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Silver Electrodeposited Carbon Nanofiber-Epoxy
Electrode for Fluoxetine Detection

M. Ardelean, F. Manea, and R. Pode

Abstract—In this study, a simple and high sensitive
electrochemical sensor is developed for the detection of
fluoxetine (FXT) on a silver electrodeposited-carbon
nanofiber-epoxy (AgCNFE) electrode. Cyclic voltammetry (CV)
method was used for the comparative electrochemical behavior
of FXT on AgCNFE, commercial silver electrode (Ag) and
carbon nanofiber-epoxy (CNFE) composite electrode. A
synergic effect in relation to the sensitivity for FXT detection
was found on AQCNFE electrode versus commercial Ag
electrode and CNFE electrode. Chronoamperometry (CA)
results show that AGCNFE electrode exhibited a great potential
for the real practical application in FXT detection without
possible interference.

Index Terms—Carbon nanofiber, silver electrodeposited,
fluoxetine detection.

I. INTRODUCTION

The utilization of  nanostructured/nano-composite
materials has been considered as a promising approach to
design and develop new generation of chemical/biosensors,
these materials being suitable for multiple applications [1].
Carbon based electrodes are widely used in electroanalytical
investigations due to their chemical inertness, low
background current and relative large potential window [2].
Among nanoscale carbonaceous materials, carbon nanotubes
(CNTs) and carbon nanofibers (CNFs) have attracted the
most research interests in the electroanalysis field. CNFs are
considered to be a promising candidate to CNTs due to
economic aspects and their similar electrocatalytic
performance [1]-[3]. Moreover, CNF possesses less order and
more edge sites on the outer wall that lead to more facile
electron transfer. Also, better dispersion and wettability of
CNF facilitates its manipulation to prepare CNF composite
electrode [4]. CNT and CNF based composite electrodes have
been reported for the detection of pentachlorophenol by our
group [5], [6].

For various electroanalytical applications, it is required the
presence of a catalyst that could be included in so-called
chemically modified electrodes (CMES). It is well-known that
these electrodes possess electrocatalytic activity that is
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reflected as improved electroanalytical performance in the
electroanalysis [7]-[9].

Silver inclusion within the electrode composition
represents an useful and promising approach due to its high
catalytic activity [7], [8]. The catalytic activity of the catalyst
is in direct relation with its size and morphostructural
characteristics. Smaller sizes and agglomeration avoiding
lead to enhanced catalytic activity. There are several methods
for Ag deposition on carbon nanotubes (CNTSs), but the silver
agglomeration mitigates their utility [10], [11].

Electrodeposition method is a very promising method to
decorate nanostructured carbon dispersed within epoxy
matrix with silver nanoparticles assuring their dispersion on
the substrate [8].

The presence and the persistence of fluoxetine (FXT) in
water makes as its detection to become very important from
the point of view on the water pollution control. Besides
common methods for FXT  determination, the
electroanalytical techniques using boron-doped diamond
(BDD) electrode was previously reported [12]. Even if good
sensitivity was achieved on BDD electrode, however the
detection potential value of +1.35V vs. saturated calomel
electrode (SCE) is too positive and other pharmaceuticals or
organic pollutants from water could interfere it. Within this
context, this study aims to characterize the electrochemical
behavior by cyclic voltammetry of carbon nanofiber-epoxy
(CNFE) and silver electrodeposited carbon nanofiber
composite (AgCNFE) electrodes in comparison with silver
commercial one in the presence of fluoxetine in water in order
to detect it. The carbon nanofiber based composite electrodes
were characterized morphologically and electrically. The
electrochemical techniques for FXT detection were cyclic
voltammetry (CV) and chronoamperometry (CA).

Il. EXPERIMENTAL DETAILS

Carbon nanofiber-epoxy composite electrode (CNFE)
consisted of 20 % wt. CNF and 80% wt. epoxy resin with a
surface area of 19.63 mm” was obtained by two-roll mill
method, which was detailed in our previous work [13]. Silver
electrodeposition was performed by maintaining the
composite electrode in 0.1 M AgNO; solution at a potential
value of -0.4 V/SCE for 120 seconds. Morphological
characterization of the CNFs based composite electrodes was
carried out using scanning electron microscopy (SEM XL20,
Philips) with an acceleration voltage of 15 kV.

