-e3ei fT@T6T JT 81 Liquid Crystal-Aligning Agent 5 Technical Field The
.present invention relates to a liquid crystal-aligning agent used in

producti on of liquid crystal display devices. Mre particularl

present 10 invention relates to a liquid crystal-aligning agenﬂmwwmmﬂ”
providing a liquid crystal display device having a high pretilt ang%e
stably. Background Art 15 Liquid crystal Hisplay devices are curren f%?i n
wi de use as a thin display. Liquid crystal display devices om |

are a twisted nematic (TN) type and a super tw sted nematic Wmmmmmfn
produci ng these liquid crystal displ i1Gegy as disclosed in gy
JP-B- 62- 38689 an 20 al i gnnent Iayerxﬁﬁmﬁgﬁtssary for allowing a I?gﬁid

crystal interposed between two substrates with transparent el ectrodes, to
alien in a particular direction relative to the substrates. Further in the

liquid crystal display deviigesiof CHYstisnerangnSHy wyeet the iquid crystal
must 25 be aligned in inclination, i.e. at a pretilt angle relative to the
substrate& surfaces; this needs to be achieved by the liquid
crystal -aligning agent used. The pretilt angle is required to be 9 to 8 in,
for exanpl e,Technical Field
The present invention relates to a liquid
crystal-aligning agent used in production of liquid
crystal display devices. More particularly, the present
10 invention relates to a liquid crystal-aligning agent

capable of providing a ligquid crystal display device

having a high pretilt angle stably.

Background Art

15 Liquid crystal display devices are currently in
wide use~as a thin display. Liquid crystal display devices
of general.use ére a twisted nematic (TN) type and a super
twisted nematic (STN) type. In producing these liquid

— crystal display devices, as disclosed in JP-B-62-38689 an

20 alignment layer is necessary for allowing & liquid crystéi
interposed between two substrates with transparent
electrodes, to alicgn in a particular direction relative to
the substrates. Further in the liquid crystal display
devices of TN type and STN type, the liquid crystal must

25 be aligned in inclination, i.e. at a pretilt angle
relative to the substrate surfaces; this needs to be
achieved by the liquid crystal-aligning agent used. The

pretilt angle is required to be 4 to 8° in, for example,



the STN type. As the liquid crystal-aligning agent capable of achieving
.such a high pretilt angle, there are nmentioned a pol yi m de precursor
solution'as described in JP-A-1-177514 and a sol ubl e polyim de sol ~~tion as
5 described in JP-A-3-26191S. In the liquid crystal display devices
produced using such a liquid crystal -aligning agent, however, there are
problens that the pretilt angle is not suf%iciently stabl e and decreases in
a hi ght enper at ur Vi ronment 80C_ar .hi sete.. inviting 10 poo

i op ay. R S (78 GHESet Rod SRS TATHT By PR SE2hEgR: BPeTY | ¢ aAG 62 Rbre i s
i ntroduction i ructun ﬁq%§grib iin JR+A.3-164714. In this
nmet hod, home\?g a%}!ri"%)r%gg‘ ct%}uoclri:l gf hg'ig?ixane slttr %gxtglulr*é ttgégéhi]agj% degree nakes
15 bad the akhig®Medf HAWiichidey Pralcwaiér henefigheas BeseFepeases the
sil oxane structure can not be introduced in an anount necessary to obtain a
sufficient prt-i4l-anglsa.d And iaquiod ubnlys all dirdpleay odetiees aBave cone to
possess inproved properties in recent years, it has beconme 20 necessary

t hat nat e¥i aldesfaribald gmneift-A-dyer lPdSsesEnnbhe prgpedtéesstdhandbsdbre.
Specifically, the materials for alignment | ayer nust give a stable pretilt
angl e as mendeyiEesabsPetuasd H&ﬁ@ggéé§heﬁeéﬂﬂpéélCﬁﬁégéﬁrﬁéégéhag in
production. of liquid crystal devices, nu%é shom/unifgrn125

fil
formability, 3875~ r GBS _rprGBéFFyfrgtE?o _F@ﬁeF?a§iﬁ & HfFBﬁan%Bﬂﬁ@ratyre
has come to he empl %%%‘}.i'crieﬂ%ﬂgzu%tt!a%rieOfat{xld' gl'é'cge%rsggt ?h g ﬁﬁéﬁy devices in
0 g Show 3

recent years, the materials alirgnment "1 ayer "nus
above- ment i oRedRARGTE €% vakohR¥GlS 0808al ct 8,0k Rhaher .than tRe; pasy
| evel s even when a firing tenperature |ower than 200C is enployed. 5
Di scl osur@ oboblediryenkion The present invention relates to a liquid
crystal -aligning agent which overcones the above-nenti oned probl ens of
conventional |iquid cr#stal daffgneny agehbtd &ad abhtévisgcapabdle of
providing a liquid crystal display 10 device having a high pretilt angle
st ably. That piretitlite apgdsenthemeensi ontpprdvuicdasnacki guldxangsshruatiyai ng
agent conprising, as . the resin conponent, a polyimde precursor c6ntaining
a cheni cal S@ﬁu%@ﬁpélbed in JP-A-3-164714. n this method, however,
introduction of siloxane structure to a high degree makes
15 bad the alignment of liquid crystal and, therefore, in
some cases the siloxane structure can not be introduced in
an amount necessary to obtain a sufficient pretilt anélel
As liquid crystal display devices have come to
— possess improved properties in recent years, it has become
20 necessary that materials for alignment layer possess more
properties than before. Specifically, the materials for
alignment layer must give a stable pretilt angle as
mentioned above and have good electrical properties and,
in production ¢f liquid crystal devices, must show uniform
25 film formability, anti-rubbing property, etc. Further,
since a lower temperature has come to be employed in

production of liquid crystal display devices in recent

years, the materials for alignment layer must show the



represented by the following formula (1): HCH3 CHB H( ~ ~ | NCH2 I~ ~ ~
b~ CHZ N (1) 3 CH3 CH3 3 15 Preferred enbodi nents of the present invention
i ncl ude the above liquid crystal-aligning agent wherein the polyimde
precursor is a polyamc acid, and the above |liquid crystal-aligning agent
wherein the polyimde 20 precursor is a polyamc acid ester. The present
invention further provides a liquid crystal3-aligning agent conprising, as
t he essential conmponents, the above ﬁolyinife grecursoi and a polyi m de
precursor repPBS¥RTBANBYOPRE PEPPBWFnGSgBher &V tdr RAFAT 2 P2)RERPH H - ~
-N"Z-N( 2 ) YROCCOR OO erein Y, LS a tetravalent aljphatjc group
Zis a bivaleﬁpagrBﬁ%tFésﬁr%ﬁB%Tgnﬁvﬁpighipo? ahréﬁﬂy%e%ﬁ%ﬁﬁ59r% %%ﬂ%fled
Descripticn o e vent Lo skjquid crystal -aligning agent of the

Sy esent tnkRe2bBYENE Lol gy ELY y gni ng ag

5 Disclosure of the Invention

The present invention relates to a liquid
crystal-aligning agent which overcomes the above-menticned
problems of conventional ligquid crystal-aligning agents
and which is capable of providing a liquid crystal display

10 device having a high pretilt angle stably.

