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Abstract

The green chemical synthesis of nanoparticles was extensively employed in the promotion of the
fabrication of nanoparticles. In the present work, a single-step biosynthetic eco-friendly method was
utilised to synthesise Au NPs using leave aqueous extracts of Piper nigrum (PN), Ziziphus spina-
christi (ZSC), and Eucalyptus globulus (EUCGLO). The extract played the role of the reducing and
capping agents where the volume ratios of aqueous extract (100 ppm) to the aqueous solution of
HAuCl,-4H,0 (0.001 M) were 1:10, 2:10 and 3:10 for all extracts. X-ray powder diffraction (XRD),
field emission scanning electron microscopy (FESEM), and ultraviolet-visible spectroscopy (UV-
Vis) were performed to characterise the nanoparticles. The surface Plasmon resonance was located
at 530, 540, and 533 + 2 nm for the synthesised Au NPs using the aqueous extract of PN, ZSC, and
EUCGLO, respectively. The intensive peaks of XRD patterns indicated the crystalline nature (fcc
structure) of the synthesised gold nanoparticles with an average size of 21 ~ 40 nm. The morphology
of the Au NPs was carried out by FESEM. The results showed a decline in the spherical shape of the
synthesised Au NPs with a mean diameter ranged from 23.7 ~ 33.7 + 2 nm.
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Introduction

Nanoscience and its technologies are interdis-
ciplinary science which has achieved popularity in
numerous applications in diverse disciplines owing
to outstanding properties of low density, high surface
area, reactivity, plasmon resonance, and many more
[1]. Over the last decades, numerous reports have been
dedicated to applications such as drug delivery [2],
catalyst [3, 4], porous materials [5, 6], semiconductors,
[7], and other different applications. Among all
nanomaterials, the applications metallic nanoparticles

(NPs), have grown in demands which can be
synthesised by chemical, biological, and physical
methods [8]. The main drawback of the physical and
chemical methods is that: they are not eco-friendly
and consumable methods. In contrast, biosynthesis
of NPs is an eco-friendly technique due to the
involvement of many plants, microbes, and enzymes
in the process [9]. The synthesis of nanoparticles by
a biosynthesis method includes both intracellular and
extracellular routes. The extracellular route includes
several processes of reducing and capping in which
those processes affect the final shape and the size of
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the nanoparticles. In addition, those processes should
be clarified to control the size of the nanoparticles
to be suitable for particular applications. However,
standardising the methodologies and the biosynthesis’
protocols is still under development, since the synthesis
conditions (temperature, relative humidity, airflow
rate, etc.) are different. As a consequence of non-
standardising synthesis protocols, the reliability of any
procedure would be criticised in terms of repentance
[10]. Production silver nanoparticles (AgNPs) and gold
nanoparticles (Au NPs) with different morphologies
and sizes were realised during the last decade using
different routes [11-14]. Those synthetic methods
involved the reduction of the ionic form of silver or
gold in an appropriate medium using various reducing
agents. Three characters assist the green method
which is: the reducing agent, the capping agent,
and the solvent. The plant extracts are particularly
advantageous for the biosynthesis method of metal
nanoparticles. The plant extracts gather both functions
of the reducing agents and the capping agents. It also
handles relatively non-toxic chemicals and non-toxic
solvents (water, biological extracts) [15-17]. Green
synthesis of nanoparticles includes using a wide range
of plant extracts such as Capsicum annuum [16],
Alfalfa [18], Amla [19], geranium [20], Aloe vera [21],
and Neem [22]. In the current work, Piper nigrum (PN),
Ziziphus spina-christi (ZSC), and Eucalyptus globulus
(EUCGLO) extracts were adopted as a reducing and
capping agents to synthesise gold nanoparticles. A
comparative study on the properties of the obtained
Au NPs using those plant extracts was carried out
according to the molar ratio between the aqueous
extract and the aqueous gold salt.

