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Abstract: Electrochemical hydrogen sensors are attractive for hydrogen detection owing to their high sensitivity, rapid re-
sponse, and low energy consumption, offering great potential for safety monitoring in complex environments. However, the
anodic HOR catalysts are highly susceptible to poisoning by interfering species such as ammonia, posing a critical challenge to
the development of robust hydrogen sensors for ammonia-containing environments. Since binary transition metal elements are
promising for further optimizing the HOR performance of platinum compared to single transition metals, metal salts with differ-
ent combinations were dispersed on XC-72 by rotary evaporation here. After wet impregnation, FeCo-Pt, FeMn-Pt, CoMn-Pt,
and Fe-Pt, were obtained by heat treatment under H2/Ar mixed gas. In this strategy, Fe and Co form an FeCo alloy during
heat treatment. Compared to single-element doping, the alloyed transition metal acted as “dual-metal electron pump” further
optimizes the electronic structure of Pt, thereby constructing a highly efficient composite catalyst system. This effective regu-
lation of the electronic structure significantly enhances the electron transfer capability of Pt, ultimately achieving simultaneous
improvements in the catalyst’s HOR activity and ammonia resistance, thereby enabling efficient hydrogen sensing with strong
resistance to disturbance.
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1 Introduction
As the concept of low-carbon living gains popularity, hy-
drogen plays an irreplaceable role in the energy transition
and storage area [1–3]. However, the safe storage, trans-
portation, and end-use of hydrogen create an urgent need
for real-time, precise concentration monitoring [4, 5]. Elec-
trochemical hydrogen sensing technology, characterized by
high sensitivity, rapid response, and low energy consump-
tion, offers a promising technical pathway for hydrogen safety
monitoring in complex environments [6–8]. The core oper-
ating principle of these sensors relies on the electrocatalytic
hydrogen oxidation reaction (HOR); hydrogen concentration
is determined by measuring changes in the HOR current

signal [9]. Therefore, developing more efficient HOR cata-
lysts for hydrogen sensing is a highly significant endeavor
worthy of sustained investment, as it can substantially en-
hance safety in hydrogen-related applications by improving
hydrogen detection resolution and response speed.

However, electrochemical hydrogen sensors face a signif-
icant challenge in practical applications: HOR catalysts are
highly susceptible to poisoning by impurity gases [10, 11],
with ammonia (NH3) being a particularly critical interfering
species. The strong adsorption of ammonia molecules onto
the platinum (Pt) surface occupies catalytically active sites
and blocks hydrogen adsorption and dissociation, leading to
severe signal attenuation or even complete sensor failure [12].
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This issue is especially pronounced in technologies utiliz-
ing ammonia as a hydrogen storage medium [13, 14], where
trace amounts of residual ammonia (remaining after hydro-
gen production via ammonia decomposition) directly poison
the sensor electrodes, severely limiting the long-term sta-
ble operation of hydrogen sensors in ammonia-containing
environments.

