visible. 
The study revealed that Chromium oxide nanoparticles 
synthesized using plant extracts could be an antibacterial 
agent for human pathogenic bacteria. 
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