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LIQUID CRYSTAL ALIGNING AGENT 

AND LIQUID CRYSTAL DISPLAY ELEMENT 

Detailed Description of the Inyention 

5 Field of the Invention 

The present invention relates to a liquid crystal 

aligning agent used to form a liquid crystal alignment film 

for a liquid crystal display element and to a liquid crystal 

display element. More specifically, it relates to a liquid 

10 crystal aligning agent which gives a liquid crystal alignment 

film having excellent liquid crystal aligning properties and 

a short after image erase t.ime for a liquid crystal display 

element and which also gives a liquid crystal alj,gnment film 

for providing long-term reliability to a liquid crystal 

15 display element. 

Pri,or Art 

There has been known a liquid crystal display el.ement 

(TN liquid crystal display element) having a TN (twisted 

nematic) liquid crystal. cel.l. formed by sandwi.ching a nematic 

20 liquid crystal having positive dielectric anisotropy between 

substrates with a transparent electrode having a liquid 

crystal alignment film made from polyimide or the like and 

twisting the major axis of each liquid crystal molecule at 

go• between the substrates continuously. ~he 1iquid 

25 crystal.s of this TN 1iquid crystal disp1ay element is al.igned 

by rubbed alignment. 

In recent years. liquid crystal display elements having 

excellent contrast and view angle dependence, such as STN 

(Super Twisted Nematic) liquid crystal di.splay element and 

30 homeotropic alignment liquid crystal display element. have 

been developed. The STN liquid crystal di.splay element makes 

use of a birefringence eff eot caused by usi.ng a bl.end of a 

nematic liquid crystal and a chiral agent which is an 

optically active agent and continuously twisting the·major 



FROM lli);t;J-~"l"·J::::.-r·'JJ::.-rt=- ---------- 2001~ 4~108(~)13:29/'lfil13:27~4802529969 p 6 

··.~~-· 
2 

axis of each liquid crystal mol.ecule at 180° C or more between 

substrates. The simpl.e matrix drive of the homeotropically 

aligned l.iquid crystal display element is carrid out in such 

a manner that the dielectric anisotropy of liquid crystal 

5 molecules aligns negative liquid crystals homeotrop~ca11y 

and mo1ecules are brought down by the appl.ication of voltage. 

However. when a liquid crystal display element is 

formed using a liquid crystal aligning agent such as a 

conventionally known polyamic acid or imide polymer having 

10 a structure obtained by dehydrat~ng and ring closing the 

polyamic acid. an after image is formed due to the large 

residual voltage of the liquid crystal display element and 

the time for erasing this after image is l.ong. thereby making 

it impossible to obtain sufficient contrast. Further, when 

15 this l.1.quid crystal display element is used for a long time, 

a stai.n-11.ke display defect may be formed. thereby impairing 

the re1iabil.ity of the liquid crystal. disp1ay element. 

SUDQlla:cy of the Invention 

It :Ls .an object of the present invention to provide a 

20 liquid crystal. al.igning agent which can exhibit excellent 

al.igning propert1es and is capabl.e of forming a liquid crysta1 

alignment film having a short time from the time when the 

application of voltage to the l.iquid crystal display element 

is released to the time when an after image is erased (to 

2 5 be referred to as •after image erase ti.me• hereinafter) and 

free from a smear when vol.tage is applied for a long time. 

It i.s another object of the present invention to provide 

a liquid crystal display element having a liquid crystal 

alignment film made from the liquid crystal aligning agent 

30 of the present invention. 

Other objects and advantages of the present invention 

will become apparent from the fol.lowing description. 

According to the present invention, firstly. the above 

objects and advantages of the present invention are attained 
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by a liquid crystal aligning agent which contains at least 

one end-capped polymer selected from the group consisting 

of (A) an end-capped po1yamic acid having an alicyclic 

structure and obtained by reacting (a) a tetracarboxy1ic 

5 di.anhydride, (b) a d1am1ne compound and (c) at least one 

compound selected from the group consisting of a dicarboxylic 

anhydride, a monoamine compound and a monoisocyanate 

compound, and (B) end-capped imidized polymers obtained by 

dehydrating and ring closing the polyamic acid. 

10 Preferably, the liquid crystal aligning agent of the 

present invention contains at least one end-uncapped polymer 

selected from the group consisting of an end-uncapped 

polyamic acid obtained by reacting (A) a tetracarboxylic 

dianhydride and (B) a di.amine compound, and an end-uncapped 

15 imidized polymers obtained by dehydrating and ring closing 

the polyamic acid, in addition to the above end-capped 

polyamic acid and/or end-capped imidized polymer. 

More preferably, the l.iquid crystal align1.ng agent of 

the present invention contains an end-capped imidized 

20 polymer and an end-uncapped polyamic acid. 

According to the present invention, secondly, the above 

objects and advantages of the present invention are atta:l.ned 

by a 1iguid crystal display element having a liquid crystal 

alignment film obtained from the !~quid crystal aligning 

25 agent of the present invention. 

The present invention will be described in detail 

hereinbelow. 

tetracarbox:,yl1c dianbydride 

An alicyclic structure can be introduced into the 

30 end-capped po1yamic aci.d and an end-capped imidized polymer 

used in the present invention by using an al.icyclic 

tetracarboxylic d1anhydride and/or alicyclic diamine, and 

an alicyclic structure is preferably introduced into them 

by using an al.icycl.ic tetracarboxylic dianhydride. Examples 
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of the a1icycl~c tetracarboxy1ic dianhydride include 

2,3,5-tricarboxycyclopentylacetic dianhydride, 3,5,6-

tricarboxynorbornane-2-acetic dianhydride, 2,4,5-

tricarboxycyclohexylacetic dianhydride, 1,2,3,4-

5 cyclobutanetetracarboxylic dianhydride, l,2-dimethyl-

1,2,3, 4-cyc1obutanetetracarboxylic dianhydride, l,3-

dimethyl-1,2,3,4-cyclobutanetetracarboxy1ic dianhydride, 

l,3-dichloro-1,2,3,4-cyclobutanetetracarboxylic 

dianhydride, l,2.3,4-tetramethy1-l.2,3,4-

10 cyc1obutanetetracarboxylic dianhydride, 1,2,3,4-

cyclopentanetetracarboxylic dianhydride, 1,2,4,5-

cyclohexanetetracarboxylic dianhydride, 3,3',4,4'­

dicyclohexyl tetracarboxylic dianhydride I 2 I 3 I 4 Is-· 
tetrahydrofurantetracarboxylic dianhydride, 

15 1,3,3a,4,5,9b-hexahydro-5{tetrahydro-2,5-dioxo-3-

furanyl)-naphtho[l,2-c]-furan-l,3-dione, l,3,3a,4,5,9b­

hexahydro-5-methyl-5(tetrahydro-a,5-dioxo-3-furanyl)­

naphtho[l,2-c]-furan-1,3-dione, l,3,3a,4,5,9b-hexahydro-

5-ethyl-5(tetrahydro-2,5-dioxo-3-furanyl}-naphtho[l,2-

20 c]-furan-1,3-dione, l,3,3a,4,5,9b-hexahydro-7-methyl­

S(tetrahydro-2,5-dioxo-3-furanyl}-naphtbo(l,2-c]-furan-

1.3-dione, l,3,3a,4,5,9b-hexahydro-7-ethyl-5(tetrahydro-

2,5-dioxo-3-furany1)-naphtho[l,2-c]-furan-l,3-d~one, 

l,3,3a,4,5,9b-hexahydro-8-methy1-5(tetrahydro-2,S-dioxo-

25 3-furanyl)-naphtho[l,2-c]-furan-1,3-d~one. 

l,3,3a,4,5,9b-hexahydro-8-ethyl-5(tetrahydro-2,5-dioxo-

3-furanyl)-napbtho[l,2-c]-furan-1,3-dione, 

l,3,3a,4,5,9b-hexahydro-5,8-di.methyl-5(tetrahydro-2,5-

dioxo-3-furanyl)-naphtho[l,2-c]-furan-l,3-dione, 5-(2.5-

30 dioxotetrahydrofural)-3-methyl-3-cyc1ohexane-l,2-

dicarboxy1ic dianhydride, bicycio[2,2,2]-oct-7-ene-

2,3,5, 6-tetracarbo.xylic dianhydride, 3-

oxabicyclo[J.2.l]octane-2,4-dione-6-spiro-3'­

(tetrahydrofuran-2' ,5'-dione), and tetracarboxylic 
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dianhydrides represented by the following formulas ( 1) • ( 2) 

and (3). 

(1) tt1iiiiiUii 
(2) 

(3) 

15 (wherein R1
• R3 and R5 are each an alicyclic di.valent organic 

group. and R2
• R• and R' are each a hydrogen atom or alkyl group. 

with the proviso that R2 's, R''s and R6 's may be the same or 

different.) 

These tetracarboxylic dianhydrides may be used alone 

20 or in combination of two or more. 

Out of these, 2,3,5-tricarboxycyclopentylacetic 

dianhydride, 3.5,6-tricarboxynorbornane-2-acetic 
dianhydr~de. 2,4,5-tr~carboxycyclohexylaceticdianhydride, 

1,2,3.4-cyclobutanetetracarboxylic dianhydride, 1,3-

25 dimethyl-1,2,3,4-cyclobutanetetracarboxyl1c di.anhydride, 

l,2,3,4-cyclopentanetetracarboxylic di.anhydride, 5-(2,5-

dioxotetrahydrofural)-3-methyl-3-cyclohexene-l,2-
... 

dicarboxylic di.anhydride, l,3,3a,4,5,9b-hexahydro-5-

(tetrahydro-2,5-dioxo-3-furany1)-naphth9[l,2-c]furan-

30 1, 3-dione.- l, 3. 3a. 4., 5, 9b-hexahydro-8-methyl-5-

(tetrahydro-2, S-dioxo-3-furanyl)-naphtho[ l, 2-c]furan-

1.3-dione. l,3,3a,4,S,9b-hexahydro-5,8-dimethy1-5-

(tetrahydro-2,5-dioxo-3-furanyl}-naphtho[l.2-c]furan-

1,3-dione, bicyclo[2,2,2]-oct-7-ene-2,3,5,6-
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tetracarboxylic dianhydride and 3-

oxabicyclo [ 3. 2. l ]octane-2, 4-dione-6-spiro-3' -

(tetrahydrofuran-2',5'-dione) are preferable because they 

can exhibit exce11ent liquid crysta1 aligning properties. 

5 Particularly preferred are 2,3,5-

tricarboxycyclopentylacetic dianhydride, 2,4,5-

tricarboxycyclohexylacetic dianhydride, 1,2,3,4-

cyclobutanetetrac~rboxylic dianhydride, l,3-dimethyl-

1,2,3,4-cyclobutanetetraoarboxylic dianhydride, 

10 1,3,3a,4,5,9b-hexahydro-S-(tetrahydro-2,5-dioxo-3-

furany1)-naphtho[l,2-c]furan-1,3-dione, l,3,3a,4,5,9b­

hexahydro-8-methyl-5-(tetrahydro-2,5-dioxo-3-furanyl)­

naphtho[l,2-c]furan-1,3-di.one and 3-

oxabicyclo[3.2.l]octane-2,4-dione-6-spiro-3'-

15 (tetrahydrofuran-2',5'-dione). 

The end-capped polyamic acid and end-capped imidized 

po1ymer used 1.n the present invention may be obtained by using 

another tetracarboxy1ic dianhydr1de in 11mits that do not 

impair the effect of the present invention. The end-uncapped 

20 po1yamic acid and end-uncapped imidized polymer may be 

obtained from an aromat1.c tetracarboxy1ic dianhydride or an 

aliphatic tetracarboxylic dianhydride other than the above 

al1.cyc1ic tetracarboxylic dianhydrides. 

Examples of the tetracarboxy1ic dianhydr1.de other than 

25 the a1icyc1ic tetracarboxyl.1.c d1.anhydrides inc1ude aromat1.c 

tetracarboxylic dianhydrides such as pyromellitic 

dianhydride, 3,3'.4.4'-benzophenonetetracarboxylic 

dianhydride, 3.3" ,4,4.-biphenylsulfonetetracarboxylic 

dianhydride, 1.4,5.8-naphthalenetetracarboxylic 

30 dianhydri.de, 2. 3, 6, 7-naphthalenetet·racarboxylic 

d~anhydride. 3,3' ,4,4'-b~phenylethertetracarboxylic 

di.anhydride. 3,3" ,4,4'­

dimethyldiphenylsilanetetracarboxylic dianhydride, 

3,3' ,4,4'-tetraphenylsilanetetracarboxylic dianhydride, 
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1, 2, 3,4-furantetracarboxylio dianhydride, 4, 4' -bis.(3, 4-

dicarboxyphenoxy)diphenylsulfide dianhydride, 4,4'­

bis(J.4,-dicarboxyphenoxy)diphenylsulfonic dianhydride, 

4,4'-bis(3,4-dioarboxyphenoxy)diphenylpropanedianhydride, 

S 3,3',4,4'-biphenyltetracarboxylic dianhydride, 

bis(phthalic acid)phenylphosphine oxide dianhydride, p­

phenylene-bis(triphenylphthalic)dianhydride, m­

phenylene-bis (triphenylphthalic )dianhydride. 

bis (triphenylphthalic acid)-4. 4' -diphenylether dianhydride, 

10 bis(tripheny1phtha1ie acid)-4,4'-dipheny1methane 

dianhydride, etby1ene glycol-bis(anhydrotrimellitate), 

propylene glycol-b~s(anhydrotrimell1tate), 3,3',4,4'­

perfluoroisopropylidenediphthalic dianhydride, 1,4-

butanediol-bis(anhydrotrimellitate), l,6-hexanediol-

15 bis(anhydrotrime11itate), 1,8-octanediol­

bis(anhydrotrimellitate) •. 2.2-bis(4-

hydroxyphenyl)propane-bis(anhydrotrimellitate), and 

compounds represented by the following formulas ( 4) to ( 7) ; 

and a1iphatic tetracarboxy11c dianhydrides such as 

20 butanetetracarboxylic dianhydride. They may be used alone 

or in combination of two or more. 
CH3 

I ........-CH3 
H3C CH(CH2 ) 3 CH ........._ 

CH3 

25 0 ¢o-coo 
0 o~~ 

(4) 

0 

30 
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c~ooc~ 
. . 0 

(5) 

10 

0 ¢vcoo 
0 ooc~ 

(6) 
15 

0 

20 

~ 
0 o~ 

(7) 

25 

0 

d1amine compound 

Examples of the diamine compound include aromatic 

30 diamines such as paraphenylenediamine. metaphenylenediamine. 

4.4"-diaminodipheny1methane. 4.4"-diaminodiphenylethane. 

