
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 12:11
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Resonant Optical Nonlinearity in Dye-
Doped Mesogenic Media and Absorption
Saturation
Andrey G. Iljin a , Gertruda V. Klimusheva a & Alexandr Yu. Vakhnin a
a Institute of Physics, Academy of Sciences of Ukraine, pr. Nauki 46,
Kiev, 252022, Ukraine
Version of record first published: 23 Sep 2006.

To cite this article: Andrey G. Iljin , Gertruda V. Klimusheva & Alexandr Yu. Vakhnin (1995): Resonant
Optical Nonlinearity in Dye-Doped Mesogenic Media and Absorption Saturation, Molecular Crystals
and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 261:1,
107-112

To link to this article:  http://dx.doi.org/10.1080/10587259508033457

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508033457
http://www.tandfonline.com/page/terms-and-conditions


Mol.  Cryst. Liq. Cryst. 1995, Vol. 261, pp. 107-1 12 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

RESONANT OPTICAL NONLINEARITY IN DYE-DOPED MESOGENIC 
MEDIA AND ABSORPTION SAT'URATION 

Andrey G. Iljin, Gertruda V. Klimusheva and Alexandr 
Yu.Vakhnin 
Institute of Physics, Academy of Sciences of Ukraine 
pr.Nauki 46, Kiev, 252022 Ukraine 

Abstract A detailed study of the transmittance of 
dye-doped LC-film in dependence on the excitation 
laser radiation intensity in different LC-phases 
(nematic and chiral liquid crystals) is presented. It 
should be underlined that these compounds are based 
on the same molecular basis (cyanobiphenyls and their 
derivatives). Transmittance of the investigated 
systems appeared to be independent on the light 
intensity in a wide power region. The observed effect 
could be associated with the dye re-absorption to a 
higher electron level with the rlleft'l absorption 
equaling the fundamental one. 

INTRODUCTION 

It is well-known that fast electronic nonlinearity 
provides a variety of reach interesting nonlinear effects 
such as bistabilityl, self -diffraction2, etc. The main 
favorable features of such a type of nonlinearity are 
short switching time (few picoseconds)3 and small writing 
energies J). Sometimes rather similar in an 
exhibition to the temperature nonlinearity a resonant one 
needs some more efforts to distinguish it clearly. 

EXPERIMENT 

Quartz cells of 1.5 and 4 . 5  pm thickness were used for the 
investigations of the transmittance intensity dependence 
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of dye-doped LC. Cells were filled with planarly oriented 
nematic liquid crystal (NLC) or cholesteric liquid crystal 
(CLC) both based on the same cyanobiphenyl mixture with 
the relative chiral agent for the latter compound. They 
were doped with 1 % of the ketocyanine derivative dye. 
Absorption spectrum of the dye (1) and selective 
reflection band of CLC ( 2 )  are shown in the Fig.1 (NLC had 
no absorption in the visible spectral region). One can see 
that wavelength of the laser radiation f a l l s  in the 
overlapping of the dye absorption spectrum and the CLC 
Bragg selective reflection band (1, = 570 nm). 

Nd-laser 
k530 nm 

2 - selective 
reRection band 

I 

0.0- 
400 450 500 550 600 

light wavelength, nm 

FIGURE 1 Spectral conditions of the experiment. 

Experimental setup is sketched in Fig.2. Second 
harmonic of a Q-switched pulse Nd-laser radiation ( A e x  = 

530 nm, tp = 15 ns, wp = 5 mJ) was used. The laser beam of 
1.5 mm diameter attenuated while passing through the 
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filter set was focused at 0.6 mm spot on the LC-cell. 
Neutral filters were replaced subsequently from the first 
FS to the second one for the measuring system worked in 
the same energy range with varying light intensity from 
units to tens of thousands of kW/cm2. 

LC-cell 

I 

r;l- I 
Y 

FIGURE 2 Experimental setup: Nd3+-laser, G-filter - 
green colour filter, BS - beam splitter, 
FSi - filter sets, 1/4-plate, lens (f = 20 
cm), LC-cell - cell with cell-holder, Ji - 
microjoulmeters. 

J, measured the transmitting light intensity while J, - 

1/10 of the pumpimg energy. As the laser green beam was 
linearly polarized h/4-plate determined the circular 
polarization of the definite sign of circularity in 
reference to that of the CLC-helix. The accuracy of the 
measuring devices was about few tens of a per cent, while 
estimated overall measurement error was less than 1%. 

OBTAINED RESULTS 

Cells with LC layer of 1.5 and 4.5 pm thickness were 
examined. The polarization of incident pumping light was 
circular with the sign of circularity both coincided and 
opposite to the CLC-helix twisting. The same polarization 
was used in the treatment of NLC compound to exclude the 
influence of the dye absorption dichroism. The light 
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FIGURE 3 Light transmission vs pumping intensity. 
+ / -  corresponds to the circular light 
polarization coincided and opposite in 
sense to the chiral helix. 

transmittance of 1.5 pm cells filled with either CLC or 
NLC mixtures is shown in the Fig.3. Transmittance of the 
investigated systems appeared to be independent on the 
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light intensity in a wide power region. The accuracy of 
obtained data is within 1 % for NLC and 2 % for CLC. The 
value of the transmission for the NLC cell almost 
coincided with that of CLC one with light polarization 
being opposite to the helix (without Bragg reflection) 
while selective reflection reduced the transmission for 
the opposite circular polarization. 

CONCLUDING REMARKS 

The obtained results are quite unexpected as a rather big 
content of a strongly absorbing dye often exhibits a 
saturation of the dopant excitation level under the 
intense laser pumping. In our experiments the dye 
absorption appears to be insaturable during the nanosecond 
laser excitation. It seems that transient processes 
influence on the absorption in our case.4 Either singlet 
or triplet levels might be metastable in the dye molecule. 
As the quantum output of the phosphorescence is known to 
be very small in this system we ought to exclude triplet 
level transitions. So,  we may assume that light absorption 
followed the sceme 

including higher singlet level. oI2(O)  - ol0(O)  f 0 is the 

"left" absorption, were CFi,(O) - the probability of the 
light absorption on the frequency o in the unit time. The 
constant in a wide intensity range absorption coefficient 
testifies that for our system the following condition is 
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valid: 01,(0) - 0,0(0) =001(0) , i. e. , the "left" absorption 
equals the fundamental 

As concerning the bistability and self-diffraction 
phenomena observed in these systems they are both caused 
by the refractive index change due to a large number of 
dopant molecules excited to either the first or the second 
electron levels. Such a resonant optical nonlinearity is 
very similar to that caused by the usual dye absorption 
saturation and leads to the fast characteristic times of 
nonlinear effects too. 
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