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Abstract 8 

Photo-controllable crystallization at the topological defect in an LC droplet was demonstrated. 9 

The dye molecules dissolved in a surfactant solution outside the LC droplet were promoted to move 10 

into the droplet by the light absorption. Nuclei emerged tens of seconds after light irradiation and 11 

moved toward the topological defect located at the droplet center, forming a branch-shaped crystal. 12 

This phenomenon was reproduced for three different dyes, and photo-induced migration, nucleation, 13 

and crystal formation were discussed as a possible mechanism.  14 

 15 
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Introduction 18 

    Crystallization of chemicals is a fundamental process for materials from the viewpoints of basic 19 

science and practical applications. In a well-established theory by La Mer,1 an over-saturated solution 20 

starts to provide nuclei of a crystal at the initial stage, and subsequently, the nuclei grow in size as 21 

long as the concentration of the chemical is over-saturated. For practical purposes, crystallization is 22 

necessary for the pharmaceutical industry, and also it is vital in basic science for the determination of 23 

the molecular structure of chemicals and proteins by x-ray diffraction analysis (XRD). However, many 24 

chemicals cannot be crystallized due to fundamental reasons, such as solubility, chemical interaction, 25 

impurities, a short amount of chemicals, etc. Much effort has been made for crystallization by 26 

preparing over-saturated concentration via temperature, stirring speed, pH, etc,2 and the technological 27 

progress has continued. For example, flow-based crystallization has been developed by control of anti-28 

solvent and introduction of plug flow.3–5 A unique technique, where the porous metal-organic 29 

framework has been demonstrated to absorb guest molecules and orient them in a crystalline form 30 

called as ‘crystalline sponge method.’ 6,7  31 

     The liquid crystal (LC) is a phase between the solid and liquid, where it has a periodic structure 32 

in a specific direction like a crystal and has fluidity in another direction like a liquid, and this phase 33 

can be found frequently in living matter.8 It plays a role in self-organization and structure formation 34 

for mechanical strength, color modification, and morphology, and also we can find it for display 35 
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purposes in our daily life. These days, topological defects in LCs have been paid much attention to 36 

because they could potentially control the structure and motion of LCs. The topological defect is an 37 

orientationally disordered point of LC molecules, where the molecular orientation cannot be defined. 38 

Intentionally formed topological defects by the photo-alignment layer could control the alignment of 39 

LCs and can be utilized for various thin optics.9–11 When a droplet is formed with LC, different types 40 

of topological defects were formed inside and on the surface.12 These droplets and spheres have been 41 

studied intensively as an ‘active matter,’ where the object could move around spontaneously like a 42 

living object by external energy sources. The motion of LC spheres was controlled by several 43 

topological defects, which also caused the self-assembly of molecules.13 Topological defects were 44 

further investigated in biology because it was found that biological cells aligned like LC molecules 45 

and had topological defects. Furthermore, they could control the collective motion and biological 46 

activity depending on the types of defects.14,15 47 

     The defects in LCs sometimes could help to align and assemble colloids and molecules. 48 

Amphiphilic molecules were self-assembled to form nanostructures at the line defect (disclination).13 49 

LC ordering could align gold nanorods to the alignment direction in a lyotropic LC,16 and also gold 50 

nanoparticles were concentrated at the dislocation of the smectic LC.17,18 The force induced by the 51 

disclination line and colloids is regarded as a new type of force.19 The defect-induced assembly was 52 

observed for dense colloid particles in LCs,20, and the disclination was intentionally controlled to make 53 
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knots and links to form self-assembly of colloids.21 54 

     In this study, we accidentally found a unique crystallization phenomenon while studying a new 55 

category of active matters consisted of LCs, which could move around in a surfactant solution due to 56 

an induced convective flow inside and outside the droplets while gradually dissolving into it.22–24 We 57 

focused on the photo-controlled motion of the LC droplets by promoting adsorption and desorption of 58 

molecules at the interface and could demonstrate the LC droplets approaching to and drawing away 59 

from a light source,25,26 and showed a clockwise/anti-clockwise rotation under the light.27 During this 60 

study, we found a crystallization of a chemical was triggered by light at the topological defect in a 61 

pure LC droplet, even though the chemical was dissolved outside the LC droplet. Under the light 62 

irradiation whose wavelength matches the absorption of chemicals, a crystal was formed inside an LC 63 

