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ABSTRACT

In this work, the facile green route synthesis tifatstable, spherical Gold nanoparticles (GNPs)shheen
demonstrated by the simple green biosynthesis mietbducing Chloroauric acid (HAu@l This investigation
described; use of farm-fresh leaves of Curcumadgpignt for green biosynthesis of extremely stéméopic and
monodisperse GNPs. The stability of the GNPs waisdfdo be up to 10.27 M, when tested using 5M a(ition.
The Flocculation Parameter (FP) value was fountbéomax up to 0.92 P. The size of the GNPs foubéd tanging
from 10 nm to 30 nm with average size of 20 nm.bEst parameters for the synthesis of GNPs weftg; fiilds
diluted leaf extract, 100°C; at pH 6.68 of leafraxt, and 100 ppm HAugl The GNPs were characterized and
investigated by ultraviolet-visible (U.V.-Visiblegpectrophotometry, Field Emission Gun Scanning tElec
Microscopy (FEG-SEM); Energy Dispersive AnalysiXafys (EDAX).

Keywords. Curcuma longa isotropic; monodisperse, Flocculation ParameEd®?) (value; Field Emission Gun;
Scanning Electron Microscopy (FEG-SEM), Energy Bisjve Analysis of X-rays (EDAX).

INTRODUCTION

Different chemical and physical methods have usedsynthesize nanoparticles with different chemical
compositions, sizes, and shapes. However, with daeelopment of these new methods, the concern for
environmental contaminations is also increasinthasises of chemical procedures in the synthesiamdmaterials
generate a large amount of hazardous byproductss Tdreen chemistry” concept that uses biologicghaisms
such as microorganisms, which includes differemtcsgs of bacteria, actinomycetes; algae, fungistyeend plant
biomass or plant extracts. It is a safe alternativeonventional chemical and physical methodgsHerproduction of
nanomaterials by reducing salts of metals to cpmeding nano-metals. [1] Chloroauric acid when egubto
agueous extracts of the plant; it has resultechenibtracellular as well as the extracellular fotiora of metal
nanoparticles. The rate of formation of nanopatichnd the size of the nanoparticles, to an extesmjpulated by
controlling parameters such as pH, temperaturesahbstrate dilution ratios.

The biological production of metal nanoparticle diwes the reduction of metals by the enzymes ariveac
phytochemicals in the leaf extract. This resultsynthesis of metal nanoparticles from plant matesf different

shape and size, which provides an environmentabydly method to produce invaluable materials iasymthesis

eliminates the need to use harsh and toxic chesical

GNPs are under consideration of an important afeesearch. Increasing awareness towards “greemistrg” and
other biological processes has led to a desireteldp an eco-friendly approach for the synthekizamoparticles.
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Since the synthesis of nanoparticles of differdrgnsical compositions, sizes; shapes, and controlisgakrsity are
significant aspect of nanotechnology; new costetiife procedures are under development st&asearchers also
envisage that the Citric acid, Ascorbic acids, dlaeids, reductases, terpenoids and dehydrogenasds a
extracellular electron shuttlers; play a significesie in Nanomaterial Synthesis. [2]

To the best of my knowledge, | am presenting a fegport on the use of aqueous extracCafcuma longdeaf for
the synthesis of GNPs. The stability of the redped&NPs is studied and calculated using a physjgahtity called
“Flocculation Parameter” (FP) originally given byeWbecker et al. [3Furcuma longds locally famous in India as
Haldi; and it belongs to the tropical variety ofrfidy Zingiberaceae. It contains an active flavon@idrcumin and
Cardiac glycosides, Phenols; etc. as other phytoida. [4]

MATERIALSAND METHODS

Biological Material:
Farm-fresh leaves of aduurcuma longaplant, commonly known as Turmeric leaves were predufrom
insecticides, pesticides or chemical fertilizeefgant resource for green biosynthesis of GNPs.

Chemicals and Glassware’s:

Chloroauric acid was procured from Sigma AldriclsAJ NaCl and 1N HCI and 1N NaOH solutions were pred
from HiMedia Laboratories Pvt. Limited, India. Thexperiments were performed using double distilleaten
(18MQ) in Erlenmeyer Conical Flask. For storage of GNBmall Glass Bottles, with caps were used. The
glassware’s were washed with aqua regia to remuéraces of metal contaminants.

