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Abstract
The present study describes an eco-friendly approach for the synthesis of colloidal solution of silver and gold nanoparticles 
(L-AgNPs and L-AuNPs) from the aqueous extract of Lactuca indica leaf. Major parameters affecting on the formation 
of L-AgNPs and L-AuNPs were optimized using UV–Vis analysis at absorption maximum around 423 nm and 531 nm, 
respectively. The plant extract as reducing and capping agents of MNPs was demonstrated by Fourier-transform infrared 
(FTIR) spectroscopy. The nanoscale of metals was confirmed by Transmission electron microscopy (TEM) measurements. 
TEM studies revealed that L-AgNPs were mostly spherical with average size of 13.5 nm and L-AuNPs possessed multi 
shapes with an average size of 14.5 nm. Selected area electron diffraction (SAED) analysis and X-ray diffractometer (XRD) 
data confirm their crystalline structure. The nanomaterials showed efficient catalysis in the degradation of 4-nitrophenol 
and methyl orange.
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1  Introduction

Due to especially interesting changes in the physico-
chemical properties at the nanoscale, the noble metallic 
nanoparticles (MNPs) have been particularly considered 
during the past decades [1, 2]. Numerous chemical and 
physical methods have been developed for synthesis of 
MNPs like silver nanoparticles (AgNPs) and gold nano-
particles (AuNPs). However, these approaches are often 
used the toxic substances harmful to the environment and 
required expensive conditions such as high temperature 
and pressure [3, 4]. Green synthesis of MNPs can over-
come the limitations of these methods. The enhancements 
of biosynthesis i.e. using microorganisms [5], algae [6] 
and plants [7] have led to developing an eco-friendly envi-
ronment method for the synthesis of MNPs. Among them, 
biosynthesis using aqueous extract of plants as reducing 
and stabilized agents has been considered as environmen-
tally benign alternative to physicochemical methods due 
to the biogenic MNPs possessed significant advantages in 

large-scale production such as cost efficiency, controllable 
size, high stability, and biocompatibility [8, 9].

Wastewater treatment for removal of toxic organic pollut-
ants by catalysis of MNPs is a novel approach and an alter-
native to other chemical methods. For instant, Choudhary 
et al. [10] have successfully synthesized AuNPs based on 
aqueous extract of F. vulgare seeds and efficiently applied for 
degradation of anthropogenic dyes. Reduction performance 
of the various dyes has been investigated in the presence of 
AgNPs biosynthesized from S. acuminata fruit extract [11]. 
Size and shape of AuNPs biosynthesized extract of A. assa-
mica leaf have been controlled by varying the concentrations 
of metal ion and extract [12]. Most recently, Bonigala et al. 
have greenly synthesized AgNPs and AuNPs catalysts from 
aqueous extract of S. tuberosa [13]. As a result, biogenic 
noble MNPs are potential candidates for effective industrial 
application of contaminant treatment.

Lactuca indica leaf is well known as a folk medicine 
in Asia. Aqueous extract of L. indica leaf has been popu-
larly used in treatment of various diseases including in 
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antioxidant, antibacterial applications and anti-inflammatory 
[14]. Aqueous extract of L. indica leaf contained polyphe-
nolic compounds such as flavonoids and phenolic acids [15, 
16] that is major responsibility for biosynthesis of MNPs. To 
the best of our knowledge, the aqueous extract of L. indica 
leaf has not been investigated for synthesis of MNPs. Herein, 
we present an eco-friendly method for the low-cost synthesis 
of AgNPs and AuNPs based on the aqueous extract of dried 
L. indica leaf as reducing and capping agents. The potential 
applicability of these MNPs is demonstrated by catalytic 
degradation of 4-nitrophenol and methyl orange, typically 
resistant organic contaminants in the environments.

2 � Materials and Methods

2.1 � Materials

All chemicals used were of analytical grade and utilized 
without further purification. Silver nitrate, hydrogen tet-
rachloroaurate (III) hydrate, Sodium tetrahydridoborate 
(NaBH4), methyl orange and 4-nitrophenol were purchased 
from Acros (Belgium).

