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A solution-based approach to the synthesis of silver (Ag) nanoparticles by chemical reduction of AgNO3
in a graphene oxide (GrO) suspension is demonstrated. X-ray diffraction and transmission electron
microscopy indicate that the Ag nanoparticles, of size range 5-25 nm, were decorated on the GrO sheets.
The size and shape of the Ag nanoparticles are dependent on the concentration of the AgNO5 solu-

tion. Antimicrobial activity of such hybrids materials is investigated against the Gram negative bacteria
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Escherichia coli and Pseudomonous aeruginosa. The bacterial growth kinetics was monitored in nutrient
broth supplemented with the Ag nanoparticle-GrO suspension at different conditions. It was observed
that P. aeruginosa is comparatively more sensitive to the Ag nanoparticle-GrO suspension.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Graphene, a single layer of carbon atoms closely packed into
honeycomb two-dimensional (2D) lattice, has attracted enormous
attention recently [1,2]. Its sp2 hybrid carbon network as well as
extraordinary electronic, thermal and mechanical properties are
interesting for wide range of applications [3-6]. Graphite oxide
(GO) is a basic material for the preparation of individual graphene
sheets in bulk quantity. Its large surface area, oxygen contain-
ing surface functionalities such as hydroxyl, carboxylic, carbony],
epoxide groups and high water solubility are promising for many
applications [7,8]. For instance, suspension based on functionalized
sheets of graphene or graphene oxide (GrO) provides a convenient
route to keep sheets exfoliated and available for ion or nanopar-
ticle intercalation. Metallic nanoparticles play an important role
in wide number of applications such as surface-enhanced Raman
scattering (SERS), display devices, catalysis, microelctronics, light
emitting diodes, photovoltaic cells and also in medical or biologi-
cal applications [9,10]. Moreover, nanoparticles show changes in
its electronic, optical and catalytic properties depending on the
method of synthesis [11]. Insertion of the nanoparticles on the
graphene based matrix is an important study for the exploration
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of their properties and applications. Nanoparticles such as TiO,,
Co304, Pd, Pt, Ag and Au have been achieved using GrO or reduced
GrO as substrate [12-23]. Au nanoparticles are synthesized using
chemical reduction of HAuCl, with NaBH,4 in graphene octadecy-
lamine suspension [18]. Composites of GrO sheets decorated with
magnetic nanoparticles such as iron oxide are developed recently
[24]. Multicomponent catalyst systems are developed by anchor-
ing metal and semiconductor nanoparticles at separate sites on
reduced GrO substrates. As evident from the literature the func-
tionalization of metal nanoparticles on the graphene based surfaces
produces new hybrid materials which have potential importance in
the areas such as optics, electronics, catalysis and sensors [7]. The
biological studies of graphene and its composite materials are rela-
tively limited. However, recent attention has been drawn towards
the antimicrobial activity of graphene and its composites mate-
rials [23,25,26]. Shen et al. recently reported the Ag-chemically
converted graphene (CCG) nanocomposite that shows very good
antibacterial activity against Colibacillus, S. aureus and C. albicans
[23]. Ag-CCG reported to show the high disinfection ability and
completely destroys the bacterial cultures.

Silver (Ag) is an attractive material for its distinctive properties,
such as good conductivity, chemical stability, catalytic activity and
antimicrobial activity [27]. Ag nanoparticles are used in antimicro-
bial applications since the antimicrobial effect of Ag ions is well
known [28-31]. Ag nanoparticles showed cytoprotective activity
towards HIV-1 infected cells [32]. It is being used in the med-
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ical field as well as in water and air filtration [33-35]. Hybrid
materials of Ag nanoparticles with amphiphilic hyperbranched
macromolecules are synthesized for use in surface coatings because
of its antibacterial activity [36]. The surfaces coated with Ag
nanoparticles embedded paint based on vegetable oil showed
excellent antimicrobial properties [37]. The water related diseases
like diarrhea and dehydration can be reduced by improving the
microbial quality of the drinking water. The bactericidal activ-
ity can be reduced by the use of the Ag deposited carbon filters
[38-40]. Bioaerosol are the airborne particles which cause chronic
diseases. These bioaerosol develop in the ventilating, heating and
air-conditioning system in humid atmosphere. The use of Ag coated
activated carbon filter (ACF) effectively removes bioaerosols [41].
There are several commercial products for wound treatment that
contain Ag as an antimicrobial agent. Nanocrystalline Ag in wound
dressings is used to treat ulcers, and Ag sulfadiazine is used in pastes
or creams for treating burn wounds [42].