4,4·-diam1nodiphenylsu1fide. 4,4"-diaminodiphenylsulfone, 

3,3'-dimethy1-4,4'-diaminobiphenyl. 4,4'­

diaminobenzanilide, 4.4"-diaminodiphenylether, 1,5-
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diaminonaphthalene, 3,3-dimethyl-4,4'-diaminobiphenyl, 

5-amino-1-(4'-aminophenyl)-l,3,3-trimethylindane, 6-

amino-1-(4'-aminophenyl)-l,3,3-trimethylindane, 3,4'­

diaminodiphenylether, 3,3'-diaminobenzophenone. 3,4'-

5 diaminobenzophenone, 4,4'-diaminobenzophenone, 2,2-

bis[4-(4-aminophenoxy)phenyl]propane, 2,2-bis(4-(4-

aminophenoxy)phenyl]hexafluropropane, 2,2-b1s(4-

aminophenyl)hexafluoropropane, 2,2-bis[4-(4-

aminophenoxy)phenyl]su1fone, l,4-bis(4-

10 aminophenoxy)benzene, l,3-bis(4-aminophenoxy)benzene, 

l,3-bis(3-aminophenoxy)benzene. 9,9-bis(4-aminophenyl)-

10-bydroanthracene, 2,7-diaminofluorene, 9,9-bis(4-

aminophenyl)fluorene, 4,4'-methylene-bis(2-ch1oroaniline). 

2,2' ,5,5'-tetrachloro-4,4'-diaminobiphenyl, 2,2'-

15 dich1oro-4, 4' -diamino-5, S' -dimethoxybipheny1, 3,3' -

dimetho:xy-4,4'-diaminobiphenyl, 1,4,4'­

(paraphenyleneisopropylidene)bisaniline, 4,4'­

(metapheny1eneisopropy1idene)bisani1ine, 2,2'-bis[4-{4-

amino-2-trifluoromethylphenoxy)phenyl]hexafluoropropane. 

20 4,4'-diamino-2.2'-bis(trifluoromethyl)biphenyl and 4.4'­

bis[(4-amino-2-trifluoromethyl)phenoxy]­

octafluorobiphenyl; aliphatic diamines such as 1,1-

metaxy1y1enediam~ne~ 1.3-propanediamine. 

tetramethylenediamine, pentamethylenediamine, 

25 hexamethy1enediamine, heptamethy1enediamine, 

octamethylenediamine, nonamethylenediamine and 4,4-

diaminoheptamethylenediamine; alicyclic diamines such as 

1,4-diaminocyclohexane, isophoronediamine, 

tetrahydrodicyclopentadienylenediamine. hexahydro-4,7-

30 rnethano.indany.lenedimethy.lenediamine, tr:1.cyo1o[6. 2 .1. 02
•

7
]­

undecylenedimethyld:iamine, 4,4'­

methylenebis(cyc1ohexyiamine), 1,3-

bis(aminomethyl)cyclohexane, 1,4-

bis(aminornethyl)cyclohexane, 2.5-
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bis(aminomethyl)bicyclo[2.2.l]heptane and 2,6-

bis ( aminomethyl) bicyclo [ 2. 2 .1] heptane: diamines having two 

primary amino groups and a nitrogen atom other than the 

primary amino group in the molecule such as 2,3-

5 diaminopyridine, 2,6-diaminopyridine, 3,4-diaminopyridine, 

2,4-diaminopyrimidine, 5,6-diamino-2,3-dicyanopyrazine, 

5,6-diamino-2,4-dihydroxypyrimidine, 2,4-diamino-6-

dimethylamino-l,3, 5-triazine, l,4-bis(3-

aminopropyl)piperazine, 2,4-diamino-6-isopropoxy-1,3,5-

10 triazine. 2,4-diamino-6-methoxy-1,3,5-triazine, 2,4-

diamino-6-phenyl-1,3,5-triazine, 2,4-diamino-6-methyl-s­

triazine, 2,4-d1am1no-l,3,5-tr1az1ne, 4,6-d1am1no-2-

vinyl-s-triazine, 2,4-diamino-S-phenylthiazole, 2,6-

diaminopurine, 5,6-diamino-l,3-dimethyluracil, 3,5-

15 diamino-1,2,4-triazole, 6,9-diamino-2-

ethoxyacridinelactate, 3,8-diamino-6-

phenylphenanthridine, l,4-diaminopiperazine, 3,6-

dimninoacridine, bis(4-aminophenyl)phenylamine and 

compounds represented by the fo1J.owing formulas ( 8) and ( 9) : 

20 

( B) 

(wherein R7 is a monovalent organic group having a ring 

25 structure .including a nitrogen atom selected from pyridine, 

pyr:Lm1.dine, triaz1ne, p1per1dine and piperazine, and X is 

a divaient organic group); 

30 
H2H-OX-R'-X-0-HB, (9) 

(wherein R' is a divalent organic group having a ring structure 

1.nclud.ing a nitrogen atom selected from pyridine, pyrimidine, 

triazine, piperidine and piperazine. and X is a divalent 

organic group, with the proviso that X' s may be the same or 
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different) ; mono-substituted phenylene diamines represented 

by the following formula (10); diaminoorganosiloxanes 

represented by the following formula (ll); 

(10) 

(wherein R' is a divalent organic group selected from -0-, 

-COO-, -OCO-, -NHCO-, -CONH- and -CO-, R10 is a monovalent 

10 organ.ic group having a group sel.ected from a steroi.d structure, 

trifuoromethyl group and fl.uoro group, or al.ky1 group havi.ng 

6 to 30 carbon atoms) 

15 
(11) 

(wherein R11 is a hydrocarbon group having 1to12 carbon atoms 

and R11 's may be the same or different, p is an integer of 

1 to 3, and q is an integer of 1 to 20), 

20 and compounds represented by the following formulas ( 12) to 

(16). These diamine compounds may be used alone or in 

combination of two or more. 

25 

(12) 

30 
ooc-O-NH2 
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s 
(13) 

10 

(14) 

15 

(15) 

20 

(16) 

(wherein y is an integer of 2 to 12, and z is an integer of 

25 1 to 5). 

Out of these, paraphenylenediamine, 4,4'­

diaminodipheny1methane, 4,4'-diaminodiphenylsulfide, 

l,5-diaminonaphthalene, 2,7-diaminofluorene, 4,4'­

diaminodiphenylether, 2,2-bis[4-(4-

30 aminophenoxy)phenyl]propane, 9,9-bis(4-

am~nophenyl)fluorene, 2,2-bis[4-(4-

aminophenoxy)phenyl]hexafluoropropane, 2,2-bis(4-

aminophenyl)hexafluoropropane. 4,4'-diamino-2,2·­

bis(trifluoromethyl)biphenyl, 4,4'-
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(paraphenylenediisopropylidene)bisaniline, 4,4'­

(metaphenylenediisopropy1idene)bisaniline, 1,4-

oyclohexanediamine, 4,4'-methylenebis(cyclohexylamine), 

l,4-b.1.s(4-aminophenoxy)benzene, 4,4'-bis(4-

5 aminophenoxy)biphenyl, 1,3-bis(aminomethyl)cyclohexane, 

l,4-bis(aminomethyl)cyclohexane, 2,5-

bis(aminomethyl)bicyclo[2.2.l]heptane, 2,6-

bis(aminomethyl)bicyclo(2.2.l]heptane, compounds 

represented by the above formulas (12) to (16), 2,6-

10 diaminopyridine, 3,4-diaminopyridine, 2,4-

diaminopyrimidine, 3,6-diaminoacridine, compound 

represented by the follow:lng formula ( 1 7) as examp.les of the 

compound represented by the above formula (8), compound 

represented by the following formula ( 18) as exampl.es of the 

15 compound represented by the above formula ( 9) ,' and 

decanoxy-2,4-diaminobenzene, undecanoxy-2,4-

diaminobenzene, dodecanoxy-2,4-diaminobenzene, 

pentadecanoxy-2,4-diam:lnobenzene, hexadecanoxy-2,4-

d:laminobenzene, octadecanoxy-2,4-diaminobenzene and 

20 compounds represented by the following formulas (19) to (24) 

as exampl.es of the compound represented by the above formul.a 

(10). An alicyclic structure may be introduced into the 

end-capped polyam~c acid and end-capped imidized polymer 

used in the present invention by using any one of the above 

25 alicyclic diamines. 

(17) 

30 
(18) 

ii1i1iiiil1f 
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~L. 
(19) 

10 

(20) 

15 

20 
(21) 

25 

(22) 

30 

(23) 
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coo-Q-ooc--OF 

aL. 
(24) 

5 

d1carbox:yl1c anbydr1de 

Examples of the dicarboxylic anhydride include maleic 

anhydride, phthalic anhydride, itaconic anhydride, n­

decylsuccinic anhydride, n-dodecylsuccinic anhydride. n-

10 tetradecy1succinic anhydride and n-hexadecy1succinic 

anhydride. They may be used al.one or in combination of two 

or more. 

moQoamine compound 

Examp1es of the monoamine compound include aniline and 

15 an11ine derivatives such as p-trif1uo~omethylaniline, m­

trifluoromethyl~niline and bistrifuoromethylaniline; 

(cycl.o)a1ky1amines such as cyclohexylamine, n-buty1amine, 

n-pentylamine, n-hexylamine, n-heptylamine, n-octylamine, 

n-nonylamine, n-decylamine,n-undecy1amine,n-dodecylamine. 

20 n-tridecylamine, n-tetradecylamine, n-pentadecylamine, 

n-hexadecylamine, n-heptadecylamine, n-octadecylamine and 

n-eicosylamine; and aminosilanes such as aminomethyl 

trimethylsilane, aminomethyl triethy1silane, aminomethyl 

tripropylsilane, aminoethyl trimethylsi1ane, aminoethyl 

25 triethylsilane, aminoethy1 tripropylsiiane, aminopropyl 

trimethylsi1ane, aminopropy1 triethylsilane, aminopropyl 

tripropylsilane, aminomethyl trimethoxysilane, aminomethyl 

triethoxysilane, aminomethyl tripropoxysilane, aminomethyl 

dimethoxymethylsilane, aminomethyl metboxydimethylsilane, 

30 aminomethy1 diethoxymethy1si1ane, a.minomethy1 

ethoxydimethyls~1ane, aminomethyl dimethoxyethy1silane, 

am1nomethyl methoxyd1ethy1silane, aminomethyl 

dietboxyethy1silane, aminomethyl ethoxydiethylsi1ane, 

aminoethyl dimethoxymethylsilane, aminoethyl 
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methoxydimethylsilane, am1noethyl diethoxymethylsilane, 

aminoethyl ethoxydimethylsilane, aminoethyl 

d.i.methoxyethylsilane. aminoethyl methoxydiethylsilane, 

aminoethyl diethoxyethylsilane, aminoethyl 

S ethoxydiethylsilane, aminopropyl dimethoxymethylsilane, 

aminopropyl methoxydimethy1si1ane, aminopropyl 

diethoxymethylsilane, aminopropy1 ethoxydimethylsilane, 

aminopropyl dimethoxyethylsilane, aminopropyl 

methoxydiethylsilane, aminopropy1 diethoxyethylsilane. 

10 aminopropyl ethoxydiethylsi1ane and aminomethy1 

phenyldimethylsi1ane. Out 0£ these, ani11ne and aniline 

derivatives such as p-trifluoromethylaniline, m­

trifluoromethylan11ine and bistrifluoromethylaniline1 

alkylamines having 10 or more carbon atoms such as n-

15 decylamine, n-undecylamine, n-dodecylamine, n­

tridecylamine, n-tetradecylamine, n-pentadecy1amine, n­

hexadecylamine, n-heptadecylamine, n-octadecylam.ine and 

n-eicosylamine; and aminoa1kyl trialkyl.si1anes such as 

aminomethyl tr1methy1silane, aminomethyl triethy1si1ane, 

20 aminomethyl tripropylsilane, aminoethyl trimethylsilane. 

aminoethyl triethylsilane, aminoethyl tripropylsilane, 

aminopropyl trimethy1silane, aminopropyl triethylsilane and 

aminopropyl tripropylsi1ane. They may be used al.one or i.n 

combination of two or more. 

25 mono1socyanate compound 

Examples of the monoisocyanate compound include 

cyclohexyl isocyanate. n-decylisooyanate, n­

undecylisocyanate, n-dodecylisooyanate, n­

tridecylisocyanate, n-tetradecylisocyanate, n-

30 pentadecylisocyanate. n-hexadecylisocyanate. n­

heptadecyl.isocyanate, n-octadecylisocyanate, n­

eicosy11socyanate, phenylisocyanate and naphthylisocyanate. 

They may be used alone or in combination of two or more. 

polyamtc aci.d 
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As for the ratio of the tetracarboxylic dianhydride to 

the diamine compound used for the synthesis reaction of the 

polyamic acid, the amount of the acid anhydride group of the 

tetracarboxy1ic dianhydride is preferably 0.2 to 2 

5 equivalents, more preferably 0.3 to 1.2 equivalents based 

on 1 equivalent of an amino group contained in the diamine 

compound. To produce the end-capped po1yamic acid, an 

end-capping agent such as dicarboxylic anhydride, monoamine 

compound or monoisocyanate compound is further used. As for 

10 the amount of the di.carboxylic anhydride, monoami.ne compound 

or monoisocyanate compound, the amount of the aci.d anhydride 

group of the dicarboxylic anhydride. the amino group of the 

monoamine compound or the isocyanate group of the 

monoisocyanate compound is preferably 0.001 to 0.8 

15 equivalent, more preferably o. 01 to O. 2 equivalent based on 

1 equivalent of an amino group contained in the diamine 

compound. 

The synthesis reaction of the polyamic acid is carried 

out in an organic solvent at a temperature of preferably o 
20 to 1so• c. more preferably 0 to 100• C £or 1 to 48 hours. The 

organic solvent is not particularly limited if it can dissolve 

the reaction product formed by the reaction. Examples of the 

organ~c solvent i.nclude nonprotic so1vents such as N­

methyl-2-pyrrolidone, N,N-dimethylacetamide. N,N-

25 d1methylformamide, d1methy1 su1foxide, y-butyro1actone, 

tetramethylurea and hexamethylphosphoric triamide: and 

phenolic solvents such as m-cresol, xylenol, phenol and 

phenol halide. The amount of the organic solvent i.s 

preferabl.y such that the total amount of the tetracarboxyli.c 

30 dianhydri.de and the d.iamine compound should be O. 1 to 40 wt% 

based on the total amount of the reaction solution. 

The above organ1c solvent may be used in conjunction 

with a poor sol.vent for the pol.yamic acid such as an alcohol, 

ketone, ester. ether·, hydrocarbon halide or hydrocarbon in 
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limits that the formed polyamic acid does not separate out. 

Examples of the poor solvent include methyl alcohol, ethyl 

alcohol. isopropyl alcohol, cyclohexanol, ethylene g1yco1. 

propylene glycol. 1,4-butanediol. triethylene glycol. 

