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Abstract: A mefenamic acid sensor was prepared by the modification of a
glassy carbon electrode (GCE) with graphene nano-sheets (Gr) and multi wall
carbon nanotubes (MWCNT). The designed sensor (MWCNT/Gr/GCE) indi-
cated an electrocatalytic behaviour when applied for mefenamic acid (MFA)
oxidation due to good conductivity, low electron transfer resistance and catal-
ytic effect. The suggested sensor revealed a lower overvoltage and enhanced
current compared with bare GCE for the oxidation of MFA. The observations
indicated that the oxidation potential of MFA is decreased more than 200 mV
using the designed sensor. The percentages of MWCNTs and Gr nano mat-
erials, and pH solution were optimized. Under the optimum conditions, some
kinetic parameters, such as surface coverage in a 0.5 mM [Fe(CN)6]3'/4' solution
was obtained by cyclic voltammetric method. The diffusion coefficient of MFA
(D) was calculated to be 2.88x10° cm® s by chronoamperometeric technique.
The MWCNT/Gr/GCE sensor exhibited a linear dynamic range for MFA (2—
100 pM) with a detection limit of 0.66 uM by differential pulse voltammetry
(DPV) technique. This sensor revealed a suitable applicability for determin-
ation of MFA in real samples (drug samples and serum solutions).

Keywords: mefenamic acid (MFA); graphene nano-sheets; differential pulse
voltammetry; multi wall carbon nanotubes; real samples.

INTRODUCTION
Mefenamic acid (MFA, 1 2-[(2,3-dimethylphenyl)amino]benzoic acid) is a
nonsteroidal anti-inflammatory drug which possesses analgesic and antipyretic
properties. It is used in the treatment of several pathological states such as
osteoarthritis, nonarticular rheumatism, sport injuries and other painful musculo-
skeletal illnesses.'” However, the excess of MFA leads to the production of toxic
metabolite accumulation which can cause acute hepatic necrosis, inducing morb-
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idity and mortality in humans. So, according to the importance of MFA deter-
mination in biological fluids such as serum solution, some analytical methods
such as spectrophotometry,™ chromatography,” chemiluminescence,’ capillary
electrophoresis,”® potentiometry,”'® polarography," " and voltammetry using
molecularly imprinted film modified carbon electrode'*'® have been developed
for the quantitative determination of MFA. The mentioned methods have some
disadvantages such as being time consuming, expensive and having low sensi-
tivity and selectivity in the corresponding determinations. The electrochemical
methods using modified electrodes offer a powerful tool for environmental,
clinical and food analysis because of their advantages like high sensitivity, good
selectivity, simplicity and low-cost.'®'®

The nanomaterials have recently received noticeable attention in the scient-
ific and engineering fields due to their unique properties such as high conduct-
ivity, large surface/volume ratio, and extremely high mechanical strength.'”* In
the electrochemical field lots of nanomaterials have been applied as electrode
materials to promote electron transfer reactions and to enhance electrode con-
ductivity.?' Graphene nano sheets (Gr) as a monolayer of hexagonally configured
sp” bonded carbon atoms, due to the specific properties such as suitable mech-
anical strength, large surface area, high conductivity and electron mobility at
room temperature, is a nanomaterial which has attracted a considerable degree of
attention in scientific and technological areas.”

Another nanomaterial which has been widely used in the electrochemical
field are the multi wall carbon nanotubes (MWCNTSs). Carbon nanotubes are
constructed from sp® carbon units with the structure of hexagonal honeycomb
lattices which possess several nanometers in diameter and many microns in
length which leads to an enhancement in surface area and consequently high con-
ductivity. ** Therefore, carbon nanotubes (CNT) and graphene nano sheets are
widely used in the construction of modified electrodes and electrochemical
sensors.”*?*

