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Abstract

Classical models for wetting predict that an infinite work is required to move a three-phase contact

line, defined as the line where a liquid-vapor interface intersects a solid surface. Assuming a slip

boundary condition, in which the liquid slides against the solid, such an unphysical prediction is

avoided. In this article, we present the results of experiments in which a contact line moves and

where slip is a dominating and controllable factor. Spherical cap shaped polystyrene microdroplets,

with non-equilibrium contact angle, are placed on solid self-assembled monolayer coatings from which

they dewet. The relaxation is monitored using in situ atomic force microscopy, and the results are in

agreement with scaling analysis and boundary element numerical integration of the governing Stokes

equations, including a Navier slip boundary condition. We find that slip has a strong influence on the

droplet evolutions, both on the transient non-spherical shapes and contact line dynamics.

Unexpected flow phenomena emerge when the
size of a liquid system is reduced below a certain
length scale, typically on the order of a few to hun-
dreds of nanometers [1–3]. Approaching this scale,
effects associated with interfaces become increas-
ingly important. One such effect is slip, wherein
fluid slides along a solid confining boundary. Ex-
amples include flow of single-component [4, 5] and
complex fluids [6, 7] in micro- and nano-channels,
as well as dewetting [8, 9] and interfacial instabili-
ties [10] of molten polymer films. The present work
demonstrates that the relaxation of micron-sized
droplets in contact with a solid planar surface is
strongly influenced by slip effects.

The no-slip boundary condition assumes no rel-
ative motion between liquid and solid at the phase
boundary. This condition was historically assumed
to be valid in all practical cases [3]. However, the
no-slip condition is an empirical assumption and
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recent experimental techniques [1–3] have reached
nanometric resolution, allowing for a critical as-
sessment of this hypothesis at microscopic length
scales. Slip lengths – defined as the distance be-
yond the solid over which a linear extrapolation
of the velocity field reaches zero [11] – on the or-
der of tens of nanometers for small-molecule liq-
uids [1–3,12–15] and gases [16,17], and up to a cou-
ple of hundred nanometers [18–20], are now com-
monly reported. In dewetting thin polymer films,
where the molecules are larger and highly coupled
to the bulk liquid [21–23], slip lengths up to tens of
micrometers have been reported [9, 10, 24–29].

Given the existence of such boundary conditions,
it is relevant to ask what effect slip might have
on the motion of a three-phase contact line. On
one hand, a no-slip boundary condition at the con-
tact line leads to a non-integrable divergence of
the stress, and thus implies that moving a con-
tact line requires infinite work. On the other hand,
in common experience we are surrounded by liq-
uid interfaces moving along solid surfaces, from
water droplets on a wind screen, to the displace-
ment of air by liquid through a capillary or porous
medium. This apparent paradox [30] of contact line
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Figure 1: (a) Experimental atomic force microscopy data for PS microdroplets dewetting from OTS
(top) and DTS (bottom) self-assembled monolayers; scale bars are 2µm and the height scales can be
seen from the grey lines in (b) and (c). (b) Experimental height profile evolution of the PS droplet
dewetting from OTS shown in (a). Time between lines is approximately 10 min. (c) Experimental
height profile evolution of the PS droplet dewetting from DTS shown in (a). Time between lines is
approximately 4 min. Insets show height profiles, with the radial coordinate r and height profile h(r, t)
scaled by the contact line radius R(t) and central droplet height h(0, t). Inset color schemes are as in
the main figures.

motion (CLM) has attracted the attention of many
researchers [21, 31–35] over at least the last four
decades [30, 36].

Several models [3] have been proposed to al-
low for CLM, which may be broadly classified into
i) molecular kinetic [32, 37, 38] and ii) hydrody-
namic processes. The second of these may be fur-
ther subdivided into models employing precursor
films [21, 39–45], and slip [30, 36, 46–49]. These
mechanisms share the feature of a length scale typ-
ically of nanometric range – often much smaller
than the extension of liquid interfaces considered
in the literature [38, 50–52]. When valid, this sep-
aration of length scales in the CLM problem al-
lows for the assumption that dissipation is localized
near the contact line, while the rest of the liquid-
vapor interface is treated in a quasi-static approxi-
mation [34, 53, 54]. Following this idea, the details
of the different mechanisms mentioned above are
hidden inside a single length scale [21, 33], making
it difficult to distinguish between them.

