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SI.1. Supplementary Figures
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Fig. S1. Schematic route to synthesize PISi copolymers (a), schematic illustration of a reaction

device used in the polycondensation reaction (b) and the imidization process (c).
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Fig. S2. FT-IR spectra of starting materials (a), the imidization of PASi-1500-1 transformed into
PISi-1500-1 (b), and the resulting polymers of PISi-1500 (c).

The FT-IR spectra of APPS exhibit characteristic absorption peaks at about 1095
cm! (asym Si-O-Si stretching), 1026 cm! (sym Si-O-Si stretching) and 800 cm-1 (Si-
C stretching), as shown in Fig. S2a. The detection of these absorption bands in the
resulting poly(imide siloxane) polymers is indicative of the presence of polysiloxane
segments (Fig. S2b and 2c¢).

The imidization reaction was monitored by FT-IR. As shown in Fig. S2b, no
residual resonance in the absorption bands at about 1540 and 3278 cm™! was observed,
indicating the absence of amide NH. Meanwhile, two new peaks at about 1380 cm!
and 725 cm! assigning to the vibrations of cyclic imides appeared in the FT-IR spectra
after the reaction. Besides, the imidization reaction also can be confirmed by the
disappearance of these absorption peaks at 1716 cm™! (C=0 of acid group stretching)
and 1656 cm™! (C=0 of amide group stretching), and the appearance of the absorption
bands at about 1773 cm™! (asym C=0 of imide group stretching), 1725 cm! (sym C=0

of imide group stretching), respectively. -3



S )i ? |
y o~ e PN CH CH & pre L
+—~N T T l N—R-si 10) Si—R—N I]—[\ N-——R
G CH, MCH, T T e o
o 0 0 0 |fhCSiCH,
(LI)\ 1 ﬁ g ?L j) H;C g cH
N A CH; CH A |HaCSi-CH,
+N 11 [ n-rfsi —O}-§i—R—N/ ]::\U—QI NA—R
Yy e S ey
0 0 0y
N |
where R= N—CH;—CH,—CH,—Si—
7 5 6 7 |
] 2
l’l
80 7.5 0.5
o SR oS |
I L) ! ) > L) ! | ] L) b L)
9 8 7 6 5 4 3 2 1 0
ppm

Fig. S3. 'H NMR characterization of PISi-1500-4.
"H NMR characterization of PISi-1500-4 is shown in Fig. S3 4. As for PISi, the

peaks at 7.96~7.98, 8.03~8.11 and 8.19 ppm are ascribed to the aromatic protons (H1,

H2 and H3), respectively; also the peaks at 0~0.08, 0.08~0.14, 0.53~0.57, 3.66~3.69

ppm are detected, representing the protons in methyl group (H4) and methylidyne group

(H7, H6, HS), respectively, demonstrating that poly(imide siloxane) polymers have

been successfully synthesized. Meanwhile, no residual resonance in the region 9~11

ppm of amide NH protons is observed, which further demonstrates the imidization.
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Fig. S4. Schematic route to synthesize APPS (a), and their corresponding number-average

molecular weights determined by theoretical calculation, 'H-NMR spectrum and titration of
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amine-end groups (b), 'H NMR spectra of the NH,-terminated APPS (c).

By adjusting a different stoichiometric imbalance of D, and APTMDS, APPSs
with various 7 were obtained, and their corresponding n were determined by 'H-NMR
spectrum and titration of amine-end groups. The result are shown in Fig. S4b.

"H NMR were used to investigate the structure of APPS-1500 and APPS-3000, as
shown in Fig. S4a. "H NMR of APPS (CDCl;, ppm): 0.04-0.07 (=Si-(CHz),), 0.49-0.54
(=Si-CH,-CH,-CH,-NH,), 1.41-1.49 (=Si-CH,-CH,-CH,-NH,), 2.63-2.67 (=Si-CH,-
CH,-CH,-NH,).
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Fig. S5. To corroborate the appropriate phase separation of PISi copolymer, DSC thermal graphs
of PISi-1500 (a), PISi-3000 (b) were conducted: the second-heating curves of PISi copolymers
with a heating rate of 20 °C/min.

