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Research and application advances of
photo-responsive droplet manipulation
functional surface

Zhang Chen", Wen Tongl, Liu Zezhi', Gao Wenpingl, Wang Xinkongl, Li Ziyul,
Kuang Cuifang’, Wang Kaige', Bai Jintao""

!Institute of Photonics & Photon Technology, Northwest University, Xi’an, Shaanxi 710127, China;
?College of Optical Science and Engineering, Zhejiang University, Hangzhou, Zhejiang 310007, China

Abstract: Functional surface with specific wettability is one of the indispensable means for droplet manipulation. In
recent years, the photo-responsive functional surface with changeable wettability has developed fast. By inducing
wetting gradient force, mechanical deformation, phase transformation, dielectric electrophoresis force and electro
wettability alteration on the material surface, the behavior of the droplets can be controllably manipulated by the
photo-responsive functional surface. In this paper, the development of the photo-responsive functional surface for
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the droplet manipulation was briefly reviewed. The principles and mechanisms of the droplet manipulation with the

functional surface had been expatiated. The categories, structural characteristics and corresponding preparation

techniques of the functional surface were analyzed and summarized. In addition, the applications of the photo-

responsive functional surface in droplet transportation, fusion, fission, liquid robot, and fluidic chips were introduced

in detail. The development tendency and potential applications of the photo-responsive droplet manipulation

functional surface were prospected in combination with the characteristics of the functional surface.

Keywords: photo-responsive; functional surface; droplet manipulation; wettability
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(b) Gradient force upon droplet induced by photo-thermal effect; (c) Stress analysis of droplet transportation
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(a) Generation of dielectric electrophoresis force; (b) Manipulation process
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Fig. 9 Structure and operation of photo-thermal droplet manipulation surfaces which are categorized as

the (a) silicone oil infusion™” , (b) paraffin infusion® , and (c) shape-memory
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(c) B ARk A % (d) LAA) g ik An 1
Fig. 10 Laser ablation machining of micro and nano functional surfaces. (a) Schematic of laser ablation” ;
(b) Femto laser ablation”; (c) Picosecond laser ablation®”; (d) Nanosecond laser ablation”
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Fig. 11 Reverse moulding of photo-thermal layer micro-nano functional structure with AAQ""
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Fig. 12 Variation of contact and sliding angle of droplet on photo-thermal functional surface lubricant layers.

(a) Non-phase transition lubricant layer””; (b) Phase transition lubricant layer

[56]

7\ Photo-controlled Glast;s Micropipette
\ motion cuvette l /
\ | \ Droplet
Qoo ® 9 & 0 0 Q0 o, )

RN A VL 5 HS0L & f? LiNbO,: Fe Paraffin oil

1o O v’\‘ oy (Q) J \/\p )\j : .
b DR b DD S for <o
l‘;; ‘\/j\\"}‘ ’\\\//‘\ j\_>//‘\/:\‘rr /} \
GP layer
SH layer LiNbO, Y
n Laser Equivalent
circuit

-
Water droplet

SH layer

Laser

B 13 e RFERERAMERRARETE. (a) L-AFL

| |
Top OEW surface i
. — R

Tcoxide
Cvater 5 EERwa(er
Droplet Ti
movement Coice
Ras\

IR R

(b) SRZ AR AR, () H-HFwEEAY; (d) e F-wEEat

Fig. 13 Structure and operation of photo-electric droplet manipulation surfaces which are categorized as the (a) photo-pyroelectric dielectric

electrophoresis force™

, (b) photo-voltaic dielectric electrophoresis force
and (d) photo-conductive electric wettability

511 [53]

, (c) photo-pyroelectric wettability

[61]
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Fig. 14 Image of micro-nano structures on superhydrophobic surface’
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Fig. 15 Basic functional units of photo-conductive electric wettability surface®"
Ethanol Ethylene glycol Glycerol Water 30% NaCl solution
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4 4 4 4 4
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| | 3 -y
5mm + 785-nm laser * +

B 16 R REERREHERE. (a) F-RIEFFZFER SR @adsiE; (b) b-#Ba)
5k A A 2 fe A B R AR, () AR TR AR R AL A A 6 R e
Fig. 16 Transportation of different droplets by light with (a) lubricant infused functional surface™, (b) photo-pyroelectric dielectric
electrophoresis force functional surface®™, and (c) tunnel based on lubricant infused material®®”

