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Abstract: This review explores the green synthesis of metal nanoparticles
derived from Matricaria chamomilla, commonly known as chamomile, and
investigates their potential applications. Utilizing an eco-friendly approach,
chamomile extracts serve as both reducing and stabilizing agents in the synthesis
process, resulting in the formation of nanoparticles (NPs) with unique properties
with remarkable physicochemical and biological properties. Characterization
techniques, including UV-Vis spectroscopy, transmission electron microscopy
(TEM), Scanning Electron Microscopy (SEM) and X-ray diffraction (XRD), and
Fourier Transform Infrared Spectroscopy (FTIR) confirm the successful
synthesis and reveal information about morphology of the nanoparticles (size
and shape), zeta potential, and formed bonds. The synthesized metal
nanoparticles exhibit significant antibacterial, antifungal, cytotoxic, antioxidant,
and catalytic activities, highlighting their potential as effective agents in
biomedical and environmental applications.
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Introduction
The field of green nano-technology is in continuous development,
driven by the multifunctional properties of synthesized nanoparticles (NPs)

across various industries.'™

Green synthesis presents a sustainable
alternative to traditional chemical and physical methods, reducing the
reliance on toxic chemical compounds, minimizing environmental pollution
and associated harm.%” Additionally, green synthesis has been found to be
cost-effective due to the use of biological resources such as plant or
microbial extracts, eliminating the need for costly and “time-consuming”

8 Furthermore,

purification steps associated with chemical synthesis.
biological extracts serve as natural reducing and capping agents, enhancing
NPs stability and biocompatibility, making them suitable for applications in
biomedicine, agriculture, catalysis, environmental remediation and
electronics.’

Matricaria chamomilla, commonly known as chamomile, is an
annual plant belonging to the Asteraceae tamily and originally from Europa
and Asia and is known for its diverse biological effects.!® According to
recent findings, chamomile displays a wide range of biological activities
including antimicrobial, antioxidant, antiparasitic, insecticidal, antidiabetic,
anti-allergic, anti-anxiety, anti-depressant, gastroprotective, anticancer, and

anti-inflammatory effects.!!

Moreover, more than 120 phytoconstituents have been identified in
chamomile, including terpenoids, phenolic compounds (e.g., flavonoids,
phenolic acids), coumarins, alkaloids and several other phytochemicals that
contribute to its biological value. It is known that flavonoids and phenolics,
among other antioxidants, are primarily responsible for the reduction of
metal ions and the stabilization of NPs during green synthesis.'""!? Due to

the high concentration of these flavonoids and phenolic compounds in
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chamomile extract, reaching up to 36.75 g quercetin equivalent /100 g, and
50.75 g gallic acid equivalent/100 g, respectively, chamomile has a
promising candidate for use as a natural and capping agent in NPs
synthesis.!* Additionally, chamomile is widely available, easily obtainable,
and safe to handle.'* This review aims to evaluate the current state of NPs
synthesis using different chamomile extracts, focusing on the synthesis
methods employed, the main characteristics of the synthesized NPs (size,

shape, and zeta potential) and their resulting properties and applications.

Chamomile-derived NPs biosynthesis method

The green synthesis of NPs using M. chamomilla generally involves
four typical steps: preparation of the plant extract, preparation of the metal
ion solution, mixing extract with metal ion solution and purification of the
NPs. For instance (Figure 1, Table 1), AgNPs are the most commonly
synthesized NPs, followed by other metal and metal oxide NPs, such as
SiO> NPs, Magnetic NPs, Pd/FesO4 NPs, MgO NPs and MgO, NPs, CuO
NPs, ZnO NPs, and TiO, NPs.%!520
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Figure 1. Summary of the synthesis, characterization and applications of metals
derived from Matricaria chamomilla extracts.
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According to the collected data (Table 1) flowers were the most
frequently used plant part, followed by leaves, and aerial parts, which were
utilized either in fresh or in powder form.'2!41318:192124 Chamomile
extracts were commonly prepared by boiling in various solvents (such as,
distilled water, deionized water, ethanol, acetone or hydroalcoholic
solution) or by sonication, !?!520-22.25