Instruments:
For recording the temperature, thermocouple wagl,uadereas for measuring pH; pH meter was used. For
performing various essential procedures duringinégliate steps Pre-calibrated instruments were. used

Preparation of Plant Extract:

To prepare the extract, leaves of adilircuma longaglant having a length of about 1 foot were cut bing a pre-
cleaned pair of scissors. From 100 grams of leaderextract was prepared in 1:1 (wt. /v) ratio. (L@0 grams of
leaves were crushed in 100 ml of distilled watesing mortar and pestle. The paste was then filtasélg muslin
cloth. The filtered extract was further centrifugat 5000 RPM for 8 minutes to get the clear extradte

supernatant was used as reducing agent for syatbésbold nanoparticles. In order to retain thavigt of the

enzymes like Nitrate Reductase and other factoch 13 phytochemicals, which are flavonoids, theaextwas
made in the ice box. The fresh extract was prepaneldused every time for the synthesis of GNPs.

Dilution of standard 50,000 ppm HAuGlto form 50, 100; 150, 200; and 250 ppm working @atock:
For making various$iAuCl, dilution’s following formula is used:

Calculation: |y = Required Volume
R = Required Concentration
T = Total Volume
G = Given Concentration
AT
= @)

Procedure for Biosynthesis of the Gold Nanopartisie

Clear extracts of adulCurcuma longaplant leaves were used for the biosynthesis of GMPstock solution of
50,000 ppmHAuUCI, was prepared and diluted as per the pre-requiitieecexperiment to form 50, 100; 150, 200;
and 250 ppm working Gold stock solutions. Due tostrsignificantly narrow and best peak was obseatesi38
nm; because of which the most influential concdiutnaof HAUCI, was found to be at 100 ppm. Hence, for all the
experiments, 100 ppm concentration was used. leroi@ optimize the nanoparticle formation, the ictpaof
various dilutions (1:5, 1:10; 1:50, 1:100; 1:508d4l:1000), temperature (4°C, 30°+2°C (R.T.), 68A@ 100°C)
and various pH ranges (inherent (6.68), 2; 4, @Ggrt] 10) on synthesis of GNPs were studied. AllgHevalues
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(inherent (6.68), 2; 4, 6; 8, and 10 were adjustsitlg 1N NaOH and 1N acetic acid to avoid chlorim#uced
flocculation [5] of the GNPs. The parameters olgdifrom the above first two experiments were keptstant to
comprehend the impact of pH on the optical as aglnorphological features of GNPs.

COMPUTATIONAL PART

GNPs synthesized at inherent pH (6.68) value wearected for performing the computationphrt. For
mathematical calculations, Windows 7 computer wWitisrosoft Office 2010 was used. For calculationstdbility
and Flocculation Parameter (FP) value; instrumbkésdual beam spectroscopy Lambda 25, Perkin EISA,
was used whereas fatharacterization of the Biosynthesised GNPs; Figldission Gun Scanning Electron
Microscopy (FEG-SEM), and Energy Dispersive Anayaf X-rays (EDAX) were used.

Stability and Flocculation Parameter:

GNPs synthesized at inherent pH (6.68) value welected for performing a stability test after optation of
parameters like dilution ratio, temperature and dlhl of the GNPs synthesized at respective abavanpeters was
taken in an ultra-clean quartz cuvette, and ingfsctrum was recorded between 400 and 900 nm. &M Bhlt was
added in a gradually increasing mannemn(180uw; 100ul, 500ul; and so on, increasing values) to the same aeivett
and U.V.-Visible spectrum was recorded to see ffecieof salt in the form of red or blue shift dfet maximum
absorbance peak in the spectrum. This procedurereyssated until the peak became flat or stablecdalation
parameters were calculated by measuring the inegjebsorbance between 529 and 532 nm in case BEGH]
Equation (2) was used to calculate the integrabsdédance:

P = Ly, A(dx) [5] (2)

Characterization of the Biosynthesised Gold Nanoteles:

U.V.-Visible Spectroscopy of the Gold nanoparticles

The U.V.-Visible spectra of the GNPs formed wemorded using High-quality quartz cuvette (as a&@snd dual
beam spectroscopy Lambda 25, Perkin Elmer, USA. dihette containing GNPs solution was placed direct
inside the spectrophotometer machine, and therelaegnetic wave absorption readings took by adjgsthe
reading range between 400-900 nm.