droplet. It grew at the center of the droplet (topological defect) with a branched shape like an ice 64 

crystal. This is the first demonstration of the topology-induced crystallization under the geometrical 65 

frustration.28 In this paper, we will show the demonstrations for the formation of several crystals and 66 

describe the possible mechanism of this phenomenon. 67 

 68 

Result and discussions 69 

Figure 1 shows an image sequence of a 5CB droplet surrounded by an SDS solution with p-70 

nitrophenol (0.01wt%) during the on-off operation of a UV light. The droplet had a topological defect 71 
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at the center, which is determined by the 5CB molecular alignment dominated by the boundary 72 

condition of the 5CB and the SDS solution (homeotropic alignment).29 Surprisingly, we could 73 

recognize that small objects (~2 µm) started to nucleate inside the droplet about 30 s (Fig. 1(c)), and 74 

getting larger (Fig. 1(d)-(f)). Simultaneously, these objects were drawn into the center of the droplet, 75 

namely to the topological defect. The objects were gradually connected to grow and shaped branched 76 

structures. When the light was turned off, the small nucleated objects ceased to form gradually. These 77 

processes were repeated when the UV light was turned on again, and nucleated objects were connected 78 

to the original branches to make additional branches (Movie S1 in Supporting Information (SI)).  79 

Fig.1  The snapshots of a 5CB droplet in an SDS solution with p-nitrophenol (0.01 wt%) under the 80 

on-off operation of the UV light is shown; (a) before irradiation, (b) - (e) 0, 30, 60 and 90 s after the 81 

UV was turned on, (f) - (h) 0, 60, and 120 s after the UV light was turned off, (i) and (j) 0 and 30 s 82 

after the UV light was turned on again. 83 

 84 

This nucleation, growth and the subsequent structure formation inside the LC droplet was 85 

observed under the crossed-Nicole condition (Movie S2 in SI). Figure 2(a) and (b) show the snapshots 86 

(a) (c) (b) (d) (e) 

(f) (h) (g) (i) (j) 
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of the 5CB droplets before and after the nucleation and growth by irradiation of the UV light, 87 

respectively. Under the crossed-Nicole observation, the LC droplet showed a crossed texture (Fig.2(a)), 88 

known as a radial pattern, which indicates that the longer axis of molecules was oriented in the radial 89 

direction determined by the anchoring condition by the outside SDS molecules.12,30 The generated 90 

branched-structure showed black lines along the branch direction, and each branch was sandwiched 91 

by whitish covers as shown in Fig.2(b). This result indicated that this object has polarization 92 

characteristics, suggesting the ordered alignment of molecules because the same color indicates the 93 

same orientation of the unit structure. It is supposed that the molecules are aligned either in the 94 

polarizer or analyzer direction in the black region, while they are in-between in the white regions. This 95 

result strongly suggests that the structured object was made of a crystalline state in which molecules 96 

were aligned in particular directions. 97 

Fig.2  The snapshots of the 5CB droplet in an SDS solution with p-nitrophenol (0.01 %) observed by 98 

the polarization microscope under the crossed Nicole condition; (a) before irradiation (b) after the UV 99 

irradiation for 60 s. The white arrow in (a) indicates the direction of the analyzer and the polarizer.  100 

 101 

These phenomena were observed for various dyes, and the results are shown in Fig. 3(a) and 102 

(a) (b) 
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(b) (Movie S3(a) and (b) in SI), corresponding for alizarin yellow GG and chrome yellow. We found 103 

the nucleation, growth, and formation of the branched structure again for these molecules, and the 104 

only difference was the formation speed of the branched structure. The necessary condition for these 105 

phenomena was that the dyes need to have absorption at the wavelength of the illumination light, 365 106 

nm. We did not observe the formation of objects for new coccine (max~500 nm) and sunset yellow 107 

(max~480 nm), which do not have a major absorption band at the illumination light.  108 

Fig.3  The snapshots of the 5CB droplet in an SDS solution including (a) alizari yellow GG and (b) 109 

chrome yellow under the on-off operation of the UV light is shown; (a) 120 s after the UV irradiation, 110 

(b), (c), and (d) correspond to 120, 240 and 480 s after the UV was turned on. 111 

 112 

Raman microscopy was used for the characterization of the photo-generated crystals inside the 113 

