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Abstract

Recently, synthesis of gold nanoparticles (AuNPs) is the subject of a lot of studies due to various applications in medicine, agricul-
ture, and industry. The development of non-toxic and safe methods such as green chemistry to produce AuNPs is obviously recom-
mended. In the current study, 2 antioxidant rich herbs of barberry and saffron stigma were applied as reducing agents for the 1-pot
synthesis of size-controlled AuNPs. These AuNPs were characterized through ultraviolet-visible spectrophotometry (UV-vis), trans-
mission electron microscopy (TEM), and X-ray diffraction (XRD) techniques. Optimal temperature and pH for the biosynthesis of
AuNPs conjugated with herbs were 50°C and 7.5, respectively. XRD and TEM results authorized AuNPs production in 5 - 15 nm for
barberry and 5 - 10 nm for saffron and confirmed the stability, sphericity, and uniformity for both the nanoparticles.
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1. Background

Berberis vulgaris (barberry) and Crocus sativus (saf-
fron) are well known plants with traditional and mod-
ern medical applications. Their phytochemical analysis in-
dicated the presence of many effective metabolites with
antioxidant, anti-inflammatory, anticancer, and immuno-
suppressive activities (1-3). In the current study, high
antioxidant properties of barberry and saffron were em-
ployed to reduce gold ions for green synthesis of AuNPs.
Nanoparticles are used in many fields such as pharmacol-
ogy, medicine, agriculture, and electronic engineering (4-
6). Among them, AuNPs are applied in important biologi-
cal mechanisms including drug delivery, cancer diagnosis,
and treatment due to their unique chemical and physical
features (7). Due to the increasing need to develop non-
toxic and eco-friendly methods, employment of renewable
environmental resources is recently considered.

Formerly, there were a lot of reports on synthesis of
metal nanoparticles using different biomolecules such as
filamentous cyanobacteria (8), bacteria, microbes (9, 10),
and plants (11). Among them, plants are more suitable and
compatible due to optimal environmental preservation,
fast, simple production and high stability of particles (12,
13). In addition, these organic nanoparticles can be used
for molecular medicine as well as modern care in future.

The current study aimed at optimization a green chemical
method to synthetize AuNPs in short reaction time.

2. Methods

Different concentrations of gold ions (HAuCl4, 0 - 5
mM) and herbal extractions as reducing agents (300 to
700 mM) were used at various times (from 2 hours to 8
weeks) and temperatures (25 - 75°C) to investigate the ef-
fects of different conditions on size and amount of gener-
ated AuNPs. The pH of solution in all experiments was fixed
at 7.5. To separate AuNPs, final solutions were centrifuged 3
times for 15 minutes at 10,000 rpm. The optical absorption
spectra of both solutions were determined by ultraviolet-
visible (UV-Vis) spectrophotometry (2030 CECIL Company,
UK) in the range of 520 to 550 nanometers.

The crystalline structures and corresponding mor-
phology of the prospered AuNPs were assayed by X-ray
diffraction (XRD) (Philips, X’pert-MPD system using CuKα)
and transmission electron microscopy (TEM) (TEMZIESS,
TEM PHILPS) techniques, respectively. The line broadening
was based on the instrument computed from the Warren
method (14).
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3. Results

The AuNPs were produced by the mixture of 4 mL of
HAuCl4 (1 mM) and 6 mL of herbal extractions (2 mM) af-
ter 24 hours at 50°C. The reduction of gold ions in AuNPs
changed the color of solution from colorless to light and
dark purple with barberry and saffron, respectively. The
enhancement of intensity of spectrums especially after 24
hours could be due to increasing the number of AuNPs
(Figure 1). It is observed that the surface plasmon reso-
nance (SPR) band occurs at 520 nm. Absorptions of AuNPs
conjugated with both herbs were similar (Figure 1).
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Figure 1. UV-Vis Spectrum of AuNPs after 24 Hours at 50°C and pH 7.5

XRD patterns of AuNPs conjugated with both herbs are
shown in Figure 2. Peak broadening of AuNPs can be re-
lated to a decrease in particle size. According to the Scherer
equation, the average of crystallite size was calculated by
the width of the X-ray peak. The diameter average of AuNPs
obtained from barberry and saffron were around 10 and 7
nm, respectively (Figure 2). TEM images of nanoparticles
indicated nearly spherical nanoparticles with particle size
about 5 - 15 nm for barberry and 5 - 10 nm for saffron, which
were in agreement with XRD results (Figure 3).

4. Discussion

The biosynthesis of AuNPs using barberry and saffron
was reported in the current study for the first time. Param-
eters affecting size and shape of these AuNPs were studied
and optimized.

Recently, green synthesis of AuNPs applying various
plant extractions is investigated. According to the size of
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Figure 2. XRD Patterns of AuNPs at 50°C and pH 7.5 for A, Barberry; B, and Saffron

these prepared nanoparticles, they could be divided into
3 main groups. In the first group, the synthesized AuNPs
were 100 - 150 nm. For example in a study, these par-
ticles were 150 nm in spherical shape with the Mentha
piperita (Lamiaceae) plant extract (6). In the second group,
the prepared AuNPs were predominantly nano-triangle in
shape, with diameters ranging from 50 to 100 nm. Sev-
eral researches worked on biosynthesis of AuNPs with
monodisperse and roughly spherical shape using olive leaf
and Azadirachta indica extracts as the reducing agents (5,
15). In the third group, TEM analysis of the AuNPs indi-
cated that they ranged in size < 50 nm. Different stud-
ies reported green synthesis of AuNPs with triangular and
spherical shape with well-defined dimensions of average
size of 2 - 50 nm using herbal extracts such as Termina-
lia catappa (almond) leaf as the reducing and stabilizing
agents (4). As a result, the synthesized AuNPs in the current
study were placed in the third group.

In conclusion, the current study data clearly indicated
that the formed AuNPs by both herbs had almost a uniform
size and morphology with rough spherical shape. These
prepared AuNPs were predominantly mono disperse with
a diameter of 5 - 10 nm and 5 - 15 nm for saffron and bar-
berry, respectively. Almost 24 hours of reaction time is re-
quired for conversion of almost all gold ions to AuNPs at
the temperature of 50°C and pH 7.5. This simple, low cost,
stable, and safe method to extend AuNPs can be strongly
useful in environmental and biotechnological processes.
These safe AuNPs could also be applied to pharmacology
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Figure 3. Typical TEM Image of AuNPs at 50°C and pH 7.5 for A, Barberry; and B, Saffron

and modern therapy approaches.
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