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Abstract. In this study, the synthesis and analysis of the crystal structure of silver nanowires 
(AgNWs) have been performed using the polyol method. In this research, materials used as the main 
raw material were silver nitrate (AgNO3). Polyvinyl pyrrolidone (PVP) was used as a capping agent 
and stabilizer, and Iron (III) Chloride (FeCl3) for controlling the shape and size of AgNWs. AgNWs 
were synthesized using two different solvents i.e., ethylene glycol (EG) and propylene glycol (PG). 
The crystal structure of AgNWs was analyzed using X-ray diffraction (XRD) with a scanning 2θ in 
the range of 20° to 90°. Furthermore, the structure and electron diffraction patterns were analyzed 
using transmission electron microscopy (TEM). The XRD pattern of the AgNW sample also has five 
diffraction peaks, these five diffraction peaks were identified at 38.24°, 44.42°, 64.54°, 77.52°, and 
81.68° representing lattice constants (111), (200), (220), (311), and (222), respectively. Based on the 
results of the calculation of lattice constant values of AgNWs-EG and AgNWs-PG were 4.084 Å. 
The TEM images of AgNWs-EG have a diameter of 84 to 133 nm, corresponding to the SEM 
calculation data having a diameter of 109 ± 22 nm. AgNWs-PG has a diameter of 84 to 264 nm. The 
study results revealed that the results of the characterization performed are interconnected. The XRD 
characterization results revealed that both samples were crystal-indexed. AgNWs-PG has a larger 
crystal size than AgNWs-EG. 

Introduction 
Research on nanomaterials, such as nanowires (NWs), is particularly important in the last few 

decades [1-3]. Nanowires are 1D nanostructured materials with diameters between 10 and 200 nm 
and lengths between 5 and 100 µm [4-8]. The synthesis of NWs continues to be of interest to 
researchers and the development of materials for the synthesis of NWs from various types of metals. 
In terms of metal types, research was conducted on NWs, such as copper (Cu), gold (Au), platinum 
(Pt), iron (Fe), and silver (Ag). Ag metals are more widely used for NW synthesis than other metals 
because Ag is less susceptible to oxidation while it is readily available but cheaper [8]. Ag metal in 
the form of silver nitrate (AgNO3) is easily formed into nanocrystals or nanostructures, such as silver 
nanoparticles (AgNPs), silver nanorods (AgNRs), and silver nanowires (AgNWs) [9-11]. 

In the synthesis of AgNWs, the main concern is still the development of the types of capping agents 
and solvents. For the development of such agents, NW synthesis has been attempted using 
polyvinylpyrrolidone (PVP) and polyvinyl alcohol (PVA) [10, 12]. Various types of solvents in the 
synthesis of NWs have been developed, including Ethylene Glycol (EG), glycerol, deionized (DI) 
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water, and Propylene Glycol (PG). EG is a solvent that can decompose into glycolaldehyde and water, 
and it plays a role in reducing Ag+ to Ag atom. Ethylene glycol has a boiling point of 197°C, and it 
is an approach to the melting point of AgNO3 about 209°C; therefore, EG as a solvent can produce 
AgNWs with a high aspect ratio. The chemical properties of EG are easily oxidized to form aldehydes 
and carboxylic acids by oxygen, nitric acid, and other oxidizing agents. Varying reaction conditions 
can affect the formation of the desired oxidation product. Another type of solvent is glycerol that 
plays a significant role in regulating nucleation in the initial reaction. The high viscosity of glycerol 
can slow down the rate of change of Ag+ to Ag atom; thus, the resulting AgNWs become uniform. 
However, one disadvantage of glycerol is its high cost due to its extensive and diverse use [13]. In 
addition to the two solvents above, synthesis of NWs by using DI water has been attempted. The use 
of deionized water is a cheap and easy way to obtain solvent. However, DI water synthesis is difficult, 
and the obtained AgNWs tend to have a low aspect ratio [14]. PG has a boiling point approach to 
silver metal, which is 188°C. PG has water-soluble, acetone, and chloroform properties. But until 
now, only a few researchers use PG for the synthesis of AgNWs, even though it has a high potential 
in the synthesis of AgNWs with high aspect ratio [9]. PG is colorless, thick, and odorless and has a 
sweet taste and good stability at a pH of 3–6 [15]. PG is more widely used as a solvent and 
preservative in various parental and nonparental formulations. It has a relatively low price compared 
with other solvents for the synthesis of AgNWs [16]. 

