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This paper reports on the determination of the pesticide fenitrothion using a glassy carbon electrode
modified with silica-coated, multi-walled, partially oriented carbon nanotubes, SiO,/MWCNTSs,
containing ruthenium phthalocyanine (RuPc) synthesized in situ. The hybrid SiO,/MWCNTs/RuPc
material was characterized by UV-vis absorption spectroscopy, X-ray photoelectron spectroscopy (XPS),
scanning electron microscopy (SEM), high-resolution transmission electron microscopy (HR-TEM) and
differential pulse voltammetry. The modified electrode showed well-defined peaks in the presence of

Ic?;n‘;vot)rgist:es fenitrothion in acetate buffer, pH 4.5, with a sensitivity of 0.0822 pA pM~! mm~2 and a detection limit of
Namitmctures 0.45 ppm. Notably, the modified SiO,/MWCNTs/RuPc electrodes with did not suffer from significant

influences in the presence of other organophosphorus pesticides during the determination of the

Sol-gel chemistry
fenitrothion pesticide. Moreover, this modified electrode showed excellent performance in the

Electrochemical measurements

Catalytic properties

determination of fenitrothion in orange juice.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Pesticides are a class of chemical compounds widely used to
combat insects and pests in agriculture and are occasionally
employed for the residential pest combat. Despite the fact that only
a small quantity of the applied pesticides, less than 0.5%, are
actually absorbed by plants, they have a direct influence on the
development of ecosystems [1]. It is very important to highlight
that most pesticides are water soluble and highly toxic and
therefore may indirectly contaminate aquatic organisms and
humans.

Among the different classes of existing pesticides [2] organo-
phosphate pesticides (OP) receive a considerable amount of
attention as they are commonly used for combating pests in
different types of crops and are known to be extremely harmful to
the nervous system of humans. It has been reported that the
toxicity of organophosphorus pesticides in humans is related to the
P=0 bonds forming adducts with molecules and metabolites [3].
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Fenitrothion, (0,0-dimethyl O-(3-methyl-4-nitrophenyl) phos-
phorothioate, is an organophosphate pesticide widely used to
combat pests in many countries worldwide [4,5]. Fenitrothion is
considered highly toxic and is part of what is known as the ‘Red
List’ of pesticides according to the UK Environmental Agency [6].
Therefore, the quantification of fenitrothion pesticide in the
environment and particularly in food is extremely important to
help avoid associated health problems for humans.

Different analytical techniques [7-10] that require highly
skilled labor and the pre-treatment of samples are sometimes
used to quantify fenitrothion. Alternatively, electroanalytical
techniques are used, as they do not always require sample pre-
treatment processes as the pesticide analysis is performed using
different types of modified electrodes [11-13].

Based on this contextual background, the development of
hybrid materials for use in electrochemical sensors has generated a
significant amount of interest due to the possibilities which may be
realized from combined elements compared to separate materials
[14,15]. Among the hybrid materials which have generated
significant interest in this regard are materials based on the
combination of silica base and carbon allotropes (carbon nano-
tubes and graphene species), as the resultant hybrid may offer
enhanced properties such as robustness, high chemical and


http://crossmark.crossref.org/dialog/?doi=10.1016/j.materresbull.2015.12.007&domain=pdf
mailto:tccanevari@gmail.com
http://dx.doi.org/10.1016/j.materresbull.2015.12.007
http://dx.doi.org/10.1016/j.materresbull.2015.12.007
http://www.sciencedirect.com/science/journal/00255408
www.elsevier.com/locate/matresbu

42 T.C. Canevari et al./Materials Research Bulletin 76 (2016) 41-47

1.0
312 nm SiO2/MWCNTs/RuPc

g 626 nm
&
< 0.5
) 387
‘g " 570 nm
Ka}
<

0.0

300 400 500 600 700
Wavenumber (nm)

Fig.1. UV-vis absorption spectrum of SiO,/MWCNTs/RuPc hybrid material in nujol
(mineral oil).

mechanical stability, high reactivity due to varied functionality and
unique properties related nanoscale structure. The different
functional groups offered by these hybrids could facilitate
interaction with other species with a view to improving the
sensitivity and selectivity of electrochemical sensors.

