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(LiCl) solution. b, Open-circuit voltage after impregnating with desorption gel in different 

concentrations of lithium carbonate (Li2CO3) solution.
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Fig. S2  Moisture content test of moisture absorbing layer. Moisture content of the absorbent layer 

during the water absorption process (a) and water loss process (b). Water mass content distribution at 

various positions within the DGH after 50 h (c) and 500 h (d) water absorption, confirming the presence 

of a stable water gradient.

In the water absorption stage, the LiCl layer absorbs more water faster than the Li2CO3 layer due to its 

stronger hygroscopicity, and this difference in hygroscopicity naturally forms an initial water gradient. 

When the two layers are coupled, the water absorbed by the LiCl layer continues to migrate towards 

the Li2CO3 layer, which significantly extends the saturation time of the LiCl layer from 15 hours when 

it exists alone to 50 hours. The Li2CO3 layer also extends its saturation time from 10 hours to 30 hours 

due to obtaining additional water supplementation to regulate the dynamic dissolution process. This 

directional flow directly delays the saturation process of the Li2CO3 layer. Even after reaching apparent 

saturation, the inherent difference in moisture absorption between the two layers will still maintain a 

gradient in water content, which ensures the stable existence of osmotic pressure difference. In the 
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dehydration experiment, the dehydration rate of the pre saturated double-layer system was reduced by 

50% compared to the single-layer system, which directly proves the existence of continuous water 

transfer between the two layers: when the water in the Li2CO3 layer evaporates, the internal water 

gradient will automatically drive the LiCl layer to replenish the water in the Li2CO3 layer, forming a 

self-regulating mechanism.
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Fig. S3  Zeta potential of DGH in a pH range of 3 to 7. 
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Fig. S4  Finite element simulation calculation of reverse transport process of water and ions. (a) Finite 

element simulation calculation of water transmission process. The red curve represents the change in 

water content of the Li2CO3 layer during equipment operation, the blue curve represents the change in 

water content of the LiCl layer, and the green curve represents the change in water transferred from 

the LiCl layer to the Li2CO3 layer, with the unit being grams. The color bands shown in the legend 

indicate the water content within the double-layer structure. (b) Finite element simulation calculation 

of current output and ion transport velocity. Finite element simulation calculation of current output 

and ion transport velocity. The built-in illustration shows that the ion transport speed between the two 

layers decreases from fast to slow and finally stabilizes, which is consistent with the trend of current 

output.
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Fig. S5  Stability time of current of dual gradient hydrogel moisture electricity generator (DG-MEG) 

under different initial salt gradients. The initial salt gradient is achieved by immersing salt solutions 

of different concentrations.

Time (h) Time (h)
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Fig. S6  The open-circuit voltage of the MEG with different electrode combinations. We conducted 

an in-depth exploration of the effects of different electrode materials on the performance of MEG, with 

a focus on evaluating a series of materials that are not easily reactive with water, such as Ti/Cu, Mo/Cu, 

Cu/Mo, Ti/Mo, Pt/Ti, Pt/Pt, and C/C, as positive and negative electrodes for their application in self-

sustaining MEG. The MEG using traditional metal materials Ti/Mo as electrodes has an open circuit 

voltage of 0.4V. However, the open circuit voltage of MEG using C/C electrode material can reach 

0.8V, indicating that carbon material electrodes can significantly improve the power generation 

efficiency of the MEG compared to traditional metal electrodes.
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Fig. S7  Electrical performance output of power generation devices. (a) Continuous voltage and 
current density of DG-MEG operating under constant temperature and humidity conditions (25 ℃, 

a

b

c
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60% RH). (b) Continuous voltage and current density of PAM hydrogel. (c) Electrical output 
performance of LiCl hydrogel with a single ion concentration gradient. (d) Continuous voltage and 
current density of DG-MEG operating at 25 ℃ and 90% RH. (e) Continuous voltage and current 
density of DG-MEG operating at 25 ℃ and 20% RH.
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Fig. S8  Open-circuit voltages at different humidity. a, Open-circuit voltages at different humidity. 

b, Voltage trend with humidity.
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Fig. S9  The open-circuit voltage of the MEG at different temperatures. a, The open-circuit voltage 

of the MEG at different temperatures. b, The trend of the open-circuit voltage as a function of 

temperature.
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Fig. S10  Interface temperature and mass change of DG-MEG platform under 1-sun irradiation.
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Fig. S11  Preparation of large size DGH. a, Preparation of the immersion step. b, Preparation of 1000 

cm2 ionic hydrogel.
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Fig. S12  Comparison of preparation area and number of preparation steps with works in the same 

field1-7.
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Fig. S13  Flexibility and transparency of DGH. a, Transparent properties of DGH. b, Flexibility of 

