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20 Table S1 statistics of mechanical properties of hydrogels with different

21 compositions

Sample  Elongation Tensile Young’s Toughness

code at  break strength Modulus (MJ/m3)

PVA 268 0.527 0.57 0.61

PL 378 0.416 0.61 0.63

PLX 438 0.604 0.98 1.109
PLXS 611 0.943 1.12 2.37
PLXSG 796 1.816 1.768 6.09
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Table S2 Statistics on the mechanical properties of hydrogels at different

silica concentrations

Sample Elongation Tensile Young’s Toughness
code at  break strength Modulus (MJ/m3)
PLXSG 414 0.813 1.815 1.80
PLXSG, 689 1.163 1.392 4.53
PLXSGs 796 1.817 1.768 6.09
PLXSG 612 2.610 4.336 8.579
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32 Table S3 Statistics of mechanical properties of PLXSG hydrogels at

33 different temperatures

Temperatur Elongation Tensile Young’s Toughness

e (°0) at  break strength Modulus (MJ/m3)

-40 918 1.235 1.268 5.69
0 807 1.688 1.615 6.01
25 796 1.817 1.768 6.09
70 625 4.219 7.56 8.83
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36 Table S4 Comparison of the performance of PLXSG hydrogel with reported

37 hydrogel flexible strain sensors

38

“ Hydrogel Conductivity Stress GF
(S/cm) (MPa)

PVA/SBMA/2ZHEMA  0.0458 0.376 3.356

PAAm/c-PAAm 0.0114 0.142 1.24
PAM/SA/MXene/sucros 0.0087 0.082 1.768

(¢
PVA/GA /PANi 0.0017 0.693 2.5
MP/FeCl3 0.15 1.5 2.02
PAAm/FH 0.0668 0.099 2.06

This work 0.768 1.8 3.623




40

41 Table S5 Comparison of the performance of PLXSG hydrogel with

42 reported conductive materials for strain sensing

Material GF Stress Strain Available Ref.

(MPa) (%) temperatur

e range (°C)

Graphene/Silicone rubber >143 6.92 465 / 1

Pmc/CS/f-Fe;04-Fe3* 1.75 2.33 1158 / 2

PA/CS/ Gly / MXene 3.93 0.12 918 -20 — 80 3

Silane modified / ~0.06 120 -20 — 200 4

MXene/CNF
PEDOT: PSS/PDMS Piezoresistive ~0.04  Compressive 25-100 5
foam 6.25 strain ~ 60

PAM/QACNF/MXene 2.24 0.449 1706 / 6

PVA/Li*/Xan/Si0,/Gly 3.623 1.8 796 -40 — 80 This

work

43 CS denotes chitosan, Gly denotes glycerol, Pmc and PA denote poly (acrylamide-co-acrylic acid),
44 CNF denotes cellulose nanofiber, PEDOT: PSS denotes poly(3,4-ethylenedioxythiophene)-poly
45 (styrene sulfonate), PDMS denotes polydimethylsiloxane, PAM denotes polyacrylamide, and QA
46 denotes quaternate.
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51 Table S6 Composition of PLxXSG hydrogel.

52

53

PVA(g) LiCl(g) Xan(g) SiO, Gly(g) DL(g)
0 3.6 3.6
0.293 3.45 3.45
1 0.586 0.052 S5wt% solution 3.31 3.31
0.879 3.16 3.16
1.172 3.01 3.01
Table S7 Composition of PLXxSG hydrogel.
PVA(g) LiCl(g) Xan(g) SiO, Gly(g) DL(g)
0wt% solution
1wt% solution
1 0.586 0.052 3.31 3.31
Swt% solution
10wt% solution
Table S8 Composition of P ~ PL ~ PLX ~ PLXS and PLXSG.
PVA(g) LiCl(g) Xan(g) Si0O, Gly(g) DL(g)
1 0 0 0wt% solution 0 7.61
1 0.607 0 0wt% solution 0 7.01
1 0.588 0.052 0wt% solution 0 6.97
1 0.586 0.052 Swt% solution 0 6.62
1 0.586 0.052 5wt% solution 3.31 3.31
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59 Figure S1 PLXSG hydrogel preparation process
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Figure S2 (a) SEM image of PLXS hydrogel at 500 nm scale. (b) SEM image of
PLXSG hydrogel at 2 um scale. (¢) SEM image of cross section of PL hydrogel at 100
um scale. (d) Cross-sectional SEM image of PLXS hydrogel at 100 um scale. (e) Cross-

sectional SEM image of PLXSG hydrogel at 200 um scale.
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Figure S3 Maximum strain and maximum stress of hydrogels with different fractions.