5 acetone, methyl. ethyl ketone, cyclohexanone, methyl.acetate, 

ethyl acetate, butyl. acetate, diethyl oxalate, diethyl 

malonate, diethyl ether, ethylene glycol methyl ether. 

ethylene glycol ethyl ether, ethylene gl.ycol monophenyl 

ether, ethylene glycol methylphenyl ether, ethylene glycol 

10 ethyl.phenyl ether. diethylene glycol dimethyl ether, 

diethylene glycol diethyl ether, diethyl glycol monomethyl 

ether, d1ethy1ene glycol monoethyl ether, di.ethylene glycol. 

monometbyl ether acetate, diethylene glycol monoethyl ether 

acetate, ethylene glycol methyl. ether acetate. ethylene 

15 glycol ethyl ether acetate, 4-hydroxy-4-methyl-2-pentanone, 

2,4-pentanedione, 2,5-hexanedione, ethyl 2-

hydroxypropionate, ethyl 2-hydroxy-2-methyl.prop~onate, 

ethyl 2-bydroxy-2-methylpropionate. ethyl ethoxyacetate, 

ethyl hydroxyacetate. methyl 2-hydroxy-3-methylbutanoate, 

20 methyl 3-methoxypropionate, ethyl 3-methoxypropionate, 

ethyl 3-ethoxypropionate, methyl 3-ethoxypropionate, methyl 

pyruvate, ethyl pyruvate, hydroxymethyl pyruvate, methyl 

acetacetate, ethyl acetacetate, methyl methoxybutano1, 

ethyl methoxybutanol, methyl ethoxybutanol. ethyl 

25 ethoxybutanol, tetrahydrofuran. tetrahydrofurfuryl.a1cohol. 

tetrahydro-3-furanmethanol. 1,3-d~oxolan, 1,3-dioxepane, 

4-methyl-l,3-dioxolan, dichloromethane, 1,2-dichloroethane, 

1,4-dichlorobutane. trichloroethane, chlorobenzene. o­

dichlorobenzene, hexane. heptane, octane, benzene, toluene 

30 and xylene. They may be used alone or in combination of two 

or more. 

The reaction soluti.on containing the polyamic acid is 

obtained by the above synthesis reaction. This reaction 

solution is added to a large amount of a poor solvent to obtain 
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a precipitate which is then dried under reduced pressure to 

obtain a polyamic acid. The step of dissolving this polyamic 

acid in an organic solvent again and precipitating the 

polyamic acid by a poor solvent is repeated once or several 

5 times to purify the polyamic acid. 

1midized poll!Jller 

The end-capped or end-uncapped imidized polymer 

constituting the liquid crystal" aligning agent of the present 

invention can be prepared by dehydrating and ring closing 

10 the above polyamic acid. 'The dehydration and ring closure 

of the polyamic acid are carried out. by (i) a method in which 

the po1yami.c acid is heated or (1.1.) a method in which the 

po1yamic acid is dissolved in an organic solvent and a 

dehydrating agent and a dehydration and ring closing catalyst· 

15 are added to the obtained solution and heated as required. 

The imidized polymer used in the present invention may include 

a partl.y dehydrated and ring cl.osed :I.mi.di.zed polymer having 

an imidization ratio (ratio (%) of the number of recurring 

uni ts of an imide to the total number of the recurring uni ts 

20 of amic acid and the recurring units of an imide contained 

in the polymer) of less than 100 t. The imidized pol.ymer has 

an imidization ratio of preferably 40 tor more. particularly 

preferably 80 t or more. 

The react:l.on temperature in the method ( :l.) :l.n wh:l.ch the 

25 po1yamic acid is heated is preferably 50 to 2oo•c, more 

preferabiy 60 to 110°c. When the reaction temperature is 

lower than so•c, a dehydration and ring closure reaction 

hardly proceeds fully and when the reaction temperature is 

higher than 2oo•c, the molecular weight of the obtained 

30 imidized polymer may lower. 

In the method (:Li) in which a. dehydra.ti.ng a.gent and a. 

dehydration and ring closing cata1yst are added to the 

solution of the polyamic acid, an acid anhydride such as 

acetic anhydride. propionic anhydride and trifluoroacetic 
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anhydride is used as the dehydrating agent. The amount of 

the dehydrating agent is preferably 0.01 to 20 mols based 

on 1 mol of the recurring unit of the pol.yamic acid. A 

tertiary amine such as pyridine, collidine, 1utidine or 

s triethy1am1ne may be used as the dehydration and ring closing 

cata1yst. However, the dehydration and ring c1osing 

cata1yst is not limited to these. The amount of the 

dehydrat.ion and ring closing catal.yst is preferably o. 01 to 

10 mols based on 1 mol of the dehydrating agent. Examples 

10 of the organic solvent used for the dehydration and ring 

c1osure reaction are the same as those enumerated £or the 

synthesis of the polyamic acid. ~he temperature of the 

dehydration and ring closure reaction is preferably o to 180° c, 
more preferably 10 to 150° c. The same operation as for the 

15 purification of the polyamic acid is made on the obtained 

reaction so1ution to purify the imidized polymer. 

logarltbmic yisgos1ty of polJmer 

'l'he polymers cons ti. tu ting the liquid crystal. al.1gning 

agent used in the present inventi.on. namely, the end-capped 

20 or end-uncapped po1yamic acid and 1.mi.dized polymer have a 

1ogarithmic viscosity (~ln) of preferably o.os to 10 d1/g, 

more preferably 0.05 to d dl/g. The value of logarithmic 

vi.scosity (111.n) is obtained from the fol.l.owing equation ( 1) 

by measuring the v~scosity of sol.ution having a pol.ymer 

25 content of o. 5 g/100 ml. at 30• c with an N-methyl-2-pyrrol.idone 

used as a sol.vent. 

30 

~1n = ln (so1ution falling time/solvent £al.ling time)/ 

(concentration of polymer) 

<1iquid crystal aligning agent> 

The 1iquid crystal a1igning agent of the present 

inventJ.on is a solution of an end-capped polyamic. acid and/or 

an end-capped imidiz~d pol.ymer dissolved in an organic 

sol.vent. The polyarnic acid and/or imidized polymer used in 

this liquid crystal aligning agent may be each one or a 
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combination of two or more of the above examples. 

The 11quid crystal aligning agent of the present 

invention may further contain an end-uncapped polyamic acid 

and/or an end-uncapped imidi.zed polymer. The proportion of 

5 the end-capped polyam1.c acid and/or end-capped 1.mid:l.zed 

polymer to the total of the polyamic acid( s) and/ or imidized 

polymer(s) contained in the liquid crystal aligning agent 

1.s preferably 5 to 80 wt%. more preferably 10 to 60 wt%. It 

is particularly preferred to use a combination of the 

10 end-capped im1.dized polymer and the end-uncapped polyamic 

ac:l.d. In this case. the end-capped :Lmidized po1ymer is 

preferably obtained by using a monoamine compound as an 

end-capping agent. Examples of the organic solvent 

constituting the liquid crystal aligning agent are the same 

15 as those enumerated for a synthesis reaction or an dehydration 

and ring closure reaction of the polyamic acid. A poor 

solvent suitably selected from examples usable for the 

synthes:l.s reaction of the polyam:l.c acid enumerated above may 

also be used. 

20 ~he total amount of the end-capped polymer(s) and/or 

the end-uncapped polymer{s) in the liquid crystal aligning 

agent of the present invention is selected in consideration 

of viscosity and volatility but it preferably 1 to 10 wt%. 

'l'he 1:1.qu:l.d crystal al:l.gn:l.ng agent of the present invention 

25 is applied to the surface of a substrate to form a coating 

film whi.ch wi.11 become a liquid crystal alignment film. When 

the amount is smaller than l wt%, the thickness of this coating 

film becomes excessively small. thereby making it difficult 

to obtain a satisfactory liquid crystal alignment film. When 

30 the amount is larger than 10 wt%. the thickness of the coating 

fil.m becomes too large, thereby making it difficult to obtain 

a satisfactory liquid crystal alignment film as well and the 

viscosity of the liquid crystal aligning agent increases with 

the result of deteriorated eoatability. 
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The liquid crystal aligning agent of the present 

invention may contain a functional silane-containing 

compound to improve the adhesion of the polyamic acid and/ or 

imidized polymer to the surface of the substrate. Examples 

5 of the functional si1ane-containing compound include 3-

aminopropyl trimethoxysilane, 3-aminopropy1 

triethoxysilane. 2-am1nopropyl trimethoxysilane. 2-

aminopropyl triethoxysilane. N-(2-aminoethyl)-3-

aminopropyl trimethoxysilane, N-(2-aminoethyl)-3-

10 aminopropylmethyl dimethoxysilane, 3-ureidopropyl 

trimethoxysilane, 3-ureidopropyl triethoxysilane, N­

ethoxyearbonyl-3-aminopropy1 trimethoxysi1ane, N­

ethoxyearbonyl-3-aminopropyl triethoxys~lane, N­

triethoxysilylpropyl triethylenetriamine, N-

15 trimethoxysilylpropyl triethylenetriamine, 10-

trimethoxysilyl-l, 4. 7-triazadecane, 10-triethoxysilyl­

l,4,7-triazadecane, 9-trimethoxysilyl-3,6-

diazanonylaoetate, 9-triethoxysilyl-3,6-diazanonylacetate, 

N-benzyl-3-aminopropy1 trimethoxysilane. N-benzyl-3-

20 aminopropy1 triethoxysi1ane, N-phenyl.-3-aminopropyl 

trimethoxysilane, N-pheny1-J-aminopropy1 triethoxysi1ane. 

N-bis(oxyethylene)-3-aminopropyl trimethoxysilane and N­

bis(oxyethylene)-3-aminopropyl triethoxysilane. 

The liquid crystal aligning agent of the present 

25 invention may contain en epoxy group-containing compound to 

further improve its adhesion to the substrate. Examples of 

the epoxy group-containing compound include ethylene glycol 

diglycidyl ether, polyethylene glycol diglycidyl ether, 

propylene glycol diglycidyl ether, tripropylene glycol 

30 digl.ycidy_l ether. polypropylene glycol diglycidyl ether. 

neopentyl glycol diglycidyl ether, 1,6-hexanediol 

diglycidyl ether. glycerin diglycidyl ether. 2.2-

dibromoneopenty1 glycol diglycidyl ether, l,3,5,6-

tetraglycidy1-2,4-hexaned1ol. N,N,N',N'-tetragiycidy1-m-
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xyienediamine. l,3-bis(N.N­

diglycidylaminomethyl)cyolohexane, N,N,N• ,N'­

tetraglycidyl-4,4'-diaminodiphenylmethane, 3-(N-allyl-N­

glycidyl)aminopropyl trimethoxysilane and 3-(N,N-

5 dig1ycidyl) aminopropy1 trimethoxysi.lane. Out of these, 

compounds having a tertiary nitrogen atom in the molecule 

pref erab1e and the amount 0£ the epoxy group-containing 

compound is preferably 40 parts or less by weight, more 

preferably 0.1 to 30 parts by weight based on 100 parts by 

10 weight of the polymer. 

<liquid crystal display element> 

A liquid crystal display el.ement obtained by using the 

liquid crystal. aligning agent of the present invention can 

be produced by the following method, for example. 

15 (1) The i1quid crystal aligning agent of the present 

invention is applied to one side of a substrate having a 

transparent conductive film patterned by such means as a roll 

coater, spinner or printing and the coated side is heated 

to form a coating film. As the substrate may be used a 

20 transparent substrate made from·glass such as f1oat giass 

or soda glass: or plastic such as polyethylene terephthalate, 

polybutylene terephthalate, polyether sulfone or 

polycarbonate. The transparent conductive film fo:cmed on 

one side of the substrate may be an NESA film made from tin 

25 oxide (Sn02 ) (registered trademark of PPG Co., Ltd. of the 

US) or ITO film made from indium oxide-tin oxide (In203 -Sn02 ). 

The pattern.ing of the transparent conductive film is carried 

out by photoetching or by using a mask. To further improve 

the adhesion of the coating film of the liquid crystal 

30 aligning agent to the surface of the substrate and the 

transparent conductive film. a functional silane-containing 

compound or functional titanium-containing compound may be 

applied to the surf ace of the substrate in advance before 

the liqu~d crystal aligning agent appiied. The heating 

! : 
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temperature is preferably 80 to 250°C, more preferably 120 

to 200°c. The thickness 0£ the formed film is preferably 

o. 001 to 1 µm, more p;referably o. 005 to o. S µm. The coating 

f i1m which will become a liquid crystal alignment film is 

5 formed by removi.ng the organic solvent after the application 

of the liquid crystal ali.gning agent of the present invention 

which comprises an end-capped and/or an end-uncapped 

polyamic acid( s). Further. a partly imidized or compl.etely 

imidized coating film may be formed by promoting dehydration 

10 and ring closure by heating. 

( 2) The surface of the coating film formed from the liquid 

crystal al.igning agent 1.s rubbed with a roll wound with fiber 

c1oth of nylon, rayon or cotton in a predetermined direction. 

Thereby, aligning force for liquid crystal molecules is 

15 provided to the coating film to convert it into a liquid 

crystal alignment film. Besides rubb:lng. aligning force may 

be provided by exposing the surf ace of the resin film to 

polarized ultraviolet radiation. ion beams or electron beams, 

or a liquid crystal. alignment film may be formed by means 

20 for obtaining a coating film, such as uniax1al stretching 

or Langmuir-Blodgett technique. To remove fine powders 

(foreign matter) formed at the time of rubbing so as to keep 

clean the surface. the formed l.1.quid crystal alignment f i.lm 

is pref er ably washed wi. th isopropyl alcohol. The view angle 

25 characteristics of the formed 1.iquid crystal display element 

can be i.mproved by carrying out a treatment for changing the 

pretilt angle by partly expos1ng the surface of the formed 

l.iquid crystal alignment film to ultraviolet radiation. ion 

beams or electron beams (JP-A 6-222366, JP-A 6-281937, JP-A 

30 7-168187 and JP-A 8-234207) or treatment that a resist film 

is partly formed on the surface of the formed 11.quid crystal. 

al.ignment film, the liquid crystal. alignment fil.m is rubbed 

in a direction different from that of the previous rubbing. 

the resist fi.lm is removed and the aligning force of the liquid 
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crysta1 alignment film is changed (JP-A S-107544). 

( 3) Two substrates each having the 1iquid crystal alignment 

f iim formed as described above are prepared and opposed to 

each other w1.th a cell gap therebetween so that the aligni.ng 

s directions. that is. rubbing d1rect1ons of their liquid 

crystal alignment films become perpendicular or parallel to 

each other in opposite directions, the peripheral portions 

of the two substrates are bonded together by a sealing agent. 

liquid crystals are injected and filled into the cell gap 

10 defined by the surfaces of the substrates and the sealing 

agent, and an injection hole is sealed up to form a liquid 

crystal cell. A pol.ari.zing pl.ate is bonded to the exterior 

surfaces of the liquid crystal cell. that is, the other sides 

of the substrates forming the liquid crystal cell such that 

15 its polarizing direction becomes ~he same or perpendicular 

to the rubbing direction of the liquid crystal alignment films 

formed on one sides of the substrates to obtain a 1iquid 

crystal display element. 

As the sealing agent may be used an epoxy resin 

20 containing aluminum oxide balls as a curing agent and spacer. 

The liquid crystal may be nematic liquid crystal or 

smectic liquid crysta1. · Out of these, nematic liquid crystal 

is preferred, as exemplified by Schi.ff base liquid crystal, 

azoxy-based liquid crystal, bi.phenyl-based liquid crystal, 

25 phenyl.cyc1ohexane-based liquid crystal., ester-based liquid 

crystal, terphenyl-based liquid crystal. 

biphenylcyclohexane-based liquid crystal. pyrimidine-based 

liquid crystal, dioxane-based liquid crystal., 

bicyclooctane-based liquid crystal and cumene-based liquid 

30 crystal. A cholesteric liquid crystal such as cholesteryl 

chloride, cholestery1 nonanoate or cho1esteryl carbonate, 

or a chiral agent marketed under the trade name of C-15 or 

CB-15 (of Merck Co., Ltd.) may be added to the above liquid 

crystal. Further, ferroelectric liquid crystal such as 
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p-decyloxybenzylidene-p-amino-2-methylbutyl cinnamate may 

also be used. 

