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Figure S1. Rates of H» and O, decrease on bare HCa;Nb3Oio, Pt(in-out)/HCa;Nb3Oi9 and
Pt(in)/HCa2Nb3O10. Reaction conditions: catalyst, 20 mg; solution, pure water (100 mL); initial amount
of H> and Oy: ca. 200 and 100 umol, respectively. The reaction proceeds efficiently on Pt particles
deposited on the external surface, whereas intercalated Pt does not contribute to the reaction because H»
and O do not have access to the interlayer space.5! Actually, H> and O» were consumed at measurable
rates on the Pt(in-out)/HCa;Nb3O19, whereas no reaction took place on Pt(in)/HCa;Nb3O1¢. These results
indicate that Pt species deposited on the external surface of the HCa;Nb3O19 nanosheet samples were
completely removed by the aqua regia treatment.
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Figure S2. Pt-4f XPS spectra of bare HCa;Nb3O10, Pt(in-out)/HCa;Nb3O19 and Pt(in)/HCa;Nb3O1o
nanosheets. A spectrum of Pt foil was also shown as a reference.
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Figure S3. UV-visible DRS of bare HCa;Nb3O10, Pt(in-out)/HCa;Nb3zO1o and Pt(in)/HCa;Nb3O1o
nanosheets. The increase in the absorption background in the longer wavelength region indicates the
presence of Pt species on HCa;Nb3zO10 nanosheets even after the aqua regia treatment.
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Figure S4. XRD patterns of bare HCaxNbs3Oio, Pt(in-out)/HCaxNb3;Ojo and Pt(in)/HCa;Nb3O1o
nanosheets. The diffraction peak attributed to the (001) reflection, which is the layer stacking direction,
was shifted to lower two-theta angle, with a new shoulder peak upon Pt deposition, demonstrating an
expansion of the (001) interlayer distance due to an intercalation of Pt species into the interlayer galleries
of the restacked HCa>Nb3O1o nanosheets.5?
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Figure S5. XRD of bulk Pt(in)/HCa;Nb3O19 and Pt(in)/HCa;Nb3O1o restacked nanosheets. Sharp

diffraction peaks of unexfoliated HCa;Nb3O1o due to layer staking (for example, 001 and 002) became

much broader and less intense after the exfoliation and restacking procedure. However, the (100) and

(110) diffraction peaks that arise from in-plane diffraction remained. This result therefore indicates the

occurrence of turbostratic ordering of individual sheets in restacked Pt(in)/HCaxNb3O1o.
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Panels (C) and (D) indicate data for Al,Os-loaded specimens. The SEM observations show that bulk
specimens have a plate-like morphology, while a disordered rough surface structure was seen for the
restacked HCa>xNb3O1o nanosheets. No morphology change was seen after Al,O3; deposition on the
HCa;Nb3O10 nanosheets. The specific surface area of the Pt(in)/HCa>xNb3O1o restacked nanosheets (37
m? g~!) was one order of magnitude higher than that of bulk Pt(in)/HCaxNb3O1 (2.3 m? g ).
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Figure S7. Al-2s XPS spectra of Pt(in)/HCa;NbzO19 and Al,O3/Pt(in)/HCa>Nb3O19 nanosheets.
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Figure S8. FT-IR spectra of Pt(in)/HCa;Nb3O19 and Al,O3/Pt(in)/HCa;Nb3zO10 nanosheets. The spectral
shapes of these specimens are similar to each other, and also identical to those reported in previous studies
of restacked CaxNbs3O1o~ nanosheets,S3* although the spectra are not very clear in the 800-500 ¢cm™!
region. Here, the fact that no peak is seen in the 1200—1000 cm™' region for the A1,O3/Pt(in)/HCa;Nb3O1
nanosheets indicates the absence of AIOOH and AI(OH); on the surface of Pt(in)/HCaxNb3Oio
nanosheets. Previous works have indicated that AIOOH has characteristic absorbance peaks at around
1160 and 1080 cm™', which are respectively assigned to the symmetric and asymmetric bending
vibrations of AI-O-H in the AIOOH lattice.> It has been also reported that AI(OH); has absorbance
peaks at 970 and 1020 cm™!, which are related to bending modes of OH groups.5¢7 Peaks attributed to
NO;~ and hydrocarbon species, which respectively appear in the 1400-1300 and 3000-2800 cm™
regions, %10 are also absent, indicating that the amount of residual NOs~ and/or TBA™ in these nanosheet
materials is negligible.
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Figure S9. Energy diagram of HCaxNb3O1o and RuP photosensitizer together with the redox potentials
of H/Hz and Is/I" at pH = 4.
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Figure S10. Adsorption isotherms of RuP on Al,O3/Pt(in)/HCa;Nb3O19 nanosheets, Pt(in)/HCa;Nb3O1o

nanosheets, and Pt(in)/layered bulk HCa>Nb3O1¢ at room temperature.

