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A novel one-pot ‘green’ synthesis of stable silver nanoparticles
using soluble starch
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Abstract—Stable silver nanoparticles have been synthesized by using soluble starch as both the reducing and stabilizing agents; this
reaction was carried out in an autoclave at 15 psi, 121 �C for 5 min. Nanoparticles thus prepared are found to be stable in aqueous
solution over a period of three months at room temperature (�25 �C). The size of these nanoparticles was found to be in the range of
10–34 nm as analyzed using transmission electron micrographs. The X-ray diffraction analysis revealed the face-centred cubic (fcc)
geometry of silver nanoparticles. Iodometric titration confirmed the entrapment of silver nanoparticles inside the helical amylose
chain. These silver nanoparticles embedded in soluble starch produced a typical emission peak at 553 nm when excited at
380 nm. The use of environmentally benign and renewable materials like soluble starch offers numerous benefits of eco-friendliness
and compatibility for pharmaceutical and biomedical applications.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Over the past decade, increasing awareness about the
environment has led researchers to focus on ‘green chem-
istry’. Utilization of nontoxic chemicals, environmen-
tally benign solvents and renewable materials are some
of the key issues that merit important consideration in
a green synthesis strategy.1–3 Nanomaterials have
wide-ranging implications in a variety of areas, includ-
ing physics, chemistry, electronics, optics, materials sci-
ence and the biomedical sciences. In spite of the novel
properties exhibited by the metal nanoparticles due to
quantum size effects, their synthesis protocol poses a
major environmental problem.4–6 Most of the synthetic
methods reported to date rely heavily on the use of or-
ganic solvents and toxic reducing agents like sodium
borohydride and N,N-dimethylformamide. All these
chemicals are highly reactive and pose potential environ-
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mental and biological risks. With the increasing interest
in minimization/elimination of waste and adoption of
sustainable processes through green chemistry, the
development of biological, biomimetic and biochemical
approaches is desirable. In earlier reports where natural
polymers like starch3 and chitosan7 are reported to sta-
bilize silver nanoparticles, separate reducing agents were
used.

Recently, researchers have begun using biological
molecules as templates for generation of inorganic struc-
tures and materials. Biological systems form sophisti-
cated mesoscopic and macroscopic structures with
tremendous control over the placement of nanoscopic
building blocks within extended architectures.8 Since
the more immediate applications of nanoparticles will
be in medical diagnosis and therapeutics like detection
of genetic disorders by using gold nanoparticles,9,10 col-
our-coded fluorescent labelling of cells using semicon-
ductor quantum dots11 and cell transfection for gene
therapy and drug delivery,12 the use of biologically com-
patible materials for nanoparticles synthesis and stabil-
ization will undoubtedly play a crucial role.
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The concept of green nanoparticles preparation using
b-DD-glucose as the reducing agent was first reported by
Raveendran et al.3 where starch played the role of
stabilizer. In the present work, silver nanoparticles
are prepared using soluble starch acting as both the
reducing and stabilizing agents. Soluble starch, the
amylose component of starch, is a linear polymer
formed by the a-(1!4) linkages between DD-glucose
units and adopts a left-handed helical conformation
in aqueous solution. Despite its slight branching,
amylose behaves essentially like a linear polymer, form-
ing films and complexes with ligands.13 In this report,
the aldehyde terminal of soluble starch is used to
reduce silver nitrate while the starch itself stabilized
the silver nanoparticles.
2. Materials and methods

2.1. Materials

Soluble starch (Mw ¼ 2200; Mn ¼ 950; polydispersity
index = 2.3) and silver nitrate were obtained from
HiMedia� Ltd (India). All chemicals were of analytical
grade and used without further purification. All aqueous
solutions were made using ultrahigh purity water
(18 MX cm resistance) purified using a Milli-Q� Plus
system (Millipore Co.).

2.2. Preparation of silver nanoparticles

In a typical one-step synthesis protocol, 1.0 g of soluble
starch was added to 100 mL of deionized water and
heated in microwave oven. After complete dissolution,
1 mL of a 100 mM aq solution of silver nitrate was
added and stirred well. This mixture was kept in an
autoclave at 15 psi pressure, 121 �C for 5 min. The
resulting solution was clear yellow in colour indicating
the formation of silver nanoparticles.

