"e3eves ab4b&e6<eTeMJ W O 031 057773 Descri pti on PCT/ EP03/ 00020 5
Nanoconposite material for the production of films with a refractive index
gradi ent The present invention relates to a nanoconposite nmaterial for the
production of a material with a refractive index gradient, having a

mat eri al ' ich is caused by nanoscal e particl es, e of
such a dégéﬁgg \ﬁﬂ?ﬂ a refractive index 10 gradient for tﬁgﬂgﬁﬁﬁﬁ%?@%%§of
filme with a refractive index gradient, in particular for hol ographic and

mask illum natjon applications, as well as for graded index '

i magi ng BEEFHEION ¢ | s known that the diffusion of nonomers mmmmmmm or
| oner refractive index 15 than the surrounding liquid matrix caqs%g* used
for the production of a refractive index gradient (US 5,552, 261,

5, 52% 47Ranoddrapbsitd materididonthe prbtiaction &hfims with plrefrapiiveyimeex gradiedt r ect ed
di ffusion with subsequent polynerization in the heated or illum nated areas
| eads to an increase in density and therefore to an increase or decrease in
refracti [ i ' ol {p@% i 20

si nce thzﬁ? su téﬁéﬁé\ggg?ﬂf@: angggﬁgﬁ%@ggﬁi@haatéﬁgﬁ?‘ccontridgﬁtt@gﬁutao t he
mol ar r efmaderial ovith & refraciivededex gradiehixhavindiaematesiab gradientowhiobiis tawsat! by
subsequent crosslinkin faor, .exanpl e hy ans of . phot opol rization.

D1 sady anDRgBASHAR PaHESss. AP P L% AP SuER A oliral sty Y FeratRe A e
modifg CagiRierdToF iHeUslBauctich 8f MFRCRRE alrefrastiithdek Yradient, e phrulpIses. 25
It is known from WO 97138333 that refractive index gradients can al so be

pr oducedhdlpgraphic and mask ituainatioorapications astwell as fatigraded lindgxdenses inower
refractiye i.ndex..in a liquid (sol) photopol ynerizable matrix, and can be
fixed by'nﬁ%%ﬂg °8F'°§'ubsequent crosslinking (polynerization, condensation).
The essential disadvantage of this nmethod is that it is restricted to a

liquid matri x phase, which entails handling 30 problenms when applying
hol ogr apiys knewndhkat thediffision Pbmaneerers gvitsa higheres lawer refrgetiveindsj ect  of

the pf esﬁﬁ%ythg\ésﬁjg@u?\glir{rgg&ﬁﬁa ?Aé%ﬁ)é@a%teel%ée% foM e Ebdg%cgg{?%? laq'eﬁ%gtfri]\% m 29 a

suffitcie ve 1 ndex gradient Dy | on o
el ectri cideR@rediena(US 5 552,26¢ S, 529 1a8).i TheCalbuwrHaines agdfezptinown in
| ithography or by illunination, and which overcones the aforepentioned

di sadvanP@giepolynersdar dicegted @ﬂﬁ%iqm%tht%@eﬁ%@&d%ﬁ”é@m ind ﬁéﬂeﬁ‘t or
o e pARRER ke IR0 flrchoth Ay B SRS Belthere gy ent o
to 95. 9%lbyreast dhtefrautivbdnddt. yn brganid PndrorBer, hpweeexltiis change is small
20 since the resultant density change makes only a small contribution to the molar
refraction. The refractive index gradient profile is then fixed by subsequent
crosslinking, for example by means of photopolymerization. Disadvantages with
these materials are relatively small refractive index modification amplitudes, long
process times and high scattering losses.
25 Itis known from WO 97/38333 that refractive index gradients can also be produced
by means of the migration of nanopatrticles with a higher or lower refractive index in
a liquid (sol) photopolymerizable matrix, and can be fixed by means of subsequent
crosslinking (polymerization, condensation). The essential disadvantage of this
method is that it is restricted to a liquid matrix phase, which entails handling
30 problems when applying holography and mask illumination techniques.
It was therefore an object of the present invention to develop a material which is

capable of forming a sufficiently large refractive index gradient by application of an
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particular from20 to 40% by weight, of a soluble polynmer; 10 b) from4 to
95% by wei ght, preferably from10 to 8(53/oby wei ght) in particular from 20
to 60% by weight, of at least one partially or fully condensed silane from

~the follow ng group: acrylosil anes, epoxysilanes, acryl oal koxysil anes)

acryl OeF@éé‘tﬁb%l?tﬁéntré\W@hb@xé@bﬂr@ﬂ‘ﬁ?adré‘irdfr?’ﬁb?ééréﬁﬁg IRRGgraphy or by

al kyl al koxysi he silane having an | norgani c ensa |on rati o of

f r om 33 iluminzlizihaaod ahidbovergames the aaneseniionadidisardvantagaesd t o 95%
preferably from5 to 60% c) fromO to 60% by weight, preferably fromO0.1
to 40% by weight, for exanple fromO.1 to 4.9%by weight, in particular
from 0. 9t has H¥eR Yourkd ﬂﬁtlhl@fob?ébt%hyd@b%m@l bl #Ri€ved by aTA%brikvin eBii@ BF |
preferably from1 to 40% by weight, in particular 20 from5 to 30% by

wei ght , gel feum padefinedibiela. nanoscal e particles fromthe fol | owi ng group:
oxi des, halides) silicates, titanates, zirconates, alum nates) stannates,
pl unbat es and m xed oxi des thereof; e) fromO to 50% by wei ght, preferabl y

from 0. 1Tﬁe,0|r§,@%|8u ré!ﬁté!;l'tba E\;ﬁferrrzasrd ﬁénddo%ﬂd‘srtb%&fe%b)bomrﬂrhb of a

softener; 25 f) fromO to 5% , preferably from0.01 to 1 % by
wei ght, @f a frarerQito 86. q%@ryowrghi @acrfeaabiwrommortgw% by aeight, Bensi ti zer,

wetting agent X cal additive,
stabilizer, rﬁ&ﬂﬁfh&g}]@? gﬂb%"rﬁ%%ﬁ@? (#?%IHR ehﬁ!ﬁ&&gr’bst ance, or a
corrtzuonatb)on tfsrhepio 95% anbight preforablgfred 10rtot&)°/mbyCWerghte it pamiculsei ght
(dry weight) of the nanoconposite 30 materi al 3 The dynam c vi scosr ty of

