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This work describes a simple single-step method for green synthesis of colloidal gold nanoparticles (AuNPs) using Litsea cubeba
(LC) fruit extract as a reducing as well as stabilizing agent simultaneously. Major parameters affecting the formation of LC-
AuNPs, including gold ion concentration, reaction time, and reaction temperature were optimized using ultraviolet-visible (UV-
Vis) measurements at a characteristic maximum absorbance of 535 nm. The functional groups responsible for reducing gold
ions and capping AuNPs were examined by Fourier-transform infrared (FTIR) spectroscopy. Powder X-ray diffraction (XRD)
analysis revealed the crystalline nature of AuNPs. Transmission electron microscopy (TEM) measurements showed that the
biosynthesized LC-AuNPs were mostly spherical with an average size of 8-18 nm. The nanoparticles also demonstrated excellent
ultrarapid catalytic activity for the complete reduction of 4-nitrophenol to p-aminophenol in the presence of NaBH4 within
10min with a reaction rate constant of 0.348min-1.

1. Introduction

Precious metal nanoparticles, especially gold nanoparticles
(AuNPs), have attracted much attention in the past decades
due to their unique optical, electrical as well as biological
properties, which make them widely used in many fields
including optics, biosensing, imaging, drug delivery, medi-
cine, antimicrobial, and catalysis [1–3] [4–7]. Many methods
based on chemical, physical, and biological approaches have
been increasingly developed for synthesizing AuNPs with
controllable size, shape, and morphology [8, 9]. However,
these traditional methods have posed lots of effects on
human health and pressure on the environment due to the
toxic compounds used in the synthesis process of AuNPs
[10]. Recently, green synthesis routes using plant extracts as

reducing and capping agents are more interested in the prep-
aration of AuNPs because of their several advantages such as
environmental friendliness, low cost, less chances of failure,
and ease of production on an industrial scale [11]. There
are many reports about the green synthesis of AuNPs from
plant extracts, e.g., Fritillaria cirrhosa [12], Jasminum auricu-
latum leaf [13], Commiphora wightii [14], red cabbage [15],
Flammulina velutipes [16], Euphorbia fischeriana root [17],
and Solanum nigrum leaf [18].

Litsea cubeba (LC)—a fast-growing evergreen shrub
belonging to the family of Lauraceae—grows predominantly
in tropical regions of Southeast Asia, mainly in Indonesia,
China, and Vietnam up to an altitude of 2700m from sea
level [19]. LC produces a small, pepper-like fruits, which
are commonly used in traditional medicines because they
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contain several useful biologically active compounds, includ-
ing alkaloids, terpenoids, flavonoids, steroids, lignans, and
fatty acids [20–22]. These compounds are proved as suitable
reducing and capping agents for the synthesis of AuNPs [23].

It has been reported that AuNPs exhibit strong catalytic
activity for the complete hydrogenation of toxic nitropheno-
lic compounds to unharmful substances of respective amino-
phenols [24, 25]. Among them, 4-nitrophenol (4-NP)
discharged mainly from fertilizer production, petrochemical,
and dye-related manufacturing activities is considered a dan-
gerous organic pollutant in industrial wastewater [26]. The
catalytic reduction of 4-NP using AuNPs in the role of a cat-
alyst has been widely studied [27, 28]. It is also well known
that the reduction reaction of nitrophenols with NaBH4 in
the absence of catalysts is thermodynamically favorable, but
kinetically unfavorable because of the kinetic barrier between
the used reactants. With the presence of metallic nanoparti-
cles, especially AuNPs, this kinetic barrier can be overcome
via an electron transfer mechanism of the catalyst. Herein,
both borohydride and nitrophenolate ions played the role
of electron donors and acceptors on the catalyst surface,
respectively [29].

In this work, a novel single-step synthesis of AuNPs from
chloroaurate ions (AuCl4

-) and the aqueous extract of LC
fruits has been demonstrated. The prepared AuNPs were
characterized by transmission electron microscopy (TEM),
scanning electron microscopy (SEM), powder X-ray diffrac-
tion (XRD), thermogravimetric analysis (TGA), UV-Vis
spectroscopy, and energy-dispersive X-ray (EDX) spectros-
copy. The catalytic activity of the biosynthesized AuNPs
toward the reduction of 4-NP using NaBH4 solution was also
evaluated.

