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Abstract. The spontaneous break-up of thin films is commonly attributed to the destabilizing effect of van
der Waals forces. Dispersion forces can be considered in terms of the confinement of the electromagnetic
fluctuation spectrum. The principle of confinement is more general than the usual argument of interacting
dipole fluctuations. It includes also disjoining pressures that are caused by thermal fluctuations. In this
context, we review recent publications on the dewetting of thin polymer films, and argue that the presence
of an acoustic disjoining pressure is necessary to adequately describe some of these experimental results.

PACS. 47.20.Ma Interfacial instability – 68.15.+e Liquid thin films – 43.25.Qp Radiation pressure

1 Introduction

The study of capillary instabilities and their causes goes
back more than one century [1]. While the destabilization
of planar liquid surfaces on a macroscopic scale requires an
externally applied potential (such as electric or magnetic
fields [2]), thin films are known to become spontaneously
unstable. This was explained by Vrij [3], Scheludko [4],
Ruckenstein and Jain [5], and others in terms of the desta-
bilizing effect of a disjoining pressure that is caused by
dispersive (van der Waals) forces. Recently, this topic was
rediscovered, leading to a flurry of publications on the
dewetting of thin polymer films [6,7], liquid metals [8], etc.
This renewed interest was not only caused by the techno-
logical importance of film stability (e.g. for coatings, lu-
brication layers, etc.), but also because liquid dewetting
leads to a rich pattern formation process.

A further important aspect concerns the fundamental
character of capillary instabilities themselves. As opposed
to liquid columns, planar surfaces are stabilized by the
surface tension. Patterns created by a capillary instability
are therefore characteristic for the force driving the insta-
bility. In terms of the recent experiments on the dewetting
of thin polymer films, this aspect received only little atten-
tion. This is partially due to experimental complications.
For highly viscous polymer melts, capillary instabilities
driven by van der Waals (vdW) forces are slow and films
often break up by heterogeneous nucleation [6] before the
onset of a so-called spinodal instability [7]. A second rea-
son for the lack of systematic studies is the seemingly obvi-
ous nature of their outcome: capillary instabilities should
reflect the destabilizing nature of dispersive vdW forces
predicted more than 50 years ago [3–5].
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It is therefore surprising that most experimental stud-
ies that quantitatively analyze capillary instabilities of
thin polymer films find discrepancies of varying degrees.
The apparent problem to obtain reliable data reflects at
the same time the strength of these experiments: the
spectrum of spontaneously amplified capillary waves is
very sensitive to the detailed force balance acting at
the surface of the film. While this poses a consider-
able challenge for the experimenter, the stability of thin
films can be used as a sensitive tool to explore sur-
face and interfacial forces in detail. The discrepancies be-
tween experiments and models based solely on van der
Waals forces therefore stem most likely from the pres-
ence of additional destabilizing potentials. Possible addi-
tional destabilizing effects may arise from the polar nature
of the confining medium [9,10], the presence of electric
charges [11], applied electric fields [12,13] or temperature
gradients [14,15], stresses induced by the substrate [16] or
stabilizing capping layers [17], etc.

In this commentary, we regard van der Waals driven
film instabilities from a somewhat unusual angle and pro-
pose a generalization that leads to an equivalent disjoin-
ing pressure caused by the confinement of thermal noise.
This discussion extends a recent publication on the same
topic [18]. First, we discuss the relevance of the thermo-
acoustic disjoining pressure for various experimental ap-
proaches. Second, in the absence of a clear-cut experimen-
tal verification, we present model calculations, indicating
the route for the experimental confirmation of this effect.

2 Fluctuation induced forces

In 1948, Casimir [19] considered the electromagnetic quan-
tum fluctuation of vacuum in a cavity of width � formed
by two conducting plates. While the sum of ground state
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energies is infinite, there is a finite energy difference per
plate unit area S, compared to the unconfined case [20]

∆E

S
= − π2

720
�c

�3
. (1)

The dependence of ∆E on the distance between the two
conducting surfaces implies an attractive force. The nature
of this force is purely entropic: the reduction of the space
between the two plates and thereby the enlargement of
the unconfined external space maximizes the number of
allowed electromagnetic modes.

