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Nanoporous (NP) PdCr alloy is easily fabricated through one step mild dealloying PdCrAl source alloy in NaOH solution. Electron
microscopy demonstrates that dealloying PdCrAl alloy generates a bicontinuous spongy morphology with a narrow ligament size at ~5
nm. The as-made NP-PdCr alloy exhibits high sensing performance toward H,0,, such as a wide linear range from 0.1 to 1.9 mM, fast
amperometric response, and a low detection limit of 3.1 uM. In particular, NP-PdCr alloy has distinct sensing durability with almost no
activity loss upon continuous H,O, detection for two weeks. In addition, this nanostructure exhibits high activity for glucose sensing in a
wide linear range from 1 to 38 mM, long-term stability, and it is also highly resistant toward poisoning by CI". Moreover, NP-PdCr
shows a good anti-interference toward ascorbic acid, urci acid, and dopamine after coating additional nafion solution.

4s Wang et al. synthesized Pd/Co nanoparticles by utilizing the
1. Introduction distinction of reduction potential between Na,PdCl; and
Co(NO;),, finding durable stability for the hydrolytic
dehydrogenation of ammonia borane?* Being indeed quite
successful in achieving high activity, however, the preparation of
so these nanostructures is complicated involving a multi-step
operation. In addition, their preparation process usually involves
the usage of excessive organic agents or high temperature
processing with low production yielding or with applied potential
used to reduce the metal salts. Consequently, it is necessary to
ss develop environmentally benign and effective fabrication route
with desired properties to construct highly effective
electrochemical sensors.
At present, nanoporous (NP) Pd-based structures have attracted
great attention due to their interconnected nanoscaled skeleton
¢ and porous channels, which are preferable for unblocked mass
and electron transport.”>?” Nanoporous Pd-based alloy prepared
by dealloying have some advantages in easy operation, no
particle aggregation, extremely clean metal surface, and superior
stability.”® In current work, NP-PdCr alloy was fabricated by
os selectively dealloying the ternary PdCrAl source alloy in NaOH
solution. As a 3d metal, Cr is widely used because of its stability
and has exhibited synergistic catalytic effect on electrocatalytic
reactions of Pd such as formic acid electrooxidation.”” The
sensing performances of the NP-PdCr alloy were studied toward
70 HyO, and glucose as models. The experimental results
demonstrated that NP-PdCr is preferable for constructing highly
sensitive and stable electrochemical sensors.

Hydrogen peroxide (H,0,) is an essential mediator and an
oxidizing agent involved in many chemical and biological
processes."? Glucose is an important species in diabetes
management and food industry.* Therefore, sensitive detection
of H,0, and glucose is of great importance in environmental,
pharmaceutical, and biomedical research in recent years.*’
Different analytical methods for the detection of H,0O, and
glucose have been reported, such as fluoroimmunoassay,
colorimetric assay, artificial enzyme mimics,
electrochemiluminescence  etc.*’>  Among these methods,
electrochemical sensors based on electrocatalysis of small
molecules over advanced nanomaterials have received
considerable attention with the advantages of high sensitivity,
easy operation, and fast detection to target molecules.'*'
Palladium nanomaterials exhibit great potentials for
constructing highly effective electrochemical sensing platforms
due to their unique electrocatalytic activity.'®'” However, the
surfaces of metals are easily poisoned by the adsorbed
intermediates and chloride, leading to decreased sensitivity. It is
reported that alloy nanomaterials, which combine the advantages
of two compositions, have received considerable attention for
synergistic catalytic effect between the two compositions.'®
Consequently, it is interesting to construct highly sensitive and
stable electrochemical biosensors by using Pd-based alloy
materials. Among various Pd-based alloy electrocatalysts, some
metals have been found to be the favorable assistant elements for
Pd to achieve better sensing performance as well enhance the 2
utilization."”?* For instance, Behmenyar et al. prepared Pd/Cu :
supported catalysts by reducing palladium acetate and copper Pd;sCrsAlg, and Pd,yyAlg, alloy foils were made by refining pure
acetate in ethylene glycol solution, finding good electrocatalytic 75 Pd, Cr, and Al (99.99 %) in an arc-furnace, respectively, followed
activity for sodium borohydride in direct borohydride fuel cell.” by melt-spinning under Ar-protected atmosphere. NP-PdCr and
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NP-Pd were prepared by etching PdCrAl and PdAl alloy foils in
0.5 M NaOH for 48 hours at room temperature, respectively.
H,O, (30 %) and glucose were purchased from Sinopharm
Chemical Reagent Co. Ltd. The phosphate buffered saline (0.1 M
PBS, pH 7.0) solution was prepared using Na,HPO, and KH,PO,.
Ultra-pure water (18.2 MQ) was used in all measurements.
Ascorbic acid (AA), uric acid (UA), and dopamine (DA) were
purchased from Sigma-Aldrich. All the reagents were of
analytical reagents grade and used without further treatment.

