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Gold nanoparticles (AuNPs) have been recognized as an active and effective catalyst for many organic
transformations. Currently, there is a growing need to develop AuNPs synthesis process that avoids
the use of toxic chemicals or high energy requirements. In this research, the aqueous Phaleria
macrocarpa (Mahkota dewa) dried fruit extract was used in the biosynthesis of AUNPs immobilized on
peanut shell powder. The peanut shell supported AuNPs were characterized by UV-visible
spectroscopy (UV-Vis), X-ray powder diffraction (XRD), transmission electron microscopy (TEM),
Fourier transform infrared spectroscopy (FTIR), thermogravimetry analysis (TGA), Nitrogen (N2)
adsorption-desorption and atomic absorption spectroscopy (AAS) techniques. The biosynthesized
AuNPs were characterized by the appearance of a surface plasmon resonance (SPR) band at 534 nm
in the UV-Vis spectrum. The XRD, TEM and TGA analytical data of AuNPs/Peanut shell composite
indicated that the AuNPs with face-centered cubic (fcc) crystalline shape, mostly spherical and average
particle size of 20.00 + 4.19 nm were well dispersed on the peanut shell powder support. The FTIR
analysis suggested that the C=0 and O[JH groups in the peanut shell powder have a strong affinity to
bind and stabilize the AuNPs. The BET surface area of the AuNPs/Peanut shell composite catalyst
determined is 35.39 m? g-1 while the BJH pore volume is 0.035 cm3 g-1 with a pore diameter of 2.07
nm. AAS elemental analytical data showed the Au loading is 0.03 mmol per gram of catalyst. The
catalytic performance of the AuNPs/Peanut shell composite was investigated for the reduction of
aqueous methyl blue (MB) at room temperature. The reduction of MB obeyed a pseudo-first-order
reaction with the highest rate constant of 0.124 min-1. The supported AuNPs/Peanut shell composite
catalyst could be easily recovered and reused for at least three times without significant loss of activity.
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INTRODUCTION

Currently, there is a growing demand for green and
environmentally techniques for the removal or decolorization of
organic dyes which are considered as major water pollutants in the
environment [1]. Conventional wastewater treatment procedures such
as adsorption, reverse osmosis and chemical precipitation are not
sufficient for their removal as these methods solely transfer pollutants
from the liquid phase into solid phase where further treatment is
required [2].

Gold nanoparticles (AuNPs) have attracted great attention due to
their unique properties. AuNPs have been recognized as an active and
effective catalyst for the catalytic reduction of organic dyes. Due to
their high surface area to volume ratio, AuNPs can vividly enhance the
catalytic performance [3,4]. However, agglomeration and difficulties in
their separation from the reaction mixtures are some of the downsides
of AuNPs. In order to prevent agglomeration and overcome the problem
of their separation and recovery, immobilizing AuNPs on solid support
is needed. Several inorganic solids have been used as support to
disperse AuNPs such as TiO2, SiO2, Fe304 and A1203 [5].

Agro-waste such as peanut shell powder is potentially suitable to
be used for AuNPs immobilization due to its abundance and low cost.
The chemical composition of peanut shell by weight percentage is
cellulose (44.8%), hemicelluloses (5.6%), lignin (36.1%), crude fat
(0.1%), proteins (5.4%) and ash content (3.8%) [6].
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Synthesizing metal nanoparticles using plant extract, which has the
advantages of simple, nontoxicity, reproducibility in the production,
easy scaling-up and cost-effective, has attracted wide interest in
nanoparticle production [7]. To the best of our knowledge, biosynthesis
of AuNPs supported on the peanut shell powder using Phaleria
macrocarpa aqueous dried fruit extract has not been reported.

P. macrocarpa is a popular herbal medicine plant that originates
from Papua Island, Indonesia, and grows throughout the year in tropical
areas [8]. The phytochemical analysis had revealed that secondary
metabolites such as flavonoids, glycosides, saponin glycosides,
phenolic compounds, steroids, tannins, and terpenoids are present in the
P. macrocarpa fruit extract [9]. The pericarp and mesocarp from P.
macrocarpa fruit showed good antioxidant and anti-inflammatory
activities due to the presence of phenolic and flavonoid compounds
with various appreciable amounts [10].

