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Abstract

Electrocatalytic seawater splitting offers a promising avenue for the cost-effective and
environmentally friendly hydrogen production. However, the activity of catalysts has
significantly degraded at the high salinity condition, preventing commercial-scale
practical applications. Here, we demonstrate that iron-doped nickel-based
electrocatalysts with low doping concentration exhibit outstanding performance for the
oxygen evolution reaction (OER) in seawater, particularly at high salinity condition.
Notably, the OER catalysts present only a marginal increase in overpotential of
approximately 5 mV as the sodium chloride concentration in the electrolyte increases
from 0 M to saturation. Furthermore, the low iron-doped electrocatalysts sustain
consistent oxygen generation over 100 hours of operation in a saturated seawater
electrolyte. Supported by first-principles calculations, we unravel that low-
concentration iron doping in Ni-based catalysts can mitigate chloride ion adsorption,
thereby amplifying OER activity in saturated seawater electrolytes, which is in contrast
with high iron-doped electrocatalysts. Our work provides a useful perspective on
designing catalysts for electrolytic seawater OER, potentially paving the way for large-
scale implementation of seawater splitting technologies.
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Introduction

Hydrogen is widely recognized as a renewable and clean energy source due to its
high gravimetric energy density and pollution-free emission.!"!! Water electrolysis
presents a promising approach for hydrogen production, as a means to store intermittent
solar and wind energy.'?'* However, implementing electrocatalytic water splitting on a
commercial scale remains a grand challenge, primarily due to the dependency on
naturally scarce high-purity water as a raw material.'> !¢ Considerable efforts have been
dedicated to producing hydrogen using the electrolysis of desalinated seawater, which
requires high-purity water. However, this process is energy-intensive.!” To put it in
perspective, the global hydrogen consumption currently stands at 70 megatons per year.
If seawater were to be used for hydrogen production, it would necessitate approximately
2.1 billion kilowatt-hours of electrical energy for desalination.'®!° In this regard, direct
seawater splitting emerges as an appealing, feasible, and cost-effective strategy for
hydrogen production. This method bypasses the need for energy-intensive desalination
processes, thereby significantly enhancing the efficiency and sustainability of hydrogen
production from seawater.

Various investigations have been conducted to develop electrocatalysts for the
oxygen evolution reaction (OER) in seawater with low salt concentration
(approximately 0.6 M sodium chloride) and alkaline electrolyte. The alkaline
environment is preferred as it can suppress the evolution of chlorine gas.?’ However, it
has been observed that the activity of OER catalysts degrades rapidly in seawater

electrolyte due to the corrosive effects of chloride ions (Cl-) on the catalytic electrode.?!:



22 Additionally, the chloride ion concentration rises proportionally as seawater gets
consumed during the OER process. This increase in chloride ions can obstruct the active
sites of the catalyst and reduce the number of water molecules or hydroxide ions on the
catalyst surface, thereby leading to a decline in catalytic performance.?*?° As such,
maintaining high catalytic activity and stability during direct seawater electrolysis
proves challenging® 3!, Hence, the development of a catalyst that demonstrates both
high activity and stability in high-salinity seawater is of paramount importance for the
successful realization of large-scale seawater splitting processes.

In this study, we present novel findings on the electrocatalytic performance of a
non-noble-metal nickel-based catalyst doped with a low concentration of iron (Fe-
NiOxHy/CC) over a wide range of salt concentrations in the electrolyte. Our results
demonstrate that Fe-doped NiOxHy/CC catalysts at low doping concentration exhibits
superior electrochemical activity, with an overpotential of ~201 mV (at 0 M saltin 1 M
KOH) and ~206 mV (at saturated salt in 1 M KOH) at a current density of 10 mA cm”
2. Furthermore, the Fe-NiOxH,/CC catalyst exhibits remarkable stability, maintaining
its electrocatalytic activity for up to 100 hours in a saturated alkaline seawater
electrolyte. Our density functional theory (DFT) calculations indicate that the improved
catalytic performance can be attributed to the presence of Fe-Ni bridge sites in the
catalyst, which can modulate CI* adsorption and thus lead to high OER activity. These
findings provide useful insights into the design of efficient and stable electrocatalysts

for seawater splitting.

