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{57} Abstract: The invention relates 10 solid or gel-lype nanocomposite material which can be polymerised, containing 2) 4.9 95.9
wi, % of a soluble polymer; b} 4 - 95 wt. % of a partially or totally condensed silane selected from the group of epoxyalkoxysilanes,
alkoxysilanes and alkylalkoxysilanes. the silane having an inorganic condensation degree of berween 33 - 100 % and an organic
conversion degree of between 0 - 95 %:; ¢) 0 - 60 wt. % of an acrylate; d) 0.1 - 50 wt. % of surface modified nanometsic particles se-
Yected from the group of oxides, sulphides, selenides, tellurides, halogenides. carbides, arsenides, antimonides, nitrides, phosphides,
carhonales carboxylates, phosphates, sulphates, silicates, tilanates, zirconates, aluminales, stannates, plumbates and a mixed oxides;
€) 0 - 50 wi.- % of a plasticiser; f) 0 - 5 wi. ‘% of a thermal or photochemical cross-linking initiator, sensitizer, auxiliary wetting
< apent, adhesive agent, antioxidanl, stabiliser, colouring agent, pholochrome material and thermochrome material in relation to the
o 1ota) weight {dry weighl ) of the nanccomposite material.
.
e~ &7 Zusammenfassung: Polymensxerbares festes oder gelariiges Nanokompos:lmatena] enthaliend a) 4,9 bis 95,9 Gew.-% emes_
16lichen Polymer; b} 4 bis 95 Gew.-% eines partiell oder vollsisindig kondensierien Silans aus der Epoxyalkoxysilane, Alkoxysilane
w und Alkylalkoxysilane, wobei das Silan einen anorganischen Kondensationsgrad von 33 bis 100 % und einen organischen Konver-
5 sionsgrad von 0 bis 95 % avfweist; ¢) 0 bis 60 Gew.-% eines Acrylats; d) 0,1 bis 50 Gew.-% oberflichenmodifizierter nanoskaliger
- Teilchen aus der Gruppe der Oxide, Sulfide, Selenide, Teliuride, Halogenide, Carbide, Arsenide, Antimonide, Nitride, Phosphide,
= Carbonate, Carboxylate, Phosphaie, Sulfate, Silikate, Titanate, Zirkonate, Alominate, Stannaie, Plumbate sowie Mischoxide davon; .
e) 0 bis 50 Gew.-% eines Weichmachers; f) 0 bis 5 Gew.-%. eines thermischen oder photochemischen Vernetzungsinitiators, Sen-
a sitizer, Netzhil{smittel, Adhzsionshilfsmitte]. Antioxidantien. Stabilisaloren, Farbstofle, photochromen vnd thermachromen Stoffe,
' Jjeweils bezogen auf das Gesamigewicht (Trockengewicht) des Na nokompositmaterials. :
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' relatively small refractive index modification amplitudes, fong process times and high
scattering losses.
It is known from WO 97/38333 that refractive index gradients can also be produced by
means of the migration of nanoparticles 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 problems when applying
holography and mask illumination techniques.
It was therefore disclosed herein a material which is capable of forming a sufficiently

farge refractive index gradient by application of an
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nanoconposite material for the production of a material with a refractive
I ndex gradient, having a material gradient which is caused by nanoscal e
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b from 4 16 95% by weight, preferably from 10 to 80% by weight, in particular

from 20 to 60% by weight, of at least one partially or fully condensed silane
from the following group: acry[osilanés, 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%, preferably from 5 to 60%;

c) from 0 to 60% by weight, preferably from 0.1 to 40% by weight, for example
from 0.1 fo 4.9% by weight, in particular from 0.5 to 4% by weight, of an
acrylate;

d) from 0.1 to 50% by weight, preferably from 1 to 40% by weight, in particular

from 5 fo 30% by weight, of surface-modified nanoscale particles from the
following group: oxides, halides, silicates, titanates, zirconates, aluminates,
~ stannates, plumbates and mixed oxides thereof;

e) from 0 to 50% by weight, preferably from 0.1 to 30% by weight, in particular
from 1 to 20% by weight, of a softener;

f) from O to 5% by weight, preferably from 0.01 to 1 % by weight, of a thermal or
photochemical crosslinking initiator, sensitizer, wetting agent, adhesion promoter,
antioxidant, rheological additive, 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.
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heated or illumnated areas leads to an increase in density and therefore
to an increase or decrease in refractive index. In organic nonomers,
however, this change is small since the resultant density change nakes

only a smal'l contribution to the nolar refraction. The refractive index
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means of photopol ynerization. D sadvantages with these naterials are
relatively small refractive index rmdiéi cation anplitudes, |ong process
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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 0 to 50% by weight of a softener;

1} from O 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.




acryl oepoxysi | anes, epoxyal koxysi |l anes, al koxysi | anes and 6 July 2006

al kyl al koxysi | anes, the silane having an inorganic condensation ratio of
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to 40% by weight, for exanple fromO0.1 to 4.9% by weight, in particular
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agent, adhesi on pronoter, antioxidant, rheol ogical additive, stabilizer,
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Suitable silanes b) are those with one, two, three or four, preferably two or three,
hydrolyzable groups and mixtures thereof. Examples of hydrolyzable groups are
hydrogen or halogen, such as F, Cl, Br or |; alkoxy, preferably C15 alkoxy, such as

€.g. methoxy, ethoxy, n-propoxy, i-propoxy and butoxy; aryloxy, preferably Cs.10aryloxy,
such as e.g. phenoxy; acyloxy, such as e.g. acetoxy or propionyloxy; alkylcarbonyl,
preferably C,.7 alkylcarbony, such as e.g. acetyl; amino, monoalkylamino or
dialkylamino with preferably from 1 to 12, in particular from 1 to 6, carbon atoms in the
alkyl group(s).

