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ABSTRACT

Pattern formation at various interfaces has been an area of interest for researchers across many
fields. Be it thin film dewetting or bi-layer dewetting of polymers, self-assembly of metal
nanoparticles or the ‘orogenic’ displacement of proteins by surfactants in monolayers, the
patterns reveal a striking resemblance. Besides their aesthetic appeal, these patterns hold
immense potential for manifold applications — optoelectronic, microelectromechanical
systems, sensors, biological membranes, microarrays and biosensors, and colloidal

lithography.

Among the systems that form patterns at the air - water/aqueous phase interface, systems such
as surfactant and protein mixed monolayers, self-assembled metal nanoparticles and micron
sized latex particles exhibit fractal patterns. The present work deals with the patterns formed
by pollution preventing microemulsion and bi-liquid foam inks at the air-water interface. Both
the vegetable oil based inks are absolute zero VOC inks. It is envisaged that the patterns formed

by these inks hold great potential for many applications which could also be pollution free.

When a drop of the ink is placed on the surface of water taken in a petridish, it instantly spreads
and breaks up into a web-like network pattern. The entire process is very quick and
spontaneous; and is a beautiful phenomenon to behold. The patterns reveal a distinct fractal
signature and the fractal dimension is strongly dependent on the amount of pigment present in
the ink, the type of pigment, and the visco-elastic properties of the ink. At an optimum
combination of viscosity and elasticity of the ink the individual filaments in the network are
more stable, yielding higher mean fractal dimension. The observed “string of beads” structure
of the filaments as well as the storage and loss moduli measurements confirm such a possibility.

The closed cells in the network follow a log normal size distribution.



Two distinct scenarios were observed — in one, the patterns emerge right at the periphery of the
ink drop, and in the other, the ink drop first spreads as a film and then forms patterns. Using
far-field microscopy and high speed imaging, the latter case was observed to be a case of
surface tension gradient driven flow (spreading) followed by liquid-liquid dewetting (pattern
formation). Though the final patterns seem to be somewhat similar, the present system is quite
different from thin film dewetting, as the film is of the order of micrometers, is much more
viscous than the ‘bulk’ substrate liquid which is water. Preliminary calculations and
comparisons with liquid-liquid dewetting theory proposed by Brochard-Wyart et al. (1993)

show a good agreement.
References:
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