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Supplementary Figures:
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Supplementary Figure 1. Particle size distribution of EAN nanospheres.
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Supplementary Figure 2. The O 1s segment in the XPS spectra of EAN.
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Supplementary Figure 3. FT-IR spectra of EAN.
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Supplementary Figure 4. FT-IR spectra of EAN.
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Supplementary Figure 5. FT-IR spectra of EAN.
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Supplementary Figure 6. Diclectric loss (¢'') 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 B-, y-, and o-relaxation.
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Supplementary Figure 7. Dielectric loss spectra of PDES-EAN-b fitted by
combination of three H-N equations from -60 to 60 °C.



004 0.07 L
4 = " (60 °C) = " (-40°C) = " (-30°C)
. — HN fit curve 0.06 HN fit curve 006 HN fit curve
0.054
0.024
0.014 J
™ " 000 4— \g
LU (A UL (S S (L (A U oo w0t LU T UL (N U o [ [ LU S (T (N (S (A T [
Frequency/Hz Frequency/Hz Frequency/Hz Frequency/Hz
007 007 07 0.07
= £ (-20°0) . e E050) . e 0°0) ” -
006 — HNfitcurve | 0064 HN fit curve 096 — HN fit eurve 0.06 = " (10°0)
HN fit curve
045 0.051 (s 0.0
004 0.04+ I
“om © 003 “om
002 0024 0z 0.02
a0 0014 .01 0.01
~ -]
Fyoy — — - — 000 ]
LT T/ L L (1 [ (LR N T weoowt oW w1t et ot w1t et 1wt e wow 07 T
Frequeney/Hz Frequency/Hz Frequency/Hz Frequency/Hz
007 0.07 0.07 L
e *ETE0°0) 0.06 = £ 30°0) oos] ¢ ETE0CO) oos] * €'60°0)
— HN fit curve — HIN fit curve — HN fit curve — HN it curve
0.5 0.05 005 05
0.04 0.04 004 [
< 00 0m “om “ o
00z 0.02 0.02 2
0 0.01 [ om
. ~
LICLN (UL (L (S [ (R (R [ LU T A e [ L [ (L e L S [ (S (e (L T [
Frequency/Hz Frequency/Hz Frequency/Hz Frequency/Hz
w7
woe] = €760°C)
—— HN fit curve
005
4
“ o
oz
0oy
[ A O

0w
Frequency/Hz

Supplementary Figure

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

Dielectric loss

combination of three H-N equations from -60 to 60 °C.

spectra of PDES-EAN-a fitted by a
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combination of three H-N equations from -60 to 60 °C.
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Figure 10. Dielectric loss spectra of PDES-EAN-c fitted by a
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Supplementary Figure 11. 180 degree peeling curves of PDES-PEGDA and PDES-
EAN-b.



&
&
=2
g

PDES-EAN-a Original PDES-EAN-c
30+ 254 —— Healed at 50 °C g
- = Healed at 25 °C /
& 251 S 20 Healed at -20 °C /
<, 201 &
= 5 15
£ &
= 154 I
= —— Original % 10 -
§ 104 Healed at 50 °C g
= —— Healed at 25°C | & 51 /
5+ —— Healed at -20 °C ‘
0
0 T T T T T T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 0 100 200 300 400 500
Strain % Strain %
¢ 45 — -
PDES-EAN-¢
40 ] PDES-EAN-a 1 - 60
g 35 —
= 30 - 'E
= ] -
o0 25 =
o . ~
£ 20 1 §
2 15 g
z 7] =
= 10 o S
5 —
0

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 (¢).



x

' Healing for 10
min below -20°C

Healing for 10
min below -20 °C

—

Cut and conta

—

Cut and contact

Cut and

Healing for 10
min below -20 °C

—>

Supplementary Figure 13. Photographs demonstrating the subzero self-healing
performance of PDES-EAN-b and PDES-PEGDA (a), highly stretchable PDES
(CNCs-PDES, T, <-50 °C) and polyurethane with multiple hydrogen bonds (PU/CD-
SG, Ty =4 °C) (b).
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Supplementary Figure 14. Tensile curves of PDES-EAN-b samples after self-healing

at -30 and -40 °C (a); Comparison of tensile strength and toughness of original and self-
healed PDES-EAN-b samples (b).



_ ——PDES
PDES-EAN-¢ - 28.08 °C ggg: EAN —— PDES-EAN-a
PDES-EAN-h - 32.64 °C B - PDES-EAN-b
PDES-EAN-b To3798C
6- . A PDES-EAN-c
reseove (M35.75°C  ——PDES-EAN-c| \
; T,=29.96°C
W 42.75°C 3 5
7-) 4 g
£ 44 E T,=26.70°C
= = i
§ T,=22.72°C
2] =
04
=20 0 20 40 60 80 100 120 =20 0 20 40 60 80
Temperature (°C) Temperature (°C)

Supplementary Figure 15. The DMA (a) and DSC (b) curves of samples with multiple
different EAN: PDES compositions.
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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.
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Supplementary Figure 17. The temperature-dependent conductivity curves of PDES-
EAN-b.
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Supplementary Figure 18. Current responses of the original, -20 °C self-healed and
25 °C self-healed sensors in body movements.
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Supplementary Figure 19. Current responses of the original, -20 °C self-healed and
25 °C self-healed sensors in vocal-cord vibrations.
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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 *.

Ultimate Best Self-
Minimum
Self-healing tensile Self-healing healing Functional
Ref. healing
motif strength below 0 °C efficiency healing
temperature
[MPa] [Yo]
Dynamic
! covalent urea 7 70 \ 90 \
bonding
2 Disulfides 5.3 60 \ 43 \
Hydrogen
bonding and
3 0.9 25 \ 20 yes
electrostatic
interaction
Hydrogen
bonding and
4 0.2 25 \ 99.6 yes
borate ester
bonding
5 Metal-ligand 16 25 \ 99 \




Hydrogen

bonding

18.5 25 \

71.5

Hydrogen

bonding

12.9 25 \

100

This

work

Hydrogen

bonding and

metal-ligand

30.9 -20 yes

973

yes

2 self-healing efficiency = Ghealing/Coriginal-
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