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Controlling and powering the locomotion of small objects is a fascinating research topic. Here,
it is described how encapsulated liquids, referred to as liquid marbles, can be moved on a
water surface by Marangoni flow induced by a simple near-infrared laser or sunlight. Using
light as an external stimulus allows for the control of the position, area, timing, direction and
velocity of delivery. The liquid marbles can also move over solid surfaces by an air stream and
the movement across the interface is reversible. This approach makes it possible to not only

transport the materials encapsulated within

the liqguid marble but also to release them at - Light-driven sti
a specific place and time, as controlled by
external stimuli. Furthermore, it is shown
that liquid marbles can work as light-driven

towing engines to push objects on water
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Figure 1. (a) Diagram of liquid marble (LM)
and (b) digital image of a polypyrrole
(PPy)-stabilized LM placed on glass
substrate. Reprinted with permission from
Ref. 6. Copyright 2017, Royal Society of
Chemistry.

D0, FUEE S OFBE AT 5N
TERVWRESOYIETHD, FHE RT3
W75 L TR CRE - SR ICAFTE T 2) 4k
REL b~ FUmISRL -3 28 LT RAE D 53
TRNX—CEE THDHI=D K11
H =R — 2 BEE) /)& U CRUE S i ok
BT D, ZOIIT LM IR IRENE LIy
U7 —L LU TR HAIRETHY, ERL - B0
fEECTH L= | ITE, WE L FDEFICE
WTC LM OPPEIZ W T IgICiFZE S
TWD, SHITHIT, LM AU N #E L
THIAL., NERIE T CRIRE: & 14],  fl
BG[15]. EAGR[16,17]. MR W
IA[181&ATHOMZE NS SV TWD, £/, pH
[19-21], ¥REE[22,23], SRANHR[24] 55 DANETA
I Lo THAE, D225 E 2Dt
— . KiEAIR26)EL CHRIH RIRE CTHDHZEM
BB ZS TS,

62



Acc. Mater. Surf. Res.

https://www.hyomen.org

(c)

Laser ON

469 s

(a) A1 (b)
Light-driven Stimuli-responsive 54 s 36s
hv locomotion disruption . 40 s a
X —>, R == 4r= ‘ ’
TA’YA TB’YB ] R » ¢ 14 s
Temp. : T>T, s ~ J 7s .
Surface tension: Y,<Y, & Water 1cm
- >25°C

- 24
b 1
23
22
21
531s 597 s
<20

Figure 2. (a) Scheme illustrating the light-driven delivery of material using LM. The LM can be

moved on the planar air-water interface and a stimu

li-induced disruption of the LM releases its inner

material. NIR laser irradiation of LM stabilized with PPy particles converts light into heat, generating

a thermal surface tension gradient. This results in |

ocomotion of the LM on the air-water interface.

Reprinted with permission from Ref. 5. Copyright 2016, WILEY-VCH. (b) Digital image illustrating

NIR laser-driven locomotion of the PPy-stabilized LM on air-water interface. (c) Snapshots of the

drift motion of the PPy-stabilized LM observed by th
s. Reprinted with permission from Ref. 6. Copyright
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Figure 3. (a) Schematic to identify the dominant factors in the transfer process of the LM from water

to solid surfaces. The radius of the LM is Ry, the deflection depth of the LM on the water is dge¢,

and the velocity of the LM is v. (b) shows the time dependence of the velocity and the fitting results

(the red dashed curve) for the PPy-stabilized LM on a planar water surface, and (c) shows the

PPy-stabilized LM moving from water to a solid and the fitting results (the red dashed line).

Reprinted with permission from Ref. 7. Copyright 2017, American Chemical Society.
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Figure 4. (a) Delivery of materials and
objects by the irradiation of LMs with a
sunlight. The LMs were readily bound to
object (plastic boat) due to lateral capillary
force. Inset: magnification of the boat
carrying 2x60 pl of dyed water droplets.
Using multiple LMs, a non-linear locomotion
could be attained. (b) The relationship
between the tilt angle of the boat based on
the horizontal axis and the time depending
on the application of focused sunlight on
each LM. Application of sunlight on the left
LM (with respect to the traveling direction)
made the boat tilt to the right and vice versa.
Reprinted with permission from Ref. 5.
Copyright 2016, WILEY-VCH.
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Figure 5. Side view digital photographs
illustrating the transfer of the PPy-stabilized
LM from the water surface to the PMMA
solid surface. The LM was moved on the
water on the basis of light-induced
Marangoni propulsion. The LM escapes the
water meniscus and is transferred to the
solid surface. The application of mechanical
stress to the LM by using a cover glass
disrupts the LM and releases the internal
liquid material. Reprinted with permission
from Ref. 7. Copyright 2017, American

Chemical Society.
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Figure 6. Digital images illustrating on
demand disruption of a PPy-stabilized LM
on water surface by addition of
tetrahydrofuran (THF) to water pool: (a)
before and (b) after addition of THF. Dyed
water encapsulated in LM diffused into
water pool after the disruption. Reprinted
with permission from Ref. 6. Copyright
2017, Royal Society of Chemistry.
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