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ABSTRACT
Photoelectrochemical (PEC) water splitting is often constrained by interfacial recombination and sluggish oxygen evolution, 
highlighting the importance of constructing efficient catalytic junctions on photoanodes. Here, we report that a brief PEC 
activation restructures a photodeposited NiFe oxyhydroxide layer on In2S3 into a self‐optimized catalytic interface through 
sacrificial Ni leaching‐induced interfacial reconstruction. Activation triggers selective Ni leaching and simultaneous surface 
porosification, generating an amorphous FeOOH‐like overlayer that is intimately coupled to the sulfide surface. Spectroscopic, 
kinetic, and theoretical analyses indicate that reconstruction strengthens electronic coupling, suppresses carrier recombination, 
and lowers charge‐transfer resistance at both the semiconductor/cocatalyst and cocatalyst/electrolyte interfaces. Consequently, the 
activated photoanode delivers 9.58 mA cm−2 at 1.23 V versus reversible hydrogen electrode, placing its performance among the 
best reported for oxide and sulfide photoanodes under comparable conditions. Beyond performance enhancement, this work 
highlights operando interface reconstruction as a powerful route for transforming static cocatalyst contacts into dynamically 
optimized catalytic junctions, providing new insights for the design of high‐efficiency solar water oxidation systems.

1 | Introduction 

Photoelectrochemical (PEC) water splitting represents a com
pelling route toward sustainable solar‐to‐hydrogen conversion, 
yet its practical efficiency is severely constrained by sluggish 
oxygen evolution reaction (OER) kinetics and rapid photo
generated charge carrier recombination [1, 2]. Beyond light 
absorption and bulk charge transport, the semiconductor/elec
trolyte interface ultimately determines whether photogenerated 
holes are productively consumed by water oxidation or wasted 
through interfacial recombination [3–5]. Accordingly, coupling 

photoanodes with OER cocatalysts has been widely adopted to 
accelerate surface kinetics and improve charge utilization; 
however, the effectiveness of this strategy hinges critically on 
the interfacial bonding, electronic coupling, and operational 
stability of the cocatalyst/semiconductor junction [6–9].

Nickel‐iron (NiFe) oxyhydroxides have emerged as the most 
active OER catalysts in near‐neutral and alkaline electrolytes 
owing to their exceptional intrinsic activity with operational 
robustness, and thus constitute an attractive cocatalyst family 
for PEC photoanodes [10]. Nevertheless, NiFe‐enabled PEC 
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photoanodes have been centered predominantly on oxide 
semiconductors (e.g., BiVO4 and α‐Fe2O3), while the interfacial 
chemistry, structural dynamics, and active‐species evolution 
of NiFe catalysts on sulfide substrates (e.g., In2S3) remain 
insufficiently elucidated [11, 12]. This knowledge gap is par
ticularly relevant for metal sulfide photoanodes, such as In2S3 

(denoted as IS), which offers strong visible‐light absorption with 
favorable carrier transport yet frequently suffers from interfacial 
instability and defect‐mediated recombination under oxidative 
bias [13]. In practice, directly depositing NiFe overlayers on 
sulfides often yields weakly bonded, defect‐rich contacts that 
can initially exacerbate recombination and compromise stabil
ity, turning a nominally beneficial cocatalyst into an interfacial 
liability [14, 15]. How such weakly coupled sulfide/cocatalyst 
junctions can be transformed into robust, strongly coupled 
catalytic interfaces and what the true active state is under 
operation remain open questions [16, 17].

