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Abstract

The goal of this study was to propose an electnoaoted sensor for Paracetamol
determination. To reach this objective, a grapéiéetrode (GE) was modified with iron
oxides, and it was tested in an alkaline aqueoligtign, in order to appreciate its
electrocatalytic properties towards paraacetylaptenol anodic oxidation. The
graphite electrode modification was performed, infirat step, by potentiostatic
deposition of an iron film at -1 V/SCE, in an aqusaolution of 0.04 M Fe (N +
0.15 M KNG, followed, in a second step, by cyclic voltammetryan aqueous solution
of 0.1 M sodium hydroxide, at 25 °C. The modifiddcedode was characterized by
means of scanning electron microscope coupled t&@AX X-Ray micro-analyser.
Paraacetylaminophenol determination by means efrtbvel sensor was instantaneous
in an alkaline solution. The performance of thisnsse was obtained in the
concentration range from 13 ppm to 320 ppm, wislemsitivity of 1.6x1OuA mol? L.

Keywords. Electrocatalytic oxidation, iron oxides, paraatatyinophenol, cyclic
voltammetry, potentiostatic polarization, electrextfical sensor.

Introduction

Paracetamol, acetaminophen or paraacetylaminoplaeaohe names of a widely
used drug that is the active ingredient of manyioweal specialties; it carries out
phenol and amide functions. It is recommendedHerdymptomatic treatment of
fever and low to moderate pain. The developmena cimple and affordable
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rapid dosing technique of this medication is a B8sitg. Electrodes
electrochemical modification to manufacture sensioas meet the requirements
of the above mentioned dosing is a new techniqaehyiused by several authors
during the last years [1-2]. The modified eleca®dave, in addition to the
electrocatalytic detection, many other uses, such fael cells [3],
electrochromism [4-6], solar cells [7-9] and othef$ie numerous graphite
properties and advantages, such as good eleatoaaluctivity, wide abundance
and low cost, make it preferable among the matepéichoice as substrates in
the manufacture of high performance electrochensieakors [10]. The literature
on the manufacture of such electrochemical sensomntions many
electrocatalytic materials, such as conductive el [11-13], complexes [14]
and transition metal oxides; among the latter,ehame those based on copper
[15-16], cobalt [17-18], nickel [19-22], zinc [2#P manganese [25], iron [26-
28], or alloys of these metals [29-32]. The preseoicthe oxidized form of the
foregoing inorganic materials in the electrochemgznsor provides an intense
electrocatalytic performance [33] capable of oxlz several organic
substances, such as amino acids [34-37], sugar89Band alcohols [40-42].
Several studies have developed coated graphitér@tbemical-based sensors
from different materials capable to dose paracetfh3s44].

In this work, a graphite electrode has been couaiiglll an iron oxide, and has
been used as an electrochemical sensor for panagletalectrocatalytic
oxidation, in an alkaline medium. This sensor hasdgreproducibility, very
short response time (instantly) and a detectiort finthe ppm order.

Experimental

Materials and reagents

Iron (lll), nitrate (Fe(NQ)s), potassium nitrate (KN§) and sodium hydroxide
(NaOH) used in this work were of analytical graded were purchased from
Sigma Aldrich manufacturer. These reagents wered usghout further
purification. The paraacetylaminophenol solutionswarepared from a drug
manufactured by Merinal laboratories. All solutiomere prepared with distilled
water, without removing dissolved oxygen. Electeical studies were realised
in a three-electrode cell powered by a Versastai8emnPotentiostat/Galvanostat,
controlled by Versa-Studio software. Along this Worwe have used a
Hg/HgClo/saturated KCI aqueous solution as reference eldetr(SCE)
(Radiometer, XR 110), a filiform platinum electro(fadiometer, XM 110) as
auxiliary electrode, and a disk shaped graphiterorilectrode of 6 mm in
diameter, as working electrode. All studies wengied out at 25 + 0.2 °C.

