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DESCRIPTI ON"POLARI 21 NG ELEVENT, POLARI ZI NG PLATE, AND PROCESS FOR guyier st

PRCDU@EiGN#THERE@F TECHNI CAL FI ELD The present inventjon relates to a .
pol.ari zing:.el ement, a polarizing plate and a process for production thereof
whi ch #are noveél .- 5 BACKGROUND ART Pol ari zing el enents used in |iquid
crystal display devices, sunglasses, goggles, etc. are produced by a
process ‘in which ¥ichroic nolecules are di dsotved in or adsorbed on a

hi gh- nol ecul ar Wei ght substance such 10 as a pol y(vinyl alcohol), and the
resulting filmis stretched in one di PESCRFIPTRI®MNI i gn the dichroic

nol ecul es. They are produced al so by a process in which dichroic nolecul es
are adsorbed on.a uniaxially stretched polyner film However, the axis of

pol ari za- 15 tion of the eolari;ing el enent _obt ai_ned by any<ﬁ£ﬁé§5
processes is fi xBOLARIBANGIELEMENG N, PQRARSHING, BLARE SN i ER éﬁght can
be produced by these processes. For_producing variqus display.elenments

i ncluding liquid crystal display RS ¥°¥hEF§R§8é requested a 20

pol ari zi ng el ement having pol arizing properties in optional directions to
show a fine pattern and a pol arizing el enent having a curved surface.

TECHENICAL FIELD
The present invention relates to a polarizing
element, a polarizing plate and a process for production

thereof which are novel.

S BACKGROUND ART
'Polarizing elements used in liquid crystal

display devices, sunglasses, goggles, etc. are produced
by a process in which dichroic molecules are dissdlved
in or adsorbed on a high-molecular weight substance such

10 as a poly(vinyl alcohol), and the resulting £film is
stretched in one direction to align the dichroic
molecules. They are produced also by a process in which
dichroic molecules are adsorbed on.a uniaxially
streﬁched polymer film. However, the axis of pdlariza—

15 tion of the polariging element obtained by any of these
processes is fixed in one direction, and.only a flat
polarizing element can be-éroduced by these processes.
For producing various display. elements including liquid
crystal display elements, there are requested a

20 polafizing element having polarizing properties in
optional directions to show a fine pattern and a

polarizing element having a curved surface. o



-2- For this purpose, there has been proposed a process conprising

subj ecting.the surface of glass or a polymer filmto rubbing treatnent,

i .e., rubbfng with cloth, paper or-the like in one direction, and then 5
adsor bi ng di chroic nolecules on the surface (see J.F. Dreyer, J. Phys. :
Colloid Chem, p.52, 808 (1948)). According to this process, the dichroic
nol ecul es are aligned in a direction detern2ned by the rubbing direction.
Therefore, a multi-axial polarizing elenent 10 having axes of polarization
in various directions canFbe phbsuperpasea tshagkehpsl heen pgoplbaed By

subj ecting the substrate surface to the rubbing treatnment in different
directions prewonstys(sespdifingr sybjecting/ tEet sur faicgs oL 9d@ssr pr @ 29,
197 (1948), and Toshi aki Nose, 15 Rumi ko Yamaguchi and Susunu Sat o,

Col | ection of RepkymefnfidpahoErebbingi §rpAtERNkgehc® -S0&NERENIIVEEE 1188
(1988)). However, in this production process of a polarizing elenent by the
r ubbi ng treatnemlgt@acnaﬁﬁrnﬁ§k§hﬁhiéﬁec&ﬁ QpﬁedﬁéﬁFéﬂﬁ§'dP%@eF§ﬁP in axis
of 20 polarization is placed on,the substrate to be surface- tre d, and

only the ared rAfS@EREREdIMFRROLRePARERULESHEBNEREC ST, A FOHSEES Thiref or e,
e, patterns chiLerent ol N Bhupalarichan oneeaniohle diadl 1N,
di spl ay patterQAgéopgggggEgpgﬁiseégbcggsg the dichroic molecules are
aligned in a direction determined by the rubbing
direc¢tion. Therefore, a multi-aiial polarizing element
10 haéing axes of polarization in various directions can be
produced as a single polarizing plate by subjecting the
substrate surface to the rubbing treatment in different
directions previously (see J.F. Dreyer, C. W. Ertel,
Glass Industry, 5.29, 197 (1948), and Toshiaki Nose,

15 Rumiko Yamaéuchi and Susumu Sato, Collection of Papers
in Japan Electronic Intélligénce Society, J71-C, 1188
(1988)). However, in this production process of a
polarizing element by the rubbing treatment, each of
masks which can give patterns different in axis of

20 polarization is placed on the substrate to be surface-
treated, and only the area not coveréd with the mask is
mechanically rﬁbbed. Therefore, fine patterns different
in axis of polarization cannot be drawn. In addition,
such a process cannot be employed in the case of a

25 gradation display pattern of photography, etc. or a
complicated pattern. Furthermore, in the rubbing
treatment of polymer surface, static electricity

generated by rubbing causes adsorption of fine dust, so



conplicated pattern. Furthernore, in the rubbing treatment of polyner

surface, static electricity generated by rubbing causes adsorption of fine
dust,*so ¥ -3- that the surface is soiled. Thus, a nethod for controlling
axi s of polarization precisely and fihely in an optional direction has not

yet been reported. On the other hand, fot_g{_gucing a polarizing 5 el enent
or polarizing plate having a curved surface€, such as sungl asses and goggl es

f Kii , it h t 0. flat i #i | t b
oo T ot o e e B OrEaee td AGLPEAT o Inds ! | 8] nBELBH ELR © STE DY

| at f high d . i . i h
bncapsul at | on TGO T E0d bt oL RPhEE PEELYE BEESYSEI ATl ngly, Poch o
| NVENTI ON An ghj ecl na&é%,}gt@%faﬁgﬁeaiaxeﬂago%fzae_ BEQW Q%F%r@.‘éhél“ zi ng

el enment or pol4arizi oes not 1 quire strefching of a

pol ymer filmand perm t sodrayh nGeRér an¥REY EbPepPehAEiAgt hopopaktieing and a
process for producing the polarizing elenent or polarizing plate. The

present inventOrsn&df Nest by1apyveshyopladel Aavaahi avicagvelde salrdaeeqbj ect ,

and consequently found that 20 when a photoactive nol ecul ar | ayer capable

of easily such as sunglasses and goggles for skiing, it has been
necessary to process a flat polarizing element by
application of heat or force. Moreover, a polarizing
element or polarizing plate of high grade has been very

10 expensive because an operation such as encapsulation with

a resin or cladding is necessary.

DISCLOSURE OF THE INVENTION
An object of the present invention is to provide
a polarizing element or polarizing plate which does not
15 require stretching of a polymer f£ilm and permits drawing
of a very fine polarization pattern, and a process for
producing the polarizing element or polarizing plate.
The present inventors earnestly investigated for
achieving the above object, and consequently found that
20 Qhen a photoactive molecular layer capable of easily
undergoing a molecular axis change caused by linear
polarized light is formed on a substrate and irradiated
with linear polarized light in a wavelength range in
which the molecular layer absorbs the linear polarized
25 light, and then a dichroic molecular layer is formed on
the photoactive molecular layer, dichroic molecules are

anisotropically aligned.



undergoi ng a nol ecul ar axi s change caused by l|inear polarized light is
fornéd?on_q substrate and irradiated with |inear- polarized tight in a
wavel ength range in which the nol ecul ar | ayer absorbs the |linear polarized
25 light, and then a dichroic nolecular |layer is fornmed on the photoactive
nmol ecul ar | ayer, dichroic nolecules are anisotropically aligned. -4-
BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g: 11<#a schematic illustration of an
equi pnent for form ng a photoactive separate_layer. Fig. 2 is a schematic
£F5 NESGR

i |lustration oBR& BRIGN AF SR PBAGINGSht of visible rays. Fig. 3
Is a schematic illustration of, an equipment. for.formng, a dicproic
mol ecul ar |ayer. In Fig:Eﬁg(z$ Shéns ?W?E+?o}ifh§5595???a9 18P pol yner
Shove a Tl m r G IRIRR Lo AT4H - brbedtoeckbre oentnpe oyes? = (7
ol T, (b) a tray 16 for dmodd 1 dartemeritu badratfon SFng gravure
roll, and (CQ Eif@é&%ég%g(%é'polarized light of visible rays.
Fig. 3 is a schematic illustration of an
equipment for forming a dichroic molecular layer.
In Fig. 1, (a) shows a £ilm roll, (b) a tray
for polymer solution, (c) an immersion roll, and (4) a
10 wind-up roll. | |
In Fig. 2, (a) shows a £ilm roll, (b) an
ulatrahigh-pressure mercury lamp, {(c) a polarizing
element, and (d) a wind-up roll.
In Fig. 3, (a) shows a film roll, (b) a tray
15 for aqueous dichroic molecules solution, (c) a gravu;e

roll, and (d) a wind-up roll.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention has been accomplished on
the basis of the finding that when a molecular layer
20 capable of easily undergoing a molecular axis change
caused by linear polarized light, i.e., a photoactive
molecular layer is formed on a substrate éhd irradiated
with linear polarized light in a wavelength range in
which the molecular layer absorbs the linear polarized
25 light, and then a dichroic molecular layer is formed on
the photoactive molecular layer, dichroic molecules are.

anisotropically aligned. In detail, the present



BEST MODE FOR CARRYI NG QUT THE | NVENTI ON The present invention has been -
acconpl i shed on the basis of the finding that when a.nol ecul ar l‘ayer 20
capabfe ofy easily undergoing a nol ecul ar axi s change causéed by |inear

pol arized light, i.e., a photoactive nolecular layer is formed on a
substrate and irradiated with Iinear polarized Iight in a wavel ength range
in which the nol ecul ar | ayer absorbs t-he tihear polarized 25 |ight, and
then a dichroic nolecular layer is formed on the photoactive nol ecul ar

| ayer, dichroi dnwentivresralatesitdtropically aligned. In detail, the

pr esent - 5- invention relates to: (1) a polarizin

(] g ehenent ar
pol ari zing plate having al}hye? PRIRRyZHPOtDLEREDE ABI BOAPELZARG RIRK e
t ai ni di chr oi | | f d i tact with 5 id_| ,
Solari o1 ng ol cmakieg PolAYeEi eV BRakeorarrg molerylasoed fhare: °
wh in the | havi t ti | | i s _f.or te,
Bna o prot ect | JonbyiaiRg Aot REG  briohBCt s, tabled: APngoTyatt S o ©

nol ecul es, (3) a larizing el ement or polarizing plate according to the
above item (1) %ﬁfngéyﬁﬁérein t he |

(2) a polarizing element or polarizing plate
according to the aone item (1), wherein the layer
having photoactive molecules is formed on a substrate,
and a protective layer is formed on the layer containing

10 dichroic molecules,

(3) a polarizing element or polarizing plate
according to the above item (1) or (2), wherein the
photoactive molecules are molecules containing at least
one double bond selected from non-aromatic C=C, non-

15 aromatic C=N and non-aromatic N=N,

(4) a polarizing element or polarizing plate
according to the above item (1) or (2), wherein the
dichroic molecules are in a solid state,

(5) a polarizing element or.polarizing plate

20 according to the above item (1) or (2), wherein the
dichroic molecules are those of a compound having a
hydrophilic substituent,

(6) a polarizing element or polarizing plate
according to the above item (5), wherein the hydrophilic

25 substituent is a sulfonic aéid group, an amino group or
a hydroxyl group,
| {(7) a polarizing element or polarizing plate

according to the above item (2), wherein the substrate



phot oactive nol ecul es are nol ecul es. containing at |east one double bond

sel ected fromnon-aromatic C=C, non- 15 adaromatic C=N and non-aronati c N=N,
.(4) a pol ar'i zi ng el enent or polarizing plate according to the above item
(1) or (2), wherein the dichroic nolecules are in a solid state, (5) a

pol ari zi ng el enent or polarizing plate 20 according to the above item (1)
or (2), wherein the dichroic nolecul es. are tthose of a conpound having a
hydrophilic substituent, (6) a polarizing elenment or polarizing plate
according to thdsalfdat iQemas)a cursred Eur&adgdrophilic 25 substituent is
a sulfonic acid group, an am no group or a hydroxyl  group, {7)_a_po|arizing
el ement or pol arizing pl atldlaccbrRRItPIDo e RIRARCIBEn? (PPLaGAELBEN t he
substrate -6- is flat or has a curved surface, é8) a process for, .
produci ng a pol &LeAeRf QeRManiZiRg R1athg FRAFAC CeRAFRE: BY, rEgagyat-
irradiat- ing a layer havin hpt oactive np] ecul es on,a_substrat Wi t h

| i near pol ari zedd gﬁu%aXﬁﬁfﬁ$&&Pqcﬁnﬁ?ﬁF%F+%$eW°i8ﬁPﬁ?ﬁiﬂB 3i§HS§?Eate

mol ecul es on g h%ziQmOtloﬁgetalélepo é?féjé@rligalygf 'and then forming a layer

containing dichroic molecules on the photoactive
molecular layer,

(9) la process for producing a polarizing
element or polarizing plate according to the above item

10 (8), characterized in that the layer having photoactive
molecules on the substrate is subjected to corona
discharge treatment or ultrgviolet irradiation
treatment,

(10) a gradation display polarizing element

15 or polarizing plate having a layer having photoactive
molecules and a layer containing dichroic molecules
formed in contact with said layer,

(11) a process for producing a gradation
display polarizing element or polarizing plate,

20 characterized by irradiating a layer having photoactive
molecules on a substrate with linear polarized light
through a mask compoéed of portions different in depth
of color, and then forming a layer containing dichroic
molecules on the photoactive'molecular layer,

25 (12) a multi-axial polarizing element or
pelarizing plate having a layer having photoactive
molecules and a layer containing dichroic molecules

formed in contact with said layer,



(9) a process for .producing a polafizing_elenent or polarizing plate
according to the above item 10 (8), characterized in that the |ayer having
. phot odctivé nol ecul es on the substrate i's subjected to corona discharge
treatment or ultraviolet irradiation treatnent, (10) a gradation display :
pol ari zi ng el enent. 15 or polarizing plate having a | ayer having photoactive
nol ecul es and a | ayer containing dichroic-nglecules fornmed in contact with
said layer, (11) a process for producing a gradation display polarizing
el ement or polarizing plata.3)2@ phecesisefiorebridugimdiamuly ia-daeX havi ng
phot oactive nol ecul es on a substrate with [inear polarized Iight through a-
mask conposed- opopartiizing @ldmmdntor palentitzisig @ilatre, artataeter bzed nigy a
| ayer containing dichroic nolecul es on the photoactive nol ecul ar |ayer, 25
(12) a nulti - axiakaddladriing g lelyere tavdimg @harticaairi e melécwlies) enlayer
havi ng photoactive nol ecules and a | ayer containing dichroic nol ecul es
formed in cont asubsitirateaiwi thayaio or more (klididsa qff dewear @okrpirkedng a -
mul ti-axial polarizing element_or polarizing plate, characterized by
5 lights having different axes of rotation, and then
forming a layer containing dichroic molecules on the
photoactive molecular layer, and
(14) a stereoscopic display polarizing

element or polarizing plate having a layer having .

10 photoactive molecules and a layer containing dichroic
molecules formed in contact with said layer.

As the substrate used in the present
invention, any substrate may be used so long as photo-
active molecules can be attached thereto or applied

15 thereon. There are used, for example, glass plates of
silica glass, hard glass, etc.; quartz plates; plastic
plates and sheets (films) of various materials such as
ABS resins, acetal resins, (meth)acrylic resias,
cellulose acetates, chlorinated polyethers, ethylene-

20 wvinyl acetate copolymers, fluororesins, ionomers,
methylpenetene polymers, nylons, polyamides, poly-
carbonates, polyesters [e.g. poly(ethylene terephthal-
ate)s and poly(butylene terephthalate)s], polyimides,
polyphenylene oxides, polyphenylene sulfides, poly(allyl

25 sulfone)s, polyarylates, polyethylenes, polypropylenes,
polystyrenes, polysulfones, vinyl acetate resins,

vinylidene chloride resines, AS resins, vinyl chloride

resins, alkyd resins, allyl resins, amino resins, urea



irradiating a |ayer having photoactive nol ecules on a substrate with two ar
nore kinds of linear polarized 5 .lights having different axes of rotation,
and then formng a | ayer containing dichroic nolecules on the photoactive
“nol ecul ar layer, and (14) a stereoscopic display polarizing el ement or

pol ari zing plate having a | ayer having 10 ghotoactive nol ecul es and a | ayer
containing dichroic nolecules forned- in contact wwth said |ayer. As the

substrate used_in.the pr i iLon, UstAt 3 | ong
as phot o- actiessﬁﬁgéculeg%ﬁgglﬁ %égg%‘tsécﬁggi%her et or{sf)l'r epéfo%?/?ie)%c llj%@étljﬁzér)'eon.

