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Scheme S1 Scheme for the synthesis of C60–containing polyimides.

Fig. S1 1H NMR spectrum of PI with hydroxyl group.
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Fig. S2 1H NMR spectrum of PI macroinitiator.

Fig. S3 2D GIWAXS images of the 6FDA–APS PI and PI–b–C60 films.
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Fig. S4 (a) The TEM image and (b) the selected area diffraction pattern of the PI–b–C60 films.

Fig. S5 Side-view goniometer images during static contact angle measurement for the PI, PS, 
PI–b–C60, and PFA films by using DI and DM.

Calculation of surface energy
The surface tensions between donor polymer and SMA were calculated by measuring the 
contact angles of two different solvents (DI and DM) on each neat film. The surface tension 
of film was calculated via the Owens-Wendt and the following equations.1
𝛾DI(1 + 𝑐𝑜𝑠𝜃DI) = 4𝛾𝑑DI𝑟𝑑 / (𝛾𝑑DI + 𝑟𝑑) + 4𝛾𝑃DI𝑟𝑃 / (𝛾𝑃DI + 𝑟𝑃)                                           
𝛾DI(1 + 𝑐𝑜𝑠𝜃DM) = 4𝛾𝑑DI𝑟𝑑 / (𝛾𝑑DM + 𝑟𝑑) + 4𝛾𝑃DM𝑟𝑃 / (𝛾𝑃DM + 𝑟𝑃)                                     
𝛾 𝑡𝑜𝑡𝑎𝑙 = 𝛾𝑑 + 𝛾𝑃                                                                                                                   
where 𝛾total is the total surface tension of material; 𝛾𝑑 and 𝛾𝑃 are the dispersion and polar 
components of 𝛾total, respectively. 𝛾i is the total surface tension of material i, where i = 
glycerol or water; 𝛾d

i and 𝛾p
i a are the dispersion and polar components of 𝛾i, respectively; θ 

is the contact angle measured.

Fig. S6 Cross-sectional SEM images for PFA, 6FDA–APS PI, PI–b–C60 films. Scale bar, 10 
μm.
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Fig. S7 The Voc and Jsc of the TENG with PI–b–C60 prepared in slow-drying casting at room-
temperature.

Fig. S8 (a) The output voltages, (b) current densities, and (c) charge densities generated by 
the PI–b–C60-based TENGs as a function of the content of C60 ranging from 0 to 20 wt%.

Fig. S9 (a) The instantaneous power of the PFA-based TENG with external loads ranging 
from 1 to 29 MΩ. (b) Instantaneous output voltage, current, and power of TENG were 

measured under 23 MΩ. About 7.7 μW of energy was generated under a frequency of 3 Hz.
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Fig. S10 Images of initial gap for the triboelectric nanogenerator before external forces were 
applied. Scale bar, 1 cm.
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Fig. S11 The molecular orbitals including HOMO, LUMO, LUMO + 1, and LUMO + 2 
obtained by DFT calculations with different polymers: (a) 6FDA–APS PI, (b) PI–b–PS, (c) 

PI–b–C60. While the molecular orbitals of 6FDS–APS PI and PI–b–PS spread out over a 
particular region of PI backbone, only PI–b–C60 has the unoccupied molecular orbitals 
strongly localized to C60. A Gaussian View program was used to visualize the results of 

molecular orbitals with the iso-surface set to 1 × 10−3 e Å3. Blue and yellow colors denote the 
phase difference of the wave function of the orbitals.
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Fig. S12 The molecular orbital energies of C60, PI–b–C60, and PI–b–PS.

Fig. S13 (a) UV-Vis absorption spectra in the range from 300 to 800 nm. (b) Corresponding 
plot of transformed Kubelka–Munk function versus the energy of the light.

The Eg
opt is calculated by transforming the absorbance by the following equation for the near-

edge absorption known as the Kubelka-Munk method, plotted in Fig. S13b.2

                                                                                                                  (1)(αhv)2 =  hv -  Eopt
g

where α is the absorption coefficient and hv is the photon energy. The Eg
opt of PI–b–C60 

(~2.34 eV) is smaller than that of 6FDA–APS PI (~3.29 eV), which is determined from the 
intercept of the tangents to the plots of (αhv)2 vs the photon energy. 
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Fig. S14 The schematic diagrams of the fabrication process of a keyless electronic door lock 
system (i ~ v) and image of the door lock system (vi).

Fig. S15 The average output voltages of the door lock unit when operated by a human finger 
with a certain distance (1, 2, 3, and 4 mm). Error bars represent standard error of the mean 

(S.E.M.).
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Fig. S16 Schematic of the circuit including the reluctor ring.

Fig. S17 (a) Schematic illustration of the sliding contact process for charge generation of PI–
b–C60 surface. (b) The charge generated by the sliding contact as a function of contact time.

Fig. S18 The Voc generated by speed sensor as a function of relative humidity with different 
polymers: (a) PI–b–C60 and (b) PFA.
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Fig. S19 (a) Schematic illustration and photographs of the humidity system composed of 
speed sensor with DC motor, humidifier, and humidity sensor. (b) Photographs of the RH 

value from 45 % to 99 % using humidity sensor.
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Table S1 Contact angles and calculated surface energy of PI, PS, PI–b–C60, and PFA.

Table S2 State-of-the-art TENG for power density published recently in top journals.
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Table S3 Fitting parameters for the exponential decay function in contact mode (d = 0 mm) 
and non-contact (d = 1 mm) mode from the TENGs fabricated with PFA, 6FDA–APS PI and 
PI–b–C60 films.

Table S4 State-of-the-art TENG for charge retention characteristics published recently in top 
journals.
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