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Abstract. Silver nanowires (AgNWs) are promising materials due to their flexibility, high  

transmittance, high conductivity, and low sheet resistances to replace ITO (Indium Thin Oxide) based 

electrodes. In this work, we studied the Propylene Glycol and Glycerol addition in Ethylene Glycol 

solvent to form AgNWs with polyol method. AgNWs was made thin film by spin coating method 

(with 1 – 3 layers variation) in PET substrate at 3000 rpm. The best morphology AgNWs formed by 

EG: PG: Gliserol (7 : 0 : 3) solvent composition with average diameter, length, and thickness are 

210.32 nm, 6.68 μm, and 2.1 μm respectively. In optical properties, transmittance of AgNWs thin film 

was in range of 54.6 – 70.6 %. The sheet resistance of 3 layers AgNWs thin film was 2.8 – 30.2 Ω/sq. 

Sheet resistance of AgNWs thin film was better than ITO-PET (transmittance 60% sheet resistance 45 

Ω/sq). 

 

1 Introduction 

Nowadays, almost all electronic devices use Indium 

Tin Oxide (ITO, 90% In2O3 and 10% SnO2) as a 

conductive electrode. But these materials suffer from a 

number of drawbacks, including high cost, brittleness 

(ceramic properties), rigidity, and harmful composition 

[1]. Inspired numerous study has been conducted to 

find alternative material as conductive electrode that 

are flexible, effective, efficient, and environmentally 

friendly. As a result, some materials such as graphene, 

carbon nanotube, conducting polymer, and metal 

nanowires (AgNWs, CuNWs, dan AuNWs) could be 

replaced ITO PET [2]. In contrast to carbon material, 

metal nanowires have higher electrical conductivity 

and transmittance. Concurrently, conductive polymer 

materials are easier to synthesize and manufacture, but 

have lower and unstable conductivity and transmittance 

than ITO [3]. Due to the shortcomings in carbon 

materials and conductive polymers, metallic nanowires 

especially silver (AgNWs) have been considered as 

prospective and potential candidates in Flexible and 

Transparent Conductive Electrodes (FTCE), because 

AgNWs could produce better transmittance, electrical 

conductivity, and flexibility than ITO [4].  

From various methods of AgNWs synthesis, polyol 

is the most effective method because of low cost, 

simpler synthesis process, suitable for large-scale 

production (industrial) and produces AgNWs with high 

aspect ratio. In general, polyol method uses AgNO3 as 

a precursor, polyvinylpyrrolidone (PVP) as capping 

agent and stabilizer, and requires solvent polymer as 

reducing agent.  
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 Polyol method could produce AgNWs with 

diameter of 20 – 80 nm, length of  ≥20 μm, 

transmittance of 80 – 92%, low resistance of 20 – 80 

Ω/sq, and high electrical conductivity of 4 x 106 S/m 

[5]–[10]. However, there are drawbacks including 

uniform size and still having byproducts such as 

nanoparticles/nanorods.  

One important component in formation of AgNWs 

morphology is solvent as reducing agent. Several 

polymers, including ethylene glycol (EG), propylene 

glycol (PG), glycerol, N-methyl pyrrolidone (NMP), 

diethylene glycol, and triethylene glycol, are applied as 

solvents in AgNWs synthesis. These solvents can be 

used separately, however, numerous research has 

looked into the effects of mixing different solvents for 

synthesizing AgNWs. The following studies on solvent 

mixing have been conducted: glycerol-EG [11], NMP-

glycerol-EG [12], and (diethylene glycol-triethylene 

glycol-glycerol-EG) [13]. Propylene Glycol was used 

because of its advantages that can produce small 

diameter AgNWs (≤60 nm), while Etylen Glycol can 

produce long AgNWs (up to 100 μm). Additionally, 

combining NMP and glycerol can improve the thin 

film of AgNWs' transmittance while lowering its 

resistance. 