2.2 � Preparation of L. indica Leaves Extract

The L. indica leaf purchased Khai Minh Macrobiotics (Ho 
Chi Minh city) was dried in the air and ground to obtain a 
fine powder by using an electronic blender. The resulting 
powder (10 g) were placed into a double-neck round bot-
tom flask and then boiled at reflux with the distilled water 
(100 mL) for 1 h. The obtained extract was filtered and 
stored at 4 °C for further studies.

2.3 � Biosynthesis and Optimization of L‑AgNPs 
and L‑AuNPs

The biosynthesis of MNPs was carried out with the solu-
tion of AgNO3 and HAuCl4 and aqueous extract of L. indica 
leaves under continuous stirring at 1200 rpm and dark condi-
tion to avoid unnecessary photochemical reactions. Changes 
in the color of the reaction mixture observed were inferred 
that MNPs were successfully synthesized. Then the MNPs 
were separated from solutions by centrifugation at 4000 rpm 
for 20 min. The clear supernatant was discarded and the 
solid MNPs were washed thrice with triple distilled water 
to remove unconverted metal ions and the unreacted phyto-
constituents. For further studies on physicochemical char-
acterization and catalytic activity, the dry powders of MNPs 
were obtained after drying at 90 °C for overnight. For their 
reproducibility, reaction parameters were optimized. The 
reaction mixture stirred on a magnetic stirrer at different 
concentration of metallic ions (in range of 0.5–2.0 mM), 

temperature (in range of 30–120 °C), and reaction time (in 
range of 0–140 min). The optimization of conditions was 
explored through measurement of UV–Vis spectra in the 
range of 200–800 nm which can increase absorbance at the 
peaks of around 400 nm for biosynthesis of AgNPs and 
540 nm for biosynthesis of AuNPs. MNPs prepared by the 
optimized condition were used to study characterizations 
and their applications.

2.4 � Characterization of L‑AgNPs and L‑AuNPs

UV–Vis spectra were measured at room temperature on a 
Jasco Spectrometer V-630 spectrophotometer (U.S.A) at 
the range between 200 and 800 nm wavelengths. For FTIR 
measurement, dried samples including L. indica extract and 
biosynthesized MNPs were ground to fine powder, then 
measured on a Tensor 27 FTIR spectrophotometer (Brucker, 
Germany) in the range of 4000–500 cm−1. To obtain the 
X-ray diffraction (XRD) pattern of the MNPs, the dried sam-
ples were analyzed using a Shimadzu 6100 X-ray diffrac-
tometer (Japan) operated at voltage 40 kV, current 30 mA 
with CuKα radiation of 1.5406 nm wavelength at a scan-
ning rate 0.05°/s, step size 0.02θ over the 2θ range from 
10° to 80°. Transmission electron microscopy (TEM) and 
high-resolution transmission electron microscopy (HRTEM) 
images were recorded on a JEOL JEM-2100 transmission 
electron microscope, operating at an accelerating voltage of 
200 kV. Selected area (electron) diffraction (SAED) pattern 
of the nanoparticles was recorded. Field emission scanning 
electron microscopy (FESEM)–Energy dispersive X-ray 
spectroscopy (EDX) analyzer (JEOL JSM-7401F, Japan) 
was used to analyze chemical elements in micrometer area. 
The thermal properties of the MNPs were determined by the 
thermal analysis combining thermogravimetry (TG) analysis 
and different thermal analysis (DTA) using a LabSys evo 
S60/58988 Thermoanalyzer (France). The dried samples 
were heated from 30 to 800 °C with a heating rate of 10 °C/
min in the air atmosphere.

