Viscoelastic Dewetting of Constrained Polymer Thin Films
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Thin ﬁlms of ﬂuids are playing a leading role in countless natural and
industrial processes. Here we study the stability and dewetting dynamics of viscoelastic
polymer thin ﬁlms. The dewetting of polystyrene close to the glass transition reveals
unexpected features: asymmetric rims collecting the dewetted liquid and logarithmic
growth laws that we explain by considering the nonlinear velocity dependence of friction at the ﬂuid/solid interface and by evoking residual stresses within the ﬁlm. Systematically varying the time so that ﬁlms were stored below the glass-transition temperature, we studied simultaneously the probability for ﬁlm rupture and the dewetting
dynamics at early stages. Both approaches proved independently the signiﬁcance of residual stresses arising from the fast solvent evaporation associated with the spin-coatC 2006 Wiley Periodicals, Inc. J Polym Sci Part B: Polym Phys 44: 3022–3030, 2006
ing process. V
Keywords: dewetting instability; interfaces; polystyrene; thin ﬁlms; viscoelasticity
ABSTRACT:

INTRODUCTION
Thin liquid ﬁlms are ubiquitous in everyday life, in
which they play leading roles in lubrication, protective coatings, countless natural and industrial processes, and so forth.1 In addition, with the development of modern technologies, functional devices of
progressively smaller and smaller sizes are required.
It is thus not surprising that under such conditions
the thickness of polymer ﬁlms has reached values
even smaller than the diameter of the unperturbed
molecule.
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Understanding polymer thin-ﬁlm stability represents several challenges: On the one hand, the
causes for the rupture of thin ﬁlms are not yet
fully identiﬁed even for simple ﬂuids, not to speak
of highly viscoelastic polymers that could exhibit
additional elastic instability.2 On the other hand,
the inﬂuence of the conﬁnement of chainlike molecules on ﬁlm stability and polymer dynamics has
not been clearly elucidated.3,4 Numerous studies
have demonstrated clear deviations from bulk behavior. Unfortunately, despite enormous efforts
over the last decade,4,5 our understanding of the
origin of several puzzling properties of such thin
ﬁlms is still not satisfactory. As a possible origin of
these unexpected properties, the conditions of ﬁlm
preparation have been identiﬁed3,6–8 because they
can lead to polymer chains that are not in their
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equilibrium state. Physical properties of such thin
ﬁlms, such as the density, may thus change over
the course of time. It is still unclear if ﬁlm preparation has direct consequences with respect to the
stability and dynamics of such ﬁlms. It may be
anticipated that nonequilibrium chain conformations cause residual stresses in spin-coated polymer thin ﬁlms.
The aim of this article is to provide some insight
into the origin of the puzzling properties of polystyrene (PS) thin ﬁlms. We show that the atypical
dewetting dynamics and the probability for ﬁlm
rupture can be attributed to nonlinear friction at
the ﬂuid/substrate interface and residual stresses
caused by the way the ﬁlms have been prepared.
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Figure 1. Film geometry observed by AFM. h(x,t) is
the proﬁle of the ﬁlm, h0 is the initial height of the
ﬁlm, H(t) is the height of the front, L(t) is the dewetted distance, W(t) is the width of the rim, and v(x,t) is
the velocity of the ﬁlm. [Color ﬁgure can be viewed in
the online issue, which is available at www.interscience.
wiley.com.]

A thin ﬁlm of a liquid deposited on a nonwettable, solid surface is not stable when it is thinner
than the critical thickness, hc ¼ j1 sin(h/2),
where h and j1 are the contact angle and the
capillary length, respectively [j1 is deﬁned by
the surface tension of the liquid (c), its density
(q), and the acceleration due to gravity g through
the relation j1 ¼ (c/qg)1/2].1 If the ﬂuid has
enough mobility, dewetting may occur, and holes
(dry patches) and edge retraction can thus be
observed. The system gradually evolves toward
its equilibrium state, which corresponds to a collection of droplets on the solid substrate, these
droplets being characterized by the equilibrium
contact angle (h). To achieve this equilibrium
state, different successive processes are involved:
the initial rupture of the ﬁlm, the opening (retraction) dynamics of holes (edges), and a Rayleigh–Plateau instability of the rims collecting
the dewetted ﬂuid.9,10
Initiated by the stimulating work of BrochardWyart and coworkers,11–13 experimental and theoretical studies of thin-ﬁlm dewetting have allowed
us to extract principal scaling laws based on a simple energetic approach. It relies on the assumption
that the viscous dissipation inside a ﬁlm can be
smaller than the dissipation due to the friction at
the interface between the ﬁlm and the substrate.
The observation of several dewetting dynamics has
been explained by the slippage of the polymer at
the solid surface.13 This wall slip is usually characterized by the hydrodynamic extrapolation length
[or slippage length (b)], which is deﬁned as the distance from the wall at which the interfacial velocity
(Vslip) extrapolates to zero:14 b ¼ g/f [where g is the

