
This article was downloaded by: [University of California, San Diego]
On: 16 August 2012, At: 02:47
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

Absorptive Dynamic
Diffraction Gratings in a
Dye-Doped Nematic Liquid
Crystal
Martin Copic a , Tamas Kosa b & P. Palffy-
muhoray b
a Dept. of Physics and J. Stefan Institute,
University of Ljubljana, Slovenia
b Liquid Crystal Institute, Kent State University,
Kent, Ohio, 44242

Version of record first published: 24 Sep 2006

To cite this article: Martin Copic, Tamas Kosa & P. Palffy-muhoray (2001):
Absorptive Dynamic Diffraction Gratings in a Dye-Doped Nematic Liquid Crystal,
Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 359:1, 97-106

To link to this article:  http://dx.doi.org/10.1080/10587250108035571

PLEASE SCROLL DOWN FOR ARTICLE

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

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250108035571
http://www.tandfonline.com/page/terms-and-conditions
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.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

47
 1

6 
A

ug
us

t 2
01

2 



Mnl. Cpsr. and Liq. Cysr., 2001. Vol. 359, pp. 97- I06 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 2001 OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Printed in Malaysia 

Absorptive Dynamic Diffraction Gratings in a 
Dye-Doped Nematic Liquid Crystal 

MARTIN COPICa, TAMAS KOSAb and P. PUFFY-MUHORAYb 

aDept. of Physics and J. Stefan Institute, University of Ljubljana, Slovenia and 
bLiquid Crystal Institute, Kent State University, Kent, Ohio 44242 

Dynamic diffraction grating formation by crossed pump beams with wavelength 5 14 nm in a 
mixture of 5CB and azodye R4 was investigated by a probe beam with wavelength 633 nm. 
The dependence of the diffraction efficiency on the pump and probe polarization is consistent 
with the dye bleaching and corresponding buildup of the cis species as the main mechanism 
for the optical grating formation. Diffraction at 633 nm is absorptive and is caused by the 
periodic distribution of the cis species which absorbs in the red. This observations are in 
quantitative agreement with simutaneous measurements of absorption at 514 nm and at 633 
nm. A rate equation model of the grating formation is presented. 

INTRODUCTION 

The research on light induced changes in the optical properties of nematic 

liquid crystals mixed with dyes has mostly been focused on the very large 

changes of the effective index of refraction which are due to the reonen- 
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tation of nematic director. In dye-doped nematics optically induced reori- 

entation is greatly enhanced through the changes in the orientational dis- 

tribution of the dye molecules in the ground and excited states, that is, by 

the well-known Janossy effect [1-31 . Lately, optical nonlinearities which 

are similar to photorefractivity in solid crystals have also been observed 

and studied 141 . Both these effects depend on nematic director reorienta- 

tion and are therefore tensorial, that is, the main change occurs in the off- 

diagonal components of the dielectric tensorScalar changes of the optical 

properties in nematic - dye systems are usually attributed to the rise in lo- 

cal temperature due to light absorption. In this paper we report on light 

induced dynamic grating diffraction measurements in a mixture of 5CB 

and am dye 4’-dimethylaminophenyl-[ 1,4-phenylenebis(azo)]-3-chloro-4- 

heptyloxy benzene (R4). R4 in its ground state trans configuration absorbs 
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Figure 1 : Probe diffraction intensity after switching on and off the pump 
beam for low ( 1  mw) and high (47 mw) pump power. D
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ABSOKFTIVE GRATING I N  DYE-DOPED NEMATIC 14 I 91/99 

in green and blue and upon absorption can switch to the metastable cis con- 

figuration, from where it thermally relaxes back to the trans state in about 

10 s 171 . In the diffraction experiment we create a grating with two crossed 

laser beams at 514 nm and observe it with a He-Ne probe beam. Similar 

experiments have been performed in some other azo dyes in nematic liquid 

crystal [ 5 7 6 1  . In order to explain our findings, we also performed measure- 

ments of the changes in absorption and linear dichroism at 633 nm that occur 

as the pump at 514 nm is switched on. These measurements are similar to 

the experiments in the dye population dynamics performed by Janossy and 

Szabados 171 . Nk show that the grating diffraction can be fully explained by 

a periodic distribution of the cis species of R4, generated by the two pump 

beams, that absorbs at 633 nm. 

