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Abstract: Synthesis of metal nanoparticles using plant extracts is attracted much to the recent
researchers due to its simplicity, which integrates chemical technology. Special attention is given to the
green synthesis of nanoparticles by easily available plants with an eco-friendly system compared to
other conventional methods. Silver-Gold nanocomposite (Ag-Au NCp’s) is synthesized by bi reduction
of silver nitrate and gold chloride. These metal salts are simultaneously reduced by tea extract to form
respective silver and gold nanocomposite. The structure and morphology of as-prepared Ag-Au NCp’s
sample were characterized by employing powder X-ray diffraction (XRD) tool and by Scanning
Electron Micrograph (SEM) tool, respectively. Fourier Transform Infrared (FTIR) spectral study was
undertaken to know the bonding in the prepared silver sample. Morphology and particle size of the
above composite was studied by the Transmission electron microscope (TEM) tool. Energy-dispersive
X-ray analysis (EDX) study was undertaken to know the formation of Ag-Au NCp’s. Antibacterial
activity study is undertaken to know its biological behavior.
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1. Introduction

Recent researchers are attracted much towards emerging nanotechnology due to its new
properties and applications [1-2]. Future technology will be built by tailoring the blocks of
many applications by the use of nanomaterials. Metal nanoparticles have a high specific surface
area and a high fraction of surface atoms. Unique physicochemical characteristics of
nanoparticles, including catalytic activity, optical properties, electronic properties, antibacterial
properties, and magnetic properties, are gaining the importance for their novel methods of
synthesis [3-4]. Green preparation of nanomaterials by the use of various plant extraction
technique shows enhanced unique properties and applications with proper manipulation
compared to its bulk materials [5-7]. Research on the synthesis of metals and metal oxides
nanoparticles by biological route, especially by the use of plant extract, is developing in a rapid
way because of its simple experimentation and high potential applications. The biological
method for the materials synthesis at the nanoscale is in accordance with an eco-friendly system
that avoids burning with fuel. Currently, there is a growing need to develop environmentally
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benevolent nanoparticle synthesis processes that do not use toxic chemicals in the synthesis
protocol [8-10]. The need for environmental non-toxic synthetic protocols for nanoparticles
leads to the developing interest in biological approaches, which are free from the use of toxic
chemicals as by-products. Thus, there is an increasing demand for green nanotechnology [11-
12]. Many biological approaches for both extracellular and intracellular nanoparticle synthesis
have been reported using microorganisms, including bacteria, fungi, andplants. The
bioreduction method for the synthesis of nanoparticles using plant extracts is the most adopted
method for the production of nanoparticles and also has a special advantage that the plants are
widely distributed, easily available, much safer to handle, and act as a source of several
metabolites [13-14]. Silver and gold nanoparticle prepared by the biological method has
attracted considerable interest due to their extensive applicability in various areas such as drug
delivery system, electronics, chemical engineering, energy-efficient system and also in the field
of medicine [15-17]. The rapidly developing field of nanotechnology will result in the exposure
of nanoparticles to humans via several routes (e.g., inhalation, ingestion, skin, etc.).
Nanoparticles can translocate from the route of exposure to other vital organs and penetrate
cells. Toxicity studies to determine the deleterious effects of nanoparticles on living cells are
required. Many techniques of synthesizing silver nanoparticles, such as chemical reduction of
silver ions in aqueous solutions with or without stabilizing agents are in literature [18-19].
Sometimes the synthesis of nanoparticles using plants or parts of plants can prove advantageous
over other biological processes by eliminating the elaborate processes of maintaining microbial
cultures [20-21].

Tea leaves are extensively grown in India and are widely used to prepare a tea powder,
which finds much demand by Asian people [22-23]. Production of nanoparticles can be
achieved mainly through three methods such as chemical, physical, and biological. Since noble
metals such as gold, silver, and platinum nanoparticles are widely applied to human contacting
areas, a large variety of possible biomedical applications have been examined [24-25].

The literature survey reviews the different metals and metal oxide nanoparticles are
prepared by the biological route successfully, but bimetallic nanocomposite particles by green
synthesis route are reported very less. Here is an attempt for the synthesis of Ag-Au NCp’s
material by reduction of silver nitrate and gold chloride using tea powder. Simultaneous in situ
bioreduction method was employed for synthesis Ag-Au NCp’s material. The prepared sample
is well characterized for its structure by X-ray diffraction (XRD), morphology by Scanning
Electron Microscope (SEM), and bonding by Fourier Transform Infrared study (FT-IR)
techniques. EDX analysis is carried out for the prepared sample to know the formation of Ag-
Au NCp’s. Antibacterial activity study is undertaken to know its biological behavior

2. Materials and Methods
2.1. Materials and Methods.

The reagents used were of analytical grade obtained from Merck (Mumbai, India). Red
lable of Tata, India Ltd, silver nitrate, and gold chloride solution was prepared in distilled water.
All glassware are properly rinsed with chromic acid followed by double distilled water and
dried. In situ biological reduction of silver nitrate and gold chloride into its nanocomposite by
tea powder extract.
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2.2. Preparation of tea powder extract.