EXPERIMENTAL

Materials

Tetrachloroauric(IIT) acid trihydrate (HAuCl4.3H20) (Merck,
99.5%), methyl blue (MB) (Aldrich) and sodium borohydride (NaBH4)
(Adrich) were used as received without any further purification. All
aqueous solutions were prepared using deionized water. The peanut
shells were purchased from a local market while the fresh Phaleria
macrocarpa fruits were obtained from a farm in Johor, Malaysia.
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Preparation of peanut shell powder

The peanut shells (Arachis hypogaea) were washed thoroughly
with deionized water to remove impurities and dried under sunlight for
two days. Dried peanut shells were ground and sieved using a 200 -
355 pm sieve. Then, the peanut shells powder was kept in an airtight
glass bottle and stored under vacuum for further use.

Preparation of aqueous extract of Phaleria macrocarpa
dried fruit

The Phaleria macrocarpa fruits were washed with deionized water
to remove dust and impurities. The fruits were then allowed to dry at
room temperature for one week. Then, 2 g of dried fruits were added to
200 mL deionized water. The extraction was carried out using the
Soxhlet extraction method. The aqueous extract of Phaleria
macrocarpa dried fruit was stored at 5°C for further use. The aqueous
extract of Phaleria macrocarpa dried fruit with a concentration of 1%
w/v was used throughout the studies.

Biosynthesis of AuNPs/Peanut shell composite

Biosynthesis of AuNPs/Peanut shell composite was carried out
following a procedure reported by Majumdar [11] and Yan [12] with
some modification. Generally, 5 mL of aqueous extract of Phaleria
macrocarpa dried fruit was added to 5 mL of HAuCl4 (3 mM). The
bioreduction of Au3+ to AuO occurred and the color of the reaction
mixture changed from light yellow to deep purple within 1 h (Figure 1).
Next, the biosynthesized AuNPs colloidal solution was added with 0.5
g of dried peanut shell powder, and the mixture was mechanically
shaken at 140 rpm for 24 h. Finally, the solid product was subsequently
filtered, washed several times with deionized water and dried at room
temperature.

(f)

Figure 1 (a) Phaleria macrocarpa fruits; (b) Phaleria macrocarpa dried
fruit extract; (c) HAuCl4 (3 mM); (d) AuNPs colloidal solution synthesized
using Phaleria macrocarpa dried fruit extract; (e) Mixture of colloidal
AuNPs and peanut shell powder; (f) AuNPs/Peanut shell composite.

Characterization of the biosynthesized AuNPs/Peanut shell
Composite

UV-Vis spectroscopy measurements of the AuNPs were carried out
on a UV-245 Shimadzu Spectrophotometer. XRD pattern of AuNPs
was recorded using a Bruker D8 Advance powder diffractometer with
a Cu Ka radiation (I = 1.5406 A) operated at 40 mA and 45 kV. The
diffraction pattern was recorded in the 20 range from 10° to 90°. TEM
measurement was performed on a JEOL model 1200EX instrument
operated at an accelerating voltage at 80 kV. FTIR spectroscopic
analysis was carried out by a Shimadzu 8300 spectrometer in the range
of 400 to 4000 cm-1. The TGA thermogram was recorded over the
temperature range of 50 °C to 1000 °C on a Mettler Toledo instrument
in a nitrogen atmosphere with a ramping rate of 10 °C min-1. The N2
adsorption-desorption analysis was carried out using a Thermo
Finnigan Qsurf Surface Analyzer. Pore size distributions of the samples
were determined from the adsorption branch of the isotherms by the

Barrett-Joyner-Hallenda (BJH) method. The measured Brunauer-
Emmett-Teller (BET) specific surface area was estimated for P/Po
values between 0 and 0.2. The Au loading on the AuNPs/Peanut shell
composite catalyst was determined by a Perkin Elmer-AAS analyst 400
atomic absorption spectrometer.

