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. . - 1. Introduction
Anion exchange membrane water electrolysis (AEMWE) offers a promising

route for green hydrogen production avoiding noble metal catalysts. The slug-
gish oxygen evolution reaction (OER) kinetics constrained by the intrinsic activ-
ity and limited abundance of active sites however remains a significant barrier
to the advancement of AEMWE. In this study, heteroatom doping is combined

Hydrogen production via water electrol-
ysis powered by renewable -electricity
has emerged as a promising pathway for
sustainable development.I'! However, tra-
ditional alkaline water electrolysis faces

with a molybdate-leaching strategy to enhance both the intrinsic activity and
active site abundance in a single catalyst. Iron is doped into nickel molybdate
through a microwave-assisted method, followed by molybdenum leaching,
formed molybdate-derived Fe-doped nickel hydroxide (MD-FeNi). The synergis-
tic effects of the bimetallic composition and the expanded active surface area
facilitate the transformation of Ni(OH), in MD-FeNi to NiOOH, significantly
enhancing OER activity. When integrated into an AEMWE system, the catalyst
achieves an impressive current density of 7.48 A cm=2 at 2 V, which is ~2.2 and
2.0 times higher than that of molybdate derived Ni(OH), (3.35 A cm~—2) and tra-
ditional Fe doped Ni(OH), (3.75 A cm~2). Furthermore, this binary high-activity
system strategy has demonstrated broad applicability across various catalytic
systems, molybdate-derived Ag-doped copper hydroxide for high-efficient

CO electroreduction and molybdate-derived Fe-doped cobalt hydroxide

challenges due to high initial setup costs
and limited current densities, making it
less suitable for integration with renewable
energy sources. Proton exchange mem-
brane water electrolysis is considered a
more viable option for “green hydrogen”
production, offering rapid system response
and high current densities. However, its
dependence on noble metals (e.g., Ir,
Ru) limits widespread adoption. Anion
exchange membrane water electrolysis
(AEMWE) presents an attractive alterna-
tive, combining rapid system response
and high current density without requir-
ing noble metals, making it a promising

technology for sustainable hydrogen
production.[?3] Despite this potential, the
practical application of AEMWE remains
hindered by the slow reaction kinetics
of the anodic oxygen evolution reaction
(OER),[*®) underscoring the need for easily
synthesized, high-performance anodic catalysts.

Enhancing the number of active sites and improving their in-
trinsic activities are widely regarded as effective strategies for de-
veloping high-performance OER catalysts.”#] Atomic doping and
alloying provide straightforward approaches to enhance the in-
trinsic activities of active sites through synergistic interactions
between heteroatoms.[*13] However, introducing non-active sites
or phases can reduce the abundance of active sites, significantly
Soochow University limiting furth.e.r imprqvements in catalytic performance.!14-1]
Suzhou, Jiangsu 215123, China The instability of high-valence group VIB elements (M®*, M
W. Shi = Cr, Mo, W; § > 5) in strong alkaline environments facilitates
element leaching and redistribution, leading to the formation of
open structures, such as fissures and pores, which expose addi-
tional active sites.!""1] Previous studies have demonstrated that
in certain molybdates, the leaching of Mo in alkaline solutions
can induce a structural transformation into thin-layered, flake-
like hydroxides, offering a simple method for synthesizing cata-
lysts with a large active surface area.[?*?!l However, most research

for NaBH, hydrolysis reaction, indicating its potential for diverse applications.
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Figure 1. Catalysts synthesis and characterization. a,b,d,e) HRTEM images of Fe-NiMoO,-xH,O a, b) and MD-FeNi d, e) and the corresponding lattice
spacing. ¢,f) EDS mapping of Fe-NiMoO,4-H,O c) and MD-FeNi f). g) XRD patterns of NiMoO,-xH,0, Fe-NiMoO,-xH,0O, MD-Ni, MD-FeNi and FeNi.

