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Abstract The biological synthesis of gold nanoparticles (AuNPs) of various shapes (triangle, hex-

agonal, and spherical) using hot water olive leaf extracts as reducing agent is reported. The size and

the shape of Au nanoparticles are modulated by varying the ratio of metal salt and extract in the

reaction medium. Only 20 min were required for the conversion into gold nanoparticles at room

temperature, suggesting a reaction rate higher or comparable to those of nanoparticles synthesis

by chemical methods. The variation of the pH of the reaction medium gives AuNPs nanoparticles

of different shapes. The nanoparticles obtained are characterized by UV–Vis spectroscopy, photo-

luminescence, transmission electron microscopy (TEM), X-ray diffraction (XRD), FTIR spectros-

copy and thermogravimetric analysis. The TEM images showed that a mixture of shapes

(triangular, hexagonal and spherical) structures was formed at lower leaf broth concentration

and high pH, while smaller spherical shapes were obtained at higher leaf broth concentration

and low pH.
ª 2010 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
1. Introduction

Gold nanoparticles have been considered as an important area
of research due to their unique and tunable surface plasmon
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resonance (SPR) and their applications in biomedical science

including drug delivery, tissue/tumor imaging, photothermal
therapy and immuno-chromatographic identification of patho-
gens in clinical specimens (Huang, 2006). Due to the recent
increasing awareness of green chemistry, it must be a nontoxic

and environmentally friendly chemical. The integration of
green chemistry principles to nanotechnology is one of the
key issues in nanoscience research. Since the development of

the concept of green nanoparticle preparation by Raveendran
et al. (2003), there is a growing the need for environmentally
benign metal–nanoparticle synthesis processes that do not

use toxic chemicals in the synthesis protocols to avoid adverse
effects in medical applications. Both Ag and Au nanoparticles
are excellent nanomaterials providing a powerful platform in
biomedical applications of biomolecular recognition, biosen-
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sing, drug delivery and molecular imaging (Sperling et al.,

2008; Wilson, 2008).
Many biological systems, such as that of fungi (Raveendran

et al., 2003; Shankar et al., 2003, algae (Xie et al., 2007; Mata
et al., 2009), bacteria (Lengke et al., 2006; He et al., 2008) and

plants (Philip, 2009, 2010; Rajasekharreddy et al., 2010;
Dubeya et al., 2010; Smitha et al., 2009; Song et al., 2009;
Thakkar et al., 2010; Shankar et al., 2004; Ankamwar et al.,

2005; Ghodake et al., 2010; Kalishwaralal et al., 2010; Kumar
and Yadav, 2008; Chandran et al., 2006; Mishra et al., 2010;
Das et al., 2010; Krpeti et al., 2009) have been studied for

the biosynthesis of gold and silver nanoparticles. However,
plant-based nanoparticle syntheses can be advantageous over
other biological methods (microbial) since the reaction rate

for the synthesis of nanoparticles is very high and there is no
need to grow microbes (Kalishwaralal et al., 2010).

Throughout the history of civilization, the olive plant has
been an important source of nutrition and medicine. The first

formal report of medicinal use was made in 1854, when olive
leaf extract (OLE) was reported to be effective in treating fever
and malaria (Hanbury, 1854). OLE contains compounds with

potent antimicrobial activities against bacteria, fungi, and
mycoplasma (Juven and Henis, 1970; Aziz et al., 1998; Bisig-
nano et al., 1999; Furneri et al., 2002). In addition, OLE has

antioxidant (Ziogas et al., 2010; Caruso et al., 1999; Lee
et al., 2009; Benavente-Garcı́a et al., 2000) and anti-inflamma-
tory (Visioli et al., 1998; de la Puerta et al., 2000) activities.
Also, it was found that OLE inhibits acute infection and

cell-to-cell transmission of HIV-1 and also inhibits HIV-1 rep-
lication (Lee-Huang et al., 2003).

The major active components in olive leaf are known to be

oleuropein and its derivatives, such as hydroxytyrosol and
tyrosol, as well as cafeic acid, p-coumaric acid, vanillic acid,
vanillin, luteolin, diosmetin, rutin, luteolin-7-glucoside, apige-

nin-7-glucoside, and diosmetin-7-glucoside (Bianco and Uccel-
la, 2000; Farag et al., 2003).

So far, there is no report on the synthesis of nanoparticles

using olive leaf extracts. In this paper we report on the synthe-
sis of gold nanoparticles using hot water olive leaf extracts as a
simple, low cost and reproducible method.
Figure 1 Effect of extract concentration on the formation of

gold nanoparticles. Inset photos of the particle solutions as a

function of concentration of olive leaf extract.
2. Experimental

2.1. Materials

HAuCl4Æ3H2O 99.9% was purchased from Aldrich. The 1.0 g

of olive leaf broth was boiled for 15 min, filtrated and com-
pleted to 100 ml to get the extract. The filtrate that was used
as reducing agent was kept in the dark at 10 �C to be used

within 1 week. A stock solution of HAuCl4 was prepared by
dissolving 1.0 g HAuCl4 in 100 ml deionized water.