LC droplet. The crystal inside the 5CB droplet was measured under the same experimental conditions 114 

in the formation of this object. Pure 5CB in the LC phase, pure p-nitrophenol (powder), and an SDS 115 

solution with p-nitrophenol were measured for comparison (Fig.4). The Raman peaks of 420.9, 646.6, 116 

789.2, 820.1, 838.7 and 1033.5 cm-1 correspond for 5CB and 874.4 and 1129.0 cm-1 were for p-117 

(a) (c) (b) (d) 

(a) (c) (b) (d) 

(a) 

(b) 
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nitrophenol. Obviously, the mixture spectra of 5CB and p-nitrophenol were observed for the droplet 118 

including the photo-generated crystal, which was assigned as p-nitrophenol. The Raman spectrum was 119 

not obtained for p-nitrophenol solved in an SDS solution under the same experimental condition. At 120 

this moment, we could not exclude the possibility of the formation of co-crystal of 5CB and p-121 

nitrophenol,31 but we suppose that it is low considering this could happen for several different 122 

chemicals. 123 

 124 

Fig.4 The Raman spectrum of a photo-generated crystal in a 5CB droplet (top). The Raman spectra 125 

for pure 5CB, p-nitrophenol (powder), and a 0.3wt% SDS solution with 0.01wt% p-nitrophenol are 126 

shown for comparison. The spectral region from 920-1000 cm-1 was removed due to the noise of the 127 

excitation light source. 128 

 129 

It is noted that the chemical source formed inside the droplet was initially dissolved in the outer 130 
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solution. The temporal change of the UV/Vis absorption spectrum of the outer solution was measured 131 

during the UV irradiation to investigate the chemical resource. A single 5CB droplet with a volume of 132 

20 µL was prepared in a 0.3wt% SDS solution with 0.001wt% p-nitrophenol (10 mL) in a vial. The 133 

outer SDS solution was sampled with 0.5 mL every 30 seconds during the UV irradiation, and the 134 

absorbance of each sample was measured by UV/Vis spectrometer.  135 

The spectra for the different sampling times during the UV light irradiation are shown in Fig.5. 136 

The absorption peak at 316 nm for p-nitrophenol (Fig.S2) gradually decreased during the UV 137 

irradiation. This result indicates that the amount of p-nitrophenol in the outer SDS solution was 138 

decreased during the light irradiation. This result supports that the dyes migrated from the outer 139 

solution into the LC droplet, which was the source of the nucleated crystal.  140 

Fig.5 The temporal change of the UV/Vis absorption spectra for the outside SDS solution with p-141 

nitrophenol (0.001 %), including an 5CB droplet during the UV light irradiation. The outside solution 142 

was sampled every 30 second during the UV light irradiation. 143 
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 144 

The interfacial tension was monitored during the light irradiation to obtain further evidence of 145 

the exchange of the dye molecules at the interface between the LC droplet and the SDS solution. The 146 

interfacial tension change during the on-off operation of the UV light was monitored by the pendant 147 

drop measurement for the LC droplet in an SDS solution with p-nitrophenol (Fig.6). The UV light was 148 

irradiated for 20 seconds twice. The interfacial tension gradually increased during the UV irradiation 149 

and decreased after being turned off. This result indicates the desorption of molecules from the 150 

LC/water interface during the UV irradiation. This desorption process is interpreted by the desorption 151 

of the dyes initially adsorbed at the LC/water interface into the LC phase. 152 

Fig.6  The change of the interfacial tension during the on-off operation of the UV light for a 5CB 153 

droplet in an SDS solution with p-nitrophenol (0.01 wt%). The UV light was irradiated twice for 20 154 

seconds at 60 and 140 seconds during the measurement. 155 



11 

 

 156 

The interfacial tension monitoring suggested the dye desorption was promoted from the 157 

interface by light, which indicates that the dyes were initially adsorbed at the LC/water interface. The 158 

contact angle of an LC droplet on the dye concentration in the outer solution was studied to verify it. 159 

