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1. Introduction

Nanomaterials, defined as materials with at least one 
dimension ranging from 1 to 100 nm, can exist in various 
forms such as particles, fibres, tubes, or thin films [1]. They 
play a crucial role in different fields such as information 
technology [2, 3], materials science, and biotechnology [4]. 
Metallic nanoparticles, in particular, are extensively studied 
and developed due to their unique properties encompassing 
morphology, size, composition, crystallinity, and structure 
[5]. Among metallic nanoparticles, silver nanoparticles 
are renowned in fields such as pharmaceutical sciences [6-
8], cosmetics [9, 10], and antimicrobial coatings [11, 12]. 
Owing to their exceptional antibacterial properties, silver 
nanoparticles are highly effective against multidrug-resistant 
microorganisms [13-15]. The properties of nanomaterials, 

including particle size, morphology, and uniformity, 
are pivotal factors in biomedical applications [16, 17]. 
Therefore, there is a need for research and development of 
synthesis methods to control the size of silver nanoparticles. 
Silver nanoparticles have been synthesised using various 
techniques to meet commercial development demands, 
primarily adopting top-down and bottom-up approaches 
(Fig. 1). However, chemical synthesis methods can lead to 
the accumulation of harmful chemicals, causing adverse 
effects in biological applications, while physical synthesis 
methods suffer from low stability, high production costs, 
significant energy consumption, and complex production 
processes [18]. Consequently, the trend toward green, 
environmentally friendly production methods for silver 
nanoparticles is gaining considerable research attention.
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Fig. 1. Schematic diagram of silver nanoparticle synthesis.

Green methods for synthesising silver nanoparticles 
employ biological agents such as microorganisms [19], 
plant extracts [20], and natural polymers [20]. Among 
these, the use of silver nitrate salts and plant extracts is 
advantageous due to their high bioactivity, low cost, rapid 
synthesis time, and environmental safety. This method 
utilises chemical compounds in plant extracts (such as 
flavonoids, amino acids, phenolics, etc.) to reduce silver 
salts while also acting as capping and stabilising agents 
for the nanoparticles in the solution [20]. Extracts from 
different plants yield silver nanoparticles with varying sizes 
and bioactivities. In previous studies, the green synthesis 
methods for silver nanoparticles have primarily focused 
on biomedical applications, including antibacterial and 
biofilm inhibitory activities [21]. Beyond their antibacterial 
properties, silver nanoparticles have also demonstrated 
significant anticoagulant capabilities at a concentration 
of 1 mg/ml, which suggests that these materials have the 
potential to become a biopharmaceutical agent in the near 
future [22]. To advance their applications in the biomedical 
field, extracts that are beneficial to human health are actively 
under study and development. Guava leaf extract, known 
in traditional medicine for treating stomach pain, diabetes, 
and diarrhoea, contains compounds such as gallic acid, 
quercetin, morin, catechin, and rutin-flavonoids suitable 
for synthesising silver nanoparticles. Additionally, its high 
biocompatibility with the human body and large, readily 
available supply make guava leaf extract a popular choice 
for synthesising silver nanoparticles in many countries [23]. 
Silver nanoparticles synthesised from guava leaf extract 

typically range from 5-90 nm in size, with maximum 
UV-Vis absorption between 400-500 nm due to surface 
plasmon resonance [24]. These nanoparticles are primarily 
used in biomedical fields, demonstrating antibacterial 
activity against strains such as Pseudomonas aeruginosa, 
Escherichia coli, and Staphylococcus aureus, as well as in 
biocoatings and mosquito larvicides [23]. Despite previous 
reports on the green synthesis of silver nanoparticles from 
plant extracts, the precision and reproducibility remain 
inconsistent, particularly across different climatic regions. In 
this study, evaluating the influencing factors and determining 
the optimal ratios for synthesising silver nanoparticles 
using guava leaf extract is essential, considering the climate 
and conditions in Vietnam. This research will serve as a 
foundation for subsequent studies aimed at large-scale 
silver nanoparticle production in Vietnam.

2. Materials and methods

2.1. Materials

Guava (Psidium guajava L.) leaves were sourced from 
Bac Giang province, Vietnam. The leaves were fresh, 
healthy, disease-free, and measured 6-8 cm in length and 3-4 
cm in width. Silver nitrate (AgNO3) with a purity of 99.8% 
was obtained from Xilong, China. Distilled water (99%) 
was produced using the FST-UV device at the Laboratory 
of the Faculty of Engineering Physics and Nanotechnology, 
University of Engineering and Technology, Vietnam 
National University - Hanoi.