Scanning electron micrographic Analysis arEDAX: -

To elucidate the morphology of the GNPs biosynttesbiusingCurcuma longdeaf extract; Field Emission Gun
Scanning electron microscope (FEG-SEM), Carl Zélgso imaging; GmbH, Germany; operating atk'd was
used. The small glass bottle containing GNPs smistivas mixed well, and with the help of a plasicauto
pipette; 5-10ul of solutions were poured on the small square stigzetone ultra-cleaned silicon wafer chips. The
samples were allowed to air dry completely, anch thigh the help of forceps the silicon wafer chipsre picked-

up and kept inside the FEG-SEM for the analysi&NPs coated on the surface.

RESULTSAND DISCUSSION

Impact of leaf extract dilution ratios on inhergit (6.68); with different temperatures on the biabgsis of GNPs
using 100 ppnHAUCL presented in table - 1, which showed that 1:50tidih yielded the best results at both the
tried temperatures. Therefore, further trials wdome to detect the impact of temperatures at imhgrel (6.68)
with 1:50 leaf extract dilution on the biosynthesfsGNPs using 100 ppHAuUCl, in table- 2, which showed that
1:50 dilution yielded the best results at 100°C perature. In the next step, impact of various pHL@d°C
temperature; with 1:50 leaf extract dilution on thesynthesis of GNPs using 100 pptAuCl, showed in table - 3.
In conclusion; at the constant 1:50 dilution an@°@temperature; inherent pH (6.68) yielded thd besults. At
inherent pH (6.68), the impact BfAuCl, concentration was also studied (tabular and graphlizta not shown). For
checking the salt stability and flocculation paréenéFP) of GNPs using 5M NaCl; sample made wiB0Milution
of a leaf extract at 100°C temperature having &erent pH (6.68) is selected. The sample showeddatating
stability up to 10.27 Molar with FP value of 0.92 P

Visual Observation:
GNPs formation using the plant leaf extract wadioea due to the change of color from colorleswiioe red, pink
and blue color depending on the size of the natiofes. [7] GNPs get formed by the reduction of Ato AL’.
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This is due to the fabrication of GNPs with the emilar assistance of biological reducing agentseurein the
plant extract. [2] The intensity for the appearaatéhe color varied drastically with the dilutioatio, temperatures
and pH. The time taken for the reduction of Goldsido Gold nanoparticles was also found to be digrgnon the
dilution ratio, temperature of the reactants, pkvai as the concentration bfAuCl,.

In table - 1, 2, and 3; the ruby-red color accodotshe smallest nanoparticle [8], whereas; theekdnd a purple
colors indicated the increment in size and hencell@ interactions with light.

In table — 1; it was also observed that; fastettssgis of GNPs in the solutien Dilution of reducing species and
availability of substrate to the enzyme (up to@erextent).

In table — 2; it was also observed that; Fastethggis of GNPs in the solutian Increase in temperature (up to a
certain extent).

In table — 3; it was also observed that; fastethssis of GNPs in the solution X/Increase or decrease in the pH
(up to certain extent).

With the results obtained from above three differgarameters affecting the synthesis of GNPs exymnis; the
1:50 Curcuma longdeaf extract dilution ratio at 100°C with inhergatl (6.68) was selected. GNPs salt stability
and Flocculation Parameter (FP) using 5M NaCl weecked, to see the effect of salt in the form efrd or blue
shift of the maximum absorbance peak in the U.\&HMé spectrum.

Characterization of GNPs with the U.V.-Visible duakam spectrophotometer:

SPR property is exploited for determining the catile and quantitative analysis of the presencisatfopic or
anisotropic nanopatrticles in the solution. Singutarrow peak (TSPR); it indicates monodispersatbparticles
and singular wide peak indicates polydispersityaDaeak (TSPR and LSPR); it dictates polydispeagywell as
the presence of anisotropic nanoparticles. Usutlly,maximum absorption occurs in the range of @®0to 1000
nm i.e. from a visible range to NIR-range.