A drop of 5CB with a volume of 20 µL was dropped onto a hydrophobically-treated petri-dish. The 160 

contact angles of the 5CB droplets surrounded by 0.3wt% SDS solutions (0, 0.1, and 0.5 wt% p-161 

nitrophenol) were measured. The pictures of each droplet are shown in Fig.S1 in SI. The contact angle 162 

decreased as the dye concentration in the outer solution increased. This result indicates the dyes adsorb 163 

at the interface in a static state, supporting our assumption.  164 

There is still a mystery on the mechanism of the dye solubilization into the LC droplet. Organic 165 

molecules dissolved in an aqueous surfactant solution are usually solubilized into the organic phase 166 

as a reverse micelle. The SDS molecules could make a reverse micelle of the dyes and promote 167 

solubilization into the LC phase. The effect of the reverse micellar solubilization was studied by 168 

changing the type of the surfactants. Instead of SDS, we used polyvinyl alcohol (PVA) as a protecting 169 

agent for the LC droplet. The PVA could keep the stability of the LC droplet interface by a random 170 

coil formation but does not make a reverse micelle for the dyes.29 A 5CB droplet was prepared in a 171 

PVA solution (1 wt%) with 0.01wt% p-nitrophenol, and the UV light was illuminated similarly. The 172 

result is shown in Fig. 7 (Movie S4 in SI). The nucleation of small objects started inside the LC droplet 173 
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about 30 s after the UV light irradiation, which was similar to the SDS solution. This result indicates 174 

that the reverse micellar solubilization was not a necessary process for transferring the dye molecules 175 

into the LC phase, and it is assumed that they were injected into the LC phase on their own.  176 

 177 

Fig.7 The snapshots of the 5CB droplet in a PVA solution with p-nitrophenol (0.01 wt%) under 178 

the UV on-off operation is shown. (a) before UV irradiation (b) and (c) 30 s, 90 s after the UV light 179 

turned on, (d) 60 s after the UV light turned off.  180 

 181 

From this experiment, we had more important information on this crystallization process. As 182 

we could confirm from Movie S4 and Fig.7, the small nuclei did not approach the droplet center, even 183 

though the dye nucleation was induced in a PVA solution, too. The nucleated and grown small objects 184 

kept fluctuating inside the LC droplet. Since PVA imposes the planer orientation of the LC molecules 185 

(parallel) at the LC/solution interface, the LC alignment in the droplet becomes bipolar configuration, 186 

where two topological defects are formed at each pole and do not have one in the center.12,29 This 187 

result strongly suggests that the topological defect at the center or the radial alignment of the LC 188 

droplet has a crucial role in the build-up of the crystalline phase.  189 

The effect of the LC phase on the nuclei formation was investigated from the observation of 190 

the oil droplet behavior (toluene droplet) under the same experimental condition. (Movie S5 in SI). 191 

(a) (c) (b) (d) 
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No reactions proceeded during the light irradiation. This result indicates that the LC phase was 192 

necessary for taking up the dyes into the LC phase or for the nucleation itself. Furthermore, we 193 

investigated the temperature influence for the crystallization because the photo-absorbed dyes release 194 

heat via photothermal relaxation and/or photo-isomerization in the case of azo-dyes. The behavior of 195 

the 5CB droplet in an SDS solution with p-nitrophenol was observed under the temperature variation 196 

in a temperature-controlled vessel. The sample temperature was initially set at room temperature 197 

(25°C), and it was raised by 5 °C, which is sufficiently higher than the calculated temperature rise due 198 

to the photo-absorption of p-nitrophenol (~0.8°C), and was lowered to the room temperature again. 199 

(Movie S6 in SI). No reaction was observed, and only the focus point was defocused under the 200 

temperature variation. This result indicates that photo-excitation has a role in the crystallization 201 

process, possibly for being taken up into the LC phase. 202 

Based on the observations and considerations, we propose the following possible 203 

crystallization mechanism. It is supposed that a part of dye molecules was initially adsorbed at the 204 

LC/water interface, confirmed from the interfacial tension dependence on the dye concentration. 205 

Based on the dynamic interfacial tension measurement, the desorption of these dyes into the LC phase 206 

was promoted during the UV light irradiation. Also, the dyes could be provided from the outside 207 

solution. The process gradually would increase the concentration of the dyes inside the LC droplet. 208 

We could not figure out why the dye injection into the LC phase was triggerd by light irradiation, but 209 
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one of the possibilities is that the photo-induced dipole (excited state) prefers the molecularly oriented 210 

environment like LC. This intake could be a similar process as the gold nanorods with a large dipole 211 

moment were taken and aligned by LCs to show a long-range ordering.16 This should be studied in 212 

more detail on the molecular properties of dyes and LCs based on the molecular dynamics. 213 

Overcoming the saturation concentration of the dyes, they start to form nuclei at random positions. 214 

