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Abstract 
 
Under nanosecond irradiation, feedback-free 
pattern formation is observed due to light-induced 
phase separation of a dye from a liquid solvent 
with molecular transport and assembly onto the 
substrate. The possible role of the Soret effect and 
electrostriction  are discussed. 
 
 
High-definition patterns were observed 
experimentally in a single laser beam without 
feedback. During periodic irradiation by a pulsed 
laser beam, far-field patterns at the output of a 
dye-doped liquid and/or liquid crystal layer 
changed kaleidoscopically from stripes to 
multiple hexagons (Figure 1). 

 

 
Figure 1. Far-field images of beam cross-section at the 
output of a dye-doped nematic liquid crystal layer for a 
planar-aligned nematic liquid crystal cell (top set of 
images) and an unaligned liquid crystal cell (bottom set of 
images).  

 
A nearly Gaussian laser beam (532 nm 
wavelength, ~ 20 ns pulse duration, 10 Hz pulse 
repetition rate) was focused by a lens into 10 - 20 

µm thickness cells filled with various dye-doped 
liquid and/or liquid crystals. The incident intensity 
varied between 1 and 100 MW/cm2, the focal 
beam diameter was 2ro = 150 µm.   
 
The effect was observed  in cells filled with 5CB, 
E7 nematic liquid crystals, chiral additive CB15, 
hexane, isopropanol, Di-water, p-pentyl 
phenyl-butyl benzoate with Oil Red O, 
sulforhodamine B, KMnO4 as the dopants. The 
cell initial transmittance was 0.02 – 10 %.  
 
The key characteristics of the effect observed with 
different solvents and dyes are as follows: 
• Hexagon and stripe patterns were recorded for 

both liquid-crystal and isotropic-liquid cells. 
• This phenomenon has a threshold that 

depends on the cell transmittance (~ 10 
MW/cm2). 

• Patterns’ mode  has a buildup time of several 
seconds to minutes depending on the incident 
intensity. 

• Strong scattering with a sharp increasing of a 
beam diameter and appearance of rings in the 
far-field manifest the beginning of a 
“kaleidoscope”-pattern-mode. 

• Above threshold, the “kaleidoscope” of 
patterns existed sometimes for more than two 
hours of irradiation, stopped with switching 
off the laser, and recovered again with 
switching it on.  

• Angular  dimensions  of  the   far-field 
patterns  θo = 8.10-3 - 2.10-2  for  highest  
spatial frequencies of  hexagons  and  stripes;  
θa  =  4 .10-2  - 1.3.10-1 for  divergence  cone of  
the  whole  beam. 

• The effect has a cumulative nature: the 
patterns often disappeared after switching the 
laser to a 5-Hz repetition rate.  

• A probe beam from a 1 mW, cw-532-nm laser 
reveals the multiple-hexagon spatial pattern in 
the far-field for hours after a 
nanosecond-pump beam is switched off 
(Figure 2). 
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• The hexagons/stripes regime was not 
observed under 25-ps laser irradiation (532 
nm, 10-Hz pulse repetition rate.) 

 

 
Figure 2.  Far-field patterns of the weak probe beam  after 
the high-power pump beam was switched off: left – for 
planar nematic liquid crystal doped with Oil Red O, right – 
for Di-water with dissolved KMnO4. 
 
To understand the mechanism of the phenomena, 
we recorded near-field images of the patterns 
(Figure 3, left).  The size of the spots da ~ 5 - 15 
µm with distance between spots do ~  35 - 70 µm. 
Calculated   from   the far-field  experiments  da = 
5 - 16 µm; do =  32 - 81 µm.  Numerical modeling 
of a far-field intensity distribution from these 
near-field images shows both hexagonal (for three 
near-field spots) and stripes (for two spot) 
patterns.  
 
In addition, we examined the cells in an optical 
microscope after laser action. Figure 3, right 
shows isotropic liquid/ Oil Red O cell picture  of 
the irradiated area with dye drops phase separated 
from the solvent and adsorbed to the glass wall of 
the cell. We observed the dye-drop adsorption 
onto the substrate after irradiation of both doped 
liquids and liquid crystals. For cw irradiation, 
similar light-induced dye adsorption from the 
liquid crystal host was reported in Reference 1.  

Figure 3. Left - near-field images of observed hexagonal 
and stripes patterns; right - optical microscope picture 
showing adsorption of the dye to the glass wall of the 
liquid cell. 
 
Essentially, two different processes can lead to 
this phase separation: thermodiffusion (Soret 
effect) and electrostriction [2-5]. Even a small 
light-induced temperature gradient results in a 
concentration gradient due to thermodiffusion. 
These concentration variations, which are 

responsible for large optical nonlinearities in some 
systems could also induce phase separation. Such 
light-induced phase separation with nucleation 
and trapping of droplets in the laser beams in a 
binary liquid mixture was reported in Reference 4.  
While thermal diffusion is the main mechanism 
which causes motion and redistribution of 
strongly absorbing dye molecules in the 
electromagnetic field of the light beam, the 
electrostriction forces resulting from the 
transverse modulation of beam intensity may still 
have an effect on the redistribution of dye 
molecules in liquids.  
 
In our experiments, phase separation of the dye 
from the liquid with two or several concentration 
inhomogeneities within a focal area, occurs. It is 
plausible that the observed far-field stripes or 
hexagonal patterns (Figure 1) are the results of 
laser-beam diffraction on these absorptive and 
refractive inhomogeneities. It should be 
mentioned Reference 6, in which hexagonal 
patterns have been demonstrated for a probe beam 
diffracted on a phase-separation drops in a 
multicomponent mixture of undoped nematic 
liquid crystals in a narrow temperature region near 
nematic/isotropic phase transition. Temperature 
was maintained and controlled only with a special 
heater, but not with a laser light.  
 
Our results can find application in several 
important areas: (1) optical power limiting; (2) 
optical information processing; (3) material 
research; (4) optical confocal microscopy. 
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