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A unique nanostructured electrocatalyst based on Palladium (Pd) nanosponge architecture is syn-
thesized by one-step dealloying of the amorphous alloy precursor with low Pd concentration. The
sponge-like nanostructure with hollow interiors enables sufficient contact between reactants and-
both the interior and exterior surfaces. The results of cyclic voltammetry reveal that the as-prepared
Pd nanosponge exhibits high sensitivity of 32 uA mM~' cm~2 in a wide linear range (1-18 mM), and
long-term stability toward glucose electro-oxidation. The Pd nanosponge also manifests detection
limit as low as 2.0 uM (S/N = 3) and high selectivity for glucose sensing. The enhanced catalytic
activity of the Pd nanosponge is attributed to the bimetallic synergistic effect and the large active
surface area of the high-uniformity porous structure. The facile synthesis of the cost-effective Pd
nanosponge with superior electrocatalytic performance makes it hold great potentials for biosensor

and other catalysis applications.

Keywords: Amorphous Alloy, Dealloying, Pd Nanosponge, Electrocatalysis.

1. INTRODUCTION

Recently, the nanostructed materials have attract increas-
ing interests, due to their utilizing potentials in catal-
ysis, chemical sensors and biotechnology fields [1-8].
Especially, the nanoporous metals, with three-dimensional
bicontinuous microstructure and large surface areas, enable
the full exposure of active surface to the electrolyte and
provide a short transportation path for electrons and ions,
leading to faster reaction kinetics and higher electrocat-
alytic reactivity [9, 10]. Dealloying is one of effective
methods to fabricate nanoporous metals which is the selec-
tive dissolution of one or more of the elemental compo-
nents of an alloy [1, 11]. During the dealloying process,
more chemically active atoms are dissolved in a precur-
sor alloy which is composed of more than two different
elements [2, 12]. Mean while, surface diffusion and aggre-
gation of chemically inert atoms result in the formation
of a nanoporous structure with nanoscale pores and liga-
ments [13]. Amorphous alloys with a monolithic phase is
believed to be optimization since they are precursors bene-
ficial to forming a uniform nanoporosity upon simple deal-
loying treatment owing to the absence of the intermetallic
phases, grain boundaries and phase segregation.

*Author to whom correspondence should be addressed.

J. Nanosci. Nanotechnol. 2020, Vol. 20, No. 12

1533-4880/2020/20/7333/009

So far, various nanoporous metals or their oxides/
hydroxides have been prepared from amorphous alloy pre-
cursors [14, 15]. Nanoporous Pd and its alloys exhibit
outstanding sensing performance towards the detection of
hydrogen peroxide and glucose [16]. Nanoporous Pd with
a bicontinuous network structure is proved to have high
catalytic activity, good stability and selectivity towards the
oxidation of glucose with a relatively lower cost [17].

Although much attention has been paid to the fabrica-
tion of nanoporous Pd [18-21], most of these researches
involved the complicated processes, the employment of
organic reagents, or utilization of the alloys with high Pd
concentration. Therefore, it is highly desirable to synthe-
size nanoporous Pd with high catalytic performance using
a simple preparation method from low Pd-loading alloys.

In this research, a unique nanostructured electrocatalyst
based on Pd nanosponge (Pd NS) was synthesized by one-
step dealloying of a Ti,uZr,,Cus,Pd,, amorphous alloy.
The amorphous precursor was chosen instead of crystalline
alloy, because of the chemical and structural homogene-
ity of amorphous alloy without crystallographic defects,
which is beneficial to the formation of fine and uniform
pores [22]. Besides, the TiyyZr,,Cu,,Pd,, amorphous alloy
with low Pd concentration may further reduce the cost
of the catalysts. The electrocatalytic performances of the
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unique Pd nanosponge were investigated in concentrated
KOH solution with the addition of glucose.

