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Abstract

In this study, the influence of nanostructure and morphology was used as a compara-
tive strategy to investigate the material’s performance. For this purpose, two distinct
morphologies, one of which is novel for iron tungstate (nanoplatelets) and obtained by
the hydrothermal method, were tested to verify their influence on the catalytic activity,
reaction kinetics, and operational stability of the oxygen evolution reaction. Although the
self-organized rosette and nanoplatelet morphologies maintain a monoclinic ferberite-type
structure, the 2D nanoplatelet architecture shows an almost 30% reduction in catalytic
activity and a 16% increase in reaction rate in basic medium (1 M KOH), in addition to four
times higher turnover frequencies (TOF). Furthermore, the new morphology (nanoplatelets)
provides higher charge density, lower charge transfer resistance, and favorable band edge
positions, resulting in greater oxidation capacity (10 times more). Regarding the stability
factor, both morphologies show a slight degradation over 1000 cycles, but the nanoplatelet
morphology maintains almost constant activity, while the self-organized rosette morphol-
ogy shows a performance drop of approximately 25%. These results demonstrate that
morphological engineering is an effective means of improving electrocatalytic performance.

Keywords: iron tungstate; morphological engineering; oxygen evolution reaction;
electrocatalysis; benchmarking

1. Introduction
The rapid expansion of renewable energy systems has led to unprecedented growth

in installed capacity, with clean energy sources accounting for 40.9% of global electricity
production in 2024 [1]. Despite this progress, the gap towards achieving the Paris Agree-
ment targets remains substantial, highlighting the need for efficient energy storage and
conversion technologies [2,3].

Hydrogen is widely regarded as a key energy vector for decarbonization. However,
conventional production routes require harsh operating conditions (700–1000 ◦C) and up
to 120 bar, resulting in high energy consumption [4–6]. In this context, electrochemical
and photoelectrochemical water splitting have emerged as sustainable routes for hydrogen
production [7]. The oxygen evolution reaction (OER), which occurs at the anode, is widely
recognized as the kinetically limiting step due to its complex four-electron transfer mech-
anism [8]. Therefore, the development of efficient and stable electrocatalysts is essential
to reduce the required overpotential and increase overall energy efficiency. Although
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ruthenium- and iridium-based oxides are currently the benchmarks for the OER, their high
cost, scarcity, and limited durability hinder large-scale industrial deployment [9]. Transition
metal oxides, including Fe2O3 and WO3, have been extensively studied as anodic materials,
making tungstates promising candidates for OER catalysis [8–11].

Various types of electrocatalysts abundant on Earth have been presented, including
nanostructured transition metal phosphides, chalcogenides, carbides, borides, nitrides,
oxides, and (oxy)hydroxides, among others, and have been tested in water splitting (OER
and HER), as can be seen. An extensive review of different classes of OER catalyst materials
has been reported in the literature [12–19]. In all these studies, one can find a multitude
of different materials used as electrocatalysts, the vast majority of which are based on
transition elements. Among the inorganic materials of the metallic oxide class, metallic
tungstate has stood out significantly in the last fifteen years. Over the last decade, the
family of metal tungstates (MWO4, where M = Fe, Co, Zn, among others) has attracted
growing interest due to its structural versatility and tunable physicochemical properties,
which enable applications across a wide range of fields. Studies on NiWO4 and ZnWO4,
for instance, demonstrate that optical and electronic properties depend on electronic struc-
ture and crystalline defects. Furthermore, ZnWO4-based systems have been extensively
investigated for photocatalysis, as well as for composites and advanced ceramics, where
phase composition, morphology, and crystallinity directly influence the material’s optical,
mechanical, and functional properties. These results highlight the versatility of tungstates
and confirm the increasing interest in this class of compounds for applications in pho-
tonics, sensors, photocatalysis, and energy conversion [20–22]. The crystalline structure
of tungstate is a peculiar characteristic, with tungstates generally exhibiting tetragonal
scheelite or monoclinic wolframite structures [23–25]. Among wolframite-type tungstates,
iron tungstate (FeWO4) has attracted increasing attention, showing a growth trend similar
to that of metallic tungstates in general. Tungstates are particularly relevant in environmen-
tal remediation and renewable energy systems, and more recently in electronic devices,
such as materials for resistive memory [11,25–34]. However, although the number of stud-
ies on tungstates has increased significantly in recent years, their specific application in
water electrolysis (HER/OER) is still relatively low when compared to other classes of
materials [12,13,15,16,18,19].

Among them, iron tungstate (FeWO4) is particularly attractive due to its chemical
stability and self-passivation behavior in both acidic and alkaline media, which are de-
sirable properties for an OER electrocatalyst, unless photoelectrochemical operation is
intended [10]. Adak et al. (2022) highlighted FeWO4 as a promising structure for wa-
ter electrolysis, showing superior performance to some noble metal-based electrocata-
lysts [35]. Several studies demonstrate that combining FeWO4 with co-catalysts or forming
heterojunctions (FeWO4/NiFeOOH [36], FeWO4-Ni3S2 [27], Ni-NPs@FeWO4 [37], FeWO4-
WO3/NF, FeWO4/Fe2O3 [38] and FeWO4/FeOOH/NiOOH) significantly improves its
electrocatalytic activity for the OER [39]. Furthermore, incorporating a third element
into the FeWO4 crystal structure has proven to be an effective strategy to increase cat-
alytic activity in alkaline media and reduce overvoltage. Nakayama et al. (2020) syn-
thesized Co0.5Fe0.5WO4, obtaining superior performance even to that of the reference
catalyst RuO2 [9]. Luo et al. (2018) deposited Co0.5Fe0.5WO4 in situ on carbon nanotubes
dispersed in carbon paper and presented an overvoltage of 290 mV and a Tafel slope of
42 mV dec−1 [40]. In turn, Shao et al. (2018) synthesized Co0.7Fe0.292WO4 using the hy-
drothermal method and observed superior electrocatalytic performance when compared to
CoWO4 and FeWO4 supported on glassy carbon [41].