So far, there has been no analysis of the crystal properties of AgNWs. The discussion regarding 
crystal structure is only limited to the diffraction peak values resulting from the combined XRD and 
TEM characterization results without any comprehensive explanation. For this reason, in this study, 
we attempted to synthesize and analyze the crystal structure of AgNWs. Silver nanowires were 
synthesized using two different solvents, namely, EG and PG, to compare the result of AgNWs. The 
results of the study are expected to assist researchers in analyzing the diffraction result data from 
AgNW samples synthesized using the polyol method [10]. 

The AgNWs are widely applied in manufacturing transparent conductive electrodes (TCEs) for 
optoelectronics, such as touch screens, transparent heaters, photovoltaics, organic light-emitting 
diodes (OLEDs), and other electronic devices. The AgNW ink systems can be tailored to meet a 
particular specification. The benefits of TCE systems include low-cost solution for many applications 
compared with TCO coatings, reproducible batch-to-batch performance, low-temperature post-
processing (<120˚C), high transmission over a broad range of sheet resistance, and compatibility with 
both flexible and glass substrates [17-19]. 

Materials and Methods 
The materials used for synthesizing of AgNWs through polyol method included silver nitrate 

(AgNO3, 99%, Merck), polyvinyl pyrrolidone (PVP), Sigma-Aldrich, Mw. 55000 g/mol), ethylene 
glycol (EG, 99%, Merck), propylene glycol (PG, 99%, Merck), and Iron(III) chloride (FeCl3.6H2O, 
Sigma Aldrich), ethanol (EtOH, 98%, Merck). Synthesis of AgNWs using EG and PG as a solvent as 
shown in Fig. 1. 
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Figure 1. Synthesis of AgNWs using EG/PG by polyol method 

 
From Fig. 1, the synthesis of AgNWs was done by heating the oil bath on the hotplate stirrer to a 

stable temperature of 130 ºC. Furthermore, as much as 0.45 M PVP in 20 mL EG/PG is heated and 
distributed at 350 rpm for 1 hour. After 1 hour, an amount of 0.04 M FeCl3.6H2O of 100 µL was 
injected into a PVP solution using a micropipette. Then 0.3 M of AgNO3 as much as 8 ml injected 
drop by drop using a syringe into the previous solution for about 40 minutes. After that, the solution 
is rotated for 2 hours until AgNWs formed. Finally, the AgNWs solution was cooled and washed at 
room temperature for 30 minutes, and then AgNWs were centrifuged at 3000 rpm for 5 minutes using 
ethanol for three times. 

The crystal structure of AgNWs was analyzed using XRD (Shimadzu R6000) by CuKα (λ = 
1.54184 Å) with a scanning 2θ in the range of 20° to 90°. Furthermore, the structure and electron 
diffraction patterns were analyzed using transmission electron microscopy (JEOL, JEM-2010) by 
accelerating voltage of 120 kV. 

Results and Discussion 
The crystal structure analysis of AgNWs was conducted using the XRD pattern. This 

characterization aims to determine the crystal structure formed from AgNW powder. AgNW powder 
is dried and mashed using oven for approximately 4 h. The XRD pattern of the AgNW samples 
obtained was then analyzed employing the HighScore Plus application using 2θ parameters, dspace 
(Å), and intensity. Furthermore, the data was matched with the reference database used by the 
International Center for Diffraction Data (ICDD). The characterization of XRD in AgNWs 
synthesized using EG (AgNWs-EG) and AgNWs synthesized using PG (AgNWs-PG) is presented in 
Fig. 2. 
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Figure 2. XRD Patterns of AgNWs-EG and AgNWs-PG. 
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The XRD characterization was conducted to obtain the crystal structure of AgNWs. The unit used 
for CuKα is in Angstrom (Å) with 20°to 90° with a step of 0.026°. This step is calculated by 
subtracting the second line and the first line. Figure 2 presents the crystal structure of AgNWs-EG 
and AgNWs-PG. Figure 2(a) presents the XRD pattern for AgNWs-PG consisting of five diffraction 
peaks. All peaks were identified as Ag cubic phase with a face-centered cubic (FCC) crystal structure 
[9]. The XRD pattern shows that the peaks of intensity located at angles 38.10°, 44.29°, 64.43°, 
77.41°, and 81.57° are related to the lattice planes (111), (200), (220), (311), and (222) sequentially 
obtained using the XRD analysis software. 