Up to now, a carbon paste electrode modified with multiwall carbon nano-
tubes (MWCNTPE) was applied to study the electrocatalytic activity of dopam-
ine (DP) in the presence of homocysteine (HCy) and it was used for the deter-
mination of HCy.?® Keshtkar group reported a novel electrochemical sensor for
the selective and sensitive detection of carbidopa in the presence of a large
excess of folic acid at physiological pH by the bulk modification of a carbon
paste electrode (CPE) with carbon nanotubes (CNTs) and vinylferrocene. Using
square wave voltammetry (SWV), a linear dynamic range of 1.0x10°~7.0x10™*
M with a detection limit of 2.0x10~ M was obtained for carbidopa detection.”’
Lv group developed a new electrochemical sensing strategy for the quantitative
monitoring of inorganic mercury(Il) in the contaminated water by the immobil-
ization of poly(p-aminobenzene sulfonic acid)-functionalized single-walled car-
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bon nanotubes on a glassy carbon electrode.”® Olana et al. reported a new method
for the determination of ascorbic acid (AA) based on a glassy carbon electrode
(GCE) modified with a perforated film produced by reduction of diazonium gen-
erated in situ from p-phenylenediamine (PD) while holes were intentionally
created in the modifier film by stripping pre-deposited gold nanoparticles.*® Also,
Benvidi group developed a nanostructure electrochemical sensor for the simul-
taneous determination of cysteine and tryptophan with a low detection limit and
applicable in real samples.*

Following our previous works in electrocatalytic area, some modified
electrodes were designed for the determination of various species such as hyd-
razine and hydroxyl amine with low detection limit and wide linear range. In the
present study, a glassy carbon electrode modified with graphene oxide nano-
sheets and multi-wall carbon nanotubes (MWCNT/Gr/GCE) was made. The
modification of the electrode with nanomaterials of Gr and MWCNTs leads to
the increasing of the surface area of the electrode and its catalytic properties.*
Under the optimum conditions, some parameters of analyte (MFA) such as the
diffusion coefficient of MFA in a 0.1 M NaOH solution (pH 13) were calculated.
The obtained results revealed a linear dynamic range of 2—100 uM and the det-
ection limit of 0.66 uM for MFA using the differential pulse voltammetric (DPV)
technique. Also, the MWCNT/Gr/CPE sensor was used for rapid and sensitive
electrocatalytic determination of MFA in drug samples and serum solutions.

31,32

EXPERIMENTAL
Apparatus and chemicals

Electrochemical measurements were performed by a potentiostat/galvanostat (SAMA
500, electroanalyzer system, Iran). All electrochemical measurements were carried out in a
three electrode cell including a modified or bare GCE, an Ag/AgCl (KCl, sat.) and a platinum
electrode as working, reference electrode (all potentials are referred to this reference elec-
trode) and auxiliary electrodes, respectively. The pH values of solutions were adjusted using a
Milwaukee pH meter.

All solutions were freshly prepared with deionized water. The graphite fine powder and
paraffin oil (DC 350, 0.88 g cm™), both from Merck (Germany), were used as received.
MWCNT was purchased from Merck and all other reagents were from Sigma—Aldrich. All
other reagents were of analytical grade.

The synthesis process of reduced graphene oxide (Gr)

The graphene nano sheets were synthesized according to the procedure from the lite-
rature.’* At first, a mixture of graphite/KMnO, (3:18 mass ratio) and a mixture of H,SO,/
H;PO, (360:40 volume ratio) were prepared at 50 °C. After that, two mixtures were added by
shaking and then stirring for 12 h. The prepared product cooled down to 25 °C and was then
transferred into ice bath containing 6 mL of H,O, (30 %). The obtained solution was centri-
fuged and then filtered. After filtering, the obtained precipitate was washed with water, HCI1
(30 %), and finally washed twice with 200 mL of ethanol. After washing process the preci-
pitate was sonicated for 3 h and consequently a colloidal suspension of graphene oxide nano
sheets were obtained in purified water (150 mg/50 mL). Graphene oxide (GO) was reduced
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using hydrazine and ammonia solutions to obtain reduced graphene oxide nano sheets (Gr).
For the reducing process, 50 pL of hydrazine solution (98 %) with 200 pL of ammonia
solution (30 % in water) were added to the graphene oxide suspension. The obtained solution
was refluxed at 90 °C for 12 h and it was cooled down to room temperature. Finally, this sol-
ution was centrifuged, and the obtained precipitate (Gr) was washed with water and dried at
60 °C in vacuum for 24 h.

