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Methods

Synthesis of MAPbI3 NWs

461.1 mg PbI2 powder was added into 1 mL N,N-dimethylformamide (DMF) before the 

system was heated to 70 °C on a hot plate for 1 h, while in another reactor, 159 mg 

MAI (C4H6IN) was added into 20 mL isopropyl alcohol (IPA) and vigorously stirred at 

room temperature for 30 min under an argon atmosphere. After that, the PbI2 solution 

was gradually added to the MAI solution. The mixture was vigorously stirred under an 

atmosphere of argon for 30 minutes; and finally, MAPbI3 NWs were obtained by 

centrifuging the mixture.

Synthesis of MAPbI3 NPs

MAI and PbI2 of 1:1 molar ratio were dissolved in DMF in a vial and stirred for 2 hours 

before the formation of a yellow solution. MAPbI3 NPs were synthesized by adding the 

precursor solution drop by drop to toluene. The solvent was then removed at a 

centrifugal rate of 8000 rpm for 5 minutes. The product was then collected after drying 

at 70 °C in a vacuum oven.

Synthesis of MAPbI3 SCs

2.0 M Pbl2 and 2.0 M MAI were dissolved in a mixed solvent of DMSO–DMF (7:3 by 

volume; DMSO: dimethyl sulfoxide) in a vial. The precursor solution was then filtered 

with a polytetrafluoroethylene (PTFE) filter before heating on an oil bath at 70 °C for 

a period of time in order to produce MAPbI3 SCs. For example, small SCs (average size 

about 1.5 mm) can be harvested by maintaining 5 ml precursor solution at this 

temperature for 5 hours.
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General characterizations

XRD patterns were obtained on a Rigaku D/Max diffractometer with a Cu Kα radiation. 

SEM images were obtained on a Thermos Scientific Scios2 dual beam electron 

microscope operated at 20 kV. TEM images and EDS elemental mappings were 

obtained on a 300 kV double aberration-corrected Titan Themis Z electron 

microscope. UPS measurements were conducted in the 4B9B beamline at Beijing 

Synchrotron Radiation Facility with He I source (21.2 eV). The spectra were collected 

using a Scienta R4000 spectrometer with an energy resolution better than 0.1 eV. For 

the work function measurements, all samples were biased at −5 eV to acquire the low 

cutoff of secondary electron. The photon energy was calibrated by the Au 4f7/2 peak 

with a binding energy of 84 eV. UV–Vis DRS spectra were recorded on a Hitachi UH-

4150 UV–Vis spectrophotometer with spectral-grade BaSO4 as a reference.

In situ PFM test

In situ PFM test was performed on a NT-MDT scanning probe microscopy (SPM, NT-

MDT Ntegra upright) with a heating stage (SU045NTF, NT-MDT, Russia) which was 

equipped with a Pt resistor to achieve its temperature stability at 0.05 °C. By moving 

the probe tip of PFM to the middle region of the scanned NW, the displacement-

voltage butterfly curve and the phase curve were obtained upon applying a voltage in 

a certain range at each temperature.

In situ bending test

A batch of NWs was dispersed in isopropanol by stirring and ultrasonication to get a 

dilute suspension, which was then drop-casted onto a copper grid. Using the Model 

450PM Manual Probe Station platform, an appropriate NW was picked with the help 

of a light microscopy, which was then experienced a force on one tip by a fine tungsten 

needle.
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Finite element simulations

Finite element simulations were performed using a COMSOL software. The length of 

MAPbI3 NW was set to 30 μm, and the diameter was set to 300 nm. The elastic 

modulus and Poisson's ratio of the MAPbI3 NW were set to 20 GPa and 0.4, 

respectively. The NW was simply supported at both ends, and the axial displacement 

constraint was set at the bottom to ensure that the NW can bend freely. The bending 

of the NW was realized by applying bending moments at both ends. The bending 

moment was set to 10-12 N m in order to approach the level of strain gradient in our 

experiments.