Then, the nuclei gathered to the topological defect at the center and grew with a branched shape. The 215 

accumulation of objects to the LC defects (dislocation) was previously observed,13,17,18 where a 216 

preferable environment for assembly of objects is provided by reducing the high free energy core of 217 

the LC defects.13 In our case, the nuclei were collected at the point defect at the center. The object can 218 

keep the crystalline phase confirmed by the crossed-Nicole observation, and this suggests that the LC 219 

provided a preferable environment for molecular orientation suitable for the crystal growth. It was 220 

reported for pure LC molecules that the LC phase could work as a metastable state, inducing frustration 221 

for the crystal formation. The LC phase could potentially ease the nucleation of molecules by the 222 

ordering environment for extraneous molecules,28 and it would be a similar concept to the crystal 223 

sponge.6 224 

 225 

Conclusion 226 

We found a photo-controllable unique crystallization process at the topological defect of an 227 
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LC droplet in a surfactant solution with dye molecules. The dye molecules, initially adsorbed at the 228 

interface of the droplet/surfactant solution, were desorbed into the LC droplet during the light 229 

irradiation. The dye molecules overcame the saturated concentration inside the LC droplet, starting to 230 

form crystal nuclei at random positions. These crystals gathered to the topological defect, growing 231 

with a branched shape in a crystalline form. This process was demonstrated for several different dyes 232 

with the light absorption matching the irradiated light source. This is a brand-new crystallization 233 

technique, and controllable by light, and also showed another interesting property of topological 234 

defects. This methodology is a simple and easy method for crystallization and could crystallize various 235 

molecules for pharmaceutical purposes and structural analyses for biomolecules.   236 

 237 

Methods 238 

LC droplets were prepared using a microfluidic device. A schematic drawing of the device is 239 

shown in Fig. S2 in SI, and the detailed method was described. The typical size of the droplets was 50 240 

µm in diameter. 241 
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4-cyano-4’-pentylbiphenyl (5CB, nematic phase: 22.5 - 35 °C) was used as an inner fluid and 242 

an LC material (Fig.8(a)). A sodium dodecyl sulfate (SDS, 0.3wt%, 25°C) solution was used as an 243 

outer fluid. The solution included water-soluble dyes whose absorption wavelengths have an overlap 244 

at 365 nm, corresponding to the UV-LED wavelength. The dyes were p-nitrophenol, alizarin yellow 245 

GG, and chrome yellow, as their molecular structures are shown in Fig.8(b), (c), and (d), respectively. 246 

These absorption spectra for them are shown in Fig.S3 in SI. The schematic drawing of the observation 247 

setup is shown in Fig.S4 in SI. The droplet behavior was observed by an inverted microscope with a 248 

UV light illumination from the top side.  249 

Fig.8 The molecular structures of the LC and the dye molecules. The dyes were dissolved in a 250 

surfactant solution. (a) 4-cyano-4’-pentylbiphenyl (5CB) (b) p-nitrophenol (c) alizarin yellow GG (d) 251 

chrome yellow. 252 

 253 

(a) (b) 

(c) (d) 
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Raman microscopy (Lamda Vision) was used for the characterization of chemicals inside the 254 

droplets. The excitation laser has a wavelength of 532 nm (MLL-III-532) with an intensity of 30 mW.    255 

The pendant drop method (DMs-401, Kyowa Kaimen Kagaku) was utilized to monitor the 256 

interfacial tension for an LC droplet in a solution. The sample was prepared by preparing a pendant 257 

drop (15 µL) of 5CB from a syringe needle into a measurement cell filled with an SDS solution with 258 

dye molecules. The image sequence of the pendant drop was acquired by a camera every second, and 259 

each interfacial tension was calculated from the droplet shape by fitting with the Young-Laplace 260 

equation. 261 
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Figure captions 345 

FIG.1 The snapshots of a 5CB droplet in an SDS solution with p-nitrophenol (0.01 wt%) under the 346 

on-off operation of the UV light is shown; (a) before irradiation, (b) - (e) 0, 30, 60 and 90 s after the 347 

UV was turned on, (f) - (h) 0, 60, and 120 s after the UV light was turned off, (i) and (j) 0 and 30 s 348 

after the UV light was turned on again. 349 

 350 

FIG.2 The snapshots of the 5CB droplet in an SDS solution with p-nitrophenol (0.01 %) observed 351 

by the polarization microscope under the crossed Nicole condition; (a) before irradiation (b) after the 352 