Particularly preferred silanes are e.g. methacryloxypropyltrimethoxysilane,
acryloxypropyltrimethoxysilane, dimethyldimethoxysilane, dimethyldiethoxysilane, 3-
glycidyloxy-propyltrimethoxysilane, glycidyloxy-propyitriethoxysilane,

vinyltriethoxysilane, methyltriethoxysilane.

The partial condensation of the silanes may be carried out with a substoichiometric
amount, e.g. from 0.3 fo 0.9 times the stoichiometric amount, of the hydrolyzer, such as
e.g. water, aqueous HCI, aqueous HNO; 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 of
33% means, for example, that on average one out of three hydrolyzable residues of the
_silane is condensed fo form an -Si-O-Si- bridge. With a condensation ratio of 100%, all

the hydrolyzable residues of the silane molecule in question are condensed.




c) fromO to 60% by weight of an acrylate; d) fromo0.1 to GWEBPMei ght of
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anti noni des, nitrides, phosphides, carbonates, carboxylates, phosphates,
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- hal ggenat ed hydrocarbons such as hexane, benzene, toluene and chloroform
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al koxy, pre y, Ssuc
dodecanedlol diacrylate or dodecanediol dimethacrylate.

15  The surface-modified nanoscale particles d) preferably comprise the oxides ZnO,
CdO, Si0,, TiQs, Zr0s, Ce0z, SnO;, AlO3, Inz03, Lax03, Fex03, Ta:x0s, Cuz0, V20s,
MoO3 and WO; as well as the halides AgCl, AgBr, Agl, Cul, CuBr, Cdl, and Pbl..
The surface groups may be organic polymerizable and/or condensation
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,
aliyl, 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,
| . ‘,preferabiy have a molecular weight of less than 300, in particular less than 200.
80 |
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. '
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~exterg ohdiphte, W(Z—emylﬂwkb)@drpazatdlﬂbdetﬁ@@ipaﬁé dibutyhsel§zeGtelafibttel bonds or

epoxy groups present 1n e side chains.” An organi c conversion of 95%

neans, . f $#basalepnd bis-traethylxgh sgbacatpeesters %Gbpee digarhexvtis agigs Withgr oups

've re dues,
RS o aaBiSheye difeché sy eyt bR RonBndhied eB I d et e

C—C Vi br@ethmﬂeaadeatem ttlaayleﬁesgmrcﬂ bigrfisorivhanddid); @stermd:fm@()@at ion can be
' such as acid or base hydrolysjs in the case of

| nduced Shamoxic ads wbHobel I5¢ 8.4 THgth is x
poxy gr SGRDOXyk P Qcﬂc‘é)ﬁ IgfleneglyRalse gL tigthytete @lvenl isHgretby 10
15 - butyrate); diesters of (meth)acrylic acid and polyalkylene glycols, such as
polypropylene glycol diacrylate or dimethacrylate, polyethylene glycol dlacrylate or
dimethacrylate, for example tetraethylene glycol di(meth)acrylate. '

The nanocomposite material expediently contains a polymerization, addition
20 _ polymerization and/or condensation polymerization catalyst f), which can fhefmally
and/or photochemically induce the crosslinking and curing (collectively referred to as
a "crosslinking initiator"). '
) . The starters available on the market may, for example, be used as photoinitiators.
' Examples of these are Irgacure® 184 (1-hydroxycyclohexyl phenyl ketone), Irgacure®
25. 500 (1-hydroxycyclohexyl phenyl ketone, benzophenone) and other photoinitiators of )
the Irgacure® type; Darocur® 1173, 1116, 1398, 1174 and 1020, 2-
chlorothioxanthone, 2-methylthioxanthone, 2-isopropylthioxanthone, benzoin, |
- 4,4-dimethoxy-benzoin, benzoin ethyl ether, benzoin isopropyl ether, benzyl
dimethyl ketal, 1,1,1-trichloroacetophenone, diethoxyacetophenone and
30 dibenzosuberone. '
_ 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 acrylate c) is preferably nethyl nethacrylate or a di iJulg2@¥ryl ate or
diol dinethacrylate, such as e.g. hexanedi ol dinethacryl ate, hexanedi ol

di acryl ate, dodecanedi ol diacrylate or dodecanediol dinethacrylate. 15 The
surface-nodi fi ed nanoscal e particles d) preferably conprise the oxides ZnQO
CdO, Si@2, Ti@2, Zr02, Ce®2, Sn(2, Al233, |In203, La203, Fe2(3, Ta205, Cu20
V206, M3 and W)3 as well as the halides AgCl, AgBr, Agl, Cul, CuBr, Cdl2
and Pbl2. The surface groups nmay be ofganic pol ynerizabl e and/ or
condensati on polynerizable groups which are susceptible to radical,
cationic or anionic, thermal or 20 photochem cal polynerization, or thermnal

or ]Lohot oaibenicqﬂimmiﬁd,etén.ammI:berueﬂkcyaterara atzdntlﬂftscfmitﬂireng\ntexanm éfravent i on,
surface groups i C ave a thyacryl, ally[, vinyl or epoxy group are
preferr eg‘?t'clf%ethﬁw e"&n‘hm@%“%'?‘a'ﬁps being particularly preferred. The
mai n rel pyaRbies OF HRBRBICLCAIRIEY HRS pohithG-rIS IHRSIMERyI POfioxafes, SRRyl and
am no group th the aid of which it is possible fo obtain 25 ether,

. Wi
ester ana.gaéwet-!aﬁ;Euampﬁswéaensithersrmaaw@a-@ogiﬁed pligoethen aarviatasasudheassi | ane.