A desire to exploit the unique biomedical properties of Ag
nanoparticles led us to synthesis Ag nanoparticles on GrO matrix.
We believe that the hybrid material of Ag nanoparticles where a
layered material like GrO is used as matrix can induce binding
capability that usually lacks in Ag nanoparticles alone and thus
enhance its antimicrobial activity. So far Ag nanoparticles are syn-
thesized on GrO substrate in the presence of KOH without any
reducing agent [15]. The hydroxyl groups present in the hexago-
nal basal plane play a crucial role for the reduction of the Ag salt.
The phenols undergo deprotonation in the presence of KOH and
produce phenolate anions. These phenolate anions take partin elec-
trophilic substitution by transferring electron to the Ag ion to form
the metallic Ag. Zhou et al. reported the one step in situ synthe-
sis of Ag nanoparticles on GrO or reduced GrO substrate without
using any surfactant or reducing agent [12]. GrO substrate was
prepared by adsorption of GrO on 3-aminopropyltriethoxysilane
(APTES) modified SiOy substrate. This substrate was immersed in
an aqueous solution of AgNO5 under N, protection and heating at
75°C. The electron in the negatively charge GrO substrate is partic-
ipated for the reduction of Ag ion to get the metallic Ag. Recently
Shen et al. reported the solution based synthesis of Ag nanoparti-
cles in CCG suspension with mixed reducing agent, ethylene glycol
and NaBH, [23]. They have investigated the SERS activity and the
antibacterial activity of the synthesized Ag-CCG composite. Herein
we report solution phase synthesis of Ag nanoparticles by reduc-
tion of AgNO3; on GrO matrix with NaBH,4 as a reducing agent at
normal atmospheric conditions and its in situ characterization. The
antimicrobial activity of Ag nanoparticles on GrO is also studied in
details against the Gram negative bacteria Escherichia coli (E. coli)
and Pseudomonous aeruginosa (P. aeruginosa).

2. Materials and methods
2.1. Materials

Graphite powder (<20 micron) was purchased from Sigma-
Aldrich, Germany and used as-received. AgNO3 (99.8%, Qualigens,
India), NaBH4 (>99%, S.D. Fine, India), hydrochloric acid (AR grade,
Qualigens, India), H,0, (30% (w/v), Qualigens, India), KMnO4 (>99%,
NICE-Chemical, India), nutrient broth (g/1, peptone 5 g, beef extract
3 g, sodium chloride 5 g; pH 7; HiMedia, Mumbai, India) were used
as-received and without any further purification.

2.2. Preparation of GrO

GO was prepared from powder graphite adopting Hummer and
Offeman method [43]. Generally, 1 g of graphite powder was added
to 23 mLof concentrated H,SO4 inanice bath. KMnOy4 (3 g) was then

added slowly with stirring and cooling to keep the temperature of
the reaction mixture below 20 °C. The temperature of the reaction
mixture was increased and maintained at 35°C for 30 min. When
46 mL of deionized water was added slowly to this mixture temper-
ature was increased to 98 °C. After 15 minutes 140 mL of deionized
water was added followed by 10 mL of 30% H, O, solution. The solid
product was separated by centrifugation. It was washed repeat-
edly with 5% HCI solution until the sulfate ions are removed and
then washed with distilled water repeatedly until it becomes free
of chloride ions. The product was then filtered and washed 3-4
times with acetone to make it moisture free and the residue thus
obtained was dried in an air-oven at 65 °C overnight. The GO was
suspended in water and exfoliated through ultrasonication for 3 h.
A homogeneous reddish brown solution of GrO nanosheets was
obtained. This GrO-water suspension was used as a matrix for the
preparation of the Ag nanoparticles.