Each solvent has advantages in specific parameters 

based on research that has been mentioned. As of right 

now, ethylene glycol continues to be the best solvent  

for AgNWs synthesis. However, the impact of 

combining different solvents on the properties of 

AgNWs has only been examined in a small number of 

investigations.  
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Since no one has ever done it and it has potential to 

enhance optical and physical properties of the AgNWs 

thin film, it is therefore required to conduct a solvent 

mixing process, particularly using EG, PG, and 

glycerol.  

2 Methods 

The following materials were used in the synthesis: 

AgNO3 99% (Merck, kGaA, Darmstard, Germany), 

FeCl3.6H2O, polyvinylpyrrolidone (PVP, Mw 1300000 

by Sigma Aldrich, USA), ethylene glycol (EG, Merck, 

kGaA, Darmstard, Germany), propylene glycol (PG), 

glycerol 85% (Merck, kGaA, Darmstadt, Germany), 

ethanol, alcohol, deionized water (DI), and 

Polyethylene terephthalate (PET).   

In the synthesis, EG solvents were a fixed variable 

(7) while the composition of PG and glycerol was an 

independent variable (EG : PG : G = 7 : x : 3-x). In the 

beginning step of synthesis, 0.204 grams of 

FeCl3.6H2O were dissolved in 10 ml of mixing solvent 

and stirred until homogenous to obtain FeCl3.6H2O 

0.04 M (A solution). Next, 1.53 grams of AgNO3 were 

dissolved in 30 ml of mixing solvent, and 10 minutes 

were spent stirring to obtain 0.3 M AgNO3 (B 

solution). Third, 1.5 grams of PVP were dissolved in 

30 ml of a mixing solvent for 1 hour at a temperature 

of 130 °C (C solution).  

The following step involves using a syringe pump 

to continuously inject 100 μL of A and 24 ml of B to C 

for two hours. Following that, the mixture was stirred 

for next two hours to allow AgNWs growth. 

Additionally, the solution was washed with DI water, 

ethanol, and acetone after centrifuging three times at 

3000 rpm for five minutes. Finally, centrifuged 

AgNWs are spin coated on a PET substrate as a 

Flexible and Conductive Transparent Electrode 

(FTCE). The visualization synthesis is shown in Figure 

1 

 

 

Fig 1. Synthesis method of AgNWs 

 

 

 

 

 

3 Results and Discussion 

X-ray diffraction pattern peaks at 2θ 38.15°, 44.43°, 

64.47°, and 77.41°, which had hkl (111), (200), (220), 

and (311) planes, respectively, demonstrated the 

development of AgNWs (Fig. 2) [14].  

The resulting diffraction peak data is in accordance 

with the Crystallography Open Database (COD) no. 

1100136. Ag atoms typically develop anisotropically to 

produce AgNWs in plane (111), which has the highest 

intensity [15], [16]. In this study, AgNW additionally 

demonstrated a high aspect ratio. This is due to the 

XRD diffraction signal peak being higher at (111) than 

at (200) [17].  

 

 

Fig 2. XRD Pattern of AgNWs thin film 

Due to the high aspect ratio (length to diameter 

ratio) of an AgNWs-based conductive electrode, the 

nanostructure offers excellent conductivity, low sheet 

resistance, and transparency [18], [19]. In order to 

analyze AgNWs' morphological, Figure 2 showed 

SEM result. AgNWs synthesis with solvent 

composition Ethylene Glycol (7) : Propylene Glycol 

(0) : Glycerol (3) has produce more and more uniform 

of AgNWs than the other compositions (Figure 2d). 

This is because EG and glycerol have different 

reducing capacities and viscosities, which are crucial in 

regulating nucleation at the beginning of process. 

High-viscosity glycerol slows the migration rate of Ag0 

and supports the formation of uniform Ag NWs with 

small diameters, which is assisted by the molecular 

technique of PVP (as a capping agent) which is 

selectively adsorbed on the surface of Ag seed [11]. 

Meanwhile, AgNW is more difficult to form due to 

negligible viscosity difference between ethylene and 

propylene glycol, as shown in Figures 2a, 2b, and 2c.  