t he  nanoconmpd&eme0hig: &%y weight @f @§ laast one RMM‘?UH”Y §°'0%§"923§(§' 3eom 2 to
1000 Pas, pr q‘?c%%ﬁ%%l cfvﬂﬁ%?r&?p %Igégne'sée@ Héé“ cfrggmkegyérfénego Pas,

measured by a rotation v oSI'1e e po 'S preferably
a pol yacryl atacrylpepgxysilanes yepowalkoay siEpes| dlkoxmllay\es @yld alkylalkokysilpabgyi nyl

acetate or pol yvi nyI butyral ,which is soluble in a i Lven
Pr eferabl e ortgail @nQ@IaVE\Qt%n W%'EGHB&%”%Q}W rafio ﬁ@ﬁ‘gsgt s@ﬁr/ﬁ)ﬁaﬂ(ﬁ” or

but g , ket t C et hers such
as t et r ahydr %?aﬁ% gfrﬁoﬁf??:%aﬁda% ﬁ)éghg?ggé Egc?idr ocar bons
such as d0 hexamd) tda@@%etne\)/eight,rma’éerahld fodrh & bto48% ISuiveighitcfos ekampte b) ar e

those with on or f r.ef bl hr ee oI yzabl e
groups and mfi‘mrﬁt?ﬂgo‘/ﬁ? gﬁﬂ“@%”lﬂ“?ﬂaﬁqrél%%%gé’ éY&‘@&hta Ay dr ogen
or hal ogen, lafs F, G, Br or I; alkoxy, preferably C-_6 al koxy, such as
15 e.g. nethoxy ethoxy) n- pr opoxy, i -propoxy and butoxy; arylo

pref er abdly C#m&?ltoﬁ@% buaveight, pl‘ejerthefiow‘l tcaéQ?/@bzywesghthmamrécldar

ae ) GcetyromaRla S0% T eiors s iRt entode neficits ROTERY ), Tom

1 to 12, in pRllbwig group! 6%és ! KallesCailibfnas AitARatds) zirdbhaabk Ydlugirates,s) . 20
Particul arl y pref erred silanes are e.g. net hacryl oxypropyl trimet hoxysr | ane,

acryl oxypr opwtanna@shpwwaataﬁenddn%@d Wldﬁsrﬁbﬂfﬁgfyy | ane)

gl yai oyl Bk~ pTagon B Jek HoR¥RG T o L A SO By elgHirim partiuter

met hyl tri et hofysi 1 &N20%A5y weRyht,aofta 9d>ftem=ndensat| on of t he silanes nay be
carried out with a substoichionetric anpoun 0.9 tines the

st 0i4thi oftet r i EormR P Y W@F@tWﬁWQB’é‘F‘)m%@h t%é °/'ebtj Wed%{'ite?Pa RRERleTHal
aqueous HNO3 g tﬁgH&ﬂ\b;al emgéﬁhlaﬂgmﬁatﬁpvs‘é'ﬁsrt%r W&hﬁg%@ht Hheslont Ni s case

be proportrone 'n suc t an I'norgani ¢ con ati’'on ratio of from
33 to 100% i Spmmaeneai\tromdanncrhgalogccataddmme,astabmzeratcotmrsm photm%'m'em;ns

f I th t of th dro bl d f th
i1 an6 15 conBRAAIMAGHIRIIh sbSracanoa. CRagHsn WarER. &0 BBHBERSSL: on rat o
of 100% all ékﬁegyé#]mrérﬁe'&tﬁ@%tgrw&lgﬂt(drrg%veﬁgm £ tHEOhSFAeSpasi@est i on

are condensed e organi c conversion tio’in |cates t he extent of the
addi30 on pol ymateriat i on



reaction of the C=C doubl e bonds or epoxy groups present in the side
chains. An organic conversion of 95% ns, for exanple, that 95% of all
t he C=C doubl e 5 bonds or epoxy groups have reacted. In the case of C=C

doubl e bonds, e.g. in acrylate residues, the organic conversion ratio can
be measur rf‘érﬂ @Wséd%‘ﬁ %?‘Eﬁ&ﬁéﬁo@émbbﬁt té’r‘né?ra%bbﬁmn anthe |h0eﬁt|itﬁ1 isR
spectrum tion olyner|zat|on can be induced nor mal net hods,

such as (at25|°(b)frdms23tdwm@) Pasij prefarabhefrom@tmﬁO@;RaSywgpantnpslar om0 to

i rradi at n the casgqxo %@: | e. bonds. 10 The acrylate c) is

pr ef er ab @Pﬁﬁﬂf??aﬁ’éﬁeﬂ grel OBP"SQOH\"E)‘Fteﬂl acrylate or diol dimethacrylate,
such as e.g. hexanedi ol dinethacrylate, hexanediol diacrylate, dodecanedi ol
di acryl ate or dodecanedi ol dinmethacrylate. 15 The surface-nodified

nano$cal 'Ehepacbiubtel palyaner p) i preferaplyca pplyaseylatae polymedbacryiote, udyersixigs, Ti 82)
Zr 02 CEO AI20 203 203, E V,
103 s vEH1ViRd aptidiratndo gerate i pivig BltyrpnaRin s Saheie T el The

surface ﬁl\%mSPiﬁiérébfe @f@’#ﬂb SolNehtsarei AN As 806K a6 et NisapidPanol or
pol ymer i zablgI gr oups which are susceptible to radical, cationic or anionic,

t her mal hutan ﬁmﬁ@l@hc&ﬁl agaipnexesterstsush, asethyhacetate, ethemsauebiasni cal

e BB A S Rk AR OB BEGF 0P

(metiy) actigianaBeR2ENe), taluenpaneciorafermt.i cul arly preferred. The mai n
rel evant condensati on pol ymeri zabl e groups are hydroxyl, carboxyl and am no

groups, with the aid of which it is p055| bIe to obtain 25 et her, ester and

am de_bogg aﬁ?@%ﬁﬁrﬁ’%ﬁﬁg&en@ﬁgé homé, two” sur aceswobrtffﬁ M@B? hrng

or gani ¢ groups resen nosca
particl eh?ydrelydamblgrbup@apdlmmurbstlwbyﬁﬁxanaﬂée oahgldmlyzabludgmpslave

