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Supplementary Tables and Figures 

Table S1 Performance parameters comparison of self-healing ability 

Materials Healing 

mechanism 

Healing 

condition/time 

Healing 

efficiency 

Application Refs. 

MDPB/TDF Diels-Alder 

reaction 

Heating 

105 °C/30 min 

86% Electrodes, 

strain sensor 

[S1] 

µNi/S Hydrogen 

bond 

50 °C/10 min 90% Strain sensor [S2] 

PPy-

DCh/PAA-

Fe3+ 

Ionic 

interactions 

RT/2 min 96% 3D printing, 

strain sensor 

[S3] 

(bPEI/PAA-

HA) ∗50 

Hydrogen 

bond 

Water/2 min - Electrodes [S4] 

sh-crl-PU Hydrogen 

bond 

RT/16 h 97% Pressure/strain, 

temperature 

and VOCs’ 

sensors 

[S5] 

Glycerol/HEC Hydrogen 

bond  

50% RH and 

25 °C/8 min 

96% Electrode, 

electronic skin 

[S6] 

PDA@ENR/ 

CNT-Fe3+  

Metal 

coordinatio

n bond 

RT/24 h 89% Strain sensor [S7] 

PU/Graphene Diels-Alder 

reaction 

65 °C/5 h and 

microwave/ 5min 

100% Strain sensor [S8] 

Chi-Ph/ DF-

PEG 

Imine bond Visible light/6 h - 3D printing [S9] 

CNF/PVA Hydrogen 

bond 

Water/10 min 87% Electrodes, 

multifunctional 

e-skin 

This work 
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MDPB (monomers (1, 10- (methylene di-4, 1-phenylene) bismaleimide); TDF (2, 2’- 

(Thiodimethylene) difuran); µNi (micro-nickel); S (supramolecular organic polymer 

synthesis by diacids, triacids and diethylenetriamine); DCh (decorated chitosan); PAA 

(poly(acrylic acid)); bPEI (branched poly(ethylenimine)); HA (hyaluronic acid); sh-

crl-PU (self-healing disulfide-cross-linked polyurethane); HEC (self-healing disulfi 

de-cross-linked polyurethane); PDA (polydopamine); ENR (epoxidized natural 

rubber); Chi-Ph (phenol-functionalized chitosan); DF-PEG 

(dibenzaldehydeterminated telechelic poly(ethylene glycol)). 

 

Fig. S1 Stress-strain curves of PVA film and pristine and healed PVA/CNF composite 

films 

For PVA, the peak at 3350 cm-1 was attributed to O-H stretching, the characteristic 

peak of C-H wagging was observed at 1325 cm-1, and the peak of stretching vibration 

of C−O was appeared at 1092 cm-1. For CNFs, the characteristic peaks at 1060 and 

1030 cm-1 represent the skeletal vibration of C-O-C pyranose ring. Since the content 

of CNF in the CNF/PVA composite film is little, and the position of characteristic 

peaks of CNF and PVA are close, the characteristic peaks of CNF in the composite 

film was drowned by the PVA, resulting in the peak position was not obvious. 
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Fig. S2 FT-IR spectra of CNF, PVA, and the CNF/PVA composite 

For the CNF/PVA composite film, the mass change in the temperature range from 50 

to 150 °C is caused by water evaporation, the thermal decomposition temperature of 

the composite is about 260 °C. 

 

 

Fig. S3 TGA curve of the CNF/PVA composite film 
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Fig. S4 a Optical image of electrodes screen-printed on CNF/PVA film. b Vertical (left) 

and cross-sectional (right) SEM images of electrodes on the CNF/PVA substrate 

 

Fig. S5 Schematic diagram of equivalent circuit of Fig. 2a 

 

Fig. S6 Response curves of S-50 under strain of 0.31%, 0.39%, 0.42% and 0.48% for 

five cycles 
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Fig. S7 The minimum detection limit of the S-50 sensor 

The strain on the film is relative to the ratio of its thickness to its length. A CNF/PVA 

film with 3.75 mm in length and approximately 96.28 μm in thickness was applied to 

reach a much higher strain (2.64%) than that under general measurement conditions of 

strain sensors to investigate the effect of strain on the film thickness. Cross-sectional 

SEM images of flat and bending CNF/PVA films are shown in Fig. S9. The average 

thickness of the flat film is approximately 96.28 μm (Fig. S9a). In the SEM image of 

the bending film (Fig. S9b), five positions are selected to investigate the thickness 

distribution of the CNF/PVA film in the bending state. Based on the enlarged images, 

it is found that the maximum thickness variation occurs in the middle section, and the 

maximum thickness change caused by the applied strain is calculated to reach 

approximately 1.39%. According to Eq. (2), the calculated strain is proportional to the 

film thickness. 

 

Fig. S8 a SEM image of cross section of CNF/PVA film in unbending state. b SEM 

images of cross section of CNF/PVA film in bending state and enlarged view at different 

positions 
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Fig. S9 Response-strain curves of S-50 sensor under various temperature 

 

Fig. S10 a The response of the temperature sensor in the temperature range from 20 to 

45 °C. b The dynamic response curves of the temperature sensor in three cycles during 

heating and cooling between 20 and 40 °C under different strains. c The real-time 

response curves of pristine and self-healed temperature sensor in three cycles during 

heating and cooling between 20 and 40 °C 

 

Fig. S11 a The response of the pristine and self-healed humidity sensor under the 

relative humidity from 11% RH to 95% RH. b-c The real-time voltage signals of 

pristine and healed sensors, respectively, at the relative humidity from 75% RH to 95% 

RH. d The response of the self-healed humidity sensor under the relative humidity from 

11% RH to 95% RH in different temperature (from 25 to 40℃) 
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