Samples E7P3G0, E7P2G1, E7P1G2, and E7P0G3 had 

average AgNW diameter of 201.94 nm, 278.67 nm, 

263.58 nm, and 210.32 nm and lengths 32.97 μm, 9.65 

μm, 27.71 μm, and 18.39 μm, respectively (Fig. 3).  
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As in previous research, other forms such 

nanoparticles, nanospheres, nanorods, and 

nanotriangles were still detectable [20], [21] 

 

 
Fig 3. AgNWs morphology with 2000x magnification: a) 

E7:P3:G0, b) E7:P2:G1, c) E7:P1:G2, d) E7:P0:G3 

 

On the other hand, the thickness of each AgNWs 

sample was measured to determine flexibility of the 

AgNWs-PET conductive electrode. The thickness of 

AgNWs is inversely proportional to the flexibility, 

because ability of AgNWs to flex decreases as 

increasing layer thickness. According to the results of 

SEM cross-section, the AgNWs E7P0G3 sample has 

the lowest thickness, at 1.6 μm (Fig. 4). The wt% of 

the components contained in the AgNWs-PET thin 

layer will be revealed by an EDX analysis, which is 

necessary to establish the formation of AgNWs. On the 

sample, only Ag and O content was determined. This 

indicates that the synthesis process is successful 

because no residues of other synthetic components, 

such Fe, are left there. The samples E7P3G0, E7P2G1, 

E7P1G2, and E7P0G3 had respective Ag contents of 

74.39%, 89.1%, 97.05%, and 96.53%. (Fig. 5). 

 

 
Fig 4. AgNWs film thickness on PET substrate, a) 

E7:P3:G0, b) E7:P2:G1, c) E7:P1:G2, d) E7:P0:G3 

 

 

 
Fig 5. EDX results of AgNWs-PET 

 

The ratio of light intensity entering to leaving the 

AgNWs layer is known as transmittance, which is an 

optical property in transparent and conductive 

electrode. Since visible light with a wavelength of 550 

nm is the one that can be viewed the majority of the 

time under normal conditions, AgNWs electrodes are 

always evaluated for their transmittance values at that 

wavelength [22]. AgNWs with a solvent composition 

of E7P3G0 had the highest transmittance rating, at 

70.6%, whereas other samples ranged from 54 to 60%. 

(shown in Fig. 6). The low sheet resistance is the most 

important factor of the AgNWs-PET conductive 

electrode product (in this study, varied by layer 

deposition). In 1 layer, the lowest sheet resistance (Rs) 

value was found in sample E7P0G3 which was 30.9 

Ω/sq, while in samples E7P3G0, E7P2G1, E7P1G2 the 

values were respectively 69.4 Ω/sq, 136 Ω/sq, and 126 

Ω/sq. Value of Rs declines significantly and even drops 

to 90% of its initial value as 2 and 3 layers AgNWs 

(Fig. 7). The decreased Rs when the deposition layer is 

added caused by addition of AgNWs from each layer 

so more AgNWs networks are connected to each other 

on the surface of the PET substrate. Comparing all 

variations in other samples, E7P0G3 with 3 deposition 

layers has the lowest sheet ressitance st 2.8 Ω/sq, 

which is significantly less than commercial ITO-PET 

(Ω/sq) [9]. Additionally, this indicates the low or 

removal of PVP residue, which can increase sheet 

resistance[23]. 

 
Fig 6. Transmittance of AgNWs synthesized with different 

solvent compositions 
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Fig 7. Sheet Resistance (Rs) of AgNWs with deposition layer 

variation 

4 Conclusion 

This research succeeded in making AgNWs-PET 

conductive electrodes, by mixing solvent (Ethylene 

Glycol: Propylene Glycol: Glycerol). The sample with 

the composition EG7:PG0:G3 has the best morphology 

and the lowest resistivity with an average diameter of 

210.32 nm, the longest size is 18.39 m, film thickness 

is 1.6 m, and sheet resistance is 2.8 /sq. The results of 

this study are expected to be a future reference in 

overcoming dependence on ITO-PET electrodes and 

for the sake of welcoming flexible electronic 

electrodes.  