220326-13


https://doi.org/10.12086/oee.2023.220326

IR, 4. S TR, 2023, 50(3): 220326

https://doi.org/10.12086/0ee.2023.220326

RIS T OB LR Hm ., KRG EA R
iz . Tang % N BEF R T IR 14 - BT
PRER R, ST 4~500 pL UK | B AR B K I TR
WO R TS . 535 THEUK)E, IZIReRm ] L
wEBRE A R A2 Y5 5 . anlEl 16(c) Frn, Huang %5
U i £ B Y- R Y IR T A IR R T B s o 5 ]
DASEIUKIE . SEAFI . AR 05F0 2 FE L) BOR G B
PSRN ST

T ALA 5 53 242 3BT Ak 27 DA e 3 A D v
MR EEFB O, N3 R R R A5
WOHRLG , SOR FREE S50 A i A w0 Ak ni i
TR 5324 o DM 7 R 45 A7 R T DU AL T — R
R R IR A 5T B LAY o
A5 5 T U8 R AR R 2R Y A BLTK T iR 4% Ik Eh
0.001~200 pL M, SCERERLE . K 17(a) R
ETZIeR AN RHEZ B aL S . teah, ZhhE
FA BESEEUR A 43 # A BN RYAR A 4 .
K 17(b) P, S0l HEOGR B (29 5 ) BRI
J& . UK IR B e e IR Kk, AR
I . Pifl, EESE; AN, MIEOEAERIE AR S
PEEAT RS AS, T PRE R H VR 23 5 S AN R R R
T, WE17(c) BiR, S0 N R i S ) se
AT DIAT 5 HARAS M TUBOR R R 3 B AR

WPE 18(a) AT7R, Bai 28 A" JE/R TR TiCIZR

DA 1 VR A5 2R T R AU S BTl . WA s 21
DIRER M ATHET AL TIEARRAS, R 2 AR AY
AR, M REER A 2] B T ICRER R B
VR (10 pL) s, BRIV AT IR i 1 e 55 SRR IR 43 B 5
R RS B 2 45 0 A7 B, AR P 19 Gk [ 90 3E
NIR S HREPIEAR S 3 5ok i BN EAS, R0 = R b
ARSI AREEEARAS , U AR S R T %
B =50 E . Yan 555 T A e 00 58
BT R WA e BB RS B an
K 18(b) Bz, —BOE T PR AR IR LiTaO, BYWRR
PIRER ML AR OB, IR RoLRT,
UIRESRTH B T LiTaO, VR LA N WM 25 A LR U
R T E 2 T ) R B 1S 5 2P 0 (1.5 pL) W P e
ERM; YFEAALEG, CABOGDIRER K E ]
MRS, WO RSV IR R e AL
4.2 “RiEaEAN"

Wang %5 N & T —Fh BLA w6 L Rl
R R FRL KL Y BT B & O L MOEL (photo-induced
charged surface, PICS). 1% ANHEA L K B 5
KV, BBEA LN ERL RS L far P AR R T
ATLABR ) 8 pL KT LA EE 35.9 mmy/s (5],
AT ASEEROR 22 S (N 1Dl L 1) AER) 1Y
isahfEhl, IS T R G 2 UIRe LS N .
mE 19 FoR, T NIRGHAES, “WiRPLas N 78

1+2

B 17 RiEas 553, (a) RiEaks; (b) RiESF); () RIEKRNE
Fig. 17 Droplet merging and splitting with light*”. (a) Merging of droplets; (b) Splitting of droplet; (c) Dispensing of droplet
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Fig. 18  Capture and release of droplets. (a) Selective releasing of droplet with light remote control"”;
(b) Capture and lossless transfer with optical pipet®
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Fig. 19 Manipulate a droplet to move a cargo, go through a tunnel, and clean the stains"”
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Fig. 20 Motion of liquid metal “vehicle robot” in liquid condition with light manipulation !
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Fig. 21 Photo-responsive LMs "engine""”. (a) Motion of plastic boat with laser pumped “engine” ;
(b) Nonlinear movement of two-engine plastic boat pumped by sunlight
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Fig. 22 Cell culture chip based on photo-responsive droplet manipulation functional surface™
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Fig. 23 Photo-responsive micro-fluidic biological chip". (a) Construction and operation of fluidic chip;
(b) Thrombin culture and monitor experiment; (c) Cell in situ stimulation and detection experiment
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Fig. 24 Photo-responsive droplet fusion and reaction control of chemical reagents
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Fig. 25 Photo-responsive automatic sampling chemical reaction chip“”’. (a) Photograph of the chip;
(b)~(h) Automatic liquid feeding process based on optical response
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