2. EXPERIMENTAL DETAILS

The mother alloy with nominal atomic composition of
TiyZr,,CuscPd,, was prepared by arc melting the mix-
ture of pure metals (>99.9 mass%) in an argon atmo-
sphere. TiyyZr,,Cus,Pd,, ribbons with 5 mm in width
and 70 um in thickness were prepared by a melt spin-
ning method. The ribbon samples were dealloyed under
a current density of 10 mA c¢cm™2 in 1.0 M (NH,),SO, +
0.5 wt% NH,F solution at room temperature for differ-
ent times (5, 20 and 40 mins). Surface morphologies of
dealloyed samples were observed by scanning electron
microscopy (SEM) equipped with X-ray energy dispersive
spectroscopy (EDS). The microstructures of the dealloyed
samples were investigated by high resolution transmis-
sion electron microscopy (HRTEM, JEOL 2010). In order
to analyze elemental information, X-ray photoelectron
spectroscopy (XPS) of the dealloyed samples were mea-
sured by means of Shimadzu Kratos produced AXIS-ultra
DLD photoelectron spectrometer with monochromatized
Al Kaexcitation (hy = 1486.6 eV). XPS depth profile was
conducted at an etching rate of 13.3 nm min~! correspond-
ing to the rate in silicon dioxide.

To investigate the electrochemical catalytic perfor-
mances of the Pd NS, electrochemical experiments were
carried out using a PARSTAT 4000 workstation at room
temperature. A conventional three-electrode cell with a Pt
plate electrode as a counter electrode, a saturated calomel
electrode (SCE) as a reference electrode, and the samples
as the working electrode was used. The preparation pro-
cess of the Pd NS working electrode was described below:
6 mg fine ground dealloyed samples, 120 uL ethanol,
and 30 uL Nafion solution (0.5 wt%) were ultrasonically
mixed. Then, 10 uL of the homogeneously mixed cata-
lyst solution was placed on a freshly polished glassy car-
bon (GC) electrode with a diameter of 5 mm. The cyclic
voltammetry curves of Pd NS were obtained in 1.0 M
KOH 4 50 mM glucose solution with the scan rate of
50 mV s7!.

3. RESULTS AND DISCUSSION

3.1. Microstructural Characterization of Pd NS

The microstructure of the Ti,uZr,,CussPd,, amorphous
alloy before dealloying is investigated, with only a
halo peak in the XRD pattern (not shown) indicat-
ing that a glassy phase is formed in the as-spun rib-
bons. Figure 1 demonstrates the surface morphologies
of TiyuZr,,CuscPd,, amorphous alloy after dealloying in
1.0 M (NH,),SO, 4+ 0.5 wt% NH,F solution for different
times (5, 20 and 40 mins). Before dealloying, the surface
of TiyzZr,,CussPd,, amorphous alloy is a typical feature-
less structure (not shown). It’s found that the morphology
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Figure 1. Top-view surface SEM images of TiyZr ,Cu,,Pd,, amor-
phous alloy after dealloying for 5 mins (a), 20 mins (b), 40 mins (c) and
SEM image of the internal part of 40-min dealloyed sample (d).

of the surface strongly depends on the dealloying duration,
although the nanoporous structures are formed on all sam-
ples by dealloying for 5, 20 and 40 mins. For the samples
dealloyed for 5 and 20 mins, some undeveloped and disor-
dered pores with mean diameters of 11.2 nm and 14.3 nm
respectively are observed in the surface, as evidenced by
the top-view surface SEM images (Figs. 1(a) and (b)).
With the increase of dealloying time up to 40 mins, a well-
developed and ordered nanoporous and network structure
with mean pore diameter of about 15.5 nm, is formed on
the surface of Ti,yZr,,Cu;sPd,;, amorphous alloy as exhib-
ited in Figure 1(c). It should be noted that a bicontinuous
sponge-like structure with specific orientations pore chan-
nels is observed in the interior of the sample after deal-
loying for 40 mins, as presented in Figure 1(d), indicating
that the sample is fully dealloyed.