Results and discussions



The synthesis process of the Fe-NiOxHy/CC electrocatalyst is illustrated in Figure
1, where a black carbon cloth (CC) is used as the conductive substrate (Figure 1a).
Nickel metal doped with ~6 mol% iron was electrochemically deposited on the carbon
cloth (NiFe/CC), as shown in Figure 1b. The surface roughness of NiFe/CC increases
significantly compared to the black carbon cloth. Elemental mapping using the
corresponding X-ray energy dispersive spectroscopy (EDS) shows that Fe and Ni are
uniformly distributed across the entire carbon cloth (Figure S1, Supporting
Information). The composition and structure of NiFe/CC were revealed by the XRD
pattern and XPS spectrum (Figures 2a and 2b). The XRD patterns of NiFe/CC exhibit
three peaks at 44.5°, 51.8°, and 76.3°, corresponding to (111), (200), and (220) planes
of cubic Ni (PDF # 70-0989),%? respectively, indicating the formation of metal nickel
on the carbon cloth.** The Ni 2p XPS spectrum (Figure 2b) shows Ni 2ps2 and 2pi.
peaks at 855.8 eV and 873.7 eV, respectively, corresponding to Ni**,3* along with zero-
valent Ni peak at 851.9 eV. The Fe 2p XPS spectra (Figure 2¢) show two significant
peaks of the 2ps/2 and 2p12 components at 712.8 eV and 724.3 eV, with a peak distance
of ~12 eV, confirming the presence of Fe*".>> The O 1s XPS spectrum (Figure 2d)
exhibits a characteristic peak of hydroxy-oxygen at 531.4 eV derived from Ni(OH):
and Fe(OH)s.% These results suggest that the deposited NiFe/CC has a mixture structure
of Ni(OH); and Fe(OH)s.

Through surface treatment, the electronic structure of the active site can be
modulated in the sulfur polyanion environment, leading to high OER activity.?”-3® After

the sulphuration on NiFe/CC, metal nickel can still be detected (Figure 2a), and the Ni



2p spectrum shows the presence of both Ni** and Ni’ in the sulfurized NiFe/CC (Figure
2b).3% 40 Figure 2¢ shows the XPS spectrum of Fe 2p in the sulfurized NiFe/CC, which
indicates Fe** oxidation state. The XPS spectrum of O 1s (Figure 2d) shows the
presence of the hydroxy-oxygen after the sulphuration. However, the intensity of
hydroxy-oxygen peak decreases in this sulfurized sample. In addition, the XPS
spectrum of S 2p shows three peaks that result from the superposition of the S*, S,%,
and S»* peaks (Figure S2, Supporting Information).*!

To further improve the catalyst performance, the sulfurized NiFe/CC sample was
treated by using electrochemical oxidation, which leads to the formation of a lamellar
hydroxide structure (Figure Ic). This alkaline oxidation process facilitates the
conversion of Ni sites into disordered NiOOH on the electrode surface.*” The
hydrothermal sulphuration and electrochemical oxidation processes contribute to
increasing the active surface area of the catalyst and transforming the nickel-ferric
hydroxide composites into active substances. The structural characterization of the
synthesized Fe-NiOxHy/CC is depicted in Figure 3. The Raman spectrum of Fe-
NiOxH,/CC reveals Ni"-O vibration peaks at 471 cm™ and 551 cm’', as shown in Figure
3a.* These results suggest the presence of active species NiIOOH .** The sample
remains amorphous, as confirmed by the XRD pattern in Figure S3 of the
Supplementary Information.*> XPS was employed to further investigate the surface
electronic states of Fe-NiOxHy/CC composites. As shown in Figure 3b, the peaks at
855.6 eV and 873.3 eV in the Ni 2p spectrum of Fe-NiOxHy/CC could be assigned to

Ni** 2p3» and Ni** 2ps2, respectively. The Ni** 2p peaks could potentially signify the



3+

formation of NiOOH.*® The XPS spectrum of Fe 2p confirms the presence of Fe
(Figure. 3¢).>> Two peaks are observed at 529.5 eV and 530.6 eV (Figure. 3d) for the O
Is spectrum of Fe-NiOxHy/CC catalyst, with the former corresponding to the binding
energy of M-O and the latter corresponding to the M-OH.*” *® This suggests that the
sample is in a mixed state of NiOOH, FeOOH, and Ni(OH),,* which are unstable
during the reaction due to mutual transformation®’. The XPS measurement on S 2p
suggests that there is no S in the sample after oxidation (Figure S4, Supporting
Information). In addition, the relative contents of each element in Fe-NiOxH,/CC were
determined by inductively coupled plasma optical emission spectrometry (ICP-OES).
According to the results of the calculation, the Fe/Ni molar mass ratios in Fe-NiOxHy
are found to be approximately 6 mol%.