'l'be polarizer used on the exterior side of the li.quid 

crystal cell is a polarizer produced by interposing between 

S cellulose acetate protective fi1ms a polarizing film having 

iodine adsorbed. which is oel1ed H film, while stretching 

and orienting a polyvinyl alcohol. or a polarizer composed 

of the H film itself. 

10 Examples 

The following examples are provided for the purpose of 

further illustrating the present invention but are in no way 

to be taken as limiting. 

The measurement of the pretilt angle in the examples 

15 was carried out in accordance with the method described in 

•T.J. Schffer, et al •• J. Appl. Phys •• 19. 2013, (1980)• by 

a crystal rotation method using He-Ne laser light. 

In the following examp1es a~d comparative exampl.es, the 

after image erase time and liquid crystal alignment 

20 properties of the liquid crystal display element were 

evaluated as follows. 

(after image erase time) 

After a DC voltage of 10 V was app.11.ed to a liquid crysta1 

cell for 1 hour. the application of the voltage was rel.eased, 

25 the displayed image was observed visually and the time el.apsed 

from the release of the application of voltage to the erasure 

of an after image on the screen was measured. 

(liquid crystal alignment properties) 

The existence of an abnorma1 domain when voltage was 

30 turned on and off (application and re1ease) was checked 

through a polarization microscope. When the abnormal domain 

was not observed, liquid crysta1 alignment properties were 

judged as satisfactory. 

(re11.ab111.ty test of 11.gui.d crystal display element) 
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The liquid crystal display element was driven by SV and 

60 Hz rectangular waves in a high-temperature and high­

humidity env1.ronment (temperature of 70° c. relative humidity 

of 80 t) and the existence of a wh.1 te stain-like di.splay defect 

was checked through a polarization microscope after the 

passage of 1,500 hours. 

Synthesis Example 1 

32.84 g (146.48 mmol) of 2,3,5-

tricarboxycyclopentylacetic dianhydride, 15.37 g (142.09 

10 mmo1) of paraphenylenediamine. 1.53 g (2.93 mm.o1) of 

cho1esteryl-3,5-diaminobenzoate (compound represented by 

the above formula (19)) and 0.27 g (2.93 nunol) of an111ne 

were disso1ved in 450 g of N-methyl-2-pyrro1idone in a 500 

ml separable flask to carry out a reaction at room temperature 

15 for 6 hours. Thereafter, the reaction solution was poured 

into an excessive amount of methyl alcohol to precipitate 

a reaction product. The reaction product was then washed 

with methyl alcohol. and dr:l.ed at 40° C under reduced pressure 

for 15 hours to obtain 45.42 g of a polyam1c acid (to be 

20 designated as •po1yam.ic acid (l)•) having a logarithmic 

viscosity of 1.18 dl/g. 

40 g of the obtained polyamic acid was dissolved in 360 

g of N-methy1pyrrolidone, 46.35 g of pyridine and 35.89 g 

of acetic anhydride were added and heated at 110° C for 4 hours 

25 to carry out a dehydration and ring c1osure reaction. 

Thereafter, the reaction product was precipitated and dried 

in the same manner as the synthesis of the polyamic acid to 

obtain 36.4 g of polyimide (to be designated as •polyimide 

(1)•) having a logarithmic viscosity of l.05 dl/g. 

30 Synthesis Example 2 

32.92 g (146.85 mmo1) of 2,3,5-

tricarboxycyc1opentylacet1c dianhydride, 15.40 g (142.41 

mmo1) of paraphenylenediamine, 1.24 g (2.94 mmol) of 4-

(4' -trifluoromethylbenzoy1oxy)cyclohexyl-3,5-
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diaminobenzoate (compound represented by the above formula 

(23)} and 0.44 g (2.94 mmol) of phthalic anhydride were 

disso1ved in 450 g of N-methyl-2-pyrrolidone in a 500 ml 

separable flask to carry out a reaction at room temperature 

5 for 6 hours. Thereafter, the reaction solution was poured 

into an excessive amount of methyl alcohol to precipitate 

·a reaction product. 'l'he reaction product was then washed 

with methyl alcoho1 and dried at 40• c under reduced pressure 

for 15 hours to obtain 45.22 g of a polyamic acid (to be 

10 designated as •po1yamic acid (2)w) having a logarithmic 

viscosity of 1.10 dl/g. 

40 g of the obtained polyamic acid was dissolved in 360 

g of N-methylpyrrolidone, 46.46 g of pyridine and 35.98 g 

of acetic anhydride were added and heated at 110• C for 4 hours 

15 to carry out a dehydration and ri.ng closure reaction. 

Thereafter. the reaction product was prec1pi tated and dried 

:l.n the same manner as the synthesis of the pol.yamic ac:l.d to 

obtain 36.l g of polyimide (to be designated as •polyimide 

(2).) having a logaritbmi.c viscosity of 1.01 dl/g. 

20 Synthesis Example 3 

31.14 g (138.3 mmol) of 2.3,5-

tricarboxycyc1opentylacetic dianhydride, 11.57 g (106.98 

mmol) of paraphenylenediamine. 5.51 g (27.79 mrnol) of 

d~aminodiphenylmethane. 1.45 g (2.78 mnio1) of 

25 choiestery1-3.5-diaminobenzoate (compound represented by 

the above formuia (19)) and 0.33 g (2.78 mmol) of 

pheny1isocyanate were dissolved in 450 g of N-methyl-2-

pyrrolidone in a 500 ml separable flask to carry out a reaction 

at room temperature for 6 hours. '!'hereafter. the reaction 

30 solution was poured into an excessive amount of methyl alcohol 

to precipitate a reaction product. The react;:i.on product was 

then washed with methy1 alcoho1 and dr~ed at 40°C under 

reduced pressure for 15 hours to obtain 44. 28 g of a polyamic 

acid (to be designated as •polyamic acid (3)•) having a 
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logarithmic viscosity of 0.90 dl/g. 

40 g of the obtained polyamic acid was dissolved in 360 

g of N-methylpyrrolidone. 43.96 g of pyridine and 34.04 g 

of acetic anhydride were added and heated at llo• C for 4 hours 

5 to carry out a dehydration and ring closure reaction. 

Ther~after. the reaction product was precipitated and dried 

in the same manner as the synthesis of the po1yamic ac.id to 

obtain 36. 06 g of polyimide {to be designated as "polyimide 

(3)•) having a logarithmic viscosity of 0.88 dl/g. 

10 Synthesis Example 4 

36.05 g (114.70 mmo1) of l,3,3a,4.5,9b-hexahydro-8-

methy1-5-(tetrahydro-2,S-dioxo-3-furany1)-naphtho[l,2-

c]furan-1,3-dione, 11.78 g (10~.96 mmol) of 

parapheny1enediamine, 1.94 g (4.59 mmo1) of 4-(4"-

15 trifluoromethylbenzoyloxy)cyclohexyl-3,S-diaminobenzoate 

(compound represented by the above formula (23)) and 0.23 

g (2.29 mmol) of cyclohexy1amine were disso1ved in 450 g of 

N-methyl-2-pyrroli.done in a 500 ml separabl.e flask to carry 

out a reacti.on at room temperature for 6 hours. Thereafter, 

20 the reaction solution was poured into an excessive amount 

of methy1 alcohol to precipitate a reaction product. The 

reaction product was then washed with methyl. alcohol and dried 

at 40° c under reduced pressure for 15 hours to obtain 45. 78 

g of a pol.yamic acid (to be designated as "polyamic acid ( 4) •) 

25 having a 1ogarithmic viscosity of 0.92 dl/g. 

40 g of the obtained polyamic acid was dissolved in 360 

g of N-methylpyrrolidone, 29~03 g of pyridine and 65.58 g 

of acetic anhydride were added and heated at so• C for 4 hours 

to carry out a dehydrat.ion and ring closure reaction. 

30 Thereafter. the reac~ion product was precipitated and dried 

in the same manner as the synthesis of the po1yamic acid to 

obtain 35. 66 g of polyimide (to be designated as •po1y1.m1.de 

(4).) having a logarithmic viscosity of 0.85 dl/g. 

Synthesis Example s 
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33.96 g (108.05 mmol) of l,3,3a,4,5,9b-hexahydro-8-

methyl-5-(tetrahydro-2,5-dioxo-3-furanyl)-naphtho[l,2-

c]furan-1,3-dione, 8.76 g (81.04 mmol) of 

paraphenylenediamine, 4.28 g (21.61 mmol) of 

5 diaminodipheny1methane, 2.78 g (4.32 mmol) of 3,6-bis(4-

aminobenzoyloxy)cholestane (compound represented by the 

-·:above formula (12)) and 0.21 g (2.16 mmol) of maleic anhydride 

were dissolved in 450 g of N-methyl-2-pyrrolidone in a 500 

ml separable flask to carry out a reaction at room temperature 

10 for 6 hours. Thereafter, the reaction solution was poured 

into an excessive amount of methyl alcohoi to precipitate 

a reaction product. The reaction product was then washed 

with methyl alcoho1 and dr.ied at 40• C under reduced pressure 

for 15 hours to obtain 43.71 g of a polyamic acid (to be 

15 designated as •polyamic acid (s)•) having a logarithmic 

viscosity of 0.90 dl/g. 

40 g of the obta.ined_polyamic acid was dissolved in 360 

g of N-methy1pyrrol.idone, 27.35 g of pyridi.ne and 61.77 g 

of acetic anhydride were added and heated at 80° c for 4 hours 

20 to carry out a dehydration and ring closure reaction. 

'!'hereafter. the reaction product was prec.1.pi tated and dried 

in the same manner as the synthesis of the po1yamic acid to 

obtain 34. 39 g of po1yimi.de (to be desi.gnated as •po1y.imide 

(5)•) havi.ng a 1ogarithmic viscosity of 0.83 d1/g. 

25 Synthesis Example 6 

31.38. g (99.83 mmol) of l,3,3a,4,5,9b-hexahydro-8-

methyl-5-(tetrahydro-2,5-dioxo-3-furanyl)-naphtho[l.2-

c]furan-1,3-dione, 8.10 g (74.87 mmol) of 

paraphenylenediamine, 8.20 g (19.97 mmol) of 2,2-bis(4-

30 aminophenoxyphenyl)propane, 2.08 g (3,99 mmol) of 

cholesteryl-3,5-diaminobenzoate (compound represented by 

the above formula (19)) and 0.25 g (2.00 mmol) of 

cyclohexy1isocyanate were dissolved in 450 g of N­

methyl-2-pyrrolidone in a 500 ml separable flask to carry 
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out a reaction at room temperature for 6 hours. Thereafter, 

the reaction solution was poured into an excessive amount 

of methy1 alcohol to precipitate a reaction product. ~he 

reaction product was then washed with methyl alcohol and dried 

5 at 40° C under reduced pressure for 15 hours to obtain 43. 96 

g of a polyamio acid (to be designated as "pol.yamio acid ( 6) •) 

having a logarithmic viscosity of O. 9.1 dl/ g. 

40 g of the obtained polyami.c acid was dissolved in 360 

g of N-methylpyrrolidone, 25.27 g of pyridine and 57.07 g 

10 of acetic anhydride were added and heated at ao• c for 4 hours 

to carry out a dehydration and ring closure reaction. 

'!'hereafter, the reaction product was precipitated and dried 

in the same manner as the synthesis of the polyamic acid to 

obtain 34. 6 7 g of polyimide (to be designated as "polyi.mide 

15 . {6)"} having a logarithmic viscosity of 0.84 dl/g. 

Synthesis Example 7 

18.07 g (57.50 nuno1) of l,3,3a,4,5,9b-hexahydro-8~ 

methyl-5-(tetrahydro-2,5-dioxo-3-furanyl)-naphtho[l,2-

c]furan-l,3-d~one, 12.89 g (57.50 mmol) of 2,3,5-

20 tricarboxylcyclopentylacetic dianhydride. 9.58 g (88.55 

mmol) of paraphenylenediamine, 7.37 g (23.00 mmol} of 

4,4'-diamino-2,2'-bis(trifluoro~ethyl)biphenyl, 1.48 g 

(2.30 mmol) of 3,6-bis(4-aminobenzoyloxy)cholestane and 

0.62 g (2.3 mmol) of steary1amine were disso1ved in 450 g 

25 of N-methyl-2-pyrro.lidone in a 500 ml separable flask to carry 

out a reaction at room temperature for 6 hours. Thereafter, 

the reaction solution was poured into an excessive amount 

of methyl alcohol to precipitate a reaction product. ~he 

reaction product was then washed with methyl alcohol and dried 

30 at 40° C under reduced pressure for 15 hours to obtain 44. 42 

g of a polyamic acid (to be designated as •polyamic acid ( 7) •) 

having a logarithmic viscosity of 0.98 dl/g. 

40 g of the obtained pol.yamic acid was dissol.ved in 360 

g of N-methylpyrrolidone, 29.ll g of pyridine and 37.57 g 
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of acetic anhydride were added and heated at i10• C for 4 hours 

to carry out a dehydration and ring closure reaction. 

Thereafter. the reaction product was precipitated and dried 

i.n the same manner as the synthesis of the polyamic acid to 

5 obtain 36. 82 g of po1yimide (to be desi.gnated as •poly1.m1de 

(7)•) having a logarithmic viscosity of 0.96 dl/g. 

Synthesis Example 8 

31.63 g (100.64 mmol) of l,3.3a,4,5,9b-hexahydro-8-

methyl-5-(tetrahydro-2,5-dioxo-3-furanyl)-naphtho(l,2-

10 c]furan-1,3-dione, 1.19 g (5.30 mmo1) of 2,3,5-

tricarboXY1oyo1openty1acetic d~anhydride, 8.82 g(81.56 

mmo1) of paraphenylened1amine, 6.78 g (21.19 mmol) of 

4,4'-diamino-2,2'-bis(trifluoromethyl)bi.phenyl, l.36 g 

(2.12 mmol} of 3,6-bis(4-aminobenzoyloxy)oholestane 

15 (compound represented by the above formula (12)) and 0.22 

g (2.12 nunol) of aminomethyltrimethylsilane were dissolved 

in 450 g of N-methyl.-2-pyrrolidone i.n a 500 ml. separable f:Lask 

to carry out a reaction at room temperature for 6 hours. 

Thereafter. the reaction solution was poured into an 

20 excess.1.ve amount of methyl alcohol to preci.pitate a reaction 

product. The reaction product was then washed with methyl 

alcohol and dried at 40• c under reduced pressure for 15 hours 

to obtain 43.63 g of a polyamic acid (to be designated as 

•polyamic acid (8)") having a logarithmic viscosity of o. 92 

25 dl/g. 

40 g of the obtained polyamic acid was dissolved in 360 

g of N-methylpyrrolidone, 26.81 g of pyridine and 34.60 g 

of acetic anhydride were added and heated at ao• c for 4 hours 

to carry out a dehydration and ring closure reaction. 

30 '!'hereafter. the reacti.on product was precipitated and dried 

in the same manner as the synthesis of the polyam.io acid to 

obtain 34. 81 g of pol.yi.mde (to be designated as •pol.yim1.de 

(8).) having a logarithmic viscosity of 0.91 dl/g . 

