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ABSTRACT 

Metal nanoparticles have been intensively studied with in the past decades. In this paper chromium oxide 

nanoparticles were synthesized by Sol-gel method. The average particle size, crystalline structure, morphology, 

optical behaviour and formation of chemical bonds in resulting chromium oxide nanoparticles were 

characterized by X-Ray Diffraction (XRD), Transmission electron microscopy (TEM), UV-Visible spectroscopy 

and Fourier-transform infrared (FTIR) spectroscopy. The size of the synthesized Cr2O3 nanoparticles was found 

to be 24.0 nm by using Debye-Scherrer formula. The antibacterial effect of Chromium Oxide nanoparticles was 

carried out both in liquid and solid growth medium against Enterococcus faecalis. The bacterial growth was 

monitored by measuring zone of inhibition (ZOI), colony forming unit (CFU) and optical density (OD) method.  

Keywords: Enterococcus Faecalis, Chromium Oxide Nanoparticles, XRD, TEM.  

I. INTRODUCTION 

Nanoparticles are regarded as highly reactive species because of large surface area. Nanoparticles, especially 

transition-metal oxides play a significant role in many areas of chemistry, physics and materials science 

[1].Transition metal oxide nanoparticles have been researched extensively due to their interesting catalytic, 

electronic, magnetic and medicinal properties. Among the transition metal oxide nanoparticles chromium (III) 

oxide (Cr2O3) nanoparticles have received great attention due to its various applications in many areas such as 

green pigments [2], heterogeneous catalysts [3], coating materials for thermal protection [4], hydrogen storage 

[5]  and antibacterial activity [6-10] . The Cr2O3 nanoparticles are synthesized by various methods such as sol-

gel technique [11], sonochemical method [12], precipitation-gelation [13], mechanochemical process [14], 

microwave plasma [15] and gas condensation [16] etc. 

In the present study we synthesize the Cr2O3 nanoparticles by sol-gel technique using TEOS as precursor.  
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II. EXPERIMENTAL 

 

2.1. Materials 

All of the chemicals used in experiment were of analytical grade and obtained from standard chemical sources. 

The Enterococcus faecalis (MTCC NO. 6845) was obtained from microbial type culture collection (MTCC), 

Institute of microbial technology, Chandigarh.. 

 

2.2. Synthesis of Cr2O3 nanoparticles 

In present study the chromium oxide nanoparticles were synthesised by using sol-gel method. The procedure 

uses chromium trioxide solution of pH 1-2, ethanol and tetraethylorthosilicate (TEOS) as the precursor material. 

The Cr2O3 nanoparticles were prepared by mixing chromium trioxide solution drop by drop into the flask 

containing 1:4 TEOS and ethanol solution with continuous stirring. The resulting solution was heated at 70˚c 

with continuous stirring in a closed container for 6 hrs. The resulting solution was then kept into the oven at 

100˚c for 10-15 days and after that the particles were kept in muffle furnace at 400˚c for 4 hrs. Blackish green 

Cr2O3 nanoparticles were thus obtained. 

 

2.3. Characterization techniques 

The size, structure, morphology and magnetic properties of as prepared metal nanoparticles were characterised 

by FTIR (shimadzu corp-02014) in the wavelength range 400-4000 cm
-1, 

 UV-Visible spectroscopy (Shimadzu 

1800) in the wavelength range 200-1000 cm
-1

, XRD (Rikagu mini-2 using Cuα1, λ=0.15406 nm radiations) and 

Transmission Electron Microscopy (TEM) ( FEI-Philips, Morgagni 286D with magnification up to 2,80,000x, 

Acc. Voltage : 100 Kv). 

