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ABSTRACT

This paper describes the development, electrochemical characterization
and utilization of novel modified natural phosphate carbon paste modi-
fied electrode (NP-CPE) for the electrocatalytic determination of ascor-
bic acid (AA). The electrochemical profile of the proposed modified elec-
trode was analyzed by cyclic voltammetry (CV) and Square Wave
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Voltammetry (SWV). The influence of variables such the concentration
of ascorbic acid adsorbed onto NP, and the pH of solution were tested.
The capacity of prepared electrode (NP-CPE) for selective detection of
AA was confirmed in a sufficient amount of ascorbic acid.

© 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Ascorbic acid (AA) scheme 1, also known as
vitamin C, is one of the most important vitamins
widely exist in various plantsand takes part in some
important biological reactions such as free radical
scavenging, cancer preventing and improving immu-
nity. Thiscompound existswidely infood, plant and
animal tissues, but cannot be synthesized by the hu-
man body. A recommended daily intake of AA is
about 70-90 mg. Inadequate intake will result in the
symptoms of scurvy, gingival bleeding, and so on;
excess AA intake will also lead to urinary stone,
diarrhea and stomach convulsion™. Due to the im-
portance of AA in life cycle, its determination in
aqueous solution isvery important. Traditional pro-
cedures for AA determination are generally based
on enzymatic methods?, ontitration with oxidizing

agents, likeiodineor 2, 6-dichlorophenolindopheno
and HPLC analysis with fluorimetrict® or UV-vis
detection”l. Recently there is a considerable inter-
est to develop chemical sensors for electrochemi-
cal detection of AA.AA can beeasily oxidized elec-
trochemically at conventional electrodeswhich have
been used to detect AABE, However, direct oxida
tion of ascorbic acid at bare el ectrode requires high
over-potential which resultsin electrode fouling by
itsoxidation productswith poor reproducibility, low
selectivity and sensitivity. In addition, some of bio-
logical molecules, e.g. dopamine and uric acid, un-
dergo oxidation within same potential window as
AA. To dissolve these problems, chemically modi-
fied electrodes have been developed and reported
with various functional materials such as conduct-
ing polymersl™:21 jonic liquid*?>®, metal
nanoparticles®, carbon nanotubes®!314 and macro-
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cycliccompounds>1€, Xanthurenic acid (Xa) isaprod-
uct of the tryptophan-NAD pathway. It is related to
variouspathological conditions; thoughthebiologica
function of this compound remains obscure™ 2. Xa
actsasapotent iron chelator and has been shown to
have prooxidant actions?*2¥, Thiscompound canform
avariety of possibledimersafter oxidation, leadingto
radicasor cations, which can couplewith phenoxy radi-
cds, with other dimer radica sor with unconverted com-
poundsto produce polymers adhering strongly to the
electrode surface, asevidenced for other phenol §2-29,
Therefore, aninvestigationinto theuseof the Xa-modi-
fied e ectrode to oxidizeimportant antioxidants, espe-
cidlyforAA, isaworthwhileendeavor.

Electrochemica sensing hasbeen provenasanin-
expensive and simple anaytical method with re-
markabl e detection sensitivity, reproducibility, and
easeof miniaturization.

In this work, we describe the electrochemical
analysis of ascorbic acid on a natural phosphate
modified carbon paste electrode (NP-CPE). The
electrochemical characterization of adsorbed
electroactive AA was evaluated using cyclic
voltammetric (CV), square wave voltammetry
(SWV) and Electronic Impedance Spectroscopy
(EIS) analysis.

HO

(@]
Scheme 1: Sructural formula for L-Ascorbic acid

EXPERIMENTAL

Apparatusand software

Voltammetric experimentswereperformed using a
voltalab potentiostat (mode PGSTAT 100, Eco Chemie
B.V., Utrecht, The Netherlands) driven by the general
purpose e ectrochemica systemsdataprocess ng soft-
ware (voltalab master 4 software) run under windows
2007. Thethreedectrode system consi sted of achemi-
cally modified carbon paste el ectrode astheworking
electrode asaturated caomel electrode (SCE) serving
asreferenced ectrodeand platinumasan auxiliary elec-
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trode.
Electrodes

Modified electrodes were prepared by mixing a
carbon powder and the desired weight of natural
phosphate. The body of the working electrode for
voltammetric experiments wasaPTFE cylinder that
wastightly packed with carbon paste. The geomet-
ric area of this electrode was 0.1256¢cm?. Electrical
contact was made at the back by means of a bare
carbon.

