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Supporting Figures 

 

 

Fig. S1.  (a) Optical photograph showing the bending of PEDOT:PSS/MXene film. 

(b) Optical photograph showing the folding of PEDOT:PSS/MXene film. 

 

 

 

    

Fig. S2. (a) Surface SEM image of the PEDOT:PSS sides of the PEDOT:PSS/MXene 

film. (b) Surface SEM image of the MXene side of the PEDOT:PSS/MXene film. 

 



 

Fig. S3. XRD pattern of Ti3AlC2. 

 

 

 

 

 

Fig. S4. Raman spectra of MXene, PEDOT:PSS and PEDOT:PSS/MXene in the 1100-

1850 cm-1. 

 

 



 

Fig. S5. Dimensions of PEDOT:PSS/MXene/PI film on a hot platform. 

 

 

 

 

 

Fig. S6. (a) Infrared images of PEDOT:PSS/MXene film at (i) beginning, (ii) after 5 

min, (iii) after 30 min and (iv) after 60 min of heating. (b) Temperature distributions of 

the PEDOT:PSS/MXene film in the beginning (0 min) and after 60 min of heating. 

 

 

 

 



 

Fig. S7. (a) Output voltage based on MXene film during hot platform heating. (b) ∆T 

based on MXene film during hot platform heating. (c) Seebeck coefficient based on 

MXene film during hot platform heating. 

 

 

 

 

Fig. S8. (a) Output voltage of PEDOT:PSS/MXene film with PEDOT:PSS (10 wt%) 

during hot platform heating. (b) ∆T of PEDOT:PSS/MXene film with PEDOT:PSS (10 

wt%) during hot platform heating. (c) Seebeck coefficient of PEDOT:PSS/MXene film 

with PEDOT:PSS (10 wt%) during hot platform heating. 

 

 

 



 

Fig. S9. (a) Output voltage of PEDOT:PSS/MXene film with PEDOT:PSS (40 wt%) 

during hot platform heating. (b) ∆T of PEDOT:PSS/MXene film with PEDOT:PSS (40 

wt%) during hot platform heating. (c) Seebeck coefficient of PEDOT:PSS/MXene film 

with PEDOT:PSS (40 wt%) during hot platform heating. 

 

 

 

 

 

Fig. S10. (a) Output voltage of PEDOT:PSS/MXene film with PEDOT:PSS (60 wt%) 

during hot platform heating. (b) ∆T of PEDOT:PSS/MXene film with PEDOT:PSS (60 

wt%) during hot platform heating. (c) Seebeck coefficient of PEDOT:PSS/MXene film 

with PEDOT:PSS (60 wt%) during hot platform heating. 

 

 

 



 

Fig. S11. (a) Output voltage of PEDOT:PSS/MXene film with PEDOT:PSS (80 wt%) 

during hot platform heating. (b) ∆T of PEDOT:PSS/MXene film with PEDOT:PSS (80 

wt%) during hot platform heating. (c) Seebeck coefficient of PEDOT:PSS/MXene film 

with PEDOT:PSS (80 wt%) during hot platform heating. 

 

 

 

Fig. S12. (a) Output voltage of pure PEDOT:PSS film during hot platform heating. (b) 

∆T of pure PEDOT:PSS film during hot platform heating. (c) Seebeck coefficient of 

pure PEDOT:PSS film during hot platform heating. 

 

 

 



 

Fig. S13. Dimensions of PEDOT:PSS/MXene/PI films for PTE property test. 

 

 

 

 

 

 

 

Fig. S14. PTE properties of the PEDOT:PSS/MXene film. (a) ∆T of the 

PEDOT:PSS/MXene film as a function of time under different light powers. (b) Output 

voltage of the PEDOT:PSS/MXene film as a function of time under different light 

powers. 

 

 

 



 

Fig. S15. Dimensions of the actuator based on PEDOT:PSS/MXene/PI for PTE and 

actuation properties test. 

 

 

Fig. S16. PTE properties of the PEDOT:PSS/MXene/PI actuator during the actuation 

process. (a) ∆T of the PEDOT:PSS/MXene/PI actuator as a function of time under 

different light powers. (b) Output voltage of the PEDOT:PSS/MXene/PI actuator as a 

function of time under different light powers. 



 

Fig. S17. Schematic diagram of the relevant parameters for curvature calculation. 

 

 

 

Fig. S18. (a) Output voltage of the PEDOT:PSS/MXene/PI actutor under light power 

density of 700 mW cm-2 during 500 cycles. (b) ∆T of the PEDOT:PSS/MXene/PI 

actuator under light power density of 700 mW cm-2 during 500 cycles. 



 

Fig. S19. Seebeck coefficient of the PEDOT:PSS/MXene/PI actuator during 500 cycles 

under light power density of 700 mW cm-2. 

 

Fig. S20. (a) Schematic diagram of the actuation and PTE properties of the 

PEDOT:PSS/PI actuator. (b) Dimensions of the PEDOT:PSS/PI actuator. (c) Optical 

photographs of the shape deformation of the actuator under different light powers. (d) 

Bending curvature, ∆T and output voltage of the PEDOT:PSS/PI actuator as a function 

of light power density. (e) Seebeck coefficient of the PEDOT:PSS/PI actuator. 



 

Fig. S21. Output voltage of PEDOT:PSS/MXene/PI actuator as a function of bending 

curvature. 

 

 

 

Fig. S22. (a) Schematic diagram of the bionic flower. (b) Dimensions of one 

PEDOT:PSS/MXene/PI actuator in the bionic flower.  



 

Fig. S23. (a) Dimensions and diagram of the front and back sides of the Braille device. 

(b) Schematic diagram of the front and back sides of Braille “a”. (c) Schematic diagram 

of the front and back sides of Braille “ed”. 

 

 



 

Fig. S24. (a) Real-time voltage signal variation for the Braille character “a”. (b) Real-

time voltage signal variation for the Braille character “ed”. 

  



Supplementary Note 

Supplementary Note S1: Calculation of bending curvature of actuator. 

In this experiment, these parameters of the actuator are defined as follows (shown in 

Fig. S17 (Supporting Information). L represents the length of the actuator. X represents 

the horizontal displacement of the actuator bending. Y represents the vertical 

displacement of the actuator bending. r represents the radius of the circle in which the 

arc actuator is located. θ represents the centre angle of the circle in which the arc 

actuator is located. θ/2 represents the chord tangent angle of the circle. The reciprocal 

of the radius represents the curvature (1/r). 

The chord tangent angle is obtained by the equation 

              𝜃/2 = tan−1
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The curvature is derived as 
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