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CONTROLLED SYNTHESIS, SPECTRAL STUDIES, AND CATALYTIC ACTIVITY
OF SILVER AND GOLD NANOPARTICLES BIOSYNTHESIZED
USING Ficus sycomorus LEAF EXTRACT*
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Plant-mediated synthesis of nanoparticles (NPs) is an efficient and safe alternative to the conventional
synthetic route. In this study, silver and gold NPs (AgNPs and AuNPs, respectively) were synthesized via
a green route using Ficus sycomorus extract. Tuning the experimental parameters (namely, extract quantity,
metal ion concentration, and pH value) allowed control over the size, shape, and size distribution of the
NPs. UV-visible spectroscopy has been utilized to monitor the spectral profile changes of the surface plas-
mon resonance of the NPs under various conditions. The successful preparation of monodispersed spherical
AgNPs (4 nm) and AuNPs (11 nm) was confirmed by transmission electron microscopic analysis. Fourier
transform infrared spectroscopic data indicated that flavonoid glycosides played a major role in the reduc-
tion and stabilization of metal ions. The as-prepared AgNPs and AuNPs were then used as green catalysts
for efficient degradation of methylene blue in the presence of sodium borohydride.

Keywords: Ficus sycomorus, gold nanoparticles, silver nanoparticles, controlled synthesis, catalytic
activity.
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Hanouacmuywt cepebpa (AgNPs) u 30noma (AulNPs) cunme3upoeansl 9KOL0SUUECKU YUCTBIM MEMOOOM
¢ ucnoavzosanuem sxcmpaxkma Ficus sycomorus. Hacmpotika skchepumeHmanbHblx napamempos (Koauue-
CMBa U361e4eHHO20, KOHYEHMPAayUul UOHO8 MEemailos u sHaveHus pH) no3eonsem KOHMpoauposams pasmep,
Gopmy u pacnpedenenue nanovacmuy no pasmepam. C nomowpio Y D-6u0uMoli chekmpockonuuy 6bis6ieHbl
UBMEHEHUSI CNeKMPATIbHO20 NPOPUISL NOBEPXHOCIMHO20 NIASMOHHO20 PE30HAHCA HAHOYACTUY 6 PA3TUYHBIX
yenosusx. Tlonyuenue monooucnepcuvix chepuueckux AgNPs (4 um) u AuNPs (11 um) noomeepoicoeno me-
MoooM npoceeyusaoujeli 31eKmporHol mukpockonuu. Ilo daunvim UK-Dypve-cnexkmpockonuu, gpragoro-
UOHDBLE 2TUKO3UOBL USPAIOM 2TIABHYI0 POTb 8 B0CCMAHOBICHUU U CIAbUIU3ayuu uoHoe memannos. Ceedxcenpu-
eomosnenuvle AGNP u AuNP ucnonv306anvl 6 Kauecmae IKOJ0SUUHBIX KAmaau3amopos 0s 3¢ pexmuenoco
PA3NOACEHUS MEMULEHOBO20 CUHE20 8 NPUCYMCMEUU DOPUOPUOA HAMPUS.

Knrueeswvie cnosa: sxcmpaxm Ficus sycomorus, Hanowacmuyvl 30J10Ma, HAHOYACTHUYbL cepedpa, KoH-
MPOAUPYeMblll CUHMES, KAMATUMUYECKAs. AKMUBHOCHb.
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Introduction. AgNPs and AuNPs are the most commonly used metal NPs in many areas such as sens-
ing, catalysis, electronics, agriculture, optics, and biomedicine [1]. The physicochemical properties of the
NPs are fundamentally important for adapting their function in nanotechnology. Therefore, research work is
now focused on the preparation of NPs with well-defined morphologies, controlled dispersities, and suitable
sizes to assess their features for various applications [2]. Controlled fabrication of metal NPs can be
achieved by varying the operational parameters, such as reactant concentrations, pH value of the reaction
medium, and reaction time [3—6]. Preparation of metal NPs using plants [7-10] is one of the most considered
green methods because it is simple, fast, cheap, and suitable for economic production. Furthermore, plant-
produced NPs are more stable and more varied in shape and size compared with those formed by microor-
ganisms [11]. However, the mechanism of reduction of metal ions by plants and stabilization of such NPs
have not been completely elucidated. Previous reports have revealed that the biosynthesized metal NPs ex-
hibited much better catalytic activity compared with those synthesized chemically [12]. Moreover, the sur-
face functionalities of such biosynthesized NPs affect their catalytic action.

