Le A 31 135-PCT _ Rapi dly photo-addressabl e substrates and
photo—addressabl e si de-group polymers with highly inducible double
refraction The present invention relates to a process for the

extrenely rapid |nscr|pt|on of

phot 0- addr essabl e subysdy;
substrates pr Yt&#%or this process, and the use of s(f?ﬁmw

substrates in information technology. The invention also relates to photo-
addr essabl e side-group polyners in which a high double refraction can be

i nduced 5 by |rrad| atlon SO that they are swtable for storing
optically availSs fetioadressiérha b powien 10taadye : Seitengzpupy
optically sw tCFD@@'L%F %ﬁmﬁ&iﬂbam}. DFﬁHdﬁb&tﬂgaddr essabl e polyners are
known ( Pol yner T Active Media, V.
P. Shibaev (Editor), Springer Verlag, New York 1995). 10 Particularly
LD TOr o 18 EPAHARP CeiEeiR VAARRLDL RN EhblerBestillh KB tt)

of copol yners by a very w e rangb of possible variations
of the 5 barer Substrate, fiir dieses Verfahren vorbereitete Substrate und die Verwendung

solcher Substrate in der Informationstechnik. Die Erfindung betrifft auBerdem foto-
adressierbare Seitengruppenpolymere, in denen sich durch Bestrahlung eine hohe
Doppelbrechung induzieren 18Bt, so daB sie sich zur Speicherung optisch angebotener .
Information oder zur Herstellung passiver oder optisch schaltbarer Komponenten -

10 eignen.

Fotoadressierbare Polymere sind bekannt (Polymers as Electrooptical and Photooptical
Active Media, V. P. Shibaev (Hrsg.), Springer Verlag, New York 1995). Insbesondere. -
eignen sich fir diesen Zweck Seitengruppenpolymere, von denen die Gruppe. der .
15 Copolymeren sich durch eine sehr breite Varationsmoglichkeit der Eigenschaften
auszeichnet. [hre besondere Eigenart ist, da ihre optischen Eigenschaften wie Absorp-
tion, Emission, Reflexion, Doppelbrechung, Streuung lichtinduziert reversibel verin- .
dert werden kénnen. Derartige Polymere haben eine spezielle verzweigte Struktur: An
einem linearen Riickgrat sitzen - Giber als Abstandshalter wirkende Molekiilteile
20 verbunden - Seitengruppen, die elektromagnetische Strahlung absorbieren konnen.
Beispiele dieser Art sind die Azobenzolgruppen enthaltenden Seitengruppenpoly-
meren gemiB US-PS 5173 381. Diese Substanzen kennzeichnet die Fahigkeit, beim
Bestrahlen mit polarisiertem Licht eine gerichtete Doppelbrechung auszubilden. Die

eingeschriebenen Doppelbrechungsmuster lassen sich im polarisierten Licht sichtbar
25 machen.

Es ist weiterhin bekannt, da8 man in Schichten aus diesen Polymeren an einer beliebigen
Stelle mit polarisiertem Licht eine értlich begrenzte Doppelbrechung einschreiben kann,
deren Vorzugsachse sich beim Drehen der Polarisationsrichtung mitbewegt (K. Anderle,
30 R. Birenheide, M. Eich, . H. Wendorff, Makromol. Chem., Rapid Commun. 10, 477 - 483
(1989), J. Stumpe et al, 20. Freiburger Arbeitstagung Fliissigkristalle 1991). Diese
Prozesse sind langsam. Zwar kann man in einigen Fallen bereits nach einigen Sekunden

Belichtungszeit den Beginn anisotropen Verhaltens feststellen, aber um den Effekt bis zum
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properties. Their particular feature is that their optical properties such

as absorption, em ssion, reflection, double refraction and
scattering can be reversibly altered by light induction. Such
pol ymers have_a CI al branched structure: side 15 gro prescly

absorb el ectrb‘fﬂﬂ Pc radiation and that are joined by parts o
nol ecul es acting as "spacers" are located on a |linear backbone. Exanpl es of
this type are the side-group pol ymers containing azobenzene gr oups

according to US 5 173 38 Thes uhst.a d by
the ability to® SFPRTER ML e"&“‘;kep‘et? g?rfﬁsd? f’gﬂ&#%@“ @f% h on
when irradi at edst vﬂntt IauﬂmbehderfdedZeitl dpint GroBin ales Effekts hewa aﬁopomonﬂOIEblxst eine
refracti on pat r an be r.ep d visib ol arised, |i i

0 1o al 56 knofepetue geiEhe AFEpEe dal qhRcomeshe dchs -
e o ié’%"%é’?%:é’ﬁ"”gﬁ dmhgjfﬂé i .,
t hese pol yrersA¥E Berpit fligy eipdpehe A cbene Isforgationeiie, M
Eich, J. H V‘é'ﬂddiﬁéhfoptzﬁﬂhlﬁﬁ 3EHen, dab fidh die PORHGiGRAN MIRg ddDeinsfifdibenden Lichts 483

(1989), J. Stu 20. Frei burger  Arbej tst ung Flussigkristalle
1991) . %@éﬁfﬁ‘gﬁb‘é@é&w&%ﬂ@vfswﬂ digsern Kelle Hﬂfmgf scloels es sipd Bisppfedie
begi nni ng of apoRRlakieishmung des veml%ﬁ&eew Qs fdaﬂhsaﬁ Blelae! & Va2 ter a
few seconds' exposure tine, as ru m nutes and even hours are
necessary in ostghirder 8@4&@&%@%"3& boﬁcwéﬁ“fﬂ! Erwiamyng et Sehicht tber die Glas-
10 iibergangstemperatur des Polymeren, bei dem alle Informationen auf einmal 5eloscht
werden.

Bei der Informationsdarstellung, Speicherung und Verarbeitung werden zwen.
grundsitzlich verschiedene Wege beschritten, die seriell und analog genannt werden Bei
15 dem analogen Weg werden alle Informationen gleichzeitig erfafit und gewandeit. Ein
typisches Beispie] hierfiir bietet die Fotografie mit dem Silberhalogenid-Film als analog
aufzeichnendem Medium. Dieser Fall trifit bei der Belichtung einer Schicht aus
fotoadressierbaren Polymeren durch eine Mustervorlage mit polarisiertem Licht zu, Da alle
Bildpunkte gleichzeitig entwickelt werden, ist bei diesen Prozessen die Einschreib-
20 (Entwicklungs)zeit selten kritisch. Beim seriellen Verfahren dagegen werden die Infor-
mationen nacheinander aufgerufen. Bei Objekten mit sehr hoher Informationsdichte,
beispielsweisé Bildern, miissen unter Umstinden sehr grofle Mengen dieser Bildpunkte
nacheinander geschriecben werden, wobei die Entwicklungszeit sich als Summe der
Entwicklungszeiten der einzelnen Bildpunkte ergibt. Deswegen kommt es hier ganz
25 besonders auf eine hohe Einschreibgeschwindigkeit unter Erhalt einer ausreichenden
Stabilitit sowoh! des Ausgangszustands der nicht beschriebenen Regionen als auch des
Endzustandes der beschriebenen Regionen an. Bei beiden Verfahren ist die genaue
Wiedergabe von Abstufungen der Helligkeitsunterschiede (Graustufen) der Vorlage
auBerordentlich wichtig. Es ist bisher nicht gelungen, das Problem der hohen
30 Einschreibgeschwindigkeiten auf optischem Wege technisch zufriedenstellend zu l6sen,
weil neben der Informationsubertragungsrate weitere Randbedingungen wesentlich sind.
Von thnen sind vor allem die Stabilitiit, die Loschbarkeit und die Graustufenfihigkeit zu
nennen. Dies hat prinzipielle Ursachen.
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Le A 31 135-PCT _ 2
maximum 1In this connection the magni tude of the effect is roughly

proporti onal to-the tinme enployed. It is a particular feature
of . optical addr ' that the optic axis of the inscrgdyggy e
.refraction is \)@?ﬁ’@gﬁs to that of the inscribing polarised ?%ﬁ

' The sinple possibility of being able optically to extinguish inscribed 5
cinformation by rotating the direction of polarisation of the inscribing
‘light is based on this property. Inscription and extinction occur
equally rapidly in this case; they .are identical processes up to the
direction of polAls generelioRegsf gitthdaBawp Bysjeat, béi glten keine Masse[ bindern Feider adent r ast

to the process r mal t] [ i t « t he
glass transiti oﬁ; é’?f%e‘r’a 3% v!(')‘{;&%hg&p%e%?, e@ﬁevﬁgﬁe{#%ﬁﬁ“ ?%%%feﬁa R is 10
extingui shed at WemeMasse bewegt wird, laiso te tUnlagenmegspeozesaén ader clemiscleg Realtidnen,
processing,_two . fupd nt al | ch% ferent routes ., are,fal.lowed, . which
may be ter med sefti ‘gf q%ﬁﬂ“’ﬁn Eef'?fdf“ﬂ'@e'h er, Wik g“ﬁl‘fc’"d‘?ﬂgv'sm\gﬁg des and
i nformation are Medimstraitteinthty Sclidgt diztSebaltacitder aisdesviskostn ndmitigehien Blreheelienp| e
O S i ngt TS | b SRR ViR Al e i Qe SoehdoBbiifer WhieEs! g

 viele Stunden, bendtigt, um die maximal erzielbare Doppelbrechung zu erreichen.

IOI " Verzichtet man auf die Reversibilitit der eingeschriebenen Verianderungen, dann kann man
- die Energiedichte beliebig wihlen und im Grenzfall das Substrat ortlich zerstoren. Solche
Materialien werden beispielsweise von G. Kampf in Kirk-Othmer, Encyclo-paedia of
~ Chemical Technology, 4th-ed., 14, 277-338 (1995) beschrieben. Dieses in der Literatur in
B vielen Variationen beschriebene Verfahren hat jedoch einige Nachteile. Der wichtigste ist,
15 ~ daB der ProzeB einen erheblichen Eingriff in das Gefige des Substrats bedeutet und das
| gebildete Loch grundsétzlich instabil ist. Ferner hat man immer das Problem des ver-
:' dampften Materials, das sich irgendwo in der Apparatur oder auf dem Speichermedium
| ablagert, und schliellich bendtigt man sehr hohe Energiedichten der Laser, in der Regel
_ >10" m¥m’ .

20 T (s
) Da der Erhalt des Substrats zugieich die Bedingung fiir seine Wiederbeschreibbarkeit ist,
kann man die Lichtintensitit nicht beliebig steiger; vielmehr mufl man unterhalb der Zer-
setzungsbedingungen bleiben. Es gibt aiso eine durch die Stabilitit des Materials definierte
obere Grenze der Energiedichte. Die kleinste Energiemenge, die notig ist, um eine
25 nachweisbare und stabile Veriinderung in der Schicht hervorzurufen, ist von Coles (an
einem Polysiloxan) zu 4x10° m)/m?* (C.B. McArdie in Side Chain Liquid Crystal Polymers,
Hrsgb. C.B. McArdle, Verlag Blackie, Glasgow 1989, S. 374) bestimmt worden. Unter
der Annahme, daB8 die Mindestenergie fiir polymere Substrate in derselben Gréfenord-
nung liegt, folgt, wenn man das Substrat schonend behandeln méchte, dal die Seiten-
30 gruppenpolymeren immer nur langsam beschreibbar sind (weil die Mindestenergie der
Zerstérungsenergie bereits sehr nahekommt) und deswegen fiir eine serielle Speicherung in
Echtzeit ungeeignet erscheinen. Dieser prinzipielle Nachteil stand der technischen Verwen-
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case involves exposure of a |ayer of photo-addressable polyners with

pol ari sed |ight through a master pattern. Since all inmage points
are devel oped sinul taneously, the i nscription (devel opnent) tinme is
seldomcriti c% iquhggse processes. Wth serial pr ocgéflﬁlsg@nger
the itens of intormation are called up in succession. In the case of

objects with a very high information density, for exanple inages,

potentially very |l arge nunbers of these inmage points have to be
inscribed in su SSi Lt h . devel k. Ei | S .thus, the
sunmat i on of thg e@‘léh?ggn 'tlfngreeg ’%fA uf%‘ée ?eﬁd‘fo\aggcﬁlgé“ Erﬁr'ﬁu"b' d’ﬁﬁﬁé‘é‘ : i nts.

For this reasonatetelfglh i nscription rate while nmintaining a sufficient
stability of both the initial state of the non-inscribed regions as well as
of the final 25 state of the inscribed regions is inportant. |In both
processes the ad¥ithabes nun Uberraschéndpefuddden) daBrmaf exgremdabiriel) Adressierbaief Speicheices i n

e T TSN T — L O

tﬁchni cal | ?/ sat ids mai dié Sub¥Re SioBAdRkig Riiteinecit &k kbiveRtionéls Beschicibangdezhé@en DY
the optica

. royte, . sin lp addifion to the information | . _
transm ssion raﬂ'&hthE}‘%g’ﬁWbéﬁaM °’§6°P"s°h°35‘ﬁﬁ'i"?ﬂ'?ﬂ‘?§brbﬁ?‘eg§§%rﬁ"isaqr‘?,l"%uc h
boundary condi t ipgdugtet. Mah dieAvsbreiRMEigksehvindigiiell AeSLioks Ini del Schichtebene ricktis-

extinguishability, and the ability to distinguish degrees of greyness.
There are aDlangis o ey erorRShSishuasahbiagiae Brechzahien, dic sog Dogpejgreghumess. pCT
10 Wenn man die so vorbereiteten Substrate mit entsprechend intensivem Licht kurzzeitig be-

.- strahlt, wird die Doppelbrechung extrem rasch und dauerhaft variiert, d.h. vermindert oder

ganz geloscht. Je nach Lichtintensitit kann der Grad der restlichen Doppelbrechung eingé-
- stellt werden.

15 Es gibt also zwei optische Prozesse, die sich in ihrer Wirkung unterscheideﬁ:
. In einem generativen ersten Proze muBl die Schicht zuerst flichig anisotrop doppél-
brechend werden. Die Doppelbrechung (optische Anisotropie) wird iiblicherweise a;ls
. Differenz An der maximalen, richtungsabhéngigen Brechzahlen n bei einer bestimmten
Wellenlinge angegeben.
20
Fiir das Generieren der grofiflachigen anisotropen Doppelbrechung ist jede
Lichtquelle fiir polarisiertes Licht geeignet, beispielsweise eine Gliihlampe mit giner
. nachgeschalteten Polarisatorfolie oder vorzugsweise ein Laser. Der Zeitaufwand
hiingt wesentlich nur von der Leistungdichte der Lichtquelle ab, wobei im Augenblick
25 dafiir keine Untergrenze bekannt ist. Die Obergrenze der Leisfungsdibhte der
Lichtquelle wird von der Zerstorungsschwelle des Materials bestimmt; sie st
materialabhingig und liegt im Bereich von 107 bis 10* mW/m2. Das Material kann
groBflichig strukturlos oder selektiv, beispielsweise Gber eine Maske, adressiert
werden; jedoch ist die strukturiose Adressierung bevorzugt - insbesondere eine
30 solche, die sich iber die gesamte Substratfliche erstreckt. Die fiir die Zwecke der
Erfindung notwendige optische Anisotropie An des ersten Prozesses kann sehr kléin

sein; Voraussetzung ist lediglich, daB sie noch mefibar ist. Vorzugsweise betrigt die
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3 .As a general rule, only systens in which no nmass but only fields

or vectors are changed, can react extrenely rapidly to control
commands. If a mass is noved, for exanpl e i n rearrangenent
processes or chenic %k reactions, the reaction is orders of pcopEpor/02489
magni t ude sl ower S governed al so by the viscosity of the nmedium For
5 exanpl e, the swtching tinme of the | owviscosity nematic rotational
cells is at nost in the region of Psec, whereas a side- group

| t ak t ft der .t
C K e s Rprone il o] A P RRR. e

i nscri bed change®os;SiethetrB@VorAlgiibeise makidfan0,b5 anBEdhdkre haximal 0,8lensi ty can be
chosen arbitrarily and in the FI mting case the substrate nay be

| ocal |y destroyed. Such materials are described for exanple by G Kanpf in

Kirk- Obef Bwveite Foptivche TS ivaifil diehesFiverdung 6P @ o ﬁdschenepkozeam |
277-338 (1995). This process, many variants of which are described
inthe |itérat uN@'berﬁ&SeﬂsWte und bestely; ig £lgt, Adreasipmngtissanisqtrop Tdogpelysechend

i npor tant  of thgéﬂachén Maftrialk Bt IREHD 6B Burkd? YRh €Basfeinkchreibend COBRIHAGEBOL S
attack on the sfructure of the substrate, and the hole that is forned is

basi cal | y unst apedere QualigidEs kase nolassiest pder aimpplgrisiert rein, Beyoraigt ist pelanisiertes
vapori sed cﬁméseernu@ém dePies Rub¥Rits PallARES DleGHheRRUINAE Eoh ih fer RREH 103

apparatus or on thé_st
bis 107, vorzugswelse 105 bis 6-105 mJ/m2 betragen. ,Kurzzeitig" bedeutet, daB die

10 Lichteinwirkung 10°" bis 10°, vorzugsweise 10™ bis 10* sec dauern kann. Entsprechend
schnell muf3 die Lichtquelle sein, so dafl Laserlichtquellen bevorzugt sind. Mit dieser
Methode sind sequentielle Schreibgeschwindigkeiten bis zu 100 MHz, vorzugsweise 5 bis
50 MHz moglich. Die sequentielle Adressierung bewirkt, dal im Matenal die Aufhahme
des Photons zwar sehr schnell erfolgt, aber danach geniigend Zeit fir eine Dunkelreaktion

15 zur Verfligung steht.

Die Loéschung kann grofBflichig erfolgen, so daB ein unstrukturiertes Muster entsteht.
Bevorzugt sind aber Muster mit Strukturen, die in Richtung ihrer geringsten Ausdehnung
einen Durchmesser von 10 nm bis 20 pm, insbesondere 10 nm bis 1 um besitzen.

20
Die eingeschriebene Information ist stabil, d.h. nach dem Abschalten der Lichtquelle erhilt
man ein lagerfahiges Doppelbrechungsmuster, das mit Hilfe von polarisiertem Licht
gelesen werden kann. Die Helligkeitsinderung ist der Wirkung des Lichts proportional.
Das Material ist graustufenfahig. Die eingeschriebene Information ist reversibel, d.h. man
25 kann die Information wieder léschen und anschlieBend neu einschreiben.

Gegenstand der Erfindung ist also die Verwendung von aus fotoadressierbaren
Polymeren hergestellten Flichengebilden mit einer optischen Anisotropie An von
0,001 bis 0,95 zum Speichern von optisch angebotener Information durch partielles
30 gezieltes Variieren der optischen Anisotropie. Weiterer Gegenstand der Erfindung ist

ein Verfahren zum Speichern von Mustern in den erfindungsgemiB zu verwendenden

ERSATZBLATT (REGEL 26)



medium and finally very high | aser energy densities are required, as a

rule > 10[err]mi/merr]. 20 Since the preservation of the
substrate is at the same tine the necessary condition for its
re-inscribabilt the light intensity cannot be increased ar

I nst ead, )6? 893 nt ensi ty nust remain bel ow the decorrpo ET ?/ousy
threshol d. The stability of the mat eri al thus defines the upper
limt of the energy density. The small est gmunt of 25 energy that is
necessary in order to produce a detectable and stable change in tl}

| ayer has been Miﬁe@@eﬁy wrgh Bestrableny myb| Licht) giner, Energied Ek‘fO["@? 10 ndisni err]
(C B. MuAnehlR? W%&:ﬂé}n&ﬁ&k&uéﬂ»@i’l'ld“@{sYl%“aLseéD ol ymers, Editor. C. B.
McArdl e, Bl ackie Publ i shers, d asgow 1989, p. 374). Assum ng that
the m ni num energy for polyrrerl C substrates is of the sane order of

magni tude, it fgl/ 8&@% ,,ok&%%é%?sin% inid der Erhﬁ&gksbfegﬁt%%tﬁﬁeﬁn%gﬁm:g“

that the side-group rs can | NScCri
t he mi ni nuin enetiegymmdbrr, e&dtwngsbl)mglmxs @rtobzaﬁlha vimsmhxdestmsr\o.@ﬂebg'y?inerand

accor dingly SUCkreRRHIE e 7 fin KRHbbAR St AR GeP Bk bei ol RIRodoHbrloRh adr' ™
_ langwelligen Flanke des lingstwelligen Absorptionsmaximums noch 1 % betrﬁgt
(Absorptionsmaximum = 100 %). Angestrebt werden moglichst hohe Anisotropie-
werte, weil sie gute Ergebnisse auch noch bei sehr geringen Schichtdicken zulassen.
10 Bevorzugte Werte von An liegen im Bereich von 0.05 bis 0.95, insbesondere von 0.1
bis 0.8.

Weiterer Gegenstand der Erfindung sind Polymere, in denen durch Vorbehandiung
eine optische Anisotropie erzeugt werden kann, die durch Belichten wihrend einer

15 Zeitdauer von 10-3 bis 10-15 sec. variiert werden kann.

Fur die Herstellung der fotoadressierbaren Substrate sind Polymere geeignet, in die sich
eine gerichtete Doppelbrechung einschreiben 1it (Polymers as Electroopticcal and
Photooptical Active Media, V. P. Shibaev (Hrsg.), Springer Verlag, New York 1995;
20 Natansohn et al., Chem. Mater. 1993, 403-411). Insbesondere sind dies Seitengruppen-
polymere, von denen die Copolymeren bevorzugt sind. Bevorzugte derartige Copoly-mere
werden beispielsweise in den DE-OS 43 10368 und 44 34 966 beschrieben. Sie

enthalten vorzugsweise eine als Riickgrat wirkende Poly(meth)acrylat-Hauptkette mit

wiederkehrenden Einheiten
25
)
-CHyG-...
=0
l
worin R fiir Wasserstoff oder Methy steht, die Punkte die Ankniipfung der weiteren
Einheiten der Hauptkette andeuten und die Seitenkette an die Carbonyigruppe
30 angekniipft ist .
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4 princi pal di sadvantage has up to now prevented the technical use

of “such pol yners, and it is the object of the present invention to
alleviate this defect. We have now surprisingly found that

extrenely rapi\gbg.”gﬂgsr essabl e storage nmedia 5 can be prpgpp@hnieaem t he
polymers that aré slowy photo-addressable per se if the substrates

are irradiated over a large area with a light source suitable for
conventional inscription, so that an optic# anisotropy is produced.

Opt i cal ani sotropy neans that the rate of propagation of the |ight
in the plane of the |ayer i s dependent on the direction. This
produces di r ect iVéeitecks Kimpchsteand rsgkir Rodymeos mitSeiterik@tten der mathfagendchebdhaebenen
refraction. I|f t§?reuk pint ably prepared substrates are irradiated for a short
time with appropria éiy intensive light, the double refraction is varied
extrenely rapidly and permanently, i.e. is reduced or conpletely

[ ished. The d f. i I L f ' b
2] usted actor dils RS Reuplkgiy e pefER polenk @t Kool i BbeRT) Dl ocesses

are thus involved, which differ in their action:

-8'-7T'-Q'-A () und
'Sz'Tz'Qz‘M (Il)
10 entsprechen, worin

S' S*  unabhingig voneinander die Atome O, S oder den Rest NR',

R Wasserstoff oder C)-Cq-Alkyl,

15
T',T* unabhingig voneinander den Rest (CHs,),, der gegebenenfalls durch -O-,
-NR'- oder -OSiR,0- unterbrochen und/oder durch Methyl oder Ethyl
substituiert sein kann,
20 n die Zahlen 2, 3 oder 4,
Q', Q* einen zweibindigen Rest,
A cine Einheit, die elektromagnetische Strahlung absorbieren kann, und
25 M eine polarisierbare aromatische Gruppe mit wenigstens 12 =n-Elektronen

bedeuten.
Besonders bevorzugt sind Polymere, in denen

30 Q. ¢ unabhiingig voneinander Z', Z2 oder die Gruppe -Z'-X-Z* bedeutet, worin
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In a generative first process the layer nust first of all becone

ani sotropi cally doubl e refractive over its area. The double
refraction (optical anistropy) is conventionally expressed as the
di fference An _of the maxi num direction-dependent refractive.l n
at a speci fi cWNE gt h. Any |ight source for po?g?&g%@wﬁgght,
for exanple an incandescent lanp with a connected polariser foil or
preferably a laser, is suitable for generasing the |arge- area

ani sotropic doublg refraction. The required tine depends substantially only
on 25  the Poder tReRngiy vepeinapter dic GAPPEL S cO2 iR hPPh -€6RncEPNB no
lover limt fOLNRIEG:, -NR'-, -N=NL SCHEOM) -RECHY, 9~ odbEie GRRPE -(CHY),{ mRm t he
power density of the light source is determ ned by the destruction
threshol d of t 7 ¥4€E&PI%I , which depends on the material itself and
is in the range fromgpQ] 8L ddet Os-diielisideh ] cydldhiphitisten, TmalRhé& lodlr AB¥roDe

addressed over a large area in_a structureless nner or sel ectlvelaf, for
1€

exanpl e 36 cydlisebeg Ring, fip den Fall o i€ ON-rader QIR s ging, dinekissBindungjoger

Clbstrate. The e KPS C0y An of the first  — - 'process that is.
necessary for the pumobs axdivpben pagegehensn Bedeptunglatbe very snal | ; the
A den Rest eines Mono-Azofarbstoffs, der im Wellenlingenbereich zwischen 650
und 340 nm absorbiert; und
10 M den Rest eines polarisierten und weiter polarisierbaren aromé.tischen, linear

aufgebauten Systems mit wenigstens 12 n—Elektronen bedeuten.

Bevorzugte Reste A entsprechen der Formel

7

R R

N=N

worin

.R2 bis R7 unabhingig voneinander Wasserstoff, Hydroxyl, Halogen, Nitro, Cyan, C;-
20 C4-Alky|, Cl-C4-A|k0XY, CF3, CCI;, CB!’3, SOzCF:;, C1~C(,-Alkyl-sulfonyl,'

Phenylsulfonyl, Cy-Cg-Alkylaminosulfonyl, Phenylaminosulfonyl, Aminocarbonyl, C,-

C¢-Alkylaminocarbonyl, Phenylaminocarbonyl oder COOR! bedeuten.

Bevorzugte Reste M entsprechen der Formel
R12 Rﬂ
R‘!O
RQ
R" R®
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Le A 31 135-PCT. 5

only precondition is that it is still measurable. Preferably the anistropy
An produced in the first process is at least 0.001, in particularat
| east O. 005 o bhsabdsef er ably at most 0.95, in partiwiiEpesiost
0. 8. %e second optical process relates to the use of the
substrat es prepared in the first Sotlcal process and conpri ses
addressing with |ight of very short duration the mat eri al nmade

ani sotropically double refractive. The inscribing light has a further
quality however: it may be polarised or unpolarised. Polarised light is
preferred worinwhose axis lies parallel to that of the substrate. The
energy density should as a rule 10 be 10[err] to 10[err], preferably
10[err] to 6 X 10[errl mi/nmferr]. "Short tine" neans that the action

of the Iight mRE bis R’ uoabhisifie vodeinandet (Wasserjtoff pHypdroxylbHalogdh| MNitrg, CyanlO[ err ]

sec. The I ght $9 ust r esgondy I gk, i ans
t hat _ | aser |'i ght!” d;bﬁﬁ‘g%schpé'm &fer é’df\éa’h’ chY; %@%‘yﬁ ﬁ#geﬁétl%&'ﬁgg uenti al
i nscription ratRhemdsulforyl,tQ)- G@mldylahunoaﬂﬁhﬁr Piienylarninbsulfoflyl, Aminocarbdviylz C,ar e
possi bl e. The q tial u t he absorption 15
of the photon |S(ref #ﬁg F?S @“‘H\" Emﬁft?‘*eéﬂ\b q idly, there is still
suf ficient time for a dark reaction. .
Y -CO0-, -OCO-, -CONH-, -NHCO-, -O-, -NH-, -N(CHj;)- oder eine
10 Einfachbindung ' '

-ﬁ

bedeuten.

