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ABSTRACT

A carbon paste el ectrode modified with natural phosphate (NP) was evalu-
ated as an electrochemical sensor for 4-Chloroaniline (4-CA) in agueous
medium. The electrode was prepared by mixed natural phosphate and car-
bon powder. The influence of accumulation time and pH of the electrolytic
solution were investigated. The calibration graph obtained under the opti-
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mized conditions was linear. The natural phosphate modified carbon paste
electrode was applied to the determination of 4-CA in natural water samples.
The results indicate that this electrode is sensitive and effective for the

determination of 4-CA.

INTRODUCTION

Environmental pollution caused by therdleaseof a
widerange of compounds as aconsequenceof indus-
trial progress has now assumed serious proportions.
Thousands of hazardouswastes siteshave been gener-
ated worldwide resulting from accumulation of
xenobioticsinsoil and water over theyears¥. Anilines
areextensvdy usedinmany industrid processesassol-
vents, asprecursorsfor amino aromatic derivativesand
insynthesisof dyes, plasticizers, pharmaceuticals, pesti-
cides, polymersincluding polyurethane and rubber ad-
ditives, photographic chemicalsand varnishes?. They
are also formed during microbial transformation of
nitroaromatic compound found in explosives,
dinitroaniline, ureaherbicides and nitropyrenes?. For
many years chloroanilines have been one of the most
important industridly produced amines. Inrecent years,
they haveattracted increasing attention owing to their
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widespread use, ubiquity in the environment and endo-
crinedisrupting activity. Asaconsequenceof thiswide-
spread use, they are detected in many industrial waste
waterd®. 4-Chloroanilineisparticularly toxicto aguatic
organisms, whichisduetotheir impediment ontheoxy-
gen carrying capacity of the blood supply; thus effec-
tively suffocating theaguatic organisms®. Theprimary
toxic effect resulting from acute exposure to 4-
chloroaniline, by inhaation or by ord route, ismethemo-
globinemia, usually accompanied with anoxia, erythro-
cytedamageand spleeneffectd™. Theenvironmentd fate
of chloroanilinesisaffected by anumber of physico-
chemicd processes, include ng evaporation, photo-oxi-
dation and chemical binding®. However, biodegrada-
tionisthemain mechanism of chloroanilineremovad in
aquatic environment!®. In soils, mineraization of
chloroanilinesmay occur dowly % or they may react to
form recal citrant mol ecul es such as azobenzenes and
triazenes™. Moraxdlasp. stran G2 wasthefirst rain
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isolated that could use 4-chloroaniline assol e source of
carbon and energy. Other bacterial species such as
Pseudomonas™>*", Frauteria®®, Delftiasp. AN3 and
so many othershavedso beenimplicated. Inthisworks,
we present asmple and sensitivemethod of determina-
tion of 4-Chloroanilinebased ontheir reaction.

EXPERIMENTAL

Reagent

4-Chloroaniline, sodiumsulfate, and nitricacid were
of anaytica gradeand fromAldrich.

A natural phosphate (NP) used in thiswork was
obtained in the Khouribgaregion (Morocco). Stock
solutionsof 4-Chloroanilinewere prepared by dissolv-
ing4-Chloroanilineindeionized water. All preparations
and dilution of solutionswere made with deionized
water.

Provisionsweremadefor oxygen remova by bub-
bling the sol ution with azotes gasfor about 5 minthen
the sol ution was blanketed with azotesgaswhilethe
experiment wasin progress. For reproducibleresuilts,
afresh solution was madefor each experiment.

| nstrumental

Voltammetric experimentswereperformed using a
voltalab potentiostat (modd 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 cons sted of achemi-
cally modified carbon paste €l 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 natura phos-
phate. The body of the working electrode for
voltammetric experimentswasaPTFE cylinder that was
tightly packed with carbon paste. Thegeometric area
of thise ectrodewas 0.1256c¢n. El ectrica contact was
made at the back by means of abare carbon.

Procedure
Theinitial working procedure consisted of measur-
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ing thee ectrochemica responseat NP-CPE at afixed
concentration of 4-CA. Standard solution of 4-CA was
added into thee ectrochemica cell containing 100 mL
of supporting el ectrolyte.

The mixturesolution waskept for 20 sat opencir-
cuit and deoxygenated by bubbling purenitrogen gas
prior to each electrochemical measurement.

The cyclic voltammetry wasrecorded intherange
from-1Vtol1,7V.

Optimum conditionswere established by measur-
ing the peak currentsin dependenceon al parameters.
All experimentswere carried out under ambient tem-
perature.

RESULTSAND DISCUSSION

Voltammetric and El Sof 4-Chloroaniline
Cyclicvoltammetry

Figure 1 showsacyclic voltammograms(CV) in
the potential range-1V to 1.7 V recorded, respec-
tively, for carbon paste and natural phosphate modi-
fied carbon paste electrode at 100 mV.s?'. The
voltammogramstakedifferent forms. No peak isob-
served in the case of NP-CPE, it isrecognized that
carbon surface was effectively modified by natural
phosphate.

Figure 2b showsas4-CA exhibitsapair of well-
defined redox waveson the NP-CPE with

Epa(1) = 0.34V, Epa(2)=0.75 and Epc(3) = 0.025
V.

