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Photochromic 3D Actuator Based on Liquid Crystal Polymer
Department of Polymer/Nano Science and Technology, Chonbuk National University

(2 REBRFTHF NanoTEFl %) Prof. Dr. Myong-Hoon Lee (Z BERE))

1. Introduction

Liquid crystalline elastomer (LCE) has attracted
a great attention due to its unique possibility as a
stimuli-responsive material since the first proposal by
de Gennes.” LCE can change dimensions under low
stresses through phase transitions and retain network
memory,Z),S) which are essential for various applications
such as actuators” and shape memory devices.4), ¥

In particular, photochromic LCEs have been
explored extensively because the deformation of
material can be easily controlled by irradiation of
lights. In these systems, photo—induced structural
change of photochromic moiety is incorporated with

change in molecular ordering of mesogens. This is

amplified through the abrupt order—disorder phase
transition resulting in a large mechanical deformation.
Before the irradiation, polymer chains in LCE have an
elongated (extended) chain conformation coupled with
orientational ordering of mesogens. With absorption of
UV light, photochromic moiety changes its structure
in the way to destroy the orientational ordering of
mesogen, consequently generating isotropic phase.
This nematic—isotropic transition causes polymer
chains to have a random coil conformation with
increased entropy. Small hydrodynamic volume of
random coil conformation is displayed as a contraction
of LCE film. Recently, Ikeda et al. reported azobenzene

containing liquid crystalline gel which can expand
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or contract due to the photoinduced structural
changes of azobenzene chromophore.e),7) Upon photo—
irradiation, azobenezenes show cis—trans isomerization
imparting large dimensional change of the material.
Photoinduced bending and unbending of LC film were
demonstrated by alternative irradiations of polarized
UV and unpolarized visible Iight.” In these systems,
side—chain LC polymers containing azobenzene groups
were synthesized and used for photoresponsive
materials. Yet, according to de Gennes theoretical
suggestion, main—chain LC polymers are expected
to show higher actuator performance due to an
enhanced coupling of ordered structure of the main
chain and its network strain as compared to its side—
chain analogues. Nevertheless, there have been only a
limited number of main—chain type polymer structures
showing photoresponsive LC properties. In addition
to these, due to the high crystal to nematic transition
temperature, these LCEs generally exhibited the photo—
induced deformation only in solvent—swollen state or at
high temperature. Besides, all LCEs reported up to date
are crosslinked elastomers, which is not desirable with
regard to the processing freedom. Therefore, challenges
are still remaining to design and synthesize main—chain
photosensitive LC polymers in order to develop more
efficient materials.

As shown in Scheme 1, we recently have reported a

c.H,o-D— N—N—Q— OH + HDEO O{CH,),CH=CH,
HO
(k] 2

\ DCCipyrrolidinopyridine
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\
CH;CHyCH,CHy— CH=CH,
PNLCM (4)

Grubb's catalyst
Gen Il

}y n CHz=CH;
FH;CH,CH,CH{_:&%:
o n

——CH-CH,CH,CH,CH~0 o

- o
o) Na i )
CH3CH,CHaCHY

PNLCP (5)

new photochromic 3D actuator based on liquid crystal
ponmerB) which shows excellent 3D bending behaviors
at room temperature. It is also noteworthy that the
photomechanical bending is first achieved from a LC
elastomer without any chemical crosslinking which is

advantageous to process this material into any shapes.

2. Synthesis and Characterization of Photochromic

Azo LC Polymer

The synthetic scheme and structures of azo-
containing nematic LC monomer (PNLCM) and its
polymer (PNLCP) are shown in Scheme 1. The
photochromic LC polymer (PNLCP, 5) was newly
designed and synthesized via acyclic diene metathesis
polymerization (ADMET) of a novel photochromic
LC monomer, (4-butoxy-2’ —(4—-hex—-5—-enyloxy)—-4’
-(4-hex-5-enyloxybenzyloxy)—-azobenzene,4,
PNLCM) containing a photochromic diazobenzene
moiety, a phenol benzoate nematic core, and two
polymerizable olefin groups. Due to the position
of the olefin groups, the polymerization of PNLCM
resulted in a main—chain LC polymer with photois
omerizableazobenzene at the flank. 4-Butoxy-2’
—hydroxy-4’ —(4—hex—5-enyloxybenzyloxy)-azobenzene
(3) was obtained from 4-butoxy—2’,4’ —dihydroxy—
azobenzene (1) and 4-hex—5—-enyloxy—benzoic (2)
acid in the presence of dicyclohexylcarbodiimide
(DCC) and 4-pyrrolidinopyridine in dichloromethane,
and reacted with 5—-hexenol to obtain PNLCM as a
yellow crystal in 68% yield. ADMET polymerization
was employed to synthesize PNLCP fromPNLCM.
A step—growth polycondensation of &, w—dienes by
ADMET polymerization produced a high molecular
weight PNLCP with concurrent removal of ethylene.
This chemistry is readily carried out using the modern
acid—free, single—site metathesis catalysts such as
Grubbs’ 2nd generation (Gen II) catalyst, ruthenium
benzylidene.”,'” The resulting PNLCP was soluble
in most of organic solvents such as chloroform and
dichloromethane. Weight average molecular weight (Mw)
of PNLCP measured by GPC was 1.21 x 104 g/mol.