That is, the present invention provides a liquid
crystal-aligning agent comprising, as the resin component,
a polyimide precursor containing a chemical structure

represented by the following formula (1):

AN A
—N--CH, Sl:i S'i{CH2>-N-— (1)
3 CH, CHs 3

15

Preferred embodiments of the present invention
include the above liguid crystal-aligning agent wherein
the polyimide precursor is a polyamic acid, and the above
liquid crystal-aligning agent wherein the polyimide

20 precursor is a polyamic acid ester.

The present invention further provides a ligquid
crystal-aligning agent comprising, as the essential
components, the above polyimide precursor and a polyimide

precursor represented by the following general formula



i nvention conprising, as the resin conponent, a polyimde precursor
.containing a structure represented by the 10 fornula (1) can allowa liquid
crystal to make good alignnment and nmakes it possible to obtain a

hi gh. pretilt angle. The polyim de precursor containing a structure resented
by the formula (1), used in the present invention 15 can be obtai ned by
reacting 1, 4-bi s(3-am nopropyl di met hyl siRyl)benzene with a tetracarboxylic
acid diar.hyﬂ£ige or the like in a polar solvent. A polyam c acid can be
obt ai ned whe b'tetracarboxylic aci d di anhydride is used. A polyamc acid
ester can be obtained when the polyamc 20 agid is esterified or when the
above reaction is conducted usOngCa thetracartbaxylic acid diester. Exanples
of the tetracarboxylic acyd diﬁnhﬁhribe are [pyhonmel litic acid dianhydri de,
3,3,9,4 5 bi phenyl t ox TN acZd— i de, (2)

3,3",9, 4" benzophenonet et facar boxyl i ¢ acid di anhydri de,
but anet et racar boxylic acid diaqh dride, cycl obutanetetracarboxylic acid

di anhydride, 5 cycl opent arej-et@cahboxyki c acid di anhydride, 1,2,4,5
cycl ohexanet et racar boxyli'c acil dijanhydri de,
bi cycl o[ 2, 2, 2] oct 0- 7- ene- 2 3, 5p6- petracar boxy)i c aci d di anhydri de,

5- (2, 5- di oxot et rahydr o- 3- f ur anyl ) - 3- net hyl - 3¢ycl ohexene- 1, 2- di car boxylic
acid anhydride, 2,3,5 10 tricarboxycycl opentyl acetic acid di anhydri de, and
3, 4di car boxy-1, 2, 3, 4-t et rahydr o- 1- napht hal enesucci ni ¢ aci d di anhydri de. The
tetracarboxylic acid dianhydride, however,. is not restrigted to these

exanpl es. The"BiSHh T it E&H&Y Hhé DR HEd BYPs “edét ifng a
t et b i i i dri j t |, | . t 2 eth |,
e bl 4 ST e gD o5, 0 gy ot o

1- propanol or acar boxyli c aci and
subj ectigg the diester to condensation under dehydration with a diam ne, or
by subjecting a polyam c acid to condensation under 20 dehydration with an

al cohol . | n pyducE O pdde- A iEnmde e ahatieent ai ning a structure
-represented by the formula (1), used in the present invention, a diamne

ot her than 1, 4- bi s( 3amhropriomyilddicnetshpllsiallylgnbenzegenmaypfbeéhaspdeasntong as
25 the use does not inpair the effect of the structure represented by the
fornul a (1) irSenplas asimpties idiganiate tdice nespie Fpreragnini gepolyimide

m phenyl enedi am ne, 2, 5di ani not ol uene, 3, 5-di am not ol uene,
2,5-dianino$&ﬁﬁﬂ§§ﬂ£ containing a structure represented by the

10 formula (1) can allow a liquid crystal to make good
alignment and makes it possible to obtain a high.pretilt
angle.

The polyimide precursor containing a structure
resented by the formula (1), used in the present invention

15 can be obtained by reacting 1,4-bis(3-aminopropyldimethyl-
silyl)benzene with a tetracarboxylic acid dianhydride or
the like in a polar solvent. A polyamic acid can be
obtained when a tetracarboxylic acid dianhydride is used.
A polyamic acid ester can be obtained when the polyamic

20 acid is esterified or when the above reaction is conducted
using a tetracarboxylic acid diester.

Examples of the tetracarboxylic acid dianhydride

are pyromellitic acid dianhydride, 3,3',4,4’'-



3, 3" -di met hyl benzi di ne, 3,4'-d~am nodi phenyl ether, 4,4'diam nodi phenyl
.ether, 4,4'-di am nodi phenyl net hane, 4, 4'di am nodi phenyl sul f one,
, 3- ( 3- am nophenoxy) benzene, 1, 3(4-am nophenoxy) benzene,
- (3-am nophenoxy) benzene, 1,4 5 (4-am nophenoxy) benzene,
' - (4- am nophenoxy) bi phenyl , 2, 2-bi s[ 4, 4' - (4-am nophenoxy) phenyl ] pr opane,
-bis[4,9'(4-aninophenoxy)phenyl]hexafluéropropane,
-bi s[4, 4" -{ 4am nophenox hen su] fone, . 1..3- bi s({ 4- am pnophenpry) propane,
- bi s(4-am 0%%%?1%%5 n?é%‘g?o’é%% egnéejaﬁifi]a%aﬁner,ly 51(%?’3?%2 grﬁ Jr}’ogr opane,
, 4- di am nobuf ane - di am S i L - di g
1,7-dianinohe%?gﬁ%?ﬁﬁé%g%?%kfﬁgggéane,l%f%ﬁg%?g%lnodecand,
1,12- di am nodgdesades t da da e SK9 NOE Y& O X eh ydiihie, _
4, 4" -di am nodi cycl ohexyl met hane. The diamne is not restricted to these
exanpl es. 15 ¢pcldieupieseant radaends win c vdeeid tdieadh et iddec,r yst al - al i gni ng
agent conprises, as the resin conponents, both of the polyimde precursor
cont ai ni n@ a sysleperwanepdesemisekbhic e ifdbrdndrhydidmd 1. poiym de
precursor represented by the general_ fornmul aéJCZﬁ)r, very good 20 el ectri cal

properties ar@Yobhg¥RRetahe TR e FEr&iGnrehricient ed by the general
formula (2), used jn th esent_inventi.on can be obtained by reacting an
BT phari 61 et SEET DA S o L i S e O R TR WK S St ¢
diamine in a 25 pol ar. sol ven 0l 1.c acid ¢ e Qqht.a~r, ed n .an

al i phatic tet%ﬁ%@?%@%ﬁeﬂc %cfzd Sg\—iéa)tln%y%rr%tcfeaa}}ysqdruos—?;_,fqld:r?djyag‘%ﬁoﬁ—ﬁnaerﬁvl\% acid

ester can be ohe: ained, wher Ihe Dolyan ¢ arit isR8h8Nd i 6d ors when an

al i phatic tetraca~bor:ylic acid diester is used’in the above reaction.
Exanpl es 10f tHei@diphaid eclaidanadmtild aad didinnddede amsed for

obtai ning the poly~m de precursor represented by the general formula (2)
used i n the piiaseritoxy+Ihwem Ot armhutrandi-etaphcdrdieandsue ceiit didrhydri de,
cycl obut anet etracar boxylic acid di anhydri de, cycl opentanetetracarboxylic
aci d di anhydrdsenhydride 5cfbleohekaneasbparaiborylidcdagntiydradhydhpdever,

bi cyclo[ 2, 2, 2] octo-7-ene-2, 3,5, 6-tetracarboxylic acid 10 di anhydri de,

5- (2, 5- di oxot¥t iy iR BFHethyi9 -Hhes& IRamP 1&Fc| ohexene- 1, 2- di car boxyl i c

id hydr =de, 2, 3, 5tr] b cl tyl ti id dianh i de, d
3., 4di car bo-xy- 1, 2. 3. 4- (506 SRIAPORE. ARpht A EReSaEe PR e%%?a%%{ Bihydri de.
The aliphati Crﬁ&fl gargooa%véfaccaga& §.cd'a%rlb%%ri'a%%’vdr}@é@/%ri’th' $not

0] npl es.

