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Abstract

Graphene oxide (GO) is a biocompatible nano-material possessing good antibacterial activity. In GO sp*- bonded
carbon atoms arranged in a single layered two-dimensional hexagonal pattern and the edges of nanoparticles contain
functional exogenous oxygen bearing groups such as hydroxyl, carbonyl, carboxylic and epoxy group, which makes
the atomic layer hydrophilic and expand interlayer distance. They have tremendous application in catalysis,
composite materials, solar energy, biosensors and biomedical application. The present work deigned to prepare
graphene oxide nanoparticles (GONPs). Antimicrobial activity of prepared NPs is investigated against Bacillus
subtilis, Saphylococus epidermidis, Pseudomonas aeruginosa and Enterobacter aerogenes. Characterizations of
GONPs were examined by Raman Spectra, SEM (scanning electron microscope). SEM studies indicate that the
GONPs of size range 50-60 nm. The GONPs had shown maximum zone of inhibition (ZOl) i.e12 mm in E.

aerogenes
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Introduction

Graphene oxides have currently emerged as
a new carbon- based nanoscale particle that
provides an alternative path to graphene due
to its extraordinary properties like large
specific surface area volume ratio and low
production cost (Stankovich, et al., 2006;
Zhao, et al., 2010). It’s a single layered
material made up of oxidize graphite which
available in large quantities at inexpensive
prices. Structurally, the graphene oxide is
very similar to a graphene sheet with its base
having oxygen containing groups such as
hydroxyl, carbonyl groups, carboxylic and
epoxy group (Lerf, et al., 1998, lvey, et al.,
2008). Since these groups have a high
affinity to water molecules i.e. hydrophilic
and can be easly dissolved in water and
other solvents alows it to be informally
deposited on to wide ranging substrates in
the form of thin films, which makes it
potentially useful for micro-electronics
(Eda, et al., 2008).

Recently, graphene oxide has gained more
attention because it is functionalized easily
with fluorescent probe and other compatible
biomolecules (Liu, et al., 2010 and 2011,
Pham, et al., 2011). These unique properties
of GO make it a promising nanomaterial for
bioapplication. Industrially produced
graphene oxide could be used for wide range
of application such as solar cell (Xinjuam,
et al., 2012), hydrogen storage(Wang, et al.,
2007), transparent conductive films (Park, et
al., 2010), Polymer composite (Zhang, et al.,
2009, Eda and Chhowalla, 2009), Paper like
materials (Dikin, et al., 2007), biomedicine
(Mohanty and Berry, 2008; Y ousefim, et al.,
2012; Bykkam, et al., 2013), fabricating
nanoel ectronic devices (Bunch, et al., 2007),
energy storage devices (Liu, et al., 2010),
biosensors (Prabhakar, et al., 2008; Lu, et
al., 2009; Zhou, et al., 2010; Yancai, et al.,
2013), catalysis (Chauhan, et al., 2011) and
transparent electrodes (Zhang, et al., 2010).
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In recent years tremendous attention has
been drawn regarding the antimicrobia
activity of graphene and its functionalized
NPs (Akhavan and Ghaderi, 2009; Zhu, et
al., 2010; Hu et al., 2010, Shen, et al., 2010;
Das, et al., 2011; Guo, et al., 2012; Shaohin,
et al., 2012). Bykkam et al. recently
synthesized GONPs that shows very good
antibacterial activity against Klebseilla and
Staphylococus bacteria species (Bykkam, et
al., 2013)

In the present study, GONPs were prepared
and their antibacteria activity was
investigated against Gram-positive and
Gram-negative bacteria i.e. Bacillus subtilis,
Saphylococus epidermidis, Pseudomonas
aeruginosa and Enterobacter aerogenes.

Materialsand Methods
Synthesis of Graphene Oxide Nanoparticles

Graphene oxide (GO) was synthesized
according to Hummer’s method (Hummers,
1958) by using Graphite flakes, sodium
nitrite, Hydrogen peroxide (30%), Sulphuric
acid (70%), and Potassium permanganate
(99%). KMnO4 (9 g) was added in portions
to a cooled (0 °C) solution of conc. H2SO4
(69 ml) containing graphite (3 g) and
NaNOs (1.5 g). The mixture was stirred at
room temperature for 5 days. Distilled water
(138 ml) was added slowly to the reaction
mixture while the temperature was kept well
below 98 °C for 3 h. The resultant bright-
yellow suspension was diluted and a
solution of H2O. (6 ml) was added drop
wise. The reaction mixture was centrifuged
and washed to remove the remaining salts.
The wet GO was dewatered by vacuum
drying (50 °C). Aqueous colloids of single
layer graphene oxide nanosheets were
produced by exfoliation of graphite oxide
dispersed in deionized water with
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ultrasonication. For the preparation of
Reduced Graphene Oxide, Graphite oxide
(75 mg) was dispersed in water (75 ml) with
sonication and sodium borohydride (600
mg) was added to the GO dispersion after
the pH being adjusted to 9-10 with 5 %
sodium carbonate solution. The mixture was
then kept at 80 °C for 1 h under constant
stirring. During reduction, the dispersion
turned from dark brown to black
accompanied by out gassing. This mixture
was then centrifuged at 10,000 rpm for 15
minutes and washed 3-4 times with distilled
water to remove all the impurities. Which
result in the synthesis of graphene oxide
nanoparticles (Chauhan, et al., 2011).

Characterization

The surface morphology and microstructure
of the prepared GONPs was characterized
by Carl ZEISS-SMART SEM (Scanning
Electron  Microscopy) and Raman
spectroscopy (Dilor XY-800 spectrometer),
using 514 nm wavelength of an argon-ion
laser.