The data indicates that as xanthan, silica, and glycerol are incrementally added, there
is a corresponding gradual increase in both the maximum extensibility and the
maximum stress of the hydrogels. This suggests a positive enhancement of the
hydrogels' mechanical properties by each additive.
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Figure S4 Maximum strain and maximum stress of hydrogels with different silica

concentrations.

As the concentration of silica rises, the tensile ratio of the hydrogel initially increases

and then decreases, whereas the tensile strength consistently correlates with the

increasing concentration.
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94
95 Figure S5 Stress-strain curves of PVA and PVA/LiCl hydrogels.

96 The PVA/LiCl hydrogel exhibited improved tensile properties over the PVA hydrogel;
97 however, its mechanical strength decreased from 0.527 MPa to 0.416 MPa.
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Figure S6 Cyclic tensile stress-strain curves of PLXSG hydrogels at 200% of
maximum strain.
The PLXSG hydrogel demonstrated superior hysteresis performance through 10 cycles

of 200% tensile strain, evident from the reduced hysteresis area depicted in Fig. S6.
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Figure S7 Infrared thermography of PLXSG hydrogel stretched at -40°C
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Figure S8 Infrared thermogram of PLXSG hydrogel stretched at 70°C
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131 Figure S9 PLXSG hydrogel as strain sensor GF at -40°C.
132 At 70°C, the PLXSG hydrogel exhibits a gauge factor (GF) of 1.283 for strains above
133 320% and a GF of 0.565 for strains below 180%, as shown in Figure S9.
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140 Figure S10 PLXSG hydrogel as strain sensor GF at 70°C.
141 At -40°C, the GF is 1.457 for strains above 270% and 0.913 for strains below 130%.
142 Despite the significant reduction in GF at extreme temperatures compared to room

143 temperature, the hydrogel remains functional as a strain sensor.

144

145

17



146

147

148

149

64 —— 70°C 7days
70°C 24h
54 —-40°C 24h
’; — -40°C 7days
EE 4 - ///,/’
N 3 |
& |
P
=2 /
[ 2!
1
0 .

0 200 400 600 800 1000
<0 Strain (%)
151 Figure S11 The stress-strain curves of PLXSG hydrogels were analyzed after being

152 placed at 70°C and -40°C for 24 hours and 7 days.
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Figure S12 Comparison of the conductivity of PLXSG hydrogels after 24 hours and 7

days at 70°C and -40°C.
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174 Figure S13 a Photographs of PL, PLX, PLXS, and PLXSG hydrogels after 30 days at
175 20°C. Figure S13 b Photographs of PLXSG and PLXS hydrogels after 7 days at

176 70°C.
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187 Figure S14 PLXSG hydrogel illuminates LEDs at -40°C
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Figure S15 PLXSG hydrogel illuminates LEDs at 70°C
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Figure S16 Conductivity and tensile strength of hydrogels with different lithium
chloride concentrations.

As the lithium chloride concentration increases, there is a corresponding gradual
increase in hydrogel conductivity and a decrease in tensile strength. An optimal balance

between these properties is attained at a 2 M concentration.
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Figure S17 Change in conductivity of hydrogels at different temperatures.

The conductivity of PLXSG hydrogels significantly drops as the temperature rises,
halving at 70 degrees Celsius compared to room temperature. Additionally,
conductivity diminishes slowly at lower temperatures, but the decline is more gradual

than at higher temperatures.
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Figure S18 hydrogel sensor array.
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