2.2. Instrumentation

The UV–Vis spectra were recorded at room temperature using
a k-Helios SP Pye-Unicam spectrophotometer with samples in

quartz cuvettes. Photoluminescence spectra were recorded on a
Perkin–Elmer LS 50B luminescence spectrophotometer.

Transmission electron microscopy (TEM) studies were

performed using a JEOL-JEM 1200 electron microscope oper-
ating at an accelerating voltage of 90 kV. For the TEM mea-
surements, a drop of solution containing the particles was

deposited on a copper grid covered with amorphous carbon.
After allowing the film to stand for 2 min, the extra solution
was removed by means of blotting paper and the grid allowed
drying before the measurement. Fourier transform infrared

(FTIR) spectra were recorded at room temperature on a Nico-
let 6700 FTIR spectrometer. For the FTIR measurements of
capped gold nanoparticles, a small amount of gold nanoparti-

cles (0.01 g) dried at 60 �C for 4 h were mixed with KBr to
form a round disk suitable for FTIR measurements. To obtain
the FTIR spectrum of the extract, an appropriate amount of

the extract was mixed with KBr. Thermogravimetric analyses
were carried out with a heating rate of 10 �C/min using a Shi-
madzu DT-50 thermal analyzer.

2.3. Synthesis of gold nanoparticles

For the synthesis of the gold nanoparticles, a certain volume of

the olive leaf extract (0.1–6 ml) was added to the HAuCl4Æ
3H2O solution and the volume was adjusted to 10 ml with
de-ionized water. The final concentration of Au was 1.3 ·
10�4 M. The reduction process of Au3+ to Au nanoparticles
was followed by the change in the color of the solution from
yellow to violet to dark pink and green depending on the

extract concentration.
The nanoparticles prepared at different pH values, the pH

of the solutions (1.3 · 10�4 M AuCl�4 and 2 ml extract in
10 ml flask) were adjusted using 0.1 N HCl or 0.1 N NaOH

solutions.

3. Results and discussion

3.1. UV–Vis spectra of gold nanoparticles

The formation and stability of gold nanoparticles were
followed by UV–Vis spectrophotometry. Fig. 1 shows the

UV–Vis spectra of gold nanoparticles formation using a
constant HAuCl4 concentration (1.3 · 10�4 M) with different
concentrations of the extract. The inset shows photos of the

color change of the gold nanoparticles with a changing olive
leaf extract concentration. The violet, pink to dark pink col-
or observed is characteristic for the surface plasmon reso-
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nance (SPR) of different sizes of gold nanoparticles (Link

and El Sayed, 2000). The leaf broth extract quantities were
varied from 0.2 to 6 ml. Notably, in the range of low
amounts of the leaf extract (0.2–2 ml in 10 ml metal ion
solution), the absorption spectra exhibit a gradual increase

of the absorbance accompanied with a shift in the kmax from
545 to 530 nm. On the other hand, upon addition of higher
amounts of the extract (3–6 ml), the kmax was shifted to

longer wavelengths and the green color of the AuNPs solu-
tion was developed (inset of Fig. 1). Above 5 ml there is a
slight decrease in the absorption and a negligible change

in the absorbance indicating the attainment of the saturation
in the bio-reduction of Au3+. The absorption maximum at
about 545 nm attributed to the surface plasmon resonance

band of the gold nanoparticles. The interaction of light hav-
ing wavelength smaller than the particle size of the AuNPs
leads to a polarization of free conduction electrons with re-
spect to the heavier ionic core of the AuNPs. Therefore, an

electron dipolar oscillation is created and a surface plasmon
absorption band is obtained.

A strong correlation between the particle size and the

maximum absorption peak has been previously observed
by Husseiny et al. (2007). They observed that as the particle
size increases, the maximum absorption is red shifted.

Accordingly, it can be concluded that the size of the parti-
cles decreases upon increasing the extract concentration
from 0.2 to 2 ml as the absorption spectra are blue shifted
(Hostetler et al., 1998). The slight red shift in kmax accompa-

nied with a slight increase in the absorbance values at longer
wavelengths (600 nm) with an increase in the extract concen-
tration from 3 to 6 ml is consistent with previously reported

results for surfactant- (Aslan and Perez-Luna, 2002) and
DNA-coated (Xu and Craig, 2005) gold nanoparticles and
are most likely due to changes in the dielectric properties

of the layer immediately surrounding the gold nanoparticles
(Mulvaney, 1996; Schmidt et al., 1999) and to some small
amount of particle aggregation.

