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Abstract In this study, we have used Zizyphus mauri-

tiana (ZM) extracts and chloroauric acid (HAuCl4) for

synthesis of gold nanoparticles, with a particle size ranging

from 20 to 40 nm. The ZM extract, acts both as reducing

and stabilizing agent. UV–visible spectroscopy, X-ray

diffraction (XRD), Fourier transform infra red spec-

troscopy (FTIR), transmission electron microscopy, scan-

ning electron microscopy (SEM), and X-ray energy

dispersive spectrophotometer were performed to ascertain

the formation of Au-NPs. It was observed that the growths

of Au-NPs are stopped within 25 min of reaction time. The

synthesized Au-NPs were characterized by a peak at

535 nm in the UV–visible spectrum. XRD confirmed the

crystalline nature of the nanoparticles of 27 nm size. The

FTIR result clearly showed that the extracts containing OH

as a functional group act in capping the nanoparticles

synthesis. Antibacterial activities of Au-NPs were tested

against the growth of Gram-positive (S. aureus) using

SEM. Therefore, green synthesis of gold nanoparticles with

ZM extract, is beneficial from its biological and medical

applications.
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Introduction

Biosynthesis of gold nanoparticles with small size and

biostability is very important and used in various biome-

dical applications. Metallic nanoparticles of specific sizes

and morphologies can be readily synthesized using chemi-

cal and physical methods [1–5]. Nanoparticles with small

particle size and high surface to volume ratio exhibit new

and unique properties in comparison with bulk materials,

which make them particularly attractive for use in biome-

dical science. For this reason, in recent years a great deal of

effort has been expended to use natural materials as benign

reagents in nanoparticles synthesis [6–9]. Among green

synthesis methods, the use of plants for nanoparticles syn-

thesis could be advantageous over other environmentally
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benign approaches like microorganisms-based methods [6,

7, 10], as this eliminates the elaborate process of microor-

ganism culture [11, 12] and the reaction time dramatically

diminishes from several days to several hours.

Although the potential of some plants to produce

nanoparticles has been investigated in the past few years

[11, 13–18], research studies in this field are still in pro-

gress due to vast applications of nanoparticles in biology

which make the use of green methods necessary.

Kumar and Yadav [12] have reviewed the use of plants

and their extracts in the synthesis of metallic nanoparticles

for various human applications.

The literature is replete with the investigations of the use

of plants extracts [13], fungi [14], algae [15], proteins and

enzymes [16] as the reductant for carrying out the syn-

theses of nanoparticles with a variety of shapes and mor-

phologies in high yields, including multi-branched

advanced gold and/or silver nanomaterials [17]; but the use

of surfactant in the green synthesis of gold sol has been

neglected. Because of the increasing environmental con-

cerns by chemical synthesis routes, an environmentally

sustainable synthesis process has led to biomimetic ap-

proaches, which refers to applying biological principles in

materials formation. Bio-reduction is one of the funda-

mental processes in the biomimetic synthesis. The stability,

shape, size, and morphologies of metal nanoparticles

strongly depend on the method of preparation, type, nature

of reductants, and concentration of stabilizers (polymers,

ligands, solid matrix and surfactants) [18]. The surface

plasmon resonance and large effective scattering cross

section of individual gold nanoparticles make them ideal

candidates for molecular labeling where phenomena such

as surface-enhanced Raman scattering (SERS) can be ex-

ploited [19–25].

We have recently developed a reduction method of con-

verting Ag nanospheres into nanorods [26], nanoplates [27],

their antibacterial activity [28, 29], an improved an easy

synthetic route for silver nanoparticles in poly (dial-

lyldimethylammonium chloride) (PDDA) [30], synthesis of

gold/HPC hybrid nanocomposite [31], preparation of ZnO/

Ag nanocomposite [32] and comparison of nanosilver par-

ticles and nanosilver plates for the oxidation of ascorbic acid

[33]. Regarding the role of green chemistry, we have suc-

cessfully demonstrated that size, shape and the antibacterial

activity gold nanoparticles by the reduction of Au3? ions

with bio-reductants Zizyphus mauritiana (ZM) largely de-

pend on the nature of reducing agents, concentration and time

of mixing of the reactants [34]. In addition, chemical meth-

ods employ toxic chemicals as reducing agents, or non-

biodegradable stabilizing agents and are therefore potentially

dangerous to the environment and biological systems [35].