In this article, we present a study of dewet-
ting polymer microdroplets, where the slip lengths
involved are comparable to the typical droplet
heights. The latter point allows us to formulate
a single hydrodynamic description of the whole

system, avoiding difficulties associated with multi-
scale modelling. The general result is that slip sig-
nificantly influences the transient droplet profiles,
which are non-spherical and thus not quasi-static
(Fig. 1(a)). Furthermore, the velocity of the reced-
ing contact line is found to be orders of magnitude
faster than the one expected for multi-scale sys-
tems [33, 34, 38, 50–52].

We use atomic force microscopy (AFM) to im-
age dewetting polystyrene (PS) droplets with typ-
ical size of order 1 µm. As initial conditions,
glassy spherical cap shaped droplets were prepared
as in Ref. [44] resulting in initial contact angles
θ0 = 9 ± 3 ◦. The substrates were Si wafers
pre-coated with self-assembled monolayers (SAMs)
of octadecyl- or dodecyl-trichlorosilane (OTS and
DTS). OTS and DTS are chemically similar, re-
sulting in identical equilibrium Young-Dupré con-
tact angles with PS, θ∞ = 62±3 ◦. Advantageously
for this study, the physical structure of the SAMs
is different leading to bDTS/bOTS ≈ 10. The slip
lengths were measured from independent experi-
ments [29], wherein rim shape analysis [28, 55] of
dewetting holes – using the same PS on the same
substrates as used here – was performed. In that
analysis, it was found that bOTS = 160±30nm and
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bDTS = 1 500 ± 200 nm. The reader is referred to
the materials and methods section for more details
on the sample preparation and experimentation.
Figs. 1(b) and (c) show full sequences of transient

droplet profiles, h(r, t), observed during the dewet-
ting process on OTS and DTS covered substrates.
The shapes highlighted in Fig. 1(a) were chosen
such that the profiles deviate maximally from a
spherical cap, as demonstrated in the insets (bold
grey lines) of Figs. 1(b) and (c). For both sub-
strates, the bold black line shows the initial shape,
as prepared in the glassy state, with initial con-
tact angle θ0 ≪ θ∞. When the temperature is in-
creased to above the glass transition, we observe a
flow (colored lines) that causes the contact line to
move inwards, while volume conservation ensures
that material is collected toward the center of the
droplet. We stress here that the capillary number,
Ca ≡ Ṙη/γ, of the early flow is of order ∼ 1 for
DTS, and ∼ 0.1 for OTS, which are much larger
than those often considered [33, 34, 38, 50–52]. In
Ca, Ṙ is the contact line velocity, γ is the PS-air
surface tension and η is the PS viscosity (see ma-
terials and methods).
The PS droplet dewetting from OTS in Fig. 1(b)

transiently forms a bump and for some time ex-
hibits a positive curvature at the droplet center,
∂2
rh|r=0 > 0. Note that this qualitative feature

was observed previously using numerical resolution
of a 2D thin-film equation including a precursor
film [42], and a qualitatively similar shape transi-
tion can be seen in dewetting polymer films with
slip [9, 27]. In addition, the central droplet height
does not change significantly until the width of the
bump is comparable to the contact line radius, R.
At late times, for both OTS and DTS, the curva-
ture is always negative as the droplet relaxes to
its final spherical-cap shape with the same contact
angle θ∞. In contrast to the evolution on OTS,
the PS droplet dewetting from DTS does not show
a pronounced bump. Furthermore, at the earliest
accessible experimental time (several minutes), the
central droplet height is already increasing on DTS
(supporting information, Fig. S1). In addition to
the equilibrium contact angle θ∞, surface tension γ
and viscosity η being identical for the PS droplets
on OTS and DTS in Fig. 1, the initial geometries
were similar. The slip lengths, b, however, differ by
an order of magnitude on these two substrates.
To investigate the droplet-dewetting process

from a modelling standpoint, we use a standard
numerical implementation of the boundary element
method [56, 57], allowing to integrate the axisym-
metric, incompressible Stokes equation describing
the flow: ∇P = η∇2

u, where P is the scalar pres-
sure field and u is the velocity field. Gravity and
explicit van der Waals disjoining pressure are ne-
glected. Invoking Laplace’s equation, we further
assume that the balance of normal stresses on the
liquid-vapor interface is given by: 2η∂nun − P =
2γC, where C is the mean curvature of the liquid-
vapor interface, and where ∂n denotes the direc-
tional derivative normal to the free interface.

