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HIGHLIGHTS GRAPHICAL ABSTRACT

o A nanoflower-like FeCo hybrids is syn-
thesized by a facile electrodeposition
method.

o The Fey-Co; catalyst delivers a good
OER activity (550 = 222 mV) and
stability.

e The reconstructed FeOOH/CoOOH
serves as the real active sites during OER
process.

o The synergy between Co and Fe species
reduces the activation energies with in-
termediates and improves OER activity.

ARTICLE INFO ABSTRACT

Keywords: Iron hydroxide (FeOOH) is a potential active component in iron-based electrocatalysts for water electrolysis.

EIECtTUdePOSitifJﬂ ) However, its catalytic performance is constrained by its slow oxygen evolution reaction (OER) kinetics. Herein,

;Xygen eVlilllthn reaction we synthesized a nanoflower-like FeCo-hydro(oxy)oxides composite with tunable Fe/Co ratios (Fex-Coy) on
ectrocatalyst

nickel foam (NF) via a one-step electrodeposition technique. This method allows for precise control over the
morphology and composition of the hybrid nanoflowers. The optimized Feg-Co; discloses favorable OER per-
formance with a low overpotential of 222 mV at 50 mA cm™~2 and demonstrates good stability exceeding 60 h at
10 mA cm 2. Further, an assembled Feg-Coﬁ+)| |Pt/C(’) dual-electrode configuration achieves a low cell voltage of
1.73 V at the current density of 100 mA cm ™2 for water splitting, with long-term stability for 70 h and minimal
degradation. Studies indicate that the distinctive nanoflower morphology of Feg-Co; enhances active site
exposure, while both FeOOH and reconstructed CoOOH serve as catalytic centers, contributing to the observed
OER performance. This work introduces a facile approach for synthesizing OER electrocatalysts, underscoring the
role of the high-valence state of Fe/Co as active sites in the OER process.
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1. Introduction

The oxygen evolution reaction (OER) plays a pivotal role as a half-
reaction in energy conversion and storage systems that rely on overall
water splitting (OWS) [1,2]. The kinetics of OER are inherently sluggish
due to the complex interplay of multiple proton-coupled electron
transfer steps, posing a significant bottleneck in OWS efficiency [3-5].
IrO5 and RuO; are currently among the most active OER electrocatalysts
[6,7]. However, their exorbitant cost and limited stability hinder
widespread applications [8]. Consequently, it is imperative to explore
simple and rapid synthesis strategies for developing OER catalysts with
high performance and enduring durability.

Transition metal hydroxides are considered promising OER electro-
catalysts due to their numerous electrochemically active sites, rapid
electron transport, and stability in alkaline electrolyte [9]. Recent
studies indicate that numerous OER catalysts undergo dynamic and
irreversible reconstruction in alkaline media, evolving into metal (oxy)
hydroxides (M—OOH) as the authentic OER active species [10,11]. The
environmentally friendly FeOOH has garnered attention as a potential
OER catalyst [12]. However, pure FeOOH often exhibits poor electronic
conductivity and limited OER activity [13-15]. Integrating hybrid ma-
terials with strong interaction effects between different components is
an effective approach to enhance overall electrocatalytic activity.
Consequently, synergistically incorporating FeOOH with other materials
has proven effective in enhancing its activity [16]. Transition metal
hydroxides, renowned for their distinctive structure, electronic proper-
ties, and inherent characteristics, offer possibilities for efficient OWS
[17,18]. Extensive research has revealed that Co(OH); undergoes
spontaneous surface reconstruction, resulting in the formation of
amorphous high-valent cobalt active layer structures during the OER
process [19]. These structures have been identified as significant con-
tributors to catalytic activity [20]. For instance, Zhou and colleagues
engineered OER catalysts by fabricating amorphous bimetallic FeFOOH/
Co(OH); heterostructured microchip arrays via a facile mechanical
stirring strategy [21]. Wang et al. synthesized flower-like a-Co(OH),
with two-dimensional curled nanosheets, facilitating OH* and OOH*
formation [22]. Therefore, composites of FeFOOH and Co(OH) offer an
effective approach to achieve balanced adsorption/desorption processes
and exploit synergistic effects between metals, potentially enhancing
OER activity [23]. Additionally, among various morphologies, nano-
flowers show potential in increasing active sites and expediting elec-
tron transfer, thereby elevating OER performance [24]. However, the
catalysts are susceptible to agglomeration during prolonged synthesis
procedures, resulting in reduced dispersion of dopant metals and active
sites [25].

