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Supplementary Figure 1. Comparison of pH value. Comparison of pH value of gel before and
after moisture absorption
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Supplementary Figure 2. Long-term voltage test of MEG. MEG can maintain stable voltage
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output for a long time in a humid environment (98% RH, 25 °C).
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Supplementary Figure 3. Preparation process. Flow chart for the preparation of MEL-PCL
structure
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Supplementary Figure 4. Light transmittance rate of the MEL. MEL has good light
transmittance in the range of 400-800nm.

Supplementary Figure 5. Morphology of carbon nitride on the back of the PCL. Carbon
nitride is evenly distributed. Such a distribution can provide a large number of photocatalytic sites.
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Supplementary Figure 6. Tauc plots of CN, P-CN and PCL. Eyg = x — E¢ + 0.5E;, Eyp = E; +

Ecg, Where X is the absolute electro-negativity of semiconductor, and the X value of g-C3N4 is 4.73
eV, The free electron energy is denoted as Ee (4.5 eV vs NHE).
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Supplementary Figure 7. Simulation of cation selectivity. The concentration of H* and OH- in
the left solution is 107 mol/L, and the concentration of the right solution is 0.01 mol/L. The
nanopore channels are negatively charged, with the sizes of 240 nm, 150 nm, and 80 nm,
respectively. The system is stabilized in such a way that the nanopore channels allow only H* to
pass through them, which is cation-selective.
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Supplementary Figure 8. Experiment of cation selectivity. The left liquid is deionized water,
the right is a 0.1 mol/L NaCl solution, the membrane in the middle is a PCL, and the left side of

the system is the positive electrode of the current, the membrane is capable of selectively
transmitting cations.
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Supplementary Figure 9. Impedance analysis of the device. The illustration is the equivalent
circuit diagram of the device.
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Supplementary Figure 10. Simulation systems. Initial conformation of the simulation
system before and after illumination
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Supplementary Figure 11. H3O" density distribution change of system 1. H3O" do not move in
a directional manner in system 1.
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Supplementary Figure 12. H3O" density distribution change of system 2. H3O" moves in a

directional manner in system 2.
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Supplementary Figure 13. Density change of H3O". a Density change of H3O" in the absence of
concentration gradient b Density change of H3O" when there is a concentration gradient. Different
colors mark the average density of the system along the Z axis (concentration gradient direction)

in each time period (ns).

a b C

<20 <25 <4.0

215 220 2

10 215 2

o 0'5 o 1.0 o 2.0

5 505 51.0

¢© 0.0 0 0.0 QOO

0.0 0.5 1.0 1.5 2.0 0 2 4 6 810 01234567
Time (h) Time (h) Time (h)

Supplementary Figure 14. Effect of illumination time on device performance recovery. a
short illumination (1 h), b medium illumination (4 h) ¢ long illumination (8 h)
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Supplementary Figure 15. Effect of relative humidity on photocatalytic effect. Hydrogen
production of the device at different humidity levels for 4 hours
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Supplementary Figure 16. Effect of preprocessing time. Effect preprocessing time in LiCl
solution on the moisture absorption capacity of the MEL.
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Supplementary Figure 17. Voltage repeatability test under illumination. Voltage responses
during five illumination cycles.
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Supplementary Figure 18. Current repeatability test under illumination. Current responses
during six illumination cycles.



Supplementary Figure 19. Application prospects. Schematic diagram of the device for day-
night cycle power generation (The device can generate electricity using hydrogen ion
concentration at night, and can reconstruct the internal hydrogen ion concentration gradient under
the action of light during the day, thus achieving day and night cycle power generation.).
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Supplementary Figure 20. Low temperature test. a Voltage output of the device at -20°C (the
blue part is a low temperature environment) b Current output of the device at -20°C (the blue part

is a low temperature environment)

a 0.20 bAS-
20.15 <4
S = 3T ———
go-10 &
2 0.05 =
>R o1
0.00 0
0 10002000 3000 400 800 12001600
Time (s) Time (s)

Supplementary Figure 21. Anti-pollution ability test. a Voltage output of the device when it is
covered with soil (the brown part is the soil-covered environment) b Current output of the device
when it is covered with soil (the brown part is the soil-covered environment)



Supplementary Table 1 | Comparison of performance parameters of MEG devices

Voe Continuous
lse/ Jsc . . Ref Electrode
V) working time
1.0 1.79uAlcm? 4.17h 1 C
0.78 7.5uA 240h 2 C
0.91 50.07puA 11.1h 3 Au
1.1 17nA 11.7h 4 C
0.4 1.5 pAlcm? 8.3h 5 Au
0.6 50nA 258h 6 C
Reassembled
0.5 0.25pA 140h 7
Graphite
This
0.28 1.8uA 650h Au
work
0.9 92uA/cm? 24h 8 Cu
0.8 20pA 12h 9 Cu
0.4 0.12uA 8h 10 ITO
1.1 2.6pAlcm? 13.9h 11 C-Al
1.17 400pA 10h 12 Al
0.4 5.7uA 3.3h 13 Ag
This
1.04 610pA / Al

work




Supplementary Table 2 | Photocatalytic hydrogen production data of our devices

Time (h) Peak area (uV*s) H2 evolution (pmol)
0 0 0
1 4538.6 2.64722
2 5871.3 3.424541
3 6215.6 3.62536
4 11599.3 6.7655

Supplementary Table 3 | Electrochemical impedance spectroscopy results of MEG

Rs Cd n Ret W
(Q) (uF/cm?) (Q)
408.9 5.036 0.594 14610 2.233*10°
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