Hydrogen evolution test

First, a saturated HI solution was prepared as follows. An H-shaped cell was employed 

in this preparation to separate the anode and cathode compartment with a Nafion 

117 membrane placed between them. 10 mL of 57 wt% HI solution was added in each 

compartment. 2.97 g PbI2 was dissolved in the HI at the cathode compartment and 

stirred at 60 °C before slowly adding 1.025 g MAI. Carbon fiber papers with an active 

area of 4 cm2 were utilized as both the working and counter electrodes. After Ar gas 

purging into two compartments for 15 min, −800 mA of current was applied on the 

working electrode for 2 h (Figure S16). Thereafter, the saturated hydrogen iodide 

solution was obtained in the cathode compartment.

Subsequently, the hydrogen production rates were determined from a homemade 

top-lighting reactor (30 ml; with water cooling). A 300 W Xe-lamp (PLS-SXE 

300/300UV, Beijing Perfect Light, China) with a 420 nm cut-off filter was used as a 

visible light source, and mechanical stimulation was introduced to the reactor by a 

magnetic stirrer at 300 rpm. Typically, 50 mg MAPbI3 NWs was dispersed into 5 ml 

saturated HI solution for a single hydrogen evolution test. The evolved H2 was 
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quantitatively analyzed by a gas chromatograph (Shimadzu GC-2014) with Ar as the 

carrier gas.

Calculation of the catalytic efficiency

By utilizing the concentration of HI solution and the computed free energy associated 

with splitting the solution, we can determine the potential energy value, denoted as 

EHI, which equals to 0.33 eV. Utilizing this potential energy value, we can evaluate the 

solar conversion efficiency of our photomechanocatalytic reaction by utilizing the 

following equation.1, 2

Solar HI splitting efficiency (%) = 

[Evolved H2 (mol) ×  6.02 ×  1023 ×  2 ×  0.330 (eV) ×  1.6 ×  10 - 19]
[Psol (W cm - 2) ×  Area (cm2) ×  time (s)]

 ×  100%

For instance, in the case of the MAPbI3 NWs deposited, 75.65 μmol of H2 could be 

generated after 2 h of light irradiance at 100 mW cm−2. Because our light irradiation 

area was 0.25 cm2, the solar HI splitting efficiency could be calculated as 2.67%.
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Supplementary Figures

Fig. S1 Statistics of lengths and diameters for MAPbI3 NWs. (a) Length statistics of 

MAPbI3 NWs. (b) Diameter statistics of MAPbI3 NWs.
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Fig. S2 Morphological characterization and elemental distributions of MAPbI3 NWs. (a) 

TEM image of a NW. (b-f) STEM (i.e., scanning transmission electron microscopy) 

image and the EDS elemental mappings for Pb, N, I, and C.
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Fig. S3 UPS characterizations for (a) MAPbI3 SC and (b) MAPbI3 NPs.
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Fig. S4 Tauc plots for (a) MAPbI3 SC and (b) MAPbI3 NPs.
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Fig. S5 Comparison of the structures of optical bandgaps (versus Fermi level) for 

MAPbI3 SC, NWs and NPs.
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Fig. S6 In situ PFM response of NWs at a temperature range from RT to 100 oC. (a) The 

corresponding PFM morphology image for a MAPbI3 NW. (b) PFM amplitude response 

for a MAPbI3 NW at 40 oC. (c) PFM amplitude response for a MAPbI3 NW at 60 oC. (d) 

PFM amplitude response for a MAPbI3 NW at 80 oC. (e) PFM amplitude response for a 

MAPbI3 NW at 100 oC. (f) Electromechanical coupling coefficients for the above NW 

from RT to 100°C.
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Fig. S7 The phase-voltage curves of a MAPbI3 NW tested by PFM at (a) 40 oC, (b) 60 oC, 

