2 7 OCT 2004 1 NATERI AL FOR PHOTO ALI GNVENT LAYER, PHOTO- ALI GNMENT _LAYER
AND METHOD OF MANUFACTURI NG THE SAME BACKGROUND OF THE | NVENTI ON 524 0CT 2004
FI ELD OF THE | NVENTI ON The present invention relates to a photo-alignnent

| ayer wused in a liquid crystal display device and, nore particularly, to
a material for form ng a photo-alignnent |ayer, capable of aligning

l'iquid qrmﬂm%&wﬁ&@mtmhm&@ g?weﬁur@Ho%tlmhmemgmqhme@w0 a

rubbing treatnment, a phofo-alignnent | ayer nade of the material, a method

of manufacturing the sge, @y device u5|ng t he
phot o-al i gnment | ayer. 15 2 DES%%qgﬁﬂgtﬁgyﬁiLATED ART In the liquid

crystal display device, the state of nolecular alignnent of |iquid
crystals is changed by the action of an electric field and a change in

TP General . 1 iquid orystarhtRPEoRdR 08T PRVERBEENY R” the Space O
b h b I I d I I I i

opet it ofTEhSBF R R VNI PRor Sour f aces of *the substrates e
subjected to an allgnnent treatnment. The alignnent treatnent is usually

performed byl 2°rBhBFREE 3BVEBEHGE FR R éhtg Payd Hradd 16rmg Yol \W&ET such

as a polyimde
used i1n a ligquid crystal display device and, more

particularly, to a material for forming a photo-alignment
layer, capable of aligning liquid crystal molecules by light
10 exposure, without being subject to & rubbing treatment, a
photo-alignment layer made of the material, a method of
manufacturing the same, and a ligquid crystal display device

using the photo-alignment layer.

15 Z. DESCRIPTION OF RELATED ART
In the liguid crystal display device, the state of
mclecular alignment of liquid crystals is changed by the
action of an electric field and a change in optical
characteristics attending the change is utilized for display.
20 In generel, liguid crystals are used while interposed in
the space between the two substrates. To align liquid crystal
molecules in a2 specific orientation, the interior surfaces of
the substrates are subjected to an alignment treatment.
The alignment treatment is usually performed by a rubbing
25 method in which a layer made of a pclymer such as a pclyimide
is formed on a substrate made of such as glass and then rubbed

with a cloth in one direction. Conseguently, liguid crystal



is formed on a substrate nade of such as glass and then rubbed wth a
cloth in one direction. Consequently, liquid crystal 2 7 0 CT 2004 27 00T 2004
nol ecul es near the substrate are aligned so that their directors becone
parallel to the rubbing direction. For_ exanple, in a twist nematic (TN)
cell, two substrates coated wth an afignment |ayer on their interior
surfaces face each 5 other between two polarizers whose pol arization

di r ect iBIsC @SS pRFPENHNEUPEPSTE2EECATEL Adr IP4A SCh& PEhd Fdtfes ar e
further —arranged so that their rubbing directions are parallel to the
pol ari ZAtTORCAT ¢ REFOHS PREREHFLIMARI RS £ 1UPEIEIThICE IE6 (e m aFOdi spl ay
whi ch operates based on changes in light 10 transmttance. Al though the
r ubbi ne@Tbe, haie &hewadvaneagéirhdf M heeldantvac tubisng admFard@aischas a
sinple structure, a cleaning process is required after the alignment
t r eat menttibezmusbidosent mayvadheneteiirng ntke ivanstadeweisng apreoceEss: Al so
in TFT 15 liquid crystal cells, which have recently been wi dely used, TFT
pr evi oustlye delposweéed brot helsubgtrat ehney peldedtzeayed by resttatdns are
el ectricity which is generated at the rubbing process, thus |lowering the
manuf agpenpergd ytel dr ta thehl bquked, cayst ahe diuspltaytdeviace, fSimcdert he
inclination of constituent liquid 20 crystal nol ecul es has sone
directiomadnhgyd poobhemstaeiserubdliel as reicevwiong- angl @adendrdence tine whi ch
t he display color or
polarization direction, thereby making it possible to form a
display which operates based on changes in light
10 transmittance.

Although the rubbing method has the advantage that the
manufacturing apparatus has a simple structure, a cleaning
precess 1s required after the alignment treatment because dust
may adhere during the manufacturing process. Alsc in TFT

15 liguid crystal cells, which have recently been widely used,
TFT previocusly deposited on the substrate may be destroyed by
static electricity which is generated at the rubbing process,
thus lowering the manufacturing yield. In the liguid crystal
display device, since the inclination of ccnstituent ligquid

20 crystal molecules has some directionality, problems arise,
such as viewing-angle dependence in which the display color or
contrast varies depending on the viewing angle.

As one method of sclving the problem, for example, a
multi-domain method of providing different pretilt angles

25 (Japanese Unexamined Patent Application, First Publication No.

Sho 62-159119) or alignment directions {Japanese Unexamined

Patent Application, First Publication No. Sho 63-106624) of



[ 4
contrast varies depending on the view ng angle. As one nethod of solving
the problem for exanple, a nmulti-domain nethod of providing diffep@fCT 2004
pretilt angles 25 (Japanese Unexam ned Patent Application, First
Publication No. Sho 62-159119) or ali %nrrent directions (Japanese
Unexam ned Patent Application, First Publication No. Sho 63-106629) of IP
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interest _in liqujd crystal,L alignnment contraolling techniques which do not
use rubBPﬁg.S“ﬂ:st%r‘#o%%Bﬁi e i%‘dﬁme%ﬂﬁﬁ%&eqwse &anple, the

obl i que evaporation, LB (Langmuir Bl odgett's) |I|ayer, photolithography and
phot o- aF PHRMEE tfst RFRCTR & BBEFaD st udi ed. Anong these nethods, the
phot o-al i gnment nethod, in which a coating layer formed on a substrate is
exposed to P& &GlrVed Ghegft Reprend dehedd Al wegettaly déemi hytepreperty,
is sinple and does not require a cleaning process after the alignnent
t r eat mehd, lagyidularysdontaial icomerl s cwdasid ) ey e qrerfquaediibyclusiag such
as photo-mask nethod. Therefore, the photo-alignnment nethod has been
i nt ensi vetyusteudiuddings t Be non-rubbing alignment techniques, for
example, the oblique evaporation, LB {(Langmuir Blodgett’s)
layer, photeolithograprhy and photo-alignment methods have been

10 studied. Among these methods, the photo-alignment method, in
which a coating layer formed on a substrate is exposed to
polarized light to provide a liquid crystal aligning property,
is simple and does not require a cleaning process after the
alignment treatment, and multi-domain can also easily be

15 performed by using such as photo-mask method. Therefore, the
photo-alignment method has been intensively studied. As the
photo-alignment method, a method utilizing photoisomerization
of a photo-alignment moiety (e.g. an azo group) capable of
carrying out a photo-alignment function in organic molecules,

20 & method utilizing photo dimerization of a cinnamoyl group, a
coumarin group or a chalcone group, a method utilizing
photocrosslinking of a benzophenone group, and a method
utilizing photodegradation of a polyimide resin have been
reported.

25 As the material for the photo-alignment layer, which

utilizes photoisomerization, photo dimerization or

photocrosslinking, a polymeric material is often used to



phot o-al i gnnent nethod, a nmethod utilizing photoisonerization of a
phot o-al i gnnment noiety (e.g. an azo group) capable of carrying out ? T 2004
phot o-al i gnnment function in organic nol ecul es, 20 a net hod utiIiziﬁé gﬁoto
di meri zation of a cinnanoyl group, a c¢oumarin group or a chal cone group,
a nmethod utilizing photocrosslinking of a benzophenone group, and a
nmet hod H%ilizing P otodﬁ%radat'on of a polyimde resin have, bee

he i

reported--35"A8 PaffertPye I 8P Sh & BH6tD-A ifgmrtit J3yermadhith svuch
utilizes pggtoisonerizgéion, phota di neri zati-on or photocrosslinking, a
pol yner 78 HaEEFr aP"Fs toft BRAGSed EPFentoreIrhos £ aiH- 2WFFDr m
| ayer when coated on a_substrate nmade of such as glass, and the
phot o- al P BANERE P&t Fhird norek hientadaucd@in mfo Wife R laB &t n or t he
mai n chain of the polyneric material. It is also possible to use a
mat er i ahapespated by Bsusing pesethlesthavubagaampherdaal pgepemedpboperty
as guest nolecules and dispersing themin a host conpound consi sting of
a pdl ynesingconpeondesHowenieg, at phoglootadiisomenitz ed apetreni &l s dwestinf eri or
in photostability after the photo-alignnment treatnent because it 10
utili zesotesuleananghdtieipeastngz ahieon iof amoatulesipganrekposigesting of
polarized W. In the case of photo-degradated materials, since the liquid
crystalai sotontatcnabegownth the degradation
However, the photoisomerized materials is inferior in
photostability after the photo-alignment treatment because it
10 utilizes cis-trans photoisomerization of molecules by exposure
to polarized UV. In the case of photo-degradated materials,
since the liquid crystal is contaminated with the degradation
product produced during the photo-alignment treatment, the
substrate must be cleaned after the treatment, thereby losing
15 the feature that no cleaning of the photo-alignment layer is
required. Further, almost all photo-alignment materials using
the polymeric material have the problem that the kind of a
solvent used when coated on the substrate is limited because
of their poor solubility in solvents.
20 For example, W09637807 (U.S5. Patent No. 6,001,277,
Japanese Unexamined Patent Application, First Publication No.
Hei 8-328005) discloses a liquid crystal layer using a resin
having a photoisomerizable structural unit, which exhibits
dichroizm, and a reactive functional group. This material is
25 a polymeric compound and the kind of the solvent used when

coated on the substrate is limited, and a high-boiling point

polar solvent such as N,N-dimethylacetamide ¢r N-methyl-2-



product produced during the photo-alignnent treatnent, the substrate nust
be cleaned after the treatnent, thereby |osing 15 the feature that ng qCTZNM
cl eaning of the photo-alignnent |ayer is required. Further, alnost "al

phot o-al i gnment materials using the pelyneric material have the probl em
that the kind of a solvent used when Coated on the substrate is limted

because Pf Eaghé oorssglubili g.in solvenhi. 20, For exanpl e.. VQQ %7807
(U s. PRYBRIIRBNC6280155%7, ‘DapahisE thexant ABE PaTent SApprACdAECon® Fir st
Publ i cati on No, ng 8-§28005) di scl oses a |i uidhgrystal.la er_ using a
resin RAVPAG2ESphBEorSanEritz ABIFE Ts PG al TRHEP i F Bt
dichroizm and a reactive functional group. This material is 25 a,
pol ynerPECEBRPOUAEYand theNRIAE 8f ERESsBRVBAEL2LsBASWAEACYCEEPSE 18Rt he
substrate is limted, and a high-boiling point polar solvent such as
N, N- di n@eh§l hEebarpraecoPINLiet Byleld PTOEP2UG4 S ofpyredidtdorfe funaisieaanal n
this case, along tine is required to evaporate the solvent after
coatii nggrehpeeby tbaeresdntheAspaodesulvit yheFheaherasielankies ofatdei al
has a | ow crosslink density because of the small proportion of reactive
functi onbigbmgnoupsyen tbhder edi mhiks matreesallt ist hethedtwanesi st ance of the
alignnent [ayer nade of this material is not always sufficient. Exanples
of the sefhbdiéntsol ve these probl ens, thereby
Examples of the method to solve these probklems, thereby
achieving a durable and stable liquid crystal aligning
10 property of the photo-alignment layer include a method of
thermally polymerizing or phcotopolymerizing a polymerizable
monomer having a photo-alignment moiety, which shows an
alignment property upon exposure to polarized light, and
photo-aligning the resulting polymer by exposure to polarized
15 1light. 1In general, however, it becomes necessary to add a
polymerization initiator to thermally polymerize or
photopolymerize the monomer. Since this polymerization
initiator is a low-molecular weight compound, the
polymerization initiator diffuses into the liquid crystal in
20 the cell with the lapse of long periods of time and thus the
characteristics of the liquid crystal display device (e.qg.
voltage holding ratio} are likely to be deteriorated.
A photopolymerizable group which does not require a
polymerization initiator is a polymerizable maleimide group.
25 A photo-alignment layer using a compound having this

polymerizable maleimide group is disclosed in Japanese

Unexamined Patent Application, First Publication No. 2000-



achieving a durable and stable liquid crystal aligning 10 property of the
photo-al i gnnment | ayer include a nmethod of thermally polynerizing of 7 0CT 2004
phot opol yneri zing a pol yneri zabl e nonomer having a phot o-al i gnnment

noi ety, which shows an alignnent propegrty upon exposure to polarized

light, and photo-aligning the resulting polynmer by exposure to polarized

15 11 ght 37k g@ner al, haweyer, étﬂ]%%%?fﬁe%??}}a%?egeoh%d‘gepo Nerize the

polymerization initiator to therm p

; thi I . . Y i at o | | i Caht
Comound  E2RES 1rpalRE B AiAb e, A s ArelS B PH e 4l cryera
in 20 t f |l on eri_ods t he

e cell wth the |ap f rime t

char actgPPgtlFéngf-‘ fRe IHieduislg_%B);sr’t’a%' 's;?lagfr&e\ﬂtoc‘e Q'adl&' |t age
hol ding, ratio) are likely to be deteriorated. A photopol ynerizable group
whi ch d%i:g}]ﬂﬁ%]hr é&uit:“gsg P%l&%@ﬂilizmem e ZRror? i1 RE AN A rg AT e
mal ei m de group. . 25 A photo-alignnment |ayer using a conpound having this
pol yirer F3BBPEenBE e RAYE LGP0 B Ot dildArgead il S5 UrfebSri Hed Pat ent
Application, First Publication No. 2000 27 OCT 2004 6 53766 (U.S. Patent
No. 6,218, 5De)maAn FhpaResSE PalemelegmicegedEse Risdiress WITEseH ned
Patent Application, First Publication No. Hei 11-2815, U S. Patent No.

