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Abstract

This chapter focuses on the synthesis of silver nanoparticles (AgNPs), AgNP composites, 
and its role in the structure and electrical properties modification. The research and its 
various applications of nanoparticles are interesting among others. Silver nanoparticles 
(AgNPs) are now becoming to take an essential role in the diverse field of application. 
Establishing the simple and inexpensive of AgNPs is greatly required, since it will also 
influence it used. Many different methods to obtain AgNPs have been reported. The 
inducing AgNPs on a various number of other materials has been investigating. We report 
a brief review of simple AgNP fabrication method at different MSA, PEG, and ultrasonic 
irradiations regarding its structure and conductivity. We also report the influence of 
AgNPs on the electrical conductivity of conducting polymers, i.e., PANI, flavonoids of 
Jatropha multifida L. (JML) and Pterocarpus indicus W. (PIW). It is found that in general, the 
increase of AgNP concentration gives rise to increase of its electrical conductivity. The 
conductivity of the AgNPs doped of polymers does not directly reflect by its crystallinity 
or crystal size. Some exciting aspect of crystal structure and its conductivity are discussed.

Keywords: silver nanoparticles, mercaptosuccinic acid, Pterocarpus indicus W., Jatropha 

multifida L., polyaniline, conductivity

1. Introduction

The silver nanoparticle research continues to grow, drawing the attention of researchers. It is 
known that silver has very high electrical conductivity [1, 2]. Silver has been widely used as a 
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conductor wire in circuits that require low dissipation, and high conductivity [3, 4]. Silver paste 
has also been widely used as a paste conductor [5–7]. The use of silver paste has been exten-

sively utilized mainly in the bulk conductivity characterization of bulk semiconductor materi-

als or four-point probe method films. In the field of superconductors, silver has a dominant 
role as a sheath [8–12]. Silver has also been used in various industries and health fields. Silver is 
known to have antibacterial properties [13–16], as a catalyst [17–20], and it shows stable to the 

environment [21] and has been utilized as a significant component of water treatment.

Various methods of synthesis have been developed to produce silver in the order of nano-

meters. Synthesis of silver nanoparticle is commonly known to control the shape and size. 
Among these methods are ball milling method [22], precipitation [23], polyol method [24], 

and several other methods to produce silver nanoparticle [3, 25–28].

Nanostructure engineering has been performed to produce the expected properties. Nanofluid 
Ag-ZnO has been successfully synthesized to determine the behavior of thermal conductivity 

at various fractions [29]. Silver nanoparticles dotted on the external walls of multi-walled car-

bon nanotubes (MWCNTs) were prepared by an aldehyde reduction process in supercritical 
carbon dioxide (SCCO

2
) fluid. The friction reduced about 30% [30]. Modification of nanostruc-

ture Ag into nanowire also improves physical performance such as electrical conductivity 

and power transfer [31]. Further engineering in the form of silver nanocage has reported. The 
nanocages exhibited unique and attractive characteristics for metal catalytic systems, thus 
offering the scope for new development as heterogeneous catalysts [32]. The aqueous persis-

tence performance of Ag nanocolloids particles has been studied in depth in various environ-

ments [33]. Silver nanoparticles capped with Oleylamine (AgNPs/OLA) and its application in 
conductive ink for the electroanalytical application has been reported in [34].

Some of those examples show that silver nanoscale research and application are of concern to 
researchers. Due to the broad scope of the study of silver nanoparticles, we have limited this 
article to the synthesis of nanoparticles by simple methods, particle nanoparticle effects on 
structures, and electrical properties in polymers such as polyaniline, and some organic poly-

mers such as Pterocarpus indicus Willd (PIW) and Jatropha multifida Linn (JML).

2. Materials and method

2.1. Synthesis of silver nanoparticle with various MSA

Basic of experimental method used in the current work was a chemical reduction from the 

silver nitrate salt of AgNO
3
. The silver nitrate (AgNO

3
) dissolves into a positive ion (Ag+) 

and negative ion (NO
3
−). From the process, we could obtain solid silver grain due to the ions 

experience a reduction process by accepting electrons from a donor. After forming the sil-
ver nucleus, a crystal growth continues at the relatively short time. By this way, a crystal of 
nanosize obtained. This nanoparticle fabrication and other similar synthesize are known as 
bottom-up technic.