Metal phthalocyanines (MPc) are macrocyclic compounds with
T structure which are employed for practical use in several areas
[16-21]. In particular, MPc have been used in the development of
electrochemical sensors due to their excellent redox properties
[22-25]. One MPc that has attracted significant research interest is
phthalocyanine ruthenium (RuPc), due to its excellent catalytic
properties [26].

With this in mind, this manuscripts reports on the development
of an electrochemical sensor with a view to the quantification of
fenitrothion in orange juice. The sensor design was based on the
initial synthesis of hybrid silica and multi-walled partially oriented
carbon nanotubes (Si0,/MWCNTs), which in-turn facilitated the in
situ synthesis of phthalocyanine ruthenium.

2. Experimental
2.1. Reagents

All of the reagents used were of high purity: Multiwalled carbon
nanotubes (Aldrich), tetraethyl orthosilicate, Tetraethyl orthosili-
cate (TEOS) (Aldrich, 98%); ruthenium acetate (Aldrich), fenitro-
thion (Aldrich), malathion (Aldrich), chlorpyriphos (Aldrich),
ascorbic acid (Aldrich) dimethylformamide (DMF), ethanol
(Aldrich 99.9%) and HF (Synth, 47%). A 0.1 molL~! pH 4.5 acetate
buffer solution was prepared in ultrapure water. All other aqueous
solutions were also prepared with ultrapure water.

2.2. Preparation of SiO,/MWCNTs hybrid material

The hybrid SiO/MWCNTs material, containing 20wt.% of
carbon nanotubes was prepared according to the procedure
described in Ref. [27] with some modifications. Briefly, a solution
of TEOS (0.0225 mol) and ethanol 1/1 (v/v) was prepared and left to
mix for 20 min, after which 2 mL of H,O was added and the solution
was stirred for a further 5 min. Then, 0.9 g of multi-walled carbon

Table 1
Summary of binding energy (eV) of Ru3ds;, N 1s, C 1s, O 1s and Si 2p components of
SiO2/MWCNTs/RuPc hybrid material.

Sample Cls Ru 3ds), Si 2p O 1s N (nitrogen)
SiO,/MWCNT/RuPc 285.0 279.3 103.5 530.2 397.5

287 283.1 - 532.2 399.3

289.8 - - 533.7 402.2

nanotubes were added to the mixture and the solution was stirred
for another 5min. Finally, 0.5 mL of hydrofluoric acid (47%) was
added and the mixture was sonicated until gel formation was
observed. The fresh gel was left to rest for 10 days at room
temperature to complete the sol-gel process. After this time, the
formed xerogel was finely ground and the powder was washed
with ethanol in a Soxhlet extractor for 1.5 h, before being subjected
to heat treatment at 323.

Then, the hybrid SiO,/MWCNTs material was subjected to acid
treatment by dispersion in a 1:3 acid solution of H,SO4/HNO3
followed by reflux for 12 h. This type of acid treatment promotes
the formation of functional groups, namely carboxyl, hydroxyl and
ester groups, which would favor the incorporation of other species
on the surface of the carbon nanotubes.