To explore the OER performance of Fe-NiOxHy/CC, the three-electrode system
was used, with NiOxHy/CC (Figure S5, Supporting information) and Ni(OH), (Figure
S6, Supporting information) as the referential samples. Figure 4a shows the polarization
curves of various catalysts in 1M KOH electrolyte. Among them, the Fe-NiOH,/CC
exhibits the highest OER activity, with a low overpotential of ~201 mV at a current
density of 10 mA cm 2, which is significantly lower than that of the NiOxHy/CC (~215
mV) and Ni(OH),/CC (~279 mV) (Figure 4b). To further demonstrate the catalytic
performance of the materials, we investigated the corresponding Tafel plots of all the
catalysts (Figure 4c). Fe-NiOxH,/CC shows a smaller Tafel slope (50 mV dec!)
compared to those of NiOxHy/CC (140 mV dec!) and Ni(OH), (133 mV dec ). The

small Tafel slope indicates a faster increment of OER rate with increasing overpotential,



leading to higher catalytic activity.’® 3! These results demonstrate that doping Fe can
significantly enhance the OER performance of Ni-based catalysts.

Next, we examine the stability of the electrocatalyst. As Figure 4d shows, Fe-
NiOxH,/CC exhibits enhanced catalytic stability in comparison to NiOxHy/CC (Figure
S7, Supporting information) and Ni(OH),/CC (Figure S8, Supporting information)
across a range of conditions, from 0.6 M NaCl alkaline electrolyte to saturated NaCl
alkaline electrolyte. To elucidate the impact of Cl- on the Fe-NiOxH,/CC electrocatalyst,
we evaluated the performance of the sample under varying salt concentrations using
chronopotentiometry measurements. Figure 4e summarizes the overpotentials required
for Fe-NiOxH,/CC as an OER electrocatalyst to drive current densities of 10 mA cm™
in 0.6 M NaCl alkaline electrolytes, 2 M NaCl alkaline electrolytes, and saturated NaCl
alkaline electrolytes. They are observed to be 202 mV, 208 mV and 206 mV,
respectively. The marginal overpotential difference (~4 mV) between 0.6 M NaCl
alkaline electrolyte and saturated NaCl alkaline electrolyte suggests that the
performance of the Fe-NiOxHy/CC sample remains unaffected by varied chloride ion
concentrations. We further performed a comparative analysis of Fe-NiOH,/CC,
NiOxH,/CC and Ni(OH),/CC samples in 0 M NaCl alkaline electrolyte, 0.6 M NaCl
alkaline electrolyte, 2 M NaCl alkaline electrolyte and saturated NaCl alkaline
electrolyte, as shown in in Figure 4f and Figure 4g. In the four electrolyte
concentrations, the overpotential growth trend is different for Fe-NiOxHy/CC,
NiOxHy,/CC, and Ni(OH)./CC. For the NiOxHy/CC, the nio (the overpotential at the

current density of 10 mA cm?) values are 215 mV, 214 mV, 219 mV, and 230 mV,



respectively, with a maximum differences of ~16 mV, whereas for Ni(OH),/CC, the nio
values are 279 mV, 286 mV, 290 mV, and 306 mV, respectively, with a maximum
differences of ~27 mV. In contrast, the maximum overpotential difference of Fe-
NiOxHy/CC catalyst is only ~5 mV in the various salt concentrations, much smaller than
those of NiOxHy/CC and Ni(OH),/CC catalysts. This suggests that the low Fe-doping
concentration contributes to the enhanced stability of the OER activity, even with
varying salt concentrations from 0 M to saturated levels. Furthermore, Figure SO in the
Supporting Information illustrates that Fe-NiOxHy/CC not only performs excellently
but also exhibits remarkable stability under high salt concentrations. Figures 4h and 4i
demonstrate the catalytic stability of the Fe-NiOxHy/CC catalyst in an alkaline seawater
electrolyte. The Fe-NiOxHy/CC catalyst maintains stable catalytic performance for up
to 12 hours at 10 mA cm™ in seawater electrolyte (0.6 M seawater salt in 1 M KOH),
as shown in Figure 4h. In saturated alkaline seawater electrolyte, the catalyst with low
Fe doping retains high stability up to 100 hours of continuous reaction, as depicted in
Figure 4i.

