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The present invention relates to an azo compound 

5 useful as a dye, particularly as a dye for a polarizing film 

and a polariaing film containing the same. 

·Polarizing films have been generally .produced by 

incorporating iodine or a dichromatic dye as a polarizing 

element into·an oriented film made of polyvinyl alcohol or 

10 its derivatives, or into an oriented·polyene film prepared 

15 

by a dehydro chlorination of a polyvinyl chloride film or by 

a dehydration of a polyvinyl alcohol film so as to produce 

polyene in· the film, followed by the orientation of the 

resulting film. 

Among those, an iodine-containing polarizing film 

is superior in early stage polarizing activities, but poor 

in the durability to moisture and heat. Thus, ~he film has 

some diawbacks in the lowered· ~olarizing activities after 

having be~n used for a certain period of time at a high 

20 temperature under a highly humid conditiorio. Severa'! methods 

for i.mproving the durability have be~n propo'sed, in which the 

film is treated with formaiin or an aqueous boric acid solution, 

or a polymer fiim having a low moistu.re permeability is 

employed as a protecting film. However~ these methods are 

25 not yet fully satisfactory. 

A dye~containing polarizing film· using a 

dichromatic dye as a polarizing element is superior in the 

durability to moisture and heat as compared with an 

. ·:··.:: :.:: .. : .-·; .. "':~";-· . .:._ .·.;; __ ...:: .. :., ·: .. · ·.· . 
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iodine-containing .polarizing ii1m, but, generally, is 

inferior in the early stage polarizing activitieso 

If two polarizing films of neutral color 

containing two or more kinds of dichromatic dyes are 

5 superposed on each other so that those orientation directions 

meet at right~angles {hereinafter, this state is referred to 

as "crossed state"} and the set of two polarizing films is 

pervious to light of a specific wave length within the visible 

radiation wavelength region, particularly from 400 to 7 OOnm, 

10 a liquid crystal display using the two films often shows a 

color different from the intended color at dark stateo 

JP-A-59-145255 discloses a polarizing film 

containing a water soluble bisazo compound represented by the 

following structure: 

15 

QCH3 ~H . 
o2N{}CH = cu-Q-N = N {}N = N.AAQ n1 

9 . p Ir- _,VV\ Fl, 
S03H S03H . CH3 S03H 'NH-Q 

, but the polarizing film does not yet fully satisfy properties 

demanded by users such as durability, polarizing activities, 

ability to prevent breaking of light through films at crossed 

state over the visible radiation wavelength region, or the 

20 like D 

The present inventors have extensively studied to 

find out a· compound which can give a polarizing film containing 

the same excellent polarizing activities, durability and the 

like, and have found that using a specific azo compound is 
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effective to accomplish these objects. They have also found 

that a polarizing film containing the specific azo compound 

together with another specific dye used for making the 

polarizing film neutral color is not only excellent in 

5 polarizing activities and durability under high temperature 

and high humid conditions but also is little pervious to light 

at crossed state over the visible radiation wavelength region. 

Thus, the present invention was accomplished" 

The present invention provides an azo compound 

10 represented by the fo·llowing formula (I) or (II): 

R2 R4 R 

.Q1 ~NHCO N=N N=N 
(I) 

x -Q2 

N=N N=N 
(I l) 

wherein Q1 represents a substituted or unsubstituted phenyl 

group·or a substituted or unsubstituted naphthyl group, Q2 

15 represents a substituted or unsubstituted phenyl group; R 

represents hydroxy group; R1 and R2 each independently 

t. "-~--~~~;,~-, ...... _____ -·-~··--·· ··-~~- - ------··r 
f 1 l ji~J ~:J:·-~J:I:T hl\S L~EEf'-J J 
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represent a hydrogen atom, a hydroxy group, a c 1 -C 4 alkyl group, 

a c1 -c 4 alkoxy group or a halogen atom; R3 and R4 each 

independently represent a hydrogen atom, a hydroxy group, a 

c 1 -c 4 alkyl group, a c 1 -C 4 alkoxy group or a substituted amino 

5 group; and X represents·-NH-, -NHCO- or -N=N-; 

or a salt thereof (Hereinafter, the azo compound of formula 

(I), the azo compound of formula (II) and a salt thereof are 

referred to as ~azo compound I"). 

The present invention also provides a dye-

10 containing polarizing film containing an azo compound I and 

another organic dye in a polarizing film substrateo 

A phenyl . group represented by the following 

formula: 

' . ·.;. 

~· 

15 wherein R5 an~ R6 each independently represent a hydrogen atom, 

a sulfa group, a sulf amoyl group, a c1 -c4 alkyl group, a c1 -c 4 

alkoxy group, a substituted amino group, a carboxy group or 

.a halogen atom is preferred as the unsubstituted or 

substituted phenyl group denoted by Q1 in the formulas (I) 

20 or (II). Among them," particularly preferred is a phenyl group 
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substituted by a sulfa group, a sulfamoyl group, a methyl group, 

an ethyl group, a methoxy group, an ethoxy group, a carboxy 

group or a chlorine atomo 

A naphthyl group represented by the following 

5 formula: 

10 

R· 8 

Rg 
wherein R7 , R8 and R9 each independently represent a hydrogen 

atom,.a hydroxy group or a sulfa group is preferred as the 

unsubstitutedi or substituted napht"hyl group denoted by 01 in 

the fo'rmulas (~I) or (II) • 
. . 

Among them, particularly preferred 

is a -naphthyl grou~ substituted by one or·two sulfa groupsa 

When X is -N=N-, pref erred examples as the phenyl 

~group denoted by Q2 ~n fqrmulae (I) ~r (II) include 

a phenyl group which· is substituted once, twice or three times 

15 :by hydroxy groups, and which may be further substituted by 

an unsubstituted amino_group, a substituted amino group, a 

sulfa group, a C1-c4 alkyl group, a c1-c4 alkoxy group or a 

carboxy group; and 

a phenyl _group which is substituted once or twice by 

20 unsubstituted or substitu,ted amino groups, and which may be 

r "):i:·r·~ .s""si-"i"t~f;:i~--~~i:~;:; ··~-:~~:-: ;::_i-"/ 

f~l:.:PL/\Gr.-.:;_-.:; ; 
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further substituted by one or two substituents selected from 

a hydroxy group, a sulfo group, a c1-c4 alkyl group, a C1-C 4 

alkoxy group or a carboxy group. Among the above, a 

particularly pref erred example of the phenyl group denoted 

5 by Q2 is 4-hydroxyphenyl. 

When X is -NHCO- or -NH-, preferred examples as 

the phenyl group denoted by Q2 in formulae (I) or (II) include 

an unsubstituted phe~yl group and 

a phenyl group substituted by a hydroxy group, an 

10 unsubstituted amino group, a substituted amino group, a sulfa 

group or a c1-c4 alkoxy group. 

When the phenyl group denoted by Q2 is substituted 

. . . 

by a substituted amino group, the amino group may be mono-

or di-substituted and the substituents on the amino group are 

15 pref er ably methyl, ethyl, /3 -hydroxyethyl, p -cyanoethyl, 

acetyl, carbamoyl or methylsulfonyl. 

Preferred examples of R1 or R2 in formulae (I) or 

(II) include a hydrogen atom, a methyl group, a methoxy group, 

a hydroxy group and a chlorine atomo Preferred examples of 

20 R3 or R4 in formulae (I) or (II} include a hydrogen atom, a 

hydroxy group, a methyl group, an ethyl group, a methoxy group, 

an ethoxy group and an acetylamino group. 

When R3 or R4 represents a substituted amino group, 

the amino group may be mono- or di-substituted and the 

25 substituents are preferably methyl, ethyl, acetyl, carbamoyl 

·;--·-······-··-·· ~ .... ___ ..... -···~·····--·-···----- .... ···-~ .. ---~---- ----

1 ThJS ~:~~.~~,::-,,}.:~~,:~ cu::·.~ / 
~· 11U !...n,,L..1 I 
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or methylsulfonyl. 