F. sycomorus (known as Sycamore fig) is a semi-deciduous spreading savannah tree belonging to the
family Moraceae. In African traditional medicine, F. sycomorus is used for the treatment of snake bites, dys-
entery, diarrhea, jaundice, cold, cough, throat infections, diabetes, inflammation, and mental illness [13, 14].
Previous studies reported that F. sycomorus showed antibacterial, antiepileptic, and anticonvulsant activities
[15]. The alcoholic extract of the leaves showed high antioxidant activity due to the presence of a considera-
ble amount of phenolic compounds [16]. This prompted us to investigate the ability of F. sycomorus leaf ex-
tract to reduce Ag*and Au’" ions to their respective NPs.

We introduce a cheap, simple, and green synthetic route for the production of well-defined uniform
AgNPs and AuNPs using the renewable F. sycomorus leaf extract at ambient temperature. The effect of var-
ying the reaction parameters on the NPs properties was studied in detail. Finally, the catalytic potential of the
as-prepared F. sycomorus-coated NPs was tested for the reduction of methylene blue (MB) (Scheme 1).
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Scheme 1. Biosynthesis of AgNPs and AuNPs for catalytic degradation of MB.
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Materials and methods. F. sycomorus leaves were collected from Tanta, El-Gharbia, Egypt. Silver ni-
trate (AgNO3), MB and sodium borohydride (NaBH4) were purchased from Sigma-Aldrich. Tetrachloroauric
acid trihydrate (HAuCls - 3H>O) was obtained from Electron Microscopy Sciences.

Preparation of F. sycomorus extract. Fresh F. sycomorus leaves (50 g) were washed thoroughly with
distilled water then grounded in a blender with a 70% methanol solution (250 mL). The plant material was
macerated in the solvent for seven days at room temperature and then filtered through filter paper (Whatman
No. 1). The filtrate was stored at —4°C until use.

Biosynthesis of AgNPs and AuNPs. The metal NPs were synthesized using the 70% methanolic
F. sycomorus leaf extract, which acted as a reducing and capping agent. The preparation method was carried
out by adding the plant extract to the metal ion solution (AgNO3; or HAuCls - 3H,0) with stirring at room
temperature, then kept in the dark. To remove the unreacted materials, the colloidal suspensions of the NPs
were washed repeatedly with 70% aqueous methanol and centrifuged at 8000 rpm for 20 min.

To evaluate the effect of the extract quantities on the NPs synthesis, different quantities (10-100 pL)
were used per 5 mL of the metal ion solution (1 mM for AgNO3, 0.5 mM for HAuCly - 3H,0). Experiments
were also carried out by varying the metal ion concentration from 0.1 to 1 mM while keeping the extract
quantity at 100 uL.. The pH value of the reaction varied from 1 to 11. Aqueous solutions of HNO3 (0.2 M) or
NaOH (0.2 M) were used to adjust the pH values of Ag" and Au*" solutions.

Catalytic activity of F. sycomorus stabilized NPs in reductive degradation of MB. AgNPs and AuNPs
biosynthesized under optimal conditions were tested for their catalytic activity by monitoring the reduction
of MB using NaBH4. A typical catalytic reaction was carried out by mixing 25 pL. MB stock solution
(1 mg/mL) with 2.77 mL deionized water and 50 pL. NaBH4 (0.1 M). Then, 50 pnL. AgNPs or AuNPs was
added to the above solution. The degradation process of MB was followed by recording the UV-Vis spectra
of the reaction mixture every 1.5 min.

Characterization of F. sycomorus stabilized AgNPs and AuNPs. A UV-Vis spectrophotometer (V-630,
Jasco, Japan) was used to monitor both the formation and catalytic activity of the prepared NPs. The shape
and sizes of AgNPs and AuNPs were studied by transmission electron microscopy (TEM; JEOL-JEM-1011).
Fourier transform-infrared measurements (FTIR) were recorded by a JASCO-6100 spectrometer.

Results and discussion. Effect of extract quantity on biosynthesis of AgNPs and AuNPs. The formation
of metal NPs can be observed through the color change of the reaction medium. The introduction of
F. sycomorus extract to AgNO3 and HAuCls solutions caused a color change from colorless to brown and
from pale yellow to pink, respectively. This color change indicated the formation of AgNPs and AuNPs
[17, 18], which was further confirmed by UV-Vis spectroscopy. AgNPs and AuNPs exhibit characteristic
surface plasmon resonance (SPR) bands in the UV-spectrum near 400 and 500 nm, respectively, due to the
oscillations of free conduction electrons [19, 20]. The intensity, position, and shape of SPR bands are con-
sidered as a guide for the size and shape variations of the metal NPs [21]. Hence, the UV-Vis spectrometer is
useful for tracking structural attributes caused by changes in the reaction environment.