As a generalization of the so-called Casimir effect, the
van der Waals-London forces [21] can be understood in an
analogous argument [22]. The change in the mode spec-
trum of two harmonic oscillators with eigenfrequency ω
and polarizability α, brought from infinity to a distance �
corresponds to an energy change

∆E ≈ −�ω
α2

�6
. (2)

Equation (2) is equivalent to the original description
by London [21], which is based on a different physical
argument. The usually adopted viewpoint of dispersive
interactions invokes the interaction of dipole fluctuations.
The classic argument assumes a dipole fluctuation of a
neutral atom, inducing a dipole moment in a second atom
at distance �. While the time-averaged dipole moments
of both atoms are zero, the mean attractive energy based
on the attraction of the two instantaneous dipoles is
finite, giving rise to the van der Waals attraction. Both
descriptions, which seem to have little in common lead
to the same expression (Eq. (2)). The generalization to
a slab of dielectric medium 3 bounded by semi-infinite
media 1 and 2 leads to the well known van der Waals
energy for both the London and Casimir formalism [23]
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introducing the Hamaker constant A132. According to the
Lifshitz theory [23]
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with the dielectric constants εi and refractive indices ni

of the three media, and hνe the energy corresponding to
the main electronic UV absorption frequency νe.

The advantage of the Casimir over the London
description is its wider scope. The entropy argument is
equally valid for any fluctuation spectrum. In analogy
with the electromagnetic Casimir effect, there is a finite
energy associated with the long-wavelength cut-off im-
posed by a geometrical confinement of any type of noise.
While fluctuation induced disjoining pressures include

examples in cosmology, atoms in cavities, inclusions in
membranes, and correlated fluids [20,22], we focus our
attention on thermal fluctuations. On purely dimensional
grounds, one expects a contribution to the free energy due
to the confinement of acoustic modes in a slab geometry of

∆E

S
≈ −kT

�2
. (5)

In a more detailed argument [18], one finds

∆Eac

S
= − π

36
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�2
. (6)

Equations (3) and (6) are formally quite similar. Since for
organic films on common substrates at ambient temper-
atures |A132| ∼ kT [23], ∆Eac and ∆EvdW should be on
the same order of magnitude.

The derivative of ∆E with respect to the film thick-
ness leads to the electromagnetic and acoustic disjoining
pressures pvdW, pac. Depending on their sign pvdW and
pac may destabilize the film, resulting in a maximally
unstable mode [18]

q2
m ∝ 1

2γ

∂

∂�
(pvdW + pac) (7)

that can be experimentally determined by measuring the
wavelength of the film instability λ = 2π/qm.

Before we discuss the relative role of the electromag-
netic and acoustic disjoining pressures, it is important
to discuss the limitations of equation (6). As opposed to
equation (3), which applies to any combination of dielec-
tric materials 1, 2, 3 (the materials dependence is con-
tained in A132), the validity of equation (6) is limited to
the case of no coupling of the acoustic modes of medium 3
(the film) to the adjacent media 1 and 2. This implies a
large difference in acoustic impedance between medium 3
and 1, 2. A second requirement applies to fluctuation in-
duced forces in general: only modes with a mean-free path
length greater than than the confinement � give rise to
a confinement induced disjoining pressure. For polymer
melts, acoustic modes with a wavelength of ∼ 100nm,
have a mean free path length of several micrometers [24].

3 The experimental situation

As becomes clear from a comparison of equations (3)
and (6), polymer film stability is governed by the interplay
of disjoining pressures of electromagnetic and acoustic ori-
gins. This implies not only that both contributions have
to be taken into account when analyzing data from film
instabilities, but could also lead to effects that cannot be
explained on the basis of electromagnetic effects alone [18].
While quantitative data on polymer film instabilities are
relatively sparse, we review four different published cases
in the light of the previous section.

