
This article was downloaded by: [University of California, San Diego]
On: 20 August 2012, At: 22:07
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

Photoorientation in Lb Multilayers of
Thermotropic Polymers
J. Stumpe a , T. Fischer a , A. Ziegler a , T. Geue a c & H. Menzel b
a Humboldt-University Berlin, Dept. of Chem., Erieseering 42, 10319,
Berlin, FRG
b University Hannover, Dept. of Chem., Am Kleinen Felde, 30167,
Hannover, FRG
c University of Potsdam, Dept. of Physics, Am Neuen Palais, 14469,
Potsdam

Version of record first published: 04 Oct 2006

To cite this article: J. Stumpe, T. Fischer, A. Ziegler, T. Geue & H. Menzel (1997): Photoorientation in
Lb Multilayers of Thermotropic Polymers, Molecular Crystals and Liquid Crystals Science and Technology.
Section A. Molecular Crystals and Liquid Crystals, 299:1, 245-252

To link to this article:  http://dx.doi.org/10.1080/10587259708042001

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/10.1080/10587259708042001
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Crysf., 1997, Vol. 299, pp. 245-252 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science Publishers 
Printed in India 

PHOTOORIENTATION IN LB MULTILAYERS OF 
THERMOTROPIC POLYMERS 

JOACHIM STUMPE*, THOMAS FISCHER, ANDREAS ZIEGLER, 
THOMAS GEUEa and HEWING MENEL+ 

Humboldt-University Berlin, Dept. of Chem., Erieseering 42,10319 Berlin, FRG 
+University Hannover, Dept. of Chem., Am Kleinen Felde, 30167 Hannover, FRG 

Abstract The photoreorientation of azobenzene side groups is studied in LB 
multilayers of different order and compared to the process in spin-coated films of 
the Same smectic polyacrylate and "hairy rod" polyglutamates. The 
photochemically induced reorientation process depends on the aggregation of the 
azobenzene moieties, the supramolecular order of the films, the enthalpic stability 
of the mesophase in the case of the LB multilayers of thermotropic polyglutamates 
and on the irradiation conditions. The stable nematic-like order of the "hairy rod" 
polyglutamate backbones influences the photoreorientation of the azobenzene side 
groups in the LB films. In all cases the photoreorientation process becomes more 
efficient after weakening the intermolecular interactions by a suitable preparation 
of the films, on irradiation in the viscous-elastic state or by a temporary 
photochemical decoupling of the supramolecular order. 

I" 

The manipulation of the supramolecular structure of LB multilayers is of great interest. In 
the case of thermotropic polymers with photochromic azobenzene side groups a 
modification of the vertical and the in-plane order may be achieved by annealingl.2 or by 
irradition3-6. In both cases the intermolecular interactions of the stressed LB multilayers 
are weakened by raising temperature or by establishing a steady state of the 
photoisomerization. Such procedures result in modified structures caused by the 
thermotropic self-organization of the pol ymed-6. 

In addition to the well-known effect of photochromism the E-2 photoisomerization 
causes a change of the geometrical shape, the polarity and the direction of the transition 
moment of the azobenzene moiety. In this way the molecular photoreaction modifies the 
intermolecular interactions and thus the supramolecular structure of the multilayer. 

The interaction of photochromic moieties with linearly polarized light offers a new 
way to align them'-13. In this way optical anisotropy is generated or modified in polymer 
films. The photoorientation process takes place via a number of angular-dependent 
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photoselection events, photoisomerization cycles and directed rotational diffusion in the 
steady state of the photoreactionlo. It results in the (re)orientation of the photochromic 
groups perpendicular to the direction of the electric field vector of the incident light. The 
aim of the study is to compare the photoorientation process of the azobenzene moiety in 
LB multilayers of different order in comparison to that in the spin-coated films of the 
same smectic polyacrylate and "hairy rod" polyglutamates. 

Polymers like 2-hydroxyethyl polyacrylatel I and polyglutamates2 II with photochromic 
azobenzene side groups combine amphiphilic and thermotropic properties. In contrast to 
polyacrylates with flexible backbones polyglutamates represent polymers of the "hairy 
rod" type, which are characterized by a stiff rod-like polypeptide helix. Rod-like 
azobenzene side groups are attached via flexible alkyl spacers to the backbone. The 
preparation of LB multilayers and spin-coated films results in different arrangements of 
the main chains and the azobenzene side groups within the films. Thus, the optical 
properties of the layered LB films of both systems are governed by the preferred 
orientation of the azobenzene side groups which show a tilt in the dipping direction 
causing optical in-plane anisotropy, whereas the spin-coated films are optically 
isotropic. The hydrophilic polyacrylate backbones are layered within the LB film, but 
they are coiled in the disordered spin-coated film. A nematic-like arrangement of the 
polypeptide rods with a preferred orientation along the dipping direction is established in 
the LB layers of the polyglutamates, whereas the side groups are tilted with respect to the 
helical backbonez. 

