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In this study, silver nanowires have been synthesized by the modified polyol method. Atomic force
microscopy and optical microscopy were used to study the morphological properties of nanowires. The
average diameter and length of obtained silver nanowires were 40–80 nm and 2–6 µm, respectively.
Moreover, the investigation showed that the morphology of synthesized nanostructures dramatically
depends on the concentration of halides. X-ray diffractometer study of the nanowires confirmed that
the growth process occurs through the deposition of Ag+ ions onto the (111) plane. The ultraviolet-
visible spectroscopy analysis demonstrated two localized surface plasmon resonance vibration lines of
silver nanowires. The study determined that the blue shift of these vibration lines occurred due to the
change in the size of the nanowires and depended on the halide concentration. The photoluminescence
spectra of samples demonstrated two emission maximums in blue–green regions related to radiative
recombination of Fermi level electrons and sp- or d-band holes.
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1. Introduction

One-dimensional (1D) metal nanostructures have
various applications due to their unique electrical,
optical, thermal, mechanical, and catalytic proper-
ties and thus have been the focus of recent research.
Characteristics of the silver nanowires (Ag NWs)
depend strongly on their size and morphology. The
development of an optimal physical or chemical syn-
thesis method, which allows accurate control of the
size and morphology of the nanowires, is vital for
their feature formation. Various techniques of syn-
thesis and stabilization of Ag NWs have been re-
ported. One of the effective synthesis methods is the
hydrothermal method [1]. Scientists report that Ag
NWs produced by the hydrothermal method pos-
sess non-linear optical properties and could be ap-
plied to filler laser [1]. In addition, it is possible
to produce Ag NWs with 100 nm in diameter and
a length of 800 µm with the help of the hydrother-
mal method [2]. Another research group has suc-
ceeded in synthesizing silver nanowires with a diam-
eter of ' 45–65 nm and a length of more than 200
µm using the same method [3]. The solvothermal
method is also a commonly used method for the syn-
thesis of Ag NWs [4]. However, the majority of syn-
thesis methods for these materials imposed several
technological requirements, such as the introduction

of the reagents into the system drop by drop [4–7].
In this regard, the polyol method is widely used
as one of the simplest methods in the synthesis of
Ag NWs [8, 9]. Furthermore, the polyol method
is also an effective technique due to its low cost,
mild reaction conditions, and suitability for indus-
trial production [10, 11]. Jung et al. [9] introduced
a “one-pot” process for the synthesis of Ag NWs with
a length of 100 µm and 100 nm in diameter using
the polyol method. Recently, there have been pro-
duced Ag NWs with a 20 nm diameter and a high
aspect ratio of 2000 with the help of the “one-pot”
technique [12].

According to the literature review, it can be con-
cluded that the influence of various parameters on
the growth mechanism of silver nanowires has been
studied well. However, the majority of the suggested
techniques are either inapplicable to mass produc-
tion or the production technique is too complex for
a commercial purpose [13].

Herein, Ag NWs also were synthesized by a polyol
method. However, unlike the traditional polyol
method, in this work, for the first time, all reagents
were introduced into the system simultaneously,
which made the synthesis method quite simple. In
addition, the effective ratio of initial reagents dur-
ing the synthesis of silver nanowires for large-scale
production for industrial purposes was determined.
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2. Materials and methods

2.1. Materials

Silver nitrate (AgNO3, 98%), sodium chlo-
ride (NaCl, 99.9%), potassium bromide (KBr,
99.0%), polyvinylpyrrolidone ((C6H9NO)n, MW≈
1300000), ethylene glycol ((CH2OH)2, 99.8%), and
ethanol (C2H6O, 99.7%) were purchased from
Karma Lab (Izmir, Turkey). All chemicals were of
analytical grade.

