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Figure S1. (a) Scanning electron microscopy (SEM) images of cross-section of Terp/PI-5; and

energy dispersive spectroscopy (EDS) images of Terp/PI-5 of (b) N, (c) F, and (d) O elements.

Actual optical images of (e1) pristine PI, (e2) Terp/PI-1, (es) Terp/PI-5, (es) Terp/PI-10 films.




Figure S2. SEM images of (a) PI and Terp/PI composite films with different terpolymer contents

(b) Terp/PI-1, (c) Terp/PI-5, (d) Terp/PI-10.




Figure S3. FTIR spectra of (a) P(VDF-TrFE-CFE) film, (b) Terp/PI composite films with various

terpolymer contents.

_— - [ !
= = [Terp/PI-5 ! |
- | ]
= <
= =) | 1
s t Pl I |
2 2
= = 1 !
< < |, ' TGTG'
1400 1200 1000 800 600 400 1000 750 500

Wavenumber cm™) Wavenumber cm™)



Figure S4. (a) Thermal gravimetric analysis (TGA) and differential scanning calorimetry (DSC)
curves of P(VDEF-TrFE-CFE), (b) TGA curves of Terp/PI composite films with various

terpolymer contents.
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Figure S5. Dielectric constant and dielectric loss of P(VDF-TrFE-CFE) terpolymer film.
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Figure S6. P-E loop at room temperature of (a) pristine PI, (b) Terp/PI-1, (c) Terp/PI-5, (d)

Terp/PI-10 films.
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Figure S7. P-E loops data measured at 150 °C of (a) pristine PI, (b) Terp/PI-1,(c) Terp/PI-5, (d)

Terp/PI-10 films.

—_
1w
)
—
=
~—~
)

E40 “g 40

< —

) 235 @is0c

E 4l @1s0°cC =30-

E S

< 25+

E s

& 20+ g 20

= ——50 MV/m 15 ——50 MV/m
o —— 100 MV/m 2 — 100 MV/m
A 10 —— 150 MV/m 2 10- ——200 MV/m
© ——200 MV/m 2 s ——300 MV/m
= ——250 MV/m = 59 ——350 MV/m
2 0 Pl ——300 MV/m 2 . Tel"p/ PI-1 _ ——400MV/m
H 0 50 100 150 200 250 300 350 400 = o 100 200 300 400 500

Electric Field (MV/m) Electric Field (MV/m)

(d)

—~
[g]
—’

— —_—
”E 50 ”E 50

o {@150°C S |@is0°C

g E 0,

- N

£ g

= 304 E 30

) [-*]

g 2

= 2/ ——100 MV/m =20 —— 50 MV/m
@ —— 200 MV/m 7 —— 100 MV/m|
a ———300 MV/m a ——200 MV/m
= 10 ——400 MV/m 2 10+ ——300 MV/m|
= —— 425 MV/m = ——400 MV/m
2, | Terp/Pl-5 —— 450 MV/m 2 o _ Terp/PL10 425 Mvim
= 0 100 200 300 400 500 = 100 200 300 400 500

Electric Field (MV/m)

Electric Field (MV/m)



Figure S8. Fitting results for the current density as a function of electric field for the pristine

PI and Terp/PI films at 150 °C using Schottky emission model.
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Figure S9. Statistical results for the electrostatic potential distribution on the molecular surface

of (a) pristine PI and (b) P(VDE-TrFE-CFE) terpolymer.
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Figure S10. (a) Ultraviolet-visible light-near infrared (UV-Vis-NIR), (b) plot of (ahv)%3 vs. hv
data acquired from the UV-Vis-NIR spectra, (c¢) and (d) Binding energy obtained from

ultraviolet photoelectron spectroscopy (UPS) of pristine PI and P(VDE-TrFE-CFE).
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Figure S11. Energy band diagrams at the interface between terpolymer filler and PI substrate

in the Terp/PI composite film.
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Figure S12. P-E loop of the Terp/PI-5 film after the film was heated at 150°C for (a) 30min, (b)

60 min, and (c) 90 min. (d) Calculated energy density and charge-discharge efficiency of

Terp/PI-5 at 150°C.
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Figure S13. The scatter whiskers (error) of calculated (a) energy density and (b) charge-
discharge efficiency at 25°C. The scatter whiskers (error) of calculated (c) energy density and

(d) charge-discharge efficiency at 150°C.
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Figure S14. Bipolar P-E loop at room temperature of (a) pristine PI, (b) Terp/PI-1, (c) Terp/PI-

5, (d) Terp/PI-10 films.
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Figure S15. Bipolar P-E loop at 150 °C of (a) pristine PI, (b) Terp/PI-1, (c) Terp/PI-5, (d)

Terp/PI-10 films.
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Figure S16. (a) P-E loop and (b) Weibull distribution of breakdown electric field of P(VDE-

TrFE-CFE) film at room temperature.
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Table S1 Average chain space in Terp/PI composite films with different terpolymer contents.