Subsequently, the metal ion solution was prepared, frequently using
silver nitrate (AgNQOs) at a specific concentration (e.g., 1 mM to
20 mM).2?® Other metal salt solutions used included sodium metasilicate
(Na2Si03), iron (III) chloride (FeCls), sodium tetrachloropalladate
(NaPdCls), manganese acetate ((CH3:COOH);Mn) and titanium
tetraisopropoxide (Ti(C3H70)4).>!>162%27 [n addition, some authors have
used Matricaria sp. flower extract and ZnO to synthesize ZnONPs."”

The two solutions were then combined under controlled conditions,
either at ambient temperature or under mild heating, with stirring or without
agitation.'??® Exposure to sunlight or storage in dark may further influence
the NPs synthesis.!”?* The formation of NPs was indicated by a visible
color change of the mixture, transitioning from colorless/yellowish shade
into wine-red, yellow-brown, dark-brown or black color.!?%!:22:25:28

According to Alshehri and Malik, among the photosensitive
phytoconstituents, the flavonoids (apigenin and apigenin-7-O-glucoside),
and coumarins (luteolin and quercetin), act as reducing agents due to their
hydroxyl (- OH) groups which facilitate the reduction of Ag" to Ag®.?* Also,
they mentioned that proteins from M. chamomilla play a role in capping and
stabilization of NPs. The common method used for purification was
centrifugation, followed by redispersion in a solvent. If necessary, multiple

separation steps were performed to eliminate impurities.>%
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Characterization of chamomile-derived NPs

For monitoring the formation and studying the characteristics of the
chamomile-mediated NPs, various analytical techniques were used.
UV-Visible spectroscopy (UV-Vis) reveals information about surface
plasmon resonance peak, size and shape of NPs.

Scanning Electron Microscopy (SEM) and Transmission Electron
Microscopy (TEM), X-ray Diffraction (XRD) are utilized to examine
morphology, surface and internal structure and crystallinity. Fourier
Transform Infrared Spectroscopy (FTIR) identifies functional groups and
molecules associated with NPs. Dynamic Light Scattering (DLS) assesses
particle size distribution in suspension and Zeta Potential Analysis evaluates
surface charge and stability of NPs in colloidal systems.?*-*

Size and shape

AgNPs synthesized using chamomile extracts exhibit the most
diverse size distribution, although all metal NPs predominantly display
spherical morphology. For instance, Abdellatif et al. reported AgNPs with
sizes up to approximately 115 & 3.1 nm, while Alshehri and Malik achieved
particles as small as 5 nm.'»?> Other chamomile-based NPs include
SiO>NPs ranging between 17 - 28 nm (TEM), Magnetite NPs of 6-8 nm
(PXRD), ZnONPs between 8.9 - 32.6 nm (TEM), Pd/Fe3sO4NPs of 20-50 nm
(TEM), MgONPs and MgO,NPs measuring 36.6-112.0 nm for (SEM) and
CuONPs reaching sizes up to 140 nm (SEM).%!51

It has been investigated how synthesis parameters, such as metal
solution concentration, extract dosage and sunlight exposure influence

AgNPs characteristics.>> The findings indicated that higher metal ion
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solution concentrations (2 mM) led to larger particles with a broader size
distribution, while broader size distributions, 0.5 mM, promoted smaller and
more uniform AgNPs.?* Furthermore, a higher concentration of chamomile
extract enhanced the availability of bioactive molecules responsible for
reduction and stabilization, affecting both the size and shape. Similarly,
Dogru et al. observed that higher volume of plant extract led to smaller
AgNPs.?* The pH also influences the size of biosynthesized NPs. Thus,
Pakseresh et al. demonstrated that the size of TiO;NPs increased in
diameter, from 9 nm to 25 nm, when the medium became more alkaline.?’
Moreover, sunlight irradiation was found to accelerate the reduction process
by activating photosensitive phytoconstituents, facilitating the formation of
smaller particles. In contrast, reactions kept in the dark led to slower
reduction rates, producing larger and less uniform particles.?? In addition to
chemical factors, physical parameters such as temperature and reaction time
significantly influence the nucleation and crystal growth dynamics. For
example, magnetite NPs synthesized with chamomile extract at 200 °C for
20 min yielded larger particles (S1) than at 260 °C for 5 min, which
produced smaller NPs (S2).” Studies have shown that smaller NPs exhibit
enhanced biological effectiveness, such as antimicrobial and anticancer
activity.>?43!