2.5 � Catalytic Activity of L‑AgNPs and L‑AuNPs

The catalytic ability of L-AgNPs and L-AuNPs was 
exploited for removal of pollutants including (4-NP) and 
methyl orange (MO) using reducing agent NaBH4 at the 
room temperature as a model reaction accordingly previ-
ous literatures with necessary modifications. The pollut-
ants (2.5 mL, 0.1 mM) mixed with NaBH4 (0.5 mL, 0.1 M) 
and then added into a quartz cell (1 cm path length). The 
MNPs (1 mg) was added forwards the reaction mixture 
after completion of the washing process with ethanol. Con-
trol experiments were also executed without the catalysts. 
The catalytic performance and kinetics of the degradation 
reactions were investigated by monitoring the UV–Vis 
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absorbance spectra in a time-dependent manner in a scan-
ning range of 200–800 nm. A rapid decrease in absorbance 
of 4-NP and MO in the UV–Vis spectra might be observed 
at peaks of 400 and 464 nm, respectively. For study on cata-
lytic degradation kinetics, because this work used amount 
of NaBH4 exceeded that of the pollutants, the concentration 
of NaBH4 stayed practically constant throughout the course 
of the reaction. Thus, the reaction can be considered as a 
pseudo first-order reaction which its reaction kinetic can be 
described by the equation ln (At/A0) = – kt, where k is a rate 
constant, t is the reaction time, [A0] is the initial concentra-
tion of the pollutants and [At] is the concentration at time ‘t’ 
[17]. Therefore, it follows that a plot of ln [A] versus time 
yields a straight line and from the slope of the line, k can 
be determined.

3 � Results and Discussion

3.1 � Biosynthesis of L‑AgNPs and L‑AuNPs

Aqueous leaf extract of the important medical plant L. 
indica which contains large content of phenolic antioxidants 
responsible for the reduction of MNPs, was used for the 
environmentally friendly synthesis of silver and gold nano-
particles. The route of this work is illustrated in Fig. 1. The 
leaf was dried in an oven and refluxed with triple distilled 

water for 2 h. The aqueous extract possesses a dark red color 
with an intensive absorption peak at 272 nm which might 
relate to π → π* transition of phenolic compounds [14, 18]. 
The reduction process occurring to aqueous AgNO3 and 
HAuCl4 was confirmed by the formation of brown and red 
color, respectively. UV–Vis spectra of the reaction medium 
were recorded during the synthesis of silver and gold nano-
particles. A peak was observed at 423 nm for L-AgNPs. This 
is characteristic of the surface plasmon resonance (SPR) 
of AgNPs. In case of gold, the SPR band was observed at 
531 nm after the reduction process. Optimization of stable 
MNPs formation was carried out by change of the reaction 
conditions including concentration of metallic ions, reaction 
temperature and reaction time. After purification and col-
lection using centrifugation technique, the biosynthesized 
MNPs are characterized by physicochemical analysis tech-
niques and applied for evaluation of catalytic activities for 
degradation of 4-NP and MO.

3.2 � Optimization of Reaction Parameters

In order to ascertain the formation of stable nanoparticles, 
UV–Vis spectrophotometry is an efficient method because 
colloidal solutions of AgNPs and AuNPs show the absorp-
tion bands of corresponding SPR. The change in absorbance 
and λmax values gives an indication about concentration, 
size and morphology of the nanoparticles [19] which might 

Fig. 1   schematic illustration of studies on L-AgNPs and L-AuNPs biosynthesized from L. indica leaf extract
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depend on different reduction conditions. Thus, optimization 
of reaction condition is necessary to get insight in biosyn-
thesis of MNPs using the aqueous extract of L. indica leaf. 
In the present study, various parameters like concentration 
of metallic ions, temperature, and incubation time are taken 
into consideration of investigation.

To know the effect of concentration of metallic ions on 
the synthesis of MNPs, different concentrations (0.5, 1.0, 
1.5 and 2.0 mM) of both AgNO3 and HAuCl4 solutions were 