UV irradiation for 60 s. The white arrow in (a) indicates the direction of the analyzer and the polarizer.  353 

 354 

FIG. 3  The snapshots of the 5CB droplet in an SDS solution including (a) alizari yellow GG and 355 

(b) chrome yellow under the on-off operation of the UV light is shown; (a) 120 s after the UV 356 

irradiation, (b), (c), and (d) correspond to 120, 240 and 480 s after the UV was turned on. 357 

 358 

FIG. 4  The Raman spectrum of a photo-generated crystal in a 5CB droplet (top). The Raman spectra 359 

for pure 5CB, p-nitrophenol (powder), and a 0.3wt% SDS solution with 0.01wt% p-nitrophenol are 360 

shown for comparison. The spectral region from 920-1000 cm-1 was removed due to the noise of the 361 

excitation light source. 362 

 363 
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FIG. 5 The temporal change of the UV/Vis absorption spectra for the outside SDS solution with p-364 

nitrophenol (0.001 %). An 5CB droplet was included in the solution, and the outside solution was 365 

sampled every 30 second during the UV light irradiation. 366 

 367 

FIG.6 The change of the interfacial tension during the on-off operation of the UV light for a 5CB 368 

droplet in a SDS solution with p-nitrophenol (0.01 wt%). The UV light was irradiated twice for 20 369 

seconds at 60 and 140 seconds during the measurement. 370 

 371 

FIG 7.  The snapshots of the 5CB droplet in an PVA solution with p-nitrophenol (0.05 wt%) under 372 

the UV on-off operation is shown. (a) before UV irradiation (b) and (c) 30 s, 90 s after the UV light 373 

turned on, (d) 60 s after the UV light turned off. 374 

 375 

FIG 8. The molecular structures of the LC and the dye molecules. The dyes were dissolved in a 376 

surfactant solution. (a) 4-cyano-4’-pentylbiphenyl (5CB) (b) p-nitrophenol (c) alizarin yellow GG (d) 377 

chrome yellow. 378 

 379 



Figures

Figure 1

The snapshots of a 5CB droplet in an SDS solution with p-nitrophenol (0.01 wt%) under the on-off
operation of the UV light is shown; (a) before irradiation, (b) - (e) 0, 30, 60 and 90 s after the UV was
turned on, (f) - (h) 0, 60, and 120 s after the UV light was turned off, (i) and (j) 0 and 30 s after the UV light
was turned on again.

Figure 2

The snapshots of the 5CB droplet in an SDS solution with p-nitrophenol (0.01 %) observed by the
polarization microscope under the crossed Nicole condition; (a) before irradiation (b) after the UV
irradiation for 60 s. The white arrow in (a) indicates the direction of the analyzer and the polarizer.



Figure 3

The snapshots of the 5CB droplet in an SDS solution including (a) alizari yellow GG and (b) chrome
yellow under the on-off operation of the UV light is shown; (a) 120 s after the UV irradiation, (b), (c), and
(d) correspond to 120, 240 and 480 s after the UV was turned on.



Figure 4

The Raman spectrum of a photo-generated crystal in a 5CB droplet (top). The Raman spectra for pure
5CB, p-nitrophenol (powder), and a 0.3wt% SDS solution with 0.01wt% p-nitrophenol are shown for
comparison. The spectral region from 920-1000 cm-1 was removed due to the noise of the excitation light
source.

Figure 5

The temporal change of the UV/Vis absorption spectra for the outside SDS solution with p- nitrophenol
(0.001 %). An 5CB droplet was included in the solution, and the outside solution was sampled every 30
second during the UV light irradiation.



Figure 6

The change of the interfacial tension during the on-off operation of the UV light for a 5CB droplet in a
SDS solution with p-nitrophenol (0.01 wt%). The UV light was irradiated twice for 20 seconds at 60 and
140 seconds during the measurement.

Figure 7

The snapshots of the 5CB droplet in an PVA solution with p-nitrophenol (0.05 wt%) under the UV on-off
operation is shown. (a) before UV irradiation (b) and (c) 30 s, 90 s after the UV light turned on, (d) 60 s
after the UV light turned off.



Figure 8

The molecular structures of the LC and the dye molecules. The dyes were dissolved in a surfactant
solution. (a) 4-cyano-4’-pentylbiphenyl (5CB) (b) p-nitrophenol (c) alizarin yellow GG (d) chrome yellow
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