The organi ce whi ch are present on the surfaces of the nanoscal e
parti cl eg',g' g’f?gg%%{%h conprise the polynerizable and/or condensation
pol yneri zabl e groups, preferably have a nol ecul ar wei ght of |ess than 300,

[ ti | 200. 30 ALl the, t duct j hods,
desor | bed 53 Fepepkoliha Pesenigsiiion Ay dss APeens e PO PONLBHRLE! Bn of ¢ e
sur f ace- pRHcbhpRsiamaraal aCdrb& dbdve, a4 8cteriZdaan Bt eRAdilhe byi preferably

have a diameter of not nore than 100 nm in particular not nbre than 50
nm Ther partiglivra fghyraondensed byesidinga hysholyzsi@ed wiptignally golyowesized byrlkY,

par 1 ool mpdlpul WiRe pERSHE Rr ke ol A Remblers uF BB LI/ SIEn BFEL nas
whi ch hafiret mixed twithi chieg nwre sbthbeonpenpnte 29, d) ke and then condensed and
optionally polymerized, and optionally organic solvent is subsequently removed.

The condensation with the hydrolyzer is preferably carried out at temperatures of
‘between 5 and 40°C.

The nanoparticles which are required for the change in refractive index can be
introduced into the system in various ways:

On the one hand, commercially available nanoparticles may be used as a
suspension in solvents (compatible with the solvent of the polymer). The
nanoparticle surface is firstly modified by reaction with compounds containing
polymerizable groups, e.g. with unsaturated carboxylic acids, in particular
methacrylic acid, acrylic acid, and acrylosilanes and/or unsaturated 3 diketones. This
suspension is then mixed with the silane polymer solution. |

On‘the other hand, the nanoparticles may also be produced in situ by hydrolysis and
condensation of corresponding precursors (preferably alkoxides) in the partly and
pre-condensed organosilane component of the matrix, or in the mixture of pre-

- condensed organosilane and dissolved polymer.




according to DI N 55945 (Decenber 1988) are in principle sufifdpP@6 and
primarily those of the ester type. Plasticisers fromthe foll ow ng group
are preferred: acyclic aliphatic dicarboxylic acid esters, e.g. esters of
adi pic acid such as di-n-octyl 10 adi pate, bis-(2-ethyl hexyl) adipate,

di i sodecyl adipate, dibutyl sebacate, dioctyl sebacate and

bi s- (2-ethyl hexyl) sebacate; esters of C6-Cl2 dicarboxylic acids with

pol yal kyl ene glycols, e.g. triethylene glycol bis-(n-heptanoate),
triethylene glycol bis- (2-ethy|hexan8ate), triethylene glycol

bi s- (i sononanoate); esters of C6-Cl2 °%i carboxylic acids wth pol yal kyl ene
glycols, e.g. triethylene glycol bis-(2-ethyl 15 butyrate); diesters of
(meth)acrylic acid and pol yal kyl ene gl ycol s, such_as pol ypropyl ene gl ycol
di acry| dtheresandreiromigded yiebss ofdae desdippd nanegaierasitaimateral éiféh%r

di met ha : I g (1% te. The
nanoco gésq@g&‘rrgﬁée)élﬁg exé"@ﬁf’ ?ﬁﬁéﬁﬁﬂ%@%&%@ﬁ%‘@ﬁ ?'o%ﬁ?gngddi tion 20 -
pol ymeri zati on and/ or condensation pol ynerization catalyst f), which can

t her mal | and/.or_phat ochem cal |l y i nduce the crosslinking. and curing

(col 1 ectAcraffiioidsa g Apgelf e Mesd Ui apph g it 05¢ 562 “The ot ar Ler s
avai | ablnanetorhpssiternitetian®ydefiret £o8Mbrethe PRodiftion @8 apiaripintatbHAVALS .
Exanpl es of these are Irgacure 184 (1-hydroxycycl ohexyl phenyl ketone),

| r gacur 8("Efractivs index gredighér oxycycl ohexyl phenyl ketone, benzophenone) and
ot her photoinitiators of the Irgacure(r)type; Darocur(r)1173, 1116, 1398,
1174 and 1020, 2- chl orothi oxant hone, 2-nethylthi oxant hone,