used to add into a constant volume of the extract. Increase of 
both metallic ion concentrations induced growth of absorb-
ance at the corresponding SPR band. The optimum concen-
tration was observed at 1.0 mM for the synthesis of L-AgNPs 
and 1.5 mM for the synthesis of L-AuNPs (Fig. 2a, b). When 
the metallic ion solutions were concentrated over the opti-
mum concentrations, reduction of the absorbance values 
was clearly observed. The absorbance was lower in the case 
of high concentrations may be due to the agglomeration of 
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Fig. 2   Plots of parameters versus absorbance and wavelength values of L-AgNPs (left) and L-AuNPs (right): concentration of metallic ions (a, 
b), reaction temperature (c, d) and reaction time (e, f)
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nanoparticles in the colloidal solution. In fact, the aggrega-
tion formed can be recognized during the reduction process 
at these concentrations. Meanwhile, almost no change in 
λmax values of the SPR peak was observed when the salt con-
centration was concentrated. It leads to a notice that no effect 
of the metallic ion concentrations on the size and shape of 
MNPs formed. Based on performance of synthesis and sta-
bility of the nanoparticles in the colloidal solution, the opti-
mum concentrations of the metallic ions were selected for 
further optimization.

In next step, the effect of temperature on biosynthesis 
is monitored by keeping the concentration of metallic ions 
constant and then change reaction temperature conditions 
in range of 30–90 °C. The different trends of temperature 
dependence in the synthesis of L-AgNPs and L-AuNPs are 
observed in Fig. 2c, d, respectively. In the biosynthesis of 
L-AgNPs, the results showed that increase of reaction tem-
perature leads to acceleration of maxima intensity at SPR 
peak and changes in λmax values. Otherwise, formation of 
AgNPs in the L. indica extract medium is strongly depend-
ent on the reaction temperature. A maximum λmax value and 
significantly high absorbance are found at 70 °C which may 
relate to the stable AgNPs colloidal solution. In contrast, 
the spectra of L-AuNPs showed optimum absorbance value 
at 45 °C and lower values might relate to the agglomeration 
of AuNPs at the higher temperatures. A slight red shift was 
found from 528 to 535 nm when the reaction temperature 
was increased from 30 to 90 °C.

For the evaluation of the reaction time, reaction mixture 
with an optimized concentration of metallic ions was stirred 
at 70 °C for L-AgNPs and 45 °C for L-AuNPs and measure-
ment of UV–Vis spectra was carried out every 20 min. It 
is observed that the reaction started in initial 20 min after 
the addition of both the salt solutions. The results showed 
that the optimum reaction time for the AgNPs synthesis by 
aqueous extract of L. indica leaves was 100 min and a slight 
red shift could be found with increase of reaction period 
(Fig. 2e). It is noteworthy that the reaction time seems no 
effect on the formation of AuNPs after initial 20 min. In fact, 
both absorbance and λmax values observed were constant 
with change of the reaction time. For further studies on their 
characterization and application, we have selected the opti-
mum parameters such as AgNO3 concentration of 1.0 mM, 
stirred at 70 °C in 100 min and HAuCl4 concentration of 
1.5 mM, stirred at 45 °C in 20 min.

3.3 � FTIR Spectroscopy

FTIR spectra were measured to identify the possible func-
tional groups of phytoconstituents in the L. indica extract. 
The FTIR spectra of dried aqueous extract, biosynthesized 
L-AgNPs and L-AuNPs are shown in Fig. 3. FTIR spectra 
of all the samples revealed the similar absorption bands, 

indicated that biomolecules of the L. indica extract might 
be stabilizing agents of MNPs. The phytochemical analysis 
of L. indica revealed the presence of triterpenoids, flavo-
noids and glycosides [14, 20, 21]. Peaks of L. indica extract 
are observed at 1015, 1109, 1384, 1446, 1632, 2854, 2923 
and 3428 cm−1. After the reduction of the salts, these char-
acteristic peaks were shifted to the new positions at 1022, 
1380, 1439, 1601, 2851, 2916 and 3428 cm−1 for L-AgNPs 
and 1031, 1382, 1449, 1647, 2855, 2924 and 3414 cm−1 
for L-AuNPs. The broad bands at around 3400 cm−1 are 
assigned to O–H stretching vibration indicating the pres-
ence of glucosides while strong peaks at around 1450 cm−1 
(stretching vibration of –C=C) and around 1020  cm−1 
(stretching vibrations –C=O) suggests the presence of fla-
vonoids adsorbed on the surface of metallic nanoparticles. It 
confirmed that the phytoconstituents present in the aqueous 
extract of L. indica leaf were responsible for the reduction 
of the metallic ions and stabilization of MNPs.

