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Figure S1. DFT analysis and hydrogen bonding interactions of (a)H,O-H,0, (b)
DMSO-H,0, (¢) PVA-DMSO-H,0, (d) PAMAA-DMSO-H,0, (¢) PVA-PAMAA-
H,0, (f) PVA-PAMAA-DMSO-H,0.



Computational details

To further understand their intermolecular interactions, density functional theory (DFT)
calculations were carried out using Dmol®> module in Materials Studio software
package. ! The geometry optimizations were performed using the Perdew-Burke-
Ernzerh of (PBE)? modification of the generalized gradient approximation (GGA)? with
the Grimme*® custom method for DFT-D correction together with the doubled
numerical basis set plus polarization basis sets (DNP, including polarization d-
function), and the cutoff energy for the plane-wave basis set is set to be 240.0 eV while
the k-point is set to 7x7x1 to achieve high accuracy. The core electrons were treated by
the DFT semi-core pseudo potentials, and a global orbital cutoff of 3.2 A and a Fermi
smearing of 0.005 Ha were used for the simulations. The convergence criteria including
self-consistent field (SCF) tolerance of 1.0x10° Ha per atom, a maximum force
tolerance of 0.002 Ha A-!, an energy tolerance of 1.0x10-5 Ha per atom and a maximum
displacement tolerance of 0.005 A were employed. The interaction energy (AEj,) is the
difference between the total energy of the complex and the sum of total energies of its

components.
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Figure S2. FT-IR spectra of PP, PPC, PPD and PPDC hydrogel in the wavenumber
range of 4000-500 cm™!.
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Figure S3. Compression-recovery measurements of the PPDC hydrogel at different strain, (a)

20%, (b) 40%, (c) 60% and (d) 80%.
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Figure S4. Ten successive cyclic loading-unloading curves of the PPDC hydrogel without a
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Figure S5. SEM images of (a) PPC hydrogel and (b) PPDC hydrogel.
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Figure S6. Mechanical properties of PPDC hydrogel (a) Loading-unloading curves and
(b) corresponding toughness/energy dissipation at different maximum strain.
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Figure S7. The dissipated energies of ten successive loading-unloading cycles at tensile
strain of 300%.

The PPDC hydrogel also had outstanding mechanical durability behaviors Besides,
the hysteresis loop curve with a residual strain became inconspicuous in subsequent
cycles the dissipated energy kept almost constant of 25 kJ m- after the first cyclic.
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Figure S8. One hundred consecutive cycles of loading and unloading for PPDC
hydrogel at (a)50% (b)100% (c)200% tensile strain with with 1min resting time

between two consecutive tests.
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Figure S9. The DSC curves of the PP, PPC, PPD and PPDC hydrogel ranging from -
120 °C to 20 °C.

An endothermic peak at 15.5°C was observed in the absence of CaCl, and DMSO
(PP hydrogels), corresponding to the freezing of free water entrapped within the
PVA/PAMAA crosslink network. The introduction of CaCl, leads the respective peaks
to shift to lower temperatures and to become smaller, indicating the CaCl, enhances
interactions of water around the polymer network. The Calcium chloride CaCl,
significantly alters the state of water within the hydrogels, preventing freezing or
resisting ice formation. Additionally, the DSC data of DMSO introduced
PVA/PAMAA based hydrogels presents no exothermic peak, indicating that the PPDC
and PPD hydrogels have a freezing point below -120 °C, completely inhibits water in

the hydrogel from freezing.®



bound water Free water

b
L]
b o
o
L
PR Cart 3 5 .2
of ® 2 L ®
e 3 = i N e e
* 3
.o*n.' iy -
".6; ..: o
San o . N
2
o
Ionic hydration Hydrogen bond interaction
/N PAMAA chain PVA chain As DMSO  » Chemical crosslinking
Se H,0O Q Cl- @ Caz* Hydrogen bond

Figure S10. Schematic of the hydration of CaCl, in water and the hydrogen bond
interaction among the H,O, DMSO and the PVA/PAMAA chains.
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Figure S11. (a) The relationship between the surface resistance of supercapacitor and
the number of drop coating cycles. (b) and (c) adhesion strength test. scotch tape
attached to the surface of supercapacitor and detached respectively.
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Figure S12. (a) CV curves of the PPChydrogel with different work voltage at 50 mV
s'! (b) The Electrochemical stability windows for (ESW) for PPC and PPDC hydrogels.
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Figure S13. (a) The CV curves and (b) The GCD curves of the supercapacitor
compared with storage after 1 day and 30 days.
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Figure S14. Images of a typical supercapacitor when stretched from 0% to 200% strain,
and relaxation after unloading.
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Figure S15. Nyquist impedance plots of the supercapacitor at devise compression
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Figure S16. The self-discharge profile of the hydrogel supercapacitor.

