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Abstract 
 
Silver nanoparticles (AgNP) have piqued the interest of researchers due to their 
antibacterial and antimicrobial properties, which are helpful in wastewater treatment 
applications. Green synthesis was selected because it is simple, quick, inexpensive, low in 
energy, and environmentally friendly. Many leaves have been studied in research, but the 
Lai leaves (Durio kutejensis), a plant endemic to Kalimantan, has yet to be studied. The 
leaves contain phenolic compounds, which act as reducing agents and stabilizers during 
the synthesis of AgNP. The success of AgNP formation is dependent on several process 
parameters, including pH and temperature. In brief, a 2:1 (v/v) ratio of AgNO3 [0.001M] 
and Lai leaves infusion water was used in the synthesis. The pH levels were set to 5, 8, and 
11, and the temperatures were set to room temperature and 80 °C. UV-Vis and a particle 
size analyzer (PSA) will be used to characterize the synthesized result. In an alkaline 
environment, the UV-Vis spectrum shows the peak in all samples. In addition, the highest 
temperature produced the highest peak at 413-415 nm wavelength, indicating the 
formation of AgNP. The PSA revealed that all samples produced a homogeneous size 
because they had a polydispersity index of less than 0.5 with nanoparticle sizes ranging 
from 1 to 18 nm. In addition, the FTIR analysis of Lai leaves revealed the presence of 
hydroxyl and carbonyl groups, which play a role in the reduction and stabilization of 
nanoparticles. Subsequently, the antibacterial properties of AgNP were also investigated 
using the well-diffusion antibacterial test, which was observed every 24 hours for three 
days. The optimum zone of inhibition was yielded at alkaline and room temperature due 
to its nano-sized particles. Therefore, green synthesis using Lai leaves is the potential to 
produce AgNP with suitable antibacterial activities. 
 
Keywords: Silver Nanoparticles, Green Synthesis, Lai Leaves Infusion Water, pH, 
Temperature 
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1.0 INTRODUCTION 
 
Poor water quality causes over 50 different forms of disease, 
such as diarrhea, skin problems, and cancer [1]. Chlorine is a 
widely used disinfectant in the water process because it is both 
simple and effective in killing bacteria.  However, employing 
chlorine to eliminate microorganisms is time consuming. In 
addition, the use of chemicals will have serious consequence [2]. 
Therefore, it is still a challenge to develop efficient antimicrobial 
agents for water purification application.  

Currently, nanoparticles are attracting the attention of 
researchers because of their environmental capabilities. Among 
metal nanoparticles, silver nanoparticles (AgNP) have good 
antibacterial activity in the water treatment process [3, 4]. 

Over the last few decades, various methods production of 
AgNP have been used, including chemical reduction with NaBH4 
or hydrazine. Silver nanoparticles made via chemical reduction 
yield homogeneous results, but the chemicals are hazardous and 
environmentally unfriendly [5]. Green synthesis is a safer way to 
synthesize silver nanoparticles utilizing plants [6]. To date, leaves 
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extracts are most frequently used for the green synthesis of 
AgNP [7]. Lai (var. Durio kutejensis) is an endemic plant of 
Kalimantan precisely from Kutai Kartanegara, East Kalimantan. 
Lai leaves contain phenolic compounds which beneficial for 
reducing Ag+ into Ag0 and stabilizing the particles from 
agglomeration [8]. According to the explanation, it is feasible to 
use Lai leaves for the green synthesis of AgNP. However, no 
research has been conducted to examine the use of Lai leaves as 
a reductor agent in AgNP green synthesis. 

The success of green synthesis regarding to its formation 
and size is dependent on numerous critical parameters, 
including AgNO3 concentration, extract concentration, pH, and 
temperature [9]. However, due to the complexity of the plant 
extract and the different chemical makeup of each type of plant 
extract, the dependency of activity in each plant extract on 
operational parameters (e.g., temperature and pH) might 
provide a different outcome [10]. Therefore, synthesis 
parameters, likewise pH and temperature, must be carefully 
controlled to obtain AgNP with lower size and higher 
homogeneity. 

Although some plant extracts have been used in the 
synthesis of AgNP, until now no research has been reported on 
the synthesis of AgNP using Lai leaves. Thereby, in this study, an 
analysis was carried out on green synthesis of silver AgNP using 
an infusion water of Lai leaves with variations in pH 
concentration and reaction temperature.  

 
 

2.0 METHODOLOGY 
 
2.1 Infusion Water Preparation 
 
The fresh of Lai (var. Durio kutejensis) leaves were obtained from 
Balikpapan, East Kalimantan, Indonesia. The Lai leaves were 
cleaned with distilled water to remove dust and impurities 
before drying at room temperature for five days. The ground 
leaves of 0.5 grams were then heated with 500 ml of distilled 
water until the temperature of the infusion extract solution 
reached 40℃. After that, the solution filtered using Whatman 
filter paper No.41. The filtrate was subsequently stored at 4℃   
until it was used in next the synthesis process. 
 
