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A novel single step chemical route for noble metal nanoparticles
embedded organic–inorganic composite films
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Abstract

A novel single step chemical route is described to embed the silver and gold nanoparticles in composite films. The embedded composite
films were characterized with, UV–vis, TEM and XPS analysis. The sizes of the noble metal nanoparticles are in the range of 12–16 nm.
Potential possibilities as antimicrobial coating againstEscherichia coli is presented.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The nanoparticles of noble metals have found potential
applications in various fields like microelectronics, opti-
cal, electronic[1] and catalytic properties[2]. There have
been numerous recent reports to fabricate the nanoparticles
in one-dimensional, two-dimensional nanostructured mate-
rials for controlling the shapes and particle sizes[3]. To
realize the potentialities of noble metal nanoparticles in
technological and biological applications, they should be
entrapped/embedded in polymer matrix, these can be made
into thin films or scaffolded. Polyoxometalates are metal
oxide clusters, discrete and well defined at atomic level with
extensive structures and properties[4]. Polyoxometalates
with Keggin type structures undergo stepwise multielectron
redox process without structural modification by electro-
chemical, photochemical or radiolytical means. Troupis et
al. have employed polyoxometalates as photocatalysts and
stabilizers to prepare noble metal nanoparticles in homoge-
neous medium[5]. Recently, similar synthetic strategies have
been adopted to prepare Au–Ag core shell nanoparticles and
gold nanosheets[6].

Aymonier et al.[7] have demonstrated that the encaps
tion of silver nanoparticle in hyperbranched polymer, exh
antimicrobial activity. Silver coated catheters prevented
adherence and growth ofEscherichia coli andPseudomonas
aeruginosa in vitro without causing cell toxicity[8].

The embedded silver and gold nanoparticles in diele
matrices have been reported and their non-linear optical
erties were studied. Several approaches have been re
to embed the noble metal nanoparticles in various mat
such as silica, alumina, borate glass and MgO by spu
ing, ion implantation, thermal vapor deposition and ra
frequency magnetron co-sputtering[9]. All these method
require tedious procedures to adopt.

In this communication, a single step soft chemical r
is described to embed the silver and gold nanoparticl
organic–inorganic composite and their antimicrobial act
againstE. coli is described. As such no reports are avail
at present for embedding the silver and gold nanopartic
organic–inorganic composite by this strategy.

2. Experimental
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The composite is synthesized by sol–gel method. For a
typical synthesis, 1.5 g of polyvinyl alcohol (PVA 72000) was
d ml
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issolved in 30 ml distilled water stirred for 30 min and 2.5
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of tetraethyl orthosilicate (TEOS) was added and the mixture
was stirred for 10 min, then 0.5 g of silicotungstic acid (SiW)
was added and refluxed at 343 K for 6 h. The obtained gel
was coated on glass slides by spin coating method and dried
at room temperature.

3. Results and discussion

The photoreduction of silicotungstic acid was monitored
through UV–vis spectroscopy, which showed a character-
istic band around 750 nm indicating the formation of sin-
gle electron reduced silicotungstate ion. Up to 60 min, with
an increase in the irradiation time the intensity at 750 nm
increased. After 60 min irradiation, there was no change
in the intensity indicating that all the silicotungstate ions
in the composite have been reduced. The ESR spectra of
photoreduced composite film exhibited a signal atg = 1.813
at 77 K, which is due to the formation of single electron
reduced species SiW12O40

5− [10]. The reduced composite
film is stable (retains blue colour) for longer times. The
reduced composite was employed as reducing medium as
well as host for the formation of metal nanoparticles. This
reaction is truly heterogenous in nature. A typical prepa-
ration of embedded silver metal nanoparticles is shown in
Scheme 1.
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Fig. 1. Absorption spectra of noble metal nanoparticles embedded in com-
posite films: (a) Ag and (b) Au. Inset shows the picture of Ag and Au
embedded composite films.

