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ABSTRACT

This study investigates the effect of pH on the synthesis of silver nanoparticles (AgNPs) using
Chrysanthemum morifolium extract (CFE) as a reducing agent, and evaluates their antibacterial and
antifungal activities at the optimal pH condition. The UV-Vis spectra displayed a characteristic surface
plasmon resonance (SPR) peak at 405-411 nm, with the most intense absorption occurring at pH 11.
Dynamic light scattering (DLS) measurements revealed that nanoparticles synthesized at pH 10-11
exhibited the smallest hydrodynamic diameter (10.156-10.666 nm) and a polydispersity index (PDI)
below 0.3, ensuring high stability and uniformity. TEM and XRD analyses revealed that the AgNPs
exhibited a uniform spherical morphology and a face-centered cubic (FCC) crystal structure, with an
average crystallite size of 10.021 nm. AgNPs demonstrated strong antibacterial activity against
Staphylococcus aureus and antifungal activity against Candida albicans, which are two common
pathogens associated with skin and mucosal infections. These results highlight the potential of AgNPs
for applications in medical, pharmaceutical, and cosmetic products.

Keywords: Silver nanoparticles, Chrysanthemum morifolium, green synthesis, antibacterial activity,
antifungal activity.

1. INTRODUCTION

In recent decades, noble metal nanoparticles have attracted significant attention from
researchers due to their remarkable antibacterial properties, primarily attributed to their high surface-
to-volume ratio, which enhances their ability to inhibit bacteria, resist antibiotics, and control the
growth of drug-resistant strains [1]. Among these nanomaterials, silver nanoparticles (AgNPs) have
established themselves as the flagship product of nanotechnology due to their unique
physicochemical and biological properties. They are highly valued for their chemical stability,
excellent electrical conductivity [2], catalytic activity, and antibacterial [3], antiviral [4], and
antimicrobial properties [5]. Due to the size effect, AgNPs have widespread applications in
biomedicine, drug delivery, antibacterial agents, water treatment, and agriculture. The antibacterial
properties of AgNPs play a critical role in treating infections, especially as antibiotic resistance
among bacteria becomes increasingly severe [6, 7].

Several methods have been explored for the synthesis of AgNPs, including chemical, physical,
and biological approaches [8]. Among these, chemical reduction remains the most widely used due to
its efficiency in rapidly generating large quantities of nanoparticles. However, this method is hindered
by its reliance on toxic reagents and the production of environmentally hazardous by-products [1]. In
contrast, green synthesis via biological methods - which utilize natural reducing agents from plant
extracts [9], bacteria [10], or fungi [11] - has emerged as a safe, cost-effective, and easily scalable
alternative [12, 13]. In particular, synthesizing AgNPs using plant extracts not only streamlines the
process by eliminating the complexities of cell culture but also lends itself well to industrial-scale
production, yielding nanoparticles with average sizes ranging from 5 to 90 nm and excellent
biocompatibility [14, 15]. Several plant extracts, such as those from turmeric (Curcuma longa L.) [16],
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sweet orange peel (Citrus sinensis) [17], tea leaves (Camellia sinensis) [18], and okra flower
(Abelmoschus esculentus) [19], have been explored for AgNPs synthesis.

Chrysanthemum, particularly Chrysanthemum morifolium, is a genus within the family
Asteraceae that comprises nearly 300 species distributed worldwide. Notably, East Asia-including
China, Japan, Korea, and Siberia-harbors about 40 Chrysanthemum species, with China and Japan
considered centers of biodiversity for this genus. The Chrysanthemum is integral to natural ecosystems
and holds significant value in horticulture and medicine [20, 21]. Its extracts, rich in bioactive
compounds such as polyphenols [22], flavonoids [23], and terpenoids [24], serve as potent reducing and
stabilising agents in the green synthesis of silver nanoparticles. They play a crucial role in facilitating
the reduction and stabilisation of AgNPs during green synthesis [25]. Numerous studies have utilised
Chrysanthemum extracts to synthesise AgNPs with varied particle sizes. For instance, Chrysanthemum
morifolium R. (20-50 nm) [26], Chrysanthemum indicum L. (37.71-71.99 nm) [27], and
Chrysanthemum coronarium (5-50 nm) [28]. These studies mainly focused on elucidating the role of
bioactive compounds present in chrysanthemum flower extracts in reducing silver ions and stabilising
silver nanoparticles. The obtained AgNPs were characterised by standard techniques such as UV-Vis,
TEM, XRD and FTIR, and the antibacterial and antifungal activities of these silver nanoparticles were
also evaluated [25-28]. Most studies have not yet focused on the effect of pH on the synthesis of AgNPs.
Although some recent studies have mentioned the role of pH, most of the focus has been on other factors,
such as silver nitrate (AgNQO3z) concentration and reaction time. In contrast, the effect of pH has not been
comprehensively studied [29, 30]. Therefore, this study presented the results clarifying the effect of pH
on the formation and AgNPs when using Chrysanthemum morifolium extract as a reducing agent. In
addition, the study will also evaluate the crystal structure and antibacterial and antifungal activities of
the synthesised AgNPs. The results obtained from this study are expected to significantly contribute to
the development of safe and effective nanomaterials, opening up potential application opportunities in
biomedicine and environmental protection.

