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The green biosynthesis of metal nanoparticles (MNPs) has been proved to have many advantages over other methods due to its
simplicity, large-scale production, ecofriendly approach, and high catalytic efficiency. This work describes a single-step
technique for green synthesis of colloidal silver (AgNPs) and gold nanoparticles (AuNPs) using the extract from Caulis
Spatholobi stems. Ultraviolet-visible spectroscopy measurements were used to optimize the main synthesis factors, including
metal ion concentration, reaction time, and reaction temperature via surface plasmon resonance phenomenon. Fourier-
transform infrared spectroscopy showed the possible functional groups responsible for reducing and stabilizing the synthesized
MNPs. The powder X-ray diffraction and selected area electron diffraction analysis confirmed the crystalline nature of the
biosynthesized MNPs. High-resolution transmission electron microscopy revealed the spherical shape of MNPs with an average
size of 10-20 nm. The obtained MNPs also exhibited the enhanced catalytic activity in the reduction of 2-nitrophenol and 3-
nitrophenol.

1. Introduction

Noble metal nanoparticles (MNPs) are considered as an
important class in the next generation of nanomaterials for
catalytic degradation of organic pollutants due to their
extraordinary large surface area and great dispersion in aque-
ous solutions [1]. Among them, silver and gold nanoparticles
(AgNPs and AuNPs) have received great attention for their
applicability in many fields, especially in catalysis [2]. There-
fore, many different approaches for the synthesis of AgNPs
and AuNPs have been developed, including physical, chemi-
cal, and biological methods [3]. However, the drawbacks of
physical and chemical methods may be the low production
efficiency, requirement of expensive equipment, usage of

toxic reductants, and the long-time reaction, which might
affect the cost of obtained products [4]. Compared with the
traditional chemical methods, biogenic synthesis of AgNPs
and AuNPs using herbal plant extracts is an ecofriendly solu-
tion due to its sustainable nature and environmentally benign
[5]. The first use of plant extract for the synthesis of MNPs
was recorded by Gardea-Torresdey et al. in 2003 [6]. It was
reported that the formation of MNPs using plant extract
from Alfalfa sprouts could be accomplished under normal
conditions in a short period of contact time. Since then,
extracts from different parts of plants such as leaves [7–10],
flowers [11–14], stems [15–18], latex [19–21], roots [22,
23], and seeds [24–26] are intensively utilized for MNP syn-
thesis. The organic molecules in plant extracts, including
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phenolic compounds, polysaccharides, terpenoids, alkaloids,
flavonoids, and amino acids, can act simultaneously as reduc-
ing and stabilizing agents [3].

Caulis Spatholobi (CS) is a herbal species belonging to the
Fabaceae family that can be easily found in the northern
mountainous region of Vietnam and China at altitudes not
exceeding 1600m along the rivers and streams [27]. In tradi-
tional medicine, CS stem is usually used to improve blood
circulation and becalm dysmenorrhea, paralysis, arthralgia,
and anaemia. Recently, it is reported that the extract of CS
has been a novel tumour cell-induced platelet aggregation
inhibitor, which can significantly restrain the metastasis of
colorectal cancer [28]. The main chemical constituents of
CS include phenolic acids, isoflavones, flavanoles, flavanones,
flavanonol, and phytosterols [29], which have great potential
applications as reducing and stabilizing agents for the syn-
thesis of MNPs. To our knowledge, up to now, there is no
report in the literature about using CS extract for the synthe-
sis of AgNPs and AuNPs.

Concerning catalytic activity, recent studies show that
AgNPs and AuNPs possess a good catalytic performance in
the transformation of toxic nitrophenolic compounds into
useful aminophenols [5]. Among various derivatives of nitro-
phenols, 2-nitrophenol (2-NP) and 3-nitrophenol (3-NP) are
often found in the textile industrial wastewater as well as the
agricultural [30]. Sodium borohydride (NaBH4) is usually
used as a typical reductant for the degradation of organic pol-
lutants. However, NaBH4 has almost no reducing power for
these nitrophenols without a catalyst. Kariuki et al. reported
that the reduction reaction of nitrophenols using NaBH4
remained unchanged in the absence of a catalyst because of
the high kinetic barrier between the mutually repelling nega-
tive nitrophenol ions and BH4

- [31]. Meanwhile, the reaction
became kinetically favorable in the presence of AgNPs and
AuNPs. The activation energy can be quickly lowered by
using AgNPs and AuNPs via changing the path of electron
transfer [32]. In this context, finding ecofriendly biosynthe-
sized AgNPs and AuNPs with enhanced catalytic perfor-
mance is significantly important and is the main task for
the research community.