The microstructures of the dealloyed samples were fur-
ther investigated by means of TEM. Figure 2 displays the
bright-field TEM, high-resolution TEM images and corre-
sponding SAD patterns of the amorphous alloy dealloyed
for different times. Figures 2(a)—(c) demonstrate the cor-
responding typical TEM images of the dealloyed samples
for different times, where the nanoporous microstructure
with average ligament size of ~5.1 nm is exhibited. As
shown in the insets of Figures 2(a)—(c), several ring pat-
terns appearing in the corresponding SAD pattern are iden-
tified as a cubic Pd phase in nanoscale with crystal planes
of (111), (200), (220), (222) and (420). Moreover, the exis-
tence of a Cu;Pd phase is confirmed by high-resolution
TEM of local marked area in the 5-min dealloyed sample
in Figure 2(a), suggesting that some Cu element retains
in the connecting ligaments of the nanoporous structure in
the initial period of dealloying. HRTEM images (Figs. 2(d)
and (e)) provide that the ordered lattice fringes are well
resolved with the lattice spacing calculated to be 3.40 A
and 3.56 A corresponding to the (103) and (102) crystal
plane of Cu,;Pd phase (Fig. 2(d)), and 2.24 A correspond-
ing to the (113) crystal plane of cubic Pd phase (Fig. 2(e)).
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The ligaments are found to be comprised of nanocrystals
with a grain size of ~5 nm. The tends of pore size and
ligament size vs dealloying time in Figure 2(f) indicate the
decreasing of the ligaments accompanied with the increas-
ing of the pore size.

To further analyze the chemical information of the as-
prepared Pd NS, more detailed elemental information of
the dealloyed layer was analyzed by XPS. As illustrated
in Figure 3(a), XPS spectra of as-prepared surface over a
wide binding energy region exhibit peaks of C, O, Zr, Ti,
Pd and Cu. Ol s peak is overlapped with that of Pd 3p3/2.
Therefore, in this case, the concentration of O is identified
by O KLL peak. After dealloying for 40 mins, strong peaks
of Pd 3d, Pd 3p and Pd MNN with small signal of Cu 2p
are mainly detected. The XPS elemental depth profile was
also carried out, the results can be observed in Figure 3(b).
Atomic concentration of Pd is about 80% in the surface
of the sample after dealloying, which decreases to 20% in
the depth of 1600 nm from the top surface of the sample.

Figure 4 shows the 3D waterfall graphs of XPS spec-
tra of Ti 2p (a), Zr 3d (b), Cu 2p (c) and Pd 3d (d) as
sputtering depth increasing. As presented in Figures 4(a)
and (b), the peaks of Ti 2p at 460.0 eV and 453.8 eV
and Zr 3d at 181.2 eV and 178.8 eV can’t be detected
until the sputtering depth increases up to 1200 nm of the
40-min dealloyed sample, suggesting that Ti and Zr are
fully dealloyed in the considerable thickness. Moreover,
a small amount of Cu constituents in metallic state still
exists in the top surface, as shown in Figure 4(c). When
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Figure 2. BF-TEM images and the corresponding SAD patterns of the
amorphous alloy after dealloying for 5 mins (a), 20 mins (b), 40 mins
(c) and HR-TEM images of the 40-min dealloyed sample (d, e), the proe
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the sputtering depth is 2 nm under the initial surface after
sputtering for 15 s, Pd 3d peaks are located at 340.4 eV
and 335.2 eV, originating from Pd metal in metallic state.
Moreover, as it is noticed that the binding energies of Pd
3d are shifted to higher values (342.6 and 337.2 eV) which
are assigned to PdO and PdO, in the most top surface, as
illustrated in Figure 4(d). Here, the existence of PdO and
PdO, existing in the most top surface is believed to result
from the strong oxygen adsorption on NP Pd during the
polarization at high anodic potentials. The results of the
XPS characterization are correspondent with the results of
TEM and the formation mechanization of Pd NS.