Procedure

Theinitial working procedure consisted of mea-
suring the electrochemical responseat NP-CPE at a
fixed concentration of AA. Standard solution of AA
was added into the electrochemical cell containing
100 mL of supporting electrolyte.

The mixture solution was kept for 20 s at open
circuit and deoxygenated by bubbling pure nitrogen
gas prior to each el ectrochemica measurement.

The cyclic voltammetry wasrecorded intherange
from-0.6Vtol5V.

The sguare wave voltammetry (SWV) was re-
corded in therangefrom-0.6 VV to 1,5V, for which
the scan rate is 1 mV.s?, step potential 50 mv, am-
plitude2 mV and duration 0.1 s.

Optimum conditions were established by mea-
suring the peak currents in dependence on all pa-
rameters. All experiments were carried out under
ambient temperature.

RESULTSAND DISCUSSION

Surfacecharacteristics

The surface structure of natural phosphate el ec-
trode was observed using scanning el ectron micros-
copy Figure 1.

Voltammetricand EI Sof paracetamol
(a) Cyclicvoltammetry

Figure 2 shows a cyclic voltammograms (CV)
in the potential range-0.6 V to 1.5V recorded, re-
spectively, for carbon paste and natural phosphate
modified carbon paste electrode at 100 mV.s™. The
voltammogramstake different forms. No peak isob-
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Figure 1 : Scanning electron micrograph of natural phosphate
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Figure 2 : Cyclic voltammograms recorded for CPE (a) and bare NP-CPE (b), in 0.1 M Na,SO, at 100 mV/s

served in the case of NP-CPE, it is recognized that
carbon surface waseffectively modified by NP

The voltammograms of the Na2SO4 buffer as
well as2.27mM ascorbic acid in the buffer are shown
asl and Il in Figure 3. No anodic peak current was
observed inthevoltammogram of the buffer but was
observed at 0.38V in the 2.27 mM ascorbic acid
solutioninthe buffer asshownin Il of Figure 3. No
cathodic pesk current wasfound indicatinganirrevers-

ible heterogenous chargetransfer inthissystem.

The scheme 2 shows the oxidation of L-ascor-
bate to dehydro-L-ascorbic acid involves the trans-
fer of two electrons and one proton?”2,

(b) Squar ewavevoltammetry

Figure4 showsthe square wave voltammetry re-
corded for 2.64mM AA at bare NP-CPE in Na,SO,
buffer solution at pH 7, Thisfigure showsan oxida
tion peak potential at 0.3V.
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Figure 3 : CVsrecorded for 227 mM AA at pH=7 at bare NP-CPE (a) and NP-CPE/AA (b), scan rate 100 mV/s,
preconcentration time (tp)= 2min
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Scheme 2 : Mechanism of electrochemical oxydation reaction of AA at NP/CPE
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Figure4: SWV recorded for 2.27 mM AA at pH=7 at bare NP-CPE (a) and NP-CPE/AA (b), preconcentration time
(tp)= 2min

(c) Electrochemical impedance spectroscopy (EIS)  isright which meansthat thereisadiffusion at the sur-

Animpedance spectroscopy study was performed face of theN E—QPE, for the presence of AA theim-
in order to confirm the results obtained by the cyclic pedmce curveisintheformof half-cirdewhich canbe
voltammetry tests. Figures 5 and 6 show theimped- attributed to theelectron transfer step.
ance diagrams recorded for NP-CPE and NP-CPE/  Optimization of experimental conditions
AA (5.68mM) respectively. at theabsenceof AAEIS
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Figure 5 : Electrochemical impedance spectroscopy for NP-CPE in 0.IM Na,SO, solution, at open circuit poten-
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Figure 6 : Electrochemical impedance spectroscopy for NP-CPE/AA (5.26mM) in 0.1IM NaSO, solution, at open

circuit potential
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Figure 7 : Effects of accumulation time on oxidation peak currents of 2.27 mmol L AA (pH=7) at NP-CPE, sup-

porting electrolyte is Na,SO, 0.1M
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Optimum conditionsfor the electrochemical re-
sponse were established by measuring the peak cur-
rent in dependence on all parameters.