2.2. Synthesis of silver nanoparticles

Guava leaf extract primarily contains polyphenols 
(flavonoids, tannins, meroterpenoids), saponins, and 
essential oils (limonene, menthol, caryophyllene). 
The principle of the green synthesis method for silver 
nanoparticles is based on the reduction of silver ions (Ag+) 
to elemental silver (Ag0) in plant extracts, as detailed in 
the previous report [25]. According to this report, the -OH 
groups in flavonoids play a crucial role in the reduction of 
silver ions to silver nanoparticles, as well as in capping 
and stabilising the nanoparticles. The transformation of 
flavonoids from the enol form to the keto form releases a 
hydrogen atom, facilitating the reduction of metal ions to 
form nanoparticles (Fig. 2).
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To optimise the synthesis process of silver nanoparticles 
using Vietnamese guava leaves, various parameters related 
to the reaction conditions were modified. For extract 
preparation, guava leaves were thoroughly washed with 
distilled water, air-dried, and finely ground. Deionised water 
was then added at ratios of 1, 2, 5, 10, and 15 g of leaves per 
100 ml of water, and the mixture was boiled for 10 minutes. 
The mixture was filtered multiple times to remove the leaf 
debris, resulting in extracts of different concentrations. The 
guava leaf extract was then centrifuged at 10,000 rpm for 
10 minutes to remove any remaining sediment. The extract 
was stored in a refrigerator at a low temperature until 
further use. To investigate the formation process of silver 
nanoparticles, AgNO3 solution was gradually added to the 
extraction flask containing the guava leaf extract (Fig. 3). 
The synthesis process involved varying parameters such 
as the concentration of the extract, the concentration of 
silver nitrate, the extract/silver nitrate ratio, and reaction 
conditions like temperature and time. The resulting silver 
nanoparticle solution was sonicated for 10 minutes before 
further analysis and application.

Fig. 3. Silver nanoparticles synthesis process.

2.3. Characterisation methods

2.3.1. Ultraviolet - Visible absorption characteristics of 
silver nanoparticles

The UV-Vis absorption characteristics of the silver 
nanoparticles were measured using a Hitachi UH-5300 dual-
beam spectrophotometer in the Laboratory of the Faculty 
of Engineering Physics and Nanotechnology, University of 
Engineering and Technology, Vietnam National University 
- Hanoi. The samples were measured in the wavelength 
range of 250 to 650 nm, with the sample solution prepared 
in distilled water.

2.3.2. Particle size distribution by dynamic light 
scattering

Particle size distribution was measured using DLS on 
a Horiba LB-550 device in the laboratory of the Faculty of 
Engineering Physics and Nanotechnology, University of 
Engineering and Technology, Vietnam National University 
- Hanoi. The samples were measured using a quartz cuvette 
in distilled water.

2.3.3. Fourier transform-infrared spectroscopy 

The silver nanoparticle powder sample, prepared as 
described above, was examined using a Nicolet™ iS50 
FT-IR spectrometer. The spectrum was recorded over the 
wavenumber range from 4000 to 500 cm-¹, including 16 
scans of the sample at a resolution of 4 cm-¹.

2.3.4. X-ray diffraction 

The silver nanoparticle solution was centrifuged at high 
speed to remove water, and the silver nanoparticles were 
dispersed in acetone and dried to obtain silver nanoparticle 
powder. The material sample was analysed using XRD 
(λ=0.15406 nm) on an LA-6490 diffractometer at the 
Vietnam Academy of Science and Technology.

2.3.5. Field emission-scanning electron microscopy 

The silver nanoparticle solution was coated onto a 
glass substrate using the dip-coating method on a heated 
glass substrate. The morphology of the silver nanoparticles 
was examined using a Hitachi S-4800 FE-SEM at an 
accelerating voltage of 3.00 kV at the University of Science 
and Technology of Hanoi.

2.3.6. Energy dispersive X-ray spectroscopy 

The silver nanoparticle sample was prepared according 
to the method used for FE-SEM examination. The elemental 
composition analysis of the silver nanoparticle sample was 
conducted using an EDX/Oxford 2022 system integrated 
with the Hitachi S-4800 FE-SEM.