ol yneri zabl e groups ref er abl | ecul ar Iess han 300,
:On %artﬂ@(ﬂ"ﬁge 9§§g{qg§|'% 2@@" agdfy&‘ﬁfgmﬁ é nﬁrle)fe\éﬂyg é@?  as
descrd be 3 | of t he
suffclaace %gdﬁhhdg&hanop Fei crﬁéo%lgf pggq%%%g{g |§1yies pP%@t}f Have a
di anet erawfonyfmum’mas etdn phehofy rayloxy, pach ﬁsuﬂ g.racm?xymlr praplimglca(yhn ][n There
oy act i baflkVigtERy PReteraaCh  AIRcaDeN gl RSB -6, 350 ATMdart Ccul ar 1 nm
and of t epafol Ia'i:‘mﬁé dr%lﬁ%éﬁﬁﬂ?htﬁ)gre@réblg'“ﬁ%n‘?qrfBOl%‘i”ﬁg&ﬁicﬁlﬁrW@h?1 to

el astici zi ng tening properties according to 945 (Decenber 1988)
are in p8jcarbphaterosiratiealkyigropp(sjarily those of the ester type.

Pl astj ci t he fpl.| ow f | i phat
i c 2boxeatEula Preacsianey e & Befitalp BirfohdiimaRERSEg:  hoctyi 10
adi pate, g aca§ numﬁm(y)snéwb Rﬁh@thyﬂﬂ mqi@s@yshaﬁéhmmyldnemdwbua@acat e,

di octyl se e and bis et hyl hexyl) sebacate; esters of C6-C-2
di car box§+glxcmd¢>aspmpwltrum|tWy§W@eglsgwsd@xsspr@ygnethouwmeene gl ycol

al yeol  biBYiTRnnstriabe: Br R e 5 o boxyl 1 o actds with
ponaIkerne glycols, e.g. triethylene glycol bis-(2-ethyl
25 The partial condensation of the silanes may be carried out with a substoichiometric
amount, e.g. from 0.3 to 0.9 times the stoichiometric amount, of the hydrolyzer, such
as e.g. water, aqueous HCl, aqueous HNOj3 or aqueous ammonia. The amount of
hydrolyzer may in this case be proportioned in such a way that an inorganic
condensation ratio of from 33 to 100% is obtained. An inorganic condensation ratio
30 of 33% means, for example, that on average one out of three hydrolyzable residues
of the silane is condensed to form an —Si-O-Si- bridge. With a condensation ratio of
100%, all the hydrolyzable residues of the silane molecule in question are

condensed.



15 butyrate); diesters of (meth)acrylic acid and polyal kyl ene glycols, such
as pol ypropyl ene glycol diacrylate or nmet hacryl ate) pol yet hyl ene gl ycol

di acryl ate or dinethacrylate, for exanple tetraethyl ene glycol

di (meth)acrylate. The nanoconposite material expediently contains a

pol yneri zation, addition 20 polynerization and/or condensation

pol yneri zation catalyst f), which can thermally andl or photochem cally

i nduce tTHee orgamid comvergioardtic indicajes$ dhve Extent vethe addition pdlymerizatian

" I'k'."t't".T t | abl e f
vt o 1egehan pftna Befiadsing Bpnds BE ey fistins TeSe Mo 1hE 8 el A 159
(1- hydr%psm&' mﬁévdlormaﬁgs‘y #\%Taﬁgefbr ekéﬁﬁ%”tﬁatz%%% a(ulthesctc%beh@ ohexyl

phenyl one, benzophenone) and ot toinitiators of the Irgacuretype,
Dar oSur Harvds, origpaxy groops have seacted mztbe caselof &= douklerhansise e.9. in

oA B s, s EBNe Bt P 38HA 28R s HRARLRG thrsh the ner
benzyl ddé&?éayé ok#eaC=CN\iBratioh fﬂaﬁhb% aRCR Qﬁé&ﬂﬂﬁeThé'a@Hh@hWﬁh@ﬁfﬁmﬂe

and 30 di benzosuberone. Suitable thermal initiators are preferably organic

per oxi degan be invucedrby mrrrmlmogexmmac@@r&aﬁemmlwﬁa\m ¢he caseaof

hycr oporshldtolits, MR uRR il R A of GrEURBR BT 55 Denvoy

peropg de) tert.-butyl perbenzoate and azobi si sobutyr onitrile. An exanple of
a cationic thernostarter is 1-nmethylimdazole. nmpl es of rheol ogi cal

addi t i veEheperylale wé isherefaradly n’@&h)ﬂll"ﬂ@hﬁ?’b"%@l%@ld'@k@ﬁ@@latg@éﬁlﬁ'&s e.g. Byk
306. a%@ﬁ#&@?@@cﬁ'%&f}éﬁ ﬂé |5'Ied|mé(ijﬁgér9lg é)lHeg(QﬁIa?%fd cAfi&w! at es.

such as nvention a 10 ‘a pfocess for

t he proddsdecanedfol dieerglatecon dmdbmed@dﬁneih@ewmerl al, wherein the silane
b) is partially or fully condensed by adding a hydrolyzer and optionally

pol ymerized by W irradiation, and mixed with 10 one or nore of the

COMp@NeNt§e Qyrfa és n&%ﬂlﬁé(ﬁ n?ﬁo%@aﬁghﬁ;&n C%r‘r??dee ab éﬁéoﬁbl’@éitﬁ@ 6ﬂ?€§2n®r nor e

of the comnponen and optiona

pol yner i €dQ, SiDgl TiOkLj DGy, I0eQy;, Sad-c AlGlay ImOs| kasdd) FegOentaxOs; @m@eHzOIhe
of Dot wellath aikkidicss well e ahédiayie Mol cASRR A Ghl Sughh belkend PBEne. 1 °°
323296 | Piné 8LiFa6é GKSudsWaY beddrghRic pulymeHSSsle dMdfort ddhdrrshsish | n vari ous
polymerizable groups which are susceptible to radical, cationic or anionic, thermal or
20  photochemical polymerization, or thermal or photochemical condensation
polymerization. According to the invention, surface groups which have a (meth)acryl,
allyl, vinyl or epoxy group are preferred, (meth)acryl and epoxy groups being
particularly preferred. The main relevant condensation polymerizable groups are
hydroxyl, carboxyl and amino groups, with the aid of which it is possible to obtain
25 ether, ester and amide bonds between the nanoscale particles and with the silane.