Azo compound I of the formula (I) can be produced, 

for example, according to the following method. 

A compound represented by the following formula 

5 (III): 

10 

This Sheet Has Been Replaced 
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HOOC ;=--NO 
2 CHO 

wherein R1 and R2 are as hereinbefore defined 

is subjected to a known acid chlorination reaction to obtain 

a compound represented by the following formula (IV): 

NO 
2 

(IV) 

wherein R1 and R2 are as hereinbef ore defined. The compound 

of formula {IV) thus obtained is allowed to react with a 

compound represented by the formula (V): 

( v} 
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, then the resulting compound is subjected to a reduction to 

obtain a compound represented by the following formula {VI) : 

Q
1
-NHCO 

R.i 

NH 2 ( V1 ) 

wherein Q1, Ri and Ri are as hereinbefore defined a Thereafter I 

5 the compound of. formula (VI) is subjected to· a diazotization 

and, ·then, the diazo compound thus obtained is subjected to 

a coupling reaction with a compound represented by the 

following formula (VII)s 

R 
3 

( VIJl ) 

10 wherein R3 and R 4 are as hereinbefore defined or with an w 

-methane sulfonated derivative .thereof" ,· The coupled 

compound is hydrolyzed, if neces~ary, and, thereafter, is 

diazotized according to a conventional method, followed by 

coupling with a compound represented by the following formula 

15 (VIII): 
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OH 

(VIII) 
x Q2 

wherein x and Q2 are as hereinbefore defined to obtain azo 

compound Io The compound of formula (VIII) wherein xis -N=N-
. . 

can be easily obtained by diazotizing a compound represented 
. . 

5 by the follo~ing form~la {·I~): 

10 

OH 
I 

{IX) 

according to a known method, followed by coupling with a 

~ompound represented by the formula "Q2-H" wherein Q2 is as 

hereinbefore defined. 

· Azo ·compound I of the formula (II) can be obtained 

by conducting the same procedure as mentioned above except 

that the compound of formula (VII) is replaced by a compound 

represented by the following formula (XI): 

1
---·-..... ----.... -·., ..... _, .. _ •. ~ ·-·- ·-. - ................. ' 

1 ·r1.110 (.!\-:;:c·· 1 -!:':J~ ['f:1:1.,i l 
[ 

I , U 1.,..1 ;; .. J .. l l1J~~-' J ...... 1~· f. 

q {: i) t :,_ r' != p I· 
I~ .. I L.~f~·~)1w1.l 
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(XI ) 

R 3 
wherein R 10 represents a hydrogen atom or a methyl group and 

R3 is as hereinbefore defined or an w-methane sulfonated 

derivative thereof to obtain an azo compouhd, followed by 

· · 5 reacting the azo compound thus 6btained to form a copper 

complex salt thereof according to a· conventional methodo An 

azo compound I of formula {I) wherein R4 is a hydroxy group 

can be obtained from azo compound I of formula (I I) (=copper 
.. 

complex salt).by subjecting the azo compound I of formula (II} 

10 to a conventional demetalizatio11 such as a demetalization by 

using a chelating agent such as ethylenediamine 

tetraaceticacid~ 

Examples of the compound of formula (III} include 

4-nitrobenzoic acid, 4-nitro-3-hydroxy benzoic acid, 4-

15 nitro-3-methyl benzoic acid, 4-nitro-3-methoxy benzoic acid, 

4-nitro-2, 5-dimethyl benzoic acid, and 4-nitro-2-chloro 

benzoic acido 

Examples of the compound of formula (V) include 

aniline, 2-aminobenzene sulfonic acid, 3-aminobenzene 

20 sulfcnic acid, 4-aminobenzene sulf onic acid, 5-

aminobenzene-1,3-disulfonic acid, 6-aminobenzene-1,4-
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disulfonic acid, 4-aminobenzene-1, 2-disulfonic acid, 2-

sulfamoyl aniline, 3-sulfamoyl aniline, 4-sulfamoyl aniline, 

2-aminobenzoic acid, 3-aminobenzoic acid, 4-aminobenzoic 

acid, 2-chloroaniline, 3-chloroaniline, 4-chloroaniline, 

5 2,5-d~chloroaniline, 2-bromoaniline, 3-bromoaniline, 4-

bromoaniline; 2-methylaniline, 3-methylaniline, 4-

methylaniline, 2-ethylaniline, 3-ethylaniline, 4-

ethylaniline, 2-methoxyaniline, 3-methoxyaniline, 4-

methoxyaniline, 2-ethoxyaniline, 3-ethoxyaniline, 4-

10 ethoxyaniline, 4-di( /J -hydroxyethyl)a~inoaniline, 1-

aminonaphthalene-4-sulfonic acid, 1-aminonaphthalene-5-

sulfonic acid, l-aminonaphth~lene~6-sulfonic acid, 1-

aminonaphthalene-7-sulfonic acid, 1-aminonaphthalene~8-

sulfonic acid, ·2-aminona~hthalene-l-sulfonic acid, 2-

15 aminonaphthalene-5-sulfonic acid, 2-aminonaphthalene-6-

sulfonic acid, 2-aminonaphthalene-7-sulfonic acld, 2-

aminonaphthalene-8-sulfonic acid~ 1-aminonaphthalene-4,7-
. . 

disulfonic acid, l-aminona.phthalene-4, 6-disulfonic acid, 

l-amin6naphthalene~3,7~disulfonic acid, 1-

20 aminona~hthalene~3,~-disrilf6ni6 acid, 1-amirio~aphthalerie-

3,6-disulfonicacid, 2-aminonaphthalene-4,8-disulfonicacid, 

2-aminonaphthalene-6,8-disulfonic acid, 2-

aminonaphthalene-3,6-disulfonic acid, 2-aminonaphthalene-

1, 5-disulfonic acid, 2-a~inonaphthalene-5, 7-disulfonic acid,· 

25 1-aminonaphthalene-3,6,8-trisulfonic acid, 2-

aminonaphthalene~3·,6,8-tris~lfonic acid, 2-

aminonaphthalene-4,6,8-trisulfonic acid, 2-
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aminonaphthalene-5-hydroxy-7-sulfonic acid, and 2-

aminonaphthalene-8-hydroxy-6-sulfonic acida 

Examples of the compound of formula (VII) include 

aniline, 2-methylaniline, 3-methylaniline, 2-ethylaniline, 

5 3-ethylaniline, 2-methoxyaniline, 3-methoxyaniline, 2-

ethoxyaniline, 3-ethoxyaniline, 2-hydroxyaniline, 3-

hydroxyaniline, 3-acetylamino aniline, 3-carbamoyl amino 

aniline, 2-methoxy-5-methylaniline, 2-methoxy-5-

ethoxyaniline, 2,5-dimethoxyaniline, 2,5-diethoxyaniline, 

10 2-methoxy-5-carbamoyl amino aniline and 2-methoxy-5-methyl 

sulfonylamino anilineo 

Examples. of the compound of formula (XI) include 

2-hydroxyaniline, 2-methoxy~5-methylaniline, 2-methoxy-5-

ethoxyan·iline, 2,5-dimethoxyaniline, 2-methoxy-5-

15 carbamoylamino aniline and 2-methoxy-5-methyl sulfonylamino 

aniline a 

When X in the formula {I) or (II) is -NH- or -

NHCO-, examples of .the compound of .formula (VIII} include 

1-hydroxynaphthalene-6-phenylamino-3-sulfonic acid, 
. . 

