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Abstract
Silver nanowires (AgNWs) with a high aspect ratio (>2000) have remarkable flexibility and photoelectric properties. Moreo-
ver, these nanowires are an important alternative for flexible transparent electrodes because of their significant electrical 
conductivity and low cost when fabricated into conductive networks on transparent substrates. Most reported AgNWs have 
low aspect ratios and are accompanied by numerous nanoparticles, which require an additional purification treatment. A 
one-step synthesis is still challenging for high-purity AgNWs with ultra-high aspect ratios (>2000), thin diameters, and few 
particle by-products. In this work, we propose a strategy to effectively improve the aspect ratio of AgNWs. We used a poly-
vinylpyrrolidone (PVP) mixture as the capping agent and explored the effects of mixing PVPs with two different molecular 
weights: 1,300,000 Da and 40,000 Da. The fabricated AgNWs are highly pure (AgNPs×100 < 0.29 pieces/square micron) 
with diameters of about 40 nm, an aspect ratio of more than 2000, and a quality factor of 7407.41. Thus, our strategy paves 
the way for low-cost and large-scale manufacturing of high-purity flexible transparent electronics.

Keywords  Silver nanowires · solvothermal method · silver nanoparticles · polyvinylpyrrolidone

Introduction

A flexible transparent conductive electrode is a key element 
in many flexible optoelectronic devices, such as transpar-
ent fingerprint sensors,1 touch screens,2,3 LCDs,4,5 and solar 
cells.6 The tremendous growth of these devices has led to the 
demand for flexible conductive electrodes. Indium tin oxide 
(ITO) is the most important conductor for traditional opto-
electronic devices. However, the ceramic brittleness of ITO 
limits its development into flexible conductive electrodes. 
This critical problem is being solved with the next genera-
tion of conductive electrodes, such as graphene,7 conducting 
polymers,8 metal nanowires (Ag, Au, and Cu),5,9 and carbon 
nanotubes (CNTs).10 Among these emerging candidates, 

metal nanowires are attracting increasing attention as an 
alternative flexible transparent conductor because of the low 
yield of graphene, the instability of conductive polymers, 
and the high levels of impurities and low dispersity of CNTs. 
Further considering the nature of metals (e.g., Au, Cu) and 
the production complexity, silver nanowires (AgNWs) are an 
excellent alternative to commercial ITO materials owing to 
their highest electrical conductivity among all relevant met-
als, good physical and chemical stability, and low cost.11,12 
Being a transparent electrode, AgNWs are also comparable 
to expensive ITO in terms of flexibility, transmittance, and 
electrical conductivity.13 Currently synthesized AgNWs 
have a low aspect ratio, many silver nanoparticle (AgNP) 
by-products, and low purity. Numerous experiments have 
established that the synthesis of AgNWs with high aspect 
ratios effectively improves the optical transmittance2,14 since 
large, optically transparent “holes” are formed between high-
aspect-ratio metal nanowires,15 which improves the electrode 
conductivity, and reduces both the sheet resistance and cost.

The liquid phase method using ethylene glycol as a 
solvent is the most promising method for AgNW synthe-
sis, and there are many synthetic techniques, such as the 
polyol method,13 solvothermal method,16,17 DNA template 
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method,18  and electrochemical deposition method.19 
Although the polyol method is a widely studied and mature 
process, its application has been limited because the AgNWs 
produced have a low aspect ratio20–23 and are accompanied 
by many silver nanoparticles (AgNPs).24–27 It is also difficult 
to control the AgNW purity and aspect ratio using the polyol 
method; therefore, high-quality AgNWs are produced but 
with poor repeatability.26 Recently, Wang et al. described 
the use of the polyol method to synthesize silver nanowires 
with a diameter of 75 nm, an aspect ratio of only over 500, 
and 100 times the number of AgNPs in less than 4.14 pieces 
(PCS) per square micron (µm2) after centrifugation for 5 
min.20 Meanwhile, Fang et al.23 used a polyol method to 
synthesize AgNWs, which were purified by selective pre-
cipitation to obtain thick and long AgNWs with a diameter 
of 116 nm and an aspect ratio of 1200.