Recent studies have primarily focused on enhancing FeWO4 performance through
doping strategies [9] or with different types of heterojunctions [26,27,42]. However, beyond
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compositional engineering, the morphology of the electrocatalyst plays a critical role in de-
termining OER activity, as it directly influences accessibility to active sites, charge transport
and interfacial kinetics [43,44]. In particular, our group recently demonstrated that control-
ling the morphology of FeWO4 simply by changing the precursor’s physical state during
hydrothermal synthesis enables the design of specific nanostructures with distinct struc-
tural and optical properties [45]. Despite these advances, the intrinsic relationship between
FeWO4 morphology and its electrocatalytic performance remains insufficiently understood,
especially in the absence of doping or composite effects. According to Maya et al. [30],
iron tungstate nanoparticles exhibit lower resistance to electron transfer than 1 D struc-
tures, while additional enhancements, including a substantial decrease in overpotential,
have been reported when combining FeWO4 with nickel nanoparticles. However, these
approaches do not isolate the sole effect of morphology.

As is known, iron tungstate exhibits overpotentials that are still considered high when
compared to other semiconductor materials used in the OER, but these values vary con-
siderably depending on the reaction system and its own structural and electrochemical
properties [9,35,41]. Therefore, iron tungstate was used as a model material, since it is
a stable semiconductor with a well-defined crystalline structure and measurable electro-
catalytic activity, thus allowing for observation of the possible effects that morphological
modifications may have on its properties and application. The structural stability and
sensitivity to morphological modifications exhibited by iron tungstate make it a good can-
didate for fundamental studies of the correlation between morphology and electrochemical
performance. Furthermore, novel morphologies of iron tungstate (nanoplatelets and self-
organized rosettes) were used for these purposes. Therefore, this study aims to understand
how changes in morphology can influence the structural and electrochemical properties
of the material and its performance in the oxygen evolution reaction at low temperatures
and in an alkaline medium. Thus, by fixing the chemical composition, the substrate, and
the test conditions, it is possible to analyze in isolation the effect of morphology on charge
transfer, the electrochemically active area, the roughness factor, and oxygen production
from the evolution reaction. This knowledge can then be applied to the development of
more efficient semiconductor systems. Therefore, iron tungstate possesses the necessary
criteria and several advantages for studies related to its structure and properties [39,45,46].

In this work, we address this gap by investigating the OER performance of pure
FeWO4 with two distinct morphologies (self-organized rosette structures and nanoplatelets)
synthesized via a controlled hydrothermal route. By avoiding doping or heterojunction
formation, this study aims to decouple and elucidate the intrinsic role of morphology in
governing electrocatalytic activity.

Electrochemical performance was systematically evaluated using key metrics, in-
cluding overpotential at 10 mA·cm−2, Tafel slope, and stability, following established
benchmarking criteria [12]. In addition, carbon paper was intentionally selected as the
substrate to minimize extrinsic enhancements associated with highly conductive supports
(e.g., nickel foam or vitreous carbon) [35], thereby ensuring that the observed performance
differences arise primarily from the FeWO4 morphology itself. Through this approach, this
work provides a direct structure–property–performance correlation, offering new insights
into the design of efficient, morphology engineered tungstate-based electrocatalysts for
oxygen evolution.

2. Results
2.1. Structural and Morphological Characterizations of FeWO4

The crystalline structure and morphology of the synthesized FeWO4 were first ex-
amined to establish a robust foundation for interpreting their electrocatalytic behavior.
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Figure 1 presents the XRD patterns and SEM images of the two morphologies, namely self-
organized rosette structures and nanoplatelets. The synthesis methodology and detailed
growth mechanisms have been previously reported and validated in our earlier work [45].

Figure 1. SEM of iron tungstate: self-organized rosettes ((a) (2 kx), (a’) (40 kx)) and nanoplatelets
((b) (2 kx), (b’) (10 kx)); XRD (c); and band edge positions (CB and VB) of iron tungstate (self-organized
rosettes and nanoplatelets) (d).

Both samples exhibit diffraction peaks consistent with the monoclinic ferberite phase
with the P2/c space group (ICSD 15193) along the [101] zone axis, confirming phase purity
regardless of morphology. For both morphologies, electron diffraction patterns obtained
from elementary grains reveal monocrystalline FeWO4 particles [45]. The refined lattice
parameters (self-organized rosettes: a = 4.7332 Å, b = 5.7102 Å, c = 4.9774 Å, β = 90.3336◦;
and nanoplatelets: a = 4.7310 Å, b = 5.7083 Å, c = 4.9763 Å, β = 90.2918◦) show negligible
differences, indicating that variation in morphology does not alter the bulk crystal structure.
Such structural invariance is essential, as it ensures that any differences in electrochemical
performance arise primarily from morphological effects rather than crystallographic or com-
positional variations. To provide a clear basis for the current electrocatalytic investigation,
the main physical properties of the two morphologies, nanoplatelets and self-organized
rosettes, are summarized in Table 1.

Table 1. Summary of the structural and optical properties of FeWO4 morphologies.

Properties Self-Organized Rosettes Nanoplatelets

Density (g cm−3) 7.49 7.50
Crystallite size (nm) 67.8 87.3

BET surface area (m2 g−1) 6.80 12.65
Band Gap, Eg (eV) 1.69 1.77

Conduction band (eV) 0.28 −0.05
Valence band (eV) 1.97 1.72

In contrast, significant differences are observed at the micro- and nanoscale. SEM anal-
ysis reveals that the self-organized rosette morphology consists of aggregated structures,
whereas the nanoplatelets exhibit a well-defined two-dimensional architecture. This mor-
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phological distinction is directly reflected in the specific surface area, with the nanoplatelets
displaying nearly twice the BET surface area (12.65 m2·g−1) compared to the self-organized
rosette structures (6.80 m2·g−1). Such an increase is expected to enhance the density of
accessible active sites and facilitate electrolyte penetration, both of which are key param-
eters governing OER activity. Crystallite size analysis further supports this distinction,
with larger crystallites observed for the nanoplatelets (87.3 nm) compared to the self-
organized rosettes morphology (67.8 nm). While larger crystallites are often associated
with reduced surface area, the present results indicate that the nanoplatelet architecture
compensates through its anisotropic geometry, maximizing exposed surface planes. This
suggests that not only the surface area but also the nature of exposed facets may contribute
to catalytic performance.

As summarized in Table 1, the optical properties suggest that the nanoplatelets have
a slightly wider bandgap (1.77 eV) [45]. Both morphologies exhibit a valence band edge
(EVB) that is positively shifted relative to the O2/OH− redox potential (Figure 1c). De-
spite the small difference in band gaps, a detailed analysis shows that the EVB energy
of the nanoplatelets (1.72 eV) is closer to the target redox potential (O2/OH−) than that
of the self-assembled structures (1.97 eV). This optimized energy alignment ensures a
sufficient thermodynamic driving force for water oxidation. Furthermore, the increased
current density enhances the nanoplatelets’ oxidation capacity for the oxygen evolution
reaction (OER).

