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A B S T R A C T

Fuel cells are among the promising approaches for achieving green technology for energy conversion. Glucose is
a ubiquitous good candidate for such devices as a high-energy-density fuel. Herein, we report a facile and simple
approach to fabricate an efficient Pd-based electrocatalyst for glucose oxidation reaction supported on indium/
tin oxide substrates by electrochemical deposition. This approach involves enhancing the electrochemical per-
formance of Pd nanoparticles by using Pd/Ce2O3 nanocomposite instead of single Pd nanoparticles. The syn-
thesized electrocatalysts are characterized for structural and morphological properties using X-ray diffraction
analysis, energy dispersive spectroscopy and scanning electron microscopy. Their electrochemical performance
is scrutinized using cyclic voltammetry, electrochemical impedance spectroscopy and chronoamperometry. The
results indicate that Ce2O3 has a promoting effect for Pd nanoparticles towards glucose oxidation reaction. The
efficacy of the electrocatalyst fabricated from Pd/Ce2O3 nanocomposite as a function of glucose concentration
indicates that this catalyst is sensitive even for the very low μM glucose concentration range.

1. Introduction

Today, modern technology needs new approaches for achieving
green and sustainable future in perspectives of both energy storage and
conversion [1–3]. This is to avoid the excessive emissions of greenhouse
gases, especially CO2, which are released from the combustion of fossil
fuels and substantially contribute to the global warming and climatic
change [4–7]. To keep pace with worldwide endeavour towards green
energy demand, glucose has emerged as a powerful fuel for next-gen-
eration fuel cells [8–10]. Glucose is the most abundant and most im-
portant simple sugar in nature, and it has great potential for being used
as a high-density hydrogen carrier and a sustainable energy source with
a high-energy density of about 2870 kJ/mol on complete oxidation
[8,11–13]. In addition, glucose is non-toxic, environmentally benign
and easy to be produced and handled [14,15]. Basically, fuel cells are
ideal devices working on converting the chemical energy stored within
small organic molecules such as methanol, ethanol and glucose into
electricity via certain redox processes including the electro-oxidation of
these chemicals which act as fuels. These fuels require certain materials
(called electrocatalysts) to facilitate their electro-oxidation [16], and
for this purpose, nanoparticles have been extensively used in electro-
catalysis due to their unique capabilities to enhance mass transport,

facilitate redox reactions, increase surface area, and control the elec-
trode’s microenvironment [17].

Platinum (Pt) has long been used as the state-of-the-art anodic
catalyst in electrochemical fuel cells. However, Pt is an expensive noble
metal and can be easily subjected to self-poisoning by adsorbed inter-
mediates. On the other hand, palladium (Pd) is relatively cheaper than
Pt and has high electrocatalytic activity towards the oxidation of many
substances in alkaline media such as ethanol [18–20], formic acid [21]
and glucose [8]. Therefore Pd could be a potential alternate for Pt,
especially for large-scale, next-generation fuel cells [8]. However, Pd-
based electrocatalysts suffer from poisoning by the effect of strongly
adsorbed carbon monoxide (CO) intermediates [22], and the sintering
of the catalysts due to their nanoparticle nature which seriously limit
their durability [21]. A suggested solution for this problem is based on
forming a composite of Pd nanoparticles and a metal oxide, as the latter
could alter the electronic structure of Pd nanoparticles through inter-
facial bonding and/or electron transfer between the Pd metal and the
oxide. Moreover, the oxide component combined with the Pd metal
component can synergistically participate in the oxidation reaction
[23]. Fortunately, cerium oxides are excellent co-catalysts which can
enhance CO poisoning tolerance of the main catalyst due to their ability
to switch between Ce3+ and Ce4+ oxidation states [24,25]. This allows
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the reversible addition and removal of oxygen, and therefore they have
high oxygen storage capacity [26].

Typical support materials for electrocatalyst nanoparticles include
carbon-based materials (e.g. carbon black, glassy carbon and carbon
nanotubes), metallic materials (e.g., Au, Ni and Ti) and metal oxides
(e.g., TiO2). Recently, indium/tin oxide (ITO) has received increasing
interest as a supporting material due to its low cost, high electrical
conductivity, excellent optical transparency, wide electrochemical
working potential window, and stable electrochemical and physical
properties [27]. In the current work, two Pd-based electrocatalysts were
synthesized in the form of Pd nano-flowers supported on pristine and
modified indium/tin oxide (ITO) via electrochemical deposition, then
they were subjected to physical characterization for structural and
morphological identification. ITO modification has been initially per-
formed by means of electrodeposition of Ce2O3 directly on ITO. Sub-
sequently, the two fabricated electrocatalysts were tested as possible
anodes for glucose electro-oxidation for alkaline fuel cells application,
with main focus on the effect of ITO modification prior to the electro-
deposition of Pd nanoparticles on the overall electrochemical perfor-
mance.