3.1 Free standing polymer films

The theoretically most simple case is the stability of
a free standing film. Here, both pvdW and pac enhance
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capillary surface waves and therefore destabilize the film.
Experimentally, unstable free standing films are difficult
to study. In an elegant approach, Dutcher et al. [17] have
stabilized liquid polystyrene (PS) films with thin solid cap-
ping layers. This prevents a complete disintegration of the
unstable PS films, thereby facilitating the investigation
of the instability. For the parameters of their experiment
(APS = 6.5 × 10−21 J, T = 210 ◦C), pvdW ≈ 3pac. This
should lead to a rather small contribution (≈ 10%) of the
measured instability wavelength. The contribution of pac

does not account for the big discrepancy between data and
theory reported in [17]. The fitted value of APS, which is
too large by a factor of 2400 possibly originates from ther-
mally induced stresses in the capping layers [25].

3.2 Polymer films on solid substrates

By far the most common experiments involve liquid poly-
mer films on solid substrates. Since typical substrates (sili-
con, glass, metals) have much higher acoustic impedances
and elastic moduli, there is only little coupling between
the acoustic modes in the film and the substrate. There-
fore, pac destabilizes the film. The sign of the Hamaker
constant (Eq. (4)) and therefore the sign of pvdW depends
mainly on the refractive index of the substrate n1 com-
pared to the film n3. PS on silicon (n1 > n3) is stabilized
by pvdW, while PS on glass (n1 < n3) is unstable. The in-
terplay between stabilizing and destabilizing components
of pvdW was shown by Seemann et al. [26] for PS on Si
substrates covered by oxide layers of varying thickness. On
such composite surfaces, thin PS films are unstable, while
thicker layers are stable. For a PS film thickness compa-
rable to the dimension of the oxide layer, pvdW ≈ 0 and
the film instability should be dominated by pac. The data
in [26] is quantitatively better explained by the inclusion
of pac in the data analysis, compared to a model based on
pvdW alone [18].

3.3 Polymer films on polymer substrates

Capillary instabilities were also observed for polymer-
polymer interfaces [27]. Sferrazza and coworkers [28] quan-
titatively studied the instability of polymethylmethacry-
late (PMMA) films supported by a (liquid) PS substrate.
They interpret the results of their neutron reflectivity
study in terms of a capillary instability of the PMMA-PS
interface and determine a Hamaker constant according to
equation (7). Their results are surprising, however, since
the negative sign of the experimentally determined and
theoretically predicted (Eq. (4)) Hamaker constant corre-
sponds to a stable PMMA film. To attribute the PMMA
film instability to a dominance of pac is equally unlikely,
since PS and PMMA have very similar acoustic proper-
ties. The coupling of the acoustic modes of the PMMA
film and the thick PS substrate significantly reduce the
confiment of thermo-acoustic modes.

3.4 Polymer films at the substrate-water interface

The best studied system is polydimethylsiloxane (PDMS)
films, deposited onto silicon wafers, covered by wa-
ter [9,10]. These experiments result in film instabilities
that can be accounted for by assuming a Si-PDMS-water
Hamaker constant that is too large by 2-3 orders of mag-
nitude. Similar to PMMA on PS, we expect pac to be
negligible, due to a significant acoustic coupling of PDMS
and water. The large discrepancy between experiments
and theory could arise from the polar nature of water,
requiring a more detailed model for the calculation of the
Si-PDMS-water Hamaker constant [9].

4 Film destabilization by the confinement
of thermal fluctuations

The rather large deviations between the experimental data
and predictions make it difficult to distinguish between the
contribution of van der Waals and acoustic disjoining pres-
sures. Conceptually, we expect pac to become important in
the case of free-standing or supported polymer films. From
equations (3) and (6), |pac| > |pvdW| for |A132| < π2/3kT .
This implies |A132| < 1.3 × 10−20 J at room temperature
and |A132| < 2×10−20 J for T ≈ 170 ◦C. An unambiguous
experimental verification of the presence of an acoustic
disjoining pressure therefore necessitates the choice of a
system with low values of |A132| and suitable mechanical
boundary conditions. We discuss here three possible ex-
periments to verify the presence of a disjoining pressure
arising from the confinement of thermally excited acoustic
modes.