U.V.-Visible Spectroscopic analysis:

As shown in U.V.-Visible spectra (figure - 1 (a, figure - 2 (a, b); and figure - 3 (a)); the SPahtls centered
between 500-600 nm confirm the formation of GNPthimsolution. The presence of the sharp peaktneg20-530
nm range; it indicates the formation of good qwalgotropic and monodispersed GNPs in the solutibme
appearance of the peak is due to the size depengamtum-mechanical phenomenon called SPR. Thexteff
becomes influential when the De-Broglie wavelengftthe valence electrons becomes equal to or lessthe size
of the particle (less than 50 nm). [7] Formationtbé range of colors and the SPR in GNPs are dutheo
confinement of electrons; when the size of the hpdicles enters in the nano-scale (10-100 nrhg ffee mobile
electrons are captured and locked in GNPs and shaWwaracteristic collective coherent oscillationRé&smon
Resonance giving rise to Surface Plasmon Resor{&mie).
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Figure —1: Impact of leaf extract dilution ratios at inherent pH (6.68) with 2 different
temperatures on bio-fabrication of gold nanoparticles using Curcuma longa, as shown by U.V.-
Visible Spectroscopy (a) impact on 30°+22C (R.T.) (b) impact on 100°C. The inset shows the
change in SPR with respect to different parameter.
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Figure — 2: Impact of temperatures and pH at 1:50 leaf extract dilution ratios on bio-
fabrication of gold nanoparticles using Curcuma longa, as shown by U.V.-Visible Spectroscopy
(a) impact of temperature variations (b) impact of pH variations. The inset shows the change
in SPR with respect to different parameter.

In table — 1, Part - A; at 30+£2°C, the SPR bandhef GNPs synthesized at inherent pH with a rangéilofion

ratios were found to be centered between 537 torB65The most influential dilution affecting thenslyesis of
GNPs was found to be 1:50. This can be speculaeduse of a sharp peak centered at 537 nm. Asipetudies,
the size of the nanoparticles exhibiting a peathist wavelength is between 30-40 nm. There wasreonried shift
in the SPR of GNPs synthesized at inherent dilutichand 1:10 (from 537 nm to 538 nm); with shakb), and
broad, and a minor peak (1:10) respectively. Reff shalso observed at 1:100 dilution showing dpabks; first
sharp at 540 and another weak peak at 668 nm; wiashappeared in the near infra-red region as stiowable -
1. The appearance of dual peaks at 532 and 670ayrbendue to reference [10]. In 1:500; broad ambmpeak at
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565 nm with a red shift of 28 nm is observed. Ddntratio 1:1000 with no peak, nearly flat absarptspectra was
found to be almost failed in the formation of GNBsie to the combined effect of agglomeration arddfientation
of the nanopatrticles in the solution; there wasdhghift observed at dilution ratios 1:5, 1:10;0D,1and 1:500 (table
- 1).

Table — 1: Impact of leaf extract dilution ratiostéanherent pH (6.68) with different temperatures dhe Biosynthesis of GNPs using 100 ppm
HAUCI,:
Part— A

Observations for dilution ratio variation at 30°C

Sr. No. Dilntion  Temperature Visual U.V.-Visible Inference of UV .- Color of GINPs
Ratio (11) 20 Observation Peak Visible Peak
1. 1=5 30°L25C Change in Sharp peak at Formation of

(B.T) color in < 538 nm isotropic GINPs in

24 hours the solution. m
E@

5 ¥ 1:10 F0°E2C Change in Broad and Presence of large
(B.T.) color in < minor peak at GINPs in the
24 hours 538 nm solution. (GNPs
solution at this

dilution was

foundto be
unstable.
3. 1:50 30°£29C Change in Sharp peak at Formation of
BT color in < 537 am monodisperse
24 hours GNPs in the
solution
4. 1:100 0°E29C Change in Duel peak. Formation of
E.T) color in < Sharp at 540 anisotropic
24 hours and weak at nanoparticles,
668 nm agglomeration of

the nanoparticl es

or the combined

effect of both the
phenomenon.

5. 1:500 30720 Changein Broad and Formation of -
(B.T.) color in < minor peak at large spherical as
24 hours 565 nm well asnon m
spherical GNPs in
the solution
6. 1:1000 30°L2°C Change in No pealc, Formation hardly
(B.T) color in < nearly flat few GINPs or
24 howrs absorption absence of GINPs
spectra in the sclution.