Powder X-ray diffraction (XRD) was carried out on a Bruker
D8 advanced X-ray diffractometer using Cu KR radiation at a
step rate of 0.04°s™". The structure characterizations were carried
out on a JEM-2100 transmission electron microscope (TEM) and
a JSM-6700 field-emission scanning electron microscope (SEM)
equipped with an Oxford INCA x-sight Energy Dispersive X-ray
Spectrometer (EDS). All electrochemical measurements were
performed using CHI 760D electrochemical workstation
(Shanghai CH Instruments Co., China). A conventional three-
electrode cell was used with Pt foil as a counter electrode,
mercury sulfate electrode as the reference electrode, and 4-mm-
diameter glassy carbon electrode as work electrode.

Catalyst ink was prepared by mixing 1.5 mg carbon powder,
1.0 mg NP-PdCr, 400 pL isopropanol, and 200 pL nafion
solutions (0.5 wt. %) under sonication for 30 min. The working
electrode was made by dropping appropriate catalyst ink on a
polished glassy carbon electrode and dried. The NP-Pd and Pd/C
electrodes were prepared in a similar way. The electrochemical
surface areas (ECSA) of Pd in all catalysts were evaluated by
integrating the reduction charges during the stripping of surface
monolayer oxide in N,-purged 0.5 M H,SO, solution in the range
of 0 to 1.35 V at the scan rate of 50 mV-s”, in which the used
charge density is 420 uC-cm™ Pd.*

3. Results and discussion
3.1 Characterization of NP-PdCr alloy
NP-PdCr
: "]
5 Pdcral il A
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Fig. 1. XRD patterns of Pd;sCrsAls, and the dealloyed sample, the
standard patterns of Pd (JCPDS 65-2867), Cr (JCPDS 65-3316), PdAlg
(JCPDS 42-1286), and Al (JCPDS 65-2869) are also attached for clear
comparison.

To gain insight into the structural formation and evolution, XRD
was employed to examine the crystal structures of the precursor
and obtained sample. As shown in Fig. 1, the PdCrAl precursor
exhibited a series of diffraction peaks, which can be assigned to a

45

70

75

PdAlg-type crystal structure. EDS (Fig. Sla) analysis shows the
composition of the precursor is Pd;sCrsAlgy (at.%), which is
consistent with the initial feeding ratio during alloy refining. It is
noted that the relative intensity and peak position of these
diffraction peaks are different from the standard PdAly diffraction
pattern, which may caused by the different alloy composition and
the rapid solidification processing during alloy refining. The
dealloyed PdCr sample showed only a set of broad diffraction
peaks with 20 values at around 40.5, 46.2, 68.3. These peaks can
be assigned to the (111), (200), (220) diffractions for a face
centered cubic PdCr alloy. It is also noted that there are no
additional diffraction peaks emerged related to individual Pd and
Cr (or its oxides), indicating the formation of a homogenous
single-phase PdCr alloy. The leaching of Al resulted in obvious
evolution of the diffraction peaks similar to those of pure Pd.
Moreover, the difference between NP-PdCr and pure Pd in the
peak positions is still visible, which implies the persistence of
alloyed Cr to Pd. The broad diffraction features in the PdCr
sample mainly arise from the large surface strain formed during
dealloying because of the smaller ligament size and smaller grain
size. EDS (Fig. S1b) data indicates that a majority of Al atoms
were removed with little Al atoms remained in the resulted
sample. Moreover, the bimetallic composition between Pd and Cr
in the resulted sample basically maintained the initial feeding
ratio, suggesting the better controll for the alloy components

a £ " > .

