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1. Polyimide (PI) and copolymerized polyimide (CPI) films

Firstly, the copolymerized polyimide (CPI) films with different large proportion of

components were prepared to explore the self-healing effect of disulfide bond exchange in

polyimide system. It is known that the CPI films with the copolymerization ratios of 4-

Aminophenyl disulfide (APD) and 1,3-bis(4'-Aminophenoxyl) benzene (BAPB) of 10:0 and 7:3

has self-healing characteristics. Secondly, The CPI films with different small proportion

components were synthesized again to study the mechanical and insulation properties before

and after self-healing. The specific component changes are shown in Table S1.

Table S1. All proportional components of copolyimide.

Number of

_ CPI (APD: BAPB) APD (mol) BAPB (mol) BPADA (mol)

times
10:0 3 0 3
7:3 2.1 0.9 3

Group 1 5:5 1.5 1.5 3
3:7 0.9 2.1 3
0:10 0 3 3
10:0 3 0 3
9:1 2.7 0.3 3

Group 2 8:2 24 0.6 3
7:3 2.1 0.9 3
6:4 1.8 1.2 3




The molecular structures and synthesis conditions of polyimide (PI) are illustrated in Fig. S1.
The purpose of thermal imidization of Pl film precursors composed of disulfide bond
monomers APD and 4,4'-(4,4'-isopropylidenediphenoxy) diphthalic anhydride (BPADA) under

different temperature gradients is to synthesize Pl with good film-forming effect.
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Fig. S1. Synthetic process and reaction conditions of Pl precursor and PlI.
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Fig. S2. Optical photos of damaged and healed PI (APD+BPADA) under different conditions.

Fig. S3 illustrates the molecular structures and synthesis conditions of CPI. In order to
improve the mechanical and insulation properties of self-healing CPI, the copolymerization
process is selected to prepare the CPI films with high temperature resistant and good
insulation strength. Furthermore, the precursor of CPI film synthesized from disulfide bond,

BAPB and BPADA monomers was thermally imidized as same as above.
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Fig. S3. Synthetic process and reaction conditions of CPI precursor and CPI.



The specific preparation process of Pl or CPI films is shown in Fig. S4. The synthesized Pl or
CPI precursor solution was placed in a vacuum drying oven to eliminate bubbles. Moreover,
the precursor solution is scraped on a clean glass plate with a manual film scraping machine.
The glass plate with a layer of precursor solution is placed in a blast drying oven with
temperature programmed function for thermal imidization reaction with different

temperature gradients to synthesize Pl or CPI with good film-forming effect.
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Fig. S4. The polymerization process of the Pl and CPI.



2. Thermal, mechanical properties and breakdown strength of CPI films
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Fig. S5. (a) FT-IR patterns, (b) DSC curves, (c) stress-strain curves of the different proportion

CPI films.



The Weibull distribution of breakdown strength of CPI films with large proportion of
components is shown in Fig. S6. It can be found that with the increase of BAPB ratio, the
breakdown strength of the CPI film increases continuously, up to 450 kV/mm. The reason may
be that more benzene ring structures in BAPB are easy to form m-it conjugate structure in the
process of molecular chain stacking. This structure helps to block the propagation path of

electrical tree at the molecular level, so as to improve the breakdown.2
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Fig. S6. Weibull distribution of breakdown strengths of CPI films.



3. Self-healing of CPI films
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Fig. S7. Digital photos of CPI precursor solutions and repaired CPI films.



As shown in Fig. S8, the CPI films of different components are cut and then re bonded
healed under the condition of hot pressing (20 kPa, 200 °C). Moreover, the healed films were
tested for mechanical properties. However, the CPI films with the ratios of APD to BAPB of
8:2, 7:3 and 6:4 are analyzed not to have the repair efficiency to meet the needs. After the
test of mechanical properties, the re failure point of the films with three different components
is still the separation of the original failure position, rather than the new failure point different
from the original failure point as the films with two components of 10:0 and 9:1. More BAPB
doping will excessively reduce the content of disulfide bond per unit volume and increase the
distance between disulfide bond and disulfide bond in the molecular chain. Moreover, more
ethers will entangle during the movement of molecular chains. The above phenomena will
hinder the exchange of disulfide bonds and reduce the self-healing efficiency.>* Consequently,

the films with the ratio of 10:0 and 9:1 are selected to study the self-healing ability after

mechanical/electrical damage.

Fig. 8. Digital photos of (a) different proportions of films are cut, (b) different proportions of
films are healed. Tensile test of CPI film with the ratio of APD to BAPB is (c) 10:0, (d) 9:1, (e)

8:2, (f) 7:3 and (g) 6:4.



Fig. S9 illustrates the optical microscope images of CPI films with three components of 8:2,
7:3 and 6:4 after being scratched and then self-healed. These CPI films cannot heal the cracks
completely, which is different from the films with other two components. The reason may be
that with the increase of BAPB ratio, the chain spacing between disulfide bonds increases,
which hinders the mutual conversion between disulfide bonds to reduce the degree of self-

healing.>® Moreover, with the increase of BAPB ratio, the reduction of disulfide bond content

is also a macro factor for the decrease of CPI self-healing efficiency.

Fig. $9. Optical microscope image of the CPI films with the ratio of APD to BAPB is (a) 8:2, (b)

7:3 and (c) 6:4.
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4. Self-healing efficiency of CPI films
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Fig. S10. Schematic diagram of CPI films dislocation self-healing process.

As shown in Fig. S10, the CPI films of different components are cut and then re bonded
healed under the condition of hot press. Actually, the original CPI film is different from the
self-healed film with mutual bonding (the thickness of the overlap of the film). Therefore, the
self-healing efficiency of the film cannot be simply described by tensile strength or elongation
at break. Comprehensively, physical quantities that can simultaneously describe the
relationship between stress and strain are proposed to measure the self-healing efficiency of
CPI.78 Young's modulus (E) is defined as a physical quantity describing the relationship
between stress and strain within the scope of Hooke's law, which can be used to measure the
self-healing efficiency of CPL.° Within Hooke's law, the self-healing efficiency of CPI film is

defined as: 10
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Simultaneously, the self-healing efficiencies of CPI-100 and CPI-91 are as follows:

a) 5 b) 5
Q | B Young'S modulus I Sclf-healing efficiency 100 § Q A Young'S modulus [ Self-healing cfficiency 1400 ;\?
J St ,-f B
S 4 z O 4 5
e ! 80 g ~ 480 =
@ < » 9
2 s} s = s} S
= -0 £ E {e0 &
=] [ : ) o = ]
~ - - o0 o0
E 2k = E 2k =
2 440 .= = 440 .=
. : 5w 5
5 1}t - = 54} ) =
2 20 =' = 420 %
i e @
0 0 0 0
Original Self-healed Efficiency Original Self-healed Efficiency
CPI-100 (APD:BAPB=10:0) CPI-91 (APD:BAPB=9:1)

11



Fig. S11. (a) Histogram of Young's modulus before and after self-healing and self-healing
efficiency of CPI-100 film. (b) Histogram of Young's modulus before and after self-healing and

self-healing efficiency of CPI-91 film.

5. Self-healing influence mechanism

Fig. S12. Surface morphology and mapping (C, S elements) of (a) damaged and (b) self-healed

CPI-100 film.
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