Overall, these results demonstrate that while the bulk crystal structure remains un-
changed, the morphology-driven modifications induce significant differences in surface
area, active site accessibility, and electronic properties. These features are expected to
directly influence charge transfer processes and catalytic activity, providing the basis for
the electrochemical behavior discussed in the following sections.

2.2. Electrolyte Screening and Initial OER Assessment

The electrocatalytic response of FeWO4 was first evaluated in different electrolyte
environments in order to identify the most suitable conditions for OER investigation and
to probe the influence of pH on catalytic behavior. Figure 2 presents the linear sweep
voltammetry (LSV) recorded in acidic (0.5 M H2SO4, pH 0.5), inert (1 M Na2SO4, pH 4) and
alkaline (1 M KOH, pH 14) media, while the corresponding overpotentials at 10 mA cm−2

are summarized in Table 2. This measurement corresponds to the anodic current density
evolution as a function of the applied potential. The current was divided by the area of
the support used as the working electrode to present the LSV results as current density,
and the potential was converted to the scale based on the standard hydrogen potential
(RHE). The LSV curves showed similar profiles for all three electrolytes, with negligible
faradaic current below 1.4 V. The initiation potential, which is defined as the point at which
the current deviates significantly from its base value, is minimal in the case of a KOH
electrolyte. Consequently, as the applied potential increases, the current density grows
rapidly, resulting in the fastest kinetics.

Table 2 presents the overpotential results calculated from the LSV data according to
the electrolytic solutions tested in the OER. At the commonly used reference current density
j = 10 mA cm−2 [47], the overpotential corresponds to the additional voltage that must
be applied beyond the thermodynamic potential for the electrolysis of water (≈1.23 V at
25 ◦C, vs. RHE); it overcomes kinetic and transport losses [48].

A strong dependence of the OER activity on the nature of the electrolyte environment
is observed. The overpotential decreases significantly from 720 mV in Na2SO4 and 670 mV
in H2SO4 to 430 mV in KOH, clearly demonstrating that alkaline conditions promote more
favorable reaction kinetics.
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Figure 2. LSV performed on iron tungstate with a scan rate of 10 mV·s−1.

Table 2. Overpotential according to electrolyte solutions for the OER.

Solution Concentration, M pH Overpotential, mV vs. RHE

H2SO4 0.5 0.5 670
Na2SO4 1 4 720

KOH 1 14 430

This behavior can be attributed to the OER mechanism in alkaline media, where the
reaction proceeds via OH− adsorption and subsequent formation of oxygenated intermedi-
ates at the catalyst surface. Although there is no direct evidence of the adsorption energy
of surface intermediates, this mechanistic hypothesis is considered plausible, being con-
sistent with the band-edge positions obtained in relation to the O2/OH− redox potential.
The oxygen evolution reaction (OER) process has a standard thermodynamic potential of
1.23 V vs. RHE. For the reaction to initiate, the holes (h+) generated in the valence band
(EVB) of the nanoplatelets must possess energy exceeding the water oxidation potential.
Analyzing the band alignment makes it possible to evaluate the gap between the material’s
valence band level and the OER potential in order to determine the theoretical overpotential.
The closer the valence band is to the ideal position, the lower the energy barrier for the
formation of intermediates (*OH, *O, *OOH), thereby increasing the current density for a
given overpotential [49–51].

The high availability of OH− ions in KOH facilitates these elementary steps, reducing
kinetics barriers associated with charge transfer and intermediate formation. In contrast,
under acidic conditions, the limited availability of reactive hydroxyl species and slower
interfacial kinetics results in higher overpotentials. The higher overpotential observed
in Na2SO4 compared to H2SO4 indicates that OER activity is not solely governed by
hydroxide in concentration. It reflects the limited reactivity of sulfate electrolytes, which
neither provide sufficient OH− for alkaline pathways nor promote efficient proton-coupled
electron transfer as in strongly acidic media, resulting in slower interfacial kinetics.

Beyond the electrolyte effect itself, these results also provide insight into the intrinsic
properties of FeWO4. The improved performance in alkaline media suggests that the
material exhibits more efficient charge transfer and surface reactivity when interacting with
hydroxide ions, which is consistent with the expected behavior of transition metal oxides
in the OER.

Based on these findings, 1 M KOH was selected as the optimal electrolyte for all
subsequent electrochemical analyses (LSV, EIS, and stability tests) because it provided the
lowest overpotential to reach a current density equal to 10 mA cm−2. This choice ensures
that the catalytic performance is evaluated under conditions in which kinetic limitations are
minimized, allowing for a more reliable comparison of the intrinsic effect of morphology
on OER activity.
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2.3. Morphology-Dependent Electrocatalytic Performance
2.3.1. OER Activity of FeWO4 Morphologies

The intrinsic electrocatalytic activity of FeWO4 was further evaluated in 1 M KOH,
selected as the optimal electrolyte based on the previous analysis. As can be seen in
Figure 3a, the polarization curves reveal a pronounced dependence of OER activity on
morphology. To reach the benchmark current density of 10 mA·cm−2, the nanoplatelet
morphology requires a significantly lower potential (1.66 V vs. RHE) compared to the self-
organized rosette structure (1.82 V vs. RHE), corresponding to overpotentials of 430 mV
and 590 mV, respectively (Figure 3b).
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Figure 3. Electrochemical analysis of FeWO4 (self-organized rosettes and nanoplatelets): (a) LSV,
(b) Overpotential, (c) Tafel slope and (d) EIS; inset corresponds to the equivalent circuit.

This substantial decrease of 138 mV reflects a morphology-driven enhancement of the
catalytic interface for the nanoplatelet architecture, which provides increased accessibility
to active sites and promotes more efficient interaction with OH− species, which are directly
involved in the OER mechanism under alkaline conditions.

2.3.2. Kinetic Analysis and Reaction Mechanism

To gain further insight into reaction kinetics, Tafel analysis was performed based on the
LSV data. The OER mechanism under alkaline conditions is represented by Equation (1),
which involves the following four fundamental steps (Equations (2)–(5)).

The electrode kinetics and the possible mechanisms involved in the OER process
were investigated using Tafel analysis. The OER mechanism under alkaline conditions
is represented by Equation (1), which involves the following four fundamental steps
(Equations (2)–(5)) [52,53].

