Phot - Ori ented .Pol ymer Networks and Method of their Manufacture Theosores3suos
i nvention relates to photopolyners with oriented nol ecul ar configuration.

and—a process for their manufacture. As is known, polynerization can be
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roduction of printing plates. For the purpose of this

desi ] ynmers or conposition of polyners which ar hoa ? jcal ly
nodified (referred to as "photopol yneri zed" hereinafter) l'ight
will be called "photopol yners".
5
Photo-Orien Polymer works and Meth heir
- Manufacture :
10 The invention relates to photopolymers with oriented

molecular configuration and a process for their manufacture.

As is known, polymerization can be brought about by
photochemical initiation. This so called photopolymerization has
15 many applications, e.g. in fibre production, curing of lacquers or
production of printing plates. For the purpose of this description,
polymers or composition of polymers which are photochemically
modified (referred to as "photopolymerized" hereinafter) by
polarized light will be called "photopolymers".
20 :

It is also known that in the so-called stretching of
thermoplastics to increase their strength, the amorphous regions
‘are given a parallel alignment. The alignment can be fixed, e.g. by
cooling, to produce oriented polymers. Other methods of

25 producing oriented polymers are also known, e.g. uniform
~ alignment in an electric field during polymerization, provided the
monomer contains an electric dipole.

It has surprisingly been discovered that oriented polymers
30 can also be manufactured if photopolymerization is brought about
by irradiating a polymerizable material with plain-polarized light.
For the purpose of this description, the resulting oriented
polymers will be called "oriented photopolymers".

35 Particularly preferably, different regions of the
polymerizable material are irradiated with light polarized in
different directions, or some parts of the polymerizable material
are irradiated with plane-polarized light whereas other parts are
irradiated with non-polarized light. s
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It istalso known that in the so-called stretching of thernoplastics to

I ncrease their strength, the anorphous %egions are given a parallel
alignnent. The alignment can be fixed, ©.g. by cooling, to produce oriented
pol ymers. O her nethods of producing oriented polyners are al so known, e.g.
uniformalignment in an electric field during polynerization, provided the
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Oriented photopolymers have various applications. One
special application is to the manufacture of orientation layers in
liquid crystal cells. For details of this application, reference
should be made to the simultaneous Patent Application No. ..............

10 (RAN 4701/139).

Another application relates to the optical anisotropy of the
polymer material produced by orientation. Polymer layers
manufactured according to the invention can be used as so-called

15 compensation or retarder layers, e.g. in liquid crystal cells or
generally in the optical path of rays of liquid crystal cells, so as to
eliminate the typical interfering colours in super-twisted nematic
cells. For details of this and other applications, reference should
be made to the simultaneous Patent Application No. .......cceeeueuenee.

20 (RAN 4701/138).

The invention will now be explained in detail with reference
to the accompanying drawing and the following Examples.

25 The drawing is a diagram of a simple device for preforming
the method according to the invention. A layer 3 of photopoly-
merizable organic material is disposed on a substrate (e.g. a glass
plate) provided with an electrode layer 2. The layer is
illuminated with plane-polarized light through a lens 4, optionally

30 with a mask 5 in front. The light comes from a polarizer 6
illuminated with non-polarized UV light 7. The mask 4 can be
‘replaced by an interferometric imaging process using plane-
polarized light (UV laser). |

35 Ex 1

A 2% solution of polyvinyl cinnamate (mol. wt. approx.
15000) in methyl cellosolve acetate was poured on to a glass plate
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polymers wi |l be called "oriented photopol ymers". Particularly preferably,
different regions of the pol yrrerizabl%rmterial are irradiated with |ight
pol arized in different directions, or sonme parts of the polynerizable

2 o B A AL G Y
phot opol yrmerplate.or difiter tdrying, the layer was not perceptibly double-
refracting. The layer was then illuminated at room temperature
with the light from a mercury vapour lamp through a polarization
5 filter for 2 hours, whereupon double refraction was observable
through a microscope. The double refraction, measured in a
sweep compensator, was An.d = 250 nm.

