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Abstract

Platinum nanoparticles were electrochemically deposited on conducting polymer polythiophene (PTh)-coated stainless steel
(SS) substrate. A thin layer of PTh on the steel substrate facilitates uniform deposition of Pt nanoparticles on the substrate,
thereby improving the surface area to a great extent. The electrochemical properties of the modified electrodes were analyzed
by cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). The physicochemical properties of the modi-
fied electrodes were investigated by Scanning electron microscopy (SEM), Transmission electron microscopy (TEM), X-ray
diffraction spectroscopy (XRD), Raman spectroscopy, and Fourier transform infrared spectroscopy (FTIR). The proposed
method has been applied for the electrocatalytic oxidation of benzyl alcohol in the presence of a mediator, 2,2,6,6-tetrameth-
ylpiperidine 1-oxyl (TEMPO). Cyclic voltammetric studies reveal that the electrocatalytic activity of Pt—PTh/SS electrode
is higher than that of PTh/SS electrode toward the conversion of benzyl alcohol to benzaldehyde.
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for metal nanoparticles, complex ions, and enzyme immobi-
lization through which the polymeric system acquires cata-
lytic functionality [2—8]. Conducting polymers (CPs) are
advantageous in terms of easier preparation by chemical and
electrochemical methods and are chemically durable against
aerial oxidation. It acts as a supporting material for electro-
catalysis. Most of the catalytic reactions are controlled by
adsorption which relies upon the nature and structure of cat-
alytic centers. The dispersion of metal nanoparticles in CP
thin films displays stronger adsorbability with the increasing
surface area and catalytic efficiency due to roughening of the
conducting surface [9]. The electron-transfer properties at
the electrode—electrolyte interface arises from the electrons
of Pt, Pd, Au, Ag, Cu, and Ni nanoparticles, which are dis-
persed along the chains of CP host matrix which induces
porosity on the substrate electrode [10-12].

CPs such as polyaniline (PANI), polypyrrole (PPy),
poly(3,4 ethylenedioxythiophene) (PEDOT), and polythio-
phene (PTh) have been explored as supporting host matri-
ces for the dispersion of nanoparticles. Metal nanoparticles-
dispersed CPs have earlier been reported for the oxidation
of organic molecules such as folic acid, formaldehyde, and
methanol [13, 14]. High stability, conductivity, and process-
ability at ambient conditions make PTh a versatile CP for
various electrocatalytic applications. PTh has been widely
used in environmentally and thermally stable CP-based
materials for applications such as chemical and optical
sensors, light-emitting diodes and displays, photovoltaic
devices, molecular devices, DNA detection, polymer elec-
tronic interconnects, solar cells, and transistors [15-17].
Its extensive electrochemical property and the control over
morphology can be attributed to the electrosynthetic condi-
tions and structural modifications. This makes PTh one of
the most attractive CPs [18, 19]. The electrodeposition of a
polymer with open morphology and adequate conductivity
allows the incorporation of metal nanoparticles. Waltman
et al. prepared highly conducting PTh films on Pt working
electrode by electropolymerization and applied the same in
the preparation of electroluminescent materials [20]. Dai
et al. investigated the electrosynthesis of PTh film from
boron trifluoride diethyl etherate (BFEE) containing thio-
phene monomer on the stainless steel substrate [21]. There
are also reports of increased electrocatalytic efficiency for
CP substrate decorated with metal nanoparticles. Kent and
his coworkers immobilized Pt nanoparticle on PANI-coated
glassy carbon electrode (GCE) for the oxidation and reduc-
tion of methanol [22]. Dominguez and his coworkers studied
the electrodeposition of Pt nanoparticles under potentiostatic
condition on several carbonaceous electrodes with PANI and
poly-o-aminophenol as CPs [23]. Schrebler et al. have modi-
fied PTh on electrode substrate by electrodepositing Pt and
Pt-supported lead and applied in the electrooxidation of for-
mic acid [24]. Pt—Sn catalysts dispersed on poly(3-methyl)
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thiophene electrodes have also been reported for the electro-
catalytic oxidation of methanol [25].