2.2 Green Synthesis Of Silver Nanoparticles 
 
A total of 15 ml of extract solution of infusion is prepared. The 
infusion water’s pH was adjusted to 5 with 0.1 M HCl while pH 8 
and 11 were set with 0.1 M NaOH. The infusion water was then 
mixed with 0.001 M AgNO3 as a precursor. The infusion water to 
precursor ratio was 1:2 (v/v). The synthesis process was carried 
out under dark conditions at room temperature. The process 
was repeated for another temperature variation, 80°C. 
Following the synthesis process, the colloidal sample was 
observed and further characterized. 
 
2.3 Characterization Methods 
 
The mixture changes color after the synthesis process, indicating 
the formation of AgNP. To observe those formations, further 
observations were conducted using a UV-Vis spectrophotometer 
(Shimadzu UV-1780, Japan). The samples were prepared by 
diluting six drops of colloidal samples in 5 ml of distilled water 

and placing them in the cuvette. The measurements were taken 
at room temperature in the 300-600 nm wavelength range.  

Next, dynamic light scattering (DLS, Nano Particle Size 
Analyzer Biobase BK-802N, China) was used to examine the size 
distribution of the resulting nanoparticles. The scattering angle 
was set to 165° and the test was performed at room 
temperature (25°C). Before characterization, the colloidal 
samples were diluted in a volume ratio of 1:1 with distilled water 
and 2 mL of the diluted sample was used for measurement. 

The functional groups in Lai leaves infusion extract were 
confirmed using Fourier Transferred Infrared (FTIR, Bruker Alpha 
II, Germany).  This method identified the essential groups 
involved in AgNP green synthesis as a reductor and capping 
agent. As a comparison, dried Lai leaves powder was used. The 
measurements were taken at room temperature in the 4000-
750 /cm range. 

 
2.4 Antibacterial Testing Method 
 
An agar well diffusion assay was employed to evaluate the 
antibacterial activity of AgNP. The bacterial strain Escherichia 
coli (E. coli) was used as the model. A suspension solution of 
Escherichia coli bacteria was prepared prior to the test using a 
turbidity standard of 0.5 McFarland. E. coli bacteria were 
dissolved in five milliliters of 0.9% NaCl until the turbidity 
reached 0.5 McFarland. The bacterial suspension solution was 
then used for antibacterial testing.  

On the petri dishes, 100 µL of E. coli bacterial suspension was 
mixed with 15 mL of Nutrient Agar (NA). The mixture solution 
had solidified after 10 minutes and was ready to drill five holes 
with a sterile borer. Each petri dish contained three pH samples 
(5, 8, and 11), chloramphenicol as a positive control, and Lai 
leaves infusion water as a negative control of 100 µL. The 
incubation process then continued for 24 hours at 37 °C. 
Antibacterial activity was assessed by measuring the diameter of 
the ‘clear zone’ formed around the well (in millimeters). This 
procedure was performed once again for the 80°C samples. The 
experiment was conducted triplicate and the average values for 
diameter were later calculated. 

 
 

3.0 RESULTS AND DISCUSSION 
 
3.1 Observation Visual of Green Synthesized AgNP 
 
The overall synthesis was visually observed, as shown in Figure 
1. In comparison, AgNO3(aq) and infusion water have a clear 
visual, with infusion water having a brownish color (figure 1 (a) 
and (b)). Ag+ is reduced to Ag0 during the synthesis process and 
then nucleates to form nanoparticles. The color change in the 
synthesis indicates the formation of silver nanoparticles [11]. 
There was no change in high color intensity after the synthesis 
process based on visual observations in samples with acidic 
conditions (pH 5) either at room temperature or 80°C (Figures 1 
(c) and 1. (d)).  

Furthermore, alkaline samples exhibit significant color 
changes. The pH 8 samples at room temperature are lighter 
brown color than the samples at 80°C (Figures 1(e) and 1(f)). 
Meanwhile, pH 11 samples at room temperature are dark brown 
(Figure 1 (g)), whereas samples at 80°C have a blackish brown 
color and darker than other samples (Figure 1 (h)). The 
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difference in pH causes in different color intensities in each 
sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Solution before and after synthesis, (a) 0,001 M AgNO3 (Aq); (b) 
Infusion water of Lai leaves;(c) pH 5 at room temperature; (d) pH 5 at 
temperature 80°C; (e) pH 8 at room temperature; (f) pH 8 at temperature 
80°C; (g) pH 11 at room temperature; (h) pH 11 at temperature 80°C 
 

3.2 UV-Vis Spectrophotometer Analysis 
 
The Surface Plasmon Resonance (SPR) band is a unique 
phenomenon that occurs at the surface of nanoparticles due 
to collective oscillations between conduction electrons and 
incoming photons. As a result, UV-Vis analysis became a practical 
and reliable tool for assessing the synthesis [12]. 