The scale bar in Figure 1c,d is 100 nm.

has focused on monometallic catalysts, limiting their broader
applicability.??23] We hypothesized that incorporating a second
metal into catalysts with a high active surface area could further
enhance catalytic activity.24%]

In this work, we combined heteroatomic doping with a
molybdate-leaching-induced structural reconstruction strategy to
develop high-performance catalysts with both high intrinsic activ-
ity and abundant active sites. We report a facile synthesis of MD-
FeNi, reconstructed through Mo leaching from a NiMoO,-xH,O
precursor. The Fe dopants modulate the electronic structure of Ni
active species by facilitating partial charge transfer between het-
eroatoms, significantly enhancing the OER performance of the
molybdate-derived Fe-doped nickel hydroxide (MD-FeNi) com-
pared to the molybdate-derived nickel hydroxide (MD-Ni).[26-31]
Moreover, the Mo leaching-induced re-construction remarkably
increased the electrochemical surface area (ECSA) of the MD-
FeNi, exposing more active sites and further boosting its OER
performance. Operando spectroscopic analysis revealed that the
highly exposed active surface area and bimetallic system promote
the formation of metal oxyhydroxides as active OER species, con-
tributing to superior catalytic activity. Consequently, when inte-
grated into an AEMWE system, the catalyst achieved an ultra-low
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voltage of 1.61 V at a current density of 1.00 A cm~2 and demon-
strated stable operation for over 280 h. Notably, the catalyst deliv-
ers a high current density of 7.48 A cm~2 at 2.0 V, highlighting
its exceptional catalytic reactivity. Furthermore, this strategy for
constructing highly active bimetallic systems has proven versatile
and can be extended to catalysts for CO electrochemical reduction
reactions (CORR) and sodium borohydride hydrolysis (SBH).

2. Results and Discussion

2.1. Catalysts Synthesis and Characterization

NiMoO,xH,0 and Fe-NiMoO,xH,0 were synthesized by
microwave method. X-ray diffraction (XRD) patterns of
NiMoO,-xH,0 and Fe-NiMoO,-xH,O powders (Figure 1g)
exhibit three main characteristic peaks of NiMoO,xH,O at
20 values of 10.98°, 27.14°, and 29.64° (JCPDS No. 13-0128).
Transmission electron microscopy (TEM) images show that
NiMoO,-xH,O and Fe-NiMoO,-xH,O both exhibit rod-like mor-
phology ranging in size from 40 to 100 nm (Figure 1la; Figure
Sla, Supporting Information). Lattice spacings of 0.797 and
0.209 nm shown in the high-resolution TEM (HRTEM) images

© 2025 Wiley-VCH GmbH
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can be attributed to the (001) and (111) plane of NiMoO,-xH,O,
respectively®>33]  (Figure 1b; Figure S1b, Supporting Infor-
mation). Selected area electron diffraction (SAED) of Fe-
NiMoO,-xH,O also reveals the presence of the (001) and (002)
crystal planes of NiMoO,-xH,O, consistent with the results
obtained from HRTEM (Figure S2a, Supporting Information).
Energy dispersive X-ray spectroscopy (EDS) elemental mapping
indicates that Fe was uniformly doped into the NiMoO,-xH,O
crystal without disrupting the crystal lattice (Figure 1c; Figure
S3, Supporting Information). Both the XRD patterns and TEM
images demonstrate the successful synthesis of the two samples.

Afterward, NiMoO,xH,0 and Fe-NiMoO,xH,O powders
were treated in an alkaline solution to remove molybdate ions, re-
sulting in the formation of thin-film hydroxide catalysts (denoted
as MD-Ni and MD-FeNi respectively). In addition, traditional Fe-
doped nickel hydroxide (FeNi) was synthesized through a precip-
itation microwave method. The reconstruction of NiMoO,-xH,0
and Fe-NiMoO,-xH,0 to MD-Ni and MD-FeNj, as well as the syn-
thesis of FeNi, are demonstrated by XRD and TEM. In Figure 1g,
the XRD patterns of MD-Ni show three main characteristic
peaks at 18.7°, 33.22°, and 38.18°, corresponding to f-Ni(OH),
(JCPDS No. 14-0117). The XRD patterns of MD-FeNi and FeNi
reveal four characteristic peaks of @-Ni(OH), at 11.14°, 22°, 34°,
and 38.3° (JCPDS No. 38-0715), confirming their main crys-
talline structure. TEM images illustrate that the MD-Ni and MD-
FeNi are highly dispersed thin-layered flaky nanocrystals, while
FeNi shows a high-density agglomeration of crystals (Figure 1d;
Figures S2b,S4a, and S5a, Supporting Information). The lattice
spacing of 0.179 nm observed in the TEM image corresponds
to the (102) plane of p-Ni(OH), (Figure S4b, Supporting In-
formation). The TEM images reveal lattice spacings of 0.230
and 0.236 nm, corresponding to the (015) plane of a-Ni(OH),
(Figure 1le; Figure S5b, Supporting Information). EDS elemen-
tal mapping shows that Mo species in NiMoO,-xH,0O and Fe-
NiMoO,-xH,O were completely dissolved after alkali treatment
(Figure 1f; Figures S3b and S4c, Supporting Information), which
was also proved by inductively coupled plasma optical emission
spectrometer (ICP-OES). Moreover, the results of ICP-OES also
indicate that Fe-NiMoO,-xH,O contains Fe, Ni, and Mo, with a
molar ratio of #1.0:4.5:5.5, whereas in MD-FeNi, the molar ra-
tio approaches 1.0:4.0:0, resembling that of FeNi (Table S1, Sup-
porting Information). The catalyst synthesized under these con-
ditions exhibited optimal OER performance (Figures S6 and S7
and Table S2, Supporting Information).