6, 048, 9P8Yers ARrRog§h Litn inkedd igiend- aln gieedonignte stadhinctiwrmdl group

their heat resistance and liquid crystal alignment capability.

10 BRIEF SUMMARY COF THE INVENTIOCN

An object to be achieved by the present invention is to
provide a photeo-alignment layer for liquid crystal display
devices, which has good liquid crystal display device
characteristics such as a high voltage holding ratioc and alsc

15 has good alignment stability and sufficient resistance to
light and heat.

To achieve the object described above, the present
invention provides a material for a photo-alignment layer,
comprising a polymerizable monomer having at least one photo-

20  alignment moiety, which carries out a photo-alignment function
by the photo dimerization reaction, and at least two
polymerizable maleimide groups per molecule.

To achieve the cbject described above, the present
invention also provides a photo-alignment layer comprising a

25 polymer of a peolymerizable monomer having at least one photo-
alignment moiety, which carries out a photo-alignment function

by the photo dimerization reaction, and at least two



- 5 capabl e of inducing photo-alignment is added as a side chain to the
mai n chain of polynaleimde, these photo-alignnent |ayers are stil}7Q(T 2004
insufficient in the long-termstability of their heat resistance and

liquid crystal alignment capability. 10 BRI EF SUMVARY OF THE | NVENTI ON An

obj ect _t chiev. hegpr eseibsi peenticar civd e,0 ther Wi @deda
photo-gPﬁéﬁgégfﬁﬁgﬁiﬁn %?i??agid cr%gtal di splay devices, which has good
liquid crystal display device a rLstiGsnesuch ascta dv gte vol ¢dge

hol di n§A8FM& dnd ‘f%% g%"ﬁ%% ngdﬁgjﬁﬁgnﬁgtﬁt@ ability and sufficient

resistance to [light and heat. To achieve,the abj. Ghd begy aboves the
pr esenbuti byemiohP pfoVEaes 24 1RAt 8§i é:hef éjpogoph%t%ﬁa eﬁ‘gc?ment | ayer,

conprising a polynerizabl e nonomer having .at | east. one 0. 20 al i gnnent

moi et y ¢ refisdh rdeed | ssroat LaepAGEHES) bynms Y T Unctd or” béy’Pt @e phot o

di meri zation reaction, and at |east two polynerizable nmalei mde groups

per nob@mymérﬂiewm@imméeﬁméd@bpe©mpdescribed above, the present

invention al so provides a photo-alignnment |ayer conprising a %5 pol yrer

of a pol ynerjzablei 80BORBE bavieng atedcedste dna-phot ot 2f i GRFEART “noi et y,

whi ch carries out a photo-alignnent function by the photo diner&zat[on

reacti Q. aid @ F8ashetWorévipRlsyremeaaiie obledm dechPdips BeP fbPecul e,
7 0 CT 2004

t he photo 2
alignment layer, which comprises ccating & polymerizable
monomer having at least one photo-alignment moiety, which
carries out a photo-alignment function by the photo
dimerization reaction, and at least twO polymerizable
maleimide grohps per molecule on a subsirate, and irradiating
the coating layer with light to cause the photo dimexization
reaction of the photo-alignment moiety causing photo-alignment
by & photo dimerization and the photopolymerization reaction
of the polymerizable maleimide group, thereby to form a
crosslinked polymeric layer and to enable the polymeric layer

to caxry out the photc-alignment function.

To achieve the object described akove, the present
invention further provides a method of manufacivring 3 photo-
alignment layer, which comprises coating a polymerizable
monomer having at least one photo-alignment moiety, which
carries out & photo-alignment function by the photo
dimerization reaction, and at least TwWO polymerizable
maleimide groups per molecule on 2 substrate, heating the
‘costing layer to casuse the thermal polymerization reaction,
thereby to form e trosslinked polymexric layer, and exposing

. . . ; ization
the polymeric layer to light to cauvse the photo dimerize



alignment |ayer having the photo-alignnment function carried out by photo

di meri zation of the photo-alignnent noiety and a crosslinked strucQuyr@®T 2004
formed by polynerization of the polynmérizable nmaleimde group. To achi eve

t he obj ect described above, the present invention further provides a

met hod _of. Lh89,8PROER gAkicgRMBRL d @y efau i@ hplcotpr & 3egnoeati ng
a pon%@Fanqﬁiqgagg%ﬁe? ﬁavinglgt Feast oné%%hoto-alignnent noi ety, which
carrieg out &{wt@iﬁ&w@g@%nt URGLirem DY d he aiat ot heli pel yration

reactioH, and at | east two polynerizabl'e nmaleim de groups per nol ecul e on

a SUbséfa & A9d:drFadbati ke bherecatlingmayerfwdhionght to cause -he
photo dimerization Teaction of the photo-alignnment noiety causing

photo-alignment Dby a photo dinerization and the phato q% L zation
reaction dfot hebp&vaerlis a®P e #al @FAFdePF o Pvfﬁeggﬁ£ %ggorn1a
crosslinked polyneric |ayer and to enable the polyneric iaier carry
out t hiehphot deal ifgaremntr frunet i éas Jblaéhﬂébéﬂﬂﬁ§%ﬂné&ﬁp c??%g ®above
the present invention further provides a nmethod of manufacturing_a photo-
al i gnent s hayer stwhicho conpeinsesstogt thg & poityridre 37> RABROREr *Ravi ng
at | east one photo-alignnment noiety, which carries out a _photo-alignnment
functipop; bymthe Rhofor ehmetikzabtenireastirdmcerhdtll@ase Ehystals
pol yneri zable naleinm de groups per nolecule on a substrate, heating the
coat i ng,} ayghded qRUSebRet hbekiBE tpelymer iwaticim reaet #bhgnment layer
is a photo-alignment leyer which comprises a polymer of @
polymexizable monomer having at least one photo-alignment
moiety, which carries cut a photo-a2lignment function by the
photo dimerization reaction, and at least two polymerizable
mzleimide groups per molecule, and also has the photo-
alignment function carried out by photo dimerization of the
photo-alignment moiety and a crosslinked structure formed by
polymerization of the polymerizable maleimide group.
By using the material for the photo-alignment layer made
cf = maleimide derivative of the present invention, it is
possible to obtain a photo-alignment layer which has good
liguid crystal display device characteristics such as high

voltage holding retio znd also has a good slignment stability

and sufiicient resistence to light and heat.

DETAILED DESCRIPTION OF THE INVENTION
In the polymerizable monomexr having st least one photo-
alignment moiety, which carries out a photo-alignment function
by the photo dimerization reaction, end at least two

polymerizeble meleimide groups per molecule, which is used in



thereby to forma crosslinked polyneric |ayer, and exposing the polzxgmfj
| ayer to light to cause the photo dinerization s 270CT2004 reaction ¢ 0 ) 2004
phot o- al i gnnment noi ety causi ng photo-alignnent by a photo dinerization,
thereby to enable the polyneric |layer .to carry out the photo-alignnent
function. To achi eve the object descriged above, the present i nvention

further rovr es.a.lig tal displ a devrce g a structure'
conpris age§&8§tr Fegh§a Oﬁ&V@&d |%ﬁﬁﬁﬁﬂ° S8 i nteri or
surface and | i quid al s |nterposed bet ween two substrates,. wherein

t he al rblPrWEHFlPdeF i ? £ tonétd-IRmEg nBIRt atay &rS R RS ieekla pol yner
of a polynerizable nononer havrn% at | east one photo alignnent noiety,
whi ch catPiB8Coaf A3Bhato-dl il§nRe At iiciadn WP Ihe'higHbt R R Era zat i on
reaction, and at |east two polynerizable naleimde groups per nolecule,
and al sehake raecphenocaplicdemedt pupvctdio® cdr rHldgrmanthyppireoty due
di meri zation of the photo-alignnment noiety and a crosslinked structure
forived by dpokyiepitiani by eipoise rgoltynerd laatlzedrel igihti .de Pgradgu 1By lysi ng
the material for the photo-alignnent |ayer nade of a naleimde derivative
of the presenttiumeéntindm, hiatviing apodsiaste dne altudile gt texad 1ghiment
| ayer which has good 1liquid crystal display device characteristics such
as hi ghdovbl tagenhel dihighr atongtandtal sodies ix gaedysal igipmdersiabiby ty
C=C or C=0 1is preferably used.
The basic structure of the photo-alignment moiety, which
10 carries out a photo-alignment function due to the photo
dimerization reaction, includes the following.

Examples of the photo-alignment mciety having a C=C bond,
which carries out a photo-alignment function due to the photo
dimerization reaction, include groups having a structure such

15 as a polyene group, stilbene group, stilbazole group,
stilbazolium group, cinnamoyl group, hemithioindigo group, or
chalcone group. Examples of the photo-alignment moiety having
a C=0 bond, which carries out a phecto-alignment function by
the photo dimerization reaction, include groups having a

20 structure such as a benzophenone group or coumarin group.

Specific examples thereof include groups having the
following structure. As a matter of course, these structures
may have a substituent such as an alkyl group, alkoxy group,

aryl group, allyloxy group, cyano group, alkoxycarbonyl group,

25 hydroxyl group, sulfonic acid group, or alkyl halide group.



and sufficient resistance to Iight and heat. DETAI LED DESCRI PTI ON OF TAE

| NVENTION I n the pol yneri zabl e nononer having at | east one phot o- ¥7UCTZM4
al i gnnment noi ety, which carries out a photo-alignnent function by

photo di nerization reaction, and at at-tmo pol ynmeri zabl e mal ei m de
groups per nol ecule, which is used |n 7 OCT 2004 9 the material for

t he photo-alignnment |ayer of the present invention, the photo-alignnent
noiety is not speciffcally limted d far as it is @& functional group

whi ch causes a 5 i al i gnment property
due 5 to diner+ ularly, a
structural unit i ng & : doubl e bonds
whi ch constitute arogatic rings) represented by C—C or C=Ois preferably
used. The basic strugture of the photo-alignment noiety, which 10 carries

out a photo-ali tion due to the photo dinerlzat' T eaction
i ncl udes the f anpl &5 “61 Yt Ryhoyo- ar Pdiimetit havi ng a
C=C bond, whi ut_a photo-alignnment function due to t he photo

di meri zation reaction include groups havi ng a structure such 15 as a
pol yene group I ol e 8ro bazol i um group,
ci nnanoyl grou a group. Exanpl es of the
phot o- al i gnnent nolety haV|ng
0k, OO0, U0k
07 o U;I;o\ 0”0

i Y O

Specifically, the polymerizable monomer having at least

one photo-alignment moiety, which carries out a photo-
alignment function by the photo dimerization reaction, and at
5 least two polymerizable maleimide groups per molecule, is

preferably a compound represented by the general formula (1):

O
R
3
RQ--RI—N e (1)
R
4
@]

and a compound represented by the general formula (2):



a C=0 bond, which carries out a photo-alignnent function by the photo

di neri zation reaction, include groups having a 20 structure such asz2d (CT 2004
benzophenone group or coumarin group. Specific exanples thereof include
groups having the follow ng structure., As a matter of course, these
structures nmay have a substituent such as an al kyl group, al koxy group,
aryl group, allyloxy group, cyano group, al koxycarbonyl group, 25 hydroxyl
group, sulfonic acid group,|or alkyl halideg group. 2 7 OCT 2004 10 CO CH=
CHCO CH=CH- 0- CO CH= CO \\CH= CH CH= CH - 0- CO CH=CH
Specifically, the polynerizgble ing at | east one
photo-alignment noiety, phichk cagtieg out phqtp&éfgignnent function by

t he photo dinerization redction, at 5 lleast t pol ymeri zabl e
mal ei m de groups per nolecule, is/ prekerably a conpound represented by
the general formula (1): R2| n and/a conpdund represented by the general
formula (2): 2 7 OCT 2004 o

