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ABSTRACT

Biosynthesis of nanoparticles is studied extensively for its biocompatibility and its environmentally friendly nature.
In the present study, the synthesis of gold nanoparticles is carried out using Scoparia dulcis aqueous leaf extract.
The synthesis of gold nanoparticles is achieved at room temperature using aqueous leaf extract of Scoparia dulcis
without the addition of an external agent. The color change was observed from light brown to ruby red indicating the
formation of gold nanoparticles. The surface plasmon resonance band appeared at 542 nm in Ultra Violet-visible
spectroscopy. In Fourier Transform Infrared spectroscopy the functional groups responsible for the reduction of
chloroauric acid have been identified and in Transmission Electron Microscopy revealed that the gold nanoparticles
were of 20-27 nm in size. Gas Chromatography-Mass Spectroscopy analysis and Nuclear Magnetic Resonance
spectroscopy were used to assess the structure of the reducing agent.
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INTRODUCTION

Plant-derived products are present in most pharmaceutical preparations that many are currently
recommended by medical practitioners as they are part of the health-care system. Relating
phytochemistry of plants with nanomaterials will be helpful in developing more effective drugs for
various diseases. Recently, many nanomaterials, such as nanoparticles, nanowire and nanodisks have been
prepared using various synthetic protocols.' Nanoparticles are used to combat several diseases as
medicinal agents in therapeutic applications.>® Metallic gold nanoparticles have been employed in many
fields, such as catalysts for numerous environmental progressions, antimicrobial agents against a wide
range of microorganisms. Hence, the controlled fabrication of nanoparticles in terms of size and shape
can augment in specific to drug delivery’ and catalytic applications.® Conventionally, nanoparticles are
synthesized by different physical and chemical methods and some disadvantages of these methods are
expensive and also involve the use of toxic and hazardous chemicals.” Therefore, biological methods like
using microorganisms °, enzymes'® are being been proposed as possible eco-friendly alternatives for the
synthesis of nanoparticles. The potential plant extracts for the synthesis of nanoparticles is gaining
priority in recent terms for their medicinal value. The use of plant materials for the green synthesis of
nanoparticles has evolved in the last decade. Plants contain certain bioactive compounds like flavonoids,
phenols, citric acid, ascorbic acid, polyphenolic, terpenes, alkaloids and reductase which act as reducing
agents. Plant and seaweeds involved in the synthesis of gold nanoparticles is a very promising area of
nanomaterials because the bioorganic compounds act as both reducing and capping agents.*'’ It is well
established that plants and its phytochemicals are used in various biomedical applications.'" '

Plants materials having property to cure various disorders in human beings or in animals with lower or no
adverse effects can be termed as medicinal plants. S. dulcis plants have been traditionally used as
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remedies for diabetes mellitus in India both as fresh and dried form." It is used in curing ailments such as
fever, diarrhea, ulcer, cancer, wounds, skin rash, cough and tuberculosis. Considering the potential
applications into account, the present work has been focused on synthesizing gold nanoparticles using
Scoparia dulcis extract without the addition of any external agent. In addition, the reducing agent present
in the extract was also deducted with the help of mass and nuclear magnetic resonance spectroscopy.

EXPERIMENTAL
Preparation of Plant Extract
Freshly collected leaves of Scoparia dulcis were washed properly with tap water followed by Milli-Q
water to remove any contaminants. 5 g of leaves were boiled separately with 100 mL of deionised water
at 80 °C for 10 min. The extract obtained was filtered through Whatman No.1 filter and kept at 4 °C until
used for further study.

Synthesis of Gold Nanoparticles

An aqueous solution of leaf extract (Scoparia dulcis) from various concentrations were prepared
separately with each concentration of the leaf extract was added 1 mM HAuCl, prepared solution. The
synthesis of gold nanoparticles was carried out with 60 mL of 1mM HAuCl, solution as mixed with 40
mL of Scoparia dulcis aqueous leaf extracts, the reaction was kept at room temperature. After 60 min, the
color of the solution (leaf extract + HAuCl,") changed from light yellow to ruby red color indicating the
formation of gold nanoparticles. The resulting colloidal solution of gold nanoparticles was analyzed using
various spectroscopic and microscopic analyses.