Herein, we report a single-step biosynthesis of AgNPs
and AuNPs using the herbal plant extract of CS as a reducing
and capping agent. Synthesis parameters affecting the size of
MNPs such as reaction time, metal ion concentration, and
reaction temperature were optimized. The morphology,
structure, and chemical composition of the biosynthesized
MNPs were explored in detail. The produced AgNPs and
AuNPs were found to be efficient catalysts in reducing 2-
NP and 3-NP to respective 2-aminophenol (2-AP) and 3-
aminophenol (3-AP) by NaBH4.

2. Material and Methods

2.1. Materials and Chemicals. Silver nitrate (AgNO3) and
hydrogen tetrachloroaurate (III) hydrate (HAuCl4·3H2O)
were of high purity supplied by Acros (Belgium) and used
without any purification. Sodium tetrahydridoborate
(NaBH4), 2-nitrophenol (C6H5NO3), and 3-nitrophenol
(C6H5NO3) were purchased from Merck (India). CS stems

were collected from mountainous Lang Son province, Viet-
nam, with the location at coordinates 21.8537°N, 106.7615°E.
The fresh CS stems were washed thoroughly with tap water
to remove all the dirt and then rinsed with distilled water.
Next, the stems were further sliced into pieces with a width
of about 2 cm and dried up at 50°C in the oven for one week
until its humility reached about 8%. The dried CS stems were
crushed into powder by a blender for obtaining extract.

2.2. Preparation of CS Extract. The CS powder (5 g) was
added to 300mL of distilled water and boiled over low heat
with a reflux condenser for 1 h. The obtained mixture was
cooled down to room temperature and filtered with What-
man filter paper No. 1 to eliminate all suspended solids.
The CS extract was stored at 4-10°C in a refrigerator before
use for the MNP synthesis.

2.3. Synthesis of CS-AgNPs and CS-AuNPs. The synthesis of
biogenic AgNPs and AuNPs was performed by mixing in
the dark 10mL of CS extract with 10mL of AgNO3 or
HAuCl4 solutions under vigorous stirring. The success of
the synthesis process was observed via a color change of the
solution by the surface plasmon resonance (SPR) phenome-
non after reactions were completed [33]. Various synthesis
factors, including metal ion concentration (0.5-2mmol/L),
reaction time (10-50min), and reaction temperature (60-
100°C), were optimized using UV-Vis spectrometry mea-
surements. The SPR peaks of about 420nm and 540nm were
characterized for AgNPs and AuNPs, respectively [34]. The
biosynthesized MNPs were separated by an ultracentrifuge
and dried up at 80°C in an oven for further catalytic applica-
tion. The procedure for the biosynthesis of CS-AgNPs and
CS-AuNPs and their application are illustrated in Figure 1.

2.4. Characterization of MNPs. The presence of functional
groups in the dried CS extract and biosynthesized CS-
AgNPs and CS-AuNPs was monitored by Fourier transform
infrared spectroscopy (FTIR) within the range of 4000-
500 cm-1 on an Equinox 55 FTIR spectrometer (Germany).
The crystalline nature, crystal size, and purity of MNPs
were analyzed by a powder X-ray diffraction (XRD) method
on a Shimadzu 6100 X-ray diffractometer (Japan) using
CuKα radiation (λ = 1:5406Å) at a voltage of 40 kV, current
of 30mA, scanning speed of 3.0°/min, and step size of 0.02°

in the 2θ range of 10-80°. The shape and size of the MNPs
were examined by high-resolution transmission electron
microscopy (HR-TEM) on a JEOL JEM-2100 (Japan) at
an operating voltage of 200 kV. The crystalline nature was
confirmed by the selected area electron diffraction pattern
(SAED). The field-emission scanning electron microscopy
(FE-SEM) images were recorded on a Hitachi S-4800
(Japan) at an accelerating voltage of 10 kV for the examina-
tion of CS-AgNPs and CS-AuNPs after centrifugation. The
chemical elemental composition of MNPs was analyzed
using energy-dispersive X-ray spectroscopy (EDX) on a
Horiba EMAX Energy EX-400 analyzer (Japan). The ther-
mal behavior of CS-AgNPs and CS-AuNPs was evaluated
by combining thermogravimetric analysis (TGA) and differ-
ential thermal analysis (DTA) using a Mettler Toledo
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TGA/DSC 3+ (Switzerland). Finally, the dynamic size of
the nanoparticles was examined using the dynamic light
scattering (DLS) method conducted on a Horiba SZ-100
(Japan).

