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Abstract- In the present work, we have investigated synthesis of cerium oxide nanoparticles (CeO, NPs)
using Curwularia lunata culturefiltrate. The synthesized CeO, NPswere characterized by TG/DTA, XRD,
Raman, PL, FTIR, UV-visible spectroscopy and TEM analyses. The synthesized nanoparticles retained
the cubic structure, which was confirmed by X-ray diffraction studies. UV-visible spectrum exhibited a
well defined absor ption peak at 298.35 nm.. TEM images showed that the NPs possessed spherical shape
and particle size range from 5 to 20 nm. Application of the synthesized CeO, NPs was investigated by
antibacterial activity, which shows a significant inhibition towards both gram positive and gram negative
bacteria.
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. INTRODUCTION

Nanotechnology has varied applications in lifestyle. Surface to the volume ratio is the high impact of
nanoparticles (NPs), and it’s containing lot of physical and chemical properties. Cerium oxide (CeO,) is a
semiconductor with wide band gap energy (3.19eV) and large exciton binding energy [1]. It is used for wide
range of applications like electronics [2], bio-sensors [3], drug delivery [4], agriculture [5], pharmaceutical and
medical [6]. Generally CeO, NPs can be synthesized by physical, chemical and green methods [7-15].
Nowadays, mycosynthesis method is more advantages as well as handled with easy process, cost effectiveness,
energy and time consume technique [16]. The fungal extracellular compounds such an enzymes, proteins and
hetero - cyclic derivatives, which act as quit promising fellow for reducing and capping agent for good bio
catalytic performance [17-20]. The past two decades, many researchers focused on transition metal
nanoparticles. Very few works has been done in the metal oxide nanoparticles synthesis. Until now, only one
attempt was found to the CeO, NPs were synthesized by Humicola sp culture filtrate [21]. However,
mycosynthesized CeO, NPs have more stability, water dispersible, high fluorescent properties and did not
agglomerate] 21-23]. So, we attempted in the synthesized CeO, NPs using C. lunata culture filtrate.In the present
investigation, synthesis and characterization of CeO, NPs using C. lunata culture filtrate and their potential
applications for antibacterial activity is discussed. To the best of our knowledge, this is the first report on the
mycosynthesis of CeO, NPs were nontoxic and high yield for large scale. It can be an aternative for the
improvement of the drugs for human diseases.

Il.. EXPERIMENTAL
A. Materials

Chemicals

Cerium (I11) chloride heptahydratre (CeCls.7H,O) was obtained from Merck. Microbiological media were
obtained from Himedia laboratories, India. Double ditilled water, analytical grade chemical and reagents were
used for all the experiments.

I dentification of fungus

The C. lunata culture was collected from PG and Research Department of Plant Biology and Plant
Biotechnology, Ramakrishna Mission Vivekananda College, Chennai. The identified fungus C. lunata have
small size of micro conidia, characterized using light microscope (Euromex, model: GE3045, the Netherlands)
at amagnification of 40X.
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Inoculation

C. lunata spores were aseptically inoculated in the Czapek-Dox-Broth (CDB) medium containing 30 g sucrose,
3 g sodium nitrate, 1 g dipotassium hydrogen phosphate, 0.5 g magnesium sulfate and 0.01 g ferrous sulfate, pH
was adjusted to 6.5 with 0.1 N NaOH or 0.1 N HCI before autoclave at 121°C and 15 Ib for 20 min.

B. synthesis of cerium oxide nanoparticles

C. lunata was inoculated in Czapek-Dox- Broth (CDB) medium. The conical flask containing medium
was incubated at 37°C and agitated at 120 rpm for 72 h. After the incubation, the fungus spores produced black
color mycelium in the medium. The fungal mycelium contain culture medium filtered through Whatman filter
paper No.1. and the filtrate was collected in 250 ml Erlenmeyer flask and stored at room temperature for further
usage. Thereafter, 3.72 g CeCl;.7H,0 salt was added to 100 ml of funga culture filtrate. This solution was
gtirred constantly at a temperature of 80 °C for 4-6 h. A white precipitate formed and then it became a yellowish
brown in color on continuous stirring. Further the precipitate was calcined at 350 and 400 °C for 2 h. Thus,
CeO, nanopowder was obtained.

