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Demixing in field gradients

binary mixtures / liquid-gas coexistence

T/T,
S —— V
rewettin ‘electro-
P 9 prewetting"”
wetting
0.951
electrowetting
0.9]

02 03 04 05 06 07 08 VeEZ«kpT - Bughisice doripteseceenspebos ? —
¢ : fraction of liquid 1

Electric field: a truly long range force:

Field E changes density p _
_ Laplace's equation V(ie(p)Vy) =0
Density p affects E far away

"Surface tension"

Displacement of the interface: energy o« volume

y-area not good !



Phase transitions in field gradients

Problem formulation
Free-energy:

1 . .
F=F -3 e(pYVy ) w () electrostatic potential
E=-Vy electric field
Fp bulk free energy

e.g. van der Waals: R, = kT [log(pA®)-1— log(1— pb)|-ap?

o density

a, b : interaction, hard core volume parameters
A . de Broglie wavelength

Equilibrium:

1) f:@_lﬁ(VW)z_ =0
op op 20p Ar)=?
OF ry=2

2 F _vle(pvy]-o0 A
W

3) —J'p(r)d3r:p0

coupled nonlinear equations

we are here
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Field gradients: three "canonical" systems

1) Charged colloid E :iiz E|l vp
elo)r
o. surface charge density
2) Charged wire/ e. o R Ell Vp
Concentric cylinders glp) r

o. surface charge density

Y,
3) Wedge -V EL vy 9/‘:
V: potential difference . ,.
1 1
¢ opening angle ¥
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fixed charges or potentials "open" or "closed" systems



Field-induced phase transition

graphical solution
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Experiments in liquid mixtures
Leibler Lab, ESPCI
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Theoretical framework

Free energy:

m

4 )
Dynamics of liquid phase separation:
o o v &

v )
V(e(¢)Vy)=0
Vv=0
N _ _vp_gX
p[a+(V-V)V}—V(77VV) VP ¢5¢
. 1 , O0¢
+q(n n )E+2V(E pﬁpT]
- J

Electromagnetic waves and currents:

oB

V x E——E V-D:q(n*—n*)

VxH:(%D+j++j‘ V-B=0

on*

J =n*v—-D'Vn* + xSgn°E

<

F=F (¢)—%g(¢)(Vy/)2 +(n" =n ey +k,T(n" Inn* +n” Inn )+ (Au'n® + Aun® g

4 )

Chemical reactions:

=V(AVu,)-K[AB]
> V([B]Vu )-k[A]B]

d[A]
il V2 [A]

d[B]
dt
d[C]
dt

=D,V?[B]+

U, (r)=u"g(r)+u1-¢(r)

-

=D.V*[C]+ k—CV([C]Vu )+k[A]B]

Temperature:

ou; | ou,
+

a L. VTj (KVT)+qj+E—qu+%yZ£a—r'
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Numerical solutions

Electro-prewetting around a charged cylinder

Model B dynamics:

Chemical potential: U= M Elux:
Y0 '
o : d¢ ) , _
Continuity equation: B +V-j=0 Laplace’s equation:
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Vo(5)=1Time=1e-5 Surface: Phase field variable (1)

New interfacial instability

E-field stabilizes interface, surface tension de-stabilizes
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Surface: Phase field variable (1)
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Pore filling
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Outlook - phase transitions in field gradients

e Demixing in electric field gradients: liquid-liquid and liquid-vapor coexistence

e Fascinating dynamics & interfacial instabilities

e Microfluidics of mixtures: demixing should always occur

e Electro-lubrication

Friction becomes dominant as size shrinks
MEMS, NEMS: Charged moving parts

Field gradients — layers — huge reduction of friction
a factor of n,/m, = 1500 for water/glycerol

e Demixing and additional hydrodynamic flow

fludz  fluid 1

"Inverse problem" of microfluidics - how to demix ?

fluid 1 Lab-on-a-chip: separate nicotine or alcohol from water

separate soluble organic solvents from polluted water

electrode
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