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Abstract Pd-poly(3,4-ethylenedioxythiophene) (PEDOT)-
based electrocatalytic materials are obtained by coupling Pd
ion reduction with oxidation of pre-reduced PEDOT coatings.
Electroless metal deposition is carried out in single or triple
electroless deposition steps resulting in Pd NPswithmean size
ranging between 12 and 22 nm, respectively. The proposed
method of dispersing the Pd catalytic phase provides the op-
portunity to obtain high electrocatalytic currents with Pd load-
ings as low as 10 μg cm−2. The Pd-PEDOT catalyst obtained
by triple-step metal deposition shows stable voltammetric be-
havior with respect to glycerol oxidation in alkaline solution.
The established mass activity is between the highest values
achieved at Pd-electrocatalysts without involving additional
electrocatalytic materials or special supports.
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Introduction

The development of suitable electrocatalysts for direct alcohol
fuel cells continues to be the subject of numerous studies
[1–4]. Much effort is put into the development of various
Pd-based electrocatalytic materials [5–18] due to the prospect

to reduce the platinum content in fuel cells. Comparative stud-
ies of Pt- and Pd-supported nanoparticles (NPs) have shown
that the onset potential for glycerol oxidation is lower on Pt-
based catalysts, but nevertheless, in specific experimental con-
ditions, higher oxidation currents are observed on Pd-based
materials [8, 10]. It was found that electrooxidation of glycerol
may be significantly enhanced by using electrochemically
treated palladium surfaces [9]. Different ways of reducing
the palladium content and increasing the electroactive surface
area were explored such as galvanic replacement of electro-
chemically deposited copper by palladium [13], formation of
two-dimensional assemblies of Pd NPs [14], or use of Pd-
decorated core-shell nanocatalysts [16]. Further improve-
ments in terms of electrocatalytic activity were sought by
combining Pd with other metals, e.g., Au and Ni [7] or
adatoms of Sb, Pb, and Sn [15]. Apart from the metal catalytic
centers, the catalyst support is also of utmost importance for
the stability and effectiveness of the electrocatalytical perfor-
mance [6, 11, 12, 17]. Conducting polymers (CP) present one
of the possibilities for using supports with high conductivity
and well-developed surface area. CP-based supports with de-
posited Pd particles were investigated as electrocatalysts for
alcohol oxidation in various cases [19–28].Most of the studies
[23–28] use poly(3,4-ethylenedioxythiophene), PEDOT, as
conducting polymer support, which is known for its stability
in alkaline solutions. With one exception [23], PEDOT-based
investigations carried out so far involve either massively de-
posited Pd (or Pd-Ru) dendrite structures [25–27] or gra
phene as additional composite component [24, 28].
Electrophoretically deposited thin Pd NPs-PEDOT composite
layers studied in [23] show enhanced electroactivity for etha-
nol electrooxidation.

There are different ways of depositing metal particles on
conducting polymer materials including chemical and electro-
chemical approaches [29, 30], e.g., polymerization in the
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presence of pre-synthesized metal nanoparticles, one-pot
chemical synthesis of metal-CP composites, and metal
electro- or electroless deposition on pre-deposited CP layers.
Electroless metal deposition is carried out either in the pres-
ence of solute reductant species (e.g., NaBH4) or at the ex-
panse oxidation of pre-reduced CPs. In the latter case, the CP-
coated electrodes are kept at potentials negative enough with
respect to the equilibrium potential of the depositing metal
ions. It is well understood that the different ways of depositing
metallic particles result in very different characteristics (num-
ber, size and size distribution and location) of the electrocata-
lytic phase. Pd electroless deposition (at the expense of CP
oxidation) was studied in the case of polyaniline [31–33] and
PEDOT [34–38], and the obtained electrocatalysts were tested
for oxidation of hydrazine [32, 38] and reduction of hydrogen
peroxide [37] and nitrate ions [34]. The investigations on the
electroless deposition of Pd on PEDOT [34–38] show that this
approach is a suitable way of obtaining well-dispersed metal-
lic phase. Studies using PEDOT-supported Pd NPs carried out
in neutral solutions [38] give evidence for the possibility to
use these materials for amperometric determination of
hydrazine.

