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physical, and biological properties, and thus are extremely important. In present
study, silver nanoparticles (Ag NPs) were prepared via an inexpensive and
eco-friendly approach from silver nitrate salt and deploying Passiflora caerulea
L., plant extract as the precursor and reducing agent, respectively. Herein, an
expeditious, green, facile, and eco-friendly synthesis approach is introduced and
the synthesized nanoparticles’ antibacterial and catalytic activity was
investigated, besides UV-Visible spectroscopy, XRD, SEM, and FT-IR were
used to characterize silver nanoparticles. The characteristic absorption peak
were exhibited by ensued Ag NPs under UV-Visible spectroscopy as a result of
SPR (surface plasmonic resonance) band in 419nm wavelength. The FTIR
spectrum of the aqueous extract and the nanoparticles indicated the presence of
some important functional groups such as amines, carbonyl compounds, and
phenols that are vital in facilitating the process of capping and bioreduction by
the plant extract. Nanoparticles were roughly rod-shaped and ranged in size
between 25 and 40nm as seen on SEM images analysis, and the XRD analysis
confirmed that Ag was present in the nanoparticles. Ag NPs antimicrobial
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1. Introduction
Nanotechnology exploits the physical, chemical, and biological features of the materials in size ranging from
1 to 100 nanometers (nm), in various fields of sciences and industries. Today,
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nanotechnology is widely researched area chiefly deployed in the design, synthesis, and distinction of
nanomaterials, with a significant attempt to replace microstructure system procedures with nanostructure systems
[1]. The nanostructure provides solutions to environmental, technological, and medical challenges embracing
catalysis, textiles, solar energy conversion, paints, water purification, medicine, cosmetics, electronic devices,
photonics, biosensors, air filters, storage containers, conductive inks, food, and food processing [2]. One of the
main areas in nanotechnology is the synthesis of assorted metal nanoparticles (MNPSs) as they have garnered
significant consideration for their high reactivity, adsorption ability, surface area, and conductivity [3,4].
Synthesized MNPs based on morphology, size, and distribution nanoparticles present completely novel and
improved properties. Usually, MNPs can be obtained by different approaches such as electrochemical technique
[5], thermal decomposition synthesis [6], microwave irradiation method [7], laser ablation technique [8], and
chemical methods [9]. Although these methods produce well-defined and pure nanoparticles but these
approaches are expensive and result in potential environmental pollution due to the use of dangerous chemicals.
Also, MNPs can absorb certain noxious chemicals on their surface; and lead to negative efficacy on health and
medical applications. Therefore, there is a necessity for the development of safe, non-toxic, and inexpensive
reagents and environmentally and trustworthy technique, without the employment of high energy, temperature,
and pressure which actuate scientists towards bio-based greener processes [10-12]. Recently, greener synthesis of
MNPs such as Au [13], Ag [14], TiO, [15], Cu,O [16], ZnO [17] and MgO [18] is attracting attention. In these
new approaches, diverse natural reducing agents such as live organisms (fungi, bacteria, yeast) [19], plant
extracts (fruits, leaves, roots, seeds, and peels), and microbial enzymes [13, 20] have been employed for the
greener biosynthesis of nanoparticles. Adjusting the reaction parameters, such as reactant stoichiometry, time, pH
of the solution, concentration, temperature, surfactant, and capping agent, enable control of the size and shape of
the resulting MNPs. Ag NPs have efficient applications in catalysis, electronics, biomedical devices, biosensors,
and pharmaceuticals. Silver NPs have been synthesized from assorted plants such as Gongronema latifolium leaf
[21], Bryonia alba leaf [22], Acalypha hispida [23], Tamarind fruit [24], Arbutus Unedo leaf [25], Cinnamon
zeylanicum bark [26], Aegle marmelos leaf [27], among others.

Passiflora caerulea is a member of the Passifloraceae family and occurs abundantly in Qom province center
of Iran (Fig. 1). Passiflora caerulea has sedative, muscle relaxant, antidepressant, anxiolytic, antispasmodic, and
anticonvulsant effects and is employed in the treatment of diseases such as the manic phase of bipolar disorder,
tension-related asthma, the fretfulness of teething children, the symptoms related with neuralgia and shingles [28,
29].

Fig. 1. Passiflora caerulea plant

To the best of our knowledge, biosynthesis of Ag NPs, using Passiflora caerulea L. extract by easy and
environmentally approaches for antibacterial and catalytic activity effects have not been reported. The procedure
deployed is clean, simple, and free of toxic organic solvent, and required only non-hazardous reagents like water,
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plant extract, and AgNO3 and can be useful in the large-scale preparation of Ag NPs. The antimicrobial activities
towards both gram-positive and gram-negative bacterial strains displayed the zones of inhibition wherein
synthesized silver NPs exhibited good antibacterial activity against 3 microorganisms such as Bacillus subtilis
(ATCC6633), Shigella dysenteriae (PTCC1188), and Streptococcus pyogenes (ATCC19615); bacterial strains
were cultured overnight at 37 °C in nutrient agar (NA). Additionally, dye degradation assessment was done by
utilizing NaBH, and standard Methylene blue.