Here, we demonstrate that brief PEC activation can convert a 
recombination‐prone, as‐deposited NiFe overlayer on IS into a 
self‐optimized junction with a strongly coupled catalytic interface. 
Rather than reaching its optimal state during the initial deposi
tion, this junction evolves under PEC operating conditions into a 
more favorable steady state through selective component loss and 
interfacial reorganization. During activation, selective Ni leaching 
acts as a sacrificial trigger that drives interfacial reconstruction, 
giving rise to two synergistic features: (i) an intimately re
constructed catalytic junction with enhanced interfacial coupling 
to the sulfide surface, and (ii) a porous, amorphous FeOOH‐like 
overlayer with increased accessible active site density. This dual 
reconstruction strengthens interfacial electronic coupling, accel
erates hole transfer, and suppresses surface recombination, en
abling a photocurrent density (J) of 9.58 mA cm−2 at 1.23 V versus 
reversible hydrogen electrode (RHE), surpassing most reported 
metal oxide and sulfide‐based photoanodes. Collectively, these 
findings establish self‐optimized interface engineering by PEC 
reconstruction, turning sacrificial‐metal‐triggered reconstruction 
into a controllable pathway for interface optimization toward 
efficient solar‐driven water oxidation.

2 | Results and Discussion 

2.1 | Synthesis and Characterization of the IS/ 
NFA Photoanode 

Pyramidal IS was grown on the fluorine‐doped tin oxide (FTO) 
by hydrothermal synthesis and subsequently coated with a con
formal NiFe oxyhydroxide layer (~10 nm) via photoelectron‐ 
deposition (IS/NF; Figure S1A). Upon brief PEC activation under 
air mass 1.5 G illumination in 0.5 M Na2SO4 electrolyte 
(Figure 1A), the resulting photoanode (IS/NFA) develops abun
dant nanoscale pores across the surface (Figure 1B,C), indicating 
substantial near‐surface reconstruction. Notably, high‐resolution 
transmission electron microscopy (HRTEM) images show that 
the lattice fringes of IS are preserved after deposition and acti
vation (Figures 1D,E and S1B), and X‐ray diffraction (XRD) 
patterns remain essentially unchanged (Figure S1C), confirming 
that reconstruction is confined to the surface region without al
tering the bulk phase. Control experiments further verify that 
neither light irradiation nor electrochemical bias alone induces 
comparable morphological or structural changes (Figure S2), 

demonstrating that the reconstruction requires coupled PEC 
driving. When pristine IS was subjected to the same treatment, it 
exhibited similar porous reconstruction and identical XRD fea
tures to the comparison system (Figure S3). This demonstrates 
that the formation of the porous structure originates from IS 
reconstruction, which subsequently drives NiFe oxyhydroxide 
layer restructuring, resulting in the emergence of a new cocata
lyst that promotes surface catalytic kinetics.

To identify the chemical origin of the reconstructed inter
face, we performed XPS analyses before and after activation. 
The Fe peaks at 711.1 and 713.2 eV, assigned to Fe2+ and 
Fe3+, respectively, together with the Ni peak at 855.6 eV 
attributed to Ni3+, are consistent with a NiFeOOH species as 
reported in the literature [18, 19]. Upon NiFeOOH deposi
tion, a new O 1s component appears at 529.8 eV (Figure S4), 
indicating the introduction of oxygen‐containing surface 
species [20]. After PEC activation, the Ni signal is drastically 
depleted while Fe remains detectable at the surface, con
sistent with selective Ni leaching and the transformation of 
the initial NiFe overlayer into an Fe‐rich surface phase 
(Figure 1G–I). Inductively coupled plasma‐optical emission 
spectroscopy (ICP‐OES) further confirms the strong atten
uation of Ni and partial loss of Fe after activation, in line 
with the extensive surface reconstruction and partial over
layer depletion. Depth‐resolved XPS and elemental mapping 
further indicate that the residual Fe is concentrated near the 
surface (Figures S5 and 1F), supporting the formation of an 
FeOOH‐like catalytic layer intimately coupled to IS [21]. 
Together, these results identify a dual reconstruction path
way: surface porosification of IS and compositional trans
formation of the NiFe overlayer driven by PEC operation.