In addition, in situ Raman spectra of NiMoO,-xH,O and Fe-
NiMoO,-xH,O of different immersion times in 1 m KOH were
collected in Figure S8 (Supporting Information). Prior to soak-
ing, the Raman spectra of NiMoO,-xH,0 and Fe-NiMoO,-xH,0
exhibit similar peaks. The peak at 348 cm™! corresponds to the
asymmetric bending mode of O—Mo—O connections. After soak-
ing in an alkaline solution, the peak intensity of 348 cm™~! in
NiMoO,-xH,O gradually decreases, while two broad peaks at
318 and 453 cm™! emerge with increasing intensity, which is at-
tributed to the E, and A, modes of f-Ni(OH),.["**] In contrast,
the characteristic peak of molybdate in Fe-NiMoO,-xH,O imme-
diately disappears, and three broad peaks appear at 305, 456, and
523 cm™, corresponding to the E, mode in f-Ni(OH), as well
as the E, and A, modes in a-Ni(OH),.***”] No peaks related to
Fe-O are observed,*¥3% indicating that Fe does not form a sepa-
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rate phase, which is consistent with the XRD results (Figure 1g).
In situ, Raman spectra illustrated the gradual loss of Mo species
during soaking in alkaline solution and revealed that the surface
of MD-FeNi contained a small amount of -Ni(OH),.

2.2. Electrocatalytic Performance

The catalytic performance of different catalysts was evaluated in
1 M KOH solution at 25 °C. Linear sweep voltammetry (LSV)
curves demonstrate that MD-FeNi shows a higher OER activity
with the lowest overpotential (256 mV) at 100 mA cm~2, com-
pared to MD-Ni (298 mV) and FeNi (324 mV) (Figure 2a; Figure
S9, Supporting Information). This performance is also consid-
ered to be advanced in recent studies (Table S3, Supporting Infor-
mation). Subsequently, the reaction kinetics of the catalysts were
evaluated by Tafel plots and electrochemical impedance spec-
troscopy (EIS). As shown in Figure S10a (Supporting Informa-
tion), the Tafel slope of MD-FeNi is merely 39 mV dec™!, which is
considerably lower than that of MD-Ni (121 mV dec™!) and FeNi
(79mV dec™), indicating its superior reaction kinetic. The charge
transfer resistance (R) of MD-FeNi (20.8 Q) is much lower than
that of MD-Ni (138 Q) and FeNi (898 Q) catalysts obtained by EIS
curve fitting at 1.4 V (Figure S10b, Supporting Information). Ad-
ditionally, our density of state (DOS) calculations show that Fe
doping shifts the Ni d-band center and narrows the bandgap of
the material, making it easier to gain or lose electrons. As a re-
sult, R, decreases during the reaction process, which is consis-
tent with the EIS results (Figure S11, Supporting Information).

We hypothesized that the leaching of molybdenum species
could effectively increase the ECSA, thus enhancing the OER ac-
tivity. This was verified by measuring the ECSAs of different cata-
lysts (Figure 2b; Figure S12, Supporting Information). Both MD-
FeNi and MD-Ni show similar electrochemical active areas (10.6
and 10.8 cm™2), substantially larger than that of traditional FeNi
(1.5 cm™2). Therefore, the depletion of Mo species could signifi-
cantly increase the ECSA of the catalyst, fully proving the increase
of active sites. Additionally, MD-FeNi and MD-Ni may exhibit
either one or two broad peaks within the range of 1.35-1.50 V,
likely due to the increased active sites reducing local charge ac-
cumulation, resulting in a smoother and more continuous oxi-
dation process!*! (Figure S13, Supporting Information). ECSA-
normalized LSV further demonstrated that the intrinsic activities
of MD-FeNi and FeNi catalysts were similar, and the activity en-
hancement of MD-FeNi was mainly caused by the increased elec-
trochemically active surface area.