2.2. Preparation

A modified polyol method with two halides was
used to produce Ag NWs with a high aspect ra-
tio [7]. Ethylene glycol (EG) solutions of the 0.01 M
NaCl and 0.005 M KBr salts were prepared. Sub-
sequently, 0.6 g polyvinylpyrrolidone (PVP) was
solved in 20 ml EG at the 100◦C. Finally, 0.6 g
AgNO3, 0.6 ml NaCl/EG, and 1.6 ml KBr/EG so-
lutions were added to the PVP/EG system and in-
tensively mixed for a minute. The process contin-
ued in a silicone oil bath heated to a temperature
of 175◦C for 13–17 min (Fig. 1). The mixture was
diluted with ethanol and centrifuged several times
to remove excess reagents until the transparent so-
lution was obtained. No need to add the reagents
slowly or drop by drop is the main advantage of the
chosen method.

2.3. Characterization

The microstructure of Ag NWs samples was
studied on an optical microscope Zeiss Axio Im-
ager.A2m. The ultraviolet-visible (UV-vis) spec-
trum has been recorded on a spectrophotometer
Specord 250 Plus at the 200–700 nm range. The
X-ray powder diffraction (XRD) patterns were ex-
amined by diffractometer Rigaku MiniFlex 600s us-
ing the copper anode (Cu Kα radiation, 30 kV and
15 mA) at room temperature. The samples were
scanned in the range of 2θ angle of 10–80. The

Fig. 1. Synthesis process of Ag NWs.

Fig. 2. The images of Ag NWs from an optical mi-
croscope: (a) Ag (1:1); (b) Ag (2:1); (c) Ag (1:2).

TABLE IMarphological data of produced Ag NWs.

Sample
nomination

Concentration Morphology of
synthesized Ag0NaCl KBr

Ag (1:1) 0.01 M 0.01 M mainly nanoparticles
rather than nanowires

Ag (2:1) 0.01 M 0.005 M d̄ = 80 nm l̄ = 2–4 µm
Ag (1:2) 0.005 M 0.01 M d̄ = 55 nm l̄ = 3–6µm

morphology of the Ag NWs was studied by us-
ing Integra Prima atomic force microscope (AFM)
(NT-MDT). The measurement was performed in
the semi-contact mode in the open air. The lumi-
nescence properties of Ag NWs were investigated by
the Cary Eclipse spectrofluorometer.

3. Result and discussion

Figure 2 demonstrates the image of Ag NWs from
an optical microscope. It is clear that the morphol-
ogy formation of the samples significantly depends
on the concentration of Br− and Cl− ions. Research
shows that the absence of Cl− ions leads to the for-
mation of only Ag nanoparticles. Similarly, when
NaCl is the only control agent (in the absence of
Br− ions), the coarser Ag nanorods and nanoparti-
cles were formulated [14]. The summary of the mi-
croscopic investigation of produced nanostructures
was collected in Table I.

According to the table, when the weight ratio
of the Cl− and Br− ions is 1:1, mainly nanoparti-
cles were obtained rather than nanowires (Fig. 2a).
A twice reduction of the KBr concentration stimu-
lates Ag to grow as a 1D nanostructure with approx-
imately 80 nm in diameter and 2–4 µm of length
(Fig. 2b). In contrast, when the concentration of
NaCl is lower than that of KBr, the decreasing di-
ameter and increasing length of the formulated one-
dimensional nanostructures are observed (Fig. 2c).
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Fig. 3. AFM images of Ag (1:2): (a) 2D image; (b)
3D image.

Fig. 4. The diameter distribution of the Ag NW
(a) Ag (2:1); (b) Ag (1:2).

Figure 3 shows the 2D and 3D AFM topography
of Ag (1:2). This study also proves the formation of
the nanowires. In Fig. 4, the diameter distribution
histogram of the Ag nanowires is shown.

The crystalline structure of synthesized
nanowires was investigated by an X-ray diffractome-
ter (Fig. 5). The characteristic lines at the 38.67◦,
44.73◦, 64.79◦, 77.77◦, and 81.89◦ values of 2θ
correspond to (111), (200), (220), (311), and (222)
indexes, respectively [14]. Regarding the ICDD
database (card number 00-004-0783), this pattern
belongs to Ag NWs. According to the XRD pattern
of the Ag NWs, it can be concluded that nanowires
possess face-centered cubic unit cell structure, and

Fig. 5. XRD pattern of Ag NWs.