3.2. Electrocatalytic Performance of Pd NS

Figure 5(a) displays the cyclic voltammetry (CV) curves of
the Pd NS electrode in 1.0 M KOH solution with the scan
rate of 50 mV s~'. The CV curves of pure Pd plate are also
presented for the comparison. The appearance of the oxi-
dation peak from —0.35 to 0.10 V indicates that the surface
Pd is oxidized to be Pd oxides in the forward scan, and
then the reduction reaction takes place at about —0.41 V
to form metallic Pd in the backward scan. The oxidation
and reduction current densities of Pd NS are much higher
than those of Pd plate, which is mainly attributed to the
large amount of electrochemical active sites of Pd NS with
large surface area.

The electrocatalytic performances on the glucose oxida-
tion of the Pd NS were also examined to evaluate its poten-
tial application as glucose detector. Figure 5(b) illustrates
the CV curves of the Pd NS and Pd plate in 1.0 M KOH +
50 mM glucose solution with the scan rate of 50 mV s~'.
The electro-oxidation of glucose is characterized by two
well-defined anodic peaks on the forward and backward
scans. The first peak located at —0.68 V results from the
electrochemical adsorption of glucose, which generates the
initial oxidation current. With the electrochemical reac-
tion going on, the accumulation of the absorbed interme-
diates produced by dehydrogenation on the Pd NS surface
blocks the further electro-absorption of glucose, bringing
about the decrease of current density [23]. As the potential
gradually increases, Pd-OH species are generated in the
alkaline solution, which are beneficial for the oxidation of
intermediates on the catalyst surface [24]. The second oxi-
dation peak located at —0.2 V, corresponds to the complete
oxidation of glucose after the poisoning intermediates on
the electrocatalyst surface are moved by the OH,,, radicals
formed by the partial discharge of OH™ under the upper
potential region [25].

In the forward scan, the peak potential and peak current
density are —0.26 V and 3.1 mA cm~2 for the Pd plate
electrode, —0.20 V and 14.0 mA cm~? for the Pd NS elec-
trode (Table I). In the backward scan, they are —0.41 V
and 2.6 mA cm~2 for the Pd plate one and —0.41 V and
—6.1 mA cm~ for the Pd NS. The peak current density
for the Pd NS is over 4 times higher than that for Pd
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Figure 3. XPS spectra of the surfaces before and after dealloying for 40 mins (a) and XPS elemental depth profile (b).

plate. The onset potential (E,,,) for the glucose oxida-
tion on Pd NS electrode is 90 mV lower than that on the
Pd plate electrode. The significantly negative shift of the
E, . and the higher peak current density for the glucose
electro-oxidation on the Pd NS electrode reveal that the
more favorable reaction kinetics for glucose oxidation on
the Pd NS electrode, which results in superior electrocat-
alytic activity towards glucose electro-oxidation in alkaline
media. In addition, the value of j/j,, which is the ratio of
the forward and backward anodic peak current densities,
is 2.3 for Pd NS electrode, and that for Pd plate electrode
is 1.2. The higher j./j, value of Pd NS implies that more
glucose are oxidized in the forward scan, suggesting the
excellent poisoning tolerance of the Pd NS to carbona-
ceous oxidative intermediates [26].
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The electrochemical stability of the Pd NS electrode
was investigated by CV tests for 100 potential cycles per-
formed in 1.0 M KOH+50 mM glucose solution, as shown
in Figure 5(c). No obvious change can be found in the
potential and current density of the oxidation peak after
10 cycles. After 100 cycles, the current density of the oxi-
dation peak decreases 16%, hinting the high stability of
the catalytic performance of Pd NS.