2. Experimental

2.1. Materials and Chemicals. Hydrogen tetrachloroaurate
(III) hydrate (HAuCl4·3H2O, 99.9%) was purchased from
Acros Organics (Belgium). Sodium tetrahydridoborate
(NaBH4, 99%) and 4-nitrophenol (C6H5NO3, ≥99%) were
supplied by Sigma-Aldrich. All chemicals were of reagent
grade and used without any purification. LC fruits were col-
lected from a local forest in Quang Nam Province (Vietnam)
in July.

2.2. Preparation of LC Fruit Extract. Litsea cubeba fresh fruits
were washed thoroughly to remove all the dirt, dried up at
50°C for three days, and ground up into fine powder before
use. The powder of LC fruits (10 g) was soaked in distilled
water (400mL) at 90°C with reflux for 1 h. The obtained
extract was cooled down to room temperature and then fil-
tered with Whatman filter paper No. 1 to remove any plant
debris. The extract was stored at 4°C in a refrigerator for fur-
ther experiments.

2.3. Synthesis of AuNPs. Synthesis of biogenic AuNPs was
performed with HAuCl4 solution and aqueous LC fruit
extract. Briefly, 1mL of the extract was mixed with 20mL
of Au3+ ion solution under vigorous stirring in the dark to
avoid any undesirable photochemical reaction for newly

formed AuNPs. The change in color of the solution after
the reaction completed acted as a visual sign for the success
of the synthesis process. Factors that affect the synthesis pro-
cess, including gold ion concentration (0.5-2mmol/L), reac-
tion time (30-80min), and reaction temperature (30-80°C),
were also investigated to determine the optimal conditions.
The optimization was performed using UV-Vis measure-
ments on an Evolution 300 UV-Vis spectrophotometer with
the characteristic maximum absorption peak of AuNPs at
around 535nm. The obtained AuNPs under optimal condi-
tions were centrifuged and dried up until constant mass
before use to study their physicochemical characteristics
and catalytic activity. The biosynthesis procedure of AuNPs
using LC fruit extract is illustrated in Scheme 1.

2.4. Characterization of AuNPs. The possible functional
groups presented in the LC fruit extract and AuNPs were
examined by Fourier-transform infrared (FTIR) spectros-
copy in the range of 4000-500 cm-1 on a Bruker Tensor 27
(Germany). The crystalline structure and composition of
AuNPs were analyzed using a powder X-ray diffraction
(XRD) method on a Shimadzu 6100 X-ray diffractometer
(Japan) operating at the voltage of 40 kV, the current of
30mA with CuKα radiation at the wavelength of
1.5406 nm, scanning speed of 0.05°/s, and step size of 0.02o

in the range 2θ from 10° to 80°. The morphology and particle
size of the AuNPs in colloidal solution form were determined
by a transmission electron microscope (TEM) on a JEOL
JEM-1400 (Japan) at an accelerated voltage of 120 kV. The
morphology of powdered AuNPs was also examined by
field-emission scanning electron microscopy (FE-SEM) on
a Hitachi S-4800 HI-9057-0006 (Japan) at an accelerating
voltage of 10 kV. The content of gold and organic matrix
acted as a capping agent for AuNPs was determined by ther-
mogravimetric analysis (TG and DTA) using a Setaram
Labsys Evo S60/58988 thermoanalyzer (France) in a range
of 30-800°C and with a heating rate of 10°C·min-1 in atmo-
sphere air. Determination of chemical elemental composition
of the powdered AuNPs was performed by energy-dispersive
X-ray (EDX) spectroscopy on a Horiba EMAX Energy EX-
400 analyzer (Japan). The dynamic scattering diameter and
zeta potential of AuNPs in colloidal solution were examined
on a Horiba SZ-100 (Japan) using dynamic light scattering
(DLS) technology. The characterization of AuNPs and the
reduction of 4-NP were confirmed by using UV-Vis
spectroscopy.

