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Abstract: An. expanded graphite-carbon nanofiber-epoxy comp@siB CNF-Epoxy) was investigated in order to ite us
for the electrochemical determination of 2,4-dimjitnenol (2,4-DNP) in aqueous solutions. The elebemical behavior
of the electrode in the presence of target poltutzas investigated using cyclic voltammetry (CV)yanoamperometry
(CA), and multiple-pulsed amperometry (MPA). Beaaws the electrode fouling during the electrochexrhimxidation,
this electrode can be applied for the electrochahdetermination only under ceratin conditions gityy MPA technique.

Keywords: 2,4-dinitrophenol, expanded graphite-carbon né&mofepoxy composite electrode, electrochemical
determination, wastewater.

1. Introduction detection applications [15].
The aim of this study is to assess the behavidhef

The intensification of industrial activities, sintee €Xxpanded graphite — carbon nanofiber — epoxy coitepos
latter half of the XIX century and throughout thexX e€lectrode (EG-CNF-Epoxy) for the electrochemical
century, has invitably caused severe environmetiion —determination of 2,4-dinitriphenol (2,4-DNP) in watThe
with dramatic consequences in a‘[mosphere, wateds Eﬁ'yCIiC voltammetric behavior was inVestigated first
soils [1]. reveal the basic electrochemical parameters of the

Aromatic nitrocompounds, such as: nitrobenzen&lectrode. 2,4-dinitrophenol (2,4-DNP) was usednasiel
nitrotoluenes and nitrophenols are found widely aBollutant representing di-substituted phenol deesaThe
environmental contaminants in fresh water, in marinelectroanalytical performance of the electrode was
environments, and in industrial effluent. They haeen determined by chronamperometry (CA) and multiple-
used commonly in the manufacture of explosivefulsed amperometry (MPA). The multiple-pulsed
pesticides, dyes, plasticizers, and pharmaceufizhl@,4 — amperometry technique was applied under different
dinitrophenol  (2,4-DNP) is listed by the U.S.conditions, and the results were compared with ehos
Environmental Protection Agency as priority padint, Obtained by chronoamperometry technique.
because of its toxicity, which requires the deveiept of a
simple and reliable removal process [3,4].

The electrochemical oxidation techniques has been
frequently tested in order to quantitative deteation of
the organic load [5-9]. All measurements were carried out using an Autolab

It has been reported [10-12] that the phengbotentiostat/galvanostat PGSTAT 302 (Eco Chemies Th
electrooxidation on carbon based electrodes leaxs Netherlands) controlled with GPES 4.9 software and
electrode fouling by electropolymerization thatdsado a three-electrode cell, with a Ag/AgCl reference tiede
low rate of oxidation, low permeability, and strongand a platinum counter electrode.The EG-CNF-Epoxy
adhesion on the electrode. Among the electrochémiczomposite electrode was used as working electrode.
techniques presently used, multiple-pulsed ampetryme The EG-CNF-Epoxy composite electrode was
(MPA) has proved to be extremely efficient for theprepared from two-components epoxy resin (LY5052,
electrochemical determination of organic moleculeéraldite) mixed with two types of conductive carbon
because of the advantage of cleaning and reactiyatie fillers: expanded graphite (EG) fillers powder
electrode surface during the electrochemical pcefConductograph, SGL Carbon) and carbon nanofibers
[13,14]. (CNF) (PS-447 BOX). To prepare EG-CNF-Epoxy

Carbon electrodes are widely used in electroarmlysiomposite electrode, the two parts of the epoxyeweixed
due to their low background current and wide pd&ént with the conductive carbon fillers in a roll-milt the room
window suitable for the investigation of thetemperature and the obtained paste was curedhota
electrochemical oxidation processes, theghemical press at 80 ° C for 40 minutes. Simultaneouslynthéerial
inertness, low cost and suitability for vari@ensing and was shaped in a plate of 1 mm thickness. The pla®

2. Experimental
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slowly cooled down (for about 12 h) to the roommumber of scans, while the cathodic current renshine
temperature without removing the applied pressiell/]. constantly. Also, it can be seen that the degreahef

Plates with a surface area of 4%cwere cut from the electrode fouling is influenced by the scanningediion.
composition and put on glass supports. Electricaltacts Cathodic scanning direction favorized the oxidation
were made using a silver paint. The electrode walsted process of 2,4-DNP, and the reducing degree oatioglic
on the sides by epoxy resin. Prior to use, thiskiagr peak was diminushed.
electrode was gradually cleaned, first polishadth
abrasive paper and then on a felt-polishing padusing
0.03 um alumina powder (Metrohm, Switzerland) in
distiled water for 5 minutes, followed by rinsingith
distilled water.