Fig. 2. SEM (a), TEM (b, c) and HRTEM (d) images of the resulted
samples by dealloying Pd;sCrsAls alloy in 0.5 M NaOH solution for 48 h
at room temperature, (¢) SEM image of NP-Pd, (f) TEM image of Pd/C.

Fig. 2 (a-d) shows the resulted nanostructure by dealloying of
PdCrAl alloy in 0.5 M NaOH solution for 48 h at room
temperature. From the surface SEM image in Fig. 2a, it can be
clearly observed that selectively etching Al successfully
generated a bicontinuous spongy morphology with a narrow
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ligament size at ~5 nm. The dark ligaments and bright pores in
the TEM image (Fig. 2b, c) of the sample further indicate the
formation of nanoporous structure. Fig. 2d provides a high-
resolution TEM (HRTEM) image of the sample, in which the
s continuous ordered lattice fringes are well resolved. Fig. 2e gives
the SEM image of NP-Pd, which also shows bicontinuous
nanoporous structure with uniform ligament distribution. The
TEM image of Pd/C was shown in Fig. 2f, from which it is clear
that Pd nanoparticles disperse on the carbon support with the
o particle size around 3-5nm.

3.2. Electrocatalytic measurements of H,O, on NP-PdCr
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la  NP-PdCr b

——0mMH:0:+PBS
——1mMH:0:+PBS

——0mMH:02+PBS
—— 1mMH:0:+PBS

0:8 O:H 1:0 1 :2 1 :4
E/V (vs RHE)

——PdiC

——NP-Pd

——NP-pdiCr

04 12 14 0.2 0.4

0.6 0.8 1.0
E/V(vs RHE)
Pd/C d

——0mMH:02+PBS
—— 1mMH:z0:+PBS

04 1.2 14 0.2 0.4 1.2

0% 05 10 06 08 10
E/V (vs RHE) E/V(vs RHE)

mVis
200 rgVis
14

0 i el L
0 20 40 60 80 100 120 140 160 180 200

0.6 0.8 1.0
E/NV(vs RHE) Scan rate/ mVis

Fig. 3. CV curves of (a) NP-PdCr, (b) NP-Pd, (c¢) Pd/C in PBS solution
with and without 1 mM H,0,. (d) CV curves of all samples in PBS + 1
s mM H,O, solution. (¢) CV curves of NP-PdCr in PBS + 1 mM H,O,

solution at different scan rates of 20, 40, 60, 80, 100, 120, 140, 160, 180,
and 200 mV/s. (f) Plots of current on NP-PdCr at 1.2 V.

Characterized by the desirable nanoporous architecture with
bicontinuous skeleton and hollow interconnected channels, NP-
o PdCr is favorable for the molecules transport and electron
conductivity.”® Consequently, it is interesting to explore the
sensing performance of NP-PdCr alloy toward H,0O,. Fig. 3
shows the cyclic voltammetric (CV) curves of Pd/C, NP-Pd, and
NP-PdCr modified electrode in PBS solution in the presence and
absence of H,0,. It is observed that NP-PdCr alloy exhibits
higher oxidation current toward H,0O, starting from 0.5 V
compared with that in pure PBS solution (Fig. 3a). The current
density for H,O, oxidation on NP-PdCr in the range of 0.9-1.2 V
is more than 4 times higher than those of Pd/C and NP-Pd
catalysts, while the onset oxidation potential negatively shifted
more than 50 mV (Fig. 3a-d). It is clear that NP-PdCr shows
much higher electrocatalytic activity toward H,O, oxidation
compared with NP-Pd and Pd/C catalysts. The electrocatalytic
behaviour of NP-PdCr toward H,0, oxidation was further
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investigated by changing the scan rate. As displayed in Fig. 3e,
the currents at 1.2 V are linear as a function of the scan rate in a
range from 20 to 200 mV/s and the corresponding linear equation
for the currents is I (uA) =-1.92 + 2.55 v with a linear correlation
coefficient of 0.997. This indicates that the electrochemical
oxidation of H,O, on the NP-PdCr modified electrode is a
surface-controlled process.”’ It can be concluded that as-prepared
NP-PdCr alloy has greatly enhanced catalytic activities toward
H,0,, providing a substantial basis for its electrochemical sensing
application.
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Fig. 4. (a) Amperometric responses of NP-Pd, Pd/C, and NP-PdCr on
successive addition of 0.1 mM H,O, into stirring PBS solution at 1.2 V.
(b) Plots of current vs. H,O, concentrations. (c) Sensing stability of NP-
Pd, Pd/C, and NP-PdCr alloy in a stirred PBS solution containing | mM
H,0, for 2000s at 1.2 V. (d) Long-term stability of NP-PdCr alloy for
continuous H,0, detection for 14 days.