Catalytic reduction of methyl blue

The reduction of methyl blue (MB) using sodium borohydride
(NaBH4) in the presence of AuNPs/Peanut shell composite was carried
out according to a reported procedure by Ganapuram [13] with some
modification. In this experiment, 8 mg of AuNPs/Peanut shell
composite was added to a solution containing 1 mL of NaBH4 (10 mM)
and 2 mL of MB (12 ppm) in a cuvette. The reduction of MB was
monitored by using UV-vis spectroscopy in the range of 400 to 800 nm
at every 2 minutes intervals. A similar procedure was repeated using 10
mg, 12 mg and 14 mg of catalyst amount. The reaction mixture of MB
and NaBH4 devoid of the catalyst was kept as a control experiment.

Recyclability test

The recyclability test was performed by carrying out the reaction
under optimized catalytic conditions. After the reaction completed, the
catalyst was separated from the reaction mixture by centrifugation and
washed with deionized water to remove the residue of reactant then air-
dried and reused again. In the subsequent run, the same amount MB
and freshly prepared NaBH4 were used. The % reduction of MB and
the reaction rate constant were then calculated.

RESULTS AND DISCUSSION

UV-Vis Spectra analysis

The reduction of Au** ions to Au’ during the reaction with the
aqueous extract of Phaleria macrocarpa dried fruit was monitored by
UV-Vis spectroscopy. Figure 2 shows the UV-Vis spectrum recorded
from the reaction mixture after 1 h. An intense absorption band atAmax
= 534 nm is clearly seen and arises due to the surface plasmon
resonance (SPR) phenomenon in the formed AuNPs. The proposed
mechanism for the reduction of Au** ions to Au® by virtue of the
oxidation of catechol form of flavonoids found in plant extract was
reported previously by our group [3].
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Figure 2 UV-Vis spectrum of (a) AuNPs synthesized using Phaleria
macrocarpa dried fruit extract and (b) HAuCI4.

XRD analysis

The immobilization of AuNPs on the peanut shell was confirmed
by XRD analysis. The XRD pattern in Figure 3 showed the
characteristic peaks of metallic Au at 38.19°, 44.49°, 64.68° and 77.71°
corresponding to the (111), (200), (220) and (311) planes of the fcc
structure, respectively, which is in accordance with the standard JCPDS
database #03-065-8601. In addition, the broad and most intense peak at
22° indicated the presence of the peanut shell support. It was reported
previously that the XRD pattern of the peanut shell powder exhibits
only broad peaks at around 10°- 35° which could be assigned to the
amorphous and crystalline components (cellulose, hemicellulose and
lignin) [14, 15].
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Figure 3 XRD pattern of AuNPs/Peanut shell composite (matching with
Au standard JCPDS database #03-065-8601).

TEM analysis

The size, shape and morphology of the AuNPs/Peanut shell
composite were analysed by TEM technique. The TEM images in
Figure 4(a), (b) and (c) showed that mostly spherical AuNPs are well
dispersed on the peanut shell support. The mean diameter of AuNPs
measured by image J software from 100 particles counts is 20.00 + 4.19
nm. The measured lattice fringe of 0.2359 nm corresponds to the (III)
plane of fcc metallic Au as shown in Figure 4(d).

A

0.2359nm \

Figure 4 (a)-(c) TEM images of AuNPs/Peanut shell composite at
different magnifications; (d) Measured lattice fringe of 0.2359 nm
(correspond to the (111) plane of fcc metallic Au).
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Figure 5 FTIR spectra of (a) Peanut shell powder and (b) AuNPs/Peanut
shell composite.

FTIR analysis

The FTIR spectra of the peanut shell powder and AuNPs/Peanut
shell composite in Figure 5 showed the absorption bands in the region
of 3400 cm!, 2900 cm™! and 1600 cm™! which could be assigned to the
O-H stretching vibration, C—H stretching vibration and O—H bending

254

vibration, respectively. Besides, the absorption bands in the region of
1700 cm™ and 1300 cm in both spectra are corresponding to C=0O
stretching vibration of the acetyl group from lignin and hemicelluloses
and C-O-C out of plane stretching vibration of the phenyl group in
lignin, respectively. This observation probably suggests that the C=0
and O—H groups in the peanut shell powder have a strong affinity to
bind with the AuNPs and therefore could stabilize the AuNPs against
agglomeration in the formation of the AuNPs/Peanut shell composite.