2. Experimental
2.1. Materials

Silver nitrate (AgNO3) and sodium hydroxide, obtained from Merck (Germany), served as key reagents in the
synthesis process. Solvents utilized in the experiments were acquired from Merck Chemical Company and
employed directly without additional purification.

2.2. Preparing plant extracts

Fresh Passiflora caerulea L. leaves were collected from Qom province in the center of Iran. To eliminate
debris, they were washed with tap water and then deionized water and finally, air-dried at room temperature; 20
g of finely cut dried leaves were stored in a 250 ml Glass Erlenmeyer flask with 180 mL deionized water and
heated (80°C) for about 30 min. The extract was cooled to room temperature, and was filtered using Whatman
filter paper No.1, and the extracts were kept at 4°C for further utilization.

2.3. Green synthesis of silver NPs

Normally, an aqueous solution of the proper metal salt, silver nitrate, and a plant extract is utilized.
Synthesizing nanoparticles occurs at room temperature, and is completed within 30 min. Silver nitrate was
procured from Merck®, Germany. In a glass Erlenmeyer flask 90 mL, 0.005 mM solution of silver nitrate was
made. Then, 10 mL of plant extract was added individually into silver nitrate solution (90 mL). The solution
color change (from colorless to dark brown) proved the reduction of Ag+ to Ag0 (Fig. 2), as affirmed by the
UV-Visible spectroscopy for its formation.

Fig. 2. The color change of the solution from colorless to black-brown during synthesis
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2.4. Characterization

To perform UV-Vis spectral analysis, a Phystec-miniature UVS-2500 spectrophotometer was used.
UV-Visible absorption spectrophotometer was used with a resolution of 1 nm within 190-1100 nm. Avatar
Thermo Spectrophotometer system was used to record FT-IR spectra. The surface morphology and particle size
were analyzed utilizing a Scanning Electron Microscope by SEM FEI Quanta 200. Spectral analysis was utilized
for the XRD (Philips PW 1730). The synthesized silver nanoparticles amorphous nature is confirmed through
XRD analysis within the angle range of 20°-80° and X-ray diffraction analysis.

2.5. Microbial strains

The Ag NPs were examined against a set of 3 microorganisms like Streptococcus pyogenes ATCC 19615 and
Bacillus subtilis (ATCC 6633) Shigella dysenteriae (PTCC 1188). Bacterial strains were cultured in nutrient agar
(NA) at 37 °C overnight.

2.6. Disk diffusion assay

The antimicrobial activity of Ag NPs was determined via the agar disc diffusion technique [30-32]. Dissolving
the dried Ag NPs in DMSO, an ultimate concentration of 30 mg/ml was obtained, then it was filtered (0.45 um
Millipore filters) for sterilization. The discs (diameter of 6 mm) were impregnated with 10 pul of the Ag NPs.
DMSO (as negative control) and 300 pg/disc were put over the inoculated agar. The plates were re-incubated at
370C for bacterial strains for 24 h. Rifampin (5 pg /disk) and gentamicin (10 pg /disk) were utilized as positive
controls for bacteria. The inhibition zones diameters were utilized as the measures of antimicrobial activity, then,
each assay was performed two times. The inhibition zones diameters were utilized as an antimicrobial activity
measure and each assay was conducted two times.

2.7. Dye reduction assay

Metal nanoparticles have the ability to catalyze chemical reactions that would otherwise not take place.
Using NaBH4 as a substrate, Ag NPs were assessed for their catalytic activity against MB. This basic aniline dye
is also known as methylthioninium chloride, and it has many applications in both biology and chemistry, as a
stain and in medicine [33, 34]. To evaluate organic dye reduction potency of green synthesized Ag NPs, a
one-step process reaction was examined by utilizing NaBH4 and Methylene blue purchased by Merck®.
Typically, 10 mL of 10 mM MB stock solution is mixed with 3 mL of freshly prepared NaBH4 (20 mM )solution.
3 mg Ag NPs was added to the prepared solution and the reduction of methylene blue by Ag NPs in solution was
investigated by recording the decrease of absorbance with time. After each catalytic cycle, the AgNPs were
recovered via centrifugation at 8000 rpm for 10 min. The precipitate was thoroughly washed with deionized
water to remove residual reactants. The washed nanoparticles were then dried at 40°C under vacuum and stored
under ambient conditions in a sealed vial for reuse in subsequent cycles. This recovery method ensured minimal
catalyst loss and maintained efficiency over multiple cycles.