Bevorzugt sind amorphe Polymere, also solche, die keine makroskopisch wahmehmbaren
15 fiissigknistallinen Phasen ausbilden. ,,Amorph” bedeutet einen optisch isotropen Zustand.

Solche Polymeren streuen weder das sichtbare Licht noch besitzen sie eine Doppelbre-
chung.

Die Verbindungen kénnen auf an sich bekannte Weise durch Copolymerisation von Meso-
20 gen- und Farbstoff-haltigen Monomeren, durch polymeranaloge Reaktion oder durch
Polykondensation hergestellt werden. Bevorzugt ist die radikalische Copoly-merisation
der Monomeren, d.h. der Monomeren mit mesogenen Gruppen einerseits und Farbstoff-
haltigen Gruppen andererseits in geeigneten Losungsmitteln, wie z.B. aromatischen
Kohlenwasserstoffen wie Toluol oder Xylol, aromatischen Halogenkohienwasserstoffen
25 wie Chlorbenzol, Ethern wie Tetrahydrofuran und Dioxan, Ketonen wie Aceton und
Cyclohexanon und/oder Amiden wie Dimethylformamid, in Gegenwart Gblicher radikal-
liefernder Polymerisationsinitiatoren, wie z.B. Azodiiso-butyronitril oder Benzoylperoxid
bei erhohten Temperaturen, beispielsweise bei 30 bis 130°C, vorzugsweise bei 40 bis70°C,
moglichst unter Wasser- und Luftausschiufl. Die Reinigung kann durch Ausfillen bzw.

30 Umféllen der erhaltenen Seitenketten-copolymerisate aus ihren Losungen, beispielsweise
mit Methanol.
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Extinction may take place over a large area, with the result that an

pattern is produced. Patterns with structures that
have a dianmeter of 10 nmto 20 20 [err]m in particular 10 nmto 1

err in the direction of their snall est extension are er
[ Im WO 97/44 gCT@F?@&%¥

unstruct ur ed

preferred.

| i ght source is swtched off. a

%% he inscribed information is st abl e,

is obtained that can be read with the aid4of 25 pol arised | i ght.
change in brlghtness |s(§Poport|onaI to the action of the Ii

The materi al
reversi bl e,

re-inscribed.

10

15

20

30

i sWabrgady

PRfnedfie slekuamagsrscher fsaliung abpaskigrep rh"B'Fel'?a’cnl R

storabl e double refraction pattern

The

IS

Regel i Wlexﬁﬂ@eﬁﬂ%ﬁ&h%& 'sféﬁtbﬁ@ﬁ‘ Llilﬁtsra%s&lﬁl&eﬂ ObdsRhg di@fdsd-hen

Le A 31 13
genen Gruppen bislang bekannt gewordener Seltengruppenpolymerer ein deutlich

kurzwelligeres ~ Absorptionsmaximum, vorzugsweise bei Wellenzahlen um
33 000 cml; die erreichbaren Doppelbrechungsinderungen liegen unter 0,}. Die
bisher beschriebenen Verfahren zur Speicherung von Information durch Doppel-
brechungsinderungen sind regelmiifig als reversibel beschrieben worden, d.h. 6aﬁ mit
einer durch Licht oder Wirme hervorgerufenen Temperaturerhdhung die gespéicherte

Information wieder geléscht werden kann; die Verwendung von Licht kann dabei den

Vorteil der lokal begrenzten Loschbarkeit bieten, weswegen diese Variante manchmal

bevorzugt ist. Die prinzipielle Loschbarkeit durch Zufilhrung von Energie in Form
von Wiarme beinhaitet natiirlich gleichzeitig das Risiko mangelnder Thermostabilitit
der eingeschriebenen Information; in der Tat ist dies ein Nachteil des bislang
bekannten Standes der Technik. Viele Verbindungen dieser Art besitzen also den
Nachteil, daB die eingeschriebenen Doppelbrechungen nicht temperaturstabil sind; bei
hoheren Temperaturen, insbesondere bei Anniherung an die Glasiibergangstempera-
tur, wird die Doppelbrechung schwiicher und verschwindet schliellich ganz. Vor-
teilhafte Informationstréager sind also solche, bei denen die Stabilitit der eingeschrie-
benen Information méglichst temperaturunempfindlich ist.

Es wurde gefunden, daf tiberlegene Seitenkettenpolymere dann entstehen, wenn man
die Seitenketten so auswihit, dafl jhre Absorptionsmaxima einen definierten Abstand

voneinander aufweisen. In diese neuen Polymeren 138t sich mit Licht Information
einschreiben, die hoch thermostabil ist.

Welterer Gegenstand der Erfindung sind also Polymere, die an einer als Ruckgrat
wxrkenden Hauptkette Seitenketten unterschiedlicher Art tragen, die beide elektro-
magnetische Strahlung (mindestens fiir die eine Art: vorzugsweise der Wellenlinge
des sichtbaren Lichts) absorbieren konnen mit der MaBgabe, dafl die Absorptions-
maxima der unterschiedlichen Seitenketten mindestens 200, vorzugsweise mindestens

500, und maximal 10 000, vorzugsweise maximal 9000 cm-! voneinander entfernt
sind.
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6 The invention accordingly provides the use of flat materials

w Than opti cal ani sotropy An of: 0.001 to 0.95 produced from
phot o- addr essabl e pol yners, for storing optically avail abl e

rtially selectively varying the optical 2489
ani sotropy. AY AP subj ect of the invention is a process I;Cc')rrms?g’%?? ng
patterns in the 5 flat materials to be used according to the
invention, by irradiating with-light of an 44 energy density of

- 10[err] to 10[err] mid/nferr] for a duration of 10[err] to 10[err.] sec.

. The term "opti cBeveraugte sefindupgsgemafie Ralymere Ao Al SEr 31 gh‘%(g \)’ghﬂ‘ i means
a diff CHaliiker Edalbiativeighifile FovdIdH Babusiiene SkiteaBrugpamates Borimelnef r act i ve

. index of at least 0.001 10 at a wavelength that is 30 nmshorter than

i the point at which the absorption in the | ong wavel engt h edge of

. the l'ongest wavel engt h absorpLgQﬁLquinun1ignstiII 1%nd (absorption

. maxi mum = 100% . Ani sotropy values that are high as possible are

desired, siSnce they pernmt good results even at very |low | ayer thicknesses.

i nformati on by ‘Ea
Pt

Preferred val ues of Aasﬁﬁ-f_dz_rpthe r 3fyge fromO0.05 to 0.95, in
particular from0.1 to 0.8. 15 The invention further provides
polynmers in which an optical anisotropy can be produced by

pretreatnent, a%rWni ch can be varied by exposure for a period of 10[err]

10 | S! S? unabhingig voneinander Sauerstoff, Schwefel oder NR!,
Rl Wasserstoff oder C;-C4-Alkyl,

T!, T2 unabhingig voneinander den Rest (CH,),, der gegebenenfalls durch -O-,
15 -NRI- oder -OSiR1,0- unterbrochen und/oder gegebenenfalls durch Methyl

oder Ethyl substituiert sein kann,
n die Zahlen 2, 3 oder 4,
20 Q!, Q2 unabhingig voneinander einen zweibindigen Rest,

A,P unabhingig voneinander eine Einheit, die elektromagnetische Strahlung auf-
nehmen kann,

25 bedeuten mit der Mafigabe, daB8 die Absorptionsmaxima der Reste -Q1-A und -Q2-P
mindestens 200, vorzugsweise mindestens 500 und maximal 10 000, vorzugsweise

maximal 9000 cm-! voneinander entfernt sind.

Ein wesentliches Merkmal der Erfindung ist die Erkenntnis, daB die Eigenschaften der
30 erfindungsgemifen Polymeren umso besser sind, je dhnlicher die endsténdigen Grup-
pen -Q!-A und -Q2-P einander werden. Dies gilt insbesondere im Hinblick auf ihre
elektronische Konfiguration. Die Ubereinstimmung der Orbitalsymmetrie der beiden

Gruppen soll grof3, aber nicht 100 % sein. Durch die Anregung der lingerwellig ab-
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to 10[err] sec. 20 Sui t abl e pol ynmers for t he production of the
phot o- addr essabl e substrates are those in whi ch a directed doubl e
refraction can be inscribed (Polyners as El ectrooptical and

Phot oopti cal @851”3(43 Media, V. P. Shibaev (Editor), Spri nger Ver | a&*‘ﬂg

York 1995, &t ansohn et al., Chem Mater. 1993, 40FGHH?

particul ar these are side-group pol yners, preference belng given to
the copolyners. Preferred exanples of sucl, 25 copol ynmers are descri bed
for exanple in DE-OS 43 10 368 and 44 34 d66. Th ey preferab

y
contain a pol yYRRERY deg GIPBREIN HEN STLIRANYCISRIER ﬁ’ﬁkt&@'ﬁﬁhﬁk%%ﬁez“s'\ﬂm Werden
repeating unitge Brbxtals?‘ﬂmetnen der Gruppen A und P nahenm swexse antisymmetrisch.

[err] wherei n R denotes hydrogen or , the dots denote the
coupling of the further uni ts of the naln chain, and the side chaln
i's coupled to pRepmRisPRN ReédeCPund T2 besteht in der Gewihrleistung eines bestimmten |

5 Abstandes der Seitengruppenenden von der als Ruckgrat wirkenden Kette. Sie wer-

den deshalb auch ,,Spacer” genannt.

Die Reste Q! und Q2 verbinden die Endgruppen A bzw. P mit den Spacern T! bzw. :

T2, die ihrerseits iiber das Verbindungsglied S! bzw. $2 die Verbindung zur Haupt-
10 kette herstellen. Das besondere der Gruppen Q! und Q2 ist ihr EinfluB sowohl auf A

und P einerseits als auch auf T? und T2 andererseits. Den Resten Q! und Q2 kommt

deshalb ganz besondere Bedeutung zu: So kann eine Ahnlichkeit der Konfiguration,

gepaart mit einer relativ dhnlichen Lage der Absorptionsmaxima von -Q!-A und -Q2-

P beispielsweise dadurch erreicht werden, daBl identische Reste A und P durch unter-

15 schiedliche Reste Q! und Q2 unterschiedlich stark polarisiert werden.

Bevorzugte Reste Q! und Q2 umfassen unabhiingig voneinander die Gruppen -S-,
-80;-, -0-, -CO0-, -OCO-, -CONR1-, -NRICO-, -NR!-, (CH,),, mit m = 1 oder 2,
einen zweibindigen 6-Ring mit gegebenenfalls } bis 2 N-Atomen (wobei dann die

20 Ankniipfung an die Reste T! und A bzw. T2 und P iiber diese N-Atome erfolgt) und
die Gruppe Z1-X-Z2, worin

Z!, 72 unabhiingig voneinander die Gruppen -S-, -SO-, -O-, -COO-, -0OCO-,
-CONR!-, -NRICO-, -NR1-, -N=N-, -CH=CH-, -N=CH-, -CH=N- oder die
25 Gruppe -(CHj);,- mit m = 1 oder 2 und

X den Naphthalinrest, einen 5- oder 6-gliedrigen cycloaliphatischen, aromati-
schen oder heterocyclischen Ring, die Gruppe -(CH=CH),,~ mit m = 1 oder 2
oder eine direkte Bindung bedeuten:
30

Besonders bevorzugte Reste X umfassen 2,6-Naphthylen und 1,4-Phenylen und
heterocyclische Reste der Strukturen
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Le_A 31 135-PCT _ _ _ _ 7
The invention furthernore provides polyners with side chains having the

structures descri bed herei nafter. The side chai ns
branching fro n chain may correspond to the fornul aepczfm," 489
-S[err] - T[em&gemmﬁerr] - A () and - err‘ﬁz

T[err]Qerr] _ M (rn) wherein 10 S[err], S[er] denote
i ndependent|ly of one another the atoms Jef¥], S or the radical NRerr],

Rl err] denot es hydrogq@_Rr C[err] C[err] aIkI

~ -0

Steht X fiir ein 5-gliedriges Ringsystem, so kann dies carbocyclisch oder - bevorzugt -
heteroaromatisch sein und bis zu 3 Heteroatome, vorzugsweise aus der Reihe S, N, O,

5 enthalten. Geeignete Vertreter sind beispielsweise Thiophen, Thiazo), Oxazol, Triazol, .
Oxadiazol und Thiadiazol. Heterocyclen mit 2 Heteroatomen sind besonders bevor-

zugt.

Weann X fiir die Gruppe -(CH=CH),,- st_ght. hat m vorzugsweise den Wert 1.
10

Steht X fir eine direkte Bindung, gelangt man belsplelswelse zu Oxalsdure- oder
Hamnstoffderivaten oder zu Carbamaten (Z ausgewahit aus Z! und Zz)

Die bevorzugten Bedeutungen von Z!-X-Z2 sind Benzoesiureamid- und Benzoe- .

15 sdureesterreste des Typs -0-C¢Hy~COO-, -O- CgH,4-CO-NR!-, -NR!-C4H4-COO-,
-NR!-C¢H4-CO-NR!-  sowie Fumarsiureester- und -amidreste des Typs
-0CO-CH=CH-0CO- und -NR1-CO-CH=CH-CO-NR -,

Besonders bevorzugt stehen Q! fiir die Gruppen -Z1-C4Hy-N=N- und Q2 fiir die
20 Gruppe -Z1-C¢H4-CO-NH-.

Die Gruppen -QI-A sollen Absorptionsmaxima im Wellenzahlenbereich von 15 000

bis 28 000 cm-! und die Gruppen -Q2-P sollen Absorptionsmaxima im Wellenzahlen- .

bereich von 16 000 bis 29 000 cm-! besitzen. Fiir die Zwecke der vorliegenden Erfin-
25 dung werden A und P sowie Ql und Q2 so definiert, daB die lingerwellig absorbieren-

de Einheit -Q!-A, die kiirzerwellig absorbierende Einheit -Q2-P genannt wird.
Bevorzugte Reste A und P umfassen ein- und mehrkernige Reste, wie z.B. Zimt-

sdure-, Biphenyl-, Stilben- und Azofarbstoffreste, Benzoesiureanilide oder Analoga
30 heterocyclischer Art, vorzugsweise Monoazofarbstoffreste.
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15 T[err], T[er] denote independently of one another the radical

(CH err])n, which may optionally be interrupted by -0,
-NR[err]- or -OSiRerr][err]O, and/or may be substituted
by net hyl or n denot es the nunbers 2, /02499
Qerr], Qer r?dgi%hg%sg a dival ent radical, A d%ﬁg{%’g’ a unit
that can adsorb el ectronagnetic radiation, and 25 M denotes a

pol ari sabl e aromati c group cont ai ni ng at | Bast 12 [err]-el ectrons.

Particularly p fer are ner s Qerr], Qerr]
denot e i ndepen el"’i?’f rsgﬁc"?f 3 % %F@PW’“%[‘QF tHomgEl + he group
-Z[err]-X-Zerr]-, 30 wherei n Z[ err], Z[err] denote independently of one
anot her the groups -S-, -Sgerr], -é.%= G

[(114)
5 worin
G einen einbindigen aromatischen oder heterocyclischgn Rest und
E einen zweibindigen aromatischen oder heterocyclischen Rest bedeuten.
10

Fir E geeignete aromatische Reste enthalten vorzugsweise 6 bis 14 C-Atome im
aromatischen Ring, der durch C)-Cj,-Alkyl, C,;-C;5-Alkoxy, Hydroxy, Halogen
(insbesondere F, Cl, Br), Amino, Nitro, Trifluormethyl, Cyan, Carboxy, COOR (R =
Cy-Ce-Alkyl, Cyciohexyl, Benzyl, Phenyl), Cs-C;3-Cycloalkyl, C;-C\4-Alkylthio,
15 C,-C4-Alkylsulfonyl, Cg¢-Ca-Arylsulfonyl, Aminosulfonyl, C;-Cg-Alkylaminosulfo-
nyl, Phenylaminosulfonyl, Amindcarbonyl, C;-Cs-Alkylaminocarbonyl, Phenylamino-
carbonyl, Cy-C4-Alkylamino, Di-Cy-C4-alkylamino, Phenylamino, C,-Cs-Acylamino,
C-C4-Alkylsulfonylamino, Mono- oder Di- C-Cy4-alkylaminocarbonylamino, C-C,-
Alkoxycarbonylamino oder Trifluormethylsulfony! ein- oder mehrfach substituiert sein
20 kann.

Fi'xr E geeignete heterocyclische Reste enthalten vorzugsweise 5 bis 14 Ringatome,

von denen | bis 4 Heteroatome aus der Reibe Stickstoff, Sauerstoff, Schwefel sind,

wobei das heterocyclische Ringsystem durch C;-Cyy-Alkyl, C,-C;;-Alkoxy,

25 Hydroxy, Halogen (insbesondere F, Cl, Br), Amino, Nitro, Trifluormethyl, Cyan,

Carboxy, COOR (R = C;-C¢-Alkyl, Cyclohexyl, Benzyl, Phenyl), C;-C;,-Cycloalky},

C1-Cyy-Alkylthio, Cy-Cg-Alkylsulfonyl, Cg-Cyo-Arylsulfonyl, Aminosulfonyl, C;-Cg-

- Alkylaminosulfonyl, Phenylaminosulfonyl, Aminocarbonyl, C,-Cg-Alkviaminocarbo-

nyl, Phenylaminocarbonyl, C;-C4-Alkylamino, Di-C;-C4-alkylamino, Phenylamino,

30 C,-Cs-Acylamino, C,-Cs-Alkylsulfonylamino, Mono- oder Di- C;-C4-alkylamino-

carbonylamino, C,-C4-Alkoxycarbonylamino oder Trifluormethylsulfonyl ein- oder
mehrfach substituiert sein kann.
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-COO-, -0CO, -CONRerr]-, -NRerr]CO, -NRerr]-, -N=N, -CH=CH, -N=CH,

-CHEN-or the group -(CH err])mwhere m= 1 or 2, and Le A 31
135- PCT _ _ 8 X denotes a
S-menbered or 6- ne’;]‘g]%ée_d cycl oal i phatic, aromati c or PCT/EP97/02489

het er ocyclic ring, in the case where Z[err] = -COO or -CONRerr]-
denot es a direct bond or the group -(CH=CH m, 5 m

havi ng the af orenenti oned neani ng,

£ denotes the radical of a

Ton0azo dye L Nat e G ners' afomarithe Hesid Srihathéi Siimgsweise & Hia" T T-RRh N

10

15

20

25

30

aromatischen Ring, der durch C;-Cy;-Alkyl, C;-C;;-Alkoxy, Hydroxy, Halogen
(insbesondere F, Cl, Br), Amino, Nitro, Trifluormethyl, Cyan, Carboxy, COOR (R =
C;-Cg-Alkyl, Cyclohexyl, Benzyl, Phenyl), Cs-C;y-Cycloalkyl, C;-Cy3-Alkylthio,
C,-Cg-Alkylsulfonyl, Cg-C,-Arylsulfonyl, Aminosulfonyl, C;-Cs-Alkylaminosulfo-
nyl, Phenylaminosulfonyl, Aminocarbonyl, C,-C4-Alkylaminocarbonyl, Phenylamino-
carbonyl, C,-C,-Alkylamino, Di-C,-C4-alkylamino, Phenylamino, C;-Cs-Acylamino,
C¢-C¢-Aryl-carbonylamino, Pyridylcarbonylamino, C)-C4-Alkylsulfonylamino, Ce-
C,p-Arylsulfonylamino, Mono- oder Di- C,-C4-alkylaminocarbonylamino, Cj-C4-
Alkoxycarbonylamino oder Trifluormethyisuifonyl ein- oder mehrfach substituiert sein
kann.

Fiir G geeignete heterocyclische Reste enthalten vorzugsweise S bis 14 Ringatome,

- von denen 1 bis 4 Heteroatome aus der Reihe Stickstoff, Sauerstoff, Schwefel sind,

wobei das heterocyclische Ringsystem durch C,-Ci;-Alkyl, C;-C,;-Alkoxy,
Hydroxy, Halogen (insbesondere F, Cl, Br), Amino, Nitro, Trifluormethyl, Cyan,
Carboxy, COOR (R = C4-Cg-Alkyl, Cyclohexyl, Benzyl, Phenyl), Cs-C,-Cycloalkyl,
C,-Cyp-Alkylthio, Cy-C¢-Alkylsulfonyl, C¢-C),-Arylsulfonyl, Aminosulfonyl, Cy-Cg-
Alkylaminosulfonyl, Phenylaminosutfonyl, Aminocarbonyl, C,-Cg-Alkylaminocarbo-
nyl, Phenylaminocarbonyl, C;-C4-Alkylamino, Di-C,-C4-alkylamirio, Phenylamino,
C,-Cs-Acylamino, C,-C,-Alkylsulfonylamino, Mono- oder Di- C;-C4-alkylamino-

- carbonylamino, C,-C4-Alkoxycarbonylamino oder Trifluormethylsulfonyl ein- oder

mehrfach substituiert sein kann.

Sofern die Reste E oder G mehrfach substituiert sind, richtet sich die Anzahl der

Substituenten jeweils nach der Anzahi der moglichen Substitutionspositionen, der
Méglichkeit des Einbaus der Substituenten und den Eigenschaften der substituierten

Systeme. Die Aryl- und Acyireste konnen gegebenenfalls durch Nitro, Cyano,
Halogen, C-C,-Alkoxy, Amino substituiert sein.

Besonders bevorzugte Reste -E-N=N-G enthalten entweder einen aromatischen Rest

und einen heterocyclischen Rest (d.h. entweder E oder G sind aromatisch, der andere
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10 M denotes the radical of a polarised and further polarisable
aromatic, linearly structured systemw th at |east 12.
[err]-el ectrons. Preferred radicals A correspond to the fornula

[err] R2 to R7 independently of one 2f@enote
hydr ogen, hydWWﬁ"&ﬁal ogen, nitro, cyano, C[errr%q@’err al kyl,

Cerr]-Cerr] al koxy, CF3, CJerr], CBr[err], SOerr]CFerr], (err]-err]
al kysul fonyl, phenyl suphonyl, C[err]-Cerrp al kyl am nosulfonyl

pheny! am nosul Loy, AN GS M : (L Shide Fuskl (1] FLBAFLRAMY 6 350

aromatisch).

Die bevorzugten Reste -E-N=N-G sind Azobenzolreste der Formel

5
(Iv)
worin
10 R fur Nitro, Cyano, Benzamido, p-Chlor-, p-Cyano-, p-Nitrobénzamido oder
Dimethylamino steht und die Ringe A und B zusitzlich substituiert sein
konnen.
Besonders bevorzugte Reste A und P entspreéhen der Formel
15
(V)
worin
20 R2? bis RS .unabhangig voneinander fir Wasserstoff, Chlor, Brom, Trifluormethyl,
Methoxy, SO,CHj3, SO,CF;, SO;NH,, N(CH3),, vorzugsweise Nitro, Cyano
oder p-Chlor-, p-Cyano-, p-Nitrobenzamido stehen mit der Maflgabe, daB
mindestens einer dieser Reste ungleich. Wasserstoff ist, und
25 R7 bis R1? unabhingig voneinander Wasserstoff, Chlor oder Methyl bedeuten.

Bei Mehrfachsubstitution des Rings A sind die 2,4- und 3,4-Positionen bevorzugt.
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Preferred radicals Mcorrespond to the fornula [err] Le A 31
135-PCT 9 R8 to

R13 i ndependently of one anot her denote hydrogen, hydroxyl, hal ogen, nitro,
~cyano; ( err]v-v%’% 3]55 al kyl, Cerr]-Cerr] alkoxy, CFlerr], g&kepsmopaso
CBrlerr], SOerr {err], Cerr]-C6 al kysul fonyl ,

phenyl suphonyl, Cerr]-(err] al kyl am nosul fonyl,

phenyl am nosul fonyl, am nocarbonyl, der¥-Cerr] alkylamnocarbonyl, 5

phenyl am nocar bonyl or COOR1 an Y denotes -COO-, -0OCO,
P oONLE RGO, , Andsre 89"&&‘3’?“3‘}3("6&3‘)“!" Fogntsprechen deg Foftiel bond. -

5 worin
R2 bis RS und R7 bis R19 die oben angegebenen Bedeutungen besitzen und

R2’ bis RS’ die Bedeutungen von R2 bis R® - aber unabhiingig von diesen - besitzen.

10
Andere bevorzugte Reste A bzw. P entsprechen der Formel
RB . RT
K R"
(o =Y
L—M
R® R"
15 worin
K. L, M unabhingig voneinander die Atome N, S, O oder gegebenenfalls -CH,- oder
-CH= bedeuten mit der Mafligabe, dall mindestens eines der Glieder K, L, M
ein Heteroatom ist und der Ring A gesittigt ist oder 1 oder 2 Doppelbin-
20 dungen enthilt, und
R7 bis R!! unabhingig voneinander die oben fur R7 bis R!? angegebenen Bedeu-
tungen besitzen.
25 Der Ring A steht vorzugsweise fiir einen Thiophen-, Thiazol-, Oxazol-, Triazol-, Oxa-

diazol- oder Thiadiazolrest.
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10 Preferred are anorphous polyners, i.e. polynmers that do not form

macr oscopi cal |y detectable liquid crystal phases. "Anorphous”
denotes an optically isotropic state. Such pol yners do not scatter
visible light wgl4Res ey contain a double bond. The conpounds

may be prepared in a nmanner known per se by copol ynmerisi ng 1BCT/EP97/02489
nmesogene- cont ai ni ng and dye-cont ai ni ng nononers, by a polyner-type reaction

or by polycondensation. Free-radi dal copol yneri sation of the
nononers is preferred, i.e. of the nmononers with nmesogenic groups
on the one hand and dye cont ai ni ng gr oups on t he ot her hand, in
sui t abl e sol venBe&yorugte RestzrvQi! A ardoQaLH &‘tﬂf?yééﬁ&%ﬁ such as

tol uene or xylene, aromatic hal ogenat ed hydrocarbons such as 20

chl orobenzene, ethers such as tetrahydrofuran and di oxane, ketones such as

acet one and cycl ohexanonegsand/ gr am suh as di nmet hyl formam de,
in the presence of cofvent Nong radi ¢8l -gdnating polynerisation
initiators, for exanp %708 i sobuty

_ ob N\ rile or benzoyl
peroxi de, at el evated f\ dr at uPes é'X'ah‘p At)—R’ 30 tin130[err]C,
preferably at 40 to 70C, and as fgyas 055| bl g=tmder the exclusion 25

of moisture and air. Purificati ofRcan Bé carri’ed omt by precipitating or

di ssol vi ng and reprecipitating the resultant side-chain copolyners
fromtheir solutions, for exanpl e wi th net hanol .
R R®
el
: R2 R3 -
worin
10 R! bis R10 die oben angegebenen Bedeutungen besitzen.

Bevorzugte Gruppen A und P entsprechen den Formeln

— Hren —Q=@- %
0102 1o

15

und

“0

-W N=N xn
O

20 worin
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., extingui shabi | i

Whereas the groups that can absorb el ectromagnetic radiation as a rule

absSorb in the 30 wavel ength range of visible light, the nesogenic
groups of side-group pol yners that are known up to now have an
absor ption maxjaym.aks a substantially shorter wavel epgtporioaase
preferably at wavel engths of around 33000 cnferr]; the achi evabl e doubl e

Le A 31 135-PCT 10
refraction changes are less than 0.1. The Mtherto described processes for
storing p nf og@‘ﬁ' ' | e refracti on changes have usual ly been
descri bed as re\l}ersi Ie,h%fmére%l%’e. with a tenperature rise produced by

| ight or heat the stored infornmation can be extingui shed again; the

use of |ight ma%g\zof maé%&?%@%gn{eﬁgp of alocally restricted 5

'S variant is sonetines preferred. The
pri nci pal met hod of extinction by adding energy in the formof heat

of course at theg,sa runs the risk of insufficient heat

stability gf thgyi nrsrgﬂef)%?ﬁ?%rmwon; i ndeed, this is a

di sadvant age of the previously known prior art. Many conpounds of this
Ré Nitro, Cyano, Benzamido, p-Chlor-, p-Cyano-, p-Nitrobenzamido oder

Dimethylamino bedeuten.

