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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
Clay modified carbon paste electrode and its application for the electro-
chemical detection of ascorbic acid (AA). Theinfluence of variables such
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the concentration of ascorbic acid adsorbed onto Clay, and the pH of
solution were tested. The capacity of prepared electrode (Clay-CPE) for
sel ective detection of AA was confirmed in asufficient amount of ascorbic
acid. The observed linear range for the determination of AA concentration

wasfrom 1.13mM to 5.68 mM.

INTRODUCTION

Ascorbic acidAA (vitamin C) isawater soluble
organic compound involvedin many biological pro-
cesses. AAisusedinlarge scaleasan antioxidant in
food, animal feed, beverages, pharmaceutical for-
mulations and cosmetic applications. It isalso im-
portant in helping to produce collagen, a protein
needed in the devel opment and maintenance of bones,
cartilage, joint limings, skin, teeth, gumsand blood
vessel g3, Dueto the aboveimportance of AA, its
determination in their solution is moreimportant.
Many analytical techniquesincluding sensors and
biosensorg*- ¢ have been suggested for adetection
of ascorbic acid in very varied types of samples.
Other methods, based on the most commontly em-
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ployed physi co-chemical methodsfor identification
of AA such high performanceliquid chromatogra-
phy™® or capillary electrophoresi g1, Investiga-
tionsaimed at the devel opment of modern analytica
techniquesfor AA determination aredirected towards
increasing their sengitivity, specificity, smplicity and
rapidity!*+17. Electrochemical detectionisan attrac-
tive alternative method for detection of electroactive
species, because of itsinherent advantages of sim-
plicity, easeof miniaturization, highsengtivityandrda
tively low cost. In this paper, we describe the el ec-
trochemical analysis of ascorbic acid onaclay modi-
fied carbon paste electrode. The electrochemical
characterization of adsorbed el ectroactiveAA was
evaluated using cyclic voltammetric (CV) and Elec-
tronic Impedance Spectroscopy (EIS) analysis.
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EXPERIMENTAL

Apparatusand software

Voltammetric experimentswereperformed usinga
voltalab potentiostat (mode PGSTAT 100, Eco Chemie
B.V., Utrecht, The Netherlands) driven by the general
purpose e ectrochemical systemsdataprocessing soft-
ware (voltalab master 4 software) run under windows
2007. Thethree e ectrode system consi sted of achemi-
cally modified carbon paste el ectrode astheworking
electrodeasaturated caomel electrode (SCE) serving
asreferencedectrode, and platinum asan auxiliary ec-
trode.

Electrodes

Modified electrodes were prepared by mixing a
carbon powder and the desired weight of clay. The
body of theworking electrode for voltammetric ex-
periments was a PTFE cylinder that was tightly
packed with carbon paste. The geometric area of
thiselectrode was 0.1256¢cm?. Electrica contact was
made at the back by means of a bare carbon.

Procedure

P, -

Theinitial working procedure consi sted of measur-
ing thee ectrochemica responseat Clay-CPE at afixed
concentrationof AA. Standard solution of AA wasadded
into theelectrochemicd cell containing 100mL of sup-
porting dectrolyte.

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

The cyclic voltammetry wasrecorded intherange
from-0.6Vtol5V.

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

Themorphology of the electrode surface of Clay
was observed by scanning el ectron microscopy (Fig-
ure 1). Wefind that the matrix isformed by compact
particlesfractions between 1 and 15 um. Clay treaty
hasthefollowing chemica compostiongivenby trans-
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Figure 1 : Scanning electron micrograph ofCIay paste electode
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Figure 2 : Chemical composition treated clay

Research & Reotews On
.

A udlian Jounat



RREC, 6(1) 2015

Tarik E.L.Ouafyetal. 3

mission electron microscopy (TEM): O (22%), Mg
(5.4%), Al (22.4%), K (2.7%), Ca (1%), Ti (1.8%)
Fe (17.1%), Si (27.8%) and more metals order ppm
(Figure2). Anexamination of clay modified carbon paste
electrodeindicates somekind of agglomeration.

Electr ochemical detection of ascorbic acid

Figure 3 showsacyclic voltammograms(CV) in
the potential range-0.6V to 1.5V recorded, respec-
tively, for carbon pasteand clay modified carbon paste
electrodeat 100 mV.s™. Thevoltammogramstake dif-
ferent forms. No peak isobserved inthe case of Clay-
CPE, it isrecognized that carbon surface was effec-
tively modified by clay.