3. Results and Discussion
3.4. Characterization

Based on the studies, silver nanoparticle solution is in dark brown or dark red. The extract solution was light
yellow; however, it changes to dark brown after treating with AgNO3 indicating the formation of Ag NPs (Fig.
2). This color change is caused by the quantum confinement feature as a size-based property of nanoparticles

affecting the nanoparticles’ optical property.
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3.4.1. UV-VIS spectroscopy

The silver nanoparticles’ UV absorption peak appearing in the 400-450 nm range was examined [22—24]. The
UV-Vis spectrum indicates the peak at 419 nm (Fig. 3), obviously revealing the spherical Ag NPs formation in
all the plant extracts. The peak occurs at 419 nm by exciting the surface Plasmon over the silver nanoparticles’

outer surface excited by the applied electromagnetic field.

1.6
1.4
1.2

0.8
0.6

Absorbance

0.4
0.2

300 400 500 600 700 800
Wavelength (nm)

Fig. 3. The UV absorption peak of silver nanoparticles.

3.4.2. FT-IR spectroscopy

Through the Fourier transform infrared spectroscopy analysis, the possible biomolecule constituents of
Passiflora caerulea L. was determined responsible for the reduction of silver ions and bio-reduced Ag NPs
capping. Fig. 4 represent the FT-IR spectrum of synthesized Ag NPs with transmission peaks at 3436.78,
2921.80, 1626.65, 1384.39, 1081.85, 617.86, 559.10 and 472.01 cm™. The band at 3436.78 cm™in the spectrum
is related to O-H stretching vibration revealing the existence of phenol and alcohol. The band at the 2921 cm™
region is caused by C-H stretching for aromatic compound. The band at 1626 cm™ in the spectra is related to
C-C-C and N stretching revealing the existence of protein. The band at 1384 cm™ was assigned for N-H stretch
vibration in the proteins’ amide linkage and contributing to the stability or capping of Ag NPs. The band at 1081
cm™ was allocated for C-N (amines) and N-H stretch vibrations of the proteins. The band at 501, cm™, 1071,
1383, 1622, 2916, and 3432 cm™ is related to C=N stretching of aliphatic amines of seed extracts, N -H,
carboxylic acids derivative (C=0), stretching poly-phenols, respectively. Such compounds could be adsorbed
over the Ag NPs surface by interaction via carbonyl groups or m-electrons. Nevertheless, other robust ligating
agents must exist with adequate concentration, such as terpenoids and flavonoids. Thus, these biological
molecules can perform dual functions of stabilization and formation of Ag NPs within the aqueous medium. The
higher antioxidant and importance in the bioreduction of Ag NPs are the result from the presence of these
compounds. For instance, terpenoids have a key role in metal ions reduction causing aldehyde groups in the
molecules for oxidizing to the carboxylic acid. The FT-IR analysis confirmed the presence of various functional
groups, including phenols and terpenoids, which play a crucial role in the formation and stabilization of silver
nanoparticles. Phenolic compounds facilitate the reduction of Ag* ions, acting as reducing agents, while
terpenoids contribute to the capping and stabilization of the synthesized nanoparticles by forming a protective
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organic layer that prevents aggregation. Therefore, the created nanoparticles seemed to be attached to proteins
and metabolites with functional groups as aldehydes, ketones, alcohols, carboxylic acids, and phenols. Phenols
may act as the capping agent for the metal nanoparticles thus, they prevent agglomeration by stabilization of the

medium.
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Fig. 4. The FTIR spectrum of Passiflora caerulea L. extract (black) and Ag NPs (red)

3.4.3.Scanning Electron Microscopy (SEM)

SEM is an approach using electrons rather than light to create an output image. From the development of
SEMs in the early 1950s, they have been central for numerous new areas of research such as nanotechnology and
material science. Fig. 5a represents the roughly rod-shaped morphology and uniformly sized particles (25-40 nm)
based on SEM analysis. The UV-Vis spectrum suggests spherical Ag nanoparticles formation; however, SEM
analysis reveals rod-like structures. This discrepancy can be attributed to shape anisotropy, where elongated
nanoparticles exhibit multiple plasmon resonance modes, but only the transverse mode (~400 nm) is prominently
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detected. A mixture of shapes may also be present, with spherical nanoparticles dominating the optical response.
Further characterization techniques, such as DLS or electron diffraction, could provide more insights into
morphology distribution and its impact on plasmonic behavior.
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Fig. 5. SEM images of the biosynthesized Ag NPs

3.4.4. X-ray Diffraction (XRD)

The XRD method was utilized to recognize the unknown crystalline materials such as inorganic compounds
and minerals; their identification is essential for study in material science, biology, and environmental sciences.
Other important applications include the determination of the unit cell’s dimensions, crystalline material
characterization, and purity test of specimens. For these experiments, XRD helped to confirm the existence of
silver NPs. According to the biosynthesized Ag NPs' XRD pattern, five clear picks appeared at 38.09°, 44.1°,
64.3°,77.5°, and 81.6° in line with (111), (200), (220), (311), and (222) reflections of the Ag NPs’ face-centered
cubic (fcc) phase (Fig. 6).
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Fig. 6. The XRD experiment of the biosynthesized Ag NPs.