2.3. Preparation of Ag nanoparticles on GrO

Ag nanoparticles were prepared by reducing AgNOs; with
NaBH4 in presence of GrO suspension. In the typical pro-
cedure, 10mL of homogeneous suspension of GrO was
mixed with the desired amount of aqueous AgNOs5; solution
(1 x103moldm=3, 2x10~3moldm—3, 4x 103 moldm~3 and
8 x 1073 mol dm—3 AgNO3). The reaction mixture was stirred for
30 min at room temperature before addition of the reducing agent.
1mL of 0.01 moldm~3 freshly prepared solution of NaBH4; was
added slowly to the reaction mixture of AgNO3-GrO suspension
under vigorous stirring. The color of the reaction mixture turns
into dark brown to grey depending on the concentration of the
AgNOs. The reaction mixture was stirred for another 5h for the
complete reduction at room temperature.

2.4. Antibacterial activity of Ag nanoparticles

The antibacterial activity of Ag nanoparticles was studied
against Gram negative bacterial strains, E. coli and P. aeruginosa.
The bacterial strains were grown in nutrient broth (NB) at 30°C
with continuous shaking at 200 rpm for 24 h. The bactericidal effect
was studied in nutrient agar medium by using 60 p.L of suspension
of Ag nanoparticles synthesized with different concentrations of
AgNO3 (1 x 103 moldm=3,2 x 103 moldm~3, 4 x 103 moldm—3
and 8 x 10~3moldm—3 AgNO3) and 60 L of bacterial cultures
(approx. 108 Colony-forming unit [CFU]) by agar well diffusion
assay [44].The zone of inhibition was recorded after 24 hincubation
at30°C.

2.5. Bacterial growth kinetics

The bacterial growth kinetics was studied by colorimetric
method [30]. 5 wL of bacterial suspension was inoculated individ-
ually in 10 mL of NB supplemented with 5 L of different doses of
Ag nanoparticles, it was incubated at 30+ 1°C temperature with
continuous agitation at 200 rpm. Growth kinetics was determined
by measuring optical density at 660 nm at every 1h interval from
the time of inoculation with 3 replications.

2.6. Characterization

Preliminary characterization of formation of Ag nanoparticles
was made by UV-Visible spectroscopy. UV-Visible spectra were
recorded in the range between 200 and 800 nm using Specord 200
(Analytik Zena, Germany). The Ag nanoparticle-GrO suspension
was diluted 10 times to record the UV-Visible spectra.

X-ray diffraction (XRD) measurement was carried out by Rigaku
X-ray diffractometer (Model: ULTIMA IV, Rigaku, Japan) with Cu Ko
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X-ray source (A =1.54056 A) at a generator voltage 40kV, a gener-
ator current 40 mA with the scanning rate 2° min—!.

The high resolution transmission electron microscopy (HRTEM)
images were taken by a TECNAI-T 30 model instrument operated
at an accelerating voltage of 300kV. Samples for HRTEM imaging
were prepared by placing a drop of the solution sample in deionised
water onto a carbon-coated Cu grid (3 nm thick, deposited on a
commercial copper grid for electron microscope), dried in air and
loaded into the electron microscopic chamber.