Electrode modification

GE was polished to a mirror finish before each rhcdiion by means of a
polishing machine (Mercapol B), with 0.3 um alumiaad rinsed several times
with distilled water. Metallic iron deposition orhd graphite electrode was
performed by potentiostatic cathodic reduction nfagueous slurry of 0.04 M
Fe(N&)s and 0.15 M KNQ@ This reduction was achieved with
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chronoamperometry method, by applying a potentialloV, for 100 s. After
this, the electrode was removed from the ferriergluthoroughly washed with
distilled water, and transferred into a bath contey an aqueous solution of 0.1
M NaOH; several potential scans were applied frarb V to + 0.6 V, at a scan
rate of 0.05 V.3, in a cyclic voltammetry regime, to oxidize the irdihm
previously deposited on the graphite electrode.

It is important to visualize and analyze the suuetand the morphology of the
modified electrode. This characterization was realiby a SEM Microscope
(type Quanta 400 MK2, FEI brand), coupled to an AD X-ray micro-
analyzer, and equipped with a secondary electreectte (SED), a backscattered
electron detector (BSED), an “EDAX” X-ray detectand two video screens
with “Quanta, EDAX Genesis GSR” software.

Results and discussion

Surface characterisation

Electrochemical characterisation

Fig. 1 shows the chronoamperogram recorded durimg potentiostatic
polarization at -1 V, of the graphite interface®.M Fe(NQ)s: and 0.15 M
KNO:s.
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Figure 1. Chronoamperogram of metallic iron electrodeposition the graphite
electrode, at -1 V, in an aqueous slurry of 0.0E&ING)z and 0.15 M KNQ, at 25 °C.

It consists of a sharp branch attributed to thetetedouble layer discharge and
to two-time intensity characteristics which canib&rpreted by the following
mechanism:

F?éaq +e&~ F82+aq (1)

FZéaq + 2e = Feuds (2)
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Fig. 2 shows the curve of the first derivative,hwieéspect to time, of the previous
chronoamperogram.
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Figure 2. Graph of the first derivative, with respect to ¢imof the previous
chronoamperogram.

From Fig. 2, one distinguishes a steep peak located= 4 s, and another peak,
more spread out, corresponding to the beginningthef second reduction
reaction, which took place betweer 89 s andst= 300 s times. The integration
of the chronoamperogram between=t 4 s and s+ 300 s times gives an
electricity quantity (Q = 50QC cm?), which corresponds to a recovery rale=(
79.6%) of the graphite electrode surface. Indeesilinple calculation based on a
Fe atomic radius of 156 pm shows that, for a disaped electrode of 3 mm in
radius, the maximum amount of electricity correspog to a monolayer is 628
uC cni?,
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Figure 3. Graph of the second derivative of the previousowbamperogram, with
respect to time.
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Fig. 3 represents the second derivative of thergfamperogram versus time; it
shows the existence of an inflection point.at 49 s. This change in concavity
of the chronoamperogram is an indication that aomecreduction reaction

occurred in the cathodic process.
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Figure 4. Voltammograms of Fe(Okly/ Fe(OH}» son Fe/C/0.1 M NaOH electrode, at
100 mVst, at 25 °C.

Fig. 4 represents 10 consecutive cyclic voltammmgrarecorded at the
Fel/graphite electrode/0.1 M NaOH interface; it ngportant to note that the
steady state of the electrode was achieved atittsteci/cle; the almost perfect
overlapping of the consecutive voltammograms atesthe high stability of the
modified electrode. Two well-defined peaks locatedund -0.690 V and -1.088
V were attributed to the reversible Fe(QiE(OH) system. The formation of
iron oxides on the electrode surface can be indgedr by the following
mechanism:
* In a first step, during OCP measurement of Fe/CNl.INaOH, iron
adatoms are chemically oxidized by dissolved oxygatording to the
following equation:

Feadst ¥2 Oz, ag+ H201 = Fe(OH), s 3)

* In a second step, during cyclic voltammetry pokitan, in the anodic
direction, from -1.6 V to 0.6 V, the reversible @len transfer reaction
occurs, as in the following equation:

Fe(OH), s+ OH aq = Fe(OH}, s+ e 4)
Fig. (5a)shows the anodic and cathodic peak currents ofaries increase, by
increasing the potential sweep rate in the rang® 10 to 90 mV ¢, in a 0.1 M
NaOH solution The peak potentials shifted to more positive &salun the anodic
direction, and to more negative values in the dadthodirection. These
observations are in good accordance with the oaa@mulation on the surface
electrode. Figs. (5b and 5c), respectively, shoat #nodic and cathodic peak
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currents are directly proportional to the scan maitential, confirming that iron
oxides adsorbed onto the surface electrode.