2.3. In situ synthesis of ruthenium phthalocyanine on the SiO,/
MW(CNTs hybrid material

The ruthenium phthalocyanine (RuPc) was synthesized in situ
on the previously functionalized hybrid material according to the
following procedure: [28] 1g of the hybrid material (SiO,/
MWCNTs) was dispersed in 10 mL of aqueous ruthenium acetate
(1x10~2mol L") and placed in a water bath set to 363K, until
complete evaporation of the solvent was achieved. This step serves
to incorporate the ruthenium in the SiO,/MWCNTs through
associations with the silanol groups and even more so with
carbon nanotubes, due to their higher functionality. These
functional groups favor ion exchange reactions with the ruthenium
acetate and form SiO,/MWCNTs/Ru. Then, 500 mg of the newly
formed SiO,/MWCNTs/Ru was mechanically mixed with phthalo-
nitrile in a 1:4 ratio. This mixture was placed in a glass ampoule
which was submerged in a 473 K silicone bath for 2 h under slow
rotation. These conditions led to the condensation of phthalonitrile
and the formation of ruthenium phthalocyanine (RuPc). The newly
formed ruthenium phthalocyanine, named SiO,/MWCNTs/RuPc,
was then washed with ethanol in a Soxhlet extraction system to
remove any residual phthalocyanine that had not adsorbed on the
material.

2.4. Preparation of the modified glassy carbon electrode

The glassy carbon electrodes (GCEs) were subjected to
electrochemical treatment prior to surface modification, which
consisted of several cyclic voltammetry measurements in 0.1 M
H,S0,4 over the potential range of —0.5-1V. Then, modification of
the electrodes was achieved by adsorbing a film from a
dimethylformamide (DMF) solution which contained 1mg/mL
hybrid materials of SiO,/MWCNTs or SiO,/MWCNTs/RuPc. The
films (either SiO,/MWCNTSs or SiO>,/MWCNTs/RuPc) were prepared
by the addition of a 9L drop of the DMF solution onto the
electrode surface followed by solvent evaporation over approxi-
mately 4 h at room temperature.

2.5. Apparatus

The UV/vis spectrum of SiO,/MWCNTSs/RuPc was obtained from
a JASCO spectrophotometer. The hybrid material containing
ruthenium phthalocyanine in powder form was dispersed in
mineral oil (Nujol) and the mixture was placed between two quartz
plates.

XPS was performed in a VSW HA 100 spectrometer equipped
with a hemispherical electron analyzer, using an Al anode as the
X-ray source. The correction of the binding energies for charge was
obtained using the reference Si 2p line from silica.

Field emission gun scanning electron microscopy (FEG-SEM)
of  SiO/MWCNTs/RuPc  was  performed in a  FEI
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Fig. 2. (a) SEM image of SiO,/MWCNTs/RuPc hybrid material obtained by secondary
electrons and (b) SEM image of SiO,/MWCNTs/RuPc hybrid material obtained by
backscattering electrons.

Magellan—400 microscope equipped with a high-resolution
secondary electron and backscattering detector.

High resolution transmission electron microscopy (HR-TEM)
was realized by a FEI TECNAI G? F20 microscope operating at
200kV.

The electrochemical measurements were performed in a
potentiostat—-galvanostat (PGSTAT-302 model) using a convention-
al electrochemical cell with a working electrode, reference
electrode (Ag/AgCl) and counter electrode (Pt) in acetate buffer
0.1 mol L™, pH 4.5, at room temperature. All measurements were
conducted under an inert atmosphere.

3. Results

3.1. Spectroscopic characterization of the SiO,/MWCNTs/RuPc hybrid
material

The UV-vis spectrum of the hybrid material containing
ruthenium phthalocyanine (SiO/MWCNTs/RuPc) was obtained
to confirm the formation of ruthenium phthalocyanine and to also
show the interaction between the phthalocyanine hybrid material
and SiO,/MWCNTs, which can be observed from the existence of B
(Soret) and Q bands (Fig. 1).

The B band usually appears between 300nm and 350nm
depending on the type phthalocyanine formed as well as the type
of solvent [29,30]. The band B (Soret) refers to electron transfer
between the frontier HOMO-LUMO orbitals and the aromatic
structure of phthalocyanine, ie. between the orbitals with
symmetry a,u and eg [31]. The Q-band, which is usually
accompanied by a vibrational component, occurs between
500 and 720nm [32]. This Q-band refers to the electronic
transition between orbitals a;u and eg. Thus, the formation of
ruthenium phthalocyanine (RuPc) in the hybrid material SiO,/
MWCNTs is confirmed by the presence of the B bands around
312 nm and the Q band around 626 nm. The band which appears at
570 nm is related to the vibrational component of the Q-band (due
to charge transfer processes, and dimer formation) and the band
that appears at 348 nm is most likely due to the - interactions
between the SiO,/MWCNTs hybrid and RuPc [33-35].