2.5. Catalytic Degradation Experiments. The catalytic activity
of the biosynthesized MNPs for the 2-NP or 3-NP reduction
with NaBH4 was analyzed at room temperature. Briefly, a
freshly prepared solution of NaBH4 (0.5mL of 0.1mol/L)
was added into a cuvette containing 2-NP or 3-NP (2.5mL,
0.1mmol/L), followed by adding dried MNPs (3mg). After
the nitrophenols were completely reduced, the MNPs were
centrifuged and washed thoroughly with distilled water and
then ethanol for reuse. The kinetics of the catalytic degrada-
tion process was evaluated by UV-Vis spectroscopy in the
wavelength range of 250-700 nm. The concentration of
NaBH4 was used in excess over the concentration of the
nitrophenols so that the degradation process could be con-
sidered as a pseudo-first-order reaction [35]. The reaction
rate constant k was determined after plotting a linear regres-
sion of ln ðAtÞ over reaction time t, where At is the optical
density of the mixture at the time t.

3. Results and Discussions

3.1. Optimization of Biosynthesis Conditions. The MNPs bio-
synthesized by plant extracts are mostly polydispersed
because of the different nature of organic molecules, which
act as reducing agents [3]. Herein, the size can be opti-
mized by alerting reaction parameters. In this context,
three main reaction parameters, including the concentra-
tion of metal ions, reaction time, and reaction tempera-
ture, were investigated.

To study the effect of metal ion concentration, the con-
centrations of AgNO3 and HAuCl4 solutions were varied
from 0.5 to 2.0mmol/L, while fixing the reaction time and
reaction temperature at 40min and 90°C, respectively. It

can be seen from Figures 2(a) and 2(a′) that the concentra-
tion of metal ions significantly affected not only the size of
the formed MNPs but also the stability of the resulting sus-
pension. In fact, the increase in metal ion concentration led
to the higher yield of the nanoparticles. No shift of maximum
wavelength was observed. However, at the metal ion concen-
tration greater than 1.5mmol/L, the UV-Vis curves were not
very smooth, which could be related to the aggregation of
MNPs after a short time.

The reaction time for the biosynthesis of MNPs was opti-
mized by recording UV-Vis measurements every 10min
while the two other parameters (90°C and 1.0mmol/L of
metal ion) were maintained. For both cases, the reaction time
of 40min could be chosen as optimal to perform further syn-
thesis since no higher yield of nanoparticles was obtained at a
longer reaction time (Figures 2(b) and 2(b′)).

Finally, the effect of reaction temperature on the forma-
tion of AgNPs and AuNPs was studied in the range of 50-
100°C, as shown in Figures 2(c) and 2(c′), respectively. The
obtained results indicated that the optimal reaction tempera-
ture could be chosen at 90°C for synthesizing both CS-AgNPs
and CS-AuNPs. In the case of CS-AuNPs, the increase in
temperature over 90°C led to a formation of larger size
MNPs, while the number of nanocrystals was reduced, caus-
ing a reduction of their optical density. For CS-AgNPs, the
low stable suspension was observed at reaction temperature
over 90°C with the proof of no smooth UV-Vis curve. This
phenomenon could be related to the fact that at higher tem-
peratures, the formed nanoparticles possessed the greater
kinetic energy, increasing the probability of collisions, which
resulted in partial coagulation of MNPs.

