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Designed Formation of Micropatterns through Control of Crystal Growth
by Using Polymer Matrices

In nature, there are many fascinating microstructures and micropatterns which have various functions.
Those functional structures and patterns formed through self-organization that attracts much attention in the
research fields of biomimetic technologies. Crystal growth of one of the self-organization processes which
produce various structures and patterns spontaneously. A wide variety of patterns are formed with crystals in a
diffusion field produced with polymer matrix. In this study, macroscale and microscale patterns of crystals
having various crystal systems were prepared in polymer matrix. Formation mechanisms of specific patterns
under diffusion-limited conditions were discussed on the basis of the detailed characterization of the unique
structures and on the in-situ observation.

Chapter 1 shows the background about micropatterning and crystal growth, the purpose of this study, and
the outline of this thesis.

Chapter 2 reviews theories of crystallization and previous works about crystal growth which are needed to
understand this study.

Chapter 3 describes pattern formation by growth of a cubic crystal in polyvinyl alcohol as a model system.
Various two-dimensional (2D) 2D patterns based on dendrites of Ba(NOj;), in millimeter- and
micrometer-scales were obtained on a glass substrate through the evaporation of water from the precursor
solutions in a vessel (Casting method). The {100} planes of these dendrites were parallel to the substrate.
These dendrites basically grew for the <100> direction and formed orthogonal morphologies. Homogeneous
microsscale patterns were formed on the substrates by adjusting the growth rate of crystals with the controlled
drying process using dipping of the precursor solution (Dipping method). The formed patterns were
controllable because the polymer concentration during the crystal growth was changed by the initial
concentration and withdrawal rate. Microscale patterns consisting of trunks and branches 1-3 um wide were
precisely controlled through crystal growth in a thin polymer matrix by the use of a dipping technique. A
variety of 2D micropatterns, such as orthogonal lattices, bull’s horns, and randomly curving weaves were
homogeneously formed in a wide area ranging over several centimeters on the substrates. The curving
branches were found to be induced by gradual change in the growth direction through low-angle grain
boundaries under a highly diffusion-limited condition.

Chapter 4 describes pattern formation by growth of triclinic crystals, which contain twisted structures. A
twisting K,Cr,O;7 crystal was grown in a supersaturated polymer matrix. The backbone of the helical
architectures is composed of twisting assembly of platy and tilted K,Cr,O5 units that piled up with a constant
rotation angle. Banded periodic 2D patterns were produced on a substrate with the twisted branches by the
dipping method. Dense branching promoted synchronizaition of the twisting growth and lead the formation of
the unique patterns. Structural color of the bended periodic patterns was regarded as a new optical function of
the structures obtained by the controlled crystal growth. Twisted dendrites of CuSO,4-5H,O crystal in gelatin
matrix produced tortuous backbones and branches with the casting method. Micormetric 2D wavy patterns
and lattice patterns were formed by the twisting growth. The formation of these particular patterns is ascribed
to a twisted growth mode with tilted units of the triclinic crystals.

Chapter 5 summarizes the results and discussion of this study and describes prospects of the controlled
crystal growth as a novel processing method.
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