The presence of peaks in the UV-Vis spectrum at 400-450 nm 
wavelengths supports previous observations of silver 
nanoparticle formation in colloidal solutions as SPR bands [13]. 
Figure 2 shows that peaks in alkaline samples range from 413 to 
415 nm. UV-Vis peaks were observed at 414.8 and 415 nm 
wavelengths in pH 8 samples at room and 80°C, respectively. 
Furthermore, UV-Vis peaks appear at 413 nm at pH 11 (room 
temperature and 80°C). SPR effect from nanoparticles causes 
UV-Vis light absorption. However, there are undetected UV-Vis 
peaks in pH 5, both of which vary with temperature. At low pH, 
no SPR bands were detected, as evidenced by absent colour shift 

in visual observations. This occurence indicated that minimal 
AgNP formation happened [12].  
 

 
Figure 2 The UV-Vis spectra 

 
The absence of SPR bands in UV-Vis spectra is also regarded 

an agglomeration. Previous investigations have also found that 
an acidic pH is unsuitable for green production. An acidic 
environment produces brighter reaction results. Furthermore, 
the acidic atmosphere alters the electrical charge of biological 
molecules, affecting their capping and stabilizing 
capacity and causing particle size to increase or agglomerate 
[14].  

In addition, peak broadening in the UV-Vis spectrum 
indicates increased AgNP size [15]. A high absorbance value also 
indicates that more nanoparticles are being formed. Because of 
the increased kinetic energy, the spectrum's peak in high-
temperature samples is larger and wider than in room-
temperature samples [16]. To the findings of this study, green 
synthesis at high temperatures may result in an increase in the 
size of nanoparticles, as discussed in the following paragraph. 

 
3.3 Dynamic Light Scattering Analysis 
 
Table 1 depicts the size distribution of AgNP. According to the 
intensity distribution data, the nanoparticles sizes in all samples 
ranges from 1 to 18 nm. Furthermore, increased pH resulted in 
nano-sized particles (Table 2). The average diameter of low pH 
samples at room temperature tends to agglomerate. This result 
is consistent with prior UV-Vis observations, that show 
agglomeration or nil AgNP formation [17].  

The polydispersity index (PI) in Table 2 displays the 
homogeneity of size distribution. A PI value close to 0 indicates 
a homogeneous or uniform particle distribution, whereas a value 
greater than 0.5 indicates a high degree of particle 
heterogeneity [18]. According to the Table 1, all samples have a 
PI between 0.143 and 0.234. This result demonstrates that all 
samples have a uniform particle size distribution. 

Furthermore, high-temperature samples have a larger 
average diameter of nanoparticles than room-temperature 
samples. This is due to the possibility of denaturation of the 
compounds in Lai leaves extract at high temperatures [15]. The 
compounds in Lai leaves extract have limited stability at high 
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temperatures. These compounds' structural changes may result 
in a loss of reducing agent activity. It also gains kinetic energy as 
the particles collide and merge into larger sizes [19]. 
 

Table 1 Silver nanoparticle distribution in all samples 
 

pH Room Temperature Temperature 80℃ 

 
 

pH 
5 

  

 
 

pH 
8 

  

 
 

pH 
11 

  

 
 

Table 2 Result of size and homogeneity from silver nanoparticle 
 

 

 

 pH 

Average Diameter (nm) Polydispersity Index, PI 

Room 

Temperatur

e  

Temperatur

e 

80℃ 

Room 

Temperatur

e  

Temperatur

e 

80℃ 

5 4.11 3.07 0.213 0.162 

8 3.57 4.90 0.234 0.186 

11 3.62 6.44 0.179 0.143 

 
 

3.4 Fourier Transform Infrared Spectroscopy Analysis 
 
Bioactive components in Lai leaves contribute to reducing ion Ag 
into silver nanoparticles. As a result, the FTIR test was performed 
by comparing the Lai leaves and its filtrate, as shown in Figure 3. 
The absorption peaks in the origin leaves spectrum were 3337, 
2917, 2850, 1731, 1629, 1426, 1373, 1316, 1223, and 1033 cm-1. 
Those peaks can be attributed to O-H stretching, C-H stretching, 
C=O stretching, C=C stretching, C-H bending, C-O stretching, and 
C-O-C stretching. 

However, the filtrate after water-based extraction only 
contained two main peaks, 3284 and 1636 cm-1 bands. The 
absorption peak represents hydroxyl (O-H) and carbonyl (C=C) 
groups [20]. According to previous studies, the hydroxyl groups 
aid in reducing ion Ag into AgNP. In Lai leaves extract, the 
hydroxyl group can be found in phenols [21]. 

