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Table S1 Biocompatible PVA hydrogels: A comparison between this work and reported investigations from 
preparation procedure, environmental aspects (volatility, toxicity or corrosivity of raw starting material), 
stress, strain, elastic modulus and toughness

Hydrogel
Preparation
procedure

Volatile,
toxic reagent

Biocompatibilit
y

Stress
(MPa)

Strain
(%)

Elastic 
modulus 
(MPa)

Toughness
(MJ m-3)

Ref.

PVA/TA/GO Very 
simple No Yes 3.54 605 0.59 10.4 This 

work

PVA/NaLa/NaDa Relatively 
simple No Yes 0.72, 

0.92 484, 459 0.15, 0.19 1.2, 1.71 1

PVA/SG Relatively 
simple No Yes 1.23 387 0.315 2.298 2

 PVA/d-CNT Complex No Yes 0.00068 475 a a 3
PVA/PANa Simple No Yes 7 600 a a 4
Salecan/PVA Simple No Yes a a a a 5
TA@HAP 
NWs/PVA Complex Ethylene glycol Yes 0.36 480 a 0.937403 6

 CNC-
PANI/PVA/bora
x

Complex Aniline; HCl Yes 0.17152 1085 a a 6

TA/HLC/PVA/ 
borax Complex No Yes a a a a 8

PVA/chitosan/
sodium alginate Simple No Yes 0.24 147 0.034 0.12 9

PVA/ 
PEDOT:PSS Complex

α-Ketoglutaric 
acid; acetic 
acid; 
glutaraldehyde

Yes < 0.8 150 0.46 a 10

PVA/BH/LiCl/L
E simple LiCl Yes a a a a 11

AL-
CNF/PAA/PVA-
EG

Complex
AAM, AMPS, 
MBA, KPS, 
TMEDA

Yes 0.136 a 0.139 a 12
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Table S1 (Continued) Biocompatible PVA hydrogels: A comparison between this work and reported 
investigations from sensitivity, fatigue resistance, anti-freezing performance, anti-drying ability and cancer 
killing ability

Hydrogel
Sensitivity
(gauge 
factor)

Fatigue 
resistance 

Anti-
freezing Anti-drying  Cancer killing 

ability Ref.

PVA/TA/GO 1.07, 1.2 Yes Yes Yes Yes This 
work

PVA/NaDa/NaLa 0.51, 0.88, 
0.53, 1.22 Yes no no no 1

PVA/SG 0.91, 1.76 Yes no no no 2

PVA/d-CNT 1.04, 1.08, 
1.30 Yes no no no 3

PVA/PANa a Yes no no no 4
Salecan/PVA a a no no no 5
TA@HAP 
NWs/PVA 2.84 Yes no no a 6

 CNC-
PANI/PVA/borax

2.56-
18.79 Yes no no no 7

TA/HLC/PVA/ 
borax a a no no a 8

PVA/chitosan/
sodium alginate a a no no no 9

PVA/ 
PEDOT:PSS a a no no no 10

PVA/BH/LiCl/LE 5.1, 4.8 Yes below 
−80 ℃ Yes no 11

AL-
CNF/PAA/PVA-EG

1.95, 2.09, 
4.05, 5.13 Yes −25.88 ℃ No No 12

a Not investigated, and/or no data reported.
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Table S2 Non-biocompatible PVA hydrogels: A comparison between this work and reported investigations from preparation 
procedure, environmental aspects (volatility, toxicity or corrosivity of raw starting material), stress, strain, elastic modulus and 
toughness

Hydrogel
Preparatio
n
procedure

Volatile,
Toxic or corrosiv reagent

Biocom-
patibility

Stress
(MPa)

Strain
(%)

Elastic modulus 
(MPa)

Toughness
(MJ m-3) Ref.