Ammonia poisoning of Pt-based catalysts typically man-
ifests as rapid performance degradation and a significant
decline in stability. When operating in ammonia-containing
atmospheres, Pt-based catalysts are prone to deactivation due
to the strong adsorption of nitrogenous species, resulting in
a continuous decrease in output current and an increase in
overpotential for fuel cells or sensors [15]. Current strate-
gies to address this issue include charge modulation of the
support and electronic modification via alloying. Wang et
al. [16] systematically investigated the anti-poisoning mech-
anisms of PtM (M = Fe, Co, Ni, Cu, Zn) compounds using
density functional theory (DFT); they found that the incorpo-
ration of Fe, Co, Cu, and Zn altered the electronic structure
of Pt atoms, weakening the adsorption energy of ammo-
nia on the surface of PtM compounds thereby enhancing
resistance to poisoning. In the case of Fe/Y co-modulated Pt-
based catalysts, Fe promoted the formation of a PtY alloy
(rather than a stable Y-oxide phase), significantly reducing
NH3 adsorption energy and allowing the catalyst to retain
93.1% of its initial activity even in the presence of 5000 ppm
NH3. Jin et al. [10] prepared a Pt-N2/KB catalyst (with a
Pt loading of only 2.03 wt%) by modulating the charge dis-
tribution of Pt using a nitrogen-doped carbon support; this
catalyst achieved a mass activity of 5.4 and 4.7 times higher
than those of commercial 20% Pt/C, while also exhibiting a
lower current decay rate in an electrochemical hydrogen pu-
rification device. DFT calculations revealed that the catalyst
surface possessed a hydrogen adsorption free energy close to
zero alongside lower ammonia adsorption energy, enabling
a simultaneous enhancement of hydrogen oxidation reac-
tion activity and resistance to ammonia poisoning. Wang et
al.[17] elucidated the ammonia-tolerance mechanism of Cr-
doped MoNi4 from the perspective of nickel-based catalysts.
Cr modification not only creates an electron-rich state that
suppresses the lone-pair electron donor behavior of NH3 but
also shifts the d-band center downward to weaken d-electron
back-donation, thereby synergistically reducing NH3 adsorp-
tion. The catalyst exhibited no significant activity decay over
10,000 cycles in the presence of 2 ppm NH3, and a fuel cell
incorporating it retained 95% of its initial peak power density
when 10 ppm NH3/H2 was fed, whereas a Pt/C-based cell re-
tained only 61%. These examples demonstrate that, whether
through charge modulation of the support or electronic mod-
ification via alloying, the core mechanism lies in tuning the
electronic structure of Pt or the active sites to weaken the
bonding strength with nitrogen-containing poisoning species
while maintaining moderate H* adsorption, thereby achiev-
ing a synergistic optimization of ammonia tolerance and HOR
activity.

This study systematically reveals how dual-metal electron
pump which constructed by neighboring binary transition-
metal alloys (FeCo-Pt is preferred) modulate the electronic
structure of Pt and simultaneously enhance both HOR activity

and resistance to ammonia poisoning. Compared to conven-
tional single-element doping strategies, bimetallic alloying
achieves finer and more effective control over Pt’s elec-
tronic structure through the synergistic effects between the
two transition metals. This strategy offers a design approach
for developing robust electrochemical hydrogen sensors suit-
able for ammonia-containing environments. In technological
pathways utilizing ammonia as a hydrogen storage medium,
hydrogen sensors must operate stably over long periods in
ammonia-rich atmospheres; thus, the catalyst’s resistance to
ammonia poisoning is a critical factor determining the sen-
sor’s service life and reliability. The bimetallic electronic
pump modulation strategy proposed in this study is applica-
ble not only to hydrogen sensors but also to other Pt-based
electrocatalytic systems operating in ammonia-containing en-
vironments, such as anodes for proton exchange membrane
fuel cells.

2 Physical Structure Characteri-
zation

The preparation process of the FeCo-Pt series catalysts is
shown in Figure 1(a). 0.5167 g of Fe(NO3)3·6H2O and
0.3528 g of Co(NO3)2·6H2O were dissolved in 50 mL of
deionized water and stirred under heating for 10 min. Then,
0.1 g of PVP was added, and the mixture was stirred in a wa-
ter bath for 30 min until completely dissolved. After, 0.1 g of
XC-72 was added, and stirring was continued for 2 h to en-
sure uniform dispersion. The mixture was rotary-evaporated
at 65 °C for 150 min to remove water, then transferred to a
vacuum drying oven and dried for 8 h to eliminate residual
moisture. After grinding the product, 1 g of the powder was
heat-treated at 950 °C for 30 min under a flow of 5% H2/Ar
mixed gas (50 mL/min); following thorough re-grinding, the
sample was designated as FeCo-Pt. Three additional samples
were prepared by keeping other steps constant but varying the
precursors: by adding 0.2527 g of Mn(NO3)2·4H2O alongside
Fe(NO3)3·6H2O; by adding 0.2527 g of Mn(NO3)2·4H2O
alongside Co(NO3)2·6H2O; and using only Fe(NO3)3·6H2O.
The deposition of Pt was conducted by wet impregnation as
follow [18, 19]. The FeCo support (50 mg) was accurately
weighed and dispersed in 20.45 mL of an aqueous Pt(NO3)2
solution. After vigorous stirring for 8 h, the mixture was sub-
jected to rotary evaporation at 65 °C. After the water had been
completely removed, the material was transferred to a vac-
uum drying oven for 8 h. The dried powder was transferred
to a tube furnace, then slowly heated to 150 °C and held for
120 min under a flow of 5% H2/Ar mixed gas (150 mL/min)
to obtain the FeCo-Pt sample. FeMn-Pt, CoMn-Pt, and Fe-Pt
were prepared using the same procedure.