2.3. UV–visible spectral analysis

The UV–vis spectrum of the silver nanoparticles embed-
ded in soluble starch was recorded in Specord 50
ANALYTIKJENA� spectrophotometer, from 200 to
900 nm. A solution containing 1.0% soluble starch was
used as the blank.

2.4. Transmission electron microscopy and electron

diffraction

For transmission electron microscopy (TEM), a drop of
aqueous solution containing the silver nanoparticles
embedded in soluble starch was placed on carbon-
coated copper grids and dried under infrared lamp.
Micrographs were obtained using a Philips� EM208
TEM operating at 200 kV. The electron diffraction pat-
tern was also recorded for the selected area.

2.5. Iodimetric titration

The stabilization of silver nanoparticles by soluble
starch was analyzed by iodimetric titration. The silver
nanoparticles prepared in soluble starch solution
(100 mL) was titrated with 0.1 N iodine solution (I2/
KI). At regular intervals, the change in colour was mon-
itored by recording the UV–vis spectrum as mentioned
above. Once the stable blue colour was obtained due
to the amylose–iodine complex, 50 mL of the nanoparti-
cles solution stabilized with soluble starch was added,
and the spectrum was recorded again.

2.6. X-ray diffraction analysis

The aqueous solution of soluble starch embedded with
silver nanoparticles was spray dried in a JISL LSD48
Mini Spray Drier at 100 �C, and the brown-coloured
powder obtained was used for X-ray diffraction
(XRD) analysis. The powder X-ray diffraction was per-
formed using a Phillips� PW 1710 X-ray Diffractometer
with nickel filtered Cu Ka (k = 1.54 Å) radiation and
analyzed using APD (automatic powder diffraction)
software. The diffracted intensities were recorded from
10� to 65� 2h angles.

2.7. Photoluminescence analysis

Photoluminescence spectra were recorded in Perkin–
Elmer LS55� Spectrofluorimeter using 90� illumination.
Initially, prescan was performed14 to find out the excita-
tion and emission maxima for the silver nanoparticles.
Based on the excitation maxima, emission scans were
carried out in the range of 500–700 nm. The excitation
and emission slit widths were kept at 2.5 and 5.0 nm,
respectively, to get the maximum signal-to-noise ratio.
The entire scanning was done at the speed of 100 nm/
min. The data were analyzed using the FL Winlab�

software.
3. Results and discussion

It is well known that solutions of polymers can be used
for the synthesis and stabilization of nanoparticles. Lin-
ear as well as dendritic polymers have been successfully
used for nanoparticle synthesis. Polyhydroxylated mac-
romolecules present interesting dynamic supramolecular
associations facilitated by inter- and intra-molecular
hydrogen bonding resulting in molecular level capsules,
which can act as templates for nanoparticle growth.3

Though heparin has been evaluated both as reducing
and protecting agent for the preparation of silver



Figure 1. Illustration of the helical structure of amylose chain formed by a-(1!4) linkages between DD-glucose units. Square brackets indicate the
monomer.
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nanoparticles,15 no reports have appeared describing the
use of soluble starch. The use of soluble starch for the
production of silver nanoparticles is very simple and
faster. The helical structure of the amylose chain (solu-
ble starch) is depicted in Figure 1. After autoclaving
soluble starch with silver nitrate at 15 psi pressure,
121 �C for 5 min, the solution turned yellow, indicating
the formation of silver nanoparticles. After complete
cooling, the resulting yellow-coloured solution was used
for further analysis.

The UV–vis absorption spectrum of this solution is
given in Figure 2. The typical peak at 420 nm corre-
sponds to the characteristic surface plasmon resonance
of silver nanoparticles. Also, the plasmon band is sym-
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Figure 2. UV–vis absorption spectrum of the silver nanoparticles
stabilized using soluble starch. The arrow indicates the maximum
absorbance at 420 nm due to the surface plasmon resonance of silver
nanoparticles. The dotted line represents the best fit by using the Mie
equation.16
metric, which indicates that the solution does not con-
tain many aggregated particles, a conclusion that
agrees with the electron micrograph observation (be-
low). It is well known that colloidal silver nanoparticles
exhibit absorption at the wavelength from 390 to
420 nm due to Mie scattering.16 Hence, the band at
420 nm can be attributed to the property of Mie scatter-
ing. We obtained the best-fit spectrum (dotted line in
Fig. 2) for the diameter of 23 nm by use of the Mie equa-
tion. This value of the diameter is consistent with the
estimated average value (22.85 ± 12.94 nm) from the
TEM micrographs. This value may not include the pro-
tecting agent, i.e., the soluble starch, because the Mie
scattering responds only to the silver metal.17 The plas-
mon bands are broad with an absorption tail in the
longer wavelengths, which could be in principle due to
the size distribution of the particles.18 Since the varying
intensity of the plasmon resonance depends on the clus-
ter size, the number of particles cannot be related line-
arly to the absorbance intensities.19

