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In the work the influence of the laser beam on the optical properties of
highly absorbing dye-doped cholesteric liquid crystalline (CLC) structure is
investigated. By means of polarizing microscope studies step-like variation
of the CLC helical pitch and formation of the disclination defect lines (oily
streaks) is observed.
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Introduction. Cholesteric liquid crystals (CLC) have unique optical proper-
ties and due to their periodic helical structure and large optical anisotropy have found
many applications. One of the properties of CLC is the ability of selective reflec-
tion of the circularly polarized light within certain wavelength range with the same
handedness of polarization as the helical structure. In other terms the CLC are
photonic band gap (PBG) materials [1, 2].

The presence of PBG makes it possible to obtain mirrorless, wavelength
tunable laser emission in the visible part of spectrum from fluorescent dye-doped
CLC (DDCLC) structures [3,4]. Lasing emerges from the edges of the PBG when its
spectral position overlaps with the luminescence spectrum of the laser dye [5].
Conventionally the CLC bandedge lasers are pumped by nanosecond laser pulses
which are absorbed by the laser dye [6–8]. The influence of the pump beam on the
optical properties of the DDCLC structures was studied in several works. In [9, 10]
the step-like variation of the CLC pitch was observed as a result of non-linear reorien-
tation of the LC molecules under the influence of the electric field vector of the laser
beam. In [11] the spectral position of the PBG of the DDCLC structure as a result
of the local heating was studied. However, in these works there were no microscopic
studies conducted and the variation of the CLC helical pitch was observed by means
of registering bandedge lasing wavelength and defocusing of the laser beam.
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Another characteristic property of the CLC structure is the formation of discli-
nation line defects, which are separating two CLC domains, where the number of the
pitches in the helical structure differs by 0.5. Disclination defects were observed in
the Cano-Grandjean wedge cells or during the formation of the CLC structure when
the LC mixture is cooled from the isotropic state to cholesteric [12]. The latter one
are called oily streaks. The density of the oily streaks depends on the cooling velocity
of the LC mixture. Disclination defect lines of the first and second order were ob-
served in the CLC structure unwinded by means of inhomogeneous electric field [13].
However, to the best of our knowledge there are no studies, which report on the for-
mation of the oily streaks in the CLC structure under the influence of the laser beam.

In the present work the influence of the laser beam on the optical properties
of the DDCLC structures is investigated. The laser beam is strongly absorbed by
the dye. By means of polarizing microscope studies a step-like dialation of the CLC
pitch and formation of the disclination defect lines were observed.

Experimental Part. For the experiments conventional LC cells of two parallel
glass substrates glued at a certain distance from each other was used. The CLC mix-
ture was sandwiched between two glass substrates coated by alignment layers and
rubbed in anti-parallel directions in order to obtain planar CLC structure. The gap
between the glass substrates and as a consequence the thickness of LC cell was
6.3 µm. The CLC is a mixture of nematic liquid crystal E7 and chiral dopant BDH
1305. In the experiments pure and fluorescent dye-doped CLC mixtures was used.

 
 
 
 
 
 
 
 
      Fig. 1. The reflection spectra of  a) M1 (PBG 550–620 nm); b) M2 (PBG 500–570 nm). 

The thickness of the samples is 6.3 µm 
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The concentration of the nematic liquid crystal and chiral dopant was 94 : 6
in the first mixture (M1) and was 95 : 5 in the second mixture (M2). Later
1 wt. % of fluorescent laser dye Pyrromethene597 (PM597) was added into both CLC
mixtures. PM597 has an absorption band in the 450−560 nm wavelength range and
fluorescence within the 550− 650 nm. The mixtures were heated to isotropic phase
and capillary filled into the cells and slowly cooled to room temperature. The reflec-
tion spectra of DDCLC mixtures are shown in the Fig. 1. On both spectra we can
observe selective reflection bands 500− 574 nm for M1 and 550− 626 nm for M2.
As we can see, the PBG of M2 is shifted towards long wavelength comparing to PBG
of M1. The reflection band of the M1 is overlapping with the absorption band of the
PM597, which could be seen on the spectrum. The helical pitches of M1 and M2 are
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estimated to be 331 nm and 361 nm respectively.
The experimental setup is shown in Fig. 2. We used a pulsed laser with 532 nm

