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ABSTRACT

In the present work, we are reporting on the oleylamine capped nickel
oxide (OLA-NiO) nanoparticles synthesized and are characterized by UV-
vis, Furrier infrared spectroscopy, X-ray diffraction (XRD), Field emission
scanning el ectron microscopy (FESEM) and high resolution transmission
electron microscopic (HRTEM) analysis. From UV-vis spectra, the band
gap energy of NiO nanopartilceswascalculated to be 3.4 eV. The OLA-NiO
nanoparticles fabricated on the surface of multi-walled carbon nanotubes
(MWCNTSs) modified glassy carbon electrode (GC). The obtained OLA-
NiO/MWCNTS/GC modified electrode é ectrochemical behavior of acetami-
nophen (AC) and uric acid (UA) areinvestigated. In DPV, the OLA-NiO/
MWCNTYGC modified electrode showsawell defined oxidation peaksfor
AC and UA at +185mV and +264 mV. The modified electrode shows an
improved sensitivity with better peak separation value up to 76mV and
provides sufficient operational stability to simultaneous determination of
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INTRODUCTION

Acetaminophen (N-acetyl-p-aminophenol, AC)
servesasawidey used analgesic and non-steroid drug
with moderateanti-inflanmatory actioni. Anover dose
and chronic therapy of AC can lead to toxic and acute
fatal hepatoxicity and neprotoxicity!??. Uricacid (2,6,8-
trihydroxypurine, UA) and other oxypurinesarethe
primary end productsof purine metabolisminthe hu-
man body™*3. High concentrationsof UA inhuman body
have been linked to many diseases such as gout,
hyperuricaemia, Lesch-Nyan disease, obesity, diabe-
tes, high cholesteral, high blood pressure, kidney dis-
ease and heart disease®¥. The determination of AC
and UA usually coexist together and are considered as

important moleculesfor physiological processesin hu-
man metabolism®. Therefore, the development of
simple, asengtiveand sdlectivemethod for thes multa-
neous determination of AC and UA ishighly desirable
for analytical applicationsand diagnostic researches.
Animportant chalengeisthe s multaneousdetermina-
tion of AC and UA inwhich both AC and UA can be
oxidized at the same potential on bare glassy carbon
electrode (GC) resultingin aoverlagpping voltammetric
response. Therefore, chemicaly modified d ectrodescan
bewidely used to resol ve, to detect and to reduce the
overpotential of theoxidizing species. Therearemore
reportsontheindividua e ectrochemica determination
of AC and UA reported’?. The s multaneous determi-
nation of UA and AC using MWCNTs-chitosan modi-
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fied GC electrode™. To a considerable effort there
areno reports on the meta oxide nanoparticlesmodi-
fied dectrodefor thesmultaneousdeterminationof AC
and UA. The modification of an electrode by
nanostructured materialsisan essential way to enhance
the selectivity and sensitivity for the electrochemical
determination of AC and UA. Therefore, in continua-
tion of our recent studiesthefabrication of OLA-NiO
nanoparticles modified electrode was considered.
Nickd oxide (OLA-NiO), ap-type semiconductor has
been widely used in lithiumion batteries, fuel cells,
electrochromicfilms, eectrochemica super capacitors
and biosensorg24, The combinations of carbon
nanotubes and metal oxide nanocomposite modified
electrode have been widely used and their ability to
promote el ectron transfer because of their high surface
areq, electrical conductivity and high chemica stability
arewel| studied™. Thusinour present investigation,
theasprepared OLA-NiO nanoparticleswasfabricated
on MWCNTS'GCE modified e ectrodewhich can pro-
videan essentia method to enhancethe e ectron trans-
fer propertiesof the OLA-NiO nanoparticlesand in-
creasethetota e ectrocatalytic activity toloweringthe
detection limit and overpotential. The OLA-NiO/
MWCNTYGCE nanocomposite modified electrode
offersan effectiveway to enhancethe peak separation
and sengitivity of ACand UA.

EXPERIMENTAL METHODS

Materials

Nickel(I1)acetate tetrahydrate (Ni(OCO-
CH,),4H,0), 1-hexadecene, oleic acid, methanal, hex-
ane, uricacidwerepurchased fromAldrich. Paracetamol
tabletswere obtained from local drug store. All of the
chemicalsand reagentsused in the experimentswere
of analytical grade and used without further purifica-
tion. Doubledistilled water (DD) wasusedin all ex-
periments. A standard phosphate buffer (PBS) solution
(pH-7.4) prepared with Na,HPO, and NaH,PO, was
used asthe supporting e ectrolyte.

