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Abstract — The electrophoretic mobility of charge carriersis fundamentally important to the electrical
conduction mechanisms insulating liquids. Applications include separation and manipulation of biolog-
ical cells, imaging using liquid toners and electronic displays such as e-paper. Reported hereisasimple
method for experimentally estimating the electrophoretic mobility of charge carriersin liquids using a
parallel plate electrode cell. The gap d between the electrodes of area A isfilled with the liquid. When
astep voltage V is applied to the driven electrode, the transient current is measured in the grounded
electrode and is describe well by (1).
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The steady-state current Iss is a DC background current thought to be caused by charge injection at the
electrodes or by bulk charge generation. The electrophoretic current Igp is a transient current characte-

rized by time constant t. Knowing T, the electrophoretic mobility b of the Igp charge carriers is esti-
mated in (2).
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The number density of the Igp charge carriersis estimated in (3).
IEP
n= T 3
qAd ©)

Every parameter in (2) and (3) is known except the charge g on each charge carrier that is assumed to be
one electronic charge.

The current through a solution of 1% by weight of OLOA 11000 in dodecane is measured. From (1),
the time constant is about 2.1 seconds. The electrophoretic mobility of the inverse micelles of OLOA is
estimated using (2) to be 3x10’ m%VS. The number density of charge carriersis estimated using (3) to
be 4x10™ #/m°.
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|. EXTENDED ABSTRACT

The electrophoretic mobility of charge carriersis key measure of performance characterizing the speed
of carriers moving in response to an applied electric field. The motion of charge carriers determines
time required to separate DNA, sort biological cells, or form the image of an electronic display. Direct
measurement of mobility istedious and difficult [1]. The speed of individual particles must be detected
either optically or by laser dopper anemometry. When many charge carriers are present, measurements
of many individual carriers are needed to characterize the variation in mobility.

When investigating the effect of surfactant concentration and applied electric field on mobility, a num-
ber of sample solutions must be measured. And, the precise value of mobility isnot required. Rather,

rank ordering of samplesis often sufficient. Presented hereis an experimental method for rapidly esti-
mating mobility. The estimates are satisfactory for rank ordering a series of samples from lowest mo-

bility (slowest response) to highest mobility (fastest response).

Reported here are transient current measurements through solutions of OLOA 11000 in dodecane.
OLOA 11000 is a surfactant that is miscible in non-polar liquids. At concentrations above the critical
micelle concentration (CMC) estimated to be about 0.2% by weight, molecules engage in adynamic
process where groups of 10 to 20 molecules form inverse micelles. These groups of molecules typically
surround particles in the liquid forming a stable suspension. This property of OLOA 11000 is very use-
ful. Itisused as an ashless dispersant that provides effective sludge and varnish control in gasoline en-
gines and dispersancy for diesel and natural gas engines|[2].

The number density of OLOA molecules (molecular weight of about 3000 gm/mole) in a 1% by weight
solution in dodecane is about 1.8x10"%* #/m>. So, the number density of inverse micellesis on the order
of 1.8x10"% #/m>. While the vast mgjority of these inverse micelles are electrically neutral, asmall
number carry net charge and are the charge carriers responsible for the conduction of electrical current.

To estimate mobility, the time constant characterizing the motion of charge carriers must be measured.
Thisisdone in the idealized geometry of aparallel plate electrode cell. The cell requires about a small
volume of solution; only about 0.5 ml. The active, measurement volume within the cell varies from
about 30 ul to 100 ul depending on the cell gap. The excess solution fills temporary storage volume.

Analysis presented in this work demonstrates that the time constant characterizing the motion of charge
carriersis not an exponential time constant. An exponentially decreasing current would result from so-
lutions where the electrical conductivity is constant. Here, as charge carriers move towards the cell
electrodes in response to the applied electric field, the number density of charge carriersin the volume
decreases. Consequentialy, the electrical conductivity decreases during the process. The decreasein
current with timeis given by (1).
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Figure 1: Shown isthe transient current measured in a parallel plate test cell filled with a solution of 1%
OLOA 11000 in dodecane. The electrode area is 1.45x10* m” and the gap is 565 um. The
time constant t is estimated to be 2.11 s by fitting the data with an empirical model givenin (1).

The mobility of charge carriersis given by (2).
d2
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In some applications, the number density of charge carriersis aso of primary importance. The number
density of charge carriersis estimated from the initial current by (3).

n=~ ql,zpd r ©

1. CONCLUSION

The principle finding of thiswork is that the time constant characterizing the motion of charge carriers
in a 1% by weight solution of OLOA 11000 in dodecane is about 2.2 seconds. The electrophoretic mo-
bility of the inverse micelles of OLOA is estimated using (2) to be 3x10” m*VS. The number density
of charge carriersis estimated using (3) to be 4x10™" #/m®.so only about 1 in 10" inverse micelles carry
electrical charge.
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