2.2 | Interfacial Electronic Structure and 
Chemical States 

After PEC activation, both In, O, S, and Fe peaks shift further 
toward higher binding energy, and the oxygen content decreases 
(Figure 2A), indicating activation‐induced interfacial oxygen 
redistribution and strengthened chemical interaction between the 
reconstructed overlayer and the underlying IS substrate. Collect
ively, these observations suggest that, beyond Ni leaching, strong 
interactions between surface oxygen species and the underlying In 
and S occurred during activation, ultimately giving rise to a new 
surface cocatalyst on IS. As illustrated in Figure 2B, FeNiOOH is 
initially loaded onto the IS/NF surface. Upon electrochemical acti
vation, Ni undergoes selective leaching, leaving FeOOH as the 
dominant surface species. Two‐dimensional differential charge‐ 
density analysis further elucidates the electronic nature of interfacial 
reconstruction. In IS/NF (Figure 2C), charge redistribution is pri
marily localized at the immediate heterointerface, indicating rela
tively weak interfacial polarization and limited electronic coupling 
between the two components. After activation (Figure 2D), the 
FeOOH/IS interface displays significantly enhanced regions of 
charge accumulation and depletion, reflecting intensified interfacial 
polarization and more pronounced electronic interaction across the 
interface. Consistently, XPS spectra show that all elemental core‐ 
level peaks of IS/NFA shift toward higher binding energy relative 
to IS/NF, evidencing net electron withdrawal and strengthened 
interfacial built‐in electric field and potential modulation. Collect
ively, the concordance among structural reconstruction, charge 
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polarization, and spectroscopic shifts demonstrates that Ni leaching‐ 
driven FeOOH enrichment reinforces interfacial charge 
redistribution and lowers the energetic cost of interfacial charge 
exchange, thereby providing an intrinsic basis for the accelerated 
oxygen evolution kinetics of the optimized system.

To further clarify the nature of the reconstructed surface species, 
X‐ray absorption spectroscopy of Fe K‐edge was employed. The Fe 
K‐edge X‐ray absorption near edge spectroscopy (XANES) shows a 
pronounced positive edge shift for IS/NFA relative to IS/NF 

(Figure 2E), indicating an increased average oxidation state of Fe 
upon activation [18]. This oxidation‐state evolution is fully con
sistent with the Fe 2p XPS results discussed above, where a pro
nounced increase in the Fe3+ component relative to Fe2+ is 
observed after activation, confirming the preferential stabilization of 
higher‐valence Fe species during surface reconstruction. Fourier‐ 
transformed extended X‐ray absorption fine structure (EXAFS) 
further reveals that higher‐shell scattering features are substantially 
suppressed and only a dominant first‐shell contribution remains 

FIGURE 1 | Synthesis, morphology, and composition of IS/NFA. (A) Schematic illustration of the photoelectrochemical deposition and acti
vation processes. (B, C) TEM images and (D, E) HRTEM images of IS and IS/NFA. (F) STEM mapping images of IS/NFA. (G) Fe 2p, (H) Ni 2p XPS 
spectra of IS, IS/NF, and IS/NFA. (I) Comparison of metal contents of IS, IS/NF, and IS/NFA based on ICP‐OES analysis. ICP‐OES, inductively 
coupled plasma‐optical emission spectroscopy; IS, In2S3; IS/NF, In2S3 was modified by depositing NiFeOOH; IS/NFA, In2S3 was first modified by 
depositing NiFeOOH subsequently underwent a PEC activation process; STEM, scanning transmission electron microscopy; TEM, transmission 
electron microscopy; XPS, X‐ray photoelectron spectroscopy. 
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(Figure 2F,I), evidencing a lack of long‐range order [22]. The 
absence of Fe─Fe coordination peaks characteristic of metallic Fe or 
crystalline iron oxides, together with the retained short‐range Fe─O 
coordination, supports that Fe in IS/NFA predominantly resides in 
a highly dispersed, amorphous oxyhydroxide‐like environment [23]. 
These results corroborate a reconstruction‐driven transformation 
toward an FeOOH‐like active phase stabilized at the sulfide 
interface.