3.2. Characterization of Biogenic MNPs. The XRD patterns
of the biosynthesized CS-AgNP and CS-AuNP samples
obtained at optimal conditions are presented in Figure 3(a).
The XRD pattern of CS-AgNPs shows four characteristic

CS extract

CS-AuNPs

CS-AgNPs

UV-Vis spectroscopy, XRD,

Characterization

Application

MNPs + NaBH4

FTIR, DLS, SEM, TEM, HR-
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Figure 1: Schematic illustration for the biosynthesis of CS-AgNPs and CS-AuNPs and their application.
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peaks of (111), (200), (220), and (311) planes diffracted at the
corresponding 2θ angles of 38.21°, 44.35°, 64.56°, and 77.48°,
respectively. According to the ICDD PDF No. 00-004-0783,
AgNPs with the face-centred cubic (FCB) were successfully
synthesized [36]. A similar result was also recorded for CS-
AuNPs. The typical peaks at 38.29° (111), 44.44° (200),
64.73° (220), and 77.63° (311) assigned to the FCB structure
of gold (ICDD PDF No. 00-004-0784) were detected [37].
In both two cases, the CS-AgNPs and CS-AuNPs exhibited
the highest diffraction peak of about 38.2°, revealing that

their crystals had been grown preferably along the (111)
plane. The presence of only above-mentioned sharp peaks
in the XRD patterns confirmed a high crystallinity and crys-
talline purity of the prepared MNPs. The average crystal size
of CS-AgNPs and CS-AuNPs, according to the Debye-
Scherrer equation, was calculated to be 15.05 and 16.40 nm,
respectively.

The FTIR spectra of the dried CS extract, CS-AgNPs, and
CS-AuNPs are shown in Figure 3(b). The similarity for
absorption bands in the FTIR spectra of all samples indicated
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the presence of the same covalent bonds. The broad band
centred at 3229 cm-1 is related to the stretching vibrations
of O–H groups [4] in phenolic acids, flavanoles, flavanonol,
and phytosterols present in the CS extract, as reported in
[29]. The peaks at 2928 and 2855 cm-1 are allocated to C–H
stretching vibrations of –CH3 and –CH2- bonds [38]. The
band at 1740 cm-1 may be attributed to the ketone stretch
C=O of isoflavones and flavanones in the CS extract [35].
The peak at 1592 cm-1 is assigned to –C=C– bond stretching
of aromatic rings [39]. The peaks that appeared at 1242 and
1028 cm-1 are attributed to the C–O and C–N band stretch-
ing of ether and amine groups, respectively [40]. It is note-
worthy that the peak at 1279 cm-1 characteristic for amine
groups was observed only in the spectra of dried CS extract,
suggesting the involvement of those groups in the bioreduc-
tion/capping of MNPs, along with polyol groups [41].

The SEM images and EDX spectra of the biosynthesized
MNPs are shown in Figure 4. As seen in Figures 4(a) and
4(b), both CS-AgNPs and CS-AuNPs are mostly spherical
and uniformly distributed. The EDX spectrum of CS-AgNPs
(Figure 4(c)) demonstrates the presence of strong peaks at
2.72 and 2.98 keV that proved the existence of the silver ele-
ment. The EDX spectrum of CS-AuNPs (Figure 4(c)) also
shows the appearance of the gold element with characteristic

peaks at 1.74 and 2.165 keV. Besides, the peaks related to car-
bon (0.4 keV) and oxygen (0.55 keV) were also detected, con-
firming the presence of organic matter, which acted as a
capping agent. It is evident that the average content of silver
(87.82 w%) is much greater than that of gold (35.70 w%);
subsequently, the average total content of carbon and oxygen
in CS-AuNPs (64.31 w%) is superior to that of CS-AgNPs
(12.18 w%). This can be due to the gold ion with a greater
charge that can attract more organic molecules in CS extract
in the synthesis process than silver ion. No strange peaks of
other elements were observed, once again confirming the
high purity of the biosynthesized MNPs.