To account for slip, we use the linear Navier
model [11]. Therein, the slip length b = η/κ is
defined through the balance of friction and viscous
stresses at the solid-liquid boundary:

κur|z=0 = η∂zur|z=0 , (1)

where ur is the liquid velocity parallel to the sub-
strate, κ is the solid-liquid friction coefficient, and
∂z denotes partial differentiation in the direction
normal to the substrate. Finally, as a boundary
condition at the contact line, we impose: θ(t) =
− arctan(∂rh)|r=R = θ∞. Thus, the microscopic
contact angle θ(t) is fixed at all times to the equilib-
rium Young-Dupré angle [34, 35]. In the following,
we refer to this as the Navier-Young model (NYM).
The constant angle assumption is not strictly cor-
rect, yet, with the small variation observed in the
experimental evolution, it is a reasonable approxi-
mation (examples for θ(t) are shown in supporting
information, Fig. S2).

In Fig. 2 we present the results of the NYM,
for droplets with geometrical and physical param-
eters chosen to match the experimental droplets
shown in Fig. 1. In the numerical integration of
the NYM, length scales are normalized by the ini-
tial contact line radius R(0) = R0, and time t is
normalized through: T = tγη−1R−1

0 , with T the
dimensionless time. In Fig. 2(a), the slip length is
B ≡ b/R0 = 0.030, while in Fig. 2(b) it is B = 0.47.
These computed droplet evolutions reproduce the
curvature inversion of Fig. 1(a) and its absence in
Fig. 1(b), confirming that slip plays a major role
in determining the transient shape. In Fig. 2, we
also add experimental data from Fig. 1 for the spe-
cific profiles that maximize the deviation from a
spherical cap. Those experimental profiles show
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good quantitative agreement with the NYM pro-
files, with maximum deviations of ∼ 5% of the dis-
tance from the origin. Comparison with other ex-
periments for different droplets sizes, as well as for
different times of the droplets presented in Fig. 2,
show similar agreement. Finally, identifying the
numerical droplet of Fig. 2(a) with the experimen-
tal one on OTS of Fig. 1(b), we note that B = 0.03
corresponds to a slip length bOTS = 160nm, that
is exactly the value measured in the hole-growth
dewetting experiment [29], as given above. For the
droplet of Fig. 2(b) and Fig. 1(c), B = 0.47 cor-
responds to a slip length bDTS = 2 250nm, that is
similar to but larger than the measured slip length
bDTS = 1 500 ± 200nm [29]. This slightly larger
value is necessary to reproduce the experimental
curve with no bump.
In view of the above agreement between numerics

and experiments, the difference of droplet shapes in
Fig. 1 can be explained in terms of the driving and
damping forces acting on the dewetting spherical
caps. The liquid motion is driven by excess inter-
facial energies, while the damping is provided by:
i) viscous dissipation in the bulk and near the con-
tact line; ii) friction at the solid-liquid boundary,
where a smaller friction coefficient κ, and thus a
larger slip length b = η/κ, allows for a more effi-
cient redistribution of material. Since everything
else is similar between the OTS and DTS cases of
Fig. 1, the transient accumulation bump on OTS
of Fig. 1(b) is thus formed due to larger friction at
the substrate and subsequent limited flow towards
the center of the droplet. Increasing the ratio of
slip length to drop size B = b/R0 is expected to
lead to a vanishing of this transient bump. This
is indeed observed on DTS in Fig. 1(c), where the
slip length b is much higher. Similarly, using dif-
ferent droplet sizes on OTS – but with constant
θ0, θ∞, b – the curvature inversion is seen to occur
for B . 0.06 and thus R0 & 2.7µm (supporting
information, S3).
Moving onto a description of the contact line dy-

