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A simple, facile, ecdriendly and rapid synthesis of gold nanoparticles (GNPs) derived Bom
javanicaBlumeleaves extract§JBLE) was successfully developed. The GNPs were fowvigdn 40

sec andt was confirmed by UWisible spectroscopy. TH&IBLE acts as a (strong) reducing and (as
well as) stabilizing agent. The Chemical constituenBIBLE were studied by G®AS. The prepared
GNPs are spherical in shape and the particles size around 2&hioh,was confirmed by HREM.

The formation of GNPs and interaction between the plant extract was characterized by XRD and FT
IR. One step preparation of graphene oxide encapsulated GNPs (GO/GNPs) was confirmed by SEM
and EDX spectrum. The electrochemicattivities of the GO/GNPs modified electrode were
characterized by CVs and DPV. The electrochemical results demonstiaele electrocatalytic
activity of the GO/GNPs modifiedlassy carbon electrode (GCt)wards dopamine detection. The
GO/GNPs modifid GCE displayed a wide linear range witla lowdetee t i on | i mi t of
good selectivity towards dopamine even in the presence of biollygomainterfering substances. The
above results suggest that the GO/GNPsmodified GCE is very promising and active electrode
material forthedetection of dopaine for pharmaceutical and clinical applications.
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1. INTRODUCTION

Dopamine (DA) belongs to the families of catecholamine and phenethylamine in both
peripheral nervous and marafian central nervous system, which playggnificantrole in the human
brain and body such as neurotransmission, metabolism, emotional expression and mental activity [1].
The main function as a DA is neurotransmitter in central nervous system, cacdiavasd hormonal
systemHowever, the abnormal metabolism or high either level concentration of DA in the region
of the brain the activity would be difficult
[2], senile, dementia, HIV infedin [ 2] , Harringtonbés and Schiz
aforementioned reason, the rapid and selective determination of DA is nec8sstam.a number of
traditional methods have beeé®velopedtowardsDA detection including fluorescent spectromng
[41 6] and chromatography [7]. But these technigaes high costthat instruments are operated by
highly skilled technicians and time consuming methdds dectrochemicaltechniquesare widely
used for the sensitive determination of DAbecause oflow cost, high sensitivity, simplicity,
reproducibility, selectivity and short measurement timelI8 In order to realize the sensitive
detection of &, the modified electrodes with metal nanopartileNPs), metal oxides, conducting
polymers andctarbonrelatednanomaterials etc., have been mostly used for the seraitiselective
detection of DA in the electrochemical field [13].

Nanoparticles made of various noble metals have been received a vital consideration over the
recent years, as they cae applied in chemistry, physics, biology, medicine and material science [19].
Particularly, pant mediatedbiological synthesis of noble and transition metal nanoparticles is currently
focused hearted research areajng tothe benefits of rapid, facildarge scale production, energy
efficient, biocompatible environmentally conscious, avoid toxic chemicals eost effectivereagents
when comparedo otherphysical andchemicalphenomenor20, 21]. Syntheses dfifferent MNPs
such as Ag, Au, Pt, Cu arkl are prepared via biological route walso reportegbreviously[22-24].
Among theseMNPs, gold nanoparticles (GNPs) find applications in drug delivery, tissue/tumor
imaging and photothermal therapeutic contexts owing to #xiaordinary behaviorand teir broad
spectrum of physical, chemical and optical propef@&$. The presence of bimolecule in the plant
extract that can be used aseducing agents for reduce the metal ion to metal nanoparticlé&t¢Au
Au®) and stabilize themVarieties of phnt extract have been used as reducing agents as well as
capping agent for preparation of GNPs and are reported previ@&B8]. Thereis still a lot of
attention paid to this field because of the high potential of plants in producing nanoparticles with
broaddiversity of plant metabolites that may aid in the reduction, as well as the different sizes and
shapes.

A broad variety of encapsulation technigiresbeen widened to make nanoparticles dissolve
in aqueousnediumto offer anchor points where fatmonal molecules can be attached [34,35]. One of
the weltknown approach tgreparing GNPs/GO nanocomposites is to encapsulate GNPs with
graphene oxide (GO). GO sheets possessed a mixture of deféetsd sp hybridized carbon atoms.