TGA analysis

Figure 6(a) and (b) represent the TGA curves of the peanut shell
powder and AuNPs/Peanut shell composite, respectively. In both
samples, the weight loss at temperatures below 200 °C can be attributed
to the release of physically adsorbed water. The weight loss at
temperatures from 200 °C to 400 °C in both samples is related to the
decomposition of low volatile carbohydrates such as cellulose and
hemicellulose [14, 15]. At this stage, the weight loss for AuNPs/Peanut
shell composite (54.7 wt%) is higher than for peanut shell powder (45.6
wt%) which probably due to the decomposition of organic compounds
of Phaleria macrocarpa dried fruit extract (capping agent) in
AuNPs/Peanut shell composite [16]. The weight loss above 400 °C in
both samples could be assigned to the degradation of more stable
organic compounds such as lignin [14, 15]. This thermal analysis
further confirmed the successful synthesis of AuNPs/Peanut shell
composite and showed that the composite has good thermal stability up
to 200 °C.
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Figure 6 TGA curves of (a) peanut shell powder and (b) AuNPs/Peanut
shell composite.

N adsorption-desorption analysis

From the N, adsorption-desorption analysis result (Table 1), the
measured BET specific surface area of peanut shell powder and
AuNPs/Peanut shell composite are 13.14 m? g and 35.39 m? g/,
respectively. Meanwhile, the pore volumes obtained from the analysis
of the desorption using the BJH method (Figure 7) of peanut shell
powder and AuNPs/Peanut shell composite are 0.012 cm® g and 0.035
cm’® g respectively, with the corresponded pore diameter of
microporous which are 2.45 nm and 2.07 nm respectively. The surface
area and pore volume of the AuNPs/Peanut shell composite are higher
than the surface area and pore volume of peanut shell powder, which
could be attributed to the immobilization of AuNPs on the surface of
peanut shell powder. Besides, the lower pore diameter in
AuNPs/Peanut shell composite could probably due to the presence of a
large number of small pores from the bio capped AuNPs hence further

OPEN a ACCESS Freely available online



Kamaludin et al. / Malaysian Journal of Fundamental and Applied Sciences Vol. 16, No. 2 (2020) 252-257

confirmed the successful

composite.

synthesized of AuNPs/Peanut shell

Table 1: Characterization of peanut shell powder and AuNPs/Peanut
shell composite by N2 adsorption-desorption measurement

dependent UV-Vis spectra for the reduction of MB. As seen in Figure
8(a), with the addition of the catalyst, the fading of the blue color of
MB was observed along with the decrease in UV-Vis absorbance.
Meanwhile, in the absence of a catalyst (Figure 8(b)), only a slight
decrease in UV-Vis absorbance was observed after 1 h, thus suggesting
that no significant reduction has occurred without the presence of a

Peanut shell AuNPsIPeam_Jt catalyst.
powder shell composite
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Figure 7 BJH desorption results for (a) Peanut shell powder and (b)
AuNPs/Peanut shell composite.

Atomic Absorption Spectroscopy (AAS) analysis
AuNPs/Peanut shell composite (1 mg) was digested in aqua regia

solution. The obtained solution was transferred into a 50 mL volumetric
flask, and the deionized water was added up to the mark. The
appropriate concentration was obtained by dilution of solution for AAS
measurement. The standard Au solutions with concentrations ranging
from 1 ppm to 5 ppm were prepared to give a linear calibration graph.
The data obtained from the AAS analysis showed that the amount of
Au present is equivalent to a loading of 0.03 mmol of Au per gram of

AuNPs/Peanut shell composite catalyst.