Benzaldehyde formed as a result of Benzyl alcohol oxida-
tion is one of the industrially significant chemicals. Conven-
tional methods that have been reported for the synthesis of
benzaldehyde include liquid-phase chlorination and oxida-
tion of toluene which results in chlorinated impurities along
with the desired product [26]. The conventional synthesis of
benzaldehyde from benzyl alcohol by treatment with excess
of potassium permanganate resulted in production of large
amount of waste [27]. Controlled oxidative conversion of
benzyl alcohol to benzaldehyde is the most basic reaction
involving oxygen group transfer, resulting in the formation
of an aldehydic intermediate. Zhao et al. demonstrated that
benzyl alcohol could be electrooxidized to benzaldehyde in
a biphasic system consisting of supercritical CO, and ionic
ligands [28]. The oxidation of benzyl alcohol which con-
ventionally uses oxidizing agents such as Cr,0,, MnO,, and
SeO, are known to pose serious threat to the environment.
These oxidizing agents can be substituted by a mediator.
Oxidized TEMPO (2, 2, 6, 6-tetramethylpiperidin-1-yl)oxyl
is one such mediator, which is a stable oxoammonium cation
(TEMPOY) in acetonitrile acting as a high-energy selective
catalyst [29]. TEMPO is stable in both aqueous and non-
aqueous media due to its steric hindrance around the nitrosyl
moiety. TEMPO can be oxidized electrochemically, or by
means of oxidants such as H,0,, O,, and metal halides to
generate an active oxoammonium species that reacts with
alcohol resulting in the formation of an aldehyde or ketone
[30]. TEMPO prevents overoxidation of Benzyl alcohol to
Benzoic acid. The interconversions among TEMPO, TEM-
POH (hydroxyl amine), and TEMPO™, and their abilities to
scavenge reactive radicals are often explored in biochemical
applications [31].

In the present investigation, Pt nanoparticles were dis-
persed into PTh CP coated on SS substrate which has dis-
played remarkable electrocatalytic properties toward the
oxidation of benzyl alcohol to benzaldehyde in the presence
of TEMPO mediator. SS is economic, electrically conduct-
ing, and environment friendly. To the best of our knowl-
edge, electrodepositions of Pt on PTh-coated SS are being
reported for the first time for the electrocatalytic oxidation of
benzyl alcohol in the presence of TEMPO mediator.

2 Experimental

2.1 Reagents

Thiophene (Th), chloroplatinic acid (H,PtCls), and TEMPO
were purchased from Sigma Aldrich-Merck (>99%). Potas-

sium ferricyanide (K;[Fe(CN)g]), potassium ferrocyanide
(K4[Fe(CN)g]), and acetonitrile (ACN) were procured from
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SD Fine-Chemicals Pvt. Ltd. India. Extra-pure lithium per-
chlorate (LiClO,) (99%) was bought from Loba Chemie Pvt.
Ltd. India. Double-distilled water was used for preparing the
aqueous solutions. A highly pure 304 grade SS foil of thick-
ness 0.2 mm was used as the substrate for the deposition of
PTh and Pt on PTh. A glass cell of 50 mL volume with suita-
ble ground-glass joints was used to house SS or modified SS
as substrate working electrode, Pt foil as counter electrode,
and a saturated calomel reference electrode for the electro-
chemical deposition of Pt on PTh/SS and PTh, electrochemi-
cal characterization, and oxidation of benzyl alcohol. All the
potential values are reported against saturated calomel elec-
trode. Preliminary experiments were performed using pol-
ished and cleaned electrodes. Adherence onto SS sheet was
improved by subjecting it to sand blasting which generated a
noticeable rough surface and was washed continuously using
a detergent followed by amide etching in dilute H,SO,. A
foil of 7.0 cm in length with 1.2 cm width was sectioned out
of a sand-blasted SS sheet. An area of 1.5 cm” at one end
was exposed to the electrolyte, and the rest of its length was
used as tag to make electrical contacts. The SS substrate was
washed with water, rinsed with acetone, and dried in vacuum
at an ambient temperature for 30 min. The electrochemical
measurements were carried out at room temperature in the
range 22+ 1 °C in an air conditioned room.

