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S1. Supplementary characterization of chiral cages and chiral P-COFs in chemical

structures and properties.
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Supplementary Fig. 1 The synthetic procedures of chiral organic cages, A- and A-
Pcage.
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Supplementary Fig. 2 '"H NMR spectra of A-Pcage in CD2Cl..
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Supplementary Fig. 3 '3C NMR spectra of A-Pcage in CD2Cl..
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Supplementary Fig. 4 *'P NMR spectra of A-Pcage in CD2Cla.
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Supplementary Fig. 5 HR-ESI-MS spectrum of A-Pcage (CsoHsoN6P2, [M+H]", m/z,
found. 927.4493; calcd. 927.4477).
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Supplementary Fig. 6 '"H NMR spectra of A-Pcage in CD2Cl..
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Supplementary Fig. 8 *'P NMR spectra of A-Pcage in CD2Cla.



—— A\-Pcage
927.4430
928.4476
— 929.4508
S Experimental A\ 930.4530
\(_U/ Theoretical 930.4524
- 929.4489
=
(2}
c 928 4460
) 927.4477
I= :
926 928 930 932
m/z
y - Aa P
1 T L] 1 T
900 920 940 960 980 1000 1020
m/z

Supplementary Fig. 9 HR-ESI-MS spectrum of A-Pcage (CsoHsoN6P2, [M+H]", m/z,

found. 927.4430; calcd. 927.4477).
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Supplementary Fig. 10 Single crystal structures of left-handed A-Pcage: (a) Side view
and (b) Top view of A-Pcage showing that the height of one single cage is 7.3 A
(distance between two P vertices), the window width is 17.5 A (distance between two
cyclohexane moieties), and the torsion angle is 23.5° (the angle of two P-C bonds
between the top and bottom panels). (c-¢) A-Pcage packing fashion in crystal view

along (c) c-axis, (d) a-axis, and (e) b-axis.



Supplementary Fig. 11 Single crystal structures of right-handed A-Pcage: (a) Side
view and (b) Top view of A-Pcage single crystal. (c-e) A-Pcage packing fashion in

crystal view along (c) c-axis, (d) a-axis, and (e) b-axis.
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Supplementary Fig. 12 CD spectra of two chiral organic cages, A-Pcage (blue curve)

and A-Pcage (red curve) at room temperature. The concentration of two chiral cages
were at 1.0 x 10 M.

Circular dichroism (CD) spectra showed that the two organic cages gave strong Cotton
effect at 250, 278, and 322 nm with a mirrored sign, confirming that they are

enantiomers.
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Supplementary Fig. 13 Synthetic routes of chiral P-COF series (A-P-COF-1, A-P-

COF-2, and A-P-COF-3) via dynamic conversion from chiral cage to COF structure

through chiral memory and transfer.
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Supplementary Fig. 14 FT-IR spectral change from chiral cage (A-Pcage) to chiral P-
COF series (A-P-COF-1, A-P-COF-2, and A-P-COF-3).

It was observed that A-Pcage has a sharp band at 1642 cm™!, assigned to the stretching
vibration of C=N bond adjacent to the alicyclic group in the cage. However, after
reaction with different diamine linkers, this band gave characteristic downfield shift to
1612-1624 cm™ (1612 cm™ for A-P-COF-1, 1619 cm™! for A-P-COF-2, and 1624 cm™!
for A-P-COF-3), which are ascribed to the aromatic C=N stretching bands, suggesting

the successful cage-to-COF structural transformation.
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Supplementary Fig. 15 °C CP-MAS solid-state NMR spectra of chiral cage (A-Pcage)
and chiral P-COF series (A-P-COF-1, A-P-COF-2, and A-P-COF-3).
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Supplementary Fig. 16 TGA analysis of chiral cage (A-Pcage) and chiral P-COF series
(A-P-COF-1, A-P-COF-2, and A-P-COF-3).