The electrochemical performances of this electrode
was  studied by cyclic voltammetry (CV), “
chronoamperometry (CA), and multiple-pulsed
amperometry (MPA). Subsequently, an electrochemical
pretreatment by three repetitive cyclings betwe@® v to
1.3 V vs. Ag/AgCl in 0.1 M Ng50, supporting electrolyte
was performed. Chronomaperometric measurements were
performed at +1.25 V vs. Ag/AgCl, while for multépl
pulsed measurements three schemes in relation thvth
level number, the applied potential and time weagied
out.

2,4-dinitrophenol and sodium sulphate were anaitic
grade from Merck, and the solutions were freshpared
with double-distilled water.
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3. Results and Discussion
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In Figures la and 1b are presented the cyclic
voltammograms of the EG-CNF-Epoxy composite
electrode behavior in the presence of 0.2 mM 2,420N
relation with the scanning direction. It can bdicexd that
in the presence of 0.2 mM 2,4-DNP the anodic cdrren
increased starting with the potential value of ®.8vs.
Ag/AgCl, near to the oxygen evolution range. AtstRi4-
DNP concentration, even the anodic current incictase
|Im|tlng current appeared. It can be noticed thaitig Figure 1. Cyclic voltammograms &G -CNF —Epoxy electrode in 0.1 M
with the second CV the peak -current decreasedNa,So,supporting electrolyte(curve 1) and in the presesfd@2 mM

substantially, which is due to th? electrode foglifin 2,4-DNPat the scan rate of 0.05 V-s-1: curve 2-4caurve 3-scan 2;
general, the electrode fouling is due to a complex curve 4-scan 3; start potential: 0 V vs. Ag/AgQitgntial

mechanism of phenols oxidation on carbon basedange=05 - +13V — -05/ vs. Ag/AGCI, scanning in cathodic
electrodes, which involves both the adsorption of direction @:-05v +1-§",V I ‘?-5V o Ag/AgCl, scanning in
reactant/intermediate or final oxidation productsl ahe anodic direction (b).
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formation of a passive, nonconductive layer of afigpr
products of oxidation process on its surface [11].

TABLE 1. Voltammetric parameters of the electrochemical
oxidation of 0.2 mM 2,4-DNP at EG-CNF-Epoxy composite

addition, an increasing of the cathodic currenthimit gectrode, for the potential range of
potential range starting with about -0.3V vs. AglAgvas - 05v _, +1.3V - —05V vs. Ag/AgCl
noticed. The cathodic current could be owed to the _
presence of the polymer of aminophenol formedcanning| Scan RAf]ggicc'”g dcégg;%gi’/g) E(V)
cathodically. This polymer resulted from 2,4-DNPléss | direction | number| = current | Anodic | Chatodic
stable than the polymer resulting from mono-subtsti 1 - - +1.23 -05
nitrophenol, and can be further oxidized and miliexd | Cathodic 2 31.22 +1.23 -05
[18]. 3 49.53 +1.23 -0.5

In Table 1 are presented voltammetric anodic and .. % 37.60 :igg :8:2
cathodic parameters for the both anodic and cathaodi 3 52.86 +1.23 -05

scanning direction. The cathodic current was meabkat -
0.4 V vs. Ag/AgCI, because at this potential octiue
nitrophenol derivates reduction at aminophenol \dgeis
[19]. In these conditions of concentration and iyl the
anodic peak current decreased with the increasintneo

In order to elucidate some aspects of the mechanism
of the 2,4-DNP oxidation process on EG-CNF-Epoxy
composite electrode in 0.1 M p&O, and in the presence
of 0.2 mM 2,4-DNP, the effect of the scan rate be t
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anodic peak current of the first CV was measurelde T 008
linear proportionality of the anodic current recenldat +1.1

V vs. Ag/AgCIl with the square root of the scan rate .
obtained for all tested electrodes indicated cdrityomass oosd . 0.8mM
transport [16]. No intercept at O suggested that th R
adsorption steps and specific surface reactionnmanbe
neglected (Figure 2a). The oxidation process ofl\WP is
irreversible due to the lack of a cathodic peak 0.04 1
corresponding to the anodic oxidation peak. Howetrex
cathodic current increased at the potential vafugbout -
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Figure 3. Chronoamperogram of EG-CNF-Epoxy eleariod).1 M
030 Na,SQO, supporing electrolyt and in the presence of differ2,4-DNP

] concentrations E= +1.25V vs. Ag/AgCI. Inset: therent density
0.25 variation vs. 2,4-DNP concentration.
0.20 4

Figures 4- 6 show the results of MPA application
under the conditions presented in Table 2.
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Figure 2. Cyclic voltammograms of the EG-CNF-Epejsctrode in 0.1

M Na,SO; solution and 0.2 mM 2,4-DNP at different scan ratesve 1-
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Figure 4. Multiple-pulsed amperograms (MPA) of E@®-CNF-Epoxy
Based on above — presented CV results, EG-CNFgiectrode in 0.1 M supporting electrolyte and ia giiesence of different

Epoxy electrode was tested for the electrochemical2,4-DNP concentrationsgaion= +1.25 V vs. Ag/AgCI (curve 1) and
detection experiments of 2,4-DNP using CA and MPAEceaning +1.5 V' vs. Ag/AGCI (curve 2)sficaion = 0.05 S @nthitaning= 0.15
techniques These experiments were carried out by s. Inset: the current density variation vs. 2,4-Di¢Rcentration.