Compared with the polyol method, the solvothermal 
method shows strong advantages and is an ideal method 
to synthesize high-aspect-ratio AgNWs. Research has also 
focused on the synthesis of high-aspect-ratio AgNWs by 
the solvothermal method. In 2012, Zhu et al. used CuCl as 
the control agent in the hydrothermal reaction process, and 
further purification was performed to obtain AgNWs with a 
diameter of 20 nm, an aspect ratio of 1000, and AgNPs ×100 
of less than 10.89 PCS/µm2.28 Then, in 2013, Lee and cow-
orkers successfully synthesized AgNWs with AgNPs×100 
below 184.71 PCS/µm2 and further purified the nanowires 
to a diameter of about 20 nm and aspect ratio of about 1000 
by a hydrothermal reactor, which uses NaCl and KBr as 
control agents.29 Moreover, Ye et al. reported in 2017 the 
synthesis of ultra-long AgNWs (approximately 50 nm in 
diameter, 4000 aspect ratio, and unpurified AgNPs×100 < 
1.22 PCS/µm2) using a filter cloth after a hydrothermal reac-
tion.24 However, a one-step synthesis is still challenging for 
high-purity AgNWs with an ultra-high aspect ratio (>1500), 
thin diameter, and a small number of particle by-products.

In the conventional polyol method, AgNWs are synthe-
sized by a continuous multi-step growth method using eth-
ylene glycol as a solvent by adjusting the concentrations of 
polyvinylpyrrolidone (PVP), AgNO3 and halide ions. PVP 
is widely known to play an important role as a stabilizer and 
capping agent during the growth of AgNWs.30 PVP mol-
ecules with longer chains have stronger bond strength and 
have also been demonstrated to self-assemble into an ordered 
two-dimensional array on Ag nanocrystal surfaces.31,32 At 
the same time, other studies have shown that PVP mole-
cules with shorter chains have higher capping efficiency and 
incomplete coverage on the Ag seed surface, which leads to 
the anisotropic growth of Ag crystal nuclei.33 Therefore, we 
employed a PVP mixture with different molecular weights 
(Mw, i.e., different chain lengths) as the capping agent to 
synthesize ultra-high-aspect-ratio (>1500) AgNWs. More-
over, AgNWs with a diameter of less than 40 nm and an 

aspect ratio of more than 1000 were reportedly synthesized 
by the PVP mixture.25 Although the AgNWs fabricated by 
PVP mixture as the capping agent still has a relatively low 
aspect ratio, only a few nanoparticles emerged in the syn-
thesized AgNWs, which demonstrates high purity. This is 
difficult to achieve by the traditional polyol method.

In this study, we propose a strategy that effectively 
improves the aspect ratio of AgNWs by incorporating PVP 
mixtures into the solvothermal process. Two PVP variants 
with different Mw were employed as capping agents in the 
solvothermal processes, which have not been investigated 
in previous reports. The solvothermal method easily syn-
thesizes high-aspect-ratio AgNWs, and the PVP mixture 
allows for high-purity synthesis of AgNWs with few parti-
cle by-products. Therefore, combining the advantages of the 
solvothermal method and PVP mixing, it is easy to achieve 
AgNWs with high purity and high aspect ratios. A series of 
comparative experiments were designed to ascertain the del-
icate and distinctive roles of PVP molecular weights during 
the growth process of high-aspect-ratio AgNWs. The effect 
of reaction temperature and ferric chloride on the growth of 
high-aspect-ratio AgNWs was also investigated. The results 
of this study were also compared with those of previous 
reports on AgNW fabrication.