20 l-hydroxynaphthalene-6-(4-aminophenyl)amino-3-sulfonic 
. . 

acid, 

1-hydroxynaphthalene-6-(4-dimethylaminophenyl)amino-3-

sulfonic acid, 

l-hydroxynaphthalene-6-(4-methoxyphenyl)amino-3-sulfonic 

25 acid, 

l-hydroxynaphthalene-6-(4-sulfophenyl)amino-3-su~fonic 

acid, 

l-hydroxynaphthalene-6-benzoylamino-3-sulfonic acid, 

:'···. ., ~ ..... , .... ,., ..... , ... -~ ..... ~ ~·-· -·-· .. ······----·-·"' 
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1-hydroxynaphthalene-6-(4-aminobenzoyl)amino-3-sulfonic 

acid, 

1-hydroxynaphthalene-6-(3-aminobenzoyl)amino-3-sulfonic 

acid, 

5 1-hydroxynaphthalene-6-(2-aminobenzoyl)amino-3-sulfonic 

acid, 

1-hydroxynaphthalene-6-(4-hydroxybenzoyl)amino-3-sulfonic 

acid, 

1-hydroxynaphthalene-6-(3-hydroxybenzoyl)amino-3-sulfonic 

10 acid, and 

1-hydroxynaphthalene-6-(2-hydroxybenzoyl)amino-3-sulfonic 

acido Among the above mentioned, 1-hydroxynaphthalene·-6-

phenylamino-3-sulfonic acid, 1-hydroxynaphthalene-6-

benzoylamino-3-sulfonic acid and 1-hydroxynaphthalene-6-

15 (4-aminobenzoyl)amino-3-sulfonic acid are particularly 

preferredo 

When X in the formula {I) or (II) is -N=N-, the 

compound represented by the formula Q2 -H .~ncludes, for example, 

aniline and a derivative thereof, phenol and a derivative 

20 thereof, and. aminophenol. a~d a derivat~ve thereof o As 

examples of the compound, aniline, .1, 3-diaminobenzene, 

1,3-diamino-4-methylbenzene, 1,3-diaminobenzene-4-

sulfonic acid, 3-acetylamino. _aniline, 3-carbamoyl amino 

aniline, 2-methylaniline, 3-methylaniline, 2-ethylaniline, 

25 3-ethylaniline, 2-me.thoxyaniline, 3-methoxyaniline, 2-

ethoxyaniline, 3-ethoxyaniline, 2-methoxy-5-methylaniline, 

2-methoxy-5-ethoxyaniline, 2,5-dimethoxyaniline, 

2-methoxy-5-methylsulfonyl amino aniline, 1-acetylamino-

........... ········ ...... ····---····· ·-·--· .. ···-------·-··---· 
; .. .i: ·\.!~~.~ .::··;;.::~·:: · !··::\S 8EEJ\J ! 

;l:~·!:u1 ,~ r\.-::;-J ( 
·:; 11 l!...r ~-.ri~.n-t i 
,'···· ... _.. _ _.- .... ,.-.... -'~"·-·········------.! 
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4-methoxy-3-di( e -hydroxyethyl)amino benzene, phenol, 

resorcinol, phloroglucinol, 2-methylphenol, 3-methylphenol, 

4-methylphenol, 2-hydroxy benzoic acid, 2-aminophenol, 3-

aminophenol, 5-amino-2-methylphenol, 3-diethylaminophenol 

5 and 3-di ( e -hydroxyethyl) amino phenol can be mentioned 0 

Among the above-mentioned compounds, phenol is particularly 

preferredo 

Azo compound I may be used in the form of free acid 

or in the form of salt, such as lithium salt, sodi~m salt, 

10 potas s_ium salt, ammonium salt, ethanol amine salt or 

alkyl amine salt o Preferably, azo compound I is used in sodium 

salt form. 

The polarizing film of the present invention 

comprising azo compound I may further comprise other organic 

15 dyes to modify· the color tone and/or to improve the polarizing 

activities. Any dyes can be used as the other organic dyes, 

as long as they have high dichromatic activity and also have 

the absorption ranges different to those of the azo compound 

Io For example, dyes liE;ted in Color Index such as c. I. Direct 

20 Yellow 12, CoI. Direct Yellow 28, C.I. Direct Yellow 44, C.Io 

Direct Yellow 142, Colo Direct Orange 6, Col. Direct Orange 

26, C.lo Direct Orange 39, Colo Direct Orange 107, Coio'Direct 

blue 1, Colo Direct blue 15, C.Io Direct blue 71, Col. Direct 

blue 78, Col. Direct blue 98, Co!. Direct blue 168, C.l. Direct 

25 blue 202, C.Io Direct Red 2, C.I. Direct Red 31, C.I. Direct 

Red 79, C.I. Direct Red 81, C.l. Direct Red 240, C.I. Direct 

Red 247, C.I. Direct·Brown 106, Col. Direct Brown 223, Colo 

Direct Violet 9, c.r. Direct Violet 51 and c.r. Direct Green 
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85 can be used. 

Preferably, at least two dyes selected from the 

group [A J and [BJ mentioned-below are used as the other dyes, 

i.e. the dyes to be used together with azo compound I. More 

5 preferably, at least one dye selected from the group [AJ and 

10 

15 

at least one dye selected from the group [B] are used as the 

other dyes. 

[A] : Trisazo dyes represented by the following formula (II Ia) 

or ( IIIb): 

1 
N=N=B 

N=N=-B
1 

cso3H>m 

(I I Ia) 

(I lib) 

wherein A1 and B1
, which are the same or different, each 

represent a substituted or unsubstituted phenyl group or a 

substituted or unsubstituted na~hthyl group; RA
1 .represents 

a substituted amino group, a hydrogen atom, a c1-c 4 alkyl group 

2 or c1 -c 4 alkoxy group; RA represents a hydrogen atom, a hydroxy 

group or c1 -C 4 alkoxy group; and mis O or 1, and a salt thereof; 

' ..... , .. , ..... ,, ... , .•.. , ~. ·~-~- ................. ~-~----···"· .... --, 
·1' ;I 1 , .. , .... ' 11 • ;····" 11 ·- c·· ··· ···· 1·· • [ . ;··:l I,') • .,., :•·u ~ ... r,"' ; •'·, f\. -, JI) : •• 

1
- !~l 

,• • d·· Q.,.ol ." .. ,;-1 I 11 hJ .JL •.• 1~ 

fL:·:PL./\GFD 1 
.··• ·.· ...... ·~-·· ... ,-. ............................ ___ .... ·- .... -..... ····~- ... : 
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[B] C.I. Direct Yellow 12, C.I. Direct Yellow 28, C.I. Direct 

Yellow 44, c.r. Direct orange 26, C.I. Direct orange 39, C.I. 

Direct Orange 107, C.I. Direct Red 2, C.I. Direct Red 31, C.I. 

Direct Red 79, c.I. Direct Red 81 and c.r. Direct Red 247. 

In formula (IIIa) and (IIIb), A
1 and B

1 each 

independently represent a substituted or unsubstituted 

phenyl I or a substituted or unsubstituted naphthyl a Examples 

of the substituent of the phenyl group include sulfo, 

sulfamoyl, nitre, c 1-c4 alkyl, c 1-c 4 alkoxy, carboxy, hydroxy, 

10 halogen, unsubstituted amino and substituted amino. 

Examples of the substituent of the naphthyl group include 

sulfo, hydroxy, unsubstituted amino and substituted amino. 

The substituted amino as the above-mentioned substituents may 

be either monosubstituted amino or disubstituted amino. 

15 Examples of the substituent. of the amino group include c1-c4 

alkyl, c1-c4 alkyl substituted by hydroxy or cyano, 

alkylcarbonyl wherein the alkyl has 1-4 carbon atoms, phenyl, 

sulfophenyl, disulfophenyl 1 benzyl and carbamoyl. 