yellow within a few minutes indicating the formation of Ag
nanoparticles in the composite film. The Ag+ ions from solu-
tion diffuse inside the film matrix where it is reduced to Ag
metal nanoparticle and the silicotungstate ions are reoxidized.
The embedded Ag nanoparticles exhibit the characteristic
surface plasmon band at 427 nm (Fig. 1). The particle size can
be controlled by dipping time intervals and concentration of
metal ion solutions. A red shift of the surface plasmon band of
Ag is evident fromFig. 2as the dipping time is increased from
5 to 30 min with concomitant peak broadening. The shift to
the higher wavelength and broadening of the surface plasmon
absorption band upon incorporation of silver in the compos-
ite film is induced by the change in dielectric constant of the
environment around the Ag nanoparticles[11]. As the con-
centration of AgNO3 is increased, the intensity of the surface

F t dif-
f

It is well known that the noble metal nanoparticles exhi
urface plasmons. So, the formation of metal nanopartic
he composite film was monitored by UV–vis spectrosc
he composite film after exposure to sunlight, which
ipped into a solution of AgNO3 (20 mM) for 10 min and

he corresponding absorption spectrum of the film is sh
n Fig. 1. The blue colour of the film gradually changed

cheme 1. Preparation of noble metal nanoparticles embedded com
lm.
ig. 2. UV–vis absorption spectra of Ag embedded composite film a
erent dipping time intervals, AgNO3 20 mM.
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Fig. 3. Transmission electron micrographs of noble metal nanoparticles
embedded composite films: (a) Ag and (b) Au. Insets show respective elec-
tron diffraction pattern. Scale bar 100 nm.

plasmon band increases and the absorption shifts to higher
wavelength. The red shift and broadening of the surface plas-
mon band is due to the change in dielectric constant and also
the increase in particle size and amount of metal nanoparti-
cles in composite film. From the absorption spectra (Fig. 2),
it is evidenced from full-width at half-maximum (FWHM),
the particle size is increased as the dipping time increased
[11]. The FWHM of the surface plasmon band is increased
from 74 to 112 nm as the dipping time increases from 5
to 30 min. The FWHM of the peak is 112 nm for 30 min,
which corresponds to 12 nm average diameter of embedded
Ag nanoparticles. This is in good agreement with the TEM
measurements. And also from the increase in surface plas-
mon band intensity indicates that the increase in amount of
metal nanoparticles in composite film. The rate of formation
of silver nanoparticles was calculated for 20 mM AgNO3 and
the rate constant was found to be 3.99× 10−3 s−1. This is
corroborated by the results obtained by Rodrıguez-Sanchez
et al. [12] and Haung et al.[13] for the formation of sil-
ver nanoparticles by electrochemical and chemical methods,
respectively.

Similarly, Au nanoparticles were also embedded into the
organic–inorganic composite films by dipping the reduced
composite film in 5.4 mM aqueous solution of HAuCl4. The
blue colour of the film changed into pink (inset,Fig. 1b)
after 30 min dipping, showed a characteristic surface plas-
m u
n
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g film.

The formation of highly distributed Au nanoparticles in the
composite film with spherical shape can be seen with aver-
age particle size of 12 nm. Electron diffraction pattern of
Au nanoparticle inFig. 3b (inset) clearly shows hexagonal
diffraction spot pattern, indicating the formation of cubic
Au nanoparticles in the composite film. The particle dis-
tribution can be altered by changing the concentration of
silicotungstic acid in the composite, controlled experiments
were demonstrated that the silicotungstate ions are necessary
for the rapid reduction of metal nanoparticles in composite
films.

Fig. 4a and b shows the XPS spectra of Ag and Au
nanoparticles embedded composite films. The obtained bind-
ing energy of the Ag 3d and Au 4f were compared with the
binding energy values of the respective bulk metal foils. The
binding energy values of doublet of Ag 3d5/2(368.8 eV), 3d3/2
(375 eV) and of Au 4f7/2 (84.1 eV), 4f5/2 (87.9 eV) are higher
than the bulk metal foils. The positive shift in binding energy
may be attributed to the size effects of the noble metals in
composite films. The positive shift of the BE of nanoparti-
cles with respect to that of bulk metal is consistent with the
literature[14].

The formation of Ag or Au nanoparticles in the compos-
ite film can be attributed to the transfer of electrons from the
reduced silicotungstate ion to Ag+ or Au3+ ions thus leading
to zero valent metallic state. Spontaneous self-assembly of
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on band at 546 nm (Fig. 1) indicating the formation of A
anoparticles in the composite film.