Experimental Section

Chemicals and Reagents

Commercial AgNO3 (≥99.98% purity, Sinopharm Chemi-
cal Reagent Co., Ltd.), FeCl3 (≥99.00% purity, Sinopharm 
Chemical Reagent Co., Ltd.), and ethylene glycol (EG, 
99.98% purity, Sinopharm Chemical Reagent Co., Ltd.) 
were used in this work. PVP-1,300,000 Da (Mw = 1,300,000 
Da, 99.98% purity) was purchased from Alfa Aesar (China, 
Grand Chemical Co., Ltd.) and PVP-K30 Da (Mw = 40,000 
Da, 99.98% purity) was purchased from Macklin (Shanghai 
Maclean Biochemical Technology Co., Ltd.). All chemicals 
were used as received without any further purification.

Synthesis of Ag Nanowires

AgNWs were prepared through the solvothermal approach 
as follows. First, varying amounts of both PVP-K30 Da and 
PVP-1,300,000 Da from 0.1 to 0.5 g were added into the 
respective beakers with 50 ml EG to form homogeneous 
EG solutions with molecular weight ratios of the long- to 
short-chain PVPs as follows: 5:1, 2:1, 1:1, 1:2, and 1:5. 
AgNO3 (0.2 g, 1.18 mM) was then completely dissolved in 
the EG solution. Afterward, 0.2 mL of another EG solution 
with 0.025–0.225 mM FeCl3 was injected into the above 
EG solution. The mixture was then transferred into a 50 mL 
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Teflon-lined stainless-steel autoclave and heated in a resist-
ance oven at 130°C for 8 h. Then, the precipitate was col-
lected by centrifugation at 3000 rpm for 5 min and washed 
several times by acetone and ethanol to remove the residual 
PVP and impurities. Finally, the samples were dispersed in 
ethanol for further use.

Characterization

Scanning electron microscopy (SEM) images were taken 
with an SU8010 microscope (FE-SEM, Hitachi). Transmis-
sion electron microscopy (TEM) was conducted by a 200 kV 
Tecnai G2 F20 S-TWIN microscope. Powder x-ray diffrac-
tion (XRD) patterns were obtained on an x-ray diffractom-
eter (XRD, Empyrean) with Cu Kα radiation at a scanning 
rate of 2°/min in the 2θ range of 5°–90°. Lastly, UV-visible 
extinction spectra were collected by UV-vis spectrophotom-
eter (Nicolet Evolution 300) at room temperature with eth-
ylene glycol as the reference solution.

Results and Discussion

The as-prepared and re-dispersed AgNWs in ethanol solu-
tions showed a grayish-white color with no significant pre-
cipitation at the bottom of the glass bottle as displayed in the 
inset of Fig. 1a. A large number of filamentous materials was 
clearly observed in the suspension when the glass bottle was 
shaken. A representative SEM image (Fig. 1a) showed that 
uniform and ultra-long AgNWs were obtained without Ag 

crystals, indicating a successful one-pot synthesis of high-
purity AgNWs without any additional purification process. 
Based on statistical analysis, the average length and diameter 
were approximately 90 nm and 40 nm, respectively. Fig-
ure 1b shows a TEM image of the AgNWs. On the other 
hand, no residual PVP layer was coated on the AgNWs.34 
The products were further characterized by high-resolution 
transmission electron microscopy (HRTEM) and selected-
area electron diffraction (SAED) analyses. It is seen from the 
HRTEM image of the selected area with higher magnifica-
tion in Fig. 1d that the regular spacing of the observed lattice 
planes is 2.37 Å, which is consistent with the separation of 
Ag (111) planes, suggesting AgNW growth along the [110] 
direction; the growth direction of the silver nanowire is per-
pendicular to this plane. From Fig. 1a and e, a clear diffrac-
tion pattern can be seen. Thus, based on the fundamentals of 
crystallography, the single-crystal structure of synthesized 
AgNWs is determined.27,35,36

Figure 2 shows the XRD pattern of the obtained nanow-
ires after centrifugation. The five diffraction peaks agree 
well with the (111), (200), (220), (311), and (222) faces of 
the face-centered cubic Ag, and no other diffraction peak is 
observed. The synthesized AgNWs also have good crystal-
linity and high purity. Among the diffraction patterns, the 
(111) plane has the strongest diffraction peak, which implies 
that Ag atoms were preferentially deposited on the (111) 
plane, which led to the growth along the [110] direction.

