OPEN aﬁlCCESS

International Journal of Recent Technology and Engineering (IJRTE)

ISSN: 2277-3878 (Online), Volume-8 I ssue-6, M ar ch 2020

Green Synthesis and Characterization of Gold
Nanoparticles using Ethanolic Turmeric Crude

Extract At Neutral Ph

L)

Chack far
updatas

Sameera Abbas, Muhammad Sohail Latif, Ida Idayu Muhamad, Faridah Kormin

Abstract: Thereisa great interest in the development of green
protocols to avoid environmental and health hazards. In this
research, the eco-friendly and cost-effective synthesis of gold
nanoparticles (GNPs) has been achieved by the green method
using ethanolic turmeric crude extract at pH 7. The bioac-tive
compounds of turmeric crude extract are responsible for the
reduction, capping and sta-bility of the GNPs. The
characterization of GNPs was carried out by ultraviolet-visible
(UV-vis) spectroscopy, Fourier transforms infrared (FTIR)
spectroscopy, field emission scanning electron microscopy
(FESEM) and energy dispersive X-ray (EDX) spectroscopy. The
UV-vis spectral study indicated the formation of GNPs with a
surface plasmon resonance (SPR) band at 547 nm. FTIR analysis
of turmeric crude extract and GNPs showed that phenolic groups
reduced the gold ions. The FESEM analysis showed the
polydisperse morphology of GNPs with average size of 26.6
nm+7.4 nm. The elemental composition determined by EDX
re-vealed the presence of gold. The synthesized GNPs can be
useful in a variety of applications involving medicine, cosmetics,
environment and nutraceutical.

Keywords: Biosynthesis, Gold Nanoparticles,Green synthesis,
pH, Turmeric crude extract.

. INTRODUCTION

Metallic nanoparticles have unique optical, catalytic and
magnetic properties. The morphology and monodispersity of
the particles are main factors for tuning these properties [1].
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Nanoparticles are used in a variety of felids such as
biomedical, health, food, drug delivery, mechanical optics
,chemical industries and cosmetics [2-3]. Many methods have
been developed for nano-synthesis like ,physical, chemical
and biological [4-6].The chemical method for the synthesis of
nanoparticles produces highly toxic compounds. However,
synthesizing the nanoparticles by a green method is an
alternative route which uses the natural ingredients [7].In
green method, use of plant extracts and microorganisms for
the synthesis of nanoparticles are biocompatible and do not
produce toxic compounds, therefore the green method is a
good alternative method for nanoparticle synthesis [8].

In recent years biomedica applications of gold
nanoparticlesbecome very active in different area of research
[9] like gene and drug delivery [10],detection of proteins and
pathogens, labeling of deoxyribonucleic acid, fluorescent
labeling and tissue engineering [11]. The reduction of gold by
the natural compounds is favorable over the chemical method
by virtue of their biocompatibility, purity and non-toxicity
[12-13]. For the production of gold nanoparticles the green
substances such as fungus [14], agae [15] and enzyme [16]
were reported successfully, however as compared to the use
of microbe for gold nanoparticles synthesis ,plant-mediated
synthesis is easy to manipulate the shape and size of
nanoparticles. Plant-based synthesis is fast, safe and works
under room conditions without any need for high physical
requirements [17].

Turmeric (Curcumalonga) isarhizomatous perennial herb
of the ginger family. It iscultivated in tropical and subtropical
region of Asia. The medicinal properties of turmeric are well
known and it has been investigated for the mechanism of
action and its bioactive compounds [18]. The main group of
constituents of turmeric is polyphenolic curcuminoids which
includes curcumin (diferuloylmethane),
bi sdemethoxycurcumin, demethoxycurcumin and
cyclocurcumin. The curcuminoidswhich isyellow-pigmented
composed of 85% as curcumin, 10% as demethoxycurcumin
and 5% as bisdemethoxycurcumin. The most well studied
compound of turmeric is curcumin. Turmeric also contain
some other compounds like, sesquiterpenes (turmerone,
turmeronol  atlantone,,zingiberone  germacrone  and
bisabolene). In turmeric  protein carbohydrates, resins, and
caffeic acid are also present [19]. The chemical structures of
some important components of turmeric are given in Fig 1.
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Itiswidely used for health benefitsin different countries of
the world including India, Pakistan, Malaysia, Thailand,
Japan, China, Korea and United State of America as a
medicinal herb. Various heath benefits of turmeric are

atributed to its anti-inflammatory, antioxidant [20]
antimicrobial, antimutagenic [21-22] and anticancer
properties [23].