Synthesisof OL A-NiO nanoparticles

The synthesis of OLA-NiO nanoparticles are
adopted with early reported method™9. Inbrief, nickel
(1) acetate (10mmol) added to the mixture of
oleylamine (6mL), dibenzyl ether (6mL) and tetralin
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(3mL), reaction mixture stirred with continuesflow of
N, gas. Thetemperature was slowly raised to 120°C
toremovewater. After that, thereaction mixer wasfur-
ther heated to 300°C and it waskept at thistempera-
ture for a few minutes. The obtained OLA-NiO
nanoparticles products are washed with ethanol and
dispersed in hexanefor further characterization.

Fabrication of OLA-NiO/MWCNTYGC modified
eectrode.

Before each experiment, GC surfacewaspolished
withincreasingly finer grade a uminapowders(1, 0.3
and 0.5 micron) down to mirror polish, sonicated for
about 1 to 2 minutesin 1.1 nitric acid, degreased with
acetone, washed with copious amount of DD water.
5mg of carboxyl functionaized MWCNTsand 2mg of
OLA-NiOwasdispersedin 3mL of (0.5%) ethanolic
nafion solution by sonication for 30 minto get homoge-
neous black suspension. These colloidsweredropped
(5uL) onto GC and alowed to dry under ambient con-
ditionsobtained OLA-NiO/MWCNTS/GC modified
electrode.

Instrumentation analysis

All the e ectrochemi cal measurementswere per-
formed on PGSTAT-12 electrochemical work station,
(AUTOLAB, TheNetherlandsBV). Themeasurements
were based on athree el ectrode system, with aglassy
carbon electrode (GCE) of geometric area(0.07 cnv),
asaworking electrode, aPt wirewith high geometrical
surface area (~ 20 cm?) asthe counter el ectrode and
saturated calomel electrode (SCE) as the reference
electrode. Inthiswork, functional groupsare observed
Tensor27 (Brucker). X-ray diffraction pattern (XRD)
was collected on a Philips unit equipped with
CuK o radiation source having 1.54A° unit wavelength.
The high resolution transmi ssion e ectron microscopy
(HRTEM) images were obtained from TECNAI-G?
(model T- 30).

RESULTSAND DISCUSSION

UV-visspectraof OLA-NiO nanoparticles

Figure 1 showsthe absorbance spectrafor OLA-
NiO nanoparticles. For adirect band gap semiconduc-
tor, the absorbancein thevicinity of theonset dueto
thedectronictrangtionisgiven by thefollowing Eq. 1.

(ahv)"=K (hv-E) €
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where, hv isthe photon energy, o isthe absorption co-
efficient, E, istheband gap energy, and niseither 2 for
adirect transition or % for an indirect transition. The
plot of (ahv)? vshv based on thedirect transition are
showninFigurel (Inset). Theextrapolated value (the
straight linesto thex axis) of E, at a=0 gives absorp-
tion edge energies correspondingto E = 34eV, which
isin good agreement with the reported value for the
direct band gap™.

FTIR spectra

The Figure 2(a) showsthe FTIR spectraof pure
oleylamineand oleylamine capped NiO nanoparticles.
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Figurel: UV-visspectrum of the OL A-NiO nanoparticle.
Theinset showsplot of (ahv)? vsphoton energy.

In the characteristic N-H bending vibration band
appeared at 1561 cmrt and the N-H stretching vibra-
tions of weak and broad bands at the range of 3000-
3300 cm™. The bands at 2850 and 2928 cm* are at-
tributed to the asymmetric CH, stretch and the sym-
metric CH, stretchin oleylamine, respectively, andthe
band at 1409 cm* corresponded to the CH,, umbrella
mode of oleylamine®. Figure 2(b) shows the
Oleylamine capped NiO nanoparticles, it clearly indi-
catedight red shiftin asymmetric CH, stretchand the
symmetric CH, and aso theN-H stretching dight blue
shift areresulted formation of arelatively close-packed
Oleylamineon NiO nanoparticles®¥. The characteris-
tic Ni-O nanoparticles stretching bond at 424 cm 429,
X-ray diffraction

Figure 3 showsthe XRD pattern of oleic acid sta-
bilized NiO nanoparticlesand shows sharp diffraction
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Figure2: FTIR spectraof (a) pureoleylaming, (b) Oleylamine

capped NiO nanoparticles.

peaks at 20=37.30, 43.39, 63.01, 75.48, and 79.61
which areassociated with (111), (200), (220), (311),
and (222) agreeswel | with thestandard diffraction pat-
tern (JCPDS card No. 78-0429)121, The NiO reflec-
tions can beindexed asface-centered cubic (fcc), From
the XRD analysis, thereisno impurity peak observed
which indicatesthe formation of pureNiO only. The
particle size calculated using Scherrer equation was
found to be 19 nm.