- Lamellar LB Structure of I 
g 30 k 56 s 86 i 

Layered LB structure of 
"Hairy rod" polymers I1 - 

n=2 g 35 Ic 181 ch 
4 g 37 k181 Ic;! 178 ch 
6 5 2 1 ~ 2  163ch 

In both LB systems the initial double layered structures are irreversibly destroyed upon 
W irradiation (365nm) and the azimuthal anisotropy of the azobenzene absorbance is 
lost. Compared to the behavior in solution and in spin-coated films, the irradiation of the 
LB multilayers shows a different decrease of absorbance because the photoisomerization 
is connected with a photochemically stimulated deaggregation process and a modi- 
fication of the orientational order6 (Figure lb). 

Subsequent VIS irradiation (457 nm) generates less ordered lamellar structures with 
modified spacing which are very similar to those of the polymers in the bulk. In the case 
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PHOTOORIENTATION IN LB MULTILAYERS 241 

of the smectic polyacrylate I the procedure results in optically isotropic films of homeo- 
tropically aligned azobenzene moieties3. In LB films of the "hairy rod" polyglutamates II 
the orientation of the side groups in relation to the stable main chain helices is modified 
differently by the U V M S  irradiation cycle depending on the length of the alkylene 
spacer between the backbone and the photochromic moiety. An increased length results 
in a higher liquid crystalline ordering tendency of the polymers. Thus, in the case of a 
hexamethylene spacer an arrangement of the chromophores parallel to the main chain 
helices is restored causing optical anisotropy in the films. The short ethylene spacer, 
however, results in an isotropic distribution of the chromophores6. 

4 b) 
FIGURE 1 UV/VIS spectra of a Polymer IV4 as spin-coated film (a) and as a 

multilayer (b) in dependence on the irradiation time (hex= 365 nm) 

Upon irradiation of spin-coated films of both polymers using linearly polarized Vis 
light (457 nm) optical anisotropy is induced in the initially isotropic films. The azoben- 
zene moieties become oriented perpendicular with respect to the electric field vector of 
incident light. 

LB multilaver of the polvacrvl ate 
However, in the case of a highly ordered LB multilayer in its virgin state, the identic 
irradiation (P= 2mW/cm2) procedure does not result in a change of the primary 
orientational order of the side groups. The photoreorientation is suppressed by their dense 
packing, the orientational ordOer and the strong molecular aggregation of the azobenzene 
side groups. However, the process takes place using a higher power density (P= 
2OmW/cm2, Fig. 2). But the maximum of azimuthal dichroism is only shifted to 75' with 
respect to the E vector. Irradiating with P= 2mW/cm2 the process can be detected also in 
less ordered multilayers prepared with lower surface pressure (Table 1). However, after 
an initial UV exposure the irradiation with linearly polarized VIS light induces a new 
orientational order of the azobenzene side groups to a much higher extend in the case of 
the initially highly ordered LB films (Figure 3). The decrease of absorbance indicates that 
the tilt angle becomes smaller. Thus, the photoorientation process stimulates a more 
perfect homeotropic alignment of the side groups. 

The VIS irradiation is always connected with the formation of a new layered structure. 
The photoorientation process takes place also after an intermediate non-polarized 
UV/VIS irradiation cycle or after annealing in the viscous-elastic state. For the 
photoinduced reorientation process the initial double layered structure and the molecular 
aggregation of the azobenzene moieties have to be destroyed. The comparison of the 
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process at different temperatures shows that a much stronger azimuthal dichroism is 
photoinduced in the viscous-elastic state of the polymer at 63 'C (spectroscopic degree 
of order S=0.72) than at room temperature (S=0.20). 

after non-polarized UV and 
polarized Vis irradiation (0') 

h *v  
initial state - 

FIGURE 2 Angular-dependent UVNIS spectra of the initial LB Multilayer of I 
before and after polarized irradiation 
(457nm,2OmW/cm2, electric field vector at 0'). 

The high value of optical anisotropy induced in the mesophase can be frozen-in by 
cooling down immediately after switching off the laser. However, the photoinduced 
anisotropy relaxes to a value of 0.2 if the temperature is kept at 63'C after the irradiation. 

S=O.OlO 

hv 457nmpol + . 

FIGURE 3 Polar diagramm of absorbance at 340 nm of a LB multilayer of I before, 
after W irradiation (365nm) and subsequent irradiation with linearly 
polarized light (436nrn, 2mW/cm2, electric field vector E at 0'). 
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PHOTOORIENTATION IN LB MULTILAYERS 249 

Compared to the LB multilayer the dichroism induced at room temperature in the 
spin-coated film is much higher (S=0.32). The difference seems to be caused by the tilted 
arrangement of the azobenzene side groups in the vertically layered structure of the LB 
film. The irradiation with polarized VIS light of changed polarization direction causes the 
corresponding azimuthal reorientation in both types of films. In this way the optical in- 
plane anisotropy can be modified several times. 

TABLE 1 Photoinduced order in LB multilayers and spin-coated films of 
Polymer I dependent on preparation and irradiation conditions. 