10 Den obigen Formeln gemeinsam ist, daB Substitutionen in 4-, 2,4- und 3,4-Position

des Ringes A besonders bevorzugt sind.

Fur diese bevorzugten Gruppen A und P bevorzugte Gruppen -S1-T!-Q!- bzw.
-52-T2-Q2- entsprechen den Formel -OCH,CH,0-, -OCH,CH,0CH,CH,0- und
15 -OC:HzCI'Iz-N'Rl - : : '

Die bevorzugten erfindungsgemiflen Polymeren enthalten allein wiederkehrende Ein-

heiten mit den Seitengruppen I und II, und zwar vorzugsweise solche der Formeln

T R
—CHz—T— —CH;—C—
=0 c=
| ,
S und S
L L
& !
] |
20 A P
(x1m) (XI1II)
mit R = H oder - vorzugsweise - Methyl.
25 Die entsprechenden bevorzugten Monomeren zur Einfilhrung der Seitengruppen 1 und

I1 entsprechen also den Formeln
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type thus have the di sadvantage that the inscribed double refractions are

not 10 heat stabl e; at el evated tenperatures, especially on approaching
the glass transition tenperature, the double refraction becones
weaker and finally disappears conpl etely. Advant age i % [mation
carriers ar ewgc"l’ﬁ‘iéﬁq ngly those in which the st abi |¥’$§§‘6"f’;‘1’ ‘3%

I nscribed information is as tenperature insensitive as possible. 15 I t

has now been found that superior side-chdin polymers are formed if the side
chains are chosen so_that their absgrption nmaxinma are at a specified

di stance from CHr—ﬁﬁ&QﬁﬁﬁTﬁif‘QTTﬁhese(ﬁ@% pol yr®s i nf or mati on t hat
is extrenely heat stabke can be inscribed using |ight. 20 The
i nvention accordingly also provides polyners that carry side chains of

di fferent types on a main chain acting as a backbone, both of which
can adsorb el ectronmagpeti,c r,adi ation (for one type at |east,
preferably of the SHvelaf@moT T——P visi#¥ |ight), provided that the
absorption maxi ma of thke different side chains are at a di stance of .
at | east 200, preferably at |east 500, and nost 10,000, preferably 25

at -at nost 9,000 cnferr], fromone another. Preferred pol yners

accor di ng to bli'.be Séi&%&r%“;éﬁn(lf ghd Yll)oﬂmii aﬁ@i\)arzﬁweﬁe aa(r\it(il\ﬁ]egh-?ﬁcrﬁoylgruppen
CH,=C(R)-CO- mit R = Wasserstoff oder Methyl angebunden.

Vorzugsweisé wird die Hauptkette der Seitengruppenpolymeren von Monomeren, die
die Seitengruppen (I) tragen, von Monomeren, die die Seiiengruppe (I1) tragen und |
10 gegebenenfalls weiteren Monomeren gebildet, wobei insbesondere der Anteil der
Monomeren, die die Seitengruppe ([) aufweisen, 10 bis 95 Mol-%, vorzugsweise 20
bis 70 Mol-%, der Anteil der Monomeren, die die Seitengruppe (II) aufweisen, 5 bis
90 Mol-%, vorzugsweise 30 bis 80 Mol-%, und der Anteil der weiteren Monomeren 0

bis 50 Mol-% betragen, jeweils bezogen auf die Summe samtlicher eingebauter
15 Monomereinheiten.

Als _weitere” wiederkehrende Einheiten kommen alle Bausteine in Betracht, die sich
chemisch in das Seitengruppenpolymer einbauen Jassen. Sie dienen im wesentlichen
lediglich dazu, die Konzentration der Seitengruppen I und Il im Polymer zu verringern
20 und bewirken also quasi einen , Verdinnungs“effekt. Im Falle von Poly(meth)-
acrylaten umfassen die ,weiteren” Monomeren ethylenisch ungesittigte copolymeri-
sierbare Monomere, die bevorzugt o-substituierte Vinylgruppen oder B-substituierte
Allylgruppen tragen, bevorzugt Styrol; aber auch beispielsweise kernchlorierte und
-alkylierte bzw. -alkenylierte Styrole, wobei die Alkylgruppen 1 bis 4 Kohlenstoff-
25 atome und die Alkenylgruppen 2 bis 4 Kohlenstoffatome enthalten konnen, wie z.B.
‘Vinyltoluol, Divinylbenzol, o-Methylstyrol, tert.-Butylstyrole, Chlorstyrole; Vinyl-
ester von Carbonsduren mit 2 bis 6 Kohlenstoffatomen, bevorzugt Vinylacetat, Viayl-
pyridin, Vinylnaphthalin, Vinylcyclohexan, Acrylsdure und Methacrylsiure und/oder
ihre Ester (vorzugsweise Vinyl-, Allyl- und Methallylester) mit 1 bis 4 Kohlenstoff~

30 atomen in der Alkoholkomponente, ihre Amide und Nitrile, Maleinsdureanhydrid,
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backbone coval ently bonded si de groups branching therefrom and having the

formul ae 30 -Slerr] - Tlerr]- Q-A (n) and

-S[err]- T[err]- Qerr]- p (rn) Le A 31 135-PCT

11 ' Slerr], S[err] denote independpatikporais®ne
anot her oxyg\é\{\‘?bggl gsr or NRferr], 5 Rlerr] denotes hydrogen or

Cerr]-Cerr] alkyl, 2l

-halb- und -diester mit 1 bis 4 Kohlenstoffatomen in dér Alkoholkomponente, -halb-
und -diamide und cyclische Imide wie N-Methylmaleinimid oder N-Cyclohexyl-
maleinimid; Allylverbindungen wie Allylbenzol und Allylester, wie Allylacetat,
' Phthalsdurediallylester, lsophthalsaurediallylester, Fumarsiurediallylester, Allylcarbo-

5 nate, Diallylcarbonate, Triallylphosphat und Triallylcyanurat.

Bevorzugte ,,weitere” Monomere entsprechen der Formel

CH,

_)_\,r%ﬂ e
| |

10

worin

R12  fiir cinen gegebénenfalls verzweigten C,-Cg-Alkylrest oder einen wenigstens
einen weiteren Acr-ylrest enthaitenden Rest steht.

15
Die erfindungsgemifien Polymeren kénnen auch mehr als eine Seitengruppe, die unter
die Definition von () fallt, oder mehr als eine Seitengruppe, die unter die Definition -
von (II) féllt, oder mehrere Seitengruppen sowohl der Definition von (I) als auch von
(IT) enthalten.

20
Die erfindungsgemiBen Polymeren besitzen vorzugsweise Glasiibergangstemperatu-
ren Tg von mindestens 40°C. Die Glasiibergangstemperatur kann beispielsweise nach -
B. Vollmer, GrundriB der Makromolekularen Chemie, S. 406 bis 410, Springer-Ver-

~ lag, Heidelberg 1962, bestimmt werden.

25
Die erfindungsgemiflen Polymeren besitzen im allgemeinen ein als Gewichtsmittel
bestimmtes Molekulargewicht von 3 000 bis 2 000000, vorzugsweise 5000 bis
1 500 000, bestimmt durch Gelpermeationschromatographie (geeicht mit Polystyrol).
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Tlerr], Tlerr] denote independently of one another the radical (CHerr])n,

whi ch may optionally be interrupted by -O, -NR[err]- or
-CSiRerr][err] O, and/or nay optionally be substituted by
met hyl or e denotes the nunmbers 2, 3

Qerr], @ %F’Eéﬁgentw of one anot her denote a dival ent iéﬁ"z’a{?“” 15

A P |ndependently of one another denote a unit that can adsorb
el ectromagnetic radi ati og, with the proviso that
t he absorptlon maxi ma of the r?@g cFaIs _'sgie” A and -qerr]-P are at

a distance of DigtStukigelemente mig hoper Eosmani ropig 384 helis Anisaiopie dgrygeleky 000,

pr eferably 20jaren PMrisiBPsatkedt QAP dieMVdraudsEtAReOfRe RS WEte der optischen AN

essential feature of the invention_is the recognition that the%opertles
of the isotFRpie r%v@r die §B‘P'€ﬂ’h§eftPBIYN?@"|W‘3§ﬂt4’Q)?W'a€*’5“'B@Pli‘%ﬁfe’t sckiror e
simlar the tghEHRAked i@ UPukturelemente (I) und (I1) so eingestellt, daB die Ausbildung

5 flissigkristalliner Ordnungszustinde unterdriickt wird und optisch isotrope, transpa- "
rente nichtstreuende Filme hergestellt werden kénnen. Andererseits sind die zwischen-
molekularen Wechselwirkungen dennoch stark genug, dafl bei Bestrahlung mit pd’lari-
siertem Licht ein photochemisch induzierter, kooperativer, gerichteter Umorientie-
rungsprozef} der Seitengruppen bewirkt wird.

10 _
In die optisch isotropen, amorphen erfindungsgemifien Polymeren lassen sich durch
Bestrahlung mit polarisiertem Licht extrem hohe Werte der optischen Anisotropie |
induzieren. Die gemessenen Werte der Doppelbrechungsinderung An liegen zwischen
0,05 und 0,8. o

15
Als Licht-wird vorzugsweise linear polarisiertes Licht verwendet, dessen Wellenldnge

im Bereich der Absorptionsbande der Seitengruppen liegt.

. Weiterer Gegenstand der Erfindung sind Polymere, in die mit polarisiertem Licht
20 Doppelbrechungsinderungen An von tber 0,15, vorzugsweise iiber 0.2, insbesondere

iiber 0,4 eingeschrieben werden konnen. Die Bestimmung des Wertes An soll dabei,

wie nachfolgend beschrieben, erfolgen:

Zunichst bestimmt man an den beiden Homopolymerisaten jeweils das Absorptions-
25 maximum Ap.y; bzw. Ap..s. Durch Bestrahlen eines Fiims des zu testenden Co-
polymerisats mit linear polarisiertem Licht einer Wellenldnge von (Ayay1tAmax2):2
erzeugt man eine Doppelbrechungsinderung. Dazu werden die Proben in Richtung
der Flichennormalen mit polarisiertem Licht bestrahlt. Die Leistung der Lichtquelle
soll 1 000 mW/cm? betragen; flir den Fall, daB das Copolymerisat unter diesen Be-
30 dingungen zerstort wird, setzt man die Leistung der Lichtquelle in 100 mW-Stufen so-
lange herab, bis das Copolymerisat durch die Bestrahlung nicht mehr zerstort wird.
Die Bestrahlung wird fortgefithrt, bis sich die Doppelbrechung nicht mehr indert. Die
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- Jerr]-Aand -QJerr]-P are to one another. This applies in particular

wi th respect to their 25 el ectronic configuration. The agreenent of the
orbital symretry of both groups shoul d be | arge, but not 100% By
exciting the | pavel engt h adsorbing group, in theclepshpgscit ed
el ectronic ([ewzﬁq) err]) state, the orbital symetries of the groups A and
P becone approximtely anti-symetrical. 30 The function of the

radicals T[err] and T[err] is to ensure a specific spacing of the side-

T oup ends 11 Oy g Bk UGk DoBBe B RASARE Bl P et REDSLOR ! 0

t er med
12 The na@e vad (L1 Fmaas) 2] & 3501 ¢ sp[amm DisePlaisaionades MeBiigtas oland P

to the spacers T[err dT[ L in turn formth bon to the
mai n chain via teh‘é Hbﬂg‘?@ﬁ@" nﬂ]é‘a"‘S["'é’r ?‘]’]a'ésﬁﬁf’@‘?cm“"g es einpfeily "[S‘EE'I érlc Feat ure
of the groups Qbildén] -and Jerr] is their influence on both A and P on

5
Die Herstellung der Seitengruppenmonomeren und ihre Polymerisation kénnen nach
literaturbekannten Verfahren durchgefiihrt werden; vgl. beispielsweise Makromoleku-
lare Chemie 187, 1327-1334 (1984), SU 887 574, Europ. Polym. 18, 561 (1982) und .
Liq. Cryst. 2, 195 (1987), DD 276 297, DE-OS 28 31 909 und 38 08 430. Die erfin- .
10 dungsgemifien Polymeren werden im allgemeinen durch radikalische Copolymerisa- -

tion der Monomeren in geeigneten Losungsmitteln, wie z.B. aromatischen Kohlen-
wasserstoffen wie Toluol oder Xylol, aromatischen Halogenkohlenwasserstoffen wie
Chlorbenzol, Ethern wie Tetrahydrofuran oder Dioxan, Ketonen wie Aceton oder Cy- -
clohexanon, und/oder Dimethylformamid in Gegenwart radikalliefernder Polymerisa-
15 tionsinitiatoren, wie z.B. Azobis(isobutyronitril) oder Benzoylperoxid, bei erhohten
Temperaturen, in der Regel bei 30 bis 130°C,_ vorzugsweise bei 40 bis 70°C, mog- -
lichst unter Wasser- und LuftausschluB hergestellt. Die Isolierung kann durch Ausfil- .
len mit geeigneten Mitteln, z.B. Methanol erfolgen. Die Produkte konnen durch Um- .
fallen, z.B. mit Chloroform/Methanol gereinigt werden.
20
Weiterer Gegenstand der Erfindung ist also ein Verfahren zur Herstellung der Seiten-

gruppenpolymeren durch Copolymerisation der entsprechenden Monomeren.

Die Polymeren werden in Schichten verarbeitet, deren Dicke 0,1 bis 500 um , bevorzugt |
25 bis 30 um, besonders bevorzugt 2 bis 10 um betréigt. Sie lassen sich aus Losung giefien, :
rakeln, tauchen, spincoaten. Sie konnen selbsttragende Filme bilden. Vorzugsweise
werden sie aber auf Trigermaterialien aufgebracht. Dies kann durch verschiedene an sich
Ibekannte Techniken geschehen, wobei das _Verfahren danach ausgewihit wird, ob eine’
dicke oder diinne Schicht gewiinscht wird. Diinne Schichten konnen zB. durch

30 Spincoaten oder Rakeln aus Ldsungen oder der Schmelze, dickere durch Schmelzpressen
oder Extrudieren erzeugt werden.
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the one hand, as well as on T[err] and T[err] on the other hand. The

radicals Qerr] and Qerr] 5 are thus of quite special inportance: for
exanple, a simlarity of the configuration, conbined with a
relatively sinj])ar ition of the absorption nmaxima of -Q -

-Qerr]-pP, ar gwpof”“&%%rrpl e achieved if identical radicals A ?ﬁ?cﬁgy”éorzgs’
differently strongly pol arised by different radicals Qerr] and Q.
10 Preferred radicals Qerr] and @ corfsai n i ndependently of one anot her

the groups -S-, .. -SAerr] e O - - - err] -

N o PR S B darpelhing Sqftopt KIS ek P dasiffendige Olfénéribasyertaen

6- melm_aer ed ri Rgum'bl’émutﬂrﬁgi ti%tbiﬂldt)Feﬂlertmg%d&dﬁnﬂﬁ_?gﬂﬁbmgwgémkmﬁ}dtg%d. Sie )
couplngtoteral.c S err an an t an t e ace vl a these
N at ors) lassen s‘Fﬁ@“’@P%@b’c &?F‘-“%PZ[ 9?‘&?“ s Aadere nologisch eZ‘{*‘éL?'] ,

Z[ err] i ndependpéischbatd BesthicRafishéfahaianaf @nicfiagd Mifrmgers-durchSke ek loder O

] gCH— o e Finﬂiel)en zwischeh zx-ivg%_'\l e%ﬂlﬁl&éqﬁ%&%@% Exefqﬁ?&l?%"}#%{:\@l\km -1
or 2, and 20 Filme ¥urch GR8&PLE& ExthRlieréh?RéEtEtBne B8iché Filine Absserdt sich-dierPer ed

or 6-nmenbered ) .. cycloaliphatic, aromatic or heterocycliic ring,
the group - (CH=éshjagartigesfikihlen,’d.h. durch eine Abkiihlungsigte von >,100K/ayin. @der dysely .

rasches Abziehen des Losungsmittels auch aus fliissig-kristallinen Polymeren herstel-
_ len, die Strukturelemente im beschriebenen Sinne enthalten.
10 .

Ein weiterer Gegenstand der Erfindung sind also Filme (sowohl selbsttragende als

auch solche in Form von Beschichtungen) aus den beschriebenen Polymeren sowie mit

diesen Filmen beschichtete Triger. '
15 Die erfindungsgemifien Seitengruppenpolymeren sind im glasartigen Zustand der Po-

lymeren optisch isotrop, amorph, transparent und nicht-lichtstreuend und konnen

selbsttragende Filme bilden.

Vorzugsweise werden sie aber auf Tragermaterialien, beispielsweise Glas oder Kunst-
20 stoffolien, aufgebracht. Dies kann durch verschiedene an sich bekannte Techniken
geschehen, wobei das Verfahren danach ausgewihlt wird, ob eine dicke oder dinne
Schicht gewiinscht wird. Diinne Schichten kénnen z.B. durch Spincoaten oder Rakeln
aus Losungen oder der Schmelze, dickere durch Fiillen von vorgefertigten Zéllen.

Schmelzpressen oder Extrudieren erzeugt werden.

25
Die Polymeren lassen sich zur digitalen oder analogen Datenspeicherung im weitesten
Sinne, beispielsweise zur optischen Signalverarbeitung, zur Fourier-Transformation
und -Faltung oder in der kohirenten optische Korrelationstechnik, verwenden. Die
laterale Auflosung wird durch die Wellenlinge des Einschreibelichts begrenzt. Sie
30 erlaubt eine Pixelgrofle von 0,45 bis 3 000 pm, bevorzugt ist eine Pixelgréfie von 0,5

bis 30 pm.
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Particularly preferred radicals X include 2, 6-naphthyl ene and

1, 4-phenyl ene, and 25 het erocyclic radicals of the structures

[err] 30 If X denotes a 5-nenbered ring systemthis nmay for exanple
be a carbocycgl preferably, a heteroaromatic systemn,and, my
contain up toévé%ng{sgo at ons, Le A 31 135-PCT VB

13 preferably fromthe series S, N, O Suitable representatives
are for exanple - 15

Diese Eigenschaft macht die Polymeren zur Verarbeitung von Bildern und zur Infor-
mationsverarbeitung mittels Hologrammen besonders geeignet, deren Reproduktion
durch Ausleuchten mit einem Referenzstrahl erfolgen kann. Analog 4Bt sich das Inter-
ferenzmuster zweier monochromatischer kohirenter Lichtquellen mit konstanter Pha-
S senbezichung speichern. Entsprechend lassen sich dreidimensionale holographische
~ Bilder speichern. Das Auslesen erfolgt durch Beleuchtung des Hologramms mit
monochromatischem, kohérentem Licht. Durch den Zusammenhang zwischen dem
elektrischen Vektor des Lichts und der damit verbundenen Vorzugsrichtung im
Speichermedium 4Bt sich eine hohere Speicherdichte als bei einem rein bindren
10 System erzeugen. Bei der analogen Speicherung konnen Werte der Grauskala
kontinuierlich und ortsaufgelost eingestellt werden. Das Auslesen analog gespeicher-
ter Information geschieht im polarisierten Licht, wobei man je nach Stellung der
Polarisatoren das positive oder das negative Bild hervorholen kann. Hierbei kann
einerseits der durch die Phasenverschiebung von ordentlichem und auBerordentlichem
15 . Strahl erzeugte Kontrast des Films zwischen zwei Polarisatoren genutzt werden,
' wobei die Ebenen des Polarisators vorteilhaft einen Winkel von 45° zur Polarisa-
tionsebene des Einschreiblichts bilden und die Polarisationsebene des Analysators ent-
weder senkrecht oder parallel zu der des Polarisators steht. Eine andere Méglichkeit
besteht in der Detektion des durch induzierte Doppelbrechung verursachten Ablenk-

20 winkels des Leselichts.

~ Die Polymeren lassen sich ais optische Komponenten verwenden, die passiv sein oder

aktiv schaltbar sein kdnnen, insbesondere fiir holografische Optiken. So kann die hohe
lichtinduzierte optische Anisotropie zur elektrischen Modulierung der Intensitét

25 und/oder des Polarisationszustandes von Licht genutzt werden. Entsprechend kann
man aus einem Polymerfilm durch holografische Strukturierung Komponenten her-

stellen, die Abbildungseigenschaften haben, die mit Linsen oder Gittern vergleichbar
sind. '

30 Die Schichten lassen sich zur seriellen Aufzeichnung von lichtiibertragenden Daten

jeder Art verwenden, insbesondere von Bildern im medizinischen Bereich.
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t hi ophene, thiazole; oxazole, triazole, oxadiazole and thiadiazol.
Het erocycles with 2 hetero atons are particularly preferred. 5
I f X denotes the group -(CH=CH m, then mpreferably has the value 1.

I f X denotes qvg'b_;,&g%f bond, the resultant conpounds then are,dofs ﬁ,{ﬁ?)l e
e

oxalic acid rivatives or urea derivatives, or carbamates (
selected fromZerr] and Zerr]). 10 The pref erred meani ngs of
Z[err]-X-Z[err] are benzoic acid anm de radial s and benzoic acid

"NRCer 11~ Corn. e Geaetand doe et oo N 95 liash sner o |

acid ester and $ubswdte (in d6r ThictHiatiéhsleiIC dhsBesondere als Bhuelbmiemé ¥inh Spelchern
- OCO CH=CH OCO- and - err%lpCOCH:CH- NR[ err]

particul arly pr‘é’\delz‘éfbl‘f)e"ﬁgﬂ 8 svoph Infppmatipren. Z1°&“S§W9€98HH°W%I°%(}"’®[ als]

denotes the holographisehtd Auflefhhdnyshftérial H er r] - CO- NH-. The groups
-Q-A shoul d have absorptl on maxi ma in the wavel ength range from

Die Prozentangaben in den nachfolgenden Beispielen beziehen sich - falls nicht anders

angegeben -jeweils auf das Gewicht.

10

ERSATZBLATT (REGEL 26)



15000 to 28000 cnferr], and the groups -Qerr]-P should have absorption
maxima in the 20 wavel ength range from 16000 to 29000 cnjerr]. For the
pur poses of the present invention A and P as well as Jerr] and

Qerr] are d@fmgﬁg\,\io that the | onger wavel ength apenERIngseni t i s
termed -Qerr ile the shorter wavel ength adsorbing unit is

termed -Qerr]-P. Preferred radj,cals A and P include nononucl ear
and pol ynucl ear radi caI s, for exanpl e ci nnam ¢ acid, biphenyl,
stil bene and g|¥e radi cal s, benzoic acid ani l i des or

het er ocyclic g—g@—anal ogues, pref erably nonoazo dye radicals.

Particularly preferred radicals A and P correspond to the formula 30
-E-N=N-G (ren) Le A 31 135-PCT

Beispiel 1
1.1 Vorbelichtung

Glasplittchen mit den Abmessungen 2x2cm wurden mit einer Losung des Polymers mit
_ wiederkehrenden Einheiten folgender Formeln durch Spincoaten beschichtet:
10
il |
oo >N

45 %

1

z
N\

CN

55 % 0/\/c>
. | NH
0 \©\
CN

15 Um eine moglichst homogene Vorbelichtung zu erreichen, wurden diese an einem
handelsiiblichen Leuchtkasten (Planilux, Typ LJ-S, Lichtquelle: 2 Leuchtstoffrohren
(Leistung: je 15 Watt) mit nachgeschaitetem Folienpolarisator) vorbelichtet (Abstand: 2
cm) und danach die Transmissionwerte zwischen gekrenzten Polarisatoren bestimmt. Man
erhielt nach 1 Stunde Vorbelichtung 7.6 %, nach 2 Stunden 13.7 % Transmission.

20
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14 wherein G denotes a nonoval ent aromatic or
het erocycl i c raadi cal and 5 E denotes a bivalent aromatic or
het er ocycl i ¢ radical. In the case of E suitable aromatic radicals

preferably ¢an 7?144 {}s6 to 14 C atoms in the aromat i G, L Zgych may
be singly or nultiply substituted by (err]-Cerr] alkyl, gﬂér}rg} err]

al koxy, hydroxy, hal ogen (in particular Cl, Br), amno, nitro,
trifluoronmethyl, 10 cyano, carboxy, (R=C[err]-C6 al kyl, cycl ohexyl,

benzyl , pheny % cycloal kyl, Cerr]-Cerr] alkylthio,
Cerr]-Cerr] I,EE’C% ?f%’ﬁ[ﬁd{a rr] Clerr] arylsul fonyl, am nosulfonyl,
Cerr]-Cerr] al kyI am nosul fonyl phenyl am nosul fonyl , am nocar bonyl ,
Cerr]-C6 al k Iamnoca on henyl noc‘&ﬁq Cierr C[err]
o kol mi o, e Mesiing YRRl Rbene oppelireching S R bssneri b e |
acyl ami no, C[lﬁhéir]poﬁﬂi‘l’eh HelNeylL et Infioiapiifelpinaer, AufG@ptilQ Probenhalfer, Qﬁéhluar&ﬂ 15
al kyl am nocar g[ err &Ler rl( al koxycar ponyl am no or
trifluord Bﬁﬁi}fr sowie einer Ulbricht-Kugel mit angeschlossenem Photozellen-Power- _
meter. Die eingeschriebenen Proben werden beztiglich der Polarisationsrichtung des He-
Ne-Lasers so ausgerichtet, daBB der Winkel zur Polarisationsrichtung des einschreibenden
Lasers 45° betragt, Die DurchlaBrichtung des Polarisationsfilters fiegt senkrecht zur
Richtung des probenden He-Ne-Lasers. In dieser Konfiguration wird die transmittierte
10 Laserleistung als Funktion der Einschreibleistung auf dem entsprechenden Probenfeld |
ermittelt. Zur Normierung dient eine zusitzliche Messung der Durchlafileistung an einer

nichtbeschriebenen Probenstelle bei ,,offencr Stellung des Polarisationsfilters.

