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ABSTRACT

4-aminophenol isthemain impurity present in preparations of paracetamol.
Using the Cyclic voltammetry, the electrode behaviour of 4-aminophenol
has been studied in 0.1 M Na,SO, solutions at natural phosphate (NP)

modified carbon paste electrode (CPE).
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The optimal potential window of wide range from -1V to 1V was selected.
Theelectrontransfer kinetics of the NP-CPE in the detection of analyte was
determined by the scan rate effect and concentration variation studies. The
scan rate effect showed the el ectrode processis adsorption controlled. The
oxidation peak currents represented alinear dependence on 4-aminophenol
concentration from 0.45 mM to 2.29 mM with correl ation coefficient r>=0.996
The effect of cationic surfactant shows good high sensitivity and stability

for the redox process of the 4-aminophenol.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

4-aminophenol hashighly toxic and mutageni c ef-
fectsandinduces DNA cleavagein mouseand human
lymphomacel|§+3. Aminophenolsareinteresting elec-
trochemical material§3#9. This is because, unlike
aniling” and other substituted anilines®, they havetwo
oxidizable groups (NH2 and OH) providing morere-
activesites. Therefore, in principle, they could show
electrochemical behavior resembling anilines® and
phenol g9, Thiscompoundisan intermediatein the
degradation of azo dyed™. However, littleisknown

about the metabolism of 4-aminophenol by bacterid?.
3-Nitrophenol-grown cellsof Ra stoniaeutrophaJVIP
134 convert nitrobenzeneto hydroxyl aminobenzene, 2-
aminophenol and 4-aminophenol*3. Hydroxylamino
benzeneistransformed by 3-nitrophenol-grown cells
of Pseudomonasputida2NP8to 1, 4-benzenediol via
4-aminophenol ™. A number of reportsindicated that
4-aminophenol might beakey intermediatein thebio-
degradation of nitrobenzenes and amined*l, 4-
aminophenol isawe |-known compound that hasbeen
used asaredox agent in photography'®. In neutral me-
dia, itisoxidized to acomplex oligomeric dyethat can
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be used in enzymatic assays®.

Voltammetric studies*® showed that thefirst step
of theoxidation of 4-aminophenol inorganic and aque-
ous mediaon gold electrodes probably resultsinthe
uptake of one e ectron, producing anintermediate oxi-
dation product (semiquinoneimine) in agreement with
theliteraturel!®l, Heras et al .I*® studied the el ectro-
chemicd oxideation of 4-aminophenol onamercury eec-
trode in aqueous medium. They indicated that the
el ectrooxidation of 4-aminophenol occursby theloss
of one proton and one el ectron. The next step isthe
lossof another el ectron and of asecond protontoyield
p-quinoneiminethat ishydrolyzed to p-benzoquinone.
Investigations of the modification of platinum{%24,
graphite*?>2 and gol d?? by polymersderived from
4-aminophenol have been carried out. Graphite el ec-
trodes coated with poly (4-aminophenol) are efficient
for theimmobilization of purinebases. Inthe present
work, it describesthee ectrochemical investigation of
4-aminophenol at Phosphate M odified Carbon Paste
Electrode. Many of the ana ytes have been detected by
cyclic voltammetric technique by our research
group®24, Theaim of thework reported herewasto
investigate the electrochemical properties of 4-
aminophenol on Natural phosphate modified carbon
paste el ectrode aswell asthe e ectrochemical charac-
terization of dectrodesby cydicvoltammetrictechnique.
It can be applied to routineinvestigations of pharma-
ceutical preparationsintheform of tabletsby usngthe
cydicvoltammetrictechnique.

EXPERIMENTAL

I nstr ument

Cydlicvoltammetry werecarried out withavoltaab
potentiostat (model PGSTAT 100, Eco ChemieB.V.,
Utrecht, The Netherlands) driven by thegeneral pur-
pose e ectrochemical systemsdataprocessing software
(voltalab master 4 software).