It is generally believed that multi-glass transition temperatures is a direct evidence
of phase separation. As confirmed by others, 7, of the polysiloxane soft block is at
about ~-123 °C 3¢, and as such, the higher 7, in Fig. S5 is ascribed to the hard polyimide
segments. For comparison, PISi-3000-4 has no 7, transition in the testing-temperature
range and may be regarded as homogeneous phase, which may be due to the sufficient

driving force only when the hard segment content reaches to a sufficient level 7.



Fig. S6. TEM images of PISi-3000-4 (a), PISi-3000-3 (b), PISi-3000-2 (c) and PISi-3000-1 (d),
highlighting the morphology transformation from homogeneous structure to micro-phase

separation (scale bar: 200 nm).

It ought to be accentuated that the hard segments containing the strong
intermolecular interactions (dipole-dipole interaction and n-nt stacking) have a tendency
to self-assemble. The TEM phase images of PISi-3000-4 in Fig. S6a do not show clear
micro-phase separated morphology. PISi-3000-3 forms many bright spots, like the
twinkling stars blossoming in the blackness, demonstrating the hard aggregates. With
the hard block content increases, these hard aggregates are sufficiently linked to form
long strips due to the shortened distance, suggesting a co-continuous-like structure in
Fig. S6c. Finally, more polysiloxane segments are excluded from the polyimide phase
due to the stronger intermolecular interactions, resulting in the targeted phase
separation (Fig. S6d), in which flexible nonpolar polysiloxane segments curl up and are

uniformly distributed in the hard polyimide matrix.
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Fig. S7. UV-vis spectra of PISi-1500 and PISi-3000.
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Fig. S8. The loss tangent versus temperature curves determined by DMA under the shear model.
As discussed in other documents $!!, tan & > 1 is an indicator for the melt

processability of the block copolymers, and its corresponding temperature is defined as

the flow temperature (7,,). Therefore, the as-prepared PISi copolymers can be

prepared into specimens by hot-pressing (melt processability) at their appropriate

temperature, as shown in Fig. S9a.
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Fig. S9. Image presentation for the reprocessing of PISi-1500-4 copolymer by hot pressing (a),

representative stress-strain curves of original and recycled PISi-1500-4 (b).
The PISi-1500-4 specimens were cut into small pieces and then hot-pressed again

(Fig. 9a), and tensile tests were employed to evaluate its recycling ability (Fig. 9b).
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Fig. S10. Recovery ratio of tensile strength for the three times recycling.
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Fig. S11. The derivative of heat flow-temperature curves of the various PISi-3000 copolymers.
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Fig. S12. Frame-by-frame analysis of the shape recovery at T,+5 °C.
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Fig. S13. Thermomechanical analysis of the shape-memory properties of PISi-3000-1.
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Fig. S14. Shape fixation at room temperature for 24 h after samples fixed in a 20 °C bath (a),
shape fixity ratios at room temperature upon fixation for 24 h (b).
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Fig. S15. The high-temperature cyclic tensile curve of and PISi-1500-1 (a), PISi-1500-2 (b), PISi-

1500-3 (c) and PISi-1500-4 (d).
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Fig. S16. The high-temperature cyclic tensile curve of and PISi-3000-1.

plementary Tables

Table S1. Feed ratios, the hard-segment content of PISi.

Sample code

BPDA APTMDS APPS Hard-segment content

[mol] [mol] [mol] [Wt%]
PISi-1500-1 2.7 1.7 1 29.24%
PISi-1500-2 2.2 1.2 1 26.47%
PISi-1500-3 1.7 0.7 1 23.01%
PISi-1500-4 1.2 0.2 1 18.56%




PISi1-3000-1 2.7 1.7 1 18.85%

PISi-3000-2 2.2 1.2 1 16.40%

PISi-3000-3 1.7 0.7 1 13.62%

PISi-3000-4 1.2 0.2 1 10.38%
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