Fig. 2 shows the UV–Vis spectra of the AuCl�4 solution
after the addition of 1 ml extract as a function of time. The
spectra comprise a fast increasing absorption peak at about
535 nm within the first 20 min (inset of Fig. 2) followed by very

slow increase in absorption. An additional absorption band at
ca. 660 nm was developed after 30 min from the beginning of
Figure 2 Kinetics of the formation of AuNPs. AuCl�= 1.3 ·
10�4 M, 1 ml extract in 10 ml flask.
the reaction. The peak at 535 nm is characteristic for the trans-

verse plasmon resonance of AuNPs, whereas the peak at
660 nm is characteristic for the longitudinal plasmon reso-
nance of either Au nanorods or triangular or hexagonal
shaped AuNPs (Shankar et al., 2003; Daniel and Astruc,

2004). It can be concluded that the reduction of Au3+ using
olive leaf extract occurs within 30 min.

3.2. Photoluminescence of AuNPs

Nano-metals like Au and Ag are reported ( Philip, 2009;

Smitha et al., 2008) to exhibit a visible photoluminescence.
The fluorescence spectra of the nanoparticles formed as a
function of OLE concentration are shown in Fig. 3. All

the Au nanoparticles formed were found to be luminescent
with an emission at 425 nm for an excitation at 350 nm.
The leaf broth itself is found to be luminescent with an
emission at 435 nm when it is excited with 350 nm and this

luminescence of the leaf broth plays an important role for
the luminescent properties of Au nanoparticles. It can be
seen that increasing the extract concentration increases the

fluorescence intensity reaching a maximum after the addition
of 2 ml of the extract. This is consistent with the increase in
the absorption spectra in Fig. 1. On the other hand, a fur-

ther increase of the extract concentration leads to fluores-
cence quenching. This luminescence at 425 nm may be due
to the functionalization of the Au nanoparticles with pro-
teins or antioxidants present in the extract. Similar PL spec-

tra with a band around 522 nm were reported in biotin
functionalized gold nanoparticles (Kato and Caruso, 2005;
Haick, 2007). Gold nanoparticles synthesized using Pseudo-

monas aeruginosa are also reported (Husseiny et al., 2007)
to be photoluminescent with emission bands in the range
from 565 to 595 nm.
Figure 3 Fluorescence spectra of AuNPs formed as a function of

extract concentration.



Figure 4 Effect of the leaves extract quantity on the size and shape of the AuNPs. (a) TEM image measured at 0.5 ml extract shows

triangle shapes; (b) TEM image measure at 0.5 ml shows hexagonal shapes; (c) close view of triangle shape of (a); (d) shape of AuNPs

formed at 5 ml of extract.
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3.3. TEM and FTIR of gold nanoparticles

In Fig. 4, the TEM images clearly indicate the size and shape

of the nanoparticles as a function of extract concentration.
Utilizing olive leaf extracts as reducing agents at low extract
concentrations (0.5 ml) the formed gold nanoparticles were
predominantly nanotriangle in shape, with diameters ranging

from 50 to 100 nm. Some gold nanohexagons were also present
(Fig. 4a–c), as clearly shown in the TEM images. When higher
Figure 5 FTIR spectra of (a) a plain olive leaf and (b) capped

AuNPs.
extract concentrations are used (5 ml), the nano triangular and
hexagon structures disappear and the predominant nearly
spherical gold nanoparticles are formed (Fig. 4d). This shows
that using an excess of the extract to reduce the aqueous

HAuCl4, the biomolecules acting as capping agents supporting
the formation of shaped spherical nanoparticles rather than
the formation of nano triangular or hexagonal structures.

Low quantities of the extract can reduce the chloroaurate ions,
but do not protect most of the quasi-spherical nanoparticles
from aggregating because of the deficiency of biomolecules

to act as protecting agents. Similar studies showed that the
comparatively higher extract ratio is responsible for the syn-
thesis of symmetrical nanoparticles (Sosa et al., 2003).

FTIR measurements were carried out to identify the poten-

tial biomolecules in olive leaf responsible for the reduction,
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Figure 6 XRD pattern of dried powder of gold nanoparticles.