DGH. 
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Fig. S14  Current output of DG-MEG under mechanical deformation, including bending, stretching, 

and compression.
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Fig. S15  Open-circuit voltage of a self-sustaining DG-MEG composed of hygroscopic gels 

impregnated with different hygroscopic salts.
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Fig. S16  (a) Large-sized DG-MEG exhibits long-term stability and reliability as a wearable power 
source. (b) Tensile testing of scalable large-sized DE-MEG. (c) Multi-point electrode detection of a 
square DE-MEG with a side length of 0.32m. (d) Stable electrical output of DG-MEG wearable 
energy source during walking and movement. (e) The mass change of 1000 cm2 of DG-MEG after 
30 hours of operation.
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Table S1 Design and performance comparison of multi-layer moisture energy conversion equipment.

References Strategy
Optimized 

gradient

Current 

density

(μA cm-2)

Duration

(h)

Integrated

method

Nat.Nanotechno

l., 2021,16, 

811–819

Asymmetric design of 

functional groups
Ion gradient 0.08 150 Series

Adv.Mater.,2022

,34, 2201228

Asymmetric 

introduction of 

moisture

Water gradient 0.2-0.3 300
Series and 

parallel

Energy Environ. 

Sci.,

2022, 15, 4584

Asymmetric design of 

functional groups
Ion gradient 1.3 120

Series and 

parallel

Energy Environ. 

Sci.,

2024,17, 7165-

7181

Asymmetric 

introduction of 

moisture

Water gradient 3-7 350
Series and 

parallel

Adv. Energy 

Mater., 2025, 

2404840

Asymmetric 

introduction of 

moisture

Water gradient 2.52 100 Series

Our work

Heterogeneous 

hygroscopic salt 

integration& 

Asymmetric 

introduction of 

moisture

Water 

gradient& 

Salinity 

gradient

7.23 500

Self-

expansion 

&Series 

and 

parallel
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Table S2 Design and performance comparison of moisture energy conversion device

References Strategy Optimized
gradient

Voltage
(V)

Current
density

(μA cm-2)

Power
density

(μW cm-2)

Duration
(h)

Integrated
method

Nature, 2020, 578, 550 Asymmetric 
introduction of moisture Water gradient 0.5 0.25 -- 1500 Series and 

parallel

Nat.Nanotechnol., 2021
,16, 811

Asymmetric design of 
functional groups Ion gradient 1.38 0.9 5.52 250 Series

Nat.Commun., 2025,16, 
5267

Asymmetric 
introduction of moisture Water gradient 0.45-0.6 -- 12.43 240 Series and 

parallel

Nat. Commun., 2024, 
15, 4929

Asymmetric design of 
functional groups Ion gradient 0.87 2-3 -- 120 Series and 

parallel

Adv. Mater., 2022,34, 
2201228

Asymmetric 
introduction of moisture Water gradient 0.8 0.2-0.3 35 300 Series and 

parallel

Energy Environ. Sci., 
2022, 15, 4584

Asymmetric design of 
functional groups Ion gradient 0.7 1.3 0.15 120 Series and 

parallel

Energy Environ. Sci., 
2024,17, 7165

Asymmetric 
introduction of moisture Water gradient 0.703 3-7 28.9 350 Series and 

parallel

Adv. Energy Mater., 
2025, 2404840

Asymmetric 
introduction of moisture Water gradient 1.25 2.52 0.78 100 Series
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Adv. Mater., 2024, 36, 
2208081

Asymmetric 
introduction of moisture Water gradient 0.6 0.83-0.90 0.5-0.54 120 Series and 

parallel

Energy Environ. Sci., 
2023, 10, 4577

Asymmetric design of 
functional groups Ion gradient 0.7 3 0.15 120 Series and 

parallel

Energy Environ. Sci., 
2019, 12, 1848

Asymmetric 
introduction of moisture Water gradient 0.6 1.2 0.07 120 Series and 

parallel

ACS Appl. Mater. 
Interfaces, 2025, 17, 
1944

Asymmetric design of 
functional groups Ion gradient 1.03 -- 9.12 168 Series and 

parallel

ACS Appl. Mater. 
Interfaces, 2022, 14, 
19569

Asymmetric design of 
functional groups Ion gradient 1 8.2 2.2 74 Series

Adv. Funct. Mater., 
2019, 29, 2204627

Asymmetric 
introduction of moisture Water gradient 0.1 0.02 0.0003 167 Series and 

parallel

Chem. Eng. J., 2024, 
486, 150203

Asymmetric design of 
functional groups Ion gradient 0.67 6.4 0.87 70 Series and 

parallel

Adv Funct Mater. 2023,
33, 2210027

Asymmetric design of 
functional groups Ion gradient 1.9 -- 22.5 5 Series and 

parallel

Green Energy Environ., 
DOI:10.1016/j.gee.2025.05.004

Asymmetric 
introduction of moisture Water gradient 0.39 -- 14.87 720 Series and 

parallel
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Adv. Energy Mater., 
2024, 14, 240637