. Synthesis Example 9 
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28.56 g (90.86 mmol) of l,3,3a,4,5,9b-hexahydro-8-

methyl-5-(tetrahydro-2,5-dioxo-3-furanyl)-naphtho[l,2-

c]furan-1,3-dione, 3.64 g (16.22 mmol} of 2,3,S­

tricarboxylcyc1opentylacetic dianhydri.de, 9.12 g (84.37 

5 nunol) of paraphenylenediamine, 7.23 g (21.63 mmol) of 

2,2-bis(4-aminophenyl)-l,l,l,3,3,3-hexafluoropropane, 

1.13 g (2.16 nunol) of oholestaryl-3,5-diaminobenzoate 

(compound represented by the above formula (20)) and 0.32 

g (2.16 mrnol) of phthalic anhydride were dissolved in 450 

10 g of N-methyl-2-pyrrolidone in a 500 ml separab1e flask to 

carry _out a reaction at room temperature for 6 hours. 

Thereafter, the reaction solution was poured into an 

excessive amount of methyl alcohol to precipitate a reaction 

product. The reaction product was then washed with methyl 

15 alcohol and drJ.ed at 40° C µnder reduced pressure for 15 hours 

to obtain 44.23 g of a polyamic acid (to be designated as 

•polyamic aci.d ( 9) •) havi.ng a logari. thm:l.c viscos1. ty of o. 92 

d1/g. 

40 g of the obtained po1yamic aci.d was dissol.ved in 360 

20 g 0£ N-methy1pyrrolidone, 27.65 g of pyridine and 35.69 g 

of acetic anhydride were added and heated at 80° c for 4 hours 

to carry out a dehydration and ri.ng closure reaction. 

Thereafter. the reaction product was precipitated ~nd dried 

i.n the same manner as the synthesis of the polyamic aci.d to 

25 obtain 35 .19 g of polyimide (to be designated as •po1yimide 

(9).) having a 1ogaritbmic viscosity 0£ 0.89 dl/g. 

Synthesis Example 10 

24.71 g (78.61 mmol) of l.3,3a,4.S,9b-hexahydro-8-

methyl-5-(tetrahydro-2,5-dioxo-3-furanyl)-naphtho[l.2-

30 c]furan-l.3-dione, 7.55 g (33.69 nunol) of 2,3,5-

tri.carboxylcyc1opentylacet:l.c dianhydr:l.de, 10.32 g (95.43 

mmol) of paraphenylenediamine, 4.86 g (11.23 mmo1) of 

bis [ 4- ( 4-aminophenoxy)phenyl] sulfone, 1. 90 g ( 4. 49 rmnol) of 

4-(4'-tri£luoromethy1benzoyloxy)cyclohexyl-3,5-
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d~aminobenzoate (compound represented by the above formula 

(23)) and 0.66 g (2.25 nunol) of octadecylisocyanate were 

dissolved in 450 g of N-methy1-2-pyrrolidone in a 500 ml 

separable flask to carry out a reaction at room temperature 

5 for 6 hours. Thereafter, the reaction solution was poured 

into an excessive amount of methyl alcohol to precipitate 

a reaction product. The reaction product was then washed 

wi.th methyl alcohol and dried at 40• C under reduced pressure 

for 15 hours to obtain 44.68 g of a polyamic acid (to be 

10 designated as •polyamic acid (lo)•) having a logarithmic 

viscosity of 0.94 dl/g. 

40 g of the obtained pol.yamic acid was dissolved in 360 

g of N-methy1pyrrolidone. 28.43 g of pyridine and 36.69 g 

of acetic anhydride were added and heated at 80° c for 4 hours 

15 to carry out a dehydration and ring closure reaction. 

Thereafter. the reaction product was precipitated and dried 

in the same manner as the synthesis of the polyamic acid to 

obtain 36. 02 g of polyimide (to be designated as •pol.yimide 

(10)") having a logarithmic viscosity of 0.92 dl/g. 

20 Synthesis Example 11 

28.62 g (95.31 nonol) of 1.3.3a,4,S,9b-hexahydro-S­

(tetrahydro-2, 5-dioxo-3-furanyl)-naphtho[l,2-c]furan-

1,3-dione, 6.25 g (23.83 mmol) of 3.5.6-

tricarboxynorbornane-2-acetic dian_hydride, 11 • 9 a g ( 11 O • 7 9 

25 mmol) of paraphenylenediamine, 2.24 g (5.96 mmol) of 

octadecanoxy-2.4-diaminobenzene and 0.91 g (4.77 mmo1) of 

3-aminopropylmethyl diethoxysilane were dissolved in 450 g 

of N-methyl-2-pyrrolidone in a 500 ml separable flask to carry 

out a reaction at room temperature for 6 hours. Thereafter, 

30 the reaction solution was poured into an excessive amount 

of metby1 a1cohol to precipitate a reaction product. The 

reaction product was then washed with methyl alcohol and dried 

at 40• c under reduced pressure for 15 hours to obtain 44. 25 

g of a polyamic acid (to be designated as •pol.yamic acid ( ll) •) 
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having a logarithmic viscosity of 0.91 dl/g. 

40 g of the obtained polyamio acid was disso1ved in 360 

g of N-methylpyrro11done. 15.08 g of pyridine and 19.46 g 

of acetic anhydride were added and heated at 60° C for 3 hours 

5 to carry out a dehydration and ring closure reaction. 

Thereafter. the reacti.on product was precipitated and dried 

in the same manner as the synthesis of the polyamic acid to 

obtain 35. 81 g of polyimide (to be designated as •polyimide 

(11)•) having a logarithmic viscosity of 0.88 dl/g. 

10 Synthesis Example 12 

34.06 g (113.45 mmol) of l,3,3a,4,5,9b-hexahydro-5-

(tetrahydro-2,5-d1.oxo-3-furanyl)-naphtho[l,2-c]furan-

1.3-dione. 10.80 g (99.80 nunol) of paraphenylenediami.ne, 

4.27 g (11.34 mmol) of octadecanoxy-2,4-diaminobenzene and 

15 0.87 g (4.54 mmol) of 3-aminopropylmethyl diethoxysi1ane 

were dissolved in 450 g of N-methyl-2-pyrrolidone in a 500 

ml separable flask to carry out a reaction at room temperature 

for 6 hours. Thereafter, the reaction solution was poured 

into an excessive amount of methyl alcohol to preci.p~tate 

20 a reaction product. The reaction product was then washed 

with methyl alcohol and dried at 40° c under reduced pressure 

for 15 hours to obtain 44.25 g of a polyamic acid (to be 

designated as •polyamic acid (12)•) having a· logarithmic 

viscosity of 0.91 d1/g. 

25 40 g of th~ obtained pol.yamic: acid was d.issol.ved :1.n 360 

g of N-methy1pyrrolidone, 14.36 g of pyridine and 18.53 g 

of acetic anhydride were added and heated at 60° C for 3 hours 

to. carry out a dehydration and ring closure reaction. 

Thereafter. the reaction product was precipitated and dried 

30 in the same manner as the synthesis of the polyamic acid to 

obtain 35.81 g of polyimide (to be designated as "polyimide 

(12)•) having a logarithmic viscosity of 0.88 dl/g. 

synthesis Example 13 

34.06 g (126.79 mmol) of 3,5,6-
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tricarboxynorbornane-2-acetic dianhydride, 12.34 g (114.11 

nunol) of paraphenylenediamine, 3.82 g (10.14 nunol) of 

octadecanoxy-2.4-diaminobenzene and 0.59 g (5.07 mmol) of 

3-aminomethy1ethyl dimethy1s.1.lane were dissolved in 450 g 

5 of N-methyl-2-pyrro11.done in a 500 m1 separabl.e fl.ask to carry 

out a reaction at room temperature for 6 hours . Thereafter. 

the reaction solution was poured into an excessive amount 

of methyl a1cohol to precipitate a reaction product. The 

reaction product was then washed with methyl al.coho! and dried 

10 at 40° c under reduced pressure for 15 hours to obtain 43. 94 

g of a polyam.1.c acid (to be designated as •pol.yamio ao::ld ( 13) •) 

having a logarithmic viscosity of 0.90 dl/g. 

40 g of the obtai.ned pol.yam1.c acid was dissolved in 360 

g of N-methylpyrrolidone, 32.11 g of pyridine and 41.41 g 

15 of acetic anhydride were added and heated at 110° C for 4 hours 

to carry out a dehydration and ring closure reaction. 

'!'hereafter, the reaction product was preci.pi tated and dried 

in the same manner as the synthesis of the polyamic acid to 

obtain 35. 41 g of pol.yimide (to be des:l.gnated as •poly1.m1.de 

20 (13)•) having a logarithmic viscosity of 0.86 dl/g. 

Synthesis Examp1e 14 

34.29 g (130.77 mmol) of 3,5,6-

tricarboxynorbornane-2-acetic dianhydride, 13. 71 g ( 126. 84 

mmo1) of paraphenylenediamine. 1.36.g (2.62 mmol) of 

25 oho1esteryl-3,5-diaminobenzoate (compound represented by 

the above formula (19)) and 0.63 g (2.62 nuno1) of 

hexadecy1am:l.ne were dissolved in 450 g of N-methyl-2-

pyrrolidone in a 500 ml separable flask to carry out a reaction 

at room temperature for 6 hours. Thereafter, the reaction 

30 solution was poured into an e~cessive amount of methyl alcoho.l 

to prec1.p1.tate a reaction product. The reaction product was 

then washed with methyl. al.oohol and dried at 40°C under 

reduced pressure for 15 hours to obta:in 44. 84 g o~ a pol.yamic 

acid (to be designated as •polyamic acid (14)•) having a 
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logarithmic viscosity of 0.95 di/g. 

40 g of the obtained polyamic acid was disso1ved in 360 

g of N-methylpyrrolidone, 33.10 g of pyridine and 42.72 g 

of acetic anhydride were added and heated at 110° C for 4 hours 

5 to carry out a dehydration and ring closure reaction. 

'l'hereaf ter, the reaction product was precipi. ta ted and dried 

in the same manner as the synthesis of the polyamic acid to 

obtain 35. 88 g of polyimide (to be designated as •polyimide 

{14)•) having a logarithmic viscosity of 0.92 dl/g. 

10 Synthesis Example 15 

31.62 g (120.59 mmol) of 3,5,6-

tricarboxynorbornane-2-acetic dianhydride. 9.05 g (83.67 

mmo1) o~ parapheny1enediamine, 1.28 g (2.46 mmol) of 

cholesteryl-3,5-diaminobenzoate (compound represented by 

15 the above formula (19)) and 0.73 g {4.92 mmol) of phthalic 

anhydride were dissolved i.n 450 g of N-methyl-2-pyrrolidone 

in a 500 ml separable flask to carry out a reaction at room 

temperature for 6 hours. Thereafter. the reaction solution 

was poured into an excessive amount of methyl alcohol to 

20 precip1 tate a reaction product. The reaction product was 

then washed with methyl alcohol and dried at 40°C under 

reduced pressure for 15 hours to obtain 43. 73 g of a polyamic 

acid (to be designated as •polyamic acid (15)•) having a 

logarithmic viscosity of 0.78 d1/g. 

25 40 g of the obtained polyamio acid was disso1ved in 360 

g of N-methylpyrrolidone, 15.88 g of pyridine and 20.50 g 

of acetic anhydride were added and heated at 110° c for 4 hours 

to carry out a dehydration and ring closure reaction. 

'!'hereafter, the reaction product was precipitated and dried 

30 in the same manner as the synthesis of the polyamic acid to 

obtain 34. 24 g of polyimide (to be designated as •polyimide 

(ls)•) having a logarithmic viscosity of 0.74 dl/g. 

Synthesis Example 16 

3 3 • 5 l g ( 14 9 • 4 7 mmol) of 2, 3, .s-
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tricarboxycycl.opentylacetic di.anhydride and 16.49 g (149.47 

nunol) of paraphenylenediamine were dissolved in 450 g of 

N-methyl-2-pyrrolidone in a: 500 ml separable flask to carry 

out a reaction at room temperature for 6 hours. Thereafter, 

5 the reaction solution was poured into an excess~ve amount 

of methyl alcohol to precipitate a reaction product. The 

reaction product was then washed with methyl alcohol and dried 

at 40°C under reduced pressure for 15 hours to obtai.n 46.83 

g of a polyamic acid (to be designated as •polyamic acid ( 16) •) 

10 having a logarithmic viscosity of 1.31 dl/g. 

Synthesis Example 17 

16.84 g (75.12 nuno1) of 2.3.5-

tr.1carboxycycl.openty1acetic d1anhydri.de and 3 3 .16 g ( 7 5 • 12 

mmol) 0£ b1.s[4-(4-aminopbenoxy)phenyl]sulfone were 

15 dissol.ved in 450 g of N-methyl-2-pyrrolidone in a 500 m1 

separable flask to carry out a reaction at room temperature 

for 6 hours. Thereafter. the reaction soluti.on was poured 

into an excessive amount of methy1 alcoho1 to precipitate 

a reaction product. The react~on product was then washed 

20 with methyl alcohol and dried at 40• C ~der reduced pressure 

for 15 hours to obtain 46.23 g of a polyamic acid (to be 

designated as •polyamic acid (17)•) having a logarithmic 

viscosity of 1.24 dl/g. 

Synthesis Examp1e 18 

25 17.43 g (77.75 mmo1) of 2,3,S-

tricarboxycyc1opentylacet~c d~anhydride and 32.57 g (79.34 

mmo1) of 2,2-b1.s[4-(4-aminophenoxy)phenyl]propane were 

dissolved in 450 g of N-methyl-2-pyrrolidone in a 500 ml 

separab1e flask to carry out a reaction at room temperature 

30 for 6 hours. Thereafter, the reaction solution was poured 

into an excessive amount of methyl alcoho1 to precipitate 

a reaction product. The reaction product was then washed 

w.1 th methyl alcohol and dri.ed at 40° c under reduced pressure 

for 15 hours to obtain 46.33 g of a polyamic acid (to be 
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designated as •polyamic acid (18)•) having a logarithmic 

viscosity of 1.34 dl/g. 

40 g of the obtained polyamic acid was di.ssolved in 360 

g of N-methy1pyrro1idone, 24.60 g of pyridine and 25.40 g 

5 of acetic anhydride were added and heated at 110° C for 4 hours 

to carry out a dehydration and ring c1osure reaction. 

Thereafter, the reaction product was precipitated and dried 

in the same manner as the synthesis of the polyamio acid to 

obtain 37. 24 g of pol.yimide (to be designated as •polyimide 

10 (18)•) having a logarithmic viscosity of 0.94 dl/g. 

Synthesis Example 19 

33.20 .9 (152.21 nuno1) of pyrome1l..itic di.anhydride and 

16. 80 g ( 152 • 21 mmol) of paraphenylenediamine were disso.l ved 

in 450 g of N-methyl-2-pyrrolidone in a 500 ml. separable flask 

15 to carry out a reaction at room temperature for 6 hours. 

Thereafter, the reaction solution was poured into an 

excessive amount of methyl alcohol to precipi.tate a reaction 

product. 'l'he reaction product was then washed with methyl. 

al.cohol. and dried at 40° C under reduced pressure for 15 hours 

20 to obtain 47.26 g of a polyamic ac~d (to be designated as 

• polyamic ac.id ( 19) " ) having a logarithmic viscosity of 1 • 4 6 

dl./g. 