The raw materials used are silver nitrate AgNO
3
, sodium borohydride NaBH

4
 as a reductor, 

and mercaptosuccinic acid (MSA) as a stabilizer. Conventional solvents which normally used 
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are aquades and methanol. A series of MSA, namely 0.03, 0.06, 0.12, and 0.15 M, was dissolved 
in methanol of 400 mL, then stirred rigorously using magnetic stirrer in an ice bath. Into the 
solution, add the second solution, i.e., silver nitrate about 340 mg to 6.792 mL aquades. While 
the mixture of both solutions is being stirred, sodium borohydride of 756.6 mg in 100 mL 
aquades drops small wisely. After adding the second solvent, the clear MSA solution changed 
into an amber one. Further, by adding the third solution, the mixture solution transforms into 
black-brownish. The final solution has then employed a stirring for 30 min at 500 rpm and 
maintained at a temperature of 5–10°C. The obtained particles then rinse using methanol on 
Whatman filter. The latter step was conducted several times to ensure the only silver particle 
remains. The collected material was then exposed to 80°C yielding silver nanopowder.

2.2. Synthesis of PANI-AgNP film

Two series of silver-doped PANI-AgNPs/Ni and ultrasonic irradiation time films have been 
prepared using spin-coating method. Each series was provided five samples. The basic con-

figuration of PANI-EB and PANI-ES were synthesized following the procedure of previous 
report [7]. The solutions of PANI-Ag had been prepared with synthesizing PANI-EB from 
aniline using the chemical oxidizing method. About 1.82 mL aniline (0.1 M) was dissolved 
into 50 mL HCl (0.2 M) liquid for about 1 h. Along with this, a solution of 5.71 g (NH

4
)

2
S

2
O

8
 

(0.1 M) in 50 mL aquadest was also prepared at the same time. After 1 h, those two solutions 
were mixed and stirred a while, then exposed at room temperature for about 24 h for polym-

erization. The precipitated material was filtered using Whatman filter paper, then washed 
using deionized water and aquades until clear liquids are observed. The obtained precipi-
tated materials are then mixed and homogenized using magnetic stirrer in NH

4
OH (0.5 M) 

for 4 h, and then let them rest for about 24 h and washed using aquades to obtain a blue 

PANI-EB. The powder of PANI-EB can be obtained after annealing the material for 5 h at 
80°C. PANI-EB then mixed with camphor sulfonic acid (CSA) and then mixed with AgNO

3
 

solution in chloroform and employing ultrasonic irradiation for various irradiation times. 
The obtained solution was filtered to obtain a PANI-Ag solution for deposition on nickel sub-

strate using spin-coating method. A different series of various AgNO
3
 PANI doped of 0.1, 0.2, 

0.3, 0.4, and 0.5 M was also prepared in the same manner. The films have been deposited onto 
1 × 1 cm2 Ni substrate using spin-coating method at 1000 rpm for 1 min. The obtained films 
were then annealed at 100°C for 1 min.

2.3. Synthesis of flavonoids’ JML-AgNP and PIW-AgNP films

Samples were prepared in several stages. The initial step was the extraction of Pterocarpus 

indicus Willd (PIW) by preparing 800 g of Pterocarpus indicus Willd leaf powder mixed with 
3 L methanol p.a. in a large bottle, and then the mixture was shaken and awaited for 1 week. 
After that, it was filtered using a Buckner funnel under pressure with Whatman’s filter paper 
01. The obtained slurry materials were evaporated using a rotary evaporator to get a rough 
methanol extract. About 25 g of methanol extract was introduced into the separating funnel, 
in which the mixture was manually shaken with 50 mL of n-hexane solvent for 30 min. Once 
separated, the two steps of this process are repeated using 50 mL n-hexane. The hexane phase 
in the treatment is separated, and the sum of the second procedure is combined and evapo-

rated to obtain a crude hexane extract. The general process is applied to obtain extracts of 
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chloroform (100 mL), ethyl acetate (100 mL), and butanol (100 mL), respectively. In this way, 
flavonoid type quercetin can be achieved.