Fabrication of MWCNT/Gr/GCE sensor

The MWCNT/Gr/GCE sensor was prepared as follows. At first, the glassy carbon elec-
trode was polished by 0.05 um alumina slurry to mirror like, and then the mirror GCE was
washed successively with anhydrous alcohol and water. Then, the ultra-sonication for 5 min
was performed on the GCE. At the second step, 30 uL of composite of MWCNT/Gr (Gr (0.03
gmL™") and MWCNT (0.04 gmL™) in distilled water) the homogeneous suspension was pipet-
ted onto the glassy carbon electrode surface and dried under ambient condition. At last, after
drying of the modified electrode, it was washed with distilled water to prepare MWCNT/
/Gr/GCE sensor. The preparation of the MWCNT/Gr/GCE sensor is illustrated schematically
in Scheme 1.
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Scheme 1. The proposed electrochemical oxidation reaction mechanism of MFA.

Preparation of real samples for analytical performance

The solution of mefenamic acid (MFA) capsule (which were purchased from local
sources (250 mg per capsule)) were prepared. After that, 20 mg of capsule powder was
weighed and dissolved in a 50 mL distilled water solution by ultra-sonication, and the mixture
was filtered with a filter paper. After filtering and adjusting the pH using a NaOH solution
(pH 13.0), further dilution was performed to reach the calibration range of MFA. The blood
serum sample was centrifuged for 10 min, filtered and diluted with a NaOH solution (pH
13.0) without any further treatment. Finally, 10 mL of obtained solution was transferred into
the voltammetric cell to be analyzed without any further pre-treatment.

RESULTS AND DISCUSSION
The morphology investigation of MWCNT/Gr/GCE sensor

The morphology of bare GCE, and the modified electrodes was examined by
the scanning electron microscopy (SEM). Fig. 1 reveals the SEM images of bare
GCE, Gr/GCE, MWCNT/GCE and MWCNT/Gr/GCE electrodes, respectively.
As shown in this figure, the bare glassy carbon electrode has a smooth surface
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while Gr/GCE indicates petal-like graphene nanosheets with sharp edges, and
random directions which make the nest-like structure with a large surface area
(Fig. 1A and B). The SEM image of MWCNT/GCE indicates a surface which is
covered uniformly with nanotubes of carbon and causes the rougher irregular sur-
face than bare GCE surface (Fig. 1C). Fig. 1D shows the SEM image of MWCNT/
/Gr/CPE with more surface area than Gr and MWCNT, individually. So, accord-
ing to the SEM images the modification of GCE with nanomaterials of Gr and
MWCNT has been done well and led to the enhancement of the surface area.

IV WOEX o KYEY-EM306 SN2

25 KW 200 KX 1um KTEY. 280 0535

Fig. 1. The SEM images of GCE, Gr/GCE, MWCNT/GCE and MWCNT/Gr/GCE electrodes.

The electrochemical oxidation of MFA at the designed sensor

The electrooxidation of MFA at modified and non-modified electrodes was
investigated by the cyclic voltammetry (CV) technique. The curves in Fig. 2 are
related to the cyclic voltammogram of bare GCE (a), MWCNT/GCE (b),
Gr/GCE (c), and MWCNT/Gr/GCE (d) in the absence of MFA and GCE (e),
MWCNT/GCE (f), Gr/GCE (g) and MWCNT/Gr/GCE (h) in the presence of
MFA (1.0 mM) in a NaOH solution pH 13.0 at the scan rate of 30 mV s '. The
anodic peak potential of MFA is higher than 480 mV at bare GCE (curve e),
while it is decreased to the potential of less than 350 mV at modified glassy car-
bon electrodes with MWCNT, Gr and MWCNT/Gr electrodes. Therefore, using
the graphene nano-sheets and carbon nanotubes shows the noticeable catalytic
effect on the oxidation of MFA. Also, the anodic peak current of MFA is sig-
nificantly improved at the modified glassy carbon electrodes, which indicates the
large surface area of the modified electrode. The observations reveal that the pre-
sence of graphene nano sheets and multi wall carbon nanotubes at the electrode
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surface leads to the great improvement of the electrochemical responses, which
can decrease the overpotential and increase the peak current for MFA oxidation.
Therefore, MWCNT/Gr/GCE sensor offers a favourite electrode for the oxidation
and the electroanalysis of MFA due to the low resistance, the catalytic effect and
the large accessible surface area.