It is used in curries, cosmetics, tea, energy drinks, in
medicines, as coloring and preservating agent in cheese
butter, mustard sauce and chips [18]. The rhizome has been
also used for the treatment of swellings, burns, small pox,
ulcer of stomach and mouth [24] it has been aso used in
Ayurvedic medicine to prevent water loss from the body,
smoothening of skin, for the improvement of blood
circulation. Itisalso used as an anti-microbial and anti-irritant
[25-26]. It has been shown by the past 30 years’ research that
it playsavital rolefor the prevention and treatment of various
pro-inflammatory chronic conditions including
cardiovascular, metabolic, neurodegenerative, malignant and
autoimmune diseases [27]. Inspite of therapeutic potential of
turmeric, its water solubility and bioavailability is low.
Different methods have been developed to increase the
biocavailability of turmeric [28], one of them being the
turmeric-mediated nanoparticle synthesis. The conjugation of
turmeric and metal ions in an agueous medium to synthesize
nanoparticles can increase its stability, activity,
biocavailability and half-life [29-30]. In this research, we have
reported the green synthesis of GNPs using ethanolic crude
extract of turmeric at pH 7. The synthesis of GNPs occurred
by direct reduction of gold ions (HAuUCl,) in an agueous
medium, so that surface of GNPs was coated by the bioactive
compounds of turmeric crude extract. Green synthesis is cost
effective and simple method. The process of the
nano-synthesis was monitored by using UV -vis spectroscopy.
The green synthesized nanoparticles were characterized by
FTIR, FESEM and EDX (Energy dispersive X-ray
spectroscopy) to determine the coated compounds, size and
shape, and elemental composition, respectively.

[I. MATERIALSAND METHODS

A. Materials

Turmeric was purchased from local market. HAuCl4.3H,0
was purchased from Sigma-Aldrich, USA, which was used as
the gold precursor. Ethanol (> 99.4 %) was purchased from
Merck, Germany.

B. Preparation of ethanolic turmeric crude extract
(TCE)

Turmeric was washed with tap water to remove dirt
followed by rinsing with distilled water. It was then peeled
and cut into small pieces. The pieceswere put into the oven at
40°C for drying. All the dried pieces were put into the electric
grinder to make a fine powder that was stored at room
temperature till further use. The ethanolic turmeric crude
extract (TCE) was prepared by adding 4 gram of fine turmeric
powder into 60 ml of absolute ethanol and kept on constant
magnetic stirring for 48 hours at room temperature. The crude
extract was filtered twice by using Whatmann filter paper no.
1. The filtrate was then kept in the oven at 40°C for drying
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[31]. The 10 mg/ml stock solution of the dried crude extract
was prepared in absolute ethanol. From this stock, 2% of
turmeric crude extract solution was prepared which was used
for the synthesis of GNPs.

C. Synthesisof TCE-mediated gold nanoparticles

In conical flask, 2% turmeric crude extract solution was
added and then the pH of the extract was adjusted to 7.0 by
using 0.1 M NaOH. Turmeric crude extract and 0.25mM
HAuUCI;were mixed in aratio of 1:4 at room temperature. The
synthesis of nanoparticles was monitored by observing the
colour change in the reaction mixture and recording the
UV-vis spectra [32]. The color of the solution was changed
from yellow to peach and then purplish pink indicating the
formation of GNPs as shown in Figure 2.

D. Characterization of TCE-GNPs

The change in color of the reaction mixture indicates the
formation of GNPs which has been observed visualy and
recorded through UV-vis spectra by using UV-Vis
spectrometer (Biomate 3S, Thermo Scientific, USA) at
regular interval within the range of 400 to 900 nm at a
resolution of 1 nm. The spectra were recorded after 15, 30,
75,150 min and then after 24 and 48 hours. The reaction
mixture was centrifuged at 12000 rpm for 10 min after 48
hours. The GNPs were pelleted down and the pellet was
washed with distilled water three times to remove the
unreacted extract material. The GNPs thus obtained were
used for further characterization by FTIR, FESEM and EDX.

FT-IR spectra were recorded to identify the possible
functional groups which were involved in the synthesis of
Tur-GNPs. In FTIR, minute quantity of GNPs was used for
characterization. The sample for FESEM anaysis were
prepared by placing a drop of the GNP solution on the glass
dlide and evaporating excesswater by using ahot plateto get a
thin film of GNPs. Then, the FESEM images were recorded
usng a JEOL JSM-7600F FESEM operating a an
acceleration voltage of 10kV. The elemental analysis of the
GNPs was performed using EDX on JEOL JSM-7600F
FESEM.

