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Tables & Figures

Table S1. The composition of GOn/PAA-Fem hydrogels.

Hydrogels GO   
(wt%)

FeSO4·
7H2O 
(wt%)

H2O2 

(mol%)
H2SO4 
(mol%)

AA       
(wt%)

MBA 
(wt%)

Water        
(mL)

PAA 0 1 0.029 0.016 100 0.003 30

0.3 1 0.029 0.016 100 0.003 30

0.4 1 0.029 0.016 100 0.003 30

0.5 1 0.029 0.016 100 0.003 30

GOn/PAA-
Fe1

0.6 1 0.029 0.016 100 0.003 30

0.5 0.00 0.029 0.016 100 0.003 30

0.5 0.50 0.029 0.016 100 0.003 30

0.5 0.75 0.029 0.016 100 0.003 30

0.5 1.00 0.029 0.016 100 0.003 30

0.5 1.25 0.029 0.016 100 0.003 30

GO0.5/PAA
-Fem

0.5 1.50 0.029 0.016 100 0.003 30

Notes: n presents the mass percentage of GO relative to acrylic acid, m presents the 

mass percentage of FeSO4·7H2O relative to acrylic acid.



Table S2. The volume of GO/PAA/KClt-c hydrogels.

Hydrogels Diameter 
(mm)

Height 
(mm)

Volume 
(cm3)

GO0.5/PAA-Fe1 57 5.28 13.47

GO/PAA/KCl12-5 60 5.41 15.29

GO/PAA/KCl12-10 58 5.35 14.13

GO/PAA/KCl12-15 57 5.3 13.52

GO/PAA/KCl12-20 55 4.83 11.47

GO/PAA/KCl4-20 57 5.21 13.29

GO/PAA/KCl8-20 56 5.02 12.36

GO/PAA/KCl16-20 58 5.3 14.00

 



Table S3. The properties comparison with other anti-freezing hydrogels.

Stress 
(MPa)

Strain 
(%)

Ionic 
conductivity 

(S/m)

GF
(at 25oC) references

0.06 800 0.035 (25oC) 3.2 [1]

0.151 474 ﹘﹘ ﹘﹘ [2]

0.43 780 ﹘﹘
2.69

[3]

0.17 4500 0.001 (25oC) 8.5
[4]

1.5 1769 ﹘﹘ 7.79 [5]

0.14 43 7.49 (25oC) ﹘﹘ [6]

0.168 1465 7.53 (-21oC) ﹘﹘ [7]

0.47 180 ﹘﹘ ﹘﹘ [8]

0.36 480 1 (25oC)
0.92 (-20oC) 2.84 [9]

0.0465 600 4.24 (25oC);
1.16 (-50oC) 2.173 [10]

0.37 1758 4.1 (-31.7oC) 1.744 [11]

2.65 1511 24.4 (25oC)
16.2 (-20oC) 8.66 This study



Figure S1. SEM images of GOn/PAA-Fe1 aerogels with different content of GO. (a) 

GO0.3/PAA-Fe1, (b) GO0.4/PAA-Fe1, (c) GO0.5/PAA-Fe1 and (d) GO0.6/PAA-Fe1 

aerogels. The mechanical performance of GOn/PAA-Fe1 hydrogels. (e) Tensile stress-

strain curves and (f) the fracture toughness and extension ratio under different content 

of GO.

Figure S2. SEM images of GO0.5/PAA-Fem aerogels with different content of 

FeSO4·7H2O. (a) GO0.5/PAA-Fe0.5, (b) GO0.5/PAA-Fe0.75, (c) GO0.5/PAA-Fe1.25 and (d) 

GO0.5/PAA-Fe1.5 aerogels. The mechanical performance of GO0.5/PAA-Fem hydrogels. 

(e) Tensile stress-strain curves and (f) the fracture toughness and extension ratio under 

different content of FeSO4·7H2O.



Figure S3. SEM images of GO/PAA/KCl12-c aerogels. (a) GO/PAA/KCl12-5, (b) 

GO/PAA/KCl12-10, (c)GO/PAA/KCl12-15 and (d) GO/PAA/KCl12-20 aerogels. (e) 

Tensile stress-strain curves and (f) the fracture toughness and extension ratio of 

various K+-contained hydrogels .



Figure S4. FT-IR spectra of GOn/PAA-Fem and GO/PAA/KCl aerogels. (a) FT-IR 

spectra of GOn/PAA-Fe1 aerogels with different content of GO, (b) FT-IR spectra of 

GO0.5/PAA-Fem aerogels with different content of FeSO4·7H2O, (c) FT-IR spectra of 

GO/PAA/KCl12-c hydrogels.

Figure S5. (a) The TGA curves and (b) the KCl content in GO/PAA/KCl12-c 
hydrogels.



Figure S6. The water content of the GO/PAA/KCl12-c hydrogel.

Figure S7. The appearance figures of hydrogels which soaked in different 
concentrations of KCl solutions for 12 h and then frozen at -20 oC for different times. 
(a) GO/PAA/KCl12-5, (b) GO/PAA/KCl12-10, (c) GO/PAA/KCl12-15 and (d) 
GO/PAA/KCl12-20 hydrogels.



Figure S8. XRD patterns of KCl crystals isolated from the surface frost .

Figure S9. Electrochemical impedance spectroscopy (EIS) of GO/PAA/KCl12-20 
hydrogel at various temperatures. (b) is the magnification image of (a). 



Figure S10. The ionic conductivity of various hydrogels at room temperature.

Figure S11. (a) The morphology characterization of GO by AFM. (b) XPS C1s 
spectra of GO and the percentage of different types C chemical bond. 



Figure S12. (a) Electrochemical impedance spectroscopy and (b) ionic conductivity  
of PAA/KCl12-20 hydrogel at various temperatures. 
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