Fig. 2. Mechanism of reduction and stabilisation of silver 
nanoparticles by flavonoids in guava leaf extract [26].
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3. Results and discussion

3.1. Investigation of the influence of guava leaf extract 

and silver nitrate solution

3.1.1. Guava leaf extract concentration

The concentration of the extract significantly influences 

the formation of silver nanoparticles. Guava leaf extract 

contains various components, primarily flavonoids, amino 

acids, and phenolics, which play roles in capping and 

stabilising the silver nanoparticles. The mass ratio of guava 

leaves to DI water is crucial for adjusting the concentration of 

the reducing agents. In this experiment, the effect of extract 

concentration on the formation of silver nanoparticles was 

investigated (Fig. 4). Extract samples with ratios of 1, 2, 5, 10, 

and 15 g per 100 ml showed UV-Vis spectra with two peaks: 

one major peak at 285 nm and a smaller peak at 365 nm, 

identified as peaks of flavonoid compounds [26]. The 
absorption intensity increased with the guava leaf-to-water 
ratio (Fig. 5A).

The extract was then used to synthesise silver 
nanoparticles at room temperature with a 5 mM AgNO3 
concentration, an extract-to-AgNO3 volume ratio of 4/45, 
and a reaction time of 90 minutes. UV-Vis spectra of silver 
nanoparticle samples with varying extract concentrations 
were also examined (Fig. 5B). For the extract concentration 
of 5 g/100 ml, the absorption peak of silver nanoparticles 
was observed at 435-440 nm with the highest absorption 
intensity (0.9 Cd). Other ratios showed the silver nanoparticle 
absorption peak, albeit with lower intensity. Additionally, a 
slight shift in the absorption peak of the silver nanoparticles 
was noted due to surface plasmon resonance, influenced by 
factors such as particle size, shape, and aggregation [27].

Insufficient quantities of guava leaf result in an 
inadequate supply of reducing agents necessary for 
the reduction of silver salts. Conversely, an excessive 
amount of guava leaves in the extract introduces surplus 
non-beneficial substances, which promote nanoparticle 
aggregation, subsequently causing sedimentation and a 
decrease in optical density. Therefore, a concentration of 5 
g/100 ml is optimal for facilitating the effective reduction of 
silver nanoparticles.

Fig. 5. Ultraviolet - Visible absorption spectra. (A) Guava leaf extract samples; (B) Silver nanoparticle samples with varying 
extract concentrations.

Fig. 4. The colour of guava leaf extract at different 
concentrations. 
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3.1.2. AgNO3 concentration

Previous studies have demonstrated that an increase in 
the concentration of AgNO3 results in the enhanced crystal 
size and aggregation of silver nanoparticles [28]. However, 
employing an insufficient amount of AgNO₃ leads to a low 
yield of silver nanoparticles, often significantly lower than 
the quantities of other components present in the extract. In 
this study, we examined silver nanoparticle samples using 
AgNO3 precursor solutions with concentrations of 1, 2, 5, 
7, and 10 mM (Fig. 6). At low concentrations of AgNO₃, 
the formation of silver nanoparticles is minimal, leaving 
an excess of plant extract. Increasing the concentration of 
silver salt results in a higher yield of silver nanoparticles in 
the solution. Nevertheless, when the AgNO3 concentration 
exceeds 7 mM, the absorption intensity tends to decrease. 
This phenomenon is attributed to an excess of silver ions, 
which complicates the control of the reaction process, 
leading to the formation of undesirable silver nanoparticle 
clusters and a reduction in optical density. Therefore, a 
concentration of 5 mM silver salt is optimal for controlling 
particle size and balancing synthesis efficiency with the 
concentration of the silver nanoparticle solution.

Fig. 6. Ultraviolet - Visible absorption spectra of silver 
nanoparticles with varying AgNO3 concentration.

3.1.3. Extract/silver nitrate solution

The investigation into the optimal ratio between the 
extract, which serves as a reducing agent for Ag⁺ to Ag⁰, 
and AgNO3 was conducted at room temperature. This 
study utilised 45 ml of AgNO₃ solution at a concentration 
of 5 mM, with a reaction time of 90 minutes. The UV-
Vis spectra of the samples, prepared with varying extract 
volumes (3, 3.5, 4, 4.5, and 5 ml), are presented in Fig. 7. 
The formation of silver nanoparticles was evidenced 

by a characteristic peak in the 440-450 nm range. As the 
extract volume increased from 3 to 4 ml, the optical density 
correspondingly increased, indicating a higher formation rate 
of silver nanoparticles and increased absorption intensity. 
However, further increases in extract volume beyond 4 ml 
resulted in a decline in absorption intensity, likely due to 
the increased size of the silver nanoparticles, which reduced 
optical density. Consequently, the optimal extract-to-silver 
salt volume ratio was determined to be 4/45.