Based on the high oxidation activity toward H,O,, the sensing
performance of NP-PdCr alloy is evaluated by amperometric
detection upon the successive addition of H,0O,. Fig. 4a shows the
typical amperometric responses of Pd/C, NP-Pd, and NP-PdCr
alloy at a fixed potential. Noting that NP-PdCr electrode responds
rapidly (~1.5 s) to each addition of H,0,. The rapid response
could be attributed to the fact that H,O, could diffuse freely into
the bicontinuous nanoporous structure as well rapidly be oxidized
on the NP-PdCr surface. In comparison, NP-PdCr electrode
shows higher response signals to the each addition of H,0,
compared with NP-Pd and Pd/C electrodes. As shown in Fig. 4b,
NP-Pd catalyst has a linear response to H,O, in the range of 0.1
to 1.0 mM (linear equation: y = 42.51 x + 3.68, R = 0.991) with a
detection limit of ~4.5 uM (S/N=3). And the Pd/C sample
performs better linear relationship in the range of 0.1 to 1.0 mM
(linear equation: y = 29.41 x + 4.72, R = 0.993) with a detection
limit of ~3.8 uM. By comparison, NP-PdCr alloy exhibits the
highest sensitivity and the widest linear range up to 1.9 mM
(linear equation: y = 68.76 x + 2.84, R = 0.998) with the lowest
detection limit of ~3.1 pM. These analytical parameters of NP-
PdCr are better than other reported catalysts based H,O, sensors
as shown in Table 1. 3?3 The remarkable performance of NP-
PdCr modified electrode toward the detection of H,O, indicates
that NP-PdCr holds great potential to construct H,O, sensor.

This journal is © The Royal Society of Chemistry [year]
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Table 1 A comparison of the performance of some sensor platforms using

different electrodes for H,O, detection.

H,0, Linear Sensitivity  Detection  Ref.
Range (nAcm limit
sensor -
(mM) mM ) (M)
Cu NCs 0.01-1.00 -—- 10 32
Graphene-
AUNPS/GCE 0.02-0.28 3000 6 33
Nafion/HRP/
TN-3/ITO 0.001-0.78 1176 0.18 1
Palladized = 505 0 034 __. 4.0 34
aluminum
PtPdA/MWC
Ns/GC 0.0025-0.125 414.8 1.2 35
NP-PdCr 0.1-1.9 72 3.1 This
work

w

S

The long-term catalytic activity of the NP-PdCr alloy was
evaluated by studying its steady-state activity using potentiostatic
method. As is shown in Fig. 4c, NP-PdCr shows a more stable
amperometric response to the addition of 1 mM H,0, in stirring
PBS after running for 2000 s compared with NP-Pd and Pd/C,
indicating the higher sensing durability. The reproducibility of
NP-PdCr electrodes was further explored by continuous detecting
H,0, every day for a period of two weeks. As shown in Fig. 4d,
the current response of the electrode has little change over a
period of 14-day. Only 6.9 % degradation in current was detected
within two weeks, demonstrating that NP-PdCr is highly stable
and repeatable to H,O, detection. The relative standard deviation
(RSD) for 0.5 mM H,0, on NP-PdCr is calculated to be ~1.7 %.
For three NP-PdCr modified electrodes, the RSD is 3.2 %. It is
demonstrated that NP-PdCr shows good long-term stability and
reproducibility for H,O, detection.