The voltammograms of the Na2SO4 buffer as
well as2.27mM ascorbic acid in the buffer are shown
asl and Il in Figure 4. No anodic peak current was
observed inthevoltammogram of the buffer but was
observed at 0.42V inthe 2.27 mM ascorbic acid solu-
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tion in the buffer as shownin Il of Figure 4. No ca-
thodic peak current wasfound indicating anirrevers-
ible heterogenous chargetransfer in thissystem(*#l,

The scheme showsthe oxidation of L-ascorbateto
dehydro-L-ascorbic acid involvesthetransfer of two
el ectrons and one proton*%29,

Optimization of experimental conditions

Optimum conditionsfor the electrochemical re-
sponse were established by measuring the peak cur-
rent in dependence on all parameters.

I nfluence of accumulation time

Figure 5 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 the first 6min. Further in-
crease in accumulation time does not increase the
amount of AA at thed ectrode surfaceowingto surface
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Figure 3 : Cyclic voltammograms recorded for CPE (a) and bare Clay-CPE (b), in 0.1 M Na, SO, at 100 mV/s
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Figure4 : CVsrecorded for 2.67 mM AA at pH=7 at bare Clay-CPE (a) and Clay-CPE/AA (b), scan rate 100 mV/s,

preconcentration time (tp)= 6min
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Figure 5 : Effects of accumulation time on oxidation peak currents of 2.27 mmol L™ AA (pH=7) at Clay-CPE,

supporting electrolyte is Na,SO, 0.1M
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Figure 6 : CVsacquired on Clay-CPE with 4.5 mM AA in the buffer solution at different scan rates from 60 to 160
mV.s. Inset isthe plot of the peak current of AA versus scan rate

saturation, and the pegk current remainsconstant. This
phenomenonisdueto the cavity structure of clay-CPE
that improves the ability of the electrode to adsorb
electroactiveAA. Maybethisisattributed to the satu-
rated adsorption of AA on the Clay—CPE surface. Tak-
ing account of sengitivity and efficiency, accumulation
timewas6 mininthefollowing experiments.

Effect of scan rate
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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 6 shows both the anodic currents lin-
early increase with the scan rate over the range of
60to 160 mV's-1, the oxidation potential of AA moves
to positivevalues, suggesting that theelectron transfers
for AA at the clay modified CPE is adsorption con-
trolled reaction. The Figure 7 showsthelinear relation-
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Figure 7 : Plot of peaks area versus scan rate
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Figure 8 : Cyclic Voltammograms of different concentration of AA (1.13mM to 5.68mM) at Clay/CPE in 0.1 M
Na, SO, PH=7, Scan rate 100 mV/s
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Figure 9 : Plot of peaks area versus added concentration of AA

ship between the scan rate anodic peak currentsof AA  Figure 8 showsthe CV curvesof different concentra-
at Clay/CPE. tion of AA at Clay/CPE wasincreased from 1.13mM
Calibration graph to 5.68 mM. The anodic peak current increaseslin-
early with the concentraton of AA (Figure 9). These
results show that ascorbic acid concentration can be
measured quantitatively by cyclic voltammetry.

Figure 10 showsthe behavior of impedance dia-

gramsrecorded for clay modified carbon paste el ec-
B Research & Reotews On

Inorder to obtain an analytical curvefor thedeve -
oped sensor, we carried out cyclic voltammogramsfor
oxidationanAA at different concentrationsin 0.1mol
Lt Na,SO, (pH=7) at a sweep rate of 100 mVs™.
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Figure 10 : Nyquist diagrams of clay modified carbon electrode, in presence of different concentration of AA, at
open circuit potential
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Figure 11 : Effect of pH on the oxidation of AA at the Clay modified CPE
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Figure 12 : Plot of the relationship between solution pH and the oxidation peak current

trodein buffer solution, inthe presenceof differentcon-  Clay modified carbon paste d ectrode a constant ascor-
centrationsof AA compound. We concludethat modi-  bic acid concentration (6.81 mM) isshownin Figures
fied dectrodereactswith the studied compound. 11 and 12. Ascan be seen, the peak current gradually
Effect of pH reducewiththeincrease of pH.

