Supplementary Information (SI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2026

Supplementary Information

Active control of forward/backward charge transfer in Z-scheme
water splitting: manipulating electrostatic affinity/repulsion between
photocatalyst surface and electron mediator

Ren Itagaki,* Akinobu Nakada,* Hajime Suzuki,** Osamu Tomita,” Ryu Abe"*

¢ Department of Energy and Hydrocarbon Chemistry, Graduate School of Engineering, Kyoto University,
Nishikyo-ku, Kyoto 615-8510, Japan.

b Precursory Research for Embryonic Science and Technology (PRESTO), Japan Science and Technology
Agency (JST), 4-1-8 Honcho, Kawaguchi, Saitama 332-0012, Japan.

*E-mail: nakada@scl.kyoto-u.ac.jp (A.N.), ryu-abe@scl kyoto-u.ac.jp (R.A.)
Phone: +81-75-383-7044. Fax: +81-75-383-2479.



(@), [Co(+)]3+2+ b), [Co(+/0)]+° ©),, [Co(9)I"2
' - [Co(+)P* ' — [Co(+/0)]° ' - [CoI-
20- - [Co(+) . - [Co(+0)* 0.8 - [Co()I-
Lg 1.5 L% I Lg 0.6
s s 1.0 s
"o 1.0 "o o 0.4
QO.S— ® 054 ‘*’02_
0 0 0

T T T T I I I T I I I I
300 400 500 600 700 800 300 400 500 600 700 800 300 400 500 600 700 800
Wavelength / nm Wavelength / nm Wavelength / nm

Fig. S1 UV-vis absorption spectra of (a) [Co(+)]*"*", (b) [Co(+/0)] ", and (c) [Co(-)]*" in an aqueous

solution.
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Fig. S2 pH dependence (at 3.5, 6.0, or 8.0 adjusted with HCI or NaOH) of cyclic voltammograms (5
cycles; 0.1 V s') and UV-vis absorption spectra of (a) [Co(+)]*"*", (b) [Co(+/0)] ", and (c) [Co(-)]"*
(0.3 mM each) in 0.1 M NaCl aqueous solution.
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Fig. S3 TEM images of CrO,/Pt/SrTiOs:
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Fig. S4 UV-vis absorption spectra of (a) [Co(+)]*", (b) [Co(—)]*, (c) [Co(+/0)]°, and [Co(+/0)]" adsorbed
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by CrO./Pt/SrTiOs:Rh (pH 3.5 adjusted with HCI).
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Fig. S5 (a) pH-dependency of zeta potentials and time courses of H, evolution using CrO,/Pt/ZrO,/TaON
(10 mg) in an aqueous solution containing (b) 0.3 mM [Co(+/0)]° or (c) 10 vol% MeOH aq. (70 mL) as

an electron donor at pH 3.5 or pH 8.0 (adjusted with HCI or NaOH) under visible-light irradiation (1 =
430 nm).
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Fig. S6 Time courses of O, evolution using PtO/WOs (35 mg) in an aqueous solution (70 mL)
containing AgNO; (4 mM) as a sacrificial electron acceptor at pH 3.5 or 6.0 (adjusted with HNO3 or
NaOH) under visible-light irradiation (4 = 430 nm).
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Fig. S7 pH-dependency of zeta potentials and time courses of O, evolution using (a) Au/CoO./BiVO4

and (b) (Fe,Ru)O./BisTaOsCl (each 35 mg) in an aqueous solution (70 mL) containing 0.3 mM
[Co(+/0)]" as an electron acceptor at various pH (adjusted with HCl or NaOH) under visible-light
irradiation (4 = 430 nm). Note: when using (Fe,Ru)O./Bi4TaOsCl, the light intensity was set to 45 mW

cm ”.
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Fig. S8 Time courses of H> and O, evolution through Z-scheme water splitting in an aqueous solution
(70 mL) containing 0.3 mM [Co(+/0)]" as an electron mediator using CrO,/Pt/SrTiOs:Rh and PtO,/WOs
(70 mg each) under visible-light irradiation (4= 430 nm). The pH of the solution was adjusted to 3.5 by