The chemical composition of the hybrid material SiO,/MWCNTSs
containing ruthenium phthalocyanine (RuPc) and the nature of the
chemical bonds were studied by X-ray photoelectron spectroscopy
(XPS). Table 1 shows the binding energy (BE) values of the
components Ru 3ds;;, N 1s, C 1s, O 1s and Si 2p, obtained from the
deconvolution of the spectra (Supplementary data).

The binding energy value for the Ru 3d component at around
279.3 eV is indicative of the presence of ruthenium atoms in the Ru
(I1) oxidation state. Compared with free ruthenium phthalocyanine
(BE of approximately 281eV), the ruthenium phthalocyanine
hybrid material prepared in SiO,/MWCNTs has a lower BE value,
possibly due to electron transfer between the MWCNTs and RuPc.
The other binding energy value recorded for the Ru 3d component
at around 283.1eV, is probably due to the presence of small
amounts Ru(IV) [36].

The N 1s component displays three different binding energy
values of 397.5, 399.3 and 402.2eV. The BE observed around
397.5eV corresponds to the C—N bond of the phthalocyanine
pyridine ring, the BE at approximately 399.3eV most likely
corresponds to the N of the pyrrole ring and the energy observed
at402.2 eV can be assigned to N=C double bonds in the structure of
phthalocyanine [37,38].

The carbon spectrum deconvolution showed different binding
energy values for the component C 1s. These different BE values
correspond to different functional groups on the carbon nano-
tubes, which formed mainly due to the exposure of SiO,/MWCNTSs
to acid treatment (HNOs/H,SO,4) during the preparation steps. The
BE observed at 285.0eV can be assigned to the presence of sp?
carbon from aromatic poly structures and the presence of sp>
carbon in the aliphatic structures. The BE at approximately 287 eV
corresponds to the quinone C=0 groups and the peak observed at
approximately 289.8 eV corresponds to C—0OO~ from carboxylic
and ester group [39]. We hypothesize that the differences observed
for the C 1s BE is due to synergistic effects between the MWCNTs,
SiO, and ruthenium phthalocyanine.

Deconvoluted oxygen spectra also displayed different binding
energy values for the O 1s component. These different BE values
observed at around 530.2 eV, 532.2 eV and 533.7 eV correspond to
oxygen being present in a variety of chemical environments,
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Fig. 3. (a) HR-TEM micrographs with different size and (b) EDX spectrum of SiO,/MWCNTs/RuPc hybrid material.

which in-turn confirms the presence of different functional
groups, such as hydroxyl (—OH), esters and anhydrides [39]. The
presence of these oxygen containing functional groups can be
attributed to the acid treatment given during hybrid material
preparation.

The BE of the Si 2p seen at 103.5 eV is indicative of the formation
of silica

3.2. SEM and HR-TEM analyses

The morphological study of the hybrid material containing
ruthenium phthalocyanine, SiO,/MWCNTs/RuPc, was carried out
through scanning electron microscopy (SEM) using secondary
electrons (Fig. 2a) and backscattered electrons (Fig. 2b).

Fig. 2a shows that MWCNTSs that were physically incorporated
into the silica matrix were partially oriented. This orientation
makes the highly reactive nanotube ends more available than if
they were randomly distributed, which in-turn favors the
anchorage of ruthenium phthalocyanine. The partial orientation
should contribute to a significant improvement in the electro-
chemical properties of the hybrid material. Fig. 2b, obtained using
backscattered electrons, shows the differences observed in the
composition of the SiO,/MWCNTs/RuPc hybrid material. The very
bright dots, which point to the presence of ruthenium phthalocy-
anine, can be clearly observed throughout the material, especially
on the carbon nanotubes. Ruthenium phthalocyanine shines
comparatively bright as ruthenium atoms have the highest atomic
number compared to the other elements present in the hybrid, and
thus absorb larger amounts of radiation.