Zeta potential

Zeta (C) potential is a measure of colloidal stability, by measuring

the electrostatic repulsion between particles.’

NPs synthesized using
M. chamomilla extracts exhibited negative ( values ranging from -18.5 mV
to - 34 mV, suggesting good colloidal stability. The electrostatic repulsion

that prevents aggregation and maintains dispersion stability.!?> Chamomile-
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mediated NPs registered the following C potential: - 18.5 mV for ZnO NPs,
- 20 mV for CuO NPs, - 31 mV for SiO> NPs and up to - 34 mV for Ag
NPs. 15:18:25.33

Studies have noted that the phytochemical composition of plant
extracts, metal salt solution concentration, and other parameters, such as pH
and temperature can alter the surface charge and, thus, { potential. For
instance, alkaline conditions and higher temperatures tend to decrease
€ values, whereas lower pH and lower temperatures tend to increase the
€ wvalues, potentially leading to particle aggregation and colloidal
instability.3*

Properties and Applications of M. chamomilla-based NPs

Antimicrobial properties

Pathogenic microorganisms pose a global challenge across various
sectors, including health care and agriculture. Consequently, researchers are
continuously exploring and optimizing potential treatments to mitigate the
harmful effects of these microbes. Numerous studies have investigated the
antimicrobial potential of chamomile-mediated NPs against both human
pathogenic strains, such as Staphylococcus aureus, Escherichia coli,
Streptococcus mutans, Acinetobacter sp., Candida albicans and
phytopathogenic  strains, including Acidovorax oryzae, Ralstonia

solanacearum, and Xanthomonas oryzae.

Medical applications
Negahdary et al. observed that chamomile-mediated Ag NPs
reduced the optical density of S. aureus in broth culture, and a similar

inhibitory effect was observed on biofilm formation by C. albicans,
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indicating antimicrobial activity.?® Likewise, it has been reported a
minimum inhibitory concentration (MIC) of 50 pug/ml chamomile-based Ag
NPs against Acinobacter sp. Charmol, a common pathogen responsible for
nosocomial infections.!** Furthermore, Dogru et al. demonstrated that
smaller Ag NPs showed greater antimicrobial efficacy. Specifically, Ag NPs
with diameters of 37 £ 4 nm, administered at a concentration of 50 ppm,
reduced the cell density of S. aureus by ~90 %, E. coli by ~ 83 % and
C. albicans by ~85 %. In contrast, larger particles (70 £ 5 nm and
52 + 5 nm) achieved only ~ 72 % reduction.* Additionally, Ag NPs
recorded an MIC of 56 £4.1 pg/mL and an inhibition zone (IZ) of 10.0 +
1.0 mm against S. mutans, though less effective than ampicillin.?!
Chamomile-based ZnONPs also displayed antibacterial activity against
S. aureus and E. coli, with 1Z values of 14 mm and 10 mm, respectively,
following administration of 100 pg/mL.>* Furthermore, MnO. NPs
synthesized from chamomile and other plants extract showed promising
antimicrobial activity against Gram-positive and Gram-negative bacteria, as
well as fungal species. According to the findings, chamomile-based MnO..
NPs exhibited moderate antimicrobial activity compared to the other

synthesized NPs, inhibiting biofilm across all tested strains.?’