Pd-PEDOT coat ings were already involved as
electrocatalysts for alcohol oxidation in alkaline media. The
electrocatalytic materials were obtained by chemical one-pot
synthesis [23, 28], metal electrodeposition [25–27], and
chemical metal deposition in the presence of NaBH4 [24]. In
a former study [22], we have investigated the possibility to use
polyaniline (PANI) as a sacrificial layer employed for the de-
position of the metallic phase. The Pd-PANI-coated electrode
was further subjected to temperature treatment at 400 °C used
to decompose the polymer backbone and obtain highly dis-
persed catalysts deprived from the intrinsic electroactivity of
PANI. In the present investigation, we explore the possibility
to obtain effective Pd-PEDOT-based electrocatalytic material
for glycerol oxidation by electroless deposition of Pd particles
on pre-reduced PEDOTcoatings. In contrast to former studies
on electrooxidation of glycerol by means of electrodeposited
Pd dendrites, covering almost completely the PEDOT surface
[25–27], the present approach provides the opportunity for
fine dispersion of Pd nanoparticles and presents a way of
reducing the amount of Pd used in the electrocatalytic mate-
rial. Glycerol is chosen as a prospective alcohol fuel due to its
low toxicity, weak corrosivity, and high boiling point.
Moreover, glycerol is obtained as a by-product in the
manufacturing of biodiesel which is a further reason for the
interest in its conversion as a fuel [39].

Experimental

All electrochemical experiments were carried out in three
electrode cells by using a glassy carbon electrode GC

(Sigradur®) with surface area S = 0.08 cm2, a platinum plate
counter electrode, and a mercury/mercury sulfate reference
electrode (MSE) Hg/Hg2SO4/0.5 mol cm−3 K2SO4. The po-
tentials in the text are referred to MSE E MSE/K2SO4 = 0.66 V
versus SHE. Before the experiments, the GC electrode surface
was treated with emery cloth (Buehler P4000) and then mirror
polished with Al2O3 on a Mastertex (Buehler) polishing cloth.
The electrolyte solutions were prepared with deionized water
(ρ = 18.2 MΩ cm) obtained from a Millipore Synergy™
UltrapureWater Purification System and were de-aerated with
argon for at least 30 min before the onset of the electrochem-
ical measurements. A computer-driven potentiostat/
ga lvanos t a t (Au to l ab PGSTAT 12; Ecochemie ,
The Netherlands) was used for the electrochemical
experiments.

Each experimental series consisted of several measure-
ments performed consecutively in six electrochemical cells:

1. Electrochemical polymerization of EDOTwas carried out
in aqueous solution consisting of 0.01 mol cm−3 EDOT
and 0.1 mol cm−3 LiClO4 (Aldrich) at constant anodic
potential, Ea = 0.38 V. PEDOT films with polymerization
charges between 4.4 and 4.9 mC were used in this study.
These polymerization charges correspond to thin layers
(0.23–0.26 μm) estimated on a 240 mC cm−2 polymeri-
zation charge per 1 μm thickness basis [34].

2. After synthesis, the polymer-coated electrodes were trans-
ferred in supporting electrolyte (0.1 mol cm−3 LiClO4) to
measure their electroactivity by cyclic voltammetry be-
tween −0.66 and +0.32 V. In the same electrolyte, the
polymer layers were electrochemically reduced by keep-
ing the working electrode at constant potential,
E = −1.4 V, for 1200 s.