Herein, we present a rapid one-step electrodeposition strategyfor
synthesizing a series of nanoflower-shaped Fey-Coy hydro(oxy)oxides
catalysts on nickel foam (NF) substrate. The Feg-Co; with an optimal Fe/
Co ratio, exhibits catalytic activity for OER in alkaline media, requiring
only a small overpotential of 222 mV to achieve a current density of 50
mA cm ™2, surpassing the benchmark RuO, catalyst. Intriguingly, a dual-
electrode device composed of Feg-Co; and Pt/C achieves a current
density of 100 mA cm 2 at an ultra-low voltage of 1.73 V, comparable to
RuO5?|[Pt/C7). Furthermore, Feo-Co{"||Pt/Cl™) exhibits long-term
operational stability. The nanoflower architecture exposes more active
sites, synergistic effects between iron and cobalt species, and a higher
electrochemically active surface area are likely factors contributing to
the improved OER catalytic performance of Feg-Co;.

2. Experimental section
2.1. Chemicals and reagents
Iron sulfate heptahydrate (FeSO4-7H20, 99.0~101.0%), cobalt (II)

nitrate hexahydrate (Co(NOs3)2-6H50, 99%), and ruthenium chloride
(RuCl3) were purchased from Inno-chem. Potassium hydroxide (KOH,
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99.0%) was obtained from Guangxi Zoey Biotechnology Co., Ltd. Sul-
furic acid (H3SO4, 95.0~98.0 %) and absolute ethanol (CyHsOH,
>99.7%) were acquired from Xilong Science Co., Ltd. Commercial Pt/C
(20 wt% Pt) and Nafion solution (5 wt%) were purchased from Alfa
Aesar. Ni foam (NF) was purchased from Suzhou Sinero Technology Co.,
Ltd. All the reagents were analytical reagent and used without further
purification.

2.2. Synthesis of Fe species on NF

Fe species were electrodeposited onto the NF substrate using a
standard electrodeposition process. In the three-electrode deposition
setup, a clean NF (1 x 1 crnz) acted as the working electrode, while Pt
foil and a saturated calomel electrode (SCE) served as the counter and
reference electrodes, respectively. The electrodeposition technique used
a 40 mlL solution of 0.1 mol L™ FeSO47H20 as the electrolyte. The
electrodeposition was conducted for 10 min at a current density of 10
maA, utilizing the Biologic VMP3 electrochemical station. Subsequently,
the resulting NF was meticulously cleaned with deionized water and air-
dried at room temperature. Similarly, deposition processes were per-
formed for 5, 20, and 30 min, yielding samples denoted as Fe-5/NF, Fe-
10/NF, Fe-20/NF, and Fe-30/NF.

2.3. Synthesis of Fe-Co species on NF

Fe-Co species with varying Fe/Co ratios were synthesized on NF by
adjusting the ratios of FeSO4 and Co(NOs), in the electrolyte (10:0,
9.5:0.5, 9:1, 8:2, 4:6, and 0:10) at a total metal salt concentration of 0.1
mol L7, labeled as Fe/NF, Fegs-Cogs/NF, Feg-Co1/NF, Feg-Coo/NF,
Fe4-Coe/NF and Co/NF, respectively. The synthetic process is the same
as for producing Fe species on NF, with a 10-min electrodeposition time.

2.4. Synthesis of RuO,

Ruthenium chloride solid was finely ground in a mortar and thor-
oughly mixed. The resulting powder was then annealed in air at 400 °C
for 3 h to obtain RuO,.

2.5. Materials characterization

The composition of all samples was determined using X-ray diffrac-
tion (XRD) analysis with a Rigaku D/Max X-ray diffractometer
employing Cu Ka radiation. Scanning electron microscopy (SEM, Quanta
FEG 200, Holland) and transmission electron microscopy (TEM, Talos
F2008S) were employed to assess the morphology of the electrocatalysts.
Additionally, energy-dispersive X-ray (EDX) spectroscopy was used for
compositional analysis. Inductively coupled plasma mass spectrometry
(ICP-MS) using a PerkinElmer Corporation FLexar-NexION300X instru-
ment provided a highly precise determination of the metal content in the
various catalysts. X-ray photoelectron spectroscopy (XPS) analysis with
a JPS-9010 TR Photo-electron Spectrometer from Japan was used to
investigate the elemental composition and surface valence states of the
materials. To ensure data accuracy and reproducibility, multiple ana-
lyses were performed using techniques such as XPS, ICP-MS, XRD, and
others.