There are used n%QEugéﬁgal?ol%%@%%rp@§§¥ié¥ sl il chd RssindArgo Dy 4SS,
ates; c pl

etc.; quartz pP pl ast ates and sheets (filns) of various materials

such as ABS regl e8!l aleticesi AR ?f‘éﬁ%)c?&é Wbtaimed sy esdtihgsene
acet at es, chloﬁkﬁgpgg pdlf%thers, ethyl ene- 20 vinyl acetate copol yners,

fluororesins, %QQ@%@%%%@/@&%&@@%@Jmﬁé&;uarwd@rmawi yarr ties, pol y-
carbonates, polyesters [e.g. poly(ethylene terephthal- ate)s and

pol y(butyl ere panaphih@laie) or, sheled Nifidm) palgipheme exk axides(e.g.
pol yphenyl ene sul fides, poly(allyl 25 sulfone)s, polyaryl ates,
pol yet hyl enes, sp@liyano @ igtess t innlopsitder e niersd i yo| gesid € orebymimwg| oxtdeat e
resins, vinylidene chloride resines,. AS resins, vinyl chloride resins,
al kyd resins, alitgninmsioxdenichraomigimuxideor zinc oxide), silicon
nitride, silicon carbide or the like. There can also be
used substrates (films) whose surface has been coated
10 with a metal thin £ilm having a high reflect;yity. Thel
above-exemplified substrates may be either flat-ones or
ones which have a curved surface.
The photoactive molecules used in the present .
invention refer to molecules in which a molecular axis
15 orientation change is caused by linear polarized light.
The term "molecular axis orientation change" used here
means a phenomenon that the direction of molecular axis
is changed by absorption of the enérgy of linear
polarized light. As the photoactiye ﬁolebules for this
20 purpose, there are effectively used molecules containing'
at least one double bond selected from C=C, C=N and N=N
which is non-aromatic. The wavelength of light absorbed
by the photoactive molecules include not only that in
the visible light region but also that in the region of
25 - ultraviolet rays and infrared rays which are not
visually observable. When a layer of the photoactive

molecules is irradiated with linear polarized light

having a wavelength range where the molecules absorbs



-8- resins, nelam ne resins, epoxy resins, phenolic resins, unsaturated

pol yester resins, silicone resins, poly- urethanes, etc.; and products
obt ai fed by coating the surface of the glass plate, the quartz plate, or
..the 5 plastic plate or sheet (film with a . netal oxide (e.g. silicon oxide,
~tin oxide, indiumoxide, alumnum oxide, titanium oxide, chrom um oxide or
zinc oxide), silicon nitride, silicon carbifle-or the |ike. There can al so
be used substrates (filnms) whose surface has been coated 10 with a netal
thin film havi nghe bigkarepbierivedylighe  akowelecnl@t faxis ubkertatiomay
be either flat ones or ones which have a curved surface. The photoactive

nol ecul es used ¢mange psceamilyn¢ansedn refer to nolecules in which a

nol ecul ar axis 15 orientation change is caused by linear polarized |ight.
The term "nmol ecul ar axis BREcHPAEFBAENAXES" OFdER tREGIOIERANEL phenonenon
that the direction of nol ecul ar aéis I s ¢hanged hy absor g#pn of the energy

of linear poIarP?%ﬂ°PF§ﬁP:cﬁ§SFﬂe ¥h SGa AEiT Hﬂﬁ%ﬂﬂn%&$ 185 20

Goubl o hond Se| BT AL FPATERE EENeRRI TeERcAS. TN o BHRY | £o” THee

that in the vi sFBreoPRDAt tPetat BOCVA s Thats TR arafe e "t oY
ethylene, i.e., the simplest molecule having a non-
aromatic double bond, two carbon atoms and four hydrogen
atoms are on the same plane. On the other hand, in a

10 light-excited state, planes formed by two H-C-H atomic
groups form a twisted structure in which the planes
intersect each other at right angles. It is conjectured
that in a light-excited state, the photoactive molecules
used in the present invention lose planeness brought .

15 about by the above-mentioned double bond(s) and that a
molecular axis orientation change is caused in the
course of return to ground state via a twisted structure -
formed by the loss of the planeness. Therefore, the
molecular axis orientation change proceeds without a

20 forced molecular structure change due to geometrical
isomerization by irradiation with light. For example,
it is well known that many of azobenzene type compounds
having one or more non-aromatic N=N bonds undergo
geometrical photoisomerization from . trans-form to cis-

'25 form by ultraviolet rays, but hardly undergo geometrical
photoisomerization by light having a longer wavelength
because conversion from cis-form to trans-form is |

preferential in the case of such light. It is also



25 ultraviolet rays and infrared rays which are not visually observable.
When a,layer. of the photoactive nolecules is irradiated with linear

pol ari zed | rght having a wavel engt h-range where the nol ecul es absorbs

-9- the linear polarized lLight, a nolecular axis orientation change is
easily caused. The nol ecul ar axis orientation change phenonenon caused by
the irradiation with [inear 5 polarized kiglot-4 s explained as foll ows. That
is, the following is well known. In the ground state of ethylene, i.e., the
si npl est nol ecdroWraviiEL aimosomar casés ¢ Aouhkeembendcalwphodoimomerdzs -and
four hydrogen atons are on the sane plane. On the other hand, in a 10

| i ght -excited dtizre,iplsuestdnt el pycbseriieq- beatugiec theogen viemshaon _
twi sted structure in which the.planes intersect each other at right angles.
It is conjecturforbn heits+form| tghtransfedmstakes phacphthesmailly amdcul es
used in the present_ invention |ose_planeness brought 15 about by the
above- ment i onedraibl e bohdeeFreawad t hayiagnenecaramosRi 3osradRmatiish &hnge
i s-caused in the course of return to ground state via a tw sted structure

forned by the IRRADHICIMPPFARRNRSSSORREFFBLel SPAET nBRedaFAA1a5I0N

orientation Ch%ﬁgﬁipfggggdgugn%Qgggng to its thermodynamically stable

original structure because of the unstabili;y of the
isomer. Therefore, the compound does not uhdergo-sub-
stantial photoisomérization at, for example, room tem-
10 perature. In addition, many of compounds having one or
more non—-aromatic C=C bonds undergo geometrical photo-
isomerization, but like azobenzene, they do not underéo
substantial geometrical isomerization by light in a
~wavelength range suitable for isomefiéation from cis-
15 form to trans-form. However, even in such a case where
no photoisomerization reaction takes place seemingly, a
molecular axis orientation change is easily caused by
irradiation with linear polarized light. Therefore,
compounds having such properties can also be used as the
20 photoactive molecules used in the present invention.
Specific examples of the photoactive molecules
used in the present invention are given below. As
compounds having one or moré non-aromatic N=N bonds,
there are exemplified aromatic azo compounds such as
25 azobenzene, azonaphthalene, bis-azo compounds, |
formazane, etc., and compounds of azoxybenzene basic
skeleton. Examples of such compounds are given below

but the compounds are not limited thereto.



20 forced nol ecul-ar structure change dué to geonetri cal i soneri zati on by
|rrad|at|on with Iight. For exanple it'is well- known that nmany of
azoberizene *t ype conpounds having one or nore non-aronati c N=N bonds undergo
geonetrical photoisonerization fromtrans-formto cis- 25 form by - -
ultraviolet rays, but hardly undergo geonetrical photoi sonerization by

| i ght having a | onger wavel engt h because ganwersion fromcis-formto

trans-formis preferential in the case of such light. It is also -10-
known that in some cases, no geonetrical photoisoneriza- tion is
substantially observed because t onver5|o- romcis-formto trans-form
takes place thermally and rapi -V|ng one or nore:
non-aromati ¢ C=N 5 bonds can be eone i'somer on irradiation
with light but returns toits thernndynanlcally stable original structure
because of the unstability of tphe—+goner. ore, the conpound does not
under go sub- stantial phdtE3@oOmM NAN exanple, roomtem 10
perature. In addition, many of co -ounds ha one or nore non-aromatic

C=C bonds undergo geonetri cal

= ! [ . |soner| ion, but |ike azobenzene,
HN ‘ rlzatlon by light in a
wavel ength range suitable for i G izatlon ci's-

t hey do not undergo substa

]
O
[}
i
-
w
-

CeH13

(CH3) 2N

CH30

(CH3) 2N —@—N=N

(CHz)2N-—{gjij%-n=n-—{iiijf-N=N-—<C::>f-CN , and
@—NH-N=C—N=N—@

As compounds having one or more non-aromatic
C=N bonds, aromatic Schiff bases and aromatic hydrazones
can be exemplified. Examples of them are given below

but the compounds are not limited thereto.



15 formto trans-form ‘However, even in such a case where no

phot oi soneri zation reaction takes place seemingly, a nmol ecul ar axi s
orientation’ change is easily caused by irradiation with linear polarlzed
light. Therefore, conpounds having such properties can also be used as the
20 photoactive nolecul es used in the present,invention. Specific exanples
of the photoactive nolecules used in the present invention are given bel ow.
As conpounds having one or nore non-aromati c N=N bonds, there are
exenplified aromatic azo compounds_such as 25 azobenzene azonapht hal ene,
bi s-azo conmpounds, fornmazane, et 3 >Qnpdindy of azoxybenzene basic
skel eton. Exanpl es of such conpod i v3n bﬁlomfbut t he conpounds are
not limted thereto. - 11 - - [err] [err As conpounds havi ng one or
nore non-aromati ¢ C=N bonds, aroys igpr ®s and aromati c hydrazones
can be exenplified. Exanpl €838 i a 2l ow but the conpounds are
not limted thereto.

NH-N=C (COCH3)COOCH3 , and

CsH13 —@-m-mc& —@_OCH3 '

CH=N

CeHi13 —@m-mc\ '

CO-N-C4Hg

As compounds having one or more non-aromatic
C=C bonds, there can be exemplified polyenes, stilbene,
stilbazole, stilbazolium, cinnamic acid, indigo, thio-
indigo and hemithioindigo. Examples of them are given

S below but the compounds are not limited thereto.



- 12 - [err] As conpounds having one or nore non-aromatic C=C bonds, there
can be exenplified polyenes, stilbene, stilbazole, stilbazolium cinnanic
acid, *indigo, thio- indigo and hem thioindigo. Exanples of themare given 5
bel ow but the conpounds are not limted thereto. [err]. - 13 - Jerr] In
the present invention, there can al so be- us2d- conpounds whi ch do not
under go substantial photo- isonerization reaction by irradiation with |ight
at roomtenperature because they return to their original 5 structures

i mmedi ately owing to the unstability of their geonetrical photoisoners, and

conpounds whi ch do not undg 'ﬁ@ﬁﬁl | C phgt oi soneri zation reaction at
4 '5%gni esyare exenplified - 14 - but

all. The follow ng cyanine
t he above-nenti oned conpounds are not - limted

CH30 —@—CH=CH—@N+—C4H9 ,

CH30 H=CH \ /N+ —C4Hg P

(CH3) zN—@_CH=CH—COOCH3 ,
(CH3) 2N —@—cn=c (CN) CO@OCH:; ,
(CH3) 2n—@-c3=c3-ca=c3—cooc33 ,
@E S> C=CH —@—OCH3 , and

co

In the present invention, there can also be
used compounds which do not undergo substantial photo-
isomerization reaction by irradiation with light at room
‘temperature because they.return to their original

5 structures immediately owing to the unstability of their
geometrical photoisomers, and compounds which do not
undergé geometrical photoisomerization reaction at all.

The following cyanines and merocyanines are exemplified



thereto. [err] - 15- [err] In addition, there can be used other phot o-
active nol ecul es which are those of conmpounds having a non-aronatic -C=C
bond or C=N bond in spiro ring and is reversibly changed in nol ecul ar
structure by irradiation 5 with light, for exanple, the spiropyrans and

spi rooxa- zines described bel ow. These photoactive nolecul es have a

nol ecul ar structure different ern1the_anyQ;nentioned'nDIecuIar structure,
but it can be speculated that owing to the non-aromatic C=C bond or C=N

bond contained in 10 the nnlecgkgnéheég

reacti ons of e Eper8PPVAGVGF

Eu?io &<l 2@ eRanivignicred ri ng- cl osi ng

aused by the action of light, so that a
nol ecul ar axis orientation change is [err] caused. - 16 - Se [err]
thereto.
/S— C=S8

E::]I:O>C=CE—CH=
N

CHj

S\CO—N—C52COOCH3

/S"’C=S

E::][;:>c=c3—c3=q\ l '
' CO~N-CH2COOCH?

CHj

CH-CH é,
-N C=CH~-CH=
CH3 , X

§—C=S5

CO-N-CH2COOQCH3 ’

S—C=S§

CO-N-CH,COO0CH3 ’

N-C4Hg Y

,: .
CH3-N  C=CH-CH=C
Fame
0=C C=CH-CH=C
—

S
S\ e
E:::[:N/C=CH-CH=CH-Q't:ﬂ::;l , and
N+

CH3

CH3



The -above photoactive nol ecul es are exenplified as the basic skel etons of

t he conpoungs having the above-nentioned doubl e bond(s). To these skel etons
may be attached one or nore substituents 5 selected from for exanple,

al kyl groups such as nethyl, ethyl, propyl, butyl, hexyl, ‘etc.; alkoxy
groups such as net hoxy, ethoxy, propoxy,_hg oxy, etc.; ally group; allyloxy
group; cyano group; al koxycarbonyl groups ch as net hoxycar bonyl

et hoxycarbonyl, etc.; hydroxy group; 10 dial kyl am no groups such as

di rethyl am no, diethyl- amno, etc.; and nitro group. In particular, as
preferable substituents, there are exenplified Cer J err] al'kyl groups,
Cerr]-Cerr] al koxy gragdp vano group and C[err}- Oy al koxycar bonyl
groups, which give a str Ie‘yFﬁF aFEESETSBRECQf - gdi d crysta

nol ecul e. - 17 - In theepre¥ent invention, in org 5

substrate a photoactive nnlecué | ayer capabl e of undergoing such a
reversi bl e nol ecul ar axis orientation change,tluweﬁ%ﬁe, a net hod of
attachi ng photoactive 5 nolecules to the surface of the substrate

physi cally or chenical |l y Indeddidiion othend arsn dmresrdrosheérspbptohe

substrate, and a method of previously preparing a polyner having,
phot oact i ve noRetdves malemiHeas twidieh @1g those of compounds having a

non-aromatic C=C bond or C=N bond in spiro ring and is
reversibly changed in molecular structure by irradiation

5 with light, for example, the spiropyrans and spirooxa-
zines described below. These photoactive molecules have
a molecular structure different from the above-mentioned
molecular structure, but it can be speculated that owing
to the non-aromatic C=C bond or C=N bond contained in

10 the molecule, reversible ring-opening.énd ring-closing
reactions of the spiro ring are caused by the action of

light, so that a molecular axis orientation change is

caused.
CH
3 CH;,
N O N02 ’
CH3
<4
CHs L



a polyner having photoactive nol ecul es i ncorporated 10 thereinto, and _
applylng any of the polyners in the formof a.thin filmon the substrate.
Any of“thes®e nmethods nmay be-enpl oyed. The Iayers formed by fixing photo-
active nol ecules on the substrate surface, i.e., the layer formed by
attachi ng photoactive nolecules to the 15 substrate surface and the | ayer
formed by applying the polymer having photpactive nol ecul es attached
thereto on the substrate in the formof a thin filmhave a stable
orientation state of photoactive nol ecul es and hence are preferable. 20
First, the nmethod of attaching photoactive nolecules to the substrate
surface is described bel ow. Es Aes , for exanple, when the
substrate is silyl glass, t aved for liquid crystal
orientation can be enpl oyedS | ecular 25 Crystal s and
Liquid Crystals", Supplement 1 (1°: ), P a first method for
attachi ng phot oacti ve nol ecul es- t@Ebhe substrate surface, there is
exenplified - 18 - a method in which a solution in a sol vent of

phot oacti ve nol ecul es having the above-nenti oned non-aromatic double
bond(s) and the surface acti vec§3 oupcgrlescri bed below is

=)
o4/
CH3
S N
LA

CHs

, and

The above photoactive molecules are
exemplified as the basic skeletons of the compounds
having the abové—mentioned double bond(s). To these
skeletons may be attached one or more substituents

5 selected from, for example, alkyl groups such as methyl,
ethyl, propyl, butyl, héxyl, etc.; alkoxy groups éuch és
methoxy, ethoxy, propoxy, butoxy, etc.; ally group;
allyloxy group; cyano group; alkoxycarbonyl groups such

'as methoxycarbonyl, ethoxycarbonyl; etc.; hydroxy group;

10 dialkylamino groups such as dimethyl amino, diethyl-
amino, etc.; and nitro group. In particulat, as
preferable substituents, there are exemplified C1-Cg
alkyl groups, C1—-Cg alkoxy groups, cyano group and C;~Cg
alkoxycarbonyl groups, which give a structure similar to

15 that of a liquid crystal molecule.



applred on the substrate surface to-attach the photo- 5 active nDIecuIes by
adsorptron As the surface active group; there can be exenplified
carboxylrc acid residues, nalonic acid residue, carbanmoyl group,
tetraalkylannnnruntgroups al kyl pyri di ni um resi dues, al kyqui nol i ni um

resi dues, carboxylato chrom umresidue, 10 ester residues, nitrile residue,
urea residue, am no group, hydroxyl group &d “bet ai ne resrdue When t he

phot oacti ve nol ecul es are I| they mpy be directly plied qn the
substrate surface. As a sk® ?ﬁﬁﬁtthéV%nEbﬂnbelénﬁFgf tonh&ofs on
Langnui r - Bl odgett_techni gue mhrc ri ses.s adr hotoac I,ve | ecul es
havi ng t he aboV%’%%@ﬁﬁF?g?eﬁ BhP %i%t ¢ B 815283 Qéhke in the

f f | d f h I
obtain at Ieasiieredits SE05 € E0at TaTRoReltE r%“ %r%ss%;tﬁ%%yﬁo%
: b :
o1 oups and ﬁ;rﬁ?%x%t 84 cAELE a0t O e BHHR" k?”%@‘c%%a o EiRf RPN U
exenplified a &r?% satbachb ngupé§&ea6t' tsengh%gttlra%et SHy8 22 15Ukt rat e

surface through a si group. Specific exanples of this method aré a
met hod in whi Cthtpét@i@alnytl depeRiesyl 68 BaykReea chubsidtlestion ivyd We @Haup

havi ng at | east one hal ogen atom or al koxy group as the
substrate, and a method of previously preparing a
polymer having photoactive molecules attached thereto or
a polymer having photoactive molecules incorporated

10 thereinto, and applying any of the polymers in the form
of a thin £ilm on the substrate. Any of these methods
may be employed. The layers formed by fixing photo-
active molecules on the substrate surface, i.e., the
layer formed by attaching photoactive molecules to the

15 substrate surface and the layer formed by applying the
polymer having photoactive molecules attached thereto on
the substrate in the form of a thin £ilm have a stable
orientation state o: photoactive molecules and hence arer
preferable.