Example 2
10
A glass plate was coated with a 2% solution of polyvinyl

‘cinnamate (mol. wt. approx. 15000) in methyl cellosolve acetate in
a spin coating process at 200 rpm and dried as per Example 1.
After drying, the layer was not birefringent. It was then

15 illuminated as in Example 1. After illumination the layer had an
optical path difference An.d = 25nm and a refractive index of
about 1.6. The layer thickness, measured in an interference
microscope, was d = 455 nm. '

20 Example 3
A glass plate was coated with a 2% solution of polyvinyl
cinnamate (mol. wt. approx. 15000) in methyl cellosolve acetate in
a spin coating proéess at 3000 rpm for about 30 seconds. The
25 thickness of the resulting layer was about 0.1 u. The layer was
then dried in air for about 20 minutes and then heated to about
80-90°C for about 20s. After this pre-treatment, the layer was

exposed for about 100 seconds to irradiation with the light of an
HgHP lamp at a wavelength A of about 365 nm through a Glan-

30 Thomson polarizer. The radiation energy was about 15 mW/cm?2,

The resulting layer was capable of giving a planar
orientation to the molecules of an adjacent liquid crystal layer.

35 Example 4

In an analogous procedure to Example 1, a layer of a
solutlon of a polyvinyl ester of paramethoxycinnamic acid
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Invention contains variously eriented regions or regions w th vari ousl y.
oriented and non-oriented ol ecul ar styuctures. Oiented photopol yners have
various applications. One special application is to the manufacture of
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so-cal |l ed corpp A or retarder | ayers, in liquid crystal cells or

The resulung layer likewise produced parallel onentatlon in
an adjacent liquid crystal.

Example 5
10 |
A glass plate was coated with a 1% solution of

oD

NaO,S SO;Na

15 in an immersion proéess in water. The resulting layer had a
thickness of about 0.07 4 and was irradiated with plane-polarized
~ light at a wavelength A = 400-500 nm and an intensity of about
47 mW/cm2 for about 8 minutes. The resulting layer likewise
produced parallel orientation in an adjacent liquid crystal.
20

CH3(CH2)17—0—©—N=N—©—NO

25 in chloroform was vapour-deposited on a glass plate. The
resulting layer, about 1000-2000 A thick, was irradiated with plane-
polarized light at a wavelength A = 400-550 nm and an intensity of
about 45 mW/cm2 for about 3 minutes. The resulting layer
likewise produced a parallel orientation in an adjacent liquid

30 crystal.

Example 7
Example 1 was repeated except that illumination was with
35 plane-polarized UV light in two successive stages through masks.
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mask was removed and irradiation was with UV light vibrating in
a direction which had been changed relative to the first illumi-
nation stage. The result, on the glass plate, was an orientation
pattern oriented in two different directions. .

Example 8

Example 5 was repeated but non-polarized light was used in
the second illumination stage, resulting in an orientation pattern
consisting of oriented and non-oriented regions.

Example 9

Example 1 was repeated except that the plane-polarized UV
light formed an image through a narrow slot on a slowly rotating
glass plate, such that the electric vector of the light vibrated
parallel to the longitudinal axis of the slot. The rotation of the
plate during the polymerization process resulted in a radially
oriented polymer. -
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|1Iumnated'vm—t—h—p4—&ﬂe-pol_a,r_|_zed l'ight through a lens 4, optionally with a

mask 5 in fro The |ight comes froma polarizer 6 |IIumnated wth

non- pol ari ze ‘H ﬂ"mn mask 4 c@n be repl aced by an interferonetric
| magi ng proc I olarlzed light (UV laser). Exanmple 1 A 2%

sol ution of polyvi nyI ci nharfat e (moPatemt CGlaimex. 15000) in net hyl
cel l osol ve acetate was poured on to a glass plate
1. A process for the manufacture of an oriented
photopolymer, characterized in that photopolymerization is
5 brought about by irradiating a polymerizable material (3) with
plane-polarized light (7).

- 2. A process according to claim 1, characterized in that
different regions of the polymerizable material (3) are irradiated
10 with light polarized in different directions.

3. . A process according to claim 1, characterized in that
some parts of the polymerizable material (3) are irradiated with
plane-polarized light whereas other parts are irradiated with non-
15 polarized light.

4, A photopolymer with oriented molecular structure,
characterized in that it is manufactured by a process according to
any of claims 1 to 3.