The TEM images, SAED patterns, and DLS measure-
ments of MNPs in the colloidal solution form are shown in
Figure 5. It is clear from Figures 5(a) and 5(a′) that the CS-
AgNPs and CS-AuNPs are mostly spherical in shape and dis-
persed well in the colloidal solution without any coagulation.
The average size of CS-AgNPs and CS-AuNPs determined by
TEM images is about 16.4 nm and 18.2 nm, respectively. The
crystalline nature of CS-AgNPs and CS-AuNPs in a cubic
crystal form is confirmed by the bright circular rings in
SAED patterns (Figures 5(b) and 5(b′), respectively). The lat-
tice fringes of CS-AgNPs and CS-AuNPs between (111)
planes have d-spacing of 0.22 and 0.26 nm, respectively.
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Figure 4: SEM images and EDX spectra for CS-AgNPs (a, c) and CP-AuNPs (b, d).
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According to the particle size distribution diagrams of MNPs
presented in Figures 5(c) and 5(c′), the hydrodynamic diam-
eters of CS-AgNPs and CS-AuNPs are about 66.3 and
71.2 nm, respectively. It should be noted that the quite bigger
particle size obtained by DLS analysis compared to those by
the TEM method is usually observed for colloidal solutions.
It is due to DLS measurement that provides the hydrody-
namic diameter of a hypothetical sphere formed by a diffuse
layer (organic molecule layer and solvation ions) surround-
ing the dispersed MNPs, whereas TEM indicates its precise
size [42]. The difference in particle size between these mea-
surements revealed the thickness of the organic layer that
acted as a stabilizing agent for MNPs in colloidal solutions
[43]. As a result, both CS-AgNPs and CS-AuNPs were stable
at normal room conditions for more than three weeks after
synthesis.

The TGA and DTA curves of dried CS extract, CS-
AgNPs, and CS-AuNPs are shown in Figures 6(a)–6(c),
respectively. According to the TGA curves, the thermal
behavior of MNPs can be divided into two main stages. In
the first stage, at temperatures ranged from room tempera-
ture up to 200°C, the initial weight loss of ~8.5% for dried
extract, ~14% for AgNPs, and ~15% for AuNPs was

observed. This slight weight loss corresponds to the evapora-
tion of physically adsorbed water molecules on the MNP
surface and the volatile compounds presented in CS extract
[44]. The second stage is the weight loss that occurred in
the temperature range up to 610°C. As can be seen, the
DTA curves of all samples show only endothermic peaks
in the studied temperature range. The significant weight loss
in this stage (~72.5% for dried extract, ~29% for AgNPs, and
~53% for AuNPs) was due to the decomposition of phyto-
chemical constituents on the surfaces of MNPs [45]. Thus,
the thermal behavior of MNPs confirmed the role of organic
phytochemicals from the CS extract in the stabilization of
the nanoparticles.

3.3. Catalytic Activity for Reduction of Nitrophenols. Among
the nitrophenol family, 2-NP and 3-NP discharged mainly
from the production of dyestuffs and fungicides industries
are environmental hazards, which can cause methemoglobi-
nemia. Meanwhile, their reduced products (2-AP and 3-
AP) are useful chemicals. 2-AP is found in many applications
such as photographic developer, corrosion inhibitor in
paints, and anticorrosion-lubricating agent in two-cycle
engine fuels. 3-AP is commonly used as a precursor to the
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Figure 7: UV-Vis spectra (a, b) and first-order kinetics (c, d) for degradation of 2-NP by NaBH4 in the presence of CS-AgNPs (a, c) and
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preparation of 5-aminosalicylic acid, a drug usually called
mesalazine for the treatment of ulcerative colitis [46]. In
this study, the catalytic reduction of those nitrophenols by
NaBH4 with the biosynthesized MNPs as a catalyst was mon-
itored spectrophotometrically in a cuvette under normal
room conditions. A small amount of MNPs was used to avoid
the overlap of its SPR band and the UV-Vis spectral band of
nitrophenolate ions. In this case, the peak intensity of MNPs
is considered negligible compared to those of nitrophenolate
ions and can be ignored. The aqueous solution of 2-NP and
3-NP shows characteristic peaks at 410 and 390nm in the
visible region based on the formation of respective nitrophe-
nolate ions in a slightly alkaline medium. The mechanism of
catalytic reduction of nitrophenols using NaBH4 and MNPs
was described in [44, 47]. In the first step, the adsorption of
nitrophenolic molecules occurred on the surface of MNPs.
Then, the first-order reaction took place on the catalyst sur-
face, whose rate was proportional to the adsorbed amount
of nitrophenols. In the second step, an electron transfer from
the donor (NaBH4) to the receptor (nitrophenols) happened
at the active sites of MNPs, leading to the formation of

respective APs. During the reduction process, the gradual
decrease in the optical density at 410nm for 2-NP and
390 nm for 3-NP was observed (Figures 7(a), 7(b), 8(a), and
8(b)). The reduction rate constant can be determined via
the slope of the linear equation ln ðAtÞ = −kt + ln ðAoÞ
(Figures 7(c), 7(d), 8(c), and 8(d)).