A similar way was performed to obtain a flavonoid extract of Jatropha multifida L. (JML) with 
a little more straightforward. The first step is extracting flavonoid using the wet method. Five 
grams of the liquid latex of JML, which was taken from wounded stem, was first heated on 
a glass plate to remove water. The water-free condensed latex was then solved into 10 mL of 
80% methanol and homogenized for 30 min using magnetic stirrer while heating. In addition, 
it was also implemented to ultrasonic irradiation for 60 min, and let them to precipitate for 

24 h. The mixture was then separated using a Whatman filter paper and dried up to evaporate 
the solvent to obtain flavonoid extract powder. The flavonoids of PIW can be prepared in a 
similar way using the extracted latex of the wounded stem.

To fabricate a thin film of AgNP-doped flavonoid, the mixture should be transformed into the 
liquid phase. In this case, two solutions were first prepared separately. The first solution was 
obtained from 0.1 M AgNO

3
, which was dissolved in acetone. A relatively fine-ground camphor 

sulfonic acid (CSA) was mixed with the flavonoid extract PIW. The two solutions were then 
incorporated into a glass beaker and then stirred. The process proceeds until a homogenous 
mixture was obtained. To promote smaller size of silver ion as well as flavonoid incorporation 
in the homogenous mixture, we employed ultrasonic irradiation for 60 min. To achieve differ-

ent AgNP-doped flavonoids/Ni films, the process has been repeated with a different AgNO
3
 

concentration of solutions. By following the preparation of JML-AgNP/Ni films, the flavo-

noid’s PIW-AgNP/Ni films were also prepared in five different molar ratios of silver nitrate. 
The fabrication of those two nanosilver-doped films has been prepared using spin-coating 
method on nickel substrates of 1 × 1 cm2 with 1500 rpm speed for 60 s. Each of the resulted 
film then follows annealing for repeating the process for concentrations of 0.2, 0.3, 0.4, and 
0.5 M. The films finally annealed at 50°C for 5 min. Then those two series films were character-

ized using X-RD using Cu-Kα, FTIR, and four-probe electrical conductivity measurements.

3. Results and discussion

3.1. The influence of MSA on AgNP structures

Except for NaBH
4
 for reducing agent, to synthesize nanometallic state, MSA is used as a 

reducing agent that also acts as a stabilizer agent of Ag+. The synthetic silver nanoparticles 
are more stable and not easily oxidized. In addition, MSA also affects the size of the resulting 
silver nanocrystals. Figure 1 shows the TEM results of spherical silver on the nanometer scale. 
The particle size of the TEM shows a yield of about 30 nm.

The TEM diffraction pattern of the sample was reported in our previous work [35]. It is shown 
that the sample is polycrystalline, which is indicated by the clear spots together with accom-

panying weak rings also reported by Majeed [36].

The X-ray diffraction pattern of obtained samples is displayed in Figure 2. Several identified 
peaks of intensity I-2θ are 38.10, 44.29, 64.43, 77.37, and 81.52°, associated to Bragg’s planes 
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of (111), (200), (220), (311), and (222), respectively. There is apparently no other peaks, except 
the silver crystal peaks. All of the peaks shown in Figure 2 can readily fit in a model of FCC 
structures, as also reported previously [37] for various PEG [23], for the different surfactant, 
and [38] for urea, PVP, and dextrose. Further refined to the lattice parameter gives rise to 
a = 4.0876 Å. This result insignificantly differs from the model of a = 4.0872 Å [36]. Detailed 
investigation to the same peak positions 2θ of all the diffraction patterns, even the peaks 
are not distinguished, it looks that the higher the fraction of MSA the broader the peaks. 
Broadening of diffraction peaks β, measured as FWHM, may show smaller crystal size (L) 

according to Scherrer’s equation (Eq. (1)). Since crystal dimension L is just inversely propor-

tional to its broadness of the peaks β.

  L =   K𝜆 ______ β cos θ    (1)

Figure 1. TEM image of silver nanoparticles and associated diffraction [35].