4.1 Marginally van der Waals stabilized films

The basic idea of this class of experiments is to choose a
supported film system, in which pvdW acts to stabilize the
film, but is overpowered by a destabilizing pac. Using the
argument outlined above, this implies −1.3 × 10−20 J <
A132 < 0. Since the Hamaker constant is primarily gov-
erned by the refractive indices ni of the three media, this
implies a choice of n1 � n3 (where 1 and 3 refer to the
substrate and film, respectively).

In Figure 1 we show the result of a linear stability
analysis [29] of two polymer-substrate combinations that
are expected to be marginally stable in terms of their
van der Waals energy, but should be unstable if pac is
taken into account. Figure 1a shows the maximally un-
stable mode of PMMA (nPMMA = 1.49) on a microscopy
glass slide (white glass: nglass = 1.50). The predicted value
of A132 = −1.48 × 10−21 J leads to a stabilizing effect
of pvdW, which is one order of magnitude smaller com-
pared to pac. A complementary second system is PDMS
(nPDMS = 1.40) on SiO2 (nSiO2 = 1.46), shown in Fig-
ure 1b (A132 = −6.22× 10−21 J).

The appeal of these experiments is the qualitative ef-
fect that should be observable, i.e. the observation of an
instability of a film that is expected to be stable if only
vdW forces are considered.
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Fig. 1. Instability wavelength λ vs. film thickness � for (a)
PMMA (n = 1.49) on glass (n = 1.5) and (b) PDMS (n = 1.4)
on SiO2 (n = 1.46). The presence of a film instability is a
signature of pac, since vdW forces stabilize the film. The solid,
dotted and dashed lines in (a) correspond to temperatures of
50 ◦C, 90 ◦C, and 170 ◦C, the solid, dashed and dash-dotted
lines in (b) correspond to temperatures of 50 ◦C, 170 ◦C, and
270 ◦C, respectively.

Fig. 2. Instability wavelength λ vs. film thickness � for PS
on composite substrates. (a): PS on Si covered by 1.6 nm (�)
and 3.5 nm (�) thick SiOx layers. (b): PS on MgF2 covered by
0.5 nm (�) and 2 nm (�) thick Si3N4 layers. On the stabiliz-
ing substrate in (a), the curves diverge for � > �c, while on
the destabilizing substrate in (b), the stabilizing Si3N4 layer
introduces a lower cut-off in �, below which the film should
be stable. The dashed and dash-dotted lines correspond to the
assumption pac = 0.

4.2 Film instabilities on composite substrates

This approach was introduced in a recent study by the
Ulm group [26]. They use a substrate on which a polymer
film is stable. If the substrate is covered with a thin layer
of a material that has a destabilizing effect on the film, a
partial compensation of stabilizing and destabilizing vdW
disjoining pressures is achieved. In particular, there is a
critical polymer film thickness �c, at which pvdW = 0. This
is reflected in the stability diagram of the film (Fig. 2a),
showing a spinodal instability for � < �c and metastable
films for � > �c. As shown by us earlier, a finite value of
pac shifts �c to larger film thicknesses, in agreement with
the data in [26].

The repetition of this kind of study encompassing a
large number of experimental systems should reveal, whe-
ther there is a systematic shift of �c, which should be in-
dependent of the optical dispersion of the three materials.
Such a systematic shift, would be a clear signature of a

Fig. 3. Instability wavelength λ vs. film thickness � for PS
on a Si substrate covered by a 1.6 nm thick SiOx layer. The
contribution of the vdW pressure (assuming pac = 0) shows
a negligible variation with temperature (dashed lines). This
is opposed to the case, where pac was included in the model
calculation. For the three temperatures 50 ◦C (�), 90 ◦C (�),
and 170 ◦C (�), a detectable variation of �c is predicted.

disjoining pressure stemming from acoustic fluctuations.
Typical examples are shown in Figure 2.