, 4

, 4
, 2
, 2

6
1
1
4
2
2
1
1

, 4
4

restrictéd t ese exa anpl es of the aromati ¢ di am ne used for

obt ai ni ng t he; polnd M de, Pr erdbsdio N, eRreseRted 1by e nganerab H0pina 1) 2)
used in the present invention are pphenyl enedi am ne, m phenyl enedi am ne,
2, 5-di am not ol diefesm 20 £ trai=aidigtldlcuerd d A iesdieal)] ROdpsxphereing the
3, 3" di net hyl benzi di ne, 3, 4'-di am nodi phenyl ether, 4,4'di am nodi phenyl
et her, 4,4 - diiad teodiwhernyddeetdednion 4ndledi aiehyodigtiony Wédghf eneéiamine,

1, 3- (3- am nophenoxy) benzene, 1, 3(4-am nophenoxy) benzene,

~t, 4-(3-an noptie ik BERENd B @Oéa’amcalﬁcﬁﬁlpﬁé’nﬁ@wiﬁé‘ﬁé‘éﬁ@{l under

2 2 bi o] 204" (TSRS SO DI AIRERA Uor opr apaner | F oY | Propane:

2,2-bi s[4, 4" - (4am nophgnoxy) phenyl,] $YLf 88¢y;: hi d2Pb364720LP0RBEPG hY ) g
a structure represented by the formula (1), used in the
present invention, a diamine other than 1,4-bis(3-
aminopropyldimethylsilyl)benzene may be used as long as

25 the use does not impair the effect of the structure

represented by the formula (1l). Examples of the diamine
are p-phenylenediamine, m-phernylenediamine, 2,5~

diaminotoluene, 3,5-diaminotoluene, 2,5-diamino-p-xylene,



Substitute sheet - 5 Decenber 2002 8 propane, and

.17, 9-bi s(9-am nophenoxy) but ane. The aronati c di am ne, however, is not
restricted to these exanples. Exanples of the polar organic solvent used in
the pol ynerization for obtaining any of the polyimde 5 precursors used in
the present invention are N nethyl-2pyrrolidone, dinethylformam de and

di nmet hyl acet am de. The pol ar organic sol vefit, however, is not restricted to

these exanpl e§-3798111{&9}1”'%9&;&5%%94@?'ﬁﬂxf“'—“&aa&erﬁ‘éd~°5hé RLERENT 4L/ _

i nvention conpfiseS a restn conponeht™and a sol vent™ component. ‘Préferred

exanpl es of tje,0hyaNL,SAPPODENS r USEMs i Nt hie: dd itk st @l -l j aning. agent

of the present 1 nvention are a m xed sol vent of N-nethyl-2~pyrrolidone

(NWP) and 2- byt exyebhapedny Bs il &gk S0l vent3-afmiMMp et 4D idpdiegr bitel , a
m xed solvent o NWP and propyl ene glycol nono-n-butyl ether, a m xed

sol vent of NVP4amdinsopyhene) ogrycate di hoet ai-gmianmpre mixedasaiarant 1014 -

di net hyl acet am de and 2- but oxyet hanol. The sol vent conponent, however, is
not restriSct edd tamihegkerxanpbeszefhe 44 4ui ¢ anystahe2® gl )ikgminepydgent  of
the present invention :nay further conprise a very small amunt of a silane

coupl i ng agents dTPHs t ¢+ &ht (A PESEPRBUPTY R HyetP 12 Hempréovediddiedi on to
a substrate. Best de for Carryj.n t the Inventiqn _The present
invention is ﬁ%s%‘??% ‘?W’ﬂ%’t%ﬁ?nﬁf)}é}bﬁq{’f Wpd‘:fo%ffrm&esz.'%é?f (fre

t o i i i i d by, t | . bstitut
Pheet - 5 Dockhoart St g R L e s S B R e epar bl e

fllask equi ppegrypife a 1 NRIMIITRL 81n i (fbpsHd Ad:8)) but AHOPRILRG 1fWarglh aRd @ dry
ni t rogen gas?ﬂ%%ﬂeuci ng tube, 21rr.1181p3{(0. Id nol e) of t5q/pyerorrelalrrf'%t igc acid

di anhydr inde was3-¢d BRI seskdpurdd0 19 ©fdNmRidydtareny 1r, G-ddere no¥R: ankn t he
dropping funnel, 12.n2 g (0.05 nole) of

1, 4- bi s( 3- am hopt+djgriichatetdanesi |yl )-kiraeme heas ams, f dr, Bi-d idims solovednen 100 g
of NM?, and the whol e anpbunt of the resulting solution in the dropping 10
funnel was drbpbetdiznigiadreandarladlZ diagsiodvidesanige fl dskligaanent s were
stirred at 10Cin a nitrogen current. Then, stirring was conducted for 3
hours. The droPpiREIaffivel2Rthst 1 edinns 97 9 ohG a3 Mpshépeor The '
2, 2-bi s[9, 4" (4:ami nophenoxy) phenyl ].propane._was added.into the 15 separable
(i ask: “and ¢ AU A hgran A AR S

e WS ST red at “TOCPASF ‘5 hours. The system

was retupged to room tgapenal gafr%_ste‘?lto%%ieﬂéfi%n',\"\/ﬁhéﬁ' Hh&oﬂf‘.E}aﬁda pol yami ¢

acid. The solution was diluted wth NWP and 2-but oxyet hanol "so that the
concentrat i one0fsd L5141 CRNRRY e e CMRD rE%eaNd 220 thie reatiho cefhpblYenasgd

2- but oxyet hanol becane 8:2, whereby a liquid crystal-aligning agent (1) was

obt ai ned. (Sydttesss Hhaamuleyid)ide precursor containing a structure
represented by the formula (1) and the polymide precursor

—_ represented by the general formula (2), very good

20 electrical properties are obtained.