3. Electroless deposition of palladium nanoparticles (NPs)
was carried out by dipping the pre-reduced PEDOT layers
in an aqueous solution of 0.002 mol cm−3 PdSO4 (Sigma
Aldrich) and 0.5 mol cm−3 H2SO4. The equilibrium po-
tential of Pd2+/Pd in this solution (E0Pd

2+/Pd
0 = 0.195 V) is

positive enough with respect to the potential used for re-
duction of the PEDOT layers. The electroless deposition
process was monitored through the change in the open
circuit potential (OCP) of the PEDOT-coated electrode.
The process was stopped at EOCP = −0.05 V. In some ex-
periments, the electroless deposition step was repeated
three times in order to increase the amount of the depos-
ited metal phase. In these cases, the Pd-PEDOT-coated
electrode was pre-reduced also before the second and
the third electroless deposition step.

4. Reference measurements were completed in alkaline
supporting electrolyte (0.5 mol cm−3 KOH), in the ab-
sence of glycerol, by cyclic voltammetry in order to reveal
the existence and electroactivity of the deposited palladi-
um NPs. This experiment was used to determine the
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reduction charge of the surface PdO layer and evaluate the
electrochemical surface area of the Pd electrocatalyst. A
reference value of 424 μC cm−2 monoatomic layer of
PdO was used in the calculations [40, 41].

5. Electrooxidation of glycerol was studied in the presence
of 0.1 mol cm−3and 0.5 mol cm−3 M glycerol in 0.5 M
KOH by cyclic voltammetry for assessing the electrocat-
alytic activity of the Pd/PEDOT-coated electrodes.

6. Anodic voltammetric stripping of Pd was completed in
1.15mol cm−3 HCl aqueous solution in order to determine
the mass of the deposited Pd catalyst.

Scanning electron microscopy (SEM) imaging and energy
dispersive x-ray (EDX) analysis was accomplished by means
of an SM 6380 (JEOL) apparatus equipped with an INCA
Oxford 7582 system.

Results and discussion

In the potential range where electrooxidation of glycerol is
expected to take place, PEDOT is in the oxidized, high-
conducting state. In voltammetric experiments, in the absence
of solute oxidizing/reducing species, PEDOT shows
pseudocapacitive charging/discharging behavior with intrinsic
currents proportional to the thickness of the CP layer. In order
to reduce the contribution of the intrinsic capacitive currents
of PEDOT in the electrocatalytic measurements, in the present
study, relatively thin PEDOT layers were used as supports for
the electrocatalytic metal NPs. This enforced the application
of a more negative reduction potential (E = −1.4 V) for the pre-
treatment of the polymer layers in comparison to former stud-
ies on electroless Pd deposition on PEDOT [34–36]. At this
potential, the transition of PEDOT from high-to-low
conducting state [42, 43] is already initiated (Fig. 1—solid
line). The pre-treatment procedure allowed transferring the
polymer-coated electrode to the Pd-plating solution by pre-
serving the reduced state of PEDOT.

OCP curves measured in the course of three consecutive Pd
electroless deposition steps carried out at one and the same
PEDOT-coated electrode are shown in Fig. 2. (The PEDOT
layer was pre-reduced before each deposition step.) The OCP
transient obtained at the pristine PEDOT layer shows a slow
increase of potential whereas in subsequent Pd deposition
steps, the potential increase is much faster. According to
Fig. 1 (dashed line) at the reduction potential (E = −1.4 V),
Pd-PEDOT reduction takes place together with hydrogen ab-
sorption in Pd. Thus, the oxidative transition of the Pd-PEDOT-
coated electrodes occurring in the second and third electroless
deposition steps involves both PEDOToxidation and hydrogen
desorption. Both processes provide electrons for the reduction
of the Pd2+ ions available in the solution. Therefore, the Pd
particles existing already on the PEDOT layer promote the
metal ion reduction in subsequent electroless deposition steps.
Metal particles size rather than increase in the number of de-
posited particles increase should be expected.

