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ABSTRACT

Nickel oxide (NIO) nanoparticles synthesized vidrbthermal method are reported and it is used fodification

of carbon paste electrode (MCPE). The structurahrelcterization of nanopowder by XRD clearly shows t
formation of face-centered cubic (FCC) crystallsteucture with high crystallinity. The morphologicdructure is
characterized by field emission scanning electrdorescope shows the formation of flake like struesu The
modified electrode is used for the determinatiord@bamine, Folic acid (FA) and paracetamol sepdsatesing
cyclic voltammetry. The voltammograms obtained rduthe oxidation studies revealed that nano NiOikateh
better catalytic function towards the oxidation BDbpamine (DA) and paracetamol (PC). The overlapping
voltammetric response of both the biomoleculehathare electrode gets resolved into well-definelthmmetric
peaks with enhanced oxidation currents in 1XWODA in 0.2 M PBS pH 7.4.
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INTRODUCTION

Dopamine (DA) is one of the naturally occurringemdtol amines in the mammalian central nervous sysied it

plays a key role in the function of central nerydusrmonal and cardiovascular systems [1-3]. Péaaud (PC) or
acetaminophen (N-acetyl-p-aminophenol or 4-acetapfidnol) is a non-steroidal anti-inflammatory dargd PC

that finds widespread application for its strongj@ymetic action and analgesics in pharmaceuticahtilations [4].

Folic acid (FA) is B vitamin that helps build hdgltcells as well as deficiency of FA is a commouaseaof anemia
and is thought to increase the likelihood of hedtéick and stroke. The ability to determine DA, &@ FC has
been a major goal of electro-analytical applicatiesearch.

Several methods have been proposed for the detionnof biomolecules such as spectrophotometrgh hi
performance liquid chromatography, chemilumineseegapillary electrophoresis and electrochemicahous [5-
9]. However, it is still a great challenge to dexelsimple, ecofriendly method for the determinatmihthis
biomolecules. In recent years electrochemical gsnisas been widely applied due to the advantages as high
sensitivity, rapidity of response, simplicity, last, miniaturized and automated devices. The relsectivities in
the preparation of electrochemical sensors for atieg biomolecules have dramatically increases dkier past
decades with the development of new materials amweklnfabrication process[10-12]. Development of hbot
selectivity and sensitivity are of equal importarioevoltammetric procedure and also this would higlpthe
treatment of several neurodegenerative diseases.
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Nano scale based materials such as carbon nanp@@tegshene, nanoparticles, nanocomposite are hesed for
several electro analytical applications. Electraotval analysis using modified electrode is takidlgantages from
all the possibilities offered by nanocompounds daslye detected by conventional electrochemicahous. This
kind of modified electrode has gained increasirtgraion recently due to their potential applicaido develop
high performance electrochemical sensors [13-15].

Among various metal oxide nanoparticles, the haviaal nickel oxides that are composed of nanorrsed
building blocks with the total size in the micrometscale have many advantages in sensor. Their
hierarchicallynonporous material provide high cgtalefficiency and active sites for Study VoltanmneResponse

of Biomolecules and the overall organized mesoporoetal oxide nanoparticles structure providesrdbkd
mechanical strength[16].

Considering all the facts mentioned above, the gmefmvestigation reports a synthesis of hieraahMiO by
hydrothermal method characterized by XRD, SEM, T&hties. The NiO modified electrode shows an irsgen
sensitivity towards DA. The MCPE was used for aacbchemical investigation of the low concentnatiof
biomolecules in a phosphate buffer at pH 7.2 asd alclic voltammetry experiments shows that NiCdified
carbon paste is stable enough in aqueous solutidntaan be used as an electrochemical sensaletermination
of biomolecules. This present approach has significadvantages such as low-cost, simple equipnesagy
preparation, short reaction time and better repdéta It is observed that the prepared NiO exhibkcellent
sensitivity towards the determination of biomolesul

EXPERIMENTAL SECTION

Materials

All chemicals were obtained from Sigma Aldrich oeiMk with highest grade available and used wittfarther
purification. All solutions were prepared using ttaudistilled water. All experiments were carriedt @t room
temperature. The reactant,nickelnithdi@® O3),- 6H,O ,Dopamine hydrochloride (DA), disodium hydrogen
phosphate (N#1PQy), sodium dihydrogen orthophosphate (NBBy), Triton X-100 (G4H2,0 (CH40),), silicone
oil, graphite powder (mm particle size) . The stechution of dopamine was prepared in 0.1 M pemitlacid,
phosphate buffer of pH 7.4 prepared in double |gtiwater. Paracetamol and Folic acid obtainedhftéi-media,
Phosphate buffer solution (PBS) solutions all stealkitions were prepared with double distilled wate

Preparation of NiO nanopatrticles

In a typical routeNiOnanoparticles wesynthesizediia the hydrothermal method in the presence of TritehOR.
Experimental details are described as follows: 20asic precipitant 0.4NNaOH solution was slowly added into a
20 ml of Q1 mol I'* Ni(NOs),- 6H,0 solution containing .004 mol I* of Triton X-100 with constant stirring. After
vigorous stirring for 3 h, the mixture was auto@dwat 200C for 5h and cooling the reaction to room tempesgtu
the precipitate was filtered from the solution afidolute alcohol several times and then dried iovem at 56C for
12h.