3. Results and discussion

The preliminary investigations of the formation of the Ag
nanoparticles on GrO-water suspension are carried out by
UV-Visible spectroscopy. The UV-Visible spectra of the Ag
nanoparticles on GrO-water suspension using different concentra-
tions of aqueous AgNO3 solution is shown in Fig. 1. The appearance
of characteristic surface plasmon band at 400 nm indicates the for-
mation of Ag nanoparticles on GrO-water suspension [45]. The
surface plasmon band of the Ag nanoparticles is appeared at 400 nm
when 1x 103 moldm—3 and 2 x 10-3 moldm—3 of AgNO;3 solu-
tions are used to prepare Ag nanoparticles. However, the absorption
band is shifted to longer wavelength in case of higher concen-
trations of AgNO3 (407 nm for 4 x 103 moldm~3 and 417 nm for
8 x 10~3 moldm~3). The shifting of the absorption peak towards
longer wavelength for the higher concentration of AgNO3 indicates
the formation of larger Ag nanoparticles, with different shapes and
sizes [46]. This is also supported by transmission electron micro-
scope (TEM) analysis. A hump at 350 nm in case of synthesized Ag
nanoparticles using 4 x 10~3 moldm—3 and 8 x 10-3 moldm—3 of
AgNOs3 implies polydispersity of the size and shape of the nanopar-
ticles [47]. Usually surface plasmon band shifts depending on the
particle size, shape, chemical surrounding, adsorbed species on the
surface and dielectric constant [48,49].

The formation of the Ag nanoparticles is further confirmed by
XRD analysis. The XRD patterns are shown in Fig. 2. The promi-
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Fig. 1. UV-Visible absorption spectra of the Ag nanoparticle-GrO suspension in
aqueous medium. (a) GrO, (b) 1x 1073 moldm~3 AgNOs, (c) 2 x 10~ moldm—3
AgNO3, (d) 4 x 10-3 moldm~3 AgNOs, and (e) 8 x 103 moldm—3 AgNOs.

(111)
‘ (AP NV
‘ _,,...,/\”...w

(220) (311) 6 8 10 12 14
(e)

r T

! (d)

Intensity (a.u.)
£

(c)

P 1
40 50 60 70 80 90 100
2Theta (degree)

Fig. 2. XRD of the synthesized Ag nanoparticles using different concentration of the
AgNOs solution (a) GrO, (b) 1 x 10~3 mol dm—3 AgNOs, (c) 2 x 103 moldm~3 AgNO3,
(d) 4 x 1073 moldm—3 AgNOs, and (e) 8 x 10~ moldm~—3 AgNO3.

nent peak at 20 values of about 38.1°, 44.3°, 64.5° and 77.5° are
assigned to the (111), (200), (220) and (311) crystallographic
planes of face-centered cubic (fcc) Ag nanoparticles, respectively
[JCPDS card No. 07-0783]. The corresponding d-spacing values of
the Ag nanoparticles are 2.36, 2.04, 1.44 and 1.23 A, respectively.
It is also observed that the d-spacing value of the synthesized Ag
nanoparticles using different concentration of the AgNO3; remains
almost constant for the each crystallographic plane. XRD pattern
(Fig. 2) show that the peaks for (111) and (200) planes of the
Ag nanoparticles are prominent for all the AgNO3 concentration
range used. Whereas the peaks for other two planes (220) and
(311)of the Ag nanoparticles could not be detected in low concen-
tration range (1 x 103 moldm~3 and 2 x 10-3 moldm—3). On the
other hand all four crystallographic planes(111),(200),(220)and
(311) are distinct for the nanoparticles synthesized using AgNO3
concentration of 4 x 103 moldm~3 and 8 x 10~3 moldm~3. The
high intense diffraction peak observed at 38.1°, corresponding to
the crystalline Ag, confirms that the nanoparticles are composed
of pure crystalline Ag. The crystallite size of the Ag nanoparticle
is calculated by Sherrer equation using PDXL software. The full
width half maxima (FWHM), crystallite size and crystalline lat-
tice constant ‘a’ of the synthesized Ag nanoparticles using different
concentrations of AgNOs3 are presented in Table 1. The calculated
lattice constant value ‘a’ (4.086 + 0.003) is found to be in very good
agreement with the literature value (4.0862) (JCPDS card No. 04-
0783).