PVA/SA simple No a 0.56-1.32 280-400 0.34-0.59 0.64-3.14 13

PVA/CNF@PDA/CNT Very 
simple No a 1.23 387 0.315 2.298 14

TOCNF/PANI/PVA/
borax (CPPH) Complex Hydrochloric acid, ANI, APS, 

sodium ionophore, etc. a 0.56-1.32 280-400 0.34-0.59 0.64-3.14 15

PVA-PAANa-PAH Relatively 
simple No a 0.79 335-471 0.02023-

0.08293 1.26 16

PVA/CNC Complex DMSO No 0.01564 1530 a a 17
Starch/PVA/ionic 
liquid/GO Simple BmimAc No 0.86 768 2.25 2.25 18

PANI@(PVA–PAA) Complex Hydrochloric acid, ANI, APS, 
HCl, etc. No 0.75 410.47 a a 19

nanocellulose/PVA/
carbon dot Complex Ethylene glycol, NaOH, HCl, 

ethylenediamine, etc. a 0.64 657.5 ~ 0.275 < 2.25 20

PVA+ P(SBMA-co-
HEMA) Complex Aniline; HCl No 0.09051 a 0.02373 a 21

PVA/PAAS/Ca2+ Complex No a 2.98 a a a 22
PVA/polyaniline Simple Aniline, APS, HCl a < 0.4 < 350 < 0.125 0.518 23

 PVA-PEG-SA-180 Complex α-Ketoglutaric acid; acetic 
acid; glutaraldehyde a 0.75 216 a a 24

PVA-PANa Simple No a 1.46 416 4.27 3.28 25
PVA-PA Simple No a 16.1 204.93 a a 26
HA-PVA Complex No a 7.0 600 a a 27

PVA from salting-out Complex No a 0.5-1.5 500-
1100 a a 28

PVA/PAA from cold-
drawing Complex No a 23.5 2900 a 210 29

PVA from cold-
drawing Complex No a 15 2100 2.5 20 30

PMZn-GL Complex Ethylene glycol No 140 a 100 117 31

PVA/PAMAA Complex MBA，photoinitiator Irgacure 
2959, APS, HCl, etc. No 5 a 0.5 a 32

HPC/PVA Relatively 
simple DMSO a 0.875 247 < 1 × 10-9 0.082 33

PAM/PVA/CNF Complex NaClO2, TEMPO, MBA, 
AAM, AA, APS, etc. No 0.4363 608 0.1349 0.0047 34

PAM-PVA Complex AM , MBAA, APS, etc. No 1.3 975 0.9 5.85 35

PVA-gelatin-Fe3+ Relatively 
simple HCl No 9.43 445.5 a 15.12 36

PVA/PAA-
PEDOT:PSS-TA Complex APS, acrylic acid, MBA No 0.1838 488 0.087 a 37

PVA−TA300 Relatively 
simple No a 2.5 255 0.0252 7.22 38

PVA/PEI/SG Relatively 
simple PEI No 2.2 386 0.67 4.1 39

PVA/PEI/NaCi Relatively 
simple PEI No 3.49 343 1.02 5.60 40

PVA/Pro/MXene Relatively 
simple No a 0.6 433 a a 41

PVA/CCS/glycerol/Fe
Cl3/PPy/cMWCNT Complex Pyrrole, FeCl3 a a a a a 42

PAM/PVA/Betaine/AS Complex AM, AS No 0.18 1500 a a 43

PVA/EG/TANI Complex
HCl, ammonium hydroxide, 
APS, diethyl ether, acetone, 
aniline

No 1.36 643 0.15 4.39 44

PVA-
CFBS@PEI@P(AM-
Co-AA)

Complex AM, AA, PEI No 0.267 4100 a a 45
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Table S2 (Continued)

PVA/P(AM-co-
AMPS)/Gly/Lap/Na2SO
4

Complex AMPS, MBA, AM, 
(NH4)2S2O8,

No 0.256 1331 a a 46

PVA/CA/EG/PEDOT:PSS Relatively 
simple CA No a a a a 47

PVA/ZnCl2/TMSCl Relatively 
simple

Paraformaldehyde, ethyl 
acetate, DMSO No a a a a 48

PVA-PBAD@PAM Complex NPG, 1,6-Dibromohexane, 
LiCl, AM, acetonitrile, acetone No a a a a 49

PVA/ADSP Relatively 
simple ADSP No 2.26 818.6 0.95 12.23 50

PPy@CNF-PVA Complex FeCl3⋅6H2O No a a a a 51
PVA/P(AM-co-
AA)/CaCl2

Relatively 
simple

AM, AA, MBAA, DMSO, 
KPS, No a a a a 52

PVA/PVP/P(NIPAAm-
co-VBIMBr) Complex NIPAAm, irgacure, MBAA No 0.125 930 a 0.07 53

