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Effect of Substrate Roughness on Wetting
and Absorption

In a recent Letter, Wyatt and Klier (WK) [1] claim that
surface roughness provides an explanation for (i) the ex-
treme metastability of wetting films, and (ii) the “memory”
the Cs substrates have after having been in contact with
liquid He. We show here that their arguments are partly
erroneous and that other explanations are more plausible.

For (i) it has been shown theoretically and experimen-
tally that homogeneous thick films, undercooled from above
to below the prewetting line have a diverging lifetime near
bulk coexistence. This is a generic feature of first-order
wetting transitions unrelated to any disorder in the system
[2,3]. This point is stressed by the experimental observa-
tion of long-lived metastable thick films for wetting on lig-
uid “substrates” for which disorder is absent [3]. At bulk
coexistence and below the wetting temperature, a macro-
scopic wetting layer can coexist with nonwet surface re-
gions; consequently, a temperature change will not limit the
lifetime of a thick film. When (as in some but not all of the
He/Cs experiments) part of the substrate is not covered by
a thick film, the thermal nucleation barrier is less relevant;
hysteresis then likely involves a pinning of the contact line.

The memory effect, (ii), is explained in [1] by the forma-
tion of “micropuddles” of liquid He in small defects of the
Cs substrate, excluding capillary condensation. However,
this is in conflict with their use of the Laplace pressure
p — po = 20 /R below Eq. (1). For capillary condensa-
tion, in thermodynamic equilibrium equilibration can take
place through the vapor [4] and no memory effect should
be expected. Because of their semicircular shape the micro-
puddles will not fill continuously, while, e.g., for square
cavities there is no energy barrier for capillary conden-
sation and hence no hysteresis [S]. This shows that the
scenario is sensitively dependent on details of the surface
topography. We believe it is more reasonable to assume
the surface as a spongelike porous medium made of con-
nected channels (a microscopic version of the disordered
substrates of [6]). In a porous medium, hysteretic capillary
condensation can be observed even in a complete wetting
situation [5,7]. Our hypothesis is strengthened by the ob-
servation that a receding meniscus leaves a connected su-
perfluid film [8].

WK also argue that their model explains an “extremely”
asymmetric pinning of the contact line (advancing is easy,
and receding is difficult). Experimental evidence for this is
lacking, since the true equilibrium contact angle 6., cannot
be measured on rough substrates. The relevant physical pa-
rameter is the force per unit length F acting on the triple
line, F = opy(cosf,, — cosf). The experimental data on
contact angle hysteresis are indeed compatible with a sym-
metric pinning. At low temperature, the advancing angle is
about 25° [9]. In some cases, a nonzero receding angle [9]
has been observed. One can then assume that the contact
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line is close to receding when 6 ~ 0. Then, the pinning is
symmetric if 6., = 18° which might well be the case.

WK determine the pinning energy E* for a receding line
from the energy difference AE between a state where a con-
tact line covers the defect and a state where the receding
line has left a puddle in the defect, which leads to AE =
apory. A proper estimate of AE should take into account
all surfaces in the system, leading to AE = a,S, with §
the spreading coefficient. AE is not a priori related to
the pinning energy E*. Following Joanny and de Gennes
[10], for strong defects one has E* ~ a,(oy + o5, —
osy) = apory(l — cosb,,). With 6., = 18° and a, =
125 nm? one obtains E* ~ 150 K, roughly the value given
in [11] for the pinning of an advancing line. Hence there
is no reason to believe that the wetting behavior is neces-
sarily strongly asymmetric; the behavior can simply look
asymmetric because the contact angle is always small (1 —
cosf < 0.1) so that the maximum pulling force is always
small compared to oy.
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