(c) 80 oC, and (d) 100 oC.
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Fig. S8 PFM amplitude response of a commercial LiNbO3 sample.
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Fig. S9 Bright-field TEM image for MAPbI3 NWs, in which the bending NW can be 

observed.
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Fig. S10 Optical image series showing a MAPbI3 NW experienced multiple bending-

recovery processes before it was broken.
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Fig. S11 GC data for hydrogen gas production from the decomposition of saturated HI 

using MAPbI3 NWs under photomechanocatalytic, mechanocatalytic, and 

photocatalytic conditions. (a) MAPbI3 NWs decompose saturated HI under a 

photomechanocatalytic condition. (b) MAPbI3 NWs decompose saturated HI under a 

mechanocatalytic condition. (c) MAPbI3 NWs decompose saturated HI under a 

photocatalytic condition.
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Fig. S12 MAPbI3 NPs decompose saturated HI under a photomechanocatalytic 

condition.
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Fig. S13 HI splitting by the NWs in a saturated HI solution at various conditions. (a) 

Mechanocatalytic HI splitting reaction of the saturated solution in the presence and 

absence of MAPbI3 NWs. (b) Photocatalytic HI splitting reaction of the saturated 

solution in the presence and absence of MAPbI3 NWs. (c) Photomechanocatalytic HI 

splitting reaction of the saturated solution in the presence and absence of MAPbI3 

NWs.
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Fig. S14 XRD patterns for MAPbI3 NWs before and after the catalytic reaction.
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Fig. S15 Structural characterization of NWs before and after the catalytic reaction. (a) 

SEM image of MAPbI3 NWs at 0 min. (b) SEM image of MAPbI3 NWs after 60 min of 

catalytic reaction. (c) SEM of MAPbI3 NWs at 120 min of catalytic reaction.
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Fig. S16 Photos for the electrical reduction process of saturated HI.
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Table. S1 A summary of previously reported typical catalysts and their performance 

in the hydrogen evolution reaction from HI decomposition.

Catalyst Light source
Precious 

metal
Catalytic 

Mechanism
Activity

[H2 μmol g-1 h-1]
Year 

[Reference]

MAPbI3 NWs
300 W Xe lamp 

(λ ≥ 420 nm)
---

Photo-
mechano-

756.5 This work

MAPbI3/Pt
Solar simulator 

(λ > 475nm)
Pt Photo- 57.0 20161

MAPbI3/Pt/TiO2

300 W Xe lamp 
(200 mW cm-2, 

λ ≥ 420 nm)
Pt Photo- 5293 20183

MAPbBr3-xIx/Pt
300 W Xe lamp 

(λ ≥ 420 nm)
Pt Photo- 2604 20184

MAPbI3/rGO
300 W Xe lamp 
(120 mW cm-2, 

λ ≥ 420 nm)
--- Photo- 939 20185

MABi2I9/Pt
300 W Xe lamp 

(λ ≥ 400 nm)
Pt Photo- 169 20196

MAPbI3/black 
phosphorus

Xe lamp (300 
mW cm-2, λ ≥ 

420 nm)
--- Photo- 3742 20197

Pt/Ta2O5/MAPbB
r3/PEDOT:PSS

300 W Xe lamp 
(150 mW cm-2, 

λ ≥ 420 nm)
Pt Photo- 619 20198

MAPbI3
500 W Xe lamp 
(100 mW cm−2)

--- Photo- 68.4 20199

MAPbI3
500 W Xe lamp 
(100 mW cm−2)

--- Piezo- 44.2 20199

MAPbI3
500 W Xe lamp 
(100 mW cm−2)

--- Piezophoto- 460.7 20199

MAPbI3/Ni3C
300 W Xe lamp 

(λ > 420nm)
--- Photo 2362 201910

MAPb(Br0.1I0.9)3/
Pt

300 W Xe lamp 
(λ ≥ 420 nm)

Pt Photo- 3348 201911

MAPbI3/CoP
150 W Xe lamp 

(λ > 420nm)
--- Photo- 785.9 202012

Cs3Bi2xSb2–2xI9/Pt Solar simulator Pt Photo- 926 202013

MAPbI3/Pt/C
10 W LED lamp 

(380 ≤λ≤780 
nm)

--- Photo- 685 202014

Cs3Bi2I9
450 W Xe lamp 
(150 mW cm-2)

--- Photo- 225 202215
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1T-2H MoSe2 
modified MAPbI3

300 W Xe lamp 
(λ > 420nm)

--- Photo- 552.9 202216
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