Synthesis Exampl.e 20 

13. 25 g ( 60. 76 mmo1) of pyromellitic dianhydride, 11. 92 

25 g (60.76 mmo1) of l,2,3,4-cycl.obutanetetracarboxy1ic 

di.anhydride and 24.83 g (124.00 nunol) of diaminodiphenyl 

ether were dissolved in 450 g of N-methyl-2-pyrro1idone in 

a 500 ml. separable flask to carry out a reaction at room 

temperature for 6 hours. Thereafter, the reaction solution 

30 was poured into an excessive amount of methyl a1cohol to 

preci.pitate a reaction product. The reaction product was 

then washed with methyl alcohol and dried at 40°C under 

reduced pressure for 15 hours to obtain 46. 37 g of a po1yamic 

acid (to be designated as •polyamic acid (20)") having a 
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logarithmic viscosity of 1.36 dl/g. 

Synthesis Example 21 

13. 32 g ( 61.06 mmol) of pyromel1itic dianhydride. 11. 98 

g (61.06 mmo1) of 1.2.3,4-cyclobutanetetracarboxylic 

5 dianhydride and 24. 71 g ( 124. 61 nonol) of 

diaminodiphenylmethane were dissolved in 450 g of N­

methyl-2-pyrrolidone in a 500 ml separable flask to carry 

out a reaction at room temperature for 6 hours. Thereafter, 

the reaction solution was poured into an excessive amount 

10 of methyl alcohol to precipitate a reaction product. 'l'he 

reaction product was then washed with methyl alcohol. and dried 

at 40° C under reduced pressure for 15 hours to obtain· 46. 37 

g of a polyamic acid (to be designated as •pol.yami.c acid ( 21) •) 

having a logarithmic viscosity of 1.35 dl/g. 

15 Synthesis Example 22 

37.01 g (117.74 mmol) of l,3,3a,4,5,9b-hexahydro-5-

(tetrahydro-2,5-dioxo-3-furanyl)-naphtho[l.2-c]furan-

l, 3-di.one and 12. 99 g ( 120 .15 mmol) of paraphenylenediamine 

were dissolved in 450 g of N-methyl-2-pyrrolidone in a 500 

20 ml. separabl.e flask to carry out a reaction at room temperature 

for 6 hours. Thereafter. the reaction solution was poured 

into an excessive amount of methyl alcohol to precipitate 

a reaction product. The react~on product was then washed 

with methyl alcohol and dried at 40° C under reduced pressure 

25 for 15 hours to obtain 45.77 g of a polyamic acid (to be 

designated as •po1yamic acid (22)•) having a iogarithmic 

viscosity of 1.31 dl/g. 

Synthesis Example 23 

30.42 g (96.78 mmol) of l,3,3a,4,5,9b-hexahydro-5-

30 (tetrahydro-2,5-dioxo-3-furanyl)-naphtho[l,2-c]furan-

l, 3 -dione and 19 . 58 g ( 9 8 • 7 6 mmol) of diaminodiphenyl.me thane 

were dissol.ved in 450 g of N-methyl-2-pyrrolidone in a 500 

mi separab1e flask to carry out a reacti.on at room temperature 

for 6 hours. Thereafter, the reaction solution was poured 
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into an excessive amount of methyl alcohol to precipitate 

a reaction product. The reaction product was then washed 

with methyl alcohol and dried at 40• C under reduced pressure 

for 15 hours to obtain 45.96 g of a polyamic acid (to be 

5 designated as •polya.mic acid (23)•) having a logarithmic 

v1scos1ty of 1.30 dl/g. 

40 g of the obtained po1yamic acid was dissolved in 360 

g of N-methylpyrrolidone, 24.40 g of pyridine and 55.12 g 

of acetic anhydride were added and heated at 80° c for 4 hours 

10 to carry out a dehydration and ring closure reaction. 

Thereafter, the reaction product was precipitated and dried 

in the same manner as the synthesis of the polyamic acid to 

obtain 36 .62 g of po1yim1de (to be designated as •pol.y:Lmide 

(23)• having a logarithmic viscosity of 0.98 dl/g. 

15 Synthesis Example 24 

36.36 g (123.59 mmol) of 3,3' .4.4'­

biphenyltetracarboxylic di.anhydride and 13.64 g (126.ll 

rmnol) of paraphenylenediamine were dissolved in 450 g of 

N-methyl.-2-pyrrol:l.done in a 500 ml. separable fl.ask to carry 

20 out a reaction at room temperature for 6 hours. Thereafter, 

the reaction solution was poured into an excessive amount 

of methyl alcohol to precipitate a reaction product. The 

reaction product was then washed wi. th methyl alcohol and dried 

at 40° C under reduced pressure for 15 hours to obtain 45 .16 

25 g of a pol.yamic acid (to be designated as •polyamic acid ( 24)") 

having a logarithmic viscosity of 1.22 dl/g. 

Synthesis Example 25 

28.81 g (64.85 nunol) of 4,4'-

( hexaf luoroisopropyli.dene) diphthalic di anhydride and 21. 19 

30 g (66.17 mmol) of 2.2'-bis(trifluoromethy1)-4,4'­

diaminobiphenyl. were dissolved in 450 g of N-methyl.-2-

pyrrolidone in a 500 ml separable flask to carry out a reaction 

at room temperature for 6 hours. Thereafter. the react1on 

solution was poured into an excessive amount of methyl alcohol 
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to precipitate a reaction product. The reaction product was 

then washed with methyl alcohol and dried at 40°C under 

reduced pressure for 15 hours to obtain 44. 27 g of a polyamic 

acid (to be designated as •polyamic acid (2s)•) having a 

5 logarithmic viscosity of 1.20 dl/g. 

Synthesis Example 26 

26.16 g (116.69 mmol) of 1,2.4,5-

cyclohexanetetracarboxylic dianhydride and 23.84 g (119.07 

mmol) of diaminodiphenyl ether were dissolved in 450 g of 

10 N-methyl-2-pyrrolidone in a 500 ml separable flask to carry 

out a reaction at room temperature for 6 hours. Thereafter, 

the reaction solution was poured into an excessive amount 

of methyl alcohol to precipitate a reaction product. ~he 

reaction product was then washed with methyl alcohol and dried 

15 at 40° C under reduced pressure for 15 hours to obta:i.n 44 .18 

g of a polyamic acid (to be designated as •polyamic acid ( 26) •) 

having a logarithmic viscosity of 1.25 dl/g. 

Synthesis Example 27 

13.52 g (60.32 mmol) of 1,2,4,5-

20 cyclohexanetetracarboxylic dianhydride, 11.83 g (60.32 

nunol) of 1, 2, 3, 4-cyclobutanetetracarboxylic dianhydride and 

24. 65 g ( 123 .10 mmol) of diaminodiphenyl ether were disso1ved 

in 450 g of N-methyl.-2-pyrrolidone in a 500 ml separabl.e flask 

to carry out a reaction at room temperature for 6 hours. 

25 Thereafter, the reaction solution was poured into an 

excessive amount of methyl alcohol to precipitate a reaction 

product. 'l'he reaction product was then washed with methyl 

alcohol and dried at 40° C under reduced pressure for 15 hours 

to obtain 44.49 g of a po1yamic acid (to be designated as 

30 •polyamic acid ( 27) •) having a logarithmic viscosity of 1. 26 

dl./g. 

Synthesis Examp1e 28 

35.19 g (134.20 mmol) of 3.5,6-

tricarboxynorbornane-2-acetic dianhydride and 14.81 g 
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( 136. 94 mmol) of paraphenylenediamine were dissolved in 450 

g of N-methyl-2-pyrrolidone in a 500 ml separable flask to 

carry out a reaction at room temperature for 6 hours. 

Thereafter, the reaction solution was poured into an 

5 excess:lve amount of methyl al.cohol. to preoi.pitate a reaction 

product. The reaction product was then washed with methyl. 

alcohol and dried at 40• C under reduced pressure for 15 hours 

to obtain 45.72 g of a polyamic acid (to be designated as 

•polyamic acid ( 28)") having a logari tbmic viscosity of 1. 26 

10 dl/g. 

Synthesis Example 29 

18.07 g (57.50 mmol) of l,3,3a,4,5,9b-hexahydro-8-

methyl-5-(tetrah,ydro-2,5-d1oxo-3-furanyl)-naphtho[l,2-

c]furan-1,3-dione. 12.89 g (57.50 mrnol) of 2,3,5-

15 tricarboxycyol.opentylacetio dianhydride, 9.58 g (88.55 

mmol) of paraphenylenediamine, 7.37 g (23.00 mmol) of 

4,4'-diamino-2,2'-bis(trifluoromethyl)biphenyl, 1.48 

g(2.30 mmol) of 3,6-bis(4-aminobenzoyloxy)cholestane and 

O. 37 g ( 2. 3 mmol) of p-tr.1.fluoromethyl.ani.l.ine were dissol.ved 

20 in 450 g of N-methyl.-2-pyrrol.idone in a 500 ml separable fl.ask 

to carry out a reaction at room temperature for 6 hours. 

Thereafter, the reaction sol.ution was poured into an 

excessive amount of methy1 al.coho! to prec.ipitate a reaction 

product. The reaction product was then washed with methyl 

25 alcohol. and dried at 40' C under reduced pressure for 15 hours 

to obtain 44 g of a polyamio acid (to be designated as 

•polyamic acid ( 29) ·) having· a logarithmic viscosity of O. 90 

dl/g. 

40 g of the obtained polyamic acid was dissolved in 360 

30 g of N-methylpyrrolidone, 29.11 g of pyridine and 37.57 g 

of acetic anhydride were added and heated at 110• c for 4 hours 

to carry out a dehydration and ring closure reaction. 

Thereafter, the reaction product was precipitated and dri.ed 

in the same manner as the synthesis of the polyamic acid to 
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obtain 37. O g of a polyimide (to be designated as "polyimide 

(29). having a logarithmic viscosity of 0.91 dl/g. 

Synthesis Example 30 

20.81 g (92.83 mmol) of 3.5,6-tricarbox.ynorbornane-

s 2-acetic dianhydride, 5 • O g ( 4 6 • 4 nuno1) of 

paraphenyienediamine, 24.17 g (46.4 mmol) of 

cholesteryl-3,5-diaminobenzoate (compound represented by 

the above formu1a (19)), and 0.91 g (9.28 mmol) of maieic 

anhydride were dissol.ved in 205 g of N-methyl-2-pyrrolidone 

10 in a 500 ml separable flask to carry out a reaction at room 

temperature for 6 hours. Thereafter. the react.ion sol.ution 

was poured into an excessive amount of methyl alcohol to 

preo~pitate a reaction product. ~he reaction product was 

then washed with methyl alcohoi and dried at 4o•c under 

15 reduced pressure for 15 hours to obtain 43. 73 g of a polyamic 

acid (to be designated as "polyamic acid (30)•) having a 

logarithmic viscosity of 0.48 dl/g. 

Comparative Synthesis Example 1 

32.91 g (146.82 mmo1) of 2,3,5-

20 tricarboxycyclopentylacetic dianhydride, 15.56 g (143.88 

mmol} of paraphenylenediamine and 1.53 g (2.94 mJDol) of 

cholesteryl-3,5-diaminobenzoate (compound represented by 

the above formula (19)) were dissolved in 450 g of N­

methy1-2-pyrrolidone in a 500 ml separable flask to carry 

25 out a reaction at room temperature for 6 hours. Thereafter, 

the reaction solution was poured into an excessive amount 

of methyl a1cohol to precipitate a reaction product. The 

reaction product was then washed with methyl alcohol and dried 

at 40° c under reduced pressure for 15 hours to obtain 45 .52 

30 g of a polyamic acid (to be designated as •polyamic acid (A)•) 

having a 1ogarithmic viscosity of 1.21 dl/g. 

40 g of the obtained polyamic acid was dissolved .in 360 

g of N-methylpyrrolidone, 46.45 g of pyridine and 35.97 g 

of acetic anhydride were added and heated at 110° C for 4 hours 
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to carry out a dehydration and ring closure reaction. 

Thereafter, the reaction product was precipitated and dried 

in the same manner as the synthesis of the polyamic acid to 

obtain 36.5 g of polyimide (to be designated as •polyimide 

s (A)•) having a logarithmic viscosity of 1.08 dl/g. 

Comparat~ve Synthesis Example 2 

35.87 g (114.12 nmol) of l,3,3a,4,5,9b-hexahydro-5-

(tetrahydro-2,5-dioxo-3-furanyl)-naphtho[l.2-c]furan-

l, 3-dione. 11. 72 g ( 108. 41 nunol) of paraphenylenediamine and 

10 2.41 g (5.71 mmo°l) of 4-(4'­

trifluoromethylbenzoyloxy)cyclohexyl-3,5-diaminobenzoate 

(compound represented by the above formula (23)) were 

dissolved in 450 g of N-methyl-2-pyrrol.1.done 1.n a 500 ml. 

separable flask to carry out a reaction at room temperature 

15 for 6 hours. Thereafter, the reaction solution was poured 

into an excessive amount of methyl alcohol to precipitate 

a reaction product. The reaction product was then washed 

with methyl alcohol and dried at 40° C under reduced pressure 

for 15 hours to obtain 44.58 g of a polyamic acid (to be 

20 designated as ·polyamic acid (B)•) having a logarithmic 

viscosity of 1.01 dl/g. 

40 g 0£ the obtained pol.yamic acid was dissolved in 360 

g of N-methylpyrrolidone, 28.88 g of pyridine and 65.24 g 

of acetic anhydride were added and heated at so• c for 4 hours 

25 to carry out a dehydration and ring ciosure reaction. 

Thereafter. the reaction product was precipitated and dried 

in the same manner as the synthesis of the polyamic acid to 

obtain 36 .19 g of polyimide (to be designated as •polyi.mide 

(B)•) having a logarithmic viscosity of 0.98 dl/g. 

30 Comparative Synthesis Example 3 

33.19 g (105.59 nmol) of l.3.3a,4,5,9b-hexahydro-5-

(tetrahydro-2.5-d1oxo-3-furanyl)-naphtho[l,2-c]furan-

1,3-dione, 1.25 g (5.56 mmo1) of 2,3,5-

tricarboxycyclopentylacetic dianhydride, 10.58 g (97.81 
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nunol) of paraphenylenediamine. 3.56 g (11.12 nunol) of 

2.2'-bis(trifluoromethyl)-4.4'-diaminobiphenyl and 1.43 g 

(2.22 nunol) of 3,6-bis(4-aminobenzoyloxy)cholestane 

(compound represented by the above formula (12)) were 

5 dissolved in 450 g of N-methyl-2-pyrrolidone in a 500 ml 

separable flask to carry out a reaction at room temperature 

for 6 hours. Thereafter, the reaction solution was poured 

into an excessive amount of methyl alcohol to precipitate 

a reaction product. The reaction product was then washed 

10 with methyl alcohol and dried at 40° C under reduced pressure 

for 15 hours to obtain 44.29 g of a po1yam1.c acid (to be 

designated as •polya.mio acid (c)•) having a logarithmic 

viscosity of 0.91 dl/g. 

40 g of the obtained polyamic acid was dissolved in 360 

15 g 0£ N-methylpyrrolidone, 28.13 g of pyridine and 36.31 g 

of acetic anhydride were added and heated at so• c for 4 hours 

to carry out a dehydration and ring closure reaction. 

