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Abstract

Glassy carbon electrode was modified with Pd particles using a conducting poly(thionine) as the support
material. Polymerization of thionine was carried by electrochemical process from aqueous thionine acetate
solution using cyclic voltammetry. K;PdCl, was used as the Pd precursor and the Pd immobilization was
performed with constant potential electrolysis. The modified electrode was characterized electrochemically
using cyclic voltammetry and electrochemical impedance spectroscopy methods. The results revealed that the
modification process significantly increases the conductivity properties of the electrode material.
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Camsi Karbon Elektrotun Paladyum Katkili iletken Poli(tiyonin) Filmi ile
Modifiye Edilmesi

Ozet

Camsi karbon elektrot iletken poli(tiyonin) destek malzemesi varliginda Pd tanecikleriyle modifiye edilmistir.
Tiyoninin polimerizasyonu elektrokimyasal yolla sulu tiyonin asetat c¢o6zeltisinde doénisimli voltametri
kullanilarak gercgeklestirilmistir. Pd kaynagi olarak K;PdCl, kullaniimis ve Pd immobilizasyonu sabit potansiyelde
elektrolizile yiritulmustir. Modifiye elektrotun karakterizasyonu elektrokimyasal olarak déntisimli voltametri
ve elektrokimyasal empedans spektroskopisi yontemleriyle gercgeklestirilmistir. Elde edilen sonuglar,
modifikasyon isleminin elektrot malzemesinin iletkenlik 6zelliklerini 6nemli 6lglide arttirdigini géstermistir.
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Introduction

In the last few decades, chemically modified electrodes (CMEs) are attracting more and more attention
as they enable electrochemists to work with numerous alternative materials that can be designed for
specific purposes. The term CME has first been introduced by Murray and co-workers in 1975 to
describe electrodes that have foreign molecules immobilized on their surfaces (Moses et al., 1975;
Snell & Keenan 1979). With the help of the modification process, it is possible to transfer the
physicochemical properties of the modifier to the electrode surface (Abruna, 1988). This way,
selectivity and sensitivity can be achieved for various purposes such as electrocatalysis (Celebi et al.,
2008; Sénmez Celebi et al., 2020), electroanalysis (Singh et al., 2017; Wang et al., 2021) and even
specific applications such as controlled drug delivery systems (Herrera et al 2018; Li et al 2018). On the
other hand, metal nanoparticles have been objects of catalysis studies and materials science where
they find wide application for designing advanced electrode materials (Kralik & Biffis, 2001). The
features of the metal nanoparticles are strongly influenced by the microenvironment surrounding
them and often a suitable support is needed to obtain the desired material with enhanced stability.
Conducting polymers are among the most used support materials for designing nanoparticle modified
electrodes as they both serve as a stabilizing matrix for the metal nanoparticles and a conducting
porous structure for increasing the surface area of the electrode (Celebi, 2016; Ghosh et al., 2015).

In this work, we prepared a poly(thionine) (PTH) modified a glassy carbon electrode decorated with
palladium (Pd) particles through a simple electrochemical route. For this purpose, we first coated the
electrode with conducting PTH film by cyclic voltammetry technique followed by immobilization of the
Pd particles from aqueous solution by constant potential electrolysis. For characterization of the
modified electrode, we used cyclic voltammetry and electrochemical impedance methods. We also
studied the effect of activation of the GCE for the immobilization of the polymer film onto the electrode
material. Ultimately, our goal is to use the Pd@PTH modified GCE for designing an amperometric
biosensor for hydrogen peroxide detection.

Materials and Methods

Materials and Methods

PTH was synthesized according to the procedure described by Yang et al. (1999). Thionine acetate,
H,S04, K,PdCly, KsFe(CN)e and K4Fe(CN)s were obtained from Sigma-Aldrich and used as received. Triple
distilled water was used for aqueous solutions. Solutions were saturated with high purity nitrogen gas
before the experiments to remove the dissolved oxygen. All experiments were carried out at ambient
temperature.

Electrochemical experiments were performed using CHI 600E electrochemical workstation. IVIUM
Pocket Stat impedance analyzer was used for electrochemical impedance spectroscopy (EIS) studies.
A three-electrode system glass cell was used with a glassy carbon working electrode (GCE, 3 mm in
diameter). A saturated calomel electrode (SCE) was used as the reference electrode and a Pt wire was
used as the counter electrode.

