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ABSTRACT

Cobalt (I1) octanitro phthal ocyanine modified carbon paste el ectrode (Co
(I1) ONTPc/CPE) wasfabricated and was applied to simultaneous determi-
nation of dopamine and uric acid. The modified electrode resolved the
overlapped voltammetric responses of dopamine and uric acid in to two
well defined cyclic voltammetric peaks. Our results showed that the

KEYWORDS

Cobalt
phthal ocyanine;
Dopamine;
Uricacid;
Cyclic voltammetry.

electrocatalytic activity of Co (I1) ONTPc/CPE is more when compared to
bare CPE. Thiselectrode can be used to all ow the determination ‘of dopam-
ine in the presence of uric acid. The modified electrode showed good

selectivity, stability and antifouling properties.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Dopamine(DA) isthemost typical neurotransmit-
ter whichmainly existsin brain tissueand fluids, the
change of DA concentration can cause some diseases
asParkinson’s. Uricacid (UA) isaprimary product of
purinemetabolism. Itsabnormal concentrationleve in
the human body causes many diseases, such asgout,
hyperuricaemiaand Lesch-Nyan disease. Elevated UA
concentration in serum causes kidney damage and
cardiovascular disease. Therefore, theresearch of UA
determinationisof grest importanceinredity. Uricacid
and ascorbic acid are both present inbiologica fluids
such asblood and uring¥. Uricacidisamainfind prod-

uct of purine metabolic alteration or disease appear-
anceor ascontrol during the use of chemotherapeutic
drugs, so theaccurate determination of DA and UA is
of great importance. There are somereports about de-
termination of DA or UA using € ectrochemica meth-
0ds?4, however, there arefew reportsabout determi-
nation of UA and DA smultaneoudy using phthal ocya:
nine modified carbon paste e ectrode®. Uricacid has
been shown to rapidly adsorb onto carbon paste el ec-
trode surfaces®® this phenomenon hasled to the de-
velopment of acontrolled adsorption processfor its
sdectivedeterminaioninflowing stream Uricacid, the
primary end product of purine metabolism, and ascor-
bicacid (AA) areboth present inbiologicd fluidssuch
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as blood and urine. It has been shown that extreme
abnormditiesof UA level sare symptomatic of severd

diseases¥. AsUA iselectrochemically activeat acar-
bon-based e ectrode, itsel ectrochemical detection be-
comes one of thefeasiblemethods?. Earlier e ectro-
chemical procedures based on the oxidation of UA at
carbon-based el ectrodesin acidic solutions suffered
frominterferencefromAA which canbeoxidized a a
potentid closetothat of UA™., Variousmethods, such
as an adsorption/medium exchange approachl*, en-
zyme-based techniques®**, chemicaly modified el ec-
trodel’>2 were devel oped to solve the UA detection
problem. Until now, sensitiveand selectivemethods il

needed to be devel oped for the detection of UA dueto
itsdinica sgnificance.

Chemically modified electrodesare an activere-
search areain many aspects of science and technol-
ogy, having potentia applicationindiversefidds. Some
modified el ectrodes have been used toinvestigate the
electrochemical behavior of uric acid, dopamineand
ascorbicacid. LingMei Niu et a have studied elec-
trochemical behavior of uric acid at Meso-2, 3-
Dimercapto succinic acid self- assembled gold el ec-
trode??. ZonghuaWang group have modified graph-
ite electrode for the simultaneous determination of
dopamine and ascorbic acid?¥. o-Alaninecovaently
modified glassy carbon el ectrode was used to study
ascorbic acid and dopamin€e®. Simultaneous el ec-
troanalysis of dopamine, ascorbic acid and uric acid
by poly (vinyl acohol) covalently modified glassy car-
bon electrode??. Simultaneous determination of
dopamine and serotonin in presence of ascorbic acid
anduricacid at poly (o-phenyl diamine) modified elec-
trode have been studied® 2,
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Scheme1: Sructureof cobalt (11) octanitro phthalocyanine
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In thispaper, we report the fabrication of carbon
paste electrodewith octanitro Cobalt (I1) phthal ocya-
nine. Themodified electrode resol ved the overlapped
voltammetric responsesof dopamineand uricacidinto
two well defined cyclic voltammetric peaks. Structure
of octanitro Cobalt (11) phthalocyanineisshownin
Schemel.

EXPERIMENTAL

Reagentsand chemicals

Uric acid and dopamine were purchased from
Aldrich. High-purity nitrogen was used for deaera-
tion. All solutionswere prepared with doubly dis-
tilled water. All chemicalswere of analytical grade
quality and were used with out further purification.
The water used was adoubledistilled. All experi-
mentswere carried out at room temperature (~ 295
K). The solutionswere thoroughly deoxygenated by
bubbling highly purified nitrogen and anitrogen at-
mosphere was maintai ned over the solution. Phos-
phate buffer [prepared by mixing 0.2 M Na, HPO,.
2H,0 and NaH, PO,. H,O of pH 4.5] solution was
used as supporting el ectrolyte.

Apparatusand procedure

Electrochemica experimentswere performed with
EA-201 Electroanadyser [fabricated by Chemilink sys-
tem, Mumbai, Indig] inaconventiona three electrode
electrochemical cell using carbon paste el ectrode as
working electrode, platinum wireasaauxiliary el ec-
trode and asaturated calomel electrode (SCE) asthe
reference el ectrode. The surfaceareaof working elec-
trodewas 0.039 cm?.