Figures 1a and b display the UV-Vis spectra of AgNPs and AuNPs biosynthesized using different quan-
tities of F. sycomorus extract. For the metal ion solutions with 10 uL/5 mL, weak SPR peaks were observed
at 450 and 547 nm for AgNPs and AuNPs, respectively. This indicated the formation of small amounts of
metal NPs. The intensity of AgNPs and AuNPs absorption peaks increased as the extract quantity was in-
creased. This may be due to an increase in the active sites necessary for the reduction process, leading to an
increase in the NPs production [11]. It was also observed that increasing the extract quantity shifted the SPR
bands to shorter wavelengths. This means that smaller NPs were formed at high F. sycomorus quantities.
The sharpness of the absorption peak relied on the quantity of leaf extract, being sharper at high extract
quantities and implying a narrow particle size distribution. The aforementioned results are consistent with
the previous studies [6, 22]. The TEM images of AgNPs samples prepared with extract quantities of 25 and
100 pL are presented in Figs. 1c and d. The prepared AgNPs were semi-spherical in shape, and some aggre-
gations/agglomerations of the particles were observed in the two samples. Gaussian curve fitting of the his-
togram of AgNPs samples indicated that the particle size distribution of AgNPs narrowed with increasing
extract quantity. The mean particle size decreased from 14 to 10 nm as the extract quantity increased from
25 to 100 pL, which agrees with the UV-Vis results. The TEM images of AuNPs samples prepared with 25
and 100 pL extract are presented in Figs. le and f. Most of the AuNPs prepared with 25 pL extract (Fig. le)
were highly aggregated/agglomerated and spherical along with a few triangular plates. The size of the spher-
ical AuNPs ranged from 10 to 40 nm, whereas the sizes of the triangular AuNPs were in the range of 40 to
83 nm. As the extract content increased to 100 uL (Fig. 1f), spherical AuNPs with no anisotropic morpholo-
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Fig. 1. UV-Vis spectra of (a) AgNPs and (b) AuNPs biosynthesized using different quantities

of F. sycomorus extract. TEM images and their corresponding histograms (inset) of AgNPs prepared

by the reaction of AgNO; (I mM) with (¢) 25 pL and (d) 100 pL of F. sycomorus extract.

TEM images and their corresponding histograms (inset) of AuNPs prepared by the reaction
of HAuCl4 (0.5 mM) with (e) 25 pL and (f) 100 pL of F. sycomorus extract.

gy were formed. The particles became more separated from each other, with an average size of 18 nm. It is
postulated that at low extract concentrations the produced NPs might not be stabilized effectively. In this
case, free Au®" ions are present in the reaction media at a large excess. As a result, these Au>" ions might un-
dergo diffusion on the surface of AuNPs, which is formed by primary growth. Thus, uncontrolled secondary
growth might occur, resulting in increased particle size and probably the formation of some anisotropic
AuNPs [8]. Given the above results, 100 uL F. sycomorus extract was determined to be the optimum extract
quantity.

Effect of silver and gold ion concentrations. Figures 2a and b show the UV-vis spectra of AgNPs and
AuNPs biosynthesized at different metal ion concentrations. The peak intensity of AgNPs increased, and
a significant red-shift occurred as the AgNOj3; concentration increased (Fig. 2a). The gradual strengthening of
the peak intensity represented an increase in the AgNPs concentration. However, the red-shifted SPR posi-
tion might be due to the growth or aggregation/agglomeration of AgNPs caused by the reduced capping ef-
fect of F. sycomorus extract at higher metal ion concentrations [23]. The TEM image of AgNPs biosynthe-
sized at 0.5 mM AgNOs is displayed in Fig. 2¢. The particles have a semi-spherical shape with an average
size of 8 nm, and no aggregation/agglomeration can be observed in this image unlike in the sample prepared
with 1 mM AgNOs solution and 100 pL extract (Fig. 1d). Hence, 0.5 mM was considered the concentration
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Fig. 2. UV-Vis spectra of (a) AgNPs and (b) AuNPs biosynthesized by the reaction of 100 uL of
F. sycomorus extract with different metal ion concentrations. TEM images and their corresponding histo-
grams (inset) of (c) AgNPs prepared at [AgNO3] =0.5 mM and (d) AuNPs prepared at [HAuCl4] = 1 mM.

