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It has been derived, that the electrophoretic mobility of a randomly oriented charged cylinder is obtained by adding one-
third of the mobility of a cylinder pasallel to the field to two-thirds of its mobility perpendicular to the field, when the

relaxation effect is neglected.

The calculation of the electrophoretic mobility of
randomly oriented charged cylinders is of special in-
terest, because it may be applied in an approximate
way to molecules of biological importance such as
DNA and to other linear poly-electrolytes. The average
electrophosetic mobility of randomly oriented cylinders
is found by taking a suitable average of the mobilities
of a cylinder with its axis perpendicular to the electric
field, (U/X), and of one parallel to the field, (U/X),.
Remarkably enough, even in the recent literature two
different methods of averaging can be found, one
method averaging mobilities [1—3], the other one
averaging reciprocal mobilities [4,5]. It is the purpose
of this paper to prove that, when the relaxation effect
is neglected, the correct result is obtained by averaging
mobilities.

For nonconducting cylinders, Henry 6] has given
the following equations:
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where g is the radius of the cylinder, ¥, the electro-
static potential at its surface, 1/k the thickness of the
electric double layer, € the dielectric constant and n
the viscosity of the medium.

Fig. 1. An arbitrarily oriented charged cylinder with electro-
phoretic velocity U, in an electric field with field strength X.

The function F(ke) can be calculated according to
Henry [6,7)- It has values between 4 and 8.

Fig. 1 shows an arbitrarily oriented cylinder. The
electric field is along the x-axis. The cylinder makes
an angle @ with the field (0 <6 <90°).

Instead of solving the electrical and hydrodynamic
equations for this arbitrary orientation, we can find
the correct solution for the total electric field and the
total hydrodynamic flow by vectorial addition of the
field and the flow caused by the components of the
applied field parallel and perpendicular to the cylinder
axis respectively *. Since (U/X), and (U/X), are not

* It may readily be shown that the splitting up of the hydro-
dynamic differential equations in the two mentioned inde-
pendent sets is correct, if one neglects some of the inertia
terms in the Navier—Stokes equation [6].
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identical the electrophoretic velacity of the cylinder
is in general not in the direction of the field, but it
makes an angle, ¢, with it. The observable velocity,
U, however, is in the direction of the field. Thus,
using eqs. (1) and (2) we obtain
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Itis mtpmi.mg to notice, that ¢
19 28" if @ = 55° for F(xa) = 8.] The average electro-
phoretic velacity is obtained by integrating U,e over

all possible orientations.
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Wl XD =4 [(UIX), + 2(U[X),] ®)
in agreement with refs. [1-3] but different from the

incorrect result
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as used in refs. [4] and [SI.

The derivation given here daes not apply anymore
when the distortion of the double layer by the relaxa-
tion effect has to be taken into account, because then
end effects due to the finite length of the cylinder can
no longer be nepiected.
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