·The phenyl group denoted by A 1 is pref er ably that 

20 substituted by one or two substituents selected from sulfo, 

sulfamoyl, nitre, methyl, ethyl, methoxy, ethoxy, carboxy, 

chlorine, unsubstituted amino or substituted amino. 

P t . 1 l f d h h 1 d db 1 . ar icu ar y pre erre as t e p eny group enote y A is 

sulfophenyl. The naphthyl group denoted by A 
1 is preferably 

25 naphthyl substituted by one, two or three sulfa groups. 

Particularly preferred as the naphthyl group denoted by A1 
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is monosulfonaphthyl or disulfonaphthyl. 

1 As the phenyl denoted by B , one of the following 

(l) and (2) is preferred: 

(l) phenyl which is substituted by one or two amino groups 

5 which may be optionally substituted, and may be further 

substituted by hydroxy, sulfa, c1-c4 alkyl, c1-C 4 alkoxy or 

carboxy, or 

( 2) phenyl which is substituted by one, two or three hydroxy 

groups, and may be further substituted by amino which may be 

10 option·ally substituted, sulfa, c1 "'"'.c 4 alkyl, c1 -c4 alkoxy .or 

carboxy. 

As the naphthyl denoted by B1
, one of the following 

{l) and (2) is preferred: 

( 1) naphthyl which is substituted by one or two hydroxy groups 

15 and which may be further substituted by sulfa, unsubstituted 

amino or amino substituted by acetyl, phenyl, sulfophenyl, 

disulfophenyl, benzoyl or methyl, and 

(2) naphthyl which is substituted once or twice by 

unsubstituted amino or amino which is substituted by methyl, 

20 ethyl, hydoxyethyl, cyanoethyl, acetyl or carbamoyl and which 

may be further substituted by hydroxy or sulfa. 

In formula (IIIa) and (IIIb), RA
1 is hydrogen, 

c1-c4 alkyl, c1 -c4 alkoxy or substituted amino. The 

substituted amino as RA 
1 may be either mono-substituted amino 

25 or di-substituted amino. Examples of the substituent of the 

amino include c1-c4 alkyl, alkylcarbonyl wherein the alkyl 

has 1-4 carbon atoms, c1-c 4 alkylsulfonyl and carbamoyl. In 
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formula (IIIa), RA
2 is hydrogen, hydroxy or C1-c4 alkoxy. 

Trisazo dyes of group[A], i.e. trisazo dyes of 

formula (III a) or ( IIIb) can be produced according to a known 

process such as a process described in JP-A-2-75672. The 

5 known process comprises a conventional diazotization and 

coupling reaction and, when the dye forms a copper complex 

salt, it further comprises a formation of copper complex salt. 

Preferable examples of the trisazo dye of group(A] 

include dyes represented by the formulae ( IIIa-1) - { IIIa-6) 

10 or(IIIb-1) - (IIIb-6).mentioned below and salts thereof. 

These dyes are usually used in the form of sodium 

salt, though they can also be used in the form of free acid, 

other alkali metal salt such as lithium salt or potassium salt, 

ammonium salt, ·or amine salt such as ethanolamine salt or 

15 alkylamine sali. 
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~ HN 

(II!b-6) HOgS-@-N=N*N=N Jg.lglN=:-@-oH 
CH3 H03S 
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The dyes of group [BJ listed in Color Index are 

commercially available and can be obtained easily. 

Preferable examples of the dyes of group [ B] include following 

dyes which are on the market by Sumi tome Chemical Co. , Ltd. , 

5 and Color Index Generic Names and trade names of which are 

also described below: 

C.I. Direct Yellow 12 

(trade name : Chrysophenine), 

c.r. Direct Yellow 28 

10 .(trade name : sumilight Supra Yellow BC cone.), 

C.I. Direct Yellow 44 

{trade name : Direct Fast Yellow GC}, 

C.I. Direct orange 26 

(trade name : Direct Fast Orange S), 

15 C.I. Direct Orange 39 

(trade name : sumilight Supra orange 2GL 125%), 

C.I. Direct Orange 107 

{trade name: ·Sumillght Supra orange GD extra cone.), 

C.I~ Direct Red 2 

20 (trade name : Benzopurpurine 4B), 

C.I. Direct Red 31 

(trade name : Nippon Fast Red BB cone.), 

C~I. Dir~ct Red 79 

(trade name : Sumilight supra Red 4BL 170%), 

25 C.I. Direct Red 81 

(trade name : Sumilight Red 4B) and This Sheet Has Been Replaced 

C.I. Direct Red 247 I lllllll llllll llll 1111111 
(trade name : Japanol Fast Red FA). 

I 
/ ' ' ~ ,,' I 

·:.····.: ·.: ·,-:;_" : .................. ~ ........ ··~·-··J··->·••,,., •..• _._,,.~. ~ ..• 
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The polarizing film of the present invention can be produced 

by incorporating dichromatic dyes consisting of azo compound 

I and, if desired, another organic dye, into a substrate which 

5 is a polymer film according to a known method. 

When at least two dyes. selected from the group [A] 

and [BJ are used in addition to azo compound I, the composition 

ratio among them is not limited. Preferably, the total amount 

of the dyes selected from the group[A] and/or [BJ is 0.1 -

10 5 parts by weight per-the amount of azo compound I. 

Examples of a polymer film usable as the substrate 

of polarizing film include_polyv~nyl alcohol; derivatives of 

polyvinyl alcohol; polyvinyl alcohol modified with an olefin 

such as e~hylene and propylene or with an unsaturated fatty 

15 acid such as crotonic acid, acrylic acid, methacrylic acid 

or maleic acid; EVA (ethylene-vinyl acetate) resin; a 

saponified EVA resin; a ~ylon resin; and a polyester resin •. 

A film made of polyvinyl alcohol or derivatives thereof is 

particularly pref erred from the view points of the dye 
:~ - .... 

20 fixation and the orientation. 

Incorporation of the dichromatic dye into a 

polymer film is carried out usually by dyeing the polymer film. 

The dyeing is, for example, carried out by dipping the polymer 

film in a dye bath prepared by dissolving the dichromatic dye 

25 in water. Though dye concentration in the dye bath is not 

particularly limited, it is usually in the range from O. 0001 

to 10 % by weight. If desired, a dyeing auxiliary such as 

sodiu~ sulfate may be used. Preferably, the concentration 

.... ······•··· --

:1 . , , i .: . 
1

;,,: ;r.· ·,·:·;:[~ , ·.Jl;,} .. '::~ 0. ;j u :~,~hi ~ 
L ..................... ___ .............. --.~.: -=~~.':. ....... -...... ::····.-~··.·~----Ji 
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of sodium sulfate is from 1 to 1 O S:S by weight. Dyeing 

temperature is preferably from about 40 to about 80 °C. 

The orientation of the dichromatic dye 

incorporated in the polymer {ilm is conducted by stretching 

5 the film. Stretching the polymer film can be conducted 

according to a.known method such as a wet stretching method 

or a dry stretching method" The stretching the film may be 

conducted prior to the dyeingo 

If desired, the oriented polymer film containing 

10 the dichromatic dyes is subjected to a post-treatment such 

as a boric acid treatment according to a known manner in order 

to improve the light transmittance and polarizing activities 

of the polarizing film. Conditions for the boric acid 

treatment vary depending on the kinds of the polymer film and 

. 15 the kinds of dichromatic dyes usedo Usually, however, the 

treatment is carried out in an aqueous boric acid solution 

having the concentration of from 1to15 % by weight, preferably 

from 5 to 10 % by weight, at a temperature of from 3 0 to 8 0 °C, 

preferably from 50 to 75°C o If desired, the polymer film may 

20 further be ~ubjected to a fixing treatment in an aqueous 

solution containing a cationic polymer compound. 