20 First, the method of attaching photoactive
molecules to the substrate surface is described below.
For this purpose, for example, when the substrate is
'silyl glass, the method employed for liquid crystal
orientation can be employed (see J. Cognard " Molecular

25 Crystals and Liquid Crystals", Supplement 1 (1982),
p.1l).

As a first method for attaching photoactive

molecules to the substrate surface, there is exemplified



- 19 - substituent(s) are attached to the substrate surface; and a nethod

i n which thtoactLve nol ecul es having a carboxyl group or an acryl group
are squected to condensation reaction or addition reaction with the 5
substrate surface which has been treated with a silylating agent having an
am no group. In the forner nethod, the silyl group is previously introduced
I nto photoactive nol ecules and the surface pd silica glass is treated with
-the photoactive nolecules. As the 10 substituted silyl group having at

| east one hal oggnmataBHEOL nakk@eh G Gdludsdma b Wddiwait () photoactive
trichlorosilyl group, trimethoxysilyl group and triethoxysilyl group are

exenplified. |nmbhechabkehathngodhel Edcid-serit ithead atdntenomegt o doainbe
group includes, for exanple, 15-am nopropyltrichlorosilane,

am nobutyl tri chbendgishaaad ztiencurdade rAdtEivigimiesnribed below is
am nopropyl tri ethoxy- silane. The procedure of attaching the photoactive
mol ecul es to thapplliedr ahe ther sabs tratdsnfadedowt iach therpsetoe of
anot her silylating agent. As the 20 silylating agent for this purpose,

t here can beSexerplive adlaicklespdlyy rddcrptsidraneds ke anniacs|aetive
et hoxysi | ane, di nmet'hyl di et hoxysil ane, trimnethylchloro- silane,

ethyl tri et hoxysBFEH®, &hery|Cdifetifo8xammine 1 4% FRTRF Lk 10,3514 ane,
gg;?;f{:?;?ﬁéi;%%&g ’Fgﬁéiéyéﬁiéngégg(¥§§ﬂ£} fléggegmoyl group,

tetraalkylammonium groups, alkylpyridinium residues,
alkyquinolinium residueé} carboxylato chromium residue,
ld ester residues, nitrile residue, urea residue, amino
group, hydroxyl group and betaine residue. When the
photoactive molecules are liquid, they may be directly
applied on the substrate surface.
As a second me;hod, there éan be employed the
15 Langmuir-Blodgett technique which cgmprises spreading
photoactive molecules having the above-éxemplified
surface active group, on water surface in the form of a
monolayer, and transfering the monolayer onto a
substrate to obtain at least one layer. For this
20 purpose, for example, carboxyl group, carbamoyl group,
amino group, ammonium group, tetraalkylammonium groups
and hydroxyl group are preferable.
As a third method, there is exémplified a
method of attaching photoactive molecules to the
25 substrate surface through a silyl group. Specific
examples of this method are a method in which photo-
active molecules having a substituted silyl group having

at least one halogen atom or alkoxy group as the



et hoxysi |l ane, etc. But, the silylating agent is not limted to them A
fourth method is as. foll ows. When a high- - 20 - -nol ecul ar wei ght

subst ance forms the substrate itself or the surface |ayer of the substrate,
a phot oacti ve conpound havi ng the above-exenplified surface active group is
attached to the substrate surface by adsqu: 5 tion, or photoactive
nol ecul es are attached to active groups which appear at the pol yner

surface, by covahgoL: RS (shNsbACaLALLHE L 180 criok BB athanddi high-
Fy 7o alco

nol ecul ar wei ght “substance 1S a po Vi ny ol ), photoactive nol'ecul es

are attached toyhhe SHptacd iayehidfl ghottleﬁc%li%t 1 Y S2C ¥lAlidd Nkages,

ester |inkages or urethane |inkages. For this purpose, photoactive

nol ecul es havi nga pberyal 8RbupoBE- AAr By 19gRURpSHER 3ubjRidBdd Houp,
chl orof ormyl group or isocyanate group are prepared and then dissolved in a

sol vent which desgdagkatiodi geakteohherpalddivion rélaceien) wiad dHe
substrate having a poly(vinyl alcohol) filmis imrersed in the resulting

solution to be subgecheed isarfazet whichl hashGedns e ridat€d aditma reacti on

rate, addition of a catalyst acid such as p-toluenesulfonic acid is 20

sufficient in thtlygdsciog agensl hagtingnammahiaddigricop.of In the former
method, the silyl group is previously introduced into
photoactive molecules and the surface of silica glass is
treated with the photoactive molecules. As the

10 .substituted silyl group having at least one halogen atom
or alkoxy group as the substituent(s), trichlorosilyl
group, trimethoxysilyl group and triethoxysilyl group
are exemplified. In the latter method, the silylating
agent having an amino group includes, for example,

15 aminopropyltrichlorosilane, aminobutyltrichlorosilane,
aminopropyltrimethoxysilane and aminopropyltriethoxy-
silane. The procedure of attaching the photoactiQe
molecules to the substrate surface may be carried out in
the presence of another silylating agent. -As the

20 silylating agent for this purpose, there can be
exemplified alkyl(poly)alkoxysilanes such as methyltri-
ethoxysilane, dimethyldiethoxysilane, trimethylchloro-
silane, ethyltriethoxysilane, diethyldiethoxysilane,
propyltriethoxysilane, butylEriethoxysilane, butyl-

25 methyldiethoxysilane, pentyltriethoxysilane, hexyltri-
ethoxysilane, etc. But, the silylating agent is not

limited to them.

A fourth method is as follows. When a high-



a base (e.g. triethylamne or pyridine) for-renoving an acid produced by
the regction is sufficient in the case of esterification or. conversion to
an urethane. Next, there is described bel ow the nethod of 25 previously
preparing a polynmer having photoactive nol ecules attached thereto or a
pol ymer havi ng photo- active nol ecul es incorporated thereinto, and applying
any of the polyners in the formof a thimr f20 m on the - 21 - substrate.
First, a nethod for preparing the polyner having photoactive nol ecul es
attached t her etnolecukat avaibdhbesobs t&oceafoaaisi theplsabsdotabe imdeddulas to
the side chains or principal chain of a polyner, a 5 nononer having

phot oacti ve noltolserfaceclgreri efdther subsiraitgh- sophekicac tisigght
substance are attached_ photoactive npl ecul es having a reactive residue

sui tabl e for tHorpewadahasinrgctheeabevenexempiified suFfase P& Se net hod,
i.e., the polynerizatjon 10 nethod, photoactive nol ecules having a
(meth)acryl gr dfPHRVIRgaERackas- psl ghﬁr SRRBtIALE &u4 LaGe AY &9895Be
mononer, and_a pol yner

si de chains eart¥t9F Eevéggséﬁiagﬁ@ggg%hé% g'é{eiegﬁltgsﬁh%tﬁ’;aﬁ%geﬁ?ﬁ@)‘{é |hﬁ the
case of 2 POl YIELo . Ohh 8LA°HpBYaROLYCRRLIRIhY LEARHA] &Y Sovhient

bonds. 1In the latter case, for example, when the high-
molecular weight substance is a poly(vinyl alcohol),
photoactive molecules are attached to the surface layer

10 of the substrate by acetal linkages, ester linkages or
urethane linkages. For this purpose, photoactive
molecules having a covalent-bond-forming group such as
formyl group, chloroformyl group or isocyanate group are
prepared and then dissolved in a solvent which does not |

15 dissolve the poly(vinyl alcohol),.and the substrate
having a poly(vinyl alcohol) £ilm is immersed in the
resulting solution to be subjected to reaction. To
increase the treating reaction rate, addition of a
catalyst acid such as p-toluenesulfonic acid is

20 sufficient in the case of acetalization, and addition of
a base (e.g. triethylamine or pyridine) for removing an
acid produced by the reaction is sufficient in the case
of esterification or conversion to an urethane.
| Next, there is described below the method of

25 previously preparing a polymer having photoactive
molecules attached thereto or a polymer having photo-

active molecules incorporated thereinto, and applying

any of the polymers in the form of a thin film on the



pol yam de or polyimde) or a polymer obtained by pol yaddition reaction
(e.g. @ polyurethane), preparation of a bifunctional nononer. having :
phot oactive nolecules is sufficient. As the bifunctional nononer, vinyl 20
cinnamate is exenplified. The polyneric conpound havi ng photoactive

nol ecul es attached thereto which is obtained by polynerization may be

ei ther a honopol ymer obtai ned by pol yneri=zi2ig -only a nononer havi ng

phot oacti ve nol ecul es, or a copol yner obtained by polynerizing a 25 nonomner
havi ng phot oactswiestimateul eEiast ,anomeéhodo fore prefag iichdhanpoiiarer
includes, for exanple, nethyl (meth)acrylate, ethyl (meth)acrylate, butyl
(et h) acryl at e bavirgephokhagfi venBohpgudpsanstaphed thexreto gfpunt of

phot oacti ve nol ecul es attached in _the polynmer can be adjusted by changing

t he using raticexplahaedphRekew -haFPigashecdiag phoksiasdlives ml il es he
nononer. Al though dependi ng . on the structures of the 5 nononers, the using
ratio ranges frepp1sidg £pains esoPrpPELRRAbICHAHAL & RPLYEE ~ &0, In the

| at thod_in which t .hi_gh- I I i gh hst t f-ached
phot 0act 1 ve. ol BEGPBEE 8904590 EPEREREFS e BRIRE A8 dtt ST OP ot oF

chem cal StrUCtHéeaQEiEgngEQ%hﬁggeWegggta%%ggﬂgﬂgé(gygjattached

photoactive molecules having a reactive residue suitable
for the chemical structure of the substance.
In the former method, i.e., the polymerization

10 method, photoactive molecules having a (meth)acryl group
having radical-polymerizébility are suitable as the
monomer, and a polymer having the photoactive molecules
attached to the side chains can easily be obtained by
polymerization of the monomer. 1In the case of a polymer

15 obtained by polycondensation reaction (e.g. a polyester,
polyamide or polyimide) or a polymer obtained by
polyaddition reaction (e.g. a polyurethane), preparation
of a bifunctional monomer having photoactive molecules
is sufficient. As the bifunctional monomer, vinyl

20 cinnamate is exemplified. The polymeric compound having
photoactive molecules attached thereto which is obtained
by polymerization may be either a homopolymer obtained
by polymerizing only a monomer having photoactive
molecules, or a copolymer obtained by polymerizing a

25 monomer having photoactive molecules and another
monomer. The other monomer includes, for example,
methyl (meth)acrylate, ethyl (meth)acrylate, butyl

(meth)acrylate and 2-ethylhexyl (meth)acrylate. The



fourth néthod can be utilized. As the polynmer used, there can be

exenplified poly(vinyl alcohol)s, styrene- mualeic anhydride copol yners,

pol y(gl yci &yl nmeth- acrylate)s, and copol yners thereof. But, the polyner
15 not limted to them As a nethod for formng a thin filmof such a
pol yner havi ng photoactive nolecules in the principal chain or the side

chai ns, on the substrate surface,

It is also 20 possible to formsuch a polynmer on the substrate by the

Langnui r - Bl 0dgghbuheChf @uetohetddd Mdlkcdls Fthaldmé® Imytihe polwneed in
a solution of such a polyner to adsorb the polyner on the substrate. As the

filmthicknessgah bar sifueteldesy ichandidg i@ using ratio of fhe nethod

usi ng a pol ynmer havi ng phot oactive nol ecul es incorporated thereinto is

expl ai ned bel ogonbhieyr Maliog gbicdaas vk slledulertantierotlyedi spersing
phot oactive nol ecules in a polyner previously, and - 23 - applying the

a spin.cpating technique is preferable.

is

resul ting sol unbaamer.di Hehough degdrad Jubsin dthe sstfaceures tde them of a

thin film In this case,

be insol ubl & i momomealsyertheusesd ng) ndiciaotangem fod Hi che ote kot ekBPes
described hereinafter. For exanple, : :

- 10

15

20

25

preferably from 1 : 0 to 1 : 50.

In the later method in which to a high?
molecular weight substance are attached photoactive
molecules having a reactive residue suitable for the
chemical structure of the suBstance, the'above-mentioned
fourth method can be utilized. As the polymer used,
there can be exemplified poly(vinyl alcohol)s, styrene-
maleic anhydride copolymeré,-poly(glycidyl meth-
acrylate)s, and copolymers thereof. But, the polymer is
not limited to them.

As a method for forming a thin film of such a
polymer having photoactive molecules in the principal
chain or the side chains, on the substrate surface, a
spin co#ting technique is preferable. It is also
possible to form such a poiymer on the substrate by the
Langmuir-Blodgett technique. In addition, the substrate
may be immersed in a solution of_such a polymer to
adsorb the polymer on the substrate. As the film
thickness, 1 uym or less is sufficient.

The method using a polymer having photoactive

“molecules incorporated thereinto is explained below.

This method comprises dissolving or uniformly dispersing

photoactive molecules in a polymer previously, and

t he pol yner and the photoactive nol ecul es shoul d



pol yi m des are preferable as the polynér-because_they are insol uble
particylarI{ I n solvents. such - as water and al cohols, but the polynmer is not
limted to them Next, the procedure of irradiating the 10 photoactive
nol ecul ar | ayer fornmed on the substrate with Iinear polarized light is
expl ai ned bel ow. The wave- |l ength of the polarized |ight used for the
irradiation is not particularly limted so2Bong as. it is a wave- length at
whi ch phot oactive nol ecul es absorb the 15 pol arized |ight, For exanple, not
only visible | applybag dhs teghting t3elutiononl disp@EsiaRr aRefheegi on
may be used. As a light source, there may be used any of, a nercur¥ | anp,
xenon | anp, f| gupsscate |stfachckh ceie| Eepm 9| & kB Eadkd 4% | adBr ERaBgon
| aser, 20 krypton |aser, heriumneon |aser, seniconductgr Iiser, supl i ght,
etc. The |ight C388rc&NPaPPerReosH PR nBRRAERFRt R BRSBFPEFEn3RAVERengt h
regi on of photoactive l.ecu) es, |ight irradéatio tinel grradigtion ar ea,
etc. To obtain Fiﬁ@éP#ﬁ%%ﬁiEﬂxﬁW?%ﬁh?nYtu?g st f FoF en?~ 252 PRaP 1 i ght from
t he above-e l.i £ ight | S¢ €sd DL N g {4 De ol agLzi nt
e Tpoye, BB e SREE S for o RE Al e eePOl 2EbE B0aRLSIT
light. As the pahaniAldil & S0 e PLr P91 8T L1 PRe PLEE el P bbBhEse theg? -
are insoluble particularly in solvents such as water and
alcohols, but the polymer is not limited to them.
Next, the procedure of irradiating the
10 photoactive molecular layer formed on the substrate with
linear polarized light is explained below. The wave-
length of the polarized light used for the irradiation
is not particularly limited so long as it is a wave-
length at which photoactive molecules absorb the
15 polarized light. For example, not only visible light
' but also light in the ultraviolet and infrared region
may be'used. As a light source, there may be used any
of a mercury lamp, xenon lamp, fluorescent lamp,
chemical lamp, helium—-cadmium laser, argon laser,
20 krypton laser, herium-neon laser, semiconductor laser,
sunlight, etc. The light source may be chosen depending
on the absorption wavelength region of photoactive
molecules, iight irradiation time, irradiation area,
etc. To obtain linear polarized light, it is sufficient
25 that light from the above—exemplified light source is
combined with a polarizing element for linear polarized

light or a polarizing plate for .linear polarized light.

As the polarizing element or polarizing plate for this



purpose, there are exenplified prismtype el enents such as d an- Thonpson
prism ,and polarizing el ements and pol arizing plates, which are made of a
pol ymer film obtained by dissolution or adsorption of dichroic 5 nolecul es,
foll owed by stretching. In. addition, a polarizing elenent (plate) produced
according to the present invention can also be used. Al though the exposure
energy of the linear polarized |ight used-lpere-is varied depending on the
wavel ength, the structure and 10 attachnent state of photoactive nol ecul es,
the irradiati onpgiepdseat therechee, eikempl ifiekdepalilsn itydeh@ Vemege: ofsuch
mi/cnferr] to 10 mJ/cnferr]. Wen a laser is used as a |ight source, no

pol ari zi ng el enzstclaharapmpsoncpdddmihand godrriedmg tedenfents lamkar

pol ari zed light. 15 To bake a polarization pattern on the

phot oacti ve nolpeléaiziageplaitesi s wiiikh eirenmadeatofi lre poiigymeactf Man

mol ecul ar layer is irradiated with |inear polarized |ight through a desired
mask pattern. Ebhaingd byl 8igeely&iosr ®roadsor@bion r?eg.f geheidi an be 20
obt ai ned by divergence or condensation, respectively, of_ ]linear polarized

li ght by theSusBobecylesms EQL1loHEd e StRRESId Ndaserllt & Ay 2 1ight
source and | aser beamitself is |Linear | ari zed |j ght very fine pattern
caﬁ be freely dP‘égﬂrEJﬁIlEHnﬁ' ﬁlfnﬁéltlt Ré&@é‘% r I czfr?l %d&r gt olrtq}%l?ati ng
| ane of polarization, su Faraday el epent ... _Rurt hernor hnce a
gnlecularpaxis %FFﬁﬁPSt%S&QE%ZH ec%g é&&fbgftﬁfgdﬁnlggﬁﬁgggghﬁggﬁ by

exposure energy of the linear polarized light used here

is varied depending'on the wavelength, the structure and

10 attachment state of photoactive molecules, the
irradiation temperature, etc., it is preferably in the
range of 1 mJ/cm2 to 10 mJ/cm2. When a laser is used as
a light source, no polarizing element (plate) is needed
when laser beam itself is linear polarized light.

