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Abstract

In this study, we conducted the extraction of silver nitrate (AgNOg) using the chemical reduction evaporation method, involving
silver metal (Ag) with a molarity of 7.716 M and nitric acid (HNOg). The heating process via evaporation was carried out at 85 °C for 2
hours. Subsequently, the synthesis of silver nanowires (AgNWs) was performed using a 0.3 M of AgNQOg solution in ethylene glycol
(EG), polyvinyl pyrrolidone (PVP), and Iron (Ill) Chloride hexahydrate (FeCl;6H,0). XRD analysis of the AgNOg3 sample revealed
an orthorhombic crystal structure with a single AgNO3 phase peak. In AgNWs, three crystalline phases were observed, with the
Ag phase being the most dominant. The average crystal size of AgNOg and AgNWs was 109.42 nm and 22.06 nm, respectively.
The average crystal size of the AgNOg sample may be influenced by the aggregation between crystal nuclei during the heating
process. XRF analysis indicated a 98.84% Ag concentration in AgNOg3. SEM-EDS analysis showed that the AgNOg sample had a
non-aggregated morphological structure, with particle size measuring 49.46 um and an overall AgNOg purity of 92.68%. The SEM
image of the AgNWSs sample displayed a very homogeneous diameter of ~200 nm with a length of around 10-20 um. Meanwhile,
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1. INTRODUCTION

One of the elements that occurs naturally in the earth’s crust is
metal; it is estimated that the amount of metal in the earth’s
crust is 4%; some examples of metals that can be found in-
clude ruthenium (Ru), rhodium (Rh), palladium (Pd), silver
(Ag), osmium (Os), iridium (Ir), platinum (Pt), and gold (Au).
Metals have good heat conductor properties and are malleable,
strong, and corrosion-resistant, so some metals are expensive.
Among several metals, we can find that silver is a metal in great
demand by the public. Silver is a white, shiny, soft metal and
can be forged using electricity and high temperatures. Silver
has an advantage over other metals, namely that it can melt
with other metals. Silver is even used as a substitute for tin
because silver does not cause environmental pollution. Silver
has low resistance to electric current, so it is also widely used as
a material for making electrical tools. Silver is also an element
that can absorb and conduct heat well; silver has a long-lasting
color unless exposed to air pollution. Silver also has a relatively
lower price than gold, and silver has high electrical and thermal

conductivity compared to other metals; silver is also easier to
find than other metals (Robinson et al., 2022).

Several chemicals can be made from silver as the main in-
gredient, such as silver nitrate (AgNOg), silver chloride (AgCl),
silver sulfide (AgeS), and silver oxide (AgeO). Silver nitrate
is a compound formed from silver and nitric acid (HNOg).
Silver nitrate has several advantages over other compounds,
such as its usefulness as a precursor for other silver compounds.
Apart from that, the advantage of the silver nitrate compound
is that it is relatively stable to light and can dissolve in many
solvents, such as water, compared to the silver chloride com-
pound, which is difficult to dissolve in water. The silver nitrate
compound is also less sensitive to sunlight than silver sulfide, a
compound resulting from a combination of silver and sulfur
(S) which has sensitive properties to sunlight (Asif et al., 2022;
Kim et al., 2024).

With time, using silver nitrate compounds in various sec-
tors has become essential for Indonesian society. These sectors
include industry, electronics, photography, healthcare, and the
environment. The utilization of the compound AgNOg can
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be achieved through the development of silver nanoparticle
technology. Silver nanoparticles (AgNPs) obtained from the
synthesis of AgNOg with a purity percentage of 99.99% are
highly effective in reducing toxicity effects and serve as antimi-
crobial disinfectant agents. In addition, silver nanoparticles can
be utilized for water disinfection in the environmental preser-
vation sector and can be used as a coating on solar panels to
produce excellent photocatalysts (Agrawal et al., 2018; Zaman
et al., 2022; Imran et al., 2020).