The micrographs shown in Fig. 3a and b show the microstruc-
ture of the hybrid material obtained using HR-TEM in bright field
and dark field and the associated energy dispersive X-ray spectrum
(EDX). As can be seen, the HR-TEM micrographs and EDX analysis
confirmed the incorporation of MWCNTs in the silica matrix and
the formation of the ruthenium phthalocyanine in the hybrid SiO,/
MWCNTs material, which is consistent with the SEM images. The
copper peak observed in the EDX spectrum is due to the copper
grid used in HR-TEM analyses.

Ru3T/Ru2*

i -4 Ru2+/Ru+
— -5 MPc*/MPc”
-6 ——GCE bare
—— Si0,/MWCNT/GCE
=7 —— Si0/MWCNT/RuPc/GCE
12 -1.0 08 -06 -04 -02 0.0
E/V vs Ag/AgCl

Fig. 4. Differential pulse voltammograms of the glassy carbon electrode (GCE), the
Si0,/MWCNTs modified electrode and the SiO,/MWCNTs/RuPc modified electrode

in 0.1 M acetate buffer (pH 4.5); potential range to 0V to —1.2V, scan rate 20 mV's~ .
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Fig. 5. Electrocatalytic study of fenitrothion pesticide using the (a) SiO/MWCNTs/
RuPc/GCE electrode (b) SiO,/MWCNTs/GCE electrode and (c) GCE electrode using
differential pulse voltammetry in 0.1 M acetate buffer (pH 4.5) and a scan rate of
20mVsL.

3.3. Electrochemical characterization of SiO;/MWCNTs/RuPc

Fig. 4 shows the differential pulse voltammograms obtained for
the modified SiO/MWCNTs/RuPc, SiO,/MWCNTs and bare GCE
electrodes. The measurements were performed in acetate buffer,
pH 4.5, in an inert atmosphere. As can be seen, only the glassy
carbon electrode modified with SiO,/MWCNTs/RuPc presented
three reduction processes at different potentials. Cathodic
potentials around E;eq; = —0.23V, Efeqz = —0.69V and E,q3 = —0944
V can be respectively assigned to the cathodic processes of Ru>
*/Ru?*, Ru?*/Ru’* and MPc*"/MPc3~ [40,41]. The potentials
measured for RuPc synthesized in SiO,/MWCNTs in acetate buffer,
pH 4.5 are somewhat different from those presented by RuPc in
phosphate buffer. This can be attributed to the synergic relation-
ship between SiO,/MWCNTs and RuPc and the fact that the RuPc

04
Si09/MWCNTs/RUPc
-1
o =
-24 4 " =
3 ) .
= 8 3 .
4 L]
-4 .
n
=h [Concentration] / ymol L

08 -06 -04 02 00 02 04
E/Vvs Ag/AgCl

Fig. 6. Electrochemical determination of fenitrothion pesticide by differential pulse
voltammetry in acetate buffer, pH 4.5 using SiO,/MWCNTs/RuPc/GCE. Measure-
ments were obtained under an inert atmosphere at a scan rate of 20mVs~". Inset
figure: calibration curve I versus fenitrothion concentration.

potential is directly influenced by the solvent type and variations in
pH [40].