2- i sopr tpyidehtopmdube aenatedabwitima reffactivedindet dgrarienb ehe phatopblymedizablet hyl

et her, benzoin iﬁo r 4ﬁéh etger @ﬁgzyl di mret hyl ketal,

1, 1, 1- t PROHFOOIES %Fft:?g GLbe aPRIEARy acet ophenone and 30 di benzosuber one.
Suitable thermal initiators are preferably organic peroxides in the form of
di acyl peroxides, peroxy dicarbonates, al kyl peresters, dialkyl peroxides,

perketal s, ketone peroxides and al kyl hydroperoxi des. Exanples of such
thermal initiators are 6 July 2006 6




di benzoyl peroxide, tert.-butyl perbenzoate and azobi si sob@{yly@d®Grile. An
exanple of a cationic thernostarter is 1l-nethylimdazole. Exanples of
rheol ogi cal additives are pol yether-nodified dinmethyl polysiloxanes, such
as e.g. (r)Byk 306. Exanples of sensitizers are am ne-nodified oligoether
acrylates, such as e.g. (r)Crodanmers. A second aspect of the present

I nvention provides a process for the production of a nanoconposite

mat eri al as descri bed above, charactergzed in that the silane b) is
partially or fully condensed by adding a hydrolyzer and optionally
polymerized by W irradiation, and mxed with one or nore of the

conponengfRdble Eﬁbétr%tef )sucﬁ’és %}% g\l%éé e, dil nfﬁné dWithih one or nore

of the conponents J nd then condense ptionally
pol yner i pederiaiser (p@mra altnaysmﬁrg@thplastm‘iimenn paalcslazbE’EauBEt PR. Thenenatidg The

condensa eratures
of bet métfﬁ@g%fog I&B‘%ﬂ?ﬁftﬂéﬂ%éﬁ%ﬁpn °t§ F%) %Ee?{vxﬁ#' é’ﬁ bgacSFrlegg)&??E%%mé? he change
i n refraobima meﬂutnﬂs e@ndlbe)oailnrg floweoeiihg, with atdmtcs;bﬁdenmsﬂng,asplmus ways: On
t he one haq rC|aI av IaJe nano I‘tl(ies mac%{l) a
suspensi §PRUNG: 'é‘ %’htsgretaé*}clﬂgp BoAing; MANISHE CQAPEHimges %SB'BFWQF ). The
nanopar t graging UTﬁea\ﬁgcdsﬁY fdquied 1h é’é@ﬂlo%béﬁ'nd%berétﬁt&?élé@ﬂy Wdiforca MBSl of

cont ai ni &?ng nmeri zab roup .g. with unSaturated carboxylic acids,

i n parti B sefvenieing uesd. .Pée see@layabmn%ssgé (i theypléred stalg) e ramds? nd/ or
unsat ur ag@ggl,.p, di ketones. This suspension is then mxed with the silane

pol ymer sol ut lon. On the other hand, the nanoparticles nmay al so be produced
in situ by hydrolysis and condensation of corresponding precursors

(prefer t] [e-c S|Iane
onponent e ABELT He irlgnt i BRic i thos bR ERR = 3 R RuEiA P B ancei | ane
and dis sandeoegi'aﬁehy oensisting ebentP6r dive oFitwo erangarbet phistic f Iﬂrhmzvhlble atse of the
_ descri bed cP vw%?%gﬁcl)éoem%ﬁtg rrnateler:gl accor(rillng to the invention, in which a refractive

index gradient has been produced by applying an electrical potential difference, electron

iradiation, holography, lithography or by local illumination.

There can be provided a process for the production of a film with a refractive index
gradient, wherein a nanocomposite material according to one embodiment of 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 weight, in particular g i
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 rolled up and

temporarily stored, while being protected from light and in a controlied environment (15 -
30°C). By applying an electrical potential difference, 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.




production of a planar material, in particular filns, wtH Blyéf@@ctive

i ndex gradient. Accordingly, a third aspect of the present invention

provi des a use of a nanoconposite material as defined above for the
production of a planar nmaterial with a refractive index gradient. In order
to produce a material with a refractive index gradient, the

phot opol yneri zabl e nanoconposite material can be applied to 6 July 2006 7
a suitable substrate, such as e.g. glass, ceramc, silicon, netal,

sem conductor materials or (preferabfy transparent) plastic filnms, in
particul ar PET, PE, PP. The coating of the photopol ynerizabl e
nanoconposite material may be carried out according to normal nethods,
e.g. di phesosdingly, afiftowspectaf the present inverdiongroydas e precess farghe spi n

c0at i N, bfkciSh GPR fin? Rif ATk Lk GRRIR Bs GBRMYR BORA hagket | | M
casting,” sSpinning or spraylng. € VIiScoSity required In each case may be
adj ust ecchlaractetitied iroihaba namoowglositd matdrial sfdhe ewventior ingpplieddo aPr ef erred | ayer

t hi cknesses (in the cured stat re from0.2 to. 100 fourth aspect
of the: pRERRMER: Higicit, Mo ilerd Iatsh B aleriotate; HGREl ey of et v
i ndex grrbesrhposiensyes is lachiretsbwih alkrayispirestreverfiliny\e rdffehapiadent pl astic
films which are coated with a nano_colgosite materi al] accordi nghto t he

i nvent i @hadigpf isRradHced indhe BRAQCPEPOSIR @YeIPLZRRIRY A% sleplEed Rotelidted by

appl yi ngjifdtefdel elebir6i|raBRESA HoflgraliHy! RhEgaghy &f IRABESR MumiridtidAl Hd RS

hol ography, Iithography or by Iocal Jillumnation. There can be provided a
pr ocess refsactive index geastiant srsubbequently ferast yhcampletertaermal and/ardight-ingtged ent |
wherein i i rding to one enbodi ment of the