EXPERIMENT 

The experiments were carried out on a 0.5 YO mixture of R4 in 5CB at room 

temperature. The orientation of the sample, achieved with xubbed poly- 

imide, was planar. The thickness was 24 pm. The experimental setup for 

the diffraction experiment was as follows. Argon laser beam was divided by 

a beam splitter into two partial unfocused beams with diameter 3 mm which 

crossed in the plane of the sample at an angle ranging from 0.007 to 0.033 

radians, so that the resulting grating had a wavenumber from 1.46 . I  O5 m-' 

to 6.9. lo5 m-'. Most data were taken at 0.007 radians where the diffraction 

signal is strongest. The polarization of each pump beam could be changed. 

One or both of the beams were modulated with a mechanical chopper which 

allowed us to measure the growth and decay of the dynamic diffraction grat- 
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ings. The power in each beam was up to 30 mW. The gratings were probed 

by a low power (around 1 mw) He-Ne laser beam with adjustable polar- 

ization. The incidence angel of the probe beam was close to zero so that 

Bragg condition was not satisfied and multiple diffraction orders could be 

observed when the amplitude of the grating was large. 

We observe the strongest diffraction when both pump beams and the 

probe beam are polarized parallel to the director n, that is, when all po- 

larizations are extraordinary (e). W also observe relatively strong diffrac- 

22 

t , . , . , . $ . , . ,  
0 1 2 3 4 5 

Pump power Imwl 

Figure 2: Reciprocal rise-time of the diffraction intensity VS. pump power. 

tion when the pump beams are ordinary and the probe is extraordinary and a 

smaller signal for e-polarized pump and o-polarized probe. All other choices 

of polarization give about 100 times smaller signal than for e-polarizations. 

In particular, the diffraction is weak for polarization choices that are most 

sensitive to director reorientation, for example when all the beams are po- 

larized at 45" to n. 

Figure 1 shows the dependence ofthe probe 1st order diffraction intensity 
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Figure 3: Relative decrease in probe transmission at 633 nm vs. pump power 
for extraordinary and ordinary probe polarization. Pump is e-polarized. 

I d  as a function of time after the pump beams are switched on and off. All 

beams are ordinary. Two pairs of curves are shown, one for small and one 

for large pump power. For low power the signal increases monotonously 

after the pump is switched on, while for high power the signal first has a 

peak and then decreases. The inverse rise-time of the diffraction grating is 

shown in Figure 2. The dependence is approximately linear, as can be seen 

from the fit to the data. 

The fact that I d  iS largest when all pokuizations are extraordinary sug- 

gests that the observed grating is either thermal or absorptive. W will dis- 

cuss thermal effects below. In order to clarify the role of absorption we 

carried out simultaneous measurements of absorption of the pump beam at 

514 nm and of probe at 633 nm. The setup used was the same as for the 

diffraction experiment except that only one of the pump beams was used. 

The pump beam was again chopped so that time dependence of the probe 

absorption could be studied. An experiment of this kind has already been 

performed by Janossy and Stabados L71 , except that they only used Ar laser 
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in their measurements. 

2 5  

Figure 4: Rise-time of the probe absorption vs. pump power after switching 
on the pump. 

For the purpose of explaining diffraction the most important result of the 

absorption experiment is that while there is nearly no absorption at 633 nm 
with the pump off, that is, with all the dye in the trans configuration, ab- 

sorption at 633 nm increases with increasing pump power. This shows that 

the cis conformer absorbs at 633 nm. Figure 3 shows the change in sam- 

ple transmissivity at 633 nm as a function of the e-polarized pump power 

for both e- and 0- probe polarizations. The rise-time of absorbance at 633 

nm vs. pump power after it is switched on is shown in Figure 4. In a sim- 

ple model that we will present below, one would expect this rise-time to be 

inversely proportional to E The dependence in Figure 4 is in fact weaker 

which is probably due to the fact that the sample is optically thick at 5 14 nm 

so that the pump power is not homogeneous across the sample. The decay 

time of the cis absorbance after the pump was switched off was around 3 

s. This is considerably shorter than the cis-to-trans thermal relaxation rate 

of 9 s, reported in L71 . The increase in the relaxation rate is due to the 
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ABSORPTIVE GRATING IN DYE-DOPED NEMATIC [4231/103 

photoexcitation by the probe beam. 

DISCUSSION 

The fact that the trans species of the dye does not absorb at 633 nm while 

the cis species does, implies that in our diffraction experiment we get an ab- 

sorptive grating at 633 nm due to the periodic distribution of the cis species, 

created by the two pump beams. From the results presented in Figure 3 we 

can calculate the expected diffraction efficiency at a given pump power. At 

pump power 5 mW the relative change in the transmitted e-polarized probe 

intensity is 0.04. The diffraction efficiency, calculated in the thin grating 

Fraunhoffer approximation should then be around so the agreement is 

quite good. 

