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Silver nanoparticles (AgNPs) were synthesized in solutions of native and soluble starches in DMSO for the

first time. The starches acted as reducing and stabilizing agents simultaneously. The kinetics of the process

and its activation energy were determined by using UV-vis spectroscopy. The DMSO solution of soluble

starch was characterized by better reductive activity than the native starch solution. The morphology and

dispersion characteristics of AgNPs sols were evaluated from transmission electron microscopy (TEM). Sols,

including spherical particles with mean diameter (Dm) 42.8 nm and metal rod-like particles, were obtained

by using the native starch solution. Morphologically uniform sols of spherical AgNPs with Dm=37.2 nm

were formed in the soluble starch solution. On the basis of zeta potential measurements, it was shown that

the stability of a AgNPs dispersion in the soluble starch solution was higher in comparison to the native

starch solution.
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1. Introduction

AgNPs exhibit unique physical, chemical and biocidal properties that make them at-
tractive for application in different engineering branches and medicine [1-6]. Chemical meth-
ods of AgNPs synthesis in aqueous solutions, using reductants such as sodium borohydride,
quercetin, etc. are most frequently used [7-9]. Among the chemical techniques of AgNPs
synthesis, it should be especially noted that ecologically safe biomineralization methods exist
which are based on the use of saccharides (glucose, fructose, and so on) and polysaccharides
(cellulose, cellulose ethers) as reducing agents [10-16]. Starch was also successfully utilized in
the process of AgNPs generation as a reducing and stabilizing agent simultaneously [17-19].
The authors pointed out that starch solutions including AgNPs could have pharmaceuti-
cal and biomedical application, owing to combination of antibacterial properties of Ag and
biocompatibility of starch. It should also be noted that all known methods of AgNPs syn-
thesis with participation of starch were performed in an aqueous medium and based on the
application of water soluble starch.

In the present study, we prepared silver nanoparticles by utilizing DMSO-based starch
solutions as the reducing and stabilizing medium for the first time. DMSO is a solvent
that is commonly used to achieve complete dissolution of starch. DMSO is inexpensive,
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biodegradable and is categorized as a class 3 solvent, the lowest toxicity class to humans
and the environment [20, 21]. DMSO can easily penetrate biological membranes and has
anti-inflammatory, analgesic, cryoprotective, prophylactic and radioprotective properties,
whereupon this solvent is widely used as component of medicines [22-24]. Thus, composite
materials combining the properties of DMSO, AgNPs and starch could be used for the
preparation of new medical drugs.

The objective of this paper is to evaluate the kinetics features of AgNPs synthesis
realized in DMSO solutions of native corn and soluble starches. Also, the morphology, size,
and stability of the resulting AgNPs were characterized.

2. Experimental section

2.1. Materials

Corn starch and soluble starch (starch indicator) were obtained from CHIMMED
Company. The amylose content and reducing values of starches were determined according
[25] and [26] respectively. The amylose content was 28 and 41 %, and reducing values
were 0.03 and 0.63 respectively, for corn and soluble starches. AgNO3 and DMSO were of
analytical grade and were purchased from Sigma-Aldrich.

2.2. Synthesis of AgNPs

In this method, 0.025 g starch sample was placed in a 50 ml volumetric flask and
dissolved in 20 ml DMSO under stirring over three days. Then, 0.02123 g of AgNO3 was
added to the starch solution, the mixture was stirred well and diluted with DMSO (total
volume 50 ml). The final concentration of the solution was 0.5 g/l and 2.5 × 10−3M for the
starch and the salt, respectively. The sample was maintained at specific temperatures (45,
50, 55 or 65◦C) for two hours.

2.3. UV-visible spectral analysis

The absorption spectra of DMSO starch solutions (native or soluble) and AgNO3

mixtures were recorded on an Agilent 8453 UV-Vis spectrophotometer, from 300 to 600 nm.
A solution containing 0.5 g/l starch in DMSO was used as the blank.

The rate (γ) of AgNPs formation was estimated from spectrophotometric data ac-
cording next expression: γ = Aτ/A0, where Aτ , A0 – absorbance of the sample in the
resonance band maximum at time τ and 0 min respectively.

2.4. Transmission electron microscopy

The morphology and dispersion of AgNPs prepared were investigated by transmission
electron microscopy (EMV-100L instrument, operating voltage 50 kV) on the next day after
synthesis. Before sample preparation for TEM analysis, the complement of the reduction of
Ag ions to AgNPs was tested. For this purpose, NaCl was added in DMSO starch solutions
containing AgNPs. There was no white precipitate and/ or turbidity of AgCl in the sam-
ples, thereby giving evidence for the complete reduction of Ag+ ions to Ag0. Samples were
deposited onto carbon-filmed grids, air-dried and examined under the microscope. Digital
microscope photos were taken and analyzed using the software Matlab 7.0.

2.5. Zeta-potential analysis

The zeta potential of AgNPs samples was evaluated by Zetasizer Nano ZS analyzer
(Malvern Instruments Ltd). The samples were equilibrated before measurements at 25◦C
for 300 seconds. Tests of each AgNPs sols under study were repeated 5 times.
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3. Results and discussion

The formation of AgNPs in solution is qualitatively manifested as a change of the
sample coloration from colorless to yellow or brown, because of the interaction between metal
particles’ surface electrons with light (plasmon resonance). The absorption spectrum of
AgNPs sol have characteristic surface plasmon band (SPB) and this allows the identification
of cluster formation from metal atoms spectrophotometrically.