2000

4000 6000

Time (s)

8000

10000



6000
100 —=—PP
5000 » oeD
5 —4—PPDC
5 L —p— PPC
_ 4000 & /
<
C 3000 0 20 40 60 8¢
= Z' (Ohm)
N

2000

1000

1000 1500 2000
Z' (Ohm)
Figure S17. (a)Nyquist impedance plots of the PVA/PAMAA based hydrogel (b) the

electrical properties illustration of hydrogel.
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The ionic conductivity of the PVA/PAMAA/DMSO/CaCl, hydrogel was
measured by the impedance spectrum using the electrochemical workstation

(CHI 660E). The ionic conductivity (o) was calculated from the equation below:

4
R-A (1)

g =

where A was cross-sectional area of the hydrogel (cm?); d meant the distance

between each two fixed electrodes (cm) and R was the bulk resistance (€2).
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Figure S18. (a) Resistance response of the hydrogel strain sensor stretched to 100%,
200%, 300%, 400% and 500%. (b) The resistance response of the hydrogel strain sensor
upon loading and unloading a strain of 1%.
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Figure S19. Long-term operation at 50% strain of the PPDC hydrogel sensor over 30
day in ambient condition without specific encapsulation



R .
< 25-
=
= .
= 20
[<P]
E o
O 15'.
10 1 v 1 v 1 v 1 v 1 v 1 v 1 v 1 v
0 20 40 60 80 100 120 140 160
Time (s)
0
= -3
< 0 :
-6] 1% Strain 3% Strain .
-9 5% Strain
36 40 44 66 72 78 108 120 132

Time (s)

Figure S20. Tiny strain response upon loading and unloading strain of 1%, 3% and 5%.
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Figure S21. Digital images and corresponding time-current response curves of the self-
powered integrated sensing systems in human motion detection. (a) Test schematic, (b) drinking
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and coughing, (c) elbow bending, (d) finger bending, (¢) wrist bending.
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Figure S22. An oscillating electric signals dataset by repeatedly writing 26 different
English letter and the PPDC hydrogel sensor was attached to the finger.

For volunteer, repeated each letter 5 times to demonstrate reliability for a total
acquisition of 130 sign language hand gesture recognition patterns A total of 130
patterns were randomly selected from the acquired signals to serve as the training set,

and the other signals acted as the test set.



Table S1. DFT calculation results of the interaction energy of different system.

Interaction energy

Model Interaction energy (eV)

(kcal/mol)
H,O/H,0 -0.311 -7.172
DMSO/H,0O -0.611 -14.089
PVA-DMSO/H,0 -1.293 -29.817
PAMAA-DMSO/H,0 -1.719 -39.640
PVA/PAMAA-H,0 -1.174 -27.072
PVA/PAMAA-DMSO-H,0 -2.647 -61.040




Table S2. The experimental ingredients and nomenclatures of PVA/PAMAA/DMSO/CaCl, hydrogel.

Sample PVA(g) AM(g) AA(g) Irgacure2959(g) MBA(mg) Water(g) DMSO(g) CaCl,(g)

PP 0.8 7.9744 0.428 0.2648 5.44 28 0 0
PPC 0.8 7.9744 0.428 0.2648 5.44 28 0 0.70
PPD 0.8 7.9744 0.428 0.2648 5.44 16 12 0

PPDC 0.8 7.9744 0.428 0.2648 5.44 16 12 0.70




Table S3. lonic conductivity of the PP, PPC, PPD and PPDC hydrogels

Material Ions conductive (s m!) Error (s m™!)
PP 0.016 0.005
PPD 0.031 0.005
PPC 6.278 0.549

PPDC 2.240 0.143




Table S4. Electrochemical performance of our supercapacitor and other recently reported flexible hydrogel supercapacitors.