The organic groups which are present on the surfaces of the nanoscale particles,
and which comprise the polymerizable and/or condensation polymerizable groups,
preferably have a molecular weight of less than 300, in particular less than 200.

30
All the customary production methods, as described e.g. in DE-A-197 19 948, may
be suitable for production of the surface-modified nanoparticles.



On the one hand, conmercially avail abl e nanoparticles may be used as a
suspension in solvents (conpatible with the solvent of the polyner). The
nanoparticle surface is firstly nodified by reaction with conpounds

cont ai ning 20 pol ynerizable groups, e.g. with unsaturated car boxyl i c acids,
D par i AlndEAIBes triferdfl Hay8Y dlairerdcd thotidreARaK @7 AN FrpAEhiar
unsat ur at ed eto s suspension Is then m xed vmt ane

pol yner rexlndrecthan G mmeTbehaens dmami’tlculae restncqm'r cmmieafsmgﬂyedrbwm’ Iimut,pr oduced
in situ hydrol ysi nd cond tio correspondi n recyrsor

(pr of e ApUENaxPeaclsd TRabaas s [AWeT At scoasiesabitgc el RATGvIgE] e
corrponerg %é gdmtrix, or in the mxture of pre condensed organosilane

and di ss pol ymer. The invention furthermore relates to the use of the
deschi bed nanocorrp05| te material for the production of a planar material)

[ [ f d | d .
or oduce AS i settener o)yl heermndida W ichcavi s it R sonrBinSriPhatBs Lan o
nanocon%%og g‘iéWN%SQ&%C(Wéé'eﬁﬂaérq%B?aké‘#ﬁﬁr‘ih&ﬂe's%:té@@ apd ﬁr@nanly a
suitabl e su t such as

.g. glass, ceramc, silicon
sem conctbose) Df thet esteatweo Pla(ancsees &brrytherfaﬂe\wmg&amyp;ara@tr $f@rﬂed[ aeyclicn

parti cuI T, oatin ot Q rizapl &d noconposite
ot er | | SPLEOB BTG 5 B APl TIAE H FiLeé R o Con g,
fl 0W0C03éd||ﬂéle Bist (2-thgmeion ablips, dnﬁoaaéwlareﬁpatépdmuqm@éba@atel dioest i on,
spreadi ng, slot coating, nheniscus coating, filmcasting, spinning or

sprayi ngebasate,are bis- (%;emmﬂxy%ebac@t@e ﬁs@&% @f FFa';Qbé"(‘@dPQPS\t"é@C!ﬁS Witldi t i on

th
cur ed ‘st uglkuplS ghfEokE Bo. ibgetRtveof i -hEfarBete). IMbyigne ikl bt 02
to a fi |(@dmylhe&anﬁtemhemlene@yc@rlﬂ@l(lsomonMe)stestmse$$)gr(t42al ly of one
or two transparent plastic films are cqoated with a nanoc osite

mat er i al d'&%"@@?‘ﬂ'ﬂh@c'@%W'W@Q'Yﬁ)bﬂ?ﬂ%ﬂ'yqo’fﬁ W9-drethylener glyeol\Ris4rg8Wlgr adi ent

has e i § ce, electron
T A8 s BRARE Bl TR meticAte HckF aht BBIvaRGIGHY (kalt SecH B8CTL T

i nventi Opsblf/prbbymnE@ﬁ:m elianryiataormnmtbawmté,cpolyétbylpnecgkmol diaovylate 6 | m
vvltharefractlvel radi ent , vvhereln CP&‘H g@n@gmte mat eri al

accor di ri§meshagnylate, ehﬂ‘ PlesteéréstHYé%net glygo %‘%‘ ateyl astic film
organic solvent is allowed to evaporate if appropriate, expediently to a

residual content of fromO to 15% by 20 weight, in particular from2 to 12%
by wei ghthe aapompdsntmmadaeniai expediently coataing agiolyroérizationt additiant h a

f d i | | h I
| a2 cpPivmereatich BRABA condStestin Rainelzrttn GRABEF BhWhId s Hermaly ¢ he
film matgqd/at pﬁ@tbchénféallwﬁdwé ﬂﬁ'édcrb%n?ﬂkirib’ Ahd cafifg %blle\‘}mélg réxerr@a to as

protected fromlight and”in a controlled environment
app! yi nga &erosslinking indtiateid).enti al difference, 25 electron ir radl atl on

or ac ont T ikt BuaRable BdRK il mi, 1 PADIIE.pEbE PR GOBIT o o

t her nal E?é%@fes' dfdhésé aﬁbmgdcm@%w (M ytiioRfcytidvheRAHemyPRStohe), TRjaeured .

Irradiation with UV light Is preferred. 30 The relatively intense | ocal

il (Ljaﬁ na®0® kil -hﬁ@mywpl@h@% phary! rkgtqne tbrﬁélzaah@rmq).aﬂde%thm photqgét@arz 1/3fal ly
t
con enseﬂgslbi%@??@@g@fpgﬁcu@ 1498 9 é%d@%?%a?\rd"wzd"}e another and/or

with on a chemta potential gradient with respect to the

8 uni | | ughlomitkidxasihohbpRimethyitigioranthené p2-tsubropyltiiexanthone,derzoir,t h C=C on
their surface Furt her nanogartl cles di fste fromthis nei |ghborl ng region

into thetd- F’lﬁﬂ‘i’tﬁﬁﬂé'@ef‘é@f‘oﬁ nZgin ety gthars berzoip dsQprapYathel BeRgYland aft er
th |1 f
e 1 i e, Rl A, A SetaoRgiondanio 2 e