Electr ochemical impedance spectroscopy (EI1S)

Animpedance spectroscopy study was performed
in order to confirm theresults obtained by the cyclic
voltammetry tests. Figures 3 show theimpedancedia-
gram recorded for NP-CPE and NP-CPE/4-CA
(1.96mM) respectively. at the absence of 4-CA EISis
right which meansthat thereisadiffuson at the surface
of the NP-CPE, for the presence of 4-CA theimped-
ance curve observed decrease of the charge-transfer
resistance meansal so that the modified electrode be-
comes more conductive, which can be explained by
the presence of 4-CA.

I nfluence of accumulation time
Theeffect of theaccumulationtimeisinvestigated
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Figurel: Cyclicvoltammogramsr ecor ded for CPE (a) and bareNP-CPE (b),in0.1M Na,SO,at 100 mV/s
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Figure2: CVsrecorded for 0.78 mM 4-CA at pH=7 at bare NP-CPE (a) and NP-CPE/4-CA (b), scan rate 100 mV/s,
preconcentration time (tp)=9min
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Figure3: Impedancespectraat 0V C-CPE (a) and (4-CA)-C-CPE (b)
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Figure4: Effectsof accumulation timeon oxidation peak currentsof 0.4 mmol L™ 4-CA (pH=7) at NP-CPE, supporting
electrolyteisNa,SO,0.1M
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Figure5: CVsacquired on NP-CPE with 0.78 mM 4-CA inthebuffer solution at different scanrates
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Figure6: Plot of peaksareaversusscan rate

(Figured), thissignificantly affectstheoxidation peak  surface saturation, and the peak current remains con-
(Picl) current of 4-CA. Thepeak current of 0.4mmol  stant. Thisphenomenonisdueto the cavity structure
L14-CA, increasesgreatly withinthefirst 9min. Fur-  of NP-CPE that improvesthe ability of the electrode
ther increasein accumulationtime doesnot increase  to adsorb electroactive 4-CA. Maybethisisattrib-
theamount of 4-CA at theelectrodesurfaceowingto uted to the saturated adsorption of 4-CA on the NP-
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Figure7: Cyclicvoltammogramsof different concentration of 4-CA at NP-CPE in 0.1 MNa,SO, pH=7, Scanrate 100 mV/s
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Figure8: Plot of peaksar eaver susadded concentration of 4-CA
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Figure9: CV of effect of pH ontheredox of 4-CA at theNP-CPE

CPE surface. Taking account of sensitivity and effi- Effect of scan rate
ciency, accumulationtimewas9 mininthefollowing

) Theinfluences of scan rate on theredox of 4-CA
experiments.

wasexaminedin0.1 M Na,SO, buffer solution of pH=7
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Figure10: Plot of therdationship between solution pH and ther edox peak current
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Figure1l: Cyclicvoltammogramsof different concentration of 4-CA at NP-CPE in tap water
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Figure12: Plot of peaksareaver susadded concentration of 4-CA

asasupporting eectrode. The Figure5showsboththe  TheFigure6 showsthelinear relationship between the
anodic and the cathodic pesk currentslinearly increase  scan rate anodic peak and cathodic peak currents of
with thescanrate over therangeof 100to 180 mVs®.  4-CA at C-CPE. Thelinear regression equations:

Hralytical CHEMISTRY o
A Tndéan ﬁammf




ACAIJ, 15(5) 2015

Abdelilah Chtaini et al.

175

Ipa(1)=0.006V-0.043  R’=0.994
Ipa(2)=0.008V-0.005  R’=0.983
Ipo(3)=-0.007V+0.223  R?=0.994

Calibrationgraph

Figure 7 show the CV curvesof different concen-
tration of 4-CA at NP-CPE wasincreased from 0.4
mM to 1.96 mM in 0.1 M Na,SO, buffer solution at
pH=7 at asweep rate of 100 mVs?. Both theanodic
and cathodic peak, current increaseslinearly with the
concentraton of 4-CA.. The Figure 8 showsthelinear
rel ationship between the4-CA concentration and the
anodic peak and the cathodi ¢ pesk currents. Thelinear
regression equations.

| pa(1)=0.320[4-CA] +0.097 R’=0.987
| pa(2)=0.362[4-CA] +0.244 R°=0.981
I pc(3)=-0.249[4-CA] -0.150 R?=0.976

Effect of pH

TheFigure9 showsthe cyclic voltammograms of
the4-CA at different pH. The current of the peak de-
pend on thesolution pH. The Fgure 10 showsthegraph
of different pH versuspeak current.

ANALYTICALAPPLICATION

In order to evaluate the performance of NP-CPE
by practica analytical applications, thedetermination of
4-CAwascaried out intap water. Theanaytica curves
were obtained by CV experimentsin supporting el ec-
trode(Figurell). It wasfounded that the pegkscurrents
increaselinearly versus4-CA added intothe buffer solu-
tion (Figure12). Thelinear regression equations:

| pa(1)=0.256[4-CA] +0.346 R’=0.982

|pa(2)=0.853[4-CA] +0.578 R’=0.979

| pc(3)=-0.430[4-CA]-0.276 R’=0.984
CONCLUSION

We havedemonstrated the use of phosphate modi-
fied carbon paste el ectrodefor agreatly CV sensing of
4-CA compounds. Themodified el ectrodeincreased
theamplitude of the current signal of 4-CA and pro-
duced good response. The e ectrode construction was
extremely simple and with low cost. No unstable or
toxic reagentswere used.

—— Fyll Peper
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