1s To bake a polarization pattern on the
photoactive molecular léyer, it is sufficienf.that the
photoactive molecular layer is irradiated with linear
polarized light through a desired mask pattern. Either
an enlarged pattern or a very fine pattern can be

20 obtained by divergence or condensation, respectively, of
linear polarized light by the use of a lens or the like.
When a laser is used as a light source and laser beam
itself is linear polarized light, a very fine pattern
can be freely drawn by combiniﬁg the laser with an

25 element for rotating plane of polarization, such as
Faraday element. Furthermore, since a molecular axis
orientation change of photoactive molecules caused by

linear polarized light is reversible, patterns can be



| i near polarized light is reversible, patterns can be -25 - freely drawn
so as to be. placed one upon another, by irradiation of linear polarized
lights different in axis of polarization for different mask patterns. After
production of a polarizing elenent (plate) having a 5 conplicated pattern,
enpl oynment of this polarizing element (plate) as a nmask pattern makes it
possi ble to produce a | arge nunber of poragﬁzrng el enents (plates) having a
conpl i cat ed pattern\wgch have been(gfficult to produce, b{ irragiation
with |inear pof&PRI¥dINANR SV Hhith B9 RLAFRP RUAEHRSR. 2PPPETLPYr i si ng
that nmere adsorptiqn aof, dichrojc nol ecul es. on,the thus_ ohtained photoactive
nol ecul ar IayeFrFﬁ¢MﬁQﬂ?qnﬂéa ngan %ﬁbZ%éigh%BQ?ndéggsfﬁﬁgté“ axis

OO, g S d AR el BN SCpd e TBLERULRS, | B4 the
Girocti on det ePRORHT T rf s ROYEE g o RORpRETIRYEF Y BEVARS 2 O 11
of “pr opert o5 P R R e e T Eent Ll ey o1 Faa para e O o
pol ari zation. kN eaAMENIpDAES) B W dBaskt phBLEPA-makes it possible to
produce a large number of polarizing.elemeﬁts (plates)
having a complicated pattern which have been difficult
to produce, by irradiation with linear polarized light
10 which is a simple method.
It is surprising that mere adsorption of
dichroic molecules on the thus obtained photoactive
molecular layer in which molecular axes are aligned in a
definite direction, i.e., mere formation of a dichroic
15 molecular layer on the photoactive molecular ;ayer
aligns the molecular axes of the dichroic molecules in
the direction of alignment of photoactive molecules,
i.e., the direction determined by the axis of polariza-
tion of linear polarized light casted on the photoactive
20 molecular layer, and permits exhibition of properties of
a polarizing element (plate) by fixation of its axis of
polarization. In conventional methods, it is con;
jectured that when the sﬁrface of glass or a polymef
f£ilm is subjected to rubbing treatment, dye molecules
25 are aligned along fine grooves formed on the surface.
However, in the present invention, the alignment of
photoactive molecules per se determines the alignment of

dichroic molecules adsorbed thereon, without the



jectured that when the surface of glass or a polymer fillmis subjected to
rubbing treatment, dye nolecules 25.are aligned along fine grooves forned
on the surface. Fbwever, in the present invention, the alignnent- of

phot oacti ve nol ecul es per se determ nes the al i gnnment of dichroic nol ecul es
adsor bed thereon, wthout the - 26 - %atlon of such grooves. The

di chroic mol ecul es used in the present |n tron are nol ecules of a
conmpound whi ch exhl Lts p in% properties by alignnent of the nolecul es
5 thensel ves ofOfM& F°&g&%e @S PSPt i nite direction. For exanple

cromatic ring Struct ur o, B8 séﬁﬁ‘i‘oﬁ%ﬁ&oh‘a%&yseafﬁ% LR prsheit cne
het erocyclic rlbaggrkgg?‘ %_ ale%’ul@ér 'cﬂ.” r%eherec#lm n‘ﬁﬁf‘:ﬁm T dagzi ne,

pyrazi ne and q ernary sal use |ngs of these

conpounds and , I i call r le. In
ad(r:IrPt I on, ggg'régtrigrla I (% t a:‘%’l y?&g&ﬂ%‘{)sﬁt%{é g?]dtlésgu@h@
sul foni ¢ aC'sd Qﬁ%gelwsn%:grmrora mqwé 1% O QUMPE i i d 1 td OBSEh Nt O

t hese aromatic rings. the dichrorc es, there can be exenplified
dye type CO”DOFBQSe§Qﬁbl%$ FMpH®AS having an aromatic ring structure
are preferable. As the aromatic ring structure,
benzene, naphthalene, anthracene, phenanthrene,
heterocyclic ringé (e.g. thiazole, pyr;dine, pyrimidine,

10 pyridazine, pyrazine and quinoline), quaternary salts
thereof, and fused rings of these compounds and benzene,
naphthalene, etc. are particularly preferable. 1In
addition, it is preferable that a hydrophilic substitu-
ent such as sulfonic acid group, amino group or hydroxyl

15 group is introduced into these aromatic rings.

As the dichroic molecules, there can be
exemplified dye tyﬁe compounds such as azo dyes,
'stilbene dyes, pyrazolone dyes, triphenylmethane dyes,
quinoline dyes, oxazine dyes, thiazine dyes, anthra-

20 guinone dyes, etc. Water-soluble compounds are
preferable but the dichroic molecules are not limited to
them. In addition, it is preferable that a hydrophilic
substituent such as sulfonic acid group, amino group or
hydroxyl group is introduced into these dichroic

25 molecules. Specific examples of the dichroic molecules
are C.I. Direct Blue 67, C.I. Direct Blue 90, C.I.
Direct Green 59, C.I. Direct Violet 48, C.I. Direct Red

39, C.I. Direct Red 79, C.I. Direct Red 81, C.I. Direct



stil bene dyes, .pyrazol one dyes, triphenyl methane dyes, quinoline dyes,.
oxazi ne tlyes,»thi azi ne dyes, anthra- 20 'qui none dyes, etc. -Water-sol ubl e
conpounds are preferable but the dichroi’c nolecules are not limted to
them In addition, it is preferable that a hydrophilic substituent such as
sul foni ¢ acid group, amino group or hydroxyl group is introduced into these
di chroic 25 nol ecul es. Specific exanples of the dichroic nolecules are C. |
Direct Blue 67, CI. Direct Blue 90, C.1. ~#Tett Geen 59, C . .Direct
Violet 48, C.1. Direct Red 39, C.. .Direct Red 79, C.1. Direct Red 81, C

Di r ect -27- R@é é@ €1 Hiteat Baf &9/ €4I- E?#’é%%t@ﬁm%es%ﬁ b

Direct Orange 72, Acid Red 37, and t he dyes_descr bed
JP-A-1-161202, E’Pfﬂcf Preass 7 %P A I %‘g P q-A @BSA 1- 248105

d JP-A-1-2652Q5. 5 tr (o] c dye t es are
_gﬂown bel ow. C. esﬁrﬁl’@% B é‘i’é%'[%:r%%l fl T o S’(igﬁg% 7‘gl?sl\§£'y >
CHlerr] — CHenth3g7, gp-a-1-183603%) ea‘ﬁlzi\lalizeiéiosc dna BB e£L Rogls 55s

5 The structures of typical dyes among these dyes ére

shown below.

C.I. Direct Blue 67
OCH3

NaOs3
o “@i‘
@ OH m3¢"  Naoss
. NaO3
C.I. Direct Orange 72
OCH CH30
Na038 3 3 SO3Na

NaO3S SO3Na

r

C.I. Direct Red 83

OH HO

weeliicee il
NaO3S NaO3S NH~CO-H

SO3Na SO3Na



, OH HOOHH [err] -28 - C 1. Drect Geen 59 NaG3 -

S err}Na CE[.err] - COONa [err]. CI. Direct Violet 48 OGCu O ,
OCu Oferr] and C.1. Acid Red 37 Herr]N [err] A nmethod for ‘ani sotropic
adsorption of the dichroic nolecules on the photoactive nolecular |ayer on
the substrate irradiated with linear pofrafBzzd light is explained bel ow
One conpound sel ected fromthe above- 5 nentioned dichroic nolecules or a
m xture of two or nore conpounds selected therefromis dissolved in a

hydro- philic solvent such as water, nethanol or ethanol, or- an aqueous
sol vent thereofC- P EEREefF2RR oM’ i s prefera-

NaO3 S0O3Na CH3 COONa
, =N —Q-N#\I A@"OH

H3CO SO3Na

C.I. Direct Violet 48

O——iu——o - 00— Cu—0
H3CHENOZS HN
NaO3S o SO3Na SO3Na

r and

C.I. Acid Red 37

H3
HgC-CO-NH“@‘N=N
HO

N

S03Na

A method for anisotropic adsorption of the
dichroic molecules on the photoactive molecular layer on
the substrate irradiated with linear polarized light is
explained below. One compound selected f£rom the above-

S mentioned dichroic molecules or a mixture of two or more
compounds selected therefrom is dissolved in a hydro-
philic solvent such' as water, methanol or ethanol, or an

agueous solvent thereof. The concentration is prefera-



- 29 - bly approximately 0.1 - 10 w w4 nore preferably approximately 0.5 -
5 wwst A surfactant nay be added to the resulting solution. As the .
surfadtant * any of cationic surfactants, nonionic surfactants and anionic 5
surfactants can be used, though the nonionic surfactants are preferable.
Then, the dichroic nolecules solution is dropped on the substrate surface,
after which a layer of dichroic nolecul €s 4@ th a uniformthickness is

formed by neans_of a coater or b spi.n- coati ng techni que._ .10
/MternativeIy,blheaEBBQFFQ@éeH§V%n3 ] &% W@%@Hc qﬁ?lﬁﬁ%ﬁéﬁigthyer

irradiated with |linear _polarized light, i.s i s 1N th | |

nol ecul es sol u?PBﬁoﬁhﬂaEﬁéfX Bul%l &d Sup/ ¥Rsr %a r%d%cgt é‘tug‘}as}o(rgng “ddded
concentration of djichroig | ecul 8S,,.:i.8. IS

pul I'i ng-up rat gocghgt 5%5‘”’%@& lt%og%r?els?g"of ﬁ:tfhgelr g%%ag&rfﬁ'gu%rgf (#jlyer S
preferably smal | _from.t | ' for iGN S Ead | Z1 0% oni
characteristi c‘éaﬁﬁag%s‘?. %r%é:?g?zli%ﬂytg’f g‘rm%r(gzg{r%p e, 10a%ﬂ(}rﬂr3]@ gdtliegs}gfomc

particularly prafecallbyeQ L ve [WWdd, tHbugh the nonildiisunstfadc€aheyi ng

the dichroic nnﬁecules solution attached thereto is dried to formthe

di chroi c nol ecyl@r pra¥@rdoled SAHeh SttHe d WSy Mdledudles | gogt bbenent
(plate) of the preSent invention is obtained. Although the drying

condi tions arejva@reppdeeiliie Gubidtddte kurfade t hef tsod wemich taelayed of
t he di chroic nol ecul es, the volume of the dichroic nol ecul es solution
' of dichroic molecules with a uniform thickness is formed
by means of a coater or by a spin-coating technique.

10 Alternatively, the substrate having the photoactive
molecular layer irradiated with linear polarized light
is immersed in the dichroic molecules solution and then
pulled up. For attaining a4 uniform concentration of
dichroic molecules, it is preferable to keep the

15 pulling-up rate constant. The thickness of the dichroic
molecular layer is preferably small from the viewpoint
of improvement in polarizing characteristics and is
preferably, for example, 10 u or less, particularly
preferably 0.1 to 2 u.

20 The substrate having the dichroic moleculeées
solution attached thereto is dried to form the dichroic
molecular layer in a solid state, whereby the polarizing
element (plate) of the present invention is obtained.
Although.the drying conditions are varied depending on

25 the kind of the solvent, the kind of the dichroic
molecules, the volume of the dichroic molecules solution
applied, the concentration of the dichroic molecules,

etc., the temperature is room temperature to 100°C,



applied, the concentration of t he di chroi ¢ nol ecul es, etc., the tenperature
is roomtenperature to 100[err]C, . - 30:- preferably roomtenperature to

50[err]C. The humidity is 20 to 80% RH, preferably approximately 30 - 70%
RH. The dichroic nol ecul ar |ayer thus prepared by anisotropic adsorption is
in a solid state, for exanple, 5 anorphous._,state or crystaline state and is

usual |y poor in nechanical strength. Therefore, a protective layer is

formed on the surface.gl,tbeofll elngleaBBEECEEABbAYCr ohINGuRLALES! iice | ayer

is usually for rfe y a covering such as coating of t hroic 10

molecular | ayeragl {0, afy Uk a;l'kek&asygagggre&mseuycBroabi o3t Ranspar ent

polymer film or. lamnation of .a transparent polyner~filmsuch as a

pol yester filmor. cellul opgeagetRt&iéi h81oBuLhe PhghrokausDbeephied yer -
When the polarizing element (plate) of the 15 present invention is -

produced, its pphpsbeispgiehaasetpeishi €8 ganabeoluat keatienprete@ample,
subj ecti-ng the photoactive nol ecul ar | ayer to corona di scharge treatnent or

ultraviol et §rraghapheds $bateospnargssahangestaeat amdt iiss usalilgd padtr-on
t he photoactive 20 nol ecul ar |ayer preferably before the irradiation with
| i near pol ari zeth | hgbhanBoalt berehgehof Therefvoea a protective layer
is formed on the surface of the dichroic molecular
layer. The protective layer is usually formed by a
covering method such as coating of the dichroic
10 molecular layer with an ultraviolet-curable or heat-
curable, transparent polymer film, or lamination of a
transparent polymer f£ilm such as a polyester film or
cellulose acetate film on the dichroic molecular layer.
When Ehe polarizing element (plate) of the
15 present invention is produced, its poiarizing
characteristics can be further improved by subjecting
the photoactive molecular layer to corona diécharge
treatment or ultraviolet irradiation. The corona
discharge treatment is carried out on the photoactive
20 molecular layer preferably before the irradiation with
linear polarized light. But the time of the corona
discharge treatment is not particularly limitd to before
the irradiation. As an equipment for the corona
discharge treatment, vérious commercially available
25 corona discharge treatment méchines can be used.
Although the corona discharge treatment conditions are
varied deéending on conditions such as the kind of the

substrate on which the photoactive molecular layer is



di scharge treatnent is not particularly limtd to before the irradiation
As an gqui pnent for the corona discharge treatnent, various comercially
avai | abl e 25 corona di schargeée treatnment machi nes can be used. Although the
corona di scharge treatnent conditions are varied dependi ng on conditions
such as the kind of the substrate on which the photoactive nol ecul ar | ayer
is - -31 - forned, the conposition and thickness of the photoactive

mol ecul ar | ayer, and the conposition and-t Bjckness of the dichroic -

nol ecul ar | ayer applied after the corona discharge treatnent, the energy

density is 20 -fAQRP, WHa Nedhpos DE 258" 2R Y tAPBkAXE5BbE! ¥heOphotdlctive
Wmn-m2, per treating operation. When 1 tine of the treatnent is not
sufficient, thedlIenilentlaper peandrthedcomposittonoandotickhhess wfavi ol et
irradiation is carried out on the photoactive nolecular |ayer 10 preferably
before the irrafiatdicchyid mobeculanl hayeedappjhed Bliterhshe werona he
ultraviolet irradiation is not particularly limted to before the

irradi ati on wi tdigdhasge poteatment | i ghe. epergyuganshsywaseROngt 1408
ultraviolet rays used is not particulary limted, far 15 ultraviol et rays
of 300 nm or5| é%sr,lmm-zexaﬁﬂ%raéﬂa PegeesbrateTheS U Tralfol et irradiation

's preferably W-min-m-2, per treating operation. When 1 time of
the treatment is not sufficient, the treatment may be
carr;ed out twice or more. The ultraviolet irradiation
is carried out on the photoactive molecular layer

10 preferably before the irradiation with linear polarized
light. But the time of the ultraviolet irradiation is
not particularly limited to before the irrad;ation with
line;r polarized light. Although the wavelength of
ultraviolet rays used is not particularg limited, far

15 ultraviolet rays of 300 nﬁ or less, for example, are
preferable. The ultraviolet irradiation is preferably
carried out in an oxygen stream. As an equipment for
the ultraviolet irradiation, various commercially
available ultraviolet irradiations can be used.