3.5. Antibacterial activity

Considering the antimicrobial properties of silver nanoparticles, they have extensive applications in the health
industry, food storage, medicine, dye reduction, textile coatings, antiseptic creams, wound dressing, and
numerous environmental applications. From many years ago, elemental silver and its compounds were utilized
as antimicrobial agents to preserve water as silver coins /silver vessels. We assessed Passiflora caerulea L.
extract mediated silver nanoparticles as the possible antibacterial agents. For respective antimicrobial activities,
the plant extract and those mediated silver nanoparticles were immediately tested concerning both gram-positive
and gram-negative bacterial strains representing the inhibition zones. Based on the inhibition zone, synthesized
Ag NPs showed good antibacterial activity against 3 microorganisms including Bacillus subtilis (ATCC6633),
Streptococcus pyogenes (ATCC 19615), Shigella dysenteriae (PTCC 1188) (Fig. 7). Bacterial strains were
cultured in nutrient agar (NA) at 37 °C overnight and culturing fungi was performed in Sabouraud dextrose agar
(SDA) at 30 °C overnight. Moreover, control and plant extract alone exhibited no antibacterial activity. The
antimicrobial activity of silver nanoparticles is primarily attributed to multiple mechanisms, including the release
of Ag* ions, which interfere with bacterial metabolism, and direct interaction with microbial membranes, leading
to structural disruption. Additionally, silver nanoparticles can induce oxidative stress in bacterial cells,
generating reactive oxygen species (ROS) that cause protein, lipid, and DNA damage. These combined effects
contribute to the potent antibacterial efficacy observed against Shigella dysenteriae and Bacillus subtilis in this
study. Table 1 presents the antimicrobial activity results of the prepared silver nanoparticles assessed from the
disc diffusion technique.
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Fig. 6. The antimicrobial properties of silver nanoparticles on the A) Streptococcus pyogenes, B) Shigella
dysenteriae, C) Bacillus subtilis.

Table 1. Inhibition zone test result of Ag NPs against microbes

Inhibition zone (mm)

Microorganisms

Ag NPs Rifampin Gentamicin
Bacillus subtilis 8 10 9
Shigella dysenteriae 11 30 17
Streptococcus pyogenes 11 21 31

3.6. Catalytic activity

By employing NaBH, as a reducing agent and Ag NPs as catalyst, as well as a UV-Vis spectrophotometer to
monitor the reduction, methylene blue was reduced to leuco-methylene blue. The absorption peak of methylene
blue lies at 664 nm, known as saturated MB. The maximum absorption band of MB in aqueous solution occurs at
664 nm due to m1 — m* and n — * transitions [35]. Analyzing the decrease of absorbance over time enabled us
to determine how catalytically active Ag NPs are in the reduction of methylene blue. The oxidized state of MB
exhibits a blue hue, which subsequently becomes colorless when reduced into leuco-methylene blue. Fig. 8a
indicate that reduction of MB by NaBH, in the absence of catalyst ‘Ag NPs’ is impossible. To investigate the
best reaction conditions, various pH values and temperature were applied in to the reaction. In order to assess the
catalytic performance of green synthesized Ag NPs at acidic and basic PH values, we studied the dye reduction
reaction from 3 to pH=12. According to the UV-VIS spectrum analysis, it was observed that MB reduces faster
in acidic pH (Fig. 8b). Contrary to this, Ag NPs catalyze only 60 percent of the MB dye in 3 minutes when the
pH is higher than 8, showing that Ag NPs are PH-sensitive nanocatalysts. Moreover, it was investigated that
when temperature rises, these nanocatalyst are able to degrade MB yet (Fig. 8a). Room temperature, however,
proved to be the optimal temperature.
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Fig. 8. (a) Temperature effect on MB reduction by Ag nanoparticles (b) MB degradation in successive
reduction by Ag nanocatalyst

Thus, the catalytic reaction was done in acidic PH and room temperature as optimum reaction conditions. Ag
NPs markedly reduced MB in 3 minutes by 100%, indicating the efficiency of catalytic reduction of MB with Ag
NPs (Fig. 8b). Table 2 compares our results with previously reported data of degradation times for 100% MB dye
reduction in the presence of Ag NPs synthesized with plant extracts.
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Table 2 comparison of the catalytic activity of green synthesized Ag NPs mediated by different plants

