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Fig. 2. A PEE-PPy composite film (black) is composed of PPy polymer chains (gray
lines) and a PEE-borate network (red lines). The structure changes (involving H

bonds and borate ester bonds) in response to water (blue dots) sorption and

I

desorption.
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Fig. 3 Locomotion of a PEE-PPy film on a moist substrate. (A) Representative images
and sketches of the film’s multistage locomotion and a schematic diagram of the film’s
elastic potential energy. (B) Flipping frequency of PEE-PPy (red) and PPy (black)
films correlated with saturated water vapor pressure at each substrate temperature
(n = 5). One flipping cycle refers to a motion process starting from stage I through

stage V and back to stage 1.
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Fig. 4. Mechanical performance of a 25-mg PEE-PPy film actuator. (A) The
contractile stress and force generated in the film upon water sorption and
desorption. (B) The load-dependent stroke of the actuator contraction. (C) Images of
the actuator under microscopy glass slides (top image) buckling and lifting the slides
up for ~2 mm (bottom image). The red arrows indicate the position of the

30-mm-thick actuator. (D) The flipping frequency of the actuator with cargo loading
(n=5).
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Fig. 5. Design and performance of a water-gradient—driven generator. (A) The
assembly of a piezoelectric PVDF element with a PEE-PPy actuator to form the
generator. (B) The connection of the generator with a 10-megohm resistor as load.
(C) The configuration of the rectifying circuit and charge storage capacitor. (D) The
generator’s output voltage onto the 10-megohm resistor. (E) Voltage across a
capacitor when being charged by the generator. The inset shows a stepwise increase

in the capacitor voltage accompanying each cycle of the energy conversion process.
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