One gram of red lable tea powder was mixed with 100 ml distilled water and shake well
for proper mixing. This solution was boiled thoroughly for ten minutes and is allowed to cool
at room temperature. Incubate the solution for half an hour for complete settlement. The
reaction mixture was filtered through Whatman filter paper no 40 to get the tea extract.

2.3. Synthesis of Ag-Au NCp’s.

1 mM aqueous solutions of silver nitrate and gold chloride are prepared in distilled
water in a separate container. These two solutions are equally mixed to form a colorless Ag-
Au salt solution. 10 ml of above-prepared tea extract was added to 100 ml of 1mM aqueous
Ag-Au salt solution taken in a conical flask. This reaction mixture was on microwave
irradiation, having 2.45 GHz frequency at power 800 w for about 15 minutes. The reaction
mixture was incubated for 24 hours at room temperature for complete reduction. Color change
from a clear solution to brown (as shown in figure 1) is observed due to the complete reduction
of metal salts into its metal nanocomposite. As formed, Ag-Au nanocomposite thus was
centrifuged at 500 rpm for about ten minutes, followed by re-dispersion in 10ml of distilled
water. The preparative scheme is represented in figure 2 [26].

Figure 1. Color of (a) Tea Extract (b) Ag-Au nanocomposite solution.
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Figure 2. Preparative scheme of Ag-Au Np’s using Tea powder extract.
2.4. Antibacterial activity of biosynthesized Ag-Au NCp ’s.

The antibacterial activity of the biosynthesized Ag NPs against Gram-positive and
negative bacteria species was done by the disk diffusion method. Experimented bacteria were
Bacillus subtilis Bacillus v and K planticola. Bacterial strains were spread on the Petri dishes,
which contained autoclaved Luria-Bertani (LB) medium containing agar. Then the disks
soaked in distilled water as a control, plant extract, and biosynthesized Ag-Au NCp’s were
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separately placed on Petri dishes containing LB media. Petri dishes were incubated at 37 °C.
The inhibition zone of each disk was measured by a ruler after18 h.

2.5. Characterization.

The structures of as prepared Ag-Au NCp’s were studied by X-ray diffraction using X’
Pert Pro X-ray diffractometer with Cu Ka as a source of radiation in a 6-20 configuration.
Morphology and bonding of the above oxide were studied by Phillips XL 30 FESEM and
Perkin—Elmer 1600 spectrophotometer in KBr medium tools, respectively. The UV visible
spectrophotometric measurements were performed on the Elico spectrophotometer. JEOL
JSM-6380 LA Scanning electron microscope with energy dispersive microanalysis of X-Ray
(EDAX) is used to study particle morphology with metal confirmation of the sample. TEM
images are carried out using Technai-20 Philips transmission electron microscope. The
transmission electron microscope was operated at 190 KeV [27].

3. Results and Discussion

3.1. X-ray diffraction.

Figure 3 shows the indexed XRD pattern of as-prepared Ag-Au NCp’s sample. The
pattern shows the presence of Bragg’s reflections due to the crystalline nature of the composite.
Some d-spacing values of the sample match well with a standard 87-0720JCPDS file of Ag and
some d-spacing values are matched with standard 04-0784 JCPDS file of Au. Unit cell
parameters ware identified by the least-square refinement of the XRD data. , The presence of
both Ag and Au reflections in a single XRD pattern indicates the formation of Ag-Au NCp’s
and is supported by EDX results explained in the later stage.
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Figure 3. XRD pattern of Ag-Au nanocomposite.

3.2. Scanning electron microscopy (SEM).

The morphology of the as-prepared Ag-Au NCp’s was studied by scanning electron
micrograph tool. Figure 4 shows SEM image of as-prepared Ag-Au NCp’s sample. This image
shows the crystalline nature with fine spherical particles. Most of the particles are self-
assembled with a close compact arrangement. The grain morphology is observed to various
properties as well as applications.
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Figure 4. SEM image of Ag-Au nanocomposite.