20 :

5. A photopolymer according to claim 4, characterized in

that its orientation varies from region to region. '

6. A photopolymer according to claim 2, characterized in

25 that it contains regions w1th variously oriented or non-oriented
molecular structures. '
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3-and dried in air for 20 mnutes and then at 90[err]C on a heating plate.
After drying, thé |layer was not perceptd bl y' double- refracting. The | ayer
was then illum nated at roomtenperature with the Iight froma mercury

vapour |anp through a polarization filter for 2 hours, whiegpogz&oubl e
refracti on was observabl e through a m croscope. The doubl ;-

measured in a sweep conpensator, was An.d = 250 nm Exanple 2 A gl ass1 pl at e
was coated with a 2% sol ution of polyvinyl cinnanmate (nol. wt. approx.
15000) in nmethyl cellosolve acetate in

5
An oriented photopolymer is a polymer where
polymerization is initiated by irradiation with plane-polarized
light and where the molecular configuration has a preferred
orientation as a result of linear polarization. These polymers have
10 optically anisotropic and other novel properties.
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a spikn coating process at 200rpm and dried as per Exanple 1. After drying,
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i3 ares
theh dried in air for about 20m nutes and then heated to about 80-90[err]C

for about 20 s. After this pre-treatnent, the |ayer. Was exposed for about
100 seconds to irradiation W th:the Ilght of an-HgHP:lanmp at a wavel ength
[err] of about 365 nmthrough\/a d an- Thonson pol arizer. The radiation
energy was about 15 mWcnR. iThe-resul ting Iawer was . ca'pabl e of giving a
pl anar orientation to the nol e,cul es of anladj_,acent | :quid crystal |ayer.
Exanple 4 In an anal ogous pr:iocedure to Exanpl e 1, a Iayer of a solution cf

a polyvinyl ester of paranet; hoxyC| nnam c aC| d 77!'!“'-

Photo-Orien Polymer Networks and Meth hei
Manufacture

The invention relates to photop'olymers with oriented
molecular configuration and a process for their manufacture.

As is known, polymerization can be brought about by
photochemical initiation. This so called photopolymerization has
many applications, e.g. in fibre production, curing of lacquers or
production of printing plates. For the purpose of this description,
polymers or composition of polymers which are photochemically
modified (referred to as "photopolymerized” hereinafter) by
polarized light will be called "photopolymers".

It is also known that in the so-called stretching of
thermoplastics to increase their strength, the amorphous regions -
are given a parallel alignment. The alignment can be fixed, e.g. by
cooling, to produce oriented polymers. Other methods of
producing oriented polymers are also known, e.g. uniform
alignment in an electric field during polymerization, provided the
monomer contains an electric dipole.

It has surprisingly been discovered that oriented polymers
can also be manufactured if photopolymerization is brought about .
by irradiating a polymerizable material with plain-polarized light.
For the purpose of this description, the resulting oriented
polymers will be called "oriented photopolymers”.

Particularly preferably, different regions of the
polymerizable material are irradiated with light polarized in
different directions, or some parts of the polymerizable material
are irradiated with plane-polarized light whereas other parts are

. irradiated with non-polarized light. ‘
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4 (fol ecul ar wei ght approx. 15000-50000) in chl or obenzene—and dichlora-
ethylene 1:1 was exposed for about 10 seconds to irradi at "
pl ane-pol ari zed light at an intensity of about 0.5 J/cn (:BE?LA(T:EEEN;I;gI.{LEE

| ayer |ikew se produced parallel orientation in an adjacént ld'ﬂﬁb@/ %Xst ;0
Example 5 A glass plate was coated withp a 1% sol ution of _

Preferably, therefore, the photopolymer according to the
invention contains variously oriented regions or regions with
variously oriented and non-oriented molecular structures.

Oriented photopolymers have various applications. One
special application is to the manufacture of orientation layers in
liquid crystal cells. For details of this application, reference
should be made to the simultaneous Patent Application No. ..............
(RAN 4701/139).

Another application relates to the optical anisotropy of the
polymer material produced by orientation. Polymer layers
manufactured according to the invention can be used as so-called
compensation or retarder layers, e.g. in liquid crystal cells or
generally in the optical path of rays of liquid crystal cells, so as to
eliminate the typical interfering colours in super-twisted nematic
cells. For details of this and other applications, reference should
be made to the simultaneous Patent Application No. .......ccccee....
(RAN 4701/138).