Similar to Fig. 2(a), Fig. 2(b), which presents the XRD pattern of the AgNWs-EG sample, also has 
five diffraction peaks. The five diffraction peaks were identified at 38.24°, 44.42°, 64.54°, 77.52°, 
and 81.68°, representing lattice constants (111), (200), (220), (311), and (222), respectively. From 
the results of the calculation of lattice constant values obtained by 4.084 Å for AgNWs-EG and 4,084 
Å for AgNWs-PG. Calculation of lattice constants according to literature a = b = c = 4.086 Å [13]. 
Digital data from the XRD analysis results are then refined. The refinement process is the fitting 
technique calculated diffraction data patterns and measured diffraction data patterns with ICDD. The 
output information contains, among others, a match index of the calculated diffraction pattern with a 
measured diffraction pattern, as presented in Fig. 3. Reitica refinement results are output information 
that contains details on crystal structure parameters, such as that presented in Table 1. 

 
(a) (b) 

Figure 3. Refinement results from samples of (a) AgNWs-EG and (b) AgNWs-PG.  
 

Table 1. Information on the results of the refinement 
 

Parameters ICDD Sample 
AgNWs-PG AgNWs-EG 

χ2 - 1.16 1.25 
Rwp (%) - 8.65 8.37 
Rp (%) - 6.87 6.69 
Rexp (%) - 7.25 7.35 
RB (%) - 0.99 0.67 
Lattice constant  

a (Å) 
b (Å) 
c (Å) 

- 
4.0861 
4.0861 
4.0861 

- 
4.0870 
4.0870 
4.0870 

- 
4.0870 
4.0870 
4.0870 

Volume of cell (Å3) 68.22 68.2715 68.2691 
Molecular weight - 430.7900 430.7900 
Density (g/cc) - 10.4730 10.4740 

 
Figure 3 presents the results of the refinement of AgNWs-PG samples (Fig. 3(a)) and AgNWs-EG 

(Fig. 3(b)). Calculation of the diffraction patterns is indicated by red lines originating from the ICDD. 
The measured diffraction pattern is indicated by a dashed black line from the X-ray diffraction data 
(XRD); the green line indicates the difference between the two intensities, whereas the blue line 
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indicates the position of the corresponding peaks. Peak intensity and position will affect the 
refinement match index. This matching can be declared complete if the difference between the 
calculated and measured patterns has relatively small fluctuations that can be observed visually and 
a good value of fitting (GoF) < 4%).  

Table 1 indicates that there was a lot of silver in the sample which is supported with matched 
results of refinement (χ2, Rwp, Rp, RB, and Rexp). For χ2 indicates a GoF value that refers to the value 
of χ2 produced. The value of χ2 is obtained from the comparison of Rwp and Rexp squared. The value 
of Rp will be smaller if the difference in the intensity of observed and calculated data is also getting 
smaller. The RB factor shows the calculated and observed intensity of integration for the Bragg to 
reflection event. The XRD analysis results can also be used to determine the crystal size of AgNWs 
by the highest peak analyzed using the OriginLab software. The crystal size can be calculated using 
Scherer Equation in Eq. 1 obtained by particle size as in Table 2. 

0.94
cos

L λ
β θ

=  (1) 

where L shows the size of the crystal (nm), θ  shows Bragg’s angle, λ is the wavelength of X-rays 
(0.15406 nm) and β shows the FWHM value is the width of the diffraction peak at half the maximum 
intensity analyzed using OriginLab 9.0 software. 
 