of AgNOs3 at which small AgNPs with no aggregation/agglomeration were produced. Aadil et al. [24] stated
that the AgNOs concentration should be 0.5-1.0 mM to obtain small AgNPs. On the other hand, as the con-
centration of Au** ions increased from 0.1 to 0.5 mM, the SPR peak intensity of AuNPs showed an increas-
ing trend with no remarkable shift in the wavelength (Fig. 2b). This indicated that increasing the concentra-
tion of Au** ions from 0.1 to 0.5 mM enhanced the reduction of Au*" ions but did not considerably influence
the particle size of AuNPs. A further increase in the Au>" ion concentration from 0.5 to 1 mM reduced the
band intensity and shifted the transverse SPR band to the lower energy side (from 534 to 545 nm). This ob-
servation indicated that AuNPs with larger sizes are formed at high metal ion concentrations. The UV-Vis
spectra of AuNPs synthesized using both 0.75 and 1 mM Au*" ions clearly showed a broad additional near-
IR absorption band caused by excitation of the longitudinal (in-plane vibration) component of the SPR,
which may indicate the formation of anisotropic AuNPs [25]. The TEM image of AuNPs prepared at 1 mM
HAuCly4 solution (Fig. 2d) indicated the formation of a mixture of spherical, triangular, and polygonal
AuNPs. The sizes of the spherical AuNPs were around 5-20 nm. However, the anisotropic particles included
large (120-160 nm) and small (18—45 nm) particles. Hence, the 0.5 mM HAuCls concentration was chosen
in terms of the high potential and definite shape of the NPs.

Effect of pH value. The UV-Vis spectra of AgNPs prepared at different pH values are shown in Fig. 3a.
A very weak, broad SPR peak of AgNPs was observed at pH 1-4. This suppression of AgNPs formation
may be due to the inactivation of the plant biomolecules under extremely acidic conditions [26]. Thereafter,
within the pH range of 6-9, both the intensity and sharpness of the absorption maximum increased with
a blue-shift, indicating an increase in the formation of small AgNPs with a narrow size distribution. In con-
trast, at pH 10 and 11, the peak intensity and sharpness decreased along with a red-shift, i.e. a smaller
amount of larger AgNPs with wide size distribution were formed at very high pH values. A similar trend was
observed by Khalil et al. [27] and Krishnaraj et al. [28]. Alkaline conditions are more favorable for the pro-
duction of AgNPs. The presence of OH™ ions facilitates the ionization of functional groups (such as phenolic
groups) in the extract, thereby allowing fast electron transfer to Ag" ions and reducing them to Ag’. Howev-
er, at very high pH values, the production of Ag,O may be favorable and aggregation/agglomeration of NPs
may occur [4]. Figure 3¢ represents the TEM image and histograms of AgNPs synthesized at pH 9. AgNPs
became rather homogeneous in size and shape. The particles had a regular spherical shape with narrow size
distribution and an average size of 4 nm. AgNPs were fully separated from each other and free from any ag-
gregates. Therefore, pH 9 was favorable for the synthesis of monodispersed small spherical AgNPs using
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F. sycomorus extract. Amin et al. synthesized small, highly dispersed AgNPs at pH 9 using Solanum xantho-
carpum berry extract [9]. Figure 3b shows the UV—vis spectra of AuNPs prepared at different pH values.
The intensity and sharpness of the AuNPs peak increased with a blue-shift as the pH value varied from 1 to 7,
which implies that a high yield of small AuNPs with a narrow size distribution was obtained at pH 7.
A further increase in the pH value resulted in a broadening, intensity decrease, and red shift of the SPR peak
(at pH 9) before its decay at pH 10 and 11. Two SPR peaks for AuNPs were observed at both pH 3 and 4.
This spectral change suggests the formation of another shape in addition to the spherical one, which was fur-
ther confirmed by the TEM study. The TEM image of AuNPs prepared at pH 4 (Fig. 3d) suggested that the
particles had a wide range of shapes and sizes. Triangular (34—215 nm) and hexagonal (42-216 nm) nano-
plates were observed in addition to the spherical AuNPs (8-28 nm). At pH 7 (Fig. 3e), the obtained AuNPs
were mainly spherical (11 nm), which was in agreement with the single SPR peak that appeared in the
UV-Vis results (Fig. 3b). The particles were well separated and free from aggregates/agglomerates. These
findings accord well with previously reported data [3, 29]. Therefore, pH 7 was the most favorable pH value
for the synthesis of monodispersed small AuNPs with a definite shape using F. sycomorus extract. The effect
of the pH value on the synthesis of AuNPs can be explained by considering the pH-dependent hydrolysis of
chloroauric acid. With increasing pH, AuCls ions give rise to [AuCls—, (OH),]” complex ions through
a stepwise substitution of C1™ ligands by OH™. The speciation of HAuCl4 had a great effect on the synthesis,
structure, and properties of AuNPs [5].
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Fig. 3. UV-Vis spectra of (a) AgNPs and (b) AuNPs biosynthesized by the reaction of 100 pL