2. Experimental section

2.1. Preparation of electrocatalysts

The studied electrocatalysts include two main materials synthesized
by electrochemical deposition and supported on ITO-coated glass. The
first material is Pd nanoparticles electrodeposited on pristine ITO
(symbolized for short as Pd/ITO), while the other is Pd nanoparticles
electrodeposited on Ce2O3-modified ITO (symbolized for short as Pd-
Ce2O3/ITO). Both of Pd/ITO and Pd-Ce2O3/ITO electrocatalysts have
been synthesized by means of potentiostatic electrodeposition from
Pd2+ ions-containing solution (2mM PdCl2 and 0.5M H2SO4) at 0.0 V
vs. Ag/AgCl for 5min at 25 °C directly on bare and Ce2O3-modified ITO
slides, respectively. Ce2O3-Modified ITO electrode was initially pre-
pared via potentiostatic electrodeposition at -0.6 V vs. Ag/AgCl for
3min from a basic solution containing 0.1M Ce(NO3)3 and 1.0M KNO3.
During Ce2O3 electrodeposition, the pH of the electrodeposition bath
was adjusted to 5.3 using 1.0M NaOH solution and the bath tempera-
ture was maintained at 50 °C.

2.2. Physical characterization

The crystallographic characteristics of the synthesized materials
were examined via X-ray diffraction (XRD) using PANalytical X'pert
PRO diffractometer (with a Cu Kα radiation), while the XRD patterns
were analyzed using Match! Software (version 3.4.2). Elemental com-
position was identified by means of energy-dispersive X-ray spectro-
scopy (EDS), while the material morphology was studied via field-
emission scanning electron microscopy (FE-SEM) using SEM Model

Quanta 250 FEG (Field Emission Gun) attached with EDS unit, with
accelerating voltage of 30 kV, magnification 14× up to 1,000,000×
and resolution for gun 1 n.

2.3. Electrochemical characterization

The electrochemical performance of the prepared Pd/ITO and Pd-
Ce2O3/ITO electrocatalysts towards glucose electro-oxidation was
scrutinized by means of cyclic voltammetry (CV), electrochemical im-
pedance spectroscopy (EIS) and chronoamperometry (CA) in alkaline
glucose solution (0.5M glucose in 0.5M NaOH) at 25 °C using a three-
electrode cell configuration, including the working electrode (any of the
studied electrocatalysts), a reference electrode (Ag/AgCl) and a counter
electrode (Pt coil). These measurements have been performed by means
of the electrochemical workstation (IM6e Zahner electrik, Kronach,
Germany) driven by Thales software. CV measurements were per-
formed for the studied electrocatalysts in the alkaline electrolyte in the
absence and presence of glucose at a scan rate of 50mV/s. In addition,
the response of Pd-Ce2O3/ITO electrode was examined as a function of
the glucose concentration using CV measurements. CA measurements
were carried out for both electrodes at 0.02 V vs. Ag/AgCl for 10min.
EIS measurements were performed following CA tests within the fre-
quency range from 5 kHz to 0.1 Hz at the steady-state open circuit
potential with sinusoidal perturbation amplitude of 10mV, and the EIS
output parameters were derived using EC-Lab software (V10.40).