Agriculture safety

To evaluate the antibacterial potential of chamomile-mediated MgO
NPs and MnO» NPs against Acidovorax oryzae strain RS-2, Ogunyemi et al.
conducted MIC assay using 96-well microtiter plates with NPs
concentrations of 4.0, 8.0 and 16 mg/mL.!” The highest concentration
significantly reduced bacterial density by 62.90 % for MgO NPs and
71.25 % for MnO> NPs. TEM revealed that NPs disrupted the bacterial cell
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membrane causing cytoplasmic efflux. Furthermore, the NPs suppressed the
virulence by inhibiting biofilm formation and reducing swimming motility.
In a separate study, Ogunyemi tested ZnO NPs synthesized using
chamomile, olive leaves and red tomato fruit extracts against Xanthomonas
oryzae pv. oryzae.’’” Maximum inhibition was observed at 16 pg/ml for all
three samples, with antibacterial efficacy dependent on both particle size
and administered concentration. Among these, the olive leaves-based ZnO
NPs, which had the smallest particle size (48.2 nm), exhibited the highest
antibacterial activity. Chamomile-mediated ZnO NPs also demonstrated
significant antibacterial effects, including a 79.4 % suppression of biofilm
formation and 62.4 % reduction of inhibition zone at 16 pg/ml. Similar
alterations in bacteria cells were observed under TEM, as seen in the
previous study. Another phytopathogenic bacterium, Ralstonia
solanacearum, was found to be sensitive to ZnO NPs synthesized using
chamomile extract.’” According to Khan et al., ZnO NPs at the highest
tested concentration (18 pg/ml) produced an IZ measuring 22.3 mm. Also,
SEM study confirmed the damage to bacterial cells, including cell
membrane deterioration, leakage of cytoplasm and cell deformation.
Moreover, the presence of ZnO NPs in the soil not only mitigated disease
severity but also enhanced plant growth.!” Additionally, it has been found
that chamomile-derived SiO> NPs, when combined with chamomile extract,
exhibited stronger inhibitory effects against Aspergillus niger (34 %) than
chamomile extract alone (16 %). Interestingly, the chamomile extract alone
exhibited a greater antifungal efficacy than the synthesized NPs against
A. niger when tested independently.'®> The authors suggest that the richness
of phytochemicals in the extract may contribute to the alteration of fungal

cell wall, interference with metabolic pathways, induction of stress response
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and ultimately, fungal cell death.!® In addition, Shabir described that the
NPs, such as ZnO NPs can penetrate the cell membrane by adhering to the
plasmalemma, deteriorate microbial DNA due to ROS synthesis from Zn**
ions, disrupt ATP production and DNA replication and reduce the virulence
by interfering with carbon catabolic pathways.> Similarly, CuNPs
synthesized from chamomile extract can interact with DNA molecules,

acting as nucleases.'®

Cytotoxic properties

Chamomile-based NPs have demonstrated significant cytotoxic
effects against various cancer cell lines, including lung carcinoma cell lines
(HLC-1, LC-2/ad, PC-14, A549), cervical cancer (HeLa), colon cancer
(HCT116), colorectal cancer cells (SW620 and HT-29 cell lines), while
exhibiting minimal toxicity toward healthy human cell lines such as
embryonic (HEK293), skin (HaCaT) and fibroblast (HDF).!2?>%3

Ag NPs obtained using chamomile extract displayed great cytotoxic
activity against A549 cells (lung cancer cells), with ICso values of
62.82 ng/mL and 42.44 pg/mL for 24 and 48 h, respectively. Treated cancer
cells showed morphological alterations such as nuclear reduction, cellular
fragmentation, chromatin condensation, nuclear shrinkage, formation of

nuclear apoptotic structures and S phase cell cycle arrest.”

Similarly, Yu et
al. (2024) reported anticancer activity of chamomile-mediated AgNPs
against three lung tumor cell lines, recording ICso values of 45ug/mL
against HLC-1, 15 pg/mL for LC-2/ad and 14 pug/mL for PC-14 cells.?? In
another study, chamomile-based AgNPs reduced the viability of colorectal
cancer cells (SW620 and HT-29) at 20 uM concentration.'” Paut et al.

obtained two types of magnetic NPs (S1 and S2) under different
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temperature and reaction time conditions, and due to their structural
differences, S1 exhibited relatively uniform cytotoxicity against both
healthy and cancer cells, while S2 displayed selective cytotoxicity with ICso
values ranging from 0.45 to 0.75 mg/mL for healthy cells and approximately
0.19 mg/mL for cancer cell lines.’ This study further reported that these NPs
display targeted anticancer activity with a minimal toxicity to healthy cells.’