3.4 � X‑ray Diffraction Analysis

The structural information of the biosynthesized MNPs 
is characterized by using powder XRD spectra as shown 
in Fig. 4. From XRD data, their average particle size was 
determined using Debye–Scherrer equation, [d = 0.9λ/
βcosθ] where ‘d’ is the mean diameter of the particles; 
‘β’ is (π/180) × FWHM; ‘λ’ is the X-ray radiation source 
(0.1540 nm) and ‘θ’ is the Bragg angle. The patterns clearly 
showed the Bragg peaks at (2θ) 38.12°, 44.26°, 64.18° 
and 77.02° for L-AgNPs and 38.04°, 44.44°, 64.46° and 
77.50° for L-AuNPs which corresponds to the (111), (200), 
(220) and (311) crystallographic planes, respectively [13]. 
It reveals that the AgNPs and AuNPs grow in a face-cen-
tered cubic (FCC) fashion. The most intensive peak from 
L-AgNPs and L-AuNPs was from the (111) plane, indi-
cated the preferred orientation of the crystals towards the 
(111) plane. By determining the width of (111) reflection of 
MNPs, the average crystalline size of the AgNPs and AuNPs 
is estimated to be 12.0 nm and 9.34 nm, respectively. In 
additional, the unidentified peaks (2θ) such as 31.46° and 
46.86° appeared in both the spectra of MNPs might reveal 
the presence of the organic compounds in the L. indica 
extract. Similar results were also observed from the litera-
tures [22, 23].

3.5 � EDX and TEM Analysis

The morphology, dimension and distribution of the bio-
synthesized MNPs were observed using microscopic 
analysis. Figures 5 and 6 described TEM, particle size 
distribution, HRTEM, SEAD pattern, and EDX data of 
L-AgNP and L-AuNP, respectively. L-AgNPs showed a 
roughly spherical geometry in a particle size distribution 
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range of 5.0–27.5 nm with an average size of 13.5 nm. The 
AgNPs are highly crystalline as shown in SAED pattern 
and HRTEM image (Fig. 5c) which showed clear lattice 
fringe spacing of 0.22 nm, attributed to the (111) plane of 
the nanoparticles. Meanwhile, L-AuNPs showed an uneven 
geometry with spherical, triangular and hexagonal shapes. 
The results revealed a narrow particle size distribution 
of 7.0–19.0 nm with an average particle size of 14.5 nm. 
Difference in shape and size of the nanoparticles can be 
due to different phytochemicals as stabilization agents and 
reduction potentials of metallic ions. A similar result was 
also observed for reduction of the metallic ions using other 
plants [24, 25]. The SAED pattern of AuNPs (Fig. 6c) 

showed circular rings with clear and bright spots from 
inner to outer, which might be indexed as (111), (200), 
(220) and (311) reflections respectively, confirmed FCC 
structure of MNPs.

The EDX spectra depicted in Figs. 5d and 6d, showed 
the highest signal at 2.98 keV for the L-AgNPs and three 
strong signals at 2.13, 8.45 and 9.73 keV for the L-AuNPs. 
EDX data showed that average content of the silver ele-
ment (75.50%, w/w) is greater than that of the gold element 
(55.83%, w/w) in the corresponding nanoparticles. The other 
peaks corresponding to carbon and oxygen present in both 
the MNPs may come from the phytochemicals capping onto 
the AgNPs and AuNPs.