namics, the scaling of R0−R(t) for the two droplets
of Fig. 1 is shown in Fig. 3(a). For ease of compar-
ison, the contact line radius change is normalized
by the total change throughout the droplet equi-
libration, R0 − R∞, with R∞ being the equilib-
rium contact line radius. In both OTS and DTS
cases, the earliest experimentally accessible time
regime shows a power-law dependence. In addition,
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Figure 2: (a) Normalized height profile as a func-
tion of normalized radius, for different dimension-
less times T , for a numerical droplet evolution de-
scribed by the Navier-Young model (NYM), with:
0 ≤ T ≤ 14.5, B = 0.030, θ0 = 11 ◦ and θ∞ = 62 ◦,
as for the PS droplet evolution on OTS in Fig. 1(b).
(b) A similar NYM droplet evolution with: 0 ≤
T ≤ 5.2, B = 0.47, θ0 = 7.0 ◦ and θ∞ = 62 ◦, as for
the PS droplet on DTS in Fig. 1(c). Experimental
data from the highlighted transient profiles from
Fig. 1 (grey lines therein) are shown as squares.

the early-time exponents of ten other PS droplets
are shown in the inset of Fig. 3(a) as a function
of bΩ−1/3, where Ω is the droplet volume. The
observed value of the dewetting exponent, m, is
well represented by the average 〈m〉 = 0.48± 0.08,
with the error representing the standard deviation.
Fig. 3(b) shows the numerical NYM-evolution of
the normalized contact line radius as a function
of dimensionless time, for a variety of dimension-
less slip lengths B. A power-law scaling similar
to experiments is obtained for intermediate values,
0.03 . B . 1, while the B = 0.005 and B ≥ 10
extremes show more pronounced curvatures.

In the numerical results of the NYM for both
droplets represented in Fig. 2, we observe that the
early-time flow and friction are concentrated near
the contact line (supporting information, Fig. S4).
At early times, we thus assume the capillary driv-
ing power to be significantly dissipated by friction
in the contact line region. Since the spreading pa-
rameter reads S = γ(cos θ∞ − 1), the typical driv-
ing power along the contact line is ∼ SR0Ṙ ∼
−γR0Ṙ. On the other hand, since the friction stress
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scales as ∼ κṘ, the frictional dissipation power is
∼ ηṘ2R0∆/b, where ∆(t) is the typical horizontal
extension of the flow region where slip dissipation is
dominant. Supported by the experimentally mea-
sured profiles near the contact line, we impose a
proportionality between the vertical and horizontal
extensions of the slip region. Conservation of vol-
ume thus implies a scaling R0∆

2 ∼ R0(R0 − R)2.
Balancing the capillary driving power and the slip
dissipation thus leads to Ṙ(R−R0) ∼ γb/η, which
can be integrated into:

R0 −R(t) ∼

(

γbt

η

)1/2

, (2)

consistent with the values of m reported above in
both experiments and numerics. Note that this ex-
ponent and derivation are reminiscent of the slip-
pery 2D wetting case described in Ref. [58].
The scaling argument provided above assumes

that friction at the substrate is a dominant dis-
sipation mechanism, in addition to viscous pro-
cesses [47]. Using the NYM, we determine that
friction at the substrate accounts for ∼ 60% of the
overall energy dissipation forB = 0.030 (OTS), and
∼ 40% for B = 0.47 (DTS). While these are not
necessarily dominating, it is clear that the relative
importance of friction is the largest near the con-
tact line. In contrast to the partial-slip scaling law
derived above and in Ref. [58], no-slip hole-growth
dewetting is known to show a linear power-law
in time [23] (with logarithmic corrections). Simi-
larly, following the geometrical arguments preced-
ing Eq. 2, but with the friction replaced by viscous
shear dissipation appropriate to the no-slip case, a
linear power law, R0−R(t) ∼ t, would be expected
for dewetting droplets. The no-slip prediction falls
well outside the experimentally observed range of
exponents in Fig. 3, which leads us to suggest that
dissipation in the contact line region is dominated
by slip friction in our system.
Finally, we examine the late-time contact line

dynamics. Figs. 4(a) and (b) show the rescaled-
normalized contact line radius as a function of time
for dewetting-microdroplet experiments on OTS
and DTS covered substrates. Fig. 4(c) shows the
results obtained from the NYM for various B. As
expected for an approach to equilibrium, in all cases
an exponential evolution is reached as the con-
tact line radius approaches the equilibrium value

R∞. Furthermore, on DTS, and for the small-
est droplets on OTS, and at large B in the NYM,
the droplets reach the exponential regime at much
larger R−R∞. Interestingly, an exponential evolu-
tion is also characteristic of suspended relaxing vis-
cous droplets that have been deformed by a shear
flow [59, 60]. Thus, a connection can be drawn be-
tween supported droplets with large slip lengths
and free-standing droplets. In fact, by symmetry,
the freely relaxing droplets are strictly equivalent
to full-slip dewetting droplets when θ∞ = 90 ◦.