Plant name Target pollutant Degradation time Ref.
Gmelina arborea Methylene blue 10 min [36]
Biophytum sensitivum Methylene blue 9 min [37]
Convolvulus arvensis Methylene blue 20 min [38]
Passiflora caerulea Methylene blue 3 min Present study

3.6.1.Mechanism of MB dye degradation

When a chemical reaction takes place, bond dissociation energy (BDE) plays an important role in breaking
and/or forming new bonds. While MB dye and NaBH4 are reacting, electrons are transferred. In the aforesaid
reaction, NaBH, served as a donor, and the dye served as an acceptor [39]. The silver nanocatalyst in this
mixture served as an intermediate between the MB dye and BH,4 ions. In the beginning, it lowered the bond
dissociation energy by improving the electron transfer between them. Consequently, NaBH, reduced MB more
quickly in the presence of Ag NPs. Clearly, the green synthesized Ag NPs by Passiflora caerulea L. extract act
as an efficient phyto-nanocatalyst in organic dye reduction (Fig. 9). Passiflora caerulea contains a rich
composition of phytochemicals such as flavonoids, terpenoids, and phenolic compounds, which play a
significant role in the enhanced catalytic activity of Ag NPs. These biomolecules act as reducing agents and
stabilizers, influencing the size, morphology, and surface properties of the nanoparticles. The presence of
specific antioxidant-rich compounds may also contribute to increased electron transfer rates, facilitating a more
efficient degradation of MB compared to Ag NPs synthesized from other plant extracts.
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gAAg Ag
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Fig. 9. Mechanism of dye reduction by Ag nanoparticles and NaBH,

3.6.2.Recyclability of nanocatalysts

Catalysts used in large-scale applications must exhibit high activity and stability. Considering the high
catalytic activity of the Ag NPs, the degrading efficiency of the nanoparticles was tested by reusing them on MB
for five consecutive cycles. As shown in figure 10, after 5 rounds of degradation, no significant loss in catalytic
activity was detected.
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Fig. 10. Degradation cycle efficiency of MB dye

4. Conclusions

Green synthesis of silver nanoparticles utilizing plants is safe, cost-effective, non-toxic, and eco-friendly
pathway which is amenable for synthesis on a larger scale. Passiflora caerulea is a member of the Passifloraceae
family representing the great ability to synthesis Ag NPs at optimal temperature circumstances. The UV
absorption peak at 419 nm indicates the Ag NPs synthesis and SEM studies helped decode their distribution and
morphology. The biofabrication of the Ag NPs was confirmed by FTIR studies through the action of various
phytochemicals with their various functional groups. The synthesized nanoparticles’ purity, nature, and phase
composition were affirmed by XRD patterns. The Ag NPs display antimicrobial activity against Shigella
dysenteriae, Bacillus subtilis. In addition, these phyto-nanocatalysts exhibit remarkable dye degradation activity
that in one-step 180 seconds reaction can remove and discolour methylene blue. Utilizing plant extract is
beneficial for the synthesis since it is energy-efficient and cost-effective and protects the environment and human
health resulting in safer products with minimum generation of waste. This eco-friendly technique can be an
economical substitute to the conventional chemical or physical approaches utilized to synthesize silver
nanoparticles. While the green synthesis method minimizes chemical waste and promotes sustainability, it is
crucial to consider the potential environmental implications of silver nanoparticles. Studies suggest that AgNPs
may exhibit toxicity in aquatic ecosystems, impacting microbial communities and higher organisms. Further
research is needed to understand their long-term ecological effects and develop strategies for mitigating potential
risks. Consequently, it possesses the potential to be utilized in biomedical and environmental applications and
has a key role in future medical devices and optoelectronics.

Conflict of Interests
The authors have no conflicts of interest to declare.

Colloid Nanosci. ]. 2(4) (2025) 462-477.



Colloid & Nanoscience Journal Original Article

Author information
*Corresponding Author: Sabah Salahvarzi and Mohammad Hadi Meshkatalsadat
Email: sabahsalahvarzi@iau.ac.ir and meshkatalsadat. m@qut.ac.ir

References

[1] G.M. Whitesides, Nanoscience, nanotechnology, and chemistry, Small 1 (2005) 172-179.
https://doi.org/10.1002/smll.200400130.

[2] A.D. Maynard, RJ. Aitken, T. Butz, V. Colvin, K. Donaldson, G. Oberddrster, Safe handling of
nanotechnology, Nature 444 (2006) 267—-269. https://doi.org/10.1038/444267a.