The microstructures of the four electrocatalysts were
characterized in detail using TEM to reveal their structural
features and the dispersion of nanoparticles. As shown in
Figure 1(b),(d), a large number of dark spots were observed in
both the FeCo-Pt and Fe-Pt samples, indicating the uniform
dispersion of Pt nanoparticles within the electrocatalysts. Ad-
ditionally, large shaded regions were identified in both sets of
samples, suggesting the presence of crystalline phases with
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Figure 1: (a) Schematic diagram of the synthesis process for FeCo-Pt. TEM images for FeCo-Pt (b, c) and Fe-Pt (d, e).
HAADF-STEM (f) and (g-i) EDS mapping of the individual elements of the Fe-Pt catalyst.

specific lattice structures; these regions were further char-
acterized using HRTEM. The HRTEM results revealed that
the crystals corresponding to the large shaded regions in
the Fe-Pt sample exhibited a lattice spacing of 0.208 nm,
matching the (111) crystal plane of FeN0.0324 (as shown in
Figure 1(e)). In contrast, the crystals corresponding to the
shaded regions in the FeCo-Pt sample (Figure 1(c)) showed
a lattice spacing of 0.202 nm, corresponding to the (110)
crystal plane of the FeCo alloy [20]; notably, no FeN0.0324
crystals were detected in the FeCo-Pt sample. This difference
indicates that the introduction of Co promotes the formation
of an FeCo alloy within the FeCo-Pt system. To further in-
vestigate the compositional and structural characteristics of
the FeCo-Pt electrocatalyst, HAADF-STEM and EDS images
were conducted in Figure 1(f–i). As shown in Figure 1(g), Pt
is uniformly distributed throughout the FeCo-Pt catalyst; this
uniform distribution helps increase the number of active sites,
thereby enhancing electrochemical performance [21]. Mean-
while, the distribution of Fe highly overlaps with that of Co,
concentrating in the regions of the FeCo alloy crystals sur-
rounding fine platinum particles indicating that Fe and Co
successfully alloyed during synthesis to form a stable FeCo
alloy phase.

To further investigate the crystal structures of the four
electrocatalyst supports, X-ray diffraction (XRD) was em-
ployed for characterization. As shown in Figure 2(a), the
XRD pattern of the FeCo support sample exhibits three dis-
tinct, strong diffraction peaks at 44.88◦, 65.31◦, and 88.74◦,
corresponding to the (111), (200), and (211) crystal planes
of the FeCo alloy; this aligns with TEM observations and
further confirms the formation of the FeCo alloy within the
sample. As shown in Figure 2(b), the diffraction peaks in
the XRD pattern of the FeMn support correspond to the
standard peaks for Fe0.497Mn0.503O and FeN0.0324, indicating
the formation of these phases in the sample. As shown in
Figure 2(c), the diffraction peaks in the XRD pattern of the
CoMn support correspond to the standard peaks for MnO and
Co, indicating the formation of MnO and Co [22]. These re-
sults demonstrate that when Mn coexists with Co, or Fe with
Co, and the system undergoes heat treatment, the formation
of oxide phases is favored over alloy structures. As shown in
Figure 2(d), the diffraction peaks in the XRD pattern of the
Fe support correspond to the standard peaks for FeN0.0324, in-
dicating the formation of iron nitrides. A comparison reveals
that the introduction of Co significantly modulates phase
formation within the system, shifting the Fe-based product
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Figure 2: XRD patterns of (a) FeCo (b) FeMn (c) CoMn (d) Fe. XRD patterns (e) and Raman spectra (f) of the synthesized Pt
catalysts.