3.3. Infrared study.

The bonding nature of the Ag-Au NCp’s was studied by the Infrared tool. The
centrifuged and dispersed Ag-Au NCp’s obtained has removed free residual biomass.
Subsequently, the dried powder was obtained by lyophilizing the purified suspension. The
resulting lyophilized powder was examined by the Infrared tool. The obtained frequencies of
the sample are given in table 1. The FTIR spectrum of silver nanoparticles showed the band
between 3490-3500 cm™ corresponds to O-H stretching H-bonded alcohols and phenols. The
peak found around 1500-1550 cm™ showed a stretch for C-H bond, peak around 1450 -1500
cm™ showed the bond stretch for N-H. Whereas the stretch for Ag or Au-NPs were found
around 500-550 cm™* Therefore the synthesized nanoparticles were surrounded by proteins and
metabolites such as terpenoids having functional groups. From the analysis of FTIR studies,
we confirmed that the carbonyl groups from the amino acid residues and proteins have the
stronger ability to bind metal, indicating that the proteins involved in the formation metal
nanoparticles to prevent agglomeration and thereby stabilize the medium. This suggests that
the biological molecules could perform dual functions of the formation and stabilization of
silver nanoparticles in the aqueous medium. Carbonyl groups proved that flavanones or
terpenoids absorbed on the surface of metal nanoparticles. Flavanones or terpenoids could be
adsorbed on the surface of metal nanoparticles, possibly by interaction through carbonyl groups
or z-electrons in the absence of other strong ligating agents in sufficient concentration. The
presence of reducing sugars in the solution could be responsible for the reduction of metal ions
and the formation of the corresponding metal nanoparticles. It is also possible that the
terpenoids play a role in the reduction of metal ions by oxidation of aldehydic groups in the
molecules to carboxylic acids [28].

Table 1. Obtained Infrared frequencies of the sample.
Sl. No Obtained Frequency (cm™)
1 3490

3500

1550

1520

1450

1500

550

500
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3.4. EDX Analysis.

The presence of silver and gold in the synthesized Ag-Au nanocomposite sample was
analyzed by the EDX technique. Figure 5 shows the EDX spectrum of as-synthesized Ag-Au
nanocomposite. This pattern shows the presence of both Ag and Au atom signals at the
respective position. These characteristic absorption peaks of Ag and Au confirm the formation
of nanocomposite material [29].

2.00 4.00 6.00 8.00 10.00

Figure 5. EDX pattern of as-synthesized Ag-Au NCp’s.
3.5. UV-visible study.

Figure 6 shows UV spectrum of Ag-Au Np’s prepared by bioreduction method. The
peak at 420 nm indicates the presence of Ag nanoparticles. In addition to this, the UV
absorption peak at 550 nm may be assigned due to the gold Au nanoparticle. The shifting
towards the red side indicates the formation of a colloidal gel solution containing both Ag and
Au.
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Figure 6. UV Spectrum of Ag-Au NCp’s.

3.6. Transmission electron microscopy (TEM).

The transmission electron microscope image is scanned to know the perfect
morphology and particle size of the prepared Ag-Au NCp’s. Figure 7 shows the TEM image
of prepared Ag-Au NCp’s formed by tea extract solution. The image shows particles are in the
nano range, and most of the particles are spherical and also finds varied particle sizes. Bo, the
Ag and Au particles are well dispersed with each other and form a crystalline nature, which
was confirmed by the XRD tool. Close compact structure and fine agglomeration can also be
viewed in the image [30].
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Figure 7. TEM image of Ag-Au NCp’s.
3.7. Antibacterial Activity of Ag-Au NCp ’s.

The zone of inhibition measured is summarized in table 2. From the table, it is evident
that the synthesized nanoparticles are good candidates for their usage in antibacterial drugs.
This sample shows remarkable activity against S. subtilis and K. planticola bacteria,
respectively. The higher activity towards S. subtilis compared to K. planticola can be viewed.
One can find the effect of concentration of the sample for activity towards the higher end [31-
32].

Table 2. Antibacterials Activity results of Ag-Au NCp’s.

Sl. No Concentration of Bacterial strain
Ag-Au NCp’s (ul) (Zone of inhibition)
S. Subtills K. Planticola

1 10 09 6

2 20 10 7

3 30 11 8.5

4 40 12 8

5 50 12 9

4. Conclusions

Biosynthesis of Ag-Au NCp’s using tea powder extract is a simple, efficient, eco-
friendly method and can be used for the synthesis of other metal nanocomposite materials. This
method is one of the economic viability methods for the synthesis of nanoparticles. The
reduction of silver and gold ions takes place simultaneously. Further detailed characterization,
properties, and applications of Ag nanoparticles is the future direction of our work.
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