The dye-containing polarizing film thus obtained 

may be laminated with a protective film having excellent 

optical transparency and mechanical strength on one or both 

25 sides of the film to produce a polarizing plate. Conventional 

materials which have been used for producing protective films 

for polarizing films can be used in the present inventiono 

... -~··· . .. . . . ~-·· ---
;: . ; ~ ·! l :~~· :.~~ H !'.: !~'. T H ,·\ :·~:;. ~:;~-:Li\~ ., 

,• 
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Examples of the materials used for producing the protective 

film include a fluorine type film such as a tetrafluoro 

ethylene/hexafluoro propylene copolymer film, a polyester 

resin film, a polyolefin resin film and a poly amide resin film, 

5 as well as a cellulose acetate film and an acrylic film which 

have been conventionally used. 

A polarizing film having excellent polarizing 

activities and durability to moisture and heat can be obtained 

by incorporating azo compound I to a film substrate. A 

10 polarizing film having neutral color which keeps the excellent 

polarizing activities and durability can be obtained by 

incorporating another organic dye ( s) in addition to azo 

· compound I. Particularly, by incorporating at least two dyes 

selected from the above-mentioned group [A] and [ B] in 

15 addition to azo compound I, polarizing films which are little 

pervious to light at crossed state over the visible wavelength 

region and which keep the excellent polarizing activities and 

durabili t"y can be obtained. As mentioned .-above, if a set of 

two pol~~~zing films-of ·neutral color is pervious to light 

20 · of a specific wave ·length within the visible radiation 

wavelength region at crossed state,. a liquid crystal display 

using the two films often shows a color different from the 

intended color at dark state. In order to prevent the problem 

due to the light breaking through the films, transmittance 

25 of the polarizing films at-crossed state (hereinafter, this 

is .referred to as "cross light transmittance") must be lowered 

over the visible radiation wavelength region. Being little 

pervious to light at crossed state over the visible wavelength 
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region means that cross light transmittance is very low over 

the visible wavelength region. Therefore, by using a 

polarizing film incorporating at least two dyes selected from 

the above-mentioned group [A] and [B] in addition to azo 

5 compound, the above-mentioned problem of conventional liquid 

crystal display can be solvedo 

Azo compound I is useful as a dye, particularly 

as a dichromatic dye· to be incorporated· into a dye-containing 

polarizing film. The dye-containing polarizing film 

10 containing azo compound I not only exhibits high polarizing 

activities but also has excellent durability to moisture and 

heat. Hence, the polarizing film of the present invention 

is preferably applied to a variety of liquid crystal displays, 

particularly to displays for motor vehicles which require high 

15 polarizing activities and durability and to displays for 

industrial instruments used in a variety of circumstances. 

The present invention is now explained in more 

details with reference to the following Examples, which are 

only illustrative, and never construed to limit the invention. 

20 In the examples, "part" and "%" mean "part by weight" and 11 % 

by weight" respectively unless otherwise mentioned. 

Example 1 

34. 6 Parts of sulfanilic acid was dispersed in 1000 

25 parts of water, and 28% aqueous sodium hydroxide solution was 

added thereto so as to adjust the pH to 7 and to dissolve the 

sulfanilic acid. Then, 37 .1 parts of 4-nitro benzoylchloride 

was added in small portions while adjusting the pH to a.round 
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7 by adding 28% aqueous sodium hydroxide solution, followed 

by conducting the reaction for 12 more hourso Thereafter, 

sodium chloride was added to the reaction mixture for salting 

out crystalline product, followed by filtering the reaction 

5 mixture to obtain the crystalline producto 

To 1400 parts of water, 30 parts of iron powder 

and 5 parts of ferrous sulfate (?hydrate) was added and 

dispersedo To the resulting dispersion, the crystalline 

product obtained above was added in small portions, followed 

10 by conducting reaction for 7 hours at 8S°Co After cooling 

the resulting reaction mixture to 60 °C, 28% aqueous sodium 

hydroxide solution wai·added thereto to adjust the pH to 10 

and the insoluble component was removed by filtrationo To 

the filtrate obtained by the filtration, 35% hydrochloric acid 

15 ·was added to adjust the pH to· 7 and, then,.· sodium chloride 

was added thereto for salting out crystalline product, 

followed by filtration to obtain an intermediate (l) having 

following structure: 

Na03S -0-· NHCO 0 NHz 

20 Subsequently, to 150 parts of water, 15.7 parts 

of the intermediate (l) and 7 parts of 28% aqueous sodium 

hydroxide solution were added and dissolved a •ro the 

resulting solution, 10.9 parts of 35% aqueous sodium nitrite 

solution was added, followed by adding 26 parts of 35% 

1·-·· 

i
'.i . i'1'· -~ ,: 1.: .. ; :· i ,: ..• : _:,_ ..• :· :,::, , ...... · ._.,: '. ., :, ; ' 

.... - - 1 J : ... ·-·· ; •,: ;; 

I REPLAC~D I 
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hydrochloric acid to carry out diazotization at 20-3 O °C o 

After excess sodium nitrite was eliminated by adding sulfamic 

acid, the resulting solution was added to a solution prepared 

by adding 5o2 parts of 35% hydrochloric acid and 6.9 parts 

5 of 1-amino-2-methoxy-5-methylbenzene to 100 parts of watero 

Thereafter, sodium carbonate was added thereto to adjust the 

pH to 3 and with stirring the reaction mass, the coupling 

reaction was completed, followed by filtering out the 

precipitated crystalline product to obtain a monoazo 

10 compound. 

. Supsequentlf, the monoazo compound thus obtained 

was dispersed in 300 parts of water, then 15.6 parts of 35% 

hydrochloric acid was added thereto and, then / 1Oo9 parts of 

35% sodium nitrite was added to carry out diazotization with 

15 stirring the mixture at 25-3~°C to obtain a diazotized product 

of the monoazo compoundo 

15.8 parts of l-hydroxynaphthalene-6-

phenylamino-3-sulfonic acid was added to 200 parts of water 

and the p11··was adjusted to 8. 5 by adding sodium carbonate at 

20 10-15°C. While keeping the pH of the mixture at 8 .5 with the 

aid of sodium carbonate, the diazotized product of the monoazo 

compound obtained above was added to the mixture and, then, 

with stirring the mixture, coupling reaction was completedo 

Thereafter, salting out with sodium chloride and filtration 

25 were conducted to obtain a crystalline product which is a 

bisazo compound having following structure: 

f ·rLJ;·::; .ji<~~< 1' i ~; .. ,;·j U;::.~:.!'·4 .i 

I R~PLAGED I 
' -~· ·'· ~.~. ·-·· ..• ,. .......... _ .............................. ,..,~.-..... ~~· •· •. -"·'"""- "'-~- ... ,.r:-~ ................ J 
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OCH
3 

0 H 

Na0
3
S --0-NHC0-0-N=N D N=N 

CH3 S o3N a 

Measured in an aqueous medium, il max. of this compound .is 561 

nmo 

5 Example 2 

20 Parts of the bisazo compound obtained in Example 

1 was added to 500 parts of watero To the mixture, 6 parts 

of anhydrous copper i;;ulf.ate and 8 parts of monoethanol amine 

were added and; then, the resulting mixture was heated to 95°C 

10 and reaction was carried out for 12 hours at the temperatureo 

After completion of the reaction, the mixture was 

cooled to 30°q and, then, 35% hydrochloric acid was added to 

adjust the pH to 1·, follo~ed by adding sodium chloride for 

salting out a crystalline product which was then· filtered out 

15 to obtain a bisazo compound· having following structure: 

. o-cu-o 
. I 

NaOJS --0-NHco-0-N=N-P-N=N )JO', 
CH SO Na \NH-OJ 

3 3 

Measured i~ an aqueous medium, A. max. of this compound is 600 

nm. 

l11itil1' 1Uim 1irrlif ed 
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Example 3 