The polyimide precursor represented by the
general formula (2), used in the present invention can be
obtained by reacting an aliphatic tetracarboxylic acid
dianhydride or the like with an aromatic diamine in a

25 polar solvent. A polyamic acid can be obtained when an
aliphatic tetracarboxylic acid dianhydride is used, and a

polyamic acid ester can be obtained when the polyamic acid

is esterified or when an aliphatic tetracarboxylic acid



In a four-necked separable flask equi pped with a thernoneter, a stirrer, a
~dropping funnel and a dry 25 nitrogen gas-introducing tube, 29.42 g (0.10
nol e) of  3,3',4,4"-biphenyltetracarboxylic acid dianhydride was di spersed
in 300 g of N-nethyl-2-pyrrolidone (t~MP). In the dropping funnel, 25.24 g
(0.10 nole) of 1,4-bis(3 ' Substitute sheet - 5 Decenber 2002 10

am nopropyl di net hyl silyl)be.”. zene was un?forn1y di ssolved in 100 g of NWP,

and the mholg.%ggéjptigf%%ggf{lgziﬁ%l e\;%)lh%g%qgisc{(ﬂ t he droppi ng funnel was

dropped into The separ a contents were stirred at 5

10C in a nitrogen currgin, 1 Hen s Stid H1Ngnas Londucted Jor, 18 hawis The
systemwas returned to roomtenperature to obtain an hMP solution of a

pcl vani ¢ aci@h arfied s0ddith £8d Wesr diddidieth ng tdh NI 1anchizidyesaidanol  so
that the concentration of resin conponent becane 5s and the ratio 10 of NWP

and 2- but oxysetpasnodn st ane e, gadearadbyf carrulgui (2 )craasddal -ralihgnimge sagent  ( 2)
was obtained. (Synthesis Exanple 3) In a four-necked separable flask

equi pped Swi tineenthiermores drutansis tramarbo xdtldpgpiang § Wirsihygra de.dry 15
nitrogen gas-introducing tube, 21.81 g (0.10 nole) of pyronellitic acid

di anhydri de GG RSPESRE Tar3Fe Y 61C dd WHiard tdd st em was stirred at

20C 11 2.1 LL09En SUIL e, 15 82,6, (020 10l ) of PUILIng nes dropped
oo ot & 0 A0 TR gBal s S oppedror e
cooled to 1%0?&% e sol utd an of - 427 g 5(,%-—3:%t@%|c%)rb%fxylic acid
10 dianhydride, 5-(2,5~dioxotetrahydro-3-furanyl)-3-methyl-3-
cyclohexene~1l,2~-dicarboxylic acid anhydride, 2,3,5~
tricarboxycyclopentylacetic acid dianhydride, and 3, 4-
dicarboky—l,Z,3,4—tetrahydro—l—naphthalenesuccinic acid
dianhydride. The aliphatic tetracarboxylic acid
15 dianhydride, however, is not restricted to these examples.
Examples of the aromatic diamine used for
obtaining the polyimide precursor represented by the
general formula (2) used in the present invention are p-
— phenylenediamine, m-phenylenediamine, 2,5-diaminotoluene,
20 3,5-diaminotoluene, 2,5-diamino-p-xylene, 3,3’-
dimethylbenzidine, 3,4’'-diaminodiphenyl ether, 4,4’-
diaminodiphenyl ether, 4,4’-diaminodiphenylmet;ane, 4,4' -
diaminodiphenylsulfone, 1,3-(3-aminophenoxy)benzene, 1,3-
(4-aminophenoxy)benzene, 1,4-(3-aminophenoxy)benzene, 1,4-
25 (d-aminophenoxy)benzene, 4,4’-(4-aminophenoxy)biphenyl,
2,2-bis[4,4’ - (4~aminophenoxy)phenyl]propane, 2,2-bis[4,4’~
(4-aminophenoxy)phenyllhexafluoropropane, 2,2-bis(4,4'-(4-

aminophenoxy)phenyl}sulfone, 1,3-bis(4-aminophenoxy)~



,di‘cycl ohexyl carbodi i m de dissolved in 100 g of NMP was 25 dropped fromthe
+ d=opping funnel, followed by stirring for 30 m nutes. Thereto were added
12.62 g (0.05 nole) of 1,4 bis(3-am nopropyldinethylsilyl)benzene and 10. 01

g (0.05 nole) of 4,4'-diam nodiphen,,rl etRgpsti shéét L 5HEcMASher 2002
Substitute sheet - 5 Decenber 2002 11 condyctedﬁ@%r 8 %ours. The resulting

suspensi on was dropped into a 20-fold 1:1 m xture of water and nethanol.
The resul ti nproglaing , wasdc dl, l[dedttied 45y minlophatioory ) dmt arsc.uufhdr iredmat- i25C f or
48 hours to obtain a polyamc 5 acid ester. 5 g of the polyamc acid ester
was di ssol vediiemios,ghofvexeg: 2 igi xod sebvaactel yobhase setanre end

2- but oxyet hanol to obtain a liquid crystal-aligning agent (3) . (Synthesis
Exanmpl e 4) 10 In a fouExaBeked eé&phhabPeleraskSeflirppedvanthugechéfnonet er,

a stirrer, a dropping funnel and a d ni trogen gas-introdyci.ng tube, 19.83
§ (0. 10 1ol eF 761 PR iMea REHGH BREnyPHERT ARG GAY BT s paFsBF LUATS68 o of N
Wil e the.system was _stirred.at C.in_a pitro . current, t her,et o was
added 19 B1 5 COUTORS &7 gt ‘Ut aRePErr ankr BYe LR PaCa SRR The

resul ting m xture) Was»sti hiRdeAl120EmbREde BANT §indBRySUELEEIMAS .1 eFHE Ned
to roomtenperature to obtain ah NVP solution of a polyam c¢ acid. The

sol ution waspdibut edguht B AbPvand, 2RodePet pxyet hapokesertiBakat ke these
concentration of resin conponent becanme 5 o and the ratio of NMP and

2- but oxyet haaghmpeeane 8:2. 70 g of the resulting solution was m xed with
30 g of the aligning agent (3) to obtain a liquid crystal-aligning agent
(4). 25 (Exanple 1 ) Thee|lipueidceysitdladliggning ageent (dF obeapresenn
Synthesis Exanple 1 was spin-coated on a gl ass
10 invention comprises a resin component and a solvent
component. Preferred examples of the solvent component
used in the liguid crystal-aligning agent of the present
invention are a mixed solvent of N-methyl-2-pyrrolidone
(NMP) and 2-butoxyethanol, a mixed solvent of NMP and
15 ethylcarbitol, a mixed solvent of NMP and propylene glycol
mono-n-butyl ether, a mixed solvent of NMP and propylene
glycol diacetate, and a mixed solvent of dimethylacetamide
and 2-butoxyethanol. The solvent component, however, is
not restricted to these examples. The liquid crystal-
20 aligning agent of the present invention may further
comprise a very small amount of a silane coupling agent or

a titanium-based coupling agent for improved adhesion to a

substrate.

25 Best Mode for Carrying Out the Invention
The present invention is described in detail
below by way of Examples. However, the present invention

is in no way restricted by these Examples.



.substrate with an I TO transparent el ectrode, and the coated substrate was
. dried in a clean oven at 170C for 120 m nutes. The substrate was r~~bbed
and, using it, an antiparallel cell having a cell gap of 50 ~ mwas forned.