Furthermore, silver nanoparticles obtained through the syn-
thesis of AgNOg with a purity of 99.99% are highly effective
as pigments in liquid crystal display (LCD) screens to produce
high-quality and vibrant red-green-blue (RGB) displays. The
decline in screen quality can occur by replacing the material
indium thin oxide (ITO) with silver nanowires (AgNWs) be-
cause of ITO’s high resistance level on LCD screens. High
resistance levels can increase noise or distortion in electrical
signals and produce less accurate colors, thus lowering image
quality. To enhance image quality, ITO can be replaced with
AgNWs. AgNWs can reduce resistance levels by up to 29.5%,
reaching 24.1 Q/sq with a transmittance level of 96.4%. There-
fore, the time gap in the displayed colors on the screen becomes
shorter and more accurate. Additionally, if a conductive layer
with low resistance is used on a flexible LCD screen, it can
enhance durability and flexibility. Low resistance on flexible
substrates helps reduce the risk of damage or cracks during
flexibility (Abdali et al., 2023).

This is the reason for the high price of AgNOg powder with
a purity greater than 99%. Factors that can affect the purity
level of AgNOg include impurity elements, such as plumbum
(Th), gold (Au), copper (Cu), and other impurities in silver. To
achieve a high purity level, the purity percentage of silver metal
used must be above 99%, and nitric acid (HNOg) must be
above 68% (Menamparambath et al., 2015; Badan et al., 2020).
As a result, very few scientists are interested in experimenting
with this silver nitrate synthesis. Previous research on AgNOg
has observed the influence of the optimal mass percentage of
Ag by identifying the kinetic rate of a chemical reaction in
terms of heating time and temperature. This testing employed
the chemical reduction evaporation method with a heating
temperature of 85 °C. The study involved varying the heating
times at 15 s, 45 s, and 120 s. The results obtained indicated
that Ag could crystallize within 120 s. A limitation of this study
is that it did not examine the crystal structure and particles
through X-ray diffraction (XRD,) X-ray fluorescence (XRF),
and Scanning Electron Microscope-Energy Dispersive X-Ray
(SEM-EDX) characterizations (Ozmetin et al., 2001). Other
research has also utilized the evaporation method with a molar
ratio 1:1.5 between Ag and HNOg. The XRF analysis results
revealed the presence of trace impurity elements in the AgNOg
sample prepared, amounting to less than 0.002 part per million
(ppm). This indicates a very high level of purity for AgNOjg in
this study (IHabashi and Sora, 1997).

Based on previous research, this research will synthesize Ag-
NWs using AgNOg obtained from prior studies. The synthesis
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of AgNOg involves the chemical evaporation method, employ-
ing Ag and HNOg. Subsequently, the synthesis of AgNWs
is carried out based on the polyol method, utilizing AgNOg
(from the preceding synthesis), Polyvinylpyrrolidone (PVP),
Iron (IIT) Chloride Hexahydrate (FeClg-6H9O), and ethylene
glycol (EG) as a solvent. The samples of AgNOg and AgNWs
are then characterized to observe their crystal properties, mor-
phology, and size through XRD, XRF, and SEM-EDX. The
results of this synthesis have the potential for applications in
various technological fields that utilize the unique properties
of AgN'Ws, such as the production of nanoscale sensors, more
eflicient optoelectronic devices, and more. By continuously de-
veloping nanowires (NWs) synthesis techniques, we can open
opportunities for innovation in the future (Mozammel et al.,

2006; Giri et al., 2022).

2. EXPERIMENTAL SECTION

2.1 Materials

For synthesis AgNOg the material used silver metal granules
(ANTAM with 99%), solution nitric acid (HNOjg) (Sigma-
Aldrich Pte. Ltd with 68%), and deionized water. The materials
used for synthesis AgN'Ws were silver nitrate (AgNOg) result-
ing from synthesis, polyvinyl pyrrolidone (PVP Mw. 55,000
g/mol, Sigma-Aldrich Pte. Ltd.), ethylene glycol (EG 99.5%,
Merck kGaA, Darmstadt, Germany), ethanol 96% (Merck kGaA,
Darmstadt, Germany), iron (III) chloride hexahydrate (FeClg-6
HyO, Sigma-Aldrich Pte. Ltd.), silicon oil, and deionized wa-

ter.