from FeN0.0324 to the FeCo alloy. Furthermore, while the co-
pyrolysis of Fe and Mn yields Fe0.497Mn0.503O crystals, the
co-pyrolysis of Fe and Co results in the formation of MnO.
These results indicate that the synergistic regulation by dif-
ferent transition metal elements significantly influences the
crystal structure and electronic properties of the catalyst sup-
port, providing a theoretical basis for the further optimization
of catalyst design and performance enhancement.

To further analyze the crystalline phase distribution of
Pt in the four electrocatalysts following wet impregnation,
standard Pt diffraction patterns were used as a reference to
identify the Pt crystalline phases present on the supports. As
shown in Figure 2(e), FeCo-Pt, FeMn-Pt, CoMn-Pt, and Fe-
Pt all exhibited three new diffraction peaks at 39.8◦, 46.3◦,
and 67.5◦, corresponding to the (111), (200), and (220) crystal
planes of Pt [23], respectively; this confirms the success-
ful formation of Pt on the supports and aligns with the

TEM observations. To further investigate the carbon struc-
tural characteristics, Raman spectroscopy was also employed.
The D-band at around 1349.2 cm-1 is associated with de-
fects and disorder in the carbon support, while the G-band at
around 1588 cm-1 arises from the vibration of sp2-hybridized
carbon; the degree of defects in the carbon support was eval-
uated based on the intensity ratio of the D-band to the G-band
(ID/IG). As shown in Figure 2(f), the ID/IG ratio for all pre-
pared samples was approximately 1.1, indicating a similar
degree of structural defects and demonstrating consistency
in defect distribution across the carbon supports of the four
electrocatalysts [24].

XPS was further employed to investigate the surface
elemental composition and chemical states of the four syn-
thesized electrocatalysts. The elemental spectra obtained after
peak deconvolution of the XPS results are shown in Figure 3.
Figure 3(a) displays the Pt 4f spectra of the four as-prepared
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Figure 3: XPS spectra of the (a) Pt 4f, (b) Mn 2p, (c) Co 2p, and (d) Fe 2p core level peaks of the Pt catalysts.

electrocatalysts; the Pt 4f 5/2 and Pt 4f 7/2 signals can be re-
solved into two spin-orbit doublets [25], where the primary
doublet at 71.6 eV and 74.9 eV is attributed to metallic Pt0,
while the minor doublet at 72.5 eV and 76 eV corresponds
to Pt2+. This indicates that Pt0 is the dominant species on the
electrocatalyst surface, accompanied by a small amount of
Pt2+ resulting from surface oxidation. Notably, compared to
the Pt 4f 5/2 and Pt 4f 7/2 binding energies of Pt0 in Fe-Pt, the
binding energies of Pt0 in CoMn-Pt, FeMn-Pt, and FeCo-Pt
exhibit positive shifts of 0.1 eV, 0.1 eV, and 0.2 eV, re-
spectively. These results demonstrate that different transition
metal combinations exert varying effects on the electronic
structure of platinum [26], with the FeCo combination exert-
ing the most significant influence by conducting a mechanism
similar to “dual-metal electron pump” [27]. Figure 3(b) shows
the Mn 2p spectra for the CoMn-Pt and FeMn-Pt electro-
catalysts, which can be deconvoluted into Mn2+, Mn3+ and
Mn4+ components [28]. Figure 3(c) presents the Co 2p spec-
tra for CoMn-Pt and FeCo-Pt, resolvable into Co2+, Co3+

