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ABSTRACT 
 
Silver-nanoparticles (AgNPs) from leaf extract have gained considerable interest from years ago until recently. However, the potential of 
green-synthesised AgNPs as a conductive filler in polymer biocomposites has not been widely investigated. Herein, a series of biopolymer-
silver nanoparticle films were prepared by dispersing the suspension of Polygonum minus leaf mediated AgNPs into chitosan (CS) matrix 
via solution casting. In this work, the physicochemical properties of the composite films were evaluated, and structural property was 
analysed by Fourier transform infrared (FTIR) spectroscopy. The electrical conductivity and surface morphology were investigated by 
two-point probe and scanning electron microscopy (SEM), respectively. From the evaluation of moisture uptake, solubility and 
degradation tests, the rate of moisture uptake reduced as AgNPs concentration increased whereas the solubility and degradation rate 
increased with increasing addition of AgNPs. The FTIR analysis confirmed that there was no new covalent bond formed and suggested 
that AgNPs interact non-covalently with amine and hydroxyl groups of chitosan matrix. The conductivity of the CS-AgNPs films increased 
with one-order magnitude from 10-8 to 10-7 S/cm compared to pristine CS film. The percolation threshold was achieved at 20 wt% of 
AgNPs and the highest conductivity was achieved at 30 wt% AgNPs with the conductivity value of 3.20 x 10-7 S/cm. SEM micrographs 
revealed that the composite film with 30 wt% AgNPs exhibited smooth and homogeneous surface which agrees well with the conductivity 
results. This CS-Polygonum minus leaf mediated AgNPs composite film shows potential as an alternative for biodegradable biomedical 
implants, smart packaging and wearable electronics applications. 
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1. INTRODUCTION 

 

Biopolymer-based composites have recently attracted 
significant attention from many researchers not only due to 
their sustainable, eco-friendly nature, but also because of 
the ease of processabillity and competitive market of their 
end products. When this composite is doped with metal 
nanoparticles such as silver (Ag), the additional 
antibacterial property and electrical conductivity extend 
the potential of the films to biomedical applications such as 
biosensors, biomedical implants and tissue engineering [1-
3], smart packaging [4] and textile electronics [5]. 
 
The preparation of biopolymer-silver nanoparticle films can 
be achieved by two methods [6].  The first is in-situ, in which 
polymeric matrix is used as a reaction medium for the 
formation of AgNPs and functions as a stabilising agent and 
second is ex-situ, in which polymeric matrix is a dispersion 
medium for independently pre-synthesised AgNPs . On the 
other hand, plant extracts including leaves, stems, roots, 
fruits and seeds have been explored in the synthesis of 
AgNPs as environmentally and economically friendly 
resources replacing potentially hazardous chemicals like 

sodium borohydride (NaBH4) and hydrazine [7]. For the 
nanocomposite films incorporated green-mediated AgNPs, 
most of the approaches are by in-situ. Sadanand et al. [8] 
generated AgNPs in-situ using Ocimum sanctum leaf extract 
as reducing agent in cellulose matrix and obtained eco-
friendly nanocomposite films. Nevertheless, an ex-situ 
approach has also been demonstrated. Recently, Ravindran 
et al. [9] prepared PVA/PEG blend films incorporated 
AgNPs ex-situ using Capparis zeylanica. However, none of 
the work focuses on the investigation of electrical property 
which is among the desired properties for biomedical 
applications etc.  
 
In this work, an ex-situ generation of biopolymer/ 
Polygonum minus mediated AgNPs composite films was 
demonstrated by employing chitosan as matrix or 
dispersion medium and pre-synthesised AgNPs were 
dispersed and stabilised in the chitosan matrix. Polygonum 
minus is an aromatic plant, known as ‘daun kesum’ in 
Malaysia and widely used in cooking as flavouring agent. 
Polygonum minus contains high flavonoid and phenolic 
content [10] that may act as reducing, stabilizing, and 
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capping agents in the conversion of silver ions to silver 
nanoparticles [11]. 
 