In table — 1, Part — B; at 100°C, the SPR bant@f3NPs synthesized at inherent pH with a rangklation ratios;

were found to be centered between 517 to 553 nmnidst influential dilution affecting the synthesfSGNPs was
found to be 1:50. This can be speculated becauaesbérp peak centered at 534 nm. As per the stutlie size of
the nanoparticles exhibiting a peak at this wawgtleris between 10-40 nm. There was a blue shithénSPR of
GNPs synthesized at inherent pH; 1:5 dilution wlithnm. Blue shift indicates the decrease in thendtar of the
GNPs as well as its stabilization in the solutiBlue shift in this case can be either due to actdn in the size of
GNPs and/or multiple coatings of surface protectiggnts on GNPs. It also indicates stabilizatiothef GNPs in
the solution due to the favourable thermodynamieraction of capping proteins on the surface of &NBilution

1:10 showed a moderately sharp peak at 534 nmsRifids also observed at 1:100 dilution; showihgrp peak at

172
Pelagia Research Library



Sumedha N. Prabhu Adv. Appl. Sci. Res., 2015, 6(8):167-179

546 with 12 nm red shifts. In 1:500; minor and lat@eeak at 553 nm with a red shift of 19 nm is obsér Dilution
ratio 1:1000; with no peak, nearly flat absorptsmpectra was found to be failing in the formatiorGNPs.

Table — 1: Impact of leaf extract dilution ratiostanherent pH (6.68) with different temperatures dhe Biosynthesis of GNPs using 100 ppm

HAUCl,:
Part—B
Observations for dilution ratio variation at 100°C
Sr.No. Dilution  Temperature Visual UV .-Visible Inferenceof UV.-  Color of GNPs
Ratio (11) (C) Observation Peak Vidble Peak
L. I:5 100°C Changein Minorand  Formation of least
colorin<5  insignificant quantity of
seconds peak at 517  anisofropic GINPs
nm in the solution.
2 1:10 100°C Changein  Moderate and Formation of
color in<5  sharp peak at significant
seconds 534 nm quantity of
isotropic GNPs in
the solution.
3 1:50 100°C Changein Sharp peakat Formation of very
color in <5 534 nm large quantity of
seconds isotropic GINPs in
the solution.
4. 1:100 100°%C Changein Sharp peakat Formation of very
color in <5 346 nm large quantity of
seconds isotropic GINPs in
the solution.
5 1:500 100°C Changein Minor and Formation of
color in<5 broadpeaka  medium quantity
seconds 353 nm of anisotropic
GNDPs in the
solution.
6 1-1000 100°C Changein No pealc, Absence of GNPs
color in <5 nearly flat in the sclution.
seconds absorption
spectra

In table - 2, at 1:50 dilution ratio; the SPR barfidhe GNPs synthesized at inherent pH with a raxigemperature
variations were found to be centered between 5&B%nm. The most influential temperature influegcihe ultra
fast, and most stable synthesis of GNPs; were foorm at 100°C. This can be speculated becausesivdirp peak
centered at 533 nm. As per the studies, the sitleeohanoparticles exhibiting a peak at this wawgtle is between
10-30 nm. There was a minor red shift in the SPENPs synthesized at inherent pH; 4°C temperatitte2vnm.
At 30°+2°C temperature; minor blue shift of 1 nmsvedoserved. Further blue shift of 3 nm with a shpeak at 530
nm was observed at 60°C temperature; indicatingatezh in size of GNPs.
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Table — 2: Impact of temperatures at inherent pH.§8) with 1:50 leaf extract dilution on the Biosymesis of GNPs using 100 ppm HAuCI

Observations for temperature variation
Sr.No. Diltion Temperature Visual UV.-Visble InferencedUV.- Coor of GNPs
Ratia (11) ("C) Observation Peak Viable Peak
1. 1:50 4°C Chagein  Sharppeakat Formation of large -
color in > 24 535 nm quantity of
hours isotropic GNPs in
the sclution.
7. 1:50 30°2PC  Changein  Sharppeakat Formation of very .
®T) colorin<24 532 nm large quantity of
hours isotropic GNPs in
the sclution.
3 1:50 60°C Changein  Sharppeakat Formation of very -
color in<5 530 m large quantity of -
minutes isotropic GNPs in
the solution.
a, 1:50 100°C Chamgemn  Sharppeakat Formation of large .
color in<5 533 mm quantity of B
seconds 1sotropic GNPs in
the solution.