2.5. Catalytic Activity of AuNPs. The catalytic performance of
LC-AuNPs was evaluated via a reduction reaction of 4-NP
using NaBH4 as a reducing agent. The reaction was carried
out in a quartz cell with an optical path length of 10mm
and capacity of 3.5mL at ambient temperature. Briefly, the
solution of 4-AP (2.5mL of 0.1mmol/L) was mixed with
NaBH4 (0.5mL of 0.1mol/L), and then, AuNPs (3mg) were
added. The catalytic activity was examined by UV-Vis spec-
troscopy at the wavelength ranging from 300 to 600nm. A
linear kinetic equation of ln ðAtÞ = −kt + ln ðAoÞ, where k is
the rate constant, t is the reaction time, and Ao and At are
the concentration of 4-NP at the initial and time t,
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respectively, was applied to determine the reaction rate con-
stant via slope of linear regression of ln ðAtÞ over reaction
time t [30].

3. Results and Discussion

3.1. Synthesis of AuNPs. After adding HAuCl4 solution to the
LC fruit extract, the color of the obtained mixture changed
from pale yellow to purple due to the formation of AuNPs.
A phytochemical-driven reaction was supposed to be the for-
mation mechanism of AuNPs. The phytochemicals present
in LC fruit extract, including alkaloids, flavonoids, amides,
lignans, and steroids, may act as reducing agents for Au3+

ion conversion into Au0, followed by the agglomeration pro-
cess of Au atoms to nanosized particles. The obtained AuNPs
were immediately stabilized by the phytochemical residues to
give spherical AuNPs. To control AuNPs size, three main
synthesis conditions including concentration of gold ions,
reaction temperature, and reaction time need to be investi-
gated. The change in color of AuNP solution due to the local-
ized surface plasmon resonance (SPR) along with the
presence of the characteristic UV-Vis peak at 535nm served
as a visual inspection method for the optimization [31].

In this study, the effect of the gold ion concentration on
the formation of AuNPs was investigated by adjusting the
concentration of the HAuCl4 solution in the range of 0.5-
2.0mmol/L, while the reaction temperature and reaction
time were kept constant at 45°C and 60min, respectively
(Figure 1(a)). It can be seen that all spectra exhibit an absorp-
tion peak around 535nm, which is attributed to the SPR
band of the AuNPs, and the concentration of gold ions
strongly affects the formation of AuNPs. The increase in gold
ion concentration led to the higher UV-Vis absorbance.
However, at the gold ion concentration greater than
1.5mmol/L, a slight shift of maximum wavelength toward
larger values was observed, indicating the formation of larger
size AuNPs. Therefore, the appropriate concentration of
HAuCl4 necessary to form more stable AuNPs was chosen
to be 1.5mmol/L.

To optimize reaction time for the synthesis of AuNPs,
after the selected time interval, the AuNP solution (2.5mL)
prepared at 45°C and 1.5mmol/L of Au3+ was taken out to
perform UV-Vis measurement. As seen in Figure 1(b), as
the reaction time from 30min to 60min increases, the inten-
sity of the characteristic UV-Vis peak for AuNPs increased
gradually and reached a maximum after 60min. When the
synthesis time lasted up to 80 minutes, the UV-Vis absor-
bance significantly decreased; this may be due to the agglom-
eration of newly formed AuNPs [10]. Therefore, the reaction
time of 60min was established to perform further synthesis
of AuNPs.

Finally, the optimum reaction temperature was investi-
gated in the range of 30-80°C, while the concentration of
Au3+ and reaction time were kept constant (1.5mmol/L
and 45min). The obtained results shown in Figure 1(c) indi-
cate that the reaction temperature also significantly affected
the formation of AuNPs. The increased temperature to
45°C provided a suitable amount of energy to Au3+ ions for
their conversion into nanoparticles. At higher temperatures,
the Au ions could move faster, and the number of effective
collisions might increase rapidly, resulting in partial coagula-
tion of newly formed nanoparticles with a larger size, causing
a decrease in optical density [22]. Therefore, the temperature
of 45°C was chosen as optimum for the synthesis of AuNPs.

