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Abstract: In this study, we report an effective process for preparing silver nanoparticles (Ag NPs)
by using Green reduction method of AgNO3 in interlamellar space of Montmorillonite/Starch
Bionanocomposites (MMT/Stc BNCs) suspension with moderate temperature. In here MMT, Starch,
�-D-glucose and AgNO3 were used as a solid support, stabilizer, green reducing agent and silver
precursor, respectively. Bionanocomposites material based on MMT, starch and silver nanoparticles
(Ag/MMT/Stc BNCs) were prepared by adding starch and silver nitrate respectively into
montmorillonite (MMT) dispersions in double distill water solution. The crystalline structure, d-spacing
of interlayer of MMT, the size distributions, surface Plasmon resonance and functional groups of
synthesized Ag NPs in the MMT/Stc BNCs were characterized using Powder X-Ray Diffraction
(PXRD), Transmission Electron Microscopy (TEM), UV-visible spectroscopy and Fourier Transform
Infrared Spectroscopy (FT-IR). The results obtained from TEM showed that the Ag NPs prepared in
the extra surface of MMT layers have larger than Ag NPs intercalated between MMT layers, the
particle size of nanoparticles synthesized by this processes were from 9 to 39 nm. Powder X-Ray
Diffraction analysis showed that the synthesized Ag NPs crystallized in face centered cubic (fcc)
symmetry. With gentle heating, this system is a mild, renewable, inexpensive, and nontoxic reducing
agent. The synthesized bionanocomposites are very stable in aqueous solution over a long period of
time (i.e., 3 months) without any sign of precipitation. Silver nanoparticles in MMT/Stc suspension
could be suitable to use various medical applications. Since MMT is viewed as ecologically and
environmentally inert material and used for biological application such as cosmetics and
pharmaceutical usage.
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INTRODUCTION

Bionanocomposites (BNCs), a novel invention of nanocomposite materials, indicate a promising field in
the frontiers of nanotechnology, materials and life sciences (Darder et al., 2007). BNCs are composed of a
natural polymer matrix and organic/inorganic filler with at least one dimension on the nanometer scale. In
addition to these characteristics, BNCs show the extraordinary advantages of biocompatibility and
biodegradability in various medical, drug release packaging, and agricultural applications (Mangiacapra et al.,
2006).

Among natural polymers, starch is one of the most promising biocompatible and biodegradable materials
because it is a renewable resource that is universally available and of low cost. A number of researchers have
presented work in the field of starch-based BNCs, which can be obtained by filling a thermoplastic starch
matrix with nanofillers such as layer silicates; Montmorillonite (Huang et al., 2006 and Kampeerapappun et
al., 2007) and kaolinite (Zhao et al., 2008) are the usual layer silicates used in starch-based BNCs.  MMT as
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a lamellar clay has intercalation, swelling and ion exchange properties. Its interlayer space has been used for
the synthesis of material and biomaterial nanoparticles, as support for anchoring transition-metal complex
catalysts and as adsorbents for cationic ions (Belova et al., 2008 and Kozak et al.,2004). Ag NPs possess many
interesting and unique properties. It is found in various applications, such as catalysis, electronics, non-linear
optics, antimicrobial and biomaterial applications (Twu et al., 2008). Several methods have been reported for
the synthesis of Ag NPs, e.g., photochemical reduction (Darroudi et al., 2009 and Ahmad et al., 2009a),
microwave (Yin et al., 2004), chemical reduction (Khanna et al., 2005 and Ahmad et al., 2009b), and �-
irradiation (Chen et al., 2007). The concept of green Ag NPs preparation was first developed by (Raveendran
et al., 2003), who used �-D-glucose as the reducing agent and starch as a capping agent to prepare starch Ag
NPs. A green method for nanoparticles preparation should be evaluated from three aspects: the solvent, the
reducing agent and the stabilizing agent. In this paper, we present a simple and green method for the synthesis
of Ag/MMT/Stc BNCs. In here MMT, Starch, �-D-glucose and AgNO3 were used as a solid support, stabilizer,
green reducing agent and silver precursor, respectively. TEM images show that Ag NPs prepared in the edge
and extra surface of MMT layers have large size (39±14.09 nm) and Ag NPs intercalated between MMT layers
have small size (9±3.39 nm). The Ag/MMT/Stc BNCs are very stable in aqueous solution over a long period
of time (i.e., 3 months) without any sign of precipitation and have potential for various medical applications.