2

is particularly preferred.
In the general formulas (1) and (2}, R; represents at
least one group selected from the group consisting of
5 straight-chain or branched alkylene groups having 1 to 30
carbon atoms, cycloalkylene groups having 3 to 12 carbon
atoms, arylalkylene group and cycloalkylalkylene groups.
Specific examples of the organic group as for R; include
straight~chain alkylene groups such as a methylene group,

10 ethylene group, trimethylene group, tetramethylene group,
pentamethylene group, hexamethylene group, heptamethylene
group, octamethylene group, nonamethylene group, decamethylene
group, undecamethylene group, or dodecamethylene group;
alkylene groups having a branched alkyl group, such as a 1-

15 methylethylene group, l1-methyl-trimethylene group, Z2-methyl-
trimethylene grcup, l-methyl-tetramethylene group, Z2-methyl-
tetramethylene group, l-methyl-pentamethylene group, Z-methyl-
pentamethylene group, 3-methyl-pentamethylene group, or 2,2-
dimethyl-trimethylene group; cycloalkylene groups such as a

20 cyclopentylene group or cyclohexylene group; arylalkylene
groups having an aryl group in the main chain or side chain,

such as a benzylene group, 2,2-diphenyl-trimethylene grcup, 1-



11 R2 2 is particularly preferred. In the general fornmulas (1) and (2), Rl
represents at | east one group selected fromthe group consisting of-ﬁ CT 2004
strai ght-chain or branched al kyl ene groups having 1 to 30 carbon a ong,

cycl oal kyl ene groups having 3 to 12 ¢ on atons, arylal kyl ene group and
cycl oal kyl al kyl ene groups. Specific exXanples of the organic group as for

Rl include straight-chain al kyl ene groups such as.a.nethylene group, 10
ot hyl enB EPBtpE LV LRLENTRONE 4 oug, Tl Dara Ty e St c Bt SHEL hyl ene
group, hexane ggn roup, heptanet hyl ene raup,. .qct.anmet hyl ene qroup,
onanet FGFOREL BV ouRL HdoERe Gy ERe Trads, Ardbairc o Gfod o
dodecaznet hyl ene group; . al kyl ene groups having a branched al kyl group,
such as™al?: ch31pePhy PRy (CERd Ngr GUED AsSmét iGN STetima dhel o uroup.
2-nmethyl trinmethyl ene group, 1-nmethyl-tetranethylene group, 2-nethyl-
t et r amel hGYEheNgRYLp et Rymherivy 9Xpesy afet Hylifd Aesuf, — tatraghhivlene
pent anet hyl ene group, 3-nethyl-pentanethyl ene group, or 2, 2- '
di met hyt revpPretiyorfctigedaperaegeloabkybefe groapsysesh asoap2bpaving 1
cycl opentyl ene group or cyclohexyl ene group; arylal kyl ene groups having
an aryl tgrélipchnbtheaiais olaian corc lsiadeé ydleaien g r sy hheaasirgy bertayllehe group,
2, 2-di phenyl -trinmethylene group, 1 2 7 O CT 2004

carbon atoms is preferred.

Ry may alsoc be a group in which these 2 to 5 groups are
combined via a single bond, an ester bond, an ether bond or

10 urethane bond.

Examples of the combined group include group composed of
{(poly)ether in which at least two zlkylene groups are combined
via an ether bond, group composed of (poly)ester in which at
least two alkylene groups are combined via an ester bond,

15 group composed of (poly)urethane in which at least two
alkylene groups are combined via a urethane bond, and groups
composed of { (poly)ether{pocly)ol} ({poly)carboxylate obtained
by esterifying {(poly)ether(poly)ol in which at least two
alkylene groups are combined via an ether bond with

20 (poly)carboxylic acid.

In the general formulas (1) and (2), R; represents the
above-described photo-alignment moiety, which carries out a
photo-alignment functicn by the above-described photo
dimerization reaction.

25 Among the photo-alignment moieties which carry out a

photo-alignment function by the photo dimerization reaction, a

photo-alignment material having a benzophenone structure using



12 phenyl - et hyl ene group, or 1-phenyl-tetraethyl ene group; and

cycl oal kyl -al kyl ene groups having a cycloall kyl group in the main2ch8Ch7004
or side chain, such as a cycl ohexyl met hyl ene group, 1-cycl ohexyl -ethyl ene
group, or 1-cyclohexyl-tetraethylene 5 group. Anong these organi c groups,
an al kyl ene group having 1 to 30 carbon atoms or a cycloal kyl ene group

having 3 £9142n;i68r BRR13L0TR & SR iefL edotR- egn%zgr@e%& %laew diéh i e

these 2 to 5 groups are conbined vita a si ngl an “ester” bon
o oup conpaeed Sre ERBrS e Rar TR G R 1ot T v T SHe By oups ar e
east topeF RGP an %85%5%2“2 o v n R droup
e 15,4

(Poly) CEHEF (PBPSYOP™! APaireh St SPOddE Y RO aIRHIEE GHadpe Hr Corbited vi a

an ether bond mnth 20 on)carboxyllc acid. In the general fornmulas (1)
and (2)Tef2ltepPeBBALS Pﬁégnﬁﬁaﬁe @¢§¢ri bed photo-al i gnment noi ety, which

carries out a hot o- al i gnnment function by the above-descri bed photo
dineriZationIFegéﬁléﬁmpounds represented by the general formulas (1)

and (2), the photo-alignment moilety represented by R;, which
carries out a photo-alignment function by the photo

10 dimerization reaction, and the group represented by R; are
combined via a single bond, an ester bond or a urethane bond.
Although the number of bonding of photo-alignment moieties
which carry out a photo-alignment function by the photo
dimerization reaction is the same as that of a polymerizable

15 maleimide group per molecule, the maleimide derivative used in
the present invention has a plurality of polymerizable
maleimide groups and, therefore, the number is preferably
within a range from 2 to 4. Particularly, the number of the
bonding of the photo-alignment moieties which carry out a

20 photo-alignment function by the photo dimerization reaction is
preferably 2 because the polymerization of the polymerizable
maleimide group easily proceeds to form a stable maleimide
polymer and the exposure energy reguired tc induce photo
dimerization of the photo-alignment moiety which carries out a

25 photo-alignment function is comparatively small.

In the general formulas (1) and (2), Rz and Ry each

independently represents a hydrogen atom, an alkyl group



25 Anong the photo-alignnment noieties which carry out a photo-alignnment
function by the photo dinerization reaction, a photo-alignnent na'ltzle(/[]ﬁ 2004
havi ng a benzophenone structure using 270CT2004 13 a nal ei m de derdivative
having a photo-alignment noiety, which;,carries out a photo-alignnent
function, is particularly preferred because it requires a small exposure

ener 9y RLy108l 3" keed LL9Hof 0. GaITY oyl & phat.oaal T anent Juosti o gnd 1o

5 al so super in heat stability ard 0 resulting

phot o-al i gnnent .l ayer. In.t conmpounds represented by the general

f or mul as (anaﬁh‘e( PN gﬁ?&‘}%‘ i@ﬂrferﬂ TSP raéée]rﬁtg%g%i/ %5, whi ch
carries_out a photo-alignnment function by the photo 10 dinerizati on

react i oh® gnd }grﬂ%n%rgbﬁg?eEP@EEHpgafby:‘ RPMRPEN SRBFESETVEL £YsiTG e bond,
an ester bond_or a urethane bond. _Although the nunber_  of  bondi ng of

phot o- aP FYRRBAt TREMEPes 2 IwHirc iRty Y it gza Phatao-tal Gyiet BREAESTRE by
the photo dinerizatigon reaction is the sane as that of a polynerizable 15
mal & ni BBCHFEGp tHEr PRIVECH1E2 ik el &l ke lgBrenisakie draekpimide he
present invention_has a plurality of polynerizable nualeimde groups and,

t her ef 0¥ ECUPh82RGAYePLOS geidst dcalfiopm i tdfiable remgalmidampohymer and

Particular-y, the nunber of the bonding of the photo-alignnment noieties

whi ch cBRfyesRPsaTE0 episoty- aldiqyrinsst tfungiduwre mhate phicironed freef zat¢ on

reaCtloghgio—alignment moiety which carries out a photo-alignment
function is comparatively small.

10 The photo-alignment material of the present invention may
appropriately contain a maleimide compound represented by the
following general formula (3} for the purpose of improving the
alignment of liguid crystal molecules by adjusting the density
of the added photec-alignment moieties represented by R, which

15 carry out a photo-alignment function by the photo dimerization
reaction, or improving the coatability on the substrate by
enhancing the solubility in the solvent. To obtain good
sensitivity to light exposure for photo-alignment, the
maleimide derivative represented by the general formula (2),

20  which has a photo-alignment moiety capakle cf carrying out a
photo-alignment function by the photo dimerization reaction,

may be copolymerized with a maleimide derivative represented

by the general formula (3):



preferably 2 because the pol ynerization of the polynerizable naleimde
group easily proceeds to forma stable naleinde polymer and the gxpgsuig
energy required to induce photo dinerization of the photo-alignnent

noi ety which carries out a 25 phot o- alﬁ nment function is conparatively
small. In the general formulas (1) and ? R3 and R4 each independently
represents a hydrogen atom an al kyl group 2 7 OCT 2004 14 having 1 to 8
carbon atons, a phenyl group, or a kalogen@tom In the general formula
(1), n represents an integer.of 2 ng these conpounds, a conpound
represented by the general Pac mul ks 2 is particularly
preferred 5 because the pol ynerijzath on_of | ymeri zabl e nal ei m de

i e lmal pol ymer and the exposure
energy required to induce pho arf,gnnent of phot o- al i gnment noi ety
whi ch carries out a photo- aﬁegnrren i@gn is B@rrparati vely small. 10
The photo-alignment material of theDpresen® invention may appropriately
contain a nal ei m de conmpound represented by the follow ng general formula
(3) for the purpose of inproving the alignnent of quuid crystal

mol ecul g8 ; PY @@ie‘éStn';lc\)ﬁg h!f% %egrﬂottyo aq}cléx{grﬁeot O%?c?lé)ér}ptcpa MBAt MDi et es

represented by RZ, ry out a unctlon by the
phot o de‘EEgE%‘ Rt T e%%t%n-,aﬁ B OV ML L 16 Cboyatt%{)é shdeon the

substrate
dimerization reacticon. The ratio of the maleimide derivative

S5 to be mixed in, which does not have a photo-alignment mciety
capable of carrying out a photo-alignment function by the
photo dimerization reaction, is preferably within a range from
0 to 80% by weight,'and particularly preferably from 0 to 50%
by weight, based on the total weight.

10 In the general formula (3), R; represents at least cne
group selected from the group consisting of (i) straight-chain
alkylene groups having 1 to 30 carbon atoms, (ii) branched
alkylene groups having 1 to 30 carbon atoms, (iii)
cycloalkylene groups having 3 to 12 carbon atoms, (iv)

15 arylalkylene groups and (v) cycloalkylalkylene groups. Rs and
R¢ each independently represents a hydrogen atom, an alkyl
'group having 1 to 8 carbon atoms, a phenyl group, or a halogen
atom.