The formations of metallic silver and gold nanopartic
n composites were studied by TEM studies.Fig. 3a and

shows TEM images of Ag and Au nanoparticles emb
ed composite films. Electron diffraction studies reve
lear ring pattern for Ag (inset,Fig. 3a) from which the
attice parameter was calculated to be 4.11Å. This is in
ood agreement with that of bulk metallic Ag (a0 = 4.08Å;
CPDS File No. 4-0784). The average particle size o
as found to be 16 nm.Fig. 3b shows the TEM micro
raph of Au nanoparticles embedded in the composite
ilicotungstate anions on Ag(1 1 1) and Ag (1 0 0) are kn
15]. We have observed that the formation of Ag nano
icles is very facile because the diffusion of Ag+ is higher
han that of Au3+ and also due to hydrophilic nature
g [16]. Upon embedding, the silicotungstate ion the c
osite, the first one electron reduction potential is sh

o more negative values. In the composite, the one
ron reduction potential of [SiW12O40]4−/[SiW12O40]5− is
0.096 V versus NHE (parent couple 0.057 V) relative
g+/Ag0 (0.799 V), AuCl4−/Au0 (0.99 V). This enhance
ent in reducing behaviour also favours the facile forma
f silver nanoparticles.

Antimicrobial activities of Ag and Au embedded co
osite films have been investigated againstE. coli BL 21
s model Gram-negative bacteria. The antimicrobial a

ties of composite films were carried out by two metho
he first method is disk diffusion method and secon

he viable count of bacteria. The first test was perfor
n Luria–Bertani (LB) medium on solid agar petri di
he nanoparticle embedded composite film was made
disc, and was placed onE. coli cultured agar plate whic
as then incubated for 24 h at 310 K and inhibition z
as monitored. It was found that the nanoparticle em
ed composite film exhibit an inhibition zone (Fig. 5). In
rder to see the enhancement of antimicrobial activity
omposite films were dipped in different concentration
gNO3 (5, 20, 40, 70 and 100 mM) for 30 min. It is observ

hat the diameter of zone of inhibition has increased a
oncentration of AgNO3 is increased (not shown). Simi
esults have been obtained when the composites are dip
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Fig. 4. X-ray photoemission spectra of the core electron binding energy of noble metal nanoparticles embedded composite films: (a) Ag and (b) Au.

different concentrations of HAuCl4 (3.3 and 5.4 mM). This
clearly demonstrates that the antimicrobial activity is only
due to noble metal nanoparticles embedded in the compos-
ite film and not due to any individual components of the
composite. Controlled experiments were carried out with

Fig. 5. Antimicrobial activity of noble metal nanoparticles embedded com-
posite films: (a) control (b) Ag and (c) Au.

composite films without metal nanoparticles to corroborate
that the antimicrobial activity is only due to the noble metal
nanoparticles and not due to any other species present in the
composite film. No inhibition zone was observed with the
control (Fig. 5a).

The viable bacteria were monitored by counting the num-
ber of colony-forming units from the appropriate dilution
on nutrient agar plates. The survival fraction was determined
calculating the colony-forming units per millilitres of the cul-
ture. The activity of the metal composite films after 8 h was
examined. It was observed that the silver embedded compos-
ite films exhibited the killing rate ofE. coli to 75% of the
viability. For the Au embedded composite film the reduc-
tions of viability are 64%. This clearly indicates that the
Ag and Au embedded composite films have antimicrobial
activities.

The composite can be easily coated onto various substrates
and the Ag and Au nanoparticles can be embedded by simple
dipping in the respective metal sources. Thus the nanoparti-
cle embedded composite film can be employed in orthopedic
materials, urinary catheters, as coating materials and for var-
ious commodity products. By proper selection of individual
components, these noble metal embedded composite films
can be employed in optical filters.
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4. Conclusions

In summary, a simple and elegant method is adopted to
embed the Ag and Au nanoparticles in organic–inorganic
composite film. The sizes of the embedded metal nanoparti-
cles are in the range of 12–16 nm. The nanoparticles embed-
ded composite film exhibits antimicrobial activity against
Gram-negativeE. coli. This demonstrates that the composite
film can be employed as environmental friendly antimicro-
bial surface coating. The presented strategy opens up wide
applications in various fields like optical switches, shutters,
waveguides, optical filters and in biomedical applications.
The adopted synthetic procedure is amenable to fine tune
the properties of the composite film by choosing the suitable
constituents at molecular level.
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