The decomposition temperature (7d) of A-Pcage is measured to be 319 °C. In
comparison, the three kinds of chiral P-COFs showed improved 74 above 350 °C, which
indicates that the corresponding chiral P-COF series possess better structural stability
and suitable for the piezoelectric applications. Among them, A-P-COF-1 gave the
highest 74 of 425 °C, while A-P-COF-3 was the lowest of 353 °C. This decrease results

from the multiple long fluorocarbon grafted onto the COF.



S2. Supplementary characterization of crystalline structures and chiral properties

of chiral P-COFs and its achiral counterparts.
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Supplementary Fig. 17 The simulated PXRD of A-P-COF-1 based on different
stacking fashions. a. The experimental PXRD profiles of A-P-COF-1 (grey) and
calculated patterns according to AA stacking (purple), AB stacking (cyan), and ABC
stacking (yellow). b-d. Space-filling models of A-P-COF-1 with b. AA stacking mode,
c. AB stacking mode, and d. ABC stacking mode. The color of atoms: carbon, gray;

nitrogen, blue; phosphorus, pink.
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Supplementary Fig. 18 The simulated PXRD of A-P-COF-2 based on different
stacking fashions. a. The experimental PXRD profiles of A-P-COF-2 (grey) and
calculated patterns according to AA stacking (purple), AB stacking (cyan), and ABC
stacking (yellow). b-d. Space-filling models of A-P-COF-2 with b. AA stacking mode,
c. AB stacking mode, and d. ABC stacking mode. The color of atoms: carbon, gray;

nitrogen, blue; phosphorus, pink.
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Supplementary Fig. 19 The simulated PXRD of A-P-COF-3 based on different
stacking fashions. a. The experimental PXRD profiles of A-P-COF-3 (grey) and
calculated patterns according to AA stacking (purple), AB stacking (cyan), and ABC
stacking (yellow). b-d. Space-filling models of A-P-COF-3 with b. AA stacking mode,
c. AB stacking mode, and d. ABC stacking mode. The color of atoms: carbon, gray;

nitrogen, blue; fluorine, cyan; phosphorus, pink.
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Supplementary Fig. 20 2D layered architecture of A-P-COF-3 by sonicated exfoliation.
a. Schematic illustration of the exfoliation of A-P-COF-3 solid powder into 2D sheets
through strong sonication. b-d. TEM images of the 2D sheet-like structure of A-P-COF-

3 with high-resolution visualization.
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Supplementary Fig. 21 a-c. UV-vis spectra (left panels) and corresponding CD spectra
(right panels) of chiral P-COFs in solutions (1.0 x 10> M): a. A-P-COF-1 and A-P-
COF-1, b. A-P-COF-2 and A-P-COF-2, and c. A-P-COF-3 and A-P-COF-3.



Supplementary Fig. 22 a,c,e. SEM images of chiral P-COF series: a. A-P-COF-1, c.
A-P-COF-2, and e. A-P-COF-3 (scale bar, 5 um). b,d,f. EDS mapping of chiral P-COF
series: b. A-P-COF-1, d. A-P-COF-2, and f. A-P-COF-3 (scale bar, 1 pm).
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Supplementary Fig. 23 XPS spectra of A-P-COF-1: a. Total XPS spectrum, b. The Cls
spectrum (C=C, 284.7 eV; C-C, 285. 1 eV, C=N, 285.9 ¢V), c. The N1s spectrum (C=N,

399.9 eV), d. The P2p spectrum (Ar-P, 132.8 eV).
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Supplementary Fig. 24 XPS spectra of A-P-COF-2: a. Total XPS spectrum, b. The Cls
spectrum (C=C, 284.7 eV; C-C, 285. 7 eV, C=N, 287.6 ¢V), c. The N1s spectrum (C=N,