Electrode Electrolyte . . Energy Power Cycle .
. Specific capacitance ) ) ) Deformation Ref
Materials (Cell Voltage) density density retention
93.84 mF cm2@ 2 mA cm™2 81.46pWh cm? 2500pW cm Stretchable
PVA/PAAM/DMSO/CaCl, 75% after 3000
MWCNT film 11.73 F em™ 26.07 Wh kg 800 W Kg! Compressible This work
(Gel, 2.5V) Cycles
31.28 Fg'@ 0.67A g! 11.73 mWh cm? 312.5mW cm3 Bendable
CNT-free GCP 93% after 3000 Stretchable
GCP@PPy 885 mF cm 2 123 pWh cm? 500uW cm2 Adv. Mater. 20197
(Gel, 1V) Cycles Bendable
PVA/PAAM/Gly/NaCl 90.2 after 3000
MWCNT film 75.75 mF cm?@ 0.5 mA cm™ 10.52uWh cm2 0.25 mW cm? Bendable Mater. Horizons 20208
(Gel, 1.5V) Cycles
33.8 mF/cm? @0.1mA cm™
ACN-PC-PMMA-LIiCIO4 76% after 10000 Stretchable
MWCNT/MoO, 483F g!' @0.14A ¢! 13.16 Wh kg'! 100 W Kg'! ACS Nano 2020°
(Gel, 1.4V) Cycles Bendable
0.41 F em?® @1.2mA cm?
ACN-PC-PMMA-LiClO4 75% after 1000
PPy/GF 89.6 mF cm-2 @0.6mA cm-2 24 uWh cm2 2.3 mWem?2 N/A Adv. Funct. Mater 2018 1°
(Gel, 1.4V) Cycles
PVA-H,SO, 624F g!' @0.5A g! 88.5% after Compressible
C-AL/CNF-5 8.6 Whkg'! 250 W Kg'! Adv. Funct. Mater 2020 !
(Gel, 1.4V) 231 mF cm™?@ 0.5 mA cm™ 5000cycles Bendable
PVA-LiCl 87% after 5000
Cu-CAT-NWAs /PPy 252.1 mF/em? @1.25 mA cm™ 22.4pWh cm? 1.1 mW cm™ Bendable Adv. Energy Mater. 2020 '2
(Gel, 0.8V) Cycles
Al-alginate/PAAm 90% after 3000
PPy@CNT 94.7 mF cm2 @0.1 mA cm 2 0.082 mWh cm3 5.83mWem 3 N/A Nano Energy 2019 13
(Gel, 0.6V ) Cycles
Agar/HPAAm 95.2% after 4000
PPy film 79.7 mF cm? @0.2 mA cm™ N/A N/A Stretchable Angew. Chemie - Int. Ed. 2019 4
(Gel, 0.8V)

Cycles




90% after 1000

PVA-PANI PVA-H,S0O,
153 Fg!' @0.25A ¢! 13.6 Whkg! 105 W kg'! Bendable Angew. Chemie - Int. Ed. 2016 1
(Gel, 0.8V) Cycles
Lignin
Lignin/PAN 1293 F g @ 0.25A g'! 4.49 Wh kg! 225 W kg'! N/A Bendable J. Mater. Chem. A 2019 '¢
(Gel, 1V)
PVA-KCI 92% after 1000
CNT-forest 2mF cm? @ 0.2 mA cm™ 0.lmWh cm? 100 mW cm3 Stretchable Adv. Energy Mater.2019 7
(Gel, 0.8V) Cycles
PAM/SA/CNT/PEDO PAM/SA/Na,SO4 75% after 5000
128 mF/cm?@1mA cm? 3.6 uWh cm2 0.2 mW cm? Stretchable Chem. Eng. J. 2020'3
T (Gel, 0.9V) cycle
AMPS-co-DMA Am/Laponite/GO
Bare CNT 9 mF cm? N/A N/A N/A Stretchable Nat. Commun.2019 1
(Gel, 0.8V)
PVA-LiCl 95.5% after 2000
Nig5Mnyg 750@C 92.3 mF em2@ 2 mA ¢cm? 4.72 mWh cm™ 61.2 mW cm™ N/A Adv. Mater.,2017 20
(Gel, 2.4V) Cycles




Table S5. Comparison of our work with other reported flexible hydrogel-based strain sensors

Base gel Gauge factor (tensile)  Sensing range (%) Non-volatile Reference
PVA/PAMAA/DMSQO/CaCl, 6.04 1000 Yes This work
PAAm/LiCl 0.84 40 N/A Adv. Mater. 20172!
PVA/SWCNT 1.51 1000 N/A Adv. Sci. 201722
PANi/ PVA 1.43 100 N/A Matter.2020 23
PVA/MXene 25 40 N/A Adv. Sci. 2018
PAA/Fe;0,4 3.96 800 N/A Small 2019 23
PSS/UPy/PANI 3.4 300 N/A Chem. Mater. 2019 26
P(AAm-co-HEMA)/PANI 1.48 300 N/A Chem. Mater. 2018 %’
PMMA-r-PBA 2.73 850 Yes Adv. Energy Mater.2019 8
PAA/PANI/Gly 18.28 269 Yes ACS Nano 2019 °
PAAmM-TA@CNF-MXene-Gly 8.21 500 Yes Adv. Funct. Mater 2020 3°
PVA-CNF 1.5 300 Yes Adv. Funct. Mater 2020 3!




Table S6. Comparison of self-discharge performance of the power supply in present self-power sensory system.

Main material Opening voltage (V)  Potential attenuation =~ Power number Ref
0.691V @600s
Hydrogel 2.5V 1 This work
1.7V @6000s
Hydrogel 147V 0.207 V@800s 2 Mater. Horizons 2020 3
CNT-PDMS Sponge N/A 1 Vw130s 1 Nano Energy 2018 32
Graphene Foam 1.4V 1.2 V@1000s 2 Adv. Funct. Mater. 2018 1
SPG-PDMS 1V 1 V@ 480s 1 Adv. Funct. Mater.2017 33
NiFe,0, fiber 12V 1 V@400s 3 Nanoscale 2016 34
MWCNT/MoO3 1.4 0.8 V@ 15100s 1 ACS Nano 2019 3
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