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Fig. 1 Schematic illustration of Marangoni effect aquatic surface robot and locomotion of the Marangoni effect propelled

LCE robot. (a) Main chemical components of liquid crystal elastomers; (b) The mechanism of camphor released from the

LCE, and diffused onto the water surface; (c) The locomotion of Marangoni effect propelled LCE soft robot.
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Fig. 2 The properties of LCE actuator. (a) Chemical components and fabrication protocol; (b) Quasi-static stress-strain curves
of LCE mixed with DR-13 (LCE-RED) and without DR-13 (LCE-0); (c) Absorption spectra of DR-13 and (d) thermal cycling
properties(0.6 W-cm™2); (e) Photothermal temperature evolution of the film at varying power densities; (f) Unfolding angle
of LCE with different aspect ratios (width: length) and widths (LCE thickness is 0.25 mm); (g) Time evolution of unfolding
angle 0 of LCE films under different light power densities; (h) Photo-thermal cycling performance of LCE; (i) Scheme of the

mechanism of responsive LCE under light stimuli.
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Fig. 3 Aquatic surface robot actuated by Marangoni effect. (a) Schematic illustration of the mechanism of light-driven

camphor sublimation inducing surface tension gradient; (b) Mass change of camphor-loaded LCE as a function of time at 25,

50 and 80 °C, Panel (c) shows the zoom in view of the dashed area in (b); (d) Water surface tension as a function of height

under non-illumination condition; (e) Interfacial surface tension as a function of time under non-illumination; (f) Interfacial

surface tension as a function of camphor concentration under non-illumination; (g) Interfacial surface tension as a function of

light power density under illumination.
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Fig. 4 The influence of LCE film expansion angle on Marangoni effect induced locomotion velocity. (a) Scheme of
Marangoni effect propelled LCE robot locomotion at different angles of LCE arm (inset photo: scale bar=1 cm); (b) The
movement distance as a function of time of Marangoni effect propelled LCE robot with different expansion angles of the LCE
arm; (c) The photographs of the Marangoni effect robot moving process at different angle stage (scale bar=5 cm); (d) Average

speed of Marangoni effect robot with different expansion angles LCE (All light power was 600 mw/cm?, LCE film was length

0.5 cm x wide 0.3 cm, the bottom of LCE is 0.5 cm from water surface).
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robot moving process (scale bar=5 cm).
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Research Article

Light-triggered Marangoni Robot with Programmable Locomotion

Liang Yuan'!, Bo-wen Jin!, Xiao Meng!, Chun-hong Ye!>3*
(!School of Physical Science and Technology, *State Key Laboratory of Advanced Medical Materials and Devices,
ShanghaiTech University, Shanghai 201210)
(3Shanghai Clinical Research and Trial Center, Shanghai 201210)

Abstract Inspired from nature, developing actuator that can walk on water is attractive, but it still remains
challenging to realize controllable motion on the water surface with tunable velocity and direction. Herein, a
controllable water-surface walking robot was developed by using a hydrophobic liquid-crystal thin-film phase as
the main body, integrating responsive liquid crystal elastomers (LCEs) as actuator arms, incorporating Disperse
Red dye into the LCE as a photothermal conversion agent, and adsorbing camphor on the surface as the solute for
Marangoni propulsion. In this design, the foldable LCE actuator arm served as the driving unit. Under 520 nm
light irradiation, the LCE unfolded, enabling the controlled release of camphor. The resulting Marangoni effect
propelled the robot to move unidirectionally on the water surface. By tuning the light intensity, the evaporation
rate of camphor could be regulated, thereby allowing control over the Marangoni-driven locomotion speed. When
the light was switched off, the LCE returned to its folded state and the motion stops. Furthermore, by arranging
multiple foldable LCE actuator arms in different directions on a single robot and precisely controlling their
folding/unfolding states with light, both the speed and direction of locomotion could be modulated. This study
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therefore provides a new strategy for untethered soft robots capable of precise spatiotemporal actuation and

adaptation to complex aquatic environments.
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