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Supplementary Figures: 

 

Supplementary Figure 1. Particle size distribution of EAN nanospheres. 
  



 

Supplementary Figure 2. The O 1s segment in the XPS spectra of EAN. 
  



 

Supplementary Figure 3. FT-IR spectra of EAN. 
  



 
Supplementary Figure 4. FT-IR spectra of EAN. 
  



 

Supplementary Figure 5. FT-IR spectra of EAN. 



  

 
Supplementary Figure 6. Dielectric loss (𝜀𝜀′′) as a function of frequency for PDES-
PEGDA (a), PDES-EAN-a (d), PDES-EAN-c (g) ranged from -60 to 60 °C; The 
relaxation time as a function of temperature of different moieties for PDES-PEGDA 
(b), PDES-EAN-a (e), PDES-EAN-c (h); Active energies (Ea) of PDES-PEGDA (c), 
PDES-EAN-a (f), PDES-EAN-c (i) for β-, γ-, and δ-relaxation.  
 



 
 
Supplementary Figure 7. Dielectric loss spectra of PDES-EAN-b fitted by a 
combination of three H-N equations from -60 to 60 °C.



 
 
Supplementary Figure 8. Dielectric loss spectra of PDES-PEGDA fitted by a 
combination of three H-N equations from -60 to 60 °C.



 
 
Supplementary Figure 9. Dielectric loss spectra of PDES-EAN-a fitted by a 
combination of three H-N equations from -60 to 60 °C. 



 
 

Supplementary Figure 10. Dielectric loss spectra of PDES-EAN-c fitted by a 
combination of three H-N equations from -60 to 60 °C.  
 



 
Supplementary Figure 11. 180 degree peeling curves of PDES-PEGDA and PDES-
EAN-b.  



 
Supplementary Figure 12. Tensile curves of the original and self-healed samples for 
PDES-EAN-a (a) and PDES-EAN-c (b); Comparison of tensile strength and toughness 
of original and self-healed PDES-PEGDA, PDES-EAN-a, PDES-EAN-c samples (c). 
 



 
Supplementary Figure 13. Photographs demonstrating the subzero self-healing 
performance of PDES-EAN-b and PDES-PEGDA (a), highly stretchable PDES 
(CNCs-PDES, Tg <-50 °C) and polyurethane with multiple hydrogen bonds (PU/CD-
SG, Tg ≈4 °C) (b).  



 
Supplementary Figure 14. Tensile curves of PDES-EAN-b samples after self-healing 
at -30 and -40 ℃ (a); Comparison of tensile strength and toughness of original and self-
healed PDES-EAN-b samples (b).  



 
Supplementary Figure 15. The DMA (a) and DSC (b) curves of samples with multiple 
different EAN: PDES compositions.



 
Supplementary Figure 16. TG curves of PDES-PEGDA and PDES-EAN samples 
upon heating from 30 °C to 650 °C at a rate of 10 °C /min.  



 
Supplementary Figure 17. The temperature-dependent conductivity curves of PDES-
EAN-b.  



 

Supplementary Figure 18. Current responses of the original, -20 °C self-healed and 
25 °C self-healed sensors in body movements.  



 

Supplementary Figure 19. Current responses of the original, -20 °C self-healed and 
25 °C self-healed sensors in vocal-cord vibrations. 



 

Supplementary Figure 20. Current responses in the cycle of cutting and healing.  



 
Supplementary Figure 21. The digital photograph of sensing ability test at subzero 
temperatures. 



Supplementary Table: 

Table 1. Comparison of ultimate tensile strength, self-healing abilities, and 

functional healing of various self-healing polymers a. 

Ref. 
Self-healing 

motif 

Ultimate 

tensile 

strength 

[MPa] 

Minimum 

healing 

temperature 

Self-healing 

below 0 °C 

Best Self-

healing 

efficiency 

[%] 

Functional 

healing  

1 

Dynamic 

covalent urea 

bonding 

7 70 \ 90 \ 

2 Disulfides  5.3 60 \ 43 \ 

3 

Hydrogen 

bonding and 

electrostatic 

interaction 

0.9 25 \ 20 yes 

4 

Hydrogen 

bonding and 

borate ester 

bonding 

0.2 25 \ 99.6 yes 

5 Metal–ligand 16 25 \ 99 \ 



6 
Hydrogen 

bonding 
18.5 25 \ 77.5 \ 

 

7 

 

Hydrogen 

bonding 
12.9 25 \ 100 \ 

This 

work 

Hydrogen 

bonding and 

metal–ligand 

30.9 -20 yes 97.3 yes 

a self-healing efficiency = σhealing/σoriginal. 
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