Experimental
Preparation of aqueous extracts

The preparation of the aqueous of the extract was
carried out using extract to water ratio of 10:1. In
a typical synthesis, 10 g of the dry weight of plant
leaves were suspended in a 100 mL deionised water
on vigorous stirring (500 rpm) in a 250 mL beaker for
2 hours at 50 °C. The prepared slurry was then filtered
by Whatman® qualitative filter paper, Grade 1 before
dried on glass at room temperature.

Synthesis of gold nanoparticles

Gold nanoparticles were synthesised in a way
reported in the literature [23] with modification.
Aquatic extract (10 mL, 100 ppm) and aqueous gold

salt (HAuCl,-4H,0) were poured into a tube to obtain
a gold nanoparticles mixture (1 mL, 100 ppm). The
mixture was shaken for 5 minutes and then kept for an
hour at lab temperature. After 15 minutes, the colour of
the mixture started to change. The formation of reddish
colour in the (HAuCl,-4H,0) aqueous solution was an
indicator of the reduction of the gold ions. To testify
the efficiency of the extract concentration to form the
nanoparticles, the experiments were repeated using 2
mL and 3 mL of the extract.

X-ray diffraction

The crystalline structure and the phase of the Au
NPs were investigated using X-ray diffraction analysis
(XRD) by employing XRD type PANalytical X Pert
PRO, Almelo, using Cu-Ka radiation (A=1.54178 A)
at the University of Kashan). The scan was operated to
record 20 of the pattern at range from 10° to 80° at the
power of 40 kV and 40 mA. The average particle size
was estimated using the Debye Scherrer method from
the following equation [24]:

D = kM(Bcosb).

where 0, K, A, B are the Bragg angle, the constant
of the crystalline shape factor (herein is taken 0.9),
wavelength, and the full width at half maximum of the
sharp peaks, respectively.

Scanning electron microscopy

Scanning electron microscopy (SEM) was
performed using scanning electron microscopy
(type: FEG-SEM MIRA3 TESCAN, Czechia), to
investigate the morphology of the nanoparticles. The
technique was configured to operate at (15.0 kV)
various magnification levels. The image analysis
program “ImagelJ” was utilised to measure the particle
size distribution. Typically, 100 nanoparticles were
randomly selected from each SEM image to measure
the particle size distribution. The size of the particles
was measured and the particles divided into groups of
5 nm range.

Spectroscopy measurement

Defining the surface Plasmon resonance property
(SPR) of the gold nanoparticle was achieved using a
ultraviolet-visible spectrometer type Shimadzu UV-Vis
1800 at a range of wavelengths from 300 to 800 nm.

Results and Discussion

Gold nanoparticles (Au NPs) were synthesised
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using natural materials of plants. It was first identified
through the colour change into ruby-red colour during
the reduction reaction (Fig. 1). The synthesised Au NPs
were characterised using UV-Vis spectra, XRD and
FESEM. A brief of characterisation results is given in
Table 1.

Getting the benefit from the presence of the intensive
surface plasmon for Au NPs in the UV-Vis absorption
spectra, the technique is widely used to prove the
formation of Au colloids [25]. Fig. 2(a) shows the UV
spectra of Au NPs, which were synthesised using PN
extract. With the increase in the concentration of the
extract, a noticeable increase in the absorbance of the
spectrum was accompanied by an increase in the width
of the peak from 530 to 545 nm. Fig. 2(b) shows Au

Extract of
Eucalyptus
globulus

Extract of
Ziziphus
spina-christi

—

Extract of
Piper nigrum

NPs UV spectra in the case of using ZSC. It has been
observed that the absorption peak located at the range
of 525 ~ 530 + 2 nm. The shifting in the wavelength
range was expected due to the reduction of Au NPs
size, which is estimated in the range of 20 ~ 40 + 2
nm. The sharp peak around 535 £+ 2 nm gives evidence
of Au NPs formation [26]. While the enhancement of
the intensity might be related to the enlargement of the
formed nanoparticles when gold ions number reduced
in the aqueous solution. Increase the absorbance
intensity of the Au NPs, which were synthesised using
the extract of EUCGLO, has been noticed comparing to
the other samples (Fig. 2(c)). The peak area, which is
located at 525 ~ 540 + 2 nm, expanded with increasing
the concentration of the extract.