To study the effect of mixing the two PVPs on the mor-
phology of AgNWs, weight ratios of 5:1, 2:1, 1:1, 1:2, and 
1:5 between PVP-1,300,000 Da and PVP-K30 Da were 

Fig. 1   (a) Low-magnification SEM image of the as-prepared AgNWs. Inset: camera picture of the AgNW suspension. (b, c) Typical TEM 
images of AgNWs, (d) the representative HRTEM image and (e) SAED image of AgNWs.
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employed during the solvothermal reaction while keeping 
the other components and temperature unchanged. When 
the weight ratio was 5:1, we observed AgNPs (of approx-
imately 200 nm in diameter) with a small amount of Ag 
nanorods as shown in Fig. 3a. When the ratio was reduced to 
2:1 (Fig. 3b), longer silver nanowires were synthesized with 
a small number of particles. Moreover, when the ratio was 
1:1, we synthesized Ag nanoparticles (of approximately 150 
nm in diameter), and few nanorods as shown in Fig. 3c. In 
contrast, when the weight ratio was 1:2 (Fig. 3d), the density 
of silver nanoparticles increased (about 150 nm in diameter), 
and further adjusting the ratio to 1:5, the synthesized product 
was dominantly silver nanoparticles. Figure 4 summarizes 

the changes in Ag nanowire and nanoparticle diameters, and 
nanowire length as a function of the PVP weight ratio. The 
thin AgNWs are longest when the weight ratio of the two 
PVPs is 2:1. This was achieved by employing PVPs as the 
efficient capping agent essential for anisotropic growth of 
the Ag crystal nucleus. When PVP molecules with differ-
ent chain lengths were mixed, short-chain molecules were 
adsorbed on the surface of the Ag seed and filled the gap 
between long-chain molecules, which effectively promotes 
the deposition of Ag ions on the (111) surface and the sub-
sequent growth of AgNWs.

An optimized reaction temperature is also important and 
necessary for the formation of AgNWs in the solvothermal 
reaction. Figure 5 shows the SEM images of AgNWs syn-
thesized under three solvothermal reaction temperatures. 
Stubby nanorods and particles were formed at a reaction 
temperature of 110°C (Fig. 5a) because the low temperature 
induced a slow reaction rate and caused isotropic growth of 
Ag crystal nucleus.37  Meanwhile, small AgNPs began to 
dissolve into the reaction solution and were grown on the 
larger AgNPs by the Ostwald maturation process.38,39 When 
the temperature was raised to 150°C (Fig. 5c), smaller nano-
particles were synthesized compared with those at 110°C 
(Fig. 5a). The higher temperature produced excessive energy 
which sped up the reaction rate of the solution; thus, the 
nucleation rate of the Ag crystal was higher than its growth 
rate. This produced a large number of AgNPs that were 
smaller than those formed at 110°C (Fig. 5a). It was only 
when the temperature was raised to 130°C (Fig. 5b) that 
the synthesized AgNWs dominated in numbers compared 
with nanoparticles. Therefore, we considered 130°C as the Fig. 2   Powder XRD pattern of the as-prepared AgNWs.

Fig. 3   FE-SEM images of AgNWs synthesized with weight ratio of PVP-1,300,000 Da and PVP-K30 Da of (a) 5:1, (b) 2:1, (c) 1:1, (d) 1:2, and 
(e) 1:5.
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appropriate temperature for the synthesis of high-aspect-
ratio AgNWs. Meanwhile, the suitable temperature (130°C) 
also provided sufficient energy to promote the dissolution 
and formation of AgNPs, which modified and improved the 
growth of AgNWs.