Fig. 7. Ultraviolet - Visible silver nanoparticles as a function 
of guava leaf extract/AgNO3 solution.

3.2. External factors influencing silver nanoparticle 
formation

3.2.1. Reaction time

The synthesis process of silver nanoparticles using plant 
extract adheres to a bottom-up mechanism, as previously 
described (Fig. 2). In this mechanism, reaction time is a 
critical factor influencing the formation and stabilisation 
of nanomaterials. Silver nanoparticles require a specific 
duration to complete their growth and stabilisation phases. 
This study employed 4 ml of extract and 45 ml of silver 
nitrate (5 mM), with varying reaction times of 0, 30, 60, 90, 
and 120 minutes (Fig. 8). The UV-Vis spectra of the silver 
nanoparticle samples displayed a peak at 435-450 nm, with 
absorption intensity progressively increasing as the reaction 
time extended from 0 to 90 minutes. However, at 120 
minutes, the characteristic peak of silver nanoparticles was 
no longer evident. This observation suggests that the growth 
and development of silver nanoparticles predominantly 
occur within the first 90 minutes, with the majority of 
nanoparticles forming by this time. Beyond this period, the 
silver nanoparticles tend to continue growing, leading to 
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larger particle sizes, aggregation, reduced optical density, 
and sizes exceeding the nanoscale range. Therefore, the 
optimal reaction time for synthesising silver nanoparticles 
in this experiment is determined to be approximately 90 
minutes.

Fig. 8. Ultraviolet - Visible absorption spectra of silver 
nanoparticles as a function of reaction time.

3.2.2. Temperature

For a chemical reaction, increasing the temperature 
accelerates the reaction and vice versa. Therefore, the 
reaction temperature directly affects the formation of silver 
nanoparticles. In this experiment, temperature was varied 
at 5, 27 (room temperature), 45, 60, and 75°C, with 4 ml 
of extract and 45 ml of silver nitrate (5 mM), reacting for 
90 minutes (Fig. 9). At 5°C, the reaction rate is slower, but 
the characteristic peak of silver nanoparticles still appears, 
although with low optical density. At room temperature, the 

silver nanoparticle peak shows high absorption. However, 
as the temperature increases further, the reaction rate 
also increases, and the formation of silver nanoparticles 
continues during the 90-minute reaction time, leading 
to larger silver particle sizes exceeding the nanoscale. 
Therefore, with increasing temperature, the reaction time 
needs to be reduced to achieve corresponding nanoscale 
particle sizes. For the conditions used in this experiment (90 
minutes reaction time), room temperature is determined to 
be the optimal temperature for the reaction.

3.3. Formation of silver nanoparticles by reducing 
agents

To detect functional groups on the surface of silver 
nanoparticles, FT-IR spectroscopy was employed to identify 
the elements responsible for the reduction of Ag⁺ ions, 
capping, and stabilisation of silver nanoparticles (Fig. 10). 
The transmission peak around 3400 cm-¹ was attributed to 
the stretching vibrations of -OH groups (alcohol and phenol). 
A minor peak at 2932 cm-¹ corresponded to the stretching 
vibrations of -C-H bonds in alkanes. Additionally, a small 
vibrational band appearing in the range of 1600-1500 cm-¹ 
was associated with C-H bonds and highly conjugated 
carboxylic functional groups [29]. 

The formation of silver nanoparticles was determined 
through the discrepancy between the two spectral peaks and 
transmission intensities (Fig. 10). In the silver nanoparticle 
spectrum, the transmission intensities of the regions at 
3400 and 2932 cm-¹ increased compared to the guava leaf 
extract graph, indicating that characteristic polyphenolic 
acid molecules in the extract, which carry -OH and -C-H 
functional groups, interacted with the surface of the silver 
nanoparticles, causing a decrease in transmission intensity. 
These two functional groups are considered the main reducing 
agents in the formation of silver nanoparticles. Additionally, 
at the wavenumber of 3400 cm-¹, a shift in peak position 
between the two graphs indicated the attachment of organic 
molecules to the silver nanoparticle surface. The peak shift 
is due to the interaction of -OH functional groups with the 
metallic nanoparticle surface, causing the transmission peak 
to shift slightly towards lower wavelengths.