4OH− → O2 + 2H2O + 4e− (1)

∗+ OH−→ OH ∗ + e− (2)
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OH∗ + OH− → O∗ + H2O + e− (3)

O∗ + OH− → HOO∗ + e− (4)

OH− + HOO∗ → ∗+ O2 + H2O + e− (5)

In these equations, * indicates the catalyst active site, and OH*, O*, and HOO* represent
the species adsorbed at the active catalytic site. To better understand the OER mechanisms,
Tafel slopes provide further insight into the reaction kinetics beyond LSV analysis. The
extracted values (Figure 3c) are 116 mV dec−1 for the nanoplatelets and 138 mV dec−1 for
the self-organized rosettes morphology. The lower slope observed for the nanoplatelets
indicates faster reaction kinetics and a reduced energy barrier for the rate-determining step.

Both values remain close to ~120 mV·dec−1, suggesting that the first electron transfer
step, corresponding to OH− adsorption (Equation (2)), is likely the rate-determining step for
both morphologies. The reduced slope for the nanoplatelets indicates that this elementary
step is kinetically facilitated, which is consistent with improved surface reactivity and
active site accessibility.

Both values remain close to ~120 mV·dec−1, suggesting that the first electron transfer
step, corresponding to OH− adsorption (Equation (2)), is likely the rate-determining step for
both morphologies. The reduced slope for the nanoplatelets indicates that this elementary
step is kinetically facilitated, which is consistent with improved surface reactivity and
active site accessibility.

The equivalent circuit included in the Nyquist diagram of EIS (inset of Figure 3d)
provides a better understanding of the charge transfer resistance and interfacial electron
transfer behavior of the catalysts. R1 (solution resistance) represents the overall ohmic
resistance of the system, R2 (charge transfer resistance, Rct) corresponds to the resistance
associated with electron transfer at the electrode/electrolyte interface, and CPE1 (constant
phase element) represents the CPE, which is used to model the non-ideal capacitive behavior
of the electrical double layer. This equivalent circuit generally describes a system dominated
by a single main electrochemical process: ionic conduction in the electrolyte (R1), formation
of the electrical double layer (CPE1), and charge transfer at the electrode/electrolyte
interface (R2). The presence of a single semicircle in the Nyquist diagram is generally
associated with a single charge transfer process.

2.3.3. Charge Transfer Properties

Electrochemical impedance spectroscopy (EIS) provides complementary informa-
tion about charge transfer processes at the electrode/electrolyte interface. As can be
seen in Figure 3d, the Nyquist plots show a clear reduction in semicircle diameter
for the nanoplatelet morphology, corresponding to a lower charge transfer resistance
(Rct = 0.52 kΩ) compared to the self-organized rosette structure (0.72 kΩ). This decrease in
Rct directly reflects more efficient electron transfer kinetics, which is a key factor governing
OER activity. The consistent trends observed in EIS, Tafel slope, and overpotential results
clearly indicate that the nanoplatelet morphology enhances both interfacial charge transfer
and OER kinetics.

2.3.4. Integrated Structure–Property–Performance Relationship

Taken together, these results demonstrate that the improved OER performance of
FeWO4 nanoplatelets originates from a combination of factors induced by morphology:
(i) increased density of accessible active sites, (ii) enhanced OH− adsorption and activation,
and (iii) reduced charge transfer resistance. The convergence of independent electro-
chemical descriptors (overpotential, Tafel slope and Rct) provides strong evidence that
morphology acts as a primary factor governing catalytic performance in this system.
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2.3.5. Stability Assessment

Beyond activity and kinetics, the operational stability of the electrocatalysts is a critical
parameter for practical applications and must be evaluated to validate the relevance of
any observed performance differences. The stability of both morphologies was evaluated
through accelerated cycling (1000 cycles) and chronopotentiometry measurements over
14 h at a fixed current density of 10 mA·cm−2 (Figure 4a,b), which state that durations
greater than 12 h are generally considered stable materials [13,35,43].

Figure 4. Electrochemical analysis of FeWO4 (self-organized rosettes and nanoplatelets): (a) Stability
(1000 cycles) and (b) Chronopotentiometry (14 h).

Relatively good LSV stability is observed after 1000 cycles. In the case of the tungstate
with nanoplatelet morphology, the results indicate relatively good stability over this period
(14 h). In the first few minutes there is an increase in current density, but it stabilizes and
remains practically constant over time. In this case, a significant increase in oxygen can
be observed at the beginning, but it stabilizes over time. However, for the self-organized
rosette morphology, there is a 25% reduction over the 14 h period. This indicates that
tungstate with a nanoplatelet morphology is more stable.

Both morphologies exhibit relatively good stability during cycling, with minimal
deviation between initial and post-cycling LSV curves (Figure 4a), indicating structural
robustness under repeated operation. However, significant differences emerge during
long-term operation. The nanoplatelet morphology maintains a nearly constant current
density over 14 h, after a short initial stabilization period, whereas the self-organized rosette
structure exhibits a progressive decay of approximately 25%. This enhanced stability of the
nanoplatelets can be attributed to their morphology, which likely promotes more uniform
current distribution and improved structural integrity during OER. The combination of
higher activity and superior stability further reinforces the role of morphology as a key
determinant of overall electrocatalytic performance.

To verify the chemical integrity of the FeWO4 electrodes, the electrolyte was analyzed
using inductively coupled plasma (ICP) spectroscopy after the stability test. Measurements
were taken for 100 g of catalyst dispersed in 100 mL of solution. For both morphologies,
no significant trace of tungsten was detected compared to the reference values (noise).
For iron cations, the measurements at pH 5 and 10 show mean values of 14 and 95 µg/L,
respectively, for nanoplatelet and self-organized rosette samples. These values remain
relatively negligible, particularly for nanoplatelets. However, at pH 3 in an acidic medium,
the concentrations were high, exceeding 500 µg/L, reflecting the instability of both cat-
alysts in acidic media. The low concentrations of iron ions in the solution indicate that
leaching through the cycles is negligible for nanoplatelets. The ability to maintain effi-
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ciency over multiple cycles demonstrates the ferberite’s stability and efficiency for practical
photodegradation applications.

After the stability tests, scanning electron microscopy analyses were performed and
no significant morphological variations were observed after the reaction tests, as shown in
Figure 5. Post-reaction SEM analysis revealed the preservation of the initial morphology
for both iron tungstate morphologies tested. These results support the conclusion that the
material exhibits good short-term operational stability.

Figure 5. SEM images of both morphological types after reaction-stability tests. (a) Self-organized
rosettes and (b) nanoplatelets.