Asymmetric 
introduction of moisture Water gradient 1.08 36.8 5.83 24 Series and 

parallel

ACS Nano, 2024, 18, 
12096

Asymmetric 
introduction of moisture Water gradient 0.4 5.7 -- 3 Series and 

parallel

Our work

Heterogeneous 
hygroscopic salt 
integration& 
Asymmetric 
introduction of 
moisture

Water 
gradient& 
Salinity 
gradient

0.7 7.23
5.06 (after 
500 power 

supply)
500

Self-
expansion 

&Series and 
parallel
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Table S2 (appendix) Design and performance comparison of moisture energy conversion device

References Voltage
(V)

Current
density
(mA cm-

2)

Power
density
(mW cm-2)

Duration
(h)

Strategy

Adv. Mater. 2025, 

e15133.

1.44 4.6 0.59 400 Water gradient and active 

electrode system

Energy Environ. 

Sci. 2025, 18, 

9457

0.6 0.58 0.088 288 Conductive nanochannels 

and asymmetric electrodes

ACS Appl. Mater. 

Interfaces 2025, 

17, 7916

1.03 0.0238 0.00912 168 Hydrogel-aerogel double-

layer structure

Interdiscip. 

Mater. 2025, 4, 

869

0.9-1.25 0.539 0.124 200 Introduction of ionic 

liquids and active 

electrodes

ACS Nano 2025, 

19, 3807

0.8 0.0645 0.021 100 Hydrogel array combined 

with double-layer 

pseudocapacitance model

Chem. Eng. J. 

2025, 511, 

162246.

0.95 0.113 0.106 — Humidity gradient and 

asymmetric active 

electrode

Our work 0.7 0.096 0.005 500 Osmotic pressure 

regulation and dual 

gradient driving
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Table S3 Changes in Li+ concentration before and after electrical output testing

Concentration of Li+ in LiCl layer

(μg mL-1)

Concentration of Li+ in Li2CO3 layer

(μg mL-1)DG-MEG

Before testing After testing Before testing After testing

ⅰ 96.5 162.5 231.9 181.7

ⅱ 94 123.5 292.1 159.9

ⅲ 95.2 134.7 352.4 203.8

iv 34.6 94.4 161.5 95.6

v 90.3 197.4 398.6 229.8

vi 127.5 175.9 282.7 194.6
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Table S4 The mass fraction of LiCl and Li2CO3 solution used for soaking ⅰ-ⅵ types of DG-MEG

Type of 
DG-MEG

Mass fraction of 
LiCl immersion 
solution

Mass fraction of 
Li2CO3 

immersion 
solution 

Concentration of 
Li+ in LiCl layer 
(μg mL-1)

Concentration of 
Li+ in Li2CO3 
layer 
(μg mL-1)

ⅰ 2.0 wt% 0.5 wt% 96.5 231.9
ⅱ 3.0 wt% 1.0 wt% 94 292.1
ⅲ 3.0 wt% 1.5 wt% 95.2 352.4
ⅳ 1.5 wt% 1.5 wt% 34.6 161.5
ⅴ 5.0 wt% 1.5 wt% 90.3 398.6
ⅵ 5.0 wt% 2.0 wt% 127.5 282.7
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Table S5 Selection of control group and determination of the optimal range of ion concentration 

difference

ΔC

(μg mL-1)

Mass fraction 
of LiCl 
immersion 
solution

Mass fraction 
of Li2CO3 

immersion 
solution 

Concentration 
of Li+ in LiCl 
layer 
(μg mL-1)

Concentration 
of Li+ in Li2CO3 
layer 
(μg mL-1)

Voltage
(V)

257.2 3.0 wt% 1.5 wt% 95.2 352.4 0.78

249.4 3.5 wt% 1.5 wt% 93.8 343.2 0.72

268.9 4.0 wt% 1.5 wt% 90.6 359.5 0.81

286.3 4.5 wt% 1.5 wt% 91.3 377.6 0.64

308.3 5.0 wt% 1.5 wt% 90.3 398.6 0.52

Table S6 Voltage and current outputs of DG-MEG with active surface areas of 1, 10, 100, and 

1000 cm2

Area (cm2) Voltage (V) Current (mA)

1 0.67 0.0958

10 0.73 0.8334

100 0.64 9.0975

1000 0.68 102.384
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