[3] S. Ahmed, M. Ahmad, B.L. Swami, S. Ikram, A review on plants extract mediated synthesis of silver

nanoparticles for antimicrobial applications: a green expertise, J. Adv. Res. 7 (2016) 17-28.
https://doi.org/10.1016/j.jare.2015.02.007
[4] G. Gahlawat, A.R. Choudhury, A review on the biosynthesis of metal and metal salt nanoparticles by
microbes, RSC Adv. 9 (2019) 12944-12967. https://doi.org/10.1039/C8RA10483B.
[5] Y. Xing, Synthesis and electrochemical characterization of uniformly-dispersed high loading Pt nanoparticles
on sonochemically-treated carbon nanotubes, J. Phys. Chem. B 108 (2004) 19255-19259.
https://doi.org/10.1021/acsami.5b12720
[6] V. Patsula, L. Kosinova, M. Lovri¢, L. Ferhatovic Hamzi¢, M. Rabyk, R. Konefal, A. Paruzel, M. Slouf, V.
Herynek, S. Gajovi¢, D. Horak, Superparamagnetic Fe;O, nanoparticles: synthesis by thermal decomposition of
iron (1) glucuronate and application in magnetic resonance imaging, ACS App. Mater. Interfaces 8 (2016)
7238-7247. https://doi.org/10.1021/acsami.5b12720
[7] D. Marquardt, F. Roeb, H. Schaller, M. Ziegler, The use of microwave irradiation for the easy synthesis of
graphene-supported transition metal nanoparticles in ionic liquids, Carbon 49 (2011) 1326-1332.
https://doi.org/10.1016/j.carbon.2010.09.066
[8] B.F. Mohazzab, B. Jaleh, O. Kakuee, A. Fattah-Alhosseini., Formation of titanium carbide on the titanium
surface using laser ablation in n-heptane and investigating its corrosion resistance, Appl. Surf. Sci. 478 (2019)
623-635. https://doi.org/10.1016/j.apsusc.2019.01.259
[9] M. Cinelli, S.R. Coles, M.N. Nadagouda, J. Blaszczynski, R. Stowinski, R.S. Varma, K. Kirwan, A green
chemistry-based classification model for the synthesis of silver nanoparticles, Green Chemistry 17 (2015) 2825—
2839. https://doi.org/10.1039/C4GC02088J
[10] S. Iravani, Green synthesis of metal nanoparticles using plants, Green Chemistry 13 (2011) 2638-2650.
https://doi.org/10.1039/C1GC15386B
[11] D. Hebbalalu, J. Lalley, M.N. Nadagouda, R.S. Varma, Greener techniques for the synthesis of silver
nanoparticles using plant extracts, enzymes, bacteria, biodegradable polymers, and microwaves, ACS Sustain.
Chem. Eng. 1 (2013) 703-712. https://doi.org/10.1021/sc4000362
[12] M.N. Nadagouda, R.S. Varma, Green synthesis of silver and palladium nanoparticles at room temperature
using coffee and tea extract, Green Chemistry 10 (2008) 859-862. https://doi.org/10.1039/B804703K

[13] M. Perera, L.A. Wijenayaka, K. Siriwardana, D. Dahanayake, K.M.N. de Silva, Gold nanoparticle
decorated titania for sustainable environmental remediation: Green synthesis, enhanced surface adsorption and
synergistic photocatalysis, RSC Adv. 10 (2020) 29594-29602. https://doi.org/10.1039/DORA05607C
[14] Z. Yu, W. Li, B. Zhang, J. Liu, X. Wang, P. Xu, Y. Huang, Green synthesis of cellulose nanofibrils
decorated with Ag nanoparticles and their application in colorimetric detection of L-cysteine, ACS Sustain.
Chem. Eng. 8 (2020) 12713-12721. https://doi.org/10.1021/acssuschemeng.0c04842

Colloid Nanosci. ]. 2(4) (2025) 462-477.


mailto:sabahsalahvarzi@iau.ac.ir
mailto:meshkatalsadat.m@qut.ac.ir
https://doi.org/10.1002/smll.200400130
https://doi.org/10.1038/444267a
https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.1039/C8RA10483B
https://doi.org/10.1021/acsami.5b12720
https://doi.org/10.1021/acsami.5b12720
https://doi.org/10.1016/j.carbon.2010.09.066
https://doi.org/10.1016/j.apsusc.2019.01.259
https://doi.org/10.1039/C4GC02088J
https://doi.org/10.1039/C1GC15386B
https://doi.org/10.1021/sc4000362
https://doi.org/10.1039/B804703K
https://doi.org/10.1039/D0RA05607C
https://doi.org/10.1021/acssuschemeng.0c04842

Colloid & Nanoscience Journal Original Article

[15] M.A.A. El-Remaily, A.M. Abu-Dief, and O. M. Elhady, Green synthesis of TiO, nanoparticles as an
efficient heterogeneous catalyst with high reusability for synthesis of 1,2-dihydroquinoline derivatives, Appl.
Organomet. Chem. 33 (2019) e5005. https://doi.org/10.1002/a0c.5005