viscosity of the liquid and f is the friction coefﬁcient
related to a linear interfacial force (per unit of
the surface) of the liquid onto the substrate, Ff
¼ fVslip].14–16 It has been predicted that the b value
of a polymer liquid on a ﬂat and passive substrate
can be given by the relation b ¼ a(N3/P2) (where a
is the monomer size, N is the polymerization index,
and P is the entanglement index).14
For viscoelastic polymers such as PS, stress
propagation in ﬁlms of initial thickness h0 is limited to a characteristic length, D ¼ (h0b)1/2, because of the interfacial friction and elasticity.13
For a hole radius (d) smaller than D, the dissipation of the capillary energy, |S| (where S ¼ csv 
csl  c is the spreading parameter, which is negative for nonwettable substrates; csv and csl are the
surface free energy of the solid vapor and solid
liquid interfaces, respectively), essentially occurs
within the ﬂuid. Then, the opening dynamics are
exponential (d  et/s, where s is the relaxation
time), and no rim can be detected. For larger hole
diameters such as D < d, dissipation at the solid/
ﬂuid interface dominates. The birth of a rim is
observed with a characteristic rim width (W) proportional to D and a constant dewetting velocity
of V ¼ (S/f)D1. At later stages, in the mature rim
regime [dewetted distance (L) > b and W much
larger than D], W and the height of the rim (H)
can be obtained with volume conservation: W 
Lh0/(H  h0), which gives the relation W  H 
L1/2 (see Fig. 1). In this regime, V decreases with
time t according to V  t1/3, giving the classical
law d  t2/3, which usually is used to infer dewetting with strong slippage.15,16
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In the absence of a solid or liquid substrate
(e.g., hole opening in a freestanding ﬁlm) the velocity proﬁle within the ﬁlm corresponds to true
plug ﬂow, b thus becomes inﬁnite, and only the
ﬁrst regime (exponential growth) is observed (d is
always smaller than D).17–19

EXPERIMENTAL
For the corresponding experimental studies, we
used thin PS ﬁlms with weight-average molecular
weights (Mw’s) ranging from 35 to 4840 kD and a
polydispersity index lower than 1.15. h0 varied
between 20 and 100 nm, as measured by ellipsometry. The ﬁlms were obtained by the direct
spin coating of toluene solutions onto silicon substrates coated with a thin layer of adsorbed polydimethylsiloxane (PDMS) chains (Mw ¼ 26 or
90 kg/mol, layer thickness  4–6 nm). These irreversibly adsorbed PDMS layers resulted from
spin-coated ﬁlms on hydroxylated silicon wafers
(cleaned with UV ozone, plasma, or so-called
Piranha solutions), which then were annealed at
150 8C for 5 h in vacuo. The isothermal dewetting
of thin PS ﬁlms, that is, the retraction of a straight
contact line or the opening of holes, was followed
in real time (t) by optical microscopy. Images were
captured with a charged coupled device (CCD)
camera. To determine the shape of the rim somewhat more precisely, additional measurements
were performed with atomic force microscopy
(AFM) in the tapping mode.