Catalytic reduction of methyl blue by AuNPs/Peanut shell

composite
The biosynthesized AuNPs/Peanut shell composite has been tested
as a catalyst in the reduction of methyl blue (MB) using sodium

borohydride (NaBH4) as a reducing agent. Figure 8 shows the time-
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Figure 8 Time-dependent UV-Vis spectra for the catalytic reduction of
MB with (a) 12 mg AuNPs/Peanut shell catalyst and (b) without catalyst
(control experiment) (Reaction conditions: 1:25 reactant:reductant mole

ratio, RT, 1 h).
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The catalytic reduction of MB was carried out in excess of NaBH4
concentration as compared to MB. Therefore, the concentration of
NaBHj is considered constant, and the reaction rate (k) of the reduction
only dependent on MB concentration. Hence, the rate was assumed to
follow the first-order kinetics and was calculated by using the following
kinetic equation:

k = - In(AJ/Ao)
t

where k is rate constant and t is reaction time. The rate constant (k) was
calculated from the slope of the plot of In(A/Ay) versus the reaction
time (t) as displayed in Figure 9. The rate constant of reduction that
using 12 mg AuNPs/Peanut shell catalyst (Figure 9(a)) is 0.124 min’!,
which is higher than those control experiment (0.0053 min™') (Figure
9(b)) suggesting that the catalyst is effective in removing the MB.
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Figure 9. The plot of In(At/A0) versus time (t) for the catalytic reduction
of MB with (a) 12 mg AuNPs/Peanut shell catalyst and (b) without catalyst

(control experiment).

The amount of catalyst used was varied in order to investigate the
effect of catalyst amount on the reaction rate constant and % reduction
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of methyl blue. Figure 10 shows the rate constant and % reduction of
methyl blue as a function of catalyst amount. As can be seen, the
reaction rate constant and methyl blue reduction increased from 0.050
min-1 to 0.124 min-1 and 96.8% to 99.6%, respectively, as the amount
of catalyst increased from 8 mg to 12 mg. This probably due to the
increase of the available Au active sites. However, further increase of
the catalyst amount from 12 mg to 14 mg caused the decreased in the
reaction rate constant and methyl blue reduction from 0.124 min-1 to
0.043 min-1 and 99.6% to 99.4%, respectively, which probably due to
the aggregation of the catalyst causing a decrease in the number of
available Au active site [17]. Therefore, 12 mg was chosen as the
optimum catalyst amount for the further recyclability test.
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Figure 10 Effect of catalyst amount on the reaction rate constant and %
reduction of methyl blue (Reaction conditions: 1:25 reactant:reductant
mole ratio, RT, 1 h)
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Figure 11 Recycle test of AuNPs/Peanut shell catalyst. (Reaction
conditions: 12 mg AuNPs/Peanut shell, (1:25 reactant:reductant mole
ratio, RT, 1 h).

Recyclability test

The results for the recyclability test of AuNPs/Peanut shell catalyst
is illustrated in Figure 11. The % reduction of methyl blue for fresh
cycle, cycle 1, cycle 2 and cycle 3 are 99.6%, 94.6%, 93.2% and 70.3%,
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respectively. It was observed that the catalyst could be recycled at least
three times without significant loss in activity, thus indicates the
remarkable stability of the catalysts. Hence, it is proposed that the plant
biomass plays an important role as a reducing and capping agent, as
well as efficient support to avoid the AuNPs from agglomeration.

CONCLUSIONS

A simple and environmentally friendly method for the synthesis of
AuNPs using aqueous extract of Phaleria macrocarpa dried fruit as
reducing and capping agent was demonstrated in this study. This
biosynthesis completed within 1h at room temperature. The
biosynthesized AuNPs were immobilized on peanut shell powder. The
XRD, TEM, FTIR, TGA and N, adsorption-desorption analyses
confirmed the formation of crystalline spherical AuNPs with the
average particle size of 20.00 £ 4.19 nm supported on the peanut shell.
The AuNPs/Peanut shell composite shows strong catalytic activity in
the reduction of methyl blue with the highest rate constant of 0.124 min-
1 achieved within 1 hour, thus suggesting that the catalyst is effective
in removing the methyl blue. The catalyst could be easily recovered and
reused for at least three times without significant loss of activity.
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