Theeé ectrochemical cell was configured to work
with three el ectrodes; using NP-CPE astheworking,
platinum platefor counter and saturated Caome (SCE)
asreference electrodes. The pH-meter (Radiometer
Copenhagen, PHM 210, Tacussdl and French) wasused
for adjusting pH values.
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Procedure

Theinitial working procedure consi sted of measur-
ing thee ectrochemical responseat NP-CPE at afixed
concentration of 4-Aminophénol. Standard solution of
4-Aminophénol was added into the electrochemical cell
containing 100 mL of supporting dectrolyte.

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-1.0VtolV.

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

Electrodes

Modified electrodeswere prepared by mixing a
carbon powder and the desired weight of natura phos-
phate. The body of the working electrode for
voltammetric experiments wasaPTFE cylinder that
wastightly packed with carbon paste. The geometric
areaof thiselectrodewas 0.1256cm?2. Electrical con-
tact was made at the back by means of a bare car-
bon.

RESULTSAND DISCUSSION

Surfacecharacteristics

The surface structure of naturel phosphate (NP)
€l ectrode was observed us ng scanning e ectron micros-
copy (Figurel).

Preiminary voltammetric characterization

Preliminary voltammetric characterization the per-
formance of the newly devel oped phosphate modified
carbon pasted ectrodeisbased on the preconcentration
of 4-Aminophenol from agueous sol ution onto the sur-
face of the modified el ectrode by adsorption onto the
modifier surfaces.

The probable electrochemical reactions of 4-
aminophenol hasshowninthescheme 1l

Figure 2 Showsacyclic voltammograms (CV) in
the potential range-1V to 1V recorded, respectively,
for carbon paste and phosphate modified carbon paste
electrode at 100 mV.s?. The voltammograms take
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Figure 1: Scanning electron microscopy for Natural Phos-
phate
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Schemel: M echanism of electr ochemical redox reaction of
4-aminophenol at NP-CPE

different forms. No peak is observed in the case of
NP-CPE, it isrecognized that carbon surface was ef -
fectively modified by phosphate.

A CV wasused to investigate the €l ectrochemical
behaviour of 4-Aminophénol on a NP-CPE in the buffer
solution 0.1M Na,SO, (pH=7) & scanrateof 100mV.s
1 Thefigure 3 shows, 4-Aminophénol exhibits a pair of
redox waves on the NP-CPE with Epa (anodic peak
potential) =-69.3mV and Epc (cathodic peak poten-
tial)=-208m V.

I nfluence of accumulation time
The dependence of peak current on the
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Figure2: Cyclic voltammogramsrecor ded for bare CPE (a)
and NP-CPE (b),in0.1M Na,SO, at 100mV/s
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Figure3: CVsrecoeded for 0.45mM 4-Aminophénol at pH 7
at bareNP-CPE (a) and NP- CPE/4-Aminophenal (b), scan
rate 100 mV/s

preconcentration timefor 0.91 mmol L*
4-Aminophenol wasa soinvestigated (Figure4).
The peak current increaseswith theincreasinginthe
preconcentration time between 0 and 45 min above
whichit becamenearly constant dueto the surface satu-
ration. Hence, a10 min preconcentrationtimewasused
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Figure4: Effectsof accumulation time on 4-Aminophenol
oxidation peak currents
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Figure 5 : CVs acquired on NP-CPE with 1.83 mM 4-
Aminophenol in thebuffer solution at different scan rates
from 40to 140 mV.s. Inset istheplot of the peak current of
4-Aminophenol versusscan rate

indl subsequent experiments.
Effect of scan rate

The effect of scan rate on the redox of 4-
aminophenol wasexaminedin 0.1 M Na,SO, buffer
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solution of pH7 asasupporting eectrode. Thefigure5
shows both the anodic and the cathodic peak currents
linearly increase with the scan rate over therange of 40
to 140 mVs?, suggesting that the e ectron transfersfor
4-aminophenol at the phosphate modified CPE isad-
sorption controlled reaction. The cathodic peak shifted
towards negative potential withincreased in scanrate,
theanodic peak shifted towardspositive potentia with
increased in scan rate. The Figure 6 showsthelinear

2
di=0,005V 40,578
R*=098
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;
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Figure6: Plot of peaksareaversusscan rate
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Figure7: Cyclic Voltammogramsof different concentration
of 4-aminophenal (0.45mM t02.29mM) at NP-CPE in 0.1 M
Na,SO,, Scan rate 100 mV/s
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relationship between the scan rate anodic peak and
cathodic peak currentsof 4-amino phenol a NP-CPE.