Fig. 6. UV-Vis spectrum of Ag nanostructures:
(1) Ag (1:1) ; (2) Ag (2:1); (3) Ag (1:2).

lattice parameters are a = b = c = 4.086 Å and
α = β = γ = 90◦, respectively. Uniform nanowires
were obtained through the slow release of Ag+
ions and the fast growth rate of the (111) plane.

Since the growth rate of the (100) plane of Ag
NWs is inhibited by the presence of Br− and Cl−
ions and PVP chains, deposition goes onto the (111)
plane [14].

UV-Vis spectra of Ag nanostructures synthesized
by different concentration of NaCl and KBr salts
is given in Fig. 6. Two characteristic peaks around
355 nm and 388 nm correspond to the localized
surface plasmon resonance vibrations of the Ag
NWs and are observed for all three samples. The
weak peak that appears at about 355 nm is as-
signed to the quadrupole resonance excitation of Ag
NWs [15]. This peak remained stable regardless of
the concentration of halides. However, a resonance
peak at 388 nm shifted towards lower wavelengths
(376 nm) for Ag NWs (1:2) sample (Fig. 6, line 3).
This absorption line corresponds to the transverse
localized surface plasmon resonance (LSPR) vibra-
tion of Ag NWs [15]. The transverse LSPR is sen-
sitive to the size change of the nanowire. The blue
shift in the transverse LSPR line is due to the de-
crease in the diameter of the nanostructures for Ag
NWs (1:2) [16–18]. The absorption line at 405 nm
is observed only for Ag (1:1) samples and belongs
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Fig. 7. FL spectrum of Ag NWs: (1) pure ethanol;
(2) ethanol+Ag NWs solution.

to surface plasmon vibrations in the silver nanopar-
ticles (Fig. 6, line 1) [19, 20]. The UV-Vis results
demonstrate good agreement with microscopic in-
vestigation.

The room-temperature fluorescence emission
spectra of silver nanostructures were also stud-
ied. The excitation wavelength was 414 nm [21].
The photoluminescence (PL) emission of the pure
ethanol and the Ag NWs dispersed in ethanol were
recorded in the 430–580 nm diapasons (Fig. 7, lines
1 and 2).

Two emission maximums in blue–green regions,
namely, 486 nm and 530 nm, were observed in the
PL spectrum of silver nanowires. The blue–green
emission in the PL spectrum of Ag NWs is due to
the radiative recombination of electrons and holes
near the Fermi level [21]. It is known that the band
structure of the noble metals could be explained in
the framework of the free electron gas model. Half-
filled 5sp band of Ag nanowires is a conduction band
and is located above the Fermi level [22]. Fully-filled
4d band is a valance band [23]. Photo-excitation
leads to the transfer of electrons from the 4d band
to the 5sp band, and holes occur in the 4d band. The
direct recombination of 4d holes and 5sp electrons
results in visible emission [24].

4. Conclusions

A modified polyol method with two halides,
namely, NaCl and KBr, was used to produce Ag
NWs. The morphology of Ag nanostructures sig-
nificantly depended on the ratio of Br− and Cl−
ions. The experimental investigation showed that
at a 1:1 ratio of Cl− and Br− ions, mainly nanopar-
ticles were obtained rather than nanowires. A twice
reduction of the KBr concentration stimulated Ag
to grow as a 1D nanostructure with approximately
80 nm in diameter and 2–4 µm of length. In con-
trast, when the concentration of NaCl was lower
than that of KBr, the formation of Ag nanowires
with a diameter of 55 nm and a length of 3–6 µm
was observed. X-ray diffractometer study of silver
nanowires confirmed that the wires grow through

the deposition of Ag ions onto the (111) plane.
In addition, the UV-Vis investigation demonstrated
two LSPR vibration lines of Ag NWs. The absorp-
tion line at 405 nm was observed only for sam-
ples produced at a 1:1 ratio of Cl− and Br− ions,
which proves the formation of silver nanoparti-
cles besides nanowires. The PL spectra of silver
nanowires demonstrated two emission maximums in
blue–green regions related to radiative recombina-
tion of Fermi level electrons and sp- or d-band holes.
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