The LC phase of PNLCP was investigated by
the combined techniques of cross—polarized optical
microscopy(POM), differential scanning calorimetry
(DSC), and 1D wide—angle X-ray diffraction (1D WAXD)

with varying temperatures. DSC results showed
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two apparent exothermic peaks at 25.5 and 137.3°C
upon heating, which was corresponding to crystalline
to nematic and nematic to isotropic transition,
respectively as confirmed by polarized microscopic
observation. No appreciable nematic to crystallization
transition was detected upon cooling. The 1D WAXD
powder patterns show only one phase transition, and it
agrees well with the observations in the DSC cooling.

diagrams.

3. Photo—Activated Deformation

Since the PNLCP is a linear polymer without any
chemical crosslinking, it was possible to process the
polymer into a fiber or a film actuator either by melt
spinning or by solution cast, respectively.

Figure 1 shows the photo-stimulated bending
behavior of the PNLCP fiber. This fiber contains
uniformly aligned liquid crystalline polymer. As the UV
was irradiated, the fiber began to bend toward the light
source direction. This mechanical bending of PNLCP
fiber was confirmed as the photo—induced actuation.
When the fiber is subjected to high temperature, the
bending occurred downward due to the gravity. The
photo—induced contraction as mention above in the
area contraction experiments was responsible for the
mechanical bending. The upper area of the film was
contracted more resulting in the bending toward the
light source.

The free—standing PNLCP films of ca. 20 ¢ m thickness
were prepared by casting a PNLCP solution on a glass
plate. When unpolarized UV light was irradiated on the
film, the four corners of the film began to bend upward
to the light source. This is due to the conformational
transformation of polymer chains from the extended
to the random—coil conformations, which is induced by
the decrease of the molecular orientational order of
mesogens as a result of trans—cisphotoisomerization
of azobenzene units. Irradiation of visible light (>520
nm) returned the bent film to its original position
indicating the photo—induced mechanical deformation
is reversible. The reversible unbending required a much
longer period of time (> 5min). When polarized UV light
was used for irradiation, only two sides of the film bent
upward, and the direction of bending has always an
approximately 45° angle to the direction of polarized

light. Therefore, it was possible to control the direction

of bending simply by varying thedirection of polarized
lights to 0°, 45°, 90°,and 135°, respectively, as shown
in Figure 2. Note that the azobenzene—based LCE
film prepared by lkeda’ s group bends parallel to the

direction of polarized light beam."”

4. Conclusion

In conclusion, a new photochromic nematicdifunctional
monomer for main chain liquid crystalline polymer was
designed and synthesized. ADMET polymerization
of the resulting monomer was carried out to give
photoresponsivenematic LC polymer. Structure of
the monomer and the polymer was charcterized by
various instrumental techniques. Not only for the
3D—-definable photoactuation, PNLCP is distinguished
from the previously reported photochromic LCEs'”"
because it is soluble in organic solvents due to the lack
of a chemical crosslink in the structure. The polymer
film was dissolved in chloroform after photochromic
bending experiments, and the regenerated film showed
the same photo—induced mechanical deformation
behavior. We believe that this is the first demonstration
of photomechanical deformation in chemically
uncrosslinked LCE. It was speculated that the weak
intermolecular interactions between the mesogens
ordered in a nematic LC phase would act as a physical
crosslinking site as in the case of thermoplastic
elastomers, which requires furtherinvestigations.
Moreover, the photomechanical bending occurs
at room temperature, which can offer additional
advantages over the previous examples. This reversible
photomechanical bending with a specific direction at

room temperature and its excellent processibility will

0 sec
() sec
30 sec

0 sec

—_ "

- Osec

Figure 1. Superimposed microphotographs of PNLCP

fiber under UV irradiation.
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Figure 2. Photographic images of precise control of bending
direction by polarized light; From (b) to (e), photomechanical
bending of PNLCP films. Arrows in the figures indicate the
direction of polarized light; (a) Photomechanical unbending
induced by visible light (>520 nm).

be beneficial to practically realize a wireless remote—

controlled 3D actuator.
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