The invention will now be explained in detail with reference
to the accompanying drawing and the following Examples.

The drawing is a diagram of a simple device for preforming
the method according to the invention. A layer 3 of photopoly-
merizable organic material is disposed on a substrate (e.g. a glass
plate) provided with an electrode layer 2. The layer is
illuminated with plane-polarized light through a lens 4, optionally
with a mask 5 in front. The light comes from a polarizer 6
illuminated with non-polarized UV light 7. The mask 4 can be
replaced by an interferometric imaging process using plane-
polarized light (UV laser).

Example 1

A 2% solution of polyvinyl cinnamate (mol. wt. approx.
15000) in methyl cellosolve acetate was poured on to a glass plate




[erf]

in an imrersion process-in water. The resulting | ayel ha a"fﬁ"”‘k’ nesp
of about 0.07 [err] and was irradiated with plane-polari e m%-gﬂ VH99R
wavel ength [err] 400-500 nm and an intensity of about n{berr

about 8 m nutes. The resulting layer |ikew se produced p r
in an adjacent liquid crystal. Exanple @ [err] in chloroform was
vapour -deposited on a glass plate. The resulting |ayer,

o
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thick, was irrandi dried @int dirpfen@0 méhateszand ! ihgint aat 96° Yoon! aenlyedmi@rr] =
400-550 nm anq,an, ' "he9s Yyfilg, ‘the layer was not perceptibly double-

refracting. The layer was then illuminated at room temperature
with the light from a mercury vapour lamp through a polarization
filter for 2 hours, whereupon double refraction was observable
through a microscope. The double refraction, measured in a
sweep compensator, was An.d = 250 nm.

Example 2

A glass plate was coated with a 2% solution of polyvinyl
cinnamate (mol. wt. approx. 15000) in methyl cellosolve acetate in
a spin coating process at 200 rpm and dried as per Example 1.
After drying, the layer was not birefringent. It was then
illuminated as in Example 1. After illumination the layer had an

~optical path difference An.d = 25nm and a refractive index of

about 1.6. The layer thickness, measured in an interference
microscope, was d = 455 nm.

Exampie 3

A glass plate was coated with a 2% solution of polyvinyl
cinnamate (mol. wt. approx. 15000) in methyl cellosolve acetate in
a spin coating process at 3000 rpm for about 30 seconds. The
thickness of the resulting layer was about 0.1 u. The layer was
then dried in air for about 20 minutes and then heated to about
80-90°C for about 20s. After this pre-treatment, the layer was
exposed for about 100 seconds to irradiation with the light of an
HgHP lamp at a wavelength A of about 365 nm through a Glan-

"Thomson polarizer. The radiation energy was about 15 mW/cm?2.

The resulting layer was capable of giving a planar
orientation to the molecules of an adjacent liquid crystal layer.

Example 4

In an analogous procedure to Example 1, a layer of a
solution of a polyvinyl ester of paramethoxycinnamic acid



about 45 mWcnierr] for about 3 minutes. The resulting | ay
produced a parallel orientation in an adjacent liquid crys
Exanpl e 1 was repeated except that illumnation was with g
light in two successive stages through sks. 5 1n the
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(molecular weight approx. 15000-50000) in chlorobenzene and
dichloro- ethyleneé 1:1 was exposed for about 10 seconds to
irradiation with plane-polarized light at an intensity of about

0.5 J/em2,

The resulting layer likewise produced parallel orientation in

an adjacent liquid crystal.

Example 3

A glass plate was coated with a 1% solution of

NaOQOC COONa

0O QOO

Nao:;s SOSNa

in an immersion process in water. The resulting layer had a
thickness of about 0.07 p and was irradiated with plane-polarized
light at a wavelength A = 400-500 nm and an intensity of about
47 mW/cm?2 for about 8 minutes. The resulting layer likewise
produced' parallel orientation in an adjacent liquid crystal.