In the geometry used in the diffraction experiment, where all the beams 
are e-polarized, there can be no orientation contribution to the diffraction 

efficiency. There can be, however, thermal contribution. For the purpose of 

estimating the periodic part of the temperature increase in the sample, we 

can assume that heat is conducted only in the direction of the grating. In- 

clusion of heat conduction to the sample walls would make the temperature 

variation only smaller. Then we get that the amplitude of the temperature 

grating is 67' = I,b,/hXq* , where h is the sample thickness and A is the 

heat conductivity of SCB. This gives 6T - 5 mK, from where the change 

in the extraordinary index of refraction is - much too small to con- 

tribute appreciably to the observed I d .  Also, thermal relaxation rate should 

be about 1000 times faster than observed. 

The data in Figure 3 also allow us to calculate the order parameter of 
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the dye in the cis configuration. Using S,, = (.a - oL)/(q + 20,)  and 

assuming that the absorption dipole orientation axis remains parallel to II, 

we get S,, = 0.25 which agrees well with the measurements reported in 171 

The assumption that in our case diffraction is mainly caused by dye ab- 

sorption can be hrther tested by comparing the observed behavior of the 

diffraction signal with the predictions of a rate equation model which is an 

extension of the models presented in 16, '1 . Let us denote the concentration 

of the trans and cis molecules by Nt and N,. The trans molecules are pumped 

into cis state via optical absorption to an excited state which is short-lived. 

The cis molecules decay back to the trans state thermally and by photoex- 

citation. %k must also include translational diffusion terms for both dye 

species. The pump intensity I = Io( 1 + cos qr) has a periodic spatial de- 

pendence, so we write N, and N, in the form N, = Nt0 + Ntq cos qr. This 

leads to the following system of equations: 

- =  dNto - [ d t  

- =  dNtQ - ( ~ + ~ ) I o N ~ ~ - ( ~ I ~ + D ~ ~ ~ )  N, ,+ d t  

- =  dNq ( a +  b)IoNm + a I o  N,, - (i + bIo + Dcq2)  Nq - bIo N 
d t  7 

Here a 10 and b I0 are the photoinduced rates of transition from the trans 

to cis state and vice-versa due to pump, 1 / ~  is the thermal relaxation rate 

from cis to trans, which can also include the constant contribution of the 

probe photoexcitation, N is the total concentration of the dye, and Dt and 

D, are the translational diffusion constants of both dye species. N d  has 

been eliminated through N = Nto + Nd. 

We do not posses sufficient data to determine the coefficients ofthe model, 

although more extensive measurements of the kind presented here should al- 
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Figure 5: Model calculation of N,, (t) for two pump powers. The ratio of 
pump power is the same as in Figure 1. 

low one to do so, in particular, it should be possible to determine Dt and D,. 

The ratio a/b and T were already determined in r71 . In Figure 5 we only 

present time dependence of the diffraction signal after the pump has been 

switched on in case of low and high pump power. The model calculation 

shows the same behavior as the experimental data in Figure 1 and so lends 

further support for our explanation of the diffraction mechanism. 

It should be noted that the cis absorption contribution to the diffraction 

signal is also present when the pump and/or probe beams are o-polarized 

or when n is at some angle with respect to pump and probe polarizations. 

That means that it will contribute also in situations where director reorien- 

tation is important. This must be taken into account when studying director 

reorientation in dye-doped nematic systems. 

ACKNOWLEDGMENT 

This work was supported by NSF under ALCOM grant DMR 89-201 47 and 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

47
 1

6 
A

ug
us

t 2
01

2 



106/[426] MARTIN COPlC et ul. 

partly by AFOSR under MUM grant F49620-97-1-0014. M. C. is grateful 

for the support and hospitality of the Liquid Crystal Institute. 

References 
[ 1 ] I. Janossy and A. D. Loyd, Mul. Cryst. Liq. Cry.rt. 203, 77 ( I  99 1 ). 
[2] I. Janossy and T. Kosa, Opt. Lett. 17, I I83 (1992). 
[3 ]  I. Janossyand L. Szabados, Phys. Rev. E 58,4598 (1998). 
[4] I. C. Khoo, S. Slussarenko, B. D. Guenther, Min-Yi-Shih, P. Chen, M. V. Wood, Opt. 

Left. 23, 253 (1998). 
[ 5 ]  A. G. Chen and D. J.  Brady, Opt. Lett. 17,441 (1992). 
[6] B.  Saad, M. M .  Denariez-Roberge, and T. V. Galstyan, Opr. Lett. 23,727 (1998). 
17) I. Janossy and L. Szabados, J.  Nonlin. Opt. Phys Mat. 7,539 (1998). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

47
 1

6 
A

ug
us

t 2
01

2 