1.3 Einschreiben
15
Eingeschrieben werden ebene Flichen (Flatfields) mit dem vorstehend beschriebenem
Rekorderaufbau. Die Polarisationsrichtung des Einschreiblasers lag dabei senkrecht zur
DurchlaBrichtung des zum Vorbelichten verwendeten Folienpolarisators. Die Daten des
Emnschreibaufbaus sind:
20 |
Laserquelle: Ar-Ionenlaser, linear polarisiert,
Single Line-Betrieb, A = 514.5 nm
Laserleistung in der Bildebene max 280 mW
Laserspotgrofie 7-8 um
25 Pixelgrifie (Zeilenabstand) 54 um
Scanlange 7.4Imm
Scanhthe 5.82 mm
Scangeschwindigkeit (in Zeilenrichtung) 0.6 bis 23.8 m/sec

30 Die Belichtungsenergie in der Bildebene wird sowohl durch die Laserleistung in der

Bildebene als auch durch die Scangeschwindigkeit bestimmt.
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In the case of E suitable heterocyclic radicals preferably contain 5 to 14
‘ring atons, of which 1 to 4 hetero atons are fromthe series

nit rogen, oxygen, sulfur, the het erocyclic ring system being abl e
.to be singly oggWbdsp! Y substituted by Cerr]-Clerr]2 20  petiydrioase
ferr]-Cerr] alkoxy, hydroxy, halogen (in particular F, Cferr], Br),

am no, nitro, trifluoronethyl, cyang, car boxy, COCR
(R=C[err]-Cerr] alkyl, cyclohexyl benzyl phenyl), Cerr]-Cerr]

cyel oal kyl Ol enfl G pedld Khddod e hblsflcif ek ! anaehmbendm

derr]- C[er ] am nosu err|
al kyl am nosul f onbithts p(ﬁmgetsdmmﬂgkat f23rﬁ/lmlsec T = Prehmmraﬁmmyn %, =

I b I A4
2 kol hino, o5 EGERR BEY b R L D Cer 1] L err]
acyl am no, C[ err] Clerr] alkyl sul fonyl am no nmono- or di-
Cerr]- C[erg] al @{ﬁtdaﬂ eﬁggent] é{‘lmmﬂ!%“‘% Ja]tencél nkoxycar bonyl am no or
e

trifluoronethyls CESEYOF"G suitabl e aromatic
radi cal s preferably contaln 6 to 14 C atons in the 30 aromatic ring,

whi ch may be S|n y or stityted by Jerr] alkyl,
Clerr]-derr] ‘alerD“"&Fl)E‘EXEE}/FF;ﬁR Mhal ogen (SR poa?tl cular F, Cl Br),
am no, nitro, trghaddhtnaHehdedtn” Kurventsil cyano, carghoxy, COOR .

R=Cl err err] al kyl, cycl ohexyl, benzyl, phenyl), err]-Cerr
(Le g[ 31 ]1350[ PCT] Energzdlchte z)llxr Erzxelung von 8D i PReY. 1,3(::>[<IO6 /mg :

10

Die eingeschriebenen Informationen sind beim Lagern bei Raumtemperatur stabil.

Beispiele 2-20

15 Setzt man an Stelle des in Beispiel 1 eingesetzten Polymeren ein Polymer mit den unten.
angegebenen wiederkehrenden Einheiten ein und verfihrt im Gbrigen wie in Beispiel 1.

angegeben, so findet man:
In den Tabellen 1, 2, 3 und 4 bedeuten:

den Substituenten entsprechend der Formeln 2,3, 4 oder 5,
A die Wellenlinge maximaler Absorption,

"An die in einem ersten Prozef} eingebrachte Doppelbrechungsinderung,
X den Gehalt der Antennenkomponente im Copolymeren,

25 E die Energie zum Einschreiben und

€ die optische Dichte bei der Einschreibwellenkinge von 514 nm.
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15 cycloal kyl, (err]-CJerr]alkylthio, (Jerr]-Cerr]al kyl sul fonyl,

Cerr]-Cerr]aryl sul fonyl, am nosul fonyl, Cerr]-Cerr]

al kyl am nosul fonyl, phenyl am nosul fonyl, am nocarbonyl, Cerr]-Cerr]

al kyl am nocamasulsssphenyl anmi nocar bonyl, Cferr]-Cferr] alkyl anm no,
i-Jerr]-C4 al kyl am no, phenyl ani no, C[err]-C5 ac\PCAEP #2489

Cerr]-Cl[err] aryl carbonyl am no, pyridylcarbonylamno, 5 Cerr]- C[ err]

al kyl sul fonylam no, Cerr]-Cerr] arylsul féfylam no, nono or di- Cl1-

aLkyl am nocarb.fm\q err] C err] al koxycarbonyl am no or

trifluoroneth %FQGL’IQQE’"% In the case of G suitable heterocyclic

radi cal s preferably contaln 5to 14 ring atons, of which 1 to 4

hetero atons are fromthe series nitrogen, oxygen, sulfur, the 10

het erocyclic ring systembeing able to be singly or multiply substituted by

Cerr]-Cerr] kyl, @ err]-Cegr] al koxy, hydroxy, halogen (in

particul ar F, CI Br), nitro, | trifl uor onet hyl, cyano,

car boxy, COCR"( derr r a Ry ~'Cy R* benzyl , phenyl ),

Cerr]-Cerr] cycloalikyl err?-C[err] al Cerr]-’&err]

al kyl sul fonyl, C6-C1 aryl sul f onyl

al kyl am nosul f onyl , phenyl am nosul f onyl , ca

Cerr]-Cerr] al kyl am nocar bonyl phenyl am nocar bonyl rl-clerr]

al kylam no, di-Cferr]-Cerr] alkylam no, phenylamn no, lerrlA(ferr]
acylamno, Cerr]-C4 al kyl sul fonyl ami no, nmon® di - QRerr]-Cerr]

al kyl am nocar bonyl am no, Cerr]-Cerr]
o}

100-x % o/\/o
NH
| CN
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al koxycar bonyl am no or trifluoronethyl sul fonyl. 20 If the radicals E
of Gare nultiply substituted, the nunber of substituents is
governed in each case by the nunmber of possible substitution positions, the

possibility q{,ow‘&gbrspor ating the substituents, and the propgiiisosass t he

substituted systens. The aryl and acyl radicals may optionally be
substituted by nitro, cyano, hal ogen, Cerr]-([err] al koxy or

am no. 25 Particularly preferred radicals -E-N=N-G contain either
an aromatic raqj ga! land a heterocyclic radical (i.e. either Eor G
are aromatic, er radical being het erocyclic), or two
aromatic radicals (i.e. both E and G are aronmatic). 30 The preferred
radicals -E-N=N-G are azobenzene radicals of the formula [err]

R RR R RP R* " 24 an x Tg E &

2 ON CN NI Il CH3 E 490 0043 S0 M2 13 336
3 CN H H i 3 Me 472 0.029 45 14} 1.6 3.9
a O H CN H H Mc 490 0077 S0 44 1% 125
S nNoy MO MM Me 4% 0057 a9 1 L9 R
6 NOg i H H I Et 4%4 0.060 48.5 124 2 1.76
7 Noy H N B B Me 49 016 4 136 2) 3

£ Nop, H H B H B s02 002 S0 B 23 34
9 eny HOCN N H Ms 43 00290 St 130 24 33

I CN N N B N Me 43 D074 % I13% 27 213
1M CN M H H CH} EL 4N&  U03 S0 13 28 343
12 ocny M W H H  Me 403 004 75 UF X6 024

13 Cl | H 1} n Me 412 0.042 60 99 kN 0.52
14 CN il I B H Me 452 0057 .75 133 4.1 LTS
15 Br H ] t I Me 416 0.016 52 137 42 1.5
16 CHy 1 H H H Me 408 005§ 90 133 43 0.57

17 gcuy MO BB Me 44 002 S0 133 43 03
1 ooeyz WM H W Me 307 0019 45 IR 48 0.2
19 ooy WM N H Me 406 001 60 123 45 024
0 ocHg MOWOH R Me 410 002 2% 2 ST 09

5 Beispiele 21 - 30

Setzt man an Stelle des in Beispiel 1 eingesetzten Polymeren ein Polymer mit den unten
angegebenen wiederkehrenden Einheiten ein und verfahrt im Gbrigen wie in Beispiel 1

10 angegeben, so findet man:

Bedeutung der Tabellen-Werte siehe Beispiel 2:
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16 wher ei n
E? A Béeﬁg?égcﬁitro, cyano, benzam do, p-chloro, p-cyano, p-nitrobenzam do

or di met hyl ami no, and the rings A and B may additionally be

[ o]
substituted. 5 woomsk@rticularly preferred radicals A and P cP%rr;EePig';)zgg t
the formul a [err]

32

X % o N .

2

NéN\Ej:R

: o o
100-x% O/\/o

CN
Tabelle2
R R® R R' R 2 An X E e
21 CN H H Mc H 439 0027 60 12 -
22 CN H CN Mc H 502 0038 0 14 334
23 CN CN H Me H 482 0.032 40 3 224
24 CN H H Bt Me 446 0023 40 23 17
25 CF3 H H Me H 420 0041 40 24 g6
26 SO2CF3 H  H Me H 460 009% 40 25 191
27 OCH; H H Me H 07 0034 40 34 g2
28 CN H H Me H 50 0029 40 45 -
29 CN H H Me H 450 0024 30 48 .
30 OCH; H H Me H 412 0014 60 66 08
5
Beispiele 31 und 32
Setzt man an Stelle des in Beispie! 1 eingesetzten Polymers ein Homopolymer mit den
unten angegebenen wiederkehrenden Einheiten ein und verfihrt im tibrigen wie in Beispiel
10 1 angegeben, so findet man:

Bedeutung der Tabellen-Werte siche Beispiel 2:
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wherein 15 Rlerr] to R err] independently of one another denote
hydrogen, chlorine, brom ne, trifluoronethyl, nethoxy,

' SOerr]CHerr], SJerr]CF[err], SOerr]NHerr], N(CHerr])[err], preferably
‘nitro, cyano O{dmmkdesr 0. P-cyano, p-nitrobenzanm do, wth thecpipyiassst hat
;at | east one of these radicals is not hydrogen, and 20 R7
‘to R err] independently of one another denote hydrogen, chlorine or nethyl.
In the case of multiple substitution of the®ing A the 2,4- and

3,4-positions are preferredq 25 gher preferred radicals A and P
correspond to the fornul a R
o]
100 % o —R"S/
R
-N
N Cd @\
R1
Tabelle 3
R r2 R Rt 5 n X E e
31 CN Me H - 365 0055 100 3.5 0.2
32 CN Me Me CH; 365 0042 100 38 0.2
5
Beispiele 33 - 36
Setzt man an Stelle des in Beispiel 1 eingesetzten Polymers ein Polymer mit den unten
angegebenen wiederkehrenden Einheiten ein und verfihrt im dbrigen wie in Beispiel 1
10 angegeben, so findet man:

Bedeutung der Tabellen-Werte siche Beispiel 2: -

o R R
' Ej‘u\ N
X % 0&/\@\
N
N \[]
R1

100 x% Sﬂlowc’@\go -
J

CN
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[err] Le A 31 135-PCT
17 wherei n Rlerr] to Rlerr] and Rerr] to R err] have the
af orenenti oned neani ngs, and 5 Rlerr] to R err] have the sane

meani ngs as \'3[)%5/5136&0 Rierr], although independently of thg.lald.cr .,

34
Tgbelle 4
R! R? R} A An X E &
33 CN Et Me 443 0,042 6l 1.6 1.1

34 CN Et Me 44 0039 50 1.8 11
35 CN Et Me 446 0067 S0 22 0,79
36 CF; Me H 420 0,032 o0 22 04

37 CF; Me H 420 0,022 70 3.3 0,4
Beispiel 38
5
Eine Probe, hergestelll wie in Beispiel | beschrieben, wird folgendem Testzyklus
unterworfen:
38.1 Vorbehchten der Probe am Leuchtkasten mit nachgeschalteter Potarisationsfolie
10 (Belichtungszeit : 1 Stunde) |
382 Einschreiben mit dem Rekorderaufbau bci verschiedenen Laserleistungen mit
Polarisation des Schreiblasers senkrecht zur Polarisation der Vorbelichtung
38.3 Emeute Belichtung der eingeschricbenen Probe am Leuchtkasten mit
| nachgeschalteter Polarisationsfolie, wobei die Durchlafirichtung des Polarisators
15 die gleiche ist, wie bei der ersten Vorbelichtung (Belichtungszeit: 7-8 Stunden)
384 Einschreiben mit dem Rekorder-Autbau ﬁnter denselben Bedingungen wie oben
beschrieben.
Transmission der Probe nach emeuter Vorbelichtung (s. Fig. 2)
20

Abb. 2: Probentransmission T in [%] nach emneuter Vorbelichtung in Abhéngigkeit von E

[106 m}/m?]:

Transmission an Stellen, an denen keine thermischen Strukturen eingeschrieben wurden:
25 gefiilite Vierecke
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Q her preferred radicals A and P correspond to the fornmula [err]

wherern K, L, Mindependently of one another denote the atons N,

IS, O or opt:conally -CH err]- 15 or -CH=, with the proviso that at
east one of t Wi[}? rs K L, Mis a het ero at pérapsntdae ring
A i's saturat eda'g’r’ con%ai ns 1 or 2 doubl e bonds, and Rlerr] to

Rl err] independently of one another have the neanings specified above for

R7 to Rlerr]. 20 The risgy A preferably denotes a

t hi ophene, thiazole, oxazole triazole, oxadiazole or . hi adi
r adi g al . Transmission an Stellen, an denen beim Efgscﬂre%prozeﬁ fhermische Strl}lcturgndergezugtl €

wurden: offene Vierecke

Abb. 3: Transmission der Probe nach erneutem Einschreiben in [%] in Abhingigkeit von E

5 [106 mJ/m?)
‘unmittelbar nach dem Einschreiben: offene Vierecke
'Ausgangssituation nach der ,,Loschbelichtung*: gefullte Vierecke (s. Fig. 3)
Fazt: .

10 Die eingeschriebenen Muster sind durch emeute Vorbelichtung an den Stellen, an denen
keine thermischen Strukturen erzeugt wurden, vollstindig I6schbar. Thermisch
‘eingeschriebene  Strukturen bleiben jedoch nach der Loschbelichtung erhalten und
verringern durch Streuung die Probentransmission an den entsprechenden Stellen.

15 Bei emeutem Schreiben ist das Verhalten der Probe dquivalent zum urspringlichen

Einschreibtest, was durch folgende Abbildung 4 verdeutlicht wird (s. Fig. 4).

_ Abb. 4: Normierte Probentransmission T [%] in Abhingigkeit von der Einschreib-energie
20 Ein [10° m/m?]
Nach dem ersten Einschreiben: gefiilite Vierecke

Nach dem zweiten Einschreiben: offene Vierecke

25  Beispiel 39
Zwei Proben, hergestellt wie in Beispiel 1, aber aus einem Polymer mit wiederkehrenden

~ Einheiten der Formeln
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Preferred radicals -Qerr]-A and -QJerr]-P correspond to the fornul ae

[err]

Le A 31 135-PCT

WO 97/44365 - PCT/EP97/02489

_ 36

(o] l )
50% % L o ~N

N
L
CH,
0O

50% o ™~°

OO

werden wie in Beispiel 1 beschrieben vorbelichtet, und zwar eine Probe bis zu einer

OCH,

Transmission von 49 %, die andere bis zu 61 %. Man verfiilirt weiter wie in Beispiel |
beschrieben und erhilt die in der folgenden Abbildung 5 dargestelite Abnahme der

Transmission in {%] mit zunehmender Einschreibenergie E in [106 m¥/m?] (s. Fig. 5).

Mefwerte aus Einschreibtest ,,49 %-Transmission": gefiillte Vierecke

MeBwerte aus Einschreibtest ,,61 % Transmission: offene Vierecke

ERSATZBLATT (REGEL 26)
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18

wherein Rlerr] to R err] have the neanings specified
above. 5 Preferred groups A and P correspond to the fornmul ae
WO 97/44365 PCT/EP97/02489
137

Beispiel 40  Herstellung der Polymerisate
1.1 Herstellung der Monomeren

5 1.1.1 aus Methacrylchlorid

100 g N-Methyl-N.-(2-hydroxyethyl)-anilin werden in 100 ml Chloroform
gelost. Man gibt bei 40°C unter Rihren tropfenweise 182,6 g Triethylamin
und 137,2 g Methacryichlorid langsam hinzu und riihrt bei 40°C tiber Nacht.
10 Danach versetzt man die Reaktionslésung mit 500 ml Chloroform und
schiittelt 5 mal mit je 200 ml Wasser aus. Die organische Phase wird iiber
wasserfreiem Magnesiumsulfat getrocknet, mit Kupfer(I)chlorid versetzt und
nach Abdestillieren‘des Loésungsmittels im Hochvakuum destilliert. Der Meth-
acrylester des Hydroxyethylanilins geht bei 127-130°C/55 mbar als
15 wasserklare Flissigkeit tiber. Die Ausbeute betragt 49,5 g.

1.1.2 aus Methacrylsiure

In eine Losung aus 100 mt N-Methyl-N-(2-hydroxyethyl)-anilin, 265 ml Meth-
20 acrylsaure und 26,5 g Hydrochinon in 398 ml Chloroform werden bei Raum-
temperatur unter Rihren 50 ml konz. Schwefelsiure getropft. Nach dem Ste-
hen iiber Nacht wird aufgeheizt und das Reaktibnswasser azeotrop entfernt.
Nach dem Abkiihlen wird mit konzentrierter wiiBBriger Sodalosung ein pH von
7 bis 8 eingestellt, und das Produkt wird aus dieser L&sung durch
25 Ausschiitteln mit Ether extrahiert. Man verfihrt wie oben angegeben weiter

und erhilt eine Ausbeute von 56 g.
1.1.3 Monomer mit der Endgruppe -A
30 7,15 g 2,4-Dicyanoanilin werden bei 0 bis 5°C in einer Losung aus 100 ml
Eisessig, 20 m! Phosphorsiure und 7,5 ml Schwefelsiure mit 24 g Nitrosyl-

schwefelsiure diazotiert und 1h nachgerihrt. Man gibt die Reaktionsmi-
schung zu einer Losung von 15,3 g N-Methyl-N-(2-methacryloyloxyethyl)-
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[err] R err] denot es hydrogen or cyano, 20 R err] denot es
hydr ogen or nethyl, W denot es oxygen or Nerr], and 25
. Rerr] denotes nitro, cyano, benzam do, p-chloro, p-cyano,

p- ni tr obenzam di met hyl am no. Oomm)g:,]ltiﬁ ob bove
forrrulaeistrygg ajé”sthat substitutions in the 4-, 2,4- and '3;4- ’Bﬁ”a
positions of the ring A are particularly prséaferred.

anilin und 1,5 g Harnstoff in 60 ml Eisessig, wobei die Temperatur auf 10°C
gehalten wird. Nach kurzem Nachrithren wird die Reaktionsmischung mit
Soda auf einen pH-Wert von 3 gestellt, der Niederschlag abgesaugt, mit
Wasser gewaschen und getrocknet. Man erhilt 14,4 g eines roten Feststoffs,

5 der ohne weitere Reinigung weiter verwendet wird.

1.1.4 Monomer mit der Endgruppe -P

Zu einer Losung von 33 g 4-(2-Methacryloyloxy)-ethoxy-benzoesaurechlorid
10. : in 100 ml Dioxan werden 27,6 g 4-Amino-2’,4’-dicyano-azobenzol in 500 ml
. Dioxan gegeben, 2 h geriihrt und das Produkt durch EingieBen der Losung in
21 Wasser gefillt. Der Niederschlag wird abgesaugt, getrocknet und durch
~‘zweimaliges Umkristallisieren -aus Dioxan gereinigt. Die Ausbeute betrigt
N 30,4 g an orangeroten Kristallen mit einem Fp. von 215- 217°C.
15

1.2 Herstellung des Coﬁolymerisats

2,7 g Monomer 1.1.3 und 5,19 g Monomer 1.1.4 werden in 75 mi DMF unter
Argon als Schutzgas mit 0,39'g Azobis(isobutyronitril) als Polymerisations-
20 initiator bei 70°C zur Polymerisation gebracht. Nach 24 h wird filtriert, das
DMF abdestilliert, der Riickstand zur Entfernung niéht umgesetzter
Monomerer mit Methanol ausgekocht und bei 120°C im Hochvakuum
getrocknet. Man erhalt 7,18 g eines amorphen Copolymerisats mit einer
Glasiibergangstemperatur von 144°C, dessen optische Eigenschaften in
25 Beispiel 42.5 angegeben sind. |

Zur Herstellung weiterer Copolymerisate verfihrt man analog.
Beispiel 41  Variation des Abstands der Absorptionsmaxima
30 Herstellung der MeBproben: 2 x 2 cm groBe Glasplittchen der Dicke 1.1 mm werden
in einem Spincoater (Bauart Siiss RC 5) placiert und mit 0.2 ml einer Losung von

150 g der nachfolgend angegebenen Polymerisate in 11 absolutem Tetrahydrofuran
bet 2000 U/min in 10 sec beschichtet. Die Schicht ist 0,2 um dick. transparent und
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30 Le A 31 135-PCT 19
For these preferred groups A and P, preferred groups
-S[err]-Te[err]-Qerr]- and -S[err]-T[err]-Qerr]- correspond to the
fornul ae - OCHyg/ okl err]O, -OCHerr]CHerr]OCH err] CH err L&, 2489

-OCH err]CH err]NR[err]. 5 The preferred pol yners accoro(lmng to the

i nvention contain only repeating units with the side groups | and 11,
and nore particularly preferably those of the fornul ae

R

amorph. Zwischen gekreuzien Po'l?arisatoren erscheint die Flache bei Tageslicht gleich-

miBig dunkel. Anzeichen fir polarisierende Bereiche werden nicht beobachtet.

Die MeBplittchen werden mit einem Ar-lonen Laser mit einer Leistung von
5 250 mW/cm? bei einer Wellenlinge von 514 nm belichtet, wobei sich eine Doppel-
brechung aufbaut. Die maximal erreichbare Doppelbrechung An in der Polymerschicht

wird in zwei Schritten bestimmt;

Zuerst wird der maximale induzierbare Gangunterschied A\, der zwischen gekreuzten.
10 Polarisatoren eine Aufhellung erzeugt, durch eine Messung mit einem Ehringhaus-
Kompensator bestimmt. Die quantitative Bestimmung erfolgt durch die Kompensation
der Aufhellung. Dies geschicht durch Drehung eines in den Strahlengang gebrachten
Quarzkristalls, der die optische Weglinge und damit den Gangunterschied andert.
Man ermittelt nun den Gangunterschied, bei dem die Aufhellung volistandig kompen-
15 siert wird. Die Messung muB3 mit Licht einer Wellenlinge vorgenommen werden, die
auBerhalb des Absorptionsbereichs der Verbindungen liegt, um Resonanzeffekte zu
vermeiden. In der Regel geniigt ein He-Ne-Laser der Emissionswellenlinge 633 nm,
bei langwelligen Absorptionen wird mit Licht eines Diodenlasers der Wellenlinge
820 nm gemessen, Die verwendete Auslesewellenlinge ist in den folgenden Tabellen

20 ‘unter der Spalteniiberschrift ,,A,, angegeben.

‘In emnem zweiten Schritt wird die Schichtdicke des Polymers mit einem mechanisch
wirkenden SchichtdickenmeBgerit (Alphastep 200; Hersteller: Tencor Instruments)
gemessen.

25
Die Doppelbrechungs%inderung An wird aus dem Quotienten des Gangunterschieds A\

und der Schichtdicke d bestimmt:

30
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[err] 15 (X11) - (XI1n)
where R = H or, preferably, nethyl. The correspondi ng preferred

nononers for introducing the side groups | and Il thus 20 correspond to
t he formul ae
WO 97/44365 PCT/EP97/02489

4o

.Die Bestimmung der Absorptionsmaxima geschieht durch Auswerten der UV/Vis-
Absorptionsspektren. Bei extremen Mischungen kann es vorkommen, dafl nur noch
ein Peak auswertbar ist. In solchen Fillen mul man den nicht ablesbaren Wert mit

dem aus dem entsprechenden 1:1-Copolymerisat substituieren.

Zur Herstellung der Verbindungen und Messung der Daten verfihrt man in den
folgenden Beispielen analog.

Man erhilt fiir den Fall T1=T2; Q1xQ2, A=P:
10

m Mok%

o CH, |
o ~AN Ry
g
R2

o .
n Mol-% o ~° '
' H
. N\@ RJ
o NN
. »

Formel 2
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[err] 30 The side groups (I) and (1) are thus preferably joined to

(meth)yacryl oyl groups CHerr] =C(R) -CO where R = hydrogen or nethyl.
Le A 31 135-PCT 20

Preferably th | hain of the side-group polyners is for
monomner s t hat WEBhlksss "ECrrkés s

4\

Beispiel v, vp Avp.a An n m mW/cm? A[nm]

R!=H; R2=CN; R3=CN; R4=CN
41.1 22900 25300 2600 0,110 70 30 250 820

R!=CN; RZ=CN; R3=H; R4=CN
412 20300 27100 6800 0,183 60 40 60 633
413 20400 26700 6300 0,136 40 60 60 633

R1=H; R2=NO,;R3=H; R4=CN
41.4 21400 27000 5600 0,176 40 60 60 633 -

R1=NO,; R2=NO,; R3=CN; R4=CN
415 19300 25600 6300 0,190 70 30 250 820

R1=N02; R2=N02; R3=HZ Ré= NO'_)_
41.6 18000 26700 8700 0,106 70 30 250 820

0
m Mol-% o A°
‘ l H
N
) O”ﬁﬂ
R? CN
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carry the side groups (l), fromnononers that carry the side group (I1),
and optionally from further nononmers, in which connection in
particul ar the proportion of the nmononers that exhibit the side
group (1) is nole % preferably 20 5 to 70 nolg.
proportion of 't &eﬁ“rra;%orrers that exhibit the side group (I1) 1&1‘1@9‘3]&9‘89
90 nole % preferably 30 to 80 nole % andh he proportion of the further
nononmers is O to 50 nole % in each case referred to the sumof all

i ncor por at ed nonomer units. 10 As "further" repeating units,
all basic building bloc i ch can be incorporated chemcally into
t he side-group pol yner are siitabl e.?"Ehey substantially serve sinply

to reduce the coMelhtrati of. _the_sMdegseoups | and Il in the polyner and
t hus produce, as_li @ on" effect. In the case of

pol y(nmet h)acryl ates the N ‘ ~NQcl ude et hylenically
unsat urated copol yneri sabl e nononers that 15 erably carry
a-substituted vinyl groups or ,[err]-substitut ! QUPS\_ preferably
styrene; however, also suitable are for exanpl€>3nucl ea"#-ch ated and

al kyl ated or al kenyl ated styrenes, the al kyl groypsshetNg, able to
contain 1 to 4 carbon atons and t he al kenyl groups being™able to
contain 2 to 4 g&nfepn atons, for exanple vinyl t ol uene, divinyl
benzene, a-nmethyl styrene, tert.-butyl styrenes, chlorinated 20

styrenes; vinyl esters or carboxylic acids with 2 to 6 carbon atons,
preferably vinyBeispiel vy, acefate, A\(,",_rlyl Ayridige, vigyl mybﬁhahﬁm,' Vi nyl
cycl ohexane, acrylic acid and nethacrylic acid and/or their esters
(preferably vinyl, allyl and nethallyl esters)

to

RI=R2=H
41.7 19400 27900 8300 0,197 50 50 250 820
Ri=H: R2=CN _
418 20000 25400 5400 0287 70 30 250 820
R!=CN; R2=CN
41.9 19000 25900 6900 0295 60 40 250 820
R!=CN:R2=H
41.10 19000 27400 8200 0318 40 60 250 820
o)
m Mol-%
H
N@
o] N‘N
CN
5 CN
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wth 1 to 4 carbon atons in the al cohol conponent, their am des and

nifrilTes, maleic anhydri de, maleic acid sem -esters and dyesters
with 1 to 4 carbon atons in the 25 al cohol conponent, maleic acid

sem -am des a | am des and cyclic imdes such as

mal ei m de or W%% exyl maleinmide, allyl conpounds such a?cﬁ%ﬁzwg
benzene and allyl esters such as allyl acetate, phthalic acid diallyl
esters, isophthalic acid diallyl esters, fumaric acid diallyl
esters, allyl carbonates, diallyl carbonates, triallyl phosphate
and triallyl cyanurate. Preferred "further" nononers correspond
to the fornul a e QA 31 13%HpCT

21 ferr]  ama ¢!
N
: N

CN
CN
Formel 4
Beispiel v, vp Avp.y, An m n mW/em? A{nm]
41.11 19200 27800 8600 0148 50 50 250 820
5 Formel 5
o CH
YLy
| _N
N? \[:::1\ o)
' N
H
NO2
Q
m Mol-% | o /\/0
H
2L
0 N4N\T::::L\
Beispiel v, vp Avp.p, An m n mW/em?  \fnm]
41.12 20700 26000 5300 0,120 50 50 250 820