The late-time exponential evolution can be un-
derstood from scaling arguments. Near equilib-
rium, the droplet shape is nearly a spherical cap,
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Figure 3: (a) Experimental early-time dynamics of
the rescaled contact line radius, for the two PS
droplets of Fig. 1 dewetting from OTS and DTS
substrates. Solid lines represent power laws tm,
with exponent m = 0.54. The inset shows such ex-
ponents measured for all studied droplets for which
an early-time dynamics was accessible, as a func-
tion of bΩ−1/3 where Ω is the droplet volume; the
dashed lines indicate m = 0.5 and m = 1. (b)
Numerical early-time dynamics obtained from the
NYM using various B = b/R0. Along with unit ini-
tial radius, parameters used were θ0 = 9.9 ◦, θ∞ =
62 ◦, leading to R∞/R0 ≈ 0.54.
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and the restoring capillary force is linear in R−R∞

(supporting information, Eq. S13). Therefore, the
driving power scales as Pinj ∼ −γ(R− R∞)Ṙ. On
the other hand, three possible dissipation mecha-
nisms can be at play in the system: i) friction at
the substrate, ii) viscous shear flow, and iii) viscous
elongational flow. As a consequence, the dissipa-
tion power Pdis is generally expected to depend on
exactly four parameters: η, b, θ∞, R∞, and one
variable: the contact line velocity Ṙ. According
to the Π-theorem [61], and since θ∞ is constant in
this study, we are left with two independent dimen-
sionless groups. Therefore, the dissipation power is
necessarily of the form: Pdis ∼ ηR∞Ṙ2, with a di-
mensionless prefactor that is a function of b/R∞

and θ∞. Balancing the dissipation power with the
driving one, and integrating in time leads to:

R(t)−R∞ ∼ e−t/τ , (3)

τ =
ηR∞

γ
f

(

b

R∞

, θ∞

)

, (4)

where f absorbs all the missing numerical pref-
actors associated with the scaling arguments pre-
sented above, as well as the geometrical depen-
dence, i.e. θ∞. In Fig. 4(d), we plot the time
constant τ of the late-time exponential behaviors
in Figs. 4(a) and (b), as a function of the dimen-
sionless slip length b/R∞, using the slip lengths
measured in the present study: bOTS = 160 nm
and bDTS = 2 250 nm. Also shown are the late-
time exponential time constants obtained from var-
ious realizations of the NYM shown in Fig. 4(c).
The numerical results allow for an estimation of
the function f .
When b/R∞ ≪ 1, we are in the framework

of the classical wedge-calculation [21, 33], where
the slip length b replaces the smaller microscopic
cut-off length scale in a logarithmic prefactor. In
this limit, it follows (supporting information) for
a spherical cap in the small-angle approximation:
f = C0 ln(b/R∞) + C1. We find C0 ≈ −1.44 for
θ∞ = 62 ◦. In the weak-slip regime of Fig. 4(d), the
logarithmic dependence is indeed observed in the
NYM. There we see CNYM

0 = −1.02 and an offset
CNYM

1 = −0.65, obtained by fitting the B ≤ 0.08
NYM data. This is in reasonable agreement with
the prediction quoted above and detailed in the
supplemental material.
In contrast, when b/R∞ ≫ 1, the localized con-