‘A liquid crystal (ZLI-2293, a product of Wﬁﬁit%@%h@@ﬂ%%&énﬁb‘%r@d@e
cell. The resulting liquid crystal cell was heated to 100C and slowy

cooled to roomtenperature. Qbservation was nmade using a pol ari zi ng
m croscope, Vlivelhesdiscaredrgsod’al i gnment of liquid crystal. The pretilt

angle of liquid crystal was_6.0 as neasured bé a crystal 10 rotation
method. The 1iquid cry3faf EePF-RASk&F| dRRATEBLEt AhasSEt S GBEPPEE YidB02hour s
and then neasured for Qretilt_angle, mgich was 6. 0. A Iiguid crystal cel
having a cel FPGABFOBET? e M RESTPFOduBed™PRPERE SHRESMRAAST 2afdYal | oved to
stand at 90C _for 1,000_hours. 15, af per t apding, .@ sine wave
of 33 HzT5V R& rgﬁspigast6n§h8§§égﬁgaggg§'cﬁfféﬁtgvgﬁuzbmgghg aStred. As a

result, e ByLLaRt YRLUeaathen:Lhe,SLandi 952 90C Loy ky088ahouse yas 1.3

times the current value before t ndi ng. (Ei e 2) 20 The operation
of Exanple 1phwes n%%%g%waagg hemb) qui th Cﬁw_t@&q%ﬁ%lﬂgamntlz.%z
obt ai ned in Syntﬁe5|s anple 2. Alignment of liquid crystal was good; the
pretilt angle ¢b.bBambUerryst &} 4vass f3aahefiopeophbdshandybgi ayl POC for
1,000 hours and 6.2 after the 25 standing for 1,000 hours; and the

i ncreased cubepmnéngakas wasfidrRlyidessolExdnpheld) Jhef ofPat iwdh ofie Exanpl e
1 was repeated using Substitute sheet - 5 Decenber 2002 13 the |iquid
crystal - al i griPade ag@punt 39L obai ARt Bl gy nt Pedt SoExhpt e 32X PR rgrent o.

UL crysial ey goods. (herBrelill aools ol Ll gud shystal g o 0 belore
hour s, a0 BE LRCLERSELBULED AR, R To % e o Bl e
(4) ObtainedTﬁéh, stirring was conducted for 3 hours. The dropping
funnel was removed; 20.53 g (0.05 mole) of 2,2-bis[4,4'-
(4-aminophenoxy)phenyl]lpropane was added into the
15 separable flask; and the resulting mixture was stirred at
10°C for 5 hours. The system was returned to room
temperature to obtain an NMP solution of a polyamic acid.
The solution was diluted with NMP and 2-butoxyethanol SO
that the concentration of resin component became 5% and
20 the ratio of NMP and 2-butoxyethanol became 8:2, whereby-
a liquid crystal-aligning agent (1) was obtained.
(Synthesis Example 2)
In a four-necked separable flask equipped with a
thermometer, a stirrer, a dropping funnel and a dry
25 nitrogen gas-introducing tube, 29.42 g (0.10 mole) of
3,37,4,4"-biphenyltetracarboxylic acid dianhydride was
dispersed in 300 g of N-methyli-2-pyrrolidone (NMP). In the

dropping funnel, 25.24 g (0.10 mole) of 1,4-bis(3~-



. 10 Synthesis Exanple 4. Alignnment of liquid crystal was good; ' the pretilt
.angle of liquid crystal was 6.0 before the standing at 90C for 1,000 hours
and 6.0 after the standing for 1,030 hours; and the increased current val ue

was 1.0 time. 15 (Conparative Exanple 1) | £ e oot ask
equi pped with a thernoneter, a stirrer, anlrsd;ﬁseﬂ”? sH@?lléwgm erlﬁé}ls and a

dry nitrogen gas- |ntrodUC|ng tube, 21. 81 g (0.10 nole) of pyronellitic acid
di anhydri de wasidospepgedinatB300sglol) 26ndNMe Was| entBersyst doswasvsdi rred
at 10Cin a nitrogen current, thereto was added 20.53 g (0.05 nole) of

2, 2bi s[ 4, 4' - (4= ab® hophehoyy phang| the opanee f 2nevethecfntkhe fosuinwng
materials. The resulting mxture was stirred at 10C for 5 hours. The system
was returned $OLYBER t ERpeRat GFePRENY of obt et nvah NPReRuiNBA BFea pol yanic

aci d. The sol utlon was djluted with NVP and, 2- butox et hanol so that the
concent rati or° 2T S ”c%‘?w%’&né"rﬂllbec&ﬁe ‘3%%&% T SNV &

2- but oxyethangpl. becamne mhereb I|q bstltute she
Decenber googlodlzf'bc'rys% dt= %’f‘?%m n%uagen ?)k‘\?'\jlés obt airned. °Isnec°5‘€e‘lrc§t |don of
Sanpl e 1 Wasd SREAALAIS! B <l 31%56%%% < kR0 AGRR ?Er”fstm

Al'i gnent of Iqui d crystal was goo the prefilt angle of
was 5 2.5 befy eddl rstandiig 819006 of s QR0 hows Ak 2. Traf ket ukhen

standing for 1,000 hours; and the inc=eased current value was 2.1 tines.
(Conpar at i ve vaeanmilie: t8d Wi th iy -netkedbsepayabhgnbl asdo eguipped with a
concentration of resin component became 5% and the ratio
10 of NMP and 2-butoxyethanol became 8:2, whereby a liguid
crystal-aligning agent (2) was obtained.
(Synthesis Example 3)
In a four-necked separable flask equipped with a
thermometer, a stirrer, a dropping funnel and a dry
15 nitrogen gas-introducing tube, 21.81 g (0.10 mole) of
pyromellitic acid dianhydride was dispersed in 300 g of
. NMP. While the system was stirred at 20°C in a nitrogen
current, 15.82 g (0.20 mole) of pyridine was dropped
thereinto from the dropping funnel, after which stirring
20 was conducted for 3 hours. Then, 6.41 g (0.20 mole) of -
methanol was dropped Zrom the dropping funnel, and
stirring was conducted for 5 hours. The system was cooled
to 10°C, and a solution of 41.27 g (0.20 mole) of
dicyclohexylcarbodiimide dissolved in 100 g of NMP was
25 dropped from the dropping funnel, followed by stirring for
30 minutes. Thereto were added 12.62 g (0.05 mole} of 1,4~
bis (3-aminopropyldimethylsilyl)benzene and 10.01 g (0.05

mole) of 4,4’-diaminodiphenyl ether, and stirring was



10 thernmoneter, a stirrer, a dropping funnel and a dry nitrogen

- gas-introducing tube, 29.92 g (0.10 nole) of

3,3 ,4,4" -bi phenyl tetracarboxylic acid di anhydride was dispersed in 300 ¢
of NMP. In the dropping funnel, 24.85 g (O. 3 _

1, 3- bi s(3-am nopropyl ) tetramet hyl disil oxang%g)sn%ﬁ orsrg?/ceépbsesro O\Pézd in
100 g of NWP, and the whole anmount of the resulting solution in the
droppi ng funnebnuastedr 0pped hotuost herrsepsasablei fd askspédrid £ot hes§ | ask
contents were stirred at 10Cin a nitrogen current. Then, stirring was
conduct ed fordB8oppedsinfbeasy8téoidas: ROrnisturaedfitwareonzténpethsnsa.t o
obt~ir. an NWP solution of a polyamc acid. The solution was diluted with
NVP and 2-butBx§ereambting shaidtwes concketiradiln Hilvesthoroapénent becane
5 o and the ratio of NWP_and. 2-put oxyet hanol becane ‘8:2, whereby a liquid
crystal -al i gny3gPeletti8d)a22 has bt at hetPuThet dpeh e idre fCExdmite 1 was

el ity e, o 2 eyl g aoun 9, A et ol
Exanple 3) In a 593& _yFCakeéih%gﬁ)% & flask eaul Qgggy\é‘oggcgokgeé%mt er. a

stirrer, a droppin funne! _ ~dry mitrogen gas-intro u0|ng_tube, 21.81 ¢
(0.10 nol e) of2-bupysrperehdndi c @&'&Qi%@ﬁrﬂﬂﬁd"ﬁérvdé@lef§ﬁ%dfh§15@%%x@f
. g