Meanwhile, chitosan is the second abundant biopolymers. 
The properties of chitosan such as biocompatibility, 
biodegradability, and nontoxicity have been extensively 
proven by researchers through testing with different 
chemical solvents. Herein, the physicochemical properties 
were investigated and characterisations by Fourier-
transform infrared spectroscopy (FTIR) was carried out. 
The electrical conductivity was obtained from a two-point 
probe method and the surface morphology was studied by 
scanning electron microscopy (SEM) to investigate the 
effect of AgNPs concentration on their dispersion in the 
biocomposite films. 
 
 
2. MATERIALS AND METHODS  
 
Chitosan (medium molecular weight) and acetic acid glacial 
were purchased from Sigma-Aldrich. Glycerol was 
purchased from Merck. Polygonum minus mediated AgNPs 
suspensions were obtained from Haiza’s research group 
with an average particle size of 46.8 nm [12]. All reagents 
used were of analytical grade and used as received without 
further purification. 
 
2.1. Preparation of AgNPs suspensions 
 
The AgNPs suspensions were prepared by Salim [12] 
according to the following method. 25 mL of 0.001 M silver 
nitrate solution was mixed with 20 ml of 0.02 g/ml 
Polygonum minus leaf extract. Subsequently, dropwise of 1.0 
M sodium hydroxide that act as pH regulator was added to 
the complex solution. Then, the complex solution was 
continuously stirred by using a magnetic stirrer for 20 
minutes and kept for 24 hours at room temperature to 
ensure that the reduction process reached completion. 
 
2.2. Preparation of CS/AgNPs composite films 
 
Chitosan powder was dissolved in 1% (v/v) aqueous 
solution of acetic acid glacial to make 1 wt% chitosan 
solution. The solution mixture was agitated under 
mechanical stirring until homogeneous at room 
temperature. Then, different concentrations of AgNPs 
suspensions (10-50 wt%) were added to the pre-prepared 
chitosan solution and stirring was continued. After CS and 
AgNPs became homogeneous, 6 ml of glycerol was added as 
plasticiser. The mixtures were then poured into glass 
moulds and dried at room temperature for 48 hours to 
obtain composite thin films. 
 
2.3. Characterisations and Measurements 

 

2.3.1. Moisture Content  
 
The moisture content of the conductive film was 
determined by using a moisture analyser (HE53 Mettler 
Toledo, USA).  The film was placed into the chamber and 
moisture content was automatically calculated and average 
samples data was collected. 

2.3.2. Solubility Test 
 
The film samples were cut into the size of 2 × 2 cm and 
placed in oven for 24 hours at a temperature of 105 °C to 
obtain the primary dry weight (Mi). Then, each sample was 
soaked in a container filled with distilled water for 24 hours 
at a temperature of 25 °C. After this interval, the sample was 
removed and placed again in the oven for 24 hours at 105 
°C and weighed to obtain the secondary dry weight (Mf). The 
solubility percentage was then calculated using Equation 
(1) [13].  

 

(1) 

 
2.3.3. Degradation Test  
 
The degradation test was conducted in soil and the weight 
loss of the film was evaluated over time. The weight loss was 
determined every seven days for 28 days from starting day 
and was calculated using Equation (2) [14]. 
 

                                                (2) 
 

 
2.3.4 Structural Analysis by Attenuated Total 
Reflectance-Fourier Transform Infrared (ATR-FTIR) 
Spectroscopy 

 
ATR-FTIR spectroscopic analysis of CS and CS/AgNPs films 
was performed using FTIR spectrophotometer (Perkin-
Elmer Spectrum RX1 Series) in the range of 650 to 4000 
cm−1 at a resolution of 4 cm−1. The selected FTIR spectra 
with transmittance % per wavelength (cm-1) were obtained 
and critical percentage absorbance peak was calculated 
using Equation (3). 