Example 1 was repeated except that l5a8 parts of 

!-hydroxy naphthalene-6-phenylamino-3-sulfonic acid was 

5 replaced with 18 parts of 1-hydroxy naphthalene-6-( 4-

aminobenzoyl}amino-3-sulfonic acid to obtain a bisazo 

compound having following structure: 

OCH OH 

Na o3s -0--Nilco--Q--N=N-P-N:N 
CH3 S03N a 

Measured in an aqueous medium, il max a of this compound is 555 

10 nma 

Example 4 

21 Parts of the bisazo compound obtained in Example 

3 was added to 500 parts of watera To the mixture, 6 parts 

15 of anhydrous copper sulfate and 8 parts of monoethanol amine 

were added and, then, the resulting mixture. was heated to 95°C 

and reaction was carried out for 12 hours at the temperaturea 

After completion of the reaction, the mixture was 

cooled to 30°C and, then, 35% hydrochloric acid was added to 

20 adjust the pH to 7, followed by adding sodium chloride for 

salting out a crystalline product which was then filtered out 

to obtain a bisazo compound having followin~ itructure: 

..... 
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o-cu-o 

Nao3s --Q-NHco--0-N=N--9---N=N QO 
CH3 so3N a 

Measured in an .. aqueous medium, A maxo of this compound is 591 

nmo 
This Sheet Has Been Replaced 

5· Example 5 
I lllllll llllll 11111111111 

12 Parts of 6-amino-1-hydroxynaphthalene-3-

sulfonic acid was dispersed in 150 parts of water and dissolved 

by adding 6 parts of sodium hydroxide. After adding 9. 6 parts 

of tosyl chloride, the solution was stirred for 1 hour at 

10 35-40~C and, then, cooled to S°C by adding ice. After adding 

21 parts of 35~ hydrochloric acid and 3.5 parts of sodium 

nitrite to the resulting solution, diazotization was 

conducted at s°C. Subsequently, 4. 7 parts of phenol was added 

thereto, then, sodium hydroxide was added to adjust the pH 

15 to 9, for!owed by coupling reaction at 5-10°C with stirring 

the reaction mixture. After completion of the coupling 

reaction, 3 parts of sodium hydroxi'de was added and hydrolysis 

was carried out at 80 °C for 3 hours. After cooling the 

resulting reaction mixture to 20-30°C, 35% hydrochloric acid 

20 was added thereto to adjust pH to 7, followed by adding sodium 

chloride for salting out crystalline product which was then 

filtered out to obtain a monoazo compound. 

Subsequently, to 150 parts of water, 15.7 parts 
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of the intermediate (l) obtained in Example 1 and 7 parts 

of 28% aqueous sodium hydroxide solution were added and 

dissolved. To the resulting solution, 10.9 parts of 35% 

aqueous sodiuin nitrite solution was added, followed by adding 

5 26 parts of 35% hydrochloric acid to carry out diazotization 

at 20-30°C. After excess sodium nitrite was eliminated by 

adding sulfamic acid, the resulting solution was added to a 

solution prepared by adding 5.2 parts of 35% hydrochloric acid 

and 7.7 parts of 1-amino-2,5-dimethoxybenzene to 100 parts 

10 of water. Thereafter, ·sodium carbonate was added thereto to 

adjust the pH to 3 and with stirring the reaction mass, the 

coupling reaction was completed, followed by filtering out 

the precipitated crystalline product. 

Subsequently, crystalline product thus obtained 

15 was dispersed in 300 parts of water, then 15.6 parts of 35% 

hydrochloric acid was added thereto and, then, 10. 9 parts of 

35% sodium nitrite was added to carry out diazotization with 

stirring the mixture at 25-35 °C to obtain ·a diazotized 

product.=--·-· 

20 Subsequently, the monoazo compound mentioned 

above was added to ·200 parts of water and the pH was adjusted 

to 8. 5 by adding sodium carbonate at 10-15°C. While keeping 

the pH of the mixture at 8. 5 with the aid of sodium carbonate, 

the diazotized product mentioned above was added to the 

25 mixture and, then, with stirring the mixture, coupling 

reaction was completed. Thereafter, salting out with sodium 

chloride and filtration were conducted to obtain a crystalline 

; , , .-.~) .•.... , ! . h.::-.s . 1~;ri1Tt 
,,;,: •.::.;.I "' ,.. .. ,::ri l ~ l 1 ..... I ... {·L~J L .. l... ' 

···'·~-···· "·'' ..• ·.- .<·,·---···--"'·•·"· ........ ., ..... ., . ., .. J, 
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product which is a trisazo compound having following 

structure: 

OCH
3 

OH 

Nao3s --0--NHC0-0-N=N-P-N=N~ . 

. OCH so Na 'N=N-()-oH 
" 3 ~ ,) 

Measured in an aqueous medium, A. maxo of this compound is 589 

5 nmo 

Example 6 

21 Parts of the trisazo compound obtained in 

Example 5 was added to 500 parts of watero To the mixture, 

10 6 parts of anhydrous copper sulfate and 8 parts of monoethanol 

amine were added and, then, the resulting mixture was heated 

to 95°C and reaction was carried out for 12 hours at the 

temperature. 

After completion of the reaction, the mixture was 

15 cooled tq_30°C and, then, 35% hydrochloric acid was added to 

adjust the pH to 7, followed by adding sodium chloride for 

salting out a crystalline product which was then ·filtered to 

obtain a trisazo compound having following structure: 

O-Cu-0 

Nao3s --0--NHC0-0-N=N-P--N=N QD 
OCH S o3N a 

3 
N=N-0-oH 

20 Measured in an aqueous medium, A max a of this compound is 63 6 
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nm. 

Example 7 

The trisazo compound obtained in Example 6 was 

5 dispersed in 500 parts of water, followed by adding 29 parts 

of ethylene diamine tetra aceticacid and, then, adding sodium 

hydroxide to adjust the pH to 5. Thereafter, the mixture was 

stirred for 3 hours at 30-40°C, followed by adding sodium 

chloride for salting· out a crystalline product which was then 

. 10 filtered to obtain a trisazo compound having following 

structure: 

N=N-0-0H 

Measured in an aqueous medium, A max. of this compound is 587 

nm. 

15 
~-·· 

Example 8 

A polyvinyl alcohol film of 75 µmin thickness 

(Kuraray Vinylon #7500 manufactured by Kuraray Co., Ltd.) was 

stretched to four times its original length in a longitudinal 

20 uniaxial direction to prepare the substrate of a polarizing 

film. The resulting film was dipped for 20 minutes, as kept 

in the tensional state, into a 0.025 % aqueous solution of 

the trisazo compound obtained in Example 7 which further 

contains sodium sulfate, as a dyeing auxiliary, at a 
1····· ............ ···-, 

1 Ti·: ~:S ~:;j-~ .... I ;-:/·.'.~~; t~~.:~-~i\! l 

I .... "''·- -·-~\::!.'.'}::·','.::.:::!~- .. 'C" .• J 
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concentration of 2o0 % at 65 °Co Thereafter, the film was 

dipped into 7o5% aqueous boric acid solution at 6S°C for 5 

minutes, then washed with water at 20°C for 20 seconds, and 

then dried at 50 °C to obtain a polarizing filmo The 

5 polarizing film thus obtained had high polarizing activities 

and exhibited good durability even after having been left for 

a long period of time at a high temperature under a highly 

humid conditiono 

A..maxo of ·the polarizing film is 600 nmo 

10 

Example 9 

Example 8 was repeated, except that the trisazo 

compound used in Example 8 was replaced with each of the azo 

compound obtained in Example 1-6. A maxo of the polarizing 

15 films are shown in the following Table. 