We found that increased time and pressure of auto-
claving did not influence the formation of silver nano-
particles. Though heating at 100 �C for 5 min was
sufficient to synthesize silver nanoparticles, agglomera-
tion occurred within 24 h owing to nonoccurrence of
stabilization. It necessitates high temperature/high pres-
sure treatment to expand the starch molecule20,21 mak-
ing it more accessible for silver nanoparticles to get
embedded and stabilized. Also, elevated temperature
accelerates the reduction process by aldehydes.22 The
extensive number of hydroxyl groups present in soluble
starch facilitates the complexation of silver ions to the
molecular matrix3 while the aldehyde terminals helped
in reduction of the same.
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The concentration of silver nitrate and soluble starch
do not produce any peak shift in the UV–vis spectrum,
but the intensity of this peak increased in a nonlinear
manner with the concentration of silver nitrate. Above
10 mmol concentration of silver nitrate (for 1.0% starch
concentration), agglomeration was noticed indicating
the saturation of soluble starch with silver nanoparticles.
The stability of the silver nanoparticles stabilized with
soluble starch was analyzed by storing the samples at
room temperature (�25 �C) for 90 days. The absorbance
at 420 nm was monitored at an interval of 24 h to check
for agglomeration. No significant change (at 1.0% level)
in absorbance was noticed during storage indicating the
stability of silver nanoparticles.

A typical TEM micrograph of the silver nanoparticles
is given in Figure 3a. The selected area electron diffrac-
tion pattern (Fig. 3b) showed a diffuse band correspond-
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Figure 3. (a) TEM micrograph of the silver nanoparticles embedded in
the soluble starch matrix and its corresponding electron diffraction
pattern (inset). The diffuse band in the electron diffraction pattern is
due to the presence of soluble starch. The scale bar corresponds to
100 nm. (b) Histogram of particle size distribution shows the polydis-
perse nature of silver nanoparticles.
ing to the ‘B’ polymorph of soluble starch. The
diffraction pattern of silver nanoparticles could not be
observed, owing to their deep presence inside the soluble
starch matrix. With the help of TEM micrographs, the
average particle size (Fig. 3c) of silver nanoparticles is
estimated to be 22.85 ± 12.94 nm. While the particles
less than 10 nm are spherical in shape, the particles
above 30 nm have structures of pentagonal biprisms or
decahedra, referred to as multiply twinned particles.23

In general, the particles are isotropic in shape, that is,
with a low aspect ratio.

UV–vis spectra taken at different intervals of iodimet-
ric titration confirmed the presence of the silver nano-
particles inside the helical structure of the amylose
chain (Fig. 4). The silver nanoparticles embedded in
the amylose chain gave a peak at 420 nm (Fig. 4a), while
pure iodine and silver iodide produced peaks at 290,
355 nm (Fig. 4b) and 425 nm (Fig. 4c), respectively.
When iodine was added to a silver nanoparticles solu-
tion stabilized with soluble starch, silver iodide was ini-
tially formed (Fig. 4d), making the solution turbid24 and
producing an absorption peak at 425 nm. Excess addi-
tion of iodine gave a peak at 585 nm in addition to the
peaks at 355 and 425 nm (Fig. 4e). This deep-blue colour
(Imax = 585 nm)25 was due to the complex formation be-
tween amylose and iodine; the iodine inside amylose is
mostly polyiodide ions, I�3 or I�5 . Further addition of
excess silver nanoparticles attracted the iodine from
the complex resulting in the formation of a peak at
425 nm (corresponds to AgI) and elimination of the
peak at 585 nm (Fig. 4f). This proved that the affinity of
iodine is very strong towards silver—more than to amy-
lose. Earlier research reported the replacement of the
polyaniline nanoparticles from starch using iodine in
both the presence and absence of ultrasonic waves.26

In the present study, ultrasonic waves made no differ-
ence in the iodimetric titration. The average conforma-
tion of amylose in aqueous solution may be viewed as
a disordered coil involving many discernible sequences
of short-range helical structures that are irregular and
labile.13 Based on these observations, it can be proposed
that the silver nanoparticles were being encapsulated in
the same way, as iodine is known to be encapsulated in
starch.

