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Experimental details

Synthesis of MHSF

Talc (CP grade), micro-sized magnesium powders, hydrochloric acid (35.0-37.0%, HCI, EP
grade), and sodium chloride (99.5%, GR grade) were supplied by Samchun Chemical Co.,
Ltd, South Korea. All chemicals were used as received without any further purification. The
MHSF was prepared by magnesiothermic reduction and subsequent simple acid leaching
process. Firstly, commercially available Talc clay was uniformly mixed with magnesium
powder in a weight ratio of 1:0.6 (with theoretical calculation for fully reduction of silicon
dioxide components). The mixture was transferred to a stainless steel reactor in an argon (Ar)
atmosphere. Then this reactor was placed in a tube furnace and heated to high temperature
(650 °C) for 3 h. After completion of reaction, the resulting powder was dissolved in 100 mL
of deionized water under mild stirring for 3 h to untangle the particles. Subsequently, 1 M
HCI was added to this solution, and additionally stirred at room temperature for 3 h to
eliminate MgO by-products. As-prepared MHSF were directly used as an anode material for
LIBs. Meanwhile, for photocatalytic measurement, it was further leached out native oxide
layers with 0.5% HF solution for 10 min. The production yield of as-synthesized MHSF
reaches about 25% which is very close to theoretical value (~28%). Until photocatalytic

measurement, it should be avoided for moisture.

Physical characterization
SEM (Verios 460, FEI) was used to characterize the surface morphologies of MHSF samples

at an acceleration voltage of 10 kV and current of 0.4 nA. The dimensions and internal
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structures of MHSF were determined using TEM (JEOL-2100) and HRTEM (JEOL-2100C)
at an acceleration voltage 200 kV. To investigate the microstructures and degrees of
crystallinity of MHSF samples, XRD analyses (D8 ADVANCE, Bruker) were performed
using Cu-Ko radiation (A = 1.5418 A); Raman spectroscopy (alpha300R confocal
microscope, WiTec) was also employed for this purpose. The pore sizes and surface areas
were characterized using surface area and pore size analyser (BELSORP-mini II, BEL Japan,
Inc.) at 77 K for P/Pj of 0.05-0.3. XPS (Thermo Fishers K-alpha, UK) was used to perform
surface elemental analyses. Further, the elemental components were confirmed using

inductively coupled plasma-mass spectrometry (ELAN DRC-II).

Optical properties and band alignments

The optical band gap energy of MHSF can be estimated from its Tauc plot using the following
relationship: a hv = A (hv-E,)"? , where a, hv, A, E,, and n are the absorption coefficient, the
photon energy, a constant, the optical band gap energy, and the transition constant, which
depend on the band gap properties (i.e., direct (n = 1) or indirect (n = 4)). The band gap was
calculated by extrapolating the linear part of the (ahv)? vs. hv plot to the x-axis. The optical
properties of MHSF were measured using a UV-Vis diffuse reflectance spectrometer (UV-
2401PC, Shimadzu Corp.) equipped with integrating spheres. The optical reflectance was
recorded at room temperature for wavelengths of 200—1000 nm and BaSO, was used as the
reference. The position of the Si valence band was determined by UPS (ESCALAB 250X,

monochromated Al-Ko radiation) under a base pressure of 10-1° Torr.



Photocatalytic hydrogen evolution

The light-induced activities of Si photocatalysts with respect to reduction of water were
measured on the basis of the amount of H, gas generated from an Ar-saturated aqueous
solution containing methanol (10 vol%, 100 mL) as a hole scavenger. The water/methanol
mixture was purged with Ar for 2 h, and 0.1 g of the Si photocatalyst being tested was added
to it in a closed Pyrex glass vessel (~193.5 mL). The photocatalytic water-reduction reaction
was performed under ambient conditions using a Xe lamp (300 W, Oriel) equipped with an
optical UV cut-off filter (A > 400 nm) as a light source, with the mixture being subjected to
mild stirring. Using Ar as the carrier gas, the amount of H, gas evolved was measured with a
gas chromatography (GC) system equipped with a thermal conductivity detector (HP 7890,
molecular sieve 5 A column). To evaluate the stability of the catalysts, the photocatalytic
hydrogen evolution tests were performed for 3 cycles of 6 h each; these were separated by a
2-h-long reaction under dark conditions Ar purging to remove the hydrogen produced in the
previous cycle. The amount of hydrogen produced from stoichiometric etching of Si using
KOH as a function of time was also measured using GC. All the chemical reactions were
performed in a 193.5 mL glass flask with a tightly fitted rubber septum. The hydrogen

production tests were repeated at least 10 times using a 1 M aqueous KOH solution.
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Figure S1. (a) SEM image and (b) EDX spectrum of MHSF

Figure S2. Analysis for surface nanopores on MHSF. (a-b) TEM images showing nanopores

less than 2nm over the MHSF framework.
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Figure S3. X-ray diffraction (XRD) pattern of MHSF. Phase transition from bare clay
minerals (bottom) to intermediate state (middle) and finally pure silicon state (top). (inset.