species and satellite structure. In contrast, the FeCo-Pt sample
exhibits an additional set of peaks corresponding to metal-
lic Co0 alongside the aforementioned peaks; this observation
aligns with the TEM and XRD analysis results, further con-
firming the formation of an FeCo alloy within the system
[29]. Figure 3(d) shows the Fe 2p spectrum of the electrocata-
lyst; four peaks were identified through fitting, corresponding
to the satellite peak, Fe3+, Fe2+, Fe0 and satellite structure
[29], respectively. Notably, the characteristic peak of Fe0 in

the FeCo sample confirms the formation of the FeCo alloy,
validating the results obtained from XRD and TEM analyses.

3 Electrochemical Measurement
and Component Performance

The rotating disk electrode (RDE) is a common electro-
chemical technique used to evaluate the catalytic perfor-
mance of electrocatalysts; its advantage lies in providing
stable and reproducible measurements under strictly con-
trolled experimental conditions. To systematically investigate
the catalytic activity of the catalysts toward HOR, this study
employed a conventional three-electrode system, utilizing an
RDE coupled with an electrochemical workstation, to conduct
electrochemical tests on four synthesized electrocatalysts.
Figure 4(a) presents the linear sweep voltammetry (LSV) re-
sults for FeCo-Pt in 0.1 M HClO4 electrolyte saturated with
N2 and H2, respectively. At potentials exceeding 0.1 V vs.
RHE, the current density under N2-saturated conditions was
negligible, indicating the absence of redox-active species in
the solution; in contrast, the current density increased sig-
nificantly in the H2-saturated electrolyte, demonstrating the
catalyst’s ability to effectively catalyze the electrochemical
oxidation of H2 in the 0.1 M HClO4 medium. The LSV
curves for the FeCo-Pt, FeMn-Pt, CoMn-Pt, and Fe-Pt in H2-
saturated electrolyte were obtained as shown in Figure 4(b).
Both FeCo-Pt and FeMn-Pt exhibited a current density of
2.92 mA/cm2 at 0.1 V vs. RHE, notably higher than those
of Fe-Pt (2.72 mA/cm2) and CoMn-Pt (2.62 mA/cm2). These
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Figure 4: (a)LSV curves for HOR in H2 and N2, (b) HOR curves for HOR in H2 of the synthesized four Pt electrocatalysts.
LSV (c) and Nyquist (d) plots of FeCo-Pt at multiple rotation rates (the rotation speed interval was 400 rpm). (e) Durability
test of the four Pt electrocatalysts.

results indicate that FeCo-Pt and FeMn-Pt possess supe-
rior HOR catalytic activity, which could be attributed to the
synergistic effects between Fe and Co (or Fe and Mn) in
modulating the electronic structure of Pt by acting as nearby
electronic pump, thereby enhancing the catalyst’s activity and
electrochemical reaction kinetics. Figure 4(c) shows the po-
larization curves of FeCo-Pt at various rotation speeds in
H2-saturated 0.1 M HClO4 electrolyte; the limiting current
density increases with the rotation speed of the RDE, consis-
tent with the classical mass-transport-controlled mechanism.
Fitting the data yields a slope of 13.61 mA-1 cm2 rpm1/2 at
30 mV for the kinetic polarization curve of FeCo-Pt-C, which
is very close to the theoretical value of 15.06 mA-1 cm2 rpm1/2

indicating that the HOR on the FeCo-Pt catalyst proceeds via
a two-electron transfer process [30]. EIS was also conducted
as shown in Figure 4(d). The Nyquist plots for all catalysts
consist of a capacitive arc in the high-to-medium frequency

region and a mass-transfer tail in the low-frequency region.
Notably, the FeCo-Pt catalyst exhibits the smallest capaci-
tive arc diameter in the high-to-medium frequency region,
indicating the lowest charge-transfer resistance (Rct) and con-
firming its superior intrinsic kinetic activity for the HOR [31].
This indicates that the synergistic modulation by the transition
metals Fe and Co exerts a more pronounced positive effect on
the catalyst’s electronic structure and interfacial properties,
effectively reducing the kinetic resistance to charge transfer
and thereby accelerating the HOR.