2.2 Methods

Synthesis of AgNOg; the sample extraction process commenced
by mixing 10 grams of silver metal with 12 mL of HNOg solu-
tion. Afterward, the mixture was heated at 85 °C for 2 hours.
Then, the sample was cooled until its temperature decreased,
as shown in Figure la. The crystallization process begins by
drying the sample, which still contains a significant amount of
water, in an oven at a heating temperature of 125 °C for 10
minutes. Subsequently, the dried AgNOg crystals are weighed
using an analytical balance with repetitions carried out four
times.

Synthesis of AgNWs; AgN'Ws were obtained using the
polyol method, with PVP as a reducing agent and ethylene
glycol (EG) as a solvent. The AgNOg solution is prepared with
a concentration of 0.3 M in 40 mL of EG. Meanwhile, the
FeClg-6H9O solution is prepared with a concentration of 0.1
M in 10 mL of EG. The dissolution process in the EG solution
is carried out at room temperature and stirred for +10 minutes
until completely dissolved. The solution is then stored in a con-
tainer for the next stage of the process. Next, 0.45 M of PVP is
placed in an Erlenmeyer flask and dissolved in 100 mL of EG.
In the first step in the synthesis of AgNWs, 4.995 g of PVP
was dissolved in 100 mL of EG using an Erlenmeyer flask and
stirred at 140 °C for 20 minutes. Then, a FeClg-6HoO/EG
0.25 mL solution was injected using a syringe for +5 minutes.
Next, an amount of 40 mL of the AgNOg/EG was dripped
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Figure 1. Results from the Evaporation Process

using a burette for +30 minutes. After that, the solution is
stirred for £2 hours until it changes color to silver-gray. Fi-
nally, the AgNWs solution was cooled at ambient temperature
and centrifuged at 3000 rpm for 10 minutes, repeated three
times to remove any remaining solvent and other impurities.
The AgN'Ws colloid was stored in ethanol for characterization
(Junaidi et al., 2021).

2.3 Characterization

The characterization of the AgNOg sample includes XRD,
XRF, SEM, and EDX analyses. The XRD characterization was
conducted using the D8 Advance instrument. This process is
carried out to analyze the phase peaks formed and the average
crystal size. The analysis includes both qualitative and quanti-
tative aspects. To perform this process, the sample must be in
powder form. The XRD graph range spans from 26 at 10-90°.
The crystal structure of AgNWs was analyzed with (Shimadzu
R6000) by CuKer (1 = 1.54184 A) with a scanning 26 in the
range of 20° to 90°. XRF characterization was carried out
using the Omnian ED XRF PANalytical Epsilon instrument.
This process measures the total percentage concentration of
elements in the sample. The AgNOg sample must have a mass
of more than 3 grams. The results obtained from XRF analysis
include the percentage concentration of elements presented
in percentages (%) and parts per million (ppm). The SEM-
EDX characterization was observed using scanning electron
microscopy (JEOL, JSM-6510) by accelerating a voltage of 10
kV. The EDX analysis determines the total mass percentage of
elements such as Ag, N, O, and other impurity elements.

3. RESULTS AND DISCUSSIONS

The results of the evaporation method on Ag metal and HNOg
(68%) at 85 °C for 2 hours are shown in Figure 1. Silver metal
will slowly begin to react with HNOjg as shown in Figure 1(a).
After 10 minutes, the sample starts changing to yellowish and
emilting transparent black smoke. Figure 1(b) shows the pro-
cess can occur due to the release of nitrogen dioxide (NOg)
gas into the air, and the chemical reaction rate is prolonged.
The sample will turn into a deep yellow color and emit black
smoke as shown in Figure 1(c). Figure 1(d) shows the resulting
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AgNOQOg precipitate, which will be dried using an oven at 125
°C.