Oni 81 todibbaz@hdtfefonﬂce in refractive index between

Suitable thermal initiators are preferably organic peroxides in the form of diacyl
peroxides, peroxy dicarbonates, alkyl peresters, dialkyl peroxides, perketals, ketone

peroxides and alkyl hydroperoxides. Examples of such thermal initiators are



the nanoparticles and the matrix, a local refractive index gradient is
formed in this way. This process is fold owed by conplete crosslinking of
the matrix by phot opol yneri zation and/or thermally induced pol ynerization.
(‘The expression "polynerization”, as used herein, is intended to include
not onl y dlB@ﬂuiﬁ?Pb?@(‘idé’%h”bﬁ@P ehkbatelarkf |S|§Hbut?|"cﬁﬁtn@|¢lrf eRimple of
pol ymeri zati ol feactlons and ensation polynerization reactions

t hi s casecatiari¢ thexmaostantesris 1|-metl’e4limimzolé approprl ate. Surprisingl y)

parti cl ratl t gkes |nth X a t,he, i nvention
even th}tfﬁﬁ{ﬁplﬁs ?%&Qgﬁc?ﬁa‘ﬁ ‘Wf@cﬁ%é gW%h ?l}ﬁs@x?@??’actl ve

| ndex grs%heéﬁegc@swéeoe Eﬁaﬁw%sﬁé\%%ﬁ%rm SN afbdifled olRormdre, for the
production of passive t-guid enents for displays and 111 um nation

el embnt sacrylatess suah IaB)ﬁ go @@damrs-pl cture holograms, digital hologranms for
information storage, for systems with conponents which process |ight 20
wavefronts, for applications as planar wavegui des, for applications

i nf | uencTh®ptes_nPMvehtidalstrehdtes itd@ Atprot&ss fIpPBhé pRIdUREBN T tie dBseitdd t er s

and as Ienses In the exanpl es bel ow, the angle of viewis nmeasured as a
gage of nanpcosipasieirateriabavhareimthatsilane k iz paitiallppr dllygendensediby case,

the lu teis
anal y 2 echUtd 8 vy Rerand PRSP ERiv ez by By BRBhaEh, iR L. 7 &
(fraezi nghd or Mloré betHecEdrmpbhastsia)dextod,astithstsllanée b) is first Apgediwith @neQor( ) by
a lum nescence neter (60 with respect to the central axjs). The angl e of

vi ew cormespehitle eamperents @), qlitaifhasd then sondsnsedrand preﬁnaélymt)dﬂm@mzed
intensity,d éﬂgnaﬂ@adr ﬁlctstéﬂ/e%?gé &ﬂse?]%ehﬂy Terﬁggéd ﬁ"’{]/b?ues Bh%%th\é' ew 30

inmplies a gr er sc terirng power o erral ove

desi r abl leydrélyaemisepréferablg dactiedoubat temperaivresiodbetwses § and @1:0°60I ogr aphy

9 a) Production of Zr(OPr)~/MAA (1:1 ): 65.4 g (0.20 nol) of Zr(OPr)4 are
placed in a 250 m three-necked flask and cooled in an ice bath. 17.2 g
(0. @ﬂgfﬁg r frlofk owy (15
m %%m”DT%e @%P??%’ﬁgfé%él’“'?%%? ér"lgeciorrp fgt?I g%ad It ofrF\l' IJ@"{Pﬁr‘%"((a:fii\sr:‘leeact| ?r?%Sﬁém xture is
rem)ved |htroduc¢cé|ntom&)ay3’teafmenarm()smaysand subsequently stirred at 25C. b)
Productign of a ne PVB m xture:; 24 0. 20 ol f

i et nyl G 8e pRRENh ARy ERIB Y SvEi Al thrER ARG By eserbAS oor

met hacr yd pwp ht m&éﬂ%ﬁs étﬂﬂ@mMHFﬁﬁé)sowmténﬁé fridr). Tha n at 25C. 10
Fol | ow nég the%g’g%fl ts.r°2m of " 9. 'b of O. , Sti r?@%g |r)s continued for a
furt her danoparticle sna‘epeumf|rs|tlytrmd|f|ed1by|reactmn<wmh@ommunﬂswntalmngz g of

| | 30% bse 'y added
Phell o bptimelzablesioups. & Wt pnsatties cerBofil adds B BANHE rat 11 x 25 27
g of t hemétr( lic AV adpoads aﬁcﬂ ach/icliapes aha/o%)unsamdc&ﬂp @il@td)r)/eé THige

m xture b) while stirring. Followi ng conplete addition, it is left to stand
for 4 hmwmlmsthemmxwwgh(tbeﬁdamppymer\mllétton s added dropwise. After

16 o oroniae Diitnati, fiemafioga e HaY BRI bR BeRT 3RETY MiSolsSRHay, and
pr epar at ¢@rivetisatioh GPeprredfdnding phecuredisqpisfératsy atkoxides) inuthegsartly ahganpl e

1. 25 MPTS |SJ)I aced in a second vessel, and the required anounts of DVDES,
PvB25  pre-condensed organosilane component of the matrix, or in the mixture of pre-

condensed organosilane and dissolved polymer.

The invention furthermore relates to the use of the described nanocomposite
material for the production of a planar material, in particular films, with a refractive

30 index gradient.

In order to produce a material with a refractive index gradient, the

photopolymerizable nanocomposite material according to the invention is applied to



solution (30% strength by weight in ethanol) and TEG di (2- et hyl hexanoat e)
according to Table 1 are added thereto-and stirred for 15 min at 25C. 0.1
HCl is then added and stirred for about 10 min at RT, until the originally
t-urbid reaction mxture clarifies. Zr(OPr)~IMAA is then slowy added with

the ai d 9umarle sdbeRRicNSuEN aaeé.g.v@éé@ cerarmid, BicoR Ofe®al SémicapBLSior
dfor 4 hhat RI. T

addition, it is stirre h he required anpunt of water is

subsequemnateriaiside(prefesably seansparant) plastic tiles, in particsdarrfBET dPbdBRer UVA 421
is then added. .. Ir ur 19 .is added after a fyrther .15 m n. 10, The batch
'S o beoTiE oaund SRREIdipBal eeAgE Hricthntbasih mslerAtmEy b carfiga UE
stirred gedordingub InNorihareesivdss @.g. tipkbating, flowrovatihg, Witi@bectoFRidy, €
AMPTS18.6 g0.075 nol 24.8 g0.1 nol 31.0 g0. 125 nol PVB sol uti on133.6 g133.6

91335 ingi spin coakipg hisjachient spreading, giot gosting, menisgus/oeaing, filmo. 075

0. 3125 SHtDe( BRFY ietenod s dieboglt Rl iBg3H w4Bgad gy Beddysied™ > °
ol 1. 9 gy ddditioh Or esinaRal df\the 43Ment belg. uSedy Préferedd igpsithickBé8Sed!(in tite 75
g7.08 gByk3066.1596.596.8%Isopr0panol82.0 g86.3 g90.6 gangle of viewl21213