Thereafter. the reaction product was precipitated and dried 

in the same manner as the synthes.:i.s of the po1yami.c acid to 

20 obtain 35. 79 g of po1y1mide (to be designated as •po1yimi.de 

(c)•) having a logarithmic viscosity of 0.89 dl/g. 

Comparative Synthesis Example 4 

. 34.63 g (132.06 mmol) of 3,5.6-

tricarboxynorbornane-2-acetic dianhydride. 14 • 00 g ( 12 9 • 4 2 

25 mmol) of paraphenylenediamine and 1.38 g (2.64 mmol) of · 

cho1esteryl-3,5-diaminobenzoate (compound represented by 

the above formu1a (19)) were disso1ved in 450 g of N­

methyl-2-pyrrolidone in a 500 ml separable flask to carry 

out a reaction at room temperature for 6 hours. Thereafter, 

30 the reaction solution was poured into an excessive amount 

of methyl alcohol to precipitate a reaction product. The 

reactJ.on product was then washed with methyl al.coho! and dried 

at 40° C under reduced pressure for 15 hours to obtain 45. 23 

g of a po1yamic acid (to be designated as •polyamic acid ( D) • ) 
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having a logarithmic viscosity of 0.95 dl/g. 

40 g of the obtained po1yamic acid was dissolved in 360 

g of N-methylpyrrolidone, 41.78 g of pyridine and 43.14 g 

of acetic anhydride were added and heated at 110• C for 4 hours 

5 to carry out a dehydration and ring c1osure reaction. 

'!'hereafter, the reaction product was precipitated and dried 

in the same manner as the syntbesi.s of the polyamic ac.:l.d to 

obtain 3 S. 86 g of polyimide (to be designated as •polyimide 

(D)• having a logarithmic viscosity of 0.92 dl/g. 

10 Comparative Synthesis Example 5 

29.00 g (96.57 mmo1) of l,3,3a,4,5,9b-hexahydro-5-

(tetrahydro-2,5-dioxo-3-furany1)-naphtho[l,2-o]furan-

1,3-dione. 6.33 g (24.14 mmol) of 3,5,6-

tri.carboxynorbornane-2-acetic di.anhydride, 12. 40 g ( 114. 6 7 

15 nuno1) of paraphenylenediamine and 2.27 g (6.04 mmol) of 

octadecanoxy-2,4-diaminobenzene were dissolved in 450 g of 

N-methyl-2-pyrroli.done in a 500 ml. separable flask to carry 

out a react::i.on at room temperature for 6 hours. Thereafter. 

the reaction solution was poured into an excessive amount 

20 of methy1 al.cohol. to precipitate a reaction product. The 

reaction product was then washed with methyl alcohol and dried 

at 40° C under reduced pressure for 15 hours to obtain 44. 25 

g of a pol.yami.c acid (to be designated as •polyamic acid ( E) • ) 

having a logarithmic viscosity of 0.91 dl/g. 

25 40 g of the obtained polyamic acid was dissolved in 360 

g of N-methy1pyrrolidone, 15.28 g of pyridine and 19.72 g 

of acet1c anhydride were added and heated at 60" c for 3 hours 

to carry out a dehydration and r.:l.ng c1osure reaction. 

'!'hereafter, the reaction product was precipitated and dried 

30 in the same manner as the synthesis of the polyamic acid to 

obtain 35. 81 g of polyimide (to be designated as •polyi.mide 

(E)• having a logarithmic viscosity of 0.88 dl/g. 

Exampl.e 1 

(l) preparation of 1iquid crystal. a11gning agent: 
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The po1yimide (1) (end-capped) obtained in Synthesis 

Example 1 and the polyamic acid (16) (end-uncapped) obtained 

in Synthesis Example 16 were dissolved ;in y-butyrolactone in 

a weight ratio of 1:3 to prepare a solution having a solid 

5 content of 4 wt% which was then filtered with a filter having 

a pore diameter of 1 µm to prepare the light crystal aligning 

agent of the present invention. 

(2) preparation of liquid crystal display element: 

(1) The liquid crystal aligning agent of the present 

10 invention prepared as described above was applied to a 

transparent conductive film which comprises an ITO f1lm 

formed on one side of a 1 mm thick glass substrate with a 

spinner and dried at 180° C for 1 hour to form a coati.ng film 

having a dry th~ckness of 600 A. 
15 (2) The formed coating film was rubbed with a rubbing 

machine having a roll wound with nylon cloth to form a liquid 

crystal alignment film. The rubbing conditions include a 

roll revolution speed of 500 rpm and a stage moving speed 

of 1 cm/sec. 

20 (3) Two substrates each having the above 1iquid crysta1 

alignment film formed thereon were prepared, an epoxy resin 

adhesive containing aluminum oxide balls having a diameter 

of 17 pm was applied to the periphera1 edge portion of each 

of the substrates by screen printing. the two substrates were 

25 opposed to each other with a space there between so that the 

rubbing directions of the liquid crystal alignment films 

thereof became parallel. to each other in opposite d1rect1.ons, 

the peripheral edge portions of the two substrates were 

contacted and bonded together by pressure, and the adhesive 

30 was cured. 

(4) A nematic liquid crystal ·MLc-sos1• (of Merck Co., 

ltd. ) was injected and filled into a cell gap defined by the 

surfaces of the substrates and the adhesive of the peripheral 

edge portions and then an injection hole was sealed up by 
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an epoxy-based adhesive to prepare a liquid crystal cell. 

Thereafter. a polarizing plate was joined to the exterior 

surf aces of the 11.quid crystal cell such that the polarization 

direction matches the rubbing di.rection of the liquid crystal 

5 alignment fil.m formed on one si.de of the substrate to prepare 

a liquid crystal display element. 

( 5) When voltage was applied to or released from the li.quid 

crystal cell. an abnormal domain was not observed and the 

thus formed ligui.d crystal di.splay element was satisfactory 

10 in terms of liquid crystal alignment properties. When the 

pretilt angle was measured, it was 4.8°. The after image· 

erase time of the liquid crystal display element wos very 

short at 0.72 second. When the pret1lt angle was measured 

by changing the rubbing conditions to a roll revolution speed . 

15 of 200 to 800 rpm and a stage moving speed of O. 5 to S cm/sec. , 

process condition stability was excellent with a variation 

of 4. 8±0. 3° • When the alignment properties and reliability 

test resul.t of the obtained liquid crystal d~splay element 

were evaluated. the liquid crystal alignment properties ·were 

20 satisfactory. and a white smear was not observed on the liquid 

crystal display element after the reliability test. The 

results are shown in Table 1. 

Examples 2 to 91 

Liquid crystal aligning agents were prepared in the 

25 same manner as in Exampl.e 1 except that the polyim.ides and 

po1yamic acids obtained in Synthesis Exampl.es 2 to 29 were 

used in ratios shown in Tables 1 to 3 to fabricate liquid 

crystal display elements. The liquid crystal alignment 

properties. pretilt angles and the after image erase times 

30 of the obtained liquid crystal display elements were measured 

and a reliability test was made on these liquid crystal 

display elements. The results are shown in Tables l to 3. 
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Ex.l polyimide 1 
Ex.2 polyimide 1 
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Ex.9 polyimide 3 
Ex.10 polyimide 3 
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Table l 

end-uncapped ratio of end-
po1ymer capped pol:ymers 

(%} 
polyamic acid 16 25 
pol.yamic acid 19 20 
polyamic acid 22 30 
polyamic acid 26 15 
polyam:Lc acid 17 20 
polyamic acid 19 25 
polyamic acid 23 20 
pol.yamic acid 26 20 . 

polyamic acid 18 20 
polyamic acid 24 25 
polyamic acid 22 30 
polyamic aci.d 27 20 
polyamio acid 16 25 
polyamic acid 21 20 
polyamic acid 22 15 

alignment pre tilt after image 
properties angle erase time 

c· > (s) 
satisfactory 4.8 0.72 
sat1.sf actory 4.7 0.75 
sat1.sf actory 5.0 0.82 
sat1.sf actory 4.6 0.70 
satisfactory 4.9 0.80 
satisfactory 5.1 0.84 
satisfactory 4.8 0.79 
sati.sf actory 4.7 0.81 
satisfactory 4·. 4 0.83 
sat:lsf actory 4.6 0.79 
satisfactory 5.0 0.88 
satisfactoxy 4.8 0.83 
satisfactory 4.6 0.72 
satisfactory 4.5 0.65 
satisfactoi:y 4.4 0.77 

reliabi.l.i.ty 

satisfactory 
satisfactoz:v 
sat:l.sf acto:rv 
satisf actorv 
satisfactory 
satisfactory 
satisfactory 
sati.sf actory 
sati.sf actoz:y B 
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satisfactory 
satisfactory 
sat:Lsf actory 
satisf actorv 
satisfactoi:y 
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Tab1e 1 (continued) 

Ex. end-capped end-uncapped ratio of end- a11gnment 
polymer polymer capped polyme.m properties 

(%) 
Ex.16 pol.yimide 4 pol.yam:lc acid 26 25 satisfactory 
Ex.17 po1yimide 5 polyamic acid 17 20 sat.i.sf actory 
Ex.18 pol.yimide 5 polyami.c acid 19 35 satisfactory 
Ex.19 poly:lmide·s polyamic acid 23 18 satisfactory 
Ex.20 pol.yimide 5 polyamic acid 26 30 sati.sf actory 
Ex.21 polyimide 6 polyamic acid 18 20 satisfactory 
Ex.22 polyimide 6 polyaaj..c acid 22 12 sat.1.sf actm:y 
Ex.23 polyimide 6 polyami.c acid 24 25 sati.sfactm:y 
Ex.24. pol.yimide 6 palyam:lc acid 27 25 satisfactory 
Ex.25 pol.yimide 7 polyamic acid 18 30 sati.sfactorv 
Ex.26 pol.yimide 7 polyamic acid 20 25 satisfactory 
Ex.27 polyi.mide 7 polyamic acid 21 20 sati.sf actory 
Ex. 28 polyimide 7 polyamic acid 25 30 satisfactm:y 
Ex. 29 polyimide 7 po1yamic acid 27 20 satisfactorv 
Ex.30 polyimide 8 polyam:Lc acid 17 25 satisfactory 

Ex. : Exampl.e 

pretilt afterimage 
angle erase time 
(. ) (s) 
4.6 0.78 
4.2 0.84 
4.8 0.78 
4.2 0.83 
4.6 0.80 
4.5 0.85 
4.3 0.86 
4.5 0.81 
4.5 0.82 
5.9 0.70 
5.8 0.61 
5.7 0.63 
6.1 0.65 
5.9 0.63 
4.5 0.74 

reliability 

satisfactory 
satisf actorv 
satisfactocy 
satisfactory 
satisfactory 
satisfactory 
satisf actorv 
satisfactory 
satisf actm:y 
satisf actm:y 
satisfactory 
satisfactory 
satisfactory 
satisfactory 
satisfactocy 
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Tab.le 2 

Ex. end-capped end-WlCaPPE!d ratio of end- alignment 
po.l:ymer polymer capped polymers properties 

(t) 
Ex.31 po.lyimide 8 polyamic acid 20 20 satisfactory 
Ex.32 polyimide 8 polyamic acid 21 20 satisfactoi:y 
Ex.33 polyimide 8 polyamic acid 24 25 satisfactory 
Ex.34 polyimide 8 polyamic acid 25 30 satisf actoi:y 
Ex.35 polyimide 8 polyamic acid 27 20 satisf actoxy 
Ex.36 polyimide 9 polyamic acid 18 17 satisfactory 
Ex.37 polyimide 9 polyamio acid 19 24 satisf actoi:y 
Ex.38 polyimide 9 polyamic acid 23 16 satisfactory 
Bx.39 polyimide 9 polyamic acid 25 30 satisfactory 
Ex.40 polyimide 10 polyamic acid 17 30 sat.isf actory 

Bx.41 po.lyim.ide 10 polyamic acid 19 25 sa.tisf actoxy 
Ex.42 polyimide 10 polyamic acid 24 18 satisf actm:y 
Ex.43 polyimide 10 polyam:Lc acid 26 20 satisf actm:y 
Ex.44 polyimide 11 polyamic acid 21 20 satisfactory 
Ex.45 pol.yimide 11 polyamic acid 23 25 satisfactory 

Ex. : Examp1e 

pretllt after image 
angle erase time 
(. ) (s) 

4.4 0.59 
4.4 0.60 
4.6 0.69 
4.7 0.68 
4.5 0.62 
4.8 0.72 
4.9 0.66 
4.7 0.71 
5.1 0.68 
5.6 0.80 
5.5 0.72 
5.4 0.74 
5.6 0.71 
4.8 0.64 
4.9 0.10 

,. 

re1iabi 11 ty 

satisf acto:r:y 
satisf acto:r:y 
satisfacto:z:y 
satisfacto:r:y 
satisfactory 
satisfactozy 
satisfactorv 
satisf actoi:y 
satisfactory l': 
satisfactory 
satisfactory 
sat.1.sf actoi:y 
satisfactory 
satisfactory 
satisf actoz:y 
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Table 2 (continued) 

Ex. end-capped end-uncapped ratio of end- alignment 
po1ymer polymer capped pol-ymars properties 

(t) 
Ex.46 polyim.1.de 11 polyamic acid 27 22 satisfactoi:y 
Ex.47 polyimide 11 polyamic acid 28 30 satisfactory 
Ex.48 polyimide 12 polyamic acid 20 20 satisfactory 
Ex.49 polyimide 12 polyamic acid 21 20 sat:Lsfactorv 
Ex.SO polyim.1.de 12 polyamic acid 27 22 sat.1.sfactory 
Ex.51 polyimide 12 polyamic acid 28 23 sati.sfactoxy 
Ex.52 oolyimide 13 polyamic acid 20 25 satisfactory 
Ex.53 pol.yim.ide 13 polyam.1.c acid 21 25 satisfactoi:y 
Ex.54 pol.yimide 13 polyam:Lc acid 27 28 sat:l.sfactory 
Ex.SS polyimide 14 polyamic acid 16 14 satisfactory 
Ex.56 polyimide 14 polyamic acid 21 26 sati.sfactoxy 
Ex.57 pol.yi.mide 1.4 polyami.c acid 27 31 satisf actoxy 
Ex.SB polyimide 14 po1yamic acid 28 21 satisfactory 
Ex.59 polyimide 15 polyamic acid 18 40 satisfactory 
Ex.60 polyimide 15 polyamic acid 21 25 satisfactory 

Ex. : Example 

pretilt after image 
angle erase time 
(. ) (s) 
4.6 0.66 
4.9 0.72 
5.2 0.68 
5.2 0.69 
5.1 0.72 
5.3 0.75 
4.4 0.78 
4.4 0.80 
4.5 0.81 
5.9 0.89 
6.2 0.81 
6.3 0.82 
6.1 0.92 
4.6 0.89 
4.8 0.84 

rellabillty 

satisfactory 
satisfacto:cy 
sat1Sfactory 
sat:Lsfactory 
satisfactory 
satisfactory 
sat:Lsfactory 
sati.sf actory 
satisfactory 
satisfactory 
satisfactory 
satisfactory 
satisfactoxy 
satisfactory 
satisfactory 

2: 

