
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 12:31
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

Influence of Liquid
Crystallinity and Aggregation
on Photo-orientation
Michael Rutloh a , Joachim Stumpe a , L. Stachanov
b , Sergej Kostromin b c & Valery Shibaev b
a Institute of Thin Film Technology &
Microsensorics, Erieseering 42, 10319, Berlin,
Germany
b Chemistry Department, Moscow State University,
119899, Moscow, Russia
c Bayer AG, Leverkusen, Germany

Version of record first published: 24 Sep 2006

To cite this article: Michael Rutloh, Joachim Stumpe, L. Stachanov, Sergej
Kostromin & Valery Shibaev (2000): Influence of Liquid Crystallinity and Aggregation
on Photo-orientation, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 352:1, 149-157

To link to this article:  http://dx.doi.org/10.1080/10587250008023172

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/10.1080/10587250008023172
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 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

31
 1

6 
A

ug
us

t 2
01

2 



Mol Cry? and Liq. Ctyi . .  2OW. Vol 352, pp. 149-157 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 Zoo0 OPA (Overseas Publishers Association) N V 
Published by license under the 

Gordon and Breach Science Publisher< imprint 
Printed In Malaysia 

Influence of Liquid Crystallinity and Aggregation 
on Photo-orientation 

MICHAEL RUTLOH~, JOACHIM STUMPE~*, L. STACHANOV~, 
SERGEJ KOSTROMINbt and VALERY SHIBAEVb 

ahstitUte of Thin Film Technology & Microsensorics, Erieseering 42, 10319 
Berlin, Germany and bChemistry Department, Moscow State Universiv, 11 9899 

Moscow, Russia 

The dependence of the Photo-orientation process on the liquid crystallinity and the molecular 
aggregation is studied. In the case of ordered films the photo-orientation is restricted, but this 
restriction can be overcome by a photochemical pre-treatment using UV light or by higher 
power density of the incident Vis light. The optical anisotropy increases with spacer length or 
the ordering tendency of the polymers. 

Keywords: Photo-orientation; optical anisotropy; azobenzene; aggregation; liquid crystalline 
polyacrylate; photoisomerization; alignment 

INTRODUCTION 

The irradiation with linearly polarized Eght offers a new way to orient 
photochromic polymers [I-71. In this way the optical properties of the 
films are modified reversibly changing the orientational distribution 
andor the orientational direction of the photochromic moieties. Such 
Photo-orientation process is characterized as a photochemically induced 
(re)orientation process of the azobenzene groups in the glassy state of 

* Author to whom correspondence should be addressed 
t Present address: Bayer AG, Leverkusen, Germany 
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polymers upon irradiation with linearly polarized tight [7]. It takes place 
via the repeated angular-dependent excitation, a number of WZ 
photoisomerization cycles and rotational diffusion within the steady 
state of the photoreaction. In this way the photochromic side groups 
become oriented perpendicular with respect to the electric field vector 
of the incident light. After switching off the illumination the initial state 
of the photochromic moiety is restored on the molecular level but the 
tight-induced change of the orientational order remains stored long term 
stable in the glassy state. 
The interaction between the ordering impact of the linearly polarized 
light and the thermotropic self-organisation is of special interest [8-113. 

As shown recently in the case of homopolymers with azobenzene groups 
in the side chain, additional intermolecular interactions had to be taken 
into consideration caused by x x  stacking of the aromatic side groups 
[ 121. In addition to the liquid crystalline self-organization, they cause 
specific ordering effects by aggregation. Dependent on their mutual 
arrangement H or J aggregates are formed [ 14-16]. 
The aim of the present study is to compare the Photo-orientation 
properties of a series of liquid crystalline homopolymers with 
azobenzene side groups modifing the liquid crystallinity and the glass 
transition temperature exclusively by the variation of the length of the 
alkyl spacer. The study should result in a more detailed insight to the 
relation between liquid crystallinity, molecular aggregation, molecular 
dynamics and Photo-orientation behaviour. 

EXPERIMENTAL 

The synthesis of the polyacrylates of the general structure shown in 
Figure 1 were described elsewhere [ 131 . 
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INFLUENCE OF LIQUID CRYSTALLINITY AND AGGREGATION [585]/15 1 

FIGURE 1 Structure of polymers with spacer lengths of n = 2 to 1 1. 

Thin films were prepared by spin-coating on quartz glass substrates 
using THF as solvent (10 mg polymer in 1 ml solvent). The film 
thickness was approximately 0.2 pm. A hot stage (Lincam) has been 
applied for the annealing procedure. The irradiation with linearly 
polarized light was carried out using the 488 tun line of an Ar+ laser (up 
to 100 mWlcm2). In addition, a XBO lamp (1000 W) combined with a 
monochromator and a Glan-Thomson prism was used for polarized and, 
without the prism, for non-polarized irradiation. The WNis 
measurements were carried out using a diode array spectrometer 
(Polytec XDAP V2.3). A Glan-Thomson prism with a computer-driven 
stepper was used for the angular-dependent measurements of 
absorbance. A turnable sample compartment was used for the polarized 
measurements. 