For demonstration of the improved glucose sensing and
continuous monitoring performance of the Pd NS, the sen-
sitivity, linear range and detection limit of Pd NS are eval-
uated by amperometry method. Figure 6(a) presents the
amperometric current response of the Pd NS at —0.25 V
in 0.1 M KOH stirred at 150 rpm. Upon successive addi-
tion of I mM glucose at a regular interval time of 60 s,
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Cu 2p (c) and Pd 3d (d) with different sputtering depth.
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Figure 5. CV curves of Pd plate and Pd NS in 1.0 M KOH solution
(a) and 1.0 M KOH + 50 mM glucose solution (b). CV curves of Pd NS
during 100 potential cycle tests in 1.0 M KOH+ 50 mM glucose solution
(¢). The scan rate is 50 mV s~

the amperometric current increases stepwise with increas-
ing glucose concentration up to 18 mM, and the current
reaches steady-state within 9 s. The wide linear range
of 0-18 mM completely covers the normal physiological

J. Nanosci. Nanotechnol. 20, 7333-7341, 2020

level of glucose (3-8 mM) in human blood. As depicted
in Figure 6(a), the calibration plot of current density ver-
sus glucose concentration illustrates the regression equa-
tion of j (mA cm™?) = 0.202+0.032 ¢ (mM) with a
correlation coefficient (R?) of 0.999, which exhibits a sen-
sitivity of 32 wA mM~' ¢cm~2. The detection limit is fur-
ther calculated to be 2.0 uM based on the signal to noise
(§/N =3). Table II compares the sensitivity, linear range
and detection limit between Pd NS and other developed
Pd nanostructured electrodes used for non-enzymatic glu-
cose sensing. The sensitivity of Pd NS electrode is higher
than that of the literatures for nanoporous PdNi [16],
nanoporous PdCu [24] and Pd nanoparticles supported on
functional carbon nanotubes [52]. The superior electro-
chemical properties of Pd NS electrode in monitoring glu-
cose can be attributed to the bicontinous nanostructure
with larger pore size, which increases the activity surface
and accelerates the electron-transfer reaction. Here it is the
existing of Cu in the top surface of Pd NS which pro-
duces synergistic effect with Pd that is another reason of
the high electrochemical activity of the as-prepared Pd NS
electrode. The higher sensitivity, wide linear range and low
detection limit obtained on the Pd NS are very attractive.

Selectivity is one of important properties of glucose
sensors in the detection of human blood, which contains
several possible interfering substances, such as ascorbic
acid (AA) and uric acid (UA). Considering that the nor-
mal physiological level of glucose is more than 10 times
higher than those of interfering species (<0.5 mM), the
interference test was performed by the successive addi-
tion of 1 mM glucose, 0.1 mM AA and 0.1 mM UA into
0.1 M KOH. As demonstrated in Figure 6(b), upon suc-
cessive addition of glucose, AA and UA, it is found that
the amperometric response of the Pd NS electrode to AA
is less than 8% of that to glucose and almost no current
response for UA, implying that the Pd NS electrode has
high selectivity and can be employed to detect glucose
with negligible interference from AA and UA. Figure 6(c)
displays the CV curves of the Pd NS electrode in 1.0 M
KOH in the presence of 50 mM glucose at different scan
rates (10-100, 125, 150, 175, 200, 250, 300 mV s~ 1).
The anodic peak shows a significantly positive shift, the
cathodic peak shifts negatively and the redox peak cur-
rent densities increase with the increasing of the potential
scan rate, indicating a rapid and reversible redox reaction.
Moreover, Figure 6(d) reveals that there exists a linear
relationship between both the redox peak current densities
and the square root of potential scan rates (v'/?), suggest-
ing that the electrochemical kinetics is a typical diffusion-
controlled electrochemical process [27], which is ideal for
glucose sensing.

3.3. Discussion
As above-mentioned results, a Pd nanosponge architecture
is formed on the Ti—Zr—Cu—Pd amorphous alloy under the
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Table I.
measurements conducted in 1.0 M KOH + 50 mM glucose solution.