FeCl3 is widely known as a key control agent in the sol-
vothermal synthesis of AgNWs.40 Figure 6a, b, c, d, e, and f 
shows the SEM images of AgNWs synthesized at the FeCl3 
concentration of 0.025, 0.075, 0.125, 0.175, 0.200, and 0.225 
mM, respectively, in another EG solution while keeping the 
weight ratio at 2:1 and the temperature at 130°C. Figure 6a 
shows that when the FeCl3 concentration was 0.025 mM, 
the AgNWs had an average diameter of 200 nm, a length of 
10 µm, and an aspect ratio of 50. When the concentration 
was 0.075 mM (Fig. 6b), the length and aspect ratio of the 
AgNWs increased to 30 µm and 200, respectively, while 
the diameter decreased to 150 nm. At FeCl3 concentrations 
of 0.200 mM (Fig. 6e and f, respectively), the thinnest and 

longest AgNWs (about 40 nm in diameter, average 90 nm 
and largest 270 µm in length) were successfully achieved, 
which resulted in an average aspect ratio of more than 2000, 
with the largest aspect ratio at 6000. However, when the con-
centration was 0.225 mM (Fig. 6f), the synthesized AgNWs 
were accompanied by numerous large AgNPs. When the 
FeCl3 concentration was less than 0.125 mM, the (100) plane 
of the Ag crystal nucleus was not adequately passivated, 
thus obtaining a mixture of AgNWs and their nanoparticle 
by-products. When the FeCl3 concentration was more than 
0.200 mM, many AgNPs were contained in the AgNWs. The 
high concentration of Cl– increased the nucleation rate of the 
Ag atoms forming pentagonal twin seeds, deactivated the 
(100) surface of Ag, promoted the anisotropic growth of Ag 
atoms, and inhibited the radial growth of Ag atoms, which 
easily led to AgNP formation.41 The dissolved oxygen in the 
solvent also facilitated the formation of AgNPs.42,43  Fig-
ure 7 shows the diameter, length, and aspect ratio of AgNWs 

Fig. 4   Changes in nanowire/nanoparticle diameter and length as a function of the weight ratio of PVP-1,300,000 Da and PVP-K30 Da.

Fig. 5   SEM images of AgNWs synthesized at a reaction temperature of (a) 110°C, (b) 130°C, (c) 150°C (weight ratio of PVP-1,300,000 Da and 
PVP-K30 Da is 2:1).
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as a function of FeCl3 concentration. As the concentration 
of FeCl3 increased, the AgNW diameter decreased, and the 
length and aspect ratio increased. When the FeCl3 concentra-
tion was 0.200 mM, AgNWs had the thinnest diameter, the 
longest length, and the highest aspect ratio. Therefore, 0.200 
mM was the optimal FeCl3 concentration in EG solution 
for synthesizing thin and uniform high-aspect-ratio AgNWs 
with few particle by-products.

To clarify the growth mechanism of high-purity and high-
aspect-ratio AgNWs, UV-Vis spectra and TEM measurement 

were employed. Figure 8 shows the UV-Vis spectra of seven 
time segments from the initial reaction time of 30 min to 
8 h during the solvothermal synthesis. Meanwhile, Fig. 9 
shows the corresponding TEM images of AgNWs in each 
time segment until 4 h. In the first 30 min of the reaction, we 
observed a wide and weak surface plasmon resonance (SPR) 
peak around a wavelength of 425 nm as shown in Fig. 8. The 
corresponding TEM image of the products (Fig. 9a) indi-
cates that only 50–100 nm pentagonal twin structure AgNPs 
emerged.

(a)

(d)

(b)

(e)

(c)

(f)

Fig. 6   FeCl3 effect on the synthesis of AgNWs in the solvothermal 
reaction. (a) 0.025 mM, (b) 0.075 mM, (c) 0.125 mM, (d) 0.175 
mM, (e) 0.200 mM, and (f) 0.225 mM. The diameter of AgNWs 

decreased with the increasing concentration of FeCl3 from (a) to (f). 
The AgNPs×100 PCS/µm2 decreased first and then increased with the 
increasing concentration of FeCl3 from (a) to (f).