3.3. Electrocatalytic measurements of glucose on NP-PdCr

Fig. 5a presents the CV response of NP-PdCr modified electrode
in 0.1 M NaOH solution with and without glucose. It is observed
that the NP-PdCr electrode exhibits high oxidation currents
starting from -0.3 V in the presence of glucose. The anodic peak
located at 0.2 V could be attributed to glucose electroadsorption,
causing the generation of adsorbed intermediates.*® However, the
accumulation of the intermediates on the electrode surface
inhibited the further electroadsorption of glucose, resulting in
current decrease. When the potential was larger than 0.6V, Pd-
OH species are generated in the alkaline solution. Pd-OH species
are beneficial in oxidation of intermediates on PdCr surface,
causing the current increase again. Moreover, the electrooxidation
current also increased due to the direct oxidation of glucose on
the surface. In the negative scan, the oxidized Pd are reduced at a
potential around 0.1 V. With the backward scan, more surface-
active sites were refreshed and became available for the oxidation
of glucose, resulting in a large anodic peak in the potential around
-0.1 V. Meanwhile, the accumulation of intermediates again
occurred, inducing the current decrease. It is obvious that the NP-
PdCr shows similar electrochemical behavior to NP-Pd and Pd/C
for glucose oxidation. However, compared with NP-Pd and Pd/C
catalysts, the much higher current density on NP-PdCr indicates
greatly enhanced catalytic  activities toward  glucose

45
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electrooxidation due to the synergetic catalytic effect of Pd and
Cr.
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Fig. 5. CV curves of (a) NP-PdCr, (b) NP-Pd, and (c) Pd/C in 0.1 M
NaOH solution with the presence and absence of 50 mM glucose. (d) CV
curves of NP-Pd, Pd/C, and NP-PdCr in 50 mM glucose and 0.1 M NaOH
solution. (e) CV curves of NP-PdCr alloy in 0.1 M NaOH and 50 mM
glucose solution with and without 0.1 M NaCl. (f) CV curves (50 cycles)
of NP-PdCr alloy in 0.1 M NaOH and 50 mM glucose solution.

It has been reported that Cl has a serious poisoning effect on
some metallic electrocatalysts, leading to the activity loss toward
the glucose electrooxidation.*® Fig. 5¢ shows the CV curves of
NP-PdCr alloy in 0.1 M NaOH and 50 mM glucose solution with
and without NaCl. The glucose oxidation activity on NP-PdCr
has almost no change after adding NaCl, suggesting that NP-PdCr
can well maintain its catalytic property in the presence of CI.
However, it is noted that the current at 0.9 V became higher after
adding CI', which is consistant with the previous reports in CI
poisoning effect on some catalysts.’” Fig. 5f shows the CV
evolution of NP-PdCr during continuous potential scan. It is
found that the current almost unchanged after 50 cycles,
indicateing the good electrocatalytic durability of NP-PdCr
catalyst.

The long-term sensing stability of NP-PdCr electrocatalysts is
significant for continuous and reliable monitoring of glucose. The
long-term sensing ability of NP-PdCr alloy for glucose sensing
was evaluated by detecting the steady-state specific activity using
potentiostatic method. As is shown in Fig. 6a, NP-PdCr shows a
higher sensing durability and more stable amperometric response
to the addition of 10 mM glucose in stirring NaOH after running
for 2000 s compared with NP-Pd and Pd/C. Fig. 6b shows the
typical amperometric response of NP-PdCr alloy toward the
successive addition of glucose at a fixed potential. NP-PdCr
electrode responds rapidly to each addition of glucose and
reaches the maximum steady-state current within 1.8 s. The rapid
response could be attributed to the fact that glucose could diffuse

4 | Journal Name, [year], [vol], 00—00
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freely into the bicontinuous nanoporous structure as well rapidly Glucose Linear Sensitivity ~ Applied  Ref.
be oxidized on NP-PdCr surface. In comparison, NP-PdCr sensor range (LLAS{IfZ potential
electrode shows higher current response signals to the addition of (mM) mM )
glucose compared with NP-Pd and Pd/C electrodes with the Cu film 0.001-0.5  699.45 +0.40 38
s current response intensity in NaOH system due to the synergistic Gm;/jl’)té OMC  0.050-3.7 038 +0.60 39
effect between Cr and Pd atoms. As shown in Fig. 6c, the NP- GO 0.040-22  --- +0.25 17
. . e S NPAs
PdCr alloy exhibits the high sensitivity and wide linear range up .
; : . Pd-Ni/
to 38 mM (linear equation: y = 1.57 + 0.43 x, R = 0.996) with the SiNWs 0-20 190.72 +0.14 40
lowest detection limit of 1.8 puM. In comparison, the sensing PdNPs-
10 range of Pd/C and NP-Pd are respective up to 16 mM and 14 mM FCNTs- 0-46 114 +0.40 36
(linear equation: y = 0.57 + 0.23 x, R =0.986 and y = 0.46 + 0.36 Nafion
X, R = 0.996) with the detection limit of 2.1 uM and 2.3 uM. The NP-PdCr 1-38 0.75 4035 This
analytical parameters of NP-PdCr are better than other reported work

catalysts based glucose sensors as shown in Table 2.'7- 2% 363839

15 The better performance of NP-PdCr modified electrode toward
the detection of glucose indicates that NP-PdCr holds great
potential to construct glucose sensor.