Catalyst durability is a key indicator for assessing po-
tential industrial application. To evaluate the durability of
four electrocatalysts, chronoamperometric (i–t) tests were
conducted using the RDE. Changes in current density over
time were continuously monitored, and the resulting stability
curves are shown in Figure 4(e). After 20000 s of operation
under the specified conditions (0.1 V), the current density
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of the FeCo-Pt catalyst decreased by only 4.41%, whereas
those of the FeMn-Pt, CoMn-Pt, and Fe-Pt catalysts declined
by 8.28%, 27.63%, and 8.50%, respectively. These results
demonstrate the exceptional stability of FeCo-Pt under acidic
HOR conditions, further confirming that the formation of a
FeCo alloy structure enhances durability and providing strong
support for its practical application.

As a critical component of electrochemical hydrogen sen-
sors, the anode’s HOR performance is vital to the sensor’s
response to hydrogen. The catalyst’s HOR activity, stabil-
ity, and poison tolerance must ultimately be validated in
a device environment that closely simulates actual condi-
tions. To this end, the prepared catalyst was fabricated into
a membrane electrode assembly (MEA) based on previously
reported procedures and systematically evaluates their hydro-
gen response behavior under conditions closely resembling
real-world sensors, thereby providing device-level insights for
the development of high-performance hydrogen sensors [32].
Hydrogen sensing MEAs were fabricated via the hot-press
transfer method [33, 34] using commercially available 20%
Pt/C as the cathode catalyst and FeCo-Pt, FeMn-Pt, and Fe-Pt
as anode catalysts (all with a Pt loading of 0.1+0.1 mg/cm2

and N212 membrane with a thickness of ∼50 µm was se-
lected as electrolyte). During device performance testing, H2
and an NH3/H2 mixture were sequentially fed to the anode,
while no gas was supplied to the cathode; this setup aimed
to evaluate the performance of the various anode catalysts
in an ammonia-containing environment and to elucidate the
extent to which synergistic elemental modulation influences
ammonia tolerance.

The configuration of the electrochemical hydrogen sensor
based on a high-efficiency HOR anode used in this study is
shown in Figure 5(a). The core assembly features a circular,
three-in-one structure, and hydrogen detection is achieved by
connecting the anode and cathode to a circuit and applying
specific current or voltage conditions. By clamping the sens-
ing component onto the test fixture, the component’s response
capability for hydrogen detection under actual operating con-
ditions, including in the presence of ammonia interference,
can be effectively evaluated. As shown in Figure 5(b), at
current densities of 0.5 A/cm2 and 1.0 A/cm2, the voltages
required for the FeCo-Pt catalyst are 9.8 mV and 27.9 mV
lower than those for the FeMn-Pt catalyst, and 14.8 mV and
38.0 mV lower than those for the Fe-Pt catalyst, respectively;
this indicates that FeCo-Pt possesses superior electrocatalytic
activity towards hydrogen sensing compared to FeMn-Pt and
Fe-Pt, enabling higher current densities at the same con-
trol voltage. Testing conducted after introducing 5000 ppm
NH3/H2 at the anode (Figure 5(c)) reveals that at a current
density of 0.5 A/cm2, the voltage required for the FeCo-
Pt catalyst is 260.2 mV and 322.9 mV lower than that for
the FeMn-Pt and Fe-Pt catalysts, respectively. This result
demonstrates the superior resistance of FeCo-Pt to ammonia
poisoning by exhibiting a higher response current to hydro-
gen in an ammonia-containing environment. Overall, in pure
H2, the required applied voltage increases gradually and al-
most linearly with increasing output current, while remaining
consistently low. In contrast, with the NH3/H2 mixture, the
initial applied voltage is significantly higher and rises sharply