2.2 Instrumentation

Cyclic voltammetric deposition of PTh on SS and Pt on PTh/
SS, EIS measurements, and electrocatalytic oxidation of
benzyl alcohol were performed on electrochemical analyzer
CHI608E (CH Instrument Inc. USA). SEM images were
recorded using FEI scanning electron microscope (model
SIRION). TEM images were recorded on a JEOL/JEM2100
model TEM. Powder X-ray diffraction (XRD) patterns were
obtained on a Bruker AXS D8 advanced X-ray diffractom-
eter using Cu Ka radiation (A=1.5406 A°). Lab RAM HR
FT Raman module was used for FT Raman spectroscopic
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analysis. Thermo Nicolet Avatar 370 was used to record the
FTIR spectra.

2.3 Preparation of PTh/SS and Pt-PTh/SS

The electropolymerization of PTh on SS electrode was per-
formed using a solution containing 0.1 M Th, 0.1 M LiCIO,
in ACN medium for 25 successive potential cycles in the
range —1.20 V to 1.80 V at a scan rate of 0.05 Vs~!. After
the electrodeposition, the electrode was rinsed with double-
distilled water and dried. An electrolyte containing 0.005 M
H,PtClg and 0.1 M H,SO, was used for the electrodeposi-
tion of Pt nanoparticles on PTh/SS for 15 cycles between
—0.70 V and 1.7 V using a scan rate of 0.05 Vs~!.

2.4 Electrochemical oxidation of benzyl alcohol

The behaviors of Pt-PTh/SS and other electrodes toward
electrocatalytic oxidation of benzyl alcohol in the presence
of TEMPO (0.01 M) in ACN medium with 0.1 M LiClO,
supporting electrolyte were studied using cyclic voltamme-
try in the potential range —0.62 V to 1.00 V at 0.05 Vs~!
scan rate. The schematic representation of benzyl alcohol
oxidation at Pt—PTh/SS electrode using TEMPO has been
presented in Scheme 1.

3 Results and discussion
3.1 Electrochemical preparation of Pt-PTh/SS

The electropolymerization technique can be used to control
the thickness and homogeneous nature of the CP depos-
ited on the electrode substrate. The cyclic voltammograms
obtained for the electropolymerization of thiophene are
shown in Fig. 1. An electrolyte containing 0.1 M thiophene,
0.1 M LiClO, as supporting electrolyte in acetonitrile was
taken for the electrodeposition of PTh for 25 cycles in the
potential range —1.20 V to 1.80 V at 0.05 Vs~! scan rate.
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Fig. 1 Electropolymerization of thiophene on SS by 25 scanning
potential cycles at a scan rate of 0.05 Vs™': (0.1 M) thiophene;
(0.1 M) LiCIOy in acetonitrile

As observed in the figure, the oxidation of thiophene starts
at —0.62 V generating the first layer of polythiophene. The
successive cycles show progressive growth of PTh layer. The
current starts to increase from 0.79 V and another oxidation
peak was observed at 1.26 V. Two reduction peaks were
observed at —0.69 V and 0.22 V.

()=

Thiophene

(s =

e

The mechanism for the electropolymerization of thio-
phene involves the presence of radical cations and their
dimerization. In the propagation step, this grows further in
length and forms PTh [32] (Scheme 2).

The porous nature of PTh provides high surface area for
Pt deposition on PTh/SS electrode. Using cyclic voltamme-
try, Pt nanoparticles were deposited on PTh/SS electrode at
a scan rate of 0.05 Vs~! between —0.7 V and 1.7 V vs SCE
for 15 cycles (Fig. 2). In the case of Pt deposition, two redox
couples were observed at 0.30 V and 0.49 V; 1.01 V and
1.36 V in the voltammograms. This suggests the presence of
Pt in two oxidation states (Pt**/Pt*"). Pt-deposited electrodes
were cleaned with double-distilled water, dried, and further
used for anodic oxidation of benzyl alcohol.