Specific examples of R; in the general formula (3)

20 include straight-chain alkylene groups such as a methylene
group, ethylene group, trimethylene group, tetramethylene
group, pentamethylene group, hexamethylene group,

heptamethylene group, octamethylene group, nonamethylene



enhancing the solubility in the solvent. To obtain good sensitivity to
| i ght exposure for photo-alignment, the nmaleimde derivative represeh(ed 2004
by the general fornula (2), 20 which has a photo-alignnment noiety capable
of carrying out a photo-alignnment funfﬁgon by the photo dinerization
reaction, may be copolynerized with a | ei m de derivative represented
by the gneral Eornu% ((3): 2 7 OCT 2004 15 wthh does not have a
phot o- aPf gHRent ﬁﬁpgtﬁy& a9 G- SR Y L DGt YR i Yhnent function
by the phato diperization reaction. The ratio of the mal ei m de derivative
5 to belfEEAMEAWRTEN TGRS ndt. A e POt d19 gt M eesed capabt e of
carrying out a photo-alignnment function by the photo dinerization
reacti oAYCPE’ pPEFEr 861 ¢ Wi TIsithYa Stdnge e SROUP 4 o S Vet Yre thwkene
particularly preferably fromO to 50% by weight, based on the total
wei ght . 910UPn EnBedEyaralr ety lene3)o r P r dpresentls st asesth phene gr oup
sel ected fromthe group consisting of (i) straight-chain alkylene groups
having 4rPBP302caehdy lateris anEtiny EEhp Jal kytedriyy lgrimupsatetdinerie t o 30
carbon atons, (iii) cycloal kyl ene groups having 3 to 12 carbon atons,
(iv) 15gapybal Rymendydreeps amed (Werey ol maltky | Zdnieti tene- prroupee t bl eamel R
each independently represents a hydrogen atom an alkyl group having 1 to
8 car boaratippspraZpRenyiimeghoup,t ameg thdleogeryroup; cycloalkylene
groups such as a cyclopentylene group or cyclchexylene group;
arylalkylene groups having an aryl group in the main chain or
10 side chain, such as a benzylene group, 2,2-diphenyl-
trimethylene group, l-phenyl-ethylene group, or l-phenyl-
tetraethylene group; and cycloalkyl-alkylene groups having a
cycloallkyl group in the main chain or side chain, such as a
cyclohexylmethylene group, l-cyclchexyl-ethylene group, or 1-
15 cyclohexyl-tetraethylene group.
Ry in the general formula (3) may also be a group in
which a plurality of the groups described above are combined
via a single bond, an ester bond, an ether bond or a urethane
bond.
20 Examples of the combined group include groups composed of
{(poly)ether in which at least two alkylene groups are combined
via an ether bond, groups composed of (poly)ester in which at
least two alkylene groups are combined via an ester bond,
groups composed cf (poly)urethane in which at least two
25 alkylene groups are combined via a (pcly)urethane bond, and

groups composed of {({poly)ether(poly)ol} {(poly)carbexylate

obtained by esterifying (poly)ether(poly)ol in which at least



atom Specific exanples of R7 in the general forrmula (3) 20 include

strai ght-chain al kyl ene groups such as a nethylene group, ethyl eng BHeL M
trimethyl ene group, tetramethyl ene group, pentanethyl ene group,
hexanet hyl ene group, heptanethyl ene g{eup, octanethylene group,
nonanethylene 2 7 O C T 2004 16 group, decanethyl ene group,

undecarel, by Leng 185U Shos dodecarldens DT alkulsne grayps having a

branched al kyl © group, s as a 1-methyl ethyl ene group,

1- met hyl =LAl | .ene . gr 2-met hyl -t ri met hyl ene group,
l-nethy“P%%??E%EFﬁﬁﬁgﬁégggég%up, 2-met hyl -t et ranet hyl ene group,

1- met hyl - pen I - net hyl - pent t.hyl ene group,

3- et hgl - Ben%:g\%%jﬁé\egﬁgs Cgl; SCU%E Ho?ertm%{cg-ooﬁ @%ﬁ%#ﬂ%;ﬁqéﬂ%‘gﬁ? oup;

cycl oal kyl. ene rqups such, as .a cy.cl| opentyl.ene grou r _cycl ohe ene
i L A A i g
Si c n, such as a henzyl ene group, 2,2-diphenyl- trine :

o plﬁsenlyf- fe?ﬁg‘ﬁle}fé:’l&rgo&&e h tf'- ;l%-r ttﬁ}er l&?{‘?ﬁﬂ‘%@%‘; he malr nOfchai n
cycl oa -a ene groups having a cycloallkyl group in [

o¥ sidetgﬁapﬁﬁg§ﬁéhl§§e§t16ybWﬁﬂgxﬁFﬁhﬁﬁ?F¥ﬁﬁ9iﬁQﬁﬂx 1- cycl ohexyl - et hyl ene
group, or 1 15 cycl ohexyl-tetraethylene group. R in the general formula
(3) may al so%é%rgﬁ&&p Bt amdi e TR tu s tant af At e RS Cr i bed

above are conbi ned ) , , _
invention is used after dissolving in an appropriate solvent.

N-methylpyrrolidone, dimethylformamide, butylcellosoclve, y-

10 butyrolactone, chlorcobenzene, dimethyl sulfoxide,
dimethylacetamide and tetrahydrofuran are generally used,
though the solvent is not specifically limited thereto. Among
these solvents, butylcellosolve and y-butyrolactone are
particularly preferred because the coatability is good and a

15 uniform layer can be obtained. These solvents can alsc be
used in combination taking the coatability and volatilization
of the solvent shortly after coating into consideration.

The soclution of the photo-alignment material is coated
cnto the substrate by a method such as spin coating or a

20 printing method and, after drying, the polymerization and
photo-alignment operation of the polymérizable maleimide group
are conducted.

The substrate used in the present invention is a
substrate which is conventionally used in the photo-alignment

25 layer and has enough heat resistance to withétand
thermocuring. A glass substrate can be such a substrate.

The polymerization operation of the polymerizable



via a single bond, an ester bond, an ether bond or a urethane bond. 20
Exanpl es of the conbined group include groups conposed of (poly)eth@fCi 4
whi ch at | east two al kyl ene groups are conbined via an ether bond, groups
conposed of (poly)ester in which at |egst two al kyl ene groups are

conbi ned via an ester bond, groups conposed of (poly)urethane in which at

| east twQ-,25 al kyl ene grou are canbi ned via.adé o% ret hane .bond, and
groups r(rzlgrlrﬁ'(%lsné e%;ff’]r{o(]'1 ola.;}‘)egt oerl(Jpc-gﬁl)ooq }eh??)%ljyﬁ f% é%‘fl‘l%f% C%%?‘é?ﬂ%% by
esterifyi %p Mégetgg%%$ol )ol in which at least 2 7 0 C, T 2004 17 two
2l kyl enBeGPotpe ST & CAmITEY SR i Wt HeFC BT W E PP OBRI 93 mEhT BokiPT c
aci d. Enbodi nents of the nethod of manufacturing a photo- alignhnment |ayer
and a | F§GFG1ORy d5all Idisdpl P FXfde IhAURIRE SEieet sametbei Rgot e
material for the photo-alignnent |ayer of the present invention will now
be descRiibededriststictie pAvtid-al i gnment material of the present
invention is used after dissolving in an appropriate solvent.
N- et hyl pyr r dhied ®ed, yrimigahl g oraderimidde dewp cks | pebyveriyedoby
butyrol actone, chlorobenzene, dinethyl sulfoxide, dimethylacetam de and
t et r ahydrobsuar &ce lgarigr alshghused DV tlhghgh tohe ksolhesritinics ndthen light
specifically limted thereto. Arong these solvents, butylcell osol ve and
y-but yr ekgosome drse carried out, light having a wavelength which does
not induce a photo-alignment function of the photo-alignment
moiety is preferably used. However, polymerization by heating
10 is more preferably conducted before the photo-alignment
operation because the solvent used when the substrate is
coated can also be dried. To completely polymerize the
polymerizable maleimide group, the polymerization is conducted
by light exposure or heating and the operation of inducing
15 photc-alignment by light exposure and, moreover, heating or
exposure to non-pelarized light suited for photopolymerization
of the polymerizable maleimide group may be carried out in
sequence.
If the wavelength of the light used to polymerize the
20 polymerizable maleimide group is close to the wavelength of
the light used toc carry out the photo-alignment function, the
polymerization of the polymerizable maleimide group and the
operation of carrying out the photo-alignment function can be
simultaneously conducted by only one light exposure. Although
25 the exposed light used in the photopolymerization of the

polymerizable maleimide group is not specificalily limited, UV

is preferably used. Also the exposure method is not



r

particularly preferred because the coatability is good and a 15 uni& rT
| ayer can be obtai ned. These solvents can also be wused in conbinaZ'%@ 2004
taking the coatability and volatilization of the solvent shortly after
coating into consideration. The solutih@en of the photo-alignnment nateri al
is coated onto the substrate by a method such as spin coating or a 20

printi fggyér:gj;ﬁggaef% 180t eLadLybing, (Beppobypeel 28t o8 andncphatandl kgnment

oper at i'on yneri zable maleim de group are conducted. The
substrate used in th S ioyeption,| ubst.r.at e 1 whigh i
convenﬁ%%ﬁﬂﬁ@ﬁE%%% ?Egﬁﬁegg Bt§¥aﬁégnﬁgggr§§§algygbﬁénd hgs e%gugh heat

i st { it hst d ther i . A h
Cubstr dretat fxgd OPGRET SaEBRTERLTS: PoREbRoRac aBhSneE: S0k AU ¢
2004 18 leimd d to . light heat .i. f bl t ed
bef or e thgaéf$%kﬂ§ﬁg£gggpag?oﬁ8ggégﬂgegﬁRﬁggﬁ&b%nﬁ%ﬁgs%%a?%gﬁgﬂgggbfion is

likely to exert an adverse effect on the ﬁEOtO- al i, neg strﬁpturah unit. 5
The Spol §HE? ¥ 22t EORar 8RR 48 g SupCPEUEOEFNEYi £88°By MIexPofTré 't'd 99 ght
such as WV light, or by heating. Wen light exposure is carried out,

li ght havdhlg- a Awaiasy ehRp it nfepelbesef notfinleeeld PHOEBL AFPEniBAt
function of the photo-alignnent moiety is preferably used. However,

pol ymerphat ¢onl bynhedt gagup 1s selected as the wavelength of the

polarized light and examples of light having such a wavelength

include visible and UV light. Particularly, UV is preferred.
10 Linearly polarized light and elliptically polarized light are

often used as the polarized light. To obtain a pretilt of the

liguid crystal, a method of exposure to polarized light in a

direction obligue to the substrate, and a method of exposure

to non-polarized light in an oblique directiocn after exposure
15 to polarized light may ke used.

According to the present invention, a photc-alignment
layer is obtained by coating a material for the photo-
alignment layer ccntaining a polymerizable monomer having a
photo-alignment moiety, which carries cut a photo-alignment

20 function by a photo dimerization reacticn, and plural
polymerizable maleimide groups per molecule con a substrate,
polymerizing the polymerizable maleimice groups and inducing
the photo dimerization reaction of the photo-alignment moiety
which carries out the photo-alignment function. The maleimide

25 compound used in the present invention has the feature that it
has high solubility in a solvent because of its low molecular

weight, and is easily coated. According to the present



10 is nore preferably conducted before the photo-alignnment operation
because the solvent used when the substrate is coated can al so be Y ij€d.2004
To conpl etely polynerize the polynerizable maleimde group, the

pol ymeri zation is conducted by |ight 2 posure or heating and the

operation of inducing 15 photo-alignne by |ight exposure and, noreover,
heating.orﬁﬁgxposureg%%inon-polarized | ight suited for photopol ynerization

SO RS2 dbl% B Rt gt haySbel e ut i el @bt Stabiddgkence. | f

of the pol
t he mavelen%th %r he light used to polynerize the 20 polynerizable
o gued

0

mal ei ni 8887 Gtp e ahedtmvet etlgi i ped Phearsghe @Eeasiénkadry out
t he photo-alignnment function, the ol ynmerization of the polynerizable
nal ei m §&TYFEUF Cadd thrrmashdratGe bfmenk 23 hen ovf 2 heo pyoebi akbganent
function can be sinultaneously conducted by only one |ight exposure.
Al t hougha2sifpaeegsesad drigyhl i atharothbl piroeopol y meed Zatédnbpf thhe
pol yneri zable mal eimide group is not specifically limted, W is
pr efeer aBhptgs ddmeAligs ttive esgrosuiran et hote i sh oot - 21 79:0naTt 2064e19.
specifically limted and it is possible to use |light having a
pol ari zat i onSénatee tdwc Ipclsymeori-zed daom zéuek |t ghthe Imakathiyde pgtanpzédesi ght
elliptically polarized |ight or the |like. The operation of inducing
phot o- ahpgnmenuile thegihotex i Zatdiorerizat i oo r eact | D msdeopdusiete byo
exposing to polarized

eliminate the cause for the deterioration in the performance

of liquid crystal display devices (e.g. the reduction of the

10 wvoltage holding ratio) without causing the polymerization
initiator to dissolve in the liquid crystal after forming the

liguid crystal cell.

EXAMPLES
15 The following Synthesis Examples, Examples and
Comparative Examples further illustrate the present invention

in detail, but the present invention is not limited by these

Examples.

20 Synthesis Example 1
Synthesis of material for maleimide photo-alignment layer

having benzophenone structure

(a) Synthesis of maleimideacetic acid
25 In a 500 ml four-necked flask equipped with a stirrer, a
thermometer, a dropping funnel, a Dean-Stark fractional

distillator and a condenser tube, 140 g of toluene, 5.2 g of



light. A wavel ength capable of efficiently dinmerizing the photo-ali ni&g
group is selected as the wavel ength of the polarized |light and exaﬁgﬂ il 2004
of light having such a wavel ength include visible and UV |ight.
Particularly, W is preferred. 10 Linegafly polarized |light and

elliptically polarized Iight are often used as the polarized light. To

obtain a-pbghbhlsah s c Lici hoorsicdlar A IR H0G of sxRosure, f o holari zed

light in a irection oblique tot ubstrate, an exposure
to non- ri li.ght_ i ohl i gu irectjpon after ex re. 15 to

pol ari zggk?i éétﬁgr?a;}glb%e@sr&é%geA%&#d%nfgcetro atdr1°gm§?e3tsog qﬂ;ﬁan eflocn, a

phot o- al ] nt, | r i s.obt.ained.by coating a material for t phot o-
BT onrere IS B s e T 2 DSy e 081 € o A AR I S A1 Fe
phot o- a] i gnment _noi.ety, ich carries_out a,photo-aligngent 20 function by
a phot of"agﬁépsz&f)i éﬁ ?éea\(l:\gpéﬁ,r ghdgpf’ﬁr gﬁychFyHﬁFi f&%ltg%ﬁala id5de t(t'fFoups
per nol ecul e.on a substrate, . polynerizing the paqlynerizable nalei mde

o1 otbs BRASFAAOCHAS CPRESSEo Mliitter [SAAt om T edetiten dfok fdiree hours.
phot o- al i gnnment, noi et whi ch carries out the photo-alignnent function.
The mal %fg’?‘d’ea%‘lc?&nﬁ uidd Sds &@LU nEne s et Ain e 1 Yl t9ve Wt ure
that it has high solubility in a solvent because of its |ow nol ecul ar

wei ght , Sahdens ¥asi heatssk éd. rAddordiang ttde Heastdsentwas TOCRFDDY 20

invention, a photo-alignnent |[ayer having high stability .
for one hour while removing water. To the residue obtained by

distilling off the sclvent from the reaction mixture, 4
10 mol/dm® of hydrochloric acid was added to adjust the pH to 2,
followed by heating and recrystallization to obtain 7.3 g of

maleimideacetic acid as a pale yellow solid.