C. Characterization methods

The XRD pattern was recorded using Cu Ka radiation (A=1.54060 A) with nickel monochromator in
the range of 28 from 10° to 80°. The average crystallite size of the synthesized CeO, NPs was calculated using
Scherrer’s formula [D = 0.9MBcos 68]. The Micro Raman analysis of our samples carried out using Princeton
Acton SP2500, CS spectrometer, 0.5 Focal length triple grating monochromator, excitation source Ar* laser,
514.5 nm wavelength. Photoluminescence measurement was carried out on a luminescence spectrophotometer
(Perkin Elmer LS-5513, Perkin Elmer Instrument, USA) using xenon lamp as the excitation source at room
temperature. Fourier transform infrared spectroscopy (FTIR) analysis was carried out in the range of 400-4000
cm. UV- visible spectroscopy in the wavelength range of 200-850 nm using Perkin Elmer spectrophotometer,.
The morphology of the synthesized CeO, was examined using TEM.

D. Antibacteria activity of CeO, NPs

The antibacterial activity of the synthesized CeO, NPs were examined under three Gram positive (GU )
(Staphylococcus aureus, Streptococcus pneumoniae and Bacillus subtilis) and three Gram negative (G[)
bacteria (Pseudomonas aeruginosa, Proteus vulgaris and Klebsiella pneumoniae) by disc diffusion method [24].
These six bacteria strains were grown in nutrient broth at 37 °C until the bacterial suspension reached 1.5x10°
CFU/mL. Approximately 20 mL of molten nutrient agar was poured into the Petri dishes and cooled. All the
bacterial suspension was swapped over the medium, the disc loaded in three different concentrations 10, 50 and
100 mg of CeO, NPs using sterile distilled water and they were placed over the medium using sterile forceps.
The plates were then incubated for 24 h at 37 °C. The inhibition zone formed around each discs were measured.
Each experiment was conducted in triplicate.

[1.RESULTS AND DISCUSSION

A. XRD analysis

X-ray diffraction pattern was recorded for the as synthesized material, material calcined at 350 and 4000C. The
as synthesized and 3500C calcined material did not show any clear intense peaks, which is due to the amorphous
gtate. In addition, the 4000C calcined sample exhibited four diffraction peaks at 28.490, 33.010, 47.420 and
56.280 respectively indexed with (1 1 1), (200), (2 20) and (3 1 1) planes for the cubic fluorite structure of
Ce02 in the standard data (JCPDS card no: 89-8436) [Figure.1]. It is clearly seen that the diffraction peaks
become sharper and narrower with increasing calcination temperature. The low intense peaks at 59.010, 69.340,
76.660 and 79.170 belongsto (2 2 2), (4 00), (33 1) and (4 2 0) planes. Using the Scherrer formula the average
size of the particle was estimated to be around 5 nm [20].
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Figure.1l. XRD analysis of mycosynthesized CeO, NPs

B. Micro Raman and PL analysis
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Figure.2 Raman spectrum of mycosynthesized CeO2 NPs

synthesized CeO, NPs was further elucidated by using Micro Raman spectroscopy. The Raman spectrum
exhibited a strong intense band at 463.95 cm™ [Figure.2]. The Raman active mode is attributed to a symmetrical
stretching mode of the CeO,. It generally corresponds to the F,q Raman active mode of fluorite cubic structure
[15]. Room temperature PL spectrum of the CeO, NPs sample measured using xenon laser of 290 nm. The
spectra of the CeO, sample mainly consist of six emission peaks. The weak blue bands at 363 and 378 nm, a
broad emission band at 395 nm, a weak blue band at 413 nm, again a blue band at 459 nm and weak blue green
band at 492 nm. The dependence of PL blue-shift peak on CeO, particle concentration has also been observed.
This phenomenon has been explained by charge transition from the 4f band to the valance band of the CeO,
NPs. In this sample, the weak blue and weak blue- green emissions are possibly due to surface defects in the
CeO, NPs, and the low intensity of the green emission peak due to the low density of oxygen vacancies during
the preparation of the sample. Broad peak centered at 395 nm for the CeO, sample calcined at 400°C originate
from the defect states existing between the Ce 4f state and O 2p valence band [15].
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C. UV-visible spectroscopy
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Figure.3 UV- visible spectrum of mycosynthesized CeO, NPs