GO sheets contaiextraordinary optical properties, due to their capability to adsorb oxygen atoms on
their GO surfaces in the form o, -OH, -COOH), and ether functional groups [36]. The above two
acid groups like carboxyl and phenol hydroxyl groups are well dispemsadlaqueousnedium with
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extreme negatively charged surface [37, 38]. For the sensible application of Gppghetection
features of GO was studiéy several groups [39, 4Qliao and Akhavaret al have been reported that

GO has enriched functional ayps, good electrical conductivity, large surface area, good
biocompatibility and high stability, which makes it suitable for biomedical applications and sensing of
bio-molecules 41-43] such as uric acid, nicotinamide, dopamiarganosulfatepesticidesascorbic

acid, adenine dinucleotide, glucose, cholesterol, protein, histidine and hydrogen peroxide etc.
Moreover, GO has exclusive features such as prominent flexibility, facile synthesis, lofty dispersibility
in aqueous mediumeasily tunable surface fatonalization throughnon-covalent or covalent
pathways [44].

In this study we propose thecafriendly synthesis of GNPs by usimg) javanicaBlumeleaves
extract BJBLE) and GO encapsulated with GNPs for the first time. The formation of GNBs
confirmed by UM\vis spectroscopy, transmission electron microscopy (TEM)ayX diffraction
(XRD), fourier transfom infrared spectroscopy (HR) andGO encapsulated GNPs (GO/GNPs) was
also confirmed by Scanning electron microscopy (SEM) and EDX spectrum. Ol&NEFs modified
GCE demonstratesuperiorelectrochemical detection capability towards dopamihencompared to
other modified electrode. The O/GNPsmodified glassy carbon electrodé&sCE) exhibits awide
linear range and low limit of detection (LOD) in08 M PBS pH 7This is the first report,atthe best
of our knowledgein which green synthesized GNPs derived fr8dBLE on the modified GCE
employedasan electrochemicaensor for the detection of dopamine.

2. EXPERIMENTAL

2.1. Materials

The healthymaturedB. javanicaBlumeleaves were collected from National Taipei University
of Technology, TaipeiTaiwan106 (Republic of China)The fresh leaves were collected and cleaned
with double distilled water(DD). The Chloroauric acid (HAuGBH,O), dopamne and graphite
powder was purchased from sigiklrich, Taiwan. All the other chemicals arethe analytical grade
and utilizedwithout further purification.

2.2. Methods

2.2.1. Synthesis of plant extract

First, the collected leaves Bf javanicaBlumewere thoroughly washed witDD water. After
that the leaves were spread over filter paper to remove the wetness of leaf and then dried at room
temperature for an hour. Theheleaves are cut into small fine pieces. 5g ofBd8L were weighed
and tranferred into 200 mL water in 500 mL beaker and it was boiledvimt@rbath at 100C for 5
min. The mixture was cooled and filtered twice; sequentially the filter liquor was centrifuged at 5000
rpm for 15 min. The aqueous extraBt favanicaBlumég obtaned then filtered using Whatman filter
paper No. 1 and stored at 4 °C for further studies.
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2.2.2. Green synthesis of GNPs by using the leaf extract

The leaves extract was dried and optimized to 4.5 mL. Furthemptized extract was
mixed with 10.5 rh of 0.5 mM gold solution then the mixewas kepton the table at room
temperature, for reduction of Alto Au’. The formation reaction was very fast as the ruby red color
appeared within 10 sec and appearance of ruby red color because of GNPs exXadatasmon
resonance (SPR) at 55b0 nm. The formation of GNPs was confirmed by-U$ible spectroscopy
analysis in the range of 529 nm. The GNPs obtained were purified by repeated centrifugation at 5000
rpm/min for 15 min and washed several times witb water. The GNPs were collected and re
dispersed in deionized water for further characterization.

2.2.3. Preparation and fabrication of the graphene oxide encapsulated GNPs at modified GCE
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Scheme 1the schematic view of the synthesis procedurdHerpreparation of GNPs and GO/GNPs
composite and its applicatidar electrochemical sensor dopamine.

Graphite oxidevaspreparedrom raw graphite powder using the mibdd Hummer's method
[45]. After that, he preparation 06O/GNPs bymixing 2 mg mL* of green synthesized GNPs and 2
mL aqueous GO in a beaker. The mixture was allowed to sonication for an hour and the mixture was
stored at room temperature for further characterization and electrochemical measurements. The
formation of GO/GNPs compositeas shown in Fig.4. Above GO/GNPs composites 8 pL (optimized
concentration) waglrop castedon the polished GCEB ur f a c e allawed to dryad soom
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temperature. After that, the dried GO/GNPs/GCE washeabthlywith DD water to remove loosely
bounded cmposites. Then this electrode allowed to do further electrochemical measurements. The
overall procedures for the preparation and fabrication of the GNPs and composite are shown in schem
1.