The results of the crystallization process for AgNOg in-
dicate that the particle size of the sample starts to shrink and
transform into a powder. The obtained AgNOg sample appears
bluish-white. This is influenced by the tiny mass of Ag during
the chemical reaction. If the Ag mass is lower, it increases the
likelihood of chemical reactions between HNOjg and elements
other than Ag, such as Cu. Cu more readily reacts with HNOyg,
forming Cu(NOg)¢ and occupying vacant spaces, displacing
Ag. This is influenced by the fact that Cu is more reactive
compared to Ag. The more Cu(NOg)¢ occupies the vacant
spaces, the more intense the blue color becomes (Sembiring
et al., 2022; Junaidi et al., 2022).

The resulting AgNOjg samples were used for the synthe-
sis of AgNWs. The synthesis of AgNWs begins with dissolv-
ing PVP/EG and adding FeClg-6HoO/EG solution. After
the AgNOg/EG solution was injected into the PVP/EG and
FeClg-6H9O/EG solutions, the color of the solution slowly
changed to brownish. This indicates that reducing Ag* ions
to Ag atoms is occurring. After £1 hour, the solution changed
to pale yellow, indicating the formation of silver nanoparticles
(AgNPs) formation. After being synthesized for +2 hours, the
color of the solution will change to gray, approaching white,
which indicates that AgN'Ws have been formed. After being
synthesized for £2 hours, all the AgNPs formed were capped
and turned into AgNWs. The AgNWs colloidal sample’s fi-
nal result greatly influences the Ag nanostructure’s geometric
shape formed in the AgNPs formation process (Junaidi et al.,

2022; Khan, 2018).

3.1 X-ray Fluoresences Analysis

The results of the XRF characterization of the silver metal
used in the silver granule preparation stage. The elemental
composition of the samples is detailed below. Silver (Ag) is the
predominant element, constituting approximately 98.07% of
the composition. Other detected elements include phosphorus
(P) at 0.21%, copper (Cu) at 1.08%, calcium (Ca) at 0.49%,
and zirconium (Zr) at 0.15%. Additionally, trace amounts
of silicon (Si) were found at 265.0 parts per million (ppm),
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iron (Fe) at 383.5 ppm, zinc (Zn) at 218.8 ppm, and gold
(Au) at 440.9 ppm. These findings provide a comprehensive
overview of the elemental distribution in the analyzed silver
metal granules. The total percentage concentration from silver
granules is 98,07%. Compared to the minimum standard, the
purity of silver does not meet the criteria for good pure silver
(less than 99.95%) (Hennenkamp et al., 1994). Several factors
influence the presence of impurity elements, stemming from
the inherent source of the silver metal and the lack of cleanliness
within the laboratory.

Furthermore, the XRF analysis results of the AgNOg show
the sample’s elemental composition, which is outlined as fol-
lows: silver (Ag) dominates the composition with a concentra-
tion of 98.84%. Calcium (Ca) and copper (Cu) are in smaller
amounts at 0.494% and 0.412%, respectively. Additionally,
trace elements include phosphorus (P) at 0.213 parts per mil-
lion (ppm), silicon (Si) at 172.2 ppm, titanium (T4i) at 48.50
ppm, bromine (Br) at 28.90 ppm, terbium (Tb) at 25.00 ppm,
osmium (Os) at 18.90 ppm, and gold (Au) at 136.2 ppm.
These findings offer a comprehensive insight into the elemen-
tal distribution within the analyzed AgNOjg sample. XRF data
also indicates an increase in the concentrations of Cu and Ca
by 0.412% and 0.494%, respectively. The increase in Cu con-
centration is influenced by the highly reactive nature of Cu
when it reacts with HNOg (Krishnamurthy, 1977; Mamuru
and Happy, 2018). This demonstrates the binding of impurity
elements with the AgNOjg sample, which is why the sample
appears bluish-white. This indicates that the amount of impu-
rity elements is very small. However, it significantly affects the
phase produced by the AgNOg compound.

