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carbon paste electrode: Application in water samples
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ABSTRACT

Thebehavior of amodified carbon paste e ectrode (CPE) for p-aminophenol
detection by cyclic voltammetry (CV) was studied. The electrode was built
by incorporating the clay to carbon paste. The overall analysisinvolved a
two-step procedure: an accumulation step at open circuit, followed by me-
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dium exchange to a pure electrolyte solution for the voltammetric quantifi-
cation. During the preconcentration step, para-aminophenol was adsorbed
onto clay surface. Theinfluence of various experimental parameterson the
Clay-CPE responsewasinvestigated. © 2014 Trade SciencelInc. - INDIA

INTRODUCTION

Aminophenols are interesting e ectrochemical
materialssince, unlikeaniling™ and other substituted
anilines?, they havetwo groups (-NH2 and OH), which
could be oxidized. Therefore, they could show
electrochemica behavior resembling anilines*3 and/or
phenol$4%. Animportant factor would betherelative
position of theamino and hydroxyl groupinthearométic
ring. Accordingly, the reported electrochemical
propertiesof thethree positional isomers(ortho, meta
and para) arestrongly different. P-Aminophenoal (p-
AP) isawell-known compound which, initssimple
form, or derivative®, hasbeen used asredox agent in
photography. In neutrad media, it isoxidized to complex
oligomeric dyes that could be used in enzymatic
assaysd™. Konopenik et d .1 have studied the oxidation
of m-aminophenol (Mm-AP) in agueoussolutionon SnO,
eectrodes. Accordingwith theseauthors, only theamino
group of m-aminophenol undergoesoxidationwhilethe

hydroxyl group remains unchanged. Common
laboratory-based analytical methods for determining
para-aminophenol compoundssuch asprimarily gasand
liquid chromatography (HPLC)®3, UV-vis
spectrophotometry™#*S and spectrofluorimetry™® have
been reported. The use of enzyme-linked
immunosorbent assay (ELISA) has been studied*”.
However, some sample pretreatment involving
separation, extraction and/or adsorptionisgeneraly
necessary, and this can al so be time-consuming and
complex. Electrochemica methods, such asdifferentia
pulse polarography (DPP), anodic stripping
voltammetry (ASV) and differentid pulsevoltammetry
(DPV), havebeenwiddy gpplied for thedetermination
of pharmaceuticas, dyes, insecticidesand pesticides™®-
20 In recent years, chemically modified electrodes
(CMEs) wereused for thevoltammetric quantification
of variousorganic andinorganic speciesafter their open
circuit accumulaion?+22, Much of thework inthisfield
was directed to exploit the chemical reactivity of the
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modifier towardsatarget and ytefor €l ectroanal ytical
purpose. Multitudes of modifying agentswere used
either as coatings on solid electrode surfaces or
dispersed within aconductive matrix. It isnoteworthy
that this last approach is well suited when using
electronically insulating modifiersrequiring adirect
contact toan dectronicdly conducting substrateasused
in connection with dectrochemistry. The application of
dlicatesand rdlated minerd maeriadsindectrochemisry
is rather recent and was directed to combine their
intrind c propertiesto sdected d ectrochemical reactions
in order to improve the response of the e ectrode.
Modified electrodes are being used frequently in the
voltammetric determination of organic compounds
because of their efficiency, the selectivity that can be
obtained by varyingthemodifier andthesengtivity which
isequivalent to that reached in anodic and cathodic
stripping. In doing so, zeolite and silica-modified
electrodes were prepared, characterized and applied
(sometimestentatively) invariousfieldsincluding for
exampleeectroanaysisand sensors, eectrocatalys's,
photochemistry, thin-film technology, fuel cells,
molecular recognition. Kauffmann?® hasreported that
acarbon paste el ectrode (CPE) modified with lipids
and proteins (enzymes) have potential applicationin
environmental analysis. Recent works, reportedinthe
literature, have shown several applications and
electroand ytical methodol ogiesemploying glassy carbon
electrode as working electrodes?*?. Luz et a.[*
congtructed aglassy carbon dectrodeimpregnated with
a lithium tetracyanoethylenide (LITCNE) for the
determination of para-aminophenol. Theoxidation and
reduction of thiscompound has been carried out on a
modified glassy carbon electrode using cyclic and
DPV22 Thisstudy proposed anew modified carbon
paste el ectrode which has been prepared by the clay
(HAP) for para-aminophenol detection. It hasshowna
sel ective preconcentration and quanti zation of para-
aminophenol by cyclicvoltammetry (CV). Thisstudy
hasled to the devel opment of anew modified e ectrode
for the determination of para-aminophenol with
improved qualities such as simplicity of electrode
preparation, wider linear range, andlow detection limit
(DL), highsdectivity and very good stability of modifier.
The procedureisbased on the oxidation and reduction
of para-aminophenol after it was preconcentrated ona
carbon paste el ectrode modified with the clay, under
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opencircuit conditions.