3.2. Characterization of AuNPs

3.2.1. Structural and FTIR Spectral Analysis. The features of
crystalline structures of the biosynthesized AuNPs were
determined by XRD patterns, as presented in Figure 2(a).
The XRD pattern of AuNPs shows characteristic peaks at
2θ angles of 38.12°, 44.27°, 64.42°, and 77.47°, which are
indexed for (111), (200), (220), and (311) planes of the
face-centered cubic structure of Au corresponding with
ICDD PDF card number 00-004-0784. In particular, the
highest diffraction peak of AuNPs at 2θ angle about 38.12°

indicated that the crystals have a preferred growth direction
in the plane (111). The average crystal size of AuNPs

10 g/400 mL H2O

90°C, 1 h 

Litsea cubeba (LC) plant Litsea cubeba fruits LC fruit extract

HAuCl4

LC-AuNPs

Scheme 1: The synthesis procedure of AuNPs using Litsea cubeba fruit extract.
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Figure 1: The UV-Vis absorption spectra of LC-AuNPs synthesized at (a) different concentrations of HAuCl4, (b) different reaction time, and
(c) different reaction temperatures.
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Figure 2: (a) XRD pattern of biosynthesized AuNPs, and (b) FTIR spectra of LC fruit extract and LC fruit extract-capped AuNPs.
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calculated by the Debye-Scherrer equation according to this
(111) plane was found to be 15.1 nm.

The FTIR spectra of dried extract from LC fruit and LC
fruit extract-capped AuNPs are shown in Figure 2(b). The
FTIR spectra of both samples indicated the similarity in
absorption bands. The broad bands centered at 3276 cm-1

are assigned to the stretching vibrations of O–H groups of
alkaloids, flavonoids, lignans, and steroids presented in the
extract, as reported in [20, 32]. The peaks at 2933 and
2883 cm-1 are associated with C–H stretching vibrations of
–CH3 and –CH2- bonds [33]. The peaks at 1716 and
1627 cm-1 correspond to ketone acyclic stretch and aromatic
C=C bond stretching, respectively [34]. The peak at 1412 cm-

1 is related to –C=C- of aromatic bond stretching [35]. The
peaks at 1242 and 1028 cm-1 are identified with aromatic
C–O and aliphatic C–O band stretching related to the cyclic
nature of ether and the carboxylic acid functional group,
respectively [36].

3.2.2. Morphological and Compositional Studies. The SEM
and TEM micrographs of AuNPs are shown in Figures 3(a)
and 3(b), respectively. As it can be seen, the biosynthesized
AuNPs are mostly spherical in shape and dispersed well in
the aqueous solution of LC fruit extract. The colloidal AuNPs
have TEM particle size ranging from 10 to 18 nm and are
located separately. The SEM image (Figure 3(a)) also con-
firmed that no aggregation occurred for the biosynthesized
AuNPs due to the surrounding matrix of LC fruit extract that
acted as an excellent capping agent. The chemical element
composition of LC fruit extract-capped AuNPs analyzed by

EDX spectroscopy is presented in Figure 3(c). The EDX spec-
trum revealed that the biosynthesized AuNPs are mainly
composed of Au (33.94%) with characteristic peaks at 1.74
and 2.195 keV. Carbon (28.42%) and oxygen (9.73%) were
also observed at 0.255 and 0.53 keV, respectively, confirming
the presence of phytoconstituents of LC fruit extract-capped
on AuNPs. Besides, inorganic elements of K (14.65%) and Cl
(13.26%) were also found. The presence of K and Cl elements
in many plant extracts has been reported in several previous
works [23, 30].