It has also been observed that AgNPs can upregulate the expression
of pro-apoptotic genes, including Bax, Caspase-3 and Caspase-7, while
downregulating anti-apoptotic genes such as Bcl-2 and Bcl-XI which are
involved in apoptotic process.'>%

Antioxidant properties

Among the chamomile-synthesized NPs discussed, Ag NPs, Cu NPs
and ZnO NPs have been evaluated for their antioxidant activity. Ag NPs
achieved nearly 100 % inhibition at the concentration of 1000 pg/mL with
an ICso of 37 ng/mL.?? In contrast, another study reported that Ag NPs
mixed with an equal volume of DPPH (1,1Diphenyl 2-picryl hydrazine)
solution showed only 11.23 + 0.82 % inhibition.'> Notably, Abdellatif et al.
observed that chamomile extract exhibited greater antioxidant activity than
the synthesized AgNPs in the DPPH assay, whereas in the FRAP method,
AgNPs demonstrated slightly higher reducing activity than the plant extract.
Additionally, chamomile-based AgNPs were more effective in reducing
molybdate ions compared to chamomile extract, with total antioxidant
activity (TAA) values of 36.65 + 0.88 and 31.33 + 0.83, respectively.'? It
has been demonstrated that the antioxidant efficiency of NPs depends on
their concentration.’® For instance, the lowest concentration of ZnONPs

synthesized using M. chamomilla extract (0.1 mg/mL) scavenged 52.7 % of
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ABTS ((2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)) free radicals
and 54.1 % of DPPH free radicals, while the highest concentration (1.5

mg/mL) showed 78.8 % and 72.7 % scavenging activity against ABTS and
DPPH radicals, respectively. Moreover, the chamomile extract alone
showed significantly lower antioxidant activity compared to its NPs activity.
In addition to chamomile-mediated NPs, Shabir et al. also tested ZnO NPs
synthesized with Urtica dioica and Murraya koenigii extracts, observing
that the extracts richer in phenolics and flavonoid exhibited higher
antioxidant activity, a trend also reflected in their respective NPs.*?
Similarly, chamomile-based CuO NPs recorded a reducing capacity of

87.27 % at a concentration of 60 ppm. "8

Catalytic properties

Environmental remediation

Rhodamine B (RB) is a synthetic dye widely used in textile, plastic,
and cosmetic industries and it is well known for its toxicity to humans.?®
The photocatalytic activity of chamomile-based Ag NPs was investigated
against RB. Their results revealed that 93.37 9% of the dye was degraded
within 130 minutes, highlighting the potential of biosynthesized NPs as

catalytic agents in environmental remediation.?’

The photocatalytic
reduction reaction was intended for the degradation of staining fluorescent
dye RB using photo-induced biomolecule-assisted AgNPs as photocatalysts
under UV light. The phenomenon of photocatalysis is after the competitive
mutual recombination and the separation of electron—hole pairs. However,
an increase in the electron—hole pair separation in a photocatalytic reduction

reaction leads to an increase in photocatalytic activity throughout the

lifetime of charge carriers.
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The degradation efficiency of RB was influenced by both
temperature and pH. At 30 °C in an acidic medium the degradation reached
93.36 %, while at 60 °C and alkaline conditions the efficiency increased to
98.55 %. Interestingly, Pd/Fe3;O4 NPs obtained from chamomile extract have
demonstrated applicability in Suzuki-Miyaura coupling reactions, which are
essential for the formation of biaryl compounds used in pharmaceutical and
agrochemical industries. The catalyst exhibited high reusability, maintaining
its activity over eight consecutive cycles with minimal leaching of
palladium (1.2 %), making it economically and environmentally valuable.'®

Pakseresht et al., synthesized chamomile-based TiO,NPs which
exhibited remarkable electrochemical performance. The TiO» cathodes
achieved a full discharge capacity of 2000 mAh g and a specific capacity
of 500 mAh g over 30 stable cycles. Notably, no formation of Li»COs or
side reaction was observed.?’ These results suggest that chamomile-based

TiO,NPs represent a promising alternative for lithium battery cathode.