8.2 X-ray Diffraction Analysis

Figure 2 shows the results of the qualitative analysis from the
XRD characterization process from AgNWs and AgNOg. The
results indicate the presence of several crystal phase peaks from
AgNWs, such as a is silver (Ag), b is silver diammine nitrate
(Ag(NHg)gNOg), and c is hematite (FegOg). Meanwhile, in
the AgNOg graph, there are several phases such as d is silver
nitrate (AgNOy), e is silver dinitramide (AgNgOy), [ is silver
nitrite (AgNOy), g is silver oxide (AggO), h is calcium nitrate
(Ca(NOg)9), i is copper nitrate (Cu(NOg)g), and j is silver
phosphate (AggPOy).

Figure 2 also shows AgNWs graph shows the X-ray diffrac-
tion pattern with diffraction peaks at 20 angles of 37.58°,43.77°,
63.98°, 76.96°, and 81.11°. These diffraction angles corre-
spond to the crystal planes of AgN'Ws with Miller indices (111),
(200), (220), (811), and (222), with a face-centered cubic (fcc)
crystal structure. The high diffraction peaks indicate that the
formed AgNWs have a high level of crystallinity. In addition to
the diffraction peaks of AgN'Ws, the diffractogram also shows
other peaks at 26 angles of 33.75°, 39.28°, 57.07°, and 68.26°.
The graph indicates that these peaks are impurities in the sam-
ple. However, overall, the produced AgNWs sample is quite
good, with a purity level reaching 61.1%.

According to the graph in Figure 2, 29 crystal peaks are
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present in AgNQOg, which arise from 7 different phases apart
from the AgNOjg phase. The AgNOg phase itself appears in 5
peaks on the diffraction angle (21.89°, 24.51°, 53.33°, 66.67°,
and 78.38°). On the other hand, the AgN3O, phase shows 14
peaks on this graph. Therefore, the AgNgO4 phase becomes
the most dominant crystal phase in the sample of AgNOsg.
The AgNOg graph shows that using a volume of 12 mL of
HNOg with 10 grams of Ag metal causes the bonds between
atoms to become unstable and may lead to new phases other
than AgNOg. As the mole ratio approaches its stable level,
the bonds become more stable (Htwe et al., 2019; Evans and
Evans, 2021). Meanwhile, the quantitative analysis result from
AgNWs and AgNOg with XRD characterization are shown in
Figure 3.

Figure 3 shows the results from AgNOg and AgNWs anal-
ysis. Figure 3(a) shows the molar percentage results from the
analysis of AgNOg and presents the distribution of various
phases in the sample. The predominant phase is AgNgOy,
constituting 42.81% of the composition, followed by AgNOg at
27.31%. Other identified phases include Ca(NOg)g¢ at 11.69%,
Cu(NOg)g at 12.33%, and AggPOy at 2.95%. Additionally,
minor contributions are observed from AgNOg at 1.54% and
AgoO at 1.839%. These molar percentages provide valuable
insights into the molecular composition and phase distribution
within the AgNOg sample. The refinement output data yields
a profile residual (R,) value of 9.09%, a weighted profile resid-
ual (R, p) of 10.80%, and a Goodness of Fit (GOF) value of
0.092%. AgN3Oy holds the largest molar percentage at 42.81%.
AgNOg has the second-highest molar percentage at 27.31%.
Cu(NOg) g has the third-highest molar percentage at 12.33%.
This indicates that AgNgOy has the highest molar percentage.
The lattice parameters of the AgNOg phase are a = 6.9264 A,
b =7.8400 A, and c = 9.9922 A. The analysis results are ac-
ceptable if the R, and Ry,p output values are less than 20%, and
a GOF is less than 4% (Khan, 2018; Hennenkamp et al., 1994).
These results indicate that lattice structures shift compared to
COD as shown in Table 1.