Moreover, most of these methods entail intricate controls or

nonstandard. The methodology employed here is very sim-

ple, easy to perform, inexpensive, and eco-friendly

(Scheme 1). Therefore, green synthesis of gold nanoparticles

with ZM extract, as an alternative to chemical synthesis, is

beneficial from its biological and medical applications point

of view, because of its high antibacterial efficacy and hence

has a great potential in the preparation of drugs used against

bacterial diseases and physiological stability.

Materials and methods

Materials

Chloroauric acid (HAuCl4) was obtained from Sigma. All

other reagents used in the reaction were of analytical grade

Scheme 1 Zizyphus mauritiana

(ZM) leaf extract reduces and

stabilizes Au nanoparticles
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with maximum purity. ZM leaves were collected from

damavand of IRAN, and were cleaned with double distilled

water and shade-dried for a week at room temperature and

further ZM leaves were ground to powder and stored for

further study. For this experiment, nanoparticles have

concentrations ranging from 0.0976 to 100 lg mL-1. S.

aureus (ATCC 51153) was used as a Gram-positive bac-

terium. For the antimicrobial activity measurement, bac-

teria cultures were incubated at 38 �C in Luria medium

(tryptone 1.5 %, yeast extract 0.75 % sodium chloride

1.2 %, agar 1 %, Difco).

Synthesis and characterization of gold nanoparticles

(Au-NPs)

In a typical reaction procedure, ZM leaf extract was pre-

pared by taking 2 g of dry leaf powder with 25 mL of

distilled water in a conical flask along with 2 mL of

methanol (minimum methanol was added to initiate the

isolation of compounds). The extract was placed in orbital

shaker for 1 h and the extract was filtered. For the synthesis

of gold nanoparticles various concentrations of leaf ex-

tracts were tried and then the extract to be used was opti-

mized to 1 mL. Further, 1 mL of the extract was added to

10 mL of 1 mM chloroauric acid (HAuCl4) solution and

the solution was placed in orbital shaker at room tem-

perature, for reduction of Au3? to Au0. The broth con-

taining Au-NPs was centrifuged at 15,000 rpm for 20 min,

following which the pellet was re-dispersed in the sterile

distilled water to get rid of any uncoordinated biological

molecules. The color change involved in the formation of

gold nanoparticles. The purified pellets were then kept into

petri plates and left in the oven for drying at 60 �C for

24 h. A color change was observed from colorless to purple

to ruby red within 10 min, indicated the formation of Au-

NPs. The dried Au-NPs were scrapped out for the further

study.

Antimicrobial activity studies of the synthesized

Au-NPs

S. aureus (ATCC 51153) was used as a Gram-positive

bacterium. For the antimicrobial activity measurement,

bacteria cultures were incubated at 38 �C in Luria medium

(tryptone 1.5 %, yeast extract 0.75 %, sodium chloride

1.2 %, agar 1 %, Difco).

Antimicrobial activities of gold nanoparticles (Au-NPs)

have been investigated against S. aureus as the model

Gram-positive bacteria. The in vitro antibacterial activities

of gold nanoparticles were examined according Melaiye

and Feng [36–38]. The following microorganism was used:

Gram-positive S. aureus.

Zeta potentiometer of the synthesized Au-NPs

Stability of developed Au-NPs at different pHs was ana-

lyzed using Malvern Zetasizer (ZEN 3600). The pH of the

synthesized nanoparticles solution was varied from pH 6 to

12 by adjusting with 0.2 N HCl and 0.2 N NaOH.

Characterization of gold nanoparticles (Au-NPs)

The biosynthesis of the Au-NPs in a solution was mon-

itored by measuring the UV–Vis spectra of the solutions

(1:4 diluted) of the reaction mixture. UV–Vis spectra were

recorded on double beam spectrophotometer (Shimazdu,

model UV-1800, Kyoto, Japan) from 300 to 800 nm at a

resolution of 1 nm. The distilled water was used as a blank.

The Au-NPs synthesized with 8 % leaf extracts and 8 mM

chloroauric acid (HAuCl4) solution were characterized

with the help of scanning electron microscopy (model LEO

440i) equipped with X-ray energy dispersive spectrometer

(EDAX) [36]. Transmission electron microscopy (TEM)

selected area electron diffraction (SAED) images were

taken on Zeiss-EM10C—80 kV operated at accelerating

voltages of 40 and 200 kV. The observed reflection planes

corresponding to fcc Au-NPs (*27 nm) in XRD diffrac-

tion pattern [Seisert Argon 3003 PTC using nickel-filtered

XD-3Cu Ka radiations (k = 1.5418 Å)]. The purified

powders of Au-NPs were subjected to FTIR spectroscopy

(FTIR; Bomem MB100). These measurements were car-

ried out on a Perkin–Elmer spectrum-one instrument in the

diffuse reflectance mode at a resolution of 4 cm-1 in KBr

pellets. For comparison, a drop of 8 % leaf extracts was

mixed with KBr powder and pelletized after drying prop-

erly. The pellets were later subjected to FTIR spectroscopy

measurement.

