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/) outline

ectrowetting — some basics
drop actuation
-modeling

elated fundamental issues
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&J) I wetting & liquid microdroplets

Young equation
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&) I origin of electrowetting
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Maxwell stress: Py =E°E(r)2
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&JJ principles of drop actuation

e water run uphill with EW?
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r} matrix chip

O glass 1mm

oerating voltage: 70V @ 10kHz
sulator: teflon AF
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inlL ... 1pL

broad spectrum ( table)
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73 suitable liquids for EW

Talde 1 Oigaiic solvwit and solution dioplet movement feasbility

Liguid W kg ASme Wiynes em™ ' ARET Movabk®
Fomnarmide 1.7 111 15 w« 1032 57 161 4 0.4% Y
Water 1.9 #0.1 87 = 107 72 300 + 0* Y
Fomnic acid i.4 51 T w10 37 63 4 2 Y
DS 4 472 3w R 43 153 4 0.3* Y
DMF 38 383 32 » 1079 37 6.9 4 2 Y
Acetonitrik 3.9 366 19 = 107% %2 9 08 + G Y
Methanol 1.7 33 1.7 = 10 22 98 4 1* Y
Etlanol 1.7 253 74 x 107 22 105 4 0. Y
Acetone 29 21 LI [ 3 6.4 4 Q2% Y
Piperidine 1.2 4.3 1w 1™ eyl 8.9 4 06* Y
1 -Pentans] 1.7 15.1 8 ox 1077 % 25 128 4 0.8 bl
1-Hexanol .8 i3 16 = 10™ 6 146 + 0.7 b
Dic hloromethans 1.6 849 1= 1" ® 27 1.7 4 LG* bl
Db romomethane 1.4 1.8 26 =« 10 39 T34 1* b
THF 1.6 1.5 § w10 e 264 4.9 4 09* Y
s Dichl orobenneie 1.7 5 35 @1 4 e ¥
Clloro fom i 4.5 T x 1077 7 0.5 + 04+ b
65% Toluene, 35% 1-hexanol 116 kB ERE [ E 6.1 4 3* Y
0% Tolwene, 30% 1-hexanol 18 34 25 0.3 4 03* Y
4-Methyl-3-heptanol 1.7 1.3 a5t 0.1 4 Q3* Y
75% Tohene, 25% 1-hexanol 0% 3.0% g 0.0 4 02 b
4.7 mM TBATFR in toluene 2.3 18 = 107" 28 5.6 4 QLG* Y®
20% Toluene, 20% 1-hexanol 0.8 294 g 0.1 ¢ 03* N
4-Methyl-4-heptanol 19 g0 0.2 4 02 N
Tolwene 0.4 e 8 = 143 28 0.2 4 0.4+ N
Carbon tetrach loride ] 23 4« 10789 2% L0 4 00 N
Cyclohexane 1] 2 T w 1Qtese 25 0.2 4 0.5* N
Decane ] 1.8* 23 0.5 ¢ L&* N
p-Dichloroleneens dissolied in tolwens 1.5+ W

" Dala were measured® or caleulstedd as described in the experimental section; unmarked data are from ref. 47. * Liguids marked Y moved
witder aivy comndition tested (90 V.o, 10 He 8 kHz, 50 = 4 = 300 wn) qud;whd?ﬁmmaduﬂywﬂtmdmddmmhudﬁﬂ
Trequency; hguids marked W did ot move wisder any conditions tested.
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/)| characteristics

1nL ... 1pL
broad spectrum ( table)

any insulator + hydrophobic
top coating (typically: Teflon AF)

few tens of volts

O(cm/s) & tens of Hz
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' numerical calculations:

experiment volume of fluid calculations
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n=80mPa s fexp= 24 Hz foum= 34 Hz

attached state: g= 65° detached state: g= 155°

principle: contact angle variation + hydrodynamic response
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ﬁ, IVa: EW-driven mix

flow visualization
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PIV measurements
(J. Westerweel & Ralph Lindken TU Delft)

drop oscillations speed up mixing 100 times = Physics o
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F_ IV b: surface protection & ol entrapment

um thick oil layers are entrapped
under moving drops

entrapped film undergo instability
and break-up into droplets W Physios of
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electrowetting is driven by the gain in electrostatic energy upon
reducing the contact angle and/or moving the drop

dynamics: local contact angle variation + hydrodynamic response

EW is very reliable, reproducible, and broadly applicable

physical principles of EW are well understood

EW review article

F. Mugele and J.-C. Baret
Electrowetting: from basics to applications
J. Phys. Condens. Matt. 17, R705-R774 (2005)
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droplet properties
desired drop volumes ( electrode size)?
liquid properties (conductivity, chemical composition, surfactants)

device characteristics

surface material requirements (Teflon AF)
AC — DC voltage

ambient medium: oil vs. air?

surface cleanliness / washing steps

reaction protocols

volume vs. surface-bound reactions
T-steps

detection techniques

optical measurements
integration of eletrical sensors (e.g. for conductivity)
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CJ Kim et al.; UCLA

numerical simulations using diffuse interface model (Cahn-Hilliard equation)