Fig. 7   Changes in nanowire diameter, length, and aspect ratio as a function of the FeCl3 concentration.
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During the 1–2 h period, an important transition from 
nanoparticles to nanorods was observed. Therefore, the 
SPR peak at 376 nm can be considered as an optical fea-
ture of the growth of nanoparticles into Ag nanorods. The 
nanowire TEM images of 1 and 2 h were decahedral rod-
like structures, as shown in Fig. 9b and c. As the reaction 
time proceeded for 3–4 h, the Ag nanorods were completely 
converted into AgNWs (Fig. 9d). For the subsequent reac-
tion time until 8 h, the AgNWs gradually grew, and their 

aspect ratio further increased. The three peaks at 355, 385, 
and 404 nm were observed to exist simultaneously from the 
UV-visible absorption spectrum for 3–4 h. When the reac-
tion proceeded to 3 h, a new extinction peak was observed 
at 355 nm, a peak at 425 nm was gradually redshifted to 404 
nm, and a peak at 376 nm was blueshifted to 385 nm. The 
peaks at 355 nm and 385 nm were similar to the transverse 
plasmonic peaks of the commonly observed pentagonal 
cross-section of nanorods.38,44 The peak at 404 nm indicates 
an increase in the number of Ag nanorods.20 When the reac-
tion time was further increased to 6 h and 8 h, the SPR peak 
intensity decreased and the width became narrow. The peak 
at 355 nm indicates an increase in the number and length of 
nanowires and a decrease in the number of Ag nanoparticles. 
At 6 h, the peak at 404 nm representing the Ag nanorod 
completely disappeared. As the reaction progressed to 8 h, 
the length of AgNWs was further increased, and the number 
of AgNPs was further reduced. The redshift of the SPR peak 
at 390 nm to 385 nm is related to the tip of the AgNWs. The 
two SPR peaks at the last 355 and 385 nm are attributed to 
the fivefold twin structure of the AgNWs. Owing to the high 
aspect ratio of the synthesized AgNWs, their longitudinal 
plasma vibration peaks should be in the infrared region.26 
The inset image of Fig. 9d shows a V-shaped AgNW which 
is joined together at the nanowire end. It can be interpreted 
as the formation of a new pentagonal crystal structure on 
the (111) face of one AgNW end face, which formed after a 
reaction time of more than 4 h.45

Figure 10 shows the proposed growth mechanism of 
the synthesized AgNWs via the solvothermal method. The 
synthesis mechanism of high-purity and high-aspect-ratio 
AgNWs was attributed to the effect of temperature, the syn-
ergistic effect of PVP mixture (PVP-1,300,000 Da and PVP-
K30 Da), and the promotion of NO3–.

During the reaction, the temperature provides sufficient 
energy to promote the dissolution of AgNPs, which leads to 
more Ag+ and small AgNPs in the solution. Moreover, the 
temperature required for secondary nucleation is higher than 
the temperature at which AgNWs grow. Then, the second-
ary nucleation of AgNPs can be inhibited by controlling the 
synthesis temperature of the system, thereby achieving fewer 
AgNPs in the product.

Because of the high degree of polymerization of long-
chain PVP, the presence of polycarbonyl groups can form 
Ag-O bonds with the (100)-faced Ag+, which limits the lat-
eral growth of Ag seeds.46  Because of the large intermo-
lecular forces (steric and repulsive forces) between the long-
chain PVPs, it is difficult to closely align PVP on the (100) 
surface of Ag seeds.33,41  Meanwhile, short-chain PVPs with 
small intermolecular forces are adsorbed on the (100) side 
of Ag seeds, filling the gap between the long-chain PVP 
molecules.25  The strong chemical interaction between the 
PVP and (100) faces hinders the lateral growth of AgNWs, 

Fig. 8   Extinction spectra recorded from an aqueous suspension of 
products at different time segments from initial reaction time of 30 
min to 8 h in the solvothermal synthesis process.