All the electrochemical studies were performed using an
Autolab potentiostat-galvanostat PGSTAT 302 (Eco Chemie,
The Netherlands) controlled by a PC using the GPES 4.9
software and a three-electrode cell at room temperature
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without further temperature control. The cell set-up included
a working electrode, a platinum counter electrode and a
saturated calomel reference electrode (SCE). Cyclic
voltammetry (CV) and chronoamperometry (CA) were used
to assess the electrochemical performance of commercial Ag
electrode, CNFE and AgCNFE, respectively. CNFE working
electrode was mechanically polished with 0.2 um Al,O;
powder, washed with distilled water, and then
electrochemically pre-treated by ten repeated cycles. The
supporting electrolyte was 0.1 M Na,SO, solution, prepared
from Na,SO, of analytical purity (Merck, Germany) and
distilled water.

The fluoxetine (Lilly, Pantheon, France) stock solution of 1
mM was prepared using ethanol (PAM Corporation, Romania)
and 0.1 M NaOH (Merck, Germany) in a volume ratio of 1:1.

I1l. RESULTS AND DISCUSSIONS

In the Fig. 1 are presented the SEM images for the surface
of AgCNFE electrode (Fig. 1(a)) in comparison with CNFE
electrode (Fig. 1(b)). It can be easily noticed the uniform
distribution of CNFs within the epoxy matrix for assuring a
good electrical conductivity. Also, a good dispersion of silver
particles onto carbon nanofibers was noticed. The value of
electrical conductivity determined by four-point probe (FPP)
method [14] was of 0.247 Scm™ for CNFE electrode that
recommended it for electrochemical applications by type of
the electrodeposition and the electroanalysis.
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Fig. 1. (a) SEM image of AGCNFE electrode surface; (b) SEM image of
CNFE electrode surface.

A. Cyclic Voltammetry Measurements

In order to obtain information about electrochemical
behavior of the prepared electrodes, cyclic voltammetry
technique was applied. For comparison, commercial Ag
electrode was studied electrochemically using CV in the
presence of FXT, the corresponding cyclic voltammograms
being presented in Fig. 2(a). At a potential value of +0.3
VISCE, a good linearity between anodic current and FXT
concentration is achieved. Also, the cathodic peak appeared at
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about +0.23 V/SCE inform about the reversibility of FXT
oxidation process.
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Fig. 2. (a) Cyclic voltammograms recorded at Ag electrode in 0.1 M Na,SO4
supporting electrolyte (curve 1) in the presence of 1-6 uM FXT (curves 2-7)
at the potential scan rate of 0.05 Vs in a potential range from -0.35 to +0.35
V/SCE; (b) Cyclic voltammograms recorded at CNFE electrode in 0.1 M
Na,SO4 supporting electrolyte (curve 1) in the presence of 1-6 uM FXT
(curves 2-7) at the potential scan rate of 0.05 Vs in a potential range from 0
to +1.5 V/SCE.

For CNFE electrode, FXT oxidation process occurred at
more positive potential value (about +1 V/SCE), and no
corresponding cathodic peak occurred, which should be
explained by the irreversibility of FXT oxidation at this
electrode. The anodic oxidation current increased linear with
FXT concentration and a sensitivity of 3.868 LALM™ was
obtained, in comparison with 0.962 pApM™ for commercial
Ag electrode.