[16] S. Sukumar, A. Rudrasenan, D. Padmanabhan Nambiar, Green-synthesized rice-shaped copper oxide

nanoparticles using Caesalpinia bonducella seed extract and their applications, ACS Omega 5 (2020) 1040—
1051. https://doi.org/10.1021/acsomega.9b02857

[17] A. Punnoose, K. Dodge, J.W. Rasmussen, J. Chess, D. Wingett, & C. Anders, Cytotoxicity of ZnO
nanoparticles can be tailored by modifying their surface structure: A green chemistry approach for safer
nanomaterials, ACS Sustain. Chem. Eng. 2 (2014) 1666-1673. https://doi.org/10.1021/sc¢500140x

[18] V. Srivastava, Y. Sharma, M. Sillanp4d, Green synthesis of magnesium oxide nanoflower and its

application for the removal of divalent metallic species from synthetic wastewater, Ceram. Int. 41 (2015) 6702—
6709. https://doi.org/10.1016/j.ceramint.2015.01.112

[19] J. Ali, N. Ali, L. Wang, H. Waseem, G. Pan, Revisiting the mechanistic pathways for bacterial mediated
synthesis of noble metal nanoparticles, J.  Microbiol. Methods 159  (2019) 18-25.
https://doi.org/10.1016/j.mimet.2019.02.010

[20] K.B. Narayanan, N. Sakthivel, Facile green synthesis of gold nanostructures by NADPH-dependent enzyme
from the extract of Sclerotium rolfsii, Colloids and Surfaces A: Physicochem. Eng. Asp. 380 (2011) 156-161.
https://doi.org/10.1016/j.colsurfa.2011.02.042

[21] Z. Issaabadi, M. Nasrollahzadeh, S.M. Sajadi, Efficient catalytic hydration of cyanamides in aqueous

medium and in the presence of Naringin sulfuric acid or green synthesized silver nanoparticles by using
Gongronema  latifolium  leaf  extract, J.  Colloid Interface  Sci. 503  (2017) 57-67.
https://doi.org/10.1016/j.jcis.2017.04.095

[22] Nasrollahzadeh, M., Z. Issaabadi, and S.M. Sajadi, Green synthesis of the Ag/Al,O3 nanoparticles using

Bryonia alba leaf extract and their catalytic application for the degradation of organic pollutants, J. Mater. Sci.
Mater. Electron. 30 (2019) 3847-3859. https://doi.org/10.1007/s10854-019-00668-8
[23] M. Nasrollahzadeh, Z. Issaabadi, S.M. Sajadi, Biosynthesis and characterization of Ag/MgO nanocomposite

and its catalytic performance in the rapid treatment of environmental contaminants, Ceram. Int. 46 (2020) 2093—
2101. http://dx.doi.org/10.1016/j.ceramint.2019.09.191
[24] N. Jayaprakash, J.J. Vijaya, K. Kaviyarasu, K. Kombaiah, L.J. Kennedy, Green synthesis of Ag

nanoparticles using Tamarind fruit extract for the antibacterial studies, J. Photochem. Photobiol. B Biol. 169
(2017) 178-185. https://doi.org/10.1016/j.jphotobiol.2017.03.013
[25] P. Kouvaris, A. Delimitis, V. Zaspalis, D. Papadopoulos, S.A. Tsipas, N. Michailidis, Green synthesis and

characterization of silver nanoparticles produced using Arbutus unedo leaf extract, Mater. Lett. 76 (2012) 18-20.
https://doi.org/10.1016/j.matlet.2012.02.025

[26] M. Sathishkumar, K. Sneha, S.W. Won, C.-W. Cho, S. Kim, Y.-S. Yun., Cinnamon zeylanicum bark extract
and powder mediated green synthesis of nano-crystalline silver particles and its bactericidal activity, Colloids
Surf. B Biointerfaces 73 (2009) 332-338. https://doi.org/10.1016/j.colsurfb.2009.06.005

[27] K.J. Rao, S. Paria, Aegle marmelos leaf extract and plant surfactants mediated green synthesis of Au and Ag

nanoparticles by optimizing process parameters using Taguchi method, ACS Sustain. Chem. Eng. 3 (2015) 483—
491. https://doi.org/10.1021/acssuschemeng.5b00022.
[28] N. Grech, F. Rijkenberg, Laboratory and field evaluation of the performance of Passiflora caerulea as a

rootstock tolerant to certain fungal root pathogens, J. Hortic. Sci. 66 (1991) 725-729.
https://doi.org/10.1080/00221589.1991.11516204.

[29] M.A. Garcia, and P. Hoc, Floral biology and reproductive system of Passiflora caerulea (Passifloraceae),
Beitr. Biol. Pflanzen 70 (1997) 1-20.