Fig. 9. Ultraviolet - Visible absorption spectra of silver 
nanoparticles as a function of reaction temperature.
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Fig. 10. Fourier-transform infrared spectroscopy spectra of 
silver nanoparticles and aqueous extract of guava leaves.

To better understand the components present in the 
extract and on the surface of silver nanoparticles, EDX 
analysis was utilised (Fig. 11). Initially, the EDX spectrum 
of the extract sample revealed numerous elements, with 
oxygen and silicon being the predominant components. 
Based on the elemental composition indicated in the EDX 
spectrum, the elements C, O, Ca, and Mg are characteristic 
of polyphenolic compounds. The surveyed samples were 
deposited on silicon substrates, hence the high content of 
Si and O in the samples. The presence of carbon indicates 
a significant amount of C=C bonds, hydroxyl (-OH) groups, 
and carboxyl (COOH) groups with high oxygen content in 
the extract. Additionally, the metal ion elements Ca and Mg 

contribute to stabilising the structure within polyphenols [30]. 
The elements Al and K were identified as external agents 
from the plant growth environment; however, potassium 
showed a notably higher measurement error compared to 
the other elements in the extract. The formation of silver 
nanoparticles reduced the elemental content in the guava 
leaf extract (Fig. 11A), indicating that the elements C, O, 
Ca, and Mg in the polyphenolic group had been reduced 
and deposited onto the surface of the silver nanoparticles. 
The spherical silver nanoparticles exhibit surface plasmon 
resonance characteristics and have a distinctive optical 
absorption in the range of 2.8-3.2 keV. In Fig. 11B, the EDX 
spectrum reveals the presence of Ag elements, indicating 
the formation of silver nanoparticles following the reduction 

process from the guava leaf extract. Overall, the surface of 
the silver nanoparticles predominantly contains compounds 
from the reducing agents in the extract, suggesting that 
the silver nanoparticle possesses high purity with minimal 
impurities.

3.4. Pure silver nanoparticles and sample concentration 
determination

The green synthesis method of silver nanoparticles 
significantly reduces the amount of hazardous chemicals 
and solvents, enhancing their safety for biomedical 
applications [31]. However, plant extracts still pose 
challenges in controlling stability and may contain 
certain toxic precursors that can affect the efficacy of 

 (A)                                                                                               (B)

 
Fig. 11. Energy dispersive X-ray spectrum analysing the elemental composition of the sample. (A) Guava leaf extract; (B) 
Silver nanoparticles.
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silver nanoparticles [31]. To apply silver nanoparticles in 
medical or biological contexts, it is crucial to eliminate 
by-products of the synthesis process. To obtain pure 
silver nanoparticles, we separated the nanoparticles from 
the crude suspension using high-speed centrifugation. 
Specifically, the synthesised silver nanoparticle solution 
was centrifuged at 12,000 rpm for 30 minutes to sediment 
the silver nanoparticles, followed by multiple centrifugation 
cycles in DI water to remove residual compounds. The 
UV-Vis spectra of the samples before (silver nanoparticle 
suspension) and after purification (pure silver nanoparticles) 
(Fig. 12) indicated that the pure silver nanoparticle samples 
no longer exhibited the absorption peak of the extract at 365 
nm. Additionally, the residual extract’s absorption bands 
were also separated from the initial sample, demonstrating 
that the sedimentation centrifugation method effectively 
purified the silver nanoparticles. The silver nanoparticle 
sample with conditions of 4 ml plant extract/45 ml AgNO3 
(5 mM), reacting for 90 minutes at 27°C, was determined 
to have a concentration of 510 ppm using the centrifugation 
sedimentation method and subsequently dried to obtain 
powdered silver nanoparticles.

Fig. 12. Ultraviolet - Visible absorption spectra of the silver 
nanoparticles sample before and after excess extract 
treatment.