2.2.4. Characterization of GNPs a@D/GNPscomposites

UV-visible spectral analysis d@. javanicaBlumewas performed in a JasceA0 UV-visible
spectrophotometer. The absorption maxima were analyzed in th&0MOGmM wavelength range at
different time intervals. The powder XRD were analyzed puspared green synthesd GNPs in
XPERT-PRO (PANalytical B.V., The Netherlands) diffractometer (Cu Ka radiation, k 1/4 1.54 A).
FTIR analysis wasecordedby using a Thermo Nicolet Nexus 670 spectrometer in the range of 4000
400 cm* to determine the presenBejavanicaBlumederived bioactive compounds BIBLE GNPs.

The chemical constituents of plant leaves extract was identified before and after addition of gold
solution through thgas chromatographynass spectroscopC-MS) (HP 6890GC/5973MS, Agilent
Technology, LittleFalls, California, USA instrument.The size and shape of the particles were
measuredvith HR-TEM using JEOL 3010 equipped with selected area electron diffraction pattern
(SAED). The GO/GNPs composites were confirmed by scanning electron microscopydattétthe
elemental analysis (SEMitachi S3000 H. All the electrochemical studies were performed in CHI
405a and CHI 900 electrochemical analyzer (CH Instruments, USA). The conventional three electrode
system has been employed for the electrochemical urerasnts where GCFEarea 0.071 chm&
rotating disc carbon electrode (RDCE) = 0.2°cmsed as a working electrode, platinum wire as a
counter electrode and saturated silver/silver chloride (Ag/AgCl) electrodecésrance electrode. All

the electrochemal studies have been carried out in 0.0PBS.

3. RESULTS AND DISCUSSION

3.1. U\vis spectral analysis
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Figure. 1 UV-vis spectra of green synthesized GNPs (A) Effect of the plant concentration (a) 12.5 mL
of 0.5 mM gold solution and 2.5 mL 8JBLE (b) 11.5 and 3.5 mL (c) 10.5 and 4.5 mL (d) 9.5
and 5.5 mL (e) 8.5 and 6.5 mL respectivéB) UV-visible spectra of the reaction mixture at
different time intervals at room temperatureg(a to 60 sec)
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UV-vis spectroscopy is a very significant phenometmwalidate the stability, shape and size
of the MNPs in an aqueowslution In order to investigate the shape and size of the GNPs was
initially monitored byUV-vis analysis.A different concentration oBJBLE and gold solutions are
represented in FigAL The extract concentration was increased and the gold solution concentration
was decreased from (a) 12.5 mL of 0.5 mM gold solution and 2.5 BUBEE, (b) 11.5 and 3.5 mL
(c) 10.5 and 4.5 mL, (d) 9.5 and 5.5 mL, (e) 8.5 and 6.5 mL respectively. ®Hidigwse shows the
digital photograph of formation of GNPs (different concentratioB&BLE and gold solution) with
corresponding to the absorption spectra. The color changes from dark pink (a, b) to rubyaed (c)
the concentration dBJBLE (d, e) agin increased a dark pink color was formed corresponding to the
absorption spectrum as shown in Fig.1A. The change of GNPs color depends on the v&udBieof
and gold solution. The GNPs functionalized wBdBLE gave uniform sharp peaks with varying
intensities. The 10.5 ml 0.5 mM gold solution and 4.5 mL plant extract gave a uniform and sharp SPR
(Surface Plasmon Resonance) band peak at 529 nm, with this ratio a bulk solution was made for
further studies.

In order to study the stability and formationtbé prepared GNPs in the colloidal solution were
investigated by UWis analysis. FidB reveals the UWis spectrum of gold colloids with various
time intervals at 0, 10, 20, 30, 40, 50, 60 sec. the optimized concentration of gold and plant extract
mixed solution was taken for the stability studies. From thelBigwhich is clearly observed that the
bioreduction of gold ions to GNPs started within O sec and increasing the time intervals (from 0 to 60
sec) the GNPs formation was reached a saturated letheh w0 sec. this results suggested that the
biosynthesis of GNPs was very rapid formation. The maximum absorbance for GNPs was monitored at
529 nm, and it look like a little broad spectrum, suggesting their polydispersed nature.