The suggestion in further research is applied 

AgNWs film to simple electronic devices, not limited 

to the characterization of thin films AgNWs. 

Acknowledgement 

This research was funded by NON APBN grant 

program, Universitas Negeri Malang No. 

No.19.5.962/UN32.20.1/LT/2022 for the KBK Topic 

scheme. This research is part of the Materials 

Development and Production (MDP) research team. 

References 

1. W. He dan C. Ye, “Flexible Transparent 

Conductive Films on the Basis of Ag 

Nanowires: Design and Applications: A 

Review,” J. Mater. Sci. Technol., vol. 31, no. 

6, hal. 581–588, 2015, doi: 

10.1016/j.jmst.2014.11.020. 

2. G. Naz et al., “High-yield synthesis of silver 

nanowires for transparent conducting PET 

films,” Beilstein J. Nanotechnol., vol. 12, hal. 

624–632, 2021, doi: 10.3762/BJNANO.12.51. 

3. C. Prabukumar dan K. U. Bhat, “Purification of 

Silver Nanowires Synthesised by Polyol 

Method,” Mater. Today Proc., vol. 5, no. 10, 

hal. 22487–22493, 2018, doi: 

10.1016/j.matpr.2018.06.620. 

4. R. Yuksel, S. Coskun, dan H. E. Unalan, 

“Coaxial silver nanowire network core 

molybdenum oxide shell supercapacitor 

electrodes,” Electrochim. Acta, vol. 193, hal. 

39–44, 2016, doi: 

10.1016/j.electacta.2016.02.033. 

5. Junaidi, M. Yunus, Harsojo, E. Suharyadi, dan 

K. Triyana, “Effect of stirring rate on the 

synthesis silver nanowires using polyvinyl 

alcohol as a capping agent by polyol process,” 

Int. J. Adv. Sci. Eng. Inf. Technol., vol. 6, no. 3, 

hal. 365–369, 2016, doi: 

10.18517/ijaseit.6.3.808. 

6. Y. Li, Y. Li, Z. Fan, H. Yang, X. Yuan, dan C. 

Wang, “Morphology-controlled silver 

nanowire synthesis using a cocamidopropyl 

betaine-based polyol process for flexible and 

stretchable electronics,” RSC Adv., vol. 10, no. 

36, hal. 21369–21374, 2020, doi: 

10.1039/d0ra03140b. 

7. D. Li, T. Han, L. Zhang, H. Zhang, dan H. 

Chen, “Flexible transparent electrodes based 

on silver nanowires synthesized via a simple 

method,” R. Soc. Open Sci., vol. 4, no. 9, 2017, 

doi: 10.1098/rsos.170756. 

8. J. Chavalitkul, O. Margeat, J. Ackermann, dan 

S. T. Dubas, “Robust transparent conducting 

electrode based on silver nanowire coating on 

polyelectrolytes multilayers,” Thin Solid Films, 

vol. 711, 2020, doi: 10.1016/j.tsf.2020.138272. 

9. Q. Xue et al., “Facile Synthesis of Silver 

Nanowires with Different Aspect Ratios and 

Used as High-Performance Flexible 

Transparent Electrodes,” Nanoscale Res. Lett., 

vol. 12, 2017, doi: 10.1186/s11671-017-2259-

6. 

10. E. J. Lee, M. H. Chang, Y. S. Kim, dan J. Y. 

Kim, “High-pressure polyol synthesis of 

ultrathin silver nanowires: Electrical and 

optical properties,” APL Mater., vol. 1, no. 4, 

2013, doi: 10.1063/1.4826154. 

11. C. Jia, P. Yang, dan A. Zhang, “Glycerol and 

ethylene glycol co-mediated synthesis of 

uniform multiple crystalline silver nanowires,” 

Mater. Chem. Phys., vol. 143, no. 2, hal. 794–

800, 2014, doi: 

10.1016/j.matchemphys.2013.10.015. 

12. C. Chen, Y. Jia, D. Jia, S. Li, S. Ji, dan C. Ye, 

“Formulation of concentrated and stable ink of 

silver nanowires with applications in 

transparent conductive films,” RSC Adv., vol. 

