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Fig. S1. Schematic diagram of the test system for the LECH sensor, where saturated solutions 

of P2O5, LiCl, CH3COOK, MgCl2, K2CO3, Mg(NO3)2, NaCl, KCl, and K2SO4 were obtained at 

0%, 11%, 23%, 33%, 43%, 52%, 75%, 85%, and 97% relative humidity, respectively, in a 

closed wide-mouth bottle at 25℃.
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Fig. S2. Schematic diagram of the overall structural dimensions of the LECH sensor.
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Fig. S3. FTIR spectra of pure leather and NaCl/leather.
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Fig. S4. The leather soaking in 2.5 mol/L NaCl solution. (a) SEM image (b) EDS mapping of 

the selected area, and (c–d) corresponding EDS mappings element of Na and Cl.
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Fig. S5. XRD pattern of pure leather and NaCl/leather.
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Fig. S6. SEM images of (a) pure leather, (b–e) leather soaked with 0.1 mol/L, 0.3 mol/L, 0.5 

mol/L, 1.0 mol/L, and 2.5 mol/L NaCl , respectively.
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Fig. S7. Cross-sectional SEM images of (a–e) leather soaked in 0.3 mol/L, 1 mol/L, 2 mol/L, 

2.5 mol/L, and 3 mol/L NaCl solutions, respectively.
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Fig. S8. Linear response relationship of the voltage and humidity (0.3 mol/L NaCl).
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Fig. S9. The voltage with time for a single absorption and desorption cycle of the sensor. (a) 

The response time and recovery time for the first cycle are 340 s and 140 s, (b) the response 

time and recovery time for the second cycle are 360 s and 150 s.

The response time is calculated as the time required from the initial voltage to respond to 90% 

of the voltage in the final steady state. The recovery time is calculated as the time required from 

the initial voltage to the response to the final return to 90% of the voltage in the steady state.
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Figure S10. Output performance of LECH sensors with KCl and LiCl electrolytes. Maximum  

voltage and short-circuit current as a function of salt concentration for devices using (a) KCl 

and (b) LiCl as the hygroscopic electrolyte. All measurements were conducted under 97% 

relative humidity (RH). The data demonstrate the universal concentration-dependent trend and 

the tunable output based on ion species.
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Fig. S11. Test curves of output current for sensors soaked in different concentrations of NaCl 

(0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 mol/L) at 97% RH.
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Fig. S12. SEM images of the Al electrode (a) before and (b) after 11 h operation at 97% RH, 
showing no obvious corrosion or surface damage.
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Fig. S13. Schematic diagram of the device with a different number of electrodes. (a) one pair, 

(b) two pairs, (c) four pairs, respectively

Attention: The size of the device remains at 1 × 2 cm2, and the distance between the Cu and 

Al electrodes remains at 0.5 mm.
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Fig. S14. LECH devices voltage with different numbers of electrodes pairs (1, 2, 3, 4, 5, and 

6). Test conditions were 97% RH and 25℃. Data are mean ± standard deviation (n = 3 

independent experiments).
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Fig. S15. The output voltage for sensor with adhesive and non-adhesive electrodes.
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Fig. S16. Nyquist plots of the LECH sensor at different RH, showing reduced resistance with 
increasing humidity.
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Fig. S17. Output voltage curve of the LECH in air and pure N2.
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Fig. S18. The Output voltage curve of devices by using copper electrode and stainless steel 

electrode as device electrode respectively.
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Fig. S19. Response curves of the LECH at positive and negative connections.
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Fig. S20. Variation for 1–9 units LECH devices single components. (a) Output voltage 

connected in series, (b) Output current connected in parallel.
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Table S1. Content of NaCl in unit leather (mg/cm2)

NaCl 
(mol/L)

Dry leather 
(mg)

Dry NaCl/leather
(mg)

Loading amount 
of NaCl (mg)

Loading amount of NaCl in 
the unit leather (mg/cm2)

0.1 116.3 116.5 0.2 0.1

0.2 111.2 112.5 1.3 0.65

0.3 114.1 116.8 2.8 1.4

0.4 113.4 116.7 4.1 2.05

0.5 110.8 119.2 5.4 2.7

1 118.9 129.4 9.8 4.9

1.5 116.6 132.2 15.1 7.55

2 116 134.4 18.4 9.2

2.5 115.6 140.1 23.1 11.55

3 112.4 138.8 25.7 12.85

Method: Cut 10 pieces of leather with an area of 2 cm2 (1 cm × 2 cm), weighing the mass of 

each piece of dry leather (m1), 10 pieces of leather were soaked in different concentrations of 

NaCl solution for 10 min. Remove the leather, put it in the oven at 50℃ to dry for 8 h, and 

weigh each piece of dry NaCl/leather (m2). The loading amount of NaCl in a unit of leather is 

calculated as the formula : (m2–m1)/2.
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Table S2. Comparison of the power generation of the LECH sensor and other reported ion 

diffusion and electrochemical power generation humidity sensors.

Materials Detetecting 
range (RH)

Maximum
Voc (V)

Power (μW)/ Isc 
(μA) Device type Ref

PSSA/PDDA 20−100% 1.1 ~2.6/22.7 ion diffusion 1

Bilayer of 

polyelectrolyt

e film

25−85% 1.38 5.52/4 ion diffusion 2

pNIPAm 68.5−82.9% 1.86 10.14/21.8 ion diffusion 3

Carbon-

black-coated 

cotton fabric

20−85% 0.53 0.256/3.91 ion diffusion 4

Ni–Al LDH 

films
56−80% 0.6 0.045/0.3 ion diffusion 5

GO 20−90% 0.77 ~0.25/~1.3 electrochemistry 6

GO/SF/LiBr 11.3−84.3% 1.29 ~12.9/~40 electrochemistry 7

NF/GO 36.4−97% 0.83 ~0.45/~2.2 electrochemistry 8

LiCl 10.9−91.5% 0.55 0.29/2.14 electrochemistry 9

NaCl/OH-

MWCNTs
20.52/62 1.32 20.52/62 electrochemistry 10

Nb2CTx/HA 10.9−91.5% 0.7 0.96/~7.4 electrochemistry 11

NaCl/sodium 

alginate
10.9−91.5% 0.7 2.63/24 electrochemistry 12

NaCl 41.1−91.5% 0.58 1.33/7.9 electrochemistry 13

Nacl/Leather 10.9−91.5% 0.75 8.79/250 electrochemistry
This 

work
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