(b) Synthesis of 4,4’'-bis(2-hydroxyethoxy)benzophenone

15 In & 300 ml four-necked flask equipped with a stirrer, a
thermometer, a dropping funnel and a condenser tube, 62.5 g of
Z-bromcethanol was added and 100 g of N-methylpyrrolidone was
added while stirring under cooling with an ice bath. To the
mixture, 10 mg of p-toluenesulfonic acid menohydrate was added

20 and 42.1 g of dihydropyran was added dropwise over about 10
minutes. After stirring under cooling with ice for two hours
and further stirring at room temperature for two hours, 42.8 g
of 4,4’ -dihydroxybenzophenone and 69.1 g of potassium
carbonate were added and the reaction was conducted at 120°C

25 for three hours. After cooling, the reaction mixture was
added to 400 ml of water and the solution was extracted twice

with 400 ml of toluene. The resulting toluene layer was dried



agai nst light and heat can be obtai ned because a crosslinked structure is
formed by copol ynmerization of a polynerizable maleimde group and 2l7sgCT 2004
photo-alignnment is realized by the 5 photo dinerization reaction of the
phot o-al i gnment moiety. Since the polyperization due to the naleimnde
group does not require a polynerization initiator, it is nade possible to

elimn h for the deterd oration.in th erformnce f.liquid
crysta?ég?%p %§9§2§P8e§0 é%g.%yﬁg%ggﬁﬁ%F?&ﬁ%ﬁs(m%%Qﬁ)Wﬁﬁté%ﬁ;#Qﬁ%ﬁng
ratio) g%% out causinggthe pol ynmerization initiator to dissolve in the

liquid Crys A Bf TEFP Pﬁ?ﬁg the liquid crystal cell. EXAVWPLES 15 The
foll ow ng Synt hesi s Exanpl.es, Exanpl es d Conpar ati ve Ex | es further
illustrate tﬂ% Eﬁ@séﬁ?ugﬁ\%gﬁt irﬁﬁldiuﬁ'dét%g)l 19, O%tmectﬁ’é‘rﬁ)r]e'se g rﬂ/‘{:nti on is
not limted by thes Exanpl es. 20 Synthesjs Exanple 1 Synthesis of
mat er i at2¥of @e&nﬁd@ B%o?89§ﬁpﬁﬁﬁ§ﬁ@Ih&ﬂ%och%ﬁﬁ¥b dpehatfeded,
structure %a) Synthesi s of mal ei m deacetic acid 25 In a 500 m four-necked
flask etd pPEBCWPYhSRisTilngerveanighdrnohBReF eSH1EAPEPPAGCRIMAGE Has
Dean-Stark fractional _distillator and a condenser tube, 140 g of tol uene,
5.2 g ofodleceed byofiriration, washed sufficiently with methanol,

and then dried to obtain 52 g of 4,4’ -bis(2-

hydroxyethoxy)benzophenone.

10 (c) Synthesis of material for maleimide photo-alignment layer
In a 500 ml four-necked flask equipped with a stirrer, a
thermometer, a Dean-Stark fractional distillator and a
condenser tube, 8.8 g of the maleimideacetic acid obtained in
Synthesis Example 1 {(a), 6.1 g of 4,4'-bis(2-

15 hydroxyethoxy)benzophenone, 0.4 g of p-toluenesulfonic acid
monohydrate, 20 mg of hydrogquinone and 150 ml of toluene were
added in sequence. The solvent was refluxed by heating to
90°C under reduced pressure and the reaction was conducted for
15 hours while removing water. After the completicn of the

20 reaction, the reaction mixture was filtered while being kept
in a hot condition and the resulting solid was sufficiently
washed with methanol and dried to obtain 8.6 g of a material
for a difunctional maleimide photo-alignment layer represented

by the formula {(4):



p-tol uenesul fonic acid nonohydrate and 2.8 g of triethylamne were added
in sequence and, after adding 30 g of maleic anhydride while stirr?adLCT 2004
the m xture was dissolved while heating to 30C. After 23 g of glycine was
further added, the 5 reaction was conduygted while stirring at 70C for

three hours. After adding 50 g of tolUéne and 60 g of triethylamne, the
sol vent was heated at reflux and the reaction was conducted for one hour
while renoving water. To the residue ohtained by distilling off the
solvent fromthe reaction nlxture \\pB of hydrochloric acid was
added to adj the pHto 2, Ying and recrystal I3 zation to

obtain 7.3 ei ea ﬂ!;;
Synt hesi s of Ngﬁ#ag’ Fyﬁf§%%
eq

eth.xy)benzo- enéhe | nja 3
four-necked f as pped with a stirrer, a thernonete
funnel and a con ser tube, 62.5 g of 2-bronoethanol was @ and 100 g
of N-net hyl pyrrolidone mas added while stirring under cooling with an ice
bath. To the m xture, ng of p-toluenesul fonic acid nonohydrate was
added 20 and 42.1 g of dlhydropyran was added dropw se over about 10
m nut es yﬁkkg %tl ahl ugper cooling with ice for two hours and further
stlrrlng at roon1tenp ratdre for two hours 42.8 g of

4, 4" - xybenz phe one .a ot assi um .carbonate were added
and e YRERRXRRNEIPREANG A i it VA TR SRS Cont o
thefgeagglontnléture was added to 400 m of water and the sol ution was
ext ract i

In a 500 ml four-necked flask equipped with a stirrer, a
thermometer, a Dean-Stark fractional distillator and a
condenser tube, 8.8 g of the maleimideacetic acid obtained in
Synthesis Example 1 (a), 5.0 g of polypropylene glycol having

10 a number-average molecular weight cf 400, 0.4 g of p-
toluenesulfonic acid monohydrate, 20 mg of hydroquinone and
150 ml of toluene were added in sequence. The solvent was
refluxed by heating to $90°C under reduced pressure and the
reaction was conducted for 15 hours while removing water.

1> After the completion of the reaction, the reaction mixture was
washed twice with & diluted sodium hydroxide solution and then
washed three times with pure water, and then toluene was
distilled off to obtain 7.7 g of a difuncticnal maleimide

derivative represented by the formula (5):

b AN

20



with 400 M of toluene. The resulting toluene |ayer was dried 270CT§9%&T%@M
over anhydrous sodiumsulfate and the solvent was distilled off by an
evaporator. To the resulting residue, 450 g of nethanol, 70 g of water
and 1.0 g of concentrated hydrochloric acid were added, 5 followed by
stirring overnight. The resulting prec?ﬁitate was collected by filtration,
washed sufficiently with nethanol, and then dried to obtain 52 g of

4, 4" -bi s(2- hydroxyet hoxy) benzophenone. 10 (c) Synthesis of material for
mal ei m de photo-alignnment layer 1In a 500 m four-necked flask equi pped
with a StPthesisaExaierkmnkter, a Dean-Stark fractional distillator and a
condenser tube, 8.8 g of the nal eimdeacetic acid obtained in Synthesis
Exanpl eS¥ntaes i6. g noflelimt ddi 21 dbt hyelrioxyetboxinbenzpphgreag, 0.4 g of
p-tol uenesul fonic acid nonohydrate, 20 ng of hydroqui none and 150 m of
toluene were added in sequence. The sol vent was refluxed by heating to
90C under reduced pressure and the reaction was conducted for 15 hours

whi % reapvispgtialisdrs oAf ter(2-he,eosmlation ofiihen20 seagtpon, the
reaction mxture was filtered while being kept in a hot condition and the
resultiﬂgdggky@tmgg‘$éggéfﬂ ently washed with nethanol and dried to obtain
8.6 g of a material for a difunctional nalei mde photo-alignnment |ayer

represented In a3 500 ml autoclave, a mixed solution of 40.0 g (1.0
mol) of sodium hydroxide in 80 ml of ethanol and 100 ml of
water was added and, after adding 82.1 g {0.5 mol) of 4-

10 ﬁydroxycinnamic acid, the mixture was dissclved. While
cooling with ice, 132.2 g (3.0 mol) of oxysilane was added
and, after sealing the autoclave, the reaction was conducted
at 80°C for six hours. The reaction sclution was diluted by
adding 200 ml of water and the diluted solutien was extracted

15 twice with 100 ml of ethyl acetate. After the extract was
purified by silica gel chromatography, ethyl acetate was
distilled off under reduced pressure and the residue was
concentrated to dryness and then recrystallized from butanol

to obtain 90.8 g {72%) of 4-(2-hydroxyethoxy)cinnamic acid-2-

20 hydroxyethyl ester.

(b) Synthesis of maleimide derivative having cinnamoyl group
In a 500 ml four-necked flask equipped with a stirrer, a
thermometer, a Dean-Stark fractional distillator and a
25 condenser tube, 8.8 g of the maleimideacetic acid obtained in
Synthesis Example 1 (a), 5.1 g of the 4-(2-

hydroxyethoxy)cinnamic acid-2-hydroxyethyl ester obtained in



by the formula (4): 2 7 OC T 2004 23 0 Synthesis Exanple 2 Synthesis of

mal ei m de derivative having no benzophenone 5 structure In a 500 m?77(QCT 2004
four-necked flask equipped with a stirrer, a thernoneter, a Dean-Stark
fractional distillator and a condenser.tube, 8.8 g of the nual ei m deacetic
acid obtained in Synthesis Exanple 1 %a), 5.0 g of polypropyl ene glycol

havi ng er- r |.ec wei ght of. 400, 0.4 g of p:

t ol ueneégP?grgngg%acEiX%\ﬁ%&%ﬁjyd aaet’e,tﬁ‘% grrgogfp_h%}%%%%%go’g%‘a a%s‘é m of

t ol uene_wer dded in seque . The sol vent S ef ] uxed by heating to
90C undEP“Pﬁé@ES eprggs&}%e ogglﬁdrﬁ’q“r%‘? cﬁpvga@idhjd& e F o719 5V EbRr s
whi | e reg%i ng water. 15 Aftﬁr the conpletion of the reaction, the

react i oACHRERt dPe SHE N REshe dDEWSEE ViRth W& Sditiedftled esh ivuaRfdrokitde
solution and then washed three times with pure water, and then tol uene
was di €Pi FI 8BdsET resusIRchiBy eAsp g Gndh e uiktGlorrn was etondectedrivat i ve

represented by the formula (5): 20 270CT2004 24 Synthesis Exanple 3
5 15 hours while removing water. After the completion of the

reaction, the reaction mixture was filtered while being kept

in a hot condition and the resulting solid was sufficiently

washed with methanol and dried to obtain 7.8 g of a material

for a difunctional maleimide derivative represented by the
10 formula (6):

o}
K O\\//“\ ’/[:::i]//&§h/’ﬁ\O’/\\\,-O 0O
e 50!
\\ O 9] //
o 0

'"H-NMR (300MHz, (CD3).S0) & = 3.75-4.47 (m, 12H), 6.84-7.15 (m,

8H), 7.63-8.18 (m, 6H)

15 Comparative Synthesis Example 1
In the same manner as in Synthesis Example 1 (c):
synthesis of the maleimide derivative was carried ocut, except
that acrylic acid was used in place of maleimideacetic acid,
and a difunctional acrylate represented by the formula (7):

O

4¢f\\wzo\\//“\c) “llii Illii O/”\\,fo\ﬂ/ﬂﬁ§
20 0] o

was obtained.



Synt hesis of mal ei m de derivative having cinnanoyl group 5 (a) Synthesis
of 4-(2-hydroxyet hoxy)ci nnam ¢ aci d-2- hydroxyethyl ester In a 500d£¥0 T
autocl ave, a mxed solution of 40.0 g (1.0 nol) of sodi um hydr oxi iﬁ é@‘
m of ethanol and 100 m of water was_added and, after adding 82.1 g (0.5
nmol ) of 4 10 hydroxyci nnami ¢ acid, the?fixture was dissolved. Wile
cooling with ice, 132.2 g (3.0 nol) of oxysilane was added and, after

seal ing the autoclave, the reaction was conducted at 80C for six hours.
The reaction solution was diluted by adding 200 m of water and the

di | ut ed“eBPaLRSA Was YortthesdtsedExEBrrlé ¢ with 100 nl of ethyl acetate.