Films and Multilayers 

AYset theoretical expected angle for the complete photoreorientation 
AY,,,, angle between the director before and afier irradiation 

LB multilaver of polv~l  utamates 
In contrast to the behavior in spin-coated films, the photoinduced reorientation process is 
restricted in the original LB multilayers of polyglutamates II. This seems to be caused by 
the high orientational order and by H-aggregation of the azobenzene moieties. But 
efficient photoorientation takes place in some multilayers after weakening the inter- 
molecular interactions and decreasing the order by an initial UV exposure6. After an 
UVNIS irradiation cycle the degree of order is small in the case of a polyglutamate with 
the short ethylene spacer and the azobenzene side groups can be photoreoriented to any 
desired azimuthal angle in relation to the aligned main chain rods changing the direction 
of electic field vector of the incident light with respect to the multilayer. The 
photoinduced dichroism decreases with increasing angle between the aligned main chain 
helices and the preferred direction of the azobenzene moieties up to 90'. It shows a 
minimum for a photoinduced orientational order perpendicular to the backbone. 

However, the photoinduced reorientation process is restricted almost completely in the 
LB multilayer of the polymer with the hexamethylene spacer. This polyglutamate is 
characterized by a much higher transition enthalpy of its mesophases. A longer spacer 
causes a stronger decoupling of the side group from the backbone, but simultaneously it 
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strengthens the liquid crystalline order. Even if the initial order is destroyed by UV 
irradiation, the VIS light immediately reconstructs the orientational order of the side 
groups in the direction of the main chain helices. In this case the permanent nematic-like 
layered arrangement of the "hairy rod" backbones acts as an aligning force for the 
temporary photochemically decoupled side groups. 

PlV2 PH/6 
LBMllblayer 

0.6, 

-. ~. 
I -  

135 180 
0.04 

G I e  r 0 4 5  

Spn-coated FJm 

0.4 

02 

FIGURE 4 

TABLE 2 

2.01 2.0 

8 1S 
c g 1.0 
v) 

'0 
n 

Comparison of polarized absorbance at 348nm before and after irradiation 
of LB and spin-coated films of PW6 and PIU5 
E indicates the electric field vector. 

Polarized irradiation of spin-coated films and LB multilayer of 
polyglutamates II. Preferred orientation and degree of order. 

A Y  angle between the preferred orientalional direction before and after irradiation 
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Thus, the strength of the interactions between the rod-like polypeptide helices and the 
photochromic moieties depends significantly on the spacer length controlling the 
mobility of the side groups and the enthalpic stability of the liquid crystalline order. In 
the case of high enthalpic stability the preferred orientational direction of the side groups 
governed by the aligned helices is only slightly changed by the photoreorientation 
process. Thus, the efficiency of the photoreorientation process decreases with increasing 
lenght of the spacer (n=2>4>6). This is caused by the increasing tendency to establish the 
liquid crystalline order in this serie of polymers with prolonged spacer between the two 
different mesogenic moieties. Contrary, in the spin-coated films the photoinduced 
optical anisotropy is higher for the polymers with longer, more flexible spacer (Fig. 4). 

CONCLUSION 

Comparing the influence of light on the LB systems and the spin-coated films, the same 
photoreaction takes place on molecular level, but a different supramolecular order is 
established in the films. On non-polarized exposure and on irradiation with linearly 
polarized light the photoinduced supramolecular structure depends on the initial order 
and the ordering tendency of the polymers. The comparison of the photoreorientation 
process in the two LB systems demonstrates the influence of the different backbones 
within the layered structures of both types of thermotropic polymers. While in the case of 
the polyacrylate I the azimuthal orientational order of the homeotropically aligned 
azobenzene side groups can be reoriented easily by linearly polarized light, the perma- 
nently aligned polypeptide helices of II cause a command effect on the photochromic, 
rod-like side groups of the combined liquid crystalline main and side chain polymers. 
Regardless of the photoinduced disorder of the side groups the stable nematic-like in- 
plane order of the "hairy rod" helices influences the ability to undergo photoreorientation. 
In addition the process depends on the angle between the directions of the two aligning 
forces, i.e. the photoorientation process and the thermotropic self-organization. The first 
one is controlled by the electric field vector of the incident light, and the second one by 
the direction of the aligned polypeptide backbones. 

A strong initial order may restrict the ordering impact of the linearly polarized light. In 
aligned films a competition between two principles of order - the self-organization of 
mesogenic side groups and the photoorientation process - takes place. Thus, the initial 
order within the photochromic films should be as low as possible for an efficient photo- 
orientation process. This has been achieved by a suitable preparation of the films or by a 
"temporary photochemical decoupling" of the supramolecular order in a steady state of 
the photoreaction weakening the intermolecular interactions. The E-Z photoisome- 
rization causes a decrease of the orientational order, breaking the aggregation and 
inducing higher mobility. 

In the LB multilayers of thermotropic polymers the photoorientation process of the 
same photochromic moiety is controlled by molecular aggregation, actual order of the 
system, ordering tendency of liquid crystalline polymers, the wavelength of incident light 
and by the temperature. 
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