2. MATERIALS AND METHODS

2.1. Materials

Silver nitrate (AgNOs, >99%, CAS-No: 7761-88-8), sodium hydroxide (NaOH, >98%, CAS-No:
1310-73-2), and polyvinyl alcohol (PVA, >98%) were purchased from Xiong Scientific (China). The
Chrysanthemum morifolium used in this study was obtained in a dried and compressed form from Thao
Duoc Viet Co., Ltd., and stored in a dry, well-ventilated environment before extraction. The main
chemical composition of Chrysanthemum morifolium, expressed as a percentage of dry weight, includes
moisture content (12.5%), ash content (2.48%), and crude fiber (12.80%). The total flavonoid content
was 69.55 mg RE/100 g dry weight, while the total phenolic content was 106.49 mg GAE/100 g dry
weight. Double-distilled water was used for the preparation of plant extracts and silver nitrate solutions.

2.2. Preparation of Chrysanthemum morifolium flowers extracts (CFE)

The CFE was prepared according to the method of Briliantama et al., with some modifications.
Dried Chrysanthemum morifolium flowers were finely ground and stored in an airtight container
before extraction. A precise amount of 10 g of dried flower powder was weighed and mixed with 100
mL of an ethanol-water mixture (20:80 v/v) in an Erlenmeyer flask. The mixture was subjected to
ultrasonic treatment at 50 kHz, maintaining a temperature of 50 °C for 20 minutes to optimize the
extraction of bioactive compounds. The extract was then filtered through Whatman No. 1 filter paper
to remove solid residues and centrifuged at 5000 rpm for 15 minutes to obtain a clear extract. The
resulting extract was concentrated using a rotary evaporator at 45 °C under reduced pressure and
stored at 4 °C for silver nanoparticle synthesis [31].

2.3. Green synthesis of silver nanoparticles using CFE

Silver nanoparticles (AgNPs) were synthesized following the green synthesis method described
by Popov et al., with modifications. A 5.0 mM silver nitrate (AgNO3) solution was prepared and
gradually introduced dropwise into 90 mL of Chrysanthemum morifolium extract containing 1 g/L
polyvinyl alcohol (PVA) under continuous stirring. The pH of the reaction mixture was adjusted to
5,6,7,8,9,10, 11, and 12 using 0.1 M NaOH solutions. The mixture was then subjected to ultrasonic
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treatment in a water bath at 50 °C for 120 minutes to enhance nanoparticle formation. After ultrasonic
treatment, the reaction mixture was transferred to a magnetic stirrer and continuously stirred at room
temperature for 12 hours, with the vessel covered in aluminum foil to prevent unwanted
photochemical reactions. A visible color change from light yellow to reddish-brown indicated the
formation of AgNPs [32]. The synthesized silver nanoparticles (AgNPs) were purified by
centrifugation at 8000 rpm for 15 minutes, followed by three washes with deionized water and ethanol
to remove any unreacted components. The purified AgNPs were then vacuum-dried at 80 °C for 3
hours to obtain a fine powder. Finally, the dried nanoparticles were stored in a desiccator for further
physicochemical characterization using transmission electron microscopy (TEM), X-ray diffraction
(XRD), and dynamic light scattering (DLS) [28].