MATERIALS AND METHODS

Materials:
All reagents were of analytical grades and were used as received without further purification. AgNO3

(99.98%), used as silver precursor, was provided by Merck, Germany.  MMT, used as a solid support for Ag
NPs, was purchased from Kunipa-F, Japan. Soluble starch, used as a stabilizer agent, was supplied from
Hamburg Chemicals, Germany. �-D-Glucose powder, used as a green reducing agent, was obtained from, BDH-
AnalaR, UK. All aqueous solutions were prepared with double distilled water (DD-water).

Synthesis of Ag/MMT/Stc BNCs:
Schematic illustration of the synthesis of the Ag NPs on MMT/Stc is shown in Fig. 1. Starch solution (100

mL, 1.0 wt %) was prepared by solubilizing starch in the moderate temperature (~40°C) under constant stirring
for 1 h. 10 ml of AgNO3 (1.0 M) was added to the starch solution under constant stirring for preparation of
AgNO3/Stc sol. For preparation of MMT suspension, 3.0 g of MMT was dispersed in 200 mL DD-water and
was vigorously stirred for 1 h. The AgNO3/Stc sol was added into the MMT suspension and the mixture was
further vigorously stirred for more than 3 h at 40°C to obtain [Ag(MMT/Stc)] +. After completed dispersion
of this composite, a 20 ml aliquot of a 1.0 M aqueous solution of �- D-Glucose was added and stirred. The
mixture was heated to 40 °C and was maintained at this temperature for 24 h. The suspension turned of light
brown to dark brown after 3 h, indicating the initial formation of Ag NPs. Then, obtained suspensions of
Ag/MMT/Stc BNCs was separated by centrifugation at speed of 15,000 rpm for 15 min, washed with double
distilled water twice and dried under vacuum overnight. Unless stated otherwise, all experiments were
conducted at ambient temperature.

Characterization Methods and Instrumentation:
The Ag/MMT/Stc BNCs were characterized using ultraviolet–visible (UV–vis) spectroscopy, transmission

electron microscopy (TEM), powder X-ray diffraction (PXRD) and Fourier transform infrared spectroscopy (FT-
IR). The UV–vis spectra were recorded over the range of 300–700 nm with a UV-vis spectrophotometer
Lambda 25, Perkin Elmer (USA). Transmission electron microscopy (TEM) observations were carried out on
A Hitachi H-7100 electron microscope and the particle size distributions were determined using the UTHSCSA
Image Tool version 3.00 program. The structure of Ag/MMT/Stc BNCs has been studied using powder X-ray
diffraction (PXRD-6000 SHIMADZU). The change in interlamellar spacing of MMT and Ag/MMT/Stc BNCs
was also studied by PXRD in the angle range of 2°< 2� <10°. The interlamellar space was calculated from
the PXRD peak positions using Bragg’s law. A wavelength (�) equal to 0.15418 nm was used for these
measurements. The PXRD patterns were recorded at a scan speed of 2°/min. FT-IR spectra were recorded over
the range of (400-4000 Cm-1) with a Series 100 Perkin Elmer FT-IR 1650 spectrophotometer. After reactions
the samples were centrifuged by using high speed centrifuge machine (Avanti J25, Beckman).
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Fig. 1 Schematic illustration of the synthesis of the Ag NPs on MMT/Stc BNCs.