3.2 Voltammetric behavior of potassium
ferrocyanide/ferricyanide at Pt-PTh/SS
and PTh/SS electrodes

The cyclic voltammograms of [Fe(CN)G)]“_/ [Fe(CN)6]3_ at
Pt—PTh/SS, PTh/SS, and bare SS electrodes were studied at
a scan rate of 0.05 Vs™! (Fig. 3). The obtained CV data was
used to find the surface area of the electrodes. Graphs were
drawn by plotting anodic peak currents against square root
of scan rate, and their respective slopes were determined.
Randles—Sevcik equation (Eq. 1) was used to calculate the
electrochemically active surface areas of the electrodes using

A

O 5= Oy~ =

Scheme 2 Mechanism of electropolymerization of Thiophene [32]
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Fig.2 Electrodeposition of Pt on PTh/SS electrode by 15 scan-
ning potential cycles at a scan rate of 0.05 Vs~™!: (0.005 M) H,PtCly;
(0.1 M) H,SO,

(a) Pt-PTh/SS
—— (b) PTh/SS
4 (c) Bare SS
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Fig.3 Cyclic voltammograms of 1 mM potassium ferrocyanide/fer-
ricyanide at Pt—PTh/SS (curve a), PTh/SS (curve b), and bare SS
(curve c) electrodes in 1 M KC1

respective slopes, concentrations, and diffusion coefficient
(0.76 x 107> cm?/s).

i, = 2.69 x 10°AD*n*/21/2C, (1)

where A represents electroactive surface area in cm?, Dy is
the diffusion coefficient in cm?/s, n is the number of electrons
participating in the redox reaction, v is the scan rate in Vs~
and C is the concentration of K,[Fe(CN)¢]/K;[Fe(CN)¢] in
the bulk solution in mol/cm?. The value of electroactive sur-
face area calculated for bare SS, PTh/SS, and Pt—PTh/SS

electrodes are 0.42, 1.51, and 3.64 cm?, respectively. Based
on the results, it is understood that the surface area is very
low for bare SS electrode, and the surface areas are high for
PTh/SS and Pt—PTh/SS electrodes which can be attributed
to the highly porous morphology of PTh, which also helps
in the uniform dispersion of Pt nanoparticles.

3.3 EIS behavior of Pt-PTh/SS, PTh/SS, and bare SS
electrodes

EIS is an effective technique to characterize the interfacial
properties of the electrodes. The Nyquist plots of Pt—PTh/
SS (curve a), PTh/SS (curve b), and bare SS (curve c) in
I mM K,[Fe(CN)(1/K;[Fe(CN)¢] using 1 M KCl as elec-
trolyte are shown in Fig. 4. The charge-transfer resistance
(Rc) is the semicircular diameter of the Nyquist plot. Rqp
value of bare SS was about 630.0 Q, whereas the R value
of PTh/SS was 150.0 Q. This value greatly reduced to 112.6
Q in case of Pt—-PTh/SS. Therefore, it is evident that as R
value decreases, conducting nature increases. On modifi-
cation with PTh, the conducting property is enhanced to
a large extent. The electrodeposition of Pt on PTh/SS fur-
ther decreased the R value and increased its conductiv-
ity. Therefore, it can be concluded that the modification of
bare SS with PTh and Pt—PTh/SS enhances the conductiv-
ity toward the redox process of K,[Fe(CN)(]/K;[Fe(CN)g].
Hence, it may possibly facilitate a good platform for electro-
catalytic oxidation of benzyl alcohol. The equivalent-circuit
parameters and errors of fitting of EIS data are given in
Table 1.