Characterization of the Scoparia dulcis Synthesized Gold Nanoparticles

The indication of the color change from light yellow to ruby-red color indicated the formation of the gold
nanoparticles. The excitation spectrum of the synthesized gold nanoparticles and has been measured by
UV-Visible spectrophotometer (Shimadzu UV-1800) in the wavelength range of 250-800 nm. FT-IR
spectroscopy was used to characterize the functional groups involved in the reduction of gold ions to
nanoparticles was achieved by FT-IR (Fourier Transform Infrared) Shimadzu spectrophotometer
IR Affinity-1s, Japan. FT-IR analysis was carried out for both plant extract and gold nanoparticles to
identify the possible biomass responsible for the reduction and capping agent molecules. Transmission
Electron microscopy (TEM) (JEOL 3010 instrument with a UHR polepiece) study reveals that the shape
and size of the nanoparticles and were recorded by placing a drop of the suspension on carbon-coated grid
and allowing water to evaporate.

GC-MS and NMR Analysis
GC-MS was used to assess the biomolecules present on the surface of the gold nanoparticles. Gold
nanoparticles synthesized using plant aqueous extracts of Scoparia dulcis was taken for GC-MS analysis
using GC-MS QP2010 Ultra (Shimadzu). GC program: initial temperature: 80°C (1min hold) > Further
increasing 4°C > 200°C > 10°C 280°C (4 min hold), total program: 43.0 min. MS program: lon Source
Temp: 250°C Interface temp: 280°C, Solvent cut time:3min. Column Name: Rxi-5sil MS, Length : 30
meter, Thickness : 0.25um, Diameter: 0.25mm. Gas Flow: Carrier gas: helium 99.999% purity,
Column flow: 1.10 ml/min, Purge flow: 3ml/min. To ascertain, '"H and C NMR spectra were measured
by mixing with Dimethyl sulfoxide (DMSO-d6) and recorded at 800 MHz Bruker Spectrometer (Avance
11, US2).

RESULTS AND DISCUSSION
Scoparia dulcis Synthesized Gold Nanoparticles
Gold nanoparticles have many applications in the biomedical field. Improving delivery of anticancer
agents to tumors using nanoparticles is one of the most promising research areas in the field of
nanotechnology.'* !* The treatment of an aqueous solution of chloroauric acid with biomass of Scoparia
dulcis led to the formation of gold nanoparticles. Gold nanoparticles exhibit plasmon absorption bands
that depend on their size and shape. The absorption maxima in the range 520 nm indicates the formation
of the gold nanoparticles which may be due to excitation of Surface Plasma Resonance (SPR). UV-vis
spectra of aqueous leaf extract Scoparia dulcis (Fig.-1). The UV-vis spectra of the gold nanoparticles
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synthesized using plant leaf aqueous extracts of Scoparia dulcis showed peak as 542 nm (Fig.-2).'®
Formation of gold nanoparticles was monitored with respect to different time intervals under UV—visible
spectroscopy. Synthesis of gold nanoparticles increased with an increase in time of incubation with
HAuCl, solution along with aqueous leaf extract of Scoparia dulcis. The leaf extract of Scoparia dulcis
significantly reduced the formation of HAuCl, into gold nanoparticles, the secondary metabolites present
in the extract act as a reducing and a capping agent for gold nanoparticles synthesis. The observed
symmetric nature of the surface plasma resonance indicates the formation of spherical nanoparticles. It
was further confirmed by the TEM images.

Scoparia dulcis leaf extracts

Fig.-1: Schematic representation of the Synthesis of AuNPs synthesized using Methyl
Commate C in Plant Aqueous Extracts of Scoparia dulcis
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Fig.-2: UV-vis Spectra of Scoparia dulcis Plant Leaf Aqueous Extracts
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Fig.-3: UV-Vis Spectra of Gold Nanoparticles synthesized using Plant Leaf Aqueous Extracts of Scoparia dulcis
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FTIR Analysis