 

2.4. Antibacterial Study 

The Cr2O3 nanoparticles were tested for antibacterial activity by agar well diffusion method against 

Enterococcus faecalis.  Nutrient broth/agar was used to cultivate bacteria. The media was autoclaved and 

cooled. The bacterial test organism Enterococcus faecalis were grown in nutrient broth at 30°c for 24 hrs. The 

fresh overnight nutrient broth culture was spread on to solidified nutrient agar plates. Wells of 8 mm diameter 

were prepared on the agar media. The different concentrations of the samples of nanoparticles solution was 

poured into each well on the plates. Various antibiotics in the form of hexa discs were used as a positive control 

for bacteria to compare the inhibition of bacterial growth with Cr2O3 nanoparticles. The plates containing 

bacteria solutions of nanoparticles and antibiotic discs were incubated for 24 hrs. After 24 h of incubation the 

different level of zone of inhibition of bacteria was investigated.  

 

2.5. CFU Measurement 

 Colony forming units (CFU) of Enterococcus faecalis were counted by using solid agar media. Serial dilutions 

of the broth culture were prepared. 0.1 ml of 10
-6

 dilution of the bacterial culture was tested with different 

concentration (1, 2, 3 mg/ml) of Cr2O3 nanoparticles. After incubation at 30˚c the number of colony forming 
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unit were counted. The growth behaviour of the Enterococcus faecalis was also investigated by administration 

of the Cr2O3 nanoparticles at different concentrations into the dilute solution of the broth culture. 

  

III. RESULTS AND DISCUSSION 

 

The average particle size was calculated from XRD data using Scherrer’s equation. Particle morphology of the 

sample was investigated by a TEM. FTIR spectroscopy was performed in order to know the synthesis condition 

and UV-visible spectroscopy was carried out for the optical study of metal nanoparticles. Figure 1 shows XRD 

pattern of the Cr2O3 nanoparticles.  X-ray diffraction pattern revealed that the synthesized Cr2O3 is of 

rhombohedral phase (JCPDS no. 38-1479 with a=4.9587 A˚ b= 13.594 A˚ and space group R3-c). The major 

peaks at 2 values of 24.62, 33.8, 36.4, 41.8, 50.32, 55.16, and 65.32 are indexed as (012), (104), (110), (113), 

(024), (116), (214) respectively [17]. Average particle size of the Cr2O3 nanoparticles was found to be 24 nm 

using Scherrer’s formula d = K λ/ β cosθ.  

 

Fig.1 XRD pattern of Cr2O3 nanoparticles 

 

Figure 2 shows the TEM image of the Cr2O3 nanoparticles. The microstructural characterization studies were 

conducted to determine the size of nanoparticles and examine the homogeneity and size distribution. It can be 

seen from the Figure 2 that there is a uniform distribution of particle size with mean particle size 21 nm which is 

in agreement with the XRD result. 

 

Fig.2 TEM image of Cr2O3 nanoparticles 
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Figure 3 shows FTIR spectra of Cr2O3 nanoparticles synthesized by sol-gel technique. FTIR spectroscopy was 

carried out in order to ascertain the purity and nature of metal or metal oxide nanoparticles.  The band at 3215 

cm
-1

-3361 cm
-1

 is due to the -OH stretching vibrations, band at 2929 cm-1 may be due to –CH3 stretching 

vibrations 1072 cm
-1 

is due to Cr-O-Cr vibrations 952 cm
-1

 and 902 cm
-1

 are assigned to Cr=O vibrations. The 

two peaks at550 cm
-1 

and 617 cm
-1

 are assigned to Cr-O str. modes are evidence for the presence of crystalline 

Cr2O3 nanoparticles [7].  
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Fig.3 FTIR Spectra of Cr2O3 nanoparticles 

The optical characterisation of the sample was recorded on UV-Visible absorption spectrophotometer. Figure 4 

shows UV-Visible spectra of Cr2O3 nanoparticles as a function of wavelength. The UV-Visible absorption 

spectroscopy of Cr2O3 nanoparticles shows a absorption peak at about 351.2 nm. 