Fig. 1 UV–Vis spectra of an aqueous solution of Zizyphus mauri-

tiana (ZM) leaf extract in presence of Au3? ions at 30 �C. Reaction

conditions: [Au3?] = 10.0 9 10-4 mol dm-3
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Fig. 2 FTIR spectra of Zizyphus mauritiana (ZM) powder (a) before and after (b) reaction
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Results and discussion

UV–Vis spectral studies of the synthesized Au-NPs

UV–Vis spectroscopy was ascertained to check the for-

mation and stability of Au-NPs in aqueous solution

(Fig. 1). The colorless chloroauric acid (HAuCl4) solution

turned purple to ruby red within 25 min indicated the

formation of Au-NPs. The appearance of the brown color

was due to the excitation of the surface plasmon resonance

(SPR), typical of Au-NPs having kmax values which were

reported earlier in the visible range of 530–550 nm [39]

(Fig. 1). The SPR absorbance was extremely sensitive to

the nature, size and shape of the particles formed, their

inter particle.

FTIR studies of the Zizyphus mauritiana (ZM)

and synthesized Au-NPs

FTIR measurements were carried out to identify the pos-

sible biomolecules responsible for reduction, capping and

efficient stabilization of the Au nanoparticles. ZM is rich in

proteins and have high availability of the amino acids [40].

The representative FTIR spectra of the control extract and

ZM and stabilized gold nanoparticles were shown in Fig. 2.

It can be seen that, in contrast to the control ZM extract, the

stabilized nanoparticles show significant changes in their

respective vibrational spectra.

The interaction of Au nanoparticles with biomolecules

of ZM showed intense peaks at 2935, 1629, 1515, 1384,

1156, 1076 and 1307 cm-1 relative shift in position and

intensity distribution were confirmed with FTIR (Fig. 2a,

b) recorded for dry powder of ZM, where the strong bands

were observed at 1702, 1622 and 1446 cm-1. Comparing

both FTIR spectra it can be identified that the changes in

the –COOH group for –OH, i.e., hydroxyl group the peak

appeared at 3421 cm-1 in raw material, but after encap-

sulation of nanoparticles, the peak is narrower and shifted

to 3391 cm-1 and also for –C– of carboxylic group the

peak intensity reduced after encapsulation of nanoparticles.

The band appearing at 1384 cm-1 corresponds to C–N

stretching of amine group [41] and in the raw extract the

peak was broad and blend, but after encapsulation of

nanoparticles the peak was narrow and sharper. This im-

plies that –COOH group in the compound is attached to the

gold nanoparticles and there in a clear change in the

spectra. 1702 cm-1 in –C– bond stretching after the en-

capsulation this stretching is masked or disappeared.

Fig. 3 TEM images indicating

the presence of spherical gold

nanoparticles recorded at

various magnifications (a, b)

Fig. 4 a SEM and b EDAX images showing the presence of gold

nanoparticles and bioorganic components of Zizyphus mauritiana

(ZM)
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The absorption peak at 3421 cm-1 observed in control

extract, which is due to OH stretching vibration, gets wider

and shifted to 3391 cm-1. This peak was assigned to the

N–H group from protein present in the control extract. The

N–H vibrational bands become weaker and broader in

the spectrum of stabilized Au nanoparticles. The IR bands

at 1702 and 1622 cm-1 are characteristic of amide I

whereas the band at 1515 cm-1 is characteristic of amide

II, respectively [8, 42, 43]. In Fig. 2b, the two IR peaks of

amide I were merged in one peak centered at 1629 cm-1.

These structural changes indicated that the reduction and

stabilization of gold nanoparticles proceed via the coordi-

nation between N of the amide group and gold ions. The

FTIR studies have confirmed the fact that the amide group

form proteins has the stronger ability to bind metal indi-

cating that the proteins could possibly form a layer cov-

ering the metal nanoparticles (i.e., capping of gold

nanoparticles) to prevent agglomeration and thereby sta-

bilize the medium. Comparison between spectra of un-

treated sample to the treated samples Au-NPs reveal only

minor changes in the positions as well as on the magnitude

of the absorption bands; wave numbers varying typically

about ±1 to 15 cm-1.