10
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wherein 5 Rlerr] denotes an optionally branched (Jerr]-Cerr] alkyl

radi cal or a radical containing at | east one further acrylic
radi cal . . The polynmers according to the invention nay al so contain
more than one WwodgafkPup that falls under the definition of (1), or

more than one side group that falls under the 10 defi ni t i BRAT/EI702489  or
several side groups that fall under the definition of both (1) and

(rn. The pol yners according to thg,invention preferably have

gl ass transition tenperatures Tg of at least 40[err]C. The gl ass
transition tenperature be determ ned for 15 exanpl e according to B.
Vol | mer, Grundri B der Makrionfjl ekul aren Chem e (Foundat i ons of
Macr onol ecul ar ©Mohist ry) Spri nger - Ver | ag,

Hei del berg 1962). The® pol ymerE orqing to the invention

general Iy have a wei ght average nol ecu 20 N ight of 3000 to 2000000,
preferably 5000 to 1500000, as deternlned b géqﬁfti\~ pernmeation

N
"L
N(CH,),

o) CH,

n Mol-% o/\/r\': |

T

[: :L N
L
N(CH,),
Formel 6
5

Beispiel v, vp Avpp, 4An - m n mW/cm?  Afnm]
41.13 183900 23400 4500 0,250 50 50 250 820

Beispiel 42 T!=T2;Q1 2 Q2 A=P

n Mol-%

/\/0
OTNH
, CN
° QN’“Q
CN

ERSATZBLATT (REGEL 26)



Structural elenents with a high dinensional anisotropy and hi gh nol ecul ar
polarisabiTity anisotropy are the prerequisite for high values of the

optical anisotropy. 25 By nmeans of the structure of the polyners the
i nternol ecul ar interactions of the structural elenentsg cﬁk& o(11)
are adj usted sWOM4#6Fhe formation of liquid crystal er states is

suppressed, and optically isotropic, transparent non-scattering filns can
be produced. On the other hand the internol @sul ar interactions nust
nevert hel ess be strong enough so that, on irradiation with polarised
l'i ght, a photochem call duced, 30 co- operatlve directed
re-orientation process of S|de groups is effected. Le A 31
135- PCT m Mol-% In
the optically isotropic, accordlng to the i nvention

N
extrenely hi gh val'lies of the o : ' opy can i nduced by
irradiation with polarised l'ight. g me value of the change
in double refraction An are between 0.05 o

Formel 7

Analog Beispiel 1 wird ein Copolymerisat der Formel 7 hergestellt und entsprechend
5 Beispiel 2 eine Probe gefertigt und gemessen. Man erhilt eine Doppelbrechungs-

inderung An, eingeschrieben bei 488 nm wie folgt:

Beispiel v, vp Avp.p, An m n mW/cm?  A{nm]
42.1 25000 28000 3000 0,232 50 50 250 633
: 0 -
Mol-% N
n (o] (-] O /\/ R1
( ]\ ~.N i
N/
R2
10
m Mot-%

/\/0
H
[ l N
\@\ R3
R4

Formel 8
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5 As light there is preferably used linearly polarised |ight whose

wavel ength lies in t he range of the absorption bands of the side
gr oups. The present invention also provides polynmers in which
doubl e refract ipefpfiggages An 10 of nmore than 0.15, preferably nore than
0.2, and in particular nore than 0.4, can be i nscri beRCERITIOR489
polarised |light. The value An shoul d be neasured as descri bed

her ei nafter: First of all in each gase the absorption maxi ma

[err][err] and [g Iic{le”]’ are neasured in both 15 honopol ynmers. A
doubl e refraction chan® i s Poducédrly Anradi & ing & fil mWferhR{nm]

copol ymer to be RlesrédRisigg- binearly pol arised |ight of a wavel ength of
([err][err]l +[e[{r [err]2):2. For this purpose the sanples are irradi ated
with polarised | zgin i 2580Q hé 48P r e61l7Hn ©O t he 10or maboto tggy surface.
The out put of th@3ighig r odladn be 100Q mNcnferr]; in the
case that the copol ymer fogudgg?%yggg%ndg’rzqhegg congpti ofi%, 20 633 the

out put of the Ii@ sotft 40 i 25 3&ud @0 i 0RO nid st epsount gh the ggpol ymer

éi%ﬂ

IS no | anger desidooyeslody ir jation. The irradiation is
continued until the doubl \ k?@?ra@?? n ﬁg | ond8r chethges. 63Bhe doubl e
refraction chande TRat B B pROGN@d i s measured with a selective
wavel ength of [ by r][grddy + ] 1): + 0O 50 [nnm]. The
pol ari sation of the measuri nzgé'ﬁogjh[’gé%oupélnf orffan af®l e o25Q5[ e
relative to the427 19.800 25.600 5.800 0,145 50 50 250 820

428 21300 25000 2700 0116 30 30 250 820

‘Beispiel 43 T1+T2; Ql=Q2, A=p

5 Analog Beispiel 1 wird ein Copolymerisat der Formel

i o™
0,
n Mol-% R o A~° ~ 6

CN
ol
m Mok% o N
~N\
R QO
o

10 Formel 9

hergestelit.
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25 direction of polarisation of the inscribing I[ight. The
preparati on of the side-group nononers and their polynerisation can be

carried out according to processes known in the literature; see for
exanpl e Makronol ekul are Chemie 187, 1327-1334 (198ywg / 574,
Eur op. Pol y YO 7414365 561 (1982) and Liqg. Cryst. 2, 195 (195’%@& 276
297, DE-OS 28 31 909 and 38 - 08 430. The polyners according to the
invention are generally prepared by free- *¥ radi cal copol yneri sation
of the nmononers in suitable solvents, for exanple .aromatic Le A
31 135-PCT 23

hydr ocar bons gagmﬂa§Atolque orAx%kengn aronmti ¢ mal ogenWikced Rfesifjocar bons
such as chlorobenzene _ethers such as tetrahydeofuran—or dioxane,

ket ones such RsCHget one or cycl ohexanone, and/or dinmethyl formam de

in the presenge of baghealdfnaubfa o103  dBOI YRR Sabbgn ingijators, for

exanpl e azobi S(isobutyronitrile) or behzoyl peroxide

43.2 27600 28300 500 0.104 60 40 200 633

Beispiel 44 T!=TZ; Q!=Q2, A=P

N

' !: o L
i
" Mol-% o’A\V/N\I:::l\
N
N
::: “N(CHy)

Beispiel v, vp Avp.s An m n mW/cm? A{nm]
44.1 21600 23400 1800 0211 50O 50 60 633

10 Beispiel 45 Wirmefestigkeit

Glasplattchen der Grofie 2 x 2 cm werden wie in Beispiel 1 beschrieben mit einem

Polymer gemaB Beispiel 3.3 beschichtet und 11 Felder (flatfields) so eingeschrieben,
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5 at elevated tenperatures, generally at 30 to 130[err]C, preferably at
40 to 70[err]C, wth exclusion of water and air as far as possible.
| sol ation can be carried out by precipitation with suitable agents,
for exanple The products can be purified b

re-precipi ta%ﬁ%%gps exanpl e wi th chl orof ormf net hanol . ¥'CT'EP9H?2489
present invention thus also provides a process for preparlng t he si de-group
pol yners by copol ynerisation of the corresp¥hdi ng nononers. The
pol ymers are processed into |ayers ,gnose fhickness is 0.1 to 500 [err]
preferably 1 to 3’3 efngr Reiby 2 &‘i’geflé‘ﬁl ARSJNISSIOR f2ISehEN, €3 QB“"_LGZ[’/EI“}"] H%eﬁ‘héy can
be cast from 15 .s,lelcheﬁqﬂhﬂfah@@ntst%ﬂpbleeﬂ'aﬂh’nﬁﬁoﬁ M'Jnﬁutteﬂiapﬁﬁﬂ def/Eifshréibepat ed.
They can form self - pporting films. Preferably however they are

appl i ed to supp&esimm. Sig é?ﬁnﬁﬁsde“ Ausgangszuptand. Man, 1306 diss¢ Rrqbe? Mpngtgrbebus

t echni ques knov‘”kaﬂﬁnfenﬁﬁratﬁr%n@%ﬁ@ﬁsaﬁk %,S&Jnﬁéﬁ féken. Danach laQ&Pﬁ’lﬁxqjené?n to
whet her a thick or thin lrﬁé I s desired ers may be produced

for exanpl & by dysitares disserrijittshen 34 h beigliSCi 807G wid F203min enerm  Tspekepschpple
melt, while 20 undtﬂktﬁ'&ﬁf die2PrBhishisiion el?ﬁeuprl\ﬁ%l-’ﬁﬁﬁt Ry 4”Weheﬂ3fh@x§ SdidhiCem -

extru5| on. I s possible success produce 1sotropic filns
wi t hout the neeowsmngsznmnd verglichen werdens Mqﬁéolmdertﬁ@snsyi sind din Wertediir die

processes usi ng ©Xl&idRh aI:g,e%LtQﬁ. and/ or surface

10 Tabelle 1

Ausgangs- 12 Mt/ 24 24 W/ 24 W

zustand 20°C |60°C 80°C 120°C

82 75.4 - 1689 83,6 72,2

73.8 67,2 65,6 75,4 68,9

65,6 60,7 59,0 64,0 54,1

50,8 459 52,5 55,8 492

54,1 459 52,5 55,8 443

19,7 24,6 29,5 37,7 19,7

32.8 213 246 29,5 "6

19.7 14.8 14,8 26,2 16,4

R 0,8 131 16,4 11,5

6,6 6,6 11,5 11,5 9.8

0 0 6,6 8,2 4.9

In der ersten Spalte sind die Werte fiir die frisch hergestelite Probe bei Raumtempe-

ratur gemessen angegeben, in Spalte 2 ist die gleiche Messung nach 2 Monaten
15 Lagerzeit wiederholt worden. Die iibrigen Spalten entsbrechen den MeBreihen nach

Lagerung bei der in der ersten Zeile angegebenen Temperatur. Trigt man die Werte
aus den Spalten 2 bis 5 gegen die in der Spalte 1 auf, so erhilt man eine Gerade mit

der Steigung 1. Die Graustufen verindern sich also nicht bei der Einwirkung erhéhter

Temperatur.
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effects. The filns can be applied to substrates by spin coating, inmersion,

casting 25 or ot

processes, introduced between

inflow, or can

her technologically easily controllable coating

Such filnms can al so be produced from

| i qui d-crystal polynmers that contain the structural elenents in the

sense, by sudden coolify, i.e. at a cooling rate of

> 100 K/ mn, }/r“p idly 30 drai ning off the sol vent.
entanspriche

af or edescri bed

31 135-PCT

24

two transparent plates by pressing or

s be produced as self- suppor t i NgcligbsFoiny
casting or extrusion.

Le A
The

I nvention therefore also provides filnms (both self-supporting and in the

l\’Fl';;’rvezxdl];n%r m\e’gIE Lréaglg] ]EE)? ;e(s)sﬁeergegncr Ilpogﬁrée%g)!l é féf%ﬂgs wel |

f or m of coat
as supports coatled
pol yners according t

5
2.

10 3
4.

15 '
5.

20

25 6.

30

PlaéiRedbN¥éthit @iRerbRtisEtizh | Aridotripik 2 VoAlD.001 bis 0.95 zum
Speichern von optisch angebotener Information durch partielles gezieltes
Variieren der optischen Anisotropie.

Verwendung nach Anspruch 1 als holographisches Aufzeichnungsmaterial.

Verfahren zum Speichern von Mustern in den gemi8 Anspruch 1 zu

verwendenden Flichengebilden durch Bestrahlen mit Licht einer Energiedichte

von 103 bis 107 mJ/m? wiihrend einer Zeitdauer von 10-3 bis 10-15 sec.

Polymere, in denen durch Vorbehandiung eine optische Anisotropie erzeugt .

werden kann, die durch Belichten wihrend einer Zeitdauer von 10-3 bis 1013

sec. variiert werden kann.

Polymere nach Anspruch 4, die an einer als Rickgrat wirkenden Hauptkette .

Seitenketten unterschiedlicher Art tragen, dic beide elektromagnetische
Strahlung (mindestens fiir die eine Art: vorzugsweise der Wellenlinge des
sichtbaren Lichts) absorbieren konnen mit der Mafigabe, da die
Absorptionsmaxima der unterschiedlichen Seitenketten mindestens 200 und

maximal 10 000 cm~! voneinander entfernt sind.

Polymere nach Anspruch 5 mit Seitengruppen der Formeln
SLTLQLA o und
-§2.-T2-Q2-p ( II.),

WOrin

* c L M s *
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anor phous, transparent and non-light-scattering in the glassy state of the
pol yners and can formsel f-supporting fil ns. Preferably
however they are applied to supporting materials, for exanple glass or 10
plastics films. This can be effected by various techni ques known per se,

t he p¥@PEUPSr process being chosen according to vx/ne‘f%?‘”%”%"m ck or
thin filmis desired. Thin filns can be produced for exanple by
spin coating or knife application from 50 - solutions or fromthe nelt,
while thicker filnms can be produced by filling pre- prepared cells,
or by melt pressing 9% S&unabigngig voneBander Sauerstoffi Scipwrfsi mdersNRan be used for
digital or analog data storage in the w dest sense, for exanpl e for
optical signal processing, for Fourier transforns and folding or in
coherent optical corkkl atWasserstefflodércdiieSs-Alkye | ateral resolution is limted
by the wavel ength of the inscribing Iight, and permts a pixel size
of 0.45 to 3000 [err]m 20 preferably a pixel size of 0.5 to 30 [err]m
This propesty makes Th&?pohbhiegis vpseinander| denl Bess (CHak derf gegetenenfals shungh

i mages and for infornatjon pr Shn an hol ogr ans, ., Whi ch
can be reproduced by ’ qﬁl u%eﬁa@§ﬁ§2% ?‘H‘%’r&ﬁ %ﬁ’gglf(?gerbé enenfalls ar 1y,

the interference pattern dusch Méthyl@dénBihyl Substituiepssiakampmat i ¢ coherent |i ght
sources with constant phase rel ation. Accordingly,

n die Zahlen 2, 3 oder 4,

10 .

Q!, Q2 unabhingig voneinander einen zweibindigen Rest,

A, P unabhingig voneinander eine Einheit, die elektromagnetische Strahlung

aufnehmen kann,

15

bedeuten.

7. Polymere nach Anspriichen 4 bis 6, wobei A und P den Formeln
— 4
0-1

20 RZ RZ

und

—_— 4
Orp Dol
O
& 2

25

entsprechen, worin

R2  Wasserstoff oder Cyano,
I —

| O
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t hr ee- di nensi onal hol ographi c i mages can be stored. The inmages are read by
iTTum nati ng the hol ogram with nonochromatic, coherent light. On account of
t he rel ati onship between the electrical vector of the Iight and the
associ at ed preferred direction in the storage nedi er

st or age densPFV’@ﬁw be achieved than wth 30 a purely g?%g?imgggtenr
Wth anal og storage val ues of the grey scale can be adj ust ed
continuously and locally resolved. Inforneflion that is stored in an anal og
manner can be read in polarised light, and the positive or the negative

i mage can be Le A 31 135-PCT

25 creat eq{zdepwyggéagopad&mtmm tion of the polarisers. In this
connection the contrast of . the film produced by the phase

di spl acenent of the ordinary and extraordi nary beam bet ween two

polarisers can be uyili sgebrstbff8dNRI@Rd0f the pol ari ser
advant ageously form ng an angle of 45[err] relative to the plane of

pol ari satfon of the 5 inscribing Iight, and the plane of polarisation

of the anal yser beigg ehxﬂr'?@fcbﬁﬁo 'Hefiiiido, p-Chlor-, J0Ha8S-, leﬁageﬁﬂnﬁao bdert hat  of
the polariser. Another possi I|t I's to detect the angle
Dxmethylammo edeuten.

8. Polymere nach Anspriichen 4 bis 7, worin die Gruppen -S!-T!-Ql- bzw.
10 .S2.T2-Q2- den Formel -OCH,CH,O-, -OCH,CH,OCH,CH,O- und

-OCH,CH,-NR!- entsprechen.

9. Polymere nach Anspriichen 4 bis 8, worin die Hauptkette ¢in Poly(meth)-

acrylovl ist.
15
10. Polymere nach Anspriichen 4 bis 9, in die mit polarisiertem Licht
Doppelbrechungsinderungen An von iiber 0,15 eingeschricben werden
konnen.
20 11.  Verfahren zur Herstellung von Polymeren nach Ansprischen 4 bis 10, wonach
man Monomere der Formeln
CH;:?—CO——SL—TL—QL—A und
CH,:cI:—co——-sz—Tz——Qz——P sowie
25 R
gegebenenfalls weitere Monomere miteinander copolymerisiert.
12.  Filme aus Polymeren nach Anspriichen 4 bis 10.
30
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of deflection of the reading |ight produced by induced double refraction.
The polyners can be used as optical conponents that can be passive or can

be 10 actively switched, in particular for hol ographic opti cs The hi gh
| i ght -i nduc optical anisotropy can thus be used for th

el ectri cal ﬁgﬂﬂ(“fﬁson of the intensity and/ or pol &S gd’f"f"(‘}ﬁs St at e of
| i ght. Accordingly, conponents can be produced from a polyner film
by hol ographi c structuring that have i rgge-formng properties

conparable to |enses _or grating The | ayers can be used for the
serial recordi¥g é\fhtFllgmnqchAnmqhtlﬁ&gscaﬁb@teﬁfrasﬁrl types,

especially of images in the nmedical sector. The i nvention

therefore also provides for the use of the optically anisotropic 20
substrat es i nl4 nf oferwendyng vew Relpnergy nachsAnseriighenyd big 19tzuy Hetstelibng0®irent s and
conponents for stQril®.adéndkLcessing i nformation, preferably images, and
as hol ographi c recording materi al . The percentage figures
in the follow ng exanples refer, unless otherwi se stated, in 25 each
case to parts by weight.

* c L M S *
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Le A 31 135-PCT 26

Examptes ) Exanple 1 5 1.1 Pr e- exposur e d ass
- plates of size 2 x 2 cmwere spin coated with a solution of the pol yner
- wWith - repeating units of the follow ng fornul ae:
: v%o 37144385 g PCT/EP97/02489
15 7O
m
[ ]
1
(o]
[
4 ™~
[
T A

05
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10

45%

WO 97/44365

z/5

[err]

20 1

18 1

0
] O
»
»
- Q
s O
[ ]
t t i t }
w < ™~ (] [o4]
— — - -
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25 In order to achi eve as honobgeneous a pre-exposure as possible,

ERSATZBLATT (REGEL 26)

théprates were pre- exposed (froma distance of 2 cm on a
comercially available |ight box (Planilux, Type LJ-S, light source:
2 light tubes \g@%g)%“% out put 15 WAtt) connected up to a foilpcTmEPe7/02489
pol ari ser) fol ing which the transm ssion val ues were neasured between
two 30 crossed polarisers. 7.6%transm ssion was obtained after 1 hour's
pr e- exposure, and 13. 7% after 2 hours' pre-exposure. < Le
A 31 135-PCT 27
1.2 Inscription and neasuring arrangement 3f5 An ar rlangement
consisting of a linearly polarised He-Ne | aser connected ta lan
expansion optics system sanple hol der® rotatable polari satflon filter as
~well as an 5 U bricht sphere witH a connected photocel|| powerneter is
used to neasure the 1 :;
] [L
+
)
" O o
o
<
E
\
i |
E
4 o~ ?
d 2
’] = N
w Sv
2
- v’n
| ]
D
T o
-~ b—_—tttttt—ttt o
R
~Q 22 X Y2 e 0 ¥ &0
[



inscribed double refraction. The inscribed sanples are aligned relative to
thé pol arisation direction of the He-Ne | aser so that the angle

relative to the polarisation direction of the inscribing laser is
45. The transgitt] direction of the pol ari sation fg b23g9at
right angles to ?h%ﬂ Irection of the sanpling He-Ne laser. In 1 this

configuration the transmtted | aser power is neasured as a function of the
inscribing power on the correspondi ng sanpl g field. An,additional

measur enent of the transmtting powef”at a npn-inscribing sanple
site in the "open" position of the pol arisatjon filter serves for
nor mal i sati on. 15 1.3 Inscription © = Fl at surfaces (flat

fields) are inscribed using the aforedescri bed rlecoffer
arrangenent. The polarisation direction of the ihscf]hbng | aser was at

right- angl es 20 to the transmtting directioh off{the foil polariser
used for the pre-exposure. The rel evant dat @] of the inscribing
arrangenent are as follows: Laser sourde:{fAr-ion laser, linearly
pol ari sed. Single |ine operation, X = 51 .q.nm
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25 Laser power in the plane of the inmage max 280 nW
Laser spot size 7 - 8 [err]m Pi xel
size (line spacing) 5.4 [err]m Scanni ng

| engt h 7.41 mm Scannj '
'5.82 nm 30 V%%%%ﬁ?ﬁg speed (in the line direction) B&@Eﬁﬁh%§$8
m sec Le A 31 135-PCT

28 The illum nation energy in the plane of the inage is determ ned
by the | aser power in the plane of the ippge as well as by the
scanni ng speed. The fol | owi ng change i¥uStransni ssipiis obtained
according to the energy of the 5 inscribing light (scanhing speed 23.8
msec; T = sanple transmission in % E = i nscribing gnergy in
[10[err] md/nferr]]) (see Fig. 1). o =
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The fol | owi ng bhd atdasRaQT c data can be derived fromthe neasurenent data:

10 Total density stroke in the inscribing regi on

[err]D=0.9 Gradation in the "li near" part of the curve g=19
Energy density to achieve [err]D E=

1.3x10[err]ml/ nferr] 15 The inscri bed | nformation is stable on storage
at roomtenpe

having the re
t he pol yner u:
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réwiltohighly imhwdilsle tdaumesmftdmmarre procedure is enpl oyed

scribed in Exanple 1, it is found that:

The present invention relates to a process for the extremely rapid inscription of
photo-addressable substrates, substrates prepared for this process, and the use of
such substrates in information technology. The invention also relates to photo-

addressable side-group polymers in which a high double refraction can be induced

by irradiation, so that they are suitable for storing optically available information |

or for producing passive or optically switchable components.

Photo-addressable polymers are known (Polymers as Electrooptical and Photooptical
Active Media, V. P. Shibaev (Editor), Springer Verlag, New York 1995).
Particularly suitable for this purpose are side-group polymers, of which the group
of copolymers is distinguished by a very wide range of possible variations of the
properties. Their particular feature is that their optical properties such as
absorption, emission, reflection, double refraction and scattering can be reversibly
altered by light induction. Such polymers have a special branched structure: side
groups that can absorb electromagnetic radiation and that are joined by parts of

molecules acting as "spacers" are located on a linear backbone. Examples of this

type are the side-group polymers containing azobenzene groups according to US 5

173 381. These substances are characterised by the ability to exhibit double
refraction in a specific direction when irradiated with polarised light. The inscribed

double refraction patterns can be rendered visible in polarised light.

It is also known that a locally restricted double refraction whose preferred axis
moves with the rotation of the direction of polarisation can be inscribed at an
arbitrary position in layers of these polymers using polarised light (K. Anderle, R.
Birenheide, M. Eich, J. H. Wendorff, Makromol. Chem., Rapid Commun. 10, 477-
483 (1989), J. Stumpe, et al., 20. Freiburger Arbeitstagung Fliissigkristalle 1991).
These processes are slow. Although in some cases the beginning of anisotropic
behaviour can be detected already after a few seconds’ exposure time, as a rule

minutes and even hours are necessary in order for the effect to reach its achievable



I n Tables 1, 2@A33&r1654’¢'he synbol s have the foll owi ng neani ngs: 25

R S the substituent corresponding to formulae 2, 3, 4, 5, X
is the wavel ength of maxi mum absorpti on, _ An is the change in
doubl e refraction achieved in a first pro X is the content
of* ant enna conponent in the copol yner, _ I's the inscribing

vl ength of TEEYR, 11 Mwe%ﬁn?@e"&émﬁde i it YRM BRI

to.the time employed. It is a particular feature of .optical addressing that the optic
axis of the inscribed double refraction is vertical to that of the inscribing polarised
light. The simple possibility of being able optically to extinguish inscribed
5 . information by rotating the direction of polarisatidn of the inscribing light is based
on this property. Inscription and extinction occur equally rapidly in this case; they
are identical processes up to the direction of polarisation of the employed light.
This is in contrast to the process of thermal extinction by heating the layer above |
the glass transition temperature of the polymer, in which all information is

10 extinguished at once.

In data representation, storage and processing, two fundamentally different routes

are followed, which may be termed serial and analog. In the analog route all data

and information are simultaneously collected and converted. A typical example of

15 this is photography using a silver halide film as an analog recording medium. This

case involves exposure of a layer of photo-addressable polymers with polarised light

through a master pattern. Since all image points are developed simultaneously, the

inscription (development) time is seldom critical in these processes. With serial

processes however the items of information are called up in succession. In the case

20 of objects with a very high information density, for example images, potentially

very large numbers of these image points have to be inscribed in succession, and the

development time is thus the summation of the development times of the individual

image points. For this reason a high inscription rate while maintaining a sufficient

stability of both the initial state of the non-inscribed regions as well as of the final

25 state of the inscribed regions is important. In both processes the accurate

reproduction of gradations of differences in brightness (grey stages) of the master

pattern is also extremely important. Hitherto it has not been possible to solve in a

technically satisfactory manner the problem of high inscription rates by the optical

route, since in addition to the information transmission rate, further boundary

30 conditions are essential. Such boundary conditions include in particular the stability,

| the extinguishability, and the ability to distinguish degrees of greyness. There are
fundamental reasons for this.
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As a general rule, only systems in which no mass but only fields or vectors are
changed, can react extremely rapidly to control commands. If a mass is moved, for
example in rearrangement processes or chemical reactions, the reaction is orders of
magnitude slower and .is governed also by the viscosity of the medium. For
example, the switching time of the low-viscosity nematic rotational cells is at most
in the region of msec, whereas a side-group copolymer takes minutes, often many

hours, in order to reach the maximum achievable double refraction.

If the reversibility of the inscribed changes is dispensed with, then the energy
density can be chosen arbitrarily and in the limiting case the substrate may be
locally destroyed. Such materials are described for example by G. Kiampf in Kirk-
Othmer, Encyclopaedia of Chemical Technology, 4th ed., 14, 277-338 (1995). This
process, many variants of which are described in the literature, has some
disadvantages however. The most important of these is that the process involves a
considerable attack on the structure of the substrate, and the hole that is formed is

basically unstable. In addition there is always the problem of the vaporised

. material, which may be deposited anywhere in the apparatus or on the storage

medium, and finally very high laser energy densities are required, as a rule >
10'mJ/m?.

