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Supporting Information

Figure S1. The Tyndall scattering effect of the MXene solution.

Figure S2. The stress-strain curves of the I-MXene film and pure Mxene film.
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Figure S3. A magnified cross-sectional SEM image of the I-Mxene film.

Figure S4. FTIR spectra of the I-MXene and pure Mxene.
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Figure S5. SEM images of the (a) top and (b) bottom surfaces of the I-MXene film.

Figure S6. AFM images of the (a) top and (b) bottom surface morphologies of the I-MXene film.
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Figure S7. Comparison for the water contact angles of the (a) top surface of the I-MXene film with that of 

the (b) bottom surface of the I-MXene film.

Figure S8. (a, b) HRTEM images of the top and bottom regions of the unmodified pure MXene film, 

respectively. (c) XRD patterns of the top and bottom of the pure MXene film.
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Figure S9. Light-driven reversible deformation of the freestanding I-MXene film. The light is incident 

from the left side.

Figure S10. Maximal bending displacement of the I-MXene film under light irradiation with different light 

intensity.
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Figure S11. Light-driven reversible deformation of the freestanding pure MXene film at the same 

stimulation conditions with that of the I-MXene film. Here the light intensity is about 265 mW/cm2, the 

maximal temperature is about 70 ℃, and the relative humidity is about 55%.

Figure S12. Deformation of the freestanding I-MXene film in response to the RH change.
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Figure S13. Cyclic actuation of the bimorph actuator under the simulated sunlight irradiation (45 

mW/cm2).

Figure S14. Real-time weight change of the bimorph actuator during the light-driven actuation process.
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Figure S15. Comparison of recent reported photoactuators and our I-MXene/PE bimorph actuators on 

light-driven bending angle vs. response time.

Figure S16. Natural sunlight-driven actuation of the bimorph actuators with different original shapes by 

the heat setting method. (a) Reversible upward bending-to-downward bending deformation with natural 

sunlight off and on. (b) Reversible circular-to-straight deformation with natural sunlight off and on. (c) 

Reversible S-shape-to-straight deformation with natural sunlight off and on.
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Figure S17. Optical image of the biomimetic “inchworm” robot disguise as an inchworm on a fallen leaf in 

the wild environment.

Figure S18. (a) Schematic diagram of the rotation motion controlled by the laser. (b) Superimposed images 

of the turning motion of the soft robot under the laser scanning.
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Movie S1 Large bending deformation of the I-MXene film 

Movie S2 Light-driven actuation of freestanding I-MXene film

Movie S3 Infrared video for the photoactuation of I-MXene film

Movie S4 Photoactuation of the bimorph actuator
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Movie S5 Infrared video for the photoactuation of the bimorph actuator

Movie S6 Natural sunlight-driven actuation of the bimorph actuator

Movie S7 Continuous directional locomotion driven by natural sunlight fluctuation (4speed)

Movie S8 Directional crawling motion driven by natural sunlight (2speed)

Movie S9 Transportation by the robot driven by natural sunlight (2speed)

Movie S10 Crawling motion of “inchworm” in the wild (2speed)

Movie S11 Weight lifting of the soft arms

Movie S12 Directional crawling motion driven by the laser (4speed)

Movie S13 Turning crawling motion driven by the laser (10speed)