After the extract was purified by silica gel chronmatography, ethyl

acet at eSwashediist idfl ed teffiainderr meducet prgssante baget heavesgdue was
concentrated to dryness and then recrystallized from butanol to obtain

90. 8 g pPB2%)imoted-i(2-thed madyetdioxiy) cdrivhard £a Blokd:dbe 2O Vel oxyeb iyl ester.
(b) Synthesis of maleimde derivative having cinnanoyl group In a 500 m

f ours negkedpf Lask heqwipredhsiitth a stirrer, a thernmoneter, a Dean-Stark
fractional distillator and a 25 condenser tube, 8.8 g of the

mal ei m deacetic acid obtained in Synthesis Exanple I (a), 5.1 g of the

4- (2- hydroxyet hoxy)ci nnam ¢ aci d- 2- hydroxyet hyl ester obtained in 2 7 OCT

2004 25(a) Synthesis of polyhydroxyphenylmaleimide
In a three-necked round flask filled with nitrogen, 5 g

of a maleic anhydride polymer (manufactured by Polyscience

10 Co., U.S.A) and 3 g of aminophenol were mixed with 100 ml of
xylene, followed by stirring at normal temperature for 30
minutes. Furthermore, 2.9 g of isoquinoline was added and,
after gradually raising the temperature to 150°C, the reaction
was continued for about three hours while removing water

15 produced during the reaction. After confirming that
production of water was stopped, the reaction was completed
and the temperature was reduced to normal temperature. The
reaction solution was poured into 500 ml of methanol to
precipitate the product, which was collected by filtration

20 under reduced pressure and then dried at 100°C under reduced

pressure to obtain polyhydroxyphenylmaleimide.

(b) Synthesis of paraflucrobenzoylcinnamoyl chloride
l6.42 g (0.1 mol) of parahydroxycinnamic acid and 8 g of
25 sodium hydroxide were dissolved in 100 ml of water and 100 ml
of dimethyl sulfoxide (DMSO} and 15.86 g (0.1 mol) of

parafluorobenzoyl chloride was gradually added dropwise while



Synthesis Exanple 3 (a), 0.4 g of p-toluenesul fonic acid nonohydrate, 20
myg of hydroqui none and 150 ml of toluene were added in sequence. TheQCT 2004
sol vent was refluxed by heating to 90C under reduced pressure and the
reacti on was conducted for 5 15 hours ile removing water. After the
completion of the reaction, the reactfon mxture was filtered while being

kept in.a hot condit,ion and tgﬁ esuylting solid was sufficient washed
wi th methAROPUSTY Gried ¥ Gt dl i 7. 816501 tRemEeatArD PR AT onal
mal ei m de derivative represented by the 10 fornula (6): 1H NVR (300MHz,
(CDB) 258§ Bormg l7genper atyre f9r dpeu- £Ws R sHthe smatign(m 6H) 15
Conparative Synthesis Exanple 1 In the sanme nmanner as in Synthesis Exanple
| (c); SeyHERRE ¥asf newd nedliciad od derd Mattiad hiedreehr¥oric oatidexcept
t hat acrglic acid was used in place of naleimdeacetic acid, and a
di f unct Foaakbacityl @dg usgpridsemttedvihyh irhes froymod af (k) (6 td 170 The'- O 20 0
was obtained. 2 7 OC T 2004 26 Conparative Synthesis Exanple 2 Synthesis
of rat ereablfongplsotlddalliigrementt dansetidtaviwey collected by filtration

and then completely washed with water. After completely

drying under a vacuum, the resulting product was

recrystallized from ethanocl to obtain

parafluorobenzoyloxycinnamic acid with a yield of 90%. To the

10 resulting parafluorobenzoyloxycinnamic acid, 1.2 eg. of

thionyl chloride and about 50 ml of methylene chloride were

added and the reaction was conducted until a solution, which

is transparent at normal temperature, is obtained. After the

completion of the reaction, the sclvent and thionyl chloride

15 were removed under reduced pressure and the reaction product

was completely dried to cobtain paraflucrobenzoylcinnamoyl

chloride.

{c) Synthesis of material for photo-alignment layer having

20 polymaleimide in the main chain and parafluorcbenzeylcinnamoyl
group in the side chain

After 1.7 g of the polyhydroxyphenyl maleimide obtained

in Comparative Synthesis Example 2 (a) was dissolved in 50 ml
of N-methylpyrrolidone (NMP), 1.0 g of triethylamine was

25 added, followed by stirring for 30 minutes. The reaction
temperature was reduced to 5°C, and 2.13 g of the

parafivorcobenzoylcinnameyl chloride cbtained in Comparative



polyim de in the nmain chain and parafl uorobenzoyl ci nnanmoyl 5 group in the
side chain (a) Synthesis of polyhydroxyphenylmaleimde In a three;TZ?cdie%dZ[m4
round flask filled with nitrogen, 5 g of a naleic anhydride poly

(manuf actured by Pol yscience 10 Co., S.A) and 3 g of am nophenol were
mxed with 100 m of xylene, followed by stirring at nornmal tenperature

for 30 1 RULLS o E ateregLre[mje 2"'?35?050{1%%)@)0?”‘%{32% ie{glg?ﬁ@isgs\%eg%and, after

gr adual rai sing the terrper('a}%)ure Onti nued for

about thr hour i.l e .repovi wat er 15 praduced, during the reaction.
Aft er cgﬁglgrr% 5 t\r%ﬁa{tlr%ucﬁ%gﬁroft%\ﬁatdép%es@%,oq H%thr eaction was
conpl eted ?nd the tenperature s reduced to normal tenperature, The
react i oRZEBLGECHS Oﬁﬁl?rléﬁlqr?ﬂ SO0l F WAt HERTRP L9 6P r eBF BY ¥ HER t he

product, which was collected by filtration 20 under reduced pressure and
then drlFéd sPrfadeethdér rhidePnprivasurand dhmtrgaction was
pol yhydroxygl)henyl mal ei m de. (b) Synthesis of parafl uorobenzoyl ci nnanoyl
ChI6}id@OTB.Qieg-(OTQenﬁﬁ?C@ﬂOﬁaﬁéﬁV@ﬂ@%y@ﬁﬁn@muiﬁﬂﬂquﬂuﬁqurkﬁrJQB
sodi um hydr oxi de were dissolved in 100 m of water and 100 m  of di net hyl
sul f oxi dB1EhVBOP avd ofs weg ey (Endl 4R )mlbofof peartdfdnor obemzoikedhl ori de was
gradual |y added dropwi se while 2 7 OC T 2004 27 vigorously stirring at
0C. Afteherhbyr dacpires iwds adendust gboduct, which was sufficiently
washed with excess water and methanol, filtered under reduced
pressure and then dried under a vacuum to obtain a material
10 for a photo-alignment layer having polymaleimide in the main
chain and a paraflucrobenzoylecinnamoyl group in the side
chain.
Using the materials for photo-alignment layer obtained by
the Synthesis Examples and Comparative Synthesis Examples
15 described above, photo-alignment layers were made and their
physical properties were evaluated. The method of making the

photo-alignment layers and the method of evaluating their

physical properties are as follows.

20 Method of making photo-alignment layer
(&) Preparation of photeo-alignment material solution
The maleimide derivative obtained in the Synthesis
Example was dissolved in a2 mixed solution of N-
methylpyrrolidone and butylcellosolve in a mixing ratio of 1:1
25 to give a solution having a nonvolatile content of 5%, which
was filtered with a filter having a pore size of 0.1 pm to

obtain a solution of a material for a photo-alignment layer.



at normal tenperature for about two hours, the reaction solution was
neutralized with diluted hydrochloric acid, thereby to adjust the?@HCT 2004
within a range from6 to 7. The 5 resulting solid-lIike internedi ate was
collected by filtration and then coangtely washed with water. After
conpletely drying under a vacuum the“resulting product was
recrystallized fromethanol to obtain parafluorobenzoyl oxyci nnamc acid
with a yield of 90% To the 10 resulting parafl uorobenzoyl oxyci nnam ¢

aci d, 1.§ gq. of thionyl _ chloride and about 50 ml of nethylene chloride
were ad®ed’af@TMad Y@ g Al Tbrireed Lawer Ackermesehinghnehhods
transparent at normal tenperature, is obtained. After the conpletion of
t he reacti onINEhéddithient @ndahimiarichl ofdrlet 1S weeor@hbyedeuhder
reduced pressure and the reaction product was conpletely dried to obtain
par af | uRgBEN2&FEdiNStaky Ithe mathaR. ()c)wBynthesosnby owdeedabnfar

phot o-al i gnment | ayer having 20 pol ynmal eimde in the main chain and

par &f | ugrebensoyplstimartanoyilth @Eroullrd re Ydet sidke lohad nsfh ecodtdrg ofishe

pol yhydr oxyphenyl nal ei m de obtained in Conparative Synthesis Exanple 2
(a) waszaddssbeveduired@tnil 3®0fC Nawtdnd myvuwl | dore ,( MR ,sulb B @ off
triethylam ne was 25 added, followed by stirring for 30 m nutes. The

react i onhet esperatimge caast ireduceet t o, e itk e 1% 01 Phed PBy polarized
par af | uor obenzoyl ci nnanoyl chl oride obtained in Conparative

UV at about 365 nm from an ultra-high pressure mercury lamp in

a total energy of 30 J/em?

to form a photo-alignment layer.

10
(b-2) Formation of photo-alignment layer (photocuring method)

The sclution of the material for the photo-alignment

layer obtained by the method of (a) was uniformly coated on a
glass substrate with an ITO electrode by a spin coater and

15 dried at 100°C for 15 minutes, and then the surface of the
coating layer was exposed to UV at about 313 nm from an ultra-
high pressure mercury lamp in a total energy of 2 J/cm?’. Then,
the surface of the resulting cocating layer was exposed to
linearly polarized UV at about 365 nm from an ultra-high

20 pressure mercury lamp in a total energy of 30 J/cm® to form a

photo-alignment laver.

(c) Formation of liquid crystal cell
An epoxry adhesive containing styrene beads having a
25 diameter of 8 pm was coated around the periphery of one of the
substrate coated by the photo-alignment layer obtained in (b-

1) or (b-2), with the exception of a liguid crystal injection



2 7 OCT 2004 28 Synthesis Exanple 2 (b) was slowly added dropw se while
vigorously stirring. After the dropw se addition of 2.7 0CT 2004
par af | uor obenzoyl ci nnanoyl chloride was conpleted, stirring was continue@
for about one hour and the reaction wag, 5 conpl eted. The reaction sol ution
was poured into a beaker in which 2000 of water and 200 ml of nethanol

are m x t her to ecipitate_th roduct ., . which.was _suffi.ciently

tnshed Hrth- excagiahe ePbSReRErhaRbFS BYTEERnitaer L {3amE0s Lovedsur e

and then dried,under vacuum tq obtain a material 10 for a

phot o- al PERMBAEC! Qe ia oG B yeiceithiate 4 ATEHai 11 e 5 SRES

parafluoroBean%%cinn noy | g&gﬁp i.n the side chain. Using the materials

for photdSal PHRAENt ANy &bt EiTned 3B thé Syt LB EO 2

Conpar atjve Synthesis Exanpl es 15 descri bed above, photo-alignnent |ayers

ver e nebBBORATSE RENFCDShYSIVED Py GHer GNss ertd e viiinfttiat e STHE $rettholl of

maki ng the photo-alignnent |ayers and the nmethod of evaluating their

physi caFiphbpengiles tar éhad fodl ithes ot vt 1oft avaldnd e o-=e i gnnent

|l ayer (a) Preparation of photo-alignment material solution The naleimde

deri vat adbesbvai nag icrreide aSy dthesl o veEx &iplmeinvdssdi ssol ved in a mi xed

solution of N nethyl pyrrolidone and butylcellosolve in a mxing ratio of

1:1 The ligquid crystal cell was filled with a nematic liquid
crystal (5CB) in an isotropic phase by injecting it under a
vacuum through the liquid crystal injection hole, and then the

10  liguid crystal injection hole was sealed with an epoxy

adhesive.

Method of evaluating photo-alignment layer
(a) Evaluation of liquid crystal alignment property

15 The alignment property of the liquid crystal was
evaluated by interposing the liquid crystal cell obtained in
the methed (c) into the space between the two polarizers, the
plane of polarization of which are at a right angle to each
other, applying a voltage of 5 V tc the space between the

20 electrodes, and switching on/off thereby to switch lighting.

(b) Measurement of voltage holding ratio
To the liguid crystal cell obtained by the method (c}, a
DC voltage of 5 V was applied for 64 microseconds, and then a
25 holding ratio of the voltage after opening for 16.6

milliseconds to the initially applied voltage was measured.