Figure 7 Effect of the pH on the SPR of AuNPs (2 ml extract,

1.3 · 10�4 M Au3+).
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capping of and efficient stabilization of the bio-reduced gold
nanoparticles. Fig. 5 shows the FTIR spectra of the olive leaf
extract and AuNPs. The FTIR spectra reveal the presence of
different functional groups. The IR bands (Fig. 5a) observed

at 3409 and 1733 cm�1 in dried olive leaf are characteristic
of the OAH and C‚O stretching modes for the OH and
C‚O groups possibly of oleuropein, apigenin-7-glucoside

and/or luteolin-7-glucoside present in it, (Scheme 1). The very
strong band at 1077 cm�1 could be assigned to the CAOH
vibrations of the protein in the olive leaf. The IR spectrum

of AuNPs exhibit a medium intense band at 1721 cm�1 as-
signed to the C‚O stretching mode (Fig. 5b). The shift of
C‚O stretching frequency indicates a bounding of the biomol-
Figure 8 TEM images of AuNPs
ecules to the Au nanoparticles through this group. The band at

1624 cm�1 in the olive leaf extract assigned as amide I vibra-
tions has become more prominent in the spectrum of gold
and split into two bands at 1622 and 1648 cm�1. It is well-
known that proteins can bind to Au nanoparticles through

the free amine groups or carboxylate ions of the amino acid
residues in it. The presence of the IR bands due to C‚O
stretching vibrations at 1721 cm�1 and the appearance of

amide I bands with a shift from that of the plain leaf indicate
the possibility that gold nanoparticles are bound to proteins
and antioxidant molecules through free amine groups and

C‚O, OH groups, respectively.

3.4. XRD

X-ray diffraction was used to confirm the crystalline nature of
the particles. Fig. 6 shows a representative XRD pattern of
the gold nanoparticles synthesized by the olive leaf extract after

the complete reduction of Au3+ to Au0. A number of Bragg
reflections were present which can be indexed on the basis of
the face centered cubic fcc structure of gold. The diffraction

peaks at 2h = 38.31� (1 1 1), 44.46� (2 0 0), 64.67� (2 2 0) and
77.45� (3 1 1) obtained are identical with those reported for
the standard gold metal (Au0) (Joint Committee on Powder

Diffraction Standards-JCPDS, USA) Thus, the XRD pattern
suggests that the gold nanoparticles were essentially crystalline.

The ratio between the intensity of (2 0 0) and (1 1 1) diffrac-
tion peaks of 0.32 is lower than the conventional bulk intensity

ratio (0.52), suggesting that (1 1 1) plane is the predominant
orientation as confirmed by high-resolution TEM measure-
ments. Similar results were reported earlier for gold nanopar-

ticles (Philip, 2009; Li et al., 2007; Jeong et al., 2009). The
average crystallite size according to Scherrer equation calcu-
lated using the width of the (1 1 1) peak is found to be

13 nm and is in good agreement with the particle size obtained
from the TEM image at 5 ml of extract concentration.

3.5. Effect of pH

Fig. 7 shows the effect of the pH on the formation of gold
nanoparticles. It can be seen that the absorbance increases

with increasing pH up to pH 9.6 with a blue shift in the spec-
tra. The color changed from blue in acidic medium to red pur-
ple in basic medium. At acidic pH, the particles size is expected

to be larger than at the basic pH, as a red shift was clearly re-
ported in the SPR spectra (Haiss et al., 2007). This result was
confirmed by TEM measurements at pH 3.3 and 9.6 (Fig. 8).

The size of the particles at pH 3.3 was larger while forming
at (a) pH 3.3 and (b) pH 9.6.



Figure 9 Photolumeniscence of AuNPs as a function of pH

(kex = 320 nm).

Figure 10 TGAofcappedAuNPspreparedusinganolive leaf extract.
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hexagonal structures. Furthermore, the particles formed in
acidic medium were unstable and precipitated within 12 h.
The PL spectra of AuNPs as a function of pH are shown in
Fig. 9. The fluorescence quenches as a function of increasing

pH from 2.3 to 9.6 with a slight shift to longer wavelengths,
and then increases again at pH 10. This behavior is in reverse
to surface plasmon resonance shown in Fig. 7 and can be ex-

plained by the fact that an increasing of pH will make the cap-
ping of the nanoparticles’ surface more efficient and supports
the formation of smaller nanoparticles. This again suggests

that the PL of the AuNPs depends on the nature and structure
of the capping biomolecules.

3.6. Thermal study

The TGA plot of the capped gold nanoparticles prepared using
high olive leave extract (Fig. 10) showed a steady weight loss in

the temperature range of 100–550 �C. The weight loss of the
nano powder due to the desorption of bioorganic compounds
in the AuNPs was 62.35%.

4. Conclusion

The high phenolic content of the hot water extract of olive
leaves having strong anti-oxidant properties helped in the
reduction of gold cations to AuNPs. The characterization of

AuNPs revealed that the morphology of the AuNPs depends
on the extract concentration and pH of the used medium. At
higher concentration of the extract and basic pH, the pseu-
do-spherical particles are capped by phytochemicals. This

method for AuNP synthesis does not use any toxic reagent
and thus has a great potential for the use in biomedical appli-
cations and will play an important role in future opto-elec-

tronic and biomedical device applications.
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