2.4. Silver nanoparticle characterization

UV-VIS spectroscopy

The optical properties of synthesized silver nanoparticles (AgNPs) were analyzed using
ultraviolet-visible (UV-Vis) spectroscopy. The absorption spectra were measured with a UV-Vis
spectrophotometer (JASCO V-730, Japan) across a wavelength range of 300-800 nm. The AgNP
solution was diluted 100 times with deionized water. The characteristic surface plasmon resonance
(SPR) peak of AgNPs was identified based on the maximum absorption wavelength (A_max). All
measurements were conducted at room temperature (25 °C) in quartz cuvettes featuring an optical path
length of 1 cm.

TEM

The morphological characteristics and surface structure of AgNPs were analyzed using
transmission electron microscopy (TEM, FEI Tecnai G2 20 S-TWIN, USA). A small amount of AgNP
suspension was drop-cast onto a carbon-coated copper grid and allowed to dry at room temperature
before imaging.

Particle size distribution analysis

The particle size distribution of AgNPs was determined using DLS analysis with the SZ-100
Horiba particle size analyzer (Horiba, Japan). The hydrodynamic diameter and polydispersity index
(PDI) of AgNPs were recorded to evaluate their size distribution and colloidal stability.

X-ray diffraction (XRD)

The crystal structure and size of AgNPs were analyzed using an X-ray diffraction (XRD) system
(XRD-SIEMENS Rotan, Germany). AgNPs powders were spread evenly on the sample holder, and
diffraction patterns were recorded in the 20 range of 10°-80° using Cu-Ka radiation (A = 1.5406 A) at
an operating voltage of 40 kV and a current of 30 mA. The scanning rate was set at 0.02°/s. The
crystallite size of AgNPs was estimated using the Debye-Scherrer equation:

_ K-A
B-cosO
where D is the crystallite size (nm), K is the Scherrer constant (0.95), A is the X-ray wavelength

(1.5406 A), B is the full width at half maximum (FWHM) of the most intense diffraction peak, and 0 is
the Bragg angle (in degrees) [8].

2.5. Antibacterial and antifungal activity of AgNPs against S. aureus and C. albicans

The antibacterial activity against S. aureus and antifungal activity against C. albicans of AgNPs were
evaluated using the agar well diffusion method, based on the protocol of Bishoyi et al. with some
modifications. Sterile Mueller-Hinton Agar (MHA) plates were inoculated with S. aureus. In contrast,
sterile Sabouraud Dextrose Agar (SDA) plates were inoculated with C. albicans from microbial
suspensions standardized to a 0.5 McFarland standard. Wells with a diameter of 6 mm were aseptically
created in the agar and filled with 100 pL of AgNPs solutions at concentrations of 25 ppm and 100 ppm.
The plates were incubated for 24 hours at 37 °C for S. aureus and 30 °C for C. albicans. Antibacterial and
antifungal activities were assessed by measuring the diameter of the inhibition zones (mm). Deionized
water was used as a negative control, while Chloramphenicol (25 ppm) was a positive control for S. aureus,
and Fluconazole (25 ppm) was a positive control for C. albicans [33].
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3. RESULTS AND DISCUSSION

3.1. Formation of silver nanoparticles

The formation of silver nanoparticles (AgNPs) was assessed using UV-Vis spectroscopy
(Figure 1) and direct visual observation of color changes in the solution (Figure 2). The
UV-Vis spectrum results (Figure 1) indicate that CFE(2) shows strong absorption in the range
of 320-380 nm, likely due to the presence of flavonoid and polyphenol compounds in the
extract [34]. The AgNO:s solution (1) does not exhibit any significant absorption peak in the
300-700 nm range, suggesting that silver ions remain in their free state. The emergence of a
surface plasmon resonance (SPR) peak at 408 nm of AgNPs solution (3), confirms the
formation of silver nanoparticles. The bioactive compounds in the CFE serve as reducing
agents for silver ions and act as stabilizers, preventing nanoparticle aggregation. This
phenomenon has been extensively documented in studies on the green synthesis of AgNPs
using plant-based sources [35]. This characteristic absorption aligns with previous studies on
the green synthesis of AgNPs utilizing plant extracts as reducing agents [36, 37]. The color
change in the solution (Figure 2) also provides clear visual evidence of AgNPs synthesis. The
initial AgNOs solution is colorless, while the CFE solution appears light yellow due to the
presence of bioactive plant compounds. Following the synthesis reaction, the AgNPs solution
turns dark brown, a distinctive characteristic of silver nanoparticles resulting from localized
surface plasmon resonance effects [4]. This finding corresponds with the study by Singh et al.
(2020), which indicated that AgNPs synthesized from plant extracts exhibited a similar color
change and an absorption peak in the 400-420 nm range [38].
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Figure 1. UV-Vis spectroscopy of AgNOs3(1), CFE(2), Figure 2. Appearance of AgNOs3(1), CFE(2),
and AgNPs(3) at pH10 value and AgNPs solution(3)