This Sheet Has Been Replaced 

Table 1 l lllllll llllll llll Ill llll 
-::---·· 

Azo compound(Example No.) i\.. max. (nm} 

20 _Example 1 580 

Example 2 620 

Example 3 550 

--
Example 4 600 

Example 5 600 

25 Example 6 650 
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Example 10 

Example 8 was repeated, except that the trisazo 

compound used in Example 8 was replaced with each of the azo 

5 compound shown in the second column of the following Tables 

2-5, which were obtained according to similar methods as in 

Examples 1-7, to obtain polarizing films o A max o of each of 

the polarizing film are shown in the third column of the Tables 

2-5 o The polarizing films obtained had high polarizing 

· 10 activities and exhibited good durability at a high temperature 

under a highly humid conditiono 
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Table 2 

------~-;:-~~~t--,-:.r~e ---G1-:ma:x:(nm:-) I_ ~ Chemical Struc u -I j No. I 

I OCH3 OH 

INaO s-Q-NHCo-Q-N=NPN=N~N=N-0-NHo i 
1 \ 

3 

QCH3 S03N a - ! 
' ' 

6 0 0 

! . 
t- i O Cu 0 j 

1, IN •03S-Q-NHC o-Q-N=N-P-N=N,00,N=N-0-NH2 
I 2 ! O CH3 S03N a 
i I 

6 5 0 

5 8 0 

: . 0--Cu-O 

iNaO S{)-NHCO-Q-N=N-1?-N=NmNHCO-{)--NH ' 6 3 0 
4 ' 3 OCHQ S03N a 2 ' 

u 

i OCH OH I 3 · 
ilNa o s-{)-NHCO-Q-N = N-9-N=NfuN=N-Q--NH 

5 3 CH3 S03N a 2 · 
5 7 o. 

: 0--Cu-Q 

iNaO s{)-NHCO-Q-N=NiJ-N=NfuN=N{)--NH 6 I 0 
e J 3 CH3 S03N a 2 

I 
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Table 3 

t e t.l max (nm) ! Chemical Struc ur LN~o~·J__~~~~-~:_:_.=_-=~~~~~~-- l 
OC2H5. OH . I l 

'1NaOaS-ONHco-ON=NP-N=NmN-N-Q-OH 1, 6 0 0 

I I 

1 OC2H5 S03Na 
1 
I I i I . I 

II I 0-CU-O I 
iNa03S-Q-NHco-ON NPN=NmN N-Q-oH I 6 4 o 

I a NHCOCH3 SO;iNa · 
I i L_Li ~~~~~~~~~: 
II 

1 

OCH3 . OCH3 SO Na 
! I Q-NHCO-Q-N-N-9-N=N.ro _ ft 3 
i 9 I ~ OCH so N N-NiJr-NH2 
I ! OCH3 3 3 a NH2 

I I 

. 0-Ct..--O 

,6b'.~co-ON N{}-N-NJ6QN N-0-0H 
OCH3 so

3
Na S03Na 

i O-Cu-o 

I Na03S-0NHCo(}N-N1=P-N=N~NH-Q 1 3 

i OCH3 S03Na 
! 

6 0 0 

6 5 0 

5 9 0 

6 4 0 
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No. Chemical Structure 

I o-Cu 0 

NaO s{)-NHC0-0-N=N-0-N=N.OONH-Q 
I 

1 4 
3 . S03Na 

i OCH3 OH 

NaO:JS-(}NHC0-0-N = N9-N=NJ6oN= N -p-NC~%)2 I , -
! .I. 0 

OCHs S03Na OH : 
I 
I 

OCH3 OH 

NaOaSO-NHCO{)-N=NP-N=NmN=Ni)--~ I 

1

1 6 i OCH3 S03Na 

~ QCHg OCHg OH 
i IN o sONH co{)-N=N-P-N-N~=N-0-0H 
: 1 7 I a 3 OCH3 S03N a 
, I 

CH3 

I 

llf liil1' lliill~lf !~'f If 

I 
I 
I 
I 

I 

I 
! 

I 
! 

! 
! 
; 

I 
I 

i 
' I 
I 
I 
! 
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A. max (nm) 

5 9 0 

6 1 0 

-·-

6 1 0 

6 1 0 

-1 
i 

I 
-i 

I 

I 
! 
I 

i 
i 
I 

I 
I 
I 
I 

I 
I 
I 
I 6 0 0 

I 

6 1 0 

6 0 0 

. . , ....... -.- .. ····-····. 
' r:-Ji~i ::·:;.;:c;· ;ir~::: LT~:i.J I 
f ,. 
~ -·~ . ~-: ·~·-- : .. :. : · . ....:'. ·'·-'· ~·- _, --. . . . : ---'·· -........ ~ -:~- ,,.__ ..... 
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Table 5 

No. Chemical S t r u c t u r e ). max(nm) 
-

OCH3 9H 600 2 1 
Na03S-@-NHCo-@-N'N*N'N=©©-N,N-@-oH 

H3CO Na03S 

.. 

0-Cu-O 650 22 
Na03s-@-i-.11co-@-N'N*N'N~'N-@-oH 

H3CO Na03S 

OCH3 9H 580 23 
N.o,s-@-NHco-@-NoN~~~=OO.NHCO-@-oH 

H3Co a 

0-Cu-O 630 24 

Na03S-@-NHco-@-m•-«?{;-~~JOO_NHCO-@-oH 
. H3co a 

Th~Uiili 1iii1Jijff 1irr11r 
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Example 11 

A polyvinyl alcohol film of 75.LLm in thickness 

(Kuraray Vinylon Film VF-9X75RS manufactured by Kuraray Coo, 

Ltd.) was stretched to four times of its original length in 

5 a longitudinal uniaxial direction to prepare the substrate 

of a polarizing filmo As kept in the tensioned state, the 

resulting film was dipped into aqueous solution of sodium salt 

of azo compound Noo 4 in Table 2 used in Example 10, sodium 

salt of azo compound of formula{IIIa-1), CoI. direct orange 

10 3 9 and sodium sulfate (=dyeing auxiliary), the concentrations 

of the solutes being 00025%, 0.0017%, 000014% and 2o0%, 

respectively, at 70 °C for 27 minuteso 

Thereafter, the film was dipped into 7 o 5 % aqueous 

boric acid solution at 78 °C for 5 minutes and then washed 

15 with 20°C water for 30 seconds to obtain a polarizing film. 

The polarizing film thus obtained has a neutral color and no 

discoloration was observed even after having be~n kept for 

a long period of time at a high temperature under a highly 

humid conditiono 

20 

Example 12 

A polyvinyl alcohol film of 75 .um in thickness 

(Kuraray Vinylon Film VF-9X75RS manufactured by Kuraray Co., 

Ltd.) was stretched to four times its original length in a 

25 longitudinal uniaxial direction to prepare the substrate of 

a polarizing film. As kept in the tensioned state, the 

resulting film was dipped into aqueous solution of sodium salt 
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of azo compound Noo 24 in Table 5 used in Example 10, sodium 

salt of azo compound of formula(IIIa-1), Co Io direct orange 

3 9 and sodium sulfate (=dyeing auxiliary}, the concentrations 

of the solutes being 0 o 025%, O o 0023 % , O o 0028% and 2. 0%, 

5 respectively, at 70 °C for 18 minuteso 

Thereafter, t:tie film was dipped into 7 o 5 % aqueous 

boric acid solution at 78 °C for 5 minutes and then washed 

with 20°C water for 30 seconds to obtain a polarizing filmo 

The polarizing film thus obtained has a neutral color and no 

10 discoloration was observed even after having been kept for 

a long period of time at a high temperature under a highly 

humid condition. 
This Sheet Has Been Replaced 

Example 13 I lllllll llllll llll Ill llll 
15 A polyvinyl alcohol film of 75 ,um in thickness 

(Kuraray Vinyl on Film VF-9X7 5RS manufactured by Kuraray Coo , 

Ltd.) was stretched to four times its original length in a 

longitudinal uniaxial direction to prepare the substrate of 

a polarizing film. As kept in the tensioned state, the 

20 resulting film was dipped into aqueous solution of sodium salt 

of azo compound No. 4 in Table 2 used in Example 10, sodium 

salt of azo compound of formula(IIIa-6), Coio direct orange 

3 9 and sodium sulfate {=dyeing auxiliary), the concentrations 

of the solutes being Oo025%, 0.0012%, 000013% and 2.0%, 

25 respectively, at 70 °C for 30 minutes. 