Table 2. Calculation of crystal size from XRD data of AgNWs-PG and AgNWs-EG 
 

Sample K 2θ  (º) λ (nm) FWHM 
(º) 

FWHM 
(radian) 

L (nm) 

AgNWs-EG 0.94 38.244 0.15406 0.2842 0.00496 30.90 
AgNWs-PG 0.94 38.108 0.15406 0.2471 0.00431 35.52 

 
Table 2 presents the FWHM value of the AgNWs-EG sample calculated using the OriginLab 

software from the peak, which has the highest intensity at an angle of 38.244° for 0.00496 radians, 
with a crystal size of 30.90 nm, whereas the AgNWs-PG obtained the FWHM value at an angle of 
38.108° for 0.00431 radians. Both samples were formed from the XRD results by calculating using 
the Scherer Equation. From Table 2, it can be seen that AgNWs-PG has a larger crystal size than 
AgNWs-EG. The FWHM value is used to calculate the size of the crystal; the value is inversely 
proportional to the size of the crystal, wherein the smaller the FWHM value, the larger the crystal 
size [18]. The results of these calculations indicate that the size of AgNWs in nm so that AgNWs are 
nanomaterials. To find out the diameter and shape of the tip of AgNWs-EG was analyzed using TEM, 
as presented in Fig. 4. 

  

(a) (b) 

Figure 4. TEM images from samples (a) AgNWs-EG and (b) tip shape of AgNWs-EG.  
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Figure 4(a) presents the TEM images of AgNWs-EG that has a diameter of ~84 and ~133 nm, 
which corresponds to the SEM calculation data having a diameter of 109 ± 22 nm. The results of 
SEM and TEM characterization of AgNWs showed almost the same values. Figure 4(a) also shows 
that besides NWs, there are still other particles, such as AgNPs, and nanotriangles formed from a 
single crystal. The single crystal cannot grow into AgNWs as described; this is influenced by the 
temperature and reaction time the longer the reaction temperature. The reaction temperature of 130°C 
for 2 h still many AgNPs, AgNRs, and nanotriangles are formed. If the reaction time is increased it 
can cause AgNWs that have reached saturation to be broken [21, 22]. Relatively low reaction 
temperatures do not provide enough energy to activate specific aspects for the growth of AgNWs. In 
addition, AgNWs-EG still formed many other particles that were found to be less clean at the time of 
washing. Figure 4(b) shows that the tip of a single NW is decahedral [23]. The growth mechanism in 
the form of silver seeds is presented in Fig. 5. 

 

 
Figure 5. Growth mechanism in the form of silver seeds. 

 

Fig. 5 is the process of AgNWs formation begins with the breakdown of Ag+ and NO- ions from 
AgNO3. The Ag+ ion then interacts with AgCl to form AgNPs and multi twin particles (MTPs) and 
undergo an etching process that leads to the formation of AgNPs, AgNRs, AgNWs and other particles. 
At the nucleation stage AgNWs grow into various forms, this final form depends on the initial seed 
type before growing into AgNWs and other particles. In the final stage, there is an interaction between 
the surface of Ag with the capping agent that forms a strong Ag-O bond. MTPs seed with a pentagonal 
shape that will grow into AgNWs while other seeds from single crystals form AgNPs, nano hexagons, 
nano triangles and nanocubes. As a result of strong Ag-O bonding, the seeds of MTPs undergo an 
elongation process leading to the formation of AgNWs. The SAD pattern of diffraction indexed of 
AgNWs-EG as shown in Fig. 6. 

 
Figure 6. SAD pattern of diffraction indexed of AgNWs-EG.  
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Parts of the single AgNWs were then analyzed using the selected area diffraction (SAD) pattern 
(Fig. 6) to prove the diffraction pattern and the dhkl values formed which were matched with ICCD 
No. 03-065-2871. The lattice constant value obtained from the calculation of 4.082 Å is in accordance 
with the theory of lattice constant value owned by Ag of 4.082 Å [9]. 

After manually indexing, crystal diffraction indexed SAD pattern is obtained as shown in Fig. 6. 
The results of manually calculating the SAD diffraction pattern parameters are shown in Table 3. 