 
(3) 

 
 

2.3.5  Electrical Conductivity Measurement 
 
The electrical resistivity of the films was measured using a 
two-point probe I-V measurement system at room 
temperature. The measurement was performed using 
Keithley Model 4200 Semiconductor Characterization 
System (Keithley Instruments, Cleveland, OH, USA) with 
voltage ranging from 0 to 1 V. The conductivity (σ) values 
were obtained from Equation (4), where L is the distance 
between the electrodes in cm, A is the cross-sectional area 
in cm2, and R is the electrical resistance in Ω. 

 
                                            (4) 

 
 

2.3.6 Morphological Study by Scanning Electron 
Microscopy (SEM)  

 
The AgNPs filler dispersion and distribution in the CS matrix 
were analysed using a scanning electron microscope, model 
JOEL JSM-6460LA (Tokyo, Japan). The conductive films 
were coated with a conductive layer of palladiums about 20 

Weight Loss (%) = (
𝐼𝑛𝑖𝑡𝑖𝑎𝑙  𝑚𝑎𝑠𝑠 −𝐹𝑖𝑛𝑎𝑙  𝑚𝑎𝑠𝑠

𝐼𝑛𝑖𝑡𝑖𝑎𝑙  𝑚𝑎𝑠𝑠
) × 100 

Conductivity (𝜎) =  
𝐿

𝐴𝑅
   

Absorbance peak (%) =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙   𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑎𝑛𝑐𝑒  − 𝐹𝑖𝑛𝑎𝑙  𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑎𝑛𝑐𝑒

𝐼𝑛𝑖𝑡𝑖𝑎𝑙  𝑇𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑎𝑛𝑐𝑒
× 100 

Solubility (%) = (
𝐼𝑛𝑖𝑡𝑖𝑎𝑙  𝑚𝑎𝑠𝑠  (𝑀𝑖)−𝐹𝑖𝑛𝑎𝑙  𝑚𝑎𝑠𝑠  (𝑀𝑓)

𝐼𝑛𝑖𝑡𝑖𝑎𝑙  𝑚𝑎𝑠𝑠  (𝑀𝑖)
) × 100  
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µm thickness by using a sputter coater, model JEOL JFC1600 
(Tokyo, Japan) to prevent electrostatic charge during the 
characterisation.  

 
 

3. RESULTS AND DISCUSSION 
 
3.1 Physicochemical Properties of CS/AgNPs Films 

 
Table 1 shows the effect of moisture, solubility, and 
degradation percentage on CS and CS/AgNPs conductive 
films with different concentrations of AgNPs.  The water 
content in the films were determined by loss from drying, in 
which the samples were heated, and the weight loss was 
obtained due to evaporation of moisture.  Based on the 
results, the moisture percentage reduced with increasing of 
AgNPs concentration.  Salari et al. also observed [15] a 
decrease in moisture content as nanoparticles were added 
into chitosan films. The increase of compactness in the 
chitosan matrix has reduced the penetration of water [16]. 
 

Table 1. The effect of AgNPs concentration on moisture, 
solubility, and degradation percentage of  CS/AgNPs films 

 

AgNPs 
(wt%) 

Moisture 
(%) 

Solubility 
(%) 

Degradation 
(%) 

0 17.92 28.13 80.46 

10 13.58 30.31 89.32 

20 11.90 33.56 91.54 

30 11.11 35.65 94.64 

40 10.43 38.39 97.31 

50 10.04 40.34 99.22 

 
From the solubility percentage, the water solubility of the 
CS film without AgNPs was 28.13 %, and with an increased 
concentration of AgNPs filler, the water solubility of 
samples increased.  Aradmehr and Jayanbakht [17] also 
reported that water solubility of chitosan/lignin/silver 
nanoparticles composite increased by adding silver 
nanoparticles and it was due to interactions between silver 
nanoparticles and water. Another researcher reported that 
solubility of the chitosan/gelatin/AgNPs films slightly 
increased with the addition of AgNPs that was attributed to 
the phytochemicals that are water-soluble such as alkaloids, 
tannins, polyphenols and carbohydrates present on the 
surface of nanoparticles [18]. 
 