3.4 Physicochemical characterization of modified
electrodes

3.4.1 SEM and TEM analyses

SEM analyses of PTh/SS and Pt—-PTh/SS electrodes are
shown in Fig. 5a, b, respectively. The SS surface was uni-
formly covered with PTh and displayed flake-like mor-
phology. PTh flakes on SS act as nucleation centers for the
formation of Pt nanoclusters. The nanoclusters of Pt act
as high-energy surface sites in attracting the molecules of
benzyl alcohol toward the surface of the electrode. These
metal nanoclusters provide channels for benzyl alcohol
molecules to diffuse into the polymer matrix.

TEM image of Pt nanoclusters on PTh/SS is presented
in Fig. 5c. It shows uniformly active surface growth of Pt
nanoparticles on PTh modified SS electrode. Pt deposition
further increased the surface area of electrode and facili-
tated diffusion of benzyl alcohol toward PTh/SS leading to
an effective electrocatalytic oxidation process.

@ Springer
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Fig.4 Nyquist plots of a Pt—PTh/SS, b PTh/SS, and ¢ bare SS electrodes in 1 mM K,[Fe(CN)¢J/K;[Fe(CN)g] using 1 M KCl as electrolyte

Table 1 The list of equivalent-circuit parameters with errors of fitting
for the EIS data

Electrodes Equivalent- Values obtained Fitted values =+ Error
circuit
parameter

Bare SS R, (Q) 33.460 33.438 0.0216
Rer () 630 629.8 0.1392
Cy (Q71s) 0.001 0.007 0.003
w 5.265x107° 0.0051 0.0001

PTh/SS R, (Q) 0.3143 0.3121 0.0022
Rer () 150 149.8 0.1728
Cy (Q71s) 0.0459 0.0457 0.0002
w 7.4%1072 0.0739 0.0001

Pt-PTh/SS R, (Q) 0.4818 0.4688 0.0130
Rer () 112.6 1124 0.1562
Cy(Q7's)  0.0791 0.0788 0.0003
w 1.82x1072 0.0017 0.0001
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3.4.2 XRD studies

The XRD pattern for Pt-PTh/SS electrode is given in Fig. 6.
Peaks observed at 20 values of 11.6° (222), 12.2° (100),
20.7° (111) and 34.1° (222) confirms the deposition of PTh
on SS. The electrodeposited Pt peaks at 20 values of 39.6°,
46.3° and 67.8° can be assigned to (111), (200) and (220)
planes, respectively. The JCPDS number of Pt is 04-08-02
and it has fcc lattice. The sharp nature of peaks reveals that
the depositions are crystalline in nature. The average crys-
tallite size of Pt-Pth particles on SS electrode was found
using the largest diffraction peak (11.6°) by Scherrer equa-
tion (Eq. 2).

L= KA/Bcos@, ()
where L is the average crystallite size, K is the constant
related crystallite shape, which is usually 0.9, A represents
the X-ray wavelength (0.1540 nm), f is the peak width at
half maximum intensity in radiance, and 6 is the angle of
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Fig.6 XRD pattern of Pt—PTh/SS electrode

incidence of the incoming X-ray. The average crystallite
size determined using Scherrer equation was found to be
0.2397 nm.

3.4.3 IR and Raman spectroscopic studies

The IR spectra of PTh/SS and Pt—PTh/SS are depicted in
Fig. 7. C-S stretching is observed at 785 and 617 cm™".
C=C characteristic peak is seen at 1670 cm~! and C-H
plane deformation is observed at 1110 cm™!. The peak at
1440 cm™! is characteristic of thiophene ring stretching.
Peaks at 2850 and 2920 cm™! can be attributed to C-H
stretching. The IR spectrum of Pt-PTh/SS also shows similar
peaks with lower intensity when compared to PTh/SS. This
indicates the absence of a chemical interaction between PTh
and Pt nanoparticles at the electrode surface. The Raman
spectrum of Pt—PTh/SS is shown in Fig. 8. The peaks at
1500 cm™" and 700 cm™! indicate C—H stretching and C—C
stretching of thiophene ring, respectively. The sharp peak
at 1458 cm™! is typical of C=C symmetric stretching. The

% Transmittance / Arb.