20-37 nm

AuNPs AuNPs

PN extract ZSC extract EUCGLO extract

Fig. 1 Gold nanoparticles synthesised using (a) PN, (b) ZSC, and (¢) EUCGLO.

Table 1 Characterisation of Au NPs synthesised using PN, ZSC, and EUCGLO

Volume ratio (mL) XRD particle size FESEM mean particle size Plasmon resonance
(£ 2 nm) (£ 2 nm) (£2 nm)
! 21 24.59
530
PN 2 28 28.14
3 37 33.7 545
I 22 237
525
ZSC 2 28 27.7
3 33 32.85 530
! 22 28.6
525
EUCGLO 2 37 336
3 40 32.1 540

http://www.nanobe.org



334

Nano Biomed. Eng., 2020,Vol. 12, Iss. 4

(@ —ImL

Absorbance (a.u.)
s o
P -

e
(™)

oF

L 1 0 L

120 ©

o
=N

Absorbance (a.u.)

1 1 1
400 500 600 700 800 200 300
Wavelength (nm)

1 1
200 300

1 1 1
400 500 600
Wavelength (nm)

1 1 1 1 1 1
300 400 500 600 700 800
Wavelength (nm)

1 ] 0
700 800 200

Fig. 2 The absorbance UV-visible spectra of Au NPs s synthesised using (a) PN, (b) ZSC, and (¢) EUCGLO.

Fig. 3 illustrates the XRD patterns of the dried gold
nanoparticles, which were deposited on the silicon
substrates by the drop-casting method. The observed
peaks at 38.18° and 44.44° are attributed to the 111
and 200 planes. It was observed that the XRD patterns
of all samples do not include any other peaks related
to the associated impurities. All presented peaks
are characteristic of the face-cantered cubic (fcc)
structure of Au. This result is in agreement with the
standard JCPDS report (file no. 00-004-0784) of the
XRD planes for gold. In addition, the intensity of the
peak of (111) at 38.18° is much stronger than those
peaks of (200) at 44.44° for the synthesised samples
using 1 mL and 2 mL of the plant extract. While the
synthesised samples using 3 mL have only one peak
located at 38.18° which could be attributed to the 200
crystallographic planes. The average crystalline size of
the Au NPs (estimated by Debye-Scherrer equation) is
varied for the tested samples. The particle size of the
synthesised Au NPs using PN extract was in the range
of 20 ~ 37 £ 2 nm, while the average crystallite size for
the synthesised Au NPs using EUCGLO extract was in
the range of 22 ~ 33 &+ 2 nm, and ranged from 22 ~ 40
+ 2 nm for the samples synthesised using ZSC extract.

The SEM images (Fig. 4) demonstrate the
morphology of the synthesised Au NPs using different
concentrations of the PN extracts. Fig. 4(a)-(d) show
the image and the particle size distribution of the well-

dispersed Au NPs which were synthesised using 1 mL
of the PN extract. The particle size of the nanoparticles
is distributed in a range of nanometres. However, the
majority of the particles are distributed at a range from
16 to 35 nm with a spherical shape and the mean particle
size was 24.59 + 2 nm. However, some aggregated Au
NPs were noticed. Fig. 4(b)-(e) show the SEM image
and the particle size distribution of the synthesised Au
NPs using 2 mL of the PN extract. The spherical shape
nanoparticles have a particle size mainly distributed
between 16-35 nm with a mean particle size of 28.14
+ 2 nm. It is noticed that the 2 mL concentration of PN
yields spherical shape Au NPs most of them ranged
between 20-30 nm with less accumulation of the
nanoparticles. While the synthesised Au NPs using
3 mL of the extract (Fig. 4(c)-(f)), produces larger
particle in size which are distributed between 21-45
nm, in addition, to increase the accumulation of the
nanoparticles. The mean particle size was 33.7 £ 2 nm.