3.2. Influence of pH on maximum absorbance

Figure 3 presents the UV-Vis spectra of AgNPs synthesized at different pH values. The results
show that changes in the intensity and position of the SPR peak reflect the influence of pH on
nanoparticle size and distribution in the solution. In acidic (pH 5) and neutral (pH 7) environments, the
absorption intensity is very low, and the SPR peak does not fall within the 400-420 nm range, indicating
ineffective AgNPs formation. This may be due to both environments being unfavorable for the
ionization of hydroxyl groups in CFE, reducing its ability to convert Ag* ions into Ag® [39]. As the pH
increases to 8-12, the absorption spectra become more distinct, demonstrating the formation of uniform
AgNPs. The increase in pH facilitates the reduction of silver ions, as polyphenols and flavonoids in the
extract can more easily release electrons [40]. The highest absorption intensity is observed at pH 11,
indicating the highest efficiency in AgNPs synthesis. This could be attributed to the enhanced reducing
power of the Chrysanthemum extract, which also generates electrostatic repulsion that stabilizes the
nanoparticles in the solution, preventing aggregation [41]. However, when the pH further increases to
12, the absorption intensity decreases, possibly due to nanoparticle aggregation caused by reduced
electrostatic repulsion, leading to the formation of larger AgNP clusters [42].
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The relationship between pH and the maximum absorption wavelength, as shown in Figure 4,
reveals that as pH increases, the absorption peak shifts from ~405 nm to ~411 nm, indicating a slight
increase in AgNPs size [43]. However, at pH 12, the maximum absorption decreases slightly, likely due
to nanoparticle aggregation, which alters the morphology and size distribution of the AgNPs [39]. This
result aligns with previous studies, where high pH values (>11) often lead to nanoparticle aggregation
due to an imbalance between electrostatic repulsion and Van der Waals interactions [40, 44]. Therefore,
the optimal conditions for synthesizing uniformly distributed and stable AgNPs are in the pH range of
10-11. At lower pH levels, silver ion reduction is limited, whereas, at excessively high pH, aggregation
occurs, reducing the quality of the AgNP product.

3.3. Influence of pH on size distribution

The data presented in Figure 5 and Table 1 indicate that pH significantly affects the Z-average
diameter and polydispersity index (PDI) of AgNPs, consistent with previous studies on pH-dependent
nanoparticle synthesis [40, 41]. At pH 8, AgNPs exhibit a relatively larger size (11.850 nm) with a PDI
of 0.321, which is slightly above the threshold for a monodisperse system. Despite high PDI, the size
distribution pattern remains single-mode, suggesting that AgNPs at this pH behave similarly to those
formed at pH 9-11. At pH 9-11, AgNPs demonstrate a smaller average size (10.156-11.101 nm) and
PDI values below 0.3 (ranging from 0.273 to 0.284), indicating a stable and monodisperse system. This
is explained as follows: In an alkaline environment, as the pH increases, the hydroxyl groups on the
phenol rings of polyphenols and flavonoids are readily deprotonated to form phenolate ions (-O") with
enhanced electron-donating ability. This process significantly increases the reducing power of these
compounds, thereby facilitating the reduction of Ag* to Ag® and rapidly promoting the formation of
silver nanoparticles. Moreover, with a high pH, the electrostatic repulsion between the phenolate ions
becomes more vigorous, which helps prevent the aggregation of nanoparticles, resulting in better
dispersion and more stable particle sizes [42].

pH8 pH9 pH10 pH11 pH12 Table 1. Particle size and
18,0 - 135 polydispersity index of AgNPs
at different pH values
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Figure 5. Particle size distribution diagram
of AgNPs at pH values
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3.4. Nanoparticle morphology