Instruments

XRD patterns were obtained on a BrukefPBaser XRD system and SEM was studied using sagreiéctron
microscope (JEOL JSM 840).The cyclic voltammetfd/] measurements were performed on a Model CHI 660D
electrochemical work station (CH Instruments, AustdSA). Electrochemical experiments were carriet io a
three electrode cell system, which contained a lscarbon paste electrode (BCPE), CPE/ Ni® the working
electrode, an aqueous saturated calomel electr8@&)( as the reference electrode and Platinum wdréha
auxiliary electrode to measure current.

Preparation of bare carbon paste electrode (BCPEnd modified carbon paste electrode (MCPE)

The bare carbon paste electrode was prepared loyrhixmg of graphite powder with silicon oil at atio of 70:30
(w/w) in an agate mortar to produce a homogenotsocepaste. The prepared carbon paste was tightliygal into

a PVC tube (3 mm internal diameter) and then smembtin a weighing paper. The electrical contact prasided

by a copper wire connected to the end of the tWWEPE was prepared by adding 2, 4, 6 and 8 mg NiO
nanoparticles to above mentioned graphite powdesdizone oil mixture.

RESULTS AND DISCUSSION
Characterization of NiO

The purity and crystallinity of the as-synthesizWdD nanoparticles were examined by using powderayX-r
diffraction (XRD) as shown in Fig.1. The peaks piosis appearing at 2 theta is 37.2, 43.2, 62.8 hd9can be
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readily indexed as (111), (200), (220), (311), 4h@4) crystal planes of the bulk NiO, respectiveiyl these

diffraction peaks can be perfectly indexed to theefcentered cubic (FCC) crystalline structure i@ Not only in

peak position, but also in their relative intensitfythe characteristic peaks. It can be seen fragnlFhat the

diffraction peaks are low and broad due to thessiadl effect and incomplete inner structure ofpiheticle and the
average crystallite size, calculated by Schernenéite was found to be less than 8 nm.
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Fig. 1.Typical XRD image of NiO nanoparticles
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The morphology of the prepared sample was obsdryatie scanning electron microscopy (SEM). Fig.@vaha
general SEMimage of the sample, which confirmshigsarchical structure consisting of a large numiiiequasi
uniform flaked rice—like architectures. High maggation SEM images reveal that the flake-like aettures are
built from many flexible and densely interlaced d&dike structures. Since the architectures artassembled
from these nanobeads, the porous structure couildibeed by inter aggregation of the building bieck

[~

200 nm Mag = 50.00 K X EHT =10.00 k¥ Date :17 Qct 2011 1um Mag = 35.00 KX EHT =10.00 kV Date :17 Oct 2011
WD= 3mm Signal A = InLens Tirne :16:02:35 WD= 3mm Signal A = InLens Time :16:01:31

Fig. 2.Typical SEM images of NiO at different magrfications

TEM was used to further investigate the microstitetof the as-synthesized NiO. It revealed the &iom of
nanoflakes with cubic crystal structure as showrFig3 (a). It shows the presence of a large nunabeXiO
particles with hexagonal shape and uniform sizeradl0—20 nm and well dispersed in the bulk mdteFig.3 (b)
shows the electron diffraction pattern of the sel@écarea of nanoparticles. The appearance of stlifrgction
rings confirmed the formation of single crystalltwbic nickel oxide.
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Fig. 3. (a) Typical TEM micrograph of NiO. (b) SAED patterns of NiO

Effect of NiOnanoparticles on MCPE for investigation of DA, PC and FA

In order to optimize the amount of NiO /CPE differeoncentration of the NiO nanoparticle in a CP&ewsed to
determine the study electrochemical behavior of P&, and FA was also investigated in order tonoigé the
conditions. The 4 mg NiO/CPE response to the maminourrent as compared with the 2, 6 and 8 mg of NiO
nanoparticles as shown in Fig.4 and this optimzatcentration is maintained further investigation.
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Fig. 4.Cyclic voltmmogram of 5x10°M DA at different concentration of NiOnanoparticlesin MCPE

