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silver nanowires. In the present work, silver nanowires were
synthesized using Polyol method. A precise parametric study was
performed to determine the effect of temperature, the injection rate
of silver nitrate solution and PVP solution, stirring rate of solution
and amount of copper chloride on the final morphology of
synthesized silver nanowires.

Methods: X-ray diffraction method was used to determine the crystal
structure and phase purity of synthesized silver nanowire. The
morphology and size of silver nanowires were obtained by Field-
Emission Scanning Electron Microscope. Electrical sheet resistance
and visible light transparency of synthesized silver nanowires were
measured by four-point probe test and UV-V spectrophotometer,
respectively.

Findings: According to the obtained results, the temperature of 158 °
C, the injection rate of 0.55 cc/min, the stirring rate of 300 rpm and
the copper chloride solution of 0.08 cc were determined as the
optimal conditions for synthesis of silver nanowire. The optimized Ag
nanowire coating showed 60% light transmittance and sheet
resistance of 28 (/sq.
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Optimizing synthesis parameters of silver nanowires by polyol method

Extended Abstract

Introduction

Silver nanowires are 1D nanostructures,
with diameter of 10 - 200 nm and length of
5-100 pm. Recently, polyol method has
been known as a successful method for
synthesis of silver nanowires. In this
method, silver nanowires are obtained from
reduction of a silver salt by a polyol
molecule at high temperature. During
reaction, poly(vinyl pyrrolidone) (PVP)
serves as preferential reducing agent and as
an inhibitor for preventing nanoparticle
growth. For the first time, Xia et al
synthesized silver nanowire by polyol
method. They employed ethylene glycol as
polyol, which serve as both reducing agent
and solvent. In this work, Pt nanoparticles
were used as nucleation site. High cost of Pt
is a disadvantage of this method. For
addressing this issue, they proposed a self-
nucleant method in which external nucleant
such as Pt nanoparticles is not required. In
this method, they found that both PVP
polymerization degree and molar ratio of
PVP/AgNO3 affect homogeneity of obtained
silver nanowires. A challenge of this
technique is precise injection of precursor
solutions which limits its industrial scale-
up. Afterward, CuCl, was used as nucleant.
It was observed that in the presence of
CuCl; homogeneous silver nanowires are
obtained.

Polyol synthesis of silver nanowires
depends significantly on various synthesis
parameters such as reaction temperature,
molecular weight and concentration of PVP,
concentration and injection rate of silver
nitrate solution, stirring speed and ... . The
purpose of present work is to investigate all
these parameters together and optimizing
them to achieve homogeneous silver
nanowires without presence of silver
nanoparticles.

Materials and Methods

Silver nanowires were synthesized by
polyol method. Synthesis was carried inside
a reaction flask equipped with reflux to
prevent evaporation losses of ethylene
glycol. First, 11.1 g ethylene glycol was
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heated to reaction temperature and then
2.5 cc PVP solution and 2.5 cc AgNO;
solution was added. The solution was
stirred at reaction temperature for 1.5 h.
For washing silver nanowire, it was
dissolved in acetone and ethanol and
precipitated by centrifuging at 3000 rpm.
For investigating the effect of temperature,
synthesis was carried out at temperatures
140, 150, 158 and 170 °C. Injection rates of
0.38, 0.55 and 0.83 cc/min were also
investigated. To investigate the effect of
stirring rate, synthesis was carried out at
rates of 200, 300, 500 and 700 rpm. Finally,
the effect of adding CuCl: nucleant was
investigated.

Silver nanowire morphology was studied by
field-emission scanning electron
microscope. Phase identification was done
by X-ray diffraction method. Sheet
resistance of deposited silver nanowire was
measured by 4-point probe method. light
transparency of deposited silver nanowire
film was  determined by UV-Vis
spectrophotometry.

Findings and discussion

SEM images of silver nanowires synthesized
at different temperature were shown in Fig.
1. In lower temperatures, formed silver
nanoparticles coated with PVP, and its 1D
growth is inhibited. Thus at 140 °C, silver
nano- and micro- particles coexist beside
silver nanowires. At 150 °C the amount of
silver nanowires increases but still silver
particle is observed. At 158°C, only silver
nanowire is observed without any particle.
At 170°C again silver particles appear.
Therefore, temperature 170°C was chosen
as optimized temperature.

The SEM images of silver nanowires
obtained at solution injection rates of 0.38,
0.55 and 0.83 cc/min were shown in Fig. 2.
At low and high injection rates silver
particles appeared. But at medium injection
rate of 0.55 cc/min homogeneous silver
nanowire is formed without the presence of
silver particles. To investigate the effect of
stirring speed of solution, reaction was
done at stirring speeds of 200, 300, 500 and
700 rpm. Fig. 3 shows the SEM images
obtained at different speeds. At lower
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speeds the local concentration of silver ions
increases and leads to formation of silver
particles. At 300 rpm homogeneous silver
nanowires formed. But at higher speeds
silver particles observed again. Stirring
speed of 300 rpm was selected as optimized
speed. According to SEM images of Fig. 4,
presence of CuCl; as nucleant leads to
homogeneous silver nanowire without
presence of silver particles. XRD pattern of
fig. 6 shows that silver nanowire with FCC
structure is obtained. However, traces of
AgCl was observed.

Silver nanowire was deposited on glass
sheet. By increasing the amount of silver
nanowire solution, the thickness of
obtained films increased. By increasing the
amount of solution from 0 to 6 cc,
transmittance was decreased from 90% to
50%. By increasing the thickness of silver
nanowire  coating, sheet resistance
decreases. Figure of merit was defined as @
= (T/100)1%/Rs. The best figure of merit
obtained for sheet resistance of 28 () and
transmittance of 60%.

Conclusion

The optimized synthesis parameters of
silver nanowire were obtained as 158°C
reaction temperature, 0.55 cc/min injection
rate, 300 rpm stirring speed. Also, suing
CuCl; as nucleant improve synthesized
silver nanowire.
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