We further investigated the practical application of MD-
FeNi and other catalysts as an anodic catalyst AEMWE system
(Figure 2d,e; Figure S14, Supporting Information). MD-FeNi
could achieve a high current density of 7.48 A cm™2 at 2.0 V, which
is ~2.2 and 2.0 times higher than that of MD-Ni (3.35 A cm™?)
and FeNi (3.75 A cm™2), respectively (Figure 2d; Figure S15, Sup-
porting Information). And MD-FeNi operated stably in AEMWE
for 50 min at 25 °C and 7.48 A cm™2, with an average Faradaic
efficiency (FE) of 97.1%, and demonstrating considerable mi-
crostructural stability (Figures S16-S18, Supporting Informa-
tion). Furthermore, the long-term stability of the electrolyzer was
evaluated in 1 M KOH at 1.00 A cm~2. As shown in Figure 2e,
MD-FeNi exhibits remarkable stability, maintaining a low volt-
age range of 1.61-1.64 V for over 280 h, with a degradation rate

© 2025 Wiley-VCH GmbH
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Figure 2. Electrocatalytic performance. a) Linear sweep voltammetry curves in a three-electrode system recorded for MD-Ni, MD-FeNi, and FeNi, with
80% manual iR correction. The measurements were conducted with a scan rate of 5 mV s™'. b) ECSA measurement and c) LSV curves normalized by
ECSA of MD-Ni, MD-FeNi, and FeNi in a three-electrode system. d) Linear sweep voltammetry curves of the 1 cm? electrolyzer applied with MD-Nj,
MD-FeNi, and FeNi at 80 °Cin 1 M KOH. e) Stability of the 5 cm? electrolyzer applied with MD-Ni, MD-FeNi, and FeNi measured at 1.00 A cm~2 and
60 °C. The strong peaks at 1.36 V versus RHE in the LSV curve correspond to the oxidation of Ni.

of 0.1 mV h7!, significantly outperforming MD-Ni and FeNi.
This performance positions it among the most advanced reported
AEM electrolysis performances to date (Table S4, Supporting In-
formation), and further demonstrates that molybdate leaching
reconstruction and bimetallic synergistic effect can enhance the
performance of the catalyst. Additionally, comparative analysis of
X-ray Photoelectron Spectroscopy (XPS), XRD, TEM, and Scan-
ning Electron Microscope (SEM) for MD-FeNi before and after
AEMWE operation revealed negligible alterations in its oxidation
states, crystalline structure, and morphology, confirming its ro-
bust stability under operational conditions (Figure 1d,e; Figures
S19-S24, Supporting Information).

2.3. In Situ Structural Research

Potential-dependent in situ Raman spectroscopy was utilized to
characterize the formation of a real active site (NIOOH) during
the OER process. As shown in Figure 3D, at low applied poten-
tial (1.3 V vs RHE), MD-Ni exhibits two broad Raman peaks at
318 and 453 cm™!, corresponding to the E, and A, lattice modes
of -Ni(OH),. In contrast, MD-FeNi and FeNi display three broad
peaks at 305, 456, and 523 cm™!, corresponding to the E, mode of
B-Ni(OH), and the E, and A, modes of a-Ni(OH),, respectively
(Figure 3a,c). As the applied potential increased to 1.4 V, two new
peaks appeared for MD-FeNi at 470 and 552 cm™, which are at-
tributed to the E, and A,, modes of NNOOH,*"**-3"] while the Ra-

g
man peaks associated with Ni(OH), disappeared. In contrast, the
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Raman spectra of MD-Ni and FeNi indicate that Ni(OH), began
to be oxidized to NiOOH at a higher applied potential of 1.5V,
with the peak intensity of 8-Ni(OH), in MD-Ni decreasing grad-
ually.

In line with the previous discussion, these results clarify
the role of the Mo leaching strategy: it facilitates the forma-
tion of smaller crystal domains without altering the Ni oxi-
dation state (Figure 1d; Figures S5b and S25, Supporting In-
formation), and the increased disorder significantly enhances
the ECSA of MD-FeNi compared to FeNi (Figure 2b), expos-
ing a large number of active sites. This allows for faster gen-
eration of NiOOH active species, resulting in superior OER
performance.