of F. sycomorus extract with 0.5 mM of AgNO; or HAuCly at different pH values. TEM images

and their corresponding histograms (inset) of (¢) AgNPs prepared at pH 9, (d) AuNPs prepared at pH 4,

and (¢) AuNPs prepared at pH 7. (f) FT-IR spectra of 70% F. sycomorus methanolic extract,
AgNPs and AuNPs stabilized by the extract.
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FTIR spectroscopic data. FTIR spectroscopic studies were carried out to investigate the potential bio-
molecules in F. sycomorus leaf extract responsible for the reduction and capping of the bioreduced AgNPs
and AuNPs. The IR spectrum of the leaf extract (Fig. 3f) showed a strong broad peak at 3405 cm™'. This
peak was referred to as the stretching vibrations of the O—H groups attributed to the alcoholic and phenolic
groups [30]. This band became sharper and shifted to 3430 and 3437 cm™! upon the reactions with the Ag"
and Au"ions, respectively. The O—H bending vibration band was observed at 1621 cm™!, with contribution
from aromatic C=C stretching vibrations [11]. This band shifted to a high wavenumber after the formation of
the AgNPs and AuNPs. The spectral range from 1500 to 1200 cm ™! showed remarkable structural changes.
The leaf extract spectrum displayed two peaks (at 1400 and 1265 cm™). The band centered at 1400 cm™! rep-
resented the stretching vibration of aromatic compounds and bending vibrations of C—H groups. However,
the small peak that appeared as a shoulder at 1265 cm ~! was assigned as the stretching vibrations of Carom—O
groups [31]. These two peaks were deformed and split into several very weak bands in the AgNPs and
AuNPs samples. Moreover, the region between 1200 and 950 cm ™! showed a structured signal centered at
1052 ¢cm™!, which was due to overlap between the C—H molecular vibrations of sugar moieties and the
C-OH (stretching) of pyran-derived compounds (such as flavonoids, condensed tannins, and sugars) [11].
This peak became very weak in the AgNPs and nearly disappeared in the AuNPs. These spectral changes in
the hydroxyl, aryl, and ether groups suggested that phenolic compounds and/or glycosides may play a criti-
cal role in NPs capping.

Active biomolecules in 70% methanolic F. sycomorus extract. Generally, the curative properties of the
Ficus species can be attributed to the presence of phenolic compounds. Abdel-Hameed [16] revealed that the
major components of the methanolic extract of F. sycomorus leaves are phenolic compounds, which are
mainly flavonoids and tannins. The active biomolecules responsible for the antioxidant activity of the 70%
methanolic extract of F. sycomorus leaves were isolated and identified as flavonoid glycosides derived from
quercetin (including isoquercitrin, rutin, quercetin-3,7-O-o-L-dirhamnoside, and quercetin-3-O-B-D-
galactopyranosyl(1—6)glucopyranoside) in addition to the flavonoid aglycon quercetin [32]. Thus, the pres-
ence of these phytochemicals in F. sycomorus leaf extract might account for its potential for bioreduction of
metal ions. These results were consistent with our FTIR results and literature data. Many researchers have
reported the biosynthesis of metal NPs using flavonoids and their glycosides [33-36].