To evaluate the impact of iron content on the performance of the catalyst, we
carried out an experimental investigation on the linear sweep voltammetry (LSV)
performance of samples prepared with varying molar ratios of iron to nickel (Fe/Ni)
under conditions of saturated salt concentration. Our results demonstrated that catalysts
with a Fe/Ni ratio of ~ 6 mol% outperforms those with Fe/Ni ratios of ~ 1 mol%, ~ 3
mol%, ~ 45 mol%, and 1000 mol%. This indicates that the presence of nickel-iron

bridge sites within the catalysts can enhance performance, whereas performance tends



to decrease when these bridge sites are exclusively nickel-nickel or iron-iron.
Consequently, catalysts with a lower iron content exhibit superior catalytic performance
(Figure S10, Supporting Information). These results align well with theoretical
simulation findings, as detailed subsequently.

In order to elucidate the underlying mechanism responsible for the enhanced
performance of the Fe-NiOxHy/CC catalyst, we conducted density functional theory
(DFT) calculations. OER is known to evolve several elementary steps, where the "*"
symbol denotes the relevant intermediate absorbent states.>> As illustrated in Figure 5a,
the overpotential of the reaction can be estimated by the calculated free energy of the
OH*, O*, and OOH* intermediates.>® Establishing a correlation between the free
energy of intermediates and the overpotential of reactions is crucial for the rational
design of catalysts.>* Figure 5b presents the adsorption energies of OER and CI°
intermediates at Ni and Fe surface sites for pure NIOOH with Ni-Ni bridge site, FeOOH
with Fe-Fe bridge site, and Fe doped NiOOH model structures with Fe-Ni bridge site.
The calculated results suggest that the pure NIOOH and FeOOH structures display the
strongest and weakest adsorption capacity towards OER and Cl° intermediates,
respectively. The slightly doped Fe-NiOOH structure exhibits a moderate adsorption
capacity. Furthermore, we calculated the Gibbs free energies of the proposed OER
pathway with OH*, O*, and OOH* intermediates and estimated the OER overpotentials
in Figure 5c. Compared with pure NIOOH and FeOOH structures, Fe-Ni bridge sites in
Fe-NiOOH show a lower OER overpotential, implying that Fe-doped Ni sites are more

favorable for OER than pure Ni and Fe sites. This suggests that Fe-NiOxH,/CC samples



possess low overpotential and moderate adsorption capacity for both OER and CI*
intermediates. According to the linear scaling relations in Figure 5b, the OER
overpotential can be determined by the free energy of O* intermediate (4G (O*)) and
its energy difference to HO* intermediate, denoting as AG (O*) -4G (HO*).> Figure
5d depicts the two-dimensional OER activity volcano, representing the overpotential as
a function of Gibbs free energies of OER intermediates. It clearly shows that the Fe-
NiOxHy/CC has the lowest OER overpotential compared to the NIOOH and FeOOH
structures. These results demonstrate that Ni-Fe bridges in catalysts are favorable for a
low OER overpotential and moderated adsorption energies of CI', leading to high
catalytic activity for Fe-NiOxHy/CC in salt concentrations varying from 0 M to
saturated alkaline electrolyte (Figure S10, Supporting information). The atomic
composition of Fe-NiOxHy can be visually assessed from the aberration-corrected
transmission electron microscopy (AC-TEM) image. As depicted in Figure S12, the
elements Ni and Fe exhibit a uniform distribution, which implies the presence of

abundant Fe-Ni bridging sites, and thus supports the DFT calculations.

Conclusion

In conclusion, we have successfully prepared Fe-NiOxH,/CC catalysts with a low
iron content of about 6 mol%, which demonstrates excellent OER performance. The
Fe-NiOHy/CC catalyst exhibits a low overpotential of only ~201 mV at 10 mA cm™
and outstanding stability in alkaline electrolyte. Moreover, the overpotential variation
attenuation of the catalyst is only ~5 mV when the salt concentration in the electrolyte

increases from 0 M to saturated NaCl alkaline electrolyte, and the Fe-NiOxH,/CC



catalyst can be stable for at least 100 h. Combined with density functional theory
calculations, it turns out that the low Fe doping weakens the adsorption of chloride ions
on the OER catalyst in saturated seawater electrolyte while enhancing its activity. These
findings demonstrate that the Fe-NiOxHy/CC has the potential as a high-performance
electrocatalyst at high salt concentrations. Our work provides a new perspective on
designing electrocatalysts with improved stability and salt tolerance for seawater

splitting and large-scale hydrogen production.