NVP. Wiile the systemwas stirred at 20C in a nitrogen current,

(0.20 nole) of3)pyridine was dropped thereinto fromthe dropping funnel,
after which stirring was conducted for 3 hours. Then, 6.41 g (0.20 nolt) of
10 met hanol weyrdrhegpesd Hxammltenest )dr oppi ng funnel, and stirring was
conducted for 5 hours. The systemwas cooled to 10C, and a sol ution of
41.27 g 10.20 nol e) of I eydloorexgickadbsepiamiadd edifdesky equipped0wg tdf aNVP
was dropped fromthe dropping funnel, followed by stirring for 15 30

m nutes. TherEFMRTStE&dded ZE 1T SF /(6. FFopBIiEp dfunped and a dry

bi s(3-am noprapyl ) tetramethyl di sil.oxane, and .stirri s cqQnducted for 8
oo o e P e PSSR apa0 LonEs & 30- 0 550h Pvtur o of
wat er and netshanal ;. r |t S @l I fanlnt rat i-o nd 20
vacuun}dried4é? Zgééﬁgiqﬁﬁﬁkﬁﬁégk%QSB%aP%EaQSSF%g%?g g%i bgs e%% gM%'of

the pol yan cyagi@d eskelsywaendasolvedred 9% 400t 3n8a2nAkX¥edes0kLueRnef
y-butyrol act one and 2-but oxyethanol to obtain a liquid crystal-align=ng

agent (7)5. Zhekeeoopesatiddedofl SERanpl ¢011Gasolepeated using the liquid
crystal-aligning agent (7). Aligrr,~ent of liquid crystal was bad. In any
of Exanpl es butenétegoedaabigyient acfid dianhydride. The resulting

mixture was stirred at 10°C for 5 hours. The system was
returned to room temperature to obtain an NMP solution of
a polyamic acid. The solution was diluted with NMP and
20  2-butoxyethanol so that the concentration of resin
component became 5% and the ratio of NMP and 2-butoxyethanol
became 8:2. 70 g of the resulting solution was
mixed with 30 g of the aligning agent (3) to obtain a
liquid crystal-aligning agent (4).
25 (Example 1)
The liquid crystal-aligning agent (1) cbtained
in Synthesis Example 1 was spin-ccated on a glass

substrate with an ITO transparent electrode, and the



16 liquid crystal and a high pretilt angle of 5.0 to 7.0 were obtained, and
. the change of pretilt angle after standing at 90C for 1,000 hours was very
smal |, indicating good stability of pretilt angle. The increase in current
value 5 was snmall at 1.3 times or less; particularly in Exanple 4, the
increase was none at 1.0 tine and good. In _Conparative Exanple 1, since a
pol yani ¢ acid not containing the chenical *$tructure represented by the
formula (1) was used as.a liquid crystal.-aligning agent, .1 e pretilt

angl e was | oWw" t'f%su%rﬁ}‘taﬁee i"Rer gé:}s%d?ﬁncﬁr ?%e*ﬁta vé’lglt?en Vias %éjilge%%’tr 2.1
times. In Conpay aling EXamphe 2unstPEee R0l ¥aRheaaghd, - u§QALAL PI Ngya

sil oxane structure, whic~i is not the chemcal structure representeﬁ by the
formula (1), MaS pgased.1eld RI1IgmERAhgok lkiequi dagr ¥st 3lo Was Hag. £dined.

Conpar ative Exanple 3, since a polyam c acid ester containing a siloxane
structure, wWa Qiqusdnaeirishe lchemiealk 98t r acbupeucepobes ertretk ) bwatsheoheedul a
(1), was used, alignnment of liquid crystal was bad. 20 Thus, the liquid
crystal -a$i gnimg agentcedfl .t hEhpr egsenttimyeht dohd canygi®e gedbd waks gnnent of
liquid crystal and a high and stable pretilt angle of liquid crystal and
can provide @Eﬁﬁﬁﬁiéocﬂ%§t§la@ﬁsﬁﬂaylaevp@éeéft@oééoai§ﬁﬁ@§f§ﬁé6érty and
high reliability. 25 Industrial Applicability The present invention relates

y
to a liquid OOPEEyRtAP iRty magEentSE88d2i ROPROUGEEFORIGFOPFqRRd Whigh

crystal display deviges, MOLs pARLLeULSr by, L fecpresent [oyention, fel at es
toaliquid crystal-alﬁgnlng agent capabl'e™o pr6¥| rng a Ildﬁld crystal

di spl ay devi%%gE%V5&9quﬁhahcéggtaaapgg,@t@b!gg agggareéhﬁyeéoaeyaﬁgg 5

present inventi‘on can be appli I'n various industries using a_r
crystal.i1p Substittidhemsheel .- ITHwoUsqu2ddrysc atdBl lwvad 41 Odl to

crystal -aligning agent conprising, as a resin conponent, a polyimde
precursor conttaind ag &0ékefbeall, SOOubbure eegresent rdabyrtbetfdol | owi ng
formula (1 ):

pretilt angle, which was 6.0°. A liquid crystal cell
having a cell gap of 7 um was produced in the same manner
and allowed to stand at 90°C for 1,000 hours. Before and

15 after the standing, a sine wave of 233 HzX5V was applied to
the cell and a current value was measured. As a result,
the current value after the standing at 290°C for 1,000
hours was 1.3 times the current value before the standing.

— (Example 2)

20 The operation of Example 1 was repeated using
the liquid crystal-aligning agent (2) obtained in
Synthesis Example 2. Alignment of liquid crystal was good;
the pretilt angle of liquid crystal was 6.4° before the
standing at 90°C for 1,000 hours and 6.2° after the

25 standing for 1,000 hours; and the increased current value
was 1.2 times.