After 28 days of exposure in soil, the CS/AgNPs films shrank 
in size and the films degradation was followed by reduction 
of overall weight loss within various time intervals. The 
degradation rate increased with the increasing of AgNPs 
content. This indicates that moisture from the soil has 
infiltrated the hydrophilic polymer matrix and degraded the 
polymer chains and made them easily destroyed by the 
microorganisms as reported by Ediyilyam et al. [19] who 
studied the biodegradability of lyophilised chitosan 
scaffolds produced through a green synthesis method. As 
the concentration of AgNPs increased, less volume of matrix 
interacting in soil resulting in higher degradation rate of the 

conductive films.  Both matrix and filler formed a less 
volume structure, resulting in an easily accessible site for 
the enzymatic attack [20]. Therefore, it was much easier to 
undergo the degradation of polymer chains by 
microorganisms. 
 
3.2 Fourier-Transform Infrared (FTIR) Analysis 

 

The molecular interactions between chitosan matrix and 
the extracted AgNPs were determined by FTIR spectral 
analysis. Figure 1 shows the FTIR spectra of pure chitosan 
film and CS/AgNP biocomposite films containing 10, 30 and 
50 wt% of AgNPs. The spectrum of pure chitosan displayed 
a broad band at 3374 cm-1 which can be assigned to 
stretching vibrations of O-H and N-H groups. The bands at 
2852 cm-1 and 2917 cm-1 are ascribed to asymmetric 
stretching vibrations of aliphatic C-H bonds in -CH and -CH2, 
respectively. The characteristic band of the carbonyl group 
(C=O) of secondary amide -CONHR appeared at 1730 cm-1 
and the characteristic bending vibrations of amine group 
(NH2) can be discovered at 1592 cm-1. The band at 1414 cm-

1 corresponds to the symmetric deformation of C-H bond in 
-CH3 while the band at 1323 cm-1 is assigned to the vibration 
modes of amide III. The asymmetric vibration of C-O-C 
bridge can be assigned to 1110 cm-1. The bands near 1055-
1037 cm-1 are attributed to C=O vibration of the ring COH 
and CH2OH. Similar FTIR bands of extracted chitosan were 
observed by many authors [21-23]. 

 
Figure 1. FTIR spectra of pure CS and CS/AgNPs conductive films 

at 10,30 and 50 wt% of AgNPs. 
 

Figure 1 clearly shows that all these bands broadened, increased 
in intensity and shifted to longer wavelength in the presence of 
AgNPs.  At 30 and 50 wt% of AgNPs, the C=O band at 1730 cm-1 
disappeared and the amine band at 1592 cm-1 broadened, 
increased in intensity, and slightly shifted to longer wavelength. 
Similar observation was also reported by Kaur et al. [24]. This is 
evidence of Ag+ complexation with the amine group. Based on 
the overlapping bands of O-H and N-H at 3364 cm-1 the peak 
intensity increased by 0.22, 0.50, and 0.71 % in the presence of 
10, 30 and 50 wt% AgNPs, respectively. The changes were 
getting prominent as the concentration of AgNPs increased. This 
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suggests that the silver ions interact with the amine and 
hydroxyl groups as reported by Gonzalez-Campos et al. [25]. The 
illustration of van der Waals interactions of silver ions with 

amine and hydroxyl groups of chitosan is proposed in Figure 2 
which is similar to the one proposed by Praveena and Kumar 
[26] and Nate et al. [27]. 

 

 
 
 
 
 
 
 
 

Figure 2. The interactions between CS and Ag ion in CS/AgNPs conductive film. 