Effect of concentration of 4-aminophenol

Figure 7 showsthe CV curvesof different concen-
tration of 4-aminophenol at NP/CPE wasincreased
from 0.45mM t0 229 mM in 0.1 M Na,SO, buffer
solution at pH=7 at asweep rate of 100 mVs®. Both
theanodic and cathodic pesk currentincreaseslinearly
with the concentraton of 4-aminophenol and theplot of
current versus concentration obeys Randles-Sevic equa
tion, which impliesthat the electrode processis ad-
sorption controlled reaction. It was a so observed that

2

5 di=0,3774-Aminophenol] + 0,142

R=099%
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Figure8: Plot of peaksarea ver susadded concentration of
4-Aminophénol
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Figure9: Effect of pH on theoxidation and thereduction of 4-
aminophenol at theNP modified CPE
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Figure10: Plot of thereationship between solution pH and
the oxidation and reduction peak current
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Figure11: Cyclic Voltammograms of different concentra-
tion of 4-aminophenal (0.45mM t02.29mM) at NP-CPE in
100ml tap water, Scan rate 100 mV/s

the cathodic peak potentia shift towardsnegativeval-
ues and anodic peak potential shift towards positive
side. Thiskind of shiftin Epinthe cathodicand anodic
direction with increasing concentration of the 4-
aminophenal indicatesthat the product of 4-aminophenol
mol ecul esare adsorbed over the el ectrode surface.
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Effect of pH variation of buffer solution

In most cases, the solution pH isimportant to the
eectrochemicd reaction. ThepH wasvariedintherange
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from 3 to 12. The Figure 9 shows the cyclic
voltammograms of the4-aminophenol at different pH.
Theanodic pesk potentid shifted towardspositivesde
and cathodic peak potentia Epc shifted towardsmore
negative potentia . Theanodic and cathodic peak cur-
rent of 4-aminophenol increased at pH="7. Thefigure
10 showsthe graph of different pH versus peak cur-
rent, it could be confirmed that at pH 12 the el ectrode
actsasagood sensor.

ANALYTICALAPPLICATION

Inorder to eva uatethe performanceof the anal yti-
cal methodol ogy described above, the determination
of 4-Aminophenol at NP-CPE was carried out intap
water. Theanaytical curveswereobtained by CV ex-
perimentsin supporting electrode (Figure 11). It was
founded that the peaks currentsincreaselinearly versus
4-Aminophenol added into thetap water (Figure 12).

g di=1,070[4-Aminophénol] + 0,600
R:=0,997

difmA/cm=2)

di=-0,772[4-Aminophénol] - 0,768
R*=0,994

Figure12: Plot of peaksareaver susadded concentration of
4-Aminophénol

CONCLUSION

We have demonstrated the use of phosphate-modi-
fied carbon paste electrode for a greatly cyclic
voltammetry sensing of 4-Aminophenol compounds.
Themodified electrodeincreased the amplitude of the
current signal of 4-aminophenol and produced good
response.

Theoxidation of thiscompound on the modified
electrode occursin an reversiblemanner. Themodified
electrodewassuccesstully gppliedintapwater samples.
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The method could beimproved in asmpleway with-
out introducing additional proceduresand without in-
creasing thetimerequired for 4-aminophenol quantifi-
cation. Thedectrodecongtructionwasextremdy smple
and with low cost. No unstable or toxic reagentswere
used.
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