(@) Influenceof accumulation time

Figure 7 shows the effect of the accumulation
time, thissignificantly affectsthe oxidation peak cur-
rent of AA. The peak current of 2.27 mmol L-*AA
increases greatly within thefirst 2min. Further in-
crease in accumulation time does not increase the
amount of AA at the el ectrode surface owing to sur-
face saturation, and the peak current remains con-
stant. Thisphenomenon is dueto the cavity struc-
ture of NP-CPE that improvesthe ability of theelec-
trodeto adsorb electroactive AA. Maybethisisat-
tributed to the saturated adsorption of AA on the

NP-CPE surface. Taking account of sensitivity and
efficiency, accumulationtimewas6 mininthefol-
lowing experiments.

(b) Effect of scan rate

Theinfluences of scan rate on the oxidation peak
potential (Ep) and, peak current (Ip) of AA, (0.1M
Na,SO,, pH=7) werestudied by cyclic voltammetry.
The Figure 8 shows both the anodic currents lin-
early increase with the scan rate over the range of
60to 160 mV's?, the oxidation potentiad of AA moves
to positive values, suggesting that the electron trans-
fersfor AA at the natural phosphate modified CPE is
adsorption controlled reaction. The Figure 9 showsthe
linear rel ationship between the scan rate anodic peak
currentsof AA at NP/CPE.
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Figure8: CVsacquired on NP-CPE with 4.5 mM AA in the buffer solution at different scan ratesfrom 60to 160 mV.s?. Insst

isthe plot of the peak current of AA versus scan rate
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Figure 9 : Plot of peaks area versus scan rate
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Figure 10 : Cyclic voltammograms of different concentration of AA (1.13mM to 5.68mM) at NP/CPE in 0.1 M

Na, SO, PH=7, Scan rate 100 mV/s
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Figure 11 : Square wave voltammograms of different concentration of AA (1.13mM to 5.68mM) at NP/CPE in 0.1

M Na,SO, pH=7
(c) Calibration graph

Inorder to obtain an analytical curvefor thedevel-
oped sensor, we carried out cyclic voltammogramsfor
oxidationanAA at different concentrationsin 0.1mol
L Na,SO, (pH=7) at a sweep rate of 100 mV's™.
Figure 10 and 11 showsthe CV and SWV curves of
different concentration respectively of AA a NP/CPE
wereincreased from 1.13 mM to 5.68 mM. The an-
odic peak current increases linearly with the
concentraton of AA Figure 12. Theseresults show that
ascorbic acid concentration can be measured quantita-

tively by cyclicvoltammetry.

Figure 13 showsthe behavior of impedance dia-
gramsrecorded for natural phosphate modified car-
bon paste electrode in buffer solution, in the pres-
ence of different concentrations of AA compound.
We concludethat modified el ectrodereactswith the
studied compound.

(d) Effect of pH

Theeffect of varying pH onthe current response of
NP modified carbon paste d ectrode at constant ascor-
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Figure 13 : Nyquist diagrams of NP modified carbon electrode, in presence of different concentrations of AA, at
open circuit potential

15

10

Current density (mA/Cm?2)

-0.5 0 0.5 1 1.5
Potential (V)

Figure 14 : CV of effect of pH on the oxidation of AA at the NP modified CPE
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Figure 15 : SWV of effect of pH on the oxidation of AA at the NP modified CPE
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Figure 17 : Square wave voltammograms of different concentration of AA (1.13mM to 5.68mM) at NP/CPE in 0.1M
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bic acid concentration (6.81 mM) isshown in Figures
(14,15,16).

ANALYTICALAPPLICATION

In order to evaluate the performance of NP-CPE
by practical analytical applications, the determina-
tion of AA was carried out in A vitamin C tablet is
finely powdered. The analytical curves were ob-
tained by SWV experimentsin supporting electrode
Figurel?. It wasfounded that the peaks currentsin-
crease linearly versus AA added into the buffer so-
lution Figure 18.

CONCLUSION

We have demonstrated the use of phosphate
modified carbon paste electrode for a greatly CV
and SWV sensing of AA compounds. The modified
electrode increased the amplitude of the current sig-
nal of AA and produced good response. The oxida-
tion of thiscompound on themodified electrode oc-
cursin an irreversible manner. The electrode con-
struction was extremely simple and with low cost.
No unstable or toxic reagents were used.
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