(Example 3)

The coperation of Example 1 was repeated using



cl~1 Il-IH --"1,~1T"CHT~i ~~~1i-Z-CH~N, CH CHs 2. Aliquid
- crystal -aligning agent according to claim1l, wherein the polyimde

precursor is a polyamc acid. 3. Aliquid crystal-aligning agent according
to claim1l,
liquid crystal-aligning agent according tq C

wherein the polyimde precur SOfSL{ tiﬁlté’gh%!é’tniﬁgecéeﬁn ?@'02 4. A

aim 1, urt

pol yi m de precursor represented by the following fornula (2): c~7 |

~C-N-Z-; ~ , +¥eRDiGu1d\ OeyeRaMhaneigiiXgi sgantet(3avalbentinald phatic group) Z
is a bivalent aromatic group, and Ris Hor an alkyl group. 5. Aliquid

crystal -al i ggnegeagenExasetedtng Abigheem 202 fLighed cngbudl ngas pobyt m de
represented by the following (2): c=~11 1l I | ¢~ /c-,r-z-

precur sor

including a

It

Ro-11/ \Il~EReQprE=tibubsniglat efshéquid ¢rpagast was0d.05 mhérgentieis a

tetravalent aliphatic group, Zis a bivalent aromatic group, and Ris H or
an al kyl grstpndéngaati §0i'd épystaPOllI Pgnrhgaagent O

-]

further including a Eolyinide precursor rggresented by the follogﬁgg

fornul a Y 2) Staadipg
tetraval ent alifhgt'c group, Zis a bivalent aromatic group, and Ris H or
an al kyl gr8@p.*7

conponent,
cont ai ni ng

Pril OpOvhpersi|#n¢| FhreR-CrErffgHeFHEIYEDE ¥

wh and crystal -aligning agent conprising: a resi

g@ﬁiﬁ%?etbﬁ resin conponent includes a polyimde precursor
chem ¢

al"structure represented by the following formula (1 ):

H~H C L~ K ~'"~G%ﬂe"6péiati6hiof'ﬁxé%$Té+l was repeated using

10

15

20

25

the liquid crystal-aligning agent (4) obtained in
Synthesis Example 4. Alignment of liquid crystal was good;
the pretilt angle of liquid crystal was 6.0° before the
standing at 90°C for 1,000 hours and 6.0° after the
standing for 1,000 hours; and the increased current value
was 1.0 time.

(Comparative Example 1)

In a four-necked separable flask equipped with a
thermometer, a stirrer, an inlet for raw materials and a
dry nitrogen gas-introducing tube, 21.81 g (0.10 mole) of
pyromellitic acid dianhydride was dispersed in 300 g of
NMP. While the system was stirred at 10°C in a nitrogen
current, thereto was added 20.53 g (0.05 mole) of 2,2-
bis[4,4’ - (4-amincphenoxy)phenyl]propane from the inlet for
raw materials. The resulting mixture was stirred at 10°C
for 5 hours. The system was returned to room temperature
to obtain an NMP sclution of a polyamic acid. The solution
was diluted with NMP and. 2-butoxyethanol So that the
concentration of resin component became 5% and the ratio

of NMP and 2-butoxyethanol became 8:2, whereby a liquid

ac@ér8rngheo claim 3,

n

]

Y



.CH "'-' CH and a solvent conponent. 8. A liquid crystal-aligning agent
according to claim7) wherein the polyimde precursor is a polyamc acid.
9. Aliqguid crystal-aligning agent according to claim?7, wherein the

‘pol yimi de precursor is a polyamc acid est %ubémjte%hbbg_UBCbgééfﬁbéIz@jz gni ng
agent according to claim7, further including a polyimde precursor

represented by the following formula (2): Substitute sheet - 1 August
2001 20 c~~ & gsFelHaliROLAY\ ageRtwWi8y eWASYobsaanedtraval ent aliphatic

group, Zis a bivalent aromatic group, and Ris Hor an alkyl group. 11. A
liquid crystal -ali gni NEPageRer aBEOR dPAEL &R} @i %n%?sfﬁ?lf’ﬁ%?“iﬂnﬁuw ng a

PN V- RO CER%. Rk B A v LS ER PRVAFERT &) phal) 1 it 07 e — -

bi val
c'&?til”ta?.rgﬁﬁa%g ADCRE S AE8h el O (B SFarm 8721t ?%2?"“1 Seve 2 B m e

et s Tepresentatehiectalban o g 22 oo MM Lt st
bi val ent ar ONBLd £ GHOUPrafdMhiR £6rH 060@MmEbky] A@UPre 18achedidwid
crystal -aligning agent according to claim 7, wherein the sol vent conponent
is selected dipredbergroapv£onsi St geof
(Comparative Example 2)
In a four-necked separable flask equipped with a
10 thermometer, a stirrer, a dropping funnel and a dry
nitrogen gas-introducing tube, 29.42 g (0.10 mole) of
3,37,4,4" -biphenyltetracarboxylic acid dianhydride was
dispersed in 300 g of NMP. In the dropping funnel, 24.85 g
(0.10 mole) of 1,3-bis(3-aminopropyl)tetramethyldisiloxane
15 was uniformly dissolved in 100 g of NMP, and the whole
amount of the resulting solution in the dropping funnel
Qas-dropped into the separable flask while the flask
contents were stirred at 10°C in a nitrogen current. Then,
stirring was conducted for 8 hours. The system was
20 returned to room temperature to obtain an NMP solution of-
a polyamic acid. The solution was diluted with NMP and
2-butoxyethanol so that the concentration of resin
component became 5% and the ratio of NMP and .2-butoxyethanol
became 8:2, whereby a liguid crystal-aligning agent (6)
25 was obtained.
The operation of Example 1 was repeated using
the liquid crystal-aligning agent (6). Alignment of liquid

crystal was bad.



Substitute sheet -1 August 20D1 21 a m xed sol vent of

- N-net hyl -2-pyrrolidone and butyl cellosolve; a m xed sol vent of

Nmet hyl - 2-pyrrol i done and ethylcarbitol; a m xed solvent of

N- net hyl - 2- pyrrol i done and propyl ene egcoI

sol vent of N-nethyl-2-pyrrolidone and propy @ﬁgﬂg f@g g%gﬁﬁ?bé¥

m xed sol vent of dinmethylacetam de and butyl ceIIosoIve 14. A I|qU|d
crystal - al i gdongaageitreaEaamghileg 3o claim 7, further including a silane
coupling agent. 15. A liquid crystal- allgnlng agent according to claim?7,
further including a tInaai Garbasedkedupkragahgentlask equipped with a
A& ACA A As[.As.. A AAYe. AAle. A | ?. Al R A& A AYR S? Ay. A%. A" n. A@Y
CAQE. A" $4A?F€£WFPFBE$xsﬁ|6tZFE&FcaFc&F@QPé&Fc§P€&F aF@Q]@ach]ca]ca]ca]ca]

gﬁ]Pg/c?]Z\C/\glrr ]eca %gg}'gg}:gg @% gg} g&]@Ea] gg] %&] %a%‘? ;?I g%jgﬁ] c&Fca] ca] ca] ca
] ca] ca] §}r% 8?}%}_8%8? CQ}L %&8 Eé}agg ca sf?e/]sgd in

}xsnid_ ca] caj gg]ocg] 85] cal ca] ca

el el Cf‘% e B ) e WA T U5 201 S0 53 2T S5 25 R cal cal

ca] ca] caU] calgat£4) C@};cabc%gqeulzgaﬂn@aés:aa>§aﬂ>9alaahea1«§a] eabgpkeal ca] cajcajc
a] ca! 556; 6t 6667R777- 8d8889(0YIWOP

; K; - <Y<<<=nerdz&rhus nhedn(] tra] eaabpalna] cahcal cakcakeajbathakealeahea] cal cau
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! D>s>>>?A4BBLD} DDDDE| EEE
EF3FFFG GBGs@sQYekdiutt&#d Fdpwr Ahbowt$ ca]lervalcad kad cl] ¢ owd o] = ca] ca] ca]
cal ca] ca ca] caj ca] cal ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cacliFJI Jr JJJIKQKKKK

K$L MAVN: @ R opped from the dropping funnel,
SSNU~U A
aTcal c%] %sﬁasf%%] 45 cag s %%%L%%‘%f%ﬁ% S 3 I TN A A A