25 to give a solution having a nonvol atile content of 5% which was
filtered with a filter having a pore size of 0.1 pmto obtain a solzu;tue)pmm
of a material for a photo-alignment layer. 2 7 OC T 2004 29 (b-1)

Formati on of photo-alignnent |ayer (thg nocuring nethod) The solution of
the material for the photo al i gnnment |ayer obtained by the nethod (a) was

uni formy, cgated_on strate wwth an I TO el ectrode by a spin
coater,(§ '@8 SEHSmﬁﬁgn %lgiﬁng'féﬁt:for one hour. Then, the surface of
the resulting coa Ia er was exposed to linearly pol arlzed UV at about
365 nm from gﬁeuta 115 Eﬁ BrERET Y w&c iy Uy |9Psear‘f%4a€f %%rW%f 30

J/cn2 to forma photo-alignnment Iayer 10 (b 2) Formatjon o
phot o- a ?Gﬂﬁ‘énf:rlyéffé# ChHot ¥&dr itdd ahd® stRiE f81 B9 dn f&ﬁrt}%oc?mterl al

for the photo-alignnent |ayer obtained by the nethod of (a) was uniformy
coat ed BAVAS-gl ass substrate with an I TO el ectrode by a spin coater and
15 dried at 100C for 15 mnutes, and then the surface of the coating
| ayer was exposed to WV at about 313 nmfroman ultra high pressure
mercury lanmp in a total energy of 2 J/cnR2. Then, the surface of the
resul ti hg) coueilngtiapecinasagxpesedtiamcd i nearly pol ari zed UV at about 365
nmfroman ultra-high 20 pressure nercury lanp in a total energy of 30
J/crn2 to fohftar phet phalticgaliemtinmeamyrerlayer obtained by the method
{(b-1) or (b-2) was heated at 180°C for 60 minutes, a liquid
crystal cell was made by the method (c) and the liquid crystal

10 alignment property was visually observed.

Example 1

A solution cf a material for the photo-alignment layer

was prepared from the maleimide derivative (8) obtained in

15 Synthesis Example 1 in accordance with the method of preparing
the above solution of the material for the photo-alignment
layer, and then a photo-alignment layer was made in accordance
with the method of thermocuring the photc-alignment layer (b-
1). A ligquid crystal cell was made by using the resulting

20 photo-alignment layer and its physical properties were
evaluated in accordance with the above evaluation methoed.

As a result, the liquid crystal showed a voltage holding
ratio of 99% and was superior in liguid crystal alignment
property, durability and heat resistance.

25
Example 2

A scluticn of a material for the photo-alignment layer



(c) Formation of liquid crystal cell An epoxy adhesive containing styrene
beads having a 25 dianeter of 8 pmwas coated around the periphery gﬁ 004
of the substrate coated by the photo-alignnent |ayer obtained in (b- qgrﬁ
or (b-2), with the exception of a quu'ﬂ crystal injection 2 7 OCT 2004 30
hol e. Anot her substrate coated by the % oto-alignnment |ayer were laid on
the substrate so _that_ alignnment surfaces, faced . eac )onﬁgr,_an t hat the

er

pl ane of 2BoPaFPZ&fiCort X510 odid € %-385 gtHehnte | TP offe of the
substrat.es gas.at a5 rigqﬁ,angle to that of the other substrate, and then
the adRESFVESHEs *EGEdCatt 1506 KRIHAIE SrivHtestherHee 1hafi ff ryrar1Rel |
was filled wwth a nematic liquid crystal (5CB) in an isotropic phase by
i nj ecti hBSi BPEHEer o N QEuGH oAt amial ifqn dhe yhalioTa} EErmert hol e,
and then the 10 liquid crystal injection hole was sealed with an epoxy
adhesi v&2YREt hed doft hepalou ok pHotGwEr tgiresiar Iwaernyds Bvadceeidmed
liquid crystal alignnment property 15 The alignnment property of the liquid
cryst al wiabs theargahed Iof iphtcdroeogiimg thie |dhpticd-adriysinednicel dyabt dbned in
the nethod (c) into the space between the two polarizers, the plane of
pol ari zat i oA of ighidhcayetal aelightsamgbe by eadhg ahkeresappliyigng a
voltage of 5 V to the space between the
photo-alignment layer and its physical properties were
evaluated in accordance with the above evaluation method.
As a result, the liquid crystal showed a voltage holding
10 ratio of 99% and was superior in ligquid crystail alignment

property, durability and heat resistance.

Example 3
Evaluation was cbnducted in the same manner as in Example
15 1, except that the maleimide derivative (8) obtained in
Synthesis Example 1 was replaced by a mixture of the maleimide
derivative (8) obtained in Synthesis Example 1 and the
maleimide derivative (9) obtained in Synthesis Example 2 in a
ratio of 1:1.
20 As a result, the liquid crystal showed a voltage holding
ratio of 99% and was superior in liquid crystal alignment

property, durability and heat resistance.

Example 4
25 Evaluation was conducted in the same manner as in Example
1, except that the maleimide derivative (8) obtained in

Synthesis Example 1 was replaced by the maleimide derivative



20 el ectrodes, and switching on/off thereby to switch lighting. (b)
Measurenent of voltage holding ratio To the liquid crystal cell obtay G€d 2004
by the nethod (c), a DC voltage of 5 V was applied for 64 m croseconds,
and then a 25 holding ratio of the vol{age after opening for 16.6
mlliseconds to the initially applied voltage was neasured. 2 7 O C T 2004

31 (c) u : f.duabi Lity The ali.gnnent property was visually
observeg@gftégg‘égl}lga ﬁﬁqt‘?&%tgfa%tsal%‘:@e E1l%vvan§sa‘ allowed to stand at 80C for
1000 hours.,5 (d) Evaluation.of heat resistance After the phato-alignnent
| ayer obt ai ned %yl’?ﬁgﬁ%t %:5]& 1(llfia-uf)daé:rrY( _a‘;‘L) ﬁrbef’s’f’e?‘iaﬁ evoojattag%gl?]f%rn‘%o |
mnutes, a,liquid_ .crystal cell was made by the nethod (c). and the |iqui
crystal riglﬁl ggngrgﬁt aérdob’@rst 7 URES WATs udl 1y DSk et t Bx it @M sol ut i on
of a material for the photo-alignment |ayer was prepared fromthe

mal ei mi AECHRF FVat fvEaPa) 15ht anfedeat 15S3@haes-s Exanple 1 in accordance
with the nethod of preparing the above solution of the material for the
phot5o- alignnment layer, and then a photo-alignnment | ayer was nmade in

accordance wth the nethod of thernocuring the photo-alignnment |ayer (b-
Comparative Example 1

Evaluation was cenducted in the same manner as in Example
1, except that the maleimide derivative (8) obtained in
Synthesis Example 1 was replaced by the acrylic acid

10 derivative (11) synthesized in Comparative Synthesis Example 1

and a mixture obtained by adding 0.1% 2,2'-
azobisisobutyronitrile to the acrylic acid derivative.

As a result, the liquid crystal was superior in liguid
crystal alignment property, durability and heat resistance,

15 but showed a low voltage holding ratio, such as 89%.

Comparative Example 2
Evaluation was conducted in the same manner as in Example
1, except that the maleimide derivative (8) obtained in
20 Synthesis Example 1 was replaced by the material for the
photc-alignment layer synthesized in Comparative Synthesis
Example 2, which has polymaleimide in the main chain and a
parafluorobenzoylcinnamoyl group in the side chain.
As a result, the liguid crystal showed a good veoltage
25 holding ratio such as 98% and was superiocr in liquid crystal
alignment property, but switching between the on-state and the

off-state, which indicate poor alignment property after the



1). Aliquid crystal cell was made by using the resulting 20

phot o-al i gnnment | ayer and its physical properties were evaluated '?7DCT2%4
accordance with the above evaluation nmethod. As a result, the

crystal showed a voltage holding ratig,of 99% and was superlor |n I|qU|d
crystal alignnment property, durability and heat resistance. 25 Exanple 2
A sol ut 3 rial, .f phaot i gnnment | ayer 270CT2004 32 was
prepareg ??§%$?ﬁ§a§§ @%ﬁﬁdgkﬁégﬁVatlvgx%J' obtained in Synthesis Exanple
1 in accordance with the nethod of preparing the above solution of the
material for the photo-alignment |ayer, and then a photo-alignnment |ayer
was made in accordance 5 with the nmethod of photocuring the

phot o-al i gnment | ayer (b- 2). A liquid crystal cell was made by using the
resulting photo-alignnment |ayer and its physical properties were

eval uated in accordance wth the above eval uation nethod. As a result, the
liquid crystal showed a voltage holding 10 ratio of 99% and was superi or
inliquid crystal alignnent property, durability and heat resistance.
Exanpl e 3 Eval uati on was conducted in the sane manner as in Exanple 15 1,
except that the maleimde derivative (8) obtained in



Synthesis Exanple 1 was replaced by a m xture of the nmaleim de derivative
(8) obtained in Synthesis Exanple 1 and the maleinide derivative (9)7 0CT 2004
obtained in Synthesis Exanple 2 in a ratio of 1:1. 20 As a result, the
liquid crystal showed a voltage holding ratio of 99% and was superior in
liquid crystal alignnent property, dérability and heat resistance.

Exanpl e 4 25 Eval uati on was conducted in the sanme manner as in Exanple 1,
exceptgthat; & he) gphegmide derivative (8) obtained in Synthesis Exanple 1
was replaced by the nmal eimde derivative 2 7 0 CT 2004 33 (10) obtained
in Synthesis Exanple 3. As a result, the liquid crystal showed a voltage
holding ratio of 99% and was superior in liquid cry I i t
property, our@abtkityladdrheatplresdsthhganest CgﬁﬁﬁFat ?‘5/% Igiéaﬂn%?ggg

Eval uation was conducted in the sanme nmanner ﬁs Ln,Examml Spile except that
the medahpi deider Bvabilyegrs)z Hptai REACTRT SFHERES] anmpl e 1 was repl aced

by the acrylic acid 10 derivative (1 synt hesi %'@g@a\nm_bme
Synt hesosofzanpbeing aid g ktone B%%’Ef’ngﬁigg%%ggi ng 0. 1% 2,2 -
aZOb'Séjggg;y;ggkatghﬁéé%é#§ 8§r¥|530?8'91%%9fﬁﬁﬂﬂ6h reaction, an

having at least two polymerizable maleimide groups in a

' ted
polymerizable monomer, the polymerizable monomer rep?esen e
by the general formula:

— O ~

O

L

wherein:

R, represents:

an alkylene group having 1 to 30 carbon atoms,

a cycloalkylene group having 3 to 12 carbon atoms, OF

? to 5 molecular groups selected from the group of alkylene

groups having 1 to 30



As a result, the liquid crystal was superior in liquid crystal alignnent
~ property, durability and heat resistance, 15 but showed a IOM/vrﬂgpggsz4
hol di ng ratio, such as 89% Conparative Exanple 2 Eval uati on was conducted
in the sane manner as in Exanple 1, except that the naleimde derivative
- (8) obtained in 20 Synthesis Exanpl e 3kavas replaced by the material for
the photo-alignnent |ayer synthesized in Conparative Synthesis Exanple
2, which has polymaleimde in the main chain and a
par af | uor obenzoyl ci nnanoyl group in the side chain. As a result, the
l'iquid esysbal asbmwedna &?Qdo\éqmﬁgﬂ]e 2b g dimgr a4 i ® such2asa9B8mand was
superior in liquid crysta al i gnnent property, but sw tching between the
on- st at gt &ng, t hpe of tostahel thilddy iy € qioard ab i gnaesinplepboty, af ter
the 270CT2004 34 durability or heat resistance test. 2 7 OCT 2004 35 Wat
is O aiggdebBer| bAnamt anhi althlear Horphotar al gy®Enené ayend; t he nateri al
conprising a polynerizabl e nononer, the polynerizable nononer having at
| east ORge dWiesaht gnaepihotor ely gnwhiealh medkses splieicrcal i Droremthdy a photo
di meri zation reaction, and having at |east two polynerizabl e nal ei m de
groups gpodp consisting of a benzophenone group, cinnamoyl group,

chalcone group, and coumarin group;

R:; and Ry each independently represents a hydrogen atom, an
alkyl group having 1 to 8 carbons atoms, a phenyl group, or a
halogen atom; and

n represents an integer of 2 to 4.



pol ynmeri zabl e nononer, the pol yneri zabl e nononer represented by the
general formula: 0O R3 R2 R4 0 n wherein: P, represents: an al kyl @8€T 2004
group having | to 30 carbon atons, a cycl oal kyl ene group having 3 to a2
carbon atons, or 2t o 5 nolecular groups selected fromthe group of

al kyl ene groups having 1 to 30 270CT2004 35A carbon atons and
cycl oal kyl ene groups having 3 to 12 carbon atons, the 2 to 5 nol ecul ar
groups joined via a single bond, an ester bond, an ether bond, or a
uret hane bond; R2 represents a photo-alignnment noiety sel ected fromthe
gr oup cénsisﬁ|m@Qﬂ07§M%WW@§He@ﬁM?Eﬁ%ﬁﬂ?rkﬁHﬁénﬁyPoéfﬁﬁﬁ,Ofcﬁalcone
group, and counmarin group; R3 and R4 each independent|ly represents a
hydr ogeRCavER~ 1718 BANHroud Ravihda ¢ & %oﬂ£°5¥6ﬁ§}g§mﬁﬁ ny

roup, or .a . .
g P moiety, which causes a photo-alignment by a photo

dimerization reaction, and having at least two polymerizable
maleimide groups in a polymerizable monomer, the photo-
alignment layer having the photo-alignment caused by photo
dimerization of the photo-azlignment moiety and a crosslinkec
structure formed by polymerization of the polymerizable

maleimide group.