Fig. 3   FT-IR spectra of L. 
indica extract, L-AgNPs and 
L-AuNPs
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3.6 � Thermal Behaviors

For evaluation of thermal behaviors, simultaneous measure-
ment of TG–DTA curves of the biosynthesized MNPs is per-
formed under the air atmosphere at 20 mL/min and the heat-
ing rate of 10 °C/min. The same weight of the solid samples 
was used for analysis. The significant difference between 
two nanoparticles was clearly observed in Fig. 7. The data 
showed that the thermal stability of L-AgNPs (220 °C) is 
higher than that of L-AuNPs (57 °C). Initial weight loss of 
L-AgNPs was 3.0% (220–281 °C) while a much high value 
(9.0%) in temperature range of 57–252 °C was found for 
L-AgNPs sample. After this period, thermal decomposition 

of L-AgNPs sample occurs in the second stage accounted 
about 15.0% between 281 and 464 °C while this stage of the 
L-AuNPs sample was as high as 50.0% between 252 and 
491 °C. Total weight loss of L-AgNPs and L-AuNPs was 
accounted approx. 18.0% and 59.0%, respectively. Hence, 
total amount of MNPs presented in the samples can esti-
mate from TG data about 82.0% for AgNPs and 41.0% for 
AuNPs that are slightly different from the calculation from 
EDX spectra. Thermal decomposition of the biosynthesized 
MNPs is probably due to pyrolysis of organic molecules 
on their surface. DTA curve showed that exothermic reac-
tions occurred at maximum peak of 324 °C for L-AgNPs 
and at peaks 330 °C and 348 °C for L-AuNPs, attributed 

Fig. 4   XRD pattern of synthe-
sized L-AgNPs and L-AuNPs
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to oxidation of organic compounds. The thermal behavior 
of the organic molecules on surface of the biosynthesized 
MNPs indicates that the L. indica leaf extract is responsible 
for the reduction of metallic ions and the stabilization of 
the MNPs.

3.7 � Catalytic Performance of Nanoparticles

Water pollution from dyeing industry is the matter of great 
concern due to its adverse effects on human health, animals 
and life environments. Thus, treatment of dye pollutant 
from industrial wastewater is very considerable. This study 
investigated catalytic activity of MNPs for degradation of 
4-NP and MO using aqueous solution of NaBH4 as a model 
reaction. The previous reports revealed that degradation 
reaction rate without the catalyst is very slow although it 
is well known as a thermodynamically favorable reaction 
[26]. Large oxidation–reduction potential difference between 

donor and acceptor molecules leads to kinetic barrier and 
reducing the feasibility of this degradation reaction. To over-
come the kinetic barrier, the noble metal nanoparticles such 
as AgNPs and AuNPs can be used to catalyze the reaction.

The solution of 4-NP exhibited yellow color with absorp-
tion maxima at 318 nm. Addition of NaBH4 did not lead 
to the reducing reaction but color of solution changed to 
intense yellow. The absorption peaks were shifted to 400 nm 
confirmed formation of 4-nitrophenolate ions in the alkaline 
medium (Fig. S2). When the nanoparticles were added to 
the mixture, reduction of 4-NP started immediately. It can 
be recognized the solution turned colorless. The UV–Vis 
curves showed that absorbance at 400 nm decreased pro-
gressively with simultaneous appearance of a new peak at 
around 230 nm which is associated with 4-aminophenol 
(4-AP) [27, 28]. The reduction of 4-NP into 4-AP completed 
within 26 min in presence of L-AgNPs and 50 min in pres-
ence of L-AuNPs. In the mechanism of 4-NP degradation, 

Fig. 5   a TEM image, b particle size distribution, c HRTEM and SEAD pattern (inset), d EDX spectrum with average content of elements (inset) 
of L-AgNPs
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MNPs play a crucial role for electron transfer. The donor 
ions BH4

− are adsorbed at active sites of MNPs surface and 
then transfer the electron to the acceptor 4-NP molecule 
forming into the product 4-AP (Fig. 8) [29–31].

For investigation of reaction kinetics, the degrada-
tion rates were measured from the plots between ln(At/
A0) and time (s). A linear relationship was found, indicat-
ing that the reduction followed pseudo-first order kinet-
ics (Fig. 9). Catalytic performance of L-AgNPs with rate 
constant (2.1 × 10−3 s−1) was higher than that of L-AuNPs 
(1.3 × 10−3 s−1). The difference in catalytic activity between 
two biosynthesized MNPs can relate to content and electron-
transferred capacity of corresponding MNPs in the samples.