We further studied the mechanism of Fe doping. It is estab-
lished that MD-Ni exhibits a morphology and structure simi-
lar to those of MD-FeNi (Figure S4b, Supporting Information),
and O1s XPS does not show any evidence of oxygen vacancies
(Figure S19c and S24b, Supporting Information). Therefore, we
speculate that Fe doping modulates the electronic structure of
Ni(OH),. The XPS Ni 2p spectra of MD-FeNi and MD-Ni reveal
two primary spin—orbit peaks (Ni 2p!/? and Ni 2p*/?) along with
two corresponding shake-up satellite peaks. The presence of dis-
tinct peaks at 855.3 and 857.0 eV in the Ni 2p*? region indicates
the existence of Ni?* and Ni** (Figure S19a and S26a, Support-
ing Information).”) While there is no significant shift in the
peak positions between MD-FeNi and MD-Ni, a comparison of
the Ni%*/Ni** ratio for both samples in Figure S26b (Supporting

© 2025 Wiley-VCH GmbH
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Figure 3. In situ mechanism research. a—c) Potential-dependent in situ Raman spectroscopy measurements of MD-FeNi a), MD-Ni b) and FeNi c) in
1 M KOH. d,e) The first derivative of in situ Ni K-edge X-ray Absorption Near Edge Structure (XANES) spectroscopy of MD-FeNi (d) and MD-Ni (e).

Information) reveals a significant increase in the oxidation state
of Ni after Fe doping.

X-ray absorption spectroscopy then provided insights into the
changes in the oxidation state and electronic structure of Ni dur-
ing the reactions of MD-Ni and MD-FeNi. In situ, Ni K-edge X-
ray absorption near edge structure (XANES) spectroscopy was
applied to further confirm that MD-FeNi was more easily oxi-
dized. The white line (expressed as the maximum value in the
first derivative of Ni K-edge XANES, Figure 3d,e) of MD-FeNi
shifts downward obviously at 1.42 V (vs RHE) and remains con-
stant above 1.52 V. In contrast, the white line of MD-Ni begins
to shift downward at 1.47 V and stabilizes at 1.62 V (Figure 3e).
These results show that incorporating Fe into the pre-catalyst
could also accelerate the formation of active species, thereby en-
hancing catalytic activity. Extended X-ray absorption fine struc-
ture (EXAFS) spectra and fitting analysis (Figures S27 and S28
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and Table S5, Supporting Information) revealed a reduction in
the coordination number of Ni-O and Ni—Ni, and a decrease in
bond lengths of Ni—O and Ni—Ni paths.[*!l This structural distor-
tion likely exposes undercoordinated Ni sites, which act as pre-
cursors for NIOOH formation,[***?] consistent with the in situ
Raman results.

Finally, we conducted a further supplementary analysis using
DFT calculations. Bader charge analysis (Figure S29, Tables S6
and S7, Supporting Information) further confirms an increase
in the oxidation state of Ni, consistent with our XPS and XANES
results, suggesting that Fe incorporation facilitates charge redis-
tribution within the catalyst.

Furthermore, we have calculated the Gibbs free energy (AG)
change for the *OOH formation step (Figure S30, Support-
ing Information), which is identified as the rate-determining
step (RDS).[***] Our results indicate that Fe doping lowers the

© 2025 Wiley-VCH GmbH
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Figure 4. Characterization of materials to validate extensibility. a) EDS mapping of Ag-CuMoO,. b) XRD patterns of Ag-CuMoO, and MD-AgCu catalysts.
c) The current density of Ag-CuMoO, and MD-AgCu catalysts to produce propanol at a potential from —0.68 to —1.68 V versus RHE. and CORR products
distribution under —0.98 V versus RHE on Ag-CuMoO, and MD-AgCu catalysts. d) EDS mapping of Ag-CuMoQ,. e) XRD patterns of Fe-CoMoOg and
MD-FeCo. f) SBH performance of the MD-FeCo, MD-Co, and FeCo catalysts in 2 wt.% NaBH, at 25 °C and the corresponding Arrhenius plots of the

MD-FeCo, MD-Co and FeCo catalysts.

energy barrier for this step, thereby improving OER catalytic per-
formance.

The combined experimental and computational data demon-
strate that Fe doping modulates the electronic structure of
Ni(OH),, facilitating the oxidation of Ni species to higher
valence states (Ni**) and lowering the AG of the RDS,
thereby significantly enhancing the OER performance of the
catalyst.