3.5. Crystal properties of silver nanoparticles

The structure and properties of the silver nanoparticles 
were analysed using XRD with reflections at various angles 
(Fig. 13). The silver nanoparticles synthesised from guava 
leaf extract exhibited diffraction peaks at positions 27.76°, 
32.31°, 38.22°, 44.28°, 46.37°, 54.88°, 57.54°, 64.49°, and 
77.45° corresponding to the crystal planes (210), (122), 

(111), (200), (231), (142), (241), (220), and (311). The peaks 
with strong radiation intensity at the planes (111), (200), 
(220), and (311) are characteristic of silver nanoparticles 
(matching JCPDS No. 03-0921), indicating that the silver 
nanoparticles possess a face-centred cubic (FCC) crystal 
structure [32]. The parameters such as full width at half 
maximum (FWHM), interplanar spacing, crystal size, and 
lattice constant were processed using Origin software and 
are presented in Table 1. The FWHM values were obtained 
from software analysis, interplanar spacing d (Å) was 
calculated based on Bragg’s law, crystallite size D was 
determined using the Debye-Scherrer equation, and the 
lattice constant a (Å) was derived from the d values [29]. 
The green-synthesised silver nanoparticle sample using 
guava leaf extract under optimal conditions exhibited 
an average crystallite size of 9.13 nm and a crystallinity 
of 70.09%. Additionally, the presence of weaker peaks 
compared to those of silver nanoparticles indicates the 
existence of organic compounds on the surface of the silver 
nanoparticles, resulting from the reduction process using 
the guava leaf extract [29].

Fig. 13. X-ray diffraction pattern of silver nanoparticles.

Table 1. Structural parameters of silver nanoparticles 
synthesised from guava leaf extract.

2θ 
(degree)

FWHM 
(degree)

Interplanar 
spacing, d (Å)

(hkl)
Crystallite 
size D (nm)

Lattice 
constant, a (Å)

38.194 0.733 2.354 (111) 11.466 4.078

44.279 1.392 2.044 (200) 6.164 4.088

64.571 0.923 1.442 (220) 10.185 4.079

77.460 1.168 1.231 (311) 8.720 4.083
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3.6. Morphology and size distribution of silver 
nanoparticles

The surface morphology and size of the silver 
nanoparticles were analysed using FE-SEM (Fig. 14A). The 
FE-SEM images revealed that the silver nanoparticles were 
predominantly spherical, with sizes ranging from 30 to 50 
nm. Following the washing and filtration process to remove 

residual extract, the silver nanoparticles exhibited high 

purity, devoid of agglomerates of AgNO3 and guava leaf 

extract (Fig. 14B). The particle size distribution, determined 

by DLS (Fig. 15), indicated that the sizes of the silver 

nanoparticles ranged from 15 to 80 nm, with the majority 

falling within the 30-40 nm range. This size distribution is 

consistent with the sizes observed in the FE-SEM images 

(Fig. 14).

4. Conclusions

The green synthesis of silver nanoparticles using fresh 

guava leaf extract was optimised under the conditions of an 

extract concentration of 5 g leaves/100 ml DI water, a silver 

salt (AgNO3) solution concentration of 5 mM, an extract/

silver salt volume ratio of 4/45, and a reaction temperature of 

room temperature for 90 minutes. Accordingly, the reduction 

process of silver ions from AgNO3 to Ag0 was primarily due 

to the polyphenol flavonoid compounds present in the guava 

leaf extract. With the optimal synthesis conditions identified 

in this study, we successfully synthesised Ag nanoparticles 

with high purity and achieved a yield of up to 21.64%. The 

silver nanoparticles exhibited an absorption peak around 440 

nm, a face-centred cubic crystal structure with an average 

crystal size of 9.13 nm, and a crystallinity of 70.09%. 
Surface morphology observations showed that the silver 

(A)                                                                                               (B)

Fig. 14. Field emission-scanning electron microscopy images of silver nanoparticles. (A) Magnification 30.0 k; 
(B) Magnification 100.0 k.

Fig. 15. Particle size distribution of silver nanoparticle 
determined by dynamic light scattering method.
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nanoparticles were spherical, with particle sizes ranging 

from 15-80 nm, predominantly distributed between 30-

40 nm. After removing the residual guava leaf extract, the 

silver nanoparticle sample demonstrated good dispersion 

in the solution, indicating effective capping by polymers 

during the reduction process, preventing aggregation due 

to electrostatic interactions between the nanoparticles. 

Analysing the conditions affecting the synthesis and 

stabilisation of silver nanoparticles opens a path for 

developing green silver nanomaterials in Vietnam, with 

prospects for large-scale production and applications in 

disinfection, healthcare [33], pest control, and mould 

prevention [34]. The assessment of the application potential 

and commercialisation of this material will be addressed in 

subsequent studies.
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