3.2.3. Dynamic Light Scattering and Zeta Potential Study. In
comparison with the dried AuNP core inside LC-capped
AuNPs examined by TEM microscopy, hydrodynamic
AuNPs in the aqueous extract have a bigger average size of
about 65 nm (Figure 4(a)). The difference in the size of
TEM-measured AuNPs and hydrodynamic LC-capped
AuNPs revealed that the biosynthesized AuNPs are sur-
rounded by a thick layer of organic molecules, which play a
role in separating AuNPs from agglomeration and coagula-
tion processes. The stability of colloidal AuNPs was evaluated
through their zeta potential value (Figure 4(b)). As seen in
Figure 4(b), the biosynthesized colloidal AuNPs are nega-
tively charged with a small zeta potential of -3.6mV. It is
noted that there are two main stabilization mechanisms for
the formed AuNPs in the aqueous extract. The first mecha-
nism is based on the electrostatic interaction between
charged AuNPs. A zeta potential value greater than 30mV
is required for colloidal AuNP suspension to be physically
stable by a strong repulsion between two charged particles
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Figure 3: SEM (a) and TEM (b) images and EDX spectrum (c) of biosynthesized AuNPs.
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with the same sign. The second mechanism is related to the
steric effect of big organic molecules presented in the aqueous
extract [35]. These organic molecules act as a protective layer
to prevent nanoparticles from sticking together. The colloidal
AuNP solution was observed to be stable over three weeks
without any changes in color or coagulation. Therefore, it
can be concluded that the AuNPs biosynthesized with LC
fruit extract are mainly stabilized under steric conditions by
phytochemical constituents adsorbed on the nanoparticle
surface. The small zeta potential value of -3.6mV of LC-
AuNPs may be due to polar functional groups of organic
molecules such as fatty acids that existed in the LC fruit
extract.

3.2.4. Thermogravimetric Analysis. The total amount of phy-
tochemical constituents acted as a capping agent for AuNPs,
and their thermal behaviors were analyzed by TGA analysis
in the atmosphere air. TG-DTA curves of dried extract from
LC fruit and LC fruit extract-capped AuNPs are given in
Figures 5(a) and 5(b), respectively. As illustrated in
Figure 5, the weight loss of about 40% for dried extract and
10% for LC-AuNPs was observed in the first temperature
region ranging from room temperature to 220°C. The initial
weight loss was due to the evaporation of volatile compounds

presented in LC fruit extract. In the temperature region
between 220 and 600°C, the next dominant weight loss of
28% for dried extract and 31% for AuNPs was recorded.
Herein, the thermal decomposition of AuNPs can be gener-
ally associated with the pyrolysis of organic molecules capped
on AuNP surface [37]. At the temperature above 600°C, the
TGA curve of AuNPs was almost unchanged, indicating that
the biosynthesized AuNPs consisted of approximately 59% of
gold and 41% of phytochemical constituents. The percentage
superiority of gold in LC-AuNPs determined by TGA com-
pared to that by an EDX method may be due to the centrifu-
gation step in the synthesis process. The centrifugation of
solid AuNPs purified water-soluble K+ and Cl- ions. Thus,
the thermal behavior of AuNPs indicates that the organic
layer from LC fruit extract is mainly responsible for the stabi-
lization of the nanoparticles.

3.3. Catalytic Activity of LC-AuNPs for the Reduction of 4-
Nitrophenols. It is well known that 4-NP is difficult to be
completely degraded; meanwhile, its reduction product of
nontoxic 4-aminophenol (4-AP) is widely applicable in med-
icine, especially for organic synthesis reaction of numerous
drugs such as paracetamol and phenacetin [38]. As reported
in [39, 40], the catalytic reduction of 4-NP into 4-AP by
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Figure 4: Dynamic light scattering diameter distributions (a) and zeta potential (b) of biosynthesized AuNPs.

