Journal of Advances in Physical Chemistry #JE4L2 3%, 2026, 15(2), 161-177 Hans X
Published Online May 2026 in Hans. https://www.hanspub.org/journal/japc
https://doi.org/10.12677/japc.2026.152017

ISR BB IEN K DR RD

F
SEMASE R KGR PR 55 % TRBORBE TG, HIE 22

5
A

Woks H . 20264F4H16H; FHEM: 20264F5H21H; &4 HI: 20264F5H28H

R

Bt R ALK 7 AR R SEIUR PR RE AL Z e B8 . ACERR T ROMZAE R KPR EE -
SRFEHRUERNFXBEAR, BECARBELERE. REERBBATIEE. §HX 3SR ELTIRERR
W, B&TRRBH. REZBA. RREH K FIRIEEIES &R EUTERER T P RIMH . X%
KRS EN R THMS RNE A%, BEWRTITAMR. B, XEERMe. #aREiot. |
R RAE KBS RACERRTT AT TR E.

XK ia
Jar AL, FRET, KR

Research Progress on Perovskite-Based
Photoelectrocatalytic Water Splitting
Systems

Jinxuan Li

National Engineering Research Center for Technology and Equipment of Environmental Deposition, Lanzhou
Jiaotong University, Lanzhou Gansu

Received: April 16, 2026; accepted: May 21, 2026; published: May 28, 2026

Abstract

Perovskite-based photoelectrocatalytic water splitting for hydrogen production is an effective ap-
proach to convert solar energy into chemical energy. This article reviews the key factors affecting
the solar-to-hydrogen (STH) conversion efficiency of such systems, including the intrinsic proper-
ties of photoelectrodes, their stability, and the activity of cocatalysts. In view of the high cost of noble
metal catalysts, the application of strategies such as elemental doping, surface vacancy engineering,
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heterostructure construction, and synergistic effects in enhancing the performance of non-noble
metal cocatalysts is summarized. These strategies significantly improve hydrogen evolution perfor-
mance by modulating the electronic structure and reaction kinetics. Finally, future research direc-
tions are discussed, including encapsulation materials, rational design of catalysts, in situ charac-
terization techniques, and device optimization.
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Figure 1. Crystal structure of perovskite materials
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Figure 2. (a) Schematic diagram of the three-electrode photoelectrochemical half-cell system for perovskite photocathode and
photoanode; (b) Current-voltage (polarization) curves of the photocathode, compared with those of photovoltaic solar cells; (c)
Current-voltage (polarization) curves of the photoanode, compared with those of photovoltaic solar cells; (d) Schematic illus-
tration of the planar perovskite system for water splitting; (e) Current-voltage (polarization) curves of the photocathode and
photoanode, where the intersection point (blue dot) represents the bias-free operating point; (f) Schematic diagram of the
perovskite-perovskite tandem photoelectrochemical cell for water splitting; (g) Current-voltage curves of a single tandem pho-
tovoltaic cell and water splitting catalyst [25]
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Figure 3. (a) J-V curves of perovskite solar cells with and without AZO layer under illumination of 100 mW-cm™ and a
scanning rate of 100 mV-s™?; (b) Linear sweep voltammetry (LSV) curves of AZO-based perovskite photocathode [27]
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Figure 4. (a) Device structure of perovskite solar cells and perovskite photoanodes adopting the configuration of
ITO/SnO2/PSK/Spiro-OMeTAD/Au/carbon powder/Ni foil; (b) J-V curves of optimized perovskite solar cells based on pris-
tine SnOz, PEIE-modified SnO2, and hybridSnOz; (c) LSV curves of perovskite photoanodes under different interface treat-
ments; (d) Chronoamperometry curves of the perovskite photoanode at 1.23 V vs. RHE [28]
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Figure 5. (a) Schematic diagram of photoelectrochemical testing for nickel-coated perovskite photoanodes, and comparison
of photoanode stability with and without nickel coating [30]; (b) Schematic structure of perovskite photocathode employing
ferrous metal and chronoamperometry curves of the photocathode at 0 V' vs. RHE [31]; (c) Experimental process of MHPs
photocathode with thin titanium dioxide coating, and schematic diagram of the complete photocathode stack under dark con-
ditions after equilibrium, as well as the time-dependent photocurrent density curve of the photocathode with 15 nm nominal
platinum catalyst under continuous illumination [32]
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and titanium foil for photoelectrochemical hydrogen production in a standard three-electrode system [33]; (b) Chronoamperometry
curves of the photocathode at 0 V vs. RHE [33]; (c) Schematic structure of perovskite photoelectrodes encapsulated with CAB
[35]; (d) Chronoamperometry curves of CAB-encapsulated perovskite photoelectrodes at 0 V vs. RHE [35]
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Figure 7. (a) Influence of cocatalyst overpotential on the performance of perovskite-based photoelectrochemical tandem cells;
(b) Influence of catalyst Tafel slope on the performance of perovskite-based photoelectrochemical tandem cells [25]
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Figure 8. Schematic diagram of perovskite photocatalytic water splitting system and its water splitting performance and sta-
bility [28]
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Figure 10. Preparation of Co, Ni co-doped MoS: self-supported catalysts and their HER performance [41]
10. Co, Ni #B% MoS, B Z#EENLFIRIHI & R EH HER MHEE[41]

—— Ru NSs
(b) —— Mo-Ru NSs
-204—— V-Ru NSs
—— MolV-Ru NSs
“.‘E a0l PUC
o
<
E -60-
3
_80 -
-100 T T . r
-0.5 -0.4 -0.3 -0.2 -0.1 0.0
E (V vs. RHE)

Figure 11. HER mechanism and HER performance of Mo/V-Ru NSs cocatalysts [42]
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Figure 12. (a) Schematic diagram of the synthesis of Se-CoP catalysts; (b) LSV curves of Se-CoP catalysts;
(c) Overpotential [44]
12. (a) Se-CoP L FIHIERI/RERE; (b) Se-CoP fELFIR LSV #h%k; (c) TrBAL[44]

3.2. REEL

(a) (b)

« Co30, »

introducing Vj

)

-0.5 1

-2.04

less more
hydroxylation hydroxylation

Vo-Co304

Current density (mA cm™?)
N
(6]

-5.0 T T T T
-0.0 -0.4 -0.3 -0.2 -0.1 0.0

Potential (V vs. RHE)

Figure 13. (a) Schematic illustration of VVo-induced structural evolution (hydroxylation); (b) LSV curves of
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