2.4. Application of Bimetallic Molybdate Pre-Catalysts in Other
Systems

Finally, the extensibility of strategies involving molybdate-
leaching-induced bimetallic catalysts was studied in the CORR
and SBH systems. For CORR, Ag-CuMoO, was initially syn-
thesized using the same method. XRD in Figure 4b revealed
characteristic peaks of CuMoO, at 23.8° and 26.4°. TEM im-
ages and EDS mapping confirmed the uniform distribution
of Ag (Figure 4a; Figure S31, Supporting Information). The
molybdate-derived Ag-doped Cu(OH), (MD-AgCu) was obtained
by immersing the Ag-CuMoO, pre-catalyst in an alkaline so-
lution. The obtained sample was also studied by XRD and
TEM (Figure 4a; Figures S32 and S33, Supporting Informa-
tion). The XRD peaks at 16.7° and 29.8°, could be attributed to
Cu(OH), (JCPDS no. 80-0656). For comparison, we also syn-
thesized molybdate-derived Cu(OH), (MD-Cu) and Ag-doped
Cu(OH), (AgCu) with similar atomic ratios (Table S8, Supporting
Information).
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Subsequently, the CORR performance of the three catalysts
was evaluated using a potentiostatic flow cell reactor with 1 m
KOH electrolyte. Among them, MD-AgCu exhibits the highest
current density for the production of propanol (Figure 4c), in-
dicating that its half-cell energy efficiency for CO electrochemi-
cal conversion to propanol significantly outperformed that of the
other two catalysts. As shown in Figure 4c, MD-AgCu achieves
the highest FE for C,, products across various potentials. At -
0.98 V, the FE for C,, products from MD-AgCu reaches 90%,
which is 1.12 and 1.35 times higher than MD-Cu and AgCu, re-
spectively. Additionally, the FE of MD-AgCu for propanol also
shows significant improvements, being 1.54 and 2.07 times
higher than that observed on MD-Cu and AgCu, respectively.

As for the promoting mechanism, our results illustrate that
doping Ag into Cu-based catalysts can significantly enhance the
FE for propanol, consistent with previous reports.[*>*¢ Moreover,
itis found that the ECSA of MD-AgCu is considerably larger than
that of AgCu (Figure S34, Supporting Information), leading to
further improvement in the FE for C,, products.

For SBH systems, we synthesized the molybdate-derived Fe-
doped Co(OH), (MD-FeCo), the molybdate-derived Co(OH),
(MD-Co), and the Fe-doped Co(OH), (FeCo) using the same
method, with XRD and TEM confirming their successful syn-
thesis (Figure 4d,e; Figures S35-S37, Supporting Information).
The catalytic hydrolysis performance for hydrogen production of
the three catalysts was evaluated in a 2 wt.% NaBH, solution.
As indicated in Figure 4f, MD-FeCo demonstrates the best SBH
performance among these three catalysts. The activation energy

© 2025 Wiley-VCH GmbH
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was further investigated by measuring the influence of temper-
ature on the hydrogen generation rate. The results reveal that
MD-FeCo exhibits the lowest activation energy for the SBH re-
action, calculated to be 31.6 k] mol~!, while the activation ener-
gies for MD-Co and FeCo are 78.4 and 53.5 k] mol~!, respectively
(Figure 4f). Although we did not investigate the optimal ratio of
the above-mentioned bimetallic catalysts, the tunable ratio of this
method has been demonstrated in the FeNi system. After the loss
of molybdate, MD-CoFe and MD-AgCu exhibit higher active sur-
face area and catalytic activity compared to CoFe and AgCu, re-
spectively, as well as superior performance over their monometal-
lic counterparts. All these findings demonstrated the broad appli-
cability of our synthesis strategy for bimetallic catalysts with high
active surface area.

3. Conclusion

In summary, we developed a straightforward strategy for syn-
thesizing bimetallic high-activity catalysts with ultra-high elec-
trochemical active surface area through the depletion of Mo.
The bimetallic synergistic effect together with high active sur-
face area facilitates the oxidation of Ni?* to higher-valent active
species, resulting in the superior OER performance of the ob-
tained MD-FeNi. This strategy has also been validated for broad
catalytic applications, for example, CORR and SBH reactions,
which provides an effective pathway for the development of high-
performance catalysts.

4. Experimental Section

Experimental details are provided in the Supporting Information.
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Supporting Information is available from the Wiley Online Library or from
the author.
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