399.2 eV), d. The P2p spectrum (Ar-P, 131.3 eV).
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Supplementary Fig. 25 XPS spectra of A-P-COF-3: a. Total XPS spectrum, b. The Cls

spectrum (C=C, 284.5 eV; C=N, 285.4 ¢V; C-F2, 294.3 eV; C-F3, 295.2 eV), c. The

N1s spectrum (C=N, 399.0 eV), d. The F1s spectrum (C-F, 687.8 eV).
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Supplementary Fig. 26 The experimental PXRD profiles of achiral AP-COF
counterparts compared with the corresponding chiral ones: a. AP-COF-1 with A- and
A-P-COF-1, b. AP-COF-2 with A- and A-P-COF-2, c. AP-COF-3 with A- and A-P-
COF-3.

From the PXRD patterns, it was found that there was no apparent difference between
these fully eclipsed tabular stacking of AP-COFs and the torsional propeller stacking
of chiral P-COFs, as the chirality would only affect the relative intensity and width of

certain diffraction peaks and peak position at small d-spacings.
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Supplementary Fig. 27 CD spectral signals of achiral AP-COF counterparts in
solutions (1.0 x 10> M): a. AP-COF-1, b. AP-COF-2, ¢c. AP-COF-3.

From the CD spectra, it was observed that all the achiral AP-COF series had no obvious

CD signals, indicating that they are typically non-chiral COF structures.



S3. Supplementary measurements on piezoelectric properties of chiral P-COFs

and its achiral counterparts.

1500+ 250

200

S
S
Q

150

Phase (°)

Amplitude (pm)
a1
o
e

100

50

Bias (V)

Supplementary Fig. 28 Ferroelectric domain switching of A-P-COF-3: a. Topography
of a box-in-box domain pattern in A-P-COF-3 thin-film. The pattern was applied a tip
voltage of +8 V and -8 V to a single-domain state. b. Amplitude image of the box-in-
box domain pattern in A-P-COF-3 thin-film. c. Phase image of the box-in-box domain
pattern in A-P-COF-3 thin-film. d. PFM switching spectroscopy for phase hysteresis

loop (red circles) and amplitude loop (blue circles) on a local site of A-P-COF-3 film.
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Supplementary Fig. 29 Lateral PFM images of A-P-COF-3: a. Topographic image. b.
Amplitude image. c. Phase image. d. PFM switching spectroscopy for phase hysteresis

loop (red circles) and amplitude loop (blue circles).

From the lateral PFM characterization, it can be seen that the maximal amplitude is 363
pm, much weaker than that of vertical PFM (1150 pm). This indicates that the in-plane
piezoelectric response is significantly weaker than its out-of-plane piezoelectricity of

A-P-COF-3 thin-film.
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Supplementary Fig. 30 Vertical PFM images of achiral COF counterpart, AP-COF-3:
a. Topography. b. Amplitude image. c. Phase image. d. PFM switching spectroscopy for

phase hysteresis loop (red circles) and amplitude loop (blue circles).

The achiral AP-COF-3 counterpart was studied under the same conditions. However,
its vertical PFM showed smaller and irregular-shaped domains, and meanwhile, the
phase and amplitude hysteresis loops were ill-defined, which indicate that AP-COF-3
has much weaker piezoelectric response as compared to that of chiral A-P-COF-3, even
though AP-COF-3 also carries the identical high-polar fluorocarbon grafts on its
structure. These results further validate our hypothesis that the ordering orientation of
polar groups induced by homochiral COF plays a crucial role in amplifying the

piezoelectric effect.
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Supplementary Fig. 31 Vertical PFM measurements of A-P-COF-1: a. Topography. b.
Amplitude image. c. Phase image. d. PFM switching spectroscopy for phase hysteresis

loop (red circles) and amplitude loop (blue circles).