TOCNs-CNTs/PVA-
SA-TA Complex TEMPO, NaBr, NaOH, No 8.06 438 a a 54

PVA/P(AAm-co-
SBMA)/Eu (PDA)3/GL Complex AAM, MBA, KPS, 

Eu(NO3)3⋅6H2O
No a a a a 55

PVA:HPEI:PA:CNCs@
PA Complex HPEI, ZnCl2 No 2.6 a a a 56

PVA/PAAc/XG Complex ZnCl2, AAc, MBAA, APS, No 1.31 a 0.29 3.46 57
LCBD-PVA Complex LiCl a 8.29 644 a 23.8s 58
PVA-
SbQ/SA/FeCl3/Gly simple FeCl3⋅6H2O a 2.48 1452 0.118 15.08 59

a Not investigated, and/or no data reported.
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Table S2 (Continued) Non-biocompatible PVA hydrogels: A comparison between this work and reported 
investigations from sensitivity, fatigue resistance, anti-freezing performance, anti-drying ability and cancer 
killing ability

Hydrogel Sensitivity 
(gauge factor)

Fatigue 
resistance Anti-freezing Anti-

drying  
Cancer killing 
ability Ref.

PVA/SA 0.91, 1.76 Yes No No No 13
PVA/CNF@PDA/CNT 2.29 Yes No No No 14
TOCNF/PANI/PVA/borax a a No No No 15
PVA-PAANa-PAH 1.20, 1.64 a No No No 16
PVA/CNC a a No No No 17
Starch/PVA/ionic liquid/GO 6.04 Yes −20 ℃ No No 18
PANI@(PVA–PAA) a Yes No No No 19
nanocellulose/PVA/carbon dot a a No No No 20

PVA+ P(SBMA-co-HEMA) 1.434, 2.448, 
3.356 a No No No 21

PVA/PAAS/Ca2+ 1.58 Yes No No No 22
PVA/polyaniline a Yes No No No 23
 PVA-PEG-SA-180 a a No No No 24
PVA-PANa 0.45 Yes No No No 25
PVA-PA a a No No No 26
HA-PVA a a No No No 27
PVA from salting-out a a No No No 28
PVA/PAA from cold-drawing a a No No No 29
PVA from cold-drawing a a No No No 30

PMZn-GL 3.42, 4.77, 
5.82 a yes No No 31

PVA/PAMAA a Yes No No No 32
HPC/PVA a a No No No 33

PAM/PVA/CNF 1.47, 2.72, 
4.39 a No No No 34

PAM-PVA a a No No No 35
PVA-gelatin-Fe3+ 0.55 Yes a No No 36
PVA/PAA-PEDOT:PSS-TA 1.29, 2.34 Yes No No No 37
PVA−TA300 a Yes No No a 38
PVA/PEI/SG 1.28, 1.41 Yes No No No 39
PVA/PEI/NaGluc 1.13, 1.22 Yes No No No 40
PVA/Pro/MXene 2 a −34.1 ℃ Yes No 41
PVA/CCS/glycerol/FeCl3/PPy/cMWCNT 1.75, 2.35 Yes Below −80 ℃ No No 42

PAM/PVA/Betaine/AS 1.49, 
3.4,14.52 Yes −68 ℃ No No 43

PVA/EG/TANI 2.7, 4.79, 6.98 Yes Below −60 ℃ No No 44
PVA-CFBS@PEI@P(AM-Co-AA) 2.8, 5.6, 8.7 Yes −60 ℃ No No 45

PVA/P(AM-co-AMPS)/Gly/Lap/Na2SO4
2.57, 5.77, 
10.01 a No No No 46

PVA/CA/EG/PEDOT:PSS 0.9, 2.87, 4.46 Yes −31.34 ℃ No No 47
PVA/ZnCl2/TMSCl 1.596 No Below −80 ℃ No No 48