2.4. Surface Accessibility, Intrinsic Activity, and Oxygen Production
2.4.1. Electrochemically Active Surface Area (ECSA)

The electrochemically active surface area (ECSA) was estimated from cyclic voltamme-
try measurements performed in the non-faradaic region, as shown in Figure 6a,b. The plots
of current density versus scan rate revealed a linear relationship for both morphologies,
confirming that the measured current originates from double-layer charging and validating
the extraction of the double-layer capacitance (Cdl) [54].

Figure 6. Cyclic voltammetry measurements in the non-faradaic region for FeWO4 self-organized
rosette structures (a) and nanoplatelets (b) recorded at different scan rates, and corresponding capaci-
tive current density versus scan rate plots for self-organized rosette structures (c) and nanoplatelets (d),
was obtained at the median voltage indicated by the dashed line.
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The nanoplatelet morphology exhibits a significantly higher slope, corresponding to
a larger Cdl and, consequently, a higher ECSA (2.45 cm2) compared to the self-organized
rosette structure (1.10 cm2). This result indicates a greater density of electrochemically acces-
sible active sites [55], consistent with the higher BET surface area and the two-dimensional
architecture discussed in Section 2.1 [55].

2.4.2. Correlation Between ECSA, Intrinsic Catalytic Activity and Oxygen Production

Finally, the theoretical amount of O2 generated, estimated from the charge transferred
according to Faraday’s law assuming 100% Faradaic efficiency (mmoles h−1), Cdl (mF),
ECSA (cm2), RF (dimensionless), and TOF (s−1) using 1 M KOH pH 14 as the electrolyte so-
lution as a function of the iron tungstate morphology type, is presented in Figure 7. In order
to decouple the contribution of surface effects from intrinsic catalytic activity, and correlate
these parameters with oxygen evolution performance, the turnover frequency (TOF), rough-
ness factor (RF) and oxygen production rate were evaluated for both FeWO4 morphologies
(Figure 7). Nanoplatelet morphology exhibits a markedly higher TOF compared to the self-
organized rosette structure, indicating that each site is intrinsically four times more active.
This result demonstrates that the superior electrocatalytic performance of the nanoplatelets
is not solely a consequence of a larger electrochemically accessible surface area but also
arises from more favorable catalytic properties at the active site level. Such enhancement
may originate from morphology-induced modifications of the surface structure, including
differences in exposed crystallographic facets, defects, and local electronic environment,
which can facilitate the adsorption and conversion of OER intermediates. In addition, the
roughness factor values further support the beneficial effect of the nanoplatelet morphology,
indicating a larger effective electrochemically active interface.

Figure 7. (a) Cdl (mF) and RF (dimensionless), (b) ECSA (cm2) and TOF (s−1), and (c) O2 production
(mmols h−1) using 1 M KOH pH 14 as the electrolyte solution.

The combined increase in ECSA, RF and TOF is directly reflected in the oxygen
evolution rate. As shown in Figure 7, nanoplatelet morphology achieves an oxygen pro-
duction rate of 0.28 mmol h−1, whereas the self-organized rosette structures produce
only 0.03 mmol h−1. This nearly 10-fold increase in oxygen production significantly ex-
ceeds the variation expected solely from the ECSA enhancement (∼2.2×), further sup-
porting the existence of a substantial intrinsic activity improvement in the nanoplatelet
morphology (∼4.2×).

Overall, these results establish a clear structure–property–performance relationship in
which morphology governs OER activity through a dual effect: (i) increasing the density
of accessible sites (ECSA effect) and (ii) enhancing the intrinsic catalytic activity of these
sites (TOF effect). The convergence of independent electrochemical descriptors, including
overpotential, Tafel slope, charge transfer resistance, ECSA and TOF, provides strong
evidence that morphology acts as a primary factor governing catalytic performance in this
system. Certainly, it demonstrates that nanoplatelet morphology does not merely provide a
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larger reactive surface but fundamentally modifies the catalytic behavior of FeWO4, leading
to a substantial improvement in oxygen evolution efficiency.

3. Discussion
3.1. Morphology-Induced Modulation of Structural and Electronic Properties

Although both FeWO4 samples crystallize in the same monoclinic ferberite structure
(P2/c space group), the change in morphology induces significant modifications in their
surface and electronic characteristics. Beyond surface accessibility, morphology acts as a
fundamental lever for modifying intrinsic kinetic properties. In particular, the nanoplatelet
morphology exhibits a substantially larger specific surface area (12.65 m2·g−1) than the self-
organized rosette structures (6.80 m2·g−1), together with a well-defined two-dimensional
architecture. Such a morphology is expected to enhance availability of reactive surface cen-
ters and facilitate electrolyte diffusion at the catalyst/electrolyte interface. The improved
intrinsic activity of the nanoplatelet morphology may also be associated with preferential ex-
posure of specific crystallographic planes, particularly the [101] axis orientation previously
identified for this morphology, as presented in greater detail in our previous study [45].

Another important observation concerns the optical properties. Nanoplatelet mor-
phology exhibits a slightly wider band gap (1.77 eV) compared to the self-organized
rosette structures (1.69 eV). Despite this increase, both morphologies maintain valence
band positions sufficiently positive relative to the O2/ OH− redox potential, ensuring the
thermodynamic feasibility of oxygen evolution. Moreover, the slightly more positive va-
lence band position observed for the nanoplatelets suggests a stronger oxidative capability,
which may contribute to enhanced OER kinetics.

Importantly, these electronic differences occur simultaneously with the morphological
evolution, indicating that morphology not only modifies the geometric surface characteris-
tics of FeWO4 but also influences its interfacial electronic behavior. The synergy between
favorable band alignment, enhanced charge-transfer properties, and increased active site ac-
cessibility provides a coherent explanation for the superior electrocatalytic activity observed
for the platelet morphology.

3.2. Influence of the Electrolyte on OER Activity

The electrolyte-dependent electrochemical measurements further highlight the impor-
tance of interfacial reaction conditions in governing OER activity. Among the investigated
electrolytes, 1 M KOH exhibited the best electrocatalytic performance, whereas moderate
and strongly acidic media resulted in significantly higher overpotentials. This behavior is
consistent with the generally more favorable OER kinetics in alkaline media, where OH−

ions directly participate in the adsorption and oxidation steps involved in oxygen evolu-
tion. In contrast, acidic environments can alter the adsorption energetics of oxygenated
intermediates and limit the efficiency of interfacial charge-transfer processes. The superior
activity observed in KOH therefore indicates that FeWO4 operates more efficiently under
alkaline conditions, where the reaction pathway and surface chemistry are kinetically more
favorable. These findings are consistent with previous studies reported by Li et al. [47],
who demonstrated that alkaline electrolytes significantly reduce the overpotential of water
electrolysis compared with acidic media. Their work showed that 1 M KOH provided the
lowest overpotential among several investigated electrolyte configurations, emphasizing
the critical role of electrolyte pH in governing electrocatalytic efficiency.