In table - 3, at 1:50 dilution, the SPR band of @¢Ps synthesized at 100°C with range of pH vamatiwere found
to be centered between 534 to 567 nm. The mosteinfial pH affecting the synthesis of GNPs was ébtmbe the
inherent at 6.68. This can be speculated becauaesbérp peak centered at 534 nm. As per the siutlie size of
the nanopatrticles exhibiting a peak at this wavgtleris between 10-30 nm. There was a major red shihe SPR
of GNPs synthesized at pH 2 with 33 nm. A minosjgnificant and nearly flat peak approximately &7 5:1m was
observed with pH 2; which may be due to excessopaiton which resulted in change of charge of tapping

proteins. GNPs at pH 4 showed a sharp peak at B4@ith 6 nm red shifts. At pH 6; a sharp peak & && with

minor 2 nm red shift was observed. Moderate ped8atnm is shown by pH 8. At pH 10, broad and mpeeak at
535 nm, indicating formation of low quantity of aatropic GNPs in the solution with minor 1nm redtsh
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Table — 3: Impact of various pH values at 100°C f@enature with 1:50 leaf extract dilution on the Baynthesis of GNPs using 100 ppm
HAUC|4

Observations for pH variation
5r.Mo. [ Dilution  Temperature Visual UV-Vigble  Inference of Color of
Fatio "C Obzervation Peak UV -Visble Pz

(1 Paak
1. Intersnt 1:50 e Changein  Sharppeak  Formationof
ji's | colorin<d  at334mm  large quantity
(6.68) zeconds ofisofropic
GNPz in the
solution,

! 2.00 150 e Change in Ninor, Formation of
colorin<3 inspnificant least quanbtyof

seconds  and nearly anisotropic
flat peakat  GNPsin the
567 nm solution.

i 4.00 150 e Changein  Sharppeak  Formationof
colorin<d  at340mm very large

seconds quantifyof
izotropic (HP's
in the solution
4 6.00 1:30 100°C Clangein  Sharppesk  Formationof
colorm<3d  at336mm very laree
seconds quantityof
tsotropic GNPs
in the solution
L 8.00 L350 10 Changein  Moderale Formation of
colorin=3  peak at 334 medium
secofds il quantityof
isotropic GNPs
in the solution

6. 10.00 1:50 100°C Changein  Broadand — Formationof
colorin<3 minorpeak  low quanbbyof
secofids at 335 m aflizniropic
GNPsin the
solobon.

Stability of biogenic versus chemically synthesizeNPs:

For solving the problem of agglomeration of GNPssalution; particularly while their suspension iigth salt
concentration for clinical trial such as drug detiy, the stability of biological nanoparticles wasted against very
high salt concentration. As shown in the figure(aB there was a red shift of 3 nm after additi66.160 ml (6160
pl) of 5M NaCl. The stability of the GNPs synthesizat 1:50 leaf extract dilution, at 100°C with eénént pH
(6.68); was reluctant for coagulation even after élddition of 6160 pl of 5M NaCl. Additions aftet@® ul of 5M
NaCl; GNPs were found to lose their capacity teerate increasing quantity of 5M NaCl concentratiomd no
electromagnetic wave absorption peak; nearly fhabgption spectra was observed. Therefore; thesallstability,
absorption results were showing up to 6180 In stark contrast to this, the shift in chemigadynthesized
nanoparticles using same parameters was found 13®&7 nm after addition of merely 14Dof 5 M NacCl. This
exceptional stability of biogenic nanoparticles danattributed to the protection of GNPs by ingght capping
proteins. Under the optimal ionic strength of tbkison; these proteins avoid the coulumbic attcacbetween the
nanoparticles by maintaining suitable surface patn [2]
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Stability of the GNPs and Flocculation Parameter 4150 dilution, 100°C with inherent pH 6.68 Value:

Stability of the GNPs was studied by adding mudtiplof 500ul of 5M NaCl; with respect to increasing
concentration of Sodium chloride salt, and recaydime spectra after each addition of salt solutidme purpose
behind this was to study the change in the spegmaperties due to flocculation induced by incregssalt
concentration. Under the influence of salt, nantiglas start forming clusters and hence shift ia geak towards
longer wavelengths (529-532 nm in case of GNPs)lteeg11] This can be seen in the form of redtslithysical
relation between the origin of the red shift andjragation of the metal nanoparticles was givenimaity by
Quinten and Kreibig, 1986. [12] According to theiudies, when the distance between flocculatingergshis
smaller than the radius of the spheres, the resenstrifts to longer wavelengths. [5]

As the red shift value increases; stability of plagticle decreases at that salt concentration.réig8 (a) and figure