From the above results, it was found that the piezoelectricity of A-P-COF-1 thin-film is
significantly lower than that of A-P-COF-3, as indicated by the maximal amplitude of
195 pm. The obtained d33 value from PFM tests is determined to be 35.8 pm/V, which
is only 22% of A-P-COF-3 (159.4 pm/V).
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Supplementary Fig. 32 Vertical PFM measurements of A-P-COF-2: a. Topography. b.
Amplitude image. c. Phase image. d. PFM switching spectroscopy for phase hysteresis

loop (red circles) and amplitude loop (blue circles).

It was found that the piezoelectricity of A-P-COF-2 thin-film is lower than that of A-P-
COF-3, as indicated by the maximal amplitude of 350 pm. The obtained d33 value from
PFM tests is determined to be 61.9 pm/V, which is only 38% of A-P-COF-3 (159.4
pm/V).
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Supplementary Fig. 33 Vertical PFM tests of right-handed A-P-COF-1 with opposite
homochirality: a. Topography. b. Amplitude image. c¢. Phase image. d. PFM switching

spectroscopy for phase hysteresis loop (red circles) and amplitude loop (blue circles).

The right-handed A-P-COF-1 thin-film had the similar PFM amplitude and phase
images to that of A-P-COF-1 film, and its maximal amplitude in PFM amplitude
hysteresis loop is determined to be 204 pm, close to that of A-P-COF-1 (195 pm). These
results indicate that A-P-COF-1 is of similar piezoresponse with its mirrored

counterpart, A-P-COF-1.
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Supplementary Fig. 34 Vertical PFM tests of right-handed A-P-COF-2 with opposite

homochirality: a. Topography. b. Amplitude image. c¢. Phase image. d. PFM switching

spectroscopy for phase hysteresis loop (red circles) and amplitude loop (blue circles).

The right-handed A-P-COF-2 thin-film had the similar PFM amplitude and phase

images to that of A-P-COF-2 film, and its maximal amplitude in PFM amplitude

hysteresis loop is determined to be 341 pm, close to that of A-P-COF-2 (350 pm). These

results indicate that A-P-COF-2 is of similar piezoresponse with its mirrored

counterpart, A-P-COF-2.
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Supplementary Fig. 35 Vertical PFM tests of right-handed A-P-COF-3 with opposite
homochirality: a. Topography. b. Amplitude image. c¢. Phase image. d. PFM switching

spectroscopy for phase hysteresis loop (red circles) and amplitude loop (blue circles).

The right-handed A-P-COF-3 thin-film had the similar PFM amplitude and phase
images to that of A-P-COF-3 film, and its maximal amplitude in PFM amplitude
hysteresis loop is determined to be 1240 pm, approaching the value of A-P-COF-3
(1150 pm). These results indicate that A-P-COF-3 is of similar piezoresponse with its

mirrored counterpart, A-P-COF-3.
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Supplementary Fig. 36 KPFM characterization of the surface potential of A-P-COF-

1: a. KPFM surface potential image. b. The corresponding surface potential curve along

the white line.

From the surface potential image and corresponding potential profile, it was evidenced
that A-P-COF-1 gave an average —0.045 V surface potential, which is only one-sixth
than that of A-P-COF-3 (average —0.26 V).
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Supplementary Fig. 37 KPFM characterization of the surface potential of A-P-COF-

2: a. KPFM surface potential image. b. The corresponding surface potential curve along

the white line.

From the surface potential image and corresponding potential profile, it was evidenced
that A-P-COF-2 appeared an average —0.092 V surface potential, which is smaller than
that of A-P-COF-3 (average —0.26 V).
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Supplementary Fig. 38 Quasi-static measurements of piezoelectric constant d33 of
chiral P-COF thin-film materials based on Berlincourt method. a, c, e. A-isoforms of
chiral P-COFs: a. A-P-COF-1 (29.9 pC/N), c. A-P-COF-2 (57.1 pC/N), and e. A-P-
COF-3 (186.8 pC/N). b, d, f. A-isoforms of chiral P-COFs: b. A-P-COF-1 (=29.9 pC/N),
d. A-P-COF-2 (=57.5 pC/N), and f. A-P-COF-3 (—184.8 pC/N).