EXPERIMENTAL

Apparatusand software

Voltammetric experimentswereperformed usinga
voltaab potentiostat (modd PGSTAT 100, Eco Chemie
B.V., Utrecht, The Netherlands) driven by thegenerd
purpose electrochemical systems data processing
software (voltalab master 4 software) run under
windows2007. Thethree e ectrodes system consisted
of achemically modified carbon paste el ectrode asthe
working €l ectrode, asaturated comel dectrode (SCE)
serving as reference electrode and platinum as an
auxiliary eectrode,

Electrodes

Modified electrodes were prepared by mixing a
carbon powder and thedesired weight of clay. Thebody
of theworking e ectrodefor voltammetric experiments
wasaPTFE cylinder that wastightly packed with carbon
paste. The geometric area of this electrode was
0.1256¢cm?. Electrical contact was made at the back
by means of abare carbon.

Procedure

The initial working procedure consisted of
measuring theelectrochemica responseat

Clay-CPE, at a fixed concentration of p-
Aminophenol . Standard sol ution of p-Aminophenol was
added into thee ectrochemica cell containing 100 mL
of supporting el ectrolyte.

Themixturesolutionwaskept for 20 sat opencircuit
and deoxygenated by bubbling purenitrogen gasprior
to each el ectrochemica measurement.

The cyclic voltammetry wasrecorded intherange
from-1.0VtolV.

Optimum conditionswere established by measuring
the peak currentsin dependenceon all parameters. All
experiments were carried out under ambient
temperature.

RESULTSAND DISCUSSION

Surfacecharacteristics
Themorphology of the electrode surface of Clay
— a%a['yttaa[’ CHEMISTRY
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was observed by scanning € ectron microscopy (Figure
1). We find that the matrix is formed by compact
particlesfractions between 1 and 15 ?m. Clay treaty
has the following chemical composition given by
transmission eectron 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.

Figure1: Scanning electron micrograph of Clay paste elec-
trode
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Figure2: Chermcal composnon treated cIay

p-Aminophenol oxidation-reduction

P-Aminophenol wasstudied at Clay/CPE by cyclic
voltammetry study. Figure 3 shows the cyclic
voltammogram of p-amino phenal which exhibited good
anodic peak and acathodic peak current at 16.79 mV
and -283 mV respectively. Due to the electrostatic
interaction between the positive charged p-aminophenol
and the Clay/CPE increases the peak current which
resultsin the good sensitivity. Scheme showsthe p-
aminophenol undergone oxidation with thelossof one
electron and hydrogen transfer and it undergoes

HAnalytical CHEMISTRY o

reductionwith addition of two € ectronsto the oxidised
product of p-aminophenol. The current sengitivity may
be due to the electrostatic repulsion between the
quinonemoiety of the p-aminophenol andthepositively
charged Clay modified carbon paste electrode.
Electron-withdrawing groups accelerate reduction
whereas el ectron donating groupslowersreduction.
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Figure3: CVsrecorded for 0.45mM p-aminophenol at pH 7
at bar eClay-CPE/p-aminophenal, (a) and Clay-CPE (b), scan
rate 100 mV/s, preconcentration time (tp) =13min
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Scheme 1: mechanism of electr ochemical redox r eaction of
p-aminophenal at Clay-CPE

Optimization of experimental conditions

Optimum conditions for the electrochemical
responsewereestablished by measuring the pesk current
independenceon all parameters.

I nfluence of accumulation time

Theeffect of theaccumulationtimeisinvestigated
(Figure4); thissignificantly affectsthe oxidation peak
current of p-aminophenal. The peek current of 0.9 mmol
L"* p-aminophenol increases greatly within the first
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Figure 4: Effects of accumulation time on oxidation peak

currentsof 0.9 mmol L™ P-aminophenol (pH=7) at Clay-
CPE, supporting electrolyteisNa,SO, 0.1M
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Figure 5: CVs acquired on Clay-CPE with 1.83 mM p-
aminophenol in the buffer solution at different scan rates,
from40to0 140 mV.s. Inset istheplot of the peak current of
p-aminophenal ver susscanrate

13min. Further increasein accumulation timedoesnot
increasetheamount of p-aminophenol at thee ectrode
surface owing to surface saturation, and the pesk current
remainsconstant. Thisphenomenonisdueto thecavity
structure of clay-CPE that improvestheability of the
electrode to adsorb electroactive p-aminophenal.
Maybethisisattributed to the saturated adsorption of
p-aminophenol on the Clay—CPE surface. Taking
account of sengitivity and efficiency, accumulationtime
was 13 mininthefollowing experiments.