2.6. Electrochemical measurement

All electrochemical tests of the prepared catalysts were conducted
using a Bio-logic VMP3 electrochemical workstation, employing a con-
ventional three-electrode setup in a 1.0 M KOH solution. In this setup,
the catalyst served as the working electrode, a graphite plate was used as
the auxiliary electrode, and a saturated calomel electrode (SCE) served
as the reference electrode. The prepared catalysts underwent electro-
chemical activation through cyclic voltammetry (CV) with 5 cycles at a
scanning rate of 5 mV s~! to reach a stable state. To assess the
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performance of the catalysts in the oxygen evolution reaction (OER),
polarization curves were obtained through linear sweep voltammetry
(LSV) measurements at scan rates of 0.2 mV s . Electrochemical
impedance spectroscopy (EIS) was carried out by varying the scanning
frequency from 2x10° Hz to 1072 Hz at 0.4 V. Furthermore, the elec-
trochemically active surface area (ECSA) calculation based on double-
layer capacitance (Cqp) values was evaluated using cyclic voltammetry
(CV) at different scan rates. Chronoamperometry was employed to
evaluate the catalyst’s durability and long-term stability. The thermo-
dynamic potential of 1.0 M KOH with Hy-saturated for approximately
30 min was determined by performing cyclic voltammetry (CV) at a scan
rate of 5 mV s~ 1. The average of the two potentials at the zero-crossing
(1.039 V) of the current was calculated (Fig. S1). As a result, all the
curves presented in this study were adjusted for iR compensation.
Furthermore, all electrochemical tests were carried out at room tem-
perature (25+1 °C). To eliminate any uncertainties and biases, the
electrochemical performance data underwent over three replicate
experiments.

3. Results and discussion
3.1. Synthesis and structural analysis

As depicted in Scheme 1, the Fey-Coy/NF catalysts with varying Fe/
Co molar ratios (x+y=0.1 mol L) were synthesized using a straight-
forward one-step electrodeposition strategy. The actual Fe/Co molar
ratios in the Fey-Coy/NF samples were precisely determined through
inductively coupled plasma mass spectrometry (ICP-MS) analysis
(Table S1). The results revealed that the actual molar ratios of Feg s-
Cog.5, Feg-Co1, Feg-Coy and Fe4-Cog were 12.0:1, 7.2:1, 3.1:1 and
2.7:4.7, respectively, slightly deviating from the theoretical ratios due to
potential positional variations during the electrodeposition process.
Additionally, a noticeable increase in the mass and percentage of Co was
observed. The net weight of Fe-a/NF (a=5, 10, 20, 30 min) and Fey-Coy/
NF (x+y= 0.1 mol L’l) samples before and after a 10-minute electro-
deposition is detailed in Table S2.

X-ray diffraction (XRD) was employed to affirm the crystalline
structure of the synthesized catalysts. As depicted in Fig. 1a, the XRD
pattern of Fe species corresponds to the standard models of FeOOH
(JCPDS: 29-0713) and Fe(OH)3 (JCPDS: 38-0032) [26,27], while the
XRD pattern of Co species primarily matches with Co(OH); (JCPDS:
30-0443) [28,29]. In addition, three weaker peaks at 61.7°, 68.2° and
69.2° can be attributed to the (107), (018) and (11 3) plane of COOOH
(JCPDS: 14-0673) [30]. The XRD pattern of Feg-Co; species indicates
that the peaks align predominantly with those observed in the Fe