Theeffect of varying pH onthecurrentresponseof . pETERMINATION OFAA IN PHARMACEU-
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Figure 13 : Cyclics Voltammograms of different concentration of AA (1.13mM to 5.68mM) at Clay/CPE in 0.1M

Na,SO,, Scan rate 100 mV/s
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Figure 14 : Plot of peaks area versus added concentration of AA.

TICAL SAMPLE

In order to evaluate the performance of Clay-
modified carbon paste electrode by practical ana-
Iytical applications, the determination of AA was
carried out inA vitamin C tablet isfinely powdered.
The analytical curveswere obtained by CV experi-
ments in supporting electrode (Figurel3). It was
founded that the peaks currentsincrease linearly ver-
susAA added into the buffer solution (Figure 14).

CONCLUSION

It wasdemonstrated herethat Clay modified el ec-
trode exhibitshigher el ectrocatal ytic activity towards
ascorbic acid oxidation. Theobtained resultsrevealed
that determination of AA canbeeadly performed using
the clay. The proposed methodol ogy was successfully
appliedinquantifying ascorbic acid in € ectrolyte solu-

tionwith very satisfactory recovery percentagesvalues
for the application of the ana ytic methods proposed.
Thesenstivity signal isproportiona to the concentra-
tionvaueof AA.

REFERENCES
[
[2]
[3]

J.Velisek, K.Cejpek, J.Czech; Food Sci., 25, 49-64
(2007).

C.L.Linster, Van E.Schaftingen; Febs J., 274, 1-22
(2007).

M.W.Davey, Van M .Montagu, D.Inze, M.Sanmartin,
A .Kanellis, N.Smirnoff, 1.J.J.Benzie, J.J.Strain,
D.Favell; J.Sci.Food Agric., 80, 825-860 (2000).
G.Noctor, C.H.Foyer; Rev.Plant Physiol.Plant
Molec.Biol., 49, 249-279 (1998).

Y.Wang, H.Xu, JM.Li.Zhang; Sensors, 8, 2043-

[4]
[5]

2081 (2008).

[6] U.Yogeswaran, S.M.Chen; Sensors, 8, 290-313
(2008).
ey Research & Reotews On

A Tudéan Journal



8 Electroanalysis of ascorbic acid (vitamin C) using a Clay modified carbon paste

RREC, 6(1) 2015

FPull Paper ==

[7] W.A.Behrens, Madere; Anal.Biochem., 165, 102-
107 (1987).

[8] R.Shakya, D.A.Navarre; JAgric.Food Chem., 54,
5253-5260 (2006).

[9] Meéeendez A.J.Martinez, I.M.Vicario, F.J.Heredia;
Food Chem., 101, 177-184 (2007).

[10] J.Wang, M.P.Chatrathi, B.M.Tian, R.Polsky;
Anal.Chem., 72, 2514-2518 (2000).

[11] M.W.Davey, G.Bauw, Van
J.Chromatogr.B, 697, 269-276 (1997).

[12] B.Klejdus, J.Petrlova, D.Potesil, V.Adam,
R.Mikelova, J.Vacek, R.Kizek, V.Kuban;
Anal.Chim.Acta, 520, 57-67 (2004).

[13] T.Wu, Y.Q.Guan, J.N.Ye; Food Chem., 100, 1573-
1579 (2007).

[14] PD.Hansen, Von A.Usedom; New biosensors for
environmental analysis, EXS, 81, (1997).

Montagu;

Rescarch & Reotews On

[15] I.Karube, K.Yano, S.Sasaki, Y.Nomura,
K.Ikebukuro; Ann.NY Acad.Sci., 13, 622-634
(1998).

[16] S.El.Qouatli, R.T.Ngono, R.Ngjih, A.Chtaini, Zastita
materijala, 52, 4 (2011).

[17] Harouna Massai, Benguellah Benoitc, Mbadcam
Joseph Ketcha, Abdelilah Chtaini; Bulletin of the
catalysissociety of india, 2, 64-68 (2009).

[18] J.C.Miller, JN.Miller; Analyst, 113, 1351 (1988).

[19] A.Malinauskas, R.Garjonyte, R.Maz eikiene;
|.Jureviciute, Talanta, 64, 121 (2004).

[20] A.Sadiki Lamari, A.El Fattouh, S.EI Qouatli,
R.Ngjih, A.Chtaini; Acta Technica Corviniensis —
Bulletin of Engineering Tome, VI, 2067-3809
(2013).

2 -
A udéan Journal