Content (wt%) 20 Average chain space d (A)
PI 18.3° 4.84
Terp/PI-1 18.6°° 473
Terp/P1-5 195° 4.54
Terp/PI-10 20.5° 432




Table S2 Young's modulus and glass transition temperature (Tg) of Terp/PI composites

obtained from dynamic mechanical analysis (DMA) data.

Content (wt%) Young's modulus (GPa) Tg (°C)
PI 2.96 401.3
Terp/PI-1 3.28 405.7
Terp/PI-5 3.33 412.8

Terp/PI-10 2.86 404.4




Table S3 Summary of TGA data for Terp/PI composite with various terpolymer contents.

Content (wt%) Weight loss temperature Residue at 700°C
PI 575.4 °C 58.85%
Terp/PI-1 573.2°C 59.57%
Terp/PI-5 575.8 °C 60.62%

Terp/PI-10 561.7 °C 59.38%




Table S4 Comparison data for the energy density for different PI-based composite at 150 °C.

Electric field

Dielectric material Uda (J cm3) Reference
(MV/m)
Terp/PI 5.06 475 This work
P(VDEF-HFP)/P1 3.16 400 [1]
BNTFs/PI 2.98 400 (2]
BT@PDA/PI 1.94 315 [3]
BZT-BCT/PI 1.83 350 [4]
ArTPU/PI 4 443 (5]
MoS:/PI 3.92 375 (6]
PEI/PI/PEI 3.2 375 [7]
PI/PVDEF/PI 2.58 300 [8]
MgO/PI 4.78 433 [9]

ALOs/ PI 2.45 400 [10]




Supplementary Note S1.

Schottky emission is a common low field conduction mechanism. Carriers overcome the

energy barrier at the electrode/dielectric interface and are injected into the dielectric. As the

electric field increases, the barrier height decreases due to the superposition of the image

charge potential with the external potential. The Schottky barrier can be described as [11]:

] - ATZexp (_q(¢B_\/RQi/47T8TSO)) (Sl)
B
anqkg?
A4 =i mo (2)

where A is the effective Richardson constant (A m2 K-2), T is the temperature in K, e is
the elementary charge, @5 is the interface energy barrier (eV), E is the applied electric field
during current density measurement, ks is the Boltzmann’s constant, k is the dielectric
constant, erand eo are the relative permittivity and vacuum permittivity respectively.

Equation S1 can be transformed as:

(L) = (—V/‘*j") VE +1n(4) - (22 (S3)

kp

According to equation S3, the curve of In (J/T?) andVE shows a linear relationship, and the

dielectric constant which is derived from the slope of the fitted curve can be used to determine

whether the conduction mechanism in the dielectric is Schottky emission. The fitting results

are summarized in Table S5, where e:is the dielectric constant obtained from fitting results and

&m is the dielectric constant obtained by experimental measurement.

Table S5 The fitting results of the Schottky emission mechanism.



Content (wt%) slope & €m

PI 0.55324 3.13 3.2

Terp/PI-1 0.53671 3.33 3.47
Terp/PI-5 0.48466 4.08 3.72
Terp/PI-10 0.4625 4.49 4.24

Supplementary Note S2. Hopping conduction mechanism in higher filed.

Hopping conduction describe the trapped electrons “hopping” from one trap site to

another in dielectric films with tunneling effect. The expression of hopping conduction is

[12,13]:

J = 2qAnv * exp (— kEET“T) * sinh ( aae ) (54)

where A is the mean hopping distance (mean spacing between trap sites), n is the electron
concentration in the conduction band of the dielectric, v is the frequency of thermal vibration
of electrons at trap sites, and E is the activation energy, E is the electric field, q is the electron
charge, ks is the Boltzmann constant and T is the temperature, respectively. The above equation
can be simplified as:

J =], *sinh (a * E) (S5)

where Jo and a are two lumped parameters.
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