Thereafter, the film was dipped into 7. 5% aqueous 

bor~c acid solution at 78 °C for 5 minutes and then washed 
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with 20°C water for 30 seconds to obtain a polarizing film. 

The polarizing film thus obtained has a neutral color and no 

discoloration was observed even after having been kept for 

a long period of time at a high temperature under a highly 

5 humid condition. 

Example 14 

A polyvinyl alcohol film of 75 µmin thickness 

{Kuraray Vinylon Film VF-9X7 5RS manufactured by Kuraray Co., 

· 10 Ltd.) was stretched to four times its original length in a 

longitudinal nniaxial direction to prepare the substrate of 

a polarizing film. As kept in the tensioned state, the 

resulting film was dipped into aqueous solution of sodium salt 

of azo compound No. 24 in Table 5 used in Example 10, sodium 

15 salt of azo compound of formula(IIIa-6), c.r. direct orange 

3 9 and sodium sulfate {=dyeing auxiliary), the concentrations 

of the solutes being 0.025%, 0.001%, 0.0018% and 2.0%,. 

respectively, at 70 °C for 30 minutes. 

Thereafter, the film was dipped into 7. 5% aqueous 

20 boric acid solution at 78 °C for 5 minutes and then washed 

with 20°C water for 30 seconds to obtain a polarizin~ film. 

The polarizing film thus obtained has a neutral color and no 

discoloration was observed even after having been kept for 

a long period of time at a high temperature under a highly 

25 humid condition. 



42 

Example 15 

According to similar conditions as in Example 11 

except that azo compound of formula(IIIa-1) was replaced by 

the compound obtained in Example 3 to obtain a polarizing film. 

5 The polarizing film thus obtained has excellent properties. 

Example 16 

According to similar conditions as in Example 11 

except that azo compound No. 4 in Table 2 used in Example 10 

10 and azo compound of formula{IIIa-1) were replaced by azo 

compound No. 22 in Table 5 used in Example 1 O and c. I. direct 

red Bl to obtain a polarizing film. The polarizing film thus 

obtained has excellent properties. 

15 Example 17 

According to similar conditions as in Example 11 

except that azo compound No. 4 in Table 2 used in Example 10 

and C.I. direct orange 39 were replaced by azo compound No. 

24 in Table 5 used in Example 10 and C.I. direct orange 107 

20 to obtain a polarizing film. The polarizing film thus 

obtained has excellent properties. 
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What we claim isg 

1 . An azo compound represented by the following 

formulae {I) or (II): 

R 

N=N N=N 00 
(I) 

o-cu-o 
N=N N=N 

(I!) 

5 

wherein 0 1 represents a·substituted or unsubstituted phenyl 

group or a substituted or unsubstituted naphthyl group, 02 

represents a substituted or unsubstituted phenyl group; R 

represents hydroxy group; R1 and R2 each independently 

10 represent a hydrogen atom, a hydroxy group, a c1 -c 4 alkyl group, 

a c1 -c 4 alkoxy group or a halogen atom; R3 and R4 each 

independently represent a hydrogen atom, a hydroxy group, a 

c1 -c 4 alkyl group, a c1 -c4 alkoxy group or a substituted amino 

group; and X represents -NH-, -NHCO- or -N=N-; 

I 1111111 111111 11111 11111111111 
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or a salt thereof. 

2. An azo compound according to claim 1 wherein Q1 

is a phenyl group represented by the following formula: 

5 wherein Rs and R6 each independently represent a hydrogen atom, 

a sulfo group, a sulfamoyl group, a c1 -c4 alkyl group, a c1-c 4 

alkoxy group, a substituted amino group, a carboxy group or 

a halogen atom. 

3. An azo compound according to claim 1 wherein Q1 

10 is a naphthyl group represented by the following formula: 

R 
8 

Rg 
wherein R7 , R8 and R9 each independently represent a hydrogen 

atom, a hydroxy group or a sulfo group 

4. An azo compound according to claim 1 wherein X is 

I lllllll llllll lllll lllll II IHI 
* C L M S * 
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-N=N- and Q 2 is a phenyl group which is substituted once, twice 

or three times by hydroxy groups and which may be further 

substituted by an unsubstituted amino group, a substituted 

amino group, a sulfo group, a c1 -c4 alkyl group, a C1 -C4 alkoxy 

5 group or a carboxy group. 

An azo compound according to claim 1 wherein X is 

-N=N- and Q2 is a phenyl group which is substituted once or 

twice by unsubstituted or substituted amino groups, and which 

may be further substituted by one or two substituents selected 

10 from a hydroxy group, a sulfo group, a c1-c4 alkyl group, a 

c1-c4 alkoxy group or a carboxy group. 

6. An ·azo compound according to claim 4 wherein X is 

-N=N- and Q2 is 4-hydroxyphenyl. 

7. An azo compound according to claim 1 wherein X is 

15 -NHCO- or -NH- and Q2 is an unsubstituted phenyl group or 

a phenyl group substituted by a hydroxy group, an 

unsubstituted amino group, a substituted amino group, a sulfa 

group or a c1-c 4 alkoxy group. 

8 • An azo compound according to claim 1 wherein R1 

20 and R2 each independently represent a hydrogen atom, a methyl 

group, a methoxy group, a hydroxy group and a chlorine atom. 

9 • An azo compound according to claim 1 wherein R3 

and R4 each independently represent a hydrogen atom, a hydroxy 

group, a methyl group, an ethyl group, a methoxy group, an 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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ethoxy group or an acetylamino groupo 

A polarizing film which comprises an azo compound 

of formula (I) or (II) or a salt thereof according to claim 

1 and a polarizing film substrateo 

5 110 A polarizing film according to claim 10 which 

further comprises one or more further organic dyes other than 

an azo compound of formula (I} or (II) or a salt thereof 

according to claim 1 in a polarizing film substrateo 

A polarizing film according to claim 11 wherein 

. 10 the further organic dyes are at least two dyes selected from 

the following group [A] and [BJ: 

[A] trisazo dyes represented by the following formula (II Ia) 

or (IIIb): 

j 

N=N=B 

1 N=N=-B 

(III~) 

(I I lb) 

15 wherein A1 and B1
, which are the same or different, each 

represent a substituted or unsubstituted phenyl group or a 

substituted or unsubstituted naphthyl group; RA
1 represents 

I IHIHI 11111111111 lllll 11 IHI 
* C L M S * 
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a substituted amino group, a hydrogen atom, a c 1-c 4 alkyl group 

2 or a c1-c4 alkoxy group; RA represents a hydrogen atom, a 

hydroxy group or a c1-c4 alkoxy group; and mis O or 1; and 

salts thereof; 

5 [B] C.I. Direct Yellow 12, C.I. Direct Yellow 28, C.I. Direct 

Yellow 44, C.I. Direct Orange 26, C.I. Direct Orange 39, C.I. 

Direct Orange 107, C.I. Direct Red 2, C.I. Direct Red 31, C.I. 

Direct Red 79, C.I. Direct Red 81 and c.r. Direct Red 247. 

13. A polarizing film according to claim 12 wherein 

10 the further organic dyes are at least one dye selected from 

the group [A] and at least one dye selected from the group 

[ B] • 

14. A polarizing film according to claim 10 wherein 

the polarizing film substrate comprises polyvinyl alcohol or 

15 a derivative thereof. 

-~I lllllll llllll Ill/I /llll II llll 
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