275 A

/uA

0.1 0.4 0.7

Fig. 2. Cyclic voltammograms of bare GCE (a), MWCNT/GCE (b), Gr/GCE (c) and
MWCNT/Gr/GCE (d) in the absence of MFA and GCE (e), MWCNT/GCE (f), Gr/GCE (g),
and MWCNT/Gr/GCE (h) in the presence of MFA (1.0 mM) in a NaOH solution pH 13.0 at

the scan rate of 30 mV s™.

The effect of the potential scan rate was investigated on the oxidation of
MFA using MWCNT/Gr/GCE sensor. Fig. 3 displays the cyclic voltammograms
of MFA at different scan rates on the surface of the fabricated sensor. As obs-
erved in Fig. 3, the peak potentials are shifted slightly toward positive direction
by increasing the scan rate. As shown in inset of this figure, the plot of the anodic
peak current of MFA versus the square root of scan rate (v'’%) is linear in the
range of 10-100 mV s™'. This linear behaviour indicates that the electrochemical
oxidatgon of MFA at the MWCNT/Gr/GCE sensor is controlled by diffusion
effect.”

The surface coverage investigation

An approximate estimate of the surface coverage of the electrode was made
by adopting the method used by the Randles—Sevcik equation:*®

L= 2.69%10°n*° 4D Cv'"? (1)
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where e is the anodic peak current, A is the surface area (cm’), n = 1 and D =
=2.88x10° cm® s™', and the other symbols have their usual meanings. Using the
Randles—Sevcik equation and the slope of the Ip versus v'"* plot for a known con-
centration of K4[Fe(CN)s] (0.5 mM), microscopic areas for GCE, MWCNT/GCE,
Gr/GCE and MWCNT/Gr/GCE were calculated to be 0.068, 0.1010, 0.1294 and
0.1512 cm?, respectively (while the geometric area for GCE was 0.07 cm?).
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Fig. 3. Cyclic voltammograms of 1.0 mM MFA at different scan rates (10-100 mV s) on

MWCNT/Gr/GCE sensor; inset: plot of anodic peak current (Z,,,) versus the square root
of scan rate (v”z).

The obtained results show that the presence of nanomaterials in MWCNT
and Gr ion in the composite of MWCNT/Gr makes an increase of the active
surface of the modified electrode, compared to the bare GCE and modified
electrodes with Gr and MWCNT individually. The observation obtained for the
active surface area confirms that using the nanomaterials in the structure of the
designed sensor leads to the increasing of the peak current oxidation of MFA.

The optimization of experimental conditions

For the increasing of the sensitivity of MWCNT/Gr/GCE sensor, some expe-
rimental parameters such as the percentages of Gr and MWCNT in the composite
of MWCNT/Gr and the pH of solution were optimized. The percentage of Gr in
the composite of MWCNT/Gr was analysed in the range of 0.5 to 5.0 % at the
scan rate of 30 mV s '. According to Fig. 4A, the optimum obtained percentage
of Gr in the composite of MWCNT/Gr was 3.0 % and this value was selected for
the preparation of the sensor. The percentages of MWCNT in the composite of
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MWCNT/Gr were analysed in the range of 1.0 to 6.0 % at the scan rate of 30 mV s .
According to Fig. 4B, the optimum percentage of MWCNT in the composite of
MWCNT/Gr was found to be 4.0 % and this value was chosen as an optimum
value. The effect of pH on the oxidation of MFA was examined using cyclic
voltammetry. The results revealed that the calculated half-wave potential of
MWCNT/Gr composite as a modifier is pH-dependent, according to Ep (V) =
= —0.0562pH + 0.9881 (R* = 0.9839) with the slope of 56.2 mV/pH unit in a
range of 10.0 to 13.5, and this value is close to the Nernstian value of 59/n mV.
Therefore, it suggested that the number of electron transfers is equal to that of
hydrogen ions taking part in the electrode reaction. The oxidative reaction of
MFA is a one electron, one-proton transfer process’’ (see Scheme 1). As shown
in Fig. 4C, it was observed that the peak potentials of MWCNT/Gr/GCE sensor
shifted to negative values with the increase of pH (from 0.5 V to 0.2 V). Hence,
the electrocatalytic oxidation of MWCNT/Gr composite was affected by pH
parameter in the presence of MFA.