Fig. 5(a)-(d) illustrate the SEM images and the
particle size distribution of the Au NPs which were
synthesised using 1 mL of ZSC. The mean particle
size is 23.7 + 2 nm. However, there is a wide range
of particle size distribution and more aggregation of
the particles was observed. It can be seen from the
SEM image and the related bar chart in Fig. 5(b)-
(e) that the utilising 2 mL of ZSC in the synthesis of
Au NPs produced particles where the majority of it
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Fig. 3 The Au NPs XRD patterns of the samples synthesised using (a) PN, (b) ZSC, and (¢) EUCGLO.
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nanoparticles in the image (a); (e) the particle size of nanoparticles in the image (b); (f) the particle size of nanoparticles in the image (c).
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Fig. 5 SEM images of the synthesised Au NPs using ZSC, (a) 1 mL, (b) 2 mL and (¢) 3 mL of ZSC extract. (d) The particle size of
nanoparticles in image (a); (e) the particle size of nanoparticles in image (b); (f) the particle size of nanoparticles in image (c).

distributed in the range between 16-35 nm. The mean
diameter of the particles is 27.7 £ 2 nm. Furthermore,
the particle size has increased again with increasing the
concentration of the ZSC to 3 mL (Fig. 5(c)-(f)). The
mean particle diameter is 32.85 = 2 nm which is quite

close to that obtained result by XRD.

Fig. 6(a)-(d) illustrate the SEM images and
particle size distribution of the Au NPs when 1 mL
of EUCGLO extract has been used. The majority of
the particles are distributed in the range between 21-
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Fig. 6 SEM images of the synthesised Au NPs using Eucalyptus globulus (EUCGLO), (a) 1 mL, (b) 2 mL, and (¢) 3 mL of
EUCGLO extract. (d) The particle size of nanoparticles in the image (a); (e) the particle size of nanoparticles in the image (b); (f) the

particle size of nanoparticles in the image (c).

30 nm. The mean particle size is 28.6 = 2 nm. The
particle size again increased as the concertation of the
EUCGLO increased. That can be seen in Fig. 6(b)-(e)
where the mean particle size is 33.6 £ 2 nm in the case
of using 2 mL of EUCGLO. While the mean particle
size when 3 mL of the extract is used is 32.1 £ 2 nm
(Fig. 6(c)-(f)). In general, the accumulation of the
nanoparticles has grown with the concentration of the
extract. However, the optimum results were noticed
for the PN extract, and more specifically when 2 mL
of the extract has been used. It is noticeable that the
obtained NPs particle size from FESEM microscopy
is in agreement with that obtained using the X-ray
diffraction. It has been observed from the average
particle size of the synthesised Au NPs suggested that
the PN extract produced smaller particle size while
EUCGLO extract produced the larger particle size. In
addition, increase the plant extract concentrations led to
produce more particles and enlarge the size especially
in the case of EUCGLO. This thought to be due to the
fact that EUCGLO extract is a stronger reducing agent
compared to ZSC extract and PN extract, respectively.

Conclusions

Gold nanoparticles were successfully synthesised

using different plant extracts (Piper nigrum, Ziziphus
spina-christi, and Eucalyptus globulus). A comparative
study on the properties of the Au NPs concerning the
gold salt : paper extract volume ratio was carried out.
Taking advantage of PN extract in the synthesis of Au
NPs achieved a better result in terms of smaller size,
uniform particle size, and crystallinity, when compared
with ZSC and EUCGLO extracts. This was thought
to be because Piper nigrum worked a slower reducing
agent than the other extracts.
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