High-power XRD pattern of bare clay minerals)



Figure S4. Analysis for as-reduced MHSF. (a-c) SEM images, (d) EDX elemental maps data.
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Figure S5. Analysis for as-reduced MHSF. TEM (a-b) top surface and (c-d) side surface

images of intermediate state of MHSF.
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Figure S6. Optical properties of MHSF. (a) UPS spectra, (b) Tauc plots (inset: UV-Vis

diffuse reflectance spectra) and (c¢) Band alignment of MHSF.
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Figure S7. Hydrogen generation measurements of MHSF for KOH chemical etching

reaction.
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Figure S8. Analysis and photocatalytic performance of SINP and mP-SiNP. TEM images of
(a) SINP and (b) mP-SiNP. (c) Nitrogen adsorption-desorption isotherm curve (inset. BJH
pore size distribution curve). (d) Amounts of hydrogen generated using SiNP and mP-SiNP

under visible-light.
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Figure S9. Characterization of MHSF @Pt. (a) SEM image, (b) EDX elemental maps and (c-

e) TEM images.
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Figure S10. Characterization of after-reacted MHSF (a-b) SEM image (inset. EDX

spectrum), (¢) XRD pattern and (d) summary chart for EDX quantification and FWHM

values.
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Figure S11. Si 2p XPS spectra of (a) MHSF and (b) MHSF@Pt before/after long-term

photocatalytic test.
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Figure S12. FT-IR spectra of as-prepared and tested MHSF and MHSF@Pt at (a) 2200-2000

cm! and
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Figure S13. (a) Pt 4f XPS spectra and (b) Composition table of MHSF@Pt before/after long-

term photocatalytic test.
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Table S1. Summary of photocatalytic hydrogen production activity of Si-based materials and

various semiconductor photocatalysts.

Activity
Aqueous “lg-1
Eg Light  Incident q . (#molh="g=")
Photocatalyst Structure . reaction Ref.
(eV)  source light )
solution
Co-cat / H?
MHSF Nanoflake 300W Water/methanol 709 This
1.57 X A>400nm K
MHSF@Pt Nanoflake e (10 vol. %) 1031 wor
. Water/methanol
MeSOpor:,lSISl Nanoparticle 1.62 30§W A >400nm ~640 13
nanoparticle -Xe (15 vol. %)
Si nanoparticle 153
W Nanoparticle 1.8
rticle 300W Water/methanol 356
fanopa <o 1>400nm 14
) 10 vol. ¢
(10 vol. %) 186
Si nanosheet Nanosheet 1.9
Pt/ 723
300W Water/methanol
g-C3Ny Nanoplatelet 2.7 X A >420nm Pt/ ~100 1*
Ae (10 vol. %)
300W
CDot- C5Ny Nanoplatelet 2.77 Xe A >420nm Ultrapure water 105 2%
Graphene / 350W Water/methanol
Nanosheet 2.7 X A >400nm Pt/ ~1500 3*
g-C3N, e (25 vol. %)
MoS, / 300W Water/methanol
Nanosheet 2.7 X A >400nm Pt/ ~230 4%
g-C3N, Ae (25 vol. %)
Zn-In-S Nanolayer 232 OOW  >ao0mm e/ Pt/ ~1000 5*
-Hg triethanolamine
300W 0.1M Na,S /
CdSe Nanoribbon 2.7 X A > 450nm MoS, /900 6*
e 0.1M Na,SO5
300W 0.35M Na,S /
CdS Nanosheet 2.25 X A > 420nm Pt/ ~24,000 T*
e 0.23M Na,S0;
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Water / lactic acid

Graphene-CdS Nanosheet 2.25 350W A>420nm Pt/ ~56,000 8*
-Xe
(10 vol. %)
350W 0.35M Na,S /
CuS-ZnS Nanosheet 3.35 X A > 420nm 4,147 9*
Ae 0.23M Na,S0;
150W Water/methanol
TiO, Nanosheet 3.25 X uv Pt/ 6,000 10%*
Ae (50 vol. %)
Ni, O,/ 300W Water/methanol
Nanocluster 3.52 X A >280nm ~2750 11*
MCM-48 Ae (mol ratio 1:8)
300W Water/TEOA
Ni/ g-C5Ny Nanoribbon 2.75 X A >400nm ~4000 12*
Ae (30 vol. %)
300W Water/methanol
ZnFe,0,4/C Nanosphere ~2.75 X A>420nm 1160.40 13*
A (10 vol. %)
Water/methanol
>
Ru-doped TiO, 3D seaurchin  3.09 15§W 6i ig‘;l A ~100 14%
Ae nm (20 vol. %)
g-C3Ny 300W Water/TEOA
Nanosheet 1.17 X A>420nm Pt/ 15,000 15%
(Tris-s-triazine) Ae (10 vol. %)
CU1A94S/ 300W 0.1IM Nazs /
Nanorod 2.83 X A>420nm Pt/ 13,533 16*
Zn2:CdS “Ae 0.1M Na,SO;
300W Water/methanol
TiO,/rGO Nanosheet 2.10 X A >400nm Pt/ 890 17*
Ae (20 vol. %)
200W Water/Ethanol
CeOy Nanodot ~2.6 W A > 400nm Pt/ 13,533 18%*
. (5 vol. %)
. 300W
Ti0,/Z1r0O, Hollow sphere 3.18 Xe A >400nm Water/Na,S ~30 19*
Li,MoS,/ 300W 0.25M Na,S /
Nanosheet 2.58 X A>420nm 7,699 20%*
ZngsCdosS e 0.25M Na,SO;

*=Supplementary references
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