TEG = t réwed\statadarg frem 0. 90-4i net hyl di et hoxysi | ane Exanples 5 to 14:
10 The production of Zr(OPr)4/MAA is carried out as described in Exanple 1:
MPTS is placed in a second vessel, the required amounts of DVDES, PVB

sol utg onTleitrentior figthermoreeeites fona &imavithl 3 refrattive indepgradierd) cormistingy and
stirred for 15 mp at 2'5‘49:. The 0.1 N HC ,is t hen added and stirred for
about 10esaentiglly pirone gf fwo {nangparest plastiaifiis wiie) are eeated With@ xt ure

¢l ari 11 efanoldiindcitel hafbraBLEdro 1 thEffertitin WhichelrettRiby imfged Wi th
the aid of a dropping funnel whil"e stirring. Foll'ow ng conplete addition,
it is stgradenhtihas been prodBfed Bii@pphing aeelecthical tpodéntied diferences, .ddactcprent | y

o ccyiptatps B R AERE o s acl ¢ 50" coingy. “The
sof tygners and sensitizers according to Table 2 are subsequently
The invention furthermore relates to a process for the production of a film with a
refractive index gradient, wherein a nanocomposite material according to the
invention is applied to a transparent plastic film, organic solvent is allowed to
evaporate if appropriate, expediently to a residual content of from 0 to 15% by
20 weight, in particular from 2 to 12% by weight, expressed in terms of the total weight
of the film with a refractive index gradient, and optionally the nanocomposite layer is
laminated with a transparent cover film for protection. In this form, the film material
may be rolied up and temporarily stored, while being protected from light and in a
controlled environment (15 - 30°C). By applying an electrical potential difference,
25 electron irradiation, holography, lithography or by local illumination, a refractive index
gradient is produced in the nanocomposite layer and is fixed by complete thermal
and/or light-induced crosslinking of the nanocomposite material.

Irradiation with UV light is preferred.

30
The relatively intense local illumination leads to crosslinking of the nanoparticles with
the partially condensed silane component of the gelled matrix among one another
and/or with one another, so that a chemical potential gradient with respect to the



11 added. Basic coating MPTS139 ¢g0.56 nol PVB sol uti on601. 2

gl sopr opanol 365. 7 gDVDES82. 9 g0. 56 nol Og1l N HCI25.2 gl1.41

mol Zr (O'Pr) ~/ (MAA) 187. 2 gH208. 46 g0. 47 nol I rgacure 81915. 8 gByk 30623.7 g
PVB: Mowital 30 HH and 60 HH (1:1 ) 12 Table 2: Variation of the

sof t ener gnifiidintes hblg?\%bﬁné\‘é{;lbﬁtlé, SRR fot Pafopaitieids with C=C on their

Ex. Cr odaner Pol yal kyl ene TEG di étz et hyl hexanoat e) angl e of vi ewUvA
421acryl surm Fmv&gr samqmrtuglesenffqm ogmtkusme)ghgqm r&gie? injo the 552

1280. 77. 3 28 57 7776 1 5552 3PE 330 100 7776
015555 Wamiarad feabaER RrSeisce FRspIgse S48d 3hdduetie (hpupd

gl.5552 g eﬁér%@l %é?ﬁ%a(f@ﬁ@e&nés%é&e@hﬁﬁ@é’s , apeh @IPM%r{ ﬁ@ﬂl&ﬁnrﬁhtbﬁm
g2. 3328 gl6PE 330) PPCDIVA (570): Pol ypropylene glycol dinethacrylate

( averfageconslitionshand thestempergturel Pwirovhe difejencedn yefragtiverindgx petween

ol yeol - aincryopeRied Bia Te Riad. S iocdr oo Index eaisi S o BB iRY | TTe, o

gl ycol diagrThistprodensas dgiowed aycanﬁﬁete%&ﬂuhm@oflﬁewﬁnlb@ 15: Production
of a phot o- nanoconposite for Iltho?raphy 592.2 g.(1.81 _nol) of Zr(OPr)4 are

pl aced i Rhetopolymesizationaaré theraally: Hipdueed pelymetizationi (I h&r\eXRf@S-‘-’d@'E‘h 155. 7
(Lot b BOh S Aot SRRV, L S BV 41

Fol | owi n onplete omthe Tce
bat Mmftﬁncﬂﬁerﬁsm babdissLadiitiprepolyphesizatior deadtion8@nd dohdedsatidng of PVB (30%
strength b gmt) I n ZVB anol are placed in a 10 | eaftor First

2241. 9 gpqlgn@mz I)I'Qﬁctl la,t,iastcﬁgﬁ, rﬁ@lagsplgeohlsrfgmov appropriate.

di met hyl di et hoxysi |l ane (DVDES) are added slowy thereto and honogeni zed for
45 min at 25C. 407 g of 0.1 N HC is subsequently added. The tenperature of
the 5 reSutmisuigiy Immclemnigraiiun taked pladeyinitbamsatdk agcotdingrinsthet invértidrowi ng
clarificatio t.he rea on xture, 748 g of the Zr(OPr)~I MAA produced
above i s€%Y PdEW'Ee" orge M ing vigorously at 40C. Fol | owi ng
conpjsget e addition, the reaction mxture is stirred for 4 hours at 25C
48.78 g (2.71 rmlzwof water are then added and stirred for a further 16 h
at 25C. 2be matetiahwitmacefrattive imdekgradieat acqandiDgntp the énvEntionirsaybentsed,
added, fpl | owed, by, rri 0 m.n at 25C and finally. 9 of , Cr odaner
Ova 421, FoRERERRIS af HeLproslifh, of Pasie Rhnalpe 3ikmond Tor Hispin afid. i o 516
are addeFHunﬁ%tRﬂféleéhtﬂB?éééEﬁﬂy ﬁo[b@rﬂﬁésﬁrcfmélﬂoﬂ’égrﬁmfsobml RelogediAgs, as
wel | as transm ssion and reflection hol ograns, are ﬂroduce by neans of

t wo- wav efatiinformgatiom storage, fooaystamsrwith compenestsewhichtpecesshighént | i ght
SOUTSe TQSe#rgﬁtgr fol? %ral &gt?or@/XsCE@'\aF &a@8§h‘%@§ £t ?)pﬁcatlons influencing the

polarization of light, for applications as beam splitters and as lenses.

