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EXPERIMENTAL DETAILS

Synthesis of MIL-68(In)-MOFs nanorod precursor: A modified version of MIL-

68(In) was prepared according to previous literature1. Typically, a mixture milky 

solution was prepared by mixing 1,4-benzenedicarboxylic acid (H2BDC, 0.8 mol, 32 

mg) and In(NO3)3 xH2O (0.8 mol, 256 mg) in 30 mL of DMF. Afterwards, the mixture 

was heated in an oil bath (120 °C) for 30 mins. Upon cooling down, the final white 

products were centrifuged and washed with DMF and methanol three times, 

respectively. The collected materials were then dried in an oven overnight at 80 °C.

Synthesis of pure In2O3 and ferroelectric x%-In2Se3/In2O3: 0.5 g of the MIL-68(In) 

powder was annealed in a tube furnace in N2 atmosphere to 500 °C with a ramp-rate of 

2 °C/min and held for 120 min. After naturally cooling, black powders of pure In2O3 

were obtained. MIL-68(In) nanorod and Se powder with different mass ratios (0%, 

20%, and 40%) were uniformly mixed by grinding with a mortar and pestle. Then, the 

mixture was transferred to a porcelain boat and heated at 500 °C for 2 h with a ramping 

rate of 2 °C/min in nitrogen atmosphere. After naturally cooling, brown powders of 

pure In2Se3/In2O3 were obtained. When the mass ratio of Se to MIL-68(In) is 40%, 

which is marked 40%-In2Se3/In2O3, there will be only In2Se3 exist (dark red) (see details 

in Figure. S1).
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Online gas chromatography to measure the H2 evolution: A gas-tight cell (total 

volume: 50 mL) was used for online gas chromatography (GC) and it was filled with 

20 mL electrolyte in a three-electrode cell configuration, using a M-TiO2/CdSe@CdS 

photoanode as working electrode, an Ag/AgCl saturated reference electrode and a Pt 

plate as working electrode. Ar was used as carrier gas at a flow rate of 20 sccm and the 

electrolyte was continuously stirred. Before the measurements, the electrolyte was 

saturated with Ar gas for at least 30 minutes. A gas outlet was connected to a gas 

chromatograph (Perkin Elmer Clarus 580 GC) for periodical sampling. A thermal 

conductivity detector (TCD) was used for detecting H2. A gas aliquot was automatically 

injected into the GC every 180 s. During the online GC, a chronoamperometric 

measurement was performed by applying a 1.4 V vs RHE potential for 1.5 h.

The theoretical number of moles of hydrogen evolved can be calculated from Faraday's 

2nd law of electrolysis according to the following equation:

𝑛𝐻2
(theoretical) =

𝑄
𝑧𝐹

=
𝐼 × 𝑡
𝑧𝐹

Where  is the number of moles of hydrogen produced, Q is the total charge passed 
𝑛𝐻2

during electrolysis, z is the number of electrons transferred during HER (i.e. z = 2), I is 

the applied current, t is the electrolysis time in seconds, and F is the Faraday constant 96

485.33 C mol−1.

The Faradaic efficiency was calculated as follows:

𝜂𝐹𝑎𝑟𝑎𝑑𝑎𝑖𝑐 =
𝑛𝐻2

(experimental)

𝑛𝐻2
(theoretical)

× 100%

For example, according to gas chromatography after 5400s, the H2 gas evolved was 

 mol, whereas the current obtained by chronoamperometry is 0.26 mA.5.847 ×  10 - 6

𝑛𝐻2
(theoretical) =

0.00026 (𝐴) ×  5400 (𝑠)

2 ×  96485.33 𝐶 ∙ 𝑚𝑜𝑙 ‒ 1
=  7.27 ×  10 ‒ 6 𝑚𝑜𝑙

Consequently,
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𝜂𝐹𝑎𝑟𝑎𝑑𝑎𝑖𝑐 =
5.85 ×  10 ‒ 6 𝑚𝑜𝑙 

7.27 ×  10 ‒ 6 𝑚𝑜𝑙
= 80.47%
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Figure S1. Comparative XRD patterns of In2O3 (0%-In2Se3/In2O3), 20%-In2Se3/In2O3, 40%-

In2Se3/In2O3, 60%-In2Se3/In2O3, 80%-In2Se3/In2O3, In2Se3 (100%-In2Se3/In2O3).
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Figure S2. TGA curves of the as-obtained 20% Se powder-MIL-68(In).
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Figure S3. SEM and TEM images of In-MIL-68 (a and c) and 20%-In2Se3/In2O3 composite (b and d).
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Figure S4. EDX spectrum of In-MIL-68 (a) and 20%-In2Se3/In2O3 composite (b) (Cu substrate). EDX 

line scan of In-MIL-68 (c) and 20%-In2Se3/In2O3 composite (d).
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Figure S5. XPS survey spectra of (a) In2O3. High resolution In 3d spectra (b). High resolution O 1s 

spectra (c) and (d) High resolution C 1s spectra.
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Figure S6. XPS survey spectra of (a) In2Se3. High resolution In 3d spectra (b). High resolution O 1s 