4.3 Temperature dependence of film instabilities

A third experimental approach is based on the system de-
scribed in Section 4.2. Since the Hamaker constant is only
weakly temperature dependent (i.e. the dielectic constants
and the refractive indices change only little with tempera-
ture), it is possible to infer information about the presence
of pac from the temperature dependence of �c, shown in
Figure 3. Taking both the variation of surface tensions
and Hamaker constants into account, one expects a neg-
ligible variation of �c, based on a calculation that takes
only pvdW into account. The effect of an inclusion of pac

in the model should result in a small, but experimentally
discernible variation of �c.

4.4 Retardation effects

With increasing values of � there is a decrease in correla-
tions of confined electromagnetic modes, or, in the Lon-
don model, a decrease in correlation in dipole-dipole in-
teractions. For sufficiently large values of � (c/(2πνe) �
� � hc/(2πkT )), equation (3) must be replaced by a rela-
tion ∆Eret ∝ �−3. Equation (6), on the other hand, stays
unchanged (assuming that the mean free path length of
acoustic modes is still large compared to the film thick-
ness). Due to the relatively short correlation length of
acoustic modes at ambient temperatures, the acoustic
modes were assumed to be uncorrelated in the derivation
of equation (6) [18]. In terms of equation (7), this implies
a dominance of pac over pvdW for � � 100 nm. While this
leads to interesting predictions for large values of � (e.g.
reentrant instabilities [18]), instabilities of thick films are
experimentally difficult to study. Since the characteristic
time constant associated with capillary instabilities scale
with �4, they are typically preempted by the heteroge-
neous nucleation of holes in thick films [6]. Experiments
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exploiting the change in the balance of retarded electro-
magnetic and thermo-acoustic modes, require a liquid film
with a low surface tension and a low viscosity (e.g. low
molecular weight PDMS).

5 Conclusions

When discussing the origin of the disjoining pressure from
the view-point of the confinement of a fluctuation spec-
trum, it becomes clear that not only electromagnetic ef-
fects (leading to a van der Waals disjoining pressure), but
also thermally excited acoustic fluctuations play a role in
the destabilization of thin films. Since the Hamaker con-
stants are on the order kT for typically studied thin film
systems and temperatures, the acoustic disjoining pres-
sure is not negligible. Whether it contributes to thin film
instabilities depends on a number of parameters. It is ex-
pected to be significant in the case of supported films, in
particular for the much studied case of PS on Si, covered
by 1–3 nm thick oxide layers.

While predicted to be important for the interpretation
of dewetting experiments, the unambiguous detection of
the confinement of acoustic modes is not simple. Since pac

and pvdW have the same dependence on the film thick-
ness �, only quantitative measurements will allow to distin-
guish the two effects. The experimental systems described
in Section 4 are conceptually simple, but require high pre-
cision measurements. Film and surface layer thicknesses
must be determined with a sub-nanometer precision, while
an accuracy of ≈ 100 nm is necessary for the determina-
tion of the instability wavelength. This requires carefully
conducted experiments, and a combination of ellipsometry
and atomic force microscopy as experimental techniques.

This work was partially funded by the Dutch “Stichting voor
Fundamenteel Onderzoek der Materie” (FOM) and the Dutch
Polymer Institute (DPI).
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Discussion on contribution by U. Steiner

Comment by P. Ziherl and S. Zumer

The paper deals with the force induced by acoustic or
density fluctuations as a universal interaction between the
interfaces of a film. This is an extremely interesting point.
It seems it would be worthwhile exploring the analogy
with the van der Waals force in some detail. To a layman,
it seems that the sign of the force could be predicted by
comparing the speed of sound in the three media. Then
the acoustic Casimir force should stabilize a polymer film
on a solid substrate since the speed of sound is largest in
the substrate and smallest in air (which would imply a
repulsive force). This is inconsistent with the statement
in Section 3.2.

Steiner replies

I agree with your statement that the acoustic disjoining
pressure could, in principle have both signs. Whether or
not there is a physical system, in which this can be ob-
served is an entirely different question. Let me explain.