The amount of deposited Pd was monitored through anodic
voltammetric stripping (Fig. 3). Two stripping peaks are ob-
served with the main one corresponding to the expected po-
tential for the formation of [PdCl2]

4− complex [44]. The

Fig. 1 Cyclic voltammetric curves measured in 0.1 mol cm−3 LiClO4 at
PEDOT-coated electrode before (solid line) and after (dashed line) single-
step electroless deposition of Pd

Fig. 2 OCP transients measured in 0.002 mol cm−3 PdSO4 and
0.5 mol cm−3 H2SO4 in the course of a triple-step electroless deposition
procedure: first step (dotted line), second step (dashed line), and third step
(solid line)

Fig. 3 Anodic dissolution of Pd in 1.15 mol cm−3 HCl aqueous solution
after single step (dash dotted line) and triple-step (solid line) electroless
deposition. Scan rate v = 0.005 V s−1
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second, more positive stripping peak has a large relative con-
tribution after the first electroless deposition step when the
overall Pd content is small. After subsequent electroless depo-
sition steps and corresponding increase in the deposited metal
mass, the first stripping peak becomes dominating. It is worth
noting that anodic stripping of palladium has the same pattern
even if the electrocatalyst was not exposed to glycerol. Thus,
the origin of the second stripping peak could not be sought in
partial surface contamination of the Pd catalyst. It can be sug-
gested that it is a result of the interaction between the PEDOT
chains and Pd species with the largest contribution of the
corresponding contact area at low Pd amounts. In fact, it was
found that Pd ions interact strongly with (aromatic) thiophenic
compounds and PdCl2 was used for selectively slowing down
the elution of sulfuric compounds relative to hydrocarbons on
chromatographic assays [45].

The amount of deposited metal in the three-step Pd depo-
sition procedure is about four times larger than in the initial Pd
electroless deposition step (see Table 1). On the other hand,
the surface area of the Pd phase, which is proportional to the
charge under the PdO reduction peak, changes by about two
times (Table 1). It is worth noting that the deposited
electrocatalyst mass (m) to surface area (S) ratio
(m = ρN(2/3)πr3, S =N2πr2 where N is the number of depos-
ited metal particles, r—their mean radius, and ρ—the density
of Pd) is proportional to the linear size of the Pd particles. This
ratio increases about twice at triple electroless deposition, and
thus the average size of the Pd particles is expected to be
doubled. An estimation of the mean size for both cases is
made based on the data for the deposited mass and surface
area of Pd and results in 12 and 20 nm for the single- and
triple-step deposition, respectively.

The direct observation of the Pd-PEDOT catalysts by
means of SEM (Fig. 4) shows an even distribution of Pd
particles on the polymer surface. The size of the largest parti-
cles (or particles agglomerates) is estimated to be about 40 nm
in diameter for the specimen with triple electroless deposition
of Pd. The used SEM device did not allow a better imaging of
the Pd particles, especially on the specimen with a single elec-
troless deposition step. EDX analysis of Pd carried out at Pd-
PEDOT-coated electrodes with single and triple step deposi-
tion gave a 1:4 ratio of the Pd content for the single- to triple-

step deposition specimens which is in line with the results
from the electrochemical stripping (Table 1).

The voltammetric behavior of the Pd-PEDOT-coated elec-
trodes in the presence of glycerol is shown in Fig. 5 for spec-
imens obtained by single- and triple-step metal deposition. In
both cases, characteristic voltammograms for glycerol oxida-
tion are observed with main forward glycerol oxidation peaks
and backward oxidation peaks, the latter ascribed to removal
of incompletely oxidized carbonaceous species obtained in the
course of glycerol oxidation. Nevertheless, both specimens
show different trends in the evolution of the voltammetric
behavior in consecutive scans. In the case of Pd-PEDOT (sin-
gle-step deposition), the main peak gradually decreases and
loses about 30 % from the maximal peak current value
(Fig. 5a) whereas the triple-step deposition specimen shows
a marked increase in the main oxidation peak by more than

