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ABSTRACT

Nanomaterials are attracting a lot of attention nowadays as they show different chemical and physical properties that are dependent on their size and
shape. Different techniques have been used for synthesis metal nanoparticles but the use of plants for synthesis of nanoparticles could be advantageous
over other environmentally methods as this eliminates the cost and the non toxicity is main feature. Here a simple biosynthesis approach was applied and
gold nanoparticles were synthesized by using psidium guajava leaf extract as reducing and capping agent. Two different parameters were studied which
are the metal ion concentration and volume of plant broth. The synthesis of gold nanoparticles was also monitored as function of reaction time. The
formation of gold nanoparticles was monitored by UV-Vis spectrophotometer and the size of particles was confirmed by X-Ray Diffraction (XRD),
Transmission Electron Microscopy (TEM) techniques. TEM analysis showed that the AuNPs were mostly spherical in shape with an average size of 15
nm. Fourier Transform Infrared (FTIR) spectroscopy that the active biomolecules present in the Psidium guajava leaf extract act as capping and

stabilizing agent for the AuNPs.
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1. INTRODUCTION

Currently, considerable attention has been made
towards metal nanoparticles due to their unique properties
that are different from their bulk metals. They have wide
applicability in different areas including biology, chemistry,
medicine and optoelectronics [1-3]. Many methods have
been developed for the synthesis of metal NPs and most of
these methods are based on chemical reduction and physical
methods which are expensive, toxic and non-
environmentally friendly. At present, there is a growing
need to use non toxic, environmentally, and renewable
materials for the synthesis of metal nanoparticles. Thus
many attempts have focused on the use of green synthesis
approach [4].

Gold nanoparticles exhibit novel optical and
catalytic properties. They are also non-toxic and
biocompatible. They have attracted considerable interest in
a range of applications including electron microscopy
marker [5], DNA sequencing [6], catalysis [7], wave guider
[8], and in biomedical science [9]. While the chemical
composition of nanoparticles is important, even more
important is the morphology (size and shape) of the
nanoparticles and their surface properties. Many biological
systems, such as fungi, bacteria and plants have been
studied for gold nanoparticles synthesis However, plant-
based nanoparticle synthesis can be more advantageous
over other biological system methods (microbial) since they
are readily available, non toxic, the reaction rate for the
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synthesis of nanoparticles is very high and there is no need
for complicated techniques to prepare the extract [10,11].

Psidium guajava belong to the family of Maystrecea
its widely growth in many countries and it has long history
with folk medicine as it has antimicrobial, inflammatory
activities antimalarial and antitumor [12-15]. The leaves
also used to treat wounds, acne lesions [16)] cough and also
for tooth pain and headache [17]. The anti-oxidant
properties of psidium guajava aqueous leaf are due to the
presence of active compounds including polyphenols,
flavonoids, tannins, and saponins. The main active
constituent in the plant was reported as quercetin
derivatives [18]. In the present study, the use of aqueous
leaf extract of psidium guajava as reducing and capping
agent for gold nanoparticles synthesis is reported.

2. EXPERIMENTAL SECTION

2.1 Material, methods and instruments

Gold (IIT) chloride hydrate, (HAuCls.3H,O) obtained
from Merck and used as received. A stock solution
containing 25%10°M HAuCls.3H,0 was prepared. Psidium
guajava leaves used in these experiments were obtained
locally from Pontian, Malaysia. The leaves were washed
with distilled water to remove any dust or impurities and
allowed to dry for 1-2 weeks at room temperature. The
dried leaves were then grounded and sieved through a 20
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mesh sieve. 1.0g of the powdered psidium guajava leaves
was soaked in 100 ml of deionized water for 24" hours in a
500 mL Erlenmeyer flask. This was then followed by
boiling the solution for 5 min after which it was filtered.
The filtrate was collected and kept in refrigerator at 4°C for
further experiments.