 
Table 3. Manually analyzing SAD AgNWs-EG pattern parameters 

 

No dspace (Å) dICDD (Å)  
1 1.2353 1.2320 
2 2.0479 2.0430 
3 0.9110 0.9137 
4 2.3118 2.3591 

 
Table 3 shows that the dspace parameter (obtained from the manual analysis of the SAD pattern) 

does not fully correspond to the d parameter (obtained from the ICDD); there is a slight difference 
from the two d data. However, all the dspace values are in the range of the ICDD values. Table 3 shows 
that the particle diffraction pattern is an FCC structured crystal field and the values are in compliance 
with the ICDD that the AgNWs structure is FCC with a field index as displayed in Fig. 6. After 
obtaining the dspace value in Table 3, manual calculation is performed using Microsoft Excel to prove 
that the dspace value corresponds to the hkl value formed in the XRD results using Eq. 2 and a lattice 
constant in the theory of 4.082 Å, with the results presented in Table 4 [9]. 

 
2 2 2

2 2

1

hkl

h k l
d α

+ +
=  (2) 

 
Table 4. Analysis of the SAD pattern values of the AgNWs-EG 

 

dspace (Å) h k l dspace theory α   �𝒉𝒉𝟐𝟐 + 𝒌𝒌𝟐𝟐 + 𝒍𝒍𝟐𝟐 
1.2353 1 0 0 4.0861 4.082 1 
2.0479 0 1 0 4.0861 4.082 1 
0.9110 0 0 1 4.0861 4.082 1 
2.0479 2 0 0 2.0410 4.082 2 
2.0479 0 2 0 2.0410 4.082 2 
2.0479 0 0 2 2.0410 4.082 2 
0.9110 2 2 2 1.1784 4.082 3.4641 
2.3118 1 1 1 2.3568 4.082 1.7320 
1.2353 3 1 1 1.2319 4.082 3.3166 
1.2353 1 3 1 1.2319 4.082 3.3166 
1.2353 1 1 3 1.2319 4.082 3.3166 
0.9110 4 2 0 0.9137 4.082 4.4721 
2.0479 4 2 2 0.8342 4.082 4.8989 
1.1769 4 4 4 0.5897 4.082 6.9282 

 
Table 4 shows that the hkl values were analyzed manually using Eq. 2 which aims to match the 

dspace values of the research data with the dspace of the theory. In this case, to determine the suitability 
of the dhkl value. The value of the traffic is entered randomly. However, Table 5 shows the 
corresponding plane fields (111), (311), (420) and (200) because the crystal structure formed is FCC 
so that the value of the hkl has the characteristics of all even or odd. In addition, the dspace calculation 
value is still in the theoretical dspace range even though the values are not the same, so it indicates that 
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the hkl fields that are formed correspond. While the other fields of hkl don‘t correspond to the dspace 
value because the resulting values are not the same and are spaced far enough. The results of the TEM 
analysis on the AgNWs-PG sample are shown in Fig. 7. 

 

  
(a) (b) 

  

Figure 7. TEM images of (a) AgNWs-PG and (b) tip shape of AgNWs-PG  
Fig. 7(a) shows that AgNWs-PG has a diameter of ~84 nm and ~264 nm. From the morphology 

of AgNWs-PG analyzed using TEM, the results are that the diameter of the TEM is corresponding or 
is in the SEM data range results. The AgNWs-PG sample from the picture shows that no other 
particles have formed besides NWs. Fig. 7(b) shows the shape of the tip of the formed NWs is 
decahedral. The TEM results show that the AgNWs sample has a larger diameter than the AgNWs-
EG sample. The SAD pattern of the AgNWs-PG sample is shown in Fig. 8. 

 

 
 

Figure 8. SAD Patterns of AgNWs-PG 
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After manually indexing, crystal diffraction indexed SAD pattern image is obtained as shown in 
Fig. 8. The results of the manual calculation of the SAD diffraction pattern parameters are shown in 
Table 5. 

 
Table 5. Manually analyzing SAD pattern parameters of AgNWs-PG 

 

No dspace (Å) dICDD (Å) 
1 1.2968 1.2320 
2 2.0325 2.0430 
3 1.4469 1.4446 

 
In Table 5 it can be seen that the dspace parameter (obtained from the manual analysis of the SAD 

pattern) does not correspond fully with the d parameter (obtained from the ICDD database), there is 
a slight difference from the two data of d. However, all dspace values are in the range of the ICDD 
database values. Table 5 shows that dspace corresponds to the ICDD data which has the hkl value 
indicating the FCC structured crystal field. The lattice constant value obtained from the AgNWs-PG 
sample calculation is 4.189 Å whereas in theory the lattice constant value is 4.082 Å [9]. After the 
dspace value is obtained as shown in Table 5, a manual calculation is performed using Microsoft Excel 
to prove that the dspace value corresponds to the hkl value formed in the XRD results using Eq. 2 with 
the results as in Table 6. 