HRTEM imageof OL A-NiO nanoparticles

Figure4(A) showsarepresentative high resolution
transmission e ectron micrascopy (HRTEM) image of
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Figure3: XRD pattern of OL A-NiO nanoparticles.

the OLA-Ni O nanoparticlesobtained the average par-
ticleszearecaculated to be 2.5+0.5nm. It can be seen
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that the OLA-NiO nanoparticles possessanearly nar-
row sizedistribution and consist of apure OLA-NiO
nanoparticles (Figure (4B). Thedibenzyl ether, tetrdin
and Oleylaminewere employed as sol vents and cap-
ping agents play important in OLA-NiO nanoparticles
grew up then Ni O capped by Oleylamineeffectively. In
this, thelower energy barrier favorsthe heterogeneous

nucl eation of the OLA-NiO nanoparticles. Energy-dis-
persive X-ray spectroscopy mapping results (Figure
3C) further confirm the composition of Ni and O
nanoparticlesd.

Morphology study of OLA-NiO/MWCNTS/GC
composite

Figure 5 showsthe (A) bare GC surface, (B) acid
B
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Figure4: (@) HRTEM imagesof OLA-NiO (b) corresponding particlesizedistributionsof nanoparticles(c) Representative

EDX pattern of OLA-NiO nanoparticles.

functionalized MWCNTS/GC surfaceand (C) OLA-
OLA-NiO/MWCNTYGC composite. In the OLA-
NiO/MWCNTs/GC composite OLA-NiO
nanoparticlesOleylamine surfaceaminegroup aredec-
trostatically adsorbed on the acid functionalized
MWCNTsacid group sites. Thise ectroctrostaticin-
teraction between nanoparticlesand MWCNTsleads
tothestability of modified e ectrodeand e ectrontransfer
of analyte and €l ectrode surface.

Electrochemical impedance study of OLA-NiO/
MWCNTYGC modified electrode

EIS was employed to further investigate OLA-
NiO/MWCNTYGC modified electrode surface. Fig-

HAnalytical CHEMISTRY o

ure 6 shows the results of the EIS at bare GC,
MWCNTS/GC (Figure 6 inset) and OLA-NiO/
MWCNTS/GC inthe presence of 2mM [Fe(CN) ]*
with 0.1M phosphate buffer solution (pH-7). There-
sistance exhibitsthe electron transfer kinetics of the
redox-probeat bare electrodeinterfacein Figure 6(a)
there is a high charge transfer resistance for
[FE(CN),]* at bare. The results for OLA-NiO/
MWCNTS/GC modified electrodesshown in Figure
6(b), the Rct va ueswere decreased to bare GC 782Q2,
and OLA-NiO/MWCNTSGC is very low charge
transfer resistance 646Q2. The Rct valueof OLA-NiO/
MWCNTSGC modified electrode with bare GC de-
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creased markedly to approximately 136 and indi-
cating that OLA-NiO have good conductivity and that
the OLA-NiO/MWCNTSYGC e ectrode can makethe
electrontransfer easier.
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Figure6: Impendenceplotsof bareGC (curvea), MWCNTY

GC (curveb),and OLA-NiO/MWCNTSYGC (curvec) elec-

trodesin thepresenceof 2mM Fe(CN) ** with 0.1M PBSin

(pH-7) assupporting electr olyte. Theelectrodepotential was

0.178V; thefrequency rangewas1Hzto 100K Hz.

themixturesof 20uM AC and 0.ImM UAin 0.1M PBS
(pH-7.4) at a scan rate of 50mVs™. At the bare GC,
thereisnosignificant current responsefor UAandACis
observed. However, MWCNTS/GC el ectrode shows
oxidation pesk for UA and AC but thereisno peak sepa-
ration are observed. In contrast to the bare GC and
MWNCTYGC, the OLA-NiO/MWCNTYGC eec-
trode shows two oxidation peaks at +220 and +280
mV with enhanced peak current for UA and AC respec-
tively. Also, the anodic pesk experiencesashift towards
negative potential which indicates the OLA-NiO
nanoparticles decreased the overpotential for UA and
AC. TheOLA-NiO/MWCNTSGC modified eectrode
showsabetter peak separation value of 76mV which