 

 

Fig.4 UV-Vis absorption spectrum of Cr2O3 nanoparticles in aq. Solution 

The Figure 5 shows the zone of inhibition of bacterial growth produced by different concentration of Cr2O3 

nanoparticles on agar plates. The minimum inhibitory concentration of Cr2O3 nanoparticles for Enterococcus 

faecalis was observed at 2.5 mg/ml.  The zone of inhibition increases gradually as the concentration of Cr2O3 
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nanoparticles increases. Results clearly demonstrate that the synthesized Cr2O3 nanoparticles was promising 

antimicrobial agent. 

 

Fig.5 Images of Antibacterial Activity Of Different Concentration Of Cr2O3 Nanoparticles    

(4mg/Ml, 6mg/Ml, 8mg/Ml, 10mg/Ml, 12mg/Ml) On Enterococcus Faecalis 

Figure 6 shows the zone of inhibition produced by different antibiotics such as ampicillin (10 mcg), 

chloramphenicol (25 mcg), penicillin G (1 unit), streptomycin (10 mcg), sulphatriad (300 mcg), tetracycline (25 

mcg) which are taken in the form of hexa discs. It was found that Enterococcus faecalis is resistant to the 

Penicillin G, sulphatriad and Ampicillin. 

 

Fig.6 Image of Agar plate containing antibiotic discs and appearance of inhibitory zones of 

Enterococcus faecalis with different antibiotics. 

Figure 7 shows the Colony Forming Unit of Enterococcus faecalis. It is clear from the graph that the number of 

bacterial colonies decreases with increase in the concentration of the metal nanoparticles.   
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Fig.7 shows CFU with different concentrations of Cr2O3 nanoparticles. 

Aqueous dispersion of these nanoparticles at desired concentrations was made. The 50 ml of Diluted bacterial 

cells taken in different flasks. The solutions were taken in real life situations. Shaking provided bacteria aeration 

and homogeneity. Control flask containing all the initial reaction components except the Cr2O3 nanoparticles 

showed no antibacterial activity. Chromium oxide nanoparticles were added in the solution at the beginning of 

bacterial cell growth. Optical densities as a function of time measured periodically up to 24 h of control and 

solutions containing different concentrations of chromium oxide nanoparticles as shown in Fig.8. From the 

Figure 8 it was noticed that when the concentration of Cr2O3 nanoparticles was increased the growth was 

reduced.  

 

Fig.8 The effect of Cr2O3 nanoparticles on the growth of Enterococcus faecalis. 
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IV. CONCLUSION 

In the present study Cr2O3 nanoparticles of mean size 24 nm were synthesized by using Sol-gel method. 

Antibacterial study of these chromium oxide nanoparticles were investigated against Enterococcus faecalis by 

using zone of inhibition, CFU measurement and optical density methods. The zone of inhibition produced by the 

Cr2O3 nanoparticles against Enterococcus faecalis was compared with well known antibiotics. It was found that 

Enterococcus faecalis is resistant to the penicillin G, sulphatriad and ampicillin but Cr2O3 nanoparticles shows 

good antibacterial property. The MIC of Cr2O3 for Enterococcus faecalis is 2.5 mg/ml. The zone of inhibition, 

CFU estimation and optical density curves shows that the bacterial growth reduces significantly with the 

increase in concentration of Cr2O3 nanoparticles.  

REFERENCES 

[1] M. Fernandez-Garcia, A. Martinez-Arias, J. C. Hanson, J. A. Rodriguez, “Nanostructured oxides in 

chemistry Characterization and Properties”,chemical reviews 2004 Vol. 104, No. 9,  4063-4104. 

[2] Cavalcante, P.M.T., Dondi, M., Guarini, G., Raimondo, M., and Baldi, G., “Colour performance of ceramic 

nano-pigments”, Dyes Pigments, 2009, Vol. 80, 226-232. 