Table 1. Results of the Refinement from AgNOg

Phase a(A) b(A) c(A) a(®) b(°) ¢(°)
AgNOg 6.9264 7.3400 9.9922 90 90 90
AgN3Oy,  5.8101 9.8957 14.1490 90 90 90
AgNOg 3.6843 6.2946  5.0235 90 90 90

AgoO 4.8476 4.8476 4.8476 90 90 90
AggPOy4  6.0726 6.0726 6.0726 90 90 90

Cu(NO3)e 10.189 5.0541 8.3211 90 90 90
Ca(NOg)e 7.6750 7.6750 7.6750 90 90 90

Figure 3(b) is the molar percentage results for AgNWs
outlined in Table 2, delineating the composition of various
phases within the sample. The primary phase identified is
Ag(NHg)3NOy, comprising 50.68% of the composition, fol-
lowed by FegOg at 38.76%. Additionally, a more minor con-
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Figure 3. Refinement Results from Quantitative Analysis of (a) AgNOg and (b) AgNWs

tribution is observed from elemental Ag at 10.56%. These
findings shed light on the molecular distribution of phases in
the AgN'Ws, with a predominant presence of Ag(NHg)3sNOy
and significant proportions of FeqOg, providing valuable in-
sights into the material’s composition. The refinement output
data yields an R, value of 8,56%, a weighted Ry,p of 4,87%,
and a GOF value of 0,79%. Ag(NHg)3gNOy4 holds the most
significant molar percentage at 50,68%. FegOg has the second-
highest molar percentage at 38.76%. Ag has the third-highest
molar percentage at 10.56%. These results indicate that lattices

shift compared to COD as shown in Table 2.

Table 2. Results of the Refinement from AgNWs

Phase a(A) b (A) c(A) a®) b(C) <)

Ag 4.08096 4.08096 4.08096 90 90 90
Ag(NHg)sNOy4 7.94869 7.94369 5.97147 90 90 90
FeqOg 2.82189 9.36284 9.44719 90 90 90

© 2024 The Authors.

Table 2 indicates that the lattice parameters for Ag are a =
4.08096, b =4.08096, and ¢ = 4.08096. These results suggest a
shift in the lattice parameters compared to the database indices.
This may be influenced by impurity content in the AgNWs
sample. The presence of FegOg and Ag(NHg)3NOy indicates
the existence of impurities that reduce the purity of the silver
itself. The average crystal size can be obtained from XRD
diffractograms, and the data obtained can be used to determine
the crystal size using the full width at half-maximum (FWHM).
The crystal size is obtained from the Debye-Scherrer equation
as shown in Equation (1).

kA

D= e D

with D as the crystal size, K as a factor (0.9), A as the wavelength
of X-rays, B as the value of FWHM, and 6 as the diffraction an-
gle. This measurement uses the origin-lab to measure FWHM
values at the highest peaks of each formed phase (Mamuru and
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Happy, 2018). The results are presented in Table 8 and Table
4.

Table 3. Crystal Size Calculation from AgNOg

Phase 20 ) FWHM (nm) Crystal Size (nm)
AgNOg 24.51 0.064 124.06
AgNgOy  29.87 0.093 87.62
AgNOg 42.86 0.116 70.99

AgoO 38.72 0.060 138.86

Ca(NOg)e 39.32 0.062 132.59
Cu(NOg3g)e 49.95 0.094 91.02
AggPOy 53.98 0.072 120.88

Table 4. Crystal Size Calculation from AgNWs

Phase 96 (nm) FWHM Crystal Size
(nm) (nm)
Ag 38.21 0.254 33.09
Ag(NHg)sNOy4  34.39 0.255 32.62
FegOg 59.69 19.19 0.48

The average crystal size result from AgNOg is 109.42 nm,
which is smaller than the previous research, which was 112 nm
(Htwe et al., 2019). The average crystal size of the AgNOg
sample can be influenced by the aggregation between crystal
nuclei during the heating process. The average crystal size of
AgNWs is 22.06 nm, which is quite different from previous
research that obtained an average crystal size of 30.90 nm

(Siddiqui et al., 2028; Lakshmi, 2016; Ha et al., 2022).

3.8 SEM-EDX Analysis

The SEM characterization process aims to determine the mor-
phology of particles in the AgNOg and AgN'Ws samples, the
average particle size, and the mass percentage of the constituent
elements of the AgNOg and AgNWs samples. The SEM anal-
ysis results for the AgNOg sample and AgNWs are shown in
Figure 4.