Figure5: (A) BareGC (B) MWCNTYGC (C) OLA-NiO/MWCNTYGC
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Electrochemical deter mination of UA and AC at
OLA-NiO/MWCNTSGC modified electrode

Fgure 7 showsthecyclic voltammograms(CV) of

‘sooner I 100k 12 68 xBb Ok SE

indicatesthe presence of OLA-NiO nanoparticlesisre-
sponsiblefor eectron transfer on theed ectrode surface.
The enhanced oxidation peak current of ACand UA at
NiIO/MWCNTS/GC modified e ectrodeisattributed to
theincreased effective masstransport and surface area
of theNiO nanoparticlesontheédectrode surface. Thus
OLA-NiO/MWCNTS/GC modified electrodeisabet-
ter counterpart than MWCNTYGC and bare GC.
Effect of scan rates

Figure 8 showsthe CVsOLA-NiO/MWCNTY
GC modified electrodein 0.1mM UA inpH-7.4(PBS
0.1M) at different scan ratesrangingfrom 10-250mVs
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Figure7: CVsresponsefor themixtureof 20uM AC +0.1mM
UA at bare GCE (a), MWCNTYGCE (b) and NiO/MWCNTY
GCE (c) modified electrodeat ascan rateof 50mV stin 0.1

M PBS(pH-7.4).
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1, Thepeak current increased linearly withincreasein
scan rate (Figure 8A Inset) with alinear regression of
Ipa=0.367+6.134v, R?=0.994. Thisindicates the
adsorption of uric acid molecules on electrode sur-
face. Itisfurther confirmed withthedoublelograthamic
plot (Figure8B) with adopevaueof 0.9 whichindi-
catestheadsorption of uricacid moleculesontheeec-
trode surface. Based on the Laviron equation’??, the
electron transfer coefficient was evaluated to be 0.52
and the electron transfer rate constant k_are 3.7s™.
The calculated k_ show that the resultant electrode
can facilitate the electron transfer on OLA-NiO/
MWCNTSYGC electrode.

Simultaneous determination of UA and AC on
OLA-NiO/MWCNTYGC modified electrode.
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The objectiveof present work wastheimprove-
ment of aUA oxidation and peak separation of elec-
trochemica responsesof UA andAC. Theutilization of
the OLA-NiO/MWCNTYGC modified e ectrodefor
the s multaneousdetermination of UA andAC wasdem-
ongtrated by s multaneoudy varying the concentrations
of UA and AC. From the DPV results show the two
well defined oxidation peakswith apeak separation
valueof 76mV asshownintheFigure9. Theanodic
peak currentsincrease linearly with increasein both
concentration of UA and AC fromtherange of 42.8uM
to 179.7uM UA and 2.9uM to 10.0uM AC respec-
tively. Sengitivity wascd culated fromthelineer caibra-
tion plot on the above range slope of 0.01land
0.415pAuM*for UA and AC. Thelimit of detection
(LOD) valuewascdculated to be 35 uM and 1.38uM
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Figure8: CVson 0.1mM UAin 0.1M PBSsolution on OLA-NiO/MWCNTS/GCE at different scan rates: (10-250mVs?.
Inset (A): Theplot of peak current vs. scan rate. (B) Theplot of logarithm of ipa vs. logarithm of scan rates. (C) Eavs
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Figure9: DPVsof in 0.1M PBS(pH 7.4) containing differ -
ent concentrationsof UA and AC: mixed solutionsof 42.8 +
29,626+3.9,826+4.9 101.9+5.9,121.5+6.9, 1409 +
7.9,160.3 +8.9and 179.7 + 9.9uM. Insets: calibration plot
for theincreasing concentration of UA and AC vsanodic
peak currentsof UAand AC.

for UA and AC respectively.
CONCLUSION

In summary, OLA-NiO nanoparticles were pre-
pared by effectivethermolyssin high boiling point sol-
vent medium. The as synthesized OLA-NiO
nanoparticlesarecharacterized with UV-vis, FTIR and
XRD. In the presence of OLA-NiO nanoparticlesis
respons blefor the enhanced performancefor theelec-
trochemicd oxidation of AC and UA in physiological
conditions. OLA-NiO/MWCNTYGC modified elec-
trode shows enhanced the peak separationwith better
sengitivity and limit of detectionfor AC and UA.
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