S4. Theoretical simulation of 3D elastic moduli of chiral P-COFs.

Supplementary Fig. 39 3D plots of elastic modulus of chiral A-P-COF-1. a.
Directional Young’s modulus, b. Spatial dependence of shear modulus MAX, c. Spatial

dependence of shear modulus MIN.



Supplementary Fig. 40 3D plots of elastic modulus of chiral A-P-COF-2. a.
Directional Young’s modulus, b. Spatial dependence of shear modulus MAX, c. Spatial

dependence of shear modulus MIN.



SS. Supplementary tests on piezoelectric effect of chiral P-COF/PDMS composite

devices.
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Supplementary Fig. 41 Output voltage of A-P-COF-3/PDMS composite piezoelectric

device and mechanical-to-electrical sensing sensitivity. a. The output voltages of A-P-

COF-3/PDMS composite device under different applied force conditions (0.1-20 N,

equal to 0.16-32 kPa). b. Linear relationship between the output voltage and the applied

pressure.

It was found that the output voltage rises linearly with the external force from 0.1 to 20

N (0.16 to 32 kPa), and the pressure sensitivity (S= AV/AP) is fitted to be 4710 mV/kPa.
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Supplementary Fig. 42 The piezoelectric output performance of A-P-COF-1/PDMS
composite PENG device. a. The Voc of A-P-COF-1/PDMS composite device (8.0 V). b.
The Isc of A-P-COF-1/PDMS composite device (1.7 pA).
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Supplementary Fig. 43 The piezoelectric output performance of A-P-COF-2/PDMS
composite PENG device. a. The Voc of A-P-COF-2/PDMS composite device (31 V). b.
The Isc of A-P-COF-2/PDMS composite device (4.9 pA).



Supplementary Table 1. Crystallographic data obtained from the A-Pcage.

Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

pre

v/°

Volume/A3

Z

Pealcg/cm’

w/mm'!

F(000)

Crystal size/mm?>
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [I > 26 (I)]
Final R indexes [all data]
Largest diff. peak/hole/e A

Flack parameter

Ce0.5sH63N6OP2
952.11

173.00
monoclinic

C2

20.0068(5)
23.3930(5)
25.7506(6)

90

98.0570(10)

90

11932.8(5)

8

1.060

0.635

4048.0

0.27 x0.23 x 0.21
GaKa (A =1.34139)
2.543 to 59.496

-25<h<25,-30<k<30,-33<1<33

139884

26324 [Rint = 0.0437]
26324/21/1271

1.024

Ri = 0.0445, wR> = 0.1180
Ri = 0.0508, wR> = 0.1231
0.46/-0.25

0.041(4)




Supplementary Table 2. Crystallographic data obtained from the A-Pcage.

Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

a/°

pre

v/°

Volume/A3

Z

Pealeg/cm’

wmm'!

F(000)

Crystal size/mm®
Radiation

20 range for data collection/®
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [1 > 26 (I)]
Final R indexes [all data]
Largest diff. peak/hole/e A

Flack parameter

Ce0.sH63N6OP2
952.11

173.00
monoclinic

C2

19.9776(6)
23.2865(6)
26.0454(7)

90

97.9710(10)

90

11999.5(6)

8

1.054

0.631

4048.0

0.41 x0.39 x0.36
GaKa (A =1.34139)
6.174 to 109.000

-24<h<22,-28<k<28,-31<1<31

80296
22244 [Rin = 0.0254]
22244/33/1271

1.042

R = 0.0347, wR2 = 0.0976
Ri = 0.0355, wR> = 0.0983
0.88/-0.26

0.062(3)




Supplementary Table 3. Crystallographic parameters and atomic coordinates for A-P-

COF-1 model arranged in different stacking modes.