20 Although the ultraviolet irradiation conditions are
varied depending on conditions such as the kind of the
substrate on which the ph&toactive molecular layer is
formed, the composition and thickness of the photoactive
molecular layer, and the composition and thickness of

25 the dichroic molecular layer applied after the ultra-
violet irradiation, at most about several minutes is

sufficient as the irradiation time.



carried out in an oxygen stream As an equipnent for the ultraviolet

i rradi ation;, various comercially available ultraviolet irradiations can be
used. 20 Although the ultraviolet irradiation conditions are varied '
dependi ng on conditions such-as the kind of the substrate on which the

phot oactive nol ecul ar layer is fornmed, the conposition and thickness of the
phot oactive nol ecul ar layer, and the comosi4ion and thickness of 25 the

di chroic nol ecul ar | ayer applied after the ultra- violet irradiation, at

nost about several ninutegnighéuggggiQ?LFQ%E%QEPE&QQW 1gﬂghédgn%platé)32 -

In the case of the polarizing el ement the present invention, a

polarizing | ayegeghaybngragefRt ia0aNtA¥NS G@RHAR FYFITRA 1Y AMhLHIE hn
surface wi thout applying an external stress. For exarnple, a 5 polarizing

el enent (plate)oseehnas BRESN cahNBeS FotmRISOn AnyJIRUH @A Wirdudwve an
optional axis of polarization can be produced by form ng the photoactive

mol ecul ar | ayerwigr8uknappéyfhgsent exteanalontress.he Rar \ednpld ace of
sungl asses or goggles, irradiating the 10 photoactive nolecular layer with
| i near pol ar 6zegolaghtingndlehentf dpliate )a sdickhas Ealm Hailng sungkasses.
thereon. To the polarizing element (plate) of the .

or goggles which have an optional axis of polarization

can be produced by forming the photoactive molecular

layer used in the present invention, on the curved

surface of sunglasses or goggles, irradiating the

10 photoactive molecular layer with linear polarized light,

and then forming a dichroic molecular layer thereon.

To the polarizing element (plate) of the
present invention, a gradation due to variation of the
depth of color -of the polarizing element (plate) itself

15 or a pattern having a large number of axes of polariza-
tion can be given during the production of the
polarizing element (plate). A gradation display
polarizing element (plate) having a gradation can be
produced by utilizing linear polarized light passed

20 through a mask pattern composed of portions different in
depth of color or a photographic negative at the time of
baking a polarization pattern on a photoactive molecular
layer. A multi-axial polarizing element (plate) having
a large number of axes of polarization can be pioduced

25 by irradiating different areas of a photoactive
molecular layer with linear polarized lights different

in axis of polarization, at the time of baking a

polarization pattern on the photoactive molecular layer.



present invention, a gradation due to variation of the depth of color of .
the polarizing element (plate) itself 15 or a pattern having a |arge nunber
of axes of ‘polariza- tion can be given during the production of the

pol ari zing el enent (plate). A gradation display polarizing el enent (plate)
havi ng a- gradation can be produced by utilizing Iinear polarized |ight
passed 20 through a mask pattern conposed 3 portions different in depth of
color or a photographic negative at the tinme of baking a polarization
pattern on a photoacti ve AmSiteésgescopdyedisplay nalad B3 1ing| 8l eBeRE el enent
(plate) having a_l arge nunber of axes  of pol arization cap be produced 25 by
“irradiating di {PéRERY SAEaPHLPILPMRDRIIRG the &Qﬂ-%?l¥h9%re£F‘E‘ﬂnFi near

pol arized lights_different .in axis of polarizatio at_the i of baking a

pol ari zati on péP?éFﬁ)oﬁ ﬁ?ﬁﬂﬂﬁ?ﬁ%ﬂq\k??ﬁﬂ%&ﬁﬂznr&%ﬁeY?rm Ft88%07A
S eoscon! ¢ dLERLat PRGNS e PLa B S, BEBONERtoopRoyt e
e Soer ) MRSt TN B R o], ShigedrLicatlrgs el
includes, for gxamila nfedHdI00 e |QGMUE1D FhetndBI{RELRALE] CEoEN Ted
example, a method of looking at a matter printed in red
and blue through glasses composed of left and right
lenses colored in red and blue, respectively, and a
10 method of obtaining a three-dimensional image by
shifting the focus of eyes. There is also a method of
obtaining a three-dimensibnal projected image by passing
an image obtained by means of a polarizing projector,
through a polarizing elemént (plate) having different
15 axes of polarization in its left and right portions,
respectively. But, there is no method of obtaining a.
three—-dimensional image by looking at a polarizing
element (plate) on a plane through another polarizing
element (plate). For displaying a figure or a pattern,
20 it is necessary to impart polarizing characteristics to
only a certain restricted region or give two or more
axes of polarization on one plane. Since the polarizing
element (pléte) of the present invention permits drawing
of fine patterns whose axes of polarization are the same
25 or different, said polarizing element (plate) is
suitable for producing a stereoscopic display polarizing
element (plate). For producing the stereoscopic display

polarizing element (plate), polarizing elements (plates)



and bl ue through gl asses conposed of |eft and.right |lenses colored in red
and bl ye, rgspectively, and-a 10 nethod of obtaining a three-dinmensional

i mage by shifting the focus of eyes. There is also a nethod of obtaining a
t hr ee- di nensi onal projected i mage by passing an i mage obtai ned by neans of
a polarizing projector, through a polarizing elenent (plate) having
different 15 axes of polarization in its-l gt =and ri ght portions,
respectively. But, there is no nethod of obtaining a three-di nensional ,
image by | ooki mprtlef poépei andgrégbbeaye( ptaspecatvalyl, aneet heceglsaayot her
pol ari zing el enent (plate). For displaying a figure or a pattern, 20 it is
necessary to i fMarpredtcei eaohy ofatheserpelacizingorlymantsr @latesdtri ct ed
‘region or give two or nore axes ‘of polarization on one plane. Since the

pol ari zi ng el erfentig psufficbenthehpkeacholarieation pathers dsafakgdoonfine
patterns whose axes of polarization_are_the same 25 or different, said

pol ari zi ng el erfer@heEPRcRIveSMQLPEUBRE LBYeHr BUUBKRESHI St EPed4B68 c di spl ay
pol ari zi ng el enent | ate), For producing_ the stereoscopic displa

ol ar i 7ing cF eretatbrad chiahE] sRFGRAR o ardlr o pRakeBpttetn B broson of
ng’aﬁ‘{‘gi []'992} ee;rg%géf%f’g%'#ﬂ%z L8 PREESRZLY, FBeR" 2YHEECBR1aYh JLRese

light for left eye and that for light eye are made
different in axis of polarization, polarizing elements
(plates) corresponding to the axes of polarization,

10 respectively, can be produced. The angle between.the
axes of polarization is preferably, for example, *45°,
+90° or %£135°. The stereoséopic display polarizing
element (plate) can be produced by putting the aforesaid
polarizing elements (plates) side by side at a definit

15 distance from each other or placing them one upon
another. When there are used a mask for left eye and a
mask for right eye which have been produced by the use
of fine dots, an image for left eye and an image for
right eye which are different in axis of polarization

20 can be baked on a polarizing element (plate).

EXAMPLES
- The present-invention including synthetic
methods of compounds having photoactive molecules is
more concretely -illustrated below with examples, but the
25 present invention is not limited by these examples. 1In
the examples, parts are all by weight unless otherwise

specified. The polarization rate was calculated by the



It is sufficient that a polarization pattern is baked on a photoactive

mol ecular. | ayer by exposure to linear 5 polarized |ight through a desired
mask patterh or photo- graphic negative. In this case, when |inear

pol arized light for left eye and that for light eye are made different in
axis of polarization, polarizing elements (plates) corresponding to the
axes of polarization, 10 respectively, can3pe-produced. The angl e between
the axes of polarization is preferably, for exanple, [err]45[err], :
[err]90[err] ofolaiiinip[ealdulafticornsteagemsiopt ¢ di spl ay pol ari zi ng el ement
(plate) can be produced by putting the aforesaid polarizing elenents
(plates) side by side at a definit 15 distance from each other or placing
t hem one upon anot her. Wen there are used a nmask for left eye _and a mask
for right eye whi clPdiamidsirompraake eth by={ 62 useXof/ (¥ner din)s >/ Anxi kage
for left eye and an inmage for right eye which are different in axis of

pol ari zati on 20 can be baked on"a polarizing elenent (plate). EXAMPLES The

present invention includi&gwsynthetic nmet hods, of conpounds havi ng
phot oactive nol ecul es is hi#ie BEGAdldtlel §F 309068 ¥3R%R bl ow wi t h exanpl es,

exanpl os. parts are a1 by el GHPARIIL AN SRegRo T bd. The
pol ari zation rate was cal cul ated by the.
S Example 1
4-Methacryloyloxyazobenzene is dissolved in
benzene to obtain a 20 wt% solution, and the solution is
subjected to polymerization with deaeration at 60°C for
12 hours by using azobisisoﬁutjlonitrile as an
10 initiator. A solution consisting of 10 parts of the
resulting polymer having azobgnzene and 90 parts of
toluene is spin-coated on hard glass. This substrate is
dried by heating at 105°C for 10 minutes.
A 500 W/h ultrahigh-pressure mercury lamp is
15 used as a light source, and light therefrom is converted
to visible light (> 400 nm) by means of a cut off filter
and then passed through a polarizing plate to be
converted to linear polarized light. The coated surface
of the aforesaid substrate placed in parallel with the
20 axis of polarization of the polarizing plate is
irradiated with the linear polarized light from a.
distance of 50 cm at room temperature for 1 minute.
To 10 parts of C.I. Direct Blue 67 is added 1
part of Emalgen 108 (a nonionic surfactant, mfd. by Kao

25 Corp.) and the resulting mixture is diluted with 89



- 35 - following calculation equation: Polarization rate (%9 =((Y[err] -
Y[err])k(Y[err] + Y[err])[err] x 100 (Y2:. parallel transm.ttance (%, ]
Y[err]: orthogonal transmttance (%). 5 Exanple 1 :

4- Met hacryl oyl oxyazobenzene i s dissolved in benzene to obtain a 20 wt %
solution, and the solution is subjected to polynerization with deaeration
at 60[err]C for 12 hours by using azobisisobftylonitrile as an 10.
initiator. A solution consisting of 10 parts of the resulting polyner

havi ng azobenzeparfadofodpstidled maltieandd Lt in contagnesnfhasalygrien.
This substrate is dried by heating_at 105[err]C for 10 mnutes. A 500 Wh
ul tr ahi gh- pr essBrésnageepys) dyve iselidigfed aspintepateadrrcthangurfase
therefromis converted to visible light (> 400 nm by nean f a cut off

filter and thenipaddiater: wifh éhﬁb@%QQﬁqu??ﬂ%ﬁk¥Q4)%%ﬂﬁ%ﬁ%ngEG to |inear
| ari zed light. _Th ted f fo t foresaid bst I d_i
aral 1ol with tRESIBSEIRs SSioEEa 209 Ghas SHEGAITS, S B bietfeor |
[ di ated wi_th Li ' | i.ght_ f . O 5
termer at ur e Por 21 AfiReS0R Nb WSkt @ PO futi il i CafgLa) " oo
part of Enalgenogoghgapgg@%§y(aﬁ?%ggygéyn, nfd. by Kao 25 Corp.) and the
' Wi t 9 .

resulting mxture is diffute
When this substrate is observed through a

polarizing plate, a contrast between light and darkness
appears. When the polarizing plate is turned, light and

10 darkness are reversed every 90°, namely, the substrate
shows the same behavior as that of a conventional
polarizing plate. The single-plate transmittance at
each wavelength and average single-plate transmittance
(¥s: the avérage of single-plate transmittance values

15 at individual wavelengths) of the polarizing element
(plate), and the transmittance, pdiarization rate and
average polarization rate (p: the average of polariza-
tion‘raée values at individual wavelengths) which are
attained when the axes of polarization of two of the

20 polarizing elements (plates) are parallel (Y¥Yz) or

rectangular (¥j) to each other are as follows.



- 36 - parts of distilled water to obtain. an aqueous solution.. This aqueous
dye solution is spin-coated on-the surface irradiated with the linear

pol ari zed Ilght of the aforesaid substrate and then dried under conditions
of 5 25[err]C and 50% RH to obtain a polarizing elenent (plate) of the
present invention. Wen this substrate is observed through a polarizing

pl ate, a contrast between |ight and dargng§s_appears. When t he pol ari zi ng
plate is turned, light and 10 darkness areg'reversed every 90[err], nanely,
t he substrate shows the sane behaviorzﬁégﬂgh_of a conventional polarizing
plate.  The single-plate transmttance at each wavel ength and aver age
single-plate transmttance (Ys: the average of single-plate transmttance
val ues 15 at individual wavel engths) of the polarizing element (plate), and
the transmttance, polarization rat@randmiveaage polarlzat|0§olgggzgp t he
aver age of pohﬂawﬁiGQQQ#I rate val ues_at jndj vi dual wavel engt Bg) cukich are
attai ned when the @ues of poPH9Leti onPaFati@lor HRELHGT polarlz enment s
(pl ates) are parallel (Y[eprl]a}:eor(%r)ect and®d)ar (Yeakdn (%0 each & ?ﬂer are as’
fol | ows. '

400 57.48 42.14 33.13 34.55
420 ~ 61.39 41.60 31.02 38.23
440 60.36 39.88 26.10 45.58
460 57.49 37.44 17.81 59.54
480 52.55 35.38 9.53 75.80
500 47.37 34.39 4.85 86.72
520 - 44.20 33.17 2.77 91.97
540 42.47 32.52 2.06 93.83
560 41.40 32.15 2.11 ' 93.64
580 41.84 32.14 2.83 91,54
600 43.23 33.09 4.42 87.38
620 45.71 34.38 7.39 80.34
640 49.78 36.31 12.96 68.86
660 54.55 39.02 20.51  55.72
680 58.85 41.93 27.17 46.20
700 63.48 45.79 34.82 36.74

Average 51.38 - - 67.92



-(37 - Table 1 Transm ttance Pol ari za- (nm Single
Par al | el;
(% 400

41.
45.
35.
86.
32.
93.
33.
80.
39.
46.
51.

60
58
38
72
52
64
09
34
02
20
38

460
520
580
640
700

Rect an- tion rate plate (% (%9 . gular (%
57. 48 42. 14 33.13 34.55 420 61. 39
31.02 38.23 440 60. 36 39. 88 26. 10
57.49 - 37. 44 17. 81 59. 54 480 52. 55
9.53 75.80 500. 47. 37 34.39 4. 85
44.20 33.17 2 38 - 91. 97 540 42. 47
2. 06 93. 83 560 41.40 - 32.15 2.11
Zxampie 2 32 14 2.83 91. 54 600 43. 23
4. 42 87.38 620 - 45. 71 34.38 7.39
49.78 4-Mgghagryloylodyagipenzene grdagesdy 54. 55
20. 51 55. 72 680 58. 85 41.93 27.17

(V]

10

15

20

pgtapcrylate ace7@issolvedsimbenzene Jo Ahenkd i of

- 67.92 - 38- . _ )
1 : 9 to obtaia a 20 wt$ solution, and the solution is

subjected to polymerization in the same manner as in

Example 1. A solution consisting of 10 parts of the

resulting polymer and 90 parts of toluene is spin-coated
on hard glass, dried by heating at 105°C for 10 minutes,
and then irradiated with linear polarized light in the

same manner as in Example 1. Then, an aqueous dye

‘solution obtained by mixing S parts of C.I. Direct Blue

67 with 5 parts of C.I. Direct Orange 72, and adding
thereto 1 part of Emalgen 108, followed by dilution with
89 parts of distilled water is spin-coated on the
surface irradiated with linear polarized light and then
dried under conditions of 25°C and S0% RE to obtain a
polarizing elemen:-(plate) of the present invention.
The single-plate transﬁittance at each wavelength and
average single-plate tranémittance of the polariziﬁg
elehent (plate), and the transmittance, polarization
rate and average polarization rate which are attained
when the axes of_polarization of two of the polarizing
elements (plateé) are parallellor rectangular to each

other are as follows.



Exanple 2 4- Met hacryl oyl oxyazobenzene and net hyl nethacrylate are dissol ved
in benzene i,n the ratio of 1 : 9 to obtain a 20 wt % sol ution, and the
solution is 5 subj ected to polynerlzatlon in the same manner as in ExanDl e
1. A solution consisting of 10 parts of the resulting polynmer and 90 parts
of toluene is spin-coated on hard glass, dried by heating at 105[err]C for
10 mnutes, and then irradiated with |- rB8ar~ pol arized light in the 10
same manner as in Exanple 1. Then, an aqueous dye sol ution obtai ned by
mxing 5 parts of C. 1. Direct Blue 67 Mabhe52parts of C.I. Direct Orange
72, and adding thereto 1 part of Emalgen 108, followed by dilution with 89
parts of distilled water is spin-coated on the 15 surface irradiated with
linear polarized |ight and then dri d under condltlons of 25[err]C and 50%

RH to obtain a,poLfL %kﬂg el ement ( OF349%e present i nPeEITdEa-The
single-plate tranfm ance ggngagh wapglrgrj_gtelj_ anohéaé/@{;@.ge Sitrigine-ralta e
transmttance of polar eleneg%)(plat ﬁ'&* he trargm ttance,
pol ari zation rate and ave age pol ari zat i rate &S attalned when t he

paral lel or rectadl ar to Gl her Z#iezéégfﬁl Fode03 (P2 CP HF

420 35.99 20.20 ~ 5.58 75.29
440 35.86 20.48 | 5.15 77.28
460 36.49 21.54 4.98 78.97
480 36.75 22.38 4.57  81.26
500 37.07 23.29 4.18 83.34
520 37.30 - 23.97 3.92 - 84.72
540 37.37 24.12 3.70 85.66
560 37.80 24.85 3.75 85.87
580 38.84 26.04 4.13 85.19
600 40.23 27.59 4.78 83.88
620 42,01 29.38 5.87 81.65
640 44.88 31.91 8.19 76.88
660 48.69 35.02 12.26 69.39
680 52.65 38.33 16.88 62.34
700 57.28 42.39 23.05 54.28

Average 41.05 - - 77.30



- 39 - Table 2 Transnittance

Pol ari za- Wavel ength (nm -

Single, Par al | el Rect an- tion.rate plate (% (9% - “gular
(% (@6 400 . 37.58 21.24 7.03 70. 83 420
35.99 20. 20 5.58 - 75.29 440 35.86 - 20. 48
5.15 77.28 460 36. 49 21.54 4.98 78.97 480
36. 75 22. 38 4.57 81. 26 €00 - 37.07 23. 29
4.18 83.34 520 37.30 . 23.97 3.92 84.72 540
37.37 24 Bpample 3 3 70 85.66 560 37.80 24. 85
3.75 85. 87 580 38.84 26. 04 4.13 85.19
600 40. 23 27Asgethacrylic;gster polymegghgsgng 42.01
29. 38 5.87 . 81. 65,640 . 44 88 . 31.91 . 8.19,
76.88 660 Sengyagdens-anidips in the slds chains &5 Fyngppsized in
2:2), 82 324‘%8 i@gﬁgaélg'n%%r ag iﬁ;s%a%n%léoqt and a 5570'1%.18t_ion 42'_‘;’3 30
-40 - 5. consisting of 10 parts of the polymer and 90 parts of
toluene is spin—coatéd on hard glass and dried - by
heating at 105°C for 10 minutes. The coated surface of
the substrate is irradiated with linear polarized light
obtained by combining a cut off f£ilter (> 340 nm) and
10 polarizer with light from ultrahigh-pressure mercury
lamp. Then, a dye solution is applied and then dried in
the same manner as.in Example 2 to obtain a polarizing
element (plate) of the present invention.
Example 4. Production of a polarizing element (plate)
15 using a polymer £ilm having stilbene
A methacrylic ester polymer having 6-hexyloxy-
stilbene in the side chains is synthesized, and a
solution consisting of 10 parts of the polymer and 90
parts of toluene is spin-coated on hard glass and dried
20 by heating at 105°C for 10 minutes. Irradiation with

25

linear polarized light is carried out in the same manner

‘as in Example 3, after which a dye solution is applied

and then dried in the same manner as in Example 2 to
obtain a polarizing element (plate) of the present

invention.