Antimicrobial Assay of GONPS

Antimicrobial assay of  synthesized
nanoparticles was done on Bacillus subtilis,
staphylococcus epidermidis, Pseudomonas
aeroginosa and Enterobacter aerogenes by
disc diffuson method. Sterile 6mm of
diameter of whatman no.1 filter paper disks
were prepared by applying 100 pg/ml of
synthesized GONPs and streptomycin as
standard for bacteria. The disc was dried in
hot oven until it gets fully dry. On the other
hand suspension of bacteria was made and
O.D. was taken of the suspension after
growth of 24 hrs. For bacteria standard O.D.
is between 0.1-0.8 at 600nm. Whereas, O.D.
of E. aerogenes, B. subtilis, P. aeroginosa
and S epidermidis found to be 0.8, 0.6,
0.75 and 0.5 respectively. The test
organisms were sub-cultured in nutrient
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broth media for 12 hrs. These cultures were
used for antimicrobial assay .The nutrient
agar media was poured in sterile petriplates
under sterile conditions and left to solidify.
About 100ul of bacterial suspension was
uniformly spread on media and disks were
placed in the centre of the petriplate. One
standard antibiotic disc was placed in a
petriplate as a control. The culture plate
were incubated at 37° C and the zone of
inhibition (ZOI) was measured after 24hrs
(Shamelie, et al., 2012).

Results and Discussion
Raman Analysis

Raman spectroscopy is a non-destructive
technique that is widely used to obtain
structural information about carbon-based
materials. The main features in the Raman
spectra of graphitic carbon based materials
are the G and D peaks and their overtones.
The first-order G and D peaks, both arising
from the vibrations of sp2 carbon, appear at
around 1580 cm-1 and 1350 cm-1,
respectively. The G peak corresponds to the
optica Eog phonons at the Brillouin zone
center resulting from the bond stretching of
sp2 carbon pairs in both, rings and chains.
The D peak represents the breathing mode
of aromatic rings arising due to the defect in
the sample. The D-peak intensity is
therefore often used as a measure for the
degree of disorder. The shift and shape of
the overtone of the D peak, called as 2D
peak around 2680 cm-1, can be correlated to
the number of graphene layers (N). The 2D
peak is attributed to double resonance
transitions resulting in the production of two
phonons with opposite momentum. Further,
unlike the D peak, which is Raman active
only in presence of defects, the 2D peak is
active even in the absence of any defects.
Typical Raman spectrum of GO obtained at
an excitation wavelength of 532 nm is
shown in Fig 1. The prominent D peak at
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~1392 cm-1 with an intensity comparable to
the G peak ~1592 cm-1 along with their
large band width are indicative of significant
structural disorder in GO.

Scanning Electron Microscopy Analysis

The SEM micrographs of synthesized GO
with different scale bars are given in Fig.2.
From the figure, it can be observed that
graphene oxide has layered structure, which
affords ultrathin and homogeneous graphene
films. Such films are folded or continuous at
times and it is possible to distinguish the
edges of individual sheets, including kinked
and wrinkled areas.

Antibacterial Activity Studies

The observation was recorded and
summarized in Table 1. As shown in Table
1, GONPs samples generally exhibit
antibacterial activity. The activity of sample
was identified by the formation of zone of
inhibition at 37°C after 24hr. The presence
of zone of inhibition conformed inhibitory
antibacterial activity of GONPs. The zone
surrounding the sample is clear that shows
complete zone of inhibition. The space
surrounding the complete zone of inhibition
is partial zone of inhibition where the
activity decreases than complete zone of
inhibition.

The study revealed that GONPs had shown
highest toxicity against S epidermidis (12
mm ZOIl) and E. aerogenes (12 mm ZOl)
Whereas, lowest on B. subtilis (9 mm ZOl)
and P. aeroginosa (7 mm ZOl) as compared
to sandard drug i.e. streptomycin
(100pg/ml). GONPs could bind on the
surface of bacterial cell through hydrogen
bonds between the bacteria's
lipopolysaccharides and the exogenous
oxygenated functional groups of GO. Hence,
GONPs could prevent the nutrient uptake
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process of the bacterial cell (Daset a 2011).
GONPs could induce cellular damage of
bacterial cell and the cytoplasm flowing out
due to either oxidative stress or physical
disruption (Hu, et al., 2010).

Conclusion

Graphene oxide aso possesses non-

toxological effects and hence can be widely
used in medicinal research. Due to

Raman Spectra:
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antimicrobial activity of graphene oxide,
they can also be employed in dental resin
composites, bone cement, ion exchange
fibers and coatings for medical devices,
biosensors and nano-biotechnol ogy research.
The results showed that graphene oxide
nanoparticles presented good antibacterial
activity effective against common human
pathogenic microorganism.
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Figurel. Raman Analysisof graphene oxide nanoparticles
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Figure2. SEM Analysisof graphene oxide nanoparticles
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Table 1. Zone of inhibition of antimicrobial activity for graphene oxide as compared to
streptomycin

Bacteria GONPs(100pg/ml) | Streptomycin(100ug/ml)
Bacillus subtilis 9mm 10 mm
staphylococcus epidermidis 12 mm 10 mm
Pseudomonas aeroginosa 7 mm 15 mm
Enterobacter aerogenes 12 mm 12 mm

Figure 4. Antibacterial activity of 100ug/ml graphene oxide nanoparticles and antibiotics.
Comparative graphical representation of inhibition zones.
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