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Fig. S1 Synthetic route of UPy-AMPD.

Fig. S2 1H NMR spectra (DMSO-d6) of (a) UPy-NCO and (b) UPy-AMPD.
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Fig. S3 1H NMR spectra (DMSO-d6) of (a) PU-UPy-AMPD, (b) PU-PDG-0.2%, (c) PU-PDG-0.5%, and (d) PU-

PDG-1.0%.

Fig. S4 (a) TEM and (b) SPM images of GO nanosheets.
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Fig. S5 Optical picture of the dispersibility of PDG nanosheets in water.

Fig. S6 Cross-sectional SEM images of (a) PU-UPy-AMPD, (b) PU-PDG-0.2%, and (c) PU-PDG-1.0%.
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Fig. S7 SPM images of (a) PU-UPy-AMPD, (b) PU-PDG-0.2%, (c) PU-PDG-0.5%, and (d) PU-PDG-1.0%.

Fig. S8 Optical photo of PU-PDG-0.5% stretching process after healed at room temperature for 1 hour.
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Fig. S9 Stress-strain curve of PU-PDG-0.5% after self-healing at -18 ℃ for 1 h.
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Fig. S10 Nyquist and Bode-Phase plots of (a) PU-UPy-AMPD, (b) PU-PDG-0.2%, (c) PU-PDG-0.5%, and (d) 

PU-PDG-1.0%.
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Fig. S11 Electrochemical simulation circuit diagram of the PU composite materials.

In the equivalent circuit model diagram, Rs represents solution resistance, Rc represent the 

resistance of coating, and Qc is the capacitance of the coating.

Fig. S12 Optical photos of PU-PDG-0.5% immersed in different solvents for different time.
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Table S1 Comparison of elongation at break, ultimate tensile strength, Young’s modulus, toughness, and self-

healing efficiency of samples.

Samples
Elongation at 

break (%)

Ultimate tensile 

strength (MPa)

Young’s modulus 

(MPa)

Toughness 

(MJ m-3)

Self-healing 

efficiency (%)

PU-UPy-

AMPD
612.3±11.4 6.6±0.1 22.7±0.3 25.3±0.4 90.7±2.4

PU-PDG-

0.2%
600.7±14.8 8.0±0.2 20.24±0.5 29.5±0.6 90.3±2.2

PU-PDG-

0.5%
596.2±8.2 10.3±0.5 31.5±0.6 37.8±0.8 89.3±1.8

PU-PDG-

1.0%
574.0±8.4 8.8±0.2 46.5±0.8 31.1±0.7 80.1±1.6
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Table S2 Comparison of elongation at break, ultimate tensile strength, toughness, and self-healing efficiency of 

various self-healing polymers.

Ref.
Elongation at 

break (%)

Ultimate tensile 

strength (MPa)

Toughness 

(MJ m-3)

Self-healing 

efficiency (%)

Self-healing 
conditions

This work 596 10.4 37.8 89.1 RT. 1 h

1 923 6.8 26.9 76.6 RT. 2 h

2 1700 1.7 15.3 78.0 RT. 48 h

3 310 1.1 1.4 76.0 RT. 48 h

4 1200 0.6 3.6 93.0 NIR 1 min

5 560 4.4 12.0 91.6 RT. 120 h

6 780 1.9 10.0 80.0 RT. 24 h

7 600 3.4 8.0 75.0 RT. 3 h

8 310 3.5 6.8 77.9 RT. 24 h

9 700 2.1 6.6 76.2 RT. 24 h

10 58 4.4 1.4 85.7 RT. 72 h

11 780 1.9 11.4 87.6 RT. 6 h

RT. stands for room temperature, NIR stands for near-infrared, self-healing efficiency = σhealing/σoriginal.
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Table S3 Comparison of elongation at break, ultimate tensile strength, Young’s modulus, toughness, and self-

healing efficiency of PU-PDG-0.5% under different healing time.

Healing times 

(min)

Elongation at 

break (%)

Ultimate tensile 

strength (MPa)

Young’s modulus 

(MPa)

Toughness 

(MJ m-3)

Self-healing 

efficiency (%)

5 429.8±8.1 3.3±0.6 17.5±0.7 8.5±0.7 32.0±1.7

15 492.0±6.2 6.0±0.4 24.0±0.2 18.3±0.4 58.3±2.1

30 513.7±6.8 6.7±0.5 24.2±0.5 22.8±0.6 65.0±1.6

45 531.0±5.6 8.1±0.3 26.8±0.4 28.1±0.9 78.6±1.9

60 564.7±7.4 9.2±0.5 28.8±0.6 33.5±0.8 89.3±1.8

Table S4 Comparison of Log (Zf=0.01Hz) of different samples under different immersion time.

Immersion times (day)
Log (Zf=0.01Hz/ohm)

1 10 30 50 70

PU-UPy-AMPD 8.16±0.24 8.06±0.19 8.12±0.23 7.50±0.16 7.14±0.11

PU-PDG-0.2% 8.46±0.22 8.42±0.24 8.28±0.22 8.40±0.28 8.25±0.25

PU-PDG-0.5% 8.83±0.52 8.75±0.45 8.70±0.49 8.64±0.29 8.67±0.23

PU-PDG-1.0% 8.86±0.78 8.77±0.46 8.67±0.61 8.62±0.44 8.57±0.28
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Table S5 Comparison of Log Rs of different samples under different immersion time.

Immersion times (day)
Rs (ohm)

1 10 30 50 70

PU-UPy-AMPD 1.37±0.58×108 1.09±0.46×108 1.31±0.53×108 3.00±1.64×107 1.38±0.83×107

PU-PDG-0.2% 2.82±0.49×108 2.63±0.54×108 1.86±0.48×108 2.48±0.62×108 1.77±0.59×108

PU-PDG-0.5% 6.76±1.12×108 5.62±0.86×108 5.01±1.02×108 4.36±0.66×108 4.67±0.54×108

PU-PDG-1.0% 7.24±1.54×108 5.88±0.99×108 4.67±1.25×108 4.16±0.91×108 3.27±0.68×108
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