} xt g V%Q?Ca]cf galsal s sac fdz??&ﬂrﬁéigﬁ%ﬁalcalcalcalcaq

cal] ca] ca] ca ca aJcaJca]ca)lcalca

aaaaGbVbwb{ bhbdadds d0dadrdhdd@@Orlles eeM &4 ryd @i LA “YT@@(ﬁ]&a] 162 cadd cal ca] ca]

ca] cal] ca] ca] ca] caj c~a] ca] c*a] cal] ca] cal] ca] caU ca] ca] ca] cal] ca] caU] ca] ca] c

a] ca] ca] c"adropped from the dropping funnel, followed by stirring for
cfof gf f ft ggghUi i { bbbddd- d0d4d?dJdd@CelUe” eeVf cf ~yt oi cAYTmhc”] ca] ca] caU] cal]

cal ca] aa&] caif cm]rcat]e:sa.] ¢ dhe'xra&|tea va'sa laciadlic 2)4c 8U] @a @all]Oca]oclaz] cajfcd] ca] ca] cha

] ca] cay ca] caUca "$4MH 10% & ()-SF10% & (f s&s10% & () - 10% & () -

10%& ()-' $& AR I ingroop Rt (Yerrgngghyldisiloxane, and stlLrwng was -
10%&() @0% & ()-@10% & ()-S10% & () -9nml0% & SY10% & ()-S10% & ()-1d
E-L! "10% &Hdh %( Yo @093 & (T)he FEBYe8E NG (5§*5§&f6%°<§2 S@S

10% & () 8, 1008 ({1 Voo okl £ A0LAZ QIR (0 109 (0 <8040 ()- @

10: 10: 10
The resulting solid was collected by filtration and

20 vacuum-~dried at 25°C for 48 hours to obtain a polvamic
acid ester. 5 g of the polyamic acid ester was dissolved
in 95 g of a B8:2 mixed solvent of y-butyrolactone and
2-butoxyethanol to obtain a liguid crystal-aligning agent
(7N .

25 The operation of Example 1 was repeated using
the liquid crystal-aligning agent (7). Alignment of liquid
crystal was bad.

In any of Examples 1 to 4, good alignment of



gl mn wuU&@=L! 10pp 10pp! x&" 10%p& ()- !'&"10%&k ()- !'&" 109% () -

ST 109%H& () -1 " 10%HH& ()-n o q CuV7=109%& () -

&109%&' () - &F 109%&' ()-&109%& ()-&10%& ()- 109%& ()- 10ppC~PdE7=

1098 () -, 10%& ()-L10%& ()-S 109%&' ()-10%& ()-f 10%& ()- 9% WaB7=y*z10%& () - sF(

10%&' ()-!'nOyY"10%& ()-yY'10%& ()-10%& ()-f10%& ()-WTAE7=54109& () -f &310%&
"()-T Y1109 ()-/ 109&' ()--109& ()-+s109&

Pg 1%{«8& (12) %%7%%;@ %)%SJC o) 3 %%OF)}Q%%%&% 1818¥5( b to 7.0 were

10988¢& ()-) | B%Q%&ee) an@EQ@@t&mw& b @%tl@%/&n(gle\fa%@%/&s@andmg
109V () - ALO%VE' (

109 () - A_dEb@)"ﬁ:gfa%\/& Op04hbAUYEwE - ver FO%WELL) - Mhdtit@WWBG( joA @
10908 ()- ' 109 ()-"#$% @109 ()--! 10%&' ()--s10%& ()- 10M 10M
10M : 10%V&' Erab@i0NVE'L( pr#zfAt@rgle." IDWR {)crease in current value

5 was small at 1.3 times or less; particularly in Example 4,
the increase was none at 1.0 time and good.

In Comparative Example 1, since a polyamic acid
not containing the chemical structure represented by the
formula (1) was used as a liquid crystal-aligning agent,

10 the pretilt angle was low at 2.5 and the increase in
current value was large at 2.1 times.

In Comparative Example 2, since a polyamic acid

. containing a siloxane structure, which is not the chemical
structure represented by the formula (1), was used,

15 alignment of liquid crystal was bad.

In Comparative Example 3, since a polyamic acid
eéter containing a siloxane structure, which is not the
chemical structure represented by the formula (1), was

— used, alignment of liguid crystal was bad.

20 Thus, the liquid crystal-aligning agent of the
present invention can give good alignment of liquid
crystal and a high and stable pretilt angle of liquid
crystal and can provide a liquid crystal display device of
good display property and high reliability.

25
Industrial Applicability

The present invention relates to a liquid

crystal-aligning agent used in production of liquid
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5 present invention can be applied in various industries

using a liquid crystal.
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3. A liquid crystal-aligning agent according to claim 1, wherein the polyimide
precursor is a polyamic acid ester.
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4, A liquid crystal-aligning agent according to claim 1, further including a
polyimide precursor represented by the following formula (2):

&)
[o]
I
C_N—"Z'—N'
RO—C C“"OR
! i!

wherein Y is a tetravalent aliphatic group, Z is a bivalent aromatic group, and R is H
or an alkyl group.

5. A liquid crystal-aligning agent according to claim 2, further including a
polyimide precursor represented by the following (2):

&)
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A’liquid crystal- ahgmng agent according to claim 3, further including a

polylmlde precursor represented by the following formula (2):

Q 0O H H
/ [
C\ A N
-c/ Ne—on
[
o] o]

wherein Y is a tetravalent aliphatic group, Z is a bivalent aromatic group, and R is H
or an alkyl group.

7. . Aliquid crystal-aligning agent comprising:

a resin component, wherein the resin component includes a polyimide precursor
containing a chemical structure represented by the following formula (1):

(&)

P ¥
¥ .;i——Q—SE—(-CH:-)J_[L_;
CH, |

cH,

and a solvent component.

8. A liquid crystal-aligning agent according to claim 7, wherein the polyimide
precursor is a polyamic acid.

9. A liquid crystal-aligning agent according to claim 7, wherein the polyimide
precursor is a polyamic acid ester.

10. A liquid crystal-aligning agent according to claim 7, further including a
polyimide precursor represented by the following formula (2):
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wherein Y is a tetravalent aliphatic group, Z is a bivalent aromatic group, and R is H
or an alkyl group.

11. A liquid crystal-aligning agent according to claim 8, further including a
polyimide precursor represented by the following formula (2):

&)

[o] O H H
1]
\Y/ N—2—n
Ro—c” —0R
.
Q o)

wherein Y is a tetravalent aliphatic group, Z is a bivalent aromatic group, and R is H
or an alkyl group.

12. A liquid crystal-aligning agent according to claim 9, further including a
polyimide precursor represented by the following formula (2):

@

o} o H H
o l
N LN TN
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.
0 o]

wherein Y is a tetravalent aliphatic group, Z is a bivalent aromatic group, and R is H
or an alkyl group.

13. A liquid crystal-aligning agent according to claim 7, wherein the solvent
component is selected from the group consisting of:
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and propylene glycol dlacetate and a mixed solvent of dimethylacetamide and butyl
cellosolve.

14. A liquid crystal-aligning agent according to claim 7, further including a silane
coupling agent.

15.  Aliquid crystal-aligning agent according to claim 7, further including a titanium
based coupling agent.



