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Synchrotron X-ray diffraction (XRD) measurement was employed to investigate the orientational behavior of 

a nano-confined smectic-A liquid crystal (4-cyano-4’-octylbiphenyl, 8CB) between mica surfaces as well as 

between silica surfaces.  The XRD measurement revealed that the nano-confined 8CB between crystalline mica 

formed in-plane lamellar structure and oriented as uniaxial lamellar domains along mica crystallographic axis.  

The nano-confined 8CB between the silica surfaces also formed in-plane lamellar structure, however the axes 

of lamellar domains oriented omnidirectionally.   
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1. Introduction 

The properties of nano-confined liquids are known to be 

quite different from those of the bulk liquids due to the 

restriction of their motions and interactions with the solid 

surfaces. The liquid crystal (LC) is one of the typical 

liquids which have been investigated in a confined space, 

because the orientation behavior due to their anisotropic 

nature, usually controlled by the electric field, has been 

utilized for a wide variety of optical devices.  LCs are 

also known to exhibit excellent lubrication properties and 

the orientation of confined LCs should be closely related 
with lubrication properties. In this study, the orientational 

behavior of a smectic-A liquid crystal (4-cyano-4’-octyl 

biphenyl, 8CB) confined between mica surfaces as well 

as between silica surfaces with a nanometer scale 

thickness was investigated by synchrotron X-ray 

diffraction (XRD) measurement. 

2. Methods 

The XRD measurement of nano-confined 8CB was 

performed at SPring-8 (BL40B2) using an experimental 

setting shown in our reports (Figure 1 (left)).[1,2]  The 

crystallographic axes of two confining mica sheets were 
adjusted parallel each other to induce the orientation of 

8CB along their crystallographic axis.  The silica surfaces, 

which had the nanometer level smoothness, were 

prepared on mica surfaces using a sputtering technique. 

3. Results and Discussion 

The bone density extraction from patients’ C.T. scans The 

XRD measurement revealed that the 8CB molecules, 

confined both between mica surfaces as well as between 

silica surfaces, took a planar orientation and formed the 

lamellar structure (Figure 1 (right)).  However, the in-

plane orientation of the confined 8CB changed 
depending on the confining surfaces.  The lamellar axis 

of the 8CB confined between mica surfaces uniaxially 

oriented most probably due to the preferential alignment 

of its long axis along the principal crystallographic β-axis 

of the mica.  On the other hand, 8CB between the silica 

surfaces formed lamellar domains of which the lamellar 

axis of 8CB omnidirectionally oriented in plane.  The 

effect of the shear on the orientation of the nano-confined 

8CB was also investigated.  The lamellar axis, 

corresponding to the long axis of the 8CB molecules 

confined between the mica surfaces, rotated only ca. 3 

deg. within the plane parallel to the surface by 

perpendicularly applying shear to the axis.  The lamellar 

axis of the 8CB molecules between the silica surfaces 

showed no noticeable change by applying the shear. 

 

 
Figure 1: Schematic of a XRD measurement of nano-

confined liquid (left), and diffraction patterns obtained 

for 8CB confined between mica surfaces as well as silica 
surfaces (right). 

4. Conclusion 

The obtained results demonstrated that the orientation 

behavior of confined 8CB depended significantly on the 

property of surfaces in both the cases of with and without 

shear.    
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