0 200 400 600 800
20

40

60

80

100

Temperature (°C)

TG
 (%

)

–6
–4
–2
0
2
4
6
8
10
12
14

H
ea

t fl
ow

 (𝜇
V

)

(a)

0 200 400 600 800
Temperature (°C)

20

40

60

80

100

TG
 (%

)

–10

0

10

20

30

40

H
ea

t fl
ow

 (𝜇
V

)

(b)

Figure 5: Thermogravimetric analysis of LC fruit extract (a) and LC-capped AuNPs (b).
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NaBH4 using AuNPs as a catalyst followed the Langmuir-
Hinshelwood kinetic model. The mechanism was briefly
described as follows. First, the reactants rapidly moved to
the surface of AuNPs and a reversible adsorption process
was established. The catalytic reduction took place on the
heterogenous catalyst surface; thus, its reaction rate
depended on the adsorbed amount of reactants. Second, an
electron transport between 4-NP and NaBH4 happened at
the active sites of AuNPs, resulting in the productions of 4-
AP. When the concentration of 4-AP was high enough,
desorption of 4-AP occurred, and 4-AP molecules will be
released from the surface of AuNPs. Vacant active sites of
AuNP surface resumed the adsorption process of 4-NP, and
a new cycle of the reduction will be continued. In this study,
the used amount of NaBH4 far exceeded the concentration of
pollutants (0.5mL of 0.1mol/L NaBH4 vs. 2.5mL of
0.1mmol/L of 4-NP), so the concentration of NaBH4 could
be considered a constant during the reaction. In this regard,
the reaction was considered a pseudofirst-order one in which
the kinetics was described by the linear equation ln ðAtÞ =
− kt + ln ðAoÞ.

As shown in Figure 6(a), the mixture of 4-NP and NaBH4
has yellow color with a characterized UV-Vis absorption
peak at 400nm due to the formation of 4-nitrophenolate

ions [39]. Without the catalyst, the reduction did not occur
with the evidence of an unchanged absorbance peak at
400 nm. Upon adding AuNPs, the yellow color gradually
faded, the absorbance at 400nm quickly decreased, and a
new UV-Vis absorption peak of 4-AP at about 300nm
appeared. The reduction reaction completely finished within
10min with reaction rate constant k calculated from the plot
of −ln ðAt/AoÞ versus time (Figure 6(b)) of 0.348min-1. The
obtained reaction rate constant was higher than that of
AuNPs reported in several works (Table 1). It was noted that
a thick layer of organic molecules surrounding the biosynthe-
sized LC-AuNPs could affect the catalytic activity by partially
blocking the active sites of the nanoparticles. It could be the
reason of the difference in catalytic performance of AuNPs
(with the same particles size) biosynthesized by various bio-
logical systems.

The long-term use of AuNPs as a catalyst is an important
factor for effective practical application. For the recycle pro-
cess, the catalyst sample after each usage was centrifuged,
washed with distilled water and ethanol, and dried for the
next cycle of catalysis. The results of recycle ability toward
4-NP as well as the changes in XRD patterns of the catalyst
after five catalytic cycles are presented in Figures 6(c) and
6(d), respectively. Figure 6(c) showed that the catalytic
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Figure 6: (a) UV-Vis absorption spectra recorded during the reduction of 4-NP with NaBH4 catalyzed by biosynthesized AuNPs, (b) the plot
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performance were almost unchanged after the first three
cycles and slightly decreased after the fifth recycle from
98.6% to 96.2%. It was also observed that the XRD spectra
of LC-AuNPs showed no change in the peak position and
the intensity before and after catalysis, confirming the stabil-
ity of LC-AuNPs in crystalline nature for a long-term use.

4. Conclusions

In summary, spherical AuNPs with the small TEM particle
size of 8-18 nm were successfully biosynthesized by a green
single-step route without using any expensive commercial
reductants and stabilizers. This work demonstrated the effi-
cacy of Litsea cubeba fruit extract in reducing gold ions and
stabilizing AuNPs. The colloidal AuNPs are well dispersed
and stable in the solution over three weeks. The obtained
AuNPs also exhibited enhanced catalytic performance
toward the degradation of toxic 4-NP. In addition, the reus-
ability studies demonstrated that the LC-AuNPs retained
good catalytic activity even after five cycles of reaction.
Therefore, the biosynthesized AuNPs can be considered an
effective catalyst in eco-friendly treatments of organic
pollutants.
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