Stacking mode A-A (eclipsed)

Space group P3

Crystal system hexagonal

Unit cell parameters a=343878 A a=90°
b=34.3878 A B=90°
c=3.4773A vy=120°

Stacking mode A-B (staggered)

Space group P3

Crystal system hexagonal

Unit cell parameters a=34399 A a=90°
b=34399 A B=90°
c=6.5323 A y=120°

Stacking mode A-B-C (staggered-interpenetrated)

Space group R-3

Crystal system trigonal

Unit cell parameters a=343878 A a=90°
b=343878 A B=90°

c=10.4319 A y=120°




Supplementary Table 4. Crystallographic parameters and atomic coordinates for A-P-

COF-2 model arranged in different stacking modes.

Stacking mode A-A (eclipsed)

Space group P3

Crystal system hexagonal

Unit cell parameters a=34.2982 A a=90°
b=34.2982 A B=90°
c=3.4634 A vy=120°

Stacking mode A-B (staggered)

Space group P3

Crystal system hexagonal

Unit cell parameters a=134.3031 A a=90°
b=343013 A B=90°
c=6.5065 A y=120°

Stacking mode A-B-C (staggered-interpenetrated)

Space group R-3

Crystal system trigonal

Unit cell parameters a=34.2982 A a=90°
bh=34.2982 A B=90°
c=10.3901 A y=120°




Supplementary Table 5. Crystallographic parameters and atomic coordinates for A-P-

COF-3 model arranged in different stacking modes.

Stacking mode A-A (eclipsed)

Space group P6

Crystal system hexagonal

Unit cell parameters a=139.0794 A a=90°
b=39.0794 A B=90°
c=15.6807 A vy=120°

Stacking mode A-B (staggered)

Space group P63

Crystal system hexagonal

Unit cell parameters a=139.0851 A a=90°
b=39.0851 A B=90°
c=10.9338 A y=120°

Stacking mode A-B-C (staggered-interpenetrated)

Space group R-3

Crystal system trigonal

Unit cell parameters a=139.0344A a=90°
b=39.0344 A B=90°

c=14.7963 A y=120°




Supplementary Table 6. The summary of different piezoelectric parameters of chiral

P-COF series and achiral P-COF counterpart measured by PFM and KPFM.

chiral P-COF- | chiral P-COF- achiral
chiral P-COF-3
1 2 AP-COF-
A- A- A- A- 3
PFM amplitude
195 204 350 341 ~150
(pm)
PFM phase
177.4 180.1 | 170.5 179.6 ~146
®)
PFM measured d33
35.8 37.7 61.9 68.5 23.8
(pm/V)
KPFM potential
-452 -489 | -92.1 -77.3 -19.1

(mV)




Supplementary Table 7. The comparison of piezoelectric parameters of different types

of piezoelectric materials.

Category | Structure ds3 (pC/N) | 833 (x107 | ga KO:‘: Ref.
PMN-PT 2800 38.5 8200 - (1)
STO 93 35.0 300 — 2)
LiNbO3 21 67.7 35 - 3)
LiTaOs3 15 37.6 45 - 4)
PbTiO3 120 67.7 200 170 (5)
PZT-4 280 24.3 1300 - (6)
| PZT-8 230 26.0 1000 - (6)
Inorganic
oxides | PZT-5H 600 19.6 3450 - (7)
PZT-5A 350 21.9 1800 - (7)
KTN 416 12.5 3742 - (8)
BTO 190 9.4 3600 - 9)
Lithium
tetraborate 10.1 58.5 19.5 (10)
KNNS 208 61.5 532 - (11)
NBT-KBT 150 20.5 1150 - (12)
TMCM-
CdCls 220 1910 13.0 (13)
TMCM-
MnCla 185 1681 12.4 - (14)
TMBM-
MnBrs 112 1120 11.3 (15)
(TMCM):2-
Tnorganic | SnCle 137 980 15.8 81 (16)
-organic (ATHP),- B
hybrid | PbBrs 76 660 13 (17)
perovskite | TMCM-
GaCls 226 1318 19.3 38.1 (18)
MAPbDI; 54 122 50 - (19)
TMCM-
CdBrCly 440 6215 8 (20)
CsHsN(CH3)3
CdBraClos 367 3595 11.5 210 (21)
[AH][ReOs] |90 338 30 — (22)
Organic Triglycine
Small gy 22 37.1 67 - (23)
sulfate
molecules
DPDP-CIOs4 | 12 149.2 9.1 — (24)




