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ABSTRACT: Electrowetting on dielectric (EWOD) has found wide applications in micro-/nano-fluidics for its precise and
accurate manipulation of minor droplets. Micro-grooved non-wetting surfaces exhibit great anisotropy in surface wettability and
have been used as surfaces for directional transport of liquid. The work aims to study the electrowetting characteristics of
aqueous sodium dodecyl sulfate (SDS) agueous droplets on micro-grooved polydimethylsiloxane (PDMS) surfaces, which were
obtained by the peeling-off method. The solid fraction of micro-grooved PDMS surfaces was 0.50, 0.33 and 0.20, respectively.
SDS concentration was fixed at 0, 0.41, 0.82, 1.23 and 1.62 mmol/L, respectively. Firstly, wettability of SDS aqueous droplets
containing 1 mmol/L KCl on micro-grooved PDMS surfaces without the application of a direct current (DC) electric field was
measured. It was found that al droplets were at the Cassie-Baxter wetting state, micro-grooved surfaces exhibited a strong
anisotropy in surface wettability, and the apparent, advancing and receding contact angles were al larger in the transverse
direction than the corresponding values in the longitudinal direction. Secondly, eletrowetting of agueous SDS droplets
containing 1 mmol/L KCI on micro-grooved PDMS surfaces was experimentally studied by varying SDS concentration and
surface roughness of the substrate. Platinum wire was inserted into the mixture droplet as an electrode and micro-grooved
PDMS surfaces were placed on the conducting layer of ITO glass. DC electric field was applied to the system at the increase
speed of 20 V/s and droplet shape analyzer DSA30 was adjusted as soon as possible to record the profile of sessile droplets at
the speed of 1 frame per second. The non-wetting surface of micro-grooved array showed strong wettability anisotropy.
Compared with the apparent contact angle (110° < 6,<141°), advancing angle (116° < 6,< 144°) and retreating angle (99°< 6,
<137°) in the longitudinal direction, the apparent contact angle (142°<#,<165°), advancing angle (159°<60,<177°) and
retreating angle (118°<6,<140°) in the transverse direction were larger. It was found that there existed two characteristic
values of applied voltage. The first one was the actuation voltage, which was widely accepted to be related to contact angle
hysteresis. Another one was the saturation voltage which might originate from the trapping of charge. In this work, it was found
that actuation voltage for SDS agqueous droplets was more sensitive along the longitudinal direction, indicating that there was
less contact angle hysteresis along the longitudinal direction than along the transverse direction because more energy was
needed to be overcome when the droplets spread along the transverse direction. Actuation voltage was found to decrease with
increasing SDS concentration, Moreover, saturation voltage and the voltage for the transition from the Cassie-Baxter wetting
state to the Wenzel one were also found to both decrease with the increase of SDS concentration. At the same time, actuation
voltage of droplets along the longitudinal direction was found to decrease with the decrease of the solid fraction of
micro-grooved PDM S surfaces, while actuation voltage of droplets along the transverse direction increased with the decrease of
the solid fraction of micro-grooved PDMS surfaces. Moreover, saturation voltage decreased with the decrease of the solid
fraction. Besides, for the case of micro-grooved surfaces with a solid fraction of 0.20 or 0.33, it was observed that a
phenomenon of multistage stepped reduction in the instantaneous contact angle along the transverse direction was observed and
it could be attributed to the fact that more energy barrier due to contact angle hysteresis must be overcome when the droplets
spread in the direction perpendicular to the microgrooves. It can be concluded that addition of SDS molecules into liquid can
effectively reduce the actuation voltage and the applied voltage necessary for the wetting transition, resulting in the variation of
characteristics of electrowetting of agueous SDS dropl ets on micro-grooved PDMS surfaces.
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Fig.1 Schematic diagram of the experimental apparatus for electrowetting
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Fig.2 LSCM characterization of the micro-grooved PDMS surface
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Tab.2 Wettability of SDS aqueous droplets on micro-grooved PDM S sur faces
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Fig.3 Electrowetting curves of SDS agueous droplets of different concentrationsin
the L direction of micro-grooved PDMS surfaces
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Fig.4 Electrowetting curves of SDS aqueous droplets of different concentrations
inthe T direction of micro-grooved PDMS surfaces
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Fig.5 Ricochet phenomenon of 1 mmol/L KCI agqueous droplets during
electrowetting on a surface with a solid fraction of 0.50
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micro-grooved PDMSS surfaces with different solid fractions
160 160
150 ¢ 150 150

o140 o 140 | 5140

2130 | 3 130 | o 1301

] =] =]

8 120 | g 120 | g 120}

8 3 i 8 110 |

g0y E 10 £ 100 |

100 | S
© 100 © © 9t
90 t ol 80 f
L L L L L L L H 80 L L N L : L L 0 L L L N L N
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Voltage/V Voltage/V Voltage/V
a 0 mmol/L b 0.41 mmol/L ¢ 0.82 mmol/L
160 160 —=— ¢=0.50
150 150 —— ¢=0.33
o~ 140 1 140 + —— ¢=0.20
) r & 120
g0y & 110
Q
g 100 ¢ £ 100
s 90 S 90
O gt O
80 |
O o M| o0p
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Voltage/V Voltage/V
d 1.23 mmol/L e 1.64 mmol/L

Pl 7 SDS K W 7EAS ) [ AR 23 B VIR [ 51 PDMS SR b 30 T 7 o 14 o 3 0t T 2
Fig.7 Electrowetting curves of SDS aqueous droplets in the T direction of
micro-grooved PDMSS surfaces with different solid fractions

TR TR ) 48 G, YRR A L VI R 2 o R )
AR, PEUS SRR A, A E T B A A
51) PDM'S [ AH 4355 B 980/ N Tk /)N o

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

2.4

i R R R SRR
SDS /KRR AE [ AH 73 K 0.20 1 {3l MU K4

http://www.cnki.net



¥ e2% 12

BRI, AF: b e BRI R AR T 45 PDM S KT FLEIRA TR SRR Y - 185 -

1) PDMS T i HL IiE e SE g bR i an ] 8 s . Kt
JIe FE B, YRR IG5 I = () 77 A BH S (] B, R BH
WIS SDS 7K ¥ VOB TE 5 VIR [ 51 K i LA Cassie-
Baxter JHMBAREAFE . MEMEBEEE, WiKZH T
Maxwell ij 71 F1 Laplace [ J 3L [RI1E A, H Maxwell
;g Bt 2 EEL R P S RAS T R 22 f it o 381 2 1
H)5, 7 H A Maxwell [ 3 fil Laplace JE J1 )
FL[RI A F R AR 328 8 ) MR N B A, AR A
Wenzel iR 254475 ) Cassie-Baxter JEIRIRAS, i

K5 1] 9 Maxwel | 7 7 4 e A 1 Ml i L)
Hef ™ [FIE, WMt Cassie-Baxter WEEIR (A
Wenzel JHAR S AR T 2 il— e 22, Xre
S —AN L, AMSIE AR R = R B A
24 Maxwell )i 715 Laplace [ 11 2 Fil kT Hi g &2 5]
P ESRET, WK AT N B A, R L R
B AR sk E , SDS KR BN &
TR R A5 A8 Br 75 00 H TR Y B SD'S Wk B 17 18 K
W/ o

1 8  SDS 7K Wk Wi 7E [E A 43 A 0.20 Byt M R4 %1) PDMS
FE LT T 1 A i 3 S g R
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