Figure 2. XRD pattern of AgNPs at various MSA concentration.
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It is also possible that one found different values of L from the same pattern. The origin of 
the discrepancies is mostly due to the Kα splitting, selecting the peaks, and fitting method of 
calculating β.

Based on the result of XRD as shown in Figure 2, the crystal size was calculated using Eq. (1). 
It shows that the size is in the range of 20–30 nm, which decreases with increasing concentra-

tion of MSA, as shown in Figure 3.

Of the two characterization analyses between TEM and XRD showed the size of the crystal 
is somewhat different results. The problems of crystal size calculation obtained from TEM, 
XRD, and/or probably SEM characterization is discussed in our work [35]. The crystal size 
obtained from XRD pattern calculation may be smaller than that derived from TEM. The 

discrepancy mostly not only originated from the di erent method of both types of equip-

ment, but also due to the choosing peaks, implementing units of β and θ, as well as using 

the range of K in Eq. (1). The smaller diffraction angle we choose, the bigger the size we 
obtain. When the higher shape constant of K in the Scherrer formula, we may also get the 
bigger size. Sometime β is taken using degrees instead of radians. The crystal size calcu-

lation using a more compact software such as GSAS [39] or Fullprof [40]. In such soft-
ware, they use the more rigid equation in Rietveld analyses with different compared to 
Eq. (1). The crystal size under GSAS or Fullprof is more comprehensive since they involve 
the strains, various profile functions as well as the anisotropy, or the crystal. The result of 
the crystal size obtained from the method is also slightly different from the manual using 
Scherrer equation. An example of manual crystal size calculation using a more complex 
equation is reported by Khan et al. [36]. It looks that there is a discrepancy of AgNP crystal 
size obtained by Scherrer and obtained from HRTEM. The average crystal size obtained by 
HRTEM shows a much bigger than that of using Scherrer equation. This result is similar to 
the work of Diantoro et al. [35].

Figure 3. The influence of MSA concentration on AgNP crystal size.
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Another capping agent such as polyethylene glycol (PEG) will be discussed briefly. We have 
obtained several AgNP samples which were prepared under the influence of PEG. The results 
are displayed in Figure 4.

Figure 4 shows the result of AgNP crystal size with increasing of PEG concentration. The silver 
crystal size lies around 12–24 nm. Based on Figure 4, it is seen that excluding of 0.075 M, increas-

ing PEG concentration slightly decrease the crystals size. It could be indicated that PEG plays a 
role in controlling the crystal size. The researcher also uses PEG as a template for synthesizing 
nanoparticles [37]. One purpose of the use of PEG as a template or as a capping agent is not only 
to control the size, but also the distribution [41]. The effect of PVP repeating unit to the obtained 
crystal size of AgNPs was reported [18]. Many other solvents have been used for the synthesis 
of various size and shape of AgNPs, such as PEG [42], citrate [33, 43], and MSA [35].

3.2. The influence of AgNPs on crystal size and conductivity of PANI

It is shown that the size and shape of particles are affected by its physical properties [31, 32]. At 
the nanometer scale, the properties or characteristics of silver will change its electrical proper-

ties. Therefore, in the exploration of organic materials for electronics, silver nanoparticles can 
be incorporated with various conductive polymers such as PANI, JML, and PIW. The three 
polymers are conductive polymers with electric charge mechanisms of single- and double-

conjugated bond hopping in the polymer. Although they said to be a conductive polymer, the 
pristine one is in the semiconductor range. So researcher expects that by controlling the metal-
lic or oxidic nanoparticles may influence the electrical properties. In this report, we focus on 
the modification of the electrical conductivity. The following shows the effect of AgNP con-

centration on the electrical conductivity of PANI film as indicated in Figure 5.

The PANI composite with AgNPs indicates an increase in electrical conductivity by increasing 
the concentration of AgNPs used, as shown in Figure 5. The increased electrical conductivity 
of PANI is due to the increased electrical mobility derived from AgNPs in the compound. This 

Figure 4. The influence of PEG template (a) XRD and (b) crystal size.
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result is comparable with the works reported by Wankhede et al. [44]. Unfortunately, they 
reported only for one composition of PANI-AgNPs, at various temperatures. Our results are 
far higher than that of PANI/PS/AgNPs nanocomposite samples [45].