 
3.1. Electrical Conductivity 
 
The electrical conductivity of the CS films at different 
concentration of AgNPs calculated from the obtained 
resistivity is presented in Figure 3. CS film without AgNPs 
exhibited low conductivity of 2.30 x 10-8 S/cm.  From the 
graph, it is clearly seen that the conductivity began to 
increase with 10 wt% addition of AgNPs and achieved the 
percolation threshold at 20 wt% with one-order magnitude 
of increment. The value at the percolation threshold was 
2.03 x 10-7 S/cm.  The conductivity value continued to 
increase up to 30 wt% addition of AgNPs with conductivity 
value of 3.27 x 10-7 S/cm. However, the conductivity began 
to reduce at 40 wt% of AgNPs and reached 2.71 x 10-7 S/cm 
at 50 wt% of the nanofiller.  Almost similar trend of 
conductivity was reported by Hanif et al. [28] when graphite 
was incorporated into cellulose films. At lower AgNPs 
fraction, the amount of AgNPs was still insufficient to form 
conductive percolation network resulting in low 
conductivity.  The interconnected network was gradually 
formed as the concentration of AgNPs reached 20 wt% due 
to the optimum formation of charge transfer complexes 
(CTCs) inside the polymer chain network [29]. 
Furthermore, further addition of AgNPs up to 40 and 50 
wt% has caused agglomeration of AgNPs within the 
chitosan matrix which has led to a reduction of the values of 
electrical conductivity [30]. 

 

 
Figure 3. Electrical conductivity of CS/AgNPs films with 

increasing AgNPs concentration. 

 
 
 

3.2. Surface Morphology 
 
Figure 4 represents SEM micrographs of CS/AgNPs 
conductive films with increasing concentration of AgNPs 
filler under 200x, 500x, and 1000x magnifications. The 
micrograph of pure CS demonstrated relatively smooth, 
compact without any cracks or pores and homogeneous 
surface although slight excess of chitosan can be observed 
[31]. The films with the presence of AgNPs also 
demonstrated smooth surface without macroscopic phase 
separation indicating that AgNPs were well dispersed in CS 
matrix. At 10 wt% of AgNPs, the film displayed smoother 
surface as compared to pure CS. As the concentration of 
AgNPs increased to 20 wt%, the appearance of white spots 
was seen clearer, and the dispersion was slightly 
inhomogeneous. The surface of the film became 
homogeneous at 30 wt% AgNPs and slight agglomeration 
was observed for the film with 50 wt% AgNPs.  The 
tendency of agglomerations with increasing AgNPs 
concentration was also observed by previous reports [32, 
33]. The SEM micrographs also suggested that smooth 
surface of films promote immobilization of Ag+ inside the 
CS matrix as the highest conductivity was achieved at 30 
wt% AgNPs. The surface at 50 wt% AgNPs film was seen 
rougher and the white spots were more clearly visible. Very 
likely, the shape of the AgNPs was spherical and it showed 
tendency to agglomerate into larger cubic and irregular 
shapes [34]. 
 
 
4. CONCLUSION 
 
Chitosan/silver nanoparticles (CS/AgNPs) conductive 
biocomposite films with varying concentrations of AgNPs in 
the range of 10-50 wt% were successfully prepared by the 
ex-situ method via solution casting. The AgNPs were 
obtained from Polygonum minus leaf extract through an eco-
friendly approach without the use of hazardous chemicals 
in the synthesis. The incorporation of AgNPs into the 
chitosan film decreased the moisture uptake and increased 
the solubility in water and degradation percentage. Further 
reduction of moisture uptake and increment of solubility 
and degradation rate were observed as the concentration of 
AgNPs increased. The FTIR analysis revealed that weak 
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interactions occurred between the Ag ion and amine and 
hydroxyl groups of chitosan matrix which agrees well with 
the previously reported work [18-20]. The absorbance 
peaks of amine and hydroxyl group increased with 
increasing AgNPs filler. The electrical conductivity of the 
CS/AgNPs films increased one-order magnitude with the 
addition of 10 wt% AgNPs and the percolation threshold 
was achieved at 20 wt%. The conductivity value reached its 
maximum at 30 wt% and was reduced with further addition 
of AgNPs. The higher increment of AgNPs at 40 and 50 wt% 

induced the agglomeration on the surface of CS/AgNPs films 
as displayed by the scanning electron microscope (SEM) 
micrographs. The findings concluded that the concentration 
of AgNPs is an important parameter as it influenced the 
dispersion morphology which relates to electrical 
conductivity. This study could be useful in the development 
of polymer-nanocomposites for various applications.  
 
 
 

 
 

Figure 4. SEM micrographs of CS/AgNPs films with increasing AgNPs concentration. 
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