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Aim of the research project 
 

This research aims to develop and novel foams with superior thermal insulation and mechanical buffer properties on 

the basis of smectic liquid crystals with molecular layered structures.  Smectic liquid crystals, consisting of rod 

shaped organic molecules, forms spontaneously a molecular layered structure along the long axis of the molecule.  

As a result, the smectic liquid crystals possess a large elasticity perpendicular to the layer.  In the previous study, 

the PI and his team have succeeded in forming a three dimensionally ordered arrange of gas bubbles injected into 

smectic liquid crystal media.  The smectic foams thus formed exhibit superior thermal insulation along with light 

weight, optical transparency and high strength.  These properties inspire its use as a novel industry material.  In 

this study, a detailed study will be conducted as regards the relationship between the three dimensional structure and 

the thermal conduction and mechanical rigidity, thereby obtain a guideline for developing a highly functional foam 

materials. 
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Contents and results of the research 

 

We fabricated microfluidic devices with a T-shaped 

junction for mixing liquid and gas with 10micrometer 

sized channels.  Over a wide range of injection pressure 

and temperature, smectic foams have been prepared and 

their thermal and mechanical properties were examined.  

As shown in Fig.1, as-prepared smectic foams are 

comprised of 10-30 micrometer diameter gas bubbles, 

arranged in a face centered cubic lattice, forming a 

quasi-solid structure.  This is because there occurs a 

strong repulsive force between gas bubbles through 

smecitic liquid crystal, and the gas bubbles are most 

closely packed.  In this situation, the quasi-solid state 

presents a signature of solid-like elastic response to 

confining walls, even though the constituents are both 

fluidic.  

The quasi-solid state, however, is unstable due to the 

Ostwald ripening caused by the driven diffusion of gas, 

leading to deviation of bubble size distribution from the 

monodispersity. Consequently, extremely large gas bubbles emerge in a few minutes after 

preparation, and the quasi-solid state is destroyed.  The thermal property is dependent on 

the fraction of gas, regardless of the detailed structure of gas bubble arrangement as shown 

in Fig.2. In particular, when the bubbles are small, the convection of gas inside the bubble 

is practically suppressed, and hence the heat conduction occurs only through the smectic 

liquid crystal layers.  The thermal conduction through a smectic foam with high gas 

bubble content is as good as that of Styrofoam.  

 

An effective way to enhance the density of gas bubble is to use the electric-field 

compression shown in Fig.3 exploiting the fact that the gas bubbles have much smaller 

dielectric constant compared to the semctic liquid crystal.   

 

Outputs of the project (publications, presentations, patents) 

 

H. Yokoyama and Y. Tabe, “Time-dependent Mechanical the Thermal Properties of Smectic foams 

Prepared by Microfluid Devices” in preparation. 

 

Fig.1. Face-centered cubic crystal formed by gas bubbles 
in liquid crystal immediately after the transfer into a 
thick cell. 

Fig.2. The Ostwald ripening of liquid crystal foam immediately after transfer (1s), after 37 seconds (middle) and 
74 seconds (right). 

Fig.3 Electric field 
driven gas bubbles. 


