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Experimental Section

Synthesis of the EHL-AI**-PAA Tonic Hydrogel
Table S1 Different Al** for the hydrogel preparations

EHL

AICL » 6H20  AA APS Water EG
(€3]

) (€] (€] (€] (€]
0.15 0.8 2 0.03 4 2.5
0.15 1.0 2 0.03 4 2.5
0.15 1.2 2 0.03 4 25
0.15 1.5 2 0.03 4 2.5
0.15 1.8 2 0.03 4 2.5

Table S2 Different EHL for the hydrogel preparations

EHL AICL * 6H20  AA APS Water EG
(€3]

£ ® © © ® ®
0.15 1.2 2g 0.03 4 2.5
0.2 1.2 2g 0.03 4 2.5
0.25 1.2 2g 0.03 4 25
0.3 1.2 2g 0.03 4 2.5
0.35 1.2 2g 0.03 4 2.5

Table S3 Electrical properties of different electrodes

EHL AICL *» 6H:0  AA APS Water to EG
(€3]

’ © © © ©

0.15 0.8 2g 0.03 6:0

0.15 1.0 2 0.03 5:1.5

0.15 1.2 2g 0.03 4:2.5

0.15 1.5 2g 0.03 3.5:3

0.15 1.8 2g 0.03 1.5:5

Table S4 The ratio of glycol to water of EHL-AI**-PAA hydrogels

Electrode Types (Positive/Negative) Open-circuit Open-circuit
voltage(V) current(pA)

Carbon cloth/Carbon cloth 0.85 1

Carbon cloth/Copper plate 0.84 253

Carbon cloth/Aluminium plate  1.22 1410

Carbon cloth/Zinc plate 1.61 1945




Table S5 Comparison of reported hydrogel-based HMEGs with our study

Functional layer  Size (cm?) Current  Voltage Electrode Type Reference
(HA) V) (Positive+ Negative)
PVA-PAn-GI-GC 0.25 102.8 0.58 Carbon !
tape+Zn@NiO@/ZnO@
C3Ny
BPFs 0.25 5 0.95  apair of inert conductive 2
CT electrodes
rGO/GO 3.14 0.038 1.5 AutAg 3
HL-EL 1 100 1.4 Carbon slurry+Zn 4
powde
PVA/PNIPAM 1 33.23 0.34 Carbon Cloth+Carbon >
Cloth
PVA/AlgNa/CaCl, 1 2100 1.3 Graphene+Aluminum 6
electrode
PSS/GO/GI/PVA 1 7.08 0.55 LM/C+Ag 7
MEH 1 480 0.81 Ag+Pt 8
DESL-APF*-PAA 1 22.37 1.32 Carbon+Aluminum ?
electrode
LS-H 0.25 1200 1.26 CarbontZn 10
LS-AIP"-PAA 1 3.28 0.55 Ag+Carbon =
PEDOT/PSS/PA- 1 360 0.73 Cu+copper grids 12
Wood
PGHEG(LS-QC) 1 - 0.13 Zn and graphite paper 13
electrodes
LS-g-PAA-Al 4 0.15 Ti mesh+Carbon cloth 14
(CC)
EHL-AP*-PAA 1 4000 1.71 Carbon+Zn This

work




Characterization and Measurements

Adhesion Performance Tests Tensile bonding tests were used to evaluate the
adhesive properties of hydrogels to a variety of substrates, including glass, pigskin,
PTFE, zinc, and metal. To minimize experimental error, five parallel samples were
taken for each experiment. Briefly, a 2 mm thick layer of hydrogel was applied to the
surface of the substrate with a bonding area of 25 mm x 25 mm, and then the specimens
were subjected to tensile tests using a universal testing machine (Shimadzu Corporation,
Japan) at a beam speed of 50 mm/min until failure. The bond strength was calculated
by dividing the maximum load by the bond area. Self-healing performance was tested
mainly by observing the self-healing time of the EHL-AI**-PAA hydrogel cut in half at
25°C.

Conductivity of measurement of the hydrogel The ionic conductivity of the
hydrogel electrolyte was measured using the electrochemical impedance method on a
CHI760E electrochemical workstation (Chenhua, Shanghai, China). To measure the
conductivity the applied voltage and measuring frequency were maintained 1 V and 1

kHz, respectively. The conductivity was calculated by the following equation:

L
o(S/cm) = R A

R is the intersection of the curve in the high-frequency region (left side) with the
horizontal axis in the eis plot (Z' on the horizontal axis and -Z" on the vertical axis)
L is the thickness of the hydrogel

A is the contact area of the electrodes with the sample



Flexible Sensing Testing The sensing characteristics were investigated using the
amperometric i-t curve of the electrochemical workstation. The strain factor (GF) was
calculated by the following equation. Where R is the real-time resistance of the
hydrogel and Ro is the initial resistance. ¢ is the strain applied when the hydrogel is
stretched.

_(R—Ry)/R _AR/R,
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Fig. S1 Controlling relative humidity through adjustment of nitrogen flow rate.

Fig. S2 Digital photographs of solution systems without radical scavenger, with partial radical
scavenger (isopropanol), and with complete radical scavenger (KI).
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Fig. S3 the FTIR spectra of EHL, AA, and hydrogel

Conductivity (S/m)

—
T

0.10 0.15 0.20

0.25 0.30

Lignin content (g)

Fig. S4 Conductivity diagram at different EHL concentrations.
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Fig. S5 Testing of hydrogels for electrical conductivity and flexible sensing properties: GF value of
hydrogel at 0-500% stretch.
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Fig. S6 Testing of hydrogels for electrical conductivity and flexible sensing properties: Relative
resistance change curves of hydrogel at 10%, 30%, 50%, and 100% stretch.
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Fig. S7 Relative resistance change of hydrogel flexible sensors with knuckle flexion.
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Fig. S8 Relative resistance change of hydrogel flexible sensors with wrist flexion.




Fig. S9 Visualization experiment of hydrogen ion diffusion and migration. The EHL-AI’*-PAA
hydrogel is sandwiched between two syringe tubes containing methyl orange solution.
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Fig. S10 Changes in surface potential of the hydrogel before moisture absorption (blue) and after
20 minutes of moisture absorption (red).
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Fig. S11 Current output performance of copper, aluminium and zinc electrodes.
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Fig. S12 Integration and application of the HMEG device. (a) Schematic illustration of the
device integration structure. (b) Electrical output performance of the integrated device. (c) Output
signal of the self-powered sensor based on the HMEG. (d) Demonstration of the device for

respiratory monitoring.
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Fig. S13 The moisture-powered machine consists of a row of light bulbs, a temperature and

il
N
)

humidity display, and a capacitor charger.

Fig. S15 Voltage values for five devices at room temperature (26°C) and humidity (70%).



Fig. S16 Voltage changes and lighting of LED bulbs in four HMEG devices at room temperature of
26 degrees Celsius and humidity Rh=60% conditions.
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Fig. S17 Voltage change after ten days of charging a light bulb by a moisture generator.
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