The stability of electrical conductivity to PANI and AgNP composites were measured under 
the influence of ultrasonic irradiation. The various irradiation time was employed to the mix-

ture of PANI-EB-AgNP solution prior to the deposition process. The electrical conductivity 
measurements of dwelling time are depicted in Figure 6.

It shows that the electrical conductivity of PANI-AgNP film has the stability of electrical con-

ductivity values in the range 0.5–0.7 S.cm−1. Out of that range, the duration of irradiation time 

Figure 6. The stability electrical conductivity of PANI-AgNPs under ultrasonic irradiation.

Figure 5. The influence of AgNPs on electrical conductivity of PANI.
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is followed. It suggests that the intrinsic structure may also be changed by the ultrasonic 
irradiation dwelling time.

3.3. The influence of AgNPs on crystal size and conductivity of JML and PIW

Flavonoids of JML [46, 47] or PIW [48] are potential for the conductive organic polymer. 
Initially, the conductive polymer is in/below the semiconductor range after oxidizing or 
reducing process [49]. Also, the general polymer has an amorphous phase. When flavonoids 
extracted from JML are composited with AgNPs, we may expect that its electrical conductiv-

ity will increase. Here, we report the results of electrical conductivity measurement of AgNPs 
doped of JML and PIW flavonoids extracts. The crystallinity of the sample may be affected by 
the electrical conductivity, Figure 7. It indicates that the crystallinity of the sample increases 
with the increase of AgNP concentration in the composite.

As indicated in Figure 7, it is seen that the feature of AgNPs vs. crystallinity is not a linear, 
simple relationship. It shows a significant change in the range of 0.2–0.4 M of AgNPs, while 
substantial difference above or below that range. To look further, we plot the relation between 
AgNP concentration to its electrical conductivity, as shown in Figure 8.

The electrical conductivity of extracted JML flavonoid-AgNPs exponentially increases as the 
AgNPs increase. By comparing Figure 8 with Figure 7, it is found that the rise in electri-

cal conductivity does not merely support its crystallinity. It means that there is no direct or 
simple relationship.

AgNP-doped PIW flavonoid may show a similar feature. Roughly speaking, the role of 
AgNPs induced in the flavonoids’ PIW-AgNP film also increases its crystallinity, as shown 
in Figure 9.

Figure 7. The influence of AgNPs on crystallinity JML.
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It is similar to its increase of crystallinity, the electrical conductivity of flavonoid’s PIW-AgNP 
film is also increased as the increase of AgNPs, as illustrated in Figure 10.

By comparing Figures 9 and 10, it can be inferred that its crystallinity may characterize the 

increase of electrical conductivity of flavonoid’s PIW-AgNP film. In another words, the role 
of AgNPs on the electrical conductivity of flavonoid’s PIW-AgNP film is reflected by its 

Figure 9. The influence of AgNPs on crystallinity flavonoid’s PIW-AgNP film.

Figure 8. The influence of AgNPs on film JML-AgNPs.
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crystallinity. As the electrical conductivity of flavonoids of PIW and JML shows different 
features, the type of flavonoid of both plants is possibly different. It is also possible that tech-

nically the distribution, or where the AgNPs interreact with, is also different.

Study of the role of AgNPs and polymers has been widely reported for many routes of syn-

thesis and their applications [45, 50, 51]. Recently, AgNPs containing nanostructure nanocom-

posite have also been investigated for supercapacitors [52], polymer solar cells [53], or thin 

film silver-TiO
2
 thermoelectric [54].

4. Conclusion

Some factors are influencing the size and the conductivity of AgNPs, i.e., the MSA concentra-

tion, ultrasonic irradiation time, as well as the concentration of PEG. In general, the increase 
of AgNP concentration gives rise to an increase in its electrical conductivity. Although the 
conductivity of polymers depends on AgNP concentration, the conductivity of the AgNPs 

doped of polymers does not directly reflect its crystallinity or crystal size.

AgNPs have excellent potential applications in medical, environment, electronics, dielectrics, 

and optical solar cell application. It is urgently required to perform an extensive research of 
various AgNPs and its derivatives for multiple applications.
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