[3] Wanga, G., Zhang, L., Deng, J., Dai, H., He, H., and Tong, C.,“Preparation, characterization and catalytic 

activity of chromia supported on SBA-15 for the oxidative dehydrogenation of isobutene”, Appl Catal A, 

2009, Vol. 355, 192-201. 

[4] Pang, X., Gao, K., Luo, F., Emirov, Y., Levin, A.A., Volinsky, A.A., “Investigation of microstructure and 

mechanical properties of multi-layer Cr/Cr2O3 coatings”, Thin Solid Films, 2009, Vol. 517, 1922-1927. 

[5] Patah, A., Takasaki, A., Szmyd, J.S., “Influence of multiple oxide (Cr2O3/Nb2O5) addition on the sorption 

kinetics of MgH2”,  Int J Hydrogen Energ, 2009, Vol. 34, 3032-3037. 

[6] Rakesh, S. Ananda, N. Gowda, "Synthesis of chromium(III) oxide nanoparticles by electrochemical method 

and mukia maderaspatana plant extract, characterization, KMnO4 decomposition and antibacterial study", 

Modern Research in Catalysis, 2013, 2, 127-135.  

[7] C. Ramesh, K. kumar, M. Senthil, V. Ragunathan , "Antibacterial activity of Cr2O3 nanoparticles against 

E.coli; reduction of chromate ions by arachis hypogaea leaves", Archives of Applied Science Research, 

2012, 4, 1894-1900.  

[8] Hanan M M khalil,, “Influence of Chromium Nanoparticales on Activity of Erwinia carotovora and 

Pseudomonas fluorescens”, International Journal of Chemical, Environmental & Biological Sciences 

(IJCEBS), 2013, 1, 3, 492-495. 

[9] G. Singh, P. Vaipayee, I. Khatoon, A. Jyoti, A. Dhawan, K. C. Gupta, R. Shanker, “ Chromium oxide nano-

particles induce stress in bacteria : probing cell viability, ”, J. Biomed Nanotech., 2011, 7,1,166-167. 

[10] R. P. Muralidhar , S. Kanne , R. Rondla, and R. Vadde “Antibacterial active tetraaza macrocyclic 

complexes of Chromium (III) with their spectroscopic approach,” Inter. J. Chem. Tech. Res., 2009,1,2, 367-

372. 

 



 

557 | P a g e  

 

[11] L. Alrehaily, J. Joseph, A. Musa, D. Guzonas, J. Wren, " Gamma-radiation induced formation of chromium 

oxide nanoparticles from dissolved dichromate", Physical Chemistry Chemical Physics, 2013, 15, 98-107 

[12] V. Jaswal, A. Arora, M. Kinger, V. Gupta, J. Singh, "Synthesis and characterization of chromium oxide 

nanoparticles", Oriental Journal of Chemistry, 2014, 30, 559-566. 

[13] S. El-Sheikh, R. Mohamed, O. Fouad, "Synthesis and structure screening of nanostructured chromium 

oxide powders", Journal of Alloys and Compounds, 2009, 482, 302-307.  

[14] J. Mougin, T. Le Bihan, G. Lucazeau, "High-pressure study of Cr2O3 obtained by high-temperature 

oxidation by X-ray diffraction and Raman spectroscopy", Journal of Physics and Chemistry of Solids, 2001, 

62, 553-563. 

[15] Z. Pei, H. Xu,  Y. Zhang, " Preparation of Cr2O3 nanoparticles via C2H5OH hydrothermal reduction", 

Journal of Alloys and Compounds, 2009, 468, 5-8.  

[16] U. Balchandran, R. Siegel, Y. Liao, T. As- kew, "Synthesis, sintering and magnetic properties of nanophase 

Cr2O3", Nanostructure. Mater, 1995, 5, 505-512.  

[17] F. Farzaneh, M. Najafi , “Synthesis and Characterization of Cr2O3 Nanoparticles with Triethanolamine in 

Water under Microwave Irradiation” Journal of Sciences, Islamic Republic of Iran , 2011, 22(4), 329-333. 