3.2. Characterization adhe green synthesized GNPs
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Figure 2. Green synthesized GNPs (A)-rdy diffraction pattern (B) FTIR spectra & javanica
Blumeextract (a) synthesized GNPs (b).
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The phase and crystallographic structure of the synthe&ideswere studied by XRD. The
XRD patternsof as synthesize@NPsas shown in Fig.2A. The peaks at the éhgles of 38.3%
44.5% 64.82 77.78 and 81.78were corresponding to (111), (200), (220), (311) and (222) planes of
facecentered cubic (fcc) phase of gold [JCPDS File NeO©84] [46,47]. The remaining diffraction
peaks may be the other phytocheaticompounds present BJBLE and the result suggested that
GNPsare highly pure.
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WhereXsis the size of crystallinee i s t he wawagl emglt mtofonX b i
half maximum (FWHM) of the diffraction pea#,is difffad i on angl e and kThe s S
average size of crystalilteNPswas cal cul ated from the (111) pl
[48]. The average crystalline size GNPswas calculated as approximately 29.4 nm size which is in
good agrement with HRTEM results.

FTIR analysis was used for the characterization of the leaf extract and the synthesized GNPs
nanoparticles as shown in Fig.2B. The FTIR spectra of leaf extract before and after reduction have
shown considerable changes. HR spectra were carried out to discover the organic biomolecules
BJBLE responsibldor the reduction of GNPs. The sharp peak at 1533 was assigned to tHeN-H
stretching vibration of the amide function group [49]. After the bioreduction GNPs, the inteaokities
peak become sharper from 1533 to 1525' cRurthermore, a small shift from 1664 ¢to 1652 crit
was attributed to C=0 stretching vibration of the carbonyl and ketones grou&][50he peak
around at 1163 crhcorresponds to €O stretching vibratin of alcohols, carboxylic acidestersand
ethers. The peak observed at 3586"amas relevant to @ stretching vibration. This result indicates
the presence of hydroxyl, carboxylic acids, esters, ethers and carbonyl gr&Jjit Ewhich may be
accounable for the reduction of the Au ions and stabilization of Au nanoparticles.
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Phytochemical constituents present in BUBLE which wasidentified throughGC-MS. GG
MS chromatograph of leaf extract showed three major peaks, each peak indicating the presence o
three chemical compounds. Their chemical structure, chemical formula, molecular weight, peak area
(%), retention time are presented in inserted Fig.§.3F@) shows the only pure plant extract and
Fig.3 (b) shows the after reduction GNPs. The major compounds presBdBLE such as 33
Di met hy | -Mehylpropanpic adid, Butylhydroxytoluene (BHT). TBEBLE of BHT is a most
commonly used antioxidant. This BHT compound may play a vital role in the reduction process of
Au**to AW, The leaf extract oB. javanica Blumecanalso be used as a potential source for the
isolation of those compounds.

3.3. TEM analysis

The morphology and structure evolution of the GNPs were observed HyENRas shown in
Fig.4. The TEM image¢Fig. 4 A, B) of GNPs showed thaphericallike morghology nanoparticles
andtheir sizedrom 20 to 10 nm. The very slight agglomeratiwas occurred, whicinay bepossible
sedimentation at the latter stage of the reaction. Fig.4C showdigheresolutionTEM was carried
out to further observe the GNPs. dhowed that the lattice fringes was d=0.234 nm, which was
coincidental with the theoretical spacing for (111) plane of the GNPs.

A T

© Au(112) )
~ d=(0.234 nm)&
§ R ug

Figure 4. HRTEM images ohssynthesizedGNPs at different magnification (A) 20 nm (B) 10 nm (C)
Latticefrinces(D) SAED pattern of GNPs.
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The SAED pattern for GNPs and the ring pattern are indexed to the 111, 200, 220, 311 and 222
Bragg reflections from the fcc phase of gold as revealed inFiJ.Be crystalline natures of the GNPs
clear from the SAED pattern. It is alsmuhd that the single crystalline natamed itwas determined by
SAED pattern which was in accordance with XRD result.