2.3 | PEC Performance and Charge Separation 
Dynamics 

Benefiting from reconstruction‐induced porous architecture and 
the formation of an Fe‐rich oxyhydroxide‐like surface, IS/NFA 
delivers markedly improved PEC water oxidation performance. 

The PEC activity of IS/NFA is strongly correlated with the 
photodeposition parameters, including deposition time 
(1–20 min), deposition potential (−0.1 to 0.2 V vs. Ag/AgCl), and 
Ni/Fe ratio (18:0–0:18), as well as the activation conditions, 
specifically activation potential (0.4–0.8 V vs. Ag/AgCl) and 
activation duration (20–60 s). The detailed experimental param
eters are summarized in Figures S6–S10. Relevant SEM images 
corresponding to different deposition times, deposition poten
tials, and activation durations are shown in Figures S11–S13. 
These results highlight the importance of precise control over 
PEC deposition and activation parameters in optimizing PEC 
performance. At 1.23 V versus RHE, its photocurrent density 
reaches 9.58 mA cm−2 (Figure 3A), accompanied by a cathodic 
shift of the onset potential (Eon) by 182 mV (Figure 3B). The 
applied bias photon‐to‐current efficiency (ηABPE) as a function of 
bias voltage is shown in Figure 3C. The IS/NFA photoanode 

FIGURE 2 | Electronic structure and valence state evolution. (A) Schematic diagram of XPS peak shift of IS, IS/NF, and IS/NFA. (B) Schematic 
diagram of the heterojunction structure of systems IS/NF and IS/NFA. (C, D) Two‐dimensional differential charge‐density map of IS/NF and IS/ 
NFA. (E) Normalized Fe K‐edge XANES spectra and (F) Fourier transform curves of k3‐weighted Fe K‐edge EXAFS spectra of Fe foil, IS/NF, and IS/ 
NFA. (G–I) Wavelet transforms of the k3‐weighted EXAFS signals of Fe foil, IS/NF, and IS/NFA. EXAFS, extended X‐ray absorption fine structure; 
XANES, X‐ray absorption near edge spectroscopy. 
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delivers a maximum ηABPE of 2.83% at 0.76 V versus RHE, 
highlighting its evident performance enhancement across the 
potential range. Figure 3D compares the photocurrent densities 
of representative non‐precious‐metal photoanodes, showing that 
IS/NFA delivers the highest reported performance among non‐ 
noble‐metal‐based photoanodes to date (Table S1) [24–55]. The 
significantly enhanced J indicates that the conformally covered 
FeOOH‐like active phase optimizes carrier transfer paths, 
thereby improving carrier utilization efficiency.

To elucidate the physical origins of this exceptional PEC activity, 
we first investigated the optical properties of the prepared sam
ples. UV–vis absorption spectra and corresponding Tauc plots 
(Figure S14) reveal that IS/NF and IS/NFA exhibit slightly nar
rowed apparent bandgaps (1.96 eV) and enhanced absorption in 
the 500–700 nm range. However, the unity absorbed photon‐to‐ 
current density (Jabs) increases only modestly (Table S2), indi
cating that the performance gain cannot be primarily ascribed to 
light harvesting. The interfacial charge separation dynamics were 

further probed by surface photovoltage spectroscopy (SPV) and 
room‐temperature photoluminescence (PL) spectroscopy analy
ses. The SPV and PL measurements directly reveal improved 
charge separation after activation: IS/NF shows reduced SPV 
and enhanced PL intensity (Figure 3E,F), indicative of enhanced 
charge recombination due to the defect‐rich and weakly coupled 
cocatalyst/semiconductor contact immediately after NiFeOOH 
deposition [55]. In contrast, upon subsequent PEC activation, 
IS/NFA exhibits the strongest SPV response, the weakest PL 
emission, together with a prolonged carrier lifetime of 5.24 ns 
(Figure 3G and Table S3). Consistent with the time‐resolved 
photoluminescence (TRPL) results, transient absorption (TA) 
spectroscopy (Figure S15) further reveals a significantly pro
longed carrier lifetime in IS/NFA (τ2 = 2767.02 ns), which can be 
attributed to the effective passivation of surface sulfur vacancies 
and trap states by the self‐optimized Fe‐rich overlayer. These 
integrated findings provide evidence for substantially suppressed 
recombination and more efficient charge separation [56].