Optimization of Gr percentage Optimization of MWCNT percentage
160 140
A B
140
110
120
El 4
= = 80
< 100 =
20 50
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- 20
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0 ! ‘ 3 4 > 6 0 1 2 3 4 5 6
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0.5
c 250
D
0.4 230
E 03 < 210
£, v=-0.0562x + 0.0881 <190
- R*=0.9839
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Fig. 4. The optimization of experimental conditions: A) optimization of Gr percentages,
B) optimization of MWCNT percentages, C) E vs. pH and D) optimization of pH.

As shown in the Fig. 4D, the pH optimization was investigated in the range
of 10.0 to 14.0. By increasing of the pH values up to 13.0, the oxidation peak
currents were increased and then the values of the peak current were decreased.
So, the value of pH 13.0 was selected as an optimum pH for further experiments.
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Chronoamperometric measurements

Chronoamperometry also was used for the electrochemical study of MFA
oxidation at MWCNT/Gr/GCE sensor for different concentrations of MFA while
the potential of working electrode was adjusted to be 0.45 V. The current was
controlled by diffusion of MFA from the bulk solution towards the surface of the
MWCNT/Gr/GCE sensor (a near-Cottrellian behaviour) because there was a
linear relationship between electrocatalytic current and % (see inset A of Fig.
5). The slopes of the resulting straight lines were plotted versus the various con-
centrations of MFA (inset B of Fig. 5), from the obtained slope and applying the
Cottrell equation, the mean value of D was found to be (2.88x10° cm” s'), and
this calculated diffusion coefficient for MFA is comparable with the values rep-
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Fig. 5. Chronoamperograms obtained at MWCNT/Gr/GCE sensor in a NaOH solution pH
13.0 for MFA concentrations of 0.0, 0.1, 0.2, 0.4, 0.6 and 0.8 mM. Insets: (A) plots of 7 vs. 2
obtained from the chronoamperogram data, (B) plot of the slope of the straight lines against
the MFA concentration.

Calibration by using differential pulse voltammetry technique

The technique of differential pulse voltammetry (DPV) was used to obtain
the calibration plots of MFA using the fabricated sensor (MWCNT/Gr/GCE). For
this purpose, the differential pulse voltammograms of different concentrations of
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MFA were recorded in the potential window of 0.2 to 0.4 V (Fig. 6). According
to Fig. 6, there is a linear relationship between the changes of DPV peak currents
of MFA and various concentration of MFA in the range of 2-100 pM. The
obtained calibration plot contained a calibration equation of // pA = 0.5112Cyga /
/ uM + 31.287 and regression coefficient of 72 = 0.9902. The detection limit was
calculated as 0.66 uM for MFA by the slope of the calibration plot at 3o level. As
shown in Table I, the detection limit and linear range for MFA determination is
acceptable.

.
A o
60 =y
_-"""
e y=05112x+19.407
- R*=0.0602

40 60 30 100 120
[mefenamic acid]/uM

A

0 T T T
02 03 0.4 0.5 ]

ENV
Fig. 6. The DP voltammograms of different concentrations of MFA on the modified electrode;
Inset: the obtained calibration plot of MFA.