Nevertheless, the detection potential value of +1 V/SCE is
still too high. It must be kept in mind that low detection
potential value and good sensitivity are desired for the
electroanalysis. To investigate the electrochemical behavior
of AQCNFE electrode in the presence of various
concentrations of FXT, the extended potential range
corresponding to CNFE was selected for CV running and the
results are presented in Fig. 3(a). It can be noticed that CV
shape exhibited characteristics to the presence of silver and
CNF by the anodic current peaks corresponding to FXT
oxidation involving silver recorded at the potential value of
+0.3 V/SCE and further oxidation of FXT direct on CNF that
started at the potential value of about +0.6 V/SCE. To
compare the sensitivity for FXT detection with the results of
commercial Ag electrode, the inset of Fig. 3(a) shows the CVs
recorded for a narrow potential range. The calibration plots of
the currents vs. FXT concentration and, implicit, the
sensitivities are presented in Fig. 3(b). The results show a
synergic effect for the sensitivities in relation with each single
commercial Ag and CNFE composite electrode. Thus, the
sensitivity of 5.816 A pM™ was obtained at the potential
value of +0.324 V/SCE for AgCNFE electrode in comparison
with 0.962 pApM™ for commercial Ag electrode and 6.252
PARM ™ was obtained at the potential value of +1.167 V/SCE
vs. 3.868 A M ™ for CNFE electrode.
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Fig. 3. (a). Cyclic voltammograms recorded at AGQCNFE electrode in 0.1 M
Na SO, supporting electrolyte (curve 1) in the presence of 1- 6 uM FXT
(curves 2-7) at the potential scan rate of 0.05 Vs in a potential range from 0
to +1.5 V/SCE; Inset: Cyclic voltammograms recorded at AGQCNFE electrode
in 0.1 M NazSO4 supporting electrolyte (curve 1) in the presence of 1-6 uM
FXT (curves 2-7) at the potential scan rate of 0.05 Vs in a potential range
from 0 to +0.45 V/SCE; (b). Calibration plots of the currents recorded at
+0.324 V/SCE and +1.167 V/SCE vs. FXT concentration.

B. Detection Measurements - Chronoamperometry

Based on the voltammetric results, the easiest
electrochemical technique, chronoamperometry was applied
for two values of detection potential of +0.35 V/SCE and +1.1
V/SCE in the presence of various FXT concentrations. The
results are presented in Fig. 4(a). Because the current
response was lower at the potential value of +0.35 V/SCE, a
detail of the chronoamperograms is presented in the inset of
Fig. 4(a). A good linearity of current- FXT concentration was
observed for both potential values, with good correlation
coefficients.
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Fig. 4. (a) Chronoamperograms recorded at the potential values of
E;=+0.35V/SCE and E,=+1.1 V/SCE at AgCNFE electrode in 0.1 M
Na,SO, supporting electrolyte (curve 1) in the presence of 1-6 uM FXT
(curves 2-7); Inset: Detail of chronoamperograms recorded at the potential
value of +0.35 V/SCE; (b) Calibration plots of the currents vs. FXT
concentration.
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The electroanalytical parameters obtained by employing
the voltammetric and amperometric techniques are hathered
in Table I.

TABLE I: THE ELECTROANALYTICAL PARAMETERS FOR FXT DETECTION
DETECTION USING AGCNFE ELECTRODE

Tech. Ecet Sens. R? RSD LOD  LOD
(VISCE)  (pA/pv) (G0 I (%) I (5\)

cv 0.324 5.816 0993 073 0.081  0.270
1.167 6.262 0982 482 0189 0631

CA 0.350 0.009 0992 247 2380  7.934
1.100 1.882 0992 539 0079  0.266

It can be noticed that the best sensitivity was reached using
CV, which allowed to detect FXT at low potential value
(+0.324 V/SCE) characterized by similar sensitivity to the
one obtained at higher potential value (+1.167 V/SCE). This
aspect is very important because mitigates the interference
potential. CA operated at low potential value is not
satisfactory due to very low sensitivity that can be explained
by the catalyst fouling. However, the lowest limit of detection
was achived by employing CA at +1.1 V/SCE which is very
promising for very low concentrations of FXT.

IV. CONCLUSIONS

The silver electrodeposited-carbon nanofiber-epoxy
(AgCNFE) composite electrode obtained by silver
electrodeposition on CNFE composite electrode exhibited the
synergic effect in relation to the sensitivity for fluoxetine
detection in aqueous solution in comparison with commercial
silver electrode (Ag) and carbon nanofiber-epoxy (CNFE)
composite electrode.

Both voltammetric and amperometric techniques applied
and certain operating conditions allowed good performances
for FXT detection at AQCNFE.

The results of this study are very promising for the practical
application for fluoxetine detection in the aqueous solution.
The selection of voltammetric or amperometric technique and
the operating detection potential will be related to the
concrete practical applications.
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