In the examples below, the angle of view is measured as a gage of the refractive
index modulation which is obtained. In this case, the luminescence of a

25 nanocomposite material applied to a substrate is analyzed, after the patrticle
migration and complete curing of the matrix (freezing-in of the refractive index
gradient), in 1° steps up to 60° ( ) by a luminescence meter (60° with respect to the
central axis). The angle of view corresponds to the full width at half maximum 1/2 of
a plot of intensity | [%] against the angle (-30 to + 30°C). A higher angle of view

30 implies a greater scattering power of the material. Values above 10° are desirable.

Example 1: Production of a photo-nanocomposite for holography



di aneter of approximately 0.5 mmand split by a beamsplitter into two
subsi di ary 20 beans of equal intensity.gThe interference of these two beans
| eads to a spatially periodic change in the light intensity. The materi al
from Exanple 1 is used as the hol ographic material. For the |ayer

productifn, tHedoeRimoN2AOFRIMANI@: terial is lamnated onto a glass
substrate (10 cmx 10 cmx 0.25 cm, covered with a polyester film and

i |1 umi ndi%d 94020 mebksef £(OPRs iarg plared| inta 2@ ml thrgeaneckgddtaskang eoaled 25

formed, .whi ch t no(H G . the, i ' | atj.ons. The
refract i'ﬁgni 'ﬁﬁ@%ﬁbrg‘e‘? ?’36%@%&‘%4%&%8&'&%@t'%’?@%té égag‘ﬂﬁ"%w"?g beans
used i n thBRtESRAVIY PR min) Whité etifring0 FoRéwingeconepietenaddition afefreactioidsequent
pol ynerization. In this way, volunme hol ograms with a diffraction efficiency
of 96% (Mkdwedsgemoved froammjheiice hathafteedO raip and sihgegurntly stied gt8hiC. 14
The nanoconposite material produced in Exanple 15 is |am nated onto

pol yester (preferably PET) by a slot-coating process and cured at 65C in an

oven forp)> mprodubti®y dta silangPuB adixtube coating, it is lamnated with a
peel -of f_film_The fi {)roduced in this vvaD)b/?dare 200 mlong and 36 cm

|
Wi de. ardf 8KE-20rgobiaf timethyidimethaysians WD ase agded tp 49 @odPRA Fobr om 40
e, i 1 45r@0dP: ]
oo ne ThimethaBhibyor o iR Bianb (MFFS) aftfltied firid i ot p8°G > | emove
cont1i0nudEtsllowimg€tSaﬂditjead>f of03 Q@f@E‘bN BChH SIﬁrriﬁg isioontintiée forey urther 10

)
P et nont ot BY bvclahtin’s BroAYaré ShbeaieryAo5H 18685 300 sKheiitbd Bhozo s
10 15 20at2Z5°80 Patent clains: 1 ) A polynerizable nanoconposite material in

solid or gel form containing a) from4.9 to 95.9% by wei ght of a soluble
polymer; b) from4 to 95% by weight of a partially or fully condensed

si |l qme foom thdletibPvf the @agi#P: acryl osil anes, epoxysil anes,
acryl oal Koxysi | anes, acryloegoxysilanes, epoxyal koxysi | anes, al koxysi |l anes

and al ky22RK gxgftheadréQPr inaanpaticls prpdaced i ayisnaddeasbslowhstatthen rati o
of from 33 .to 100% and .an organi ¢ _caonversipon.rati.o fromQ to.95% _¢)
rom o 1B Bs Sirings PafiHag opaibSteCddRu8 11 1 380t Rx00r f)

sur f ace-pard} Hh@d.08596 08! Ao df Watéieis ddded drbpwisel. APk BerrBigleurnight des,

sul fides, selenides, tellurides, halides, carbides, arsenides, antinonides,

ni t ri des25°hd&sp i afstodesanediobdisasthaeiyiaie yPROMA) pnddfhatodshe photostaster
sili teq%}duﬁ_%ggé%ﬁ,e aaldreapnat es, alum nates, stannates, plunbates and

m X oxi

Examples 2 to 4:
The preparation of Zr(OPr)s/MAA in the ratio 1:1 is carried out as in Example 1.

25 MPTS is placed in a second vessel, and the required amounts of DMDES, PVB
solution (30% strength by weight in ethanol) and TEG di(2-ethylhexanoate)
according to Table 1 are added thereto and stirred for 15 min at 25°C.

0.1 N HCl is then added and stirred for about 10 min at RT, until the originally turbid
reaction mixture clarifies. Zr(OPr)s/MAA is then slowly added with the aid of a

30 dropping funnel while stirring. Following complete addition, it is stirred for 4 h at RT.
The required amount of water is subsequently added dropwise and stirred overnight
at RT.
®Crodamer UVA 421 is then added. ®Irgacure 819 is added after a further 15 min,
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Examples 5 to 14:

potenti al
| it hography or by | ocal

SSETTt rat y tHé&h&[
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i1 um

di f ference,

nedyed

nati on.

alispdl eTIt
as clainmed in one or
i NDMDES =a rcﬁﬁfe&@ld%moxydﬁah@radl ent has been 30 produced by applying
el ectron irradiation,

ptas

it —whichr—ar e
nore of clains 1

hol ogr aphy,

The production of Zr(OPr)4s/MAA is carried out as described in Example 1:

MPTS is placed in a second vessel, the required amounts of DMDES, PVB solution

(30% strength by weight in ethanol) and isopropanol are added and stirred for 15
min at 25°C. The 0.1 N HCl is then added and stirred for about 10 min at RT, until
the originally turbid reaction mixture clarifies. The required amount of Zr(OPr)s/MAA

is then slowly added with the aid of a dropping funnel while stirring. Following

complete addition, it is stirred for 4 h at RT. The required amount of water is

subsequently added dropwise and stirred overnight at RT.