It should be noted that in this work, the electrolyte screening also established the
experimental framework used for morphology comparison. By selecting the electrolyte
providing the most favorable kinetics, the subsequent analyses could more reliably isolate
the intrinsic influence of morphology on OER performance.
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3.3. Morphology-Dependent Electrocatalytic Activity of FeWO4

The electrochemical analyses consistently demonstrate that the nanoplatelet morphol-
ogy exhibits superior OER performance compared to the self-organized rosette structures.
The lower overpotential, smaller Tafel slope, reduced charge-transfer resistance, higher
electrochemically active surface area, and larger turnover frequency collectively indicate
that morphology plays a central role in governing the catalytic behavior of FeWO4.

The decrease in charge-transfer resistance confirms that the nanoplatelet morphology
facilitates faster interfacial electron-transfer kinetics [27], which directly contributes to
improved electrocatalytic activity. This interpretation is supported by the simultaneous re-
duction in both overpotential and Tafel slope [52,53], indicating that the enhanced catalytic
behavior does not originate from a single electrochemical parameter but from an overall
improvement of the reaction kinetics at the catalyst/electrolyte interface.

Notably, the Tafel slopes obtained for both morphologies (116 and 138 mV·dec−1)
remain close to the characteristic value of 120 mV·dec−1 generally associated with the first
electron-transfer step of OH− adsorption being the rate-determining step [46]. This suggests
that both catalysts follow a similar OER mechanism, while the nanoplatelet morphology
accelerates the kinetics of the elementary reaction steps [56]. However, this work does
not present direct evidence regarding adsorption energetics or surface intermediates; the
interpretations are based on electrochemical parameters, particularly the Tafel slope.

The Tafel slope describes the rate at which current density increases with applied
potential. The smaller the Tafel value, the smaller the potential increment required to
increase the current by an order of magnitude, indicating faster charge transfer kinetics.
Looking at the table, iron tungstate, which has a Tafel slope of 48.8 mV dec−1, exhibits better
kinetics than the other iron tungstate morphologies presented in the same table. Values
close to 40–60 mV dec−1 are frequently associated with OER mechanisms in which electron
transfer occurs rapidly and the rate-limiting step involves surface chemical transformations
of the adsorbed intermediates (*OH, *O, and *OOH). This is a typical example where a low
Tafel slope does not necessarily imply lower overpotential. In other words, despite the low
Tafel value, the corresponding overpotential value is high (459 mV), demonstrating that
even with intrinsically favorable kinetics for the OER, the number of available active sites
is probably limited, or the electrochemically active area may be limited, as there may be
mass transport limitations.

In the case of the particle morphology (60 mV dec−1), this sample presents both a
low Tafel slope and a lower overpotential (403 mV), suggesting that this morphology
provides greater electrical connectivity between particles, lower charge transfer resistance,
and a more homogeneous distribution of catalytic sites. Self-organized rosettes exhibit the
worst kinetic performance (highest Tafel slope and highest overpotential), which may be
associated with internal regions less accessible to the electrolyte. That is, not all surface
area is necessarily electrochemically active. Meanwhile, the nanoplatelet morphology
(116 mV dec−1) shows intermediate performance. The overpotential of 430 mV is relatively
close to that of the particle morphology, but the Tafel slope is significantly higher. In
this case, the reaction achieves 10 mA cm−2 with a relatively moderate overpotential but
requires larger potential increments to further increase the current. This is characteristic of
systems where the active area is high, but electron transfer remains limited. However, the
first two samples were measured on glassy carbon and the others on carbon paper. There-
fore, part of the observed difference may not be solely associated with the morphological
change in the iron tungstate, as the substrate influences the overall electrical resistance,
catalyst adhesion, effective exposed area, current distribution, and the electrical contact
between catalyst and collector. Thus, a direct comparison between the obtained Tafel and
overpotential values using different substrates presented in the literature cannot be made,
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as the substrate also contributes to the electrocatalytic response. But this is a potential
difference between the two morphologies presented in this work, where all conditions are
exactly the same, with only morphology as a variable.

The ECSA and TOF analyses provide further insight into the origin of the enhanced
activity. The platelet morphology exhibits both a larger electrochemically accessible surface
area and higher intrinsic catalytic activity per active site. Importantly, the increase in
oxygen production largely exceeds the increase in ECSA alone, demonstrating that the
performance enhancement cannot be explained solely by surface-area effects.

Such behavior strongly suggests that the two-dimensional nanoplatelet architecture
modifies the catalytic properties of the FeWO4 surface itself. In addition to increasing the
density of accessible active sites, nanoplatelet morphology may promote more favorable
exposed crystallographic facets, local electronic environments, and adsorption energetics
of OER intermediates. Similar morphology-dependent improvements in charge-transfer
properties and catalytic activity have previously been reported for FeWO4-based systems
and related tungstate electrocatalysts [35,57].

3.4. Comparison with Reported Tungstate-Based Electrocatalysts

Table 3 aims to provide a broader overview of the diversity of tungstate-based OER
catalysts and to highlight the influence of experimental conditions on the electrochem-
ical parameters reported in the literature, particularly regarding the various tungstate
morphologies and the different substrates used as the working electrode. Our primary
objective at this stage of the work is to independently evaluate the effect of iron tungstate
morphology on OER activity under strictly identical experimental conditions, comparing
the two proposed morphologies (platelets and self-organized structures), given that both
FeWO4 samples were synthesized, deposited, and tested under the same conditions, with
morphology being the only intentionally varied parameter.

Table 3. Tungstate oxide electrocatalysts, Tafel slope and overpotential at 10 mA cm−2.