RESULTS AND DISCUSSION
Rupture of the Liquid Film
Although it is easy to experimentally observe the
formation of dry areas in a ﬂuid ﬁlm, the physical
mechanisms associated with the rupture process
have been passionately debated in the literature for
many years.20–23 The nucleation and spinodal rupture of thin ﬁlms can be deduced from a simple
analysis of the evolution of free energy with the
thickness.1 Already in 1966, Vrij24 proposed a spinodal rupture mechanism with a preferred interhole distance. We do not, however, discuss the spinodal rupture in this article and refer to previous
articles on that topic.20,23,25 Instead, we focus on a
heterogeneous nucleation mechanism. AFM observations indicate that dust/surface heterogeneities,
sometimes observed at the center of the holes, could
play a role in initiating the rupture. However, such

dust/heterogeneities can be strongly reduced in
number by a careful ﬁlm preparation method.
Recently, a new concept based on the presence
of residual stresses in polymer thin ﬁlms was proposed as an alternative explanation of the rupture
mechanism via heterogeneous nucleation.6,20 For
instance, a 40% reduction of the initial hole nucleation density during annealing at temperatures
largely above the glass-transition temperature (Tg)
was reported by Podzimek et al.20 More surprisingly, we have found that the probability for ﬁlm
rupture, deﬁned as the maximum number of circular holes (Nmax) per unit of area formed in a ﬁlm of
given thickness, also depends on the aging time
(taging), the time that the ﬁlm is stored at temperatures below the glass transition.6 taging starts from
the solvent quench during spin coating. As shown
in Figure 2(a), a drastic reduction in the hole density was observed after the ﬁlms were stored at
50 8C for long times. Plotting Nmax as a function of
taging [Fig. 2(b)] indicates an exponential decay,
Nmax(taging) ¼ Nmax(?) þ Nmax(0) exp[taging/
j(Nmax)], with a limiting value of Nmax(?) ¼ 3 6 1
and a characteristic decay time of jNmax ¼ 47 6 6 h,
implying that almost no holes will be formed after
the ﬁlms are aged for extended periods (taging > j).
Some holes, however, may be nucleated by defects
such as dust particles.
Rupture can be related to the spin-coating process used to prepare thin polymer ﬁlms. Because
of the rapid solvent evaporation, we can consider
that polymer chains are not in their equilibrium
conformation (e.g., lack of entanglements).8 The
departure from equilibrium generates residual
stresses within the ﬁlm that could initiate the rupture. A detailed description of the physical mechanism by which residual stress can generate holes
in thin ﬁlms is in preparation.
Dewetting Dynamics: Friction, Viscoelasticity,
and Residual Stress
First observations of dewetting for highly elastic
polymer thin ﬁlms, such as high-Mw PS, reveal the
formation of strongly asymmetric rims26 and unusual dewetting dynamics.27 Several theoretical
models have been proposed to explain the asymmetric rims: viscoelasticity,28 shear thinning,29 and
strain rate hardening.30 However, even if these models describe quite well the asymmetric rim shape,
they cannot explain all of the observed features,
such as the logarithmic dewetting dynamics.27
In fact, two of us have recently shown that polymer slippage at the solid surface could explain the
Journal of Polymer Science: Part B: Polymer Physics
DOI 10.1002/polb
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Figure 2. (A) Optical micrographs showing the formation of holes in a 40-nm-thick
PS ﬁlm (Mw ¼ 4840 kD) on a PDMS (6 nm) coated Si wafer. The X and Y axes represent the time of dewetting at 125 8C and the time of aging, respectively (the ﬁlms were
stored at 50 8C). The size of the images is 310  210 lm2. (B) Evolution of Nmax for PS
ﬁlms (h0 ¼ 40 nm, Mw ¼ 4840 kD) stored at 50 8C for various times. [Color ﬁgure can
be viewed in the online issue, which is available at www.interscience.wiley.com.]

formation of asymmetric rims.31 During the early
stages of viscoelastic dewetting, the rim shape
changes fundamentally. Initially, the energy supJournal of Polymer Science: Part B: Polymer Physics
DOI 10.1002/polb