Figures 4(a) and 4(b) depicts the morphological structure of
the AgNOg, which indicates that the particles do not agglomer-
ate and have very small sizes. The particles have a bright overall
color, indicating a very high metal content (Cao et al., 2020;
Villalpando et al., 2020). The average particle size obtained is
49.46 pm. This result is significantly different from the latest
research, which reported average AgNOg particle sizes ranging
from 200 to 600 um. Figures 4(c) and 4(d) shows that the
morphology of AgN'Ws colloids is influenced by several factors,
such as the heating process, injection rate, and time for AgNWs
synthesized. During the process of dissolving PVP/EG and
adding the FeClg.6H9O/EG solution, a clear solution was ob-
tained and did not change color. After the AgNOg/EG solution
was injected into the PVP/EG and FeClg.6HoO/EG solutions,
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the color of the solution slowly changed to brownish. This in-
dicates that reducing Ag* ions to Ag atoms is occurring. After
*1 hour, the solution changed color to pale yellow, indicating
the formation of silver nanoparticles (AgNPs). After being syn-
thesized for £2 hours, the color of the solution will change to
gray, approaching white, which indicates that silver nanowires
or silver nanowires (AgNWs) have been formed. AgNWs have
a remarkably uniform diameter measuring (2.0 + 1) x 10 nm,
coupled with a length of approximately (8 +£2)x 10* nm. These
findings indicate that the resulting AgN'Ws have an exception-
ally elongated size compared to various existing research results
on AgNWs (Liu et al., 2020). The mass percentage analysis
for both AgNOg and AgN'Ws provides insights into the respec-
tive samples’ elemental composition. In the AgNOg sample,
silver (Ag) constitutes 55.55% of the mass, followed by oxygen
(O) at 28.47%, and nitrogen (N) at 8.32%. Trace elements
such as copper (Cu), calcium (Ca), and gold (Au) are present
in smaller percentages. Conversely, in the AgN'Ws sample, sil-
ver (Ag) dominates with a mass percentage of 71.24%, oxygen
(O) at 17.60%, carbon (C) at .91%, and iron (Fe) at 3.25 also
contribute to the composition, though in smaller proportions.
These mass percentage values provide a comprehensive un-
derstanding of the elemental distribution in both AgNOg and
AgNWs, highlighting the significant differences in their com-
positions. This can be explained by impurity elements within
the silver material, as highlighted in the XRF analysis results (7).
As a result, it reduces the purity level of the produced AgNOyg.
The total purity of the AgNOg sample is 92.68%. Meanwhile,
the AgN'Ws sample has a total purity percentage of 67%, with
the remainder comprising impurity elements present in the
AgNWs sample. These results indicate that silver (Ag) has the
highest count in both samples, suggesting its dominance. This
provides evidence that silver nanowires have formed.

3.4 TEM Analysis

The characterization process using TEM was carried out to
see the surface morphology and geometry and determine the
crystal structure of the AgNWs colloid. This characterization
will obtain sample morphology and diffraction ring patterns
representing the crystal planes formed. The diffraction ring
analysis process uses lattice parameter data from XRD diffrac-
tion analysis calculations. These results were compared with
the XRD analysis results to determine the crystal structure of
the AgN'Ws colloid. The TEM analysis results of AgNWs are
shown in Figure 5.

In addition, from the results of characterization using TEM,
diffraction ring patterns of AgNWs will be obtained, which will
determine the crystal planes of AgNWs. The diffraction ring
pattern was then analyzed using Image] software to calculate
the distance of each diffraction ring from the center of the
circle. The diffraction data will later be compared with the
diffraction data from the test results using XRD so that the
results obtained can be strengthened from the XRD results.
To find out the crystal planes of the diffraction ring, it can be
obtained using Equations (2) and (3).
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Figure 5. TEM Images of AgNWs (a) and SAED of AgNWs (b).