XRD (inset Fig. 2) also shows that the regular layered struc-
ture of GO is completely destroyed at the concentration of
8 x 103 moldm—3 AgNOj3 solution. The insertion of Ag nanopar-
ticles on GrO sheets prevents restacking of the layered structure of
GO [22]. Due to the formation of larger particle of Ag nanoparticles
on GrO matrix, the prominent peak of GO at 10.14° (26) disappeared
when higher concentration of 8 x 10~3 moldm~3 AgNOj3 solution
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Table 1

FWHM, crystallite size and lattice constant are calculated from XRD of synthesized Ag nanoparticles.

Parameters 1 x 1073 moldm—3 AgNO; 2 x 1073 moldm~3 AgNO3 4 %1073 moldm~3 AgNO3 8 x 10-3 moldm~3 AgNO3
FWHM (degree) 0.71 0.383 0.323 0.333

Crystallite size (nm) 12 23 27 26

Lattice constant ‘a’ (A) 4.0880 4.0830 4.0862 4.0890

was used. XRD results confirm the formation of the Ag nanoparticles
on the GrO matrix.

TEM images of Ag nanoparticles (Fig. 3) show the wide distri-
bution of particles ranging in the diameter of 5-25nm. Fig. 3(a)
shows that the smaller particles are spherical in shape where as the
larger nanoparticles are in an elongated form. The elongated shape

could be the result of the aggregation of the two or more particles
together (Fig. 3(b)-(d)). The size and shape of the Ag nanoparti-
cles are also influenced by the concentration of AgNO3 solution.
Most of the nanoparticles are spherical in shape when synthesized
using 1 x 10~3 mol dm~3 of AgNOs solution. As observed in Fig. 3(c)
and (d), the synthesis of the Ag nanoparticles using higher concen-

Fig. 3. TEM images of Ag nanoparticles on the GrO sheets (a) Ag nanoparticles synthesized at 1 x 10-3 moldm~3 AgNO3, (b) Ag nanoparticles synthesized at 2 x 103 moldm—3
AgNO3, (c) Ag nanoparticles synthesized at 8 x 10~3 moldm~3 AgNOs, inset: corresponding SAED image, (d) Ag nanoparticles synthesized at 8 x 10~3 moldm~3 AgNO3, (e)
SAED image of the Ag nanoparticles synthesized using 1 x 10~ mol dm~3 concentration of AgNOs, (f) HRTEM images of the Ag nanoparticles synthesized at 1 x 10~ moldm~3