First of all, we assume that the acoustic spectra of all
three media are decoupled. Then it is unfavorable to inter-
calate a film of any material (irrespective of the velocity of
sound in the film) at the interface of two media, since the
number of modes in the unconfined media is always larger
than in the confined medium. In the case of a polymer
film on a solid substrate this is a reasonable assumption,
since the elastic modulus of the film is very different from
the adjacent media (e.g. there are no coupled modes) –
the elastic moduli of hard substrates and polymers differ
typically by two orders of magnitude or more. Long wave-
length acoustic modes in the film have therefore a node
at the substrate-film interface and a free boundary at the
film-air interface.

More general is of course the case, in which the three
materials have more similar acoustic properties. In this
case, the mode spectra of the three media are coupled.
We have not calculated this case, which I expect to be
mathematically somewhat complex. On a qualitative level,
I agree with you that, in analogy with the electromag-
netic case, it is likely that both signs can be obtained.
At the same time, the effect should become much weaker,
since film modes that couple to the surrounding media
are less effectively confined. In such case, it is likely that a
substrate-film-air system with acoustic impedances going
from high (substrate) to low (air) has a stabilizing acoustic
disjoining pressure, whereas a film with a higher acoustic
impedance than the surrounding media should be desta-
bilized by the acoustic disjoining pressure. Even if there
were a proper theoretical prediction of this effect, it will
be an even higher challenge to measure this experimen-
tally, since the acoustic disjoining pressure should be very
small, and should therefore be even more easily overpow-
ered by van der Waals forces of other residual forces in the
film.

To carry the analogy with electromagnetic theory a
bit further. Our prediction and suggestion for experiments
should be compared to Casimir’s original work of an air
gap between two conducting plates. In such a case there
is no coupling between the electromagnetic modes “in-
side” and “outside”. The generalization to the general
case of van der Waals forces was done (among others)
by Dzyaloshinskii, Lifshitz and Pitaevskii. We need the
acoustic equivalent to the Dzyaloshinskii, Lifshitz and
Pitaevskii calculations to predict the acoustic disjoining
pressure in the most general case.

Comment by H. Kaya and B. Jérôme

The presence of a universal acoustic force creating an ad-
ditional disjoining pressure is certainly an important is-
sue. As the authors themselves point out, however, the
acoustic and van der Waals energy terms have the same
dependence on the film thickness, thus making it difficult
to separate the two contributions. The acoustic part of
the disjoining pressure can be incorporated in an effec-
tive Hamaker constant by Aeff = A132 + π2/3 kT. This
added constant indicates that Hamaker constants calcu-
lated from typical length scales in dewetting experiments,
are systematically too high.

To search for additional destabilizing potentials can be
unnecessarily complicating. As we point out in our contri-
bution [32], even apparently simple modifications of the
basic van der Waals potential can easily lead to compli-
cated expressions for the corresponding disjoining pressure
and spinodal parameter.

U. Thiele comments on statements
from the contribution

“Patterns created by a capillary instability are character-
istic for the force driving the instability”.

“The spectrum of spontaneously amplified waves is
very sensitive to the detailed force balance acting at the
surface of the film”.

The first statement is certainly true because it refers
to the full nonlinear patterns (and their evolution) result-
ing from the surface instability. So can, for example, the
driving potential or force be reconstructed from the profile
of a drop (best from a micro- or nanodrop).

However, the second statement refers to the spectrum
of amplified waves, i.e. to the linear behaviour. This is cov-
ered by a dispersion relation of the form β = −k2(k2−k2

c)
independently of the specific acting forces. The latter only
determine the length scale 1/kc and the time scale 1/β of
the instability. The form of the dispersion relation is solely
determined by the form of the evolution equation for the
film thickness. This form is generic for the evolution equa-
tion for an conserved order parameter field [J.S. Langer,
in, Solids far from equilibrium, edited by C. Godreche
(Cambridge University Press, 1992), pp. 297–363].
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However, I certainly agree on that in the present state
of knowledge even the length scale given by the wave num-
ber of the fastest growing linear mode km = kc/

√
2, its

dependence on system parameters like film thickness or
temperature, and instability thresholds like critical film
thicknesses (where kc = 0) are good tools to test existing
theories.

