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We report a liquid-crystalLC) photoalignment material with a high photosensitivity based on the
fluorinated polyarylene ether containing a chalcone unit in the main chain. The fluorinated
poly(arylene ether exhibited defect-free homogeneous alignment of LCs upon irradiation of
linearly polarized UV light for 10 s. Spectroscopic analyses revealed[thag] cycloaddition
between the chalcone moieties generated the surface anisotropy to induce an efficient alignment of
LCs. © 2005 American Institute of PhysidDOI: 10.1063/1.1894604

Since the first research by Ichimuet al. in 1988} a tion, thus long exposure time, are required to achieve satu-
considerable amount of research has been directed towardted alignment by decomposition of P1° The doses for
the photoinduced alignment of liquid crystallsCs) using  saturated alignment are varied from several J/tortens of
polarized irradiation of a polymer filfit” This noncontact J/cn? for various Pl structure¥. We have also reported the
alignment technique is based on the generation of a surfag@ost photosensitive Pl containing chloromethyl side groups
anisotropy of a photoreactive polymer film by photochemicalwith a fluence of 0.4 J/cAt® In addition to the low photo-
means. The photoalignment technique, which generates rgensitivity, the photodecomposition of Pl is ready to produce
static charge or dust, is attractive as a promising alternativeolar degradation products, such as carboxyl, carboxylic
to the mechanical rubbing process to be used in the nexcid, and hydroxyl groups in the resulting alignment layer
generation of displays, such as large area, multidomain, vefilms, which may cause image sticking and display flicKer.
tically aligned, and/or in-plane switching mode displays. It Therefore, the challenge remains to deliver high-
can provide a wider view angle of a LC display by using aPerformance polymers suitable for rubbing-free processing
multidomain technique, and is also workable in large sizeof LC alignment layer films.
panel fabricatiors. To produce a thermally stable alignment film with high

As an organic thin film to be used in the LC industry, a Photosensitivity, several materials have been developed re-
photoalignment layer is required to have a wide range of€ntly by introducing chromophores as side units to the main
optimized properties. To facilitate rapid processing, the filmchain of Pl or other thermally stable polymefs:. The pho-
must be formed easily with high photosensitivity. The result-{oSensitivity of these polyggelzgs was compromised by their
ing photoaligned film must be insoluble and thermally, elec19id main chain. Reeet al.™ " reported a saturated align-
trochemically, and photochemically stable. During the last€nt of a LC on a soluble P1 with cinnamate side chains,

decades, a wide range of photoreactive materials have bedyjth a fluence of 0.5 J/cfaln this case, the thermal stability

investigated for the photoalignment layer. These include pho?f LC alignment may not be assured since the photosensitive

toisomerizable azobenzene-type polymistghotocrosslink-  9r0uPs are located in the side chain. The polymers having
able polymer§,‘8 and photodegradable polymé’r%o. PolVVi- chromophores in the main chain have rarely been repé?ted.

nyl derivatives containing azobenzene chromopﬁ”o a . quy(arylene ether)_sare a clas_s of hlgh—perform_gnce en-
photocrosslinkable units, such as cinnanttesoumarin’ gineering thermoplastics with high thermal stability, good

and chalcone moietiésare among the most studied of pho- mechanical p_roperties, exceIIenF optical proggr?'][(i)es, and ex-
toalignment materials. Their irradiation with linearly polar- ceptional resistance to hydrolysis and oxidatiof. In this

: . : . letter, we report the demonstration of photosensitive fluori-
ized UV light (LPUVL) provides homogeneous alignment of i . i
LCs with high photosensitivity. However, due to their high nated polyarylene ether(F-PAE) as a photoalignment ma

chain flexibility, and therefore a low glass transition tempera—terlal with a high T, and excellent photosensitivity. The

. N T chemical structure of F-PAE containing chalcone units on its
ture(Tg), the use of polyvinyl derivatives in alignment layers

h drawback h | h | stabilitv. | main chain used in this study-PAECH is given in Fig. 1.
as some drawbacks sch as ow thermal stability, low anrpe £ pAECh was synthesized from decafluorinated chal-
choring energy, and low pretilt angfeOn the other hand, the

cone and fluorinated bisphenol at a low temperature, as de-
photoinduced anisotropic decomposition of higl poly- P P

. . L 4 scribed in detalil in our previous pa;férF—PAECh exhibited
mers, in particular polyimide¢Pl), has also been received

; | , . good solubility in common organic solvents, such as chloro-
considerable attention because of their acceptance as align-

ment materials in the LC industry owing to their advanta-
geous properties, such as excellent optical transparency, ad-
hesion, moisture, and heat resistance, dimensional stability,
and insulatiort>"** However, high doses of UV light irradia-

dauthor to whom correspondence should be addressed; electronic mail:
mhlee2@moak.chonbuk.ac.kr FIG. 1. The molecular structure of chalcone-containing F-PAECh.
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FIG. 3. Polar diagram of LC cell fabricated from F-PAECh films irradiated
FIG. 2. The relationship between exposure time and order parameters of L€r 10 s.
cells.