S-6



Supporting Information (SI)

200 200 E

{ @ : Hy with Al,O5 ‘ ® : H, HCayNb;Oq nanosheet
1O : 0, with Al,O3 O : 0, HCa;Nb;04y nanosheet

- 1 @ : H,_without Al,0, L - @ : H,_bulk HCa,;Nb3O5q

2 150 ] ©: 0. withoutAl,0, o 150 ] © Oz bulk HCa;Nb;01p

5 ] g A : H,_bulk HoK;NbeO17

E . E A : O, bulk H,KoNbgO1y °

® ® o

8,100 8100 ° A

3 o 93 A

2 o 2 A

$ 50 © S ¢ O O
] © . * ¢

o—e ¢ & ¢ % 402 o o ©

o 1 2 3 4 5 o 1 2 3 4

Reaction time / h Reaction time / h

Figure S11. Time courses of Z-scheme water splitting over RuP-sensitized nanosheets and layered bulk
compounds. H, evolution catalyst: (A) RuP (15 pmol g !)/Pt(in)/HCa:Nb3O1o with and without Al,Os
deposition and (B) Pt-intercalated HCaxNb3O10 nanosheets, bulk HCa>:Nb3O19, and bulk H>K>NbgO17
modified with RuP (3 pmol g!) and A1,Os. Reaction conditions: H, evolution catalyst, 20 mg; PtO,/H-
Cs-WOs3, 50 mg; solution, 10 mM aqueous Nal solution (pH =4, 100 mL). The data correspond to those
shown in Table 1. The panel (C) indicates a picture of a typical photocatalyst suspension.
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Figure S12. Z-scheme water splitting over RuP (10 pmol g~')/A1>O3/Pt(in)/HCa;Nb3O1 nanosheets and
PtO,/H-Cs-WOs under simulated sunlight irradiation (AM1.5G, 100 mW c¢m™). Reaction conditions:
RuP/Al,03/Pt(in)/HCaxNb3O10, 20 mg; PtO./H-Cs-WOs3, 50 mg; solution, 10 mM aqueous Nal solution
(pH = 4, 100 mL). Solar-to-hydrogen conversion efficiency (STH) was calculated according to the
following equation:

STH (%) =2 X Ro xAG°/ (P x §) x 100

where Ro, AG®, P and S are the rate of oxygen evolution (mol s™') in Z-scheme water splitting, the
standard Gibbs free energy of water (237 x10° J mol™), the intensity of simulated sunlight (100 mW cm~
%), and the irradiation area (9 cm?), respectively. A HAL-320 solar simulator (Asahi Spectra) was
employed as the light source.
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Figure S13. (A) Time course of Z-scheme water splitting over RuP(15 pmol g7)/
AlOs/Pt(in)/HCa;Nb3Oj9  and PtO/H-Cs-WO;. Reaction conditions: RuP(15 pmol g7)/
ADO3/Pt(in)/HCa;NbszO19, 20 mg; PtO,/H-Cs-WO3, 50 mg; solution, 10 mM aqueous Nal solution (pH
=4, 100 mL). (B) UV-visible absorption spectrum of the reaction solution after Z-scheme water splitting.
The suspended solids were removed by filtration before measurement.
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Figure S14. Time-dependent absorbance change in transient absorption spectra of RuP-sensitized
Pt(in)/HCa2Nb3O10 nanosheets with and without A1>O3 modification monitored at 460 nm in H,O (pH 4).
The profiles could be fitted by a triple-exponential function.
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Figure S15. Decay profiles of oxidized I" species in transient diffuse reflectance spectra of RuP-
sensitized Pt(in)/HCa;Nb3O19 nanosheets with and without Al>O3 modification recorded at 380 nm in an

aqueous Nal solution (0.1 M, pH 3.9).
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Figure S16. Time courses of H, evolution from an aqueous Nal solution over RuP(15 umol g)/
AlO3/Pt(in)/HCa;Nb3O19 and RuP(15 umol g')/Pt(in)/HCa:NbsO in the absence or presence of L.
Reaction conditions: catalyst, 20 mg; solution, 10 mM aqueous Nal solution (100 mL, pH = 4) or mixed

solution of Nal (10 mM) and I> (1 mM) (100 mL, pH = 4).
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Figure S17. (—potentials of Al,O3/Pt(in)HCaxNb3O1¢ and Pt(in)/HCaxNbzO10 nanosheet as a function of
pH.
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