~ - ... -"' -00 -r --iiiiiiiiim ::i::: ===e? =tc -a 
iiiiiiiiim ~ ===.s ----11> ---o a 

'ZI 
:II 

~ 

! 
~· 
4 

H v 
T, 

::I-
~ ... 
II 
I 

"' 0 
0 ... 
-lit 
oll­:m ... 
0 
CD 

~ .... 
w 
1J1 ... 
~ 
w 

"' 

i 
(I) 

0 

"' 1J1 
loJ 
IO 
IO 
0\ 
IO 

...., 
1J1 
-.J 



54 

'l'ab1e 3 

Ex. end-capped end-uncapped ratio of end- alignment 
polymer polymer capped polymers properties 

(t) 
Ex. 61 polvimide 15 nolyamic acid 27 20 sati.sf actc::u:y 
Ex. 62 polyimide 15 polyamic acid 28 18 satisfactory 
Ex.63 polvamic acid l polyamic acid 16 25 satisfactory 
Ex.64 polyan:l.c acid 2 polyami.c acid 22 30 satisfactory 
Ex.65 polyamic acid 3 DOlyam:Lc acid 19 20 satisfactory 
Ex. 66 polyamic acid 4 oolyamic acid 22 16 satisfactory 
Ex.67 polyamic acid 5 DOlyamiC acid 19 24 satisfactory 
Ex.68 polyami.c acid 7 polyamic acid 20 30 satisfactory 
Ex.69 polvamic acid 8 polyamic acid 21 21 satisf act<>ry 
Ex.70 poly-n-1r!acid11 polyamic acid 20 20 satisfactory 
Ex.71 polvamic aci.d 12 polyamic acid 21 20 satisf actoey 
Ex.72 polyimide 1 polyimide 18 30 satisfactory 
Ex.73 polyimide 2 polyimide 18 25 satisfactory 
Ex. 74 polyimide 4 polyimide 23 20 satisfactory 
E:x:. 75 po1yimide 5 po1yimide 23 24 sati.sf actoey 

Ex.: Example 

pre tilt after image 
angle erase time 
(. ) (s) 
4.7 0.85 
4.4 0.91 
4.4 0.88 
4.3 0.87 
4.2 0.90 
4.1 0.87 
4.5 0.86 
5.5 0.79 
4.1 0.80 
4.2 0.81 
4.4 0.84 
4 .·9 0.88 
4.7 0.85 
4.6 0.86 
4.6 0.90 

reliability 

satisf actoey 
sati.sfactocy 
satisf actoz:y 
satisfactory 
sati.sf actory 
satisf actoi:y 

satisfactory 
sat1.sf actoz:y 
satisfactory 
satisfactory 
satisfactory 
satisfactory 
satisfactory 
sati.sf actory 
satisfactory 
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Tab1e 3 (continued) 

Ex. end-capped end-Wlcapped ratio of end- alignment 
polymer polymer capped polymers properties 

(t) 
Ex. 76 polyimide 7 po1yimide 23 35 satisf actozv 
Ex. 77 po1yimide 8 po1yimide 18 18 satisfactory 
Ex. 78 polyimide 12 polyimide 23 20 satisfactory 
Ex.79 po1yimide 13 polyimide 23 20 satisfactory 
Ex.80 polyamic acid 1 po1yimide 18 18 satisf actorv 
Ex.81 polyami,,.. acid 4 pol.yimide 23 30 satisfactory 
Ex.82 pol'.j.":'.::"~~ acid 7 polyimide 23 20 satisfactory 
Ex.83 polyami.c ac1d 13 polyimide 2 3 25 satisfactory 
Ex.84 polyimide 2 none 100 satisf._. ......... y 

Ex.85 polyimide 5 none 100 satisfactory 
Ex.86 polyimide 8 none 100 sati.sf actory 
Ex.87 polyimide 14 none 100 satisfactor:y 
Ex.88 polyamic acid 3 none 100 satisfactory 
Ex.89 poly.=mi1 ,._ acid 6 none 100 satisfactory 
E.x:. 90 pol~-.;~ acid 9 none 100 satisfactory 
E.x:. 91 polyim.ide 29 pol.yarn.1c acid 21 25 satisfactory 

Ex.: Example 

pre tilt after image re11ability 
angle erase time 
(. ) (s) 

5.9 0.79 satisfactory 
4.9 0.81 satisfactory 
5.1 0.83 satisfactory 
5.2 0.81 satisfactory 
4.8 0.95 satisfactorv 
4.8 0.94 sat.i.sf actory 
5.8 .... o. 91 satisf actozv 
4.8 0.62 satisfactorv 
4.3 0.96 satisfactory 
4.1 0.94 satisf actm:y 
4.2 0.90 sat.1.sf actm:y 
4.4 0.92 satJ.sfactory 
4.0 0.99 satisfaotoey 
4.1 0.96 satisfactory 
4.0 0.93 sat:l.sfactory 
5.2 0.58 sat.isfactO!:y 
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56 1iliii~mrirr 
Example 92 

(1) preparation of liquid crystal aligning agent: 

The polyamic acid (end-capped) (30) obtained in 

Synthesis Example 30 was dissolved in N-methylpyrrolidone 

5 to prepare a solution having a sol.id content of 4 wtt which 

was then filtered with a fi1ter having a pore diameter of 

1 µm to prepare the light crystal aligning agent of the present 

invention. 

(2) pre~aration of l.iquid crystal. displ.ay el.ement: 

10 (1) A liquid crystal display element was fabricated in the 

same manner as in Example 1 except that the nematic l.iquid 

crystal was changed to "'MLc-2012• (of Merck Co., Ltd.). When 

voltage was applied to and released from the l.1.quid crystal. 

eel.I, an abnormal domain was not observed· and the liquid 

.15 crystal alignment properties of the fabricated liquid 

crystal display element was therefore satisfactory. When 

the pretilt angle was measured, it was 89.5°. It was thus 

confirmed that the l.~quid crystals were aligned 

homeotropical.l.y. The after image erase time of the 1iqu1.d 

20 crystal display element was short at o. 95 sec. When the 

alignment properties and reliability test result of the 

obtained liquid crystal display element were evaluated, the 

l.iqu:id crystal alignment properties were satisfactory and 

a white smear was not observed on the liquid crystal display 

25 element after the reliability test. 

Comparative Exampl.e 1 

A l.1.qui.d crystal. al1.gning agent was prepared in the same 

manner as in Example 1 except that the·polyimide (A) obtained 

.in Comparative Synthesis Example 1 was used in place of the 

30 polyimide ( 1) to fabricate a liquid crystal display element. 

The liquid crystal alignment properties, preti1t angle and 

after image erase time of the f abrioated l.iquid crystal 

displ.ay el.ement were measured and a reliabi.11 ty test was made 

on the liquid crystal display element. 'l'he resu1 ts are shown 
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in Table 4. 

Comparative Examples 2 to 33 

Liquid crystal aligning agents were prepared in the 

same manner as in Example 1 except that the polyimides 

S obtained in Comparative Synthes~s Examples 2 to 5, the 

pol.yam.le ac;ids and poly1m1des obtained in Synthesis Examples 

16 to 28 were used in ratios shown in Table 4 to fabricate 

liquid crysta1 display elements. The liquid crystal 

alignment properties. pretilt angles and after image erase 

10 times of the fabricated liquid crystal display elements were 

measured and a reliability test was made on these liquid · 

crystal display el.ements. '?he resul. ts are shown in Tabl.e 4 • 
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Table 4 

Ex. end-capped end-uncapped ratio of end- aligmnent 
polymer polymer capped polymers properties 

(t) 
C.Ex.1 polyimide A polyamic acid 16· 25 satisf actoxy 
C.Ex.2 poly:f.mi.de A po1yam1c acid 20 20 satisfactory 
C.Ex.3 polyimide A polyamic acid 22 30 satisfactory 
C.Ex.4 polyimide A pol~~..'.!!: acid 26 19 satisf actoxy 
C.Ex.5 polyimide B polyamic acid 18 22 satisfacto:cy 
C.Ex.6 polyimi.de B polyamic acid 19 25 satisfactory 
C.Ex.7 polyimi.de B po1yam:l.c acid 24 16 satisf acto.ry 
C.Ex.8 polyimide B nol.yamic acid 27 20 satisfactory 
C.Ex.9 polyi.mide C polyamic acid 20 20 satisf actoi:y 
C.Ex.10 polyimide C pol.yamic acid 24 25 satisf actoxy 
C.Ex.11 polyimide C pol.yamic acid 27 30 satisfactory 
C.Ex.12 polyimide D polyam:i.c acid 21 20 satisfactory 
C.Ex.13 polyimide D polyamic acid 24 18 satisf actoxy 
C.Ex.14 polyimide D polyamic acid 28 20 satisfactory 
C.Ex.15 polyimide B polyamic acid 21 25 satisf actorv 

C.Ex.: Comparative Example 

pretilt after image 
angle erase time 
(. ) (s) 
4.8 3.35 
4.3 2.55 
4.9 3.25 
4.6 3.08 
4.5 3.20 
4.5 0.80 
4.8 0.79 
4.7 1.11 
4.1 1.52 
4.2 1.49 
4.0 1.48 
4.4 3.13 
4.3 3.43 
4.2 3.65 
4.2 1.73 

·reliability 

satisfactory 
satisfactory 
satisfactoey 
satisfactory 

unsatisf actm:y 
unsatlsf actory 
unsatisfactory 
unsatisf actorv 
satisfactory • satisfactory 
sa.tisf actory 
sati.sf actm:y 
satisfactory 
satisfactory 
satisf acto:cy 
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Table 4 (continued) 

Ex. end-capped end-uncapped ratio of end- alignment 
polymer polymer capped .polymers properties 

(t) 
C.Ex.16 poly1mide E polyamic acid 28 30 . satisfactm:y 
C.Ex.17 polyam:ic acid A polyamic acid 16 25 satisfactory 
C.Ex.18 po1yamic acid B po1yamic acid 21 20 satisfactory 
C.Ex.19 po1yamic acid c po1yam1c acid 20 21 satisf actm:y 
C.Ex.20 polyami.c acid D polyamic acid 21 20 satisf actoi::y 
C.Ex.21 polyamic acid E po1yamic acid 21 20 satisfactory 
c.sx.22 polyimide A polyimide 18 25 satisf actm::y 
C.Ex.23 polyimide B polyimide 23 18 satisf actOJ:y 
C.Ex.24 polyimide C polyimide 23 20 satisfactory 
C.Ex.25 polyi.mide D polyi.mi.de 23 30 satisf actm::y 
C.Ex.26 polyi.nlide E polyi.mide 18 25 satisfactory 
C.Ex.27 po1:-.c,.. acid A polvimide 18 20 satisfactory 
C.Ex.28 polyamic acid B polyi.mide 23 30 satisfactory 
C.Ex.29 pol.~i~ aci.d c po1y.1.mide 23 10 sat.1.sfactm::y 
C.Ex.30 polyamic acid D po1yimide 18 30 satisfactory 
C.Ex.31 po1yamic acid E polyimide 23 20 satisfactory 
C.Ex.32 polyi.mide A none 100 satisfactory 
C.Ex.33 polyimide D none 100 satisfactory 

C.Ex.: Comparative Example 

pretilt after image 
angle erase time 

( 0 ) . (s) 

4.4 1.78 
4.2 4.44 
4.1 3.78 
4.2 3.83 
4.0 3.80 
4.1 3.68 
4.1 5.80 
4.6 4.31 
4.1 5.11 
4.2 4.29 
4.3 3.98 
4.1 4.18 
4.3 4.83 
4.6 4.46 
4.6 4.75 
4.6 4.14 
4.1 4.64 
4.5 4.89 

•.. 

reliability 

satisfactory 
unsatisfactory 
unsatisfactory 
unsatisfactory 
unsatisf actorv 
unsatisfactory 
satisfactory 

unsatisfactory 
unsati.Sf actory 
unsatisfactory 
satisfactory 

unsatisfacto.xy 
unsatisfactory 
unsatisf acto~ 
satisfactory 
satisfactory 
satisf acto:ry 
satisf acto:cy 
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As described above in detail, according to the present 

invention, there can be provided a liquid crystal aligning 

agent which has excellent alignment characteristics that 

liquid crystal alignment properties are satisfactory and a 

S high preti1t angl.e not dependent upon process condi.tions such 

as f 1.1.m thickness and rubb:tng cond1. tions can be obta:l.ned when 

a l..tqui.d crystal. al.ignment film is formed therefrom and which 

is capable of forming a liquid crystal alignment film with 

a short after image erase time and high reliability for a 

10 liquid crystal display element. 

~he liquid crystal alignment film formed from the 

liquid crystal. a11gning agent of the present invention can 

be advantageous1y used to form various liquid crystal display 

elements such as a TN liquid crystal display element, STN 

15 liquid crystal display element and SH (Super Homeotropic) 

liquid crystal display element. The liquid crysta1 disp1ay 

element comprising the liquid crystal al.ignment f i1m can be 

used effectivel.y as a displ.ay unit for various devioes such 

desk-top caloul.ators. wristwatches. c1ocks. counter display 

20 boards. word p~ocessors. personal computers and liquid 

crystal TV sets thanks to its excellent liquid crystal 

alignment properties and reliability. 
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What is claimed is: 

1. A liquid crystal aligning agent comprising at least one . 

end-capped po1ymer selected from the group consisting of: 

(A} an end-capped polyamic acid which has an alicyc1ic 

5 structure and is obtained by react:l.ng (a) a tetracarboxyl1.c 

dianbydi:l.de, (b) a d~amine compound and (c) at least one 

compound selected from the group consisting of a dicarboxylic 

anhydr.ide, monoamine compound and monoisocyanate compoundJ 

and 

10 (B) an end-capped imidized polymers obtained by 

dehydrating and ring ciosing the poiyamic ac.id. 

2. The 1iquid crystal a1ign1ng a~ent of cJ.a:i.m l, in which 

the end-capped polyamic acid is obtained by using a 

15 dicarboxylic anhydride as the component (c). 

3. A liquid crystal aligning agent comprising: 

( 1) at least one end-capped polymer selected from the 

group consisting of; (A) an end-capped polyamic acid which 

2 O has an alicyclic structure and is obtained by reacti.ng (a) 

a tetracarboxylic dianhydri.de, (b) a diamine compound and 

( c) at least one compound selected from the group consisting 

of a dicarboxylic anhydride, monoamine compound and 

monoisocyanate compound. and (B) end-capped imidized 

25 polymers obtained by dehydrating and ring closing the 

polyamic acid; and 

( 2) at least one end-uncapped polymer selected from the 

group consisting of an end-uncapped polyamic acid obtained 

by reacting (a) a tetracarboxylic dianhydride and (b) a 

30 diamine compound. and an end-uncapped imidized polymers 

obtained by dehydrating and ring closing the end-uncapped 

pol.yamic acid. 

4. The l.i.quid crystal a1igning agent of claim 3, wherein 
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the end-capped polymer is an end-capped imidized polymer and 

the end-uncapped polymer is an end-uncapped po1yamic acid. 

S. The liquid crystal aligning agent of clai.m 4, wherein 

5 the end-capped imidized polymer·is obtained by using a 

monoam~ne compound as the component (C). 

6. A liquid crystal display element having a liquid 

crystal alignment film obtained from the liquid crystal 

10 aligning agent of any one of claims 1 to 5. 