The TEM images of AgNPs at two magnification levels (50,000x and 100,000x), presented in
Figure 6, show that the nanoparticles exhibit a spherical or near-spherical shape with a relatively
uniform distribution. Some particles tend to aggregate, forming small clusters, which may be attributed
to interparticle surface interactions or suboptimal stabilization efficiency. The observed shape and
distribution are consistent with the study by Ajitha et al. (2015) in which AgNPs synthesized using
Lantana camara leaf extract also exhibited a spherical morphology, with sizes ranging from 10-30 nm.
In this study, the authors suggested that polyphenol and flavonoid compounds in the extract played a
crucial role in the reduction of silver ions (Ag") and nanoparticle stabilization, facilitating the formation
of small and uniformly distributed particles [45].
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Figure 6. TEM images of AgNPs synthesized at pH 11 value
3.5. Crystallographic properties

The X-ray diffraction (XRD) pattern of AgNPs synthesized using CFE shown in Figure 7, exhibits
characteristic diffraction peaks at 26 ~ 38.1°, 44.2°, 64.3°,77.4° and 81.6° corresponding to the (111),
(200), (220), (311) and (222) crystallographic planes, respectively. These peaks confirm metallic silver's
face-centered cubic (FCC) structure, by the JCPDS Card No. 04-0783 for AgNPs. The (111) plane
displays the highest intensity, indicating preferential crystal growth along this direction, a common
characteristic of AgNPs synthesized using plant extracts. This result is consistent with He et al. findings,
where AgNPs were synthesized using Chrysanthemum morifolium Ramat. extract exhibited similar
diffraction peak positions, further confirming the crystalline stability of the material [26].
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Figure 7. XRD pattern of AgNPs synthesized at pH11 level

The average particle size of AgNPs, calculated using Scherrer’s equation, was 10.021 nm, closely
matching the mean particle size of 10.156 nm obtained from dynamic light scattering (DLS)
measurements. The small discrepancy between these values suggests that the synthesized AgNPs exhibit
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high uniformity, with minimal variation in particle size. Scherrer’s equation estimates the crystallite
size based on the broadening of XRD diffraction peaks, representing the crystalline domain size of
AgNPs. In contrast, DLS measurements typically yield slightly larger values, as they account for the
hydrodynamic diameter, including the biological capping layer and the dispersion state of nanoparticles
in solution. The agreement between these two measurement techniques reinforces the accuracy of XRD-
based size estimation and confirms the monodispersity and stability of the synthesized AgNPs. This
correlation aligns with the study by Ajitha et al. (2015), where biologically synthesized AgNPs
exhibited good agreement between particle sizes obtained from XRD and DLS analyses [45].

3.6. Antibacterial and antifungal activity of AgNPs against S. aureus and C. albicans

The size of silver nanoparticles (AgNPs) is a key factor influencing their antimicrobial activity,
with smaller nanoparticles exhibiting enhanced bactericidal and fungicidal properties due to their larger
surface area, which increases the interaction between the nanoparticles and microbial cells [46]. This
study selected AgNPs synthesized at pH 11, which exhibited the smallest particle size, to evaluate their
antibacterial and antifungal activities. On the other hand, due to their common pathogenicity in skin,
mucous membranes, and other environmentally exposed sites, S. aureus and C. albicans were chosen
as representative organisms to evaluate the antibacterial and antifungal activities of biomedical products
containing silver nanoparticles, especially in applications such as bandages, antibacterial cosmetics, or
antibacterial packaging [33].