 
Table 6. Analysis of hkl values of AgNWs-PG 

 

dspace (Å) h k l dspace theory α   �𝒉𝒉𝟐𝟐 + 𝒌𝒌𝟐𝟐 + 𝒍𝒍𝟐𝟐 
2.0325 2 0 0 2.0410 4.082 2 
2.0325 0 2 0 2.0410 4.082 2 
2.0325 0 0 2 2.0410 4.082 2 
1.4469 2 2 2 1.1784 4.082 3.4641 
1.4469 2 2 0 1.4434 4.082 2.8284 
1.4469 2 0 2 1.4434 4.082 2.8284 
1.4469 0 2 2 1.4434 4.082 2.8284 
1.3513 1 1 1 2.3568 4.082 1.7320 
1.2968 3 1 1 1.2319 4.082 3.3166 
1.2968 1 3 1 1.2319 4.082 3.3166 
1.2968 1 1 3 1.2319 4.082 3.3166 
1.3513 4 2 0 0.9137 4.082 4.4721 
1.2968 4 2 2 0.8342 4.082 4.8989 
1.9067 4 4 4 0.5897 4.082 6.9282 

 
Table 6 shows that the hkl values analyzed manually using Eq. 2 indicate that the dspace values 

generated from the study do not fully correspond to the values from the calculation of dspace. However, 
the value is in the range of the dspace value calculated, so that it can be indicated that the hkl fields 
(220), (200), and (311) that are formed correspond to, whereas the other fields of hkl are not suitable 
because the values between the research and calculation of dspace have a very wide range. 

The results of the study revealed that the results of the characterization performed are 
interconnected. The XRD characterization results indicated that both samples were crystal-indexed. 
This is supported by the SAD pattern data that shows crystallized SAD patterns characterized by the 
presence of spot–spot patterns, where each spot is related to specific atomic distances. The XRD 
results also showed that the two samples had five diffraction peaks related to the confirmed hkl values 
from the SAD pattern data calculated using Eq. 2, which had a hkl value corresponding to the resulting 
crystal structure was FCC. From the XRD results also used to measure FWHM to calculate the size 
of the crystal that affects the size of AgNWs. 
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The smaller the particle size of the XRD data, the smaller the diameter of the AgNWs; moreover, 
the greater the particle size, the larger the resulting diameter. This is confirmed by the TEM data, 
which shows that the size of AgNWs-EG, which is ~84 and ~133 nm, is smaller than that of AgNWs-
PG, which is ~85 and ~264 nm. The size of the AgNWs also influences the peak absorption of 
AgNWs. The smaller the diameter of the AgNWs, the lower the peak; moreover, the larger the 
diameter of the AgNWs, the higher the peak. This peak of absorption is related to surface plasmon 
resonance (SPR). The wavelength of the maximum SPR is indicated by the influence of Ag particle 
size [24-26]. 

From the size of the AgNWs produced, this research can be used in making TCEs for 
optoelectronic applications. One application that has been successfully developed is the manufacture 
of thin films based on the AgNWs with the methods of dip coating and spray coating [14, 15, 21]. 

Summary 
The formation of AgNWs generally consists of three stages: reduction, nucleation, and growth. The 

formation of AgNWs using PG solvents is faster than that using EG. The XRD characterization results 
indicated that both samples were crystal-indexed. This is supported by the SAD pattern data that 
shows crystallized SAD patterns characterized by the presence of spot–spot patterns, where each spot 
is related to specific atomic distances. The two crystallines diffracted indexed samples with the crystal 
structure formed are FCC, comprising five peaks with lattice fields (111), (200), (220), (311), and 
(222), respectively, by the lattice constant is 4.189 Å. The smaller the particle size of the XRD data, 
the smaller the diameter of the AgNWs; moreover, the greater the particle size, the larger the resulting 
diameter. The developed AgNWs can be used in making thin films for TCEs on optoelectronic 
devices. 
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