- 3 (b) shows the spectral properties of GNPsy dfte addition of the salt at inherent pH 6.68.t#dt pH; initial
minor blue shift was observed with 1 nm after additof total 160ul of 5SM NacCl. The initial minor red shift was
observed to be 1 nm; with a sharp peak at 531 nen afidition of total 66@l of 5M NaCl. Further; additions of
5M NaCl lead to increase in red shift maximum up5&5 nm with a continuous decrease in peak intgnsit
Maximum low quality peak was observed after additiof 4160 ul of 5M NaCl. Moreover, the continuous
decreasing minor peak was observed from additio#l6Dul to 6160ul. Increasing red shift value of 535 nm was
observed up to addition of 5660 of NaCl solution, with a minor peak at 535 nmiefaddition of 616Qu of 5
NacCl; the minor blue shift with 2 nm was observiedximum minor hump at 535 nm after addition of 616®f
5M NacCl; indicates agglomeration of GNPs in theusoh. Further increasing salt concentration addgi after
6160ul; showed complete absence of peak so Floccul&amameter was studied up to 6160The calculated FP
value was found to be max up to 0.92 P after thiedddition of 616@I of 5M NaCl.

The most important terminology to display the digbof the nanoparticles is a flocculation paraeret-P) which
was originally used by Wiesbecker et al. [3] anavéts partially modified by Sastry et al. [6]. FP ®NPs with
respect to increasing 5M NaCl concentration is showfigure - 3 (b). It can be clearly seen thhge tnherent pH
value 6.68, FP was found to be increasing withees increasing salt concentration; indicating sigglomeration
of GNPs. This finding is also supported by a mined shift seen at this pH value (figure - 3 (b))orover,
presence of turbidity in the GNPs (data not shostmws agglomeration as evidence to above findihge Bhift in
this case indicated the agglomeration or an iner@athe multiple coatings of NaCl on the surfataeanoparticles,
which may finally result in the agglomeration. Aiférence; it can be stated that increase in FPevielul /o«
increased stability of GNPs in the solution. [184d414].
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Figure — 3: Impact of increasing concentration of 5M NaCl and Flocculation Parameter (FP) on
bio-fabricated gold nanoparticles using Curcuma longa at 1:50 leaf extract dilution ratio,
100°C temperature with inherent pH (6.68), as shown by U.\/-Visible Spectroscopy. (a)
Salt toleration capacity of biogenic nanoparticles. (b) Flocculation Parameter (FP) studies of
GNPs.
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Nitrate Reductase Activity:

The Nitrate Reductase activity involved in catatggithe nanoparticle biosynthesis was studied byaVagd
Cardenas method (data not shown). Nitrate Redustalp in the NADH dependent extracellular reductd Au™

to AW; thus leading to the formation of GNPs. NitratedRetases are assumed to be the most efficient NADH-
dependent enzyme, which act as a nucleating asasethpping agent for the Gold nanoparticle bidmsis. Nitrate
Reductase activity in reduction BfAUCL, and later formation, stabilization of GNPs; ddayecapping proteins and
Curcumin, which acting as an active flavonoid. umtlier steps; Nitrate Reductase enzyme acts appngaagent,
thus ensuring the complete formation of thermodyinally stable nanoparticles. [15] (Tabular and diiapl data

not shown).

Electron microscopic studies:

The morphology of GNPs was studied using field smis gun scanning electron microscope (FEG-SEMGFE
SEM image of the GNPs bio-fabricated at 1:50 pleat extract dilution, 100°C, and inherent pH (§,6hibit the
presence of extremely small GNPs (figure - 4 (aabjl Figure — 5 (a)). The size of the nanopasiatas found to
be ranging between 10 to 30 nm; having an averageo$ 20 nm. Inherent pH, like earlier results svedserved to
be the most favorable condition for the synthesisatropic, monodisperse, and stable nanopartiéded:50 plant
leaf extract dilution, 100°C and inherent pH (6;688 GNPs with unique morphological features weygerved. In
figure - 4 (a, b), and figure — 5 (a) aggregatidisotropic GNPs having a spherical shape in gri@ys is shown.
Moreover, the typical oval-shaped ring of GNPs wéserved and covered in the red box. This may be: A
intermediate step in the formation of non-spheri@toparticles. Due to less potential at edgesd Gaho-spheres
must have aligned themselves in such typical mdggyo This also helps in the overall thermodynastability of
the structure. The mechanism for the formation wfhsunique structures by the biological systemtils ia a
nutshell. However, it can be speculated that thidue to the enzyme or capping protein assisteteatimn and
growth at different facets of GNPs. [9]