Electrochemical response of DA, PC and FA at BCPEra NiO/MCPE: Fig. 5a, 5b and 5c shows the cyclic
voltammograms obtained for the electrochemical istidf 1x1FM DA, 1.0 x10° M PC and 5x18M FAits
voltammogramm was recorded in the potential rarigé.a@ to 0.6vs SCE in the 0.2 M phosphate buffer solution of
pH 7.4 at the BCPE and the MCPE prepared with Nai@oparticles were measured at a scan rate of 5& frivy
CV technique. The corresponding peak potentiakdiffices AEp=0.0723 V] and4Ep=0.1145 V] for the BCPE
(black line) and the NiO nanoparticles MCPE (iied) are Showed well-defined redox peaks at bio¢thelectrodes
forDA. At the BCPE the anodic peak potential (Epa)667 V and the cathodic peak potential (Epc) €409 as
well as the relative DA peak currents significantigreased at the MCPE with the anodic peak pater@til904 V
and the corresponding cathodic peak potentialdg3® V respectively. The oxidation peak potentigdd) of PC at
BCPE and NiO /MCPE were observed at 0.3814 V aedcthrresponding cathodic peak potential is 0.1843 V
respectively. At the bare CPE the cyclic voltamnamgrof FA shows an oxidation peak potential at 704 At NiO
/MCPE of FA was obtained with the oxidation pealtemtial occurs at 680mV. The result indicates NMCCPE
exhibit good electro catalytic activity than BCPEdaNiO /MCPE exhibit enhanced current response than
BCPE.
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Fig. 5. Cyclic voltmmogram of (a) DA (b) 1.0 x16 M PC (c) x10°M FA in 0.2 M phosphate buffer solution, pH 7.2 abare CPE and
MCPE of 5x10°M DA with scan rate 50 mV §*
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Fig. 6.Cyclic voltmmogram of 1.0 x16 M PC in 0.2 M phosphate buffer solution using NiOMICPE at different scan rates

Effect of scanrate on the peak current PC at NIO/M®E

The effect of scan rate for PC in phosphate bugfdution at pH 7.4 was studied by CV at NiO /MCHIE&e Fig. 6
show an increase in the redox peak current atmrsta of 0.05-0.500 V 5for NiO /MCPE indicating that direct
electron transfer between PC and the modified reldet surface. The graph obtained exhibited gooeéatity
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between the scan rate (v) and the redox peak ¢utfg. 7) for the MCPE with correlation coefficies of (R) was

0.99, which indicates that the electron transfactien was diffusioncontrolled process. The MCPE&pared with
the flake-shaped NiO nanoparticles exhibits a higiectrode surface area, a higher electron-tramafe constant
and compared with the BCPE. Therefore, the MCPIpgreal with NiO nanoparticles have small size plegiend

high surface area of electrode may be leads tdretatalytic effect on PC [17]. Therefore MCPE es from

flake-shaped NiO nanopatrticles used as an elearidal detection of PC at physiological pH 7.2.
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Fig. 7.Typical graph showing the linear relationshp between the anodic peak current and scan rate

Simultaneous determination PC in the presence of FA

The determination of PC using a BCPE suffers froterference with FA due to their closely relateddaton

potentials [18].The feasibility of the PC selectoketermination in the presence of FA at the NiO/NEGRas easier,
because the large pore volume of NiO /MCPE proviaéarge specific area leading to the enhancenmepeak
current. The determination of PC in the presencé aiM FA was performed at the NiO/MCPE (Fig. 8). the

BCPE the anodic peak potential (Epa) 0.4116 V abg®ak currents significantly increased at the NIOPE with

the anodic peak potential 0.4283 V.These resutisgthat the MCPEsensor was effective in simultasesensing
of PC and FA.

Fig. 8.Cyclic voltammograms obtained for the deterrimation of PC, in the presence of 5xI8M FA in 0.2 M phosphate buffer solution
at pH 7.2 using bare CPE and NiO /MCPE at scan rat60 mV s*

CONCLUSION

The synthesized NiO/MCPE improved the sensitivityelectrode and acting as a good electrochemicaaefor
the detection of DA, FA anBC. Cyclic voltammetry measurements revealed a reddprfast electron transfer and
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advantage of this method is convenient for synthe&iNiO nanoparticles in normal laboratory coradis, in low

cost. With its high selectivity, regeneration of thlectrode surface and very easy preparationedfit®/MCPE and
the good reproducibility of the voltammetric respermake the prepared modified metal oxides systamuseful

in the construction of simple devices in the mauiciield for the diagnosis of dopamine deficienitys expected
that this current synthetic method extended to nramtal oxides for synthesis and their modified &fxe used as
sensor application for determination of biologiaative compounds.
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