At room temperature 23◦C, there was no formation of Ag particles in all solution
systems under study, which was due to the extremely low rate of Ag ion reduction under these
conditions. Spectrophotometric registration of the metallic particle synthesis was possible
at temperatures above 45◦C. Fig. 1 illustrates the change in the UV/Vis spectra of the
DMSO/starch and AgNO3 mixtures observed at 65◦C over different periods of time after
sample preparation. It can be seen that the SPB with a maximum at 418 nm appeared in
the spectra of the samples at 20 minutes after synthesis initiation. The spectral patterns were
qualitatively the same for the both starch solutions. Variation of the reaction temperature
over the 45-65◦C range was not accompanied by any shift of the surface plasmon band (SPB).
Observed data were in good agreement with the results of studies of the UV/Vis spectra of
the water starch solutions containing AgNPs [16-18]. Therefore, it can be concluded that
the spectral changes of the systems under study here were related to the synthesis of AgNPs
from the Ag ions with participation of DMSO/starch solutions.

It is known, that saccharides may act as a reducing agent through its aldehyde group,
which is able to be oxidized [11, 12, 27]. In case of starch, a polysaccharide, the reducing
power is also believed to be the action of aldehyde terminals mainly [18]. Soluble starch,
containing more reductive aldehyde termini than the native one, likely provides higher rate
of AgNPs synthesis. To verify this assumption, process kinetics were estimated from spec-
trophotometric data. As shown in Fig. 2, the temperature dependence of the reaction rate
(γ) in both starch solutions was approximated by a straight line in the ln γ vs. 1/T coordi-
nates and described by the Arrhenius equation [28]. The slopes of these lines gave activation
energies of 64.9 and 54.2 kJ/mol for the native and soluble starches respectively. It should
also be noted that the solvent DMSO can also participate in the reduction of the silver
cations [29]. Meanwhile, input of DMSO in the process rate evidently was equal for the both
systems. So, these data demonstrate higher synthesis rate of AgNPs in the soluble starch
system.

An important characteristic of AgNPs which affects to a large extent their application
properties is the size of the particles. In order to investigate the morphology and size of
AgNPs under study, transmission electron microscopy (TEM) was applied. The results
for the samples generated at 65◦C are presented on Fig. 3. The soluble starch solution
appears to promote the formation of spherical AgNPs with a mean diameter (Dm) of 37.2 nm
and a standard deviation (σ) of 10.7 nm. Application of native starch solution leads to
the formation of AgNPs with two different geometric shapes, namely spherical particles,
characterized by Dm = 42.8 nm and σ = 19.8 nm and rodlike particles which had diameter
ranging from 62 to 104 nm and length ranging from 375 to 1917 nm.

These data demonstrate the fact that higher nanoparticles sizes and a polydispersity
of metal sols were produced in the native starch medium. It can be supposed that one
of the reasons that this phenomenon arises is the various macromolecular compositions of
these starch samples. The main components of starch are two different homopolymers of d-
glucose: the mainly linear amylose and the heavily branched amylopectin. As it is known that
only sufficiently long linear macromolecules can form protective shields around synthesized



408 N.E. Kochkina, O.A. Skobeleva, Yu.V. Khokhlova

Fig. 1. UV-vis absorption spectra of the mixtures containing native (a) or
soluble (b) starch solution in DMSO and AgNO3 within different time intervals
after mixture’s preparation. Reaction conditions: [starch] = 0.5 g/l, [AgNO3]
= 2.5×10−3 M/l, temperature = 65◦C

nanoparticles [30]. Amylopectin branched macromolecules with short side chains are not able
to protect growing metal particles effectively. Thus, amylose chains are much more suitable
for stabilizing the formation process than amylopectin. Therefore, soluble starch containing
more amylose chains than the native starch provides formation of more morphologically
uniform Ag nanoparticles with a narrower size distribution.

An essential factor for practical usage of colloidal systems is their stability, which
can be evaluated by the measurement of the zeta potential of the dispersed particles. It is
believed that systems including nanoparticles with zeta potential values greater than +25
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Fig. 2. Temperature dependence of the rate of AgNPs formation in the native
(a) and soluble (b) starch solutions

mV or less than −25 mV typically have high degrees of stability. In our study, it was revealed
that the zeta potentials of AgNPs synthesized in solutions of soluble and native starches were
+ 26 ± 2 mV and + 12 ± 3 mV, respectively. The temperature of synthesis did not affect the
values of AgNPs zeta potential. So these results demonstrated higher stability for AgNPs
produced from DMSO solutions of soluble starch.

4. Conclusions

DMSO solutions of native and soluble starches were utilized for AgNPs synthesis.
The kinetic features of the AgNPs formation in these two starch solutions were monitored
by UV-vis spectroscopy. The activation energy for the reduction of Ag ions was less in case
of soluble starch solution. According to the TEM micrograph measurements, rodlike and
spherical particles were synthesized in the native starch solution. Soluble starch provided
formation of Ag nanospheres which were characterized by smaller sizes and a narrower size
distribution. The stability of AgNPs sol was better in case of those fabricated using the
soluble starch solution.
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Fig. 3. TEM images (a, c) and particle size distribution histograms (b, d)
of AgNPs prepared in the native (a, b) and soluble (c, d) starch solutions,
synthesis temperature = 65◦C
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