Results and Discussion

Immobilization of PTH film on GCE was carried out via cyclic voltametric scans in 0.1 M thionine acetate
solution containing 0.5 M H,SO, as the supporting electrolyte. The potential window was between
potentials -0.4 V - +0.1 V vs. SCE. Growth of the polymer film on the electrode surface is given in Figure
1.
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Figurel. Polimerization of Thionine from 0.1 Mm Thionine Acetate Solution Containing 0.5 M H2S04
as the Supporting Electrolyte (Scan rate: 100 mV s)

To confirm the formation of the PTH film, we recorded the CV of the resulting film in 0.5 M H,SO4
solution (Figure 2). When we examine the CV, oxidation and reduction peaks of the polymer are
observed at potentials +0.20 V and +0.23 V respectively, which are clearly different than those of the
monomer. Therefore, the CV in the blank solution is the proof of the formation of the polymer film on
GCE.
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Figure2. CV of the Polymer Coated GCE in 0.5 M H2504 (Scan rate: 100 mV s})

GCE, which is produced through pyrolysis of polymer resin is well known with its good conductivity
(Jenkins and Kawamura 1976). This feature makes the GCE a preferred electrode material for sensor
studies. Moreover, electrochemical pretreatment which is also referred to as activation, results in
significant improvement in the physical and electrochemical properties of the electrode material
(Thiagarajan et al 2009). Therefore, in this work, we studied the effect of the activation of the GCE.
Activation was performed prior to the electro polymerization process by applying constant potential
electrolysis to the uncoated electrode for 5 min at +1.5 V in 0.1 mM thionine acetate solution
containing 0.5 M H,S0,;. When we compared the polymerization profiles of the activated and the

181



Ordu Universitesi Bilim ve Teknoloji Dergisi | Ordu University Journal of Science and Technology 2021; 11(2): 179-185

unactivated electrodes, it was clear that the activation process was enabling much better
electrochemical response during the polymerization (Figure 3).
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Figure3. Polimerization Profiles on GCE Under Activated (black) and Unactivated (red) Conditions (Scan
rate: 100 mV s)

K2PdCl, solution was used as the precursor to immobilize Pd particles to the polymer coated GCE. For
this purpose, PTH coated working electrode was immersed in an aqueous 2.0 mM K;,PdCl, solution
without supporting electrolyte and electrolysis was performed at -0.8 V constant potential to reduce
the Pd particles directly to the polymer film matrix; no further reduction was applied. After this step,
CV of the resulting Pd@PTH modified GCE in 0.5 M H,SO, revealed the formation of the Pd particles
on the polymer coated electrode (Figure 4).
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Figure4. CV of Pd@PTH Modified GCE in 0.5 M H,SO, (Scan rate: 100 mV s)

Finally, we characterized the prepared modified electrode using EIS method. In Figure 5, Nyquist plots
of uncoated GCE, PTH coated GCE and Pd@PTH modified GCE recorded in 5.0 mM Fe(CN)s>/# solution
containing 0.1 M KCl in the frequency range 0.01-105 Hz (amplitude = 10mV, open circuit potential)
are given. According to the semi-circles seen in the figure, the electron transfer resistance (Rct) values
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of the surface decrease significantly as a result of the modification process, which reveals that the
conductivity increases significantly. Moreover, to display the role of the PTH support material for Pd
particles, the Nyquist plots of the Pd immobilized GCE with and without the PTH film was recorded
under the same experimental parameters (Figure 6). As clearly seen, the use of PTH as the support
material for Pd particles significantly increases the conductivity properties of the film and facilitates
the diffusion of the ferricyanide ions to the electrode surface.
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Figure5. Nyquist Plots for Uncoated GCE(-) , PTH Coated GCE (A) and Pd@PTH Coated GCE () in 5.0
mM Fe(CN)s>7* Solution
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Figure6. Nyquist Plots for Pd Modified GCE(—) and Pd@PTH Coated GCE (1) in 5.0 mM Fe(CN)e>7/*
Solution
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Conclusion

We described the preparation of PdA@PTH modified GCE using a two-step simple procedure. Activation
of the working electrode prior to the polymerization process improved the polymerization of thionine
and the prepared modified electrode exhibited improved conductivity. It can be concluded that the
PTH conducting film can be used as a favorable support material serving as a suitable matrix for
immobilization of Pd particles. The prepared modified electrode system is planned to be optimized for
designing an electrochemical sensor for selective determination H,0; in aqueous medium.
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