Since the preservation of the substrate is at the same time the necessary condition
for its re-inscribability, the light intensity cannot be increased arbitrarily; instead,
the intensity must remain below the decomposition threshold. The stability of the
material thus defines the upper limit of the energy density. The smallest amount of
energy that is necessary in order to produce a detectable and stable change in the
layer has been measured by Coles (in a polysiloxane) as 4x10° mJ/m? (C.B.
McArdle in Side Chain Liquid Crystal Polymers, Editor. C. B. McArdle, Blackie
Publishers, Glasgow 1989, p. 374). Assuming that the minimum energy for
polymeric substrates is of the same order of magnitude, it follows, if one wishes to
treat the substrate géntly, that the side-group polymers can only be inscribed slowly
(since the minimum energy is already very close to the destruction energy), and

accordingly such polymers are unsuitable for serial storage in real time. This



30 - Table _' Rl err] Rl err] R[ekr] Rl err]
R err] R[errh}:A]'31 135_P(E'£rr] [err]n X Tg E [err]
2 . CN cC H H . CH err] Et 490 0.043 50 142
1.3 3.36 5 3 CN H H H H Me 472
0.029 45 141 1.6 3.19 4 4 CN H CN H H
Me 490 0.077 50 144 1.8 2.5 NJO err] H d
H . H M;nmpalgllsadvam@gé’ has ulgto now Dmvenmd ghe tecthal use of such polymers,
48.5 124 2
ﬁgr ] a}nd it W&;eeplfject of thﬁ presepf mventlon,_p zﬁlev;qte gms defect.- 169 0 116
44 136 2.1 10 8 NJO err] H H H H
Et 502 0.022 50 131 2.3 3.4 9 CH3 H CN
CN H Weavbave d®B8 surpiisiiiply foumtl that éxd@femely rapidly 4ldsédsable storage média CN
H H H H Me 436 0,074 58 138 2.7 2.13
11 CN 9 Hean bgproduced from the £18] that are slowly photo-gddsessable pgr se ifthe
g' g 48 3'733 Tibgtrate§ é% i%%ted bber aH,large area With a ligﬂt source Ruitatld for

conventional inscription, so that an optical anisotropy is produced. Optical .

anisotropy means that the rate of propagation of the light in the plane of the layer
is dependent on the direction. This produces direction-dependent refraction, so-
10 called double refraction. If the suitably prepared substrates are irradiated for a short
time with appropriately intensive light, the double refraction is varied extremely
rapidly and permanently, i.e. is reduced or completely extinguished. The degree

of residual double refraction can be adjusted according to the light intensity.
15 Two optical processes are thus involved, which differ in their action:

In a generative first process the layer must first of all become anisotropically double
refractive over its area. The double refraction (optical anistropy) is conventionally
expressed as the difference An of the maximum, direction-dependent refractive index

20 n at a specific wavelength.

Any light source for polérised light, for example an incandescent lamp with a
connected polariser foil or preferably a laser, is suitable for generating the large-
area anisotropic double refraction. The required time depends substantially only on
25 the power density of the light source, in which connection no lower limit for this
is known at present. The upper limit of the power density of the light source is
determined by the destruction threshold of the material, which depends on the
material itself and is in the range from 107 to 10® mW/m?. The material may be
addressed over a large area in a structureless manner or selectively, for example
30 through a mask, though structureless addressing is preferred, especially addressing
that covers the whole area of the substrate. The optical anisotropy An of the first

process that is necessary for the purposes of the invention may be very small; the
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452 0. 057 75 133 4.1 1.75 15 Br H H H
H Me 416 0.016 52 137 4.2 1.51 16 CHerr]

H H H H Me 408 0. 055 40 133 4.3 0.57

17 OCH3 H d H H Me 414 0. 032 50 133 4.3
0..3 20 Orfly pﬁaﬂﬁdltloiﬂls thaHt is still meashtable Preferably tﬁ&amstrdb@%n pﬂ)dﬁ@é?i 45
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0. 041 60 inzthe firsg Q;ocess @s gt4least 0. 001 in pgmcula@@tgeast 0. 005; n is preferablry at H
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31 Exanﬂ%% Oﬁg,uwraaﬁar at IP;StO%oI ymer having the repeating units

shown hereinbelowis used in place of the pol yner enpl oyed i n Exanpl e

1 and otherwi se the sane procedure is enpl oyed as
5 The second optical process relates to. the use of the substrates prepared in the first

optical process and comprises addressing with light of very short duration the
material made anisotropically double refractive. The inscribing light has a further
quality however: it may be polarised or unpolarised. Polarised light is preferred
whose axis lies parallel to that of the substrate. The energy density should as a rule
10 be 10° to 107, preferably 10° to 6 x 10° mJ/m?. "Short time" means that the action
of the light may last for 10" to 103, preferably 10'° to 10 sec. The light source
must be correspondingly quick, which means that laser light sources are preferred.
With this method sequential inscription rates of up to 100 MHz, preferably 5 to 50
MHz, are possible. The sequential addressing means that although the absorption
15 of the photon in the material takes place extremely rapidly, there is still sufficient

time for a dark reaction.

Extinction may take place over a large area, with the result that an unstructured
pattern is produced. Patterns with structures that have a diameter of 10 nm to 20
20 pm, in particular 10 nm to 1 pm, in the direction of their smallest extension are

however preferred.

The inscribed information is stable, i.e. after the light source is switched off a

storable double refraction pattern is obtained that can be read with the aid of
25 polarised light. The change in brightness is proportional to the action of the light.

The material is capable of grey gradations. The inscribed information is reversible,

i.e. the information can be re-extinguished and then re-inscribed.

30
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The invention accordingly provides the use of flat materials with an optical

. anisotropy An of: 0.001 to 0.95 produced from photo-addressable polymers, for

storing optically available information by partially selectively varying the optical
anisotropy. A further subject of the invention is a process for storing patterns in the
flat materials to be used according to the invention, by irr_adiaiing with light of an
energy densitj of 10° to 10’ mJ/m? for a duration of 10” to 10" sec.

The term “optically anisotropic" within the context of the invention means a |
difference An of the maximﬁm, direction-dependent refractive index of at least 0.001
at a wavelength that is 30 nm shorter than the point at which the absorption in the
long wavelength edge of the longest wavelength absorption maximum is still 1%
(absorption maximum = 100%). Anisotropy values that are high as possible are
desired, since they permit good results even at very low layer thicknesses. Preferred
values of An are in the range from 0.05 to 0.95, in particular from 0.1 to 0.8.

The invention further provides polymers in which an optical anisotropy can be
produced by pretreatment, and which can be varied by exposure for a period of 107

to 10" sec.

Suitable polymers for the production of the photo-addressable substrates are those in
which a directed double refraction can be inscribed (Polymers as Electrooptical and
Photooptical Active Media, V. P. Shibaev (Editor), Springer Verlag, New York 1995,
Natansohn et al., Chem. Mater. 1993, 403-411). In particular these are side-group
polymers, preference being given to the copolymers. Preferred examples of such
copolymers are described for example in DE-OS 43 10 368 and 44 34 966. They
preferably contain a poly(meth)acrylate main chain acting as backbone, with

repeating units

-~ CH;-

=0

-0 -0—2A

wherein R denotes hydrogen or methyl, the dots denote the coupling of the further

units of the main chain, and the side chain is coupled to the carbonyl group.
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Teasl 135-'PI%I<‘arr] Rlerr] Rlerr] Rerr]
E [err] 21 CN H H
439 0.027 60 1.2 - 5 22 CN H
502 0.038 40 14 3734 23 CN CN
H 482 0.032 40 2.3 2.24 24 CN
"Fhe inventidn furthédfiore providésSpolgers witl? side chaihs Kaving the structuzés

- H - - H 420 0.041 40 2.4 0.6
described hel\lfginafter. :

The side chains branching from the main chain may correspond to the formulae

§'-T-Q'-A (O and
S-T2-Q*-M (D)

wherein

St §? Qenote independently of one another the atoms O, S or the radical NR!,

R! denotes hydrogen or C,-C, alkyl,

T!, T denote independéntly of one another the rédical (CH,),, which may
optionally be interrupted by -O-, -NR'- or -OSiR',0-, and/or may be
substituted by methyl or ethyl, |

n denotes the numbers 2,3 0r4,

Q!, Q? denote a divalent radical,

A denotes a umt that can adsorb electromagnetic radiation, and

M denotes a polarisable aromatic group containing at least 12 w-electrons.

Particularly preferred are polymers in which

Q!, Q* denote indepéndently of one another Z!, 72 or the group -Z!-X-Z%-,

wherein Z!, Z? denote izidependently of one another the groups -S-, -SO;, -O-,

-COO0-, -0CO-, -CONR'-, -NR'CO-, -NR'-, -N=N-, -CH=CH-, -N=CH-,
-CH=N- or the group -(CH,),, where m = 1 or 2, and
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For the neaning of jdfed¥PboiftBor theltbupg ACIE=CHEE, Exanple 2:
5 m having the aforementioned meaning,

A denotes the radical of a monoazo dye that absorbs in the wavelength range
between 650 and 340 nm, and |

10 M denotes the radical of a polarised and further polarisable aromatic, linearly
structured system with at least 12 r-electrons. '

Preferred radicals A correspond to the formula

15 _ {

wherein
20
R? to R” independently of one another denote hydrogen, hydroxyl, halogen, nitro,
cyano, C,-C, alkyl, C,-C, alkoxy, CF,, CCl,, CBr;, SOCF, C,-C.
alkysulfonyl, phenylsuphonyl, C,-C¢ alkylaminosuifonyl,
phenylaminosulfonyl, aminocarbonyl, C;-Cs alkylaminocarbonyl,

25 phenylaminocarbonyl or COOR!.

Preferred radicals M correspond to the formula

R12 R11
30 , Y

wherein
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' E 31 CN Me H - 365 0. 055
- 0.2 -32 - CN 4\/9 Me CH2 365 0. 042
0.2

100
100
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R® to R" independently of one another denote hydrogen, hydroxyl, halogen, nitro,
cyano, C,-C, alkyl, C,-C, alkoxy, CF; CCl,, CBr;, SO,CF,, C,-C;
alkysulfonyl, phenylsuphonyl, C,;-Cq al‘kylaminosulfonyl',
phenylaminosulfonyl, aminocarbonyl, C,-Cs alkylaminocarbonyl,

5 phenylaminocarbonyl or COOR! and

Y denotes -COO-, -OCO-, -CONH-, -NHCO-, -O-, -NH-, -N(CH,)- or a single
bond. |

10 Preferred are amorphous polymers, i.e. polymers that do not form macroscopically
detectable liquid crystal phases. "Amorphous" denotes an optically isotropic state.

Such polymers do not scatter visible light nor do they contain a double bond.

The compounds may be prepared in a manner known per se by copolymerising
15 mesogene-containing and dye-containing monomers, by a polymer-type reaction or
by polycondensation. Free-radical copolymerisation of the monomers is preferred,
i.e. of the monomers with mesogenic groups on the one hand and dye-containing
groups on the other hand, in suitable solvents, for example aromatic hydrocarbons
such as toluene or xylene, aromatic halogenated hydrocarbons such as
20 chlorobenzene, ethers such as tetrahydrofuran and dioxane, ketones such as acetone
and cyclohexanone and/or amides such as dimethyl formamide, in the presence of
conventional - radical-donating polymerisation initiators, for example
azodiisobutyronitrile or benzoyl peroxide, at elevated temperatures, for example at
30 to 130°C, preferably at 40 to 70°C, and as far as possible under the exclusion
25 of moisture and air. Purification can be carried out by precipitating or dissolving
and repret;ipitating the resultant side-chain copolymers from their solutions, for

example with methanol.

Whereas the groups that can absorb electromagnetic radiation as a rule absorb in the
30 wavelength range of visible light, the mesogenic groups of side-group polymers that
are known up to now have an absorption maximum at a substantially shorter

wavelength, preferably at wavelengths of around 33000 c_m“; the achievable double



5 . ExanpLea 313135:1333 | f a polyner having the repeat 'i ng units

shown below is used in.place of the pol yner enpl oyed in Exanple 1
and otherw se the sane procedure is enployed as described 10 i n Exanpl e
1, it is found that: -For the maani(pg of the values in the Table,
see Exanple 2: 15 0 Rerr] Rl err]

[ er 120 refraction changes are less than 0.1. The hitherto described processes for storing

-information by double refraction changes have usually been described as reversible,
ie. witha temperatufe rise produced by light or heat the stored information can be
extinguished again; the use of light may offer the advantage of a locally restricted
5 extinguishability, which is why this variant is sometimes preferred. The principal
method of extinction by adding energy in the form of heat of course at the same
time runs the risk of insufficient heat stability of the inscribed information; indeed,
this is a disadvantage of the previously known prior art. Many compounds of this
type thus have the disadvantage that the inscribed double refractions are not
10 heatstable; at elevated temperatures, especially on approaching the glass transition
temperature, the double refraction becomes weaker and finally disappears
completely. Advantageoué information carriers are accordingly those in which the

stability of the inscribed information is as temperature insensitive as possible.

15 It has now been found that superior side-chain polymers are formed if the side
chains are chosen so that their absorption maxima are at a specified distance from
one another. In these new polymers information that is extremely heat stable can

be inscribed using light.

20 The invention accordingly also provides polymers that carry side chains of different
types on a main chain acting as a backbone, both of which can adsorb
electromagnetic radiation (for one type at least, preferably of the wavelength of
visible light), provided that the absorption maxima of the different side chains are
at a distance of at least 200, preferably at least 500, and most 10,000, preferably

25 at at most 9,000 cm™?, from one another.

Preferred polymers according to the invention carry on a main chain acting as a
backbone covalently bonded side groups branching therefrom and having the
formulae
30
St-TH-Q-A @ and
-S2-T2-Q*-P ¢1))
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Exanpl e 38 - :

S!, $? denote independently of one another oxygen, sulfur or NR!,
R!  denotes hydrogen or C,-C, alkyl,

T!, T2 denote independently of one another the radical (CH,),, which may
optionally be interrupted by ~O-, -NR'- or -OSiR',0-, and/or may optionally

be substituted by methyl or ethyl,
n denotes the numbers 2, 3 or 4,
Q‘, Q? independently of one another denote a divalent radical,

A, P independently of one another denote a unit that can adsorb electromagnetic

radiation,

with the proviso that the absorption maxima of the radicals -Q'-A and -Q*-P are at
a distance of at least 200, preferably at least 500, and at most 10 000, preferably

at most 9 000 cm™, from one another.

An essential feature of the invention is the recognition that the properties of the
polymers according to the invention are better the more similar the terminal groups
- Q'-A and -Q?-P are to one another. This applies in particular with respect to their
electronic configuration.  The agreement of the orbital symmetry of both groups
should be large, but not 100%. By exciting the longer wavelength adsorbing group
in the first excited electronic (*S,) state, the orbital symmetries of the groups A and

P become approximately anti-symmetrical.

The function of the radicals T' and T? is to ensure a specific spacing of the side-
group ends from the chain acting as the backbone. They are therefore also termed

“spacers".



A sanpl e prep[a? &3£§3§é}5%¢l bed in Exanple 1 is subjected to the follow ng

t est cycle: 15 . 38.1 Pre-exposure of the sanple on the |ight
box with connected polarisation foil (exposure time: 1 hour)
38,2 Inscription with the recorder arrang2nent at various |aser powers

with 20 pol ari sation of the inscribing laser at right angles to

the pol ari satTRaRicdl{10! and O join the terrRil £ABTW fd P to the spadlirs 3T fiRPpaed

exposure of the inscribe e on the I'ight box with connected
pol ari sati on Which,inttimn furmwﬂxmbmdcto this nmuIchmncvia thecbondingrinembeh 8’ mml She

same 25 in the first osure t
hours) The wc;_gj featare, ot the ‘H?st ﬁl MF&%P%%L}QRAM& Ofthe
same condi ti Qg @8 hand, as well as on $E3Ad r-[be(‘)gll ﬁ@%‘ﬁfer hand. The radicals Q! and Q?

5 are thus of quite special importance: for example, a similarity of the configuration,

combined with a relatively similar position of the absorption maxima of -Q'-A and
-Q?-P, are for example achieved if identical radicals A and P are differently strongly
polarised by different radicals Q! and Q.

10 Preferred radicals Q' and Q? contain independently of one another the groups -S-,
-S0,, -0-, -CO0-, -0CO-, -CONR!-, -NR!CO-, -NR-,-(CH,),.- where m = 1 or
2, a divalent 6-membered ring with optionally 1 to 2 N atoms (in which case the
coupling to the radicals T' and A and to T? and P takes place via these N atoms)
and the group Z'-X-Z? wherein

15
Z!, Z* independently of one another denote the groups -S-, -SO,, -O-, -COO-,
-OCO-, -CONR!-, -NR!CO-, -NR!-, -N=N-, -CH=CH-, -N=CH-,
-CH=N- or the group -(CH,),- where m = 1 or 2, and
20 X denotes the naphthalene radical, a S5-membered or 6-membered
cycloaliphatic, aromatic or heterocyclic ring, the group -(CH=CH),- where
m = 1 or 2, or a direct bond.
Particularly preferred radicals X include 2,6-naphthyle_ne and 1,4-phenylene, and
25 heterocyclic radicals of the structures
o)
_<: \ O_/ \ _C S
G =N = N=N
30

If X denotes a 5-membered ring system this may for example be a carbocyclic or,

preferably, a heteroaromatic system and may contain up to 3 hetero atoms,



30 - Transmlssu%oaldBS-tB@[‘sarrpl e after renewed pre-exposure (see Fig. 2).
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Fig. 2. Sanple transmission T in [A4 after renewed pre-exposure as a
function of E[10[err]m)/ nerr]: Transm ssion at pl aces
at” which no thermal structures have been i'nscribed: filled 5

rect angl es SSi Qng af, t Re s which the the

. structures hangfeﬁ%th %? Fr}eﬁr#’hg’ 6 @uﬁactslﬁsrgp{eﬁqqt%thveﬁrggeﬁ eme

rectangl es  thiophene, thiazole; oxazole, triazole, oxadiazole and thiadiazol. Heterocycles with

2 hetero atoms are particularly preferred.
5 If X denotes the group (CH=CH),-, then m preferably has the value 1.

If X denotes a direct bond, the resultant compounds then are for example oxalic acid

derivatives -or urea derivatives, or carbamates (Z selected from Z! and Z?).

10 The preferred meanings of Z!-X-Z? are benzoic acid amide radicals and benzoic acid
ester radicals of the type -O-C¢H,-COO-, -0-C,H,-CO-NR!-, -NR!-C,H,-COO-,
-NR!-CH,-CO-NR!-, as well as fumaric acid ester and fumaric acid amide radicals
of the type ~-OCO-CH=CH-OCO- and -NR'-CO-CH=CH-CO-NR!.

15 Q! particularly preferably denotes the groups -Z'-C;H,-N=N- and Q* denotes the
group -Z'-C;H,-CO-NH-.

The groups -Q!-A should have absorption maxima in the wavelength range from
_ 15000 to 28000 cm™, and the groups -Q>-P should have absorption maxima in the
20 wavelength range from 16000 to 29000 cm. For the purposes of the present
invention A and P as well as Q' and Q? are defined so that the longer wavelength
absorbing unit is termed -Q'-A, while the shorter wavelength adsorbing unit is
termed -Q?-P.

25 Preferred radicals A and P include mononuclear and polynuclear radicals, for
- example cinnamic acid, biphenyl, stilbene and azo 'dye radicals, benzoic acid

anilides or heterocyclic type analogues, preferably monoazo dye radicals.

Particularly preferred radicals A and P correspond to the formula
30
-E-N=N-G (I11)



10 - Fig. Be ABANBSHBEToN of the sanple after renewed inscriptionin [%

as a function .of E[106 ml/ nferr] | medi ately after the
inscription: open rectangles Initial situation after the
"extinction exposure": filled rectanglesifsee Fig. 3) 15 End
résult: The inscribed patterns can be conpletely extingui shed by
renewed pre- AHre at the places at which no thermal structures
have been produced. Thermally inscribed 20 structures remai n however
after the extinction exposure and reduce as a result of scattering
the sanple transm ssion at the corresponding pl aces. On renewed

i nscription Ghe bdppRtehHEmasovelent argmstie or hetegonyelic saadicad ande ori gi nal
inscription test, which is illustrated by the following Fig. 4 (see Fig.
4). 25 Fig. 4. Standardi sed sanple transm ssion T[4 as a function

of the snscrEpti Odenotes a bivaléiR a8dmdtid dOhetérobydnit/ ratival. ] |

In the case of E suitable aromatic radicals preferably contain 6 to 14 C atoms in the
aromatic ring, which may be singly or multiply substituted by C,-C,, alkyl, C,-C,,

_ alkoxy, hydroxy, halogeh (in particular F, Cl, Br), amino, nitro, trifluoromethyl,
10 cyano, carboxy, COOR (R=C,-C4 alkyl, cyclohexyl, benzyl, phenyl), C;-C,,
cycloalkyl, C;-C,, alkylthio, C,-C, alkylsulfonyl, C¢-C,, arylsulfonyl, aminosulfonyl,

C,-Cs alkylaminosulfonyl, phenylaminosulfonyl, aminocarbonyl, C,-C;
alkylaminocarbonyl, phenylaminocarbonyl, C,-C, alkylamino, di-C,-C, alkylamino,
phenylamino, C,-C; acylamino, C;-C, alkylsulfonylamino, mono- or di- C,-C,

15 alkylaminocarbonylamino, C,-C, alkoxycarbonylamino or trifluoromethylsulfonyl.

In the case of E suitable heterocyclic radicals preferably contain 5 to 14 ring atoms,
of which 1 to 4 hetero atoms are from the series nitrogen, oxygen, sulfur, the
heterocyclic ring system being able to be singly or multiply substituted by C,-C,
20 alkyl, C,-C,, alkoxy, hydroxy, halogen (in particular F, Cl, Br), amino, nitro,
trifluoromethyl, cyano, carboxy, COOR (R=C,-C, alkyl, cyclohexyl, benzyl,
phenyl), C,C,, cycloalkyl, C,-C,, alkylthio, C,-C¢ alkylsulfonyl, C,-C,,
arylsulfonyl, aminosulfonyl, C,-C¢ alkylaminosulfonyl, phenylaminosulfonyl,
aminocarbonyl, C,-C, alkylaminocarbonyl, phenylaminocarbonyl, C,-C.., alkylamino,
25 di-C;-C, alkylamino, phenylamino, C,-Cs acylamino, C;-C, alkylsulfonylamino,
mono- or di- C;-C, alkylaminocarbonylamino, C,-C, alkoxycarbonylamino or

trifluoromethylsulfonyl.

In the case of G suitable aromatic radicals preferably contain 6 to 14 C atoms in the
30 aromatic ring, which may be singly or multiply substituted by C;-C,, alkyl, C,-C,,
alkoxy, hydroxy, halogen (in particular F, Cl, Br), amino, nitro, trifluoromethyl,
cyano, carboxy, COOR (R=C,-C, alkyl, cyclohexyl, benzyl, phenyl), Cs-C,,



After the fi r&%r?éclr?’lsf)?%n: filled rectangles 30 After the second

I nscription: open rectangles . Le A 31 135-PCT
36, Exanpl e 39 Two sanpl es produced as in Exanple 1 but
from a pol ynmer having repeating units 15 of the fornulae 5

10

15

20

25

30

cycloalkyl, C,-Cy, alkylthio, C,-Cs alkylsulfonyl, Cs-C,, arylsulfonyl, aminosulfonyl,
C-Cs _alkylaminosulfonyl, phenylaminosulfgnyl, aminocarbonyl, C,-C;
alkylaminocari:onyl, phenylaminocarbonyl, C,-C, alkylamino, di-C,-C, alkylamino,
phenylamino, C,-C; acylamino, C¢-C,, arylcarbonylamino, pyridylcarbonylamino,
C,-C, alkylsulfonylamino, C,C,, arylsulfonylamino, mono or di- C;-C,

alkylaminocarbonyl-amino, C,-C, alkbxycarbonylamino or trifluoromethylsulfonyi.

In the case of G suitable heterocyclic radicals preferably contain 5 to 14 ring étoms, -
of which 1 to 4 hetero atoms are from the series nitrogen, oxygen, sulfur, the
heterocyclic ring system being able to be singly or multiply substituted by C,-C,,
alkyl, C,-C,, alkoxy, hydroxy, halogen (in particular F, Cl, Br), amino, nitro,
trifluoromethyl, cyano, cafboxy, COOR (R= C;-C, alkyl, cyclohexyl, benzyl,
phenyl), C;-C,; cycloalkyl, C,-C,, alkylthio, C,-Cs alkylsuifonyl, Cs-C,,
arylsulfonyl, aminosulfonyl, C,-C, alkylaminosulfonyl, phenylaminosulfonyl,

_aminocarbonyl, C,-Cs alkylaminocarbonyl,.  phenylaminocarbonyl, C,-C,

alkylamino, di-C,-C, alkylamino, phenylamino, C,-C; acylamino, C,-C,
alkylsulfonylamino, mono- or di- C,;-C, alkylaminocarbonylamino, C,;-C,

alkoxycarbonylamino or trifluoromethylsulfonyl.

If the radicals E or G are multiply substituted, ‘the number of substituents is
governed in each case by the number of possible substitution positions, the
possibility of incorporating the substituents, and the properties of the substituted
systems. The aryl and acyl radicals may optionally be substituted by nitro, cyano,
halogen, C,-C, alkoxy or amino.

Particularly preferred radicals -E-N=N-G contain either an aromatic radical and
a heterocyclic radical (i.e. either E or G are aromatic, the other radical being

heterocyclic), or two aromatic radicals (i.e. both E and G are aromatic).

The preferred radicals -E-N=N-G are azobenzene radicals of the formula



[errT Le A 31 léﬁ'gcﬁ;{:e- exposed as described in Exanple 1; nore

specifically one sanple is pre- exposed to a transm ssion of 49% and
the other to a transm ssion of 61% The 20 further procedure is as
described in Exanple 1, and the decrease il6 transmi ssion in [ with

i ncreasing inscription energy Ein [106 ml/n2] is obtained as shown in the
fol |l owm ng Fi gwhéretrtsee Fig. 5).

-

R denotes nitro, cyano, benzamido, p-chloro, p-cyano, p-nitrobenzamido or
dimethylamino, and the rings A and B may additionally be substituted.

5
Particularly preferred radicals A and P correspond fo the formula
R R R R
0 (=l
' RS R R? R® :
wherein
15 R? to R® independently of one another denote hydrogen, chlorine, bromine,

trifluoromethyl, methoxy, SO,CH;, SO,CF;, SO,NH,, N(CH,),, preferably
nitro, cyano or p-chloro, p-cyano, p-nitrobenzamido, with the proviso that at

least one of these radicals is not hydrogen, and
20 R’ to R" independently of one another denote hydrogen, chlorine or methyl.

In the case of multiple substitution of the ring A, the 2,4- and 3,4-positions are

preferred.

25 Other preferred radicals A and P correspond to the formula:
R& R'I

30



Measur enent \}‘éﬁ ﬁe%l H%’&C%Tnscri ption test "49% transm ssion": filled

rectangl es 25 Measurenment values frominscription test "6 1%

transm ssion": open rectangl es Le A 31 135-PCT

37 ' Exanpl e 40 Preparation of the pplyners 1.1

Preparation of the nononers 5 .1.1.1 Fromnethacrylic chloride
wherein ' '

R? to R® and R to R' have the aforementioned meanings, and
5 R? to R® have the same meanings as R’ to R’, although independently of the latter.