RESULTS AND DISCUSSIONS

The colour of prepared sample, [Ag(MMT/Stc)]+ suspensions through green reduction process by �-D-
glucose at different periodic times gradually changed from colourless to light brown, then to brown and finally
to dark brown, indicating the formation of Ag NPs in MMT/Stc suspension. The stability of synthesized
Ag/MMT/Stc BNCs suspensions was studied and indicated that this suspension prepared in the moderate
temperature for 24 h, was very stable over a long time (i.e., 3 months) in aqueous solution without any sign
of precipitants. The possible reaction between �-D-glucose, silver ion and starch (in the MMT suspensions)
can be written as follows (Hongshui et al., 2005).

Ag+  + Stc + MMT � [Ag (MMT/Stc)]+   (1)

R-CHO + 2[Ag (MMT/Stc)]+ � R-COOH +2[Ag (MMT/Stc)] �   (2)
R= (CHOH)4 CH2OH ;  Stc= Starch

In the suspension containing MMT/Stc, silver ions were reduced with glucose in two possible reactions.
In the Eq. (1) Ag+ was compounded with starch in MMT firstly and complex ions were generated [Ag
(MMT/Stc)]+. In the Eq. (2) glucose is changed to gluconic acid and then it reduces silver ions in [Ag
(MMT/Stc)]+ suspension to Ag/MMT/Stc BNCs.

As shown in Fig. 2, the original d-spacing (dL) of MMT is 1.24 nm, and in MMT/Stc is constant to1.28
nm at same 2� angles (2�= 7.12° for MMT and 2�= 6.90° for MMT/Stc) by starch intercalation. The dL in
Ag/MMT/Stc BNCs also was increase to 2.06 nm at smaller 2� angles (2�= 6.14°) by silver intercalation.
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These dL values are direct proof of the fact that, in the path of ion exchange, Ag+ ions are bound not only on
the external surfaces and edges of MMT but also in the interlamellar space. Metallic nanoparticles formed at
the latter location are the cause of the increase in basal spacing. In these samples the intensities of the
reflections are significantly lower whereas their half-widths are larger than those of undoped clay minerals:
the highly ordered parallel lamellar structure of the mineral is disrupted by particle formation (Patakfalvi et
al., 2003). The PXRD peaks at 2� of 38.15°, 44.31°, 64.40° and 77.43° in Fig. 3, can be attributed to the
(111), (200) (220) and (311) crystallographic planes of face-centered cubic (fcc) silver crystals, respectively
(Temgire et al., 2004). The PXRD peak broadenings of Ag NPs are mostly because of existing of nano-sized
particles (Prasad et al., 2006). In addition there is a characteristic peak at about 2�= 62.43° that related to
MMT clay (PXRD Ref. No. 00-003-0010) as a stable substrate.

Fig. 2 PXRD patterns of MMT, MMT/Stc and Ag/MMT/Stc BNCs between 2-10/2Theta.

Fig. 3 PXRD patterns of MMT and Ag/MMT/Stc BNCs between 30-80/2Theta.
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The formation of Ag NPs in MMT/Stc BNCs suspension was observed by TEM images. Fig. 4 shows the
TEM micrographs and size distributions of the Ag NPs was based on diameter of >100 particles on TEM
micrographs by using Image Tools (IT, 3 version) software. TEM image and their size distribution of Ag NPs
show the mean diameter and standard deviation of the nanoparticles almost 39±14.09 nm for large Ag NPs
prepared in the edge and extra surface of MMT layers (Fig. 4a, b) and 9±3.39 nm for small Ag NPs
intercalated between MMT layers (Fig. 4c, d).

Fig. 4: TEM images and their corresponding particle size distributions of Ag NPs in MMT/Stc BNCs for
large particles in the extra surface (a and b), and (c and d) for small particles intercalated between
MMT layers.