The selectivity investigation of MWCNT/Gr/GCE sensor by interference effect

To investigate the selectivity of MWCNT/Gr/GCE sensor, the effect of inc-
reasing concentrations of different species on the oxidation peak current of MFA
(90 uM) was examined. As it is known, the tolerance limit is explained as the
maximum concentration of foreign substances that caused an error of less than
+5 % for the determination of MFA (90 uM) as analyte. The observations indi-
cated that the peak current of MFA was not affected by a 100-fold increase in the
concentration of some materials such as acetaminophen, folic acid, penicillamine,
levodopa, carbidopa, hyosine, cysteine and glycine compound.
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TABLE I. Comparison of the efficiency of some modified electrodes used in the determin-
ation of MFA

Detection  Detection limit Linear range
technique M M
CPE/Magnetic molecularly imprinted ~ DPV 12x107  2.0x10°-1.0x10° 38
polymer nanoparticles (MMIPNPs)

Nickel hydroxide modified nickel ~ Amperometry ~ 4.96x10°  2.5x10°-4.76x10"* 39
(NHMNi) electrode

Electrode Ref.

Ton-pair Brilliant Green mefenamate Potentiometric ~ 4.5x107 9.0x107°-1.0x10> 41

CPE/Fe (III) schiff base DPV 2.0x10°  2.0x10 7-1.5x107° 42

(Fe (111)-SBMCP)

Pt/Hg/Hg2(MF)2/Graphite Potentiometric ~ 6.2x10°’ 1.0x 10°-1.0x107 43

MWCNT/Gr/GCE DPV 6.6x107  2.0x10°-1.0x10™* This
work

The investigation of repeatability, reproducibility and stability of the designed
sensor

The repeatability of the proposed sensor was investigated by recording the
differential pulse voltammograms of MFA (90 uM) for 10 measurements. The
relative standard deviations (RSD) of the anodic currents were calculated to be
3.8 % which indicated the suitable repeatability of MWCNT/Gr/GCE sensor for
the determination of MFA. For the investigation of reproducibility of MWCNT/
/Gr/GCE sensor, the generation of a reproducible surface was examined by DPV
technique. Five separately MWCNT/Gr/GCE sensors were prepared under the
optimum conditions (pH 13.0). The differential pulse voltammogramgs of the
MWCNT/Gr/GCE sensors for MFA (90 uM) were obtained and a RSD of 4.9 %
was calculated, which indicated that the reproducibility of MWCNT/Gr/GCE
sensor is suitable. For the stability investigation of MWCNT/Gr/GCE sensor, the
fabricated sensor was stored at room temperature and after 3 days, 1 week and 2
weeks the recorded current of DPVs for oxidation peak currents of MFA were
obtained, with values of 97.1, 96.9 and 95.0 % of the initial response respect-
ively. The obtained results revealed the high stability of the designed sensor.

Analytical performance of MWCNT/Gr/GCE sensor

To investigate the analytical performance of MWCNT/G1r/GCE sensor, the
MFA capsule solution and diluted serum solution which were prepared according
to the experimental section, were used. The MWCNT/Gr/GCE sensor was used
for the determination of MFA in the different concentrations of drug solutions.
According to Table II, in the confidence level of 95 % the calculated ., values
(2.66, 2.30 and 2.40) are less than the ¢ value from literature (2.78)* which
indicated the applicability of MWCNT/Gr/GCE sensor for the determination of
MFA in the drug solution.
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TABLE II. Determination of MFA in the MFA capsule using MWCNT/Gr/GCE sensor at the
confidence limit of 95 % (n =5); t.:: 2.78

Sample number MFA value in capsule, uM  Found MFA value, uM RSD /%  tey

1 30 28.40 420  2.66
2 50 51.50 252 230
3 80 78.20 3.10 2.40

Also, for the investigation of the applicability of MWCNT/Gr/GCE sensor
for the determination of MFA in real samples, this designed sensor was applied
for serum solutions. The specific concentrations (concentrations in the linear
range of the fabricated sensor which are listed in Table III) were added to the
diluted serum solutions, preparation of which were described in the experimental
section. The quantitative determination of MFA in blood serum samples was
performed and the recovery percentages were obtained (see Table III). As shown
in Table III, the obtained recovery percentages are suitable and these obser-
vations indicate that the MWCNT/Gr/GCE sensor is applicable for the deter-
mination of MFA in real biological samples.

