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A number of papers have been devoted to a study of the interface hindrance produced by surface-active
substances. If, however, the interface is in a field with a concentration gradient, a surface-active substance can

produce active motion,

Consider a drop of liquid in a liquid medjum in which there is a sustained gradient in the concentration of
the dissolved surface-active substance. The direction of the gradient is taken to be the x axis, Let us assume
that the surface-active substance is insoluble in the liquid of the drop, while the exchange between the volume
of the solution and the surface of the drop is determined by the rate at which material is supplied to the surface,
Because of the fact that the surface-active substance is not uniformly distributed in the solution, its concentration
will not be uniform over the surface of the drop, Then the surface tension will change over the surface of the
drop, and it must start to move, We shall find the rate of the motion, assuming that it is steady state and slow.

The hydrodynamic equations for the liquid outside and inside the drop are
Vp = pAv, divx?=0, | @)
Vp =pAv, divy' =0, 2)
where p and p' are the viscosities of the medium and of the drop.
The concentration distribution of the surface-active substance is given by the equation
(vV)c = DAc. €))

On the surface of the drop the condition to be satisfied is
D% —divsT-v 4)
an - S ty

where n is the external normal to the drop surface, I is the surface concentration, and v is the velocity of the
liquid at the drop surface.

We shall look for an approximate solution of the system of convective diffusion and hydrodynamic equa-
tions, assuming that the change in surface tension over the drop is small (compare [1]). Assume that we can ‘
neglect any changes in diffusion-layer thickness over the surface of the drop, giving it some mean value §, Then I

we can write approximately ‘
dc Ac |
“ ~D= 5 |
D on 6’ ®) |
- where Ac is the difference between the concentrations in the volume of the solution and at a point near the sur-

face of the drop,

The concentration at the surface, in equilibrium with T, is denoted by ¢;. The concentration in the
volume is denoted by c*. The concentration distribution in the volume may be written in the form

¢" = (Ve) x + co. 6) i
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The quantity c, is the concentration at the point x = 0, and at the same time is the mean value of the concentra-
tion in the interval from x = —a to x = a (a is the radius of the drop), corresponding with some equilibrium con-
centration Iy on the surface of the drop. We now pass to a coordinate system in which the drop is at rest.

Since the velocity of the drop is small, it may be assumed that the difference Ac = c* — ¢, will have the

same value in the laboratory coordinate system as in the statiopary drop system

Ac = (Ve) x' — g—lf I, )

where I'* = '~ Ty, It may be shown that this assumption is correct if the inequality u << Dcy/ 8%vc is satisfied,

The velocity on the surface of the drop may be written in the form vysin®, where 6 is the polar angle read from
the positive direction of the x axis,

We write the boundary condition (4) neglecting second-order terms and, passing to spherical coordinates,
we obtain

l(V(‘) (@ 8)cos — - I"] = 2"2“ cos 0. ®
Hence,
. 200T0d] cos O
= [(VC) (a-+ 8) — _Da_] et €)]

The surface tension may be written in the form

0

0 ds or
[¢] 5—“‘—-6“/2 + R -(-);dﬂz Ory2 —{—S%Wdo

2

200707 &
= O + [(Vc) (@4 8) — Ul")a" ]a—icos 0.

(10)
Knowing the concentration distribution on the drop surface, we can solve the hydrodynamic problem.

In the coordinate system moving with the drop, the drop is approached by a stream moving with the velo-
city (—u), Far from the drop the velocity distribution has the form

U ==ucosl, vp=—usinh, r— oo, (11)
The boundary conditions on the drop surface (r = a) will be

v, =0, =0, UB=UOs

ov,
5 =0+ 2 a, (12)
1 Ov, dug g 1 0o, v
”(T‘%‘+T—T)=” (5 + 5 "7’)""”'
where
2 25, 2 2Tued] @
pa=2 = +—[(Vc><a+ 5)— 2] & coso,
(13)
) .
Pt = — %% [(Vc) (a + 8) — 2F°v"6] ?;Z sin 0.

The solutions of the hydrodynamic equations satisfying the boundary conditions (12)-(13) and the finiteness
conditions at the point r = 0 in the internal liquid, will have the form:
for the external liquid,

v,=(—f§—+~?—+b3)cose,
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vo=(—g%§ _— —gf--——bs)sine,

b
p = p—cos 0+ by;
for the internal liquid,

v, = (@, + a,) cos 0,
vp = — (2a,% + a,) sin 6,
p’ = p’10ayr cos 6 4 a,.
Substituting these solutions in the boundary conditions, we find the constants by, by, by, ay, and a,,

The calculations lead to the following expression for the rate of motion of the drop:

ds

(Vo) @+ )| 5 |
h= TS [ 05 |
W+ + pa| o

The expression found is similar to the formula for the rate of motion of a liquid metal drop in an electric

field [1], since the mechanism which sets the drop in motion — the variation in surface tension over the drop sur-
face — is the same in both cases,

An almost identical expression using concepts based on this analogy was obtained independently of our work

by A, N, Frumkin [2].
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