Experiment Section

Synthesis of NiO:H,/CC, Fe-NiO.H,/CC. First, carbon cloth (1x2 cm?) was roasted in
a tubular furnace into for 15 minutes at 450 °C to make carbon cloth became hydrophilic.
The Fe-NiOH,/CC nanosheet arrays were prepared through a simple, convenient
electrodeposition method and hydrothermal method. To prepare the Fe-NiOH,/CC
catalyst, 0.075 mmol NiSO4 - 6H>0, 0.6 mmol H3BO3, and 0.0042 mmol Fex(SO4)3
were dissolved in 50 mL of DI water, the solution was dispersed evenly. The
electrodeposition process was finished via a three-electrode system, a graphite paper
sheet was used as the auxiliary electrode, whereas an Hg/HgO electrode was selected
as the reference electrode. Also, the treated carbon cloth (1x2 cm?) was used as the
working electrode, and the 50 mL solution prepared as mentioned above was used as
the electrolyte solution. The electrodeposition current was -10 mA cm™ versus Hg/HgO
electrode, and the electrodeposition time was 1 hour. The prepared electrocatalyst was
washed by DI water and dried for 5 minutes. The experiment was carried out at room

temperature.



Secondly, to sulphurate the prepared electrocatalyst, 0.05 g sulfur powder was
dissolved into 10 mL oleylamine, and then the prepared electrocatalyst carbon cloth
(1x2 cm?) was placed into the solution, The solution was transferred to a Teflon-lined
PTFE autoclave vessel and heated at 150 °C for 5 h. the prepared carbon cloth of
sulphuration was washed several times in a solution with a volume ratio of 1:1
ethanediamine and ethanol.

Finally, the prepared carbon cloth of sulphuration was electrochemical oxidation
at 10mA cm™ for 1h. The preparation process of the NiOxH,/CC catalyst is the same as
above, and other conditions remain unchanged; the only change is that without
Fex(S04)3 is added.

Synthesis of Ni(OH)»/CC. Ni(OH),/CC catalyst were prepared through a simple
hydrothermal method. 4 mmol NH4Cl and 2.8 mmol Ni(NOs), were dissolved in 40 mL
of DI water , then the solution was dispersed evenly. The carbon cloth was soaked in
the prepared solution. The solution was transferred to a Teflon-lined PTFE autoclave
vessel and heated at 120 °C for 6 h. Carbon cloth was washed several times and dried.

Material Characterization. D8 Advance Power X-ray diffractometer (XRD) was
performed to characterize the crystal structure date of the samples, with high-intensity
Cu-Ka radiation (A = 0.15 nm), and the scanning range was 10—80°. The scanning rate
was 5° min™'. Scanning electron microscope (SEM) was used (FEI Helios G4 CX with
10 kV and 43 pA working condition) to obtain the images of microscopic morphology.
X-ray photoelectron spectroscopy (XPS, PHI 5000 VersaProbelll) analysis was

performed to get the chemical valence of the catalysts. Raman spectroscopy (RTS2,



Zolix) measurement was employed using a 532 nm excitation source. Inductively
coupled plasma optical emission spectrometry (ICP-OES) measurement was conducted
on AGILENT ICP-OES 730. Spherical aberration-corrected transmission electron
microscope (AC-TEM) was used (JEM-ARM200F) to obtain the images of
microscopic morphology and the corresponding elemental mapping images.

Electrochemical Testing. All electrochemical tests were conducted using a
traditional three-electrode system on the CHI660E electrochemical workstation, in
which the graphite paper was used as the auxiliary electrode, Hg/HgO was used as the
reference electrode, and the deposited catalysts on the carbon cloth was selected as the
working electrode. The salt concentrations of electrolytes were varied by dissiolving 0
M NaCl, 0.6 M NaCl, 2 M NaCl and saturated NaCl dissolved in 1M KOH solution.
The whole potential was transformed into a reversible hydrogen electrode (RHE),
taking advantage of the equation: E(RHE) = E(Hg/ HgO) + 0.098 + 0.059 x pH. The
catalyst was activated with the linear sweep voltammetry (LSV) technique with a sweep
rate of 1 mV s!. EIS analysis was obtained with a frequency between 10 mHz and 700
kHz at 0.55 V (vs Hg/HgO) for an amplitude of 5 mV to investigate the charge-transfer
Capacity of the catalyst. All the polarization curves were recorded with 85% iR
compensation using the solution resistance estimated from EIS results. In addition, the
stability was measured using the chronopotentiometry technique which was conducted
at 10 mA cm™.