3.4. Graphene oxide encapsulated green synthesized GNPs

The morphology of the G-GNPscomposites were investigated by SEM. Fig.5 shawesSEM
images of GO (A) and encapsulated GNPs on the GO sheet (B) and corresponding to the EDX
spectrum of GO (C) GO/GNPs composites (D). It could be clearly seen that the GO sheet exhibited a
typical rippled morphology with bulkaper likelayers and themtroduced green synthesized GNPs
into the GO solution; electrostatic interaction takes place between GNPs and GO [53]. Furthermore,
the electrostatic interaction between GO and GNPs, which upon mixing, allowing the GO encapsulated
GNPs formed and it wadearly shown in Fig.5 (B).

WD20 .3mm 15.0k¥ x2.5k 20um

Figure 5. SEM images (A) GO (B) GO encapsulated green synthesized GNPs (C and D)
Corresponding to the EDX spectrum of GO and GO/GNPs composites.

The meritsof the propose@pproach are that it can be performed at roonpé&ature and that
the size and structure of the nanoparticles used remains unchanged after encapsulation and also it ws
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confirmed by EDX. Fig.5 (C and D) illustrates the energy dispersive EDX spectrum of GO and
GO/GNPs composite. From the EDX respitsis clear that the presence of carbon and oxygen
elements in GO and Au, carbon and oxygen in GO/GNPs composite respectively. Theeshiive
suggestsGO encapsulated green synthesized GNPs, which make them very excellent modified
electrode material fahe electrochemical detection of dopamine sensor.

3.5. Electrochemical performance of dopamine at various modified electrodes

The electrochemical performance of dopamine was examined at various modified electrodes by
using CVs 1 n pr es erFg.6depidts the C\?s respunsalim pbaemde nfedopamine
(a) bare GCE, (b) GO/GNPs/GCE, andthe presenof 300 &M of GNPe/GGEMd)n e
bare GCE, (e) GNPs/GCE, (f) GO/GCE containing 0.05M phosphate buffer solution (PBS pH 7) at a

scantrateof 50 mV st
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Figure 6. Cyclic voltammetry performance of absence of dopamine (a) bare (bGNEES, and
presence of (c) GO/GNPs/GCE (d) bare GCE (e) GNPs/GCE (f) GO modified GCE in 0.05M
PBS containing 300 &M of dlopamine at a scan
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Figure 7.( A) Cyclic voltammograms of 300 &M dopamir
different scan rateginsideto outside;50i 1000 mVs') (B) Theplot between scan ratespeak
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A broad irreversible oxidation peak of dopamine waestified at 0.311V in bare GCE. The
GNPs/GCE and GO/GCE demonstrated a couple of gewsisible redox peaks for dopamine at the
reductionpeak potential Epc and oxidation peak potential (Epa) of 0.170 and 0.386 V, 0.181 and
0.229 V respectively. The pedk peak separation for GNPs/GCE and GO/GCE in dopamine was
found as 216 and 48mV respectively. While the GO/GNPs modified GCE prébencef dopamine
revealed a pair of very sharp andll-definedquasireversible redox peaks at 0.1H#p¢) and 0.218/

(Epa). The peak to peak separation was established as 44 mV. The oypdatiaurrent of dopamine

at GOGNPs modified GCE was 4.32 and 2.01 fold higher than that of other modified GCE such as
GNPs/GCE and GO/GCE. In addition, the dopamine oxidatiorpotential of GO/GNPs at modified

GCE was 168 and 11 mV lower compare than o@Psand GO modified electrodes. The above
results suggestg that the modified GO/GNPs GCE is very promising and active electrode material for
detection of dopamine. Furtheone, the good communication ability of green synthesized GNPs with
GO resulting in the increased electrochemical performance and lesser oxiolationial for the
recognition of dopamine.

Fig.7A and Billustrates the CVs of GO encapsulated green syntlesiGNPs composites
modified GCE in anitrogenatmospe r e ( deoxygenated) PBS (pH 7)
at different scan rates. Upon increasing the scant fi@s50 to 1000 mV3, the cathodiclpc) and
anodic peak (Ipa) currents increased and both redox peak potential (Ep) was slightly $hdted.
anodic peak current shifted towards positside and the cathodic peak current shifted towards
negativeside at higher scan rates. The anodic and cathodic peak currents have a linear dependence
(Fig.7B) against the scan rateslp, suggesting thathe dopamine oxidation process at the green
synthesized GO/GNPs composites at modified electrodes is a surface controlled not diffusion
controlled process [54].