Exanmpl e 3 A nethacrylic ester polymer having benzylidene-aniline .in the
side chains is synthesized in the same manner as in Exanple 1, and a
solution 5 consisting of 10 parts of the polyner and 90 parts of toluene is
spin-coated on hard gl ass and dried by heating at 105[err]C for 10 m nutes.
The coated surface of the substrate is ir+agiated with Iinear polarized

| i ght obtained by conbining a cut off filter (> 340 nm and 10 pol ari zer
with Tight fromxdhppbi gh- psgasteeiBEbEUBY aamplatieinga edypment wising ias
applied and then dried in the sane manner as in Exanple 2 to obtain a

pol arizing el enent (plate) opolpmepr £&2mt hakiant spdropyaapl e 4. Production
of a polarizing elenment (plate) 15 using a polynmer film
havi ng stil bene A net hacr il metbateylpcl gsterhpolyged- hewingxy— stil bene in
the side chairns is synthesized, and a solution consisting of 10 parts of

t he pol yner andndbrpandeolénospigehenzopypian dsattde &ideacadingsssand dri ed
20 by heating at 105[err]C for 10 minutes. Irradiation with linear

pol ari zed |i ghtsysthapired ogndi @ ERAUSSPE FORFdStdag RIELOREEES fter
whi ch a dye solution is applied and then dried in the same nmanner. as in
Exanpl e 2 to obEBEnPRLYBEE, Fi’:anaoelpéﬁéﬁt QfpItidens LS SRFSaRtess on

I nvention. hard glasé and dried by heating at 105°C for 10 minutes.

The coated surface of the substrate is irradiated with -
linear polarized light in the same manner as in Example
10 3, after which a dye solution is applied and then dried
in the same manner as in Example 2 to obtain a polariz-

ing element (plate) of the present invention.

Example 6. Polarizing eiement (plate) using a
poly(vinylidene fluoride) film

15 A solution consisting of 0.1 part of the same
polymer’' containing azobenzene as used in Example_l and
99.9 parts of toluene is spin-coated on a poly- '
(vinylidene chloride) f£ilm and dried by heatiné at 105°C
for 10 minutes. In the same manner as in Example 1,

20 this substrate is irradiated with linear polarized
light, coated with a dye solution, and then driéd under
conditions of 25°C and 50% RH, after which a poly-
(ethylene terephthalate) film is laminated on the coated
surface to obtain a polarizing element (plate) of the

25 present invention.



- 41 - Exanple 5. Synthesis of of a polarizing el enent using a pol ymner
filmhaving spiropyran A nethacrylic-ester polyner having 6-

ni t roi ndol i nospi robenzopyran in the side chains is 5 synthesized, and a
solution consisting of 10 parts of the polyner and 90 parts of toluene is
spin-coated on hard glass and dried by heating at 105[err]C for 10 m nutes.
The coated surface of the substrate is irTdtfated with |inear pol ari zed
light in the sane nagne as

appl i ed and t hé<¥PPEE in ¢ fia gﬁggﬁgﬁﬁé%#%¥iﬂgﬁgé#%#égzﬁi%kg%ég%ﬁiégg)iS
ol ar 1 71 ng. o ement (pl at of HERHS 185, BepRIE a1 Rt GEle s e same
Srobenzene ae RehVidrahavihe’ deobingst ML Anedied! thibannte |
i hutss. I n i het oARd° BN paEe bir EANerd G SRR 08 Y Nt flastor 10

i rradiated wst hahiN@2h eROIY nead iingdhly 19PAEE I (1o aniyer 89! UtAORasrNd
then dried under conditionS of 25[éerr]C and 50% RH, after which a poly-

(ethyl ene terepphbakahekifth BrepWid HMT Ayt tier toeied Bsirpr&€ed oonbt ain
a polarizing elenent (plate) of the 25 present invention.
the coated surface of the substrate, and the coated
surface is irradiated with linear polarized light
obtained by combining a cut off filter (> 340 nm) and
10 polarizer with light from ultrahigh-pressure mercury
lamp, through the mask pattern from a distance of 50 cm
at rooﬁ temperature for 1 minute. A dye solution is
applied and then dried in the same manner as in Example
‘l to obtain a polarizing element (plate) of the present
1s Iinvention. When this element is observed through a
separately produced polarizing plate,'there is obtained
an image héving a stepwise contrast which corresponds to
the mask pattern. When the polarizing plate is turned,
an image wherein light and darkness have been reversed

20 is obtained every 90°.

Example 8. Gradation display polarizing element (plate)
A solution consisting of 10 parts of the same
polymer having azobenzene groups as cbtained in Example.
1 and 90 parts of toluene is spin-coated on hard glass
25 and dried by heating at 105°C for 10 minutes. A
photographic negative is placed on the above-mentioned

substrate, followed by irradiation with polarized light



-42 - Exanple 7. ‘Gradati on di spl ay poIarrzrng el enent (plate) A sol ution
consi sting qQf 10 parts of the same pol yner haV|ng azobenzene groups as _
obtained in Exanple 1 and 90 parts of toluene is spin-coated on hard gl ass
5 and dried by heating at 105[err]C for 10 m nutes. A nmask pattern with
stepwi se contrast variation is placed on the coated surface of the
substrate, and the coated surface is irradddted wth |linear polarized |ight
obt ai ned by conbining a cut off filter (> 340 nm) and 10 polarizer with

| i ght from ul t o&hivjlsilrles stays mivtained airp, thersams namnens&spbBtern from a
di stance of 50 cmat roomtenperature for 1 mnute. A dye solution is

appl i ed and t h&xammlel 3 n frem sardistanrs o 36 Ehaapl ©0amt BeBBeRRRUES

pol ari zi ng el enent (plate) of the present 15 jnventj on, gn this elegent

i s bbserved thfgygh Risupet at & 3ys R G| 5 | IPPHLPE 2R ERER AT LE
obt ai ned an i mage havrn a s%ﬁfmnse contrast which corres onds tﬁathe mask

pattern. \Wen tfe 58 easr’s”hﬁ’fﬂﬁpl%nllﬁﬁg%b% ?e? nPPT3ht %and

dar kness have heen reversed b i.ned ever

O nont: on aipAR e ST RL ot S sesEd teT Rt sof . cihEn Chis,
parts of the Sam AOLYTE s DAYl 18, LR ENZEIE 0L OLBSa 25+ O0) A PERubEQEX T ©

polarizing plate, there is obtained an image correspond-
ing to the photographic negative. When the polarizing
plate is turned 90°, light and darkness are ‘reversed,

10 whereby a positive image is obtéined.

Example 9. Multi-axial polarizing element (plate)

A triaeetyl cellulose f£ilm is immersed in a
solutioﬁ consisting of 1 part of the same polymer having
azobenzene groups as obtained in Example 1 and 99 parts

15 of toluene and pulled up. After natural drying in the
air, the above-mentioned substrate placed in parallel
with the axis of polarization of a polarizing plate is
irradiated with linear polarized light obtained in the
same manner as in Example 1, from a distance of 50 cm at

20 room temperature for 1 minute. Next, the axis of
polarization is turned 90°, after which a mask pattern
is placed on the aforesaid substrate, followed by
irradiation with polarized light of visible rays from a
distance of 50 cm at room temperature for 1 minute. The

25 same aqueous violet dye solution as in Example 1 is
spin~-coated on the aforesaid substrate and then dried

under conditions of 25°C and 50% RE to cobtain a polariz-



1 and 90 parts.of toluene is spin-coated on hard. glass 25 and dried by

heating at J105[err]C for 10 m nutes. A phot ogr aphi ¢ negative is placed on

t he above-nentioned substrate, followed by irradiation with polarized |ight

- 43 - of visible rays obtained in.the same manner as in Exanple 1, froma

di stance of 50 cmat roomtenperature for 1 mnute. A dye solution is

applied and then dried in the sane mannér 4% Tn Exanple 1 to obtain a

polariz--5 ing elenent (plate) of the present invention. Wien this .

- substrate i s obsgredememtougt akedepdr &he st dnyRA kPR ngd'peRt Bhishere
I s obtained an inage correspond- ing to the photographic nega%ive " When the

pol ari zi ng pl aEBbESrakends Shserved Ghinuath g Genarately Preduredd, 10

wher eb it I, ' bt ai_ned. le 9. | ti-axial | ari zi

ol ament (pl ot CPOASEHERAR BLARA (REEE 14 1P Hambrab i 1454 €OTh( on
I Sti f 1 f Nola] havi

bl ai ned 'n ExBRBRE F G RE 96 Bari nth 1O (MRS Rl R | Ga RLBipds, o

| dryi ' ' beyes ' d I I el
W h Che aise SPopBRE SRty Sl e (RGa PRy BEOLLEE yPopgi el | o

| i near pol ari zgg 13 tt&te AU ned ﬂi@ﬁé‘%ﬁ&‘"@am iSvd &SR MPLEedged OM a

di stance of 50 cm a
is obtained every 90°.

Example 10. Multi-axial polarizing element (plate)
A triacetyl cellulose £ilm is immersed in a

10 solution consisting of 1 part of the same polymer having
azobenzene groups as obtained in Example 1 and 99 parts
of toluene and pulled up. After natural drying in the
air, the above-mentioned substrate placed in parallel
with the axis of polarization of a polarizing plaﬁe is

15 irradiated with linear polarized light obtained in the
same manner as in Example 1, from a distance of 50 cm at
room temperature for 1 minute. Next, the axis of
polarization is turned 45°, after which a striped mask
pattern is placed on the right part of the aforesaid

20  substrate and the left part is hidden so as not to be
exposed ﬁo light, followed by irradiation with polarized
light of visiblé rays from a digtance of 50 cm at room
temperature for 1 minute. Then, the axis of polériza-
tion is turned 45°, after which a geometrically

25 patterned'mask pattern is placed on the left part of the
aforesaid substrate and the right part is hidden,

followed by irradiation with linear polarized light for



20 roomtenperature for 1 mnute. Next, the axis of polarization is turned
90[err], after which a mask pattern i's placed on the aforesaid substrate,
followed by irradiation with polarized |ight of visible rays from a

di stance of .50 cmat roomtenperature for 1 mnute. The 25 sane aqueous
violet dye solution as in Exanple 1 is spjg coated on the aforesaid
substrate and then dried under condi tions 4P Z5[err] C and 50% RE to obt ai n

I - -44 - t | at f th t ti Wien t hi
Substrate is ofsdHAHTn ol SRBLARaraRy BiaHRECAYROPALIENG BPatl 't hor o

cor ?22%233. ‘ Qlf‘gcr%afﬁél%tEi%S%‘%%ﬁ?%&%ﬁ%ﬁﬁe%%f‘%ﬁ???ﬁ%%?%ﬁ%itg#ér Agd, an
ooperr]. Bampitah Mied USEFE cAMEL SRR S8 Eh3G =pd 8P A EeTcer
cel | ul ose Tilmds 4 el 8'1&9191&:8 éi’éx‘déh@“ 99%?%?%9& #:r@%éhto‘c t he

sane pol yner haV|ng azo nzene groups as ob I'ned’i n ExanpTe and 99 parts

of toluene and pubdeeiom. Ahén E'ﬁlyré‘thEYéBQ i bBgedbkd EHQouF
above- nentloned substrate placed in parallel with the axi's of po arlzatlon

of ahpol ari zi ngs gt £t &5y Iprodicdd apelavizbngi peatepohastzegdeli ghkgebtai ned
n e obtained on the right part. When the polarizing plate
is turned 45°, the striped image disappears and in
place thereof, a geometrically patterned image is
- 10 obtained on the left part. When the polarizing plate is
turned 90°, the geometrically patterned image on the
left part disappears and a striped image is obtained as
a reverse image on the right part. When the polarizing
plate is turned 135°, the striped image on the right
15 part disappears and a geometrically patterned image is
obtained as a reverse image on the left part. When the
polarizing plate is turned 180°, the geometrically
patterned image on the left part disappears and a
striped image is obtained on the right part, namely, the

20 same image as the initial image is obtained.

Example 1l1. Multi-axial polarizing element (plate)

A belt-shaped, continuous, multi-axial
polarizing element (plate) is produced using the
equipments shown in Fig; 1 to Fig. 3. Fig. 1 is a

25 schematic illustration of an equipment for forming a
photoactive molecular layer. A triacetyl cellulose film

is set on a film roll (a), and an immersion roll (c) is



same manner as in Exanple 1, froma distance of 50 cm at roomterrperature
for 1 g1nupe Next , the axis of polarlzatlon is turned 45[err], after- which
a striped nask pattern is placed on the right part of the aforesaid 20
substrate and the left part is hidden so as not to be exposed to |ight,
followed by irradiation with polarized Iight of visible rays froma

di stance of 50 cmat roomtenperature for #6ninute. Then, the axis of

pol ariza- tion js turned, 45/ err after which a eonetrlcall 25 Rg! tterned
mask pattern |s’-“ﬂﬂ%¥:%‘?f¥o’r1“t PP WeEaFFlBFlPHe(588§é§5f"89585311r BE&E r?gfrthe

%?ht pig I-S dd%(?ée‘“foéﬁﬁgy‘&d b Egglé%tshggﬁdh%ﬁgbégfgt Fgﬁl g? i’%d 'A?rgfe
1i .

of'§5f2LP]EPZE§=%8€°i&$?% 8%&2?% ggo ératsﬁgnepéﬁggtr%pnggn e#h%ﬁ@q!%{ons
D o ny opb 1 20x abes LhhScaufisLbahg bR BPRThucdo! Beguoitad separately

produced pol ari’zZi ng pla 'S obtaine ri'ght part.

Wen the polgrizing plat efiietﬂrf@d 4§Eﬁé{nlatﬂ:h‘i‘1§h§hPEE'J.bHHGE dhsappear s

and in place thereof, a geo trlcal y patterned 1nmage Is obt ai ned on
the left part. jVhes:ibsr P taﬁbzaagzahamghs ber oeglsaéekays thehe £ilm

geonetrically patterned i mage on

having a photoactlve molecular layer formed thereon is
set on (a), irradiated with polarized'light of wvisible
rays obtained by the use of an ultrahigh-pressure

10 mercury lamp (b) and a polarizing plate (c), and then
wound on a wind-up roll (d). The polarizing plate (c)
can give linear polarized light of 2 cm in width and is
used so as to allow the direction of the axis of
polarization alternate between parallel direction and

15 perpendicular direction to the side of the film every
time the £ilm is moved by 2 cm.

Fig. 3 is a schematiclilluétration of an

‘equipment for forming a dichroic molecular layer. The
£ilm having the photoactive moiecular layer formed

20 thereon which has been irradiated with the polarized
light is set on (a), followed by transfer onto the film
by means df a gravure roll (c) immersed in an aqueous
dichroic molecules solution in a tray (b). The film is
air-dried at 25°C as it is and then wound on a wind-up

25 roll (d4). As the agqueous dichroid molecules solution in
the tray (b), there is used a solution prepared by
adding 1 part of Emalgen 108 to 10 parts of a violet dye

(C.I. Direct Blue 67), and diluting the resulting



| eft part disappears and a striped inmage is obtained as a reverse inage on
the right payt. Wien the polarizing plate is turned 135 err], the striped
i mage on the right 15 part disappears and a geonetrically patterned inage
is obtained as a reverse inage on the left part. Wen the polarizing plate
is turned 180[err], the geometrically patterned image on the left part

di sappears and a strlped i mage is obt ai ried 49n t he right part, namel y, the
20 sane inmage as the initial image is obtained. Exanmple 11. Milti-axi al

pol ari zi ng el effdrk %iﬁth?hA@%eP?rEﬁaﬁgddl§GﬁﬁﬂﬁéoU§teﬁult|-aX|a

fo Flg 3 Fig 116 a MneinERactEiry) BurFirRshes PRTSEAe RRoRLPRRE ©
o, o P R TSR L LS e;spz%%%ykagsh!g o E L
and 99 parts P '4‘&8%%%)@25‘53%? 39 Bostin b nbess %%%%?é%l%% '#45%@4 °
schemt o |1 uSEaNen 9 °2n@‘.“r“$§3?§?8?9%? oftaeR, $he) PotR= AP e FAS oy,
The filmhavinga &qbp&@acwvg pREeeukLar ob%&%eta%ﬁedmhg@r %Qrthl Stripes

in which light and darkness have been reversed. It can

be seen that the multi-axial polarizing element (plate)

is a-biaxial polarizing element (plate) having axes of 2

10 cm width which intersect perpendiculary to each other.