® FeSO, 7H,0
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species, while the Co peaks exhibit relatively weaker intensities,
attributable to the lower Co content in the Feg-Co; composition. Scan-
ning electron microscopy (SEM) images of iron species grown on NF via
electrodeposition at different time intervals are shown in Fig. S2. Fe-5/
NF exhibits an intertwined sheet-like morphology, while Fe-10/NF, Fe-
20/NF, and Fe-30/NF display flower-like structures with varying den-
sities. Generally, pure iron species obtained through the electrodeposi-
tion process predominantly exhibit a nanoflower-flake morphology,
differing in density and stacking arrangement. SEM images in Fig. S3
show Fey-Coy/NF obtained through a 10-min electrodeposition process.
At lower Co content, both Fe and Feg 5-Cog 5 display flower-like structure
morphologies. As the Co content increases, Feg-Cog, Fes-Cog, and Co
morphologies transform into distinctive nanosheet-like structures. Feo-
Co; showecases a thinner nanoflower morphology (Fig. 1b), which is
favorable for exposing more active sites [31], and enhancing the inter-
face between the electrode material and electrolyte, thereby ultimately
improving catalytic performance. The transmission electron
morphology (TEM) image (Fig. 1c) confirms the nano-flower
morphology of Feg-Co;. High-resolution TEM (HR-TEM) images reveal
interplanar spacings of approximately 0.224 nm and 0.332 nm, corre-
sponding to the (121) and (120) planes of FeOOH, respectively.
Moreover, lattice stripes of 0.285 nm are associated with the (100)
plane of Co(OH); (Fig. 1d). These results provide further evidence that
Feg-Co; primarily consists of FeOOH with a small amount of Co(OH)s.
Furthermore, energy-dispersive X-ray spectroscopy (EDS) (Fig. S4),
high-angle circular dark-field scanning TEM (HAADF-STEM) images,
and corresponding elemental mappings (Fig. le) verify the uniform
distribution of Fe, O, and Co elements within the Feg-Co; nanoflowers.

X-ray photoelectron spectroscopy (XPS) provided further insight into
the valence states and elemental composition of Feg-Co;, Co and Fe
species. As shown in Fig. S5, the XPS survey spectra reveal the presence
of Fe, Co, and O elements, consistent with the TEM results. The high-
resolution C 1 s spectrum was deconvoluted into three distinct peaks
corresponding to C—C (284.8 eV), C—O (286.0 eV), and C=0 (287.8
eV), respectively [32]. The binding energy based on C 1 s served as the
calibration standard in this work (Fig. S6) [33]. The high-resolution Co
2p spectra of Feg-Co; and Co species are illustrated in Fig. 2a. The peaks
at 780.9 eV and 782.6 eV can be attributed to Co(II) in Co(OH), and Co
(II1) in CoOOH, respectively [34,35], accompanied with two satellite
peaks. Simultaneously, the Fe 2p deconvolution peaks at 709.6 and
722.7 eV are assigned to Fe(Il) in Fe(OH),, while 711.9 and 725.0 eV are
attributed to Fe3* (Fig. 2b), respectively [36,37]. To ensure accuracy,
we performed three iterations of XPS data fitting and included error
estimates in Fig. 2c-d. The CoOOH content in Feg-Co; species (42 %) was
observed to be higher than that in pure Co (28 %). Additionally, the Feg-

Scheme 1. Schematic illustration of the synthetic process of Feg-Co;.
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Fig. 1. (a) XRD patterns of Feg-Co;, Fe, and Co species. (b) SEM image, (c) TEM image, (d) HR-TEM image and the corresponding lattice spacing profiles of the dotted
line regions, and (e) HAADF-STEM image and corresponding element mappings of Feg-Co;.
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Fig. 2. High-resolution XPS survey spectra of (a) Co 2p, (b) Fe 2p of Fey-Co;, Co and Fe species. (c-d) Percentage of different components in Feg-Co;, Co and Fe.

Co; species exhibited a FeOOH content of approximately 63 %,
exceeding that observed in the Fe species (around 41 %). This suggests
that FeOOH and amorphous CoOOH may serve as the primary active
sites, playing a pivotal role in enhancing the OER process [38].