Summary of the onset potential, peak potential, peak current density of Pd plate and Pd NS in the forward and backward scan in CV

Peak potential (V)

Peak current density, mA cm~2

Sample E e (V) Forward scan Backward scan Forward scan Backward scan Peak ratio, j./j,
Pd plate —0.40 —0.26 —0.41 3.1 2.6 1.2
Pd NS —0.49 —0.20 —0.41 14.0 —6.1 23

electrochemical treatment with current density of 10 mA
cm~2. The potential differences between Pd and Ti, Pd
and Zr, Pd and Cu are 2.545 V, 2.444 V and 0.573 V,
respectively. The large differences of standard electrode
potential between the elements will support Ti, Zr and
Cu, which have high chemical activity, to be dissolved
preferentially before Pd [28]. In F~ containing solution,
the main element of Ti (Zr) will be oxidized to [TiF¢]*~
([ZrF¢]>) with high solubility and the dissolution of Ti
(Zr) will be accelerated under the high anodic current
density.

The formation of sponge-like structure is mainly con-
trolled by the dissolution of the less noble Ti, Cu and Zr
in the TiyzZr,,Cu;,Pd,, amorphous alloy. With the disso-
lution of less noble atoms Ti, Zr and Cu with standard
potentials of —1.630 V, —1.529 V and 0.342 V, the Pd
atoms (0.915 V) diffuse and rearrange to agglomerate into
clusters. In the system of Ti—Cu, Cu will remain in the

cglc (mM)
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§ 0.5} J
g 041
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t(s)
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©
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F~ containing solution [29], but in this more complex
system of Ti-Zr—-Cu-Pd with Pd element, the standard
electrode potential difference between Cu and Pd also
leads to the dissolution of Cu in the following step. As
a result, an open interpenetrating nanoporous Pd struc-
ture is formed by atomic diffusion and rearrangement.
At the early stage, Ti and Zr are anodic oxidized pri-
marily and dissolved partially. Accordingly the remain-
ing Ti containing alloy tends to form a tubular structure
by self-assembly under the effects of F~ ion [30, 31].
In the subsequent dealloying stage, Cu and residual sup-
porting skeleton of TiO, are further dissolved, leading
to the formation of nanosponge structure with main ele-
ment Pd and trace element Cu retained. Consequentially,
this sponge-like structure is formed by the self-assembly
process through surface diffusion [32], where the cubic
Pd with grain size of several nanometers are born [33].
Here, the precursor in amorphous state is believed to be

0.40
(b) 0.1 mM AA
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Figure 6. Amperometric current response of Pd NS on successive addition of 1 mM glucose into stirring 0.1 M KOH solution at —0.25 V and the
plot of current density versus glucose concentrations (a), interference test of the Pd NS in 0.1 M KOH electrolyte with 1 mM glucose, 0.1 mM AA
and 0.1 mM UA at —0.25 V (b). CV curves of glucose electro-oxidation on the Pd NS electrode in 1.0 M KOH+ 50 mM glucose at different scan
rates (c), and the plot of redox peak current densities versus the square root of the scan rate (d).
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Table II.  Comparison of the sensitivity, linear range and detection limit
between Pd NS and Pd nanostructured electrodes used for non-enzymatic
glucose sensing.

Linear  Detection
Sensitivity range limit
Electrode (MA mM~' cm™2?)  (mM) (uM) Refs.
NP-PdNi 0.75 1-25 1.9 [17]
Pd nanocubes 34 1-10 - [23]
NP-PdCu 1.6 1-30 1.9 [24]
Pd-Co CNTs 3.8 0.01-2.4 1 [49]
Pd NPs 17.7 1-8 237 [50]
NP Pt 5.67 1-10 0.8 [51]
Pd/CNT 114 0-46 - [52]
Pd NS 32 1-18 2.0 This work

beneficial for the formation of ultrafine Pd nanosponge
during the dealloying process.