MO is an azo dye with long chains of conjugation which 
allows it to be chromophores. MO is largely used for dye-
ing textiles as artificial color and for acid–base indicator. 
UV–Vis spectrum of MO in aqueous solution shows peak at 

Fig. 6   a TEM image, b particle size distribution, c HRTEM and SEAD pattern (inset), d EDX spectrum with average content of elements (inset) 
of L-AuNPs

Fig. 7   Simultaneous TG and DTA curves of L-AgNPs and L-AuNPs 
under the air flow at 20 mL/min and heating rate of 10 °C/min
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463 nm related to transition of the azo group. The degrada-
tion of MO carried out in the MNPs catalyst was observed 
by using UV–Vis spectra. A steady decrease of the absorb-
ance value of MO was observed and the reduction reaction 
completed in 16 min for L-AgNPs catalyst and 28 min for 
L-AuNPs catalyst (Fig. S3). The kinetics of the degrada-
tion was studied spectrophotometrically by examining the 

absorbance of peak at 463 nm. The plots of ln [At]/[A0] 
versus time give straight lines, and rate constants can be 
calculated directly from the slope of the lines. The data of 
the first order kinetics are given in the Fig. 10. The rate 
constant of the MO degradation in presence of L-AgNPs 
(4.37 × 10−3  s−1) is double that of L-AuNPs catalysis 
(2.05 × 10−3 s−1).

Catalytic activity of MNPs is dependent on size, mor-
phology and composition of capping agents. Normalized 
rate constants (knor) calculated from rate constant per 1 mg 
of catalyst are often used to compare their catalytic activity 
[32–34]. The different catalytic systems for degradation of 
4-NP and MO are listed in Table 1. MNPs in the present 
work showed high catalytic performance in comparison from 
the literatures. For degradation of 4-NP, activity of L-AuNPs 
is 10-fold as much as that based on C. religiosum gum while 
L-AgNPs showed a fivefold increase in comparison with 
AgNPs prepared from D. longan seed. Also, L-MNPs dis-
played much higher catalytic activity for MO degradation. 
It indicated that L. indica leaf is an excellent source for fab-
rication of MNPs that can efficiently apply in the field of 
pollutant degradation.

4 � Conclusions

Based on the aqueous extract of L. indica leaf, AgNPs and 
AuNPs were successfully biosynthesized without using any 
toxic and expensive chemical agents. This work demon-
strated that the catalytic MNPs can be effectively prepared 
by a simple and low-cost method. The colloidal L-AgNPs 
with a spherical shape and L-AuNPs with multi shapes well 
dispersed in the solution. The biogenic MNPs displayed the 

Fig. 8   Proposed mechanism for catalytic degradation of 4-nitrophe-
nol by NaBH4 in presence of MNPs
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Fig. 9   First order kinetics plotted for degradation of 4-NP in catalysts 
of L-AgNPs and L-AuNPs
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enhanced catalytic activities in the degradation reactions 
which can provide a vast application in eco-friendly envi-
ronmental decomposition of organic pollutants.
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Table 1   Comparison of 
normalized rate constant 
of different photocatalytic 
systems for the degradation 
of 4-nitrophenol and methyl 
orange

Pollutants MNPs Biological system Size (nm) Knor (s−1 mg−1) References

4-NP AgNPs D. longan seed 40 4.7 × 10−4 [35]
AuNPs C. religiosum gum 6.9 1.27 × 10−4 [36]
PdNPs D. regia Leaf 2–4 2.33 × 10−3 [37]
AgNPs L. indica leaf 13.5 2.1 × 10−3 This work
AuNPs L. indica leaf 14.5 1.3 × 10−3 This work

MO AuNPs A. nigra leaves 21.5 4.4 × 10−5 [38]
AuNPs D. coromandeliana roots 10.5 1.7 × 10−3 [39]
AgNPs L. indica leaf 13.5 4.37 × 10−3 This work
AuNPs L. indica leaf 14.5 2.05 × 10−3 This work
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