7, no. 4, hal. 1936–1942, 2017, doi: 

10.1039/c6ra25508f. 

13. T. Chen, H. Wang, H. Yang, S. Bai, dan X. 

Guo, “Mixed polyols synthesis of high aspect 

ratio silver nanowires for transparent 

conductive films,” Mater. Res. Express, hal. 1–

17, 2018, doi: https://doi.org/10.1088/2053-

1591/aacd3e. 

14. M. Gul et al., “Modified electrical and 

microwave absorption properties of silver 

nanowires grown on graphene nanoplatelets,” 

Mater. Res. Express, vol. 6, no. 12, 2019, doi: 

10.1088/2053-1591/ab5e6c. 

4

E3S Web of Conferences 400, 01020 (2023)   https://doi.org/10.1051/e3sconf/202340001020
ICoSMEd 2022



15. D. Kumar, Kavita, K. Singh, V. Verma, dan H. 

S. Bhatti, “Microwave-assisted synthesis and 

characterization of silver nanowires by polyol 

process,” Appl. Nanosci., vol. 5, no. 7, hal. 

881–890, 2015, doi: 10.1007/s13204-014-

0386-2. 

16. Z. Cheng, L. Liu, S. Xu, M. Lu, dan X. Wang, 

“Temperature dependence of electrical and 

thermal conduction in single silver nanowire,” 

Sci. Rep., vol. 5, hal. 1–12, 2015, doi: 

10.1038/srep10718. 

17. Junaidi, K. Triyana, Harsojo, dan E. Suharyadi, 

“High-Performance Silver Nanowire Film on 

Flexible Substrate Prepared by Meyer-rod 

Coating,” IOP Conf. Ser. Mater. Sci. Eng., vol. 

202, no. 1, hal. 0–6, 2017, doi: 10.1088/1757-

899X/202/1/012055. 

18. Y. Zhang, J. Guo, D. Xu, Y. Sun, dan F. Yan, 

“One-Pot Synthesis and Purification of 

Ultralong Silver Nanowires for Flexible 

Transparent Conductive Electrodes,” ACS 

Appl. Mater. Interfaces, vol. 9, no. 30, hal. 

25465–25473, 2017, doi: 

10.1021/acsami.7b07146. 

19. J. W. Kim, S. W. Lee, Y. Lee, S. B. Jung, S. J. 

Hong, dan M. G. Kwak, “Synthesis of Ag 

nanowires for the fabrication of transparent 

conductive electrode,” J. Nanosci. 

Nanotechnol., vol. 13, no. 9, hal. 6244–6248, 

2013, doi: 10.1166/jnn.2013.7702. 

20. S. Coskun, B. Aksoy, dan H. E. Unalan, 

“Polyol synthesis of silver nanowires: An 

extensive parametric study,” Cryst. Growth 

Des., vol. 11, no. 11, hal. 4963–4969, 2011, 

doi: 10.1021/cg200874g. 

21. J. Jiu, K. Murai, D. Kim, K. Kim, dan K. 

Suganuma, “Preparation of Ag nanorods with 

high yield by polyol process,” Mater. Chem. 

Phys., vol. 114, no. 1, hal. 333–338, 2009, doi: 

10.1016/j.matchemphys.2008.09.028. 

22. X. Li et al., “Effects of concentration and spin 

speed on the optical and electrical properties of 

silver nanowire transparent electrodes,” 

Materials (Basel)., vol. 14, no. 9, hal. 1–14, 

2021, doi: 10.3390/ma14092219. 

23. S. Bai, H. Wang, H. Yang, H. Zhang, T. Chen, 

dan X. Guo, “Fused silver nanowires with 

silica sol nanoparticles for smooth, flexible, 

electrically conductive and highly stable 

transparent electrodes,” RSC Adv., vol. 8, no. 

24, hal. 13466–13473, 2018, doi: 

10.1039/c8ra01569d. 

 

 

5

E3S Web of Conferences 400, 01020 (2023)   https://doi.org/10.1051/e3sconf/202340001020
ICoSMEd 2022