Rd=2aL, (2)

2 a*

SN s @

© 2024 The Authors.

where R is the distance of the diffraction ring from the
center of the circle, d is the distance between the Bragg planes,
A is the wavelength used in TEM, L is the lens distance, « is
the grating constant, and 4, k, [ are the Miller indices as shown
in Table 5.

From the morphology in Figure 5(a), the diameter of Ag-
NWs is around 60-200 nm. In Figure 5(a), we can also see the
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Table 5. Miller Index of AgNWs Colloidal Samples
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Rmm) A2(x10%nm) Lmm) d@mm) amm) AZ2+k2+/2 Miller Index (hkl)
3.893 3.35 284.29 0.245 0.4142 2.85 111
4.294 3.35 284.29 0.222 0.4142 3.490 200
6.549 3.35 284.29 0.145 0.4142 8.143 220
7.468 3.35 284.29 0.128 0.4142 10.688 311

tip morphology of the AgN'Ws, which shows a geometry that
resembles the pentagonal cross-section of decahedral particles.
As is known in theory, decahedral particles, often called multi-
twin particles (MTPs), have five planes of symmetry with a
surface of 10 planes (111). This plane acts as the growth point
of the AgNWs. When decahedral AgNPs are formed, other
reduced Ag atoms will form crystallization on the surface of
the (111) plane because they have high surface energy. This
is what will result in the growth of decahedral AgNPs into Ag-
NWs. At the beginning of formation, the PVP interacts more
strongly on the (100) plane than on the (111) plane, so there
will be continued growth at both ends of the AgNWs. Because
the double plane of the decahedral does not bend during the
growth process, AgNWs with a pentagonal cross-section will be
formed, which have four planes of symmetry at the ends and
surfaces (Zhang and Engholm, 2018; Honey et al., 2022; Wi-
ley et al., 2005). The results of measurements and calculations
on the diffraction rings are presented in Table 5.

The calculation results show that all diffraction rings are in-
dexed in the fcc form with Miller index values of around 3.893,
4.294, 6.549, and 7.468. The Miller index corresponds to the
fce crystal structure in the (111), (200), (220), and (311) planes.
The crystal structure of AgNWs measured by XRD at a 20
angle of 20-90° produces four diffraction peaks, namely (111),
(200), (220), and (311). This condition proves the AgNWs
crystal structure analysis between TEM and XRD is suitable
(De Yoreo, 2002; Xia et al., 2009).

Meanwhile, from the analysis of the diffraction ring pattern
of the AgN'Ws colloidal sample as in Figure 4(d), four crystal
planes were obtained, namely (111), (200), (220), and (311).
From the diffraction ring pattern of the AgNWs, no diffrac-
tion ring pattern was formed for the (222) crystal plane, as
obtained from the results of the X-ray diffractogram of the
AgNWs colloid as shown in Figure 4(a). If we look at the X-ray
diffractogram data from the colloidal AgNWs, it shows that
the intensity for the (222) plane is smaller than for the other
planes, so this makes it possible for the diffraction ring pattern
for these two planes not to be seen clearly.

4. CONCLUSIONS

The synthesized AgNOg demonstrates applicability in nanowire
synthesis, indicating a promising prospect for its utilization in
various applications. However, it is noteworthy that the purity
level of the produced AgNOg should be further enhanced to
achieve optimal performance. The refinement is essential to

© 2024 The Authors.

ensure that silver (Ag) stands out as the sole and dominant
element, minimizing the presence of impurities. This enhance-
ment in purity is crucial for maximizing the effectiveness of
AgNOQOyj in nanowire synthesis, thereby improving the overall
quality and functionality of the synthesized material. In the
XRD analysis, the sample exhibits six peaks in addition to the
AgNOj phase, indicating significant impurities. Meanwhile,
in AgNWs, three crystalline phases have formed, with the Ag
phase being the most dominant. In the XRF analysis, the sam-
ple has an Ag concentration percentage of 98.84% and a Cu
concentration of 0.412%. These particles do not agglomerate,
have an average particle size of 49.46 um, and a total mass
percentage of 92.68%.
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