Duise amperomelry technidie was applied Underrdifls 1N FIgure 4 s presented the resuls of MPA apmyi
under the concentration range and the detectiotenpal

conditions gqthered N Tab_le 2, and the reSUItSeWersimilar with CA. The difference consists in the Bqgtion
compared with those obtained by chronoamperometE}f . L : oo
technique. a higher oxidation potential for the purposeiatsitu

electrochemical cleaning of the electrode. The iapfbn

TABLE 2. The protocol of multiple-pulse amperometry technique of this cleaning condition did not improve the ¢tede

application perf_ormance, beca_use at 0.4 mM_ _234-DNP the eleetrod
fouling occured, without the possibility of reaate the
Potential Time electrode surface under the operating conditions.
Scheme Level number | ys_ ag/agcl) (s) The better results concerning the detection of 2,4-
MPA | | — oxidation +1.25 0.05 DNP were obtained when it was applied a cathodic
Il - cleaning *15 0.15 potential, about -0.5 V vs. Ag/AgCl as cleaning gtial
| — oxidation +1.25 0.05 . L - .
MPA I I~ cleaning 05 015 (Figure 5). In these conditions, it was obtainedinear
| — oxidation +1.25 0.05 dependence of the current densities recorded abAlvs.
MPA Il Il - cleaning +1.5 0.15 Ag/AgCl vs. 2,4-DNP concentration.
[l -_conditioning -05 0.15 Figure 6 presents multiple-pulsed amperograms

obtained in the case of the 3 levels scheme andntbe
In Figure 3 is presented the chronoamperografibticed that the electrode did not fouling and an
obtained for EG-CNF-Epoxy electrode at E=+1.25 V vSmprovement of the oxidation process rate occuriite
Ag/AgCI. It can be noticed that in the presenc® @& mM  calibration plots presented in Figure 7 showed libtter
2,4-DNP the electrode fouling occured. sensitivity for 2,4-DNP determination.
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Figure 5. Multiple-pulsed amperograms (MPA) of E@-CNF-Epoxy
electrode in 0.1 M supporting electrolyte and ia itesence of different
2,4-DNP concentrations;oBaion= +1.25 V vs. Ag/AgCI (curve 1) and
Ecieaning= -0.5 V vs. Ag/AgCI (curve 2)ptigaion= 0.05 s and

teleaning= 0.15s.
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Figure 6. Multiple- pulsed amperograms (MPA) of E@-CNF-Epoxy
electrode in 0.1 M supporting electrolyte and ia giesence of different
2,4-DNP concentrations;ofgaio— +1.25 V vs. Ag/AgCI (curve 1),
Ecieaning= +1.5 V (curve 2), Rnditioning= -0.5 V vs. Ag/AgCI (curve 3);

tox\dation =0.05 S&eaning: 0.15 S, L{mditioning:o-:l-5 S.

y= -0.12+1.44x
R=0.98 -
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Figure 7. The current densities variation vs. 2MFDOconcentration:
Eoigation= +1.25 V vs. Ag/AgCI (curve 1),dganing= +1.5 V (curve 2),
Econditioning: -0.5Vvs. Ag/AgCI (CUrVe 3);))Ldalion= 0.05 chteaningz 0.15 s,
tconditioning:o-:l-s S.
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TABLE 3. The electroanalytical performance of EG-CNF-Epoxy
for 2,4-DNP determination using CA and MPA techniques

The electrode sensitivity

Electrochemical technique (MA cm2 mM)
*

CA
MPA | *
MPA Il 0.12
MPA Il 144

* no linear dependence of current density with 2,4PDébncentration
increasing

4. Conclusions

This study showed the applicability of EG-CNF-
Epoxy electrode for the determination of 2,4-dwyptnenol
in aqueos solution.

The mechanism of the oxidation process of 2,4-DNP
studied by CV indicated that the oxidation prodsssass-
transfer controlled, and adsorbtion process can bt
neglected.

CV results allowed to propose a detection protacol
relation with the levels number and the potentgbleed.
The potential values were selected based on thee€Mts,
which informed about the ocurrance of the reducing
process within the cathodic potential range.

Even if CA is the simpliest detection techniquesah
not be applied for the EG-CNF-Epoxy electrode beeanf
the electrode fouling. Using MPA, which involvedeth
reduction process allowed to detect 2,4-DNP at BGC
Epoxy electrode with good sensitivity. Applying MR¥ith
three levels of detection, including cleaning byidexion
and conditioning led to the enhancement of the
electroanlytical performance of EG-CNF-Epoxy eled&
for the quantitative determination of 2,4-DNP.
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