3. Results and discussion

3.1. Physical characterization

Fig. 1a shows the XRD pattern of the as-prepared electrocatalysts
formed by electrodeposition on ITO substrates. Clearly, the major in-
tense peaks appearing in both patterns at 2θ values of 21.45°, 30.43°,
35.35°, 37.61°, 50.80° and 60.23° are attributed to the ITO substrate.
For Pd/ITO, the diffraction pattern includes weak peaks at 40.12°,
46.65°, and 68.09° equivalent to low-crystallinity Pd nanoparticles. As
for Pd-Ce2O3/ITO electrocatalyst, all previously mentioned peaks ap-
pear with slightly higher intensity in addition to the characteristic
peaks of Ce2O3 at 2θ values of 30.42°, 40.07, 52.88° and 74.56°. All
these observations indicate that Pd and Ce2O3 have been successfully
deposited on the ITO substrates, but Ce2O3 has slightly increased the
crystallinity of the whole material. Fig. 1b displays the elemental
composition of the Pd-Ce2O3/ITO electrocatalyst as inferred from the
EDS analysis. The EDS spectrum shows the presence of In, Sn and O
elements (originally present on the surface of the ITO-coated glass chip)
in addition to Pd and Ce (precipitated on ITO by electrodeposition) with
a total ratio (in wt.%) of 48.90, 6.24, 13.82, 29.75 and 1.29, respec-
tively. Fig. 2 displays the FE-SEM images of both Pd/ITO and Pd-Ce2O3/
ITO electrocatalysts. Although both materials have the shape of nano-
flowers, Pd-Ce2O3/ITO shows enhanced structure with slightly more

Fig. 1. (a) XRD patterns of Pd/ITO and Pd-Ce2O3/ITO and (b) EDS spectrum of Pd-Ce2O3/ITO.
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regular fringes. Hence, Ce2O3 is assumed to improve the crystallinity
and morphology of Pd nanoparticles.

3.2. Electrochemical characterization

Fig. 3a presents the cyclic voltammograms (CVs) recorded for Pd/
ITO and Pd-Ce2O3/ITO electrocatalysts in 0.5M NaOH solution in the
absence of glucose, which indicate the typical CVs of Pd-based elec-
trocatalysts [8,28]. During the forward direction, three oxidation peaks
can be observed: peak A between -0.8 V and -0.6 V is due to the ad-
sorption/desorption of hydrogen [22], peak B emerging at about
-0.28 V is attributed to the chemisorption of OH¯ ions on the Pd surface,
while peak C (at about -0.10 V) indicates the formation of Pd]O [28].

A possible mechanism for explaining Pd oxide formation is as follows
[26]:

Pd+OH¯ → Pd−OHads + e (1)

Pd−OHads + OH¯ → Pd]O + H2O + e and/or (2)

Pd−OHads + Pd−OHads → Pd]O + Pd + H2O (3)

In the cathodic scan, a well sharp downward cathodic peak (peak D)
appears between −0.4 V and -0.5 V indicating the reduction of Pd]O
to Pd for both electrodes [8]. The electrocatalytic activity of the two
electrocatalysts can be evaluated by the total voltammetric coulombic
charge density (Q, mC/cm2), which can be calculated by integrating the
area under the curve of a whole voltammogram cycle as expressed by

Fig. 2. FE-SEM images of (a) Pd/ITO and (b) Pd-Ce2O3/ITO.

Fig. 3. (a) Cyclic voltammograms of Pd/ITO and Pd-Ce2O3/ITO electrocatalysts recorded in 0.5M NaOH solution, and (b) Cyclic voltammograms of bare ITO, Ce2O3/
ITO, Pd/ITO and Pd-Ce2O3/ITO electrocatalysts recorded in 0.5M NaOH solution containing 0.5M glucose, with a scan rate of 50mV/s at 25 °C.

A.E. Elkholy, et al. Applied Catalysis A, General 580 (2019) 28–33

30



the following equation (Eq. 4) [27,29]:

=Q
I dV( )

V

V

1

2

(4)

where I is the response current (mA/cm2), V1 and V2 are the two po-
tential limits of the working window (V) and υ is the scan rate (V/s).
Interestingly, the Pd-Ce2O3/ITO electrode displays about 10 times
higher electrocatalytic activity than the Pd/ITO electrode, as indicated
from the estimated Q values, found equal to 48.03 mC/cm2 for the
former electrocatalyst vs. 4.81 mC/cm2 only for the latter one.