Electrocatalyst Morphology Tafel Slope
(mV dec−1)

Overpotential
(10 mA cm−2) Substrate Study

ZnWO4 rods 155 537 nickel foams [58]
CoWO4 cubes 82 450 mV glassy carbon [59]
CoWO4 spheres 46 +/−1 388 ± 2 glassy carbon

[60]
CoWO4 spheres 44 +/−1 336 ± 3 nickel foam
NiWO4 spheres 40 +/−1 507 ± 3 glassy carbon
NiWO4 spheres 34 +/−1 363 ± 5 nickel foam
CuWO4 spheres 83 242 nickel foam [61]
FeWO4 rods 54 285 nickel foams [35]
FeWO4 particle 60 403 glassy carbon [41]
FeWO4 - 48.8 459 glassy carbon [9]

FeWO4
self-organized

rosettes 138 553 carbon paper Present Work

FeWO4 nanoplatelets 116 430 carbon paper Present Work

To further evaluate the relevance of the present results, the electrocatalytic performance
of FeWO4 was compared with previously reported wolframite-type tungstate electrocat-
alysts, including ZnWO4, CoWO4, NiWO4, CuWO4, and FeWO4 systems investigated
under alkaline conditions (1 M KOH) (Table 3). The comparison reveals that catalysts
deposited on highly conductive substrates such as nickel foam generally exhibit lower
overpotentials and Tafel slopes due to improved electrical conductivity and enhanced
catalyst adhesion [59]. For instance, CuWO4 deposited on nickel foam exhibits particu-
larly low overpotential values [61], while spherical structures of CoWO4 and NiWO4 also
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show enhanced performances when supported on conductive substrates. In the specific
case of FeWO4, previous studies reported significant improvements when evolving from
particle-like structures to anisotropic morphologies such as nanorods [35]. This trend is
consistent with the present work, where the nanoplatelet morphology clearly outperforms
the self-organized rosette structures. However, a direct comparison is limited by differences
in the substrate, charge, electrolyte, and normalization protocol.

It is important to emphasize, however, that the present performances were obtained
using carbon paper, which is less conductive and catalytically less active than commonly
used substrates such as nickel foam. This choice minimizes substrate-induced enhancement
effects and highlights the intrinsic contribution of morphology to OER activity. Under
these more conservative experimental conditions, the results reinforce the conclusion
that morphology engineering alone can significantly enhance the intrinsic electrocatalytic
properties of FeWO4, even in the absence of doping, heterojunction formation, or highly
conductive supports.

Overall, the present work highlights morphology engineering as an effective strategy
for optimizing tungstate-based electrocatalysts and provides a clearer understanding of the
intrinsic structure–property–performance relationship governing OER activity in FeWO4.

4. Materials and Methods
4.1. Synthesis Methodologies and Characterizations of Iron Tungstate

The iron tungstate nanostructures used in this study were synthesized by the hy-
drothermal method following the procedure optimized and reported in our previous
publication [45]. In brief, the FeWO4 powders were prepared using a mixture of sodium
tungstate dihydrate and iron (II) sulfate heptahydrate precursors. First, the mixture was
diluted in 100 mL of water and stirred for 10 min at room temperature and an acidic
pH (pH 1). Then, after stirring, solid oxalic acid was added. Finally, the mixture was
transferred to an autoclave, heated to 200 ◦C for 24 h and then cooled naturally. The
precipitate was collected, washed several times with water, and dried at 80 ◦C for 24 h.
The obtained FeWO4 powders were structurally investigated by an Empyrean Panalytical
diffractometer, in the classic θ–2θ mode, from 10◦ to 80◦ with step size of 0.003◦ and scan
speed of 0.004◦ s−1.

The morphology of the different powders was observed by transmission electron
microscopy (TEM) and characterized by electron diffraction (ED) using a 200 kV FEI Tecnai
G2 transmission electron microscope (Thermo Fisher Scientific, Waltham, MA, USA) The
chemical composition was determined by X-ray energy-dispersive spectroscopy (EDS),
while the surface morphology was studied with a Zeiss SUPRA 40 Vp scanning electron
microscope (SEM, GEMINI, Oberkochen, Germany). Nitrogen physisorption isotherms
were measured at 77 K using a Quantachrome Autosorb iQ AG surface area (USA). The
Brunauer–Emmett–Teller (BET) method was used to deduce the specific surface area from
the obtained isotherms. Finally, the optical properties were studied by UV–Vis spectroscopy,
in diffuse reflectance modes DRS, using a Shimadzu 2600 UV/Vis spectrophotometer
(Shimadzu Corporation, Kyoto, Japan). These results are fully consistent with our earlier
structural findings [45].

To verify the preservation of morphology after exposure during a long reaction period,
scanning electron microscopy analyses without any specific prior treatment were performed
for both iron tungstate morphologies after electrochemical reaction tests.

4.2. Electrochemical Measurements and Electrodes

Electrocatalytic tests were performed in a reaction system consisting of a three-
electrode electrochemical cell connected to a potentiostat and a computer, as shown in
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Figure 8. The working electrode surface and the Ag/AgCl (3 M) reference electrode are
positioned close to each other in the cell to minimize ohmic drop. All electrochemical
properties and measured reactions were performed at room temperature, without any type
of purge (gas (N2, Ar)), additives, or contaminants. To prepare the working electrode, 5 mg
of iron tungstate powder was dispersed in 1 mL of ethanol and sonicated for 30 min to
ensure complete dispersion. It was then deposited on a carbon paper-based support (Toray
Carbon Paper, TGP-H-60, 19 × 19), which was heated to 80 ◦C for approximately 2 h for
complete evaporation of the ethanol used in the dispersion step (Figure 8b).

Figure 8. Electrochemical system: (a) Preparation of the working electrode and (b) electrolysis device.

All electrochemical characterizations (linear voltammetry, cyclic voltammetry, EIS,
photocurrent, Mott–Schottky, chronoamperometry, and stability) were conducted using
an OrigaLys (OrigaLys ElectroChem SAS, Lyon, France) potentiostat/galvanostat work-
station, in a standard three-electrode configuration. All analyses were performed at
room temperature.

To evaluate the performance of the materials synthesized for the oxygen evolution
reaction (OER), a comprehensive electrochemical study was conducted, beginning with the
selection of an optimal electrolyte. Potential candidates, including potassium hydroxide
(KOH), sulfuric acid (H2SO4), and sodium sulfate (Na2SO4), were screened to identify the
solution with the highest ionic mobility, which is essential for reducing thermodynamic bar-
riers and energy consumption during water electrolysis. The solutions and their respective
concentrations to be tested were determined based on the literature (Table 4).

Table 4. Electrolytic solutions tested at the OER.

Solutions Concentration, M pH Studies

H2SO4 0.5 0.5 [62,63]
Na2SO4 1 4 [64,65]

KOH 1 14 [66]

Once the electrolyte had been defined, the catalytic activity was measured using linear
sweep voltammetry (LSV) at a scan rate of 10 mV s−1 over a potential range of 1.0 to 2.0 V
(relative to the RHE). All LSV data were iR-corrected and the raw current measurements
were normalized to current density (j) by dividing them by the working electrode area [39],
where EAg/AgCl is 0.197 V vs. NHE at 25 ◦C.