3.2. Electrocatalytic performance in alkaline media

We expanded our investigation to assess the effects of electrodepo-
sition time and various Fe/Co ratios on catalyst structure and properties.
Initially, we explored the influence of morphology on catalytic perfor-
mance by varying electrodeposition times. Shorter times resulted in
fewer nanosheets and higher overpotentials, while longer times led to
densely stacked structures and reduced performance (Fig. S7). Conse-
quently, the Fe-10/NF displays the highest electrocatalytic activity
among all the Fe-a/NF catalysts, with an overpotential of 244 mV at a
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current density of 50 mA cm ™2, surpassing Fe-5/NF (283 mV), Fe-20/NF
(247 mV), Fe-30/NF (268 mV), and pure NF (518 mV). Subsequently,
the OER polarization curves of samples with different Fe/Co ratios were
evaluated (Fig. 3a). Feg-Co;1/NF exhibits the best OER activity, with a
driving current density of 50 mA cm 2 at an overpotential of 222 mV.
This is lower than Fe (277 mV), Feg 5-Cog 5 (230 mV), Feg-Co, (239 mV),
Fe4-Cog (261 mV), Co (330 mV), and RuO; (240 mV), underscoring the
advantages of higher hydroxyl iron (cobalt) oxide content and thinner
nanosheets in Feg-Co;, which facilitate the exposure of active sites and
enhance catalytic performance. Specifically, Feo-Co; also demonstrates
favorable OER kinetics with a Tafel slope of 43 mV dec™! (Fig. 3b),
surpassing Fe (47 mV dec‘l), Feg5-Cog 5 (47 mV dec‘l), Feg-Cos (48 mV
dec’l), Fe4-Cog (58 mV dec’l), Co (80 mV dec™ 1) and RuO, (55 mV
dec™). This indicates that Feg-Co; undergoes rapid OER kinetics [39].
Additionally, performance data for catalysts obtained through
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Fig. 3. OER performance of different electrocatalysts in 1.0 M KOH solution. (a) LSV polarization curves, and (b) corresponding Tafel slopes. (¢) Comparison with the
overpotentials and Tafel slopes of recently reported catalysts for OER activity at 10 mA cm 2. (d) Double layer capacitance (Cqy). (e) Electrochemical active surface
areas (ECSA). (f) Chronopotentiometry test of Feg-Co; at 50 mA cm 2
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Fig. 4. (a) SEM image, (b) TEM image, (c) HR-TEM image, and (d) HAADF-STEM image and corresponding element mappings of Feg-Co; after long-term stability test
in 1.0 M KOH solution. (e) In-situ Raman spectra of Feo-Co; at different potential ranges (V vs. RHE) in 1.0 M KOH.
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electrodeposition of Fe species over different durations and Fe/Co molar
ratios were provided in Table S3-S4. Moreover, Feg-Co; showcases
exceptional electrochemical performance, rivaling and even surpassing
recently reported OER electrocatalysts (Fig. 3¢ and Table S5). Electro-
chemical impedance spectroscopy (EIS) provides valuable insights into
the interfacial charge transfer rate of catalysts [40]. Feg-Co; exhibits the
lowest charge transfer resistance (R¢o) of 1.1 Q, significantly lower than
that of Feg 5-Cog 5 (1.2 Q), Feg-Coy (2.3 Q), Fes-Cog (6.8 Q), Fe (2.9 Q),
Co (34.0 Q), and RuO;, (1.6 Q), indicating its incredible electrical con-
ductivity and fast charge transfer ability (Fig. S8) [41]. Moreover, we
evaluated the OER performance under varying pH conditions and
observed that higher pH levels correlated with enhanced performance
(Fig. S9). To gain a deeper understanding of the enhanced OER activity,
cyclic voltammetry (CV) measurements were conducted to determine
the electric double-layer capacitance (Cq) (Figs. S10-11), enabling a
more comprehensive investigation of the ECSA [42]. Feg-Co; supplies
the largest Cq; value of 4.34 mF cm ™2 among the compared catalysts
(Fig. 3d). Moreover, Feg-Co; demonstrated a splendid ECSA value of
110.8 cm?, signifying the greater exposure of active sites by the nano-
flower morphology (Fig. 3e) [43,44]. This enhances mass transfer effi-
ciency and contributes to improved performance [45,46]. Long-term
stability is crucial for catalysts in practical applications. To evaluate
the durability of Feg-Co; in a 1.0 M KOH solution, a stability test was
performed at a current density of 50 mA cm 2. Moreover, Feg-Coq
exhibited minimal potential variation over approximately 60 h of
continuous operation, contrasting with the notable decline observed in
the other control samples (Fig. S12), demonstrating its robust durability
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(Fig. 30).

After the OER stability test of Feg-Co;, SEM, TEM, and XPS were
employed to characterize the morphology and surface chemical states.
The SEM and TEM results demonstrated the preserved integrity of the
catalyst’s nanoflower structure (Fig. 4a-b). HR-TEM analysis indicates
that distinct lattice fringes correspond to the (31 0) plane of FeOOH after
the OER stability test, while Co(OH); is transformed to the high valence
state of CoOOH (Fig. 4c). The corresponding element mappings eluci-
dated the uniform distribution of Fe, Co, and O elements (Fig. 4d).
Moreover, a slight change in the chemical composition is observed on
the catalyst surface, with an increase in COOOH content. The Fe XPS
spectrum displays a prominent peak, signifying a complete conversion to
Fe* ascribed to FeOOH, corroborating previous literature reports
(Fig. S13) [15]. To elucidate the OER mechanism of the Feo-Co; catalyst,
we performed in-situ Raman spectroscopy in a 1 M KOH solution at
various applied potentials ranging from 0 to 1.5 V, as illustrated in
Fig. 4e. As the applied potential increases, the prominent peaks emerge
at 473 and 554 cm ™, attributed to COOOH when the potential reaches
1.40 V [47]. Furthermore, the characteristic peak corresponding to
FeOOH at 709 cm ™! exhibited a progressive increase in intensity. These
observations affirm CoOOH and FeOOH as the active sites during the
electrochemical OER process, emphasizing the vital role of synergistic
interaction between Co®' and Fe3" facilitating activity sites during the
OER process [48].