HCL



Table S1 List of HEPs, OEPs, and electron mediators used for water splitting by a Z-scheme driven by

visible light.

ooy A%
Pt/SrTiOs:Rh WO; F(;tl/lli\iz; (42‘()5 (:)m) (23(1)4)
Pt/SrTiOs:Rh WOs fle gfﬁ; B (208(?9)”
Au/SrTiOs:Rh WOs an/ll;elz) B (23(3)8)
RwSTiOs:Rh WOs F(frf;f) - (23(3)8)
Ru/SrTiOs:Rh WO; F(ZSZE\?IZ; a (2341‘7)
Ru/SrTiOs:Rh WOs [CO(( })1;}1/1)\2])3”% - (23?3)
Ru/SrTiOs:Rh WO; [CO((Iih;I;\),IS)] . - (23?3)
Pt/StTiO;:Cr,Ta Pt/WO; (ISOrBI;I/\{I_) (421)(iim) (23(6)5)
Pt/SrTiO;:Cr,Ta PtO,/H-Cs-WOs (ISO;;{\{I_) (4;05(:;1) (2313)
CrO,/Pt/SrTiOs:Rh PtO./WO; 0.1 rﬁj{_g_mM) - (208285)a
RwSITiOx:Rh PtO,/WO; [Siw(l i?;%?ﬁf\%)]s_m_ - (23?6)
Ru/SrTiOs:Rh POJ/WO; [Siméﬁﬁ?%_ (4(1)56?m) (2801202)
Ruw/SrTiOs:Rh Fe-H-Cs-WO; ngl\ligz* - (2801117)
Ruw/SrTiOs:Rh Fe-H-Cs-WO; [F(e(g?\r?ﬁ\];M_ - (2801129)
CrO,/Py/SrTiOx:Rh  PtO,/Fe-H-Cs-WO; [C(g.(;) ﬁf\j{]) ' (4?)'50?@ ,ZI;;

“ Separate evolution of H, and O in a two-compartment cell.
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Fig. S9 'H NMR spectra of (a) [Co(+/0)]° and (b) [Co(+/0)]" in DO (400 MHz).
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Fig. S10 Molecular structure of [Co(+/0)]'CI :3MeOH with atomic displacement parameters for C
(gray), N (blue), O (magenta), and Co (orange) set at 50% probability. Hydrogen atoms (light blue) are
depicted as ball-and-stick models. Hydrogen atoms on the MeOH molecules are omitted for clarity. One
CI” anion and three MeOH molecules exhibit positional disorder (occupancies 0.5/0.5), and only one
disorder component is shown for clarity. The symbols * denote pairs of crystallographically equivalent

atoms related by symmetry operations (* symmetry code: 1—x, y, 1/2—z).

Table S2 Crystallographic data for [Co(+/0)]".

[Co(+/0)] Cl"-3MeOH

Formula C25H26C1C0N4O7
Fy 588.88
Crystal size (mm?*) 0.37 x 0.09 x 0.07
Crystal system monoclinic
Space group C2/c
a(A) 17.2915(11)
b (A) 13.2926(6)
c(A) 14.2063(8)
a(®) 90
L) 122.833(6)
7 () 90
V(A% 2743.7(3)
T (K) 143
Z 4
Deated (g cm™) 1.426
F (000) 1216.0
1 (Mo Ka) (em™) 7.72
Measured reflections 10836
Unique reflections 3090
Refined parameters 209
GOF on F? 1.125
R 0.0746
wR; (all data) 0.2182

“ Ry = 3|Fo| — |Fcl/Z|Fol. * WRy = [EW(Fo> — F) /[ Ew(F o)1
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Fig. S11 XRD patterns with reported simulations®'*” and diffuse reflectance spectra of (a) SrTiO3:Rh,
(b) ZrO»/TaON, (c) WOs, (d) BiVOy, and (e) BisTaOsCL
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