3.4 The anti-interference for electrochemical detection of
30 H,O, and glucose on NP-PdCr
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2 _::'::c the response of (a) 1 mM H,O, in 0.1 M PBS solution at 1.2 V and (b) 10

——NP-| r

mM glucose in 0.1 M NaOH solution at 0.35 V.

35 One of the major challenges in nonenzymatic H,O, and glucose
detections is the interfering electrochemical signals caused by
some easily oxidizable compounds such as AA, UA, and DA. So,
it is essential to investigate the anti-interference of NP-PdCr

o o Ti:ﬁ: s 000 1250 1500 toward the H,O, and glucose sensing. Fig. 7a shows the

chronoamperometry curves of NP-PdCr electrode with successive

addition of 0.02 mM UA, 0.01 mM DA, 0.1 mM AA, and 1 mM

H,0,. The interferences from UA, DA or AA were 0.4 %, 4.7 %

or 9.1 % of the response generated by H,O, on NP-PdCr

W modified electrode. It has found that nafion solution coated on the
45 electrodes can form a thin film to exclude the interference of

these electroactive molecules.** After coating extra 2 uL nafion,

interferences became 0.1 %, 3.7 % or 3.2 %. In addition, Fig. 7b
shows the influence of DA, UA, and AA toward glucose detection.

The interferences from UA, DA or AA were 0.8 %, 1.1 % or

20 Fig. 6. (a) Sensing stability NP-Pd, Pd/C, and NP-PdCr alloy in a stirred ¢ 50/ of the response generated by glucose on NP-PdCr modified
NaOH solution containing 10 mM glucose for 2000 s at 0.35 V. (b) electrode. After coating extra 2 pL nafion, they became 0.8 %,
Amperometric current responses of NP-Pd, Pd/C and NP-PdCr on 1.1 % or 3.8 % respectively. The result demonstrated that

4

3

5LC » PdIC
e NP-Pd
2} 4 NP-PdCr

Coad

. .
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Concentration/mM

successive addition of | mM glucose into stirring NaOH solution at 0.35 electrochemical detection of H,0, and glucose on NP-PdCr-

V. (¢) Plots of current vs. glucose concentrations. Nafion modified electrodes could be performed with little

» ss interference from DA, UA, and AA by coating the extra nafion
solution.

Table 2 A comparison of the performance of some sensor platforms using

different electrodes for gl detection. :
1rrerent electrodes 1or glucose detection 4. Concluslons
In this work, NP-PdCr alloy is successfully fabricated with
bicontinuous nanoporous architecture by a simple dealloying

o0 strategy. It is clear that NP-PdCr shows much higher
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electrooxidation activities toward H,O, and glucose compared
with NP-Pd and Pd/C catalysts. Compared with NP-Pd, alloying
Pd with Cr greatly enhanced the catalytic activities toward H,0,
and glucose electrooxidation due to the alloying effect. Compared
with Pd/C catalyst, the higher electrocatalytic activity of NP-
PdCr alloy may be due to the the unique nanoporous structures
besides the alloying effect. In the nanoporous structure the
bicontinuous void space provides the integral molecular transport
paths, and the interconnected nanoscaled skeleton makes the easy
transport of electrons and adsorbed reaction medium, which is
preferable for the electrocatalysis reactions. Based on the unique
electrocatalytic activities, NP-PdCr can achieve sensitive
detection for H,O, and glucose with wide concentration range
and fast response. NP-PdCr also shows a long-term sensing
durability and reproducibility toward H,O, and glucose with the
structural advantage as well little interference from DA, UA, and
AA. Along with these attractive features, NP-PdCr alloy holds
great potential in electrochemical sensors.
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Graphical Abstract:

Nanoporous PdCr alloy

Nanoporous PdCr alloy fabricated by one-step mild dealloying exhibits
superior sensing performance and durability toward H,O, and glucose

than Pt/C and NP-Pd catalysts.



