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Introduction

Surfactants, micelles and charge
Electrophoresis and mobility
Current in a parallel plate cell.

Estimating mobility from current measurements.

Summary
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Separation of cells, bacteria, proteins, peptides, (DNA),
viruses, membranes, or organelles according to their
electrophoretic mobility [1]

Characterization of nanoparticles, viruses, and liposomes [2]
Electronic displays [3, 4, 5]

Imaging using liquid toners [6]

Electrical conduction in nonpolar ligquids (including antistatic
additives to prevent fires and explosions [7]
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Surfactants (Surface Active Agents) are molecules
composed of a non-polar chain terminated with a polar

group such as stearic acid.
Polar group, miscible

in polar liquids

Non-polar chain, miscible
in non-polar liquids
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Above the critical micelle concentration (CMC), surfactant molecules
“find each other” and form clusters or “micelles.” In a non-polar
liquid such a dodecane, the non-polar chains of the surfactant
molecules are oriented outward forming “inverse micelles.”

Enclosed

Non-polar ..
Rro3 polar interior

exterior
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The polar interior of inverse micelles capture water, salt, and other
Impurities. Some inverse micelles carry charge resulting from
collisions between neutral, inverse micelles, charge separation
within the polar interior of the aggregate, and the formation of
oppositely charged inverse micelles [5]. Also, nearby counter ions
In the fluid are bound to the charged, inverse micelles by coulombic
attraction. A dispersion of a surfactant in a non-polar liquid is
analogous to a weakly ionized plasma.
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When an electric field is applied, loosely bound counter ions are
stripped from the charged, inverse micelle. The micelle carries a
net charge and becomes a mobile charge carrier.
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The electric field from the separated charge opposes the
applied electric field. The total field is reduced, and the
motion of charge carriers decreases.
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arge carrier number density

Charge per carrier

—

U)= O Charge conservation

U=bE Velocity
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+i(nbEX): 0 Conservation of charge
e N(x) #m?
Let n(x,t)=N(x)T(t) E(x) v/m

T(t) 1 (dimensionless)

L el b——(NE) -0 Separation is achieved.
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tal Apparatus

Guarded
stainless steel
electrode
13.6 mm dia.
to center of
insulators
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High Voltage Electrode

spacer
electro

/

Fluid well

Overflow well

holds ~1 ml fluid
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Fluid well Clamping Guarded
holds ~1 ml fluid ~ collar adjusts stainless steel
electrode gap EIEETEde
13.6 mm dia.
‘to center of
insulators

rflow well

o

High Voltage
Electrode
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Measured Current |y, and Empiricall_,, 4. vs. Time

3.5
Note that only 1 measurement of Ix is shown
I L for every 100 taken. The scatter in the data
is covered by the symbols.
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So, 2 species are resolved whose time ~ Time [s]
— constants differ by about 5X.
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Estimate using “cha
and “characteristic dista

Estimated mobility.
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Estimated number
carriers

I» [NA] 1.20 1.50 A= 462
1 [s] 1.89 s 9.95 s dgap = 566

b [™s] 3.4x107  0.64x107

n [ %] 1.4x10*17  9.5x10*17

o [ "] 29.4 36.8
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To conserve charge, the time dependence of the
current must be:

| .
IEP(t): - 2
w
i
The mobility and number density of charge
carriers are estimated by:
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In a 1% solution of OLOA in dodecane, 2 charged
species are present. The properties of the species
at 0.5 V (E=880 V/m) are summarized below.

I [NA] 1.20

T [S] 1.89 s
b[™4s]  3.4x107
n[#%s:] 1.4x10+17
o [ "] 29.4

1.50
9.95 s
0.64x10°
9.5x10+%1/
36.8

A . = 46.2 mm?
dgap = 566 mMm
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