FIGURE 3 | PEC performance and charge dynamics. (A) J–V curves, (B) J and Eonset, and (C) ηABPE values of IS, IS/NF, and IS/NFA. 
(D) Comparison of J of recently reported non‐precious‐metal photoanodes. (E) PL curves, (F) SPV curves, and (G) TRPL curves of IS, IS/NF, and 
IS/NFA. PL, photoluminescence; SPV, surface photovoltage spectroscopy; TRPL, time‐resolved photoluminescence. 
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2.4 | Reaction Kinetics and Theoretical Analysis 

Control experiments establish that the superior activity requires 
activating the pre‐assembled IS/NF hybrid interface. The elec
trode fabricated by activating IS first and subsequently depos
iting NiFeOOH (ISA/NF) exhibits markedly inferior PEC 
performance compared with IS/NFA (Figure S16), highlighting 
that surface reconstruction must occur cooperatively within the 
hybrid system to form the optimized junction. Furthermore, 
electrochemical impedance spectroscopy (EIS) at open circuit 
potential was conducted to investigate the interfacial charge‐ 
transfer capability (Figure S17) [57]. The inset shows the fitting 
circuit used to extract the resistances. The series resistance (Rs) 
represents the impedance between FTO and the photoanode, 
and the charge‐transfer resistances Rp1 and Rp2 represent the 
impedance at the interface between IS/cocatalyst film and the 
cocatalyst/electrolyte, respectively [58, 59]. Compared with 
ISA/NF and IS/NF, IS/NFA shows a smaller Rp1 value 
(Figure 4A) in all potentials, meaning that charge carriers 
transfer faster across the IS/cocatalyst interface. As described 

before, this improvement originates from the PEC‐induced 
surface reconstruction, which drives interfacial reorganization 
within the hybrid photoanode. The reconstructed interface en
ables strong coupling between IS and NiFeOOH, where the 
formation of interfacial integrated catalytic junction facilitates 
carrier transfer across the junction and simultaneously sup
presses interfacial recombination.

Additionally, ISA/NF and IS/NF exhibit comparable Rp2 values 
while IS/NFA exhibits the lowest value of Rp2, indicating that 
NiFeOOH itself undergoes reconstruction during the surface 
reconfiguration of IS (Figure 4B). As discussed above, the PEC 
activation induces Ni leaching from NiFeOOH while simulta
neously promoting intimate integration of the catalyst film with 
IS, leading to an intimately integrated Fe‐rich oxyhydroxide/IS 
junction with strengthened interfacial interaction and polar
ization. Such reconstruction of NiFeOOH enhances interfacial 
coupling and significantly improves carrier transfer across the 
surface. Double‐layer capacitance (Cdl) measurements were 
performed to determine the electrochemical surface areas, 