tact line dissipation assumption of the wedge ap-
proach is violated. Friction at the substrate is neg-
ligible with respect to elongational viscous stresses,
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Figure 4: Late-time dynamics of normalized con-
tact line radius for three cases: (a) PS droplets
dewetting from OTS substrates with 2.7 ≤ R0 ≤
5.3µm; (b) PS droplets dewetting from DTS sub-
strates 1.8 ≤ R0 ≤ 7.7µm; (c) numerical results
from the NYM, with dimensionless slip lengths
B as indicated on the curves. (d) Dimensionless
relaxation time-constant as a function of the di-
mensionless slip length, for both the experiments
and the NYM. The two lines depict the asymp-
totic behaviours (see text): i) partial-slip logarith-
mic behaviour; ii) strong-slip constant behaviour
(B = 1000 not shown). The insets schematically
show intermediate-time droplet shapes, representa-
tive of the weak slip (red substrate) and strong slip
(blue substrate) regimes.
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and a different retraction regime is entered. In
this regime, we expect f to be independent of
b/R∞. We find f |b→∞ ≈ 0.82 for θ∞ = 62 ◦ in
the NYM; the experiments on DTS support this
finding. The NYM value for the large slip relax-
ation time compares well with an argument, based
on purely elongational viscous stresses, predicting
that f |b→∞ ≈ 1.05 for θ∞ = 62 ◦ (see supporting
information).
The numerical model and scaling approach, with

Navier slip and Young-angle boundary condition,
have corroborated the experimental height-profile
evolutions, and have reproduced the main features
of the contact line dynamics. However, we cau-
tion that the agreement is not quantitative in all
respects. At small b/R∞, the experimental time
constants in Fig. 4(d) deviate from the NYM data
and the scaling asymptotics. Several effects may
explain this discrepancy: non-linear [46] or spa-
tially non-uniform [47, 48] slip may be operative;
the assumption of constant microscopic contact an-
gle [34,35], θ(t) = θ∞, could be relaxed as well (see
supporting information); furthermore, in ultra-thin
(∼ 5 nm) dewetting polymer films, thermal fluc-
tuations are known to enhance the dynamics [62],
which could also affect the effective liquid mobil-
ity at the solid-liquid boundary, or at the three-
phase contact line. Additionally, at relatively small
slip length, other mechanisms of CLM may con-
tribute [33]. The present results thus open a per-
spective to more detailed studies from both theo-
retical and experimental sides.
To conclude, we have studied polymer micro-

droplets dewetting from substrates decorated with
self-assembled monolayers (SAMs), where the ini-
tial contact angle much smaller than the equilib-
rium one. The OTS SAM provides a weaker slip
boundary condition as compared to the DTS, re-
sulting in marked differences in the evolution of
similarly-sized droplets. Specifically, the weaker
slip condition can give rise to transient non-convex
interfacial shapes. Increasing the ratio of slip
length to droplet size, we observe a smooth tran-
sition to purely convex shapes. At early times, we
find that the early time dewetting kinetics in our
experiments is consistent with a scaling argument
predicting a temporal power-law evolution of the
contact line radius, with an exponent m = 1/2.
In addition, numerical integration of the Navier-
Young model leads to m ≈ 0.59 for intermediate

slip lengths. At late times, or when the slip length
is large compared to the droplet size, an exponen-
tial relaxation of the contact line radius with time
is observed, as for the relaxation of a freely sus-
pended ellipsoidal droplet. Once again, the be-
haviour and time constants are in good agreement
with scaling analysis and numerical resolution of
the Navier-Young model. The simple geometry of
relaxing droplets gives insight onto the effect of
slip in free surface nano- and micro-flows. An in-
crease in the slip length leads to a more uniform
flow field throughout the droplet, and a spread-
ing of the dissipation throughout the bulk. The
dispersion of dissipation is evidenced using visu-
alizations of the NYM slip friction. Furthermore,
the experimental observation also confirmed by the
NYMmodel, of bump formation for relatively small
slip lengths, and a lack thereof for relatively large
slip lengths illustrates a change in the dominant
dissipation mechanism. In the context of the Huh-
Scriven paradox of contact line motion (suggesting
that contact lines require infinite energy to be put
in motion), our work offers a combined experimen-
tal and theoretical justification for slip as a major
contributor to divergence relief; however, the low
slip experimental data suggests that other forces
may need to be considered when slip is weak.