RESULTS 

Table 1 illustrates the phase diagram of the polyacrylates in dependence 
on the spacer length. Longer alkylene chains of the spacers result in 
decreasing glass transition temperatures, approximately constant 
clearing temperatures and increasing phase transition enthdpies. While 
the polymer with n=2 is nematic, those with n>3 have a SA phase. But 
the polymers with n= 4 and 6 have a nematic phase in addition. Thus, 
the thermal properties are modified exclusively by the variation of the 
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spacer length in this series, while the main chain and the photochromic 
moiety remain constant. This variation results in a polymer series of 
different liquid crystallinity, aggregation tendency and molecular 
dynamics. 

Polymer Tg TSA-N TN-i AH 
CABOnPA (“C) (“C) (“C) (J/g) 

2 85 115.2 0.9 
3 61 107.1 0.6 
4 53 91 129.1 1 
5 38 101.1 2.5 
6 33 99 110.5 3.8 
I 29 111.1 4.3 
8 25 121 4.6 
9 25 117.5 4.3 

10 29 121.9 4.6 
11 28 113.6 4.4 

TABLE 1 Phase behaviour of the polymers 

In the w e  of long spacers the UVNis spectra of spin-coated films 
indicate the aggregation of the azobenzene side groups caused by ICA- 

stacking. While the polymer with n=2 is non-aggregated and that with 
n=3 forms H aggregates, the azobenzene moieties of polymers with 
longer alkylene chains are arranged in head-to-tail geometry. While the 
absorbance maximum of the H aggregates is hypsochromically shifted, 
those of the J aggregates is characterized by a bathochromic shift. The 
irradiation destroys the aggregates rebuilding the spectrum of non- 
aggregated chromophores, as shown in figure 2. D
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INFLUENCE OF LIQUID CRYSTALLINITY AND AGGREGATION [587]/153 

FIGURE 2 Spectral behaviour of polymer 2PA and SPA upon W 
irradiation (365 nm, P1 = lmW/crnZ, P2 = 60 mW/cm2; dashed line 
shows the steady state of the photoisomerization caused by P1 and the 
dotted line by P2; the arrows indicate the changes of absorbance during 
the photoreaction at different wavelengths). 

b C 

n 

I 

d 

FIGURE 3 Photo-orientation of the polymer with n=10 a) initial film, 
b) after Vis irradiation (488nm, 0.5 mW/cm2 c) subsequent Vis 
irridiation (50 mW/cm2), d) after UV irradiation of the initial film 
(365nm, lmWkm2) e) after subsequent Vis irradiation (0.5 mW/cm2) 
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Irradiating the spin-coated films with linearly polarized light (488~1, 
0.5mW/cm2) dichroism is induced by Photo-orientation of the 
azobenzene moieties in films of polymers with short spacers (n=2 and 4) 

and high Tg values, respectively. But the process is strongly restricted 
by the aggregation of polymers with longer spacers and it is depressed in 
the case of the polymers with n=8 and 10 (see Table 2). But this 
restriction can be overcome by irradiating with increasing power density 
of the laser (Figure 3). In this way, much higher values of dichroism are 
induced even in the case of the polymers with longer spacer compared 
to the polymer ~ 2 .  

Photo-orientation without Photo- 
Polymer photochemical orientation after 

pretreatment photochemical 
pretreatment 

2PA 0.135 0.14 0.14 
4PA 0.31 0.43 0.33 0.4 
8PA 0.01 0.2 0.225 0.51 0.53 

lOPA 0.08 0.16 0.32 0.52 

mW/cm2 0.5 10 50 0.5 10 

TABLE 2 
(488nm) without and with initial W irradiation (365~1,  1 mW/cm2) 

Photoinduced dichroism in dependence on power density 

A second, very efficient method to overcome this restriction caused by 
the initial order is the photochemical decoupling by U V  irradiation 
destroying aggregation and any orientational order of LC domains. 
While the photoinduced anisotropy is constant for polymer n=2 under all 
conditions, the photoinduced anisotropy increases significantly in the 
case of the other polymers after such photochemical pretreatment. 
Starting fiom such an isotropic, non-aggregated film the saturation 
value of the order parameter increases with the spacer length fiom 0.14 
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INFLUENCE OF LIQUID CRYSTALLINITY AND AGGREGATION [589]/155 

for n=2 to 0.53 for n=8 as show in Table 2. This is caused by the faster 
dynamics by the decouphg of the mesogenk moiety fiom the backbone 
and the larger thennotropic ordering tendency of the polymers with the 
longer spacer. It results in a higher efficiency of the Photo-orientation 
process shown in figure 4. 