According to earlier research, the hydroxyl and carbonyl 
groups promote the reduction process. They become the metal-
reduction electron donor because they have a more 
considerable redox potential than other groups. The remaining 
phenol will be adsorbed as a capping agent and stabilizer on the 
surface of silver nanoparticles [22, 23]. Thus, Figure 4 illustrates 
the formation of AgNP. 

 

 
 
Figure 3 Fourier transform infra-red spectroscopy spectrum of Lai leaves 
and infusion water of Lai leaves 

 

 
 

Figure 4 Mechanism of formation of silver nanoparticles 
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3.5 Antibacterial Activity 
 
The antibacterial assays are limited to samples with alkaline pH 
because of their UV-vis and DLS evaluations that show AgNP 
formation and nano-sized particle. The well-diffusion agar 
method yielded a transparent region surrounding the AgNP, 
indicating that the bacteria were successfully inhibited (Table 3). 
The diameter of the zone was measured and calculated to 
produce the average zone of inhibition (ZOI).  

As shown in Tables 4 and 5, ZOI was not detected in infusion 
water samples (a negative control), indicating that Lai leaves 
extract lacks antibacterial activity. All green synthesized 
nanoparticles performed better than chloramphenicol as a 
positive control, making them potentially used as an 
antibacterial agent for wastewater treatment. They also 
achieved better results after three days of incubation.  

The currently understood mechanism against bacteria 
involves four stages. Initially, AgNP firmly adhere to the 
microbial surface membrane. Then, AgNP penetrates cells and 
releases reactive oxygen species (ROS), causing biomolecular 
disruption and intracellular, hence commencing cellular toxicity. 
Lastly, modulating cell signal transduction pathways [24, 25]. 
The mechanism is depicted in Figure 5.  

 
Table 3 The result of well-diffusion method 

 
Temperature 24 Hours 48 Hours 72 Hours 

 
 
Room 
Temperature 

   
 
 
Temperature 
80°C 

   
 
 

Table 4 Zone of inhibition in room temperature conditions 
 

Sample  

(Room temperature) 

24 Hours 

(mm) 

48 Hours 

(mm) 

72 Hours (mm) 

Infusion extract of Lai 

leaves (control -) 

0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Chloramphenicol 

 (control +) 

3.75 ± 0.43 3.75 ± 0.43 4.00 ± 0.43 

pH 8  3.67 ± 0.76 4.11 ± 0.56 4.33 ± 0.76 

pH 11  4.16 ± 1.76 4.42 ± 1.51 4.50 ± 1.39 

 
 
 
 
 

Table 5 Zone of inhibition in 80 ℃ condition 
 

Sample 

(Temperature 80 ℃) 

24 Hours 

(mm) 

48 Hours 

(mm) 

72 Hours 

(mm) 

Infusion extract of Lai 

leaves (control -) 

0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Chloramphenicol 

(control +) 

3.83 ± 0.76 3.83 ± 0.76 4.17 ± 0.88 

pH 8  3.42 ± 0.95 3.67 ± 1.15 4.10 ± 1.66 

pH 11  4.00 ± 0.25 4.35 ± 0.38 4.85 ± 0.26 

 
 
Previous research has found that nano-sized particles are 

beneficial for entering bacteria. However, in this study, the 
bigger size of pH 11 samples demonstrated a wider ZoI than pH 
8 samples, which were 4.50 - 4.85 mm and 4.10 - 4.33 mm, 
respectively. This is due to the fact that AgNP production is 
increased at high pH [26]. 

Other than that, the smaller particles at room temperature 
are effective on day one, whereas the larger particles at 80 °C 
are effective after a few days. This is possible due to its small size 
so it moves easily [27]. Nonetheless, more research is required 
to explain this phenomenon better.  
The well-diffusion method is widely used to evaluate 
antibacterial activity since it is simple and quick. However, agar 
media may impede AgNP travel, reducing inhibition zone [28]. 
Furthermore, future studies might employ a sample of raw or 
synthetic wastewater to provide a more accurate picture of the 
antibacterial's efficiency in real-world settings. 

 
 

 
 

Figure 5 Antibacterial activities of silver nanoparticles 
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4.0 CONCLUSION 
 
The green synthesis of silver nanoparticles using infusion water 
from Lai leaves was successful. Two critical parameter processes, 
pH and temperature, were investigated to produce nano-sized 
particles with high antibacterial activity. In this study, pH 11 at 
room temperature has a monodispersed particle size with a 
diameter of 3.62 nm. These samples also demonstrated 
excellent antibacterial activity, which is promising for 
wastewater treatment. This result demonstrates that AgNP with 
outstanding properties can be produced using a green method. 
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