Fig. 3b shows cyclic voltammograms for the electrocatalytic prop-
erties of bare ITO, Ce2O3/ITO, Pd /ITO and Pd-Ce2O3/ITO electrodes
towards alkaline glucose oxidation reaction (GOR). As can be seen, the
response currents obtained from CV curves recorded for both pristine
ITO and Ce2O3/ITO electrodes are very low being in the order of few
μA cm-2, indicating that both electrodes are inactive towards GOR over
the studied potential range. On the other hand, for Pd/ITO and Pd-
Ce2O3/ITO electrodes, all CV response current readings appear in the
mA cm−2 range with the normal features of GOR, where both of the
forward and backward scans exhibit oxidation peaks [8,30]. In the
forward scan, two-stage oxidation reactions are observed: the first stage
from -0.5 V to +0.2 V is due to the electrocatalytic GOR region [31],
and the decline of the GOR current after the peak potential is due to the
accumulation of the formed intermediates on the active sites of the
electrocatalyst surface which, in turn, inhibits the electrooxidation of
further glucose molecules. Whilst, the second stage of oxidation at
potential>+0.3 V, is attributed to the onset of Pd]O formation. Al-
ternatively, in the backward scan, Pd]O is reduced to Pd leading to the
re-formation of active sites, i.e. Pd](OH)n. So, the oxidation peak of
GOR re-occurs between -0.2 V and -0.6 V spawning to a sharp increase
in the anodic current at about -0.3 V [8,32]. The GOR mechanism can
be explained according to Eqs. 5–7 as below [8,23]:

1 Electrocatalyst activation:

Pd + nOH¯ → Pd(OH)n + ne (5)

2 Conversion of glucose to gluconolactone:

Pd(OH)n + (n/2)C6H12O6 → Pd + (n/2)C6H10O6 + nH2O (6)

3 Conversion of gluconolactone to gluconic acid:

C6H10O6 + H2O → C6H12O7 (7)

The electrocatalytic activity is mainly dependent on the con-
centration of Pd−OHads active sites present on the Pd-based catalyst
surface. Subsequently, the rate-determining step during the electro-
catalytic oxidation cycle is the insertion of hydroxyl ions on the catalyst
surface. Due to the ease of inter-conversion between Ce(III) and Ce(IV)
in cerium oxides, they have a high capacity for oxygen storage and
hence a high capability to oxidize adsorbed CO intermediates which
cause catalyst poisoning [24,26]. In other words, Ce2O3 acts as a cat-
alytic mediator to facilitate the retrieval of the active sites on Pd surface
through the oxidation of the adsorbed poisoning CO likely to CO2 [23].
In addition, they enhance the adsorption of OH¯ ions on the Pd surface
giving to Pd](OH) [26], and this explains the well-defined enhance-
ment in the electrocatalytic performance of Pd nanoparticles in pre-
sence of Ce2O3 (in Pd/Ce2O3/ITO electrode). To rationalize the pro-
moting effect of Ce2O3 on the electrochemical performance of Pd
nanoparticles, there are several parameters (listed in Table 1) to com-
pare between the electrocatalytic activity of Pd/ITO and Pd-Ce2O3/ITO
nanocatalysts; the onset potential (Eonset) in addition to the peak current
(Ip) and peak potential (Ep) for both forward and backward directions.

The onset potential is defined as the potential at which 0.1 mA/cm2

current density is reached [8]. A detailed look at the data depicted in
Table 1 indicates that the onset potential for GOR is shifted towards the
more negative direction (from -0.412 V to -0.665 V) confirming the
enhanced feasibility of GOR on Pd-Ce2O3/ITO electrode in comparison
to Pd/ITO electrode. This claim is further confirmed by the significant
growth in the values of peak currents measured for Pd/ITO and Pd-
Ce2O3/ITO electrodes in both the forward scan (0.980mA/cm2 and
8.125mA/cm2, respectively) as well as the backward scan (1.540mA/
cm2 and 10.155mA/cm2, respectively). It is worth mentioning that,
with regard to glucose fuel cells applications the glucose oxidation
within the potential region between -0.5 V and -0.2 V is of great im-
portance because the oxygen reduction reaction takes place at about
0.3 V [31]. Interestingly, the intense peaks characteristic for GOR ap-
pear within potential ranges away from that of the oxygen reduction
reaction ensuring that no parasitic faradaic reactions can take place. As
for the peak potentials measured for Pd-Ce2O3/ITO electrode in com-
parison to Pd /ITO electrode, Ep is shifted towards a bit more positive
value (0.101 V vs. 0.020 V) in the forward direction, yet remained al-
most at the same potential value in the backward direction (−0.294 V
vs. −0.298 V).