plied by the capillary forces is mainly dissipated in
the vicinity of the hole edge by viscous losses (due
to radial and orthoradial deformations). Under
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such conditions, no rim is formed next to the circular dewetted zone. However, as the radius of the
hole becomes larger than D or if the dewetting
starts from a straight edge of the sample, the dissipation due to the radial and orthoradial deformations becomes weaker, and the friction at the substrate/ﬁlm interface gains importance. As a result
of this friction, the velocity is damped over distance
D within the ﬁlm. This results in the appearance of
a highly asymmetric rim (Fig. 1), with a steep side
reaching a height H next to the three-phase contact line and an approximately exponential decay
on the other side, with a decay length D.26,27,31
Different dewetting dynamics can be directly
related to the different rim shapes. In the following, we focus on the asymmetric rim regime.27
This intermediate regime is rather pronounced for
highly viscous thin ﬁlms close to the glass transition. Our time-resolved experiments (Fig. 3) for
dewetting from a straight edge have shown that
during these early stages of rim buildup, both L
and W increase in a logarithmic fashion in time,
up to time s1 (the relaxation time of residual
stresses), when W reaches a maximum. Correspondingly, during this stage V decreases continuously according to a power law, V  tn. Interestingly, around s1, the exponent (n) changes from
1 to 1/2 [Fig. 3(C)].6,27 We want to emphasize
that a logarithmic time dependence of L (and W)
and the corresponding t1 decrease of V are not
expected for a Newtonian liquid and that our
results cover times shorter than the longest relaxation time in equilibrated bulk samples [i.e., the
reptation time (srep)]. Thus, the viscoelastic properties of PS certainly affect our dewetting experiments. We have therefore developed a theoretical
model that takes into account interfacial friction
(i.e., slippage) and viscoelasticity.
A hydrodynamic model within the lubrication
approximation including viscoelasticity was recently proposed,32 but unfortunately this model,
limited to small b values (b < h0), cannot be applied to our experiments, which deal with very
large b values (b > h0). The energetic approach,
ﬁrst proposed by Brochard-Wyart et al.,13 is most
useful when one studies non-Newtonian liquids.
However, the viscoelasticity of polymer liquids often brings along great difﬁculties in solving the
ﬂow equations. In the case of the dewetting of
thin ﬁlms, these difﬁculties can be circumvented
as follows. Viscoelastic liquids can be characterized at short times by an elastic modulus (G). At
times longer than s, it has a Newtonian-like
behavior, with g ¼ s G.33 Concerning dewetting,

Figure 3. (A) Dewetted distance L (from the
straight edge of the sample), (B) rim width W, and (C)
dewetting velocity V versus time, respectively. The
data were obtained for a 65-nm-thick PS (Mw ¼ 390
kg/mol) ﬁlm dewetted at 140 8C. Characteristic time
s1 is indicated. Under the conditions of the experiment, the longest relaxation time of the polymer (its
srep value) was about 2500 s.
Journal of Polymer Science: Part B: Polymer Physics
DOI 10.1002/polb
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dewetting velocity. In Figure 4, a variation of more
than 1 order of magnitude can be observed for
Wmax. A weakly varying friction force (a is close to
1) leads to a more rapid decrease in the dewetting
velocity:36 V  t1/(2a)  t1. This is consistent
with the experimentally observed behavior.
Another mystery about dewetting dynamics,
however, remains. As for the initial rupture probability of the ﬁlms (discussed previously), physical
aging at temperatures below Tg also drastically
inﬂuences the dewetting dynamics.6 Figure 5(a)
shows that Wmax and the dewetting velocity decrease signiﬁcantly when the ﬁlms are aged. Aging
can be achieved at very low temperatures, Figure
5(a) shows the drastic inﬂuence of the storage time
Figure 4. Determination of a from a plot of the maximum rim width versus the initial dewetting velocity for
different PS thin ﬁlms on PDMS-coated silicon wafers.
[Color ﬁgure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

the result of elasticity is to prevent H from increasing more than the maximum height of the
rim (i.e., Hmax ¼ h0 þ |S|/G). This imposes an
augmentation of W during the dewetting process:
W ¼ Lh0G/|S|. This is associated with a decrease
in the velocity such as t1/2 until s ¼ g/G is reached.31 Interestingly, even in the elastic regime,
the dynamics are directly related to the friction
process via the increase in W. The exponent 1/2
for the reduction of the dewetting velocity of an
elastic ﬁlm is thus fully determined by the friction
law Ff ¼ fVslip.
It is striking to notice that the experiments show
a much faster decrease in the velocity, as fast as V
 t1, during the early stage of dewetting (t < s1).
To explain a more rapid decrease in the dewetting
velocity, we have included a nonlinear friction law
at the solid/ﬂuid interface. Indeed, several experiments with grafted or adsorbed PDMS surfaces
have shown a very weak dependence of the friction
force on the sliding velocity (e.g., Ff  V1/5).34,35 Often, substrates that are treated to be ﬂat and passive (for that reason, they are coated with a polymer monolayer) lead to a friction force (Ff) that does
not depend linearly on the dewetting velocity (V) as
expected for solid friction.34 There, we ﬁnd the following relation: Ff  V(1a), where a is the friction
exponent (0 < a < 1). For the PS ﬁlms on PDMScoated silicon wafers, a, as determined from a plot
of the maximum rim width (Wmax) versus the initial
velocity (Fig. 4), is found to be very close to unity (a
¼ 0.84). In contrast, if a is equal to zero as for solid/
solid friction, Wmax does not vary with the initial
Journal of Polymer Science: Part B: Polymer Physics
DOI 10.1002/polb