TEM of the synthesized Au-NPs

Figure 3 shows the TEM images of the gold nanoparticles

synthesized using different ZM leaf broth concentration

(10 %) 1 mM HAuCl4 at 60 �C for 30 min. The morphology

and size of the synthesized gold nanoparticles were

determined by TEM images and they are shown in Fig. 3a, b.

The particles formed were spherical in shape. The nano-

spherical formed where shown to have high surface area.

The nanoparticles formed were in the range of 20–40 nm in

size with 32 nm average size. The particles were monodis-

perse, with only a few particles of different size.

SEM of the synthesized Au-NPs

scanning electron microscopy (SEM) micro-graphs show

aggregates of gold nanoparticles and the particles are in the

range of 15–35 nm and they are not in direct contact even

within the aggregates indicating the stabilization of

nanoparticles by capping agents (Fig. 4a). In EDAX strong

signals were observed from the gold atoms in the

nanoparticles and weaker signals for carbon, oxygen,

potassium and chloride were provenients from biomole-

cules of ZM (Fig. 4b).

Fig. 5 XRD pattern of gold

nanoparticles obtained using

Zizyphus mauritiana (ZM)

Fig. 6 Zeta potential at different pH
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XRD of the synthesized Au-NPs

The crystalline nature of Au-NPs was carried out using

XRD where three diffraction peaks were observed in the 2h
range of 30�–80�, which can be indexed as (1 1 1), (2 0 0),

(2 2 0), (3 1 1) reflections of fcc structure metallic gold,

respectively similar to Joint Committee on Powder

Diffraction Standards (JCPDS) file no: ICDD-PDF2, Re-

lease 2007, PA, USA, 2007, revealing that synthesized Au-

NPs are of pure crystalline gold. The XRD patterns in

(Fig. 5) of Au-NPs obtained were similar to the results

reported earlier [44]. The XRD peaks at 38�, 44�, 64� and

77� can be indexed to the (1 1 1), (2 0 0), (2 2 0) and (3 1 1)

Bragg’s reflections of cubic structure of metallic gold, re-

spectively. The particle size of the Au-NPs formed were

calculated using Debye–Scherrer equation which was

around 27 nm, were good in agreement with TEM results

also.

Stability of the synthesized Au-NPs

Stability of bio-synthesized Au-NPs was evaluated with

zeta potentiometer at different pH after the synthesis of the

metal nanoparticles (Fig. 6). It can be noted that synthe-

sized Au-NPs were stable in a wider range of pH from 6 to

12. With increase in pH, the value of zeta potential of Au-

NPs increases from -22.3 to -65.0 mV. It was notable

that Au-NPs found stable in pH range from 6 to 12 (ZP

value varied from -58.4 to -65 mV) but pH 12 found

more stable. Leaves extract mediated synthesized Au-NPs

and have high negative zeta potential values and thus they

are stable under a wide pH range.

Antimicrobial activity of gold nanoparticles

We have investigated the use of these ZM-mediated gold

nanoparticles as possible antibacterial agents. Such ZM

mediated gold nanoparticles were immediately tested

for antimicrobial activity towards test bacterial strains.

Figure 7a, b shows the zones of inhibition that were

observed with the S. aureus. In all these figures, the black

arrows indicate the S. aureus colonization. This is consis-

tent with an earlier report on the antimicrobial activity of

gold nanoparticles bio-synthesized [36–38, 45], as well as

those synthesized chemically [31]. In the present study, the

nanoparticles thus synthesized could also be applied as

selective antibacterial agents. The SEM indicated that, the

most strains of S. aureus were damaged and extensively

disappeared by addition of Au-NPs.

Conclusion

To conclude, the Au-NPs were produced by the use of the

extract of ZM as reducing and capping agent. In this study,

it was observed that the reaction is rapid and is completed

within 25 min at room temperature. We have demonstrated

an eco-friendly, rapid green chemistry approach for the

synthesis of Au-NPs using ZM, which provides a simple,

cost effective and efficient way for the synthesis of Au-

NPs. Average crystal size calculated from Scherrer equa-

tion is found 27 nm for Au-NPs. The spectroscopic char-

acterizations from UV–Vis, FTIR, TEM and zeta potential

support the formation and stability of the bio-synthesized

Au-NPs. This simple, efficient and rapid green synthesis of

Au-NPs can be used in various biomedical and biotech-

nological applications. Therefore, this reaction pathway

satisfies all the conditions of a 100 % green chemical

process. The SEM indicated that, the most strains of S.

aureus were damaged and extensively disappeared by ad-

dition of Au-NPs. Thus, the synthesized Au-NPs could

have a high potential for use in biological applications.
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