U. Steiner adds some additional information
on statements in his contribution

Patterns created by a capillary instability are characteris-
tic for the force driving the instability.

1. The amplification of a part of the capillary wave
spectrum requires a destabilizing force. The experimental
observation of a surface instability (either the wave itself,
of the bicontinuous pattern that is left after a film insta-
bility) is therefore evidence for the presence of a desta-
bilizing force. The question is therefore (1) is it possible
to prepare a system in a way that only a single force (or
quantifiable sum of forces) causes the film instability, and
(2) is it possible to deduce form the film instability the
nature of this force (or sum of forces). The answer to (1)
has to do with the usual problem an experimentalist has
to face: yes, it is usually possible to eliminate known ef-
fects, that are not of interest in a specific investigation.
This leaves the problem, that still unknown causes distort
the experimental results. It is part of the scientific pro-
cess, to identify those causes – this is precisely what we
are doing here. The answer to (2): by systematically vary-
ing parameters on which the destabilizing force depends,
it should be possible to identify the force. A good example
of this is the Seemann-Jacobs-Herminghaus paper (Phys.
Rev. Lett. 86, 5534 (2001)

2. While the amplification of part of the capillary wave
spectrum is the sign of the presence of a destabilizing
force, the opposite conclusion is incorrect, since it is well
known that heterogeneous nucleation can preempt a capil-
lary instability (see for example the contribution of O.K.C.
Tsui et al. [32]).

The spectrum of spontaneously amplified waves is very
sensitive to the detailed force balance acting at the surface
of the film.

In the sense described above, this statement is cor-
rect. The force balance is “sensitive” in a sense, that the

wavelength of the initially amplified mode mirrors the
magnitude of the force gradient. At this point hydrody-
namics does not (yet) come into play, nor do secondary
effects such as the combination of a capillary instability
and nucleation, as discussed by U. Thiele [33].

Is it sufficient to search for additional destabilizing po-
tentials or do we also need to pay more attention to the
kinetics of the destabilisation processes (how fast the var-
ious processes evolve and contribute to destabilisation)?

The paper focuses on qualitative effects. In particular
the observation of a capillary instability of a film on a
substrate, on which it should be stabilized by a van der
Waals disjoining pressure should yield information about
the sign of the overall disjoining (or conjoining) pressure.
The question about kinetics is of secondary importance
in this case. The sample applies to the proposed exper-
iments, in which only the acoustic boundary conditions
are changed. The experiments that make use of the tem-
perature dependence are a bit more tricky, since in these
experiments changes in the break-up kinetics (beyond the
temperature dependence of the Hamaker constant and the
surface tension) may com into play.

Are the proposed experiments on meta-stable films
(= films stabilized by van der Waals forces but on non-
wettable substrate) doable and can they be interpreted un-
ambiguously? Are other sources for destabilisation (den-
sity variations) likely to intervene?

It is essential that this type of experiments are done
very carefully. It is for example important to pre-anneal
the films, to make sure that they are as solvent and stress
free as can be achieved. Density gradients in reasonably
equilibrated films are likely to be small. If the density of
initial film is homogeneous, it is likely to stay homoge-
neous upon heating (this follows from the incompressibil-
ity of polymer melts). Since film preparation is known to
often affect film stability, it will be essential to do this
experiment for more than one system (differently pre-
pared films are likely for be frozen into different non-
equilibrium morphologies, see for example the contribu-
tion by H. Richardson et al. [34]).

All in all, it will be important to do use several inde-
pendent approaches (as proposed in the paper) to identify
the acoustic Casimir effect. Each of the experiments may
be explicable in terms of other models, but the combina-
tion of several experiments that rely on differing proper-
ties of the confinement of thermal modes should make a
convincing story.