Fig. 9   TEM images of Ag seeds generated in (a) initial 30 min, (b) 1 
h, (c) 2 h, and (d) 4 h. The inset in (a) is an HRTEM image of a pen-
tagonal structure Ag seed with five (111) faces at one end. The inset 
in (d) is the image of a V-shaped nanowire.
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while the weak interaction between the PVP and (111) faces 
results in the continuous growth of silver nanostructures 
along the elongated axis [110].46 Therefore, some nanow-
ires gradually grow into high-aspect-ratio AgNWs under the 
synergistic effect of PVPs. Part of the AgNWs form high-
aspect-ratio AgNWs in the presence of high concentrations 
of nitrate anions by self-assembled growth mechanisms. 
Both Cl–/O2– and Cl–/Fe3+ have strong corrosive effects 
on the surface of the AgNWs, resulting in a small AgNW 
diameter, a rough surface, and a prolonged reaction time.47 
In addition, the PVP-NO3−-AgCl binding site, produced by 
the synergistic electrostatic interaction between NO3– and 
AgCl, NO3– and PVP, can be used as an attachment template 
between the ends of AgNWs.48 AgNWs activate the ends by 
absorbing small AgNPs and extend themselves by attach-
ing other AgNWs.49 Owing to the thermodynamic stability 
of the nanowires, the curved V-shaped nanowires become 
straight, thereby obtaining ultra-long AgNWs with a pen-
tagonal cross section.45

Figure  11 compares our present work with previous 
reports. The aspect ratio (Fig. 11a) of AgNWs in this study 
reached a high value of approximately 2000, which is sec-
ond only to that reported by Ye. Meanwhile, Fig. 11b com-
pares the unpurified AgNPs per square micron between our 
result and that of other studies. Considering the two factors 
of the diameter of AgNWs and the number of particles per 
square micron, the red circle in Fig. 11b represents AgNWs 
synthesized by the solvothermal method. Its value is more 
concentrated, the coordinates are closer to the origin, and 
the comprehensive value is lower than the value of the green 
circle, which was synthesized by the polyol method. The 
lowest content of unpurified AgNPs per square micron in 
this work was 0.29. Figure 12 shows a comparison of the 
quality factor of our results with that of other studies. We 
estimated the quality factor of AgNWs as the ratio of the 
AgNW aspect ratio to the 100-fold unpurified number of 
AgNPs per square micron. The quality factor of 7407.41 for 
this work is the highest in Fig. 12. Therefore, compared with 

Fig. 10   The growth mechanism of AgNWs using mixed PVP molecules.

Fig. 11   (a) Comparison with other work in diameter and aspect ratio, (b) comparison with other work in diameter and AgNPs×100 PCS/µm2 
(square micron), (Ye,24 Ran,25 Silva,26 Li,27 Zhang,50 Wang,20 Yang,51 Ding52).
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other studies, our work has the lowest content of unpurified 
AgNPs per square micron and the highest quality factor. The 
lowest content of unpurified AgNPs indicates the feasibility 
of the one-step synthesis of AgNWs, which greatly reduces 
industrial production cost.

Conclusions

Compared with the previous method of synthesizing 
AgNWs, we propose a simple and effective solvothermal 
method using two different PVPs as the control agent to 
synthesize AgNWs with a diameter of 40 nm, an aspect 
ratio of more than 2000, and a yield that was kept at about 
80%. Owing to the presence of complexes (Ag+ combined 
with capping agent PVP) and NO3–, the lateral growth of 
AgNWs was restricted and the nanowires only grew along 
the elongated axis. Finally, high-purity (AgNPs×100<0.29 
PCS/µm2), high-aspect-ratio (>2000), and high-quality-fac-
tor (7407.41) AgNWs with a pentagonal cross section were 
fabricated. The high-aspect-ratio and high-purity AgNWs 
are suitable in flexible transparent electrodes and in a variety 
of optoelectronic nanodevices. Our method paves the way 
for a low-cost and large-scale fabrication of such devices.
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