Example 12. Stereoscopic display polarizing element
| (plate) |
A solution consisting of 1 part of the same
polymer having azobenzene groups as obtained in Example
15 1 and 99 parts of toluene is spin-coated on two
triacetyl cellulose (TAC) films. and dried by heating at
105°C for 10 minutes. A 500 W/h ultrahigh-pressure
mercury iamp is used as a light source, and light
therefrom is converted to visible light (> 400 nm) by
20 means of a cut off filter and then passed through a
polarizing plate with an angle of axis of polarization
of -45° to be converted to linear polarized light. The
coated surface of one of the aforesaid sﬁbstrates which
has been placed in parallel with the axis of polariza-
25 tion of the polarizing plate is irradiated with the
linear polarized light from a distance of S50 cm at room

temperature for 1 minute. And the angle of axis of



set on (a), irradiated with polarized I'ight of visible rays obtained by
the use of an ultrahigh-pressure 10 mercury lanp (b) and a polarizing plate-
(c), and then wound on a wind-up roll (d). The polarizing plate (c) can
give linear polarized light of 2 cmin width and is used so as to allow the
direction of the axis of polarization alternate between parallel direction
and 15 perpendicular direction to the side48f -the filmevery tine the film
is noved by 2 cm Fig. 3 is a schematic illustration of an equipnent for
fornmi ng a di chrtlanbtativarisaghanggdetei 457 hadfhgrt HBipRoRoAGSKy £or
nol ecul ar | ayer fornmed 20 thereon which has been irradiated wth the
pol ari zed |i ghtleft seye ohs (B}acedy| Eakdongdt PEnsFERALAESOPNECE 1M by neans
of a gravure rol] (c) inmersed ip ap aqueous di chroi | ecyl es sql ution in
u pelssd andsTBrg &

a tray (b). Tha®¥Ry%e;s A Av@rsQ4ubionsie s Ref Fh a
w nd-up 25 roll éd). As the aqugous icgrgic | ecul es_sol uti.on in the
tray (b), therée® eL@%ﬂnﬁrsﬁﬁufﬁoﬁxﬁngﬁr d Byoggﬁﬁﬂgalpﬁzﬁflﬁﬁnﬁhalgen 108
to .10 t f ' t . ' t 6 LLuti

(0,50 P31t 6 phgket AVRCLE ko CLLREL FhiBetihe SOl ey

mul ti-axial polarizing elengnt tRbahgy1bhyp LikDLSHRIpE$aPPEREYRY UK Quh 2

separately
polarizing plate is changed to 0° and the other

substrate is irradiated with polarized light of wvisible

rays ‘from a distance of 50 cm for 1 minute. Next, the
10 angle of axis of polarization is changed'to 90°, and a

mask for right eye is piaced, followed by irradiation

with polarized light of visible rays for 1 minute. A

dye solution is applied and then dried in the same

manner as in Example 1 to obtain a polarizing element
15 (plate) for right eye of the present invention.

When these two substrates are place one upon
another to obtain a stereoscopic display polarizing
element and passed through a product obtained by
attaching a polarizing plate of -45° and a polarizing

20 plate of 0° to the left and right lenses, repectively,
of glasses, an image appears vividly, namely, a three-

dimensional image is obtained.

Example 13. Polarizing element (plate) having a curved.
surface
25 A watch glass made of hard glass is immersed
in a solution consisting of 10 parts of the same polymer

having azobenzene groups as obtained in Example 1 and 90



produced pol arizing plate, an inmage with bright and dark 5 stripes of 2 cm
i s obtained, VWWen.the polarizing plate is turmed 90[err], there is obtained
an image with stripes in which Iight and darkness have been reversed. It
can be seen that the nulti-axial polarizing element (plate) is a biaxial

pol arizing el ement (plate) having axes of 2 10 cmwi dth which intersect
perpendi cul ary to each other. Exanple 12° 4 eTeoscopic display polarizing

el enent (plate) A solution consisting of 1 part of the same pol r havi ng
azobenzene gr oBﬁEtésoébtté’iJ‘H@d“—’l'ndE}é%plbé’ heating, pod 4k sfcgﬁ ]%/%Fuene is

i n- ted t tri tyl | 1,ul TAC) .fil d dried b ti t:
T05[err]C for BSMHERGoERIA B0 WAT A JH S eiRaF MRS LnbiPEe ced
as a light source, and _|light thereframis co verted,ﬁo visible light (> 400
nm by 20 neanifofPg SFS MRS &S dﬁ’dfts"r?é‘}?qﬁaéyed Mgt £PFLPF 2i ng

| at ith | e .of ' f | arjzat | f. -45 i ted t
i near "pol ar1 288 egne Brebated By afftnd L Fas o Hardn gy iee 1

substrates whi g -Ras Jpe “b‘i'a%‘ke‘&fe”ﬁﬁ.;ataéeﬁd%\'& %&ﬁ%!ﬁ@d“&f% POIBILEae 25

tion of the poFarizing plate is rrr I near polarized I ght
froma di stancgrahgel 7@ &. .00l aRid ey ffla M hWEredGidénagyl e of

s ol followedlby dilution with 89 parts of distilled water is
spin-coated on the watch glass and dried under condi-
tions. of 25°C and 50% RH to obtain a polarizing element

10 (plate) of the present invention. When this substrate
is observed through a polarizing plate, a contrast
between light and darkness appears. When the polarizing
plate is turned, light and darkness are reversed every
90°, namely, the substrate shows the same behavior as

15 that of a conventional polarizing plate. This polariz-
ing element (plate) has an average single-plate

transmittance ¥s of 30% and an average polarization rate

p of 78.8%.

Examplé 14, Polarizing element (plate) having a curved
20 surface
A solution consisting of 10 parts of the same
polymer containing azobenzene as obtained in Example 1
and 90 parts of toluene is spin-coated on a commercially
available lens of eyeglasses and dried by heating at
25 105°C for 10 minutes. Light Erém a 40 W/h black lamp
(BL) is passed through a polarizing plate to obtain

linear polarized light, and the coated surface of the



- 48 - polarization is changed to 45[err], after which a mask for left eye
is placed, followed by. irradiation for 1 nminute. A dye solution is applied-
and then dri‘ed in the same manner as in. Exanple 1 to obtain a polarizing 5
el enent (plate) for. left eye of the present invention. Then, the angle of
axi s of polarization of the polarizing plate is changed to O[err] and the
ot her substrate is irradiated with pol ar~z8& H ght of visible rays froma
distance of 50 cmfor 1 minute. Next, the 10 angle of axis of polarization
i s changed to @faredaidinkens ntaékgl@ssqssgpl.aeyé is peasédelf wiltonddiepy
irradiation with polarized light of visible rays for 1 ninute. A dye
solution is apmﬂkﬁjQﬁuPQlﬁﬁ#%ﬁFéﬂnlﬂfthbesﬁﬁ%aﬁﬁﬁhéﬁ Riat® Efanple 1 to
obtain a pol ari_zing, el enent 15 (glate) for ght eye_ of the present

i nvention. Wherl iRkt whpRtt e%l%?%rppaéérbﬁé ubbﬁhSnGFhéP°Fo obtain a
st ereoscopi ¢ displa olarizin | epent and ssed thro r oduct
obt ai ned B;'EHLQQﬁﬁékg) I ?g}ﬁd“bP%Fﬁsof 8&3[@??? aﬂg auﬁoﬁgFizing 20

plate of Of to the Ieft ang ? nses ectkv glasses, an

i nage appear dﬁﬁe+? 53R Ee dfﬁeﬁ?ﬁBnSPa ﬁggé i btained

Ex |l e 13. Pol I

A vatch gl ass c# A7 84 PRS0 8h8) ChEK! 9. R0CHRNEH Eéﬁ”d@%ﬁ&?% o%g of 10

parts of the sajgPAyd®igy RE to obtain a polarizing element (plate)
of the present invention. ‘This polarizing element
(plate) has an average single-plate transmittance ¥s of

10 32% and an average polarization rate p of 77.1l%.

Example 15. Polérizing element (plate) having a curved
surface
A solution consisting of 10 parts of the same
polymer as obtained in Example 2 and 90 parts of toluene
15 1is spin-coated on a commercially available lens of
eyeglasses and dried by heating at 105°C for 10 minutes.
Irradiation with linear polarized light and application
and drying of a dye solution are carried out in the same
manner as in Example 13 to obtain a polarizing element
20 (plate) of the present invention. This poiarizing
element (plate) has an average single-plate transmit-
tance ¥s of 42.1% and an average polarization rate p of

75.6%.

Example 16. Polarizing element (plate) having a curved
25 surface

2-Methacryloyloxyazobenzene is dissolved in



havi ng azobenzene groups as obtained in Exanple 1 and 90 -

- 49- pafts of . -

toYuen%; dr%ed by heating at 105[err]C for 10 minutes, and then irradiated-
with linear polarized light in the same manner as in Exanple 1. Then, an
aqueous sol ution prepared by adding 1 part of Emalgen 108 to 10 5 parts of

a black dye (Black 1) consisting of C.|I. Dirgct Oange 72,

C.|I. Drect Blue

67 and C.1. Direct Green 51, followed By di?fution with 89 parts of
distilled wat i i n- d, t tch gl d dried condi - -
1 ons. of 251 or MENATRE CB% BPEEbROB: A0 “h o8P aPEIPRy SRAIE B3 IHSHER &F of
e Present b8y ALl e BIENARL SO ARUAL AN OB o

pol ari zi ng pl at r ast dar

s "appears.

pol arizing pl at 'iﬁ?&i’é ”S%’Su%%ﬂat a@BQ‘%ﬁ%Bﬁ%?zl%%&?%i%r $5d Jqvery 90[err],

nanely, the subStrate sho e“sane avi or -as

single-plate transmttance Ys of 30% and an average pol ar
of 78.8% BExainplesdfeiRg! goi#m89 BLOTRE! aEBbahekn2a W 93

at of a conventi onal

pol ari zi ng F”E“fhiébéﬁo??'aﬁiéalhﬂgoﬁ'%gﬁgﬁs@ﬂhgt%k hﬁﬁgﬁ&

3V 9P Ghe

| zation rate [err]

aireed o30

surface A solution consisting of 10 parts of the sane pol ymer containing
azobenzene as obbpiesd LB Epyanpteated on a commercially available lens

of eyeglasses and dried by heating at 105°C for 10

minutes. Then, in the same manner as in Example 13, the

coated surface of the lens of eyeglasses is irradiated

10 with linear polarized light and an aqueous dye solution

15

20

25

is applied and then dried to obtain a polarizing element
(plate) of the present invention. This polarizing
element (plate) has an average single-plate transmit-
tance ¥s of 29.5% and an average polarization rate p of

70.2%.

Example 17. Polarizing element (plate) having a curved
surface
(4'-Methacryloyloxy)—-4—-cyanocazobenzene is
dissolved in benzene to obtain a 20 wt$ solution, and
the solution is subjected to polymerization with
deaeration at 60°C for 12 hours by using azobisiso-
butylonitrile as an initiator. A solution consisting of
10 parts of the resulting polymer having cyanoazobenzene
and 90 parts of THF is spin-coated on a commercially
available lens.of eyeglasses and dried by heating at
105°C for 10 minutes. Then, in the same manner as in

Example 13, the coated surface of the lens of eyeglasses



and 90 parts of toluene is spin-coated on a commercially available |Iens of
eyegl asses and dried by heating at 25 105[err]C for 10 mnutes. Light from
a 40 Wh bl*ack |l anp (BL) is passed through a polarizing plate to obtain
| i near pol arized Iight, and the coated surface of the aforesaid | ens of
gl asses placed in parallel with the axis ofapolarization of the polarizing
plate is irradiated with the linear polari 28d-light at roomtenperature for
10 mi nutes. The same aqueous dye 5 solution as in Exanple 13 is '
spi n- coat ed onishé riradddi trG Wisth flacneandpohani ded eliighliern8oAdi AAYROUS
25[err]C and 50% RH to obtain a polarizing el ement (plate) of the present
i nventi on. Thﬁyep@Q%ﬁQ§QE)kﬁeﬁﬁﬁkl%®léﬂg)tha§ driedekageb§rAg & pl ate
transmttance Ys of 10 32% and an averagePEolarization rate p Qf 77.1%
vVFnRg

Exanpl e 15. PoPgRaLiiFd g cdegfent| (REFtR Fﬁec8f9§8n§uFP¥8§tA°§olution
parts of fol ueABiES R Hitb o LERGR 2 BORRENCPAF| St dPF AR o iaRa T
W TR | near SpoPaATed T SR Sh ot cafi 3R -hhaafy R 2¢FER9S ¢ Sol it on
Z{gn;ﬁ{ried 0“5&ﬂ}£f¥%é§gﬁ’fﬁ¥gmﬁ a8 g§.§§gnple 13 to obtain a polarizing
Example 18. Polarizing element (plate) having a curved
surface _
4-Methacryloyloxystilbene is dissolved in
10 benzene to obtain a 20 wts solution,'and the solution is
subjected to polymerization with deaeration at 60°C for
12 hours by using azobisisobutylonitrile as an
initiator. A solution consisting of 10 parts of the
resulting polymer having azobenzene and 90 parts of
15 toluene is spin-coated on a commercially available lens
of eyeglasses and dried by heating at 105°C for 10
minutes. Then, in the same manner as in Example 13, the
coated surface of the lens of eyeglasses is irradiated
with linear polarized light and an agueous dye-solution
20 1s applied and then dried to obtain a polarizing element
(plate) of the present invention. This polarizing |
element (plate) has an average single-plate transmit-
tance ¥s of 32.4% and an average polarization rate p of

76.3%.

25 Example 19. Corona discharge treatment

A solution consisting of 10 parts of the same



20 (plate) of the present invention. Thi's polarizing elenment (plate) *has an
average, single-plate transmt- tance Ys of 42. 1% and an average

pol ari zation rate p of 75.6% Exanple 16. Pol arizing el enent (plate) having
a curved 25 C surface 2-Met hacryl oyl oxyazobenzene is dissol ved
I n benzene to obtain a 20 wt % sol ution, d.the solution is subjected to-
pol yneri zation with deaeration at 60[err]C tor 12 hours by using

azobi si sobut | 9L ifhb? 88n@AihAnl 8kAben2etd Wd UbCAMIS IM ERndll por (S

of the 5 resulting” polymer having azobenzene -and- 90 parts of toluene is

spi n-coated on énaogaﬁggi.-%l pravaihahlee ilsend - PP ceR ant dind g

heating at 105[err]C f m nutes. Then, in the sane nmanner as in Exanple .

13, the coated gpibacgyohekbenkeas QsOYeFHASIAP rihdtdAdi Hfbdd With
| i near pol arized Iight and an aqueous dye solution is applied and then

dried to obtai ngaspRhagk? kigathmements( Patirdledfodthemrgrertilimeenta oratdhi s
pol ari zing elenment (plate) has an average single-plate transmt- tance Ys
of 29.5% andsano8vasagment! afi 12t nyisecatamdp aofprEset). ér gl A 7.
Pol ari zing el enent (plate) having a curved surface

W-emin-m-2. Irradiation with linear polarized light

.and application and drying of an agqueous dye solution

are carried out in the same manner as in Example 13 to

obtain a polarizing element (plate) of the present

10 invention. This polarizing element (plate) has an
average single-plate transmittance ¥s of 35% and an

aveiage polarization rate p of 93%.

Examples 20 -24. .Coroné discharge treatment
Photoéctive molecules having a hydroxyl group
'15 are esterified with methacryloyl chloride to prepare a
monomer, and the monomer is subjected to radical
polymerization in the same manner as in Example 1 to
obtain a polymer. A solution of the polymer is applied
on the surface of a film substrate in the same manner as
20 in Example 1 and dried to obtain a thin £ilm, after
which corona discharge treatment is carried on the thin
f£ilm under the conditions described in Table 3. Then,
irradiation with linear polarized light and application
and drying of an aqueous dye solution are carried out in
25 the same manner as in Example 13 to obtain a polarizing
element (plate) of the present invention. The average

single-plate transmittance ¥s and avefage polarization



(4' - Met hacryl oyl oxy) - 4- cyanoazobenzene is di ssolved in benzene to obtain a
20 wt % gol utjion, and 20 the solution is subjected to polynerization with
deaeration at -60[err]C for 12 hours by using azobisiso- butylonitrile as an
initiator. A solution consisting of 10 parts of the resulting pol yner
havi ng cyanoazobenzene and 90 parts of THF is spin-coated on a commercially
25 avail abl e I ens of eyeglasses and dried B¢ keating at 105[err]C for 10

m nutes. Then, in the sane manner as in Exanple 13, the coated surface of
the | ens of eyegltassesof théZpolariziadi allesentsh (biladas )pdhas zed | i ght
and an aqueous dye solution is applied and then dried to obtain a

pol ari zi ng el embttaimpédare shovhelprTabde Bavedini she TabdepolPHT denptes
element (plate) has an average single- 5 plate transmttance Ys of 28.1%
and an aver age gool e hylener herephbhadstedy ERAEnPréacgtyRolcaliltilaped enent -
(plate) having a curved surface 4-Methacryl oyl oxystil bene is dissolved in
10 benzene to &R DN-EPPOYWLDE s oPUERBNP-BHE COKY230PENZERE s SR Rect ed to
pol yneri zation with_deaeration at 60[err]C for 12 hoursggé usi ng
azobi si sobuty/| GMAFFF@EREZAPERZ EREr oECAANYEF AKYSH2RORZCDENTE TG ANDHT s -

of the p-hydroxystilbene.