1. RESULTSAND DISCUSSION

The turmeric crude extract acted as both reducing and
stabilizing agent for HAUCI 4 which was the precursor of gold
ions. The polyphenol from plants are effective reducing agent
for gold. When this polyphenol binds with soft metals (Au®),
the concerned soft metal undergo reduction reaction and
finally gold nanoparticles produced instead of complex
compound formation [33]. The reduction of the HAuCl, was
indicated by the colour change of reaction mixture. The
yellow colour of the reaction mixture turned into peach and
then pinkish purple indicating the formation of GNPs.

Theformation of GNPswas indicated by the colour change
after the mixing the reactants at room temperature, which was
confirmed by UV-Vis spectroscopy. A strong peak was
observed in the range of 540-550 nm due to the surface

plasmon resonance of the
GNPs.
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The peak steadily increased with the passage of time.
UV-Vis spectroscopy analysis showed that the surface
plasmons absorbance band of GNPs synthesized by using
turmeric crude extract remained centered at 540-550 nm after
8 months with little decrease in its absorbance without any
shift in its wavelength (Figure 3) which shows the stability of
the GNPs at room temperature.
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Figure 3. UV-vis spectra of TCE-GNPs synthesized at
neutral pH

FTIR spectroscopy determined the functional groups that
were responsible for the formation of GNPs. FTIR spectra of
turmeric crude extract were recorded before and after the
bioreduction of AuCl, for the formation of GNPs as shown in
Figure 4. The FTIR spectra before reduction of turmeric
crude extract showed peaks at 3334 cm', 2973 cm™, 2881
cm?, 1274 cm’, 1046 cm™, 880 cm™ and 632 cm™. The
broadband at 3334 cm-1 represents the free hydroxyl-group
of phenol (-OH). The sharp band at 2973 cm™ and 2881 cm™
represent the stretching of the C—H bond. The band at 1046
cm* may be considered as the—C-O group of the polyphenols
such as flavones, polysaccharides and terpenoids [34-36].
The FTIR spectra after reduction of turmeric crude extract
showed peak at 3334 cm™ belongsto the—OH group which, in
this case, can be attributed to the phenolic compounds of
turmeric extract. A second important stretching vibration is
recorded at 1635 cm* which, although may be considered as
benzene ring containing aromatic compounds, may also be
taken into account for phenolic compounds as they exhibit
strong vibration on this wavenumber [37-39]. Overal, the
FTIR analysisindicates that the phytochemicals present in the
turmeric crude extract are responsible for the bioreduction
and stability of GNPs.

Wavenumber (cm-1)

Figure2. FTIR spectra of (a) TCE and (b) TCE-GNPs
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The morphology and size of the Tur-GNPs were
investigated using the FESEM as shown in Figure 5. The
surface morphology of GNPs reveals the anisotropic poly
dispersion of particles which are mostly irregular in shape.
The histogram shows the size distribution of nanoparticles
that rangesfrom 11 nmto 40 nm. The average size of GNPsis
26.6 nm = 7.4 nm. This result confirms that turmeric crude
extract acted asareducing and capping agent for the synthesis
of GNPs.

EDX was used for elemental analysis of GNPs by using
energy dispersive X-ray microanalysis. The EDX analysis
was carried out using a FESEM equipped with an energy
dispersive X-ray spectrometer. The quantitative analysis
EDX confirmed the elemental composition of synthesized
GNPs. The gold was at its highest elementary composition
while carbon, oxygen and silicon were present in trace amount
as shown in Figure 6. The percentage elemental composition
is given in Table I. The presence of the strong signal from
gold 73.80 % atoms also explain the formation of gold
particles.

50,000 10.0kV SEI SEM

Figure 4. FESEM image of TCE-GNPs synthesized at

neutral pH.
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Figure5. EDX spectrum of TCE-GNPs 10.
Table- |. Elemental composition of TCE-GNPs 11
Element Weight % Atomic % 12.

c 14.24 53.75

o) 8.15 2311
. 13.

Si 3.80 6.14

Au 73.80 16.99
14.

IV. CONCLUSION
In this study, GNPs were successfully synthesized by an g
environmentally favorable green synthesis approach using
turmeric crude extract at neutral pH. The methodology is

cost-effective, simple, safe and non-toxic as compared to .

physical and chemical methods. The turmeric crude extract

acted as reducing and stabilizing agent for the nanosynthesis

of gold particles. Furthermore, the adopted procedure 17

involved in vitro green nanosynthesis that could be easily

manipulated for large scale production of GNPs. The 18

synthesized GNPs have the potential for application in a

) ) . . . - ) 19.
variety of fields including biomedicine, pharmaceutical,
environment, and food and nutraceutical industries.
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