As described in Figures 7 and 8, both CS-AgNPs and
CS-AuNPs exhibited better catalytic performance toward
2-NP compared to 3-NP. The 2-NP compound could be
completely reduced within 15min (k = 2:5:10−3/s) and
10min (k = 2:8:10−3/s) when using CS-AgNPs and CS-
AuNPs, respectively. In the case of 3-NP, the degradation
almost finished within 11min (k = 1:9:10−3/s) by using CS-
AgNPs and within 15min (k = 6:0:10−4/s) for CS-AuNPs. It
is noteworthy that the surrounding organic layer could pre-
vent contact between the reactants and the nanoparticles,
thereby affecting the catalytic activity. However, this effect
could not play a significant role for both CS-AgNPs and
CS-AuNPs, since the size of BH4

- and nitrophenolate ions
is relatively small, compared to the size of the organic layer
surrounding MNPs. These ions can pass through the gap
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Figure 8: UV-Vis spectra (a, b) and first-order kinetics (c, d) for degradation of 3-NP by NaBH4 in the presence of CS-AgNPs (a, c) and
CS-AuNPs (b, d).
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between the organic molecules of the protective layer to con-
tact with the nanoparticles, initiating the catalytic process
[43]. In fact, the CS-AgNP and CS-AuNP samples possessed
the catalytic activity superior to those of some MNPs bio-
synthesized by extracts from other plants (Table 1).

For practical applications, the reusability of heteroge-
neous catalysts is one of the critical factors to enhance the
value of the material due to the long-term use and reducing
the cost. In this study, the recyclable catalytic performance
of MNPs was examined for four recycles of the reduction
of 2-NP and 3-NP. The mentioned above procedure was
used. After each cycle, MNPs were separated by centrifuga-
tion and washed carefully with distilled water and ethanol
for the next reuse. As can be seen in Figure 9, the biosynthe-
sized CS-AgNPs and CS-AuNPs possessed almost the same
catalytic performance towards both 2-NP and 3-NP after
four successive recycles. The yield of about 96% for CS-
AgNPs (Figure 9(a)) and 95% for CS-AuNPs (Figure 9(b))
was observed in the last recycle, confirming its excellent
recyclability.

4. Conclusions

In this work, a green single-step method for the biofabrica-
tion of pure AgNPs and AuNPs without using any expen-
sive reducing and capping agents was reported. Herein,
the extract from Caulis Spatholobi stems showed its efficacy
in both processes of reducing precious metal ions and sta-
bilizing just formed MNPs. The spherical CS-AgNPs and
CS-AuNPs with a size range of 10-20 nm were obtained.
The biogenic CS-AgNPs and CS-AuNPs exhibited a high
catalytic activity toward the degradation of 2-NP and 3-
NP. Therefore, the biofabrication method based on Caulis
Spatholobi extract provides a new opportunity in finding
stable metal nanoparticles with enhanced catalytic perfor-
mance and recyclability.

Data Availability

The data used to support the findings of this study are
included within the article.
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Figure 9: Reusability of CS-AgNPs (a) and CS-AuNPs (b) for 2-NP and 3-NP degradation.

Table 1: Comparative reaction rate constants k of the catalytic reduction of 2-NP and 3-NP using AgNPs and AuNPs as catalysts.

Type of NPs MNPs Plant Particle size (nm) Rate constant (sec-1) References

2-NP

AuNPs Lobophora variegata 2-12 1.2.10-3 [40]

AgNPs
Codonopsis pilosula

10 2.5.10-3
[41]

AuNPs 20 1.2.10-3

AgNPs
Corncob

11 2.1.10-3
[48]

AuNPs 35 3.0.10-3

AgNPs
Caulis Spatholobi

16.4 2.5.10-3
This work

AuNPs 18.2 2.8.10-3

3-NP

AuNPs Lobophora variegata 2-12 4.5.10-3 [40]

AgNPs
Corncob

11 2.8.10-3
[48]

AuNPs 35 8.0.10-3

AgNPs
Codonopsis pilosula

10 1.7.10-3
[41]

AuNPs 20 4.0.10-3

AgNPs
Caulis Spatholobi

16.4 1.9.10-3
This work

AuNPs 18.2 6.0.10-4
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