i nventi &?F#ﬁ'ﬁ%ﬁ%@ n%ﬁo%@%ﬁ%bg?éé%ﬁ plastic film organic solvent is
allowed to evaporate if appropriate, expediently to a residual content of
fromO to 15% by weight, in particular from2 to 12% by wei ght, expressed
in ternﬂ”@@mﬁ%%“ﬂbﬂay“W@HQHF#%WGQhe filmwith a refractive index gradient,
and optionally the nanoconposite layer is lamnated with a transparent
cover filmfor protection. In this form the filmmterial may be rolled up
and 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




tenporarily stored, while being protected fromlight and i®hJwy@d¥ roll ed
environnment (15 - 30C). By applying an glectrical potential difference,

el ectron irradiation, holography, |ithography or by local illumnation, a
refractive index gradient is produced in the nanoconposite |ayer and is
fixed by uﬁ@lﬁmlﬁé@dt‘i@qlmlnngmég’;.@h i fdthied mﬁ%ﬁdpsﬂtu@re%lwmkc&ﬂ: oRthdihe
nanoconposite materia 2006 7a Accordingly, a fifth aspect of the
present snv‘ae@|Emthﬁr@anga%malegrcbfélé%%frﬂthmeelgbb@mgstqgwn brothgi i mwith a

o nce B BB, 3 AT iy SRR R e
t r anspar fnjenptallytiastsfionia fewgarbads & udew minusds, dependingepiheritiraination
optionally the nanoconposite |ayer is | am nat ed wth a transparent cover

1 Imba Fondiions aad thaitempesahie <Awing iptheditieence in Feiragivedadopaeiveenay er
b |
ol ooy e AR rErites b (AR dlocaf{eliathied ilex UreqbhPR fofhBdIENOT |\

~ gradi ent wiag. 'ﬁbibqnqcesrstubiolfaweerb}bpomlmbewssmhlangw thenghatrix biyght - i nduced
- crossli nk| n of t he nanoc rrp05|te natgrla Irradiation with UV i ght S
* pr ef er r eBNOtPRElYMgTEZAHOR A |°|'itt|é?f§la“3(d6 ycad peiymeszation. (e SXPESSIAs S| i nki ng

of the n Elizfons, 3 hdkd ﬁ%elrp%f téﬁéié(d f@ﬁ@%@%t%‘nbfﬁ&yﬁ'@ﬁ&ﬁ@&?h fg the
- gelle tr1x anong ‘one anot her an one anot so t
e henh&:al stpiot wnseabugaladladdﬁtom ndlymeﬂzmm teactibms nd cbpd@agaich uni | | um nat ed
_nei ghbori nis for nano arti th C=C their. surface.
Fur Cher POGIEZRG teackiPril, L RS APadHal sahientin oY o Anropiaie
i1l um nat ed region. This process can take place during and after the
illumpation, and it generally lasts froma few seconds to a few mnutes. }

D

- dependi r@umﬁlsmgw ipartinke migration takaesdplace ins thenmatrhcacoongiogdo dhe inventiony t o t he

di fference | ractlv(a}dande betvveen the nanoparticles and the matrix, a

| ocal re?\feé"c \'7'8 'trlaél}(s “fornmed in this
15

The material with a refractive index gradient according to the invention may be used,
for example, for the production of passive light-guide elements for displays and
illumination elements, for security holograms, picture holograms, digital holograms
for information storage, for systems with components which process light

20 wavefronts, for applications as planar waveguides, for applications infiuencing 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 particle
- 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




way. This process is followed by conplete crosslinking of ®hdygfedix by
phot opol yneri zati on and/or thermally inguced pol ynerization. (The
expression "polynerization", as used herein, is intended to include not
only polynerization in the 10 strict sense, but also addition

pol yneri zgt i OrPrb@mttanoTSZre(DBr)gmoﬁ:a):i on polynerization reactions). In.
this case,. residual solvent is renoved if agpro riate. Surprisingly,

part i clhe 894 040i20mphied LriQRcarerPlaeed inea RHQ nald @Qﬂﬂ?@]?ﬂddlaﬂi@ﬂdﬂmhﬁ on
© Frdex gr A0 ite baw 1724 (¢'26/maFbe hdionhie AR (IRAT e adlieh BudhliSe . o1 ©

. the prodibefietmsloivlyéiSemin) whilerstiming. Follewiiesthplets addiiohame raaction :
- illunination elenents, ffor tEec;urit hol ograms, i cture hol ograms_, di gi tal
hol.og$am£"' # 19 remenvesh from tae inelrth atter 1 yﬁ'ﬂ'@ﬂd sihseaventy stred ahBd

process light 20 wavefronts, for applications as planar wavegui des, for
applications influencing the polarization of light, for applications as
beam spl bt er Praduttion df ersikeae-AVB thigiuescanpl es bel ow, the angle of viewis

measur ed _gs e of t.he refractive, index dul ati.on which is gbtajned. .
et o b A Hon detbittlionstena b e Addodde Aot (BaPimab o a