Other preferred radicals A and P correspond to the formula

il R’ :
10 - KR
N=N— AR (VD
' L——M )
RS R10
wherein
K, L, M independently of one another denote the atoms N, S, O or optionally -CH,-
15 or -CH=, with the proviso that at least one of the members K, L, M is a
hetero atom and the ring A is saturated or contains 1 or 2 double bonds, and
R’ to R" independently of one another have the meanings specified above for R to
R,
20
The ring A preferably denotes a thiophene, thiazole, oxazole, triazole, oxadiazole or
thiadiazole radical.
Preferred radicals -Q'-A and -Q?P correspond to the formulae
25
8 =7 s S
ﬁ R R R
RO S0 SE g S
RS RW RZ R3
8 7 5 s
30 or R R R

R
ﬁ .
—@-c—NR‘ N=N @ R* (1)



100 g of I\I—n%?lﬁlp-ll\}-?’(si(ﬁ;droxyrret hyl)-aniline are dissolved in 100 m of
chloroform 182.6 g of .triethylamne and 137.2 g of nethacrylic chloride

are slow y added dropwi se at 40[err]C while stirring, and stirring
is_.continued at 40[err]C 10 over ni ght 18500 m of chloroformare then
added to the reaction solution, which is shaken with five |lots of
200 m of wawhereinfThe organi c phase is dried over anhydr ous

magnesi um sul fate, copper (1) chloride is added thereto, and the organic
phase is di Stl| J ed in a_ high-vacuum after distilling off the solvent. The
met hacrylic of line distils over as a
wat er - cl ear i fird %Q’Sél nl%’['é%ﬁ?@‘ﬁé&%ég% mbar. The yield is 49.5 g.
1.1.2 Fromnethacrylic acid 50 m of concentrated sulfuric acid
are added dropwi se at roomtenperature while 20 stirring to a solution

of 100 ¥ of Prefereechgioups (AZand/BrQon;cqndmllgo-thmfmmdae 265 m of

nmet hacrylic acid and 26.5 g of hydroquinone in 398 ml of chloroform After
standi ng overnight the m xture is heated and the reaction water is renoved
by azeotropi c distillation. After the solution has cooled the pHis
adjusted to 7 t h concentrat ed aqueous sodi um car bonat e

Wi
sol ution, and the predyct is fr hi s solutlon by shaki ng
with ether. m R* descri bed above, a
yleldof 569 elng X) _

0-1 r? R?
and
D=y
15 © Rlz' Rr? '
wherein
R?  denotes hydrogen or cyano,
20
R?¥  denotes hydrogen or methyl,
W denotes oxygen or NR/, and
25 R denotes nitro, cyano, benzamido, p-chloro, p-cyano, p-nitrobenzamido or

dimethylamino.

Common to the above formulae is the fact that substitutions in the 4-, 2,4- and 3,4-
positions of the ring A are particularly preferred.
30



3 anome\Lre %vigtlhl%sﬁgc?erm nal group A 30  7.15 g of

1.1
2, 4-di cyanoaniline are diazotised with 24 g of nitrosylsulfuric acid at 0
to 5[err]Cin a solution of 100 m of glacial acetic acid, 20 m of

phosphoric acid and 7.5 m of sul¥uric acid and stirred for 1 hour.
ThHe reaction mixture is added to a Le A 31 135-PCT
38 s bonthese préfedred FreupsfA and P, ﬁwreferred groups -S'-T!-Q!- and
N- et hyl - N(Z-zn_lga; hacryl oyl oxyethyl)-aniline and 1.5 of urea - i n. 60
n of gl aci arSatef¥ccomespond mm@fmadamrQCHe@H@{)ke@gCH;CHﬂGHﬁﬂzoAanér
stirring . ﬁﬁ_{h&k,_the reaction mxture is adjusted to a pHof 3 with
sodi um car bona 2™ Solution, the precipitate is suction filtered,
washed with water and dried. 14.4 g of 5 a red solid is obtained, which
can be used directly w thout further purification.

5 The preferred polymers according to the invention contain only repeating units with

the side groups I and II, and more particularly preferably those of the formulae

7 1
| —CH—C— Bk
10 . '=o l=°
é’ and ' ?2
; T
l1 Q2
? ]
A P
15 (X1I) (XTI0)

where R = H or, preferably, methyl.

The corresponding preferred monomers for introducing the side groups I and II thus

T 20 correspond to the formulae

—CO-S‘—"T!'—Q’—'-‘A X1V) and

CH;:c|:
R

25

ct-i;cl:—co—-s’—'-'r’——o’——f’

~ V)

30
The side groups (I) and (II) are thus preferably joined to (meth)acryloyl groups
CH,=C(R)-CO- where R = hydrogen or methyl.



1. 1:4 MonorerLevA Bl 1B&RGH i nal group P 27.6 g of

4-am no-2', 4' -di cyanoazobenzene in 500 ml of dioxane are added to a 10
solution of 33 g of 4-(2-nethacryl oyl oxy)-ethoxybenzoic acid chloride in
100 m of di oxane, the mxture is ggirred for 2 hours, and the
product is precipitated by pouring the solution into 2 1 of water.

Foorstal 1 o Histirdold i il chale (Y15 sigl gt pel9hers is formef o] pifotitrs ot
crystal s wit hcagrymehd sidg goupd (Df feoh moﬁdﬂxél%r thh€Ccarkp the side grduf2 gII), and

Preparation of the copol .7 g of the nononer .19
g of the nondntionally fipmy gﬁﬂngmnemeg%dn ar«thlch connectwmpmarr}cmlarrthezgrqwmm DVF

2051 (1 Sobutdr rTRGHESHE yBe ExniBittod o oy (i 40 £'95 el % crefsably 20,
reacti org to 70 moleU%s, ahe pﬁ)pf)i'tidneéﬁ@b rhdomdYE that eghibitith Side @kdup @ndistshe

residue is boiled off with met hanol to renove unreacted nononer and
is finally drtoe®0 szIQZ‘E[ @referablyn 3@ toi 8 mole %, and thei propattioB of the farther
[ I as transj tion

h | btay
Cemper at ur o RouHsS pOS 8ot da Pt e e epea 3 g, mR ol insrpRisdy | n

Exanpl e Monomer units.

10 As "further" repeating units, all basic building blocks which can be incorporated
chemically into the side-group polymer are suitable. They substantially serve simply
to reduce the concentration of the side groups I and II in the polymer and thus
produce, as it were, a "dilution" effect. In the case of poly(meth)acrylates the
"further” monomer include ethylenically unsaturated copolymerisable monomers that

15 preferably carry a-substituted vinyl groups or §-substituted alkyl groups, preferably
styrene; however, also suitable are for example nuclear-chlorinated and alkylated or
alkenylated styrenes, the alkyl groups being able to contain 1 to 4 carbon atoms and
the alkenyl groups being able to contain 2 to 4 carbon atoms, for example vinyl
toluene, divinyl benzeme, o-methyl styreme, tert.-butyl styrenes, chlorinated

20 styrenes; vinyl esters or carboxylic acids with 2 to 6 carbon atoms, preferably vinyl
acetate, vinyl pyridine, vinyl naphthalene, vinyl cyclohexane, acrylic acid and
methacrylic acid and/or their esters (preferably vinyl, allyl and methallyl esters)
with 1 to 4 carbon atoms in the alcohol component, their amides and nitriles, maleic
anhydride, maleic acid semi-esters and dyesters with 1 to 4 carbon atoms in the

25 alcohol component, maleic acid semi-amides and diamides and cyclic imides such
as N-methyl maleimide or N-cyclohexyl maleimide, allyl compounds such as allyl
benzene and allyl esters such as-allyl acetate, phthalic acid diallyl esters, isophthalic
acid diallyl esters, fumaric acid diallyl esters, allyl carbonates, diallyl carbonates,
triallyl phosphate and triallyl cyanurate.

30

Preferred "further" monomers correspond to the formula



25 = 42.5. Le A 31 135- Pgarther polymers can be prepared in a simlar way.
“Exanpl e 41 Variation of the spacing of the absorption maxi na 30
Preparati on of the measurenent sanpl es: %dass pl ates of size 2 x 2 cm and

1.1 nmm thick are placed in a spi&oater (Suss RC 5 type) and coated
at 2000 revs/mn for Le A 31 135-PCT
39 absol ute tetrahydrofuran. The layer is 0.9 [err]mthick,
-~transparent and anor phous. Betyeen crossed pol ari sers_the surface
appears unifornmy dark in daylight. fhérgare no si §&¥Ibf pol ari si ng
r egi ons. “R" )
wherein ©

5 R?  denotes an optionally branched C,~C; alkyl radical or a radical containing at
least one further acrylic radical,

The polymers according to the invention may also contain more than one side group
that falls under the definition of (I), or more than one side group that falls under the
10 definition of (II), or several side groups that fall under the definition of both (I) and

{an.

The polymers according to the invention preferably have glass transition temperatures
Tg of at least 40°C. The glass transition temperature may be determined for

15 example according to B. Vollmer, Grundrif der Makromolekularen Chemie
(Foundations of Macromolecular Chemistry), pp. 406 to 410, Spnnger-Verlag,
Heidelberg 1962).

The polymers according to the invention generally have a weight average molecular
20 weight of 3000 to 2000000, preferably 5000 to 1500000, as determined by gel
permeation chromatography (calibrated with polystyrene).

Structural elements with a high dimensional anisotropy and high molecular
polarisability anisotropy are the prerequisite for high values of the optical anisotropy.
25 By means of the structure of the polymers the intermolecular interactions of the
structural elements (I) and (I) are adjusted so that the formation of liquid crystal
order states is suppressed, and optically isotropic, transparent non-scattering films can
be produced. On the other hand the intermolecular interactions must nevertheless be
strong enough so that, on irradiation with polarised light, a photochemically induced,

30 co-operative, directed re-orientation process of the side groups is effected.



5 ° The smale ABdsk35ePERt pl ates are exposed with a Ar-ion laser with an

out put of 250 MV Cnferr] at a wavel ength of 514 nm a double
ref racti on bei ng obtai ned. The maxi nrum achi evabl e doubl e refraction
An in the polynmer layer is determ ned insppwo st eps: 10 First of

al'l the maxi mum i nduci bl e path difference AX produci ng a brightening

bet ween cros | | ] . LA Ehri nghaus
compensat or . 1he SRRty Boftob . bEHHG oyRrt BRSMIAIhe MybthiG ety 0
t he b highhvatiésnef thieliptichlSaisottopyedhnibe indliesd By irfadiativn With 'potdrved

pl aced in the beam pat h, which alters the optical path |ength and
thus the pat Hght.f The measired Halupsefiheichangedn doubls refractiondn ang between 0.05
brightening is bLng y conpensated is now determ ned. The neasurenent

must be carr %I out with Iight of a wavelength that |ies outside the
absor pt ison range of the compounds, in order to avoid resonance
effects. As a rule a He-Ne | aser of em ssi on wavel ength 633 nmis
suf ficient, asdighittthereds prefarablynbsedr lincady poldrised light whoseawavelemgth lies in
performed with light .froma diode l.aser. of, , wavel ength 820 nm The 20

sel ection wath® %8 ?Hf%%rgSPg’tWyngﬂﬁ%Ogﬂ%ﬁeﬂd? BTQURE fol | owi ng Tabl es under

t he col umm heading "[err]".

The present invention also provides polymers in which double refraction changes An
10 of more than 0.15, preferably more than 0.2, and in particular more than 0.4, can
be inscribed using polarised light. The value An should be measured as described

hereinafter:

First of all in each case the absorption maxima A, and Ap,,, are measured in both
15 homopolymers. A double refraction change is produced by irradiating a film of the
copolymer to be tested using linearly polarised light of a wavelength of
(A maxt FAmax2):2.  For this purpose the samples are irradiated with polarised light in
the direction of the normal to the surface. The output of the light source should be
1000 mW/cm?; in the case that the copolymer is destroyed under these conditions,
20 the output of the light source is reduced in 100 mW steps until the copolymer is no
longer destroyed by the irradiation. The irradiation is continued until the double
refraction no longer changes. The double refraction change that is produced is
measured with a selective wavelength of [(Apax +Mmax2):2] + 350 + 50 [nm]. The
polarisation of the measuring light should form an angle of 45° relative to the

25 direction of polarisation of the inscribing light.

The preparation of the side-group monomers and their polymerisation can be carried
out according to processes known in the literature; see for example
Makromolekulare Chemie 187, 1327-1334 (1984), SU 8_87 574, Europ. Polym. 18,
30 561 (1982) and Liq. Cryst. 2, 195 (1987), DD 276 297, DE-OS 28 31 909 and 38
08 430. The polymers according to the invention are generally prepared by free-

radical copolymerisation of the monomers in suitable solvents, for example aromatic



In a second £feP 3B3I-BEEr thickness of the polymer is measured with a

nmechani cal | ayer thickness neasuring device (Al phastep 200, .
manuf act ured by Tencor 25 I nStrunents) . The double refraction
change An is determned fromthe quotientazof the path di fference
A'err] and the layer thickness d: [err] I?dLe A 31 135-PCT I
40 ThgdAkaRdRs is8eh FEXIENOExPIBAE  doRfatlc BMIoB¥RI P hidi8cd | sua
absorption y spectra. WtE&ext r)e{ m xtures | {o‘gmayé{ﬁa dp}gﬁ ‘?ﬁlé&% y

one peak can abghlovelenatned ethers such as tetrahydrofuran or dioxane, ketones such as acetone
or cyclohexanone, and/or dimethyl formamide in the presence of radical-donating

polymerisation initiators, for example azobis(isobutyronitrile) or benzoyl peroxide,

5 at elevated temperatures, generally at 30 to 130°C, preferably at 40 to 70°C, with
exclusion of water and air as far as possible. Isolation can be carried out by

precipitation with suitable agents, for example methanol. The products can be

purified by re-precipitation, for example with chloroform/methanol.

10 The present invention thus also provides a process for preparing the side-group

polymers by copolymerisation of the corresponding monomers.

The polymers are processed into layers whose thickness is 0.1 to 500 um,
preferably 1 to 30 pm, particularly preferably 2 to 10 um. They can be cast from
15 solution, applied with a knife, dipped, or spin coated. They can form self-
supporting films. Preferably however they are applied to supporting materials.
This can be effected by various techniques known per se, the process being selected
according to whether a thick or thin layer is desired. Thin layers may be produced
for example by spin coating or knife application from solutions or the melt, while

20 thicker layers may be produced by melt pressing or extrusion.

It is possible succeszully to produce isotropic films without the need for time-
consuming and costly orientation processes using external fields and/or surface
effects. The films can be applied to substrates by spin coating, immersion, casting
25 or other technologically easily controllable coating processes, introduced between
two transparent plates by pressing or inflow, or can simply be produced as self-
supporting films by casting or extrusion. Such films can also be produced from
liquid-crystal polymers that contain the structural elements in the aforedescribed
sense, by sudden cooling, i.e. at a cooling rate of > 100 K/min, or by rapidly

30 draining off the solvent.



In such casedetASInt85-PETdabl e val ue must be substituted by the value from

t he corresponding 1:1 -copolyner. 5 - A simlar procedure is
adopted in the follow ng exanples for the preparation of the
compounds and the data measurenents. The follow ng are obtained

for the case Te[err]=T[err]; Qerr]Qerr], Alerr]P: 10
The invention therefore also provides films (both self-supporting and in the form of
coatings) formed from the aforedescribed 'polymers, as well as supports coated with

these films.

5 The side-group polymers according to the invention are optically isotropic,
amorphous, transparent and non-light-scattering in the glassy state of the polymers

and can form self-supporting films.

Preferably however they are applied to supporting matérials, for example glass or
10 plastics films. This can be effected by various techniques known per se, the
particular process being chosen according to whether a thick or thin film is desired.
Thin films can be produced for example by spin coating or knife application from
solutions or from the melt, while thicker films can be produced by filling pre-
prepared cells, or by melt pressing or extrusion.
15
The polymers can be used for digital or analog data storage in the widest sense, for
example for optical signal processing, for Fourier transforms and folding or in
coherent optical correlation techniques. The lateral resolution is limited by the
wavelength of the inscribing light, and permits a pixel size of 0.45 to 3000 pm,
20 preferably a pixel size of 0.5 to 30 um.

This property makes the polymers particularly suitable for processing images and
for information processing by means of holograms, which can be reproduced by
illuminating with a reference beam. Similarly, the interference pattern can store two
25 monochromatic coherent light sources with constant phase relation. Accordingly,
three-dimensional holographic. images can be stored. The images are read by
illuminating the hologram with monochromatic, coherent light. On account of the
relationship between the electrical vector of the light and the associated preferred
direction in the storage medium, a higher storage density can be achieved than with
30 a purely binary system. With analog Storage values of the grey scale can be
adjusted continuously and locally resolved. Information that is stored in an analog

manner can be read in polarised light, and the positive or the negative image can be



[ eer}
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10

15

20

25

2%e A31135-FGTnula 2 ~ Le A 31 135-PCT
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created depending on the position of the polarisers. In this connection the contrast
of the film produced by the phase displacement of the ordinary and extraordinary
beam between two polarisers can be utilised, the planes of the polariser
advantageously forming an angle of 45° relative to the plane of polarisation of the
inscribing light, and the plané of polarisation of the analyser being either at right
angles or parallel to that of the polariser. Another possibility is to detect the angle
of deflection of the reading light produced by induced double refraction.

The polymers can be used as optical components that can be passive or can be
actively switched, in particular for holographic optics. The high light-induced
optical anisotropy can thus be used for the electrical modulation of the intensity
and/or polarisation state of light. Accordingly, components can be produced from
é polymer film by holographic structuring that have image-forming properties

comparable to lenses or gratings.

The layers can be used for the serial recording of light-transmitting data of all types,

especially of images in the medical sector.

The invention therefore also provides for the use of the optically anisotropic
substrates in information technology, especially as structural elements and
components for storing and processing information, preferably images, and as

holographic recording material.

The percentage figures in the following examples refer, unless otherwise stated, in

each case to parts by weight.



Exanpl e V[&\er‘T*31 135'Pci‘l[err] AVierr]-A [err]n n m
mN- [err][nm '

cnjerr] R':'H;R[err]:CI\l;R[err]:Cl\l;R[err]:Cl\l 41.1

20 900 25 300 2 600 0.110 7O 2630 250 820

Rlerr]=CN; Rlerr]=CN;,Rlerr]=H, Rerr]=CN 5 41. 2 .20 300 27 100
6 800 O. 183.;“%}!1% 40 60 633 41. 3 20 400
26 700 6 3 6 40 60 60 633 R err]=H,
R[err] =NJ err].;Rerr] HR[err] =CN 41. 4 21 400 27 000 5
600 .176 ,40 60 633 Rlerr]-NJerr];
R[err] - Ng eExpmple . | CNR[err] =CN 10 41.5 19 300 25 600 6
300 0.190 70 250 820 Rlerr]=NdJerr];

Rl err] NQerr] Rl err] HR[err] =NJ err]

1.1  Pre-exposure

Giass platés of size 2 x 2 cm were spin coated with a solution of the polymer with

repeating units of the following formulae:

10 o | |
/\/N ’
45% o .
L NéN\©\
15 CN
| ()
——

O
o/\/ ..
55% | ‘ NH
O
. CN

25
In order to achieve as homogeneous a pre-exposure as possible, the plates were pre-
exposed (from a distance of 2 cm) on a commercially available light box (Planilux,
Type LJ-S, light source: 2 light tubes (each of output 15 Watt) connected up to a foil
polariser) following which the transmission values were measured between two
30 crossed polarisers. 7.6% transmission was obtained after 1 hour’s pre-exposure, and

13.7% after 2 hours’ pre-exposure.
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1.2 Inscription and measuring arrangement

An arrangement consisting of a linearly polarised He-Ne laser connected to an
expansion optics system, sample holder, rotatable polarisation filter as well as an
Ulbricht sphere with a connected photocell powermeter is used to measure the
inscribed double refraction. The inscribed samples are aligned relative to the

polérisation direction of the He-Ne laser so that the angle relative to the polarisation

820

direction of the inscribing laser is 45°. The transmitting direction of the |

polarisation filter is at right angles to the direction of the sampling He-Ne laser. In
this configuration the transmitted laser power is measured as a function of the
inscribing power on the corresponding sample field. An additional measurement of
the transmitting power at a non-inscribing sample site in the "open" position of the

polarisation filter serves for normalisation.

1.3  Inscription

Flat surfaces (flat fields) are inscribed using the aforedescribed recorder
arrangement. The polarisation direction of the inscribing laser was at right angles
to the transmitting direction of the foil polariser used for the pre-exposure. The

relevant data of the inscribing arrangement are as follows:

Laser source: Ar-ion laser, linearly polarised.

Single line operation, A = 514.5 nm

Laser power in the plane of the image max 280 mW
Laser spot size 7 -8 um
Pixel size (line spacing) 5.4 #m
Scanning length 7.41 mm
Scanning height 5.82 mm

Scanning speed (in the line direction) 0.6 to 23.8 m/sec
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Exanple V[err] V[err]’ [err]V[er_r]-A.[err]n

mN [err][nm _
R =R=H 41.7 3§ 400 27 900 8300 O0.197
250 820 Rlerr]=H, Rl err] =CN

The illumination energy in the plane of the image is determined by the laser power

in_the plane of the image as well as by the scanning speed.

The following change in transmission is obtained according to the energy of the
inscribing light (scanning speed 23.8 m/sec; T = sample transmission in %, E =
inscribing energy in [10° m)/m?]) (see Fig. 1).

The following characteristic data can be derived from the measurement data:

Total density stroke in the inscribing

region - 6D=0.9
Gradation in the "linear” part of the curve g=19
Energy density to achieve 6D E=1.3x10°mJ/m?

The inscribed information is stable on storage at room temperature.

Examples 2 - 20

If a polymer having the repeating units shown hereinafter is employed in place of
the polymer used in Example 1, and otherwise the same procedure is employed as

described in Example 1, it is found that:
Ih Tables 1, 2, 3 and 4 the symbols have the following meanings:

R is the substituent coi'responding to formulae 2, 3, 4, 5,
A is the wavelength of maximum absorption,
An s the change in double refraction achieved in a first process,
X is the content of antenna component in the copolymer,
is the inscribing energy, and

€ is the optical density at the inscribing wavelength of 514 nm.

50



5 - 41.8 Le#o3bdd5-BGTa00 5 400 0.287 70 30 250

820 R =CN, R err] =CN 41.9 19 000 25 900 6 900 O0.295
60 40 250 820 R =CN; Rl err]=H 41. 10 19
000 27 400 8 200 0.318 40 6029 - 250 820 10 '
Repeating units
o) R?
5 o Pll R
i R )
NéN R
R" R!
10
- . o
100-x% oo °
' NH
15 o

CN
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Table 1

O 00 NN Nt W N

b ek et e b e s
B 8 % 2 o0 206 0 = B

Rl

CN
CN
CN
NO,
NO,
NO,
NO,
CH,
CN
CN
OCH,
Cl
CN
Br
CH,
OCH;
OCH;
OCH;
OCH,

4

mom om oM oMo o m oMo omomomomomomomomo0

R3

CN
c

=T > B« S B« ~ R < s R < I < +

-
W

e
Sz

< =JN< R~ R < - S« R < » S« o S « e S « o« = B « =

R‘

CH,

gmmm-m:m:m

(o =J < > BN« » < - Y < - T« o « = S« » S <o)

30

RS

Et

‘Me

Me
Me
Et

Me
Et

Me
Me
Et

Me
Me
Me
Me
Me
Me

Me
Me

- 490

472
490
490
484
469
502
483
436
488
403
412
452
416
408
414
407
406
410

0.043
0.029
0.077
0.057
0.060
0.116
0.022
0.029
0.074
0.03

0.048

10.042

0.057
0.016
0.05
0.032
0.079
0.041
0.028

50
45
50
49
48.5

50
51
58
50
75
60
75
52

50
45
60
28

Tg

142
141
144
129
124
136
131
130
138
134
118
99

133
137
133
133
128
123
132

1.3
1.6
1.8

1.9

2.1
2.3
2.4
2.7
2.8
3.6
3.7
4.1
4.2
4.3
4.3
4.5
4.5
5.7

3.36
3.19
2.5
1.8
1.76

3.4

3.38
2.13
3.43
0.24
0.52
1.75
1.51
0.57
0.3

0.2

0.24
0.19
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Examples 21 - 30

Po—t -

If a polymer having the repeating units shown hereinbelow is used in place of the
polymer employed in Example 1 and otherwise the same procedure is employed as-

5  described in Example 1, it is found that:

For the meaning of the values in the Tables, see Example 2:

10 o R® R'

)\/N a
X
R1

15

0
:r 'ca/\/o ‘
20 100-x% L . ]
] CN
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Table 2

R! _ R? R? | R* . R A An X E
21 CN H H Me H 439 - 0.-027 60 1.2
22 CN H CN Me H 502 0.038 40 14
23 CN CN H Me | H 482 0.032 40 . 23
24 CN H H Et Me 446 0.023 40 23
25 CF, H H Me H 420 0.041 40 24
26 SOCF, H H Me H 460  0.096 40 25
27 OCH, H H Me H 407 0.034 40 34
28 CN H H Me H 450 0.029 40 4.5
29 CN H H Me H 450 0.024 40 4.8

412 0.014 60 6.6

=
<
o

e

30 OCH, H

Examples 31 and 32

If a homopolymer having the repeating units shown hereinbelow is used in place of

the polymer employed in Example 1 and otherwise the same procedure is employed

as described in Example 1, it is found that:

For the meaning of the values in the Tables, see Example 2:

4 (o]
100% O—=R "/,\/
: - : _N
N ”

3.34

224

1.7

0.6

1.91

02

0.18
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33
-- R - R OR R A h x E 2

31 CN Me H - 365 005 100 35 02

32 CN Me Me CH, 365 0042 100 38 02

Examples 33 - 36

If a polymer having the repeating units shown below is used in place of the polymer
employed in Example 1 and otherwise the same procedure is employed as described

in Example 1, it is found that:

For the meaning of the values in the Table, see Example 2:

o R R
H
0,
x% E )Lo N~
el I |

CN
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Le ABIN85PET Exanple V[err] Verr]
[err]n m n mV [err][nm
41. 13 18 900 23 400 4 500 0.250 50 50
Exanpl e 42 T[err]g];[err]; Qerr][err]Qerr], A=P
Table 4
R! R? R? A An X E €
33 CN Et . Me 443 0.042 60 1.6 1.1
34 CN Et - Me 444 0.039 50 1.8 1.1
35 CN  Et = Me 446 0.067 40 2.2 0.79
36 CF;, . Me H 420 0.032 60 2.2 04
37 CF, Me H 420 0.022 70 3.3 0.4
Example 38

A sample prepared as described in Example 1 is subjected to the following test

cycle:

38.1

38.2

38.3

- 384

[err] VP-A
cnjerr] 10
2530 820
5
10
15
20
25
30

Pre-exposure of the sample on the light box with connected polarisation foil

(exposure time: 1 hour)

Inscription with the recorder arrangement at various laser powers with
polarisation of the inscribing laser at right angles to the pdlarisation of the

pre-exposure

Renewed exposure of the inscribed sample on the light box with connected
polarisation foil, the transmission direction of the polariser being the same

as in the first pre-exposure (exposure time: 7 - 8 hours)

Inscription with the recorder arrangement under the same conditions as

described above.

Transmission of the sample after renewed i)_re-exposure (see Fig. 2).



[err] LleoA il PBSZfCT A copol ymer of the fornula 7 is prepared in a
simlar manner to Exanple 1 and a _

-

35

Fig. 2: Sample transmission T in [%] after renewed pre-exposure as a function of
E {10° mJ/m?}: . - -

Transmission at places at which no thermal structures have been inscribed: filled

5 rectangles

Transmission at the places which the thermal structures have been produced in the

inscription process: open rectangles

10 Fig. 3: Transmission of the sample after renewed inscription in [%] as a function
of E [10° mJ/m’] |

Immediately after the inscription: open rectangles

Initial situation after the "extinction eprsure": filled rectangles (see Fig. 3)
15

End result:

The inscribed patterns can be completely extinguished by renewed pre-exposure at
the places at which no thermal structures have been produced. Thermally inscribed
20 structures remain however after the extinction exposure and reduce as a result of

scattering the sample transmission at the corresponding places.

On renewed inscription the behaviour of the sample is equivalent to the original
inscription test, which is illustrated by the following Fig. 4 (see Fig. 4).

25
Fig. 4: Standardised sample transmission T[%] as a function of thé inscription
energy E [10° mJ/m?]

After the first inscription: filled rectangles

30 After the second inscription: open rectangles



30° sarrpLeAélnBéePG'ﬁd nmeasurenments are carried out corresponding to

Exanple 2. A doubl e refraction change An is obtained, which is
knscribed at 488 nmas foll ows: LeA31 135- PCT

45 Example VA VP Adg [err]n m n
mV [err][nm 42.1 25 000 28 000 3 000 0.232 50
50 250k xamplé39 5 n Mol e- %

Two samples produced as in Example 1 but from a pdlymer having repeating units
of the formulae

10 |
(o] . )
/\/O
50% o
15 | | ‘

OCH,

are pre-exposed as described in Example 1; more specifically one sarﬁple is pre-
exposed to a transmission of 49%, and the other to a transmission of 61%. The
20 further procedure is as described in Example 1, and the decrease in transmission in
[%] with increasing inscription energy E in [10° mJ/m?] is obtained as shown in the

following Fig. 5 (see Fig. 5).