S. aureus-AgNPs 25 ppm S. aureus-AgNPs 100 ppm C.albicans-AgNPs 25 ppm C. albicans-AgNPs 100 ppm

1- Negative control sample; 2- Positive control sample; 3- AgNPs sample

Figure 8. Antibacterial and antifungal activity of AgNPs on agar plates

The results presented in Figure 8 and Table 2 indicate that AgNPs exhibit significant inhibitory
effects on both S. aureus and C. albicans, with the inhibition zone diameter increasing notably as the
AgNP concentration increases from 25 ppm to 100 ppm. Specifically, at 25 ppm, the inhibition zone
diameter for S. aureus was 8.34 mm, smaller than that for C. albicans (13.27 mm). When the AgNPs
concentration was increased to 100 ppm, the inhibition zones expanded significantly, reaching 24.82
mm for S. aureus and 28.49 mm for C. albicans. These findings suggest that AgNPs exhibit stronger
antifungal activity compared to antibacterial activity, which may be attributed to differences in the cell
wall structure of Gram-positive bacteria and fungi. Gram-positive bacteria possess a thicker cell wall
composed of multiple layers of peptidoglycan, which may reduce the penetration of AgNPs into the
cell. In contrast, yeast such as C. albicans has a cell membrane rich in ergosterol and chitin, which may
interact with AgNPs through a different mechanism, leading to stronger inhibition [33, 47]. Based on
these findings, it can be concluded that AgNPs demonstrate significant inhibitory effects against both
S. aureus and C. albicans, with greater efficacy against fungal pathogens. This suggests the potential
application of AgNPs in antifungal formulations or surface disinfectants, particularly in medical and
cosmetic products.

4. CONCLUSIONS

The study emphasized the important role of pH in the synthesis of AgNPs using Chrysanthemum
morifolium extract. UV-Vis spectra confirmed the formation of AgNPs, characterized by a surface
plasmon resonance (SPR) peak in the range of 405411 nm, with the best pH in the range of 10-11.
TEM and XRD analyses revealed that the AgNPs exhibited a uniform spherical morphology and a face-
centered cubic (FCC) crystal structure, with an average crystallite size of 10.021 nm. DLS
measurements confirmed that AgNPs synthesized at pH 10—11 possessed small particle sizes (10.156—
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10.666 nm) and high stability (PI < 0.3). Antibacterial and antifungal evaluations demonstrated strong
inhibitory effects of AgNPs against S. aureus and C. albicans, two common pathogens that are
associated with skin and mucosal infections, with inhibition zone diameters of 24.82 mm and 28.49 mm
at 100 ppm, respectively. These results highlight the potential of AgNPs for applications in medical,
pharmaceutical, and cosmetic products.
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TOM TAT

TONG HOP XANH NANO BAC TU DICH CHIET Chrysanthemum morifolium:
ANH HUONG CUA PO pH VA HOAT TINH KHANG KHUAN, KHANG NAM

Pham Ngoc Bao Tram, Nguyén Qudc Tuan, Huynh Phudc Théng,
Nguyén Thi Lwong, Lé Thi Hong Thay*
Trwong Pai hoc Cong Thirong Thanh phé Ho Chi Minh
*Email: thuylth@huit.edu.vn

Bai bao nay trinh bay nghién ciru vé anh huong cia pH dén qué trinh tong hop hat nano bac
(AgNPs) st dung dich chiét hoa Chrysanthemum morifolium (CFE) lam chat khtr, dong thoi dénh gia
hoat tinh khang khuén va khang nam caa AgNPs tai diéu kién pH tbi wu. Phd hap thu UV-Vis cho thay
dinh cong huong plasmon bé mat (SPR) dic trung trong khoang budc séng 405411 nm, véi cuong do
hip thu manh nhat tai pH 11. Két qua phan tich bang phuong phap tan xa 4nh sang dong (DLS) chi ra
ring AgNPs duogc tdng hop tai pH 10-11 ¢6 kich thudc hat nano nhoé nhét (10,156-10,666 nm) va chi
s6 phan tan PDI< 0,3, chirng t6 hé hat c6 tinh 6n dinh cao va phan b kich thudc ddng déu. Phan tich
TEM va XRD xac nhan AgNPs c6 hinh cau va cdu tric tinh thé dang lap phuong tim mat (FCC), Vi
kich thudc tinh thé trung binh 1a 10,021 nm. Panh gi4 hoat tinh khang khuan va khang ndm cho thiy
AgNPs ¢ tac dung wrc ché manh dbi véi Staphylococcus aureus va Candida albicans, hai tic nhan gay
bénh phé bién & da va niém mac, véi duong kinh vong @c ché lan luot 1a 24,82 mm va 28,49 mm &
nong d6 100 ppm. Nhitng két qua nay khang dinh tiém nang ing dung ciia AgNPs trong linh vuc y hoc,
dugc pham va my pham.

T khéa; Hat nano bac, Chrysanthemum morifolium, téng hop xanh, hoat tinh khang khuan, hoat tinh
khéng nam.
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