The formation of Ag NPs was also followed by measuring the surface Plasmon resonance (SPR) of the
MMT/Stc suspensions containing Ag NPs at the wavelength ranged from 300-700 nm as shown in Fig. 5a.
SPR band was observed when [Ag (MMT/Stc)]+  composite was reacted with �-D-glucose, heated at 40 °C
for 24 h.  The characteristic silver surface Plasmon resonance (SPR) band was detected around 429 nm. 
However, Fig. 5b does not show any peak before reaction [Ag (MMT/Stc)]+ with �-D-glucose.

The chemical structure of the MMT/Stc and Ag/MMT/Stc BNCs were analyzed by using FT-IR
spectroscopy (Figs. 6 and 7). The FT-IR spectrum of MMT (Fig. 6a) shows the vibration bands at 3619 cm�1

for O–H stretching, 3425 cm�1 due to interlayered O–H stretching (H-bonding), at the 1637 and 1502 cm�1 for
H–O–H bending, 984 and 896 cm�1 for Si–O stretching, 594 cm�1 for Al–OH, 896 cm�1 due to (Al, Mg)–OH
vibration modes, and 518 and 430 cm�1 for Si–O bending (Alemdar et al., 2005). The spectrum of starch (Fig.
6c) shows absorption bands at 3277 cm�1 due to the O–H group stretching bands, The band at 2988 cm�1

corresponded to the C–H stretching, while the bands at 1637 cm�1 and 1425 cm�1 were assigned to the �(O–H)
bending of water and CH2, respectively (Mano et al., 2003). The absorption bands at 1425 and 1344 cm-1

correspond to the C-H bending, at 1131 and 1007cm-1 in the fingerprint region correspond to –C–O–C–
stretching vibration in glucose bonds (Fang et al., 2003). The absorption bands at 833, 563 and422 cm-1 are
attributed to the whole glucose ring stretching vibrations.

The spectrum of the MMT/Stc (Fig. 5b) shows the combination of characteristic absorptions due to the
MMT and C-H stretching and bending groups of starch. The peaks of C-H groups in pure starch at 2988, 1425
and 1344 cm�1 are shifted to 2915, 1417 and 1350 cm�1 in the MMT/Stc, corresponding to the deformation
vibration of C-H group of starch. These results are in agreement with the data from PXRD, revealing the
combination of starch in the MMT structure.  As shown in Fig. 7, there is no significant change in the spectra
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of MMT/Stc and Ag/MMT/Stc BNCs, except for the appearance of the peak at 1423 and 1359 cm-1 for
Ag/MMT/Stc with increase peak intensity and the existence of the peak at 1229 cm-1 due to the complexation
between the hydroxyl groups of the starch and Ag NPs in the layer of MMT as sample support. The Ag NPs
were successfully prepared in the extra and interlamellar space of MMT/Stc BNCs by using Green reducing
agent and moderate heat treatment in 40°C and was maintained at this temperature for 24 h. The Ag NPs were
found to be stabilized by starch molecules. Mean diameter and standard deviation for Ag NPs prepared in the
edge and extra surface of MMT layers were 39±14.09 nm and for Ag NPs intercalated between MMT layers
were 9±3.39 nm. Therefore syntheses of Ag NPs in the interlamellar space of MMT have small size
distribution and standard deviation.  The Ag/MMT/Stc BNCs are very stable in aqueous solution over a long
period of time (i.e., 3 months) without any sign of precipitation and have potential for various medical
applications.

Fig. 5: UV-vis adsorption spectra of [Ag (MMT/Stc)]+ in 0h (a) and Ag/MMT/Stc BNCs after 24h (b).

Fig. 6: FT-IR spectra of MMT, MMT/Stc and Starch (a) MMT (b) MMT/Stc (c) Starch
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Fig. 7: FT-IR spectra of MMT/Stc and Ag/MMT/Stc BNCs (a) MMT/Stc/Ag BNCs  (b) MMT/Cts
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