Measurement values from inscription test "49% transmission": filled rectangles

25 Measurement values from inscription test "61% transmission": open rectangles
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Example 40 Preparation of the polymers

1.1  Preparation of the monomers

1.1.1 From methacrylic chloride

100 g of N-methyl-N-(2-hydroxymethyl)-aniline are dissolved in 100 ml of
chloroform. 182.6 g of triethylamine and 137.2 g of methacrylic chloride are
slowly added dropwise at 40°C while stirring, and stirring is continued at 40°C
overnight. 500 ml of chloroform are then added to the reaction solution, which is
shaken with five lots of 200 ml of water. The organic phase is dried over
anhydrous magnesium sulfate, copper (I) chloride is added thereto, and the organic
phase is distilled in a high-vacuum after distilling off the solvent. The methacrylic
ester of hydroxyethylaniline distils over as a water-clear liquid at 127-130°C/55
mbar. The yield is 49.5 g. |

1.1.2 From methacrylic acid

50 ml of concentrated sulfuric acid are added dropwise at room temperature while
stirring to a solution of 100 ml of N-methyl-N-(2-hydroxyethyl)-aniline, 265 ml of
methacrylic acid and 26.5 g of hydroquinone in 398 ml of chloroform. After
standing overnight the mixture is heated and the reaction water is removed by
azeotropic distillation. After the solution has cooled the pH is adjusted to 7 to 8
with concentrated aqueous sodium carbonate solution, and the product is extracted
from this solution by shaking with ether. The product is worked up further as
described above, a yield of 56 g being obtained.

1.1.3 Monomer with the terminal group A
7.15 g of 2,4-dicyanoaniline are diazotised with 24 g of nitrosylsulfuric acid at O to

5°C in a solution of 100 ml of glacial acetic acid, 20 ml of phosphoric acid and 7.5

ml of sulfuric acid and stirred for 1 hour. The reaction mixture is added to a



Formula 8  Le A 31 133-BCA 31 135- PCT

46 Exanpl e VA VP [err]VP-A An m n

mV [err][nm

CMerr] R[err]-R[err]-R[err]- grsr]=CN 42.2 20 400
25 800 5 400 0.175 90 12 633 42.3 20 400

25 400 5 000 .0, 23
solution o%' 15.83 gof N-metgyl-N-(2-meﬂ1acryloy?o?5c?§rethyl)-aniline and 1.5 g of urea

in.60 ml of glacial ‘acetic acid; the temperature being kept at 10°C. After stirring
briefly, the reaction mixture is adjusted to a pH of 3 with sodium carbonate
solution, the precipitate is suction filtered, washed with water and dried. 14.4 g of

5 a red solid is obtained, which can be used directly without further purification.
1.1.4 Monomer with the terminal group P

27.6 g of 4-amino-2’,4’-dicyanoazobenzene in 500 ml of dioxane are added to a
10 solution of 33 g of 4-(2-methacryloyloxy)-ethoxybenzoic acid chloride in 100 mi of
dioxane, the mixture is stirred for 2 hours, and the product is precipitated by
pouring the solution into 2 1 ,of water. The precipitate is suction filtered, dried, and
purified by recrystallising it twice from dioxane. The yield is 30.4 g of orange-red
crystals with a melting point of 215 - 217°C.
15

1.2  Preparation of the copolymer

2.7 g of the monomer 1.1.3 and 5.19 g of the monomer 1.1.4 are polymerised at

70°C in 75 ml of DMF under argon as protective gas, and with 0.39 g of
20 azobis(isobutyronitrile) as polymerisation initiator. After 24 hours the reaction

solution is filtered, the DMF is distilled off, and the residue is boiled off with

methanol to remove unreacted monomer and is finally dried at 120°C in a high

vacuum. 7.18 g of an amorphous copolymer is obtained having a glass transition

temperature of 144°C, the optical properties of which are specified in Example
25 42.5.

Further polymers can be prepared in a similar way.

Example 41 Variation of the spacing of the absorption maxima
30
Preparation of the measurement samples: glass plates of size 2 x 2 cm and 1.1 mm

thick are placed in a spincoater (Siiss RC 5 type) and coated at 2000 revs/min for



5 EY
42.°5

Rlerr]=Rerr]=H, R err]=NJ err] 42. 6 19 200 26 700 7 500

0.171

0. 145 50 .

0. 116
S Qerr]

42. 4Le A3bE3SBET 25 300 4 900 0.414 70 30 60
20 400 25 000 4 600 0.158 60 40 120 633

70

30
-Qerr

10

15

20

25

30

633

30 250 820 39 42.7 19 800 25 600 5 800

250 820 10 42. 8 21 300 25 000 2 700

ﬁbs%;‘i% tetri.h %&éﬂnf‘ copol a%erlso? 9tl'Hn t@(&?{”ﬁ%ﬁspﬁnﬂaﬁ& falﬂo‘%f,ﬁé&[ errl:

Between:crossed polarisers the surface appears uniformly dark in daylight. There are

no signs of polarising regions.

The small measurement plates are exposed with a Ar-ion laser with an output of 250
mW/cm® at a wavelength of 514 nm, a double refraction being obtained. The
maximum achievable double refraction An in the polymer layer is determined in two

steps:

First of all the maximum inducible path difference AA producing a brightening

between crossed polarisers is determined by measurement with an Ehringhaus

compensator. The quantitative determination is performed by compensating the

brightening; this is achieved by rotating a quartz crystal placed in the beam path,
which alters the optical path length and thus the path difference. The path difference
at which the brightening is fully compensated is now determined. The measurement
must be carried out with light of a wavelenfgth that lies outside the absorption range
of the compounds, in order to avoid resonance effects. As a rule a He-Ne laser of
emission wavelength 633 nm is sufficient, and with long-wave absorptions the
measurement is performed with light from a diode laser of wavelength 820 nm The
selection wavelength that is used is given in the following Tables under the column
heading "A". |

In a second step the layer thickness of the polymer is measured with a mechanical
layer thickness measuring device (Alphastep 200, manufactured by Tencor
Instruments).

The double refraction change An ‘is determined from the quotient of the path
difference AA and the layer thickness d:

A
Ln=£22
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40

The absorption maxima are determined by evaluating the UV/visual absorption
spectra. With extreme mixtures it may happen that only one peak can be evaluated.
In such cases the non-readable value must be substituted by the value from the

corresponding 1:1-copolymer.

A similar procedure is adopted in the following eXamples for the preparation of the

compounds and the data measurements.

The following are obtained for the case T'=T%; Q'2Q? A=P:

m Mole-%

o) CH,
N
ZN. t
N
R?

n Mole-%

o .
H
' o] N”N = i
: ¥ R

Formula 2



‘Le A 31 135-B€A 31 135-PCT 47 is prepared in a

simlar manner to Exanple 1. Exanple VA Vp Avp-A An
m n mN [err][nm
cnferr] R=CH3 5 43.1 27 900 27 400 400 0.103 60
40 200 633 - R=H 27 600 28 300 500
0.104 60 40 200 633 Exanple 44 T[err]=T[err];
Qerr] = err|ExAmple | Ry, Ve Avp, An n m mW/  A[nm]

- . g cm?

R'=H;R*=CN;R*=CN;R*=CN

41.1 20900 25 300. 2600 0.110 - 70 30 250 820

R'=CN;R*=CN;R*=H;R*'=CN
5 41.2 20300 27100 6800 0.183 60 40 60 633

413 20400 26700 6300 0.136 40 60 60 633

R'=H;R*=NO,;R*=H;R*=CN

414 21400 27000 5600 0.176 40 60 60 633

R'=NO,;;R*=NO,;R*=CN;R*=CN

10 41.5 19300 25600 6300 0.190 70 30 250 820

| R'=NO,;R*=NO,;R*=H;R*=NO,

41.6 18000 26700 8700 0.106 70 30 250 820

15  m Mole-% _,#_/‘l WO\[/

20 — o CH,

iAW
25 : R : CN

Formula 3

R‘ CN
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Example v, Vp - Avp, An m n mW/ A[nm]
- ) . cm?
R'=R*=H
41.7 19400 27900 8300 0.197 50 50 250 820
R‘=H;R2=CN
41.8 20 000 25-400 5400 0287 70 30 250 820
R'=CN;R*=CN
41.9 19000 25900 6900 0295 60 40 250 820
R!'=CN;R*=H
41.10 19000 27400 8200 0318 40 60 .250 826

@)

m Mole-% o /\_/o =

O\Wn

o \©\N"N
CN

? CH,8 CN
n Mole-% o ~N

Formula 4

Example v,

41.11

19200 27 800

CN
CN
Vp Avp, An m n mW/ A[nm]
cmz
8600 0.148 50 50 250 820



N( Cl-l[err])2125A31 135-PCT Le A 31 135- PCT

Exanpl e VA VP [err]VP.A [err]n m
HW [err][nm 44. 1 21 600 23 400 1800 0.211 50
50 60 633 5 Exanpl e 434fdeat stability
Formula 5
|
o] CHs
5 N
n Mole-% _ _ N
“N® @\ o
N
H
NG,
10
m Mole-% | o/\/q
: - 1S
e
Example v, Vp Avp, An m  n mW/  A[nm]
cm®
41.12 20700 26000 5300 0.120 50 50 250 820
- 20
(@]
m Mole-% o/\/O_

H
0 NP

30



A ass pl at esLefA 31 A352P@T2 cm are coated as described in Exanple 1 with a

pol ymer according to Exanple 3.3, and 11 fields (flat fields) are
inscribed so as to produce a series of increasing transm ssion
between circa. 0 and 82% w t h approxi mat ghy 10 equal spacing. The

transm ssion is neasured i mediately after the inscription, and
defines the initial state. This sanple is left blacked out w thout further

prot ecti on- for 2ynonths at roomtenperature. Following this a
further one piMélesse plfa oS CHstored in each case for 24 hours at
60[err]C, 80[err]C and 12 eirma}!‘dry' ng cabi net, and t he
transm ssion i s re-neasur r Il g val ues are thus obtained, which

are 15 conpared wt dinitial st The,,yalu s for the transm ssion
are given in the f'ol | owi ng Tabl X" ~N? e A 31 135-PCT
49 5 Table 1

"L
- N(CH,),

Formula 6
Example v, Vp  Avp, An m n mW/ Alnm]
' cm’®

10 41.13 18900 23400 4500 0250 50 50 250 | 820

Example 42 T'=T% Q'#»Q%, A=P
15

9] .
n Mole-% 0O
NH
’ S Ve
| © N

20 CN

m Mole-% Q .

O
o/\/
_ O\Q CN
' e N2
25
CN

Formula 7

A copolymer of the formula 7 is prepared in a similar manner to Example 1 and a
30 sample is made and measurements are carried out corresponding to Example 2. A

double refraction change An is obtained, which is inscribed at 488 nm as follows:



Ini‘tial statge A 312135)@(1;15/

20[err] C

75. 4

67. 2

60. 7

45. 9

45.9

24. 6

21.3

14. 8
5
10
15
20

24 1/ 24 h/ 24 h/

60[err] C 80[err]C 120[err]C 5 82

68. 9 83.6 72.2 73.8

65. 6 75. 4 45 68. 9 65. 6

59.0 64.0 _ 54.1 50. 8

52.5 55.8 49. 2 54.1
.5 55. 4.3. pl0 9.7

Exaggie. S vy v 20 M o 1%9_‘7 " mg:g/_ g Moml
"7 24.6 29.5 16. 4 cmo9, 7

14. 8 26. 2 16. 4
42.1 25000 28000 3000 0232 50 50 250 633
n Mole-%

' |
O
m Mole-% - o/\/0\©\ﬂ/
H _
N
et
' o N”N\@

Formula 8

/

:\f\

() .
| I
. 07 I | R
« @
' ' R2

R4
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colum gi ves the neasured val ues for the
tenperature, while colum 2 gives the sa

- storage 20
series after

Le & 81 135-PCT 13.1

66

S 25

11.5
8.2

v, the ggnpengtureg specipfied ipyy

16.
11.

4
5

4.9

1

1.5

9.8 15
The first

n%éeshly prepared sanple at
neasur enent after

time. The remaining colums correspond to the nmeasurenent

e
line. If the val ues from colums 2 t16*5 are
colum 1, a straight
t hus do not change under the effect of elevated tenperature.
A 31 135- PCT R'=R*=R’=R*=CN

10

15

20

25

42.2

423

424

42.5

li'ne of gradient 1 is obtained. The gr

20 400 25 800
20 400 25 400
20400 25300

20 400 25 000

R'=R*<H;R’=R*‘=NO,

42.6

42.7

42.8

19200 26 700

19 800 25 600

21300 25000

5400

5 000
4 900

4 600

7 500
5 800

2700

Example 43 T'#T% Q'=Q* A=P

A copolymer of the formula

n Mole-%

m Mole-%
Formula 9

0.175

0.231

0.414

0.158

0.171
0.145

0.116

90
80

70

70
50

30

plotted

10
20
30

40

30
50

30

0

room

2 nont hs'

he 1§,

;36“ nst "t

120 633
60 633
60 633
120 633
250 820
250 820
250 820
cN

t _
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st ages
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50 ]_EetAemlGBap(crp 1.  Use of a flat material with an
opt.i cal anisotropy An of 0.001 to 0.95 prepared from

phot o- addr essabl e pol yners, for storing optically available 5
information by partial selective varyi nga?f t he optical  ani sotropy.

2 Use according to claim1 as a hol ographic recording materi al .
3. A process for storl atter flat material to be used
accordi ng t oS Ryepared in 2 stmi] ‘QEW?"’I% &?‘aﬂ!’ﬁ%& ating with Iight of an energy
density of 10[err]-to 10[err] mJ/rr[err] for a duration of
10[err]3 to 10[err] sec. . A pol yrrer in which an optlcal
ani sotropy ¢ be, produced by pret eat nt, W’)lch ni sot ropy
can be varie ng:po‘é'ure f(f a pe Y"@dmé“ 10[g'rr] t& 10[ erP secmﬁi1
5. Pol ymers according to claim4 that carry side chai nsgg#f various types
on a :

R=CH;

5 43.1 27000 27400 400 0.103 60 40 200 633
R=H
43.2 27600 28300 500 0.104 60 40 200 633

Example 44 T'=T% Q'=Q} A#P

m Mole-% o N\ AN~

’ /N
™ N® j@
15 :
.. N”N

o) -
- : I -
20 n Mole-% : o/\/N ,/ l

25



mai‘n chain abeimglel§5d5(5'ﬁckbone, both of which types of chain can absorb
el ectromagnetic radiation (at |east for one type, preferably of the

wavel engt h of visible light), with the proviso that the
separation of the absorption 20 48 maxima of the different side
chains is at |east 200 cnferr] and at nost 10 000 cnferr].
6. Pol ymers according to claim5, with side groups of the fornmulae 25
-Slerr] - T[eEXa}nple QIe,(r] Ay (I AV, ankh-  m n - Sm3W4] Alnm]
-Tlerr]-Qerr]. (1) wherein 30 S[errl]nz S[err] denote
| ndependent |y of one anot her oxygen sul fur or NR, R err]
denot es hydro&en or err]-C4 al kyl, :

B | 1600 23400 " 1800 0211 50 50 60 633

5  Example 45 Heat stability

Glass plates of size 2 x 2 cm are coated as described in Example 1 with a polymer
according to Example 3.3, and 11 fields (flat fields) are inscribed so as to produce
a series of increasing transmission between circa. 0 and 82% with approximately
10 equal spacing. The transmission is measured immediately after the inscription, and
defines the initial state. This sample is left blacked out without further protection-
for 2 months at room temperature. Following this a further one of these plates is
stored in each case for 24 hours at 60°C, 80°C and 120°C in a drying cabinet, and
the transmission is re-measﬁred. Four series of values are thus obtained, which are
15 compared with the initial state. The values for the transmission are given in the

following Table 1:



[err]

Le A 3el35-BCT135- PCT

51

Tlerr], Tlerr] denote independently of one another the radical (CHerr])n,

whi ch may
-CSiRerr}o0-,

and/ or

nm denotes the integers 2, 3 or 4,

10

Qerr], Qerr] independently of
one anot her denote a dival ent radical,_
| Table 1 -

Initial state 2 months/ 24 b/ 24 W/ | 24 b/

20°C 60°C 80°C 120°C
82 75.4 68.9 83.6 72.2
73.8 67.2 65.6 75.4 68.9
65.6 60.7 59.0 64.0 54.1
50.8 45.9 52.5 55.8 49.2
54.1 45.9 52.5 55.8 443
19.7 24.6 29.5 37.7 19.7
32.8 21.3 24.6 29.5 16.4
19.7 14.8 14.8 26.2 164
9.8 9.8 13.1 16.4 11.5 |
6.6 6.6 11.5 11.5 9.8
0 0 6.6 8.2 4.9

15

20

optionally be interrupted by -0-,

may be

stituted by nethyl

-NR[err]- or

or ethyl,

The first column gives the measured values for the freshly prepared sample at room

temperature, while column 2 gives the same measurement after 2 months’ storage

time. The remaining columns correspond to the measurement series after storage at

the temperatures specified in the first line. If the values from columns 2 to 5 are

plotted against those in column 1, a straight line of gradient 1 is obtained. The grey

stages thus do not change under the effect of elevated temperature.

5



'A P i ndepengdg By lgg_ﬁ&\p anot her denote a unit that can absorb

el ectromagnetic 10 radi ation. 7. = Polynmers according to
claims 4 to 6, A and P corresponding to the fornul ae
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Patent Claims

1. Use of a flat material with an optical anisotropy An of 0.001 to 0.95
prepared from photo-addressable polymers, for storing optically available
information by partial selective varying of the optical anisotropy.

2. Use according to claim 1 as a holographic recording material.

3. A process for storing a pattern in the flat material to be used according to
claim 1, by irradiating with light of an energy densxty of 10° to 107 mJ/m?

for a duration of 103 to 10 s

4. A polymer in which an optical anisotropy can be produced by pretreatment,

which anisotropy can be varied by exposure for a pgriod of 103 to 10" sec

5. Polymers according to claim 4 that carry side chains of various types on a
main chain acting as a backbone, both of which types of chain can absorb
electromagnetic radiation (at least for one type, preferably of the wavelength
of visible light), with the proviso that the separation of the absorption
maxima of the different side chains is at least 200 cm™ and at most 10 000

cm,
6. Polymers according to claim 5, with side groups of the formulae

T-Q'-A (@ and
$-T-Q-P @

wherein

S!, $* denote independently of one another oxygen, sulfur or NR!,

R! denotes hydrogen or C,-C, alkyl,
I ——

UL
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nmet hyl ,
135- PCT
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i vdr ogen or cyano Rlerr] is hydrogen or
30 LB% vaﬁsnlyg-[‘oxygen or NR, and [err] Lg A 31

51
T!, T> denote independently of one another the radical (CH,),, which may

- - optionally be interrupted by -O-, -NR'-"or -OSiR',0-, and/or may be
substituted by methyl or ethyl,
n denotes the integers 2, 3 .or 4,

Q', Q* independently of one another denote a divalent radical,

AP independéntly of one another denote a unit that can absorb electromagnetic

_ radiation.

7. Polymers according to claims 4 to 6, A and P corresponding to the formulae

“@'—N=N ——-Q—N=N—®—R4 X)
0-1.2 R2

and

=0

o

O gD
R R

wherein
R* s hydrogen or cyano
R¥  is hydrogen or methyl,

W is oxygen or NR!, and ' -

T



52 Rbe A3 BSPET cyano, benzani do, p-chloro, p-cyano,

p-nit robenzani do or di et hyl am no. 8. Pol yners
according to clainms 4 to 7, wherein the groups -S[err]-T[err]-Qerr]- and 5
-S[err]-T[err]-Qerr]- correspond t®2 the formul ae

-OCH err]CH err] O, OCH err]CHerr]OCCH err]CH err] O and

- OCH2CH2- NRar 1] 4 benZaali 660" $idyend O phitiobenmiido Sor
wherein thsk?ral n chal n’ Icyan% a6 Psgg y(rrgt h) acrypl‘:oyl 10 10.
Pol ymers accor di nijmethyldngéinos 4 to 9, in which double refraction changes An
of above 0.15°may be i'nscribed with polarised Ilght 11. Process

for producing polyners according to clains 4 to 10, according to 15
whi ch monomgrs Ofp i Geds Bl to claims 4 to 7, wherein the groups -S'-T'-Q"- and
5 -S2-T2-Q2- correspond to the formulae -OCH,CH,0-, -
OCH,CH,0CH,CH,0- and -OCH,CH,-NR'-.

9. Polymers according to claims 4 to 8, wherein the main chain is a .'
poly(meth)acryloyl.
10 |
10.  Polymers according to claims 4 to 9, in which double refraction changes An
of above 0.15 may be inscribed with polarised light.
11.  Process for producing polymers according to claims 4 to 10, according to
15 which monomers of the formulae
cr-i;:cl:—co—s‘—'r’—-o‘—A and
R
20 CH;?—co—s'*'—-T’—-Qz—-fz as well as
R

optionally further monomers are copolymerised with one another.
25 12. f%mformed from A polymerSaccording to claims 4 to 10.
13. f.&upporlscoated with # filméaccording to claim 12.

14.  Use of # polymers according to claims 4 to 10 for producing paf optical
30 structural element,

-

i



[ert] optional Iy further nonémers are copol
one anotwowl“s% 12. Fi | nf ormed from. pol yrrersaccordlﬁgﬁ%:g}@&éw
to 10. 13.  supportscoated with/ filmaccording to claim12.

14. Use of , polynels according to clains 4 to 10 for producing optical -
30 structural el enent. 4/c - ™

25

05

ERSATZBLATT (REGEL 26)



- WO 97/44365 PCT/EP97/02489

z/5

35

-2

e)

20 -
18 1+
16 1
14 1
12 ]
10 1
8
6
4
2
0

ERSATZBLATT (REGEL 26)



WO 97/44365 ' . - PCT/EP97/02489

T -r
3/5
- - ® - 0
-l tnh
)
- HJ
- ™
‘n.
= ﬁJ o~
~
E
\
I
1 Y]
N <
o
n ef -—
w
3
]
L
o
x
—— 14 1
b $ + o
R
~8 w 0 - (o] (e} [+ o] 0 ~r (o] (o]
— —_ . o =

ERSATZBLATT (REGEL 26)



T
P

WO 97/44365

@ ©0 -

N
© o ) o
(pesipsepuels)

ERSATZBLATT (REGEL 26)

35

wn

1,6

{te]

E {(10"6 mJ/m™~2)

PCT/EP97/02489



LN

WO 97/44365

s

De

T (%)

90
8o 1
70 |
60
50 |
40

ERSATZBLATT (REGEL 26)

30 4

20 |

10 4

PCT/EP97/02489

w
<t
<t
n
[y]
™
w O
N E
E
S
E
0
<
Q
-
N—‘
|13 ]
0
ms
o



PCT WELTORGANISATION FUR GEISTIGES EIGENTUM
Internationalcs Biro

INTERNATIONALE ANMELDUNG VEROFFENTLICHT NACH DEM VERTRAG U’BER DIE
INTERNATIONALE ZUSAMMENARBEIT AUF DEM GEBIET DES PATENTWESENS (PCT)

(51) Internationale Patentkiassifikation 6 : (11) Internationale Verdffentlichungsnammer: WO 97/44365
COSF 8/00, 220/34, G11B 724 Al (43) Internationales

Veriffentlichungsdatum: 27, Navember 1997 (27.11.97)
(21) Internationales Aktenzeichen: PCT/EP97/02489 | (81) Bestimmungsstaaten: AL, AM, AT, AU, AZ, BA, BB, BG,
BR, BY, CA, CH, CN. CU, CZ, DE, DK, EE, ES, FI, GB,
{22) Internationales Anmeldedatum: 15. Mai 1997 (15.05.97) GE, HU IL, 18, IP, KE, KG, P KR, KZ, LC, LK, LR,
.. LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ,
PL, PT, RO, RU, 8D, SE, SG, SI, SK, TJ, ™, TR, TT,
(30) Prioritiitsdaten: UA, UG, US, UZ, VN, ARIPO Patent (GH, KE, LS, MW,
196 20 588.3 22. Mai 1996 (22.05.96) DE SD, SZ, UG), eurasisches Patent (AM, AZ, BY, KG, KZ,
197 03 1323 29, Januar 1997 (29.01.97) DE MD, RU, TI, TM), europfisches Patent (AT, BE, CH, DE,
197 06 3799 19. Februar 1997 (19.02.97) DE DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE),
OAPI Patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR,

NE, SN, TD, TG).

(71) Anmelder (fiir alle Bestimmungsstaaten ausser US): BAYER
AKTIENGESELLSCHAFT [DE/DE]; D-51368 Leverkusen
(DE). Veréffentlicht

Mi1 internationaiem Recherchenberichr.

(72) Erfinder; und =

(75) Exfinder/Anmelder (nur fir US): BERNETH, Horst [DE/DE};
Erfurter Strasse 1, D-51373 Leverkusen (DE). CLAUSSEN,
Uwe [DE/DE); Am Wasserturm 15b, D-51379 Leverkusen
(DE). KOSTROMINE, Scrguei [RU/DE]; Katherinenstrasse
28, D-53913 Swisttal (DE). NEIGL, Ralf {DE/DE]; Lind-
larer Strasse 4, D-51515 Kiirten (DE). VEDDER, Hans-
Joachim [DE/DE]; Obere Lagerstrasse 5, D-82178 Puchheim

(DE).

(74) Gemeinsamer Vertreter: BAYER AKTIENGE-
SELLSCHAFT: D-51368 Leverkusen (DE).

(54) Tile: PHOTO-ADDRESSABLE SUBSTRATES AND PHOTO-ADDRESSABLE SIDE-GROUP POLYMERS WITH HIGHLY
INDUCIBLE DOUBLE REFRACTION

(54) Bezeichnung: SCHNELL FOTOADRESSIERBARE SUBSTRATE SOWIE FOTOADRESSIERBARE SEITENGRUPPENPOLY-
MERE MIT HOHER INDUZIERBARER DOPPELBRECHUNG

(57) Abstract

It is possible to produce extremely rapidly photo-addressable storage media from inherently slowly photo-addressable polymers by
irradiating the substrates over a large area with a light source suitable for conventional inscription so that an optical anisotropy, i.e. a double
refraction with a preferential direction in the plane of the substrate, occurs. If the substrates prepared in this way are bricfly intensively
irradiated, the pattern is inscribed extremely rapidly and permanently. The invention also relates to novel side-chain polymers in which
high optical anisotropy can be generated by irradiation. This optical anisotropy is very heat stable.

(57) Zusammenfassung

Man kann extrem schnell fotoadressierbare Speichermedien aus den an sich langsam fotoadressierbaren Polymeren dadurch herstellen, |.
daB man die Substrate groBflachig mit ciner fiir das konventionelle Beschreiben geeigneten Lichtquelle bestrahlt, so daB sich cine optische
Anisotropie, d.h. eine Doppelbrechung mit einer Vorzugsrichtung in der Ebene des Substrats, ausbildet. Wenn man diese so vorbereiteten
Substrate kurzzeitig intensiv bestrahlt, wird das Muster extrem rasch und dauerhaft eingeschrieben, Die Erfindung betrifft auch neue
Scitenkettenpolymere, in denen durch Bestrahlung hohe optische Anisotropie erzeugt werden kann. Diese optische Anisotropie ist schr
thermostabil.