Figure 5. (A) W (for dewetting from the straight
edge of the sample) as a function of the dewetting
time for ﬁlms (h0 ¼ 57 nm, Mw ¼ 233 kD) aged at
room temperature for different times. Wmax was
reached at about the same time for all the samples.
(B) Evolution of Wmax for PS ﬁlms (h0 ¼ 40 nm, Mw
¼ 4840 kD) stored at 50 8C for various times. [Color
ﬁgure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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at room temperature, that is, 75 8C below Tg, on
the formation of the rim (after 42 days, Wmax
decreases by a factor of 2). Systematic studies on
the temporal evolution of Wmax for ﬁlms stored
at 50 8C, shown in Figure 5(b), indicate an exponential decay of Wmax with taging, Wmax(taging)
¼ Wmax(?) þ Wmax(0) exp[taging/jWmax)], exhibiting a characteristic decay time of jWmax ¼ 41 6 7 h,
very close to the decay time observed for hole nucleation probability.
The large decrease in the dewetting velocity observed during aging at temperatures well below
Tg of PS can be interpreted by the consideration
of either a decrease in the residual stress or a
modiﬁcation (in the course of aging) of the PS/
PDMS interface and thus of the friction properties. Theoretically, the contribution of residual
stresses to the dewetting dynamics is equivalent
to an additional driving force, in parallel to the
capillary forces. However, this additional force will
decrease during dewetting. Physical aging causes
a relaxation of residual stresses and thus a reduction of the driving force, as observed. By combining nonlinear friction and residual stresses (r), we
can obtain an increase in the initial dewetting velocity by a factor of (1 þ h0r/|S|)2/(2a).36 Again,
we assume that the fast evaporation of the solvent
during spin coating inevitably leads to frozen-in
nonequilibrated chain conformations of the polymers. Such nonequilibrated polymer chains generate residual stresses within the ﬁlm. In the course
of aging, or with heating above Tg, these stresses
tend to disappear as the chainlike molecules will
adopt conformations closer to their equilibrium.
In that picture, the time characterizing the
transition between both dewetting regimes, corresponding to Wmax and a change in the dewetting
velocity, can be related to s1. In a way similar to
that proposed in the article of Roth et al.,19 the
transition at s1 can be viewed as a transient time
required to reach steady-state ﬂow in the system.
The proposed rheological model is used to
describe this transient behavior of the polymer.
The relaxation of the stress is represented by s1,
which, in turn, is determined by the internal
structure (chain conformations) of the ﬁlm. Later,
we show the evolution of this relaxation time
with parameters characterizing the polymer (see
the Dewetting and Rheology section).
We cannot exclude a modiﬁcation of the interface during aging. The PDMS coating is made
from adsorbed chains on a silicon wafer, the loops
and tails being still mobile, that can relax easily
and might modify the PDMS/PS interface, even