Irgacure 819 and Byk 306 are then added. It is stirred until fully homogenized (basic

coating). The softeners and sensitizers according to Table 2 are subsequently



17 11 ) A process for the production of a filmwith a refractive index
gradient as clainmed in claim 10, char agh erized in that a nanoconposite
material as clainmed in one or nore of clains 1 to 7 is applied to a
transparent plastic film organic solvent is allowed to evaporate,

opti onal]jydghe nanoconposite layer is lamnated with a 5 transparent cover
film aTrefractive index gradient is produced in the nanoconposite |ayer by
applying an electrical potential difference, electron irradiation,

hol ogr apég/,_ | i t hography or by local illum nation, and the refractive index
gr adi entPAHC CQBY¥huent |y fixed by conplete thermal andlor |ight-induced
crosslinking of the nanoconposite materi al .
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PPGDMA (570): Polypropylene glycol dimethacrylate (average molar mass: 570
g/mol)

PEGDMA (330): Polyethylene glycol dimethacrylate (average molar mass: 330
g/mol)

PPGDA (540): Polypropylene glycol diacrylate (average molar mass: 540 g/mol)
PEGDA (258): Polyethylene glycol diacrylate (average molar mass: 258 g/mol)

Example 15: Production of a photo-nanocomposite for lithography

592.2 g (1.81 mol) of Zr(OPr)4 are placed in a 2 | three-necked flask and cooled to
10°C in an ice bath. 1565.7 g (1.81 mol) of MAA are slowly added dropwise thereto
while stirring. Following complete addition, the reaction mixture is removed from the
ice bath after 10 min and subsequently stirred at 25°C
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10 subsequently added, followed by stirring for 30 min at 25°C, and finally 99 g of
®Crodamer UVA 421. After a further 30 min of stirring at 25°C, 99.5 g of Irgacure
819 are added.

Holographic Experiments
15
Phase-modulated volume holograms, as well as transmission and reflection
holograms, are produced by means of two-wave mixing. An argon ion laser is used
here as the coherent light source. The laser beam (20 mW/cm2) is focused onto a
diameter of approximately 0.5 mm and split by a beam splitter into two subsidiary
20 beams of equal intensity. The interference of these two beams leads to a spatially
periodic change in the light intensity. The material from Example 1 is used as the
holographic material. For the layer production, the photo-nanocomposite material is
laminated onto a glass substrate (10 cm x 10 cm x 0.25 cm), covered with a
polyester film and illuminated with these intensity modulations. A grating structure is
25 formed, which has the same periodicity as the intensity modulations. The refractive
index profile is frozen in by blocking one of the write beams used in the experiment,
in order to use the remaining beam for subsequent polymerization. In this way,
volume holograms with a diffraction efficiency of 90% (wavelength: 633 nm) are
produced.
30
Lithographic Experiment
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in this way are 200 m long and 36 cm wide, and the dry film thickness is from 20 to

5 80 um, preferably from 40 to 60 ym.
In order to produce a diffuser, the protective film is removed and the photosensitive
side is applied to a lithographic mask. In a continuous process (speed of the web:
315 mm/min), the layer photo-nanocomposite is illuminated with UV light (high
pressure Hg lamp, power: 1200 W) through masks with an optical density of from
10 0.8 to 1.8, preferably from 1.0 to 1.3. The reflective index gradient is fixed by heat

treatment in an oven at 100°C for 5 min.
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})' SV\QR%Sfil%erlizla%(@%é%éér{wposite material in solid or gel form, containing

a) from 4.9 to 95.9% by weight of a soluble polymer;

b) from 4 to 95% by weight of a partially or fully condensed silane from the
following group: acrylosilanes, epoxysilanes, acryloalkoxysilanes,
acryloepoxysilanes, epoxyalkoxysilanes, alkoxysilanes and alkylalkoxysilanes,
the silane having an inorganic condensation ratio of from 33 to 100% and an
organic conversion ratio of from 0 to 95%;

c) from 0 to 60% by weight of an acrylate;

d) from 0.1 to 50% by weight of surface-modified nanoscale particles from the
following group: oxides, sulfides, selenides, tellurides, halides, carbides,
arsenides, antimonides, nitrides, phosphides, carbonates, carboxylates,
phosphates, sulfates, silicates, titanates, zirconates, aluminates, stannates,
plumbates and mixed oxides thereof;

e) from O to 50% by weight of a softener;

f) from 0 to 5% by weight of a thermal or photochemical crosslinking initiator,
sensitizer, wetting agent, adhesion promoter, rheological additive, antioxidant,
stabilizer, colorant, photochromic and thermochromic substance, or a
combination thereof, in each case expressed in terms of the total weight (dry
weight) of the nanocomposite material.

2) The nanocomposite material as claimed in claim 1, characterized in that the
soluble polymer a) is a polyacrylate, polymethacrylate, polyepoxide, polyvinyl

alcohol, polyvinyl acetate or polyvinyl butyral which is soluble in an organic solvent.

3) The nanocomposite material as claimed in claim 1 or 2, characterized in that
the silane b) is methacryloxypropyitrimethoxysilane, acryloxypropyltrimethoxysilane,
dimethyldimethoxysilane, dimethyldiethoxysilane, 3-glycidyloxy-
propyltrimethoxysilane, vinyltriethoxysilane, methyltriethoxysilane or a combination
thereof.
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5 5) The nanocomposite material as claimed in at least one of claims 1 to 4,
characterized in that the nanoscale particles d) are surface-modified with
compounds containing (meth)acryl, allyl, vinyl, epoxy, hydroxyl, carboxyl or amino
groups or a combination thereof.

10 6) The nanocomposite material as claimed in at least one of claims 1 to 5,
characterized in that the nanoscale particles are surface-modified SiO,, TiO2, ZrO,
or Ta,0s particles. |

7) The nanocomposite material as claimed in at least one of claims 1 to 6,
15 containing from 0.1 to 30% by weight of a softener.

8) A process for the production of a nanocomposite material as claimed in one
or more of claims 1 to 7, characterized in that the silane b) is partially or fully
condensed by adding a hydrolyzer and optionally polymerized by UV irradiation, and
20 mixed with one or more of the components a), ¢) to f), or the silane b) is first mixed
with one or more of the components a), c) to f) and then condensed and optionally

polymerized, and optionally organic solvent is subsequently removed.

9) Use of a nanocomposite material as claimed in one or more of claims 1 to 7
25 for the production of a planar material with a refractive index gradient.

10) A film with a refractive index gradient, consisting essentially of one or two
transparent plastic films which are coated with a nanocomposite material as claimed
in one or more of claims 1 to 7, in which a refractive index gradient has been

30 produced by applying an electrical potential difference, electron irradiation,

holography, lithography or by local illumination.
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