3. The photo-alignment layer according to claim 2, wherein
the photo-alignment layer is produced by a polymerizable
monomer having at least two polymerizable maleimide groups

is a compound represented by the general formula:

~ )

R, TR~
0O

n

wherein:

R; represents:

an alkylene group having 1 to 30 carbon atoms,

a cycloalkylene group having 3 to 12 carbon atoms, OrI

2 to 5 molecular groups selected from the group of alkylene

groups having 1 to 30



hal ogen atom and n represents an integer of 2 to 4. 270CT2004 36 2. A
phot o-al i gnnment | ayer conprising a polynmer of a polynerizable NONOPRIOCT 2004
havi ng at | east one photo-alignnent noiety, which causes a
phot o-al i gnnent by a photo dinerization reaction, and having at |east two
pol ynmeri zabl e maleimde groups in a P&l ynerizabl e nononer, the photo-
al i gnnent | ayer having the photo-alignnent caused by photo dinerization
of the photo-alignnment noiety and a crosslinked structure formed by
pol ynmeri zati on of the polynerizable nmaleimde group. 3. The
phot 0- akbbgBaRnt tloae rarat GOy ¢ d¥ll k0l et @i gr Qupsheseing Bhecopiat caabiognnment
| ayer is produced by a polynerizable nononer having at |east two
pol ymer bzahlse Aaleeionidde grpscul sr ag conpouidi negr esented ibyglehdogener al
formula: R2 R n wherein: Rl represents: an al kyl ene group having 1 to 30
carbon ageeE, rdney,Cl«aadey | ened gretipahent age 3bdndi2 carbon atoms, or 2 to 5
nol ecul ar groups selected fromthe group of al kyl ene

R, represents a photc-alignment moiety selected from the

group consisting of a benzophenone group, cinnamoyl group,
chalcone group, and coumarin group;

R; and R; each independently represents a hydrogen atom, an
alkyl group having 1 to 8 carbon atoms, a phenyl group, or a
halogen atom; and

n represents an integer of 2 to 4.



groups having 1 to 30 2 7 O CT 7004 36A carbon atons and cycl oal kyl ene
groups having 3 to 12 carbon atons, the 2 to 5 nol ecul ar groups jof Ae}T 7004
via a single bond, ester bond, ether bond, or urethane bond;

represents a photo-alignnment noiety sePdcted fromthe group consi sting of
a benzophenone group, cinnanoyl group, chalcone group, and coumarin
group; R3 and R4 each independently represents a hydrogen atom an al kyl
group having 1 to 8 carbon atons, a phenyl group, or a halogen atom and
n repredent s Pamatliedert oranufachur byoaopodte7e biopmapEhd@ s, which
manuf acturi ng a photo-alignnment |ayer, which conprises: coating a

pol yner i#dBite Sfsomer havi ng at | east one photo- alignnment noiety, which
causes photo-alignnment by a photo dinerization reaction, and_at |east two
pol yner iCEAB1E el 19 XHRS HF BUPLE i FOROTRT yireY 1 2abie HBASRePENPACS St r at e,
and irradiating the coating |layer with Iight to cause a photo

di neri z&@lilgRmMeRdc iore oY - t el photdues§ grinehe - Aot epperbubyng ®hoto

phot o- al i gnnent by photo dinerization and the _
dimerization reaction, and at least two polymerizable

maleimide groups in a polymerizable monomer c¢cn a substrate,
and

irradiating the coating layer with light to cause a photo
dimerization reaction of the photo-alignment moiety causing a
photo-alignment by photo dimerization and the
photopolymerization reaction of the polymerizable maleimide
group, thereby forming a crosslinked polymeric layer and

enabling the polymeric layer to cause photo-alignment.

5. A method of manufécturing a photo-alignment layer, which
comprises:

coating a polymerizable monomer having at least one photo-
alignment moiety, which causes a photo-alignment by a photo
dimerization reaction, and at least two polymerizable
maleimide groups in & polymerizable monomer on a substrate,
heating the coating layer to cause a thermal polymerization
reaction, thereby forming a crosslinked polymeric layer, and
exposing the polymeric layer to light to cause a photo
dimerization reaction of the photo-alignment moiety causing
photo-alignment by photo dimerization, the polymeric layer

causing photo-alignment.

6. The method of manufacturing a photc-alignment layer



phot opol yneri zati on reaction of the polynerizable nmaleimde group, ,
thereby formng a crosslinked polyneric |ayer and enabling the polyBrT ¢
| ayer to cause photo-alignnment. 5. A nethod of manufacturing a

phot o-al i gnment | ayer, which conprises: coating a polynerizabl e nononer
havi ng at | east one photo- alignnment npgety, which causes a

phot o-al i gnnment by a photo dinerization reaction, and at | east two

pol ymeri zabl e mal ei mi de groups in a polynerizabl e nononer on a substrate,

heat i ngalche renatd nd | AYeImt §, CASeeant REEMAL 1R MR IZAtH A reacd i on,
thereby formng a crossl i nked polymeric layer, and exposing the polynerlc

layer tedhmip@hiind O GRAUSEe Bt PAOLY tﬂwgéhé%uoao&ﬁn%qtal .on of the

photo-al i gnment noiety causing  photo-alignment by photo di merization, the
pol ynmeric |layer causing photo-alignnent. 6. The net hod of nanufacturlng a
photo-alignnent layer 2 7 0 C T 2004 38 according to claim4, wherein the
mal ei mi de conpound is a conpound|repreSented by tthe general formula: R2 n
wherein: R, represents: an al kylene gﬁ@up haﬁing 1 to 30 carbon atons,

Rz-’Rl-N

n

wherein:

R; represents:

an alkylene group having 1 to 30 carbon atoms,

a cycloalkylene group having 3 to 12 carbon atoms, or

2 to 5 molecular groups selected from the group of alkylene
groups having 1 to 30 cerbon atoms and cycloalkylene grocups
having 3 to 12 carbon atoms, the 2 to 5 molecular groups
joined via a single bond, ester bond, ether bond, or urethane
bond;

Ry represents a photo-alignment moiety selected from the
group consisting of a benzophenone group, cinnameyl group,
chalceone greoup, and coumarin group;

Ra and R, each independently represents a hydrcgen atom, an
alkyl groﬁp having 1 to 8 carbons atoms, a phenyl group, or a
halecgen atom; and

n represents an integexr of 2 to 4.



a cycl oal kyl ene group having 3 to 12 carbon atons, or 2 to 5 nDIecuz?r
groups selected fromthe group of al kylene groups having 1 to 30 c 964 2004
atons and cycl oal kyl ene groups having 3 to 12 carbon atons, the 2 to 5
nol ecul ar groups joined via a single bond, ester bond, ether bond, or
urethane bond; R2 represents a phot o-3&A gnnment noiety selected fromthe
group consisting of a benzophenone group, cinnanoyl group, chal cone
group, and counmarin group; R3 and R4 each i ndependently represents a
hydrogen atom an al kyl group having 1 to 8 carbons atons, a phenyl
group, or- a Ta ouyeihed o ramouhacepriesengspantbnbégenment2 lteyet. 2 7 0 C
T 2004 38A 7. The nethod of manufacturing a photo-alignnent |ayer

accor di mgawEirg mob,clvhion eb n vher enh et he deatenpodad cospauncomzoind
represented by the general fornmula: R2 n 2 7 0 CT 2004 39 wherein: R1

r epr esemtampamdl kgp et odipohavhagaene na830fcanboa: at ons,

O

RyTR, —
0O




a cycl oal kyl ene group having 3 to 12 carbon atons, or 2 to 5 nol ecul ar
groups selected fromthe group of alkylene groups having 1 to 30 @&r®on2004
atons and cycl oal kyl ene groups having 3 to 12 carbon atons, the 2 to 5

nol ecul ar groups joined via a single bond, ester bond, ether bond, or

uret hane bond, R2 represents a photo-®ignnment noiety selected fromthe
group consisting of a benzophenone group, cinnanobyl group, chalcone group,
and cougﬁékg group; R3 and Rq each independently represents a hydrogen
atom an t group having 1 to 8 carbons atons, a phenyl group, or a

hal ogeng at.qg @ﬁ ~fsrepresents an integer of 2 to 9. 8 A liquid crystal
dlsplay deV|ce aving a structure conpr|5|ng two substrates each having an

al ignmept LayeneQR gilshd MLri04 surda @T@Pbbhqytgmgrystals i nterposed
between the two substrates, wherein t ignnment |ayer is a photo

al i gnmegt o #él/%lmﬂ%'%‘xec%dﬁ%@np@wn@é Rde: God PAYEErbZabl e monomer

havi ng at Teast one photo-alignment” noiety, which carries out a
phot o- api geNMENtyfi UBGHIAN WoFoPNOL fec b dBF L 2AL {98 §28GHI 87, 2aRg1ahel east

two pol ynerizable naleimde groups per nolecule, and al so has the photo
27 0 C Jr899§ having 1 to 30 carbon atoms and cycloalkylene groups
having 3 to 12 carbon atoms, the 2 to 5 molecular groups
joined via a single bond, ester bond, ether bond, or urethane
bond;
R, represents a photo-alignment moiety selected from the
group consisting of a benzophenone group, cinnamoyl group,
chalcone group, and coumarin group;
R3; and Ry each independently represents & hydrogen atom, an
alkyl group having 1 to 8 carbons atoms, & phenyl group, or a

halogen atom; and

n represents an integer of 2 to 4.

B. A liguid crystzsl display device having a structure
comprising two substrates each having an alignment layer cn
its interior surface and liguid crystals interposed between
the two substrates, wherein the alignment layer 1s & photo-
alignment layer which comprises a polymer made of a polymerizable
monomer having &t least one photo-azlignment moiety, which
carries out a photo-alignment function by & photo

dimerization reaction, and at least two polymerizable

maleimide groups pexr molecule, &nd alsc has the photo-



3 9A alignnent causes by photo dinerization of the photo-alignnent ?ﬁhﬁa@
and a crosslinked structure fornmed by polynerization of the ponnéL ¢
mal ei m de group. 9. The liquid crystal display device according to claim

8, wherein the nmal eim de conpound is a conmpound represented by the
general formula: 2 7 OCT 2004 40 OBRRR 1 -"~ R4 Owerein: Rl
represents: an al kyl ene group having 1 to 30 carbon atons, a cycl oal kyl ene
group having 3 to 12 carbon atons, or 2 to 5 nol ecul ar groups sel ected

fro”]thgy gﬂH%n%fC%l§%%§3§h AU 440 3P €3 DORoaLoRE i gRdent

cycl oal ne groups to 1 car on atons the 2 to 5 nDIecuIar

groups 2 e hand, . bna
urethanebggggﬂaégareﬁéggg%ts a phgﬁgngf%gnnent noi ségg?ggfggaF?oﬁ1the
group cgpskabl 1919k RANZAPNE NG P, g Hippanoy| ar oup,

9. The liquid crystal display device according to claim 8§,
wherein the maleimide compound is a cecmpound represented by

the general formula:



chal cone group, and coumarin group; R3 and R4 each independently
represents a hydrogen atom an al kyl group having 1 to 8 carbons ag@r&ﬂ 2804
phenyl group, or a - halogen atom and n represents an integer of 2 to A

40

— -

)

O
W w,
J
RR;I
R
4
O

n

wherein:

R, represents:

an alkylene group having 1 to 30 carbon atoms,

a cycloalkylene group having 3 to 12 carbon atoms, Or

2 to 5 molecular groups selected from the group of alkylene
groups having 1 to 30 carbon atoms anc cycloalkylene groups
having 3 to 12 carbon atoms, the Z to 5 molecular groups
joined via a single bond, an ester bond, an ether bond, or a
urethane bond;

Rs represents a photo-alignment moiety selected from the
group consisting of benzophenone group, cinnamoyl group,
chalcone group, and coumarin group;

R; and R, each independently represents a hydrogen atom, an
alkyl group having 1 to 8 carbons atoms, a phenyl group, or @
halogen atom; and

n represents an integer of 2 to 4.