On the other hand, the synergistic catalytic effect
between Pd and Cu enhances the electrocatalytic activity
of Pd NS toward glucose oxidation [34, 35]. According
to reported literatures [36], a Pd—Au bimetallic nanopar-
ticle tube can remarkably enhance the catalytic activity
by tuning the interface of Pd—Au. As is well known that
the role of catalysts is to accelerate the electron trans-
fer between reactants, which requires the catalyst to have
both the ability to accept electrons and the ability to give
electrons [37]. From the view of electron configuration,
the d-orbital vacancies of transition metal Pd with distinc-
tive electron configuration result in high catalytic activ-
ity [33, 38]. The formation of bimetallic Pd/Cu interface
with Pd and residual Cu nanoparticle changes the elec-
tronic structure and d-orbital vacancies [39, 40]. On the
basis of d-band center theory, a decrease of d-orbitals over-
lap between Pd and Cu atoms occurs at the interface of
bimetallic Pd/Cu and narrows the d-band, which shifts up
the d-band center and leads to the prominent enhancement
of catalytic activity [41-44].

In addition, the superior catalytic performance of Pd NS
is attributed to its ultrafine microstructure with high sur-
face area, which plays important role in supporting more
electrochemical reaction sites [14, 17, 24]. The unique
sponge-like structure with hollow interior in Pd NS facil-
itates the effective catalyst process in both the exterior
and the interior surfaces. In this special structure, both of
the internal and the external surfaces of the Pd NS are
accessible to the reactants and provide much more active
sites which are necessary for the electro-oxidation [45].
Moreover, the unique nanoporous morphology acts as a
reservoir for trapping OH™ anions which can be strongly
chemisorbed onto the Pd NS surface to form surface oxy-
genated species [46]. Those species enhance the onset
and proceeding of glucose electro-oxidation reactions and
further promote the oxidation of absorbed intermediates
on the Pd NS surface. The ultrafine nanoporous struc-
tures are advantageous to the oxidation of any poisonous

J. Nanosci. Nanotechnol. 20, 7333-7341, 2020

intermediates and improve the resistance to the carbona-
ceous species accumulation [47], which directly acceler-
ate the glucose electro-oxidation with a great increase in
the reverse anodic peak current density. The tolerance of
the catalysis to CO can be characterized by the ratio of
the forward and backward anodic peak currents, j./jg.
Pd NS’s high j./j, value of ~2.3, versus 0.76 for the
commercial Pt/C NP electrocatalysts [48], is an indication
of its great poisoning tolerance to carbonaceous oxida-
tive intermediates. The economical Pd electrode with high
CO poisoning tolerance makes it promising candidate as
a next-generation electrocatalyst, since Pt electrode suffers
from limitations of its high cost and high susceptibility to
poisoning by CO. Furthermore, in this research, the atom
ratio of Pd to other elements in precursor alloy is only
14:86, indicating that only low Pd loading is needed to
obtain such Pd NS catalyst with superior electrocatalytic
activity and high stability, which further highlights the
high application potential of Pd NS as an electrocatalyst.

4. CONCLUSION

Novel Pd nanosponge, with pore size of ~15.5 nm,
is successfully fabricated by one-step dealloying of
TiygZr,,CuscPd,, amorphous alloy at a constant current
density of 10 mA ¢cm~2 in 1.0 M (NH,),SO, +0.5 wt%
NH,F solution. The onset potentials of glucose electro-
oxidation for Pd NS significantly shift to the negative
direction, compared with the Pd plate electrode. Moreover,
the Pd NS exhibit about 4.5 times higher oxidation cur-
rent for glucose electro-oxidation. The higher ratio of the
forward and backward anodic peak currents (j./jg, ~2.3)
indicates better tolerance of the catalysis to CO on the
Pd NS electrode. Enhanced catalytic activity of Pd NS
is attributed to the bimetallic synergistic effect and the
large active surface area of the high-uniformity nanoporous
structure. The facile synthesis of the cost-effective Pd
NS electrode with superior electrocatalytic performance
towards glucose oxidation will open up a new avenue for
the design and construction of the advanced non-Pt elec-
trocatalysts.
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