(a) PTh/SS
—— (b) Pt-PTh/SS

1440 1110

1670

. T g T
3500 3000

T T v T T T v
2500 2000 1500
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Fig.7 FTIR spectra of PTh/SS (a) and Pt—PTh/SS (b)
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Fig.8 Raman spectrum of Pt—-PTh/SS
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Fig.9 Cyclic voltammograms of 0.01 M TEMPO at (i) Pt-PTh/SS
(ii) PTh/SS, and (iii) bare SS in the absence of 10 mM benzyl alcohol
with (0.1 M) LiClO, in acetonitrile medium

aromatic C—S stretching peak is observed at 1045 cm™!.

Similarly, IR spectrum of Pt deposition on PTh/SS does not
show any prominent shift in peaks, which indicates that Pt
is adsorbed onto PTh/SS electrode surface. This confirms
that there is no chemical interaction between Pt and PTh.

3.5 Electrocatalytic oxidation of benzyl alcohol
at Pt-PTh/SS electrode

Cyclic voltammetric experiments were performed to inves-
tigate the electrocatalytic oxidation of benzyl alcohol at
Pt—PTh/SS, PTh/SS, and bare SS electrodes. The experi-
ment was performed at a scan rate of 0.05 Vs~ in 0.01 M
TEMPO with LiClO, in acetonitrile medium. Cyclic vol-
tammograms for 0.01 M TEMPO with 0.1 M LiCIO, sup-
porting electrolyte in acetonitrile at Pt—-PTh/SS, PTh/SS,
and bare SS in the absence of benzyl alcohol is depicted in
Fig. 9. It can be observed from the cyclic voltammograms
that TEMPO displays small current flow through bare SS
and PTh/SS electrodes, whereas a broad voltammogram
was obtained for Pt—PTh/SS. In the presence of benzyl
alcohol, the oxidation of TEMPO becomes irreversible,
and oxidation peak appears to be wavelike. Benzyl alco-
hol gives a weak current response for bare SS electrode
and PTh/SS electrode in comparison to Pt—PTh/SS elec-
trode (Fig. 10). Molecules of benzyl alcohol were greatly
attracted toward the electrode surface due to high-energy
active sites produced by Pt nanoparticles. Benzaldehyde
obtained from the oxidation of benzyl alcohol at Pt—-PTh/
SS electrode was analyzed. This was done by analyzing
the solution containing products of oxidation obtained on

@ Springer
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Fig. 10 Cyclic voltammograms of 0.01 M TEMPO at (i) Pt—PTh/SS
(i) PTh/SS, and (iii) bare SS in the presence of 10 mM benzyl alco-
hol with (0.1 M) LiClO, in acetonitrile medium

Scheme 3 Mechanism of benzyl alcohol oxidation at Pt-PTh/SS
electrode using TEMPO

prolonged electrolysis (48 h) of 10 mM benzyl alcohol in
the presence of TEMPO by HPLC using a Shimadzu LC-SA
column (250 mm X 4.6 mm) as the stationary phase. The
product purity was determined to be 85%. TEMPO gets oxi-
dized to TEMPO" cation, and it acts as an initiator for the
benzyl alcohol oxidation [33]. It selectively oxidizes benzyl
alcohol to benzaldehyde and prevents further oxidation to
benzoic acid. TEMPO is reduced to TEMPOH, a hydroxyl
amine obtained by 2e™ transfer at the electrode surface, and
it directly gets converted to TEMPO. The mechanism of
benzyl alcohol oxidation at Pt—-PTh/SS electrode using
TEMPO is given in Scheme 3.
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Fig. 11 Cyclic voltammograms of 0.01 M TEMPO in the presence of
benzyl alcohol at different number of voltammetric cycles of Pt depo-
sition on PTh/SS electrode