Computational Methods. Density functional theory (DFT) calculations were

carried out using the Quantum Espresso package and ultrasoft pseudopotentials®® 7.



The exchange-correlation interaction was approximated by the revised Perdew—Burke—
Ernzerhof (RPBE) functional.’® The kinetic energy cutoff for plane wave expansion
was set to 50 Ry. To improve the description of localized Ni and Fe d-electrons in the
Fe-NiOxHy catalysts, a simplified rotationally invariant implementation®® of Hubbard-
U model was employed with a value of U(Ni) = 6.6eV and U(Fe) =3.5eV as

reported by Friebel et al>

To minimize periodic interactions, a vacuum layer with a
thickness of 16 A was incorporated perpendicular to the surface of the slab model. The
Brillouin zone was sampled using 4 X 5 X 1 Monkhorst-Pack k-point grids and a
Fermi-level smearing width of 0.1 eV was employed. Spin-polarization effects were
considered on all calculations. All structures were optimized until force components
below 0.05 eV/A. The energies of molecules O, and H,O were also calculated as the
gas-phase reference. The reaction free energy was calculated as AG = AEppr +
AZPE — TAS, where AEpgpr is the change in total energy calculated by DFT, and

AZPE and TAS is the zero-point energy and entropy corrections for the gas-phase

molecules taken from reference®®.
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Figure 1. Schematic illusion of the synthesis of low Fe doping Ni-based catalyst on
carbon cloth (Fe-NiOxHy/CC). (a) The conductive subtract of carbon cloth (CC), (b)
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Figure 2. (a) XRD patterns of deposition and sulphuration of FeNi/CC. (b) Ni 2p, (c)
Fe 2p, (d) O 1s High- resolution XPS spectrum for deposition and sulphuration of

FeNi/CC.
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Figure 3. (a) Raman spectra of the Fe-NiOH,/CC. (b) Ni 2p, (c) Fe 2p, (d) Ols high-
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Figure 4. (a) Polarization curves (iR corrected) of Fe-NiOxH,/CC, NiOxH,/CC and
Ni(OH)2/CCin 1 M KOH electrolyte. (b) The chronopotentiometry measurement at a
current density of 10 mA cm™ for Fe-NiOxH,/CC, NiOxH,/CC and Ni(OH)»/CC in 1 M
KOH electrolyte. (c¢) Tafel plots of Fe-NiOH,/CC, NiOxHy/CC and Ni(OH),/CC in 1
M KOH electrolyte. (d) Polarization curves (iR corrected) of Fe-NiOxHy/CC in the 0.6
M NaCl, 2 M NaCl and Saturated NaCl in 1 M KOH electrolytes. (e¢) The
chronopotentiometry measurement at a current density of 10 mA cm™ for Fe-
NiOxHy/CC, in the 0.6 M NaCl, 2 M NaCl and Saturated NaCl in 1 M KOH electrolytes.
(f) Corresponding histogram of overpotential for Fe-NiOxH,/CC, NiOxH,/CC and
Ni(OH),/CC from 0 M to saturated salt in electrolyte at 10 mA cm™. (g) Overpotential

difference against salt concentration gradient for Fe-NiOxHy/CC, NiOxH,/CC and



Ni(OH)2/CC. (h) The chronopotentiometry measurement at a current density of 10 mA
cm™ for the Fe-NiOxH,/CC. in seawater (i) The chronopotentiometry measurement at
a current density of 10 mA cm™ for the Fe-NiOxH,/CC in saturated seawater. (All

polarization curves were measured by LSV at scan rate of 1 mV s !.)
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Figure 5. (a) The proposed OER pathway on the (010) surface of Fe-NiOH,/CC
models, where the red and green octahedrons represent Fe and Ni atoms, respectively.
(b) Computed adsorption energies of OER and C1* intermediates, (c) theoretical OER
free energy diagram for the pure NiOOH, FeOOH and Fe-doped NiOOH. (d) Two-
dimensional OER activity volcano representing the overpotentials as a function of

Gibbs free energies of OER intermediates.
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adsorption while enhancing the oxygen evolution reaction activity, which leads to stable

catalytic activity from 0 M to saturated alkaline salt electrolyte.