spectra (c) and (d) High resolution C 1s spectra.
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Figure S7. (a and b) Local ferroelectric hysteresis loops for In2O3 and In2Se3 nanorods; (c and d) AFM 

topographic image representation of an individual In2O3 and In2Se3 nanorods lying on Pt coated silicon 

substrate surface.
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Figure S8. (a) UV-DRS spectra of In2O3, 20%-In2Se3/In2O3, and In2Se3 (b) The extrapolation of Tauc 

plots ((αhν)2 versus photon energy (hν)) for In2O3, 20%-In2Se3/In2O3, and In2Se3.
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Figure S9. High binding energy cut-off (a and c) and low binding energy cut-off (b and d) of UPS spectra 

of In2O3 and In2Se3. (e) Summary of the energy levels obtained from UPS measurements.
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Figure S10. plain-view and cross-sectional SEM image of 20%-In2Se3/In2O3 composite (f and g); EDS 

mapping analysis of all the elements in relevant 20%-In2Se3/In2O3 electrode including (a) In, (b) C, (c) 

O, (d) Se, (e) Si.



14

Figure S11. Photocurrent density of (a) In2Se3 with no poling; (b) In2Se3 with +3 V poling; (c) In2Se3 

with -3 V poling under dark, continuous and chopped illumination (AM 1.5 G, 100 mW cm-2); (d) 

Summary of chopped illumination of In2Se3 with no poling, +3 V poling, and -3 V poling.
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Figure S12. Photocurrent density of (a) In2O3 with no poling; (b) In2O3 with +3 V poling; (c) In2O3 with 

-3 V poling under dark, continuous and chopped illumination (AM 1.5 G, 100 mW cm-2); (d) Summary 

of chopped illumination of In2O3 with no poling, +3 V poling, and -3 V poling.
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Figure S13. Photocurrent density of (a) 20%-In2Se3/In2O3 with no poling; (b) 20%-In2Se3/In2O3 with +3 

V poling; (c) 20%-In2Se3/In2O3 with -3 V poling under dark, continuous and chopped illumination (AM 

1.5 G, 100 mW cm-2);
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Figure S14. (a) Nyquist plots of 20%-In2Se3/In2O3 with 0 V poling, -3 V poling, and +3 V poling (the 

inset is equivalent circuit). (b) H2 evolution of 20%-In2Se3/In2O3 composite as a function of time at 1.4 

V vs RHE under 100 mW/cm2 illumination with AM 1.5 G filter. The evolution of H2 exhibits a nearly 

linear increase over time (solid red curve, approximately 3.72 μmol/h). H2 evolution is also calculated 

from the measured current (solid black curve).
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Table S1 the values of the RCT

Sample Rct (kΩ)

20%-In2Se3/In2O3 + 3 V 38.46

20%-In2Se3/In2O3 0 V 24.73

20%-In2Se3/In2O3 - 3 V 17.71
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Table S2 Comparison of the PEC performance of some representative In2O3 photocatalysts with literature

Photocathode Electrolyte Light Source Photocurrent density (mA cm-2) Ref.

In2O3 1 M NaOH 1 Sun 0.36 (1.6 V vs RHE) Present work

In2Se3 1 M NaOH 1 Sun 0.7 (1.6 V vs RHE) Present work

20% In2Se3/In2O3 (+3V) 1 M NaOH 1 Sun 1.29 (1.6 V vs RHE) Present work

20% In2Se3/In2O3 (0V) 1 M NaOH 1 Sun 0.99 (1.6 V vs RHE) Present work

20% In2Se3/In2O3 (-3V) 1 M NaOH 1 Sun 1.91 (1.6 V vs RHE) Present work

In2O3/TiO2 0.1 M Na2SO4 350W Xe lamp 0.65 (No mention) 2

In2S3/CdS/NiOOH 0.25 M Na2S and 0.35 M Na2SO3 1 Sun 1.01 (1.23 V vs RHE) 3

In2O3/In2S3 1 M NaOH 300W Xe lamp 0.53 (1.23 V vs RHE) 4

N-doped In2O3 0.1 M Na2SO4 300W Xe lamp 0.2 (1.6 V vs RHE) 5

In2O3/Fe2O3 0.1 M NaOH 300W Xe lamp 0.04 (1.6 V vs RHE) 6

In2O3/ZnO 0.5 M Na2SO4 300W Xe lamp 0.36 (0.5 V vs Ag/AgCl) 7

In2O3/Carbon Triethanolamine (8 vol%) 300W Xe lamp 0.04 (0.2 V vs Hg/Hg2Cl2) 8

In2O3/In2S3 0.5 M Na2SO4 1 Sun 0.14 (1.23 V vs RHE) 9

Ti-Fe2O3/In2O3 1 M NaOH 300W Xe lamp 1.33 (1.23 V vs RHE) 10
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Ti-Fe2O3/In2O3 0.2 M K2SO4 1 Sun 0.52 (0.7 V vs RHE) 11

g-C3N4/In2O3 0.1 M Na2SO4 35W Xe lamp 1.3 (1.2 V vs RHE) 12

In2O3/CuO-0.03 wt% GNRs 1 M NaOH 1 Sun 1.51 (1.6 V vs RHE) 1
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