FTIR analysis of Scoparia dulcis aqueous leaf extract and Scoparia dulcis aqueous leaf extract
synthesized gold nanoparticles were studied to identify possible functional groups involved in the
reduction and stabilization of gold ions into gold nanoparticles. The FTIR spectra of Scoparia dulcis leaf
extract indicated various functional groups present at different positions. The corresponding absorption
peak at region 3400, 2939, 2389, 2118 1633, 1389, 1250 and 1179 cm’” (Fig.-3), while the 3373, 2919,
1660, 1512, 1413, 1383, 1326 and 1237 cm™ for the synthesized gold nanoparticles can be observed in
Fig.-3 and 4. The results revealed that the absorption peak at region 3400 and 2939 cm™ was shifted and
appearance of the new broad absorption peak at 3373 and 2919 cm™ was seen corresponds to -O-H
Stretching, H-bonded alcohols, and phenols. Whereas the disappearance peaks at 2389 and 2118 cm’'
were observed which was responsible for the reduction and capping of gold nanoparticles” '*
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Fig.-4: FTIR Analysis of Scoparia dulcis Plant Aqueous Extracts
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Fig.-5: FTIR Analysis of Gold Nanoparticles synthesized using Plant Aqueous Extracts of Scoparia dulcis

Transmission Electron Microscope (TEM) Analysis

Transmission electron microscopy was used to investigate the shape and size of the gold nanoparticles
synthesized using aqueous leaf extract of Scoparia dulcis. The sample preparation for TEM
characterization involves placing a drop of solution on a carbon-coated copper grip which was dried at
room temperature, while the residual solution was removed with the blotting paper. It is clear from high-
resolution TEM image analysis to observed shape and size of the nanoparticles diameter ranging from 20-
27 nm."” Figure-5 illustrates the TEM image of gold nanoparticles synthesized using plant aqueous
extracts of Scoparia dulcis on depicts the spherical shaped and hexagonal shape were observed.”” *! This
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indicated that the biomolecules of plant Scoparia dulcis were effectively involved in the synthesis and
controlled the formation of gold nanoparticles. Gold nanoparticles with thin, smooth ends on the exterior
of the nanoparticles were seen in the TEM micrographs.
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Fig.-6: TEM Images of Gold Nanoparticles synthesized using Leaf Extract of Scoparia dulcis

GC-MS and NMR Analysis

GC-MS was employed to assess the biomolecules present on the surface of the gold nanoparticles and
helped in the stabilization of gold nanoparticles. Five different types of peaks were observed in the
chromatogram and the percentage of Methyl Commate C observed was 60.58% (Fig.-6). The GC-MS
retention time (RT) and percentage peak of the compounds were demonstrated in table-1. In the present

analysis, the compounds were confirmed by matching obtained spectral data with Wiley/ NIST/EPA/NIH
mass spectral library (NIST 11).%
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Fig.-7: GC-MS Chromatogram of Gold Nanoparticles synthesized using Leaf Extract of Scoparia Dulcis

Nuclear magnetic resonance was used to ascertain the caped molecule on the surface of gold
nanoparticles. Figure-8 (A) and (B) represent the 'H and *C NMR assignments for the compound methyl
commate C taken at the retention time 38.64. The peaks found between 140 ppm and 160 ppm indicates
the aromatic resonances of the compound with slight impurities. From the assignments, it is evident that
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the compound obtained in the mass spectrometry matches with the NMR signals confirms the presence of
methyl commate C on the gold nanoparticles. A schematic diagram represents the Methyl Commate C
present in aqueous leaf extracts of Scoparia dulcis combines with gold ions to form the complex (Fig.-8).
This will be helpful for further application studies to prepare methyl commate C reduced gold
nanoparticles for potential biomedical applications. Based on the study it could be inferred that medicinal
plants the subject of human curiosity and to utilize in an effective way in nanoparticle synthesis.

Table-1: Chemical Constituents Present in the Gold Nanoparticles synthesized using
Leaf Extract of Scoparia Dulcis using GC-MS Analysis

Peak Report TIC
Peak# R.Time Area Area% | Name
1 6.579 83975 5.66 | Undecane
2 7.666 75427 5.09|2,6-DIMETHYL-6-NITRO-2-HEPTEN-4-O
3 9.256 251203 16.94 | Dodecane
4 12.236 174051 11.74| Tridecane
5 38.645 808488 60.58 | METHYL COMMATE C
1483144 100.00
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Fig.-8: 'H (A) and "°C (B) NMR Spectra of Quercetin measured in 100% DMSO-d6 at A Temperature of 300 K

CONCLUSION
Biosynthesis of gold nanoparticles using a simple green method has been achieved and the capping
procedure could be useful for potent biomedical applications. Spectroscopic and microscopic analyses
inferred that the gold nanoparticles are spherical and hexagonal in shape. The reducing agent in the plant
was identified using GC-MS and NMR analysis out and the stabilizing compound was found to be methyl
commate C a well-known compound of biomedical applications.
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