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Comment on ““Shear Viscosity of Langmuir
Monolayers in the Low-Density Limit”

In a recent Letter [1] Sickert and Rondelez measure the
diffusion constant D of latex beads of radius R immersed
into the L; phase of a monolayer, which they then convert
into a friction coefficient f = kT/7qRD, where k is
Boltzmann’s constant, T the temperature, and 7 the re-
normalized viscosity of water. Using numerical simula-
tions of Danov et al [2] they then convert the friction
coefficient into a surface shear viscosity n,. We show, that
the major component of decrease measured in the diffu-
sion constant of latex beads in monolayers as compared to
the free air water surface arises from the incompressibil-
ity of the surface, not from surface shear viscous damp-
ing and that therefore their data cannot be used to extract
values for the surface shear viscosity.

Typical values of f found experimentally by Sickert
and Rondelez are around f = 5. A half-immersed sphere
on a free compressible surface has a friction coefficient of
f = 3. The experimental value obtained is thus 60%
higher than that on a free surface.

Spreading a monolayer on top of the water surface has
the following effect: Marangoni forces strongly suppress
any motion at the surface that compresses or expands the
surface, due to the strong dependency of surface pressure
on the surfactant surface concentration. The solution of
the sphere immersed into a free surface has a compres-
sible flow. The surface is compressed in front of the bead
and expanded at the rear. In the presence of surfactant this
flow is no longer possible and without any surface viscous
effects the friction is increased in order to rearrange the
flow at the surface to an incompressible flow. For a disk
immersed into the surface both the drag onto the disk on a
free f = 16/37 [3] and on an incompressible f = 8/ [4]
nonviscous surface has been calculated analytically. The
increase in drag on a disk is 50% similar to that observed
by Sickert and Rondelez. The formulas [2] used in the
paper of Sickert and Rondelez neglect this effect by
setting the surface tension to be a constant independent
of the density of surfactants. Consequently Danov et al
[2] find the free surface drag f =3 in the limit of
n,/mMR = 0. That the drag on a disk in a monolayer is
that of an incompressible not that of an compressible
surface has been checked experimentally [5-7]. This
shows that Danovs formulas give the wrong answer in
the limit of low surface viscosities. We have numerically
solved the problem of a sphere with contact angle 6
moving in an incompressible surface of negligible surface
viscosity [8]. We find that the formula

f= ﬁcosg D

T 2
describes the numerical data reasonably well (accuracy
better than 3%). In the limit # — 7 Eq. (1) coincides with
the result for a disk of the radius @ = R sinf of the three
phase contact line. Using Eq. (1), the renormalized vis-
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cosity of water 17(22°C) = 1.24 X 1073 Nsm™? used in
Ref. [1] and a contact angle of 50°, we predict a diffusion
constant of 0.98 um?s~!. This explains the entire data
for pentadecanoic acid (PDA) and the data of L-a-
dipalmitoylphosphatidylcholine (DPPC) above A >
75 A? without any surface shear viscosity. The diffusion
coefficient of N-palmitoyl-6-n—penicillanic acid (PPA),
however, is too low to be explained without surface shear
viscosity. The proper formula to convert the diffusion
constant into a surface shear viscosity, however, will be
different from the theory in [2], such that the proper
values of the surface shear viscosity of PPA might be 1
or 2 orders of magnitude lower than the values published
in [1]. Note that due to electrocapillary effects [9] the
apparent contact angle # depends on the bead size and
monolayer density. It is possible that the variation of the
PPA data with the monolayer density originates from
contact angle, instead of from surface shear viscosity
variations.

In conclusion, we have shown that Danov’s relation
between drag and surface shear viscosity does not apply
to this case and that the major component of decrease
measured by Sickert and Rondelez in the diffusion con-
stant of latex beads in monolayers as compared to the free
air water surface arises from the incompressibility of the
surface, not from surface shear viscous damping. An
extraction of the surface shear viscosity from the mea-
surements is not possible.
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