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ABSTRACT

Ascorbic acid (Vitamin C) isawater soluble organic compound that partici-
pates in many biological processes. This paper reports the synthesis of
polymer modified carbon paste el ectrode and its application for the el ectro-
chemical detection of ascorbic acid (AA). The cyclic voltammetry results
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obtained corrobate with square wave voltammetry. The influence of vari-
ables such the concentration of ascorbic acid adsorbed onto polymer, and
the pH of solution were tested. The capacity of prepared electrode (P-CPE)
for selective detection of AA was confirmed in a sufficient amount of ascor-
bic acid. The observed linear range for the determination of AA concentra-
tionwasfrom 0.2 mM to 9 mM. The detection limit was estimated to be 5. 48
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INTRODUCTION

Ascorbic acid AA (vitamin C) isawater soluble
organic compound involved in many biological pro-
cesses. AAisusedinlargescaleasan antioxidantin
food, animal feed, beverages, pharmaceutica formula-
tionsand cosmetic applications. Itisalsoimportant in
hel ping to produce collagen, aprotein needed in the
devel opment and maintenance of bones, cartilage, joint
limings, skin, teeth, gumsand blood vessal§*3. Dueto
theaboveimportanceof AA, itsdetermination intheir
solutionismoreimportant. Many analytica techniques
including sensors and bi osensorg*-! have been sug-
gested for adetection of ascorbic acidinvery varied
types of samples. Other methods, based on the most

commontly employed physi co-chemica methodsfor
identification of AA such high performanceliquid chro-
matography™ or capillary dectrophoresig®%3, Inves-
tigationsa med at the devel opment of modern anal yti-
cal techniquesfor AA determination aredirected to-
wardsincreasingtheir sensitivity, specificity, smplicity
and rapidity!+s,

Electrochemical detectionisan attractive aterna-
tivemethod for detection of el ectroactive species, be-
cause of itsinherent advantages of ssimplicity, ease of
miniaturization, high sengtivity and rdaively low cog.

In this paper, we describe the electrochemical
andysisof ascorbic acid on apolymer modified carbon
paste e ectrode. The electrochemica characterization
of adsorbed e ectroactiveAA was evaluated using cy-
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clicvoltammetric and squarewavevoltammetric (SWV)
andyss.

EXPERIMENTAL

Reagentsand instrumentation

All chemica swereof andyticd gradeand usedwith-
out further purification. Na,SO,, KOH, eugenol and
ascorbic acid were purcharged form Fluka. Carbon
powder (Carbone, Lorraine, ref. 9900, French) was
used for the preparation of e ectrode. All solutionswere
prepared with doubly distilled water.

Preparation of CPE

Subgtratesof commercia stainlesssted metal 1x 1
x 0.1 cm3®in size were grinded, and cleaned in pure
acetone and distilled water. An anodic oxidation sys-
tem was composed of anode and cathode plates of
stedl, eectrolyte of carbon solution containedin glass
chamber and an extended range direct current (DC)
power supply system. Substratesof stainlesssted meta
werefixed ontheanode using stedl wireand immersed
inH_SO, solutionfor 5 minto dissolvetheair-formed
oxidefilmonthesurface. Then, they wereimmersedin
electrolyte of carbon gel contained glasschamber, and
subj ected to anodic oxidation by applying DC for 72h
at room temperature. The anodic oxidation was pro-
cessed at 25 V.

Apparatus

Voltammetric experimentswereinvestigated witha
potentiostat (model PGSTAT 100,Eco ChemieB.V.,
TheNetherlands), equipped with athreedectrode sys-
tem mounted on cell. Working € ectrode was pol ymer
modified carbon paste d ectrode, the counter € ectrode
wasaplatinum plate and SCE served asreference. The
pH-meter (Radiometer Copenhagen, PHM 210,
Tacussd, French) was used for adjusting pH val ues.

RESULTSAND DISCUSSION

Electrochemical polymerization of eugenol

Figure 1 shows the consecutive cyclic
voltammograms(CV s) of graphite carbon el ectrodein
0.1 M KOH solution containing4 mM eugenaol. Onthe
first anodic scan an oxidation peak was observed at -
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0.2V which correspondsto the oxidation of primary
hydroxyldthe group of monomers*®, Thispeak disap-
pearsfromthe second cycle; thisbehavior indicatesthe
rapid deposition of anon-conductive polymer to the
electrode surface. However, when the potentia scanis
extended towards positiveva uesisobserved asecond
peak at about 0.5V (Figure2). Authord'”, inastudy
of the same molecule on aglasselectrode, attributed
thefirst peak inthedeposition of apolymer ontheeec-
trode surface, the second peak is probably dueto the
phenomenon degradation/ restriction of thispolymer.