Colloid Nanosci. ]. 2(4) (2025) 462-477.


https://doi.org/10.1002/aoc.5005
https://doi.org/10.1021/acsomega.9b02857
https://doi.org/10.1021/sc500140x
https://doi.org/10.1016/j.ceramint.2015.01.112
https://doi.org/10.1016/j.mimet.2019.02.010
https://doi.org/10.1016/j.colsurfa.2011.02.042
https://doi.org/10.1016/j.jcis.2017.04.095
https://doi.org/10.1007/s10854-019-00668-8
https://dx.doi.org/10.1016/j.ceramint.2019.09.191
https://doi.org/10.1016/j.jphotobiol.2017.03.013
https://doi.org/10.1016/j.matlet.2012.02.025
https://doi.org/10.1016/j.colsurfb.2009.06.005
https://doi.org/10.1021/acssuschemeng.5b00022
https://doi.org/10.1080/00221589.1991.11516204

Colloid & Nanoscience Journal Original Article

[30] B.D. Altinsoy, G.S. Karatoprak, and I. Ocsoy, Extracellular directed ag NPs formation and investigation of
their  antimicrobial and  cytotoxic  properties,  Saudi  Pharm. J. 27 = (2019) 9-16.
https://doi.org/10.1016/j.jsps.2018.07.013

[31] A. Nanda, M. Saravanan, Biosynthesis of silver nanoparticles from Staphylococcus aureus and its
antimicrobial  activity = against MRSA and MRSE, Nanomedicine 5 (2009) 452-456.
https://doi.org/10.1016/j.nan0.2009.01.012

[32] K. Dhanalekshmi, and K. Meena, DNA intercalation studies and antimicrobial activity of Ag@ZrO, core—
shell nanoparticles in vitro, Mater. Sci. Eng. C 59 (2016) 1063-1068. https://doi.org/10.1016/j.msec.2015.11.027
[33] M. Oz, D.E. Lorke, G.A. Petroianu, Cellular and molecular actions of Methylene Blue in the nervous
system, Med. Res. Rev. 31 (2011) 93-117. https://doi.org/10.1002/med.20177

[34] Oz, M., D.E. Lorke, and G.A. Petroianu, Methylene blue and Alzheimer's disease, Biochem. Pharmacol. 78
(2009) 927-932. https://doi.org/10.1016/j.bcp.2009.04.034

[35] F. Faezeh and H. Sara, Facile synthesis and characterization of nanoporous NiO with folic acid as
photodegredation catalyst for Congo red, Mater. Sci. Appl. 03:10 (2012) 697-703. https://doi.org/
10.4236/msa.2012.310102

[36] J. Saha, A. Begum, A. Mukherjee, S. Kumar, A novel green synthesis of silver nanoparticles and their
catalytic action in reduction of Methylene Blue dye, Sustain. Environ. Res. 27 (2017) 245-250.
https://doi.org/10.1016/j.serj.2017.04.003

[37] S. Joseph and B. Mathew, Microwave-assisted green synthesis of silver nanoparticles and the study on
catalytic ~ activity in the degradation of dyes, J. Mol. Lig. 204 (2015) 184-191.
https://doi.org/10.1016/j.molliq.2015.01.027

[38] S. Hamedi, S.A. Shojaosadati, and A. Mohammadi, Evaluation of the catalytic, antibacterial and

anti-biofilm activities of the Convolvulus arvensis extract functionalized silver nanoparticles, J. Photochem.
Photobiol. B Biol. 167 (2017) 36-44. https://doi.org/10.1016/].jphotobiol.2016.12.025

[39] L. Xu, X.-C. Wu, and J.-J. Zhu, Green preparation and catalytic application of Pd nanoparticles,
Nanotechnology 19 (2008) 305603. 10.1088/0957-4484/19/30/305603

[40] A. I. Youssef, A new and simple green synthesis of non-toxic, eco-friendly silver nanoparticles by Gum
Rosin and antibacterial activity study, Colloid Nanosci. J. 1 (2023) 147-153. 10.61186/CNJ.1.2.147

Colloid Nanosci. ]. 2(4) (2025) 462-477.


https://doi.org/10.1016/j.jsps.2018.07.013
https://doi.org/10.1016/j.nano.2009.01.012
https://doi.org/10.1016/j.msec.2015.11.027
https://doi.org/10.1002/med.20177
https://doi.org/10.1016/j.bcp.2009.04.034
http://dx.doi.org/10.4236/msa.2012.310102
https://doi.org/10.1016/j.serj.2017.04.003
https://doi.org/10.1016/j.molliq.2015.01.027
https://doi.org/10.1016/j.jphotobiol.2016.12.025
http://dx.doi.org/10.1088/0957-4484/19/30/305603
https://doi.org/10.61186/CNJ.1.2.147