In order to test the capability of Pd-Ce2O3/ITO electrodes to cata-
lyze the GOR at low glucose concentrations, CV measurements were
undertaken for Pd-Ce2O3/ITO electrode as a function of glucose con-
centration in 0.5M NaOH solution (Fig. 4a). It is clear that by de-
creasing glucose concentration from 0.5M to 0.1M the downward
cathodic peak (D) starts to appear at about -0.29 V, which is attributed
to the reduction of Pd]O to Pd. Nonetheless, at 0.5M concentration
(Fig. 3b) this peak is cancelled by the highly intense glucose oxidation
peak in the backward direction. Such behavior becomes more notice-
able as the glucose concentration decreases down to 0.10mM (as
clearly shown in Fig. 4a), and the observed reduction peak of Pd]O
moves towards more negative potential. In the meantime, the intensity
of glucose oxidation peaks in both forward and backward directions
decreases upon reducing the glucose concentration (Fig. 4b), but the
oxidation peak in the backward direction for the 0.10mM is not clearly
observed (see the numerical values listed in Table 2). The peak po-
tential shifts towards more positive values with the increase in glucose
concentration, and this behavior is in agreement with the literature
[28]. As for the very low 0.01mM glucose concentration (10 μM), there
is no any sign can be discerned for the GOR (see the inset in Fig. 4a for
more clarification). Moreover, the onset potential is systematically
shifted towards more positive values as the glucose concentration is
decreased.

The chronoamperometric (CA) measurements are beneficial for
examining the electrochemical activity and stability against the poi-
soning of electrocatalysts [8,21]. Fig. 5a displays the CA curves re-
corded for Pd/ITO and Pd-Ce2O3/ITO electrodes in 0.5M NaOH solu-
tion containing 0.5M glucose at a fixed potential value within the
forward scan of 0.02 V versus Ag/AgCl for a time period of 600 s. In
both CA curves, anodic current density initially drops rapidly within the
first 150 s owing to the formation of poisonous intermediates during
glucose oxidation reaction [23], and afterward, the current decay be-
comes slower. The finally observed current values (after 600 s) show

Table 1
Comparison between the electrocatalytic performance of the studied nanoca-
talysts towards glucose oxidation as characterized by CV measurement in 0.5M
NaOH solution.

Electrocatalyst Eonset (V vs.
Ag/AgCl)

Forward direction Backward direction

Ep (V vs.
Ag/AgCl)

Ip (mA/
cm2)

Ep (V vs.
Ag/AgCl)

Ip (mA/
cm2)

Pd/ITO −0.412 0.020 0.980 −0.298 1.540
Pd-Ce2O3/ITO −0.665 0.101 8.125 −0.294 10.155
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that Pd-Ce2O3/ITO electrode is more active towards GOR with en-
hanced poisoning tolerance compared with Pd/ITO electrode. At a
potential value within the apex of the oxidation peak for 0.5M glucose
concentration, the current response is mainly due to GOR at the elec-
trocatalyst surface. Over the steady linear oxidation part for time>

150 s, the Fig. 5b gives reasonable corroboration with the CA results,
where the isochronically integrated capacitance (C=Q/V) values for
Pd-Ce2O3/ITO are always higher than those for Pd/ITO electrocatalyst.
This behavior indicates that at any life period during GOR the amount
of charges transferred by Pd-Ce2O3 nanocomposite far surpasses that
transferred by sole Pd nanoparticles. The improvement in the electro-
catalytic performance of Pd-Ce2O3/ITO electrode may be explained on
a bi-functional basis, i.e. Pd catalyzes the glucose oxidation reaction
while Ce2O3 provides oxygenated species at lower potentials for the
oxidative removal of the adsorbed intermediates formed during alkaline
glucose oxidation and hence boosting the anti-poisoning effect of Pd
nanoparticles [24].

Electrochemical impedance spectroscopy (EIS) is a common tech-
nique useful in providing valuable information for understanding the
electrode/electrolyte interactions [33]. EIS study has been carried out
to investigate the intrinsic behavior of Pd/ITO and Pd-Ce2O3/ITO
electrocatalysts. Fig. 5c shows the Nyquist diagrams for both electrodes
in 0.5M NaOH solution containing 0.5M glucose. The impedance
spectra for each one represents an arc of a depressed semicircle

Fig. 4. (a) Cyclic voltammograms of Pd-Ce2O3/ITO electrocatalyst recorded in 0.5M NaOH solution as a function of the glucose concentration with a scan rate of.
50mV/s at 25 °C, and (b) The corresponding plot indicating the change in peak parameters (for the forward direction) as a function of concentration.

Table 2
The derived electrocatalytic capacity from CV measurement of Pd-Ce2O3/ITO
nanocatalyst towards glucose oxidation as a function of its concentration in
0.5M NaOH solution.