Example 6

CHs(CH2)1-,—O—@-N=N—©—-N02

in chloroform was vapour-deposited on a glass plate.
resulting layer, about 1000-2000 A thick, was irradiated with plane-
polarized light at a wavelength A = 400-550 nm and an intensity of
about 45 mW/cm2 for about 3 minutes. The resulting layer
likewise produced a parallel orientation in an adjacent liquid

crystal.

Example 7

The

Example 1 was repeated except that illumination was with
plane-polarized UV light in two successive stages through masks.




covéred by the mask was photopol ynerized, in the directiopREBLACEMENT SHEET|
t-he direction of vibration of the electric vector of the pl pne-porartzed
light. In the second illum nation stage, the mask was renpvedggng V 1996
irradiation was with UV light vibrating in a direction why ch had been
changed relative to the first illum- nation stage. The rlesuti—er—t-he
glass plate, was an orientation patterdh oriented in two different
directions. Exanple 8 Exanple 5 was repeated but non-pol arized TTght—wes
used in the kechedfirst ilbamitation sstage, ondys uhei parti of atheolaystt abton pattern

consi sting Oém%rieﬂnbﬁd tRE AR Waise?)h%goﬂoelgin%}ﬁed, in the direction
determined by the direction of vibration of the electric vector of
the plane-polarized light. In the second illumination stage, the
mask was removed and irradiation was with UV light vibrating in
a direction which had been changed relative to the first illumi-
nation stage. The result, on the glass plate, was an orientation
pattern oriented in two different directions.

Example 8

Example 5 was repeated but non-polarized light was used in
the second illumination stage, resulting in an orientation pattern
consisting of oriented and non-oriented regions.

Example 9

Example 1 was repeated except that the plane-polarized UV
light formed an image through a narrow slot on a slowly rotating
glass plate, such that the electric vector of the light vibrated
parallel to the longitudinal axis of the slot. The rotation of the
plate during the polymerization process resulted in a radially
oriented polymer.



Exaan e 9 Exanple 1 was repeated except that the plane-polarized UV Iight

foermed an i mage through a narrow slot on a slowy rotating

such that the electric vector of the light vibrated paralle
| ongi tudi nal axis of the slot. The rotation of the plate du
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pol ymeri zation process resulted in a r%di ally oriented poly
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, 1. A process for the manufacture of an oriented
photopolymer, characterized in that photopolymerization is
brought about by irradiating a polymerizable material (3) with
plane-polarized light (7).

2. A process according to claim 1, characterized in that
different regions of the polymerizable material (3) are irradiated
with light polarized in different directions.

3. A process according to claim 1, characterized in that
some parts of the polymerizable material (3) are irradiated with
plane-polarized light whereas other parts are irradiated with non-

- polarized light.

4, A photopolymer with oriented molecular structure,
characterized in that it is manufactured by a process according to
any of claims 1 to 3. '

5. A photopolymer according to claim 4, characterized in
that its orientation varies from region to region.

6. A photopolymer according to claim 2, characterized in
that it contains regions with variously oriented or non-oriented
molecular structures.
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1. A process for the manufacture of an oriented photopol yner,
characterized in that photopol ynerization is brought about by irradiating a
pol ynmeri zabl e material (3) with plane-polarized light (7). 2. A pr.ocess
according to claim 1, characterized in that different regions of the

pol ynerizable material (3) are irradiated with Iight polarized in different
directions. 3. A process according to clzaim 1, characterized in that
sone parts of the polynerizable material (3) are irradiated with

pl ane-pol ari zed |ight whereas other parts are irradiated with non-

pol ari zed |ight. EHOTO-ORIENTED POLYMER NETWORKS AND METHOD OF

THEIR MANUFACTURE

Abstract

An oriented photopolymer is a polymer where
polymerization is initiated by irradiation with plane-polarized
light and where the molecular configuration has a preferred
orientation as a result of linear polarization. These polymers have
optically anisotropic and other novel properties.
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4. ~ A photopolyner with oriented nol ecul ar structure, characterized in
‘that it is manufactured by a process ‘accotding to any of clains 1 to 3. 5.
. A phot opol yner according to claim4, characterized in that its orientation

varies fromregion to region. 6. A phot opol yner according to claim 2,
characterized in that it contains regions with variously oriented or
non-oriented nol ecul ar structures. 1
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