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Abstract
We consider a Landau-de Gennes model for a connected cubic lattice scaffold in a nematic
host, in a dilute regime. We analyse the homogenised limit for both cases in which the lattice
of embedded particles presents or not cubic symmetry and then we compute the free effective
energy of the composite material.
In the cubic symmetry case, we impose different types of surface anchoring energy densities,
such as quartic, Rapini-Papoular or more general versions, and, in this case, we show that we
can tune any coefficient from the corresponding bulk potential, especially the phase transition
temperature.
In the case with loss of cubic symmetry, we prove similar results in which the effective
free energy functional has now an additional term, which describes a change in the preferred
alignment of the liquid crystal particles inside the domain.
Moreover, we compute the rate of convergence for how fast the surface energies converge
to the homogenised one and also for how fast the minimisers of the free energies tend to the
minimiser of the homogenised free energy.
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Motivation: Liquid crystal materials are used in a wide variety of technologies, one of the main
examples being liquid crystal displays (LCD). Nematic liquid crystals can enter the
liquid crystal state of matter depending on the temperature at which they are. For example,
N-(4-Methoxybenzylidene)-4-butylaniline (MBBA) is a nematic liquid crystal which can enter
this state of matter in a range of temperatures between 21◦ C and 46◦ C. While constructing
LCD’s, liquid crystal materials are often exposed to temperatures that are outside of this range,
hence the desire to create mixtures with new properties.
Methodology of research: We construct this work based on the techniques developed in
[1] and [2], but now focused more on the structure of the scaffold. Since in those two studies
the embeddings are unions of disconnected particles, the difficulty arises when we use only one
single connected 3D-object. We use tools such as Gamma-convergence, the Landau-de Gennes
Q-tensor theory for nematic liquid crystals and the general principles for homogenisation
problems presented in [3].
Results and Comparison with State-of-the-art: We prove that, using cubic microlattices
embedded in a nematic liquid crystal in a dilute regime, the new material that is created can be
treated as a new nematic liquid crystal, but now with different properties, the main difference
being the modification of the range of temperatures at which the material can enter the liquid
crystal state of matter. Moreover, we also prove a rate of convergence for how fast the surface
energy functionals converge to the homogenised limit, which gives us a connection between the
scaling of the scaffold used and how good the mixture is approximating a new nematic liquid
crystal material.
Conclusions: The mathematical study of this homogenisation problem approves what has been
already observed in industry: we can design a scaffold such that the mixture between nematic
liquid crystal molecules and the cubic microlattice creates a new material that behaves like a
nematic liquid crystal, but now with the desired properties.
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Ministry of Economy and Competitiveness MINECO through BCAM Severo Ochoa excellence
accreditation SEV-2013-0323-17-1 (BES-2017-080630) and through project MTM2017-82184-R
funded by (AEI/FEDER, UE) and acronym “DESFLU”. The author would like to thank Jamie
Taylor and Giacomo Canevari for insightful discussions that have benefited this work and for
their support granted during the making of it. The author would also like to thank his Ph.D.
supervisors, Prof. Arghir-Dani Zărnescu (BCAM) and Prof. Eugen Vărvărucă (UAIC), for the
constant mathematical and moral support offered during the proccess of generating this work.

References
[1] Canevari, G., & Zarnescu, A. D. (2019). Design of Effective Bulk Potentials for Nematic
Liquid Crystals Via Colloidal Homogenisation. Mathematical Models and Methods in
Applied Sciences. 10.1142/S0218202520500086.
[2] Canevari, G., & Zarnescu, A. D. (2020). Polydispersity and surface energy strength in
nematic colloids. Mathematics in Engineering. 2. 290-312. 10.3934/mine.2020015.
[3] Cioranescu, D., & Donato, P. (1999). An introduction to homogenization. Oxford Lecture
Series in Mathematics and Its Applications.