Table 1 Data for the Pd deposit and electrocatalytic activity of different Pd-PEDOT specimens

Specimen number Pd deposition m (Pd)
(μg cm−2)

q (PdO)
(mC cm−2)

d (Pd NP)
(nm)

Scan rate
(V s−1)

Glycerol
(mol cm−3)

MA
(mA mg−1)

jf/jb

1 Single 2.82 0.48 12 0.02 0.1 253 2.0

2 Triple 9.37 1.09 18 0.02 0.1 153 2.3

3 Triple 11.09 1.07 22 0.05 0.1 279 2.5

4 Triple 10.34 1.02 22 0.05 0.5 719 2.7

5 Triple 9.65 1.05 20 0.05 0.5 720 2.8

Fig. 4 SEM of Pd-PEDOT specimen obtained by triple-step electroless
deposition of Pd
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100 % from the initial value (Fig. 5b). It is worth noting that at
a higher scan rate and higher glycerol concentration, an even
stronger increase of the main peak current is observed in the
course of voltammetric scanning (Fig. 6). These different
trends in the voltammetric behavior can be discussed in the
context of following investigations. In a recent work [18], it

was shown that repetitive oxidation/reduction of the
electrocatalyst consisting of small Pd NPs (8.4 nm) in 2 M
KOH with and without ethanol results in deactivation of the
Pd catalysts due to the formation of surface PdO. The so-
called anodic stress of the Pd electrocatalyst [18] was found
to depend strongly on the positive potential limit used in the
experiment. The electrochemistry of Pd NPs deposited on
glassy carbon electrode was extensively studied in neutral
and alkaline solutions [46]. Pd NPs size-dependent redox po-
tential was suggested to explain pre-monolayer oxide forma-
tion at more negative potentials than expected for the Pd bulk
phase. On the other hand, a repetitive electrochemical redox
treatment (with very high positive potential limit) of polycrys-
talline Pd surface was found to enhance the electrocatalytic
response for ethanol, ethylene glycol, and glycerol oxidation
[9]. Furthermore, it was reported that Pd (111) surface can be
re-ordered by multiple sequences of electrochemical surface
oxidation and reduction followed by several cycles of

Fig. 5 Series of cyclic voltammetric curves of glycerol oxidation
measured in 0.1 mol cm−3 glycerol and 0.5 mol cm−3 KOH solution on
Pd/PEDOT layers obtained by a single-step and b triple-step Pd
deposition. Gray line denotes the measurement in absence of glycerol.
Scan rate v = 0.02 V s−1

Fig. 6 Series of cyclic voltammetric curves for glycerol oxidation
measured in 0.5 mol cm−3 glycerol and 0.5 mol cm−3 KOH at Pd/
PEDOT obtained by triple-step Pd deposition. Gray line denotes the
measurement in absence of glycerol. Scan rate v = 0.05 V s−1

Fig. 7 Dependence of a cyclic voltammetric forward peak current and b
the forward to backward current peak ratio on the number of consecutive
voltammetric scans at Pd-PEDOT specimens obtained at different
conditions: single-step (filled squares) and triple-step (filled circles,
stars, diamonds, and down-pointing triangles) Pd deposition;
0.1 mol cm−3 (filled squares, circles, and stars) and 0.5 mol cm−3 (filled
diamonds and down-pointing triangles) glycerol; scan rates v = 0.02V s−1

(filled squares and circles) and v = 0.05 V s−1 (filled stars, diamonds, and
down-pointing triangles) (see Table 1)
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oxidative chemisorption and reductive desorption of iodine
[47] but possibly also of other species.

In the present studies, NPs obtained upon single deposition
step are small (12 nm in diameter on the average) and Banodic-
stress^ type of deactivation may be expected as in the case of
the Pd NPs with similar size studied in [18]. The larger parti-
cles deposited in the triple-step electroless deposition

experiment seem to be stable and provide increasing
electroactivity upon repeated oxidation/reduction similar to
the result obtained in [9]. The same effect was observed in
our former studies on temperature-treated Pd-PANI
electrocatalysts [22]. This may occur if surface restructuring
takes place upon consecutive Pd surface oxide formation/re-
duction, thus providing the possibility to expose crystalline
faces with better electrocatalytic activity for the studied oxi-
dation reaction.

