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Figure 4 Details of the bursting process and resulting morphology. a, Optical
micrographs recorded during the bursting of an ethanol droplet on an 8µm
chessboard-patterned surface after thinning of the PDMS film (initial thickness
h0 = 0.6µm). Successive images are recorded every 1/10 s (from left to right and
top to bottom). b, Sketches of the morphologies corresponding to positive and
negative replication of the chemical pattern. c, Optical micrograph of the final
morphology obtained after completion of the bursting process for a PDMS film (initial
thickness h0 = 0.6µm) on a chessboard-patterned surface. The light regions
correspond to PDMS droplets on CH3 patches (the darker regions correspond to
pure ethanol).

metastable state for very long times because the dewetting must be
artificially initiated by heterogeneous nucleation.

Then, a key point remains undefined at this stage: What is the
equilibrium morphology of such liquid–liquid bilayers? As shown

by Lipowsky and coworkers25,26, the equilibrium morphology of
a fluid on a chemically patterned surface is determined by the
sum of all surface free-energy contributions and the volume V of
the fluid normalized by the size (a) of the ‘hydrophilic’ patches,
V/a3. In the early stages, we observe the condensation of ethanol
in a PDMS environment (Fig. 1a–d). For a symmetric chessboard
pattern (aAu = aCH3), a collection of ethanol droplets on Au patches
is expected as long as Vethanol/a3 < 0.5 (ref. 25). For thick PDMS
layers (h0 > a/2), the morphology of ethanol droplets under PDMS
is therefore stable. As shown in Fig. 4, thin PDMS films (h0 < a/2)
behave di!erently and undergo a morphological transition that
finally leads to a full reversal of the architecture of the system,
generating small PDMS droplets on each CH3 patch in an ethanol
environment (Fig. 4c). To evolve towards this inverted morphology,
the PDMS film self-destructs by a bursting mechanism. The growth
of ethanol droplets induces a thinning of the polymeric membrane
above every Au patch. For thin PDMS films (h0 < a/2), both
PDMS/ethanol interfaces become rapidly separated by a distance
at which attractive van der Waals interactions become significant
(h! " 0.1 µm) (refs 18,27). As shown in Fig. 4a, this thinning
process results finally in the local bursting of the film confined
to the Au squares. We followed the opening of the holes by
recording the bursting process with a camera operating at 10 s#1

and found a maximum bursting velocity of v " 20 µm s#1. This
value, more than two orders of magnitude higher than the typical
dewetting velocity of PDMS on Au ("0.1 µm s#1), is in agreement
with the model proposed by Debregeas et al. for the viscous
bursting of PDMS films27. In their model, the opening velocity
reaches a maximum given by vmax " 0.1L/!, where ! and L are
the relaxation time of the process given by ! = "h!/# and the
dimension of the film, respectively. An estimate of ! by inserting
our experimental parameters in the previous expression provides
! " 0.02 s, corresponding to vmax " 30 µm s#1 in accordance with
the measured value. When the bursting process is complete, the
initial morphology corresponding to ethanol droplets embedded by
PDMS is fully reversed. This results in an alternative distribution of
the two fluid phases, characterized by PDMS droplets in ethanol
that form a very good ‘positive’ replication of the chemically
patterned surface (Fig. 4b,c).

The method presented here is rapid, inexpensive and can
be applied without limitations to various chemical patterns,
provided to have a high contrast of wettability for ‘hydrophilic’
and ‘hydrophobic’ patches. As the di!usion of molecules and the
controlled nucleation of liquid droplets are the main limiting steps
governing the development of the selective inversion process, this
concept provides a general method towards liquid structuring from
macroscopic down to nanometric length scales. The dimensions
and shape of the 3D structures can be easily tailored for specific
applications by slight alteration of the surface free energies. Also,
changing the thickness of the PDMS layer (1 µm < h0 < 10 µm)
leads to 3D patterns with either a positive or negative replication of
the chemically patterned surface. After patterning, the PDMS films
can be ultraviolet-cured and lifted o! the substrate.

In addition to its ability to sculpt organic polymer surfaces,
this new system is very promising in initiating novel microfluidic
applications on the basis of the exchange, mixing, reaction or
filtration of picolitre down to atolitre volumes of fluids, by
controlling the di!usion coe"cients and the selective nucleation of
droplets on various chemically structured surfaces.
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