FIGURE 4 | Reaction kinetics and theoretical simulations. (A) Rp1, (B) Rp2, (C) Krec, (D) Kct, (E) τh, and (F) Φct values of IS/NF, ISA/NF, IS/FA, and IS/ 
NFA. Free energy of the oxygen evolution reaction steps for (G) IS, (H) IS/NF, and (I) IS/NFA systems. ISA/NF, In2S3 first underwent a PEC activation process 
subsequently modified by depositing NiFeOOH; IS/FA, In2S3 was first modified by depositing FeOOH subsequently underwent a PEC activation process. 
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which confirmed the increase in active sites induced by 
the NiFeOOH and activation. Cyclic voltammograms were 
obtained in a non‐Faradaic region with different scan rates 
(10–150 mV s−1). A more positive slope was an indicator of 
more active reaction sites. The Cdl is in the order of IS/NFA > 
ISA/NF > IS/NF (Figure S18), indicating that the surface 
reconstruction yields a porous architecture that substantially 
increases the density of active sites, while the Ni leaching fur
ther accelerates the surface catalytic kinetics of the cocatalyst 
[60]. The highest value for IS/NFA suggests that Ni dissolution 
further promotes surface catalytic reaction kinetics. This is 
consistent with the significantly higher dark current density of 
IS/NFA (Figure S19A), which provides direct evidence for the 
enhanced cocatalyst kinetics. Moreover, compared with pristine 
IS, IS/NFA exhibits a shorter hole lifetime (expected from the 
open circuit potential (OCP) decay) (Figure S19B), collectively 
indicating that PEC activation‐induced surface reconstruction 
markedly enhances the surface catalytic activity of the hybrid 
photoanode. This improvement is associated with the formation 
of an oxygenated interfacial environment with enhanced elec
tronic coupling, which lowers the kinetic barrier for OER.

To elucidate the specific role of Ni and further highlight the 
advantage of PEC activation in cocatalyst modification, we 
deliberately excluded Ni during the photoelectron‐deposition 
process, thereby obtaining FeOOH as the surface cocatalyst. 
This FeOOH‐modified photoanode was subsequently subjected 
to the same PEC activation protocol (IS/FA). Interestingly, 
although PEC activation also induced surface porosity and 
partial reconstruction (Figure S20A,B), the overall PEC per
formance of IS/FA remained significantly lower than that of 
IS/NFA. The photocurrent density of IS/FA at 1.23 V versus 
RHE only reached 5.55 mA cm−2 (Figure S20C), which is nearly 
half of the value achieved by IS/NFA. Moreover, the Eonset ex
hibited only a negligible negative shift (Figure S20D), far less 
pronounced than that observed in IS/NFA, further highlighting 
the inferior surface catalytic activation of FeOOH. Figure S20E
shows that the surface electrochemical impedance of IS/FA is 
significantly higher than that of IS/NFA. Similarly, the IS/FA 
carrier lifetime was substantially longer (Figure S20F), indi
cating slower surface reaction kinetics. The inferior activity is 
attributed to the absence of Ni, which not only participates in 
the initial deposition but also undergoes preferential leaching 
during activation.

Simultaneously, the transfer behavior of the photogenerated 
carriers on the photoanode surface was mainly affected by the 
charge‐transfer rate constant (Kct) and electron–hole 
recombination rate constant (Krec). EIS under various applied 
bias voltages demonstrated that the NiFe‐deposited and acti
vated sample (IS/NFA) exhibits the smallest Rp1 (Figure 4A) 
and Rp2 (Figure 4B), reflecting facilitated interfacial charge 
transfer. Moreover, the IS/NFA sample showed the highest Kct 

(Figure 4D), suggesting that the incorporation of the NiFe‐ 
cocatalyst coupled with activation treatment synergistically 
promotes the migration of photogenerated holes to the elec
trode surface and substantially accelerates the kinetics of the 
surface water oxidation reaction. Meanwhile, the IS/NFA 
sample showed the lowest Krec (Figure 4C). This is likely 
attributable to the restructuring of surface states induced 
by Ni dissolution and Fe enrichment during the activation 
process. Although activation optimizes the catalytic centers, it 