Table 3

Corona dischafge

Ph°F°_ treatment conditions
E 1 Sub- active ¥s p
Xampzle stra_te mole- Rate of Preset (%) (%)
cules Mmovement energy

(m/min) (W*min/m2)
20 PET p—~HAB 15 60 33.8 81l.9
21 TAC p—HAB 15 . 150 34.6 95.4
22 TAC o~EAB 12 150 34.1 81.3
23 - PP HCA 12 150 29.0 86.9
24 PET HS 12 150 - 30.7 87.6

Example 25. Ultraviolet treatment
A solution consisting of 10 parts of the same
polymer containing azobenzene as obtained in Example 1
10 and 90 parts of toluene is spin-coated on a glass plate.
and dried by heating at 105°C for 10 minutes. The
glass plate is placed in the chamber of UV Ozone Cleaner
NL-UV 253 manufactured by Nippon Laser & Electronic Lab.

(lamp output 0.7 W, main peak wavelengths 185 nm and 254



resul ting polynmer having azobenzene and 90 parts of 15 toluene is

spi n-coated ,on a comercially availabl'e | ens of eyeglasses and dried by

heating at 105[err]C for 10 m nutes. Then, in the sane manner as in Exanple

13, the coated surface of the lens of eyeglasses is irradiated with |inear

pol ari zed |ight and an aqueous dye solution 20 is applied and then dried to

obtain a polarizing el enent (plate) of thes%résent I nvention. This

pol ari zi ng el-enment (pl ate) .has an average single-plate transmt- tance Ys
S 2

of 32.4% and aRMavérigeipsion SdStGRceat BpeatedEhRprR 28YI8Br ona
o yrer Jcont a; AFRG*E 608N Sefia M St a/BRAP ¢ i TEAMEA Lo At oL pARRE of

10 minut es. - CoPOIATAREEhAAGRY ARA ARRL YA AR R AT LAY Gk ARV RERROSS ot e
5 of moverent gf 12 7890t ANe O n A d B bR 21,

I rradiation w | "néar "pol arize . d applicadation an
siechs e SRR 19 O b it's (A PAIP SRQNSH: ShpLUCEI P End Lo
ggl%a;'n é' gg el epRakenR! AnReMB3DrAN AMBAGR S M Enp & Sndh@npplatancrays of
an average single-plate transmittance ¥s of 32% and an
average polarization rate p of 89%.
The polarizing element (plate) of the preseﬁt
10 invention is obtained as follows: photoactive molecules
are previously attached to or dispersed in the surface
layer of a substrate, and then irradiated with linear
polarized light having a wavelength at which the
photoactive molecules absorb the linear polarized light,
15 after which one kind or two or more kinds of dichroic
molecules are adsorbed on the photoactive molecular
layer. It can be considered that the reason why the
polarizing element (plate) can be obtained by such a
photochemical method is that the photoactive molecules
20 whose molecular axes have been aligned in a definite
direction by the irradiation with linear polarized light
determine the direction of alignment of the molecular
axes of the dichroic molecules in a solid state adsorbed
on the photoactive molecules. In addition, the |
25 transmittance and the polarization rate can be further
increased by subjecting the photoactive molecular layer
to corona discharge treatment or UV irradiation. |

According to the present invention, a polariz-



average pol arization rate p of 93% Exanples 20 -24. Corona di scharge
treat ment Phot oactive nol ecul es having a hydroxyl group 15 are esterified
with nmeéthactyl oyl chloride to prepare a nononer, and the nonomer is

subj ected to radical polynerization in the sane manner as in Exanple 1 to
obtain a polyner. A solution of the polyner is applied on the surface of a
filmsubstrate in the same manner as 20 im5xanple 1 and dried to obtain a

thin film after which corona discharge treatnment is carried on_the thin
filmunder the Id6hd?ieBeat dearrPecabralnag| Bymeraty, 2REPARLATI BACHIPAC

ol uti op are cHAYRiLEs oh BECERRcEine MAARCHLSS fArataprs 5tho obtain a
O ngl o pl ate ¢ e (Bnber Feednki BhEF SomBBPEPF sar PoROLaEE £558° el gmens of
t he pol arizing,el enents | at es hus_obt ai. nedare_shqwn i.n Table 3. In the
tabl e, PET demﬂ§¥%$%l?(égﬁg?eﬁ%e%e?aﬁhFﬁ§Fg¥e$? EﬁﬂaPFF3c8%§$°88|Fu|ose
TRl e e T S R e o o
flat polarizing element but also a polarizing element
having a curved surface. In addition, the structure of
the dichroic molecules used includes various structures,
and a polarizing element having an optional color tone
10 can be produced by choosing one kind or a mixture of two
or more kinds of dichroic molecules. Furthermore, since
thé process for producing the polarizing element is a
photochemical process, there can very easily be produced
a polarizing element having a very fine and complicated
15 pattern which cannot be produced by a conventional
process. In particular, before the adsorption of the
-dichroic molecules, the orieﬂt;tion of the photoactive
molecules is reversible, so that the direction of
alignment of the molecular axes of the photoactive
20 molecules can be optionally changed by turning the axis
of the linear polarized light. Therefore, a desired
pattern can be baked on the photoactive molecules by
repeated drgwing by irradiation of a plurality of linear
polarized lights different in axis of polarization, and
25 can easily be modified. When a layer of the dichroic
molecules in‘a solid state is formed on the photoactive
molecules, ;he molecular alignment of the photoactive

molecules is not changed even by the irradiation with



“Corona di scharge Photo- treatnent conditions Sub- active

Ys Lerr], Exanpl e strate nole- Rate of ‘. Preset cules novenent
energy (mMmn) (Wmn/nferr]) 20 PET p- HAB - 15 60

33.8 81.9 21 TAC p- HAB - 15 150 34.6 95.4 22

TAC o- HAB 12 150 34.1 81.3 23 PP HCA 12
150 29.0 86.9 24 PET HS = 5712 150 -+30.7 87.6

Exanple 25. U traviolet treatnent A solution consisting of 10 parts of the.
same pol ymer cortigiedh@ekabbrednblaht ohavingdai diEfanpns axig @fd 90 parts
of toluene is spin-coated on a glass plate and dried by heating at,
105[err] C for 1PAHARKZARELIqRARE LS P %?%ei§°5Iacéﬁnﬂnpﬁﬁé°@h&%béﬁm6ﬁ w
Qzone C eaner NL-UV 253 manufactured by Ni ppon Laser & El ectronic Lab.
(lanp output 0.7 W nain peak wavel engths 185 nm and 254 -'55 - nm

Then, i rradi at 1 GRUATRHAReARPRECASTL By, 00 4% ol cation and drying of
an aqueous dye sol ution arfy, ¢a30LL& O n}Ont [8nSBUERIBY"REs85ptBduction
5 of, for example, gradation display polarizing.elements
(plateé), multi-axial polarizing elements (plates) and
polarizing elements (plates) with a curved surface by a
simple production process, and production of various
visible display devices such as stereoscopic display
10 polarizing elements (plates) by combination of the
above-mentioned polarizing elements (plates) with each
other or with conventional polarizing plates for linear

polarized light.



5 Exanpl In a polar|2|ng el ement (pl ate) of t he present

I nventi on. ol arizing elenment (plate) has an average single- pl at e
transmtt rm ﬂﬂ) an average pol arization rate p of 89% The
© pol ari zi n ﬂ Jmﬂ]of the present 10 invention is obtained as
fol | ows: photoactlv nbl ecul es are previously attached to or dispersed in
the surface |layer of a substrate, and then Pfradiated with |inear polarized
| i ght having a wavel ength at which the photoactive nol ecul es absorb the
| i near polarized light, 15 after which of&AIM%F or two or nore kinds of

di chroi c nol ecul es are adsorbed on the photoactive nplecular |a er. It can
be considered that the reds®PLARt2INg M%ﬁ&‘?r@reﬂ’%ﬁ%z’(?ﬁa?% Eean be

obt ai ned by such a photo hem nBtho is that the hot active nolecul es
20 whose nol ecuP&¥ ﬁéﬂ' 3Eh ??F%ﬁﬁ%f?ﬂf?@u ??eﬁ?&oﬁ Eﬁyﬁﬁe

Al | gnment of L%%QS% et t*%hfeae% b EORRCH ESTRAE B D <ot

adsor bed on té’le (at qa é ve nol ecules. In addition, the 25 transm ttance
and the polarlzatlon rdte can be further increased by subjecting the

phot oactive nol ecul ar | aygy I?tdg_é:gﬂr}fb UG O L S AR i g plate

I rradiation. Accordlng tot present” i nvention, a polariz-
according to claim 1, wherein the layer having

photoactive molecules is formed on a substrate, and a
protective layer is formed on the layer containing

10 dichroic molecules.
3. A polarizing element or polarizing plate
aceording to claim 1 or 2, wherein the photoactive
molecules are molecules containing et least one double
bond selected from non-aromatic C=C, non-aromatic C=N

15 and non—aromatic N=N.
4. A polarizing element or polarizing plate-
according to claim 1 or 2, wherein the dichroic
molecules are in a solid state.
5. A polarizing element or polarizing plate

20 according to claim 1 or 2, wherein the dichroic
molecules are those of a compound having a hydrophilic
substituent.
6. A polarizing element or polarizing plate
according to claim 5, wherein the hydrophilie

25 substituent 1s a sulfonic acid group, an amino group or
a hydroxyl group.
7. A polarizing element or polarizing plate

according to claim 2, wherein the substrate is flat or



- 56 - ing elenent can be obtained b nerely adsor bi ng di chroic nol ecul es
on phot_ oact i ve'mmm lﬂ"rumﬂﬂl ted with |inear polarized light. Therefore,
a polar|2|ng el rge area can easily be produced without a 5
stretching procédufe. " Ther® dan be produced not only a flat polarizing :
el ement but also a polarizing elenent having a curved surface. In addition,
the structure of the dichroic nol ecul es #s&8 rncl udes vari ous structures,
and a pol arizing el enment having an optional color tone 10 can be produced
by choosi ng onédds ral curwedi sgufacef two or nore kinds of dichroic

nol ecul es. Furthernore, since the process for producing the polarizing
elenent is a phbxochen1ca$ process, foeheproduningry padarjzbagpedenead a

pol arizing el ement having a very fine and conplicated 15 pattern which’
cannot be produmEmPQ@aé;ébﬂgeE%abﬁalCbaéé@§§rlFﬁdp§YtF@Gﬁéﬁatbégoﬁe t he
adsorption of the dichroic nolecules, the orientation of e phot oacti ve
mol ecul es is r chA¥ST HPavisg PRAForAElIver BeLPERLBE QNI gnFlRStsRtEnwith

| ecul f the photoact tiqnally changed b
LU i ng the SxiCLRRat BOTRACEPY pOF GRE poani GHER  SREPGRE: 8, AVAELired

Tt ad at i on of Sonratatre, ShPAPPREROLBFTRS o ok ebBREREELHE T o o of

pol ari zati on, qga be nodified. Wien a |ayer of the dichroic
nol ecules in a’so g§u£€ate§?ék¥orned on the photoactive

A process for producing a polarizing element
or polarizing plate according to claim 8, characterized
10 in that the layer having photoactive molecules on the
substrate is subjected to corona discharge treatment or
ultraviolet irradiation treatment. |
10. A gradatiop display polarizing element or
polarizing plate having a layer having photoactive
15 molecules and a layer containing dichroic molecules
formed in contact with said layer.
11. A process for producing a gradation display
polarizing element or polarizing plate, characterized by
irradiating a layer having photoactive molecules on a
20 substrate with linear polarized light through a mask
composed of portions different in depth of color, and
then forming a layer containing dichroic molecules on
the photoactive molecular layer.
12. A multi-axial polarizing element or polarizing
25 plate having a layer having photoactive molecules and a
layer containing dichroic molecules formed in contact
with the former layer. |

13, " A process for producing a multi-axial



nol ecul es, {EN~EBTEEUT§F“arfgﬁﬁent.of t he photoactive nol ecul es is not
changed evenlEﬂwmﬂu Pallon Wth l.i near -pol ari zed Iight having a
di fferent ax ! mMn and is stable for a‘'long period of tine.

| NDUSTRI AL APPLI CABI LITY's. present invention permts mass production 5
of, for exanple, gradation display poIarszgg-elenents (pl ates),

mul ti-axial polarizing elenents (plates) and polarizing el enents (plates)

Vot ous ol o i DENEE NG R RBRE JE YUifat DR1RG J6EREe, BRHPROMNELSAA By

various vi si bl spl'ay tevices s stereo pi c display 10 polar

el ements (pl at q@ral&%#(}rfﬁ%;@%ﬁhpfhééfn?gggﬁt%&i_@é?ﬂolﬂ@bﬁﬂ.béi Ba @l enents

(plates) with each o convent polarizing plates for |inear
pol ari zed |'9htsul:i]st:'a¥ Wil AN ol more kindsPekalizkas pbeaRikzed
e

pol ari zi ng pl a aving a layer having photoactive nol ecul es and a | ayer
containing di chrigje MU PPInGsai PETPEnt Nagest 86t rokabibnsanddl anen.
5 férming é layer containing dichroic molecules on the
photoactive molecular layer.
14. A stereoscopic display polarizing element or
polarizing plate having a layer having photoactive

molecules and a layer containing dichroic molecules

10 formed in contact with said layer.



2. A pol arizing el ement or poIaLL;ing_pLate according to claiml,
wherein the layer having photoactive nol:écul'es‘is forned on a substrate,
and a proted?ive | ayer is formed on the |layer containing 10 dichroic

nol ecul es. 3. : ~ A polarizing element or polarizing plate according to
claim1l or 2, wherein the photoactive nol ecul es are nol ecul es contai ning at
| east one doubl'e bond selected fromnon-aromatic C=C, non-aromatic C=N 15

and non-aromatic N=N. 4. A polari;y%g el enent ‘or polarizing plate
according to claiml1 or 2, wherein the dichroic nolecules are in a solid
state. 5. A pol arizing el ement or polarizing plate 20 according to

~claim1 or 2, wherein the dichroic nolecules are those of a conmpound havi ng
a hydrophilic substituent. 6. A pol ari zing el ement or polarizing

pl ate according to claim5, wherein th?EthEOp jlic 25 substituent is a
sul fonic acid group, an am no group or roxyl group. 7. A

pol ari zing el enment or polarizing plate according to claim 2, wherein the
.Substrate is flat or has a curved surface.




8. A process for producing a. polarizing element or polarizing plate,
characterized by irradiating a 1ayer having photoactive nol ecules on a
substrate With 5 |inear polarized-+ight, and then formi ng a | ayer
cont ai ni ng di chroic nol ecul es on the photoactive nol ecul ar |ayer. 9.

A process for producing a polarizing elenment or polarizing plate according
to claim8, characterized 10 in that the | ayer havi ng photoactive nol ecul es
on the substrate is subjected to corona discharge treatnment or ultraviolet
irradiation treatnent. 10. A gradapipp display polarizing el enent or
pol ari zing plate having a | ayer having photoactive 15 nol ecul es and a | ayer
containing dichroic nolecules forned in contact with said |ayer. 11.

A process for producing a gradation display polarizing el ement or

pol ari zing plate, characterized by irradiating a | ayer having photoactive
nol ecul es on a 20 substrate with |inear polarized Iight through a mask
conposed of portions different in depth of color, and then formng a |ayer
cont ai ni ng di chroic nol ecul es on the photoactive nol ecul ar |ayer. 12.

A mul ti-axial polarizing elenment or polarizing 25 plate having a | ayer
havi ng phot oactive nol ecul es and a | ayer containing dichroic nol ecul es
formed in contact with the fornmer |ayer. 13. A process for producing
a multi-axial

FIG 3




- 60 - polarizing el enent or polar|2|ng pl ate, characterized by irradiating. -
a layer having photoactive nol ecul:iés - -on-a-substrate with two or nore kinds
~of linear polarized li.ghts having different axes of rotation, and then 5
formng a | ayer containing dichroic nolecules on the pho imoag
| ayer. 14. A stereoscopic displ %ﬁ#@ﬁ]ﬂ ng el eme jﬁgb’; é@ﬂf@c@&ﬁ
pl ate having a | ayer having photoacti | es and a |ayer Qﬁ%lnq
di chroic nol ecules 10 forned”in contact with said |ayer.

'POLARIZI-N G ELEMENT, POLARIZING PLATE, AND
PROCESS FOR PRODUCTION THEREOF

A polarizing element or polarizing plate

comprising a'layer having photoactive molecules and a
layer containing dichroic molecules formed in contact

5 with said layer, which can easily be produced without a
stretching procedure so as to have a complicated
pattern, a curved surface or a large area; and a process
for producing said polarizing element or polarizing
plate which is characterized by irradiating a layer

10 having photoactive molecules on a substrate with linear
polarized.light,_and then forming a dichroic molecular

layer on the irradiated layer.
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Substitute sheet - 24 July 1996
"ABSTRACT

POLARIZING ELEMENT, POLARIZING PLATE, AND
~ PROCESS FOR PRODUCTION THEREOF

A polarizing element or polarizing plate

comprising a layer having photoactive molecules and a
layer containing dichroic molecules formed in contact

5 with said layer, which can eaéily_be produced without a
stretching procedure so.as'to.have a complicated
pattern, a curVéd'surface or a large area; and é process
for préducing said polarizing element or polarizing
plate which is characterizéd by irradiating a layer

10 having photoactive molecules on a substrate with linear
polarizedllight,_and then forming a'diéhroic molecular

layer on the irradiated layer.

(Figure 3)
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