-~ substr at gfj ﬁé‘@-!, : iRAR) el A s COr e curing of
the mat rig;c(h%ft_r eezlpﬁg‘%oﬁﬁgélﬁ%wg%@%é{\ﬁ)? ) [ érﬁégiﬂ%dr)@é?gﬂ'{ ?%‘%I steps up
‘to 600 ( Joligwingtheiadditicoraf ©.0&gef 0(bN WL, Istimegds continuedfor acfmthealt 0axi s) .
The angl e_.of , wi corresponds ta the ful.l wd at. hal f. X1 mu of a
pl ot 019 ﬁﬁﬁgﬁéﬁw qn(%lf g/b(]e f&&ﬁﬂ%{"'mée ﬁlﬁﬂh%s'\(%-%%gﬂdﬁpogﬂﬁyﬁ’ﬂw*a%é%angI e of .
Vyew 30 HdhdthDywaEREMG-PRORY BRY siSkcR@uRtly alidbd thefBicAh@ Stird@fdtes mpove 10
‘are desirable. anple 1. Production of a photo-nanoconposite for

hol ogr ap8Y28'Qul y 2006 9 a) Production of Zr(OPr)4/MAA (1:1): 65.4 g (0. 20

nol) of Zr(OPr)4 are placed in a 250 mM three-necked flask and cooled in an
ice bath. 17.2 g (0.20 nol) of nethacrylic acid (MAA) are added dropw se

15 ¢} Production of the matrix
22.27 g of the Zr(OPr)o/MAA nanoparticle produced in a) is added slowly to the
- mixture b} while stirring. Following complete addition, it is left to stand for 4 hours at
25°C and 1.08 g (0.06 mol) of water is added dropwise. After stirring overnight at
25°C, 6.2 g of dodecanediol dimethacrytate (DDDMA) and 1.6 g of the photostarter
20  ®irgacure 184 are added. |

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 originaliy turbid
' ,reactio_n 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 a'nd_ stirred overnight -
at RT. ‘ : ' ‘ : | L
®Crodamer UVA 421 is then added. ®lrgacure 819 is added after a further 15 min. -




~ requi red_anmoun

thereto slowy (15 nmin) while stirring. Follow ng conpl et €6 &dH209@n, the
~reaction mxture is renmoved fromthe iuge bath after 10 mn and o
subsequent |y stirred at 25C. b) Production of a 'silane-PVB mxture: 24 g
(0.20 nol) of dinmethyldinethoxysilane (DVDS) are added to 49.6 g (0.20 nol) -
of met ha%é'b@t&lﬂs%ﬂﬂsbﬁué‘iﬁlmwéd Mﬁtﬂﬁsdﬂ\‘B?ﬁoladﬁb Uik 366lid saddd. Mg at 25C.
10 Fol  owi ng the addition of of 0 N HCl, stirring is continued for
a furt hestirred UmlHUH!thgeulﬁedl the reaction mxture clarifies. 49.92 g of
pol yvi nyl butyral (30% strength by weight in 2-PrOH) are subsequently
added thereto and stirred for 5 mn at 25C. 15 c) Production of the matrix
22.27 g Thbldt Zr (OPr) 4/ MAA nanoparticle produced in a) is added slowy to
‘the mxture b) while stirring. Follow ng conplete addition, it is left to
stand for 4 hours at 25C and 1.08 9 (0.06 m)l) of water is added dropvvi se.
After stfrrmgovernrght—= 672 :] of et ot i ylst
(DDDVA) jand 1.6 g of tih IEX? ?tézrter Fg%'Hgldacure 184 are ad
Exanpl €s| 2 t oMBTSThe Frdﬁzﬁrgit A07Sf malr @r@g/M&Nmml h61:Oeg|0011.2§ mel
carried oUutsgs 6Ib't|05x P dg £5 MPTST fgCED T a SER R gVEsser,ang t he
PSUOL DVEEC BvR  solut nw? go strengtih kﬁ{/ gﬁight in ‘
“et hanal )| and'EEdi(2i ( 2{e#®8/1 @ekanoat e) | 4t&6adj ng to ‘qab1ﬁe19 are added

~thereto Ja X;ﬁéxgﬁ%)f(r 15 mp at 25C.| 0.1 N HC is tlhen added and stiirred
f or "about m-n—at untilith i - IRV w-bi-d-Jdegact i.dn mixture

| g0l -gi-nal_Ly bi-d

~ clarifidgs. ZPMBES 4/ I\/ﬁ\Amé g h=|Q Gi5qnply| ddde@ mi%hmehd 388 Doff 8-138 "®loppi ng
funnel vATT @ SNIHCI N Sar3 W @gawm eUGPGA 0280l 1|t 5.8gSTio.8ezb mer 4 h at
RT. The bt ar I_Q onhonnll 1 ! \Jl adrnd r~|r nr\u Se anrl }
o%ﬁ?@ﬁ&f@

stirred R‘i” (gr) Crodarrer Uﬁﬁ 1is therpgdgé’d. (r)Irgachre -
819 is ddded a{zd;)er a urtglgr 1& M mol 10 119g Bad.ah ma [subsgayerc.ym | ut ed
LRI L2405 ) S R Y VI A L 5P 7089
421
Irgacure 819 6.41g 6.75¢g 7.08g
Byk 306 6.15g 65g 6.8¢
Isopropanol 82.0 g _ 86.3¢g 9069
angle of view 12° 12° 13°
TEG = triethylene glycol '

DMDES = dimethyldiethoxysitane

Examples 5 to 14:
.10 The production of Zr(OPr)s/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 ethanel) and isopropanbl 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, unti
15 . the originally turbid reaction mixture clarifies. The required amount of Zr(OPr)J/MAA