AgNOs, (g) HRTEM with fringe spacing, and (h) enlarge image of fringe spacing.
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tration of Ag salt (8 x 10-3 moldm—3) produces variable particle
shapes. At this concentration nanoparticle with different shapes
such as spherical, triangular, pentagonal, ellipsoid and rod are
obtained. Nanoparticles are seen to be agglomerating when con-
centration of AgNOs solution used is higher than 2 x 103 mol dm—3
resulting in formation of bigger particles. Fig. 3(c) and (e) shows
selected area electron diffraction (SAED) patterns of synthesized Ag
nanoparticles with concentration of AgNO3 as 8 x 1073 moldm—3
and 1 x 10-3 moldm™3, respectively. It indicates the crystalline
nature of the Ag nanoparticles. The diffraction dots are resolved in
the SAED images, implying the crystalline nature of the Ag nanopar-
ticles. The HRTEM images of Ag nanoparticle embedded on the GrO
sheets are shown in Fig. 3(f) and (g). TEM image of the transparent
silk waves of the GrO sheets indicates that the Ag nanoparticles are
deposited on the GrO support. The crystal lattice of Ag nanoparticles
as well as fringes of GrO are resolved at few regions. The measured
fringe lattice of Ag nanoparticles is found to be 0.236 nm which
corresponds to the (11 1) crystal plane (Fig. 3(g) and (h)) [15].
There are few reports on the Ag nanoparticles decorated on
the GrO sheets. Recently Shen et al. reported the solution based
synthesis of Ag nanoparticles in CCG using mixed reducing agent
and found the homogeneous distribution of Ag nanoparticles of
size range 5-10nm on CCG [23]. The average crystallite size of the
Ag nanoparticles from the (111), (200) and (2 2 0) XRD crystallo-
graphic plane based on Sherrer’s equation was 8 nm which is also
supported by the TEM analysis. Pasricha et al. also reported the
solution-based synthesis of Ag nanoparticles into the GrO sheets
without using any reducing agent [15]. In this report it is con-
firmed by TEM analysis that the Ag nanoparticles of size ranged
3-12nm were decorated on to the GrO sheets. Formation of big-
ger particle due to agglomeration of the smaller particles was also
observed. Lu et al. reported a novel synthesis method for the deco-
ration of aerosol Ag nanocrystals on the GrO sheet [13]. The aerosol
Ag nanocrystals were synthesized using a mini-arc plasma reactor
and subsequent deposition of as-synthesized nanocrystals onto a
GrO. HRTEM analysis conformed that the Ag nanocrystals of about
5-10 nm were attached to the GrO sheet. Zhou et al. also reported
the single step in situ synthesis of Ag nanoparticles on single layer
GrO or reduced GrO surfaces under thermal condition without
any surfactant or reducing agent [12]. This method resulted Ag
nanoparticles in the size range of few nanometers to 1 um with non
uniform size. Whereas the Ag nanoparticles, obtained by using solu-
tion phase synthesis, the method reported in this study, are about

5-25nm in size with variable shape. It is also observed that the
shape of the nanoparticle is dependent on concentration of AgNO3
solution.

The bactericidal test was performed against two Gram neg-
ative bacteria, E. coli and P. aeruginosa on nutrient agar plates
containing 60 L of different Ag nanoparticle-GrO hybrids. It
was observed that both the bacterial strains were sensitive
to synthesized Ag nanoparticles by using different concentra-
tions of AgNO3 (1 x 103 moldm~3 (AgNP1), 2 x 10-3 moldm3
(AgNP2), 4 x 10-3 moldm—3 (AgNP3), 8 x 10~3 mol dm~3 (AgNP4))
and recorded zone of inhibitions from 7 to 26 mm (Fig. 4). It was also
observed that P. aeruginosa was comparatively more sensitive to the
Ag nanoparticles and produced maximum growth inhibition zone
(26 +1.53 mm, n =3, n=numbers of experimental results) of AgNP4
followed by inhibition zone of AgNP3 (23 +1mm, n=3), AgNP2
(19+1.53 mm, n=3) and AgNP1 (16 £ 1.15 mm, n=3) suspension
(Fig. 4). However, E. coli exhibited maximum growth inhibition of
AgNP4 (18 £0.58 mm, n=3) followed by AgNP3 (13 +1mm, n=3),
AgNP2 (10+1.53 mm, n=3) and AgNP1 (7 +1 mm, n=3) suspen-
sion (Fig. 4). The zone inhibition of E. coli and P. aeruginosa with
different Ag nanoparticles are depicted in Fig. 5. It shows that
the variation in concentration of AgNO3 used for the synthesis of
Ag nanoparticles affects bacterial growth. Shen et al. investigated
the antibacterial activity of Ag-CCG composite against Colibacillus,
Staphylococcus aureus and Canidia albicans bacteria [23]. However,
the detailed investigation on the antibacterial activity of this hybrid
material is not reported.

