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Liquid Crystal Elastomers

Liguid crystals can be described as fluids made of stiff
molecules that show a long range orientational order. The
simplest case is nematic, where the director n (the average
ordering direction of the molecules) is uniform. Using long
polymer chains and ordering them nematically, we obtain a
polymeric liquid crystal (PLC).
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LCE are a particular kind of PLC [1]. Are rubber-like materials
which react to external stimuli [2], depending on the
orientation of the molecules, the absorption coefficient of the
medium and the light intensity.

Modeling

We modeled (stationary and time dependent) the macroscopic
deformation of a two-dimensional photo-sensitive LCE cantilever
in response to light excitation. Incoming light was modeled by a
plane wave and the resulting deformation is a function of
molecular alignment, absorption coefficient and light intensity.
We also compared our results with a simplified analytical model
assuming the Beer-Lambert's law of absorption [3].

The Comsol RF package was used to solve the electromagnetic
problem of the light scattering and absorption by the object. The
resulting material deformation was then evaluated using the
Comsol SM package by introducing an equation that expresses
the strain in the material as a function of the retrieved light
Intensity.
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Photo-sensitive LCEs

The main focus of our work is on light driven liquid crystalline
polymer actuators as a model system.

The idea is to use liquid crystal elastomer (LCE) that deforms when
illuminated by a laser radiation. The photo-mechanical response of
LCEs is due to a photo-sensitive dye, which change shape when
absorbs part of the incident light, causing the deformation of the
material.

These microscopic deformations can cause a macroscopic
contraction or expansion of the material and this phenomenon
can be used, for instance, to drive a small actuator with light.

Applications

Liquid-crystal elastomers (LCEs) are very interesting materials and
show a high potential in a wide range of applications, from
microfluidics components [4] to artificial muscles [5].

By solving exactly the electromagnetic problem, our finite-element
model completes the theoretical models known so far on the
deformation of LCE-based materials. It can be easily applied to
more complex geometries and may find use in a near future in the
design of actuators for lab-on-a-chip devices [6] or in the
implementation of soft motors [7].

[1] M. Warner and E. M. Terentjev, “Liquid Crystal Elastomers” (Clarendon Press, Oxford, 2003). [2] P.G. de Gennes, “Réflexions sur un type de polymers nématiques”, C.
R. Acad. Sci. Ser. B 281, 101 (1975). [3] C. L. van Oosten, K. D. Harris, C. W. M. Bastiaansen and D. J. Broer, “Glassy photomechanical liquid-crystal networks actuators for
microscale devices”, Eur. Phys. J. E 23, 329-36 (2007) . [4] J. Den Toonder et al., “Artificial cilia for active micro-fluidic mixing”, Lab Chip 8, 533-541 (2008). [5] T.
Mirfakhrai, J. D. W. Madden and R. H. Baughman, “Polymer artificial muscles”, Materials Today 10, 30-38 (2007). [6] S. A. Wilson et al., “New materials for micro-scale
sensors and actuators. An engineering review”, Materials Science and Engineering: R: 56 1-129 (2007). [7] M. Yamada et al., “Photomobile Polymer Materials: Towards

Light-Driven Plastic Motors”, Angewandte Chemie , 47, 4986—4988 (2008).

Excerpt from the Proceedings of the 2012 COMSOL Conference in Milan