Other properties

Chamomile-based ZnONPs ameliorated the toxic effects of ROT
(rotenone) in Drosophila melanogaster by enhancing acetylcholinesterase
(AChE) activity, resulting in only 43.75 % inhibition compared to 77.92 %
inhibition in the control group. Furthermore, the group treated with ZnO
NPs in combination with ROT exhibited higher protein content in third
instar larvae of D. melanogaster (9.06 = 0.235 mg/g) than the group treated
with ROT alone (6.41 + 0.258 mg/g). In addition, chamomile-synthesized
ZnONPs improved cellular viability, memory, and locomotor activity in the

ZnONPS plus ROT-treated group compared to the ROT-only group.>
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Conclusions

Chamomile extract represents a valuable resource for the green
synthesis of NPs with remarkable properties, such as antimicrobial,
antioxidant, cytotoxic, and catalytic activities, which can be widely used in
healthcare, agriculture and environmental remediation.

Current limitations, such as variability in nanoparticle
characteristics, the lack of standardized protocols, and limited toxicological
data, necessitate that future research directions focus on optimizing
synthesis, increasing reproducibility, and conducting thorough safety

assessments for clinical and industrial applications.
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1 Table 1. Summary of the synthesis, characterization and applications of metals derived from Matricaria chamomilla extracts.
Part used Solvent Substrate NPs Ch?::ﬁ:lei;lz::mn Shape, zlze and Phytoconstituents Applications | Ref.
igﬂfggzl ~OH bond, -C-CH;- bond, -
Ethanol . . UV-Vis, FTIR, ) ’ C-CHz- bond, C-O Antifungal 5
Flowers (70 %) Na;SiOs Si0:NPs XRD, TEM ! ZT%%‘_H stretching, Si-O and Si-O- activity
(=31 II’;V Si bending vibrations
Fe-O stretching vibrations,
FTIR, PXRD, Irregular and O-H, C-H, C=C, C-0, .
Ultrapure FeCls . : C-O-C stretching, O-H Cytotoxic 9
Flowers Magnetite NPs SEM, particles; . o .
water (1 M) maenetomet 6-8 nm (PXRD) bending vibrations activity
& Yy (polyphenols, flavonoids
and terpenoids)
Spherical
Distilled AgNO; UV-Vis, XRD, FE- particles; Anticancer »
Leaves water (0.001 M) Ag NPs SEM, TEM 10-70 nm (FE- - activity
SEM, TEM)
Flowers Deionized AgNO; Ao NPs UV-Vis, Zeta Sizer Sg ?;’3221 i Antibacterial 21
water (1 mM) & Nano-series PN 41 nm’ activity
O-H stretching of phenols,
Oval-shaped C-H stretching of
.. . particles; glucosides, C=0 bond, C- ..
Aerial Distilled AgNO;s Zeta Sizer, SEM, 115+3.1 nm O-C stretching of aromatic Antioxidant .
water/ethanol Ag NPs UV-Vis, FTIR, . . and anticancer
parts (70:30) (2 mM) DLS. PDIs (SEM); ethers and polysaccharides, activit
' P (=-273+3.92 C-O groups of polyols Y
mV (flavones, terpenoids and

