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Although Langmuir monolayers exhibit various im-
portant class of two-dimensional phenomena. their flue-
tuation and morphology into third dimension have also
attracted great interests both theorctically and experi-
mentally. For instance, Milner et al. predicted a buck-
ling of Langmuir monolayers in a fluid phase under a
lateral compression which decreases the surface tension
to v = 7o —II. where 7, is a surface tension of pure wa-
ter and I is a two-dimensional surface pressure due to
the compression [1]. In a real system, however. buck-
ling has not been observed in fluid monolayers and they
collapse to form multilayers even at positive tensions
(70 > II) upon increasing the surface pressure.

In this article, we discuss the possibility of a dynam-
ical instability of Langmuir monolayers. This instabil-
ity is generally known as “Kelvin-Helmbholtz instabil-
ity™ which occurs when two superposed fluids flow one
over the other with a relative horizontal velocity. For
Langimuir monolayers, above a certain critical value of
the velocity of the air relative to the water. the Kelvin-
Helimholtz instability will arise before the static buck-
ling transition takes place.
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Figure 1: Schematic of a Langmuir trough

Consider a simplified Langmuir trough as depicted
in Fig.1 where the surface pressure Il is exerted on the
monolayer along the z-axis. Let us denote by U the
velocity of the air in the z-direction relative to the wa-
ter and by ((z) the displacement of the interface in
the 2-direction. We describe here hoth the air and the
water as incompressible inviscid fluids. For the force
bhalance condition at the interface, we use the deforma-
tion energy of the monolayer given by the well-known
Helfrich Hamiltonian: '

F=7/dA+§f(c1+c2-cn)2dA. (1)

In the above, dA is the suiface element. s is the bend-
ing rigidity, ¢; and ¢, are two principle curvatures. and

o is the spontancous curvature. We look for the dis-
placement ¢ in the periodic form ¢ = asin(kz — wt).
After some calculation. we obtain the dispersion rela-
tion given by
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f(k) = sk + ('y + h—;ﬁ) K2 — /3U2k + Apg.  (3)

where 5 = p1p2/(p1 + p2) and Ap = p1 — pz. Here py
and p, are the density of water and air. respectively.
and g is the acceleration of gravity. If w is a complex
number with a positive imaginary part. the motion be-
comes unstable and this is called as Kevin-Helmholtz
instability. Hereafter we shall only diseuss the case of
vanishing spontaneous curvature (cp = 0) just for the
simplicity.

Results for several special cases can be deduced from
Eq. (2). First. when U = 0 and if the suuface tension
satisfies v < 7c = Yo — . = —2(kApg)'/2. f(k) can -
be negative for a certain range of the wave vector k.
The most unstable mode is given by k. = (Apg/r)/*
in this case. This situation exactly corresponds to
the buckling instability predicted by Milner et ol. [1].
When there are no amphiphilic molecules, the interfa-
cial property is solely determizied by the surface tension
of water. vo. In this case, f(k) can be negative pro-
vided U > U, = (470Apg/i?)H/4. and the most unsta-
ble mode is key = (Apg/v0)/2. Typical values for air
over water (p; ~ 1 gfem®, py ~ 1073 g/em®, 4y ~ 74
dyn/cm) provide Uy ~ 730 cm/s and k¢y ~ 3.6 cm™!
(2m/key ~ 1.7 cm). As the surface pressure IT is in-
creased towards v in the presence of adsorbed am-
phiphilic mmolecules, it turns that the interface is mainly
governed by the bending rigidity . Here we consider
the case for 4 = 0 which is still larger than . at which
the static buckling takes place. In this case. the critical
velocity is Ug = (2/3%/8)s/85-1/2(Apg)*/®. and the
most unstable mode is ke = (Apg/3x)/* = k/31/4.
With the same orders of magnitude as used before.
and x ~ 10713 erg, we find that Uyz ~ 13 cm/s and
kez ~ 7.6x10% cm™! (27/kez ~ 8 x 10* A). Comparing
with the pure water surface case, we see Ugy > U and
kay K kg indicating a dramatic effect of adsorbed am-
phiphilic molecules on the surface property. One can
expect a crossover of these critical values by changing
the swrface pressure II. Details are given in Ref.[2].
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