Another point observed in Fig. (5 a) is that thekpeo-peak separation, even at
slow potential sweep rates, has a finite values Heiviation of the redox process
from the ideal surface redox process, appearing avéow scan rates, may be
attributed to the limitations associated to chamepagation in the film,
chemical interaction between the ions and the maxdilm, polarizability of the
ions influencing its penetration in or out of thienf or to non-equivalent sites in

the film.
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Figure 5. (a) Cyclic voltammograms of iron oxides modified graphelectrode in
NaOH 0.1 M, at different potential sweep rates 6f100.03; 0.05; 0.07 and 0.09 ¥.s
Inset:variation of(b) anodic andc) cathodic current intensity with scan rate poténtia

SEM analysis

The surface of the graphite electrode modified waithiron oxide was analysed
by scanning electron microscopy (SEM). Fig. 6a shdwe SEM image for the
modified electrode.
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Figure 6. SEM micrograph (a) and EDS analysis (b) of the ifiextielectrode.
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The examination of this figure allowed us to obsethie existence of a light
contrast. This was due to the more massive iromgwhe dark section was due
to the graphite electrode. The SEM image reveaés fbrmation of large
crystallites. The dark lines show the grain bouiedar

The presence of both iron and oxygen in the matdliélectrode was revealed by
Energy Dispersive Spectroscopy analysis (Fig.6b)typical EDS spectrum
indicates that the modified electrode contains @ayloxygen, and iron. Carbon
presence in the modified electrode was due to thghite electrode initially
used.

The average composition of the modified electroden ke quantitatively
estimated. Around 72% O / 28% Fe were found. Ila fbture, further
investigations will be made. For example, by X-rBijffraction (XRD), to
determine the crystalline structure of the crygesl

Paracetamol electro-oxidation

Fig. 7 includes paracetamol oxidation voltammogramgshe modified graphite
electrode with iron oxides in 0.1 M NaOH. This figushows an anodic peak
located at about 50 mV, which increases with therease in Paracetamol
concentration in the electrochemical cell. Thig@ase is followed by a decrease
in the intensity of the corresponding cathodic peak
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Figure 7. Voltamperograms recorded during paracetamol oxadaton graphite
modified with iron oxides, in 0.1 M NaOH, at 0.1 $4, at 25 °C. Insetcalibration

curve for paracetamol oxidation in the range fro&g68umol/L to 3.0 mmol/L (see
Table 1).

The following mechanism interprets well the oxidati process of
paraacetylaminophenol, in an alkaline medium.
30, .4+ 4F€( OH), - 4FeQ, +8H+ 2H Q (5)

+

v
4FeC},,, + Paracetamol. 4 Fg Of_+ Oxidtion prodt (6)
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Tablel. Comparison of results for the iron oxides/G sensith those found in the
literature, for paraacetylaminophenol detectioanralkaline medium.

Electrode Linear range Limit of detection Ref.
(umol.LY (umol.LY

Microfluidic paper-based - 25.0 [45]

screen-printed electrodes 2.5to0 1000.0 0.1 [46]

Screerprinted carbon eltrode: Upto 0. 13.C [47]

GO/GCE 0.05t0 1 4910 [48]

Iron oxides/( 88.6 to 300. 13.C This work

Conclusion

The development of a new graphite electrode matlifv@h iron oxides allowed
us to successfully dose commercial paraacetylarheogl in an alkaline
solution of pH 12. We suggest F€Qc as a mediator for
paraacetylaminophenol catalytic oxidation. In addit the proposed mechanism
explains well the constancy of anodic and cathgdiaks of the Fe(OHY Fe
(OH)2 couple. This electrode showed good reproducibibtyd very short
response time. Paraacetylaminophenol dosage wésrmped with a detection
limit of 13.0 pmol/L, and a sensitivity of Xx60* pA mol! L.
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