2.2 Synthesis of Gold nanoparticles

To study the effect of metal ion concentration,
typically 1 ml of psidium guajava leaf extract was added to
a vigorously stirred 10 ml of HAuCl4 with varied
concentration from 1 mM to 10 mM. The same experiment
was repeated by using the optimum concentration of 1 mM
whilst varying the volume of Psidium. guajava leaf extract
(1-8 ml).

The gold nanoparticles solution obtained by
bioreduction using psidium guajava leaf extract was
centrifuged at 15,000 rpm for 20 min. Then the pellet was
redispersed in deionized water to get a solution free of any
protein or uncoordinated biological molecules

2.3 UV-Vis Spectrophotometer analysis

Bioreduction of AuClsy in aqueous solution was
followed by periodic sampling, after diluting small aliquots
(1 ml) of sample with 2 ml of deionized water The analysis
was carried out using a PERKIN-ELMER UV-Vis
spectrophotometer between 400 -800 nm

2.4  X-ray Diffraction (XRD) measurement

Dried powder of gold nanoparticles was examined
by X-ray diffraction (XRD) patterns to determine the peak
intensity, position and width. The X-ray diffractogram was
obtained using Bruker D8 Advance powder diffractometer
with Cu Ko radiation (A = 0.15418 nm, 40 kV, 40 mA) and
were measured in the 20 scale of 30-90-.

2.5 Transmission Electron Microscopy (TEM)
analysis

The morphology of AuNPs was investigated by
Transmission Electron Microscopy (TEM) using a JEOL
JEM-2100 instrument operating at an accelerating voltage
of 200 kV. A drop of synthesized colloidal AuNPs solution
sample is deposited on carbon coated grids and followed by
solvent evaporation.

2.6 Fourier Transform Infrared
Spectroscopy analysis

(FTIR)

After the bioreduction process had completed, the
solution was centrifuged at 15,000 rpm for 10 min to isolate
the formed gold nanoparticles. The resulting solution was
redispersed into 10 ml of deionized water and this process
was repeated three times. The FTIR spectroscopic analysis
on the dried gold nanoparticles and the powdered psidium

guajava leaf were performed using a Perkin-Elmer FTIR
spectrometer in region from 400- 4000 cm! at a resolution
of 4em!,

3. RESULTS AND DISCUSSIONS

3.1 UV-Vis analysis

The formation of gold nanoparticles was monitored
by visual change in color and UV-Vis spectroscopy studies.
The color of the reaction mixture had changed from pale
yellow to ruby-red color after 10 mins due to the Surface
Plasmon Resonance phenomena (SPR) that arise from the
collective oscillation of free conduction electrons induced
by interacting electromagnetic field [19].

The formation of gold nanoparticles can be
monitored as a function of time (Fig. 1). It can be observed
that the reaction was completed within 50 min of reaction
after which the intensity of the SPR band showed little
increased.
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Fig. 1. UV-Vis spectrum recorded for gold nanoparticles as
funtion of reaction time.

Fig. 2 shows the effect of metal ion concentration of
the formation of gold nanoparticles. It was found that the
metal ion concentration plays an important role in the
formation of the nanoparticle. A sharp and strong peak
centred at 529 nm was obtained at 1 mM concentration (a).
However, when the metal ion concentration was increased
to 3 mM (b), 5 mM (¢ ) and 10 mM (d), much broader
peaks with lower intensities were observed. In addition, the
absorbance maxima in all case had shifted to a much lower
wavelength, suggesting the formation of much larger
nanoparticles.