polysaccharides)
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Spherical and
UV-Vis, XRD, ht:;?i% (l):sl O-H group vibrations, C-H Antioxidant
Flowers | Detoniged | ZP(NOs) 6H:z FTIR, Zeta 0 23_90 37nm | alkaline vibrations, N=O o
and leaves water 0 ZnO NPs potentiometer, ’ (DLS)' vibration, C=C stretching antibacterial 3
(0.3 mM) DLS, FE-SEM, ’ vibration, C-O stretching ..
29-50 nm (FE- o activity
EDX SEM) vibratiion
{=-18.5mV
Irregular . _
Leaves | Distilled | (CHsCOOH) |\ o | FTIR, FE-SEM, particles; (Zt'rljtzgiefhg‘_gﬂdi_‘g Antimicrobial |
water Mn6H,0 2 EDX 18.7-79.3 nm e tchi’l ond activity
(FE-SEM) £
O-H stretching vibration,
CHj stretching vibrations,
Distilled TEM, FTIR, UV- 8.9-32.6 nm Cl/40 stretching vibration | Antibacterial 19
Flowers water Zn0 (1 M) Zn0 NPs Vis, SEM, (TEM) from amide group, C-O-H activity
bending vibration, C-N
stretching vibration
FeSO4-7TH,O Fe-O bond, O-H, C-H,
Deionized and FTIR, TEM, EDX, Globular C=C, C-0, C-0-C Catalytic y
Flowers Pd/Fe304 NPs particles; stretching, O-H bending .
water FeCl;:6H,0 FE-SEM, o activity
Na,PdCl 20-50 nm (TEM) vibrations, polyphenols,
flavonoids, terpenoids
. ) Spherical
merl:ii"(fne ; D\ts;‘tgfd H‘;ﬁ%“ Au NPs UV-Vis, TEM, particles; ; ; 3
: 20 nm (TEM)
Distilled AgNO; TEM, SEM, EDX Spherical O-H group of phenols, Catalytic
Leaves water 2 mM) Ag NPs XRD. FTIR particles; terpenoids and flavonoids, activit 2
’ 5-40 nm (TEM) C-O-C stretch Y
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Spherical and
Distilled AgNO; UV-Vis, XRD, irregular Antibacterial 14
Flowers water (1 mM) Ag NPs SEM particles; i activity
18 +3 nm (SEM)
Cauliflower
. UV-Vis, FE-SEM, morphology; 20
Flowers Acetone TTIP TiO, NPs XRD 10-20 nm (FE- - -
SEM)
. Spherical .
.. MgO and UV-Vis, FTIR, S O-H bond, C=C stretching, . .
Flowers | Douied MgO DEONTS | TEMSEM.EDS, | | PO | NHbond, C-Hbond, C-0 | ATUPRCErAl )
(1 M) 2 XRD el bond, C=0 bond Y
(SEM)
Cubic particles; O-H stretching vibrations,
Distilled 7n0 UV-Vis, TEM, >12£3.2nm | CH; stretching vibrations, | oo |
Flowers water (1 M) ZnO NPs SEM. FTIR. XRD (TEM); C=0 stretching vibration, activit
’ ’ 49.8-191.0 nm C-0O-C stretching vibration, Y
(SEM) C-N stretching vibration
. . Spherical
Flowers D‘tsgtl:d gggﬁ; Ag NPs U;ﬁglséggl’ particles; - - B
’ ~20 nm (TEM)
Spherical O-H stretching (phenols
particles; and alcohols), C-H
e TEM, FE-SEM . g . .
Distilled AgNO; ’ ’ 25-36 nm aldehydic stretching, amide Anticancer 25
Leaves water (1 mM) Ag NPs DLS, 1]:31];5{ XRD, (FE-SEM); I vibrations, carbonyl group activity
) ~34 nm (TEM); of amino acids, C-O-C
(=-34mV stretching
i . Spherical . .
Distilled AgNO; SEM, UV-Vis, SO Antimicrobial 24
Flowers water (5 mM) Ag NPs DLS, particles; 30- 70 - activity

nm (SEM)
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Spherical

Distilled | CUNO23H:2 EDX, XED), DLS particles; O-H bad vibration, C=C | 7 SEC
Flowers water (0] CuO NPs FTIR. Zeta 140 £+ 10 nm and C=0 stretching of cleavage 18
(1 mM) po te’ntial (SEM); aromatics, C-O band, activity
(=-20mV
Whole Deionized AgNO; Ao NPs UV-Vis, electron | Undefined shape; i Antimicrobial 2
plant water (20 mM) & microscopic 60-65 nm activity
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