Catalytic activity of AgNPs and AuNPs. The chemocatalytic activity of the biosynthesized NPs on the
reduction of MB by NaBH4 was evaluated in an aqueous solution. The kinetics of the catalytic reduction was
investigated by measuring the residual concentration of the dye at different time intervals using a spectro-
photometer. Figure 4a shows the UV-Vis spectra of the MB solution without the nanocatalyst after reduction
by NaBH4 for 90 min. MB showed a strong maximum absorption wavelength at Amax= 665 nm due to m—m*
electronic transitions with an absorption shoulder at 615 nm [37]. The spectra exhibited no considerable de-
crease in the absorption peak, indicating the poor MB reduction rate in the absence of a catalyst. Upon addi-
tion of the catalyst into the reaction medium, the characteristic blue color of MB disappeared after some
time, indicating the complete reduction of the dye. This observation was monitored by recording the UV-Vis
spectra during the reduction course (Figs. 4b and c). As seen in the figures, the intensity of the absorption
peak decreased markedly, indicating the reduction of MB by NaBHj4 in the presence of the nanocatalyst. The
reaction was completed within 12 and 18 min in the presence of AgNPs and AuNPs, respectively. Hence, the
degradation of MB dye was enhanced significantly after the addition of AgNPs and AulNPs as catalysts. The
reduction process occurred via the adsorption of reactants on the nanocatalyst surface, which had an ample
surface area. Subsequent redox reactions happened through an electron transfer reaction where BH4 ™ ions are
the electron reservoirs and the MB dye molecules are the acceptors, resulting in the degradation of the dye
[38, 39]. In the reaction mixture, since NaBH4 was used in a higher excess concentration than that of MB,
the reduction rate was assumed to be independent of the NaBH4 concentration. The degradation of MB was
considered to follow pseudo-first order kinetics, and this process is expressed by the following one-
dimensional kinetic equation:

In(C/Co) = In(4/A0) = —kapp,

where Cy and C, are the MB concentrations at the beginning and at any time ¢, respectively, 4o and A, are
their corresponding absorbances at 665 nm, and k.pp is the kinetic constant. The plot of In(4/A4o) versus time
(Fig. 4d) generated a straight line, from which the k., values of the catalytic reactions were calculated as the
slope of the plot. The rate of MB degradation (kapp = 0.156 min') in a solution containing AgNPs was higher
than that of AuNPs (kapp = 0.094 min™"). Table 1 shows the reported kapp, of MB catalytic reduction using the
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plant-biosynthesized AgNPs and AuNPs. The kapp values in the present study are comparable with those
from previous works.
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Fig. 4. (a) UV-Vis spectra of MB before and after addition of NaBH4. Time-dependent UV-Vis spectra
of MB reduction in the presence of (b) AgNP and (c) AuNPs. (d) In(4/40) versus reaction time.

TABLE 1. The Catalytic Reduction of MB Over Different Phytosynthesized AgNPs and AuNPs Catalysts

Catalyst kapp, min ! Reference
Kalanchoe Daigremontiana/Ag 1.879 [40]
Albizia procera/Ag 0.0051 [41]
Lantana camara/Ag 0.0034 [42]
Morinda citrifolia/Ag 0.032 [43]
Terminalia bellerica/Ag 0.029 [44]
Areca catechu nut/Ag 0.3415 [45]
Guggulutiktham Kashayam/Ag 0.224 [46]
Mentha aquatica/Ag 0.126 [47]
Diospyros lotus/Ag 0.121 [48]

F. sycamorus/Ag 0.156 This work
Morinda citrifolia/Au 0.432 [43]
Lagerstroemia speciosa/Au 0.264 [49]
Sesbania grandiflora/Au 0.041 [50]
Sterculia acuminate/Au 0.043 [51]
Plukenetia volubilis/Au 0.003 [52]
Momordica cochinchinensis/Au 0.296 [53]
Parkia roxburghii/Au 0.263 [54]

F. sycamorus/Au 0.094 This work
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Conclusions. A straightforward, green route has been reported for the synthesis of AgNPs and AuNPs
using F. sycomorus leaf extract as a cost-effective, renewable reducing and capping agent. The optimal con-
ditions for producing monodispersed small NPs of definite shapes were detected as follows: (a) for AgNPs,
100 pL extract/S mL of 0.5 mM AgNOs solution at pH 9, and (b) for AuNPs, 100 pL extract/S mL of 0.5 mM
HAuCl, solution at pH 7. Sugars and phenolics (mainly flavonoid glycosides) were the main constituents in
F. sycomorus leaf extract that play a major role in NPs reduction and stabilization. F. sycomorus-stabilized
NPs showed good catalytic activity in MB reduction. The catalytic rate constant for AgNPs (0.156 min ')
was higher than that of AuNPs (0.094 min™!).
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