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Photothermal-Induced Self-healable and Reprocessable Imine
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Abstract: Imine bonds based oligoaniline-polydimethylsiloxane (ACAT-PDMS) was prepared by
introducing ACAT into a reaction system containing aminopropyl-terminated polydimethylsiloxane,
tris(2-aminoethyl)amine, and terephthalaldehyde. Self-healing and reprocessing abilities were effectively
obtained via dynamic imine bonds at high temperatures. In addition, ACAT-PDMS can be self-healed
under near-infrared light because of the strong photothermal effect of ACAT. Furthermore, ACAT-PDMS
was used to construct a self-healing triboelectric nanogenerator (TENG). Owing to the incorporation of
imine bonds and ACAT, the ACAT-PDMS TENG could be self-healed at high temperatures or under near-
infrared light stimulation, thereby effectively extending its service life of ACA-TPDMS TENG. Notably,
the ACAT-PDMS TENG with efficient energy storage and stable electrical output can be employed to drive
small electronic products.
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Sample n(AT-PDMS) n(ACAT) n(tris(2-aminoethyl)amine)
0 mol% ACAT-PDMS 70 0 30
1 mol% ACAT-PDMS 69 1 30
3 mol% ACAT-PDMS 67 3 30
5 mol% ACAT-PDMS 65 5 30
7 mol% ACAT-PDMS 63 7 30
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Figure 1 (a) 'H-NMR spectrum of ACAT in DMSO-dg; (b) High resolution mass spectrometry result of ACAT; (c) FTIR
spectrum of ACAT, terephthalaldehyde, tris(2-aminoethyl)amine, AT-PDMS and 1 mol% ACAT-PDMS; (d) Tensile stress-strain

curves of ACAT-PDMS with different molar fractions of ACAT
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Figure 2 (a) Frequency sweep experiments of ACAT-PDMS with different contents of ACAT at 100 °C; (b) Frequency sweep
experiments of 5 mol% ACAT-PDMS at different temperatures; (c¢) Normalized stress relaxation of 5 mol% ACAT-PDMS at
different temperatures; (d) Arrhenius plot of the measured relaxation time for 5 mol% ACAT-PDMS

WA, S5 R AN 2(b) Frs: 5 mol% ACAT-
PDMS Ff 5 (1) G' 5 G" IA8 SUAR BE il 5 16 T
TG AN . E A% 5 T 3 R 265 F At 2 3o 5 5 4
FHOG, P 2(b) 1 25 S 3% BH I Jie 5 A8 #te e 7 o i i
FhE I . AT B 12 A R AT 8 1)
JIKA g AL RE, 43 I4E 80 90, 100, 110 1120 °C
% 5 mol% ACAT-PDMS £ i3k 47 7 82 7744 5t
SEAG, G 2(c) Frame AL 774 sth 285 B mT A, B
FHiR T, BEYF s BOE sk, W%
T S SR, A S E] < 5 9 AL BE E, 2 ]
A4 JEe 2 A R o(T) = roexp(E/RT), 5. 7]
45 mol% ACAT-PDMS IV [l 52 e 1) 3 14 E 29 K
30 kJ/mol([& 2d).
2.3 ACAT-PDMS BB FIAIEE

9T R 95 ACAT-PDMS [#) £ 4 1 i wig )37

W98 T A [F] ACAT ¥ & [ ACAT-PDMS % & )
7 808 nm (1 W) £L AT HE S T il B o B (1] (1) A%
1, i 3(a) s, MBI H AT LA B4 & ACAT
(1) PDMS KA VI TE L0 AT BT 40 s 5, BRUG IX 45
(R FEAT A A8k . T A ACAT HIRE S TE £ 4b
LT RS, HR R X sk ) 3 R IR T =, I HL B
ACAT & & 1381, ACAT-PDMS ¥ i i FHE H #
fntk. B 3b AN A ACAT 2 & ke S 78 2L AT 1R
SR TR A 100 °C B I [R] AR I . B A mr
DL 2, & ACAT FIFE S TELLAMT I RS T fg
g HRE THEL S 100 °C. 24 ACAT {5 & M 1 mol%
B4 E] 7 mol% i, TRl 25 100 °C (IS 1], M 26 s
B2 11.5 s. BT 5 mol% ACAT-PDMS [ HL I
PERE S il T IV fl 5 2 7 52 il 28 A 21 AM LT
) TR 3 R AR B AT, 32 B S mol% ACAT-PDMS 3k



1244 Ear b 2026 4
160 r(a) 40 L(b)
140 350
_ 120 000 30 1mol%
O
S ACAT-PDMS
o 100 225+¢ 0
] @ 3 mol%
£ 80 g 20l ACAT-PDMS
g —o— 0 mol% ACAT-PDMS = 5 mol%
£ 60f —o— 1 mol% ACAT-PDMS 151 ACAT-PDMS 7 mol%
= —o— 3 mol% ACAT-PDMS ACAT-PDMS
40} —4- 5 mol% ACAT-PDMS 1ok
20 | 4660000000000000000A0NO000000 5k
O 1 1 1 1 1
0 10 20 30 40 3 4

Time (s)

50 pm

3 () [FJACATS & [JACAT-PDMS7E808 nm (1 W) £L A KT HE I T ik B2 B I 1] f) A2 44 i 255 (0) AN [RIACAT 35 & (1
ACAT-PDMSTE808 nm (1 W) £LAMJ RS T L 22100 °CHr FH IS [A] (AR 85 5 RIIJRS mol% ACAT-PDMSE T 21 71

RGBT - (I ZLAMRE O s, (d)ILZLAMIRSF60 s

Figure 3 (a) Temperature curves of ACAT-PDMS with different contents of ACAT under 1 W of NIR irradiation; (b) The time
of ACAT-PDMS with different contents of ACAT used for increasing to 100 °C upon light irradiation; NIR light triggered healing
of 5 mol% ACAT-PDMS with scratch healed under light irradiation for (c) 0 s and (d) 60 s
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Figure 4 Electrical output of 5 mol% ACAT-PDMS TENG: (a) Schematic illustration of the design and working mechanism of

ACAT-PDMS TENG in single-electrode mode; (b)
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Figure 5 (a) Variations in voltage, current density, and power density under different external load resistance; (b) Stability

and durability test of ACAT-PDMS TENG under continuous impact for 9000 cycles; (¢) Comparison of V. of the original, self-
healed and reprocessed ACAT-PDMS TENGs; (d) Photos of 5 mol% ACAT-PDMS before and after reprocessing
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Figure 6 (a) Equivalent electrical circuit diagram for charging a capacitor and powering the portable electronic products; (b)

Charging voltage of the capacitors from 0.47 uF to 10.00 pF under 1.5 Hz; (c) Charging voltage of the capacitor under different

frequencies (0.5-2.5 Hz); (d) Digital photos of powering the calculator by the charged capacitor of 1.00 pF
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