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

; complete addiﬁori it is stirred for 4-h at RT. The required amount of water is

~ subsequently added dropwise and stirred overnight at RT.
frgacure 819 and Byk 306 are then added. It is stirred until fully homogenized (basw -

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




sfirred until fully honogeni zed. Table | Exanple 2Exanpl e @Elzapl® 4
MPTS18. 6 g0.075 nol 24.8 g0.1 nmol 31.0 g 4125 nol PVB sol utionl33.6 g133.6
gl133.6 g TEG di (2- 105.1 g110.6 gl116.1 g et hyi hexanoate) DVDES11l.1 g0. 075
nmol 14.8 g0.1 nol 18.5 g0.125 nmol 0.1 N HCl 3. 375 g0. 1875 nol 4. 50. g0. 25
mol 5.6 g8 §é§5 mot Zr(OPr)4/ (MAA)41.6 g41.6 g41.6 g ‘H20L.9 g0.11 nol 1.9
- g0.11 nol1.9 g0.11 nol Crodamer UVA 6.41 g6.75 g7.08 g 421 Irgacure 8196.41
g6.75 g7.08 g Byk 3066.15 g6.5 g6.8 g Isopropanol 82.0 g86.3 g90.6 g angl e
of vi ewl 1213 TEG = triethylene glycol DMDES = dinethyldiethoxysilane
Exanpl es gSoind 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 solution- (30%strength by weight in ethanol) and

i sopropgnol arMPdd&ded and 5139 ged for A.56 moIn atl 25C. The 0.1 N HCl is then
added a l UBO T —at—RF—unt++115 the originally turbid
reactiorl mi xt'ut 82 Crifile rejqui red anount Jof Zr (OPr)4/ MAA is then
sl'ow y gddedsppiopahbe aild 3653 glrappl ng funnel while stirring. Follow ng
DMDES ~ 829¢ 0.56 mol |
0.fNHCI | 252g |  1.41.mol
Zr(O"Pr)J/(MAA) 187.2g |
7 H:0 . 8469 ~ 0.47 mol
| ) ~ Irgacure 819 1589 '
. Byk306 | 23.7g
5

PVB: ®Mowital 30 HH and 60 HH (1:1)




conpl ete addition, it is stirred for 4 h at RT. The requi redua®ft of

water is

819 and
(-basi c

subsequent |y added dropmﬁse ?d stirred overnight at RT. Irgacure
Byk 306 .are then added. It is stTirred until fully honogeni zed
20 coating). The softeners and sensitizers according to Table 2 are

: SUbsequeTthbéZ?Véna%ﬂﬁ?ﬂth@@éﬂén&@aédd%rigﬁgéﬂé%aﬁghéﬁsp@PHOP\{%té -ution601. 2

g | sopropanol 365.7 DVDES82. 9 g0. 56 no

HCl 25.2 gl1.741

Zr (O Pr)4/(|VAA) 187 2 g HZCB 46 gO 47 nol Irgacure 81915 8 g Byk 30623 79

. nnc: 12 Fah
Vari ati g’"?&? {7 o ‘r?'er@sf%me%eeﬂm. JTEE P PR G R | 290 Saten] .
Ex. Cr.od Pol WﬁﬁMe“e‘gI’X@EWIEG‘dl (2- et hyI hexanoat e) ‘EDQLG 01: \ZLSY‘V VA
gglggr?)g B 33‘2&1@5 04 gtp— 61 16640" p J._Evgqlqég 71 aam.- 53052 .312
1.1664 g - , 31104 g 16°
1.5552 g - 15552 g 12°
8 | 0.7776g 23328 g - ' 12°
| | | PPGDMA (570)
9 | 07776 g 155529 ; — a3
- - PEGDMA (330)
10 | 0.7776g | . 1.5552¢g 07776 g 13°
PEGDMA (330) | | )
11 | 0.7776 g 23328 g . 10°
'  PPGDA (540)
12 | 0.7776 g 15552 g 0.7776 g 13°
PEGDA (258)
13 - 1.5562 g 1.5552 g 14°
PEGDMA (330) .
14 - 07776 g 2.3328 g 16°
PEGDMA (330)

PPGDMA (570): Polypropylene glycol dimethacrylate (average molar mass: 570
g/mot) |
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: 2’_58 g/mol)

10

Example 15: Production of a photo~nan6composite for lithography

592.2 g (1.81 mol) of Z((OPr)4 are placed in a 2 | three-necked flask and cooled to

~10°C in an ice bath. 155.7 g (1.81 mol) of MAA are slowly added dropwise thereto

15

while stirring. Following complete addition,'the reaction mixture is removed from the

~ -ice bath after 10 min and subsequently stirred at 25°C




-PPGDMVA (570) 90. 7776 gl.5552 g13 PEGDMA (330) 100.7776 gl.%58928¢0 7776 g13

PEGDVA (330) 110.7776 g2.3328 g-10 P(Psg'[\}? (540) 120.7776 gl.5552 g0.7776 gl13
PEGDA (258) 13-1.5552 gl.5552 gl14 PE (330) 14-0.7776 g2.3328 gl6 PEGDVA
(330) PPGDVA (570): Pol ypropyl ene glycol dinethacrylate (average nol ar