concurrently introduces additional recombination sites, leading 
to a moderate elevation in surface recombination. Nevertheless, 
in comparison with other reference samples, IS/NFA achieves a 
significantly higher charge‐transfer efficiency (Φct, Figure 4F), 
indicating that Fe enrichment and activation collectively opti
mize the hole transport pathway and effectively improve the 
interfacial reaction kinetics [61]. Further insight into the in
terfacial charge transport behavior was obtained through the 
determination of OCP hole lifetime (τh) (Figure 4E). The IS/ 
NFA sample displayed the shortest τh, confirming that photo
generated holes are more rapidly transferred from the bulk to 
the surface and participate in catalytic reactions [62]. This 
observation underscores the critical role of the Fe‐enriched 
layer in facilitating surface reaction dynamics. These parame
ters are intrinsically correlated: increased Kct and reduced Rp 

shorten the τh of holes by accelerating catalytic hole con
sumption. Together with the suppressed Krec arising from in
terfacial passivation, this synergistic effect drives the Φct above 
90%. In summary, the post‐deposition activation treatment of 
the NiFe cocatalyst substantially enhances the PEC perform
ance of the IS photoanode by optimizing the hole transport 
pathway, reducing interfacial transfer resistance, and improving 
the kinetics of the OER.

On the basis of the reaction free energy profiles in Figure 4G–I, 
the progressive evolution of the OER kinetics from the pristine 
to the optimized system can be clearly discerned. For pristine IS 
(Figure 4G), large free energy barriers persist throughout the 
elementary OER steps, with the *O → *OOH conversion ex
hibiting the highest barrier. This step corresponds to a large 
theoretical overpotential (η = 1.95 V), indicating pronounced 
thermodynamic limitations. Upon introducing the FeNi oxy
hydroxide layer (IS/NF, Figure 4H), the free energy of the key 
OER intermediates (*OH, *O, and *OOH) becomes substantially 
moderated. As a result, the barrier of the rate‐determining step 
is markedly reduced, leading to a lower theoretical over
potential of 0.92 V. These results indicate that the heterointer
face effectively regulates the adsorption energetics of 
oxygenated intermediates and improves the overall reaction 
thermodynamics. After further activation to IS/NFA (Figure 4I), 
the free energy landscape becomes significantly flattened, with 
the adsorption energy of *OH, *O, and *OOH approaching a 
near‐optimal balance. Consequently, the theoretical over
potential further decreases to 0.53 V, reflecting substantially 
accelerated OER kinetics. This systematic reduction in reaction 
barriers suggests that interfacial reconstruction progressively 
tailors the surface electronic structure and reaction energetics. 
In particular, the dynamic Ni dissolution during activation 
promotes the formation of a Fe‐rich oxyhydroxide layer that is 
intimately coupled with the IS surface. The resulting Fe–S in
terfacial coordination strengthens electronic coupling, facili
tating interfacial charge transfer and suppressing carrier 
recombination, thereby generating a highly active Fe‐rich oxy
hydroxide catalytic interface.

3 | Conclusion 

In summary, we demonstrate that PEC activation can convert a 
recombination‐prone as‐deposited NiFe oxyhydroxide overlayer 
on In2S3 into a strongly coupled, Fe‐rich catalytic interface for 
efficient water oxidation. Selective Ni leaching serves as a 
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sacrificial trigger for interfacial reconstruction, simultaneously 
generating an intimately integrated catalytic junction and a porous, 
amorphous FeOOH‐like overlayer with increased accessible 
active‐site density. This reconstruction‐induced interface strength
ening suppresses surface recombination, accelerates interfacial hole 
transfer, and lowers charge‐transfer resistance at both the semi
conductor/cocatalyst and cocatalyst/electrolyte junctions. As a 
result, the activated photoanode delivers a photocurrent density 
of 9.58 mA cm−2 at 1.23 V versus RHE. Beyond performance 
improvement, this work establishes self‐optimized interface en
gineering through PEC reconstruction, turning sacrificial‐metal‐ 
triggered reconstruction into a controllable pathway for interface 
optimization. This concept offers a general strategy for rationally 
harnessing operando reconstruction in high‐efficiency solar‐driven 
water oxidation.
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