3.6 Effect of number of cycles

The oxidation of 10 mM benzyl alcohol in the presence of
TEMPO using Pt—PTh/SS electrode was studied for differ-
ent number of cycles such as 5, 10, 11, 12, 13, 14, and 15
required for the deposition of Pt on PTh/SS electrode. With
the increasing number of cycles for depositing Pt on PTh/SS
electrode, the increased oxidation peak currents of TEMPO
in the presence of benzyl alcohol were also observed. The
potential was found to shift toward negative values up to 15
cycles after which the current remained constant. Therefore,
15 cycles were taken as optimal number of cycles for Pt
deposition on PTh/SS for benzyl alcohol oxidation (Figs. 11,
12).

3.7 Effect of scan rate

The effect of scan rate on the oxidation of benzyl alcohol in
the presence of TEMPO was studied at Pt—PTh/SS electrode
using LiClO, supporting electrolyte in acetonitrile medium.
Cyclic voltammograms of 0.01 M TEMPO in the presence
of 10 mM benzyl alcohol at 0.02 Vs~!, 0.04 Vs~1,0.05 Vs,
0.06 Vs~,0.08 Vs=, 0.1 Vs~ and 0.12 Vs~ ! are shown in
Fig. 13. A linear graph was obtained for logarithm of peak
currents plotted against logarithm of scan rates (Fig. 14).
The results indicated that the electrochemical process was
adsorption controlled and not diffusion controlled.

3.8 Reproducibility and stability

The reproducibility of electrode response was studied.
Six electrodes were modified, and their electrochemical

-2.8 1 /

/
Jo

Current/ (x 107 A

Number of cycles

Fig. 12 Effect of the number of voltammetric cycles on the anodic
peak current of 0.01 M TEMPO in the presence of benzyl alcohol at
Pt—PTh/SS

(vii)

Current density / (x 10'4) A cm?

24

. . Y .
-1.0 -0.5 0.0 0.5 1.0
Potential vs SCE

Fig. 13 Cyclic voltammograms of 0.01 M TEMPO in the presence of
benzyl alcohol at Pt—PTh/SS electrode at scan rates (i) 0.02 Vs~!, (ii)
0.04 Vs~!, (iii) 0.05 Vs~!, (iv) 0.06 Vs~!, (v) 0.08 Vs~!, (vi) 0.1 Vs,
(vii) 0.12 Vs~!

responses toward benzyl alcohol oxidation in the presence
of TEMPO were evaluated for 1 month at the interval of
5 days. The results revealed that the electrodes were stable
for a longer period and were found to be effective in the
electrooxidation of benzyl alcohol. A decrease of about 3%
in the CV response of the electrode revealed its good sta-
bility. 50 continuous cycles were performed using cyclic
voltammetry for Pt—PTh/SS electrode in the absence of
benzyl alcohol, which has been depicted in Fig. 15.
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Fig. 14 Plot of logarithm of the anodic peak currents against loga-
rithm of scan rates
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Fig. 15 CV response of 50 continuous cycles of Pt—-PTh/SS electrode
without TEMPO and benzyl alcohol in (0.1 M) LiClO, in acetonitrile

4 Conclusions

Electrocatalytic activity of Pt—PTh/SS electrode toward
benzyl alcohol oxidation in the presence of TEMPO was
studied using cyclic voltammetry. Pt electrodeposited on
PTh-coated SS was present as nanoclusters uniformly dis-
persed on the electrode surface. The Pt nanoparticles act as
high-energy surface sites in attracting the benzyl alcohol
molecules toward the electrode surface. The cyclic vol-
tammetric studies indicated that Pt—PTh/SS electrode is
several times more efficient than bare SS electrode toward

@ Springer

oxidation of benzyl alcohol mediated by TEMPO. Direct
oxidation of benzyl alcohol to benzaldehyde could be
achieved by a single step at Pt—PTh/SS electrode using
TEMPO as a mediator in the proposed method.
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