Prepar ation of themodified electrode

Thegraphitepowder and siliconeail ratiowas 70:30
% by weight and were mixed in an agate mortar for
about 40 min. The carbon paste was packed into the
home made carbon paste € ectrode and then smooth-
ened on atissue paper till the surface becomeuniform.
About 0.010g of Cobalt (I1) octanitro phthal ocyanine
was mixed in carbon paste in an agate mortar and
crushed for 20 min. and the prepared modified carbon
paste was packed in to the home made carbon paste
electrode.
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Figure1: Cyclicvoltammogramsof (a) blank supporting elec-
trolyte, (b) uricacid 1x 10°mol L *at BareCPE, (c) uricacid
1x 10°mol L *at Co (I1) ONTPc carbon paste electrodein
phosphatebuffer (pH 4.5); scanrate100mV st

Potential, v

Figure2: Cyclic voltammogramsof simultaneousdetection
of dopaminelx 10°mol L*and uricacid 1 x 10°*mol L at
(a) BareCPE, (b) Co(l1) ONTPc carbon pasteelectrodein
phosphatebuffer (pH 4.5); scanrate100 mV s?
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Figure3: Cyclic voltammogramsat different scan ratefor
simultaneousdetection of dopamine1 x 10*mol L-*and uric
acid 1x 10°mol L*at Co(l1) ONTPc carbon pasteelectrode
in phosphatebuffer (pH 4.5); [scanratea-f; a: 25mV s, b:
50mV s?c: 100 mV s?,d: 150 mV st e: 200 mV s?, f: 250
mv st
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RESULTSAND DISCUSSION

Electr ochemical modification of octanitrocobalt (1)
phthalocyanineat carbon pastedectrode

Carbon paste el ectrode was prepared by mixing
graphite powder andsiliconeail intheratio 70:30inan
agatemortar for about 40 min. Then cobalt (11) phtha
locyanine was added to the carbon pastein different
ratio. Starting from 0.005 g to 0.030 g of phthalocya
ninewas added and then mixed together with carbon
pastein an agatefor about 20 min. The current signal
washigher for 0.010 g of phtha ocyanineand thesame
has been maintai ned to prepare phthal ocyanine modi-
fied carbon paste el ectrode.

Electrochemical behavior of Uricacid at Co (I1)
ONTPc/CPE

Fromthecyclicvoltammogramsof Co (1) ONTPd/
CPE in 0.02 mol L** phosphate buffer (pH 7.4), we
observed no redox peak between 0.00V and 1.0 V.
Hence, thismodified electrode provides abroad po-
tentia window to investigate the chemica behavior of
uricacid. Figure 1 showsthecyclic voltammogramsof
UA at bare CPE, Co (I1) ONTPc/CPE respectively.
Ascan beseeninfigure 1 showsthe oxidation peak of
UAisbroadirreversibleat about 315mV. In contrast,
the oxidation current increased greatly and the peak
potential shifted negatively to 315 mV at Co (I1)
ONTPc/CPE. The obviously increased peak current
and decreaseinthe anodic over potential for theuric
acid indicatesthe strong e ectrolytic function of Co (11)
ONTPc/CPE with respect to UA. Theshiftintheover
potential isdueto akinetic effect, hence asubstantial
increaseintherate of dectrontransfer from UA isob-
served®!, Thisisattributed to thereversibility of the
electron transfer processes?®.

Simultaneousdetection of DA and UA at Co(11)
ONTPc/CPE

Thecyclic voltammograms of DA and UA at Co
(1) ONTPc/CPE and bare CPE are showninfigure 2.
As can be seen, UA and DA gives small CV peaks
response when co-exist inthe samesample. When Co
(1) ONTPc/CPE was used asworking e ectrode, the
peak current increased resulting in the perfect separa-
tion of the voltammograms. Thisinteresting aspect of
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Co (1) ONTPc/CPE in the large background current
attributableto thecataytically active surface.

Theoxidation pesk height of UA at Co (I1) ONTPc/
CPE ishighest, which meansthe concentration of UA
at Co (II) ONTPc/CPE was higher than that at bare
CPE. Then, Co (II) ONTPc/CPE dissociated and dif-
fused rapidly through the porous|ayer of the graphite
surface. Thus phenomenon demonstrated that Co (11)
ONTPc not only showed the advantage of Co (Il)
ONTPc. Theanodic peak current ipaexhi bited alinear
dependence of onthe squareroot or 10to0 300 mVs?,
whichistypicd for thesignd of diffuson controlled dec-
trode processasshowninfigure3.

CONCLUSION

The modification of the electrode surface by Co
(1) ONTPcreduced the over potentia of DA and UA
by obtaining alarge peak potentia differenceof 110
mV and themodification of Co (I1) ONTPc/CPE sig-
nificantly increased thesensitivity of DA and UA. The
study has demonstrated that the Co (11) ONTPc/CPE
not only exhibited astrong e ectro cataytic functionto-
wardsthe oxidation of DA and UA, but a so resolved
the overlapping anodic peaksof DA and UA intotwo
distinct peaks so that the UA and DA content can be
detected selectively inamixture. Importantly, thismodi-
fied el ectrode showed good sel ectivity, stability and
antifouling effects. The Co (I1) ONTPc/CPE will hope-
fully beof good application for further sensor devel op-
ment.
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