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Abstract: A brief overview of recent research and developments in our laboratory toward the 
fabrication and application of photoresponsive cholesteric liquid crystals, microshells and 
microdroplets, and blue phase is presented here. We have designed and synthesized a variety of 
light-driven chiral molecular switches and doped into achiral nematic liquid crystals hosts to 
obtain photoresponsive cholesteric liquid crystals and blue phase. By irradiation with light of 
suitable wavelengths, it has been possible to tune the reflection color of cholesteric liquid 
crystals and blue phase over a wide range across the visible spectrum. By doping upconversion 
nanoparticles into photoresponsive cholesteric liquid crystals, the reflection color tuning has 
been accomplished by irradiation with near infrared light. Moreover, cholesteric microshells 
have been fabricated which exhibit omnidirectional lasing. Similarly, cholesteric microdroplets 
have been found to display omnidirectional selective reflection and photonic cross 
communication. Wide-range non-mechanical beam steering has been demonstrated in a 
phoresponsive cholesteric liquid crystal sample. This short summary of our recent research work 
shows that the century old fascinating cholesteric liquid crystals have diverse opportunities to 
offer. 

Key words: Cholesteric liquid crystal, selective reflection, blue phase, NIR light, upconversion 
nanoparticle, microshell, microdroplet, light-directing nanostructure 

1 Introduction 

Stimuli-directing self-organized supramolecular architectures with desired properties provide the 
necessary thrust in the bottom-up nanofabrication of smart molecular materials and devices.1 
Among different readily accessible stimuli such as electric and magnetic fields, temperature, pH 
and chemical reactions, light stimulus possesses fascinating and multiple advantages because of 
its remote, spatial, and temporal controllability in different environments. Chiral 
photoisomerizable molecular switches or motors in achiral liquid crystal (LC) hosts capable of 
self-organizing into phototunable helical superstructures, i.e. photoresponsive cholesteric LCs 
(CLCs), undoubtedly represent such an elegant functional system.2-11 It should be noted that the 
cholesteric phase was the first LC phase to be recognized as a different and distinct state of 
matter.  The helical superstructures of CLCs are characterized by both the sign (i.e. handedness) 
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In this brief report, we present the research advancements by our lab in the design and 
synthesis of promising photoisomerizable chiral molecular switches possessing exceptionally 
high HTPs and exhibiting large variations in their HTP in different isomeric states. We focus 
here on the commonly employed azobenzene-, dithienylcyclopentene-based light-driven chiral 
molecular switches (Scheme 1) for the induction and manipulation of photoresponsive CLCs (1D 
photonic crystal) and LC blue phase systems. It is to be that LC blue phases, i.e. self-organized 
3D periodic cubic lattices, have been recognized as soft dynamic 3D photonic crystals.13 
Photoresponsive cholesteric microshells and microdroplets fabricated by microfluidic technique 
have been demonstrated as omnidirectional lasers and reflectors respectively.   
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Scheme 1 Chemical structures of light-driven chiral molecular switches. 

 

2 Visible and Near infrared light directing Cholesteric liquid crystals 

Azobenzene-based molecular switches possess the unique feature of reversible trans–cis 
isomerization upon light irradiation, which causes large intramolecular conformational and 
polarization changes. The trans form of azobenzene has a rod-like structure that is compatible 
with the LC superstructure, whereas its cis form has a bent structure and generally destabilizes 
the LC superstructure. As a result of the dramatic difference in molecular geometry of the trans 
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