wavelength for optical pumping of the samples. The laser emits pulses of 12 ns
duration and 12.5 Hz repetition rate. The power of the pump beam was controlled
by half-wave retarder and the polarizing beam splitter. Pumping beam was focused
onto the sample by a lens with 100 mm focal length at an angle of 45◦ with respect to
the cell normal. We have used a CCD camera placed above the sample to investigate
changes in DDCLC structure.

 
 
 
 
 
 
 
 

Fig. 2. Scheme of the experimental set-up with pump laser (532 nm, 300 ps and 7 ns pulse width); 
λ/2 (half wave plate for 532 nm); PBS (polarizing beam splitter); L  (lens with 100 mm focal length); 

CCD (CCD camera). 

Results and Discussion. Under the influence of the pump beam, the helical
pitch of the DDCLC varies which could be observed in the form of reflectivity color
change, which in its turn corresponds to the shift of the selective reflection band. On
the Fig. 3 there are shown structural changes in the M2 DDCLC layer under the
influence of the pump beam of different powers.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  M1  DDCLC structural changes under the influence of pumping beam of different energies: 
(a) 96, (b) 144, (c) 192, (d) 288 µJ/pulse. Images were taken 15 s after launching the pump beam. 

The images were captured after 15 s of launching the pump beam. The pump
beam energies were 96, 144, 192, 288 µJ/pulse (Fig. 3, a, b, c and d respectively).
There is a clear vision of helical pitch change area which changes its color to red
under the influence of pumping laser beam. As we can see the pitch change area
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increases after setting a higher pumping laser beam energy.
Results for DDCLC M1 layer are shown on Fig. 4. The pump beam energy

was 4, 12, 24, 48 µJ/pulse (Fig. 4, a, b, c and d respectively). From the Fig. 4, a
we can notice that pumping beam energy 4 µJ/pulse is not enough to cause visible
changes in the DDCLC structure. Further increase of the pump beam energy leads
to a variation of the DDCLC helical pitch and appearance of domains with different
color reflectivity. On the Fig. 4, c besides of domains with different color reflectivity
we can observe also disclination defect lines.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  CLC helical pitch step-like changes and Cano-Grandjean disclination defect lines for M2 for 
laser beam energy (a) 4, (b) 12, (c) 24, (d) 48 µJ/pulse. Images are taken after 15 s of laser pumping. 

Under the influence of the electric field vector of the pump beam, the molecules
of the CLC are being reoriented, which leads to unwinding of the CLC helical struc-
ture [14, 15]. The strong anchoring forces stipulate CLC to deform in such a manner
to have an integer number of the half pitches. This leads to step-like dialation of the
CLC pitch. Such behavior was observed for both DDCLC mixtures, while for pure
ones we were not able to register any significant change in the CLC structure. On the
Fig. 3, a we can see two areas with brighter red color, one of which emerged after the
influence of the pump beam, while the larger one existed before the start of the ex-
periment (upper right corner), during the sample fabrication process. The emergence
of the defect lines in the DDCLC layer with M1 under the influence of the pump
beam with 24 and 48 µJ/pulse demonstrates total unwinding of the CLC structure
which led to the formation of Cano-Grandjean disclination lines. These defect lines
are separating domains with a difference of the number of the pitches equal to 0.5.

Conclusion. In the present work, we have studied the influence of the laser
beam on the CLC structure. Experimentally it was shown that under the influence
of the nanosecond laser pulses the helical structure of the DDCLC is unwinded
step-like. In one of the mixtures, we were able to generate Cano-Grandjean
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disclination defect lines, which creates possibility of the DDCLC layers micro-
-structuring for further applications. The experiments have shown that in pure CLC
structures it was not possible to cause any significant change using pump beam of the
same order of energy as was used in DDCLC structures.
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