TPAP-BF:s |3 36.5 9.3 737 | (24)
TIAP-BF4 3 20.3 16.7 475 | (24)
Rochelle salt | 7 85.9 9.2 0.03 (25)
HFPD 138 2450 6.4 18 (26)
DPFO 120 2708 5.0 — (27)
Spirooxazac-
amphorsult- | 10 250.8 45 - (28)
am
v-glycine 10 451.5 2.5 0.45 (29)
FF dipeptide | 17.9 505.1 4.0 1.4 (30)
collagen 5 112.9 5.0 - (31)
m0113e1<(:)ules EZEEE)I:; 3.7 185.4 3.5 B (32)
B-chitin 4 112.9 4.0 1.0 (33)
lysozyme 6.5 1.3 43.2 0.008 | (34)
virus 1.9 - - - (35)
PVDF 28 263.5 12.0 12 (36)
P(VDE- 38 357.7 12.0 20 (37)
BOPVDF 62 359.0 19.5 — (38)
Polymers | Glycine-PCL | 19 476.5 4.5 - (39)
PVDF fiber | 17 114.9 16.7 48 (40)
PVDF-PANI | 32 328.3 11.0 10 (41)
PHB/CNT 15.1 426.4 4.0 12 (42)
RCC1-Cl 3.5 131 3.0 4.1 (43)
Molecular ['p v3 50, |33 124 3.0 54 | @43)
cages
MOC-FA3 |22 170 1.5 — (44)
MIL-125 1.7 295 0.9 — (45)
NHz-MIL- 11.8 205 0.9 — (45)
f/ﬁgg 26.2 350 118 |- (45)
MOFs El}(l)z?gr) 4 60 10.5 — (46)
EIP(I);I?H) 139 1800 21 |- (46)
Zn-Car MOF | 11.2 156 113 40 (47)
IISERP- 21.3 859.4 3.9 13 (48)

MOEF2




gl(’)'l]fT'OF' 5.5 310.4 2.0 - (49)
]ég;-BT-OF- 51 2302 25 — (49)
Elgl{?T‘lF‘ 47 176.8 30 |- (49)
gl(’)'l]fT'ZF' 4.1 178.0 2.6 - (49)
CityU-13 20.9 907.3 2.6 60 (50)
CityU-14 | 18.9 853.3 2.5 50 | (50)
COFs Zlig?ICOF_l 299 1240 > i
f\h-il?:dCOF-l 299 1540 i
CAliili?(I?OF-z 371 2710 > !
e ory | 575 2705 24 |20 | 00
Arcory | 1968|764 S

“The piezoelectric voltage coefficient g33 is calculated from the d33 and permittivity (33)
of different materials based on the equation of g33 = d33/e3360, where o is the permittivity

of vacuum (8.854 x 10712 F/m), £33 is equal to &r obtained from quasi-static measurement.



Supplementary Table 8. The elastic properties of chiral P-COF series.