In the XRD spectrum (Fig. 5), the broad reflexion at
20� is due to the low crystallinity of the soluble starch,
and other peaks are assigned to diffractions from the
(111), (200) and (220) planes of face-centred cubic
(fcc) silver. The broadening of these peaks is mostly
due to the effect of nano-sized particles.27 Since the silver
nanoparticles are embedded within soluble starch (as
visualized in TEM micrograph), the diffraction intensity
of the silver is very low. The lattice constant calculated
from this pattern was 4.0893 Å, a value in agreement
with the literature report (a = 4.086 Å, Joint Committee
on Powder Diffraction Standards file no. 04-0783). Since



Figure 4. UV–vis spectra of (a) silver nanoparticles, (b) iodine and (c) silver iodide. The starch nanoparticles solution was titrated with iodine, and
the UV–vis spectra at various stages are the following: (d) initial stage indicating the formation of AgI, (e) formation of the amylose–iodine complex
and (f) the addition of excess silver nanoparticles resulting in AgI. Insets show the schematic representation of models for corresponding processes.
The helical chain represents amylose, while the black and dotted circles correspond to iodine and silver nanoparticles, respectively.

Figure 5. X-ray diffraction pattern of soluble starch impregnated with silver nanoparticles. The peaks assigned to diffractions from the (111), (200)
and (220) planes are of fcc silver while the broad peak (w) corresponds to the ‘B’ polymorph of soluble starch. The X-ray source is Cu Ka.
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high-amylose starches show low crystallinity (15–
22%),28 its diffraction pattern showed a very broad
based peak. The crystalline phase of high amylose starch
consists of 74.6–84.6% B-type and 15.4–22.6% V-type
polymorphs, while the A type will be produced by
high-amylopectin starches.
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Figure 6. Photoluminescence spectra of silver nanoparticles embedded
in soluble starch, while kex represents corresponding excitation
wavelength, while the legends indicate the emission wavelength (nm)
and intensity (a.u.).
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The photoluminescence spectra of the silver nanopar-
ticles embedded in soluble starch produced a typical
emission peak at 553 nm when excited at 380 nm
(Fig. 6). The increased wavelength of excitation resulted
in the red shift of the emission peak with a reduction in
intensity. This characteristic emission peak was not
exhibited by soluble starch alone. Earlier, a characteris-
tic fluorescence peak for the silver nanoparticles in the
water phase at 465 nm was reported.29 The red shift in
the present work could be attributed to the presence of
soluble starch as a capping agent.

The three main steps in the preparation of nanoparti-
cles that should be evaluated from a green chemistry
perspective are the choice of the solvent medium used
for synthesis, the choice of an environmentally benign
reducing agent, and the choice of a nontoxic material
for the stabilization of nanoparticles. The use of soluble
starch for synthesis and stabilization of silver nanoparti-
cles completely avoided the use of organic solvents and
other harmful reducing agents. Also, the binding inter-
action between soluble starch and silver nanoparticles
is relatively weak compared to the interaction between
the nanoparticles and typical thiol-based protecting
groups.3 This implies that the protection should be eas-
ily reversible, enabling the separation of these
nanoparticles.
4. Conclusions

Green chemistry aims at the total elimination or at least
the minimization of generated waste and the implemen-
tation of sustainable processes through the adoption of
12 fundamental principles.30 In this work, we have re-
ported a novel, one-pot synthetic route to prepare silver
nanoparticles, reduced and stabilized by soluble starch.
Nanoparticles thus prepared are found to be stable in
solution over a period of three months at room temper-
ature (�25 �C) and show no signs of aggregation. The
use of environmentally benign and renewable materials
like soluble starch offers numerous benefits of eco-
friendliness and compatibility for pharmaceutical and
biomedical applications. Moreover, the widespread
occurrence of these naturally occurring polysaccharide
makes this process amenable to large-scale industrial
production.
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