synthesized CeO2 NPs in water sample was subjected to UV-visible spectroscopy analysis exhibited a well
defined absorption peak at 298.35 nm [Figure.3], which shows the CeO, NPs having a better optical property.
Usually the peak at 298 nm corresponds to the flourite cubic structure of CeO, NPs, due to the quantum size
effect of the blue shift in the UV-visible spectra and confirm that charge between the O 2p and Ce 4f states in
02- and Ce4+[3,14].
D. TEM analysis

Figure- 4. TEM image of mycosynthesized CeO2 NPs

The morphology and structure of the powders were investigated by TEM. The images with corresponding
selected-area electron diffraction (SAED) patterns and high resolution TEM images of the CeO, sample. It can
be seen that the synthesized CeO, sample contains agglomerated particles with particle size 5 nm [Figure.4].
The SAED pattern of CeO, sample resulted the characteristics ring pattern of fluorite cubic structure and they
infers the higher degree of crystallinity of CeO, NPs[25].



(IJIRSE) International Journal of Innovative Research in Science & Engineering
ISSN (Online) 2347-3207

E. Antibacterial activity

Figure.5 Antibacterial activity of mycosynthesized CeO2 NPs
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Figure.6 Antibacterial activity of mycosynthesized CeO2 NPs at different concentrations on
Gram positive and negative bacterial strains.

The antibacterial activity was performed against three Gram positive and Gram negative bacterial pathogens
using three different concentrations 10, 50 and 100 mg of CeO2 NPs. In 50 mg concentration CeO, NPs showed
a most significant effect on zone of inhibition in 3.67 £ 0.33 mm of S. pneumoniae, B. subtilis, P. aeruginosa
and P. vulgaris. The S. aureus and K. Pneumoniae exhibited a modulated effect on inhibition zonein 3.33 + 0.33
mm. In addition, 100 mg concentration showed higher activity on zone of inhibition in 5.67 + 0.33 of P.
aeruginosa and P. vulgaris. The S. aureus, S. pneumoniae, B. subtilis, and K. Pneumoniae clearly showed
average zone of inhibition at 5.33 + 0.33. So for, 100 mg concentration of CeO2 NPs has better antibacterial
activity when compared to 10 and 50 mg concentration [Figure.5-6]. Generally, antibacterial activity of metal
and metal oxide nanoparticles is due to the interaction of nanoparticles on to the bacterial cell wall by
electrostatic attraction between the negatively charged bacteria and positively charged nanoparticles. In this
interaction not only inhibit the bacterial growth and induce the reactive oxygen species (ROS) generation, which
leadsto cell death [26]. The actual mechanism of antibacterial activity of CeO, NPstakes place on theinterfere
with the bacteria cell membrane and binding with mesosome will there by dist urb the mesosomal functions of
cellular respiration, DNA replication, cell division and increased the surface area of bacterial cell membrane
these intracellular functional changes of oxidative stressinduced by ROS generation due to the cell expiry.
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IV.CONCLUSION

In summary, CeO2 NPs have been successfully synthesized using C. lunata culture filtrate. The XRD patterns,
Micro Raman spectra and SAED pattern studies suggest the formation CeO2 NPs cubic fluorite structure. The
TEM images clearly showed spherical morphology with the average size of 5 nm. synthesized CeO, NPs were
investigated by antibacterial activity. The perusal results observed at 100 migro gram CeO, NPs had most
significant effect of antibacterial activity due to the strong electrostatic forces to binding the bacteria cell
membrane to inhibit the bacterial growth. We believe that a simple, reliable, cost effective and eco-friendly
method using fungal extracellular compounds can be extended to the synthesis of other metal and metal oxide

NPs.
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