One of the most important points concerning the use of CP-
based electrocatalysts in practical applications is their stability.
It is usually assessed by multiple voltammetric cycling or
chronoamperometric experiments. A comparison of the data
obtained by voltammetric experiments at Pd-PEDOT speci-
mens investigated at different conditions (i.e., scan rate and
glycerol concentration) is presented in Fig. 7. The data for the
forward glycerol oxidation peak current in dependence on the
number of scans (Fig. 7a) show that steady-state values are
reached within the first ten scans if working at the higher
glycerol concentration (0.5 mol cm−3) and the higher scan rate
(0.05 V s−1) (see triangles in the figure). A comparison of the
voltammetric behavior of Pd-PEDOT specimens (triple step
deposition) used for voltammetric studies before (triangles)

Table 2 Comparative data for the mass activity and forward-to-backward peak current ratio for glycerol oxidation obtained with Pd-based
electrocatalysts

Pd catalyst Solution MA (j/mPd)
(mA mg−1)

jf/jb Reference

Voltammetric experiments
Pd dendrites/PEDOT 1.0 mol cm−3 NaOH

0.1 mol cm−3 glycerol
0.05 V s−1

100 2.5 [25]

Pd/PANI;
Pd/TiO2-PANI

0.5 mol cm−3 KOH
0.1 mol cm−3 glycerol
0.02 V s−1

300 3.7;
5.5

[22]

Pd black;
10 % Pd/C;
Pd/RGO

0.5 mol cm−3 KOH
0.5 mol cm−3 glycerol
0.025 V s−1

23.2;
4.0;
25.1

1.1;
3.0;
3.0

[17]

Pd/NPSS;
Pd/Cu/NPSS

1 mol cm−3 KOH
5 % wt.% glycerol
0.05 V s−1

20;
82

n.d. [13]

Pd/C; FeCo@Fe@Pd/C 0.5 mol cm−3KOH
0.5 mol cm−3 glycerol
0.025 V s−1

52;
259

4.73;
2.8

[16]

Pd/C;
Pd@WC-Mo2C aerogel supports

0.5 mol cm−3KOH
0.5 mol cm−3 glycerol
0.05 V s−1

800;
1700–2050
(for various supports)

[12]

Pd/PEDOT 0.5 mol cm−3 KOH
0.5 mol cm−3 glycerol
0.05 V s−1

720 2.8 This work

Chronoamperometric experiments
Pd/NPSS;
Pd/Cu/NPSS

1 mol cm−3 KOH
5 % wt.% glycerol
E = −0.2 V vs. Ag/AgCl

0.8;
13.8

[13]

Pd/C; FeCo@Fe@Pd/C 0.5 mol cm−3 KOH
0.5 mol cm−3glycerol
E = −0.2 V vs. Ag/AgCl

≈3;
37

[16]

10 % Pd/C;
Pd/RGO

0.5 mol cm−3 KOH
0.5 mol cm−3 glycerol
E = −0.3 V vs. SCE

≈0.8;
1.5

[17]