EDAX graphical studies:

In graphical figure - 5 (b); each peak is indicgtthe presence of specific material from the sanifie Au (Gold),
Si (Silicon); C (Carbon), O (Oxygen) materials sledvtheir characteristic excitation peaks in thegamegion. In
the present analysis; spherical nanoparticle wiexteel randomly under FEG-SEM and X-rays were eahiftom
the source. The X-rays came in contact with nanaber gave one large and many small peaks in EOgkph.
The larger and smaller peaks indicated the preseinga (Gold) in the sample. The large peak alsbdated the Si
(Silicon) below the Au (Gold); which confirmed thisile coating of the GNPs solution on the surfacthiof Silicon
wafer chip.

EHT = 5.00 KV

200 nm* EHT=500KY SgnalA=inlens  Date 9MNov2012
F—— wo-4z2mm Mag= 22285 KX

20nm i A = InLons
= WD = 30mm Mag =599 31 K X
FHESREN

Figure - 4 : FEG-SEM images exhibiting the impact of dilution ratio, temperature and pH on the
biosynthesis of GNPs using Curcuma longa. Figure (a) and (b) showing isotropic as well as
monodispersed GNPs biosynthesized at 1:50 leaf extract dilution, 100°C and inherent pH (6.68).
Green circle shows the presence of spherical GNPs of average size 20 nm. Red box demonstrate
the formation of a unique oval ring like structure of a spherical GNPs.
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Figure - 5 : FEG-SEM and EDAX images exhibiting the impact of dilution ratio, temperature and
pH on the biosynthesis of GNPs using Curcuma longa. Figure (a) showing isotropic as well as
monodispersed GNPs biosynthesized at 1:50 leaf extract dilution, 100°C and inherent pH (6.68).
Green circle shows the presence of spherical GNPs of average size 20 nm. (b) EDAX graph
confirming the presence of bio-fabricated GNPs coated on silicon wafer chip in a sample.

CONCLUSION

In conclusion; the reducing potential of #Barcuma longdeaf extract was exploited to synthesize stabtrapic,
and monodispersed GNR3urcuma longaan be used as a potential alternative to availeidenical methods used
for commercial production of GNPs due to its exaeplly high reducing potential; which in turn wiscause of,
presence of, the high amount of Curcumin as arvedtavonoid. It took less than 5 seconds at°@@or the
reduction of GNPs which made it one of the most grfw plant materials reported until a date. Grebamistry is
an emerging field and green route synthesis baingca-friendly process is non-hazardous. GNPs sgithd were
temperature stable, pH stable, and NaCl stableasobe used for a plethora of applications in thedfiof
Bioimaging, optics; drug delivery, and textile irsdry.

In the future, there will be a huge potential fessearch using plant sources to synthesize GNPswdmch can be
safely used as therapeutic carriers in treatmenvarious diseases, and also in allied areas. Thearctolloidal
suspension of GNPs was stable for more than sixhmat 4°C. Presence of an active flavonoid Curcuagntent
in the leaves of Curcuma longa; has a large advgetaver other plants as it highly reduced HAu®@ form
isotropic and monodispersed GNPs, and the averagtcfe size was 20 nm which was extremely smald, this
made the nanoparticles favourable for a wide-spraaglication; with increased salt stability, goolddculation
parameter, and extremely higher shelf life.
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s Nitrate Reductase

.- / Enzyme .
i, % be@
NOy = Nitrate lon ‘.
Au*® = HAuCl,
Au® = Gold Nanoparticle @
@ = Free Electron

O = Capping Proteins

C J = Curcumin; active flavonoid
NADH = Nicotineamide-Adenine-Dinucleotide [Reduced]
NAD* = Nicoti ide-Adenine-Dinucleotide [Oxidised]

Figure 6: Schematic representation of Nitrate Reductase activity in reduction of
HAuCl,, and later formation, stabilization of GNPs; done by capping proteins and
Curcumin which acting as an active flavonoid. In further steps; Nitrate
Reductase enzyme acts as a capping agent, thus ensuring complete formation of
thermodynamically stable nanostructure. [15]
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