0.05 1 r 

2 4 6 8 
spacer length 

FIGURE 4 Efficiency (square) and the order parameter (up triangle) of 
Photo-orientation versus the spacer length. 
The threshold of order parameter versus time can be described as a 
monoexponential function in form of S(t)=l-exp(-efficiency*t)+S. The 
estimated efficiency versus spacer lengths shows a linear slope. 

Annealing of the photo-oriented film of the nematic polymer with n=2 
above Tg, results in a significant amplification of the optical anisotropy 
from S= 0.14 to S= 0.34. The orientational order photo-generated in the 
glassy state acts as an initializing force for the thennotropic self- 
organization of the polymers in the mesophase, as shown recently for 
some copolymers [10,11]. So, a "Command" effect is created, which 
result in an efficient planar alignment. The director of these LC 
monodomain films is governed by the electric field vector of the incident 
light. But in the case of the smectic polymers with n>3 the in-plane 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

31
 1

6 
A

ug
us

t 2
01

2 



156/[590] MICHAEL RUTLOH et (11. 

anisotropy becomes erased and the average absorbance is significantly 
decreased. This indicates that the annealing process results in a 
homeotropic alignment of the LC polymers. 

CONCLUSION 

There is a strong dependence of ordering and Photo-orientation in a 
series of homopolymers with very similar composition in which the 
molecular dynamics and the liquid crystallinity are varied exclusively by 
the spacer lengths. The study shows that molecular aggregation and 
liquid crystallinity have a strong influence on the light-induced 
anisotropy generated by Photo-orientation. In the case of aggregation 
and liquid crystalline domains efficient Photo-orientation can be 
achieved by decreasing the intermolecular interactions by a temporary 
photochemical de-coupling of the supramolecular order. In this case 
Photo-orientation and liquidcrystalline ordering are interactive and result 
in increasing anisotropy with longer spacers or higher thermotropic 
ordering tendency. 

References 
[I] T. Todorov, L. Nikolova, N. Tomora, Appl. Opt. 23,4309, (1984). 
[21 M. Eich, J.H. Wendorff, H. Ringsdorf, B. Beck, Makromol. Chem., Rapid Commun., 8, 

59 (1987). 
[3] S. Xie, A. Natansohn, P. Rochan, Macromolecules, 25,2268 and 5531 (1992). 
[4] J. Stumpe, L. Muller, D. Kreysig, G. Hauck, H.D. Koswig, R. Ruhmann, J .  Rubner, 

Makrornol. Chem., Rapid Commun., 12,81, (1991). 
[5] L. Lasker, Th. Fischer, J. Stumpe, S. Kostromin, V. Shibaev, R. Ruhman, MCLC., 246, 

347, (1994). 
161 J. Sturnpe, L. Lasker, Th. Fischer, S. Kostromin, V. Shibaev, MCLC, 253, 11293, 

(1994). 
[7 ]  T. Fischer, J. Stumpe, L. Lasker, S. Kostromin, J .  Photochem. Photohiul., A: Chem, 80, 

453, (1994). 
[81 J. Stumpe, L. Lasker, Th. Fischer, M. Rutloh, Kostromin, R. Ruhmann, MCLC 261, 

371, (1994). 
191 J. Stumpe, L. Lasker, Th. Fischer, S.Kostromin, R. Ruhmann, Thin Solid Films, 284, 

252, ( 1  996). 
[lo] Th. Fischer, L. Lasker, M. Rutloh, S. Czapla, J. Stumpe, MCLC 297-298, [489]/213, 

(1997). 
[ l l ]  Th. Fischer, L. Lasker, S. Czapla, J Riibner. J. Stumpe, MCLC 299,293, (1997). 
[12] R. W. Date, A. H. Fawcett, Th. Geue, J .  Haferkorn, R.K. Malcolm and J .  Stumpe, 

Self-ordering within Thin Films of Polyiolefin sulfone)s, Macrumulrcuieu, 31,4935- 
4949, (1998). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

31
 1

6 
A

ug
us

t 2
01

2 



INFLUENCE OF LIQUID CRYSTALLINITY AND AGGREGATION [591]/157 

1131 S.  G. Kostromin, A. I. Stakhanov and V. P. Shibaev, Polymer Science, Sex A, 38, pp. 
1030 (1996) (this journal is the English translation of Russian journal "Vysoko- 
mole-kularnye soedinaniya"). 

[14] J. Stumpe, Th. Fischer, H. Menzel, Macromolecules, 29, pp. 2831, (1996). 
[IS] A.S. Davydov, "Theory of Molecular Excitons", McGraw-Hill, 1962. 
[I61 E.G. McRae, M. Kasha, J. Chem. Phys.. 28,721, 1958. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

31
 1

6 
A

ug
us

t 2
01

2 




