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Abstract: The final report summarizes the works done under the support from 

AOARD project number: FA2386-12-1-4023. The report starts from the optical 

characterization of the photoresponsive liquid crystals (LCs) consisting of newly 

synthesized azobenzene molecules dispersed in nematic LCs.  The report also 

contains our new finding of the optically switchable fluorescent properties of studied 

azobenzene molecules alone and in the azobenzene-impregnated porous silicon. 

Finally we describe our recent works on using those photoresponsive LC in 

two-dimensional (2D) gratings and subwavelength gratings which have potential use 

in spectroscopic applications. The outcomes of the project end with three published 

publications and two submitted papers. 

   

Introduction:  LCs have been successfully employed in various photonic devices, 

such as LC laser, that have demonstrated superiority over other conventional 

inorganic or organic materials. Recently, the tremendous progress of laser 

technology has made the study of light-matter interaction easier. For example, the 

birefringence of LC could be switched by light stimulus by doping photoresponsive 

molecules, such as azobenzene derivatives, into LCs or synthesize an inherently 

photoresponsive LC. The use of light as external stimulus to switch or align the LC 

phases has several advantages because such process could be carried in rapid and 

precise manner under a high degree of a spatial control. azobenzenes are very 

attractive to study in the light-driven experiments, since their photoisomerization 

(trans→cis) is considered as a cleanest photochemical process. In the final report 

here, we present our one-year study on azobenzene molecules and used them in the 

photoactive photonic structures. From the AOARD project support, we have achieved 

to synthesis new azobenzene molecule which can lower the cleaning temperature 

nematic LC host. The finding could be considered alternative ways to achieve 

light-tunable LC by thermal effect. The most exciting findings are that we realize the 

optically tunable photoluminescence (PL) properties of studied azobenzene and also 

discover an interesting result where the PL is optically switchable in the 
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azobenzene-impregnated porous silicon materials. Finally, we make 2D gratings and 

subwavelength gratings using holographic polymer-dispersed LC (H-PDLC) 

technique. Those gratings have potentials in spectroscopic applications. 

  

Experiment: Please refer to the attached paper publications. 

 

Results and Discussion:  

1. Optical characteristics of newly synthesized azobenzene molecules (the work 
was not yet submitted to any journal) 

 

We analyze the newly synthesized azo-molecules and characterize their ability to 

lower the cleaning temperature of cholesteric LCs (CLCs). We found out A4 can 

lower the cleaning temperature down to 35 degree, as shown in Fig.1. The effect 

was used in the optically switchable AQ dye doped LC system in which AQ dye 

absorbs the laser power and changes the phase [1]. We have successfully proved 

that A4 molecules could effectively change the CLC phase under 660 nm laser light 

illumination, as shown in Fig. 2. The controlled experiments have been down (not 

showing here) to prove the effect of light-induced switching in CLC need A4 and AQ 

dye together. 

 



 

2. Photoswitchable fluorescence on/off behavior between cis- and trans-rich 
azobenzenes (the work has been published in Journal of Materials Chemistry) 

 

We report rapid photoswitchable fluorescence on/off behavior between cis- and tran

s-rich 4-butyl-40-methoxyazobenzene and its analogue 4-butyl-2,6-dimethyl-4-m

ethoxyazobenzene. 

More details please refer to reference [2] 

 

3. Light-induced spectral shifting generated from azo-dye doped holographic 2D 

gratings (the work has been published in Journal of Materials Chemistry) 

 

Optically tunable two-dimensional (2D) gratings were holographically fabricated in 

azobenzene-doped polymer-dispersed liquid crystals using a single diffractive 

element. Our experiments showed that the diffraction efficiency of the gratings could 

be switched reversibly upon light irradiation. More importantly, we demonstrated for 

the first time that the diffractive spectrum from the holographic 2D gratings could be 

optically tuned about 24 nm, which might be useful for optically switchable filters and 

spectroscopic applications. The dynamic switching is attributed to the changes of 

refractive index modulation between LC-rich and polymer-rich areas due to the 

trans– cis-isomerization-triggered nematic– isotropic phase transition of liquid 

crystals. In addition, our 2D holographic gratings have polarization-insensitive 

optical properties for normally incident light. The all-optical tuning behavior is highly 

reversible and reproducible, making such kind of gratings promising in active 

photonic elements. 

More details please refer to reference [3] 



4. Large-angle color dispersion based on 2-D hexagonal subwavelength 
holographic gratings (the work has been published in IEEE Photonics journal) 

 

This paper presents large-angle color dispersion using a holographically fabricated 

two dimensional (2D) subwavelength transmission grating. A dispersion angle of 68o 

is observed within continuous spectrum dispersion from 360 to 700 nm at an incident 

angle of 20o using white light as a probe beam. By changing the angle between the 

sample normal and the probe beam, the dispersed spectrum can be tuned at a 

spectral resolution of 3.6 nm per degree. 

More details please refer to reference [4] 

 

5. Reversibly light-modulated photoluminescence from 

azobenzene-impregnated porous silicon (the work was submitted to Journal 

of Materials Chemistry C) 

 

Azobenzene-impregnated porous silicon (Azo-PS) was used, for the first time, as 

color-rewritable organic/inorganic hybrid material. Under UV light illumination, the 

generation of cis-Azo enhances the red photoluminescence (PL) emission. Images 

can be written and erased under external light and thermal stimulus. 

More details please refer to reference [5] 
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