The bacterial growth kinetics is monitored in 10 mL nutrient
broth supplemented with synthesized Ag nanoparticles at differ-
ent conditions. It showed that the nanoparticles prepared using
different concentration of AgNO5; caused a growth delay of P.
aeruginosa and E. coli. The growth delay follows the order as
AgNP1<AgNP2 < AgNP3 < AgNP4 (Fig. 6a and b). Increasing the con-
centration of the nanoparticles increases the growth delay of P.
aeruginosa and E.coli, indicates that the concentration of the Ag
nanoparticles is a prime parameter for the antibacterial activity.
Recently Pal et al. reported the shape dependence of the antibac-
terial activity of Ag nanoparticles against E. coli, both in liquid
system and agar plate [30]. There are some reports on the study of
the antimicrobial effect of Ag nanoparticle immobilized on carbon
based materials [50-52]. Carbon-based nanomaterials (CBNs) such
as single walled carbon nanotubes (SWNTs), multiwalled carbon
nanotubes (MWNTs), aqueous phase C60 nanopartilces (ag-nC60)

Fig. 4. Zone of inhibition produced by different concentrations of Ag nanoparticles with bacteria: 1, control (GrO); 2-5, zone of inhibition produced with P. aeruginosa by
AgNP1, AgNP2, AgNP3 and AgNP4 of the suspension of nutrient agar of nanoparticles respectively; 6, control (GrO); 7-10, zone of inhibition produced with E. coli by AgNP1,
AgNP2, AgNP3 and AgNP4 of the suspension in nutrient agar of nanoparticles respectively.
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Fig. 5. Effect of Ag nanoparticles on growth of P. aeruginosa and E. coli; Ps: P.
aeruginosa; Ec: E. coli. Ps1, Ps2, Ps3 and Ps4 stand for inhibition zone produced
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Fig. 6. Growth kinetics curve of (a) P. aeruginosa and (b) E. coli in NB.

and colloidal graphite induced bacterial cytotoxicity and SWNTs
exhibited the highest cytotoxicity towards E. coli, P. aeruginosa,
Bacillus subtilis and Staphylococcus epidermis [50]. They also studied
the bacterial cytotoxicity of CBNs against Gram negative bacteria
and Gram positive bacteria in presence of Suwannee River-natural
organic matter (SR-NOM). The surface modification of nanomate-
rials by NOM reduces the deposition and attachment of bacteria
on the surface of the nanomaterials. Similarly, Kang et al. reported
that highly purified SWNTs exhibit strong antimicrobial activity
and showed that E. coli has undergone severe membrane damage
and subsequent lost of viability due to SWNTs [52]. Yaun et al. inves-
tigated the antimicrobial effect of functionalized MWNTSs against
S. aureus, E. coli and P. aeruginosa [51]. They found that dendrimer
modified MWNTs and Ag nanoparticle immobilized MWNTs shows
stronger antimicrobial effect than MWNTSs against all three bac-
teria. In our study also graphene oxide alone does not show the
antimicrobial effect against E. coli and P. aeruginosa barcteria. But
Ag nanoparticle modified graphene oxide sheets show good antimi-
crobial properties. The mechanism of inhibitory action of Ag ions
on microorganisms show that DNA loses its replication ability and
expression of ribosomal subunit proteins as well as some other cel-
lular proteins and enzymes due to Ag treatment [53]. It was also
anticipated that a bacterial cell in contact with Ag nanoparticles
takes in Ag ions, which inhibit a respiratory enzyme(s), facilitat-
ing the generation of reactive oxygen species and consequently
damaging the cell.

4. Conclusions

We have demonstrated the synthesis of Ag nanoparticles in solu-
tion phase chemical reduction of AgNO3; with NaBH, in presence
of GrO suspension. The size and shape of the Ag nanoparticles
are dependent on the concentration of Ag salt. The nanoparticle
of different shape such as spherical, triangular, pentagonal, ellip-
soid and rod are obtained at the higher concentration of the Ag salt
(8 x 103 mol dm~3). The synthesized Ag nanoparticles show good
antimicrobial activity against the Gram negative bacteria E. coli and
P. aeruginosa which is dependent on size and shape of Ag nanopar-
ticles. The as-synthesized Ag nanoparticles can be useful for several
applications in biological area as well as materials science.
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