Pd-PEDOT 0.5 mol cm−3 KOH
0.5 mol cm−3 glycerol
E = −0.6 V vs. MSE

97;
47 (after 60 CV cycles)

this work

RGO reduced graphene oxide, NPSS nanoporous stainless steel

Fig. 8 Chronoamperometric curves measured at constant potential
(E = −0.6 V) in 0.5 mol cm−3 and 0.5 mol cm−3 KOH at Pd-PEDOT
specimen (triple step Pd deposition) before (solid line) and after
(dashed line) 60 voltammetric scans in the same solution
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and after (rhombuses) a chronoamperometric measurement is
also presented in Fig. 7a. In the latter case, the steady state is
attained more slowly, indicating possible surface contamina-
tion of the Pd catalyst that occurred in the course of the
chronoamperometric experiment. At lower concentrations of
glycerol and lower scan rate, the electrodes need a larger num-
ber of scans for conditioning. The data for the mass
electroactivity (MA = jf/mPd) of the investigated Pd-PEDOT
specimens are given in Table 1. In comparison to the mass
electroactivity of other Pd-based electrocatalysts [13, 16, 17,
25], tested at the comparable conditions, the value obtained
here, jf/mPd= 720 mA mg−1, is markedly higher (Table 2). A
similar value for MA is communicated for Pd NPs supported
on carbon powder [12] whereas markedly higher values were
obtained when using complex binary carbide and carbon
aerogel composites as support for Pd [12]. No data for the
stability of the catalyst were presented in the latter case.

An important indication for the effectiveness of the glycer-
ol oxidation process is the forward-to-backward peak current
ratio, jf/jb (Fig. 7b). For the higher glycerol concentration
(0.5 mol cm−3), the ratio jf/jb takes a steady-state value close
to 3. Such a value was observed for an electrocatalyst obtained
by preparation of Pd nanodendrites anchored in reduced
graphene oxide [17]. The difference, however, is that the value
of MA obtained here is much higher, 750 vs. 25 mA mg−1

[17]. Higher values of the jf/jb ratio were obtained in other
studies [16, 22] but again at a lower electrocatalytic mass
activity (Table 2).

Finally, Fig. 8 shows chronoamperometric measurements
at Pd-PEDOT (triple electroless deposition) in glycerol-
containing solution before and after continuous voltammetric
cycling. After an initial steep decrease, both transients show
relatively stable behavior although the transient obtained after
continuous cycling in glycerol has lower current values. This
means that irreversible contamination of the Pd catalysts takes
place in the course of continuous cycling. Nevertheless, the
obtained steady-state MA values are higher than those so far
reported in the literature under comparable conditions
(Table 2).

Conclusions

The present investigation addresses the possibility to obtain
stable and effective Pd-based catalysts by using electroless Pd
deposition at the expanse of PEDOT oxidation. Experiments
carried out at single- and triple-step metal deposition demon-
strate the possibility to vary the mean size of deposited NPs by
achieving homogeneous surface distribution of the metallic
phase. It is established that the Pd-PEDOTelectrocatalyst with
small Pd NPs (estimated mean size of about 12 nm) loses its
initial electroactivity. In contrast, when depositing larger Pd
NPs (d ≈ 20 nm), the electroactivity increases significantly

within the first 20 voltammetric cycles followed by a stable
behavior. The proposed method of dispersing the Pd catalytic
phase provides the opportunity to workwith small Pd loadings
(up to 10 μg cm−2). The MA for electrooxidation of glycerol
established at these loadings is between the highest values
achieved at Pd catalysts without additional modification
(e.g., deposition of a second metal) of the electrocatalytic
phase. It is worth noting that the proposed approach for the
preparation of the Pd catalysts may be further extended to
electroless deposition of a second metal (e.g., Ag) in order to
obtain bi-metallic catalysts with improved performance.

Finally, the present investigation shows also a very good
electrochemical stability of PEDOT in alkaline solutions. The
initial intrinsic electroactivity of PEDOT (obtained after syn-
thesis) was almost completely restored after a series of con-
tinuous measurements in glycerol and even after the dissolu-
tion of Pd. This observation is in contrast with findings show-
ing a severe degradation of PEDOT in the course of
voltammetric cycling in alkaline solution [48]. The discrepan-
cy should be sought in the different positive potential limits
used in the two investigations. A less positive potential limit
(E = −0.25 V) as the one used throughout the present experi-
ments seems not be harmful for PEDOT as support for the
catalytic phase.
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