Yo ’ li h li (GP
oung’s moduli Anisotropy Shear moduli (GPa) Anisotropy
FEmax Emin FEmax Emin
A-P-COF-  28.1 18.6 1.5 9.8 7.9 1.2
A-P-COF-  30.9 13.7 2.3 15.2 6.9 2.2

A-P-COF-  32.6 7.5 43 18.6 3.1 6.0




Supplementary Table 9. The matrix calculation of piezoelectric strain constant (dij) of
chiral P-COF series.
For A-P-COF-1,

(1) The elastic stiftness constant (Cj) is as following,

202 35 95 0022 0.045 0

35 202 95 -0.022 —0.045 0

co-| 95 95 387 0 0 0
Y7 l0.022 -0022 0 81 0  —0.045
0.045 —0.045 0 0 81  0.022

0 0 0 —0045 0022 84

(2) The piezoelectric stress constant (ej) is obtained from DFT,

0.113 -0.113 0 0.0163 —-0.0784 0.0974
e;j =1 0.0974 —0.0974 0 —-0.0752 -0.00392 -0.113
—0.0318 -0.0318 0.874 0 0 0

(3) The piezoelectric strain constant (dij) is as below,

68 —-68 0 20 -98 117
dij=ejxs;=e;xC;"= 58 -58 0 —94 -05 -13.5
-13.0 -13.0 291 O 0 0

For A-P-COF-2,

(1) The elastic stiffness constant (Cijj) is as following,

335 28 180 030 041 0
28 335 180 -030 -041 0

c. _|180 180 286 0 0 0

71030 —030 0 135 0  —0.41
041 —041 0 0 135 030
L 0 0 0 —041 030 154

(2) The piezoelectric stress constant (ej) is obtained from DFT,

[ 0.312 —0.312 0 0.0336 —0.124 0.109 ]

0.109 —0.109 0 —-0.121 -0.0166 —0.0928
—0.0994 -0.0994 0.669 0 0 0

el-j

(3) The piezoelectric strain constant (dij) is as below,

103 -103 0 23 -100 74
dij=ejxs;=e;xC; =37 =37 0 -93 -13 -63

—386 —386 721 0 0 0
For A-P-COF-3,

(1) The elastic stiffness constant (Cij) is as following,



r 373 —087 147 0 0 0
-087 373 147 0 0 0
C. = 14.7 14.7 175 0 0 0
H 0 0 0 119 0 0
0 0 0 0 119 0
0 0 0 0 0 19.1-
(2) The piezoelectric stress constant (ej) is obtained from DFT,
0 0 0 0.0201 —-0.156 0
e;; =10.0156 —0.0156 0 —0.0201 0 0
0.0904 0.0904 0.740 0 0 0
(3) The piezoelectric strain constant (dij) is as below,
0 0 0 1.7 =131 0
dij = eij X Sij = eij X Ci;l = 4.1 —4.1 0 —-1.7 0 0
—82.3 —82.3 2122 0 0 0

|



Supplementary Table 10. The performance contrast of different types of piezoelectric

composite devices in key parameters.

Linear sensing

Voe (V) Isc (MA) S (mV/kPa) range (kPa) Ref.
BCZT-
NF@BCZT- 96.4 4.86 2970 25-75 (51)
SP@Ag fibers
Cu-Fe-PVDF 8 3 20 7-270 (52)
P(VDF-TrFE)/PA 5.6 - 35 24-160 (53)
MXene/PVDF 28 1.71 840 8.3-33.3 (54)
BeO-B8/PVDF 8 2.5 430 0-18.6 (55)
PVDF/PDMS 9 1.6 7.2 0-6 (56)
BaTiOs/PDMS 60 0.6 472 0-100 (57)
PEG/SIS 1.01 - 135 1.5-7.5 (58)
P(VDF-
TrFE)/CNTs 36.5 0.84 527 0.1-80 (59)
@AI1203
CD/BT- 7 - 320 0-125 (60)
OH/MXene
ZnO/PDVF 3.5 0.35 330 1-30 (61)
PZT/PDMS 1.25 - 8.59 1.25-250 (62)
AgNWs@PTFE/ -
Graphene/PVDF 1.52 92 0-100 63)
A-P-COF-1 8 1.7 873 0-32
A-P-COF-2 31 4.9 2150 0-32 This

work

A-P-COF-3 75 9.0 4710 0-32
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