the exposure time and the order parameter of LC cells fabri-

form, cyclohexanone, dioxane, and tetrahydrofuran. A goodated by F-PAECh films with LPUVL irradiation. The LCs
quality thin film can be readily obtained from the polymer Were aligned homogeneously with no defect on the
solution by a spin-coating method. The polymer became inF-PAECh-coated substrates when the LPUVL was irradiated
soluble in any of the organic solvents after UV irradiation for longer than 7 s. The direction of the LC alignment was
resulting in improved chemical resistance due to the intermoP€rpendicular to the electric vectors of LPUVL. The order
lecular crosslinking. As described in our previous repbrt, Parameter of the LC cells initially increased logarithmically
the F-PAECh are thermally stable up to 344 °C in a nitrogenVith irradiation time, and approached a constant value when
atmosphere; the glass transition temperature of the urifradiation time was longer than 10 s. Figure 3 illustrates a
crosslinked polymer is higher than 147 °C, which was notPolar diagram of LC cells fabricated from F-PAECh film
detected after UV irradiation. The weight average moleculaXPosed to LPUVL for 10 s. The diagram indicates that the
weight measured by gel permeation chromatography experl-C molecules are aligned homogeneously on the film surface
ment was~13x 10* g/mol with a polydispersity of 3.09. Perpendicular to the electric vector of LPUVL. Similar polar
The F-PAECh solutiorf5 wt %) in cyclohexanone was spin diagrams were obtained for the other LC cells fabricated

coated on a glass substrate, and the film was baked at 180 Jfgom films with various exposure doses. These results clearly
for 1 h to remove the solvent. The thickness of F-PAEcChindicate that the uniform homogeneous alignment of the LC

film was controlled at~50 nm. Then, the polymer films Was induced with high photosensitivity. The pretilt angles of
were irradiated with LPUVL ranging from 230 to 600 nm LC molecules(MJ951160, Merckon the irradiated surfaces
with an intensity of~15 mW/cn?. The incident angle of of F-PAECH films for various exposure times were also mea-
LPUVL was 45° and the irradiation was conducted in air.SUred using a crystal rotation methidThe pretilt angles
The LPUVL was obtained from a high-pressure mercuryincreased from 0.06° with the exposure time, and then lev-

lamp (Nanotek NT-HG1K-V09-SOR UV lampthrough a €led off at 0.35% o
polarized UV filter (Nanotek No. 65.5340 The UV dose The phqtoreachty of F-PAECh was mvestlgatgd by the
applied was measured using a photomefieternational, UV absorption spectral change of the chalcone moiety in the

IL1350) with a photodiode sensdBED 240. The LC cells polymer film. Figure 4 shows the U\/_ absorption spectra
(cell gap=50um) were assembled with two irradiated (Scinco Model UV-210050f F-PAECh films after LPUVL

F-PAECh-coated substrates so that the incident polarizatiofffadiation with various exposure time intervals at room tem-
direction of LPUVL was antiparallel. A nematic LC, perature. The absence of absorption at a wavelength longer
MJ00443 (Merck) containing 1 wt% black dichroic dye, than 380 nm indicates that F-PAECh is transparent over a
was injected into the cell at room temperature. The cell wad'ide Vvisible wavelength range. Before the irradiation, the
annealed at 77 °Q@5 °C higher than theT, of a LC) for F-PAECh film exhlk_nted an abso_r_ptmn maximum at
10 min, and cooled down slowly to remove the flow effect. ~300 nm corresponding te— transition of the chalcone
The polarized absorbance of LC cells containing black di-

chroic dye was measured using an optical setup equipped 10 _0sec
with a He—Ne lase(632.8 nm wavelengih a polarizer, a ’ j.j.-__-.-.;
rotational sample stage, and a photodiode detector. oslb —mnnB
The photoinduced alignment of a nematic (®erck b ,_'_‘j_';_"_g
MJ00443 was carried out by using thin films of F-PAECh 8 o6k 6
polymer which were exposed to LPUVL in advance. The £ ' }ye(299:70m) T
homogeneity of LC alignment was estimated from an order 2 0.4 e
parameteSdefined asS=(A-A,)/(Ai+2A ), whereAjand 1 ®&_ /N 60
A, correspond to the absorbance of the dichroic LC cell for 021 T
a polarized probe light with an electric vector in parallel with 0.0-
and perpendicular to the direction of LPUVL, respecti\7ely.

This equation expresses that if a director of the LC is parallel 200 250 300 v:5°| ‘“’fh 450 500 550 600
to or perpendicular to the electric vector of the probing light, avelength (nm)
the order parameterS are posmve(S> 0) or negatlve(S FIG. 4. UV absorption spectral change of the F-PAECh film upon LPUVL

<0), respectively. Figure 2 shows the relationship betweernrradiation.
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