The electrocatalytic activity of the SiO,/MWCNTs/RuPc/GCE
modified electrode for the determination of the pesticide
fenitrothion was studied in comparison to the modified SiO,/
MWCNTs/GCE and bare GCE electrodes (Fig. 5). As can be seen, all
electrodes showed electrocatalytic activity related to the pesticide
fenitrothion, with very similar potentials recorded for the three
electrode types: SiO2/MWCNTs/RUPC/GCE (Eeq=—0.54V), SiO,/
MWCNTs/GCE (Ereq=—0.58V) and bare GCE (E.q=-0.55V).
However, the modified SiO,/MWCNTs/RuPc/GCE electrode
(Fig. 5a) shows a better electrocatalytic response than the modified
SiO,/MWCNTs/GCE (Fig. 5b) and bare GCE electrodes (Fig. 5¢), as
can be seen by the current increase upon the addition of
1.66 x 107> molL~! fenitrothion. The difference in the current
intensity upon addition of the pesticide fenitrothion between the
SiO/MWCNTs/RuPc/GCE  and  SiO,/MWCNTs/GCE electrodes
proves that ruthenium phthalocyanine improves the electro-
catalytic activity of the hybrid material in relation to fenitrothion
determination, due to the increased active area of the modified
electrode. The increase in the active improves the electron transfer
process at the electrode-solution interface and, thereby, increases
the sensitivity.

3.4. Determination of fenitrothion
Fig. 6 shows the determination of fenitrothion pesticide by

differential pulse voltammetry using a SiO,/MWCNTs/RuPc/GCE
electrode in 0.1 M acetate buffer, pH 4.5. The reduction current

0.00
8i0,/MWCNTS/RuPc/GCE
Blank
-0.254
2 -0.50
Fenitrothion, malathion
-0.75+ and clorphyrifo

.00 T T T T T T T

-1.0 -0.8 -0.6 -04 -02 0.0 02 04
E/V vs Ag/AgCl

Fig. 7. Interference study of fenitrothion determination in the presence of

chlorpyrifos and malathion pesticides in acetate buffer pH 4.5 and an inert
atmosphere.
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Fig. 8. Fenitrothion determination in the presence of ascorbic acid (AA) in acetate
buffer pH 4.5 and an inert atmosphere.

peak increased proportionally with an increasing concentration of
fenitrothion. The study was conducted over a pesticide concentra-
tion range of 3 x 107%-6.6 x 107> mol L7}, indicating that the SiO,/
MWCNTSs/RuPc/GCE electrode can be used for the determination of
fenitrothion. The analytical curves of current (I) versus fenitrothion
concentration show that cathodic peak currents were linearly
proportional to increases in the fenitrothion concentration (inset
Fig. 6). This relationship can be expressed by the linear equation I
(A)=0.2245-0.0822 [fenitrothion]/pwmol L~Y, with linearity
R?=0.9992 and where n=7.

The limit of detection (LOD) was calculated using a 3o /slope
ratio, performed according to IUPAC recommendations (where o is
the standard deviation in the mean current for 10 differential pulse
voltammograms of the blank), and was 1.62 pmol L~! (0.45 ppm).
According to Codex Alimentarius [5] the maximum residue limit
(MRL) for fenitrothion in fruits is 3.61 pmol L' (approximately
1ppm). Therefore, the SiO,/MWCNTs/RuPc/GCE has a LOD
compatible with the MRL of fenitrothion in fruit samples.

Furthermore, another distinguishable factor between the SiO,/
MWCNTs/RuPc/GCE modified electrode and the SiO,/MWCNTs/
GCE electrode is that the Si0,/MWCNTSs/GCE electrode shows rapid
saturation of its surface when successive additions of fenitrothion
pesticide are added (Fig. not shown). This possibly occurs due to
the interaction of pesticide with functional groups present in
MWOCNTSs. This fact further confirms that the electrode containing
RuPc (SiO,/MWCNTs/RuPc/GCE) is better and more efficient than
the SiO,/MWCNTs/GCE electrode for the determination of the
pesticide fenitrothion.