TABLE III. Determination of MFA concentration in the serum solutions by using
MWCNT/Gr/GCE sensor (n = 3)

Serum solution Spiking value, uM Assayed value, uM Recovery value, %

1 20 21 (£0.5) 105.0

2 40 38 (£0.4) 95.0

3 60 58 (£0.6) 96.6
CONCLUSION

In the present research, an electrochemical sensor was prepared by the mod-
ification of a glassy carbon electrode (GCE) with graphene nano-sheets (Gr) and
multi wall carbon nanotubes (MWCNT). The MWCNT/Gr/GCE sensor dis-
played electrocatalytic behaviour, when applied for mefenamic acid (MFA) oxid-
ation, using Gr and MWCNT (possessing good conductivity, low electron trans-
fer resistance and catalytic effect of Gr and MWCNT). Under the optimum con-
ditions, some parameters such as diffusion coefficient were obtained by the elec-
trochemical method. The MWCNT/Gr/GCE sensor displayed a linear dynamic
range for MA (2-100 uM) with a detection limit of 0.66 uM by the differential
pulse voltammetry technique. Also, this sensor showed a suitable applicability
for the determination of MFA in real samples (drug samples and serum
solutions).
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U3BOJ
[TOTOJHA HAHOCTPYKTYPHPAHA OCHOBA FASUPAHA HA BUIIECJIOJHUM
YIJBEHUYHUM HAHOTYBAMA U HAHOITVIOYAMA I'PAGEHA 3A OJPEBUBAILE
ME®EHAMUHHCKE KHCEJIUHE

MARZIEH DEHGHAN TEZERJANI, ALI BENVIDI, MASOUD REZAEINASAB, SHAHRIAR JAHANBANI
u MOHAMMAD MAZLOUM ARDAKANTI

Department of Chemistry, Faculty of Science, Yazd University, Yazd, I. R. Iran

CeHsop 3a MedeHaMMHCKY KHCEJIUHYy je NPUIpPEeM/beH MoAudUKaLujoM enekTome of
craxnacror yrimeHuka (GCE) ca rpageHom (Gr) ¥ BHLIECTOjHUM YIJb€HUYHHM HaHOTyDama
(MWCNT). Ousajuupan cenzop (MWCNT/Gr/GCE) moxasyje enekTpoKaTaJUTHYKO IMOHa-
mame mpemMa okcumauuju medeHamuHcke kucenune (MFA) 3axsamyjyhu modpoj mpoBon-
JBUBOCTH, HUCKOM OTIOPY IIPEHOCY HaeleKkTpHcama U KaTaluTHUKoM edekxTy. IIpemnioxenu
CEH30p OCTBapyje HWXY NpeHaneTocT ¥ Behy cTpyjy y nopehemwy ca knacuunom GCE 3a okcu-
nauujy MFA. ITocmaTpama yKa3yjy fia je HOTeHLUHjal okcupauuje MFA cmameH 3a BHILE Of
200 mV kopuirhemem nusajHupaHor censopa. OntumusosaH je npoueHar MWCNT u Gr HaHO
Marepujana, kao 1 pH pactBopa. [log onTHMaaHUM YCI0BUMA, HEKM KHHETHYKHU NapamMeTpy
Kao IITO Cy IMOBPUIMHCKA IOKPHUBEHOCT y pacteopy 0,5 mM [Fe(CN)el*"*, pobujeHu cy
METOZIOM LMKJIMYHe BonTameTpuje. M3pauyHat nudysvonu koeduuujeHr MFA (D) xpoHo-
AMIIePOMETPHjCKOM TEXHHKOM H3HOCH 2,88x10° cm” s™'. Censop MWCNT/Gr/GCE moxasyje
nuHeapHoCT y oncery MFA 2-100 pM ca pmetexunoHom rpaHuuom ofn 0,66 pM pudepen-
UujanHo mysncHoM Bontamerpujom (DPV). CeHsop ocTBapyje NMOTOAHY NPHMEH/BHBOCT 3a
onpehuBawe MFA y peasiHiM y3opiuMa (y30pLu JiekoBa U cepyma).

(ITpumrseno 17. nenemdpa 2016, mpuxsaheno 4. anpuna 2017)
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