The overpotential (η) for the OER of the different morphologies (self-organized rosettes
and nanoplatelets) was determined from the LSV measurement for the equivalent current
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of 10 mA cm−2 and then calculated using Equation (6) [19]. To evaluate the reaction kinetics
and identify the rate-limiting step, Tafel slopes were generated by plotting the overpotential
(η) against the log of the current density (j) (Equation (7)). The resulting Tafel slope and the
overpotential required to reach a reference current density of 10 mA·cm−2 were used as
primary efficiency indicators. Subsequently, the electrical characteristics of the electrode
interface were further probed using Electrochemical Impedance Spectroscopy (EIS) by
applying a 5 mV AC signal across a frequency range of 10 kHz to 0.01 Hz at a constant
1.55 V. The charge transfer resistance was quantified.

To estimate the electrochemically active surface area (ECSA) and the roughness factor
(RF), CV was performed in the non-faradaic region (200–400 mV vs. Ag/AgCl) at varying
scan rates (20, 30, 40, 50 and 80 mV s−1). For this estimate, Equation (8) was used [35]. The
double-layer capacitance (Cdl) was derived from the slope of the current density versus
scan rate, which provided a basis for calculating the total available active sites. Here, Cs
is the specific capacitance of standard electrode materials measured per unit surface area
(0.04 mF cm−2) [37].

4.3. Electrolyte Screening and OER Performance Evaluation

Finally, the production of oxygen during OER was estimated based on the total charge
passed through the system, using Equations (9) and (10) [67], where I is the current (A),
t is the time (s), n is the number of electrons transferred (four for OER), and F is the
Faraday constant (F = 96,485 C mol−1). While overpotential and current density describe
the electrode’s general activity, the turnover frequency (TOF) was calculated to determine
each individual active site’s catalytic power. The roughness factor (RF) was determined for
both morphologies, according to Equation (11) [68], where Ageometric is the geometric area
and the electrochemically active surface area (ECSA) is given by Equation (12).

To estimate the turnover frequency (TOF), cyclic voltammetry measurements were
performed at various scan rates within a non-faradaic region, where the current con-
tribution is predominantly capacitive and redox processes are negligible. Initially, the
capacitive current (∆i) was calculated using the relationship ∆i = (ia − ic)/2, where ia
and ic are the anodic and cathodic currents, respectively, obtained at a fixed potential
(300 mV). Subsequently, the capacitive current values were plotted against the scan rate;
the slope of the resulting line represents the double-layer capacitance (Cdl), assuming a
linear dependence between capacitive current and scan rate. The electrochemically active
surface area (ECSA) was estimated from the electric double-layer capacitance (Cdl) using
Equation (13) and a specific capacitance value (Cs) of 0.04 mF cm−2, a value widely used in
the literature for metal surfaces and metal oxides in alkaline media [69]. Although specific
capacitance can vary depending on chemical composition, surface roughness, porosity,
and the electrolyte used, the choice of 0.04 mF cm−2 allows for a consistent comparison
among different materials reported in the literature [39,69]. Next, the number of surface
active sites (Ns) was estimated using Equation (13), assuming a surface density of active
sites (Ds) of 1.0 × 1016 sites cm−2, a value frequently used to represent the surface atomic
density of compact metal oxides. This approximation assumes a homogeneous distribution
of catalytic sites across the electrochemically accessible surface and that the entire ECSA
contributes to the reaction. Finally, the TOF was calculated using Equation (14), where J
corresponds to the current density obtained during the oxygen evolution reaction (OER),
A is the geometric area of the electrode, F is the Faraday constant (96,485 C mol−1), and
the factor of 4 represents the number of electrons required to form one O2 molecule. It
is worth noting that the TOF obtained via this method represents an apparent estimate,
as the actual number of catalytically active sites cannot be determined directly from Cdl
measurements. Thus, the calculation relies on approximations widely accepted in the
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literature and is particularly useful for relative comparisons between samples prepared
and evaluated under identical experimental conditions.

To evaluate long-term durability, the electrode performance was verified through
1000 continuous cycles and a 14 h chronoamperometry (CA) stability test at a fixed current
density of 10 mA·cm−2, ensuring the electrodes could withstand prolonged operational
stress. To assess the stability of the material and the risk of metal ions leaching during
electrochemical testing, the electrolyte was analyzed using inductively coupled plasma
mass spectrometry (ICP-MS) after the tests.

ηOER = E(RHE)− 1.23 (6)

ηOER = b ∗ log j + a (7)

ECSA =
Cdl
Cs

(8)

n(mol) =
Q

n ∗ F
(9)

Q = I ∗ t (10)

RF =
ECSA

Ageometric
(11)

Ns = ECSA × Ds (12)

ECSA =
Cdl
Cs

(13)

TOF =
J ∗ A

4 ∗ F ∗ Ns
(14)

5. Conclusions
This study confirms that anisotropic morphology engineering is a key factor in opti-

mizing the electrocatalytic performance of FeWO4 in the oxygen evolution reaction (OER).
Although both studied morphologies maintain the ferberite monoclinic structure, the
nanoplatelet morphology exhibits superior catalytic efficiency compared to self-organized
rosette structures, due to a synergistic combination of intrinsic geometric and electronic
advantages. The nanoplatelet morphology’s slightly wider bandgap (1.77 eV) and more
positive valence band position enhance its oxidative capability, thereby accelerating OER
kinetics and reducing charge-transfer resistance. Its 2D form provides a surface area that
is almost double that of self-organized rosette structures, creating more active sites and
enabling the electrolyte to flow more easily across the preferentially exposed (100) plane of
the surface.

Electrolyte screening identified 1 M KOH solution as the optimal medium, where high
facilitates alkaline OER kinetics and interfacial OH− adsorption. Under these conditions,
the nanoplatelet morphology achieves lower overpotentials and reduced Tafel slopes
(116 mV·dec−1), indicating faster electron transfer kinetics during the rate determining step
of OH− adsorption. The significantly higher TOF (×4.2) for the nanoplatelets confirms that
the 2 D structure modifies the catalytic nature of the surface itself, promoting more favorable
adsorption energetics for OER intermediates. These findings establish FeWO4 nanoplatelets
as a high-performance, stable, and cost-effective candidate for alkaline water electrolysis,
offering a clear pathway for future design strategies in transition metal tungstate systems.
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