3.5. Interference study

The versatility of the modified electrode containing RuPc (SiO,/
MWCNTs/RuPc/GCE) for the determination of fenitrothion also was
studied. This study was conducted using the differential pulse
voltammetry technique in 0.1 mol L™, pH 4.5 acetate buffer under
an inert atmosphere, using a concentration of 9.98 x 10 ®mol L'
fenitrothion in the presence of the organophosphate pesticides
malathion and chlorpyrifos (for both C=3.1 x10~*mol L™ '). As can
be seen in Fig. 7, the pesticides malathion and chlorpyrifos did not
exhibit any electrocatalytic response in the potential range studied.

Table 2
Recovery of fenitrothion pesticide in orange juice.

Fenitrothion added (wmolL™")  Fenitrothion found Recovery (%)

(pmol L)

6.66 6.10 91.6
13.33 12.79 96.0
20.00 19.76 98.8
26.66 24.98 93.7

This indicates that both of the pesticides, malathion and
chlorpyrifos, did not significantly interfere with the determination
of fenitrothion.

The possible influence of ascorbic acid (AA) on the determina-
tion of fenitrothion was also studied as AA is the main component
of orange juice. As can be seen in Fig. 8, AA (C=4 x10~*molL™")
had no electrochemical response in the potential range studied,
and thus does not interfere significantly in the determination of
pesticide fenitrothion (C=2 x 10~>molL™1).

From the results reported here, it can be concluded that the
Si0,/MWCNTs/RuPc/GCE modified electrode is an efficient tool to
determine fenitrothion and could be used to detect fenitrothion in
real samples.

3.6. Orange juice analysis

Quantification of the pesticide fenitrothion in orange juice was
performed to evaluate the application of SiO,/MWCNTs/RuPc/GCE
electrode in real analysis. In this study, the determination of
fenitrothion in orange juice was performed in triplicate, without
any pre-treatment procedure. A 10mL aliquot of orange juice,
obtained from fresh fruits, was added to the electrochemical cell.
No electroanalytical signals were observed in the potential range
studied (figure not shown), which could be explained either by the
absence of fenitrothion in the orange juice samples or that the
fenitrothion present was below the detection limit of the electrode.
After spiking the orange juice samples with known concentrations
of fenitrothion pesticide, it was observed that the peak reduction
currents showed a direct relationship with the fenitrothion
concentration present in the orange juice. The amount of
fenitrothion in the spiked orange juice samples were determined
by the calibration method and the results are summarized in
Table 2.

The data suggest that the proposed SiO,/MWCNTs/RuPc/GCE
electrode is efficient and could be used to determine fenitrothion
in real samples.

3.7. Reproducibility of measurements with the SiO,/MWCNTs/RuPc/
GCE electrode

The reproducibility and repeatability of measurements taken by
the SiO,/MWCNTs/RuPc/GCE electrode were tested by differential
pulse voltammetry using a model concentration of 16.6 mol L~!
fenitrothion pesticide in 0.1 M buffer acetate (pH 4.5). The
measurements were performed ten times with the same electrode,
with five different sensors prepared at room temperature, under
the same conditions, on different days.

The results indicate that the SiO,/MWCNTSs/RuPc/GCE electrode
exhibits good reproducibility and good repeatability without any
significant loss of electrocatalytic activity, with a relative standard
deviation (RSD) of 2.3% and 2.4%, respectively.

4. Conclusion

The formation of ruthenium phthalocyanine in the hybrid
material, SiO/MWCNT, was confirmed by UV-vis absorption
spectroscopy and X-ray photoelectron spectroscopy (XPS). The
glassy carbon electrode modified with SiO,/MWCNTs/RuPc
showed excellent electrocatalytic activity, in terms of the
determination of the pesticide fenitrothion, compared to the
modified SiO,/MWCNTs electrode and bare GCE. Moreover, the
SiO,/MWCNTs/RuPc electrode showed high sensitivity and selec-
tivity for the determination of fenitrothion in the presence of other
organophosphate pesticides. Therefore, the synergistic effects
between silica, MWCNTs and RuPc render the developed hybrid
material potentially useful for the development of an
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electrochemical sensor for the determination of fenitrothion in
real samples.
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