Fig. 3 shows the UV-Vis spectra of colloidal Au NPs
synthesized using constant concentration of HAuCL,4 at 1
mM but with different volume of the psidium guajava leaf
extract; 1ml(a;), 2ml(a;), 4ml(as), 6ml(as) and 8ml(as). As
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can be observed, an increased in the volume of leaf extract
led to the decreased in the SPR band intensity with no
significant shift of the absorption peak. In particular at
volume of 6 and 8 ml, the absorption bands had broadened
with slight shifted to longer wavelength. The SPR band
depends on the particle size, shape and chemicals
surrounding of the adsorbed species on the surface. In the
present study, 1 ml of leaf extract is sufficient for
completion of the bioreduction. However, the control over
nanoparticles synthesis by volume of leaf used seems to be
dependent on the procedure of the extract preparation and
nature of the plant used.
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Fig. 2 UV-Vis spectrum of gold nanoparticles obtained at
different metal ion concentration (a) 1 mM), (b) 3 mM, (¢c) 5
mM, (d) 10 mM
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Fig. 3. UV-Vis spectrum of gold nanoparticles obtained at
different plant extract volumes ai (1ml), az (2ml), as (4ml), a4
(6ml) and as (8ml)

3.2 XRD Analysis

Figure 4 shows the X-ray diffraction patterns
observed for the biosynthesized gold nanoparticles using
psidium guajava leaf extract. Five Bragg reflection peaks
corresponding to (111), (200), (220}, {311} and {222} sts
of lattice planes are observed that may be indexed to the
face centered cubic (fcc) structure of gold. The XRD
diffraction pattern clearly shows that the gold nanoparticles
formed by the reduction of AuCl4- ions by the psidium
guajava leaf extract are highly crystalline. The broadening
of the peaks indicates the formation of nanoparticles. The
diffraction peak corresponding to the (111) lattice plane
shows the strongest intensity compared to the other peaks
suggesting that (111) is the predominant orientation. The
mean size of nano gold was calculated by Debye— Scherrer
equation [20]. From the equation the average size of gold
nanoparticles found 15nm which in agreement with TEM
studies
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Fig. 4. XRD diffractogram of gold nanoparticles synthesized
by reduction of AuCls™ ions using broth of Psidium guajava
leaf

3.3 TEM Analysis

Fig. 5 showed the TEM images of the biosynthesized
AuNPs. From the figure, it is clear that most of the particles
are spherical in nature with a few of them are irregular in
shape. The diameter of the spherical AuNPs varied from 10
nm to 23 nm, with an average size of 15 nm. The formation
of this shape may be attributed to the protective and
reductive biomolecules present in the psidium guajava leaf
extract.

3.4 FTIR Analysis

FTIR measurements were carried out to identify the
active biomolecules present in the psidium guajava leaf
broth that were responsible for the reduction and capping of
the bioreduced gold nanoparticles. Fig. 6 represents the
FTIR spectrum of the gold nanoparticles. The figure shows
absorption peaks at 1033 c¢cm! (ether linkages), 1384 cm’!
(O-H bending), 1447 cm™' (NH), 1609 cm™' (amide 1) and
3450 cm! (O-H stretching) suggest the presence of proteins,
alkaloids and terpenoids absorbed on the surface of the gold
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nanoparticles [21]. This observation showed these
biomolecules that contain many C=0 or N-H groups play an
important role in the bioreduction and capping of the
nanoparticles. The band around 3450 cm’! indicates the
presence of polyphenolic OH group. Thus, it the
biosynthesized gold nanoparticles are probably capped by
functional groups on such as proteins and polyphenols
through the interactions of free amine and carbonyl groups
in the proteins as well as the hydroxyl groups in the
polyphenols.
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Fig. 5. TEM images for AuNPs by using 1 mM HAuCIs - and
1 ml of psidium gujava leaf extract
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Fig. 6. FTIR absorption spectrum for [a] psidium guajava
leaf, [b] biosynthesized gold nanoparticles.

4 CONCLUSIONS

In this study, we have reported a simple, ecofriendly
and low cost method for the biosynthesis of gold

nanoparticles. The most important feature of this procedure
is that it avoids the use of any toxic and hazardous
chemicals which satisfies the green chemistry approaches
for metal nanoparticles synthesis. It was observed that
several factors such as volume of leaf extract and metal ions
concentration can play important role in the nanoparticles
shapes and sizes. The water soluble phythochemicals in the
psidium guajava leaf extract were principally responsible
for the reduction of gold ions and the stabilization of the
nanoparticles.
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