Glucose
conc.(mM)

Eonset (V vs.
Ag/AgCl)

Forward direction Backward direction

Ep (V vs.
Ag/AgCl)

Ip (mA/
cm2)

Ep (V vs.
Ag/AgCl)

Ip (mA/
cm2)

500 −0.665 0.101 8.125 −0.294 10.155
100 −0.653 −0.114 5.55 −0.342 3.996
10 −0.533 −0.210 1.689 −0.378 0.856
1.0 −0.377 −0.258 0.534 −0.413 0.074
0.1 −0.210 −0.306 0.087 ……… ………

Fig. 5. (a) Chronoamperometric curves of Pd/
ITO and Pd-Ce2O3/ITO electrocatalysts re-
corded at 0.02 V for 600 s, (b) The integrated
capacitance of the interface for each catalyst as
a function of GO time, (c) Nyquist plots of Pd/
ITO and Pd-Ce2O3/ITO electrocatalysts re-
corded at steady-state open-circuit potential
and the suitable equivalent circuit, and (d)
Nyquist plots of Pd-Ce2O3/ITO electrocatalyst
recorded at steady-state open-circuit potential
before and after the CA measurement. All
measurements were performed in 0.5M NaOH
solution containing 0.5M glucose at 25 °C.
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indicating a non-ideal capacitive behavior. Therefore, the experimental
EIS data can be well described and simulated by the equivalent circuit
(EC) model shown as an inset in Fig. 5c to get quantitative information
on electrode/electrolyte interactions for both electrocatalysts. The
proposed EC model is composed of a resistor (Rsol) in series with a time
constant (Rt/Qdl) in parallel combination, where Rsol is the solution
resistance, Rt is the charge-transfer resistance, while Qdl is a constant-
phase element describing the non-ideal double-layer capacitance. The
EC numerical parameters as derived from the process of the fitting
analysis for both nano-catalysts are listed in Table 3. In comparison to
Pd/ITO electrode, the EIS study confirms the much better enhancement
for Pd-Ce2O3/ITO electrode in terms of both solution and charge-
transfer resistances which have dropped significantly due to the sy-
nergistic influence of Ce2O3, where Rsol decreases from 89.36 Ω cm2 to
33.70 Ω cm2, while Rt decreases from 18.656 kΩ cm2 to 2.144 kΩ cm2.
In the meantime, the admittance (Qdl) of the constant phase element
increases to 116.00 μF/cm2 for Pd-Ce2O3/ITO electrocatalyst versus
58.60 μF/cm2 for Pd/ITO, denoting better improved capacitive beha-
vior for the Pd-Ce2O3 nanocomposite and thus faster rate for GOR. More
interestingly, comparing EIS spectra for Pd-Ce2O3/ITO electrode before
and after the CA test (Fig. 5d) indicates that the electrode conductivity
has been enhanced, being consistent with the results of increasing ca-
pacitance with time and may be ascribed to the activation of the elec-
trode material. This considerable enhancement in the electrode/elec-
trolyte interactions, as reflected by the decrease in charge-transfer
resistance and the increase in double layer capacitance value, indicates
the outperformance of Pd-Ce2O3/ITO electrode triggered by the pre-
sence of Ce2O3 as a cocatalyst [34].

4. Conclusions

The work herein involves studying two Pd-electrocatalysts synthe-
sized by electrodeposition process on glass substrates coated by indium
tin oxide (ITO) for glucose oxidation reaction (GOR) in alkaline
medium. The first is composed of Pd nanoparticles (Pd/ITO) and the
second is a composite of Pd and Ce2O3 nanoparticles (Pd-Ce2O3/ITO).
The main findings are as follows:

1 Cyclic voltammetric measurements indicate the outperformance of
Pd-Ce2O3/ITO electrocatalyst towards GOR in an alkaline medium
in comparison to Pd/ITO electrocatalyst. Studying the capability of
Pd-Ce2O3/ITO electrocatalyst towards alkaline glucose oxidation as
a function of its concentration has indicated its good activity and
sensitivity at low concentrations down to 100 μM.

2 Electrochemical impedance spectroscopy has revealed that Ce2O3

can significantly decrease the charge transfer resistance and

enhance the double layer capacitance, which lead to a substantial
development in the electrode/electrolyte interactions.

3 Chronoamperometric measurements demonstrate the profound ef-
fect of Ce2O3 towards boosting the activity and stability of Pd-based
catalyst.

4 The catalytic enhancement effect of Ce2O3 is attributed to its ability
to switch between Ce3+ and Ce4+ oxidation states and its high
oxygen storage capacity.
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