PVA-PBAD@PAM 2.08, 5.91, 
13.89 Yes −20 ℃ Yes No 49

PVA/ADSP 0.96, 1.4, 1.82 Yes −48 ℃ Yes No 50
PPy@CNF-PVA 2.18, 2.84 Yes −18 ℃ No No 51
PVA/P(AM-co-AA)/CaCl2 1.12 Yes −25.1 ℃ No No 52
PVA/PVP/P(NIPAAm-co-VBIMBr) 1.26, 2.01 2.6 Yes −24.83 ℃ Yes No 53
TOCNs-CNTs/PVA-SA-TA 1.47, 2.49 Yes Below −20 ℃ No No 54
PVA/P(AAm-co-SBMA)/Eu (PDA)3/GL a Yes −20 ℃ Yes No 55
PVA:HPEI:PA:CNCs@PA 2.5 Yes −28.3 ℃ No No 56
PVA/PAAc/XG No a Below −60 ℃ No No 57
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Table S2 (Continued)

LCBD-PVA 3.16, 5.62, 
1.86 Yes Below −150 

℃ No No 58

PVA-SbQ/SA/FeCl3/Gly 0.61, 2.49 Yes −42.3 ℃ No No 59

a Not investigated, and/or no data reported.
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Table S3 Parameters of preparation of PVA-x/TA-y/GO-z/GL-m hydrogel

Hydrogel sample

x = PVA 

concentration (wt.%)

y = TA 

concentration

(wt.%)

z = GO 

concentration

(mg/ml)

m = GL 

concentration 

(wt.%)

PVA-10/GO-0.5/GL-50 10 0 0.5 50

PVA-10/TA-0.05/GO-0.5/GL-50 10 0.05 0.5 50

PVA-10/TA-1.1/GO-0.5/GL-50 10 1.1 0.5 50

PVA-10/TA-1.8/GO-0.5/GL-50 10 1.8 0.5 50

PVA-10/TA-2.5/GO-0.5/GL-50 10 2.5 0.5 50

PVA-10/TA-3.3/GO-0.5/GL-50 10 3.3 0.5 50

PVA-10/TA-4.3/GO-0.5/GL-50 10 4.3 0.5 50

PVA-10/TA-1.8/GL-50 10 1.8 0 50

PVA-10/TA-1.8/GO-0.1/GL-50 10 1.8 0.1 50

PVA-10/TA-1.8/GO-1/GL-50 10 1.8 1 50

PVA-10/TA-1.8/GO-1.5/GL-50 10 1.8 1.5 50

PVA-10/TA-1.8/GO-2/GL-50 10 1.8 2 50

PVA-10/TA-1.8/GO-1 10 1.8 1 0

PVA-10/TA-1.8/GO-1/GL-20 10 1.8 1 20

PVA-10/TA-1.8/GO-1/GL-30 10 1.8 1 30

PVA-10/TA-1.8/GO-1/GL-40 10 1.8 1 40

PVA-10/TA-1.8/GO-1/GL-60 10 1.8 1 60
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Fig. S1 Tensile curves (a) and (b) elastic modulus and toughness of PVA/TA-1.8/GO-0.5 
hydrogel at different freezing time. 
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Fig. S2 PVA/TA-1.8/GO-0.5 hydrogels of different GL concentrations (0, 30%, 40%, 50% and 
60%) prepared from freezing for 8 h and curing for 8 h: (a) Stress-strain curve, (b) elastic 
modulus and toughness.
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Fig. S3 PVA/TA-x/GO-0.5 hydrogels of different TA concentrations prepared from freezing 
for 8 h and curing for 8 h: (a) Stress-strain curve, (b) elastic modulus and toughness. x = 0, 0.05, 
1.1, 1.8, 2.5, 3.3 and 4.3, respectively.
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Fig. S4 PVA/TA-1.8/GO-y hydrogels of different GO concentrations prepared from freezing 
for 8 h and curing for 8 h: (a) Stress-strain curve, (b) elastic modulus and toughness. y = 0, 0.1, 
0.5, 1.0, 1.5 and 2.0 mg mL−1, respectively.
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Fig. S5 PVA/TA-1.8/GO-1 hydrogels of different curing times (0 h, 8 h, 12 h, 20 h, 24 h, 28 h, 
32 h, 36 h, 48 h) prepared from freezing for 8 h.
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Fig. S6 Conductive behavior of PVA/TA-1.8/GO-1 hydrogel after one months of exposure to 
air.
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Fig. S7 Conductive behavior of PVA/TA-1.8/GO-1 hydrogel after two months of exposure to 
air.
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Fig. S8 Conductive behavior of PVA/TA-1.8/GO-1 hydrogel after three months of exposure to 
air.
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