Effect of scan rate
Theinfluences of scan rate on the oxidation peak
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potentia (Ep) and, peak current (Ip) and thereduction
peak potential (Ec) and, peak current (Ic) of p-
aminophenol, (0.1M Na,SO,, pH=7) were studied by
cyclicvoltammetry. Thefigure5 showsboththeanodic
and the cathodic peak currentslinearly increase with
the scan rate over the range of 40 to 140 mVs-1,
suggesting that thed ectron transfersfor p-aminophenol
at the clay modified CPE is adsorption controlled
reaction. The cathodic peak shifted towards negative
potential with increased in scan rate, the anodic peak
shifted towardspogitive potentia withincreasedinscan
rate. TheFigure 6 showsthelinear rel ationship between
the scan rate anodic peak and cathodic peak currents
of p-aminophenoal at Clay-CPE.
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Figure6: Plot of peaksareaversusscan rate

Calibration graph

In order to obtain an analytical curve for the
devel oped sensor, wecarried out cyclic voltammograms
for p-aminophenol oxidation and reduction at different
concentrations, in 0.1M Na,SO, (pH 7), thesweeprate
wasfixed at 100 mVs™.

Fgure7 showstheCV curvesrecorded, for different
concentrations of p-aminophenol, at Clay-CPE was
increased from 0.45 mM to 2.29 mM. Both theanodic
and cathodic peak current increaseslinearly with the
concentration of p-aminophenol and theplot of current
versus concentration obeys Randles-Sevic equation,
whichimpliesthat the electrode processis adsorption
controlled reaction. It was also observed that the
cathodic peak potentia shift towards negativevaues
and anodic peak potential shift towardspositiveside.
Thiskind of shift in Ep in the cathodic and anodic
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Figure7: Cyclic Voltammogram of different concentration
of p-aminophenoal (0.45mM to 2.29mM) at Clay-CPEin 0.1 M
Na,SO,, Scan rate 100 mV/s

direction with increasing concentration of the p-
aminophenal indicatesthat the product of p-aminophenol
mol ecul esisadsorbed over the electrode surface.

I nfluencesof pH

Inafirs step, theeffect of pH on eectroderesponse
was investigated. In most cases, the solution pH is
important to the electrochemical reaction. Figure 9
showsthe cyclic voltammogram of the p-aminophenol
at different pH. The current of the peak depend onthe
solution pH. Theanodic peak potentia shifted towards
positive sideand cathodic peak potential Epc shifted
towards more negative potential. The anodic and
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Figure8: Plot of peaksarea ver susadded concentr ation of p-
Aminophenol
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Figure9: Effect of pH ontheoxidation and thereduction of p-
aminophenal at the Clay modified CPE
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Figure10: Plot of therelationship between solution pH and
theoxidation and reduction peak Current

cathodic peak current of p-aminophenol increased at
pH 7. The Figure 10 showsthe graph of different pH
versus peak current, it could be confirmed that at pH
12 the electrode acts asagood sensor.

PRACTICALAPPLICATION

In order to evauate the performance of Clay-
modified carbon pasteectrode by practical analytica
applications, the determination of p-aminophenol was
carried out in tap water without any pretreatment. No
p-aminophenol traceswerefound when the proposed
procedure was used. The analytical curves were
obtained by CV experimentsin supporting electrode
(Figure 11). It was founded that the peaks currents
increaselinearly versus

HAnalytical CHEMISTRY o
A Tndéan ﬁomml



ACAIJ, 14(12) 2014

Abdelilah Chtaini et al.

479

4
T 2
E
g
q
Eo
& [p-Aminophénol] (mMIL)
8 229
E -2 183
‘g 137
L 091
4 0.45
0
$
1 05 0 05 1

Potential (V]
Figure11: Cyclic Voltammogramsof different concentration
of p-aminophenol (0.45mM to 2.29mM) at Clay-CPE in 100ml
tap water, Scan rate 100 mV/s
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Figure12: Plot of peaksarea ver susadded concentr ation of
p-Aminophenol

p-Aminophenol added into thetap water (Figure
12).

CONCLUSON

Electroandyticd techniquesrequireonly very smdl
samplevolumes. Inthiswork, dectrochemica behavior
of p-aminophenol waseva uated using thevoltammetric
measurements. A novel method is described for the
determination of p-aminophenol whichissmple, quick
and sengtivewithalow cost of analysis.

Themodifier isnot solubleinwater, non-toxic, and

—— Fuyl] Paper
not apollutant.
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