Considering the admirable OER performance of Feg-Co;, a two-
electrode OWS device was assembled with Feg-Co; as the anode and
Pt/C as the cathode, as illustrated in Fig. 5a. As anticipated, the Feo-

b 300

Fey-Co, ) || Pt/C )
RuO,™ || Pt/IC O

(] : : :
0.9 1.2 1.5 1.8 21
Voltage (V)
5
d —o— Fey-Co,™ || Pt/IC ©)
4 pe
S m i
> 3 !dﬁ
g
© 1 W
> 2/100 mA cm™
1 T T T T
0 16 30 45 60 75
Time (h)

Fig. 5. (a) Schematic diagram of OWS electrolyzer. (b) LSV curves of Feg—C05”| |Pt/C ) and the Ru0(2+)| |Pt—C(’) for OWS in 1.0 M KOH. (c) Comparison the cell

voltage at 100 mA cm 2

with previously reported catalysts in 1.0 M KOH. (d) Long-term stability test of Feg-Co{"||Pt/C at 10 mA cm ™2
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Co{"||Pt/C achieved a current density of 100 mA cm™2 at a low
voltage of 1.73 V, surpassing the performance of RuO$”||Pt/c(
(Fig. 5b), as well as many other reported catalysts (Fig. 5c and Table S6).
Furthermore, a stability test was conducted to verify the practical
applicability of the Feg-Co; catalyst. As depicted in Fig. 5d, the Feg-Coq
catalyst manifested negligible degradation even after continuous oper-
ation for over 70 h at a current density of 10 mA cm 2. These results not
only confirm the enhanced stability and durability of the Feg-Co; cata-
lyst but also emphasize its significant potential in enabling highly effi-
cient catalytic OWS.

Briefly, the excellent OER performance and stability of Feg-Co; in an
alkaline electrolyte can be attributed to several key factors: (i) The
highly active FeOOH/CoOOH were identified as the true active sites,
and the synergistic interaction between Fe and Co components effec-
tively reduces the energy barriers between the active sites and oxygen-
containing intermediates, leading to enhanced catalytic activity
[49-51]. (i) The construction of nanoflower structures significantly
increase the specific surface area, providing an abundance of conductive
channels for active substance diffusion, electron transfer, and efficient
mass transport [52,53]. (iii) The fabrication of 3D self-supporting elec-
trode plays a pivotal role in reducing electrode resistance, effectively
expediting the electron transfer process [54].

4. Conclusions

In summary, a facile one-step electrodeposition method was suc-
cessfully employed to synthesize Fe/Co hydro(oxy)oxides composites.
The morphology and properties of the catalysts were further tailored by
precisely adjusting the Fe/Co ratio (Fex-Coy). The optimized Feg-Co;
catalyst showcases a progressive OER catalytic performance, achieving a
low overpotential of 222 mV at 50 mA cm ™2, exceeding the performance
of most recently reported non-precious metal catalysts. Additionally, it
exhibits robust stability, with no observable degradation observed for
over 60 h at 10 mA cm™~2. Furthermore, the assembled Feg-Co{"||Pt/
C electrolyzer achieves a current density of 100 mA cm 2 at a low
voltage of 1.73 V, comparable to that of the benchmark Ru0O$”|[Pt/C(™
system. The good catalytic performance of Feg-Co; is likely attributed to
its distinctive nanoflower morphology, which facilitates enhanced
exposure of active sites. TEM, XPS, and in-situ Raman analyses validate
the transition of Feg-Co; to the high valence state CoOOOH/FeOOH as the
active catalytic centers, contributing to the observed OER performance.
This work introduces a facile approach for synthesizing efficient OER
electrocatalysts, highlighting the importance of the high-valence state of
Fe/Co as the active site during the OER process.
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