Materials and Methods

To prepare the non-equilibrium droplets, PS
(Polymer Standards Service GmbH, Mainz, Ger-
many) with weight-averaged molecular weight
10.3 kg/mol, and polydispersity index 1.03, was
dissolved into toluene (chromatography grade,
Merck, Darmstadt, Germany), and spin-coated
onto freshly cleaved mica sheets (grade V2; Plano
GmbH, Wetzlar, Germany). After a dewetting pro-
cess in toluene-saturated atmosphere at room tem-
perature, glassy spherical cap shaped droplets on
mica were produced with initial contact angles θ0 =
9 ± 3 ◦, and contact line radii 2µm . R0 . 7µm
(measured using AFM; Dimension FastScan and
FastScan A tips, Bruker, Karlsruhe, Germany).
Under ambient conditions, the glassy droplets

were then floated from the mica onto the surface of
an ultraclean water bath (18 MΩcm, total organic
carbon content < 6 ppb; TKA-GenPure, TKA
Wasseraufbereitungssysteme GmbH, Niederelbert,
Germany), and transferred onto the SAM-coated
silicon wafers ((100) crystal orientation with na-

7



tive oxide layer present; Si-Mat Silicon Materi-
als, Kaufering, Germany). Two types of SAMs
were used, being prepared from either octadecyl-
trichlorosilane or dodecyltrichlorosilane molecules
(OTS or DTS; Sigma-Aldrich, Munich, Germany),
with the self-assembly procedure and full character-
ization described in Ref. [63]. Both SAM coatings
render the Si wafers hydrophobic, and lead to equi-
librium PS contact angles in air of θ∞ = 62 ± 3 ◦,
as measured by AFM. The use of OTS and DTS
substrates is thus particularly advantageous in this
study, as they present different slip lengths for PS,
but have the same θ∞ with PS in air [29, 55].

Since the initial contact angle θ0 of the glassy
droplets is much smaller than the equilibrium an-
gle θ∞, they are susceptible to dewetting when
heated above the glass-transition temperature,
Tg ≈ 90 ◦C [64]. The built-in heating stage on the
AFM was thus set to T = 110 ◦C, and AFM was
used to measure in situ height profiles of the dewet-
ting polymer microdroplets. This annealing tem-
perature is also low enough to ensure no loss of PS
due to evaporation or degradation, and volume con-
servation was verified. Finally, the capillary veloc-
ity of our system was measured using the stepped-
film method [65] to be γ/η = 0.07± 0.01µms−1 at
the experimental annealing temperature.
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mental evidence of slip in hexadecane: Solid
interfaces. Physical Review Letters, 85:980,
2000.

[19] T. Schmatko, H. Hervet, and L. Leger. Fric-
tion and slip at simple fluid-solid interfaces:
The roles of the molecular shape and the solid-
liquid interaction. Physical Review Letters,
94:244501, 2005.

[20] S. Leroy, F. Restagno, and E. Charlaix. Fine
calibration of the residual dissipation in a sur-
face forces apparatus using a capacitive sensor.
Review of Scientific Instruments, 80:085103,
2009.

[21] P.G. de Gennes. Wetting: Statics and Dynam-
ics. Reviews of Modern Physics, 57:827, 1985.

[22] P.G. de Gennes. Soft Interfaces: The 1994

Dirac Memorial Lecture. Cambridge Univer-
sity Press, 1997.

[23] F. Brochard-Wyart, P.G. de Gennes,
H. Hervet, and C. Redon. Wetting and

slippage of polymer melts on semi-ideal
surfaces. Langmuir, 10:1566, 1994.

[24] J. Galt and B. Maxwell. Velocity profiles for
polyethylene melts. Modern Plastics, Decem-
ber 1964.

[25] G. Reiter and R. Khanna. Kinetics of auto-
phobic dewetting of polymer films. Langmuir,
16:6351, 2000.

[26] L. Leger. Friction mechanisms and interfa-
cial slip at fluid – solid interfaces. Journal of

Physics: Condensed Matter, 15:S19, 2003.

[27] R. Fetzer, K. Jacobs, A. Münch, B. Wagner,
and T.P. Witelski. New slip regimes and the
shape of dewetting thin liquid films. Physical

Review Letters, 95:127801, 2005.

[28] R. Fetzer, A. Münch, B. Wagner, M. Rauscher,
and K. Jacobs. Quantifying hydrodynamic
slip: A comprehensive analysis of dewetting
profiles. Langmuir, 23:10559, 2007.

[29] J.D. McGraw, O. Bäumchen, M. Klos,
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