well below Tg of PS. This may strongly reduce the
slippage and thus the dewetting velocity. Such a
modiﬁcation of the interface remains, however,
speculative. Systematic experiments to study the
dynamics of PDMS chains at the PDMS/PS interface are in progress.
Dewetting and Rheology
As shown by several studies, dewetting or hole opening can be considered a rheological investigation of
polymer chains in nanometer thin ﬁlms.18–20,37,38
Recently, Dutcher et al.19 observed a shear-thinning
effect (i.e., a decrease in the viscosity with the shear
rate) during hole opening in freestanding PS thin
ﬁlms, showing that reptation is dominated by convective constraint release. More recently, some of us
used the onset of the Plateau–Rayleigh instability of
the rim observed during the dewetting of PS thin
ﬁlms to determine the transition between elastic
and viscous regimes.39 Interestingly, these transition
times scale with srep of bulk PS, suggesting that bulk
chain dynamics are maintained in thin ﬁlms (even
when h0 < Ree (the unperturbed end-to-end distance)).39
Such nanorheology experiments can be used to
gain further insight into the structure and properties of out-of-equilibrium PS thin ﬁlms. We may
thus consider dewetting as a rheological probe to
study the viscoelastic properties of nanoscopic polymer ﬁlms, allowing us, for instance, to determine
s1 of stressed materials (as discussed previously).
In the following, we focus on the main parameters
affecting the relaxation times of polymers and thus
s1: the chain length (represented by Mw) and the
temperature (T). As shown in standard textbooks,
the existence of entanglements implies that the
longest relaxation times (i.e., srep) strongly depend
on Mw according to a power law, srep  Mw3.4.40,41 It
is also well known that, in polymeric materials, the
temperature dependence of the relaxation time follows a non-Arrhenius behavior when Tg is
approached. The thermal evolution of relaxation
times is usually described by the Vogel–Tamman–
Fulcher (VTF) relation: s ¼ s0 exp[B/(T  T0)],
where s0 is the segmental vibration frequency, B is
1170 K, and T0 is 343 K for bulk PS.40,41
As shown in Figure 6, the relaxation dynamics
observed for spin-coated PS thin ﬁlms drastically
deviate from such bulk behavior. For instance, the
dynamics slow down when the temperature decreases (i.e., s1 increases). However, the ratio of relaxation times obtained from dewetting at 120 and
150 8C [Fig. 6(a)], given by s1(120)/s1(150) ¼ 2.7, is
Journal of Polymer Science: Part B: Polymer Physics
DOI 10.1002/polb
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decrease in the relaxation time. Indeed, because of
the very high b values (b > h0), the velocity proﬁle
corresponds to a plug ﬂow. Thus, the shear rates in
our experiments are rather small (i.e., much
smaller than srep1). We emphasize, however, that
we have no deﬁnite explanation for these unexpected results of extremely low temperature and
molecular weight dependence for s1. However,
these observations lead us to ask the following fundamental questions: What is the nature of the outof-equilibrium conformations of the spin-coated
polymer ﬁlms? What is the inﬂuence of conﬁnement of chains on relaxation dynamics? Investigations of these aspects, highly relevant for a comprehensive understanding of dewetting and chain dynamics in thin ﬁlms, are actively in progress and
will be the subject of a forthcoming article.

CONCLUSIONS

Figure 6. (A) Inﬂuence of the dewetting temperatures on s1 from plots of W versus time for PS thin
ﬁlms (h0 ¼ 40 nm, Mw ¼ 2500 kD). The dewetting
temperatures are indicated. (B) Inﬂuence of Mw on
s1 from plots of W versus time for PS thin ﬁlms (h0
¼ 40 nm, the dewetting temperature Td ¼ 125 8C).
The Mw values are indicated. [Color ﬁgure can be
viewed in the online issue, which is available at
www.interscience.wiley.com.]

by more than 2 orders of magnitude lower than
the ratio of the bulk viscosities, g(120)/g(150) ¼ 500
(computed from the VTF relation). The evolution
of s1 with the molecular weight also shows striking deviations from bulk behavior. For high
molecular weights, we observe that s1, as determined from Wmax–time plots, becomes independent of the chain length [Fig. 6(b)].
The observed s1 values are much shorter than
the bulk srep values. In contrast with previous
studies on hole opening in freestanding PS ﬁlms,19
we cannot invoke a convective constraint release
effect (shear thinning) to account for the observed
Journal of Polymer Science: Part B: Polymer Physics
DOI 10.1002/polb

With both experimental and theoretical approaches, we have shown that the early stages
of dewetting for spin-coated viscoelastic thin
polymer ﬁlms are dominated by the residual
stresses and nonlinear friction at the solid/ﬂuid
interface. The residual stresses clearly result
from the way in which these ﬁlms are prepared,
that is, by fast evaporation of the solvent during
spin coating. As a result, depending on the preparation conditions, thermal history, and taging
values, polymer thin ﬁlms are formed by chains
having more or less out-of-equilibrium conformations. Therefore, such ﬁlms exhibit signiﬁcant
changes in their rupture probability, the dewetting dynamics, and various relaxation processes.
The inﬂuence of the aging temperature, molecular weight, and dewetting temperature on these
relaxation processes will be the subject of further studies.
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of the Belgian National Fund for Scientiﬁc Research.
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