as the output current increases, highlighting the severe poi-
soning effect of ammonia on the electrocatalysts. As shown
in Figures 5(d),(e), at a current density of 0.5 A/cm2, the per-
formance of FeCo-Pt in the absence and presence of NH3
mixture surpasses that of FeMn-Pt by 18.3% and 40.6%, and
that of Fe-Pt by 24.9% and 50.4%, respectively; these results
indicate that FeCo-Pt not only exhibits exceptional HOR ac-
tivity but also demonstrates excellent ammonia tolerance. In
contrast, the performance of comparison FeMn-Pt and Fe-Pt
samples catalysts declined more significantly under identical
conditions. Stability is a fundamental prerequisite for elec-
trochemical hydrogen sensors to achieve long-term online
monitoring. Therefore, as shown in Figure 5(f), a continuous
operational durability testing lasting 3600 s was conducted
on an MEA utilizing FeCo-Pt under conditions of a 5000
ppm NH3/H2 gas mixture and a current density of 0.5 A/cm2.
After operation, the FeCo-Pt catalyst retained 86.6% of its
initial electrocatalytic efficiency. These results demonstrate
that FeCo-Pt not only exhibits excellent HOR performance
but also maintains high stability under ammonia-poisoning
conditions, since hydrogen sensors are typically in a standby
state. Its stability performance should be sufficient to support
sensors developed subsequently in serving real-world scenar-
ios for several years or more. This indicates that alloying
with Fe and Co significantly alters the catalyst’s electronic
structure and enhances its ammonia tolerance through the hy-
pothesized “dual-metal electron pump” effect, further proving
that the synergistic modulation of platinum’s electronic struc-
ture by multiple transition elements is an effective strategy
for significantly improving the hydrogen-sensing catalyst’s
resistance to ammonia poisoning.

4 Conclusions
To address the design requirements for anodes in hydrogen
electrochemical sensors with high resistance to ammonia in-
terference, this study proposes a “bimetallic electron pump”
strategy to modulate conventional Pt catalysts. By employing
controlled heat treatment to form transition metal alloys, the
electronic structure of Pt is precisely and directionally tuned.
Compared to doping with a single transition metal, the pre-
ferred FeCo alloy acts as a powerful bimetallic electron pump,
directionally supplying sufficient electrons to the neighboring
Pt. Under an NH3/H2 atmosphere, the sensing HOR per-
formance of the FeCo-Pt anode surpasses that of FeMn-Pt
and Fe-Pt by 40.6% and 50.4%, respectively; furthermore,
it maintains a robust, continuous response for hydrogen de-
tection even in the presence of high ammonia concentrations
(5000 ppm). This advantage stems from the FeCo alloy’s
precise modulation of the Pt electronic structure, which re-
duces Pt’s adsorption affinity for NH3 while preserving the
high activity required for the HOR. This strategy leveraging
a bimetallic electron pump to synergistically tune the elec-
tronic structure of Pt offers a novel approach to designing
anode catalysts for ammonia-tolerant hydrogen electrochem-
ical sensors and provides valuable insights for catalyst design
in fields such as proton exchange membrane fuel cell anodes
and direct ammonia fuel cell anodes.
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Figure 5: (a) Schematic diagram of the structure of an ammonia-interference-resistant electrochemical hydrogen sensor assem-
bly. I-V curves at pure H2 (b) and 5000 ppm NH3/H2 (c) for Fe-Pt, FeMn-Pt, and FeCo-Pt. Driving voltage at specific current
density of Fe-Pt, FeMn-Pt, and FeCo-Pt at H2 (d) and 5000 ppm NH3/H2 (e) condition. (f) Continuous operational durability
testing of the sensor assembly with FeCo-Pt catalyst as anode under 5000 ppm NH3/H2.
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