Figure 3 showsthe SEM images of eugenol poly-
mer coated e ectrodewhichindicated that thinfilm layer
was covered the surface.
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Figurel: Cyclicvoltammogramsof theeugenol film on GC
electrodefromthedectrolyte0.1 M K OH solution containing
4mM eugenol monomers. Scanrate=0.1V/s.a- 1 <t cycle,
b-20th cycle.
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Figure2: Cyclicvoltammogramsof the eugenol film on GC
electrodefromtheelectrolyte0.1 M KOH solution contain-
ing4mM eugenol monomers. Scanrate=0.1V/s first cycle.

Upon scanreversal acathodic wavetherearetwo
reduction peaks, at — 0.4 v and 0.5V, based on the
results of El Qouatli and al*®, the major reversible
couple(la/Ic) Figure2, followed by airreversible peak
[lacan beattributed to thefollowing steps:
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WherePindicatesthe polymeric structureinwhich
agroups 2-methoxy-phenol are stationary, the second
peak Illc is probably associated to the transition of
trihydroxybenzene derivativeformed during the poly-
merization from 4-alyl-1, 2-quinoneaccording to the
reaction:

Figure3: SEM imageof eugo polymer film modified elec-
trode.

Electr ochemical detection of ascorbic acid

Thedetermination of AA concentration using eu-
genal polymer modified el ectrodewas performed with
cyclic and square wave voltammetry. Figure4 shows
the cyclic voltammogram of ascorbic acid in 0.1M
Na,SO, solution. One peak was observed during the
negative scan, attributed to reduction of eugenol poly-
mer. Accordingto theliterature®, the absence of de-
fined peak of ascorbic acid can be explained by the
interaction between eugenol polymer filmandAA. The
formation of acomplex of ascorbate concentration with
the oxidized activesite of polymer isexpected followed
by spontaneous of the resulting complexi®29,

series of standards sol utions of ascorbic acid was per-
formed under the optimized working conditions. The
results show that reduction peak current havealinear
relationshipwith aconcentration of AA intherangefrom
3mM to9mM (Figures5and 6). Thelinear correla-
tion coefficient is 0.9917. According to Miller and
Miller?Y the standard deviation of the mean current
(S.D.) measured for seven voltammogramsof theblank
solutionin puree ectrol yteswas cal culated from:

"ol

Wherei i isthe experimental value of the experi-
ment number j and L isthe corresponding recal cul ated
value, at the same concentration using theregression
lineequation. Thecalculated S.D. wasused inthede-
termination of thedetection limit (DL, 3x S.D./dope)
andthequantification limit (QL, 10x S.D./dope). From
theseva ue, the detection and quantification limitswere
12.4 x 10%M and 9.6 x 10° M.

Thelinear regression andysisgave.

Y=0.2X-0.437.
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Figure4: CVsof eugenol polymer/GC modified electrodein
pH 6.0,0.1M Na,SO,, [AA] =(a) OM, (b) 3mM, scan rate 100
mV/s.
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Figure5: Squarevoltammogramsat eugenol polymer/GC

modified electrodefor different concentrationsof ascorbic

The squarewavevoltammetricdeterminationof a  acid.
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Figure6: Calibration curvefor AAinNa,SO,.
Effect of pH

Theeffect of varying pH onthe current response of
eugenol polymer/GC modified el ectrode at constant
ascorbic acid concentration (3mM) isshownin Fig-
ures 7and 8. As can be seen, the peak current gradu-
alyincreaseswiththeincrease of pH and reach amaxi-
mum vauewhenthepH is6.0. Further increaseinthe
solution pH yieldsagradual decreaseintheAA peak
current. Asaresult, asolutionwith pH 6.0 wasused in
the subsequent experiments. The peak current seemto
be affected by the concentration of H*, suggesting that
the oxidation of theA A includes some proton transfer
processes. Thecurrent decreasessignificantly in higher

pH vaue.
/"
/
[N\

Figure7: Effect of pH on SWV peak of 3mM AAiInNa,SO,
0.1M.
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Figure8: Squarewavevoltammogramsof 3mM AAiIn 0.1 M
Na, SO, at different pH values.
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CONCLUSION

It was demonstrated herethat eugenaol polymer/GC
modified el ectrode exhibitshigher electrocatalytic ac-
tivity towardsascorbic acid oxidation. Theanodic peak
of AAisnot well defined but the cyclic voltammograms
in negativewave gave significantly increased pesk cur-
rentsand afast el ectron transfer processtoAA.

The obtained resultsrevea ed that determination of
AA canbeeasily performed using theeugenol polymer
film. The proposed methodol ogy was successfully ap-
pliedinquantifying ascorbic acidin eectrolyte solution
with very satisfactory recovery percentagesvauesfor
the application of theana ytic methodsproposed. The
sensitivity signal isproportiona to the concentration
vaueof AA.
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