- mass: 57@312. 9PV tf(e y We Jg,%ﬁa | |
(aver age nol argmass Agh PlfPPGghﬂrggl Prgilly% ég?égﬁﬁq%é &or.

di acryl atfdrst 3@6?@@&3(%45@” fsM m%ihﬁﬂ ‘)338%&@)&4(!2 pf Pol yet hyl ene

- glycol di e 15: ction

of a photogﬁ]%glﬁ [&h() aﬂg ogr%%q‘ﬁgségg’ Ygt?'ﬁ}?t E@M?Q%I?IZ% 4 are

pI aced i mia 92215°Ch497égrtef6ﬂs13dl Hcafsksm@ gesthesddeu. TflrfeQerrgbe&atdréﬁfﬂﬂi h. 155.7
(1. 1 nol MAA are sIovvlél added dro W|se thereto 15 while stirring.

'Fol | oWi ndeR Hblsé%e@t £88stanbat 4Q°Geby Elﬁﬁnisd?f aihgtmestat. s“qi@mdaﬂﬁ@aﬂm@f | ce
0o i M O PSR Y A o B dobT L
whiie stirring vigorously at 40°C. Followmg complete addition, the reaction mixiure is
. ~ stirred for 4 hours at 25°C. 48.78 g (2.71 mol) of water are then added and stirred for
= afurther 16 h at 25°C. 260 g of hexanediol dimethacrylate (HDDMA) are
10  subsequently added, followed by stirring for 30 min at 25°C, and finally 99 g of

e  ®Crodamer UVA 421. After a further 30 min of stirring at 25°C, 99.5 g of irgacure

). 819are added. |

Holographic Experiments
15
‘Phase-modutated 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/cm?) is focused onto a
diameter of approximately 0.5 mm and spiit by a beam splitter into two subsidiary
- 20 beams of equal intensity. The interference of these iwo 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.
Lithographic Experiment




First 2241.9 g (9.04 nol) of MPTS and then 1338 g (9.04 notJulpp00s .

di met hyl di et hoxysil ane (DI VIDES) are added slowly thereto and honogeni zed
for 45 mn at 25C. 407 g of 0.1 N HC 'i's subsequently added. The -
tenperature of the 5 reactor .is kept constant at 40C by neans of a

ther nost fhe n%ﬂbbgﬁ@ggltéhﬂéﬁdl% éﬂh Exdmfple %qé !eﬁﬁmatéﬁ Bhto polydster of the

Zr (OPr) 4/ MAA above is a dr opwi se e stirring vigorously at
40C. Fol(maiaﬁgblya’ca)dma aletrcoating ptdmessaadtqtmdai&ﬁ"ﬁ@movgm forreminor 4

ot her neottter 5 pite sh ol itis ARt whhi AR TraliR orobead " °

subsequejptthis wayafs 200m QY@%H%B@&M Wld@gaﬁ@&h@ﬂrymlm thickaeSs igfrdmf 20 |y 99
g of (r)Crodaner- UVA 421. "After a further 30 mi'n of stirring at 25C, 99.5

. g of 5 r BRym prefesably fomde i Gﬂmr’egr aphi ¢ Experinents 15 Phase- nodul at ed

 oroducedng ShERper ol A IRIPRISAE AN rbhar b e BROREEASH 2 2

t he cohegigdets lapglhéd wrmegraﬂh&; ask! Inke eontirRdusirecdys (spebd ofisesiwvebt 0 a
di amet er_of approximtely 5 mm and split. bi{la beam splifter into two

subsi di a31p pun amh@fayequaotcrmﬁmm@osﬂeﬁﬁ jumiaaied vttt VOGNt KRIGE t wo beans

|2 L e, OS50 RRBARbts T PRSIy oo

- prodgct ICQB tot1h& prsferably frone d1tpios? .Be Thetreflectiveiindex gradiemt éxificed by hegt ass

. substrate mx. 10 tm . covered with a polyester film and
il Lum natf “Vﬁ I'f‘?ﬂé’g@“?ﬁ?@&sé?%}f%%I ations. A grating structure is 25

formed, which has the sane periodicity as the intensity nodul ations. The

‘refractive index profile is frozen in by blocking one of the wite beans--*

used in the experinent, in order to use the remai ning beam for subsequent
polyneri zation. In this way, volune holograns with a diffraction

' efficiency of 90% (wavel ength: 633 nm are produced. 30




Li t hographi ¢ Experinment 6 July 2006 14 The nanoconposite n@af@yi286 produced
in Exarrplvgol@fpgﬁﬁﬁ nated onto pol yestgy (preferably PETPOYERD3/00020

sl ot-coating process and cured at 65C in an oven for 5 min. |In order to
pfotect the coating, it is lamnated with a peel-off film The filns

pr oduced Patent dlaismsnay are 200 mlong and 36 cmw de, and the dry film
thickness is from20 to 5 80 pm preferably from40 to 60 pm In order to
produce a diffuser, the protective filmis renoved and the photosensitive

e 3 o ! : . . 4 of
The veb: 1515 Py fmarizAtio A8haBeBolfe iatcbith SO OISR, CRERIICESW b b
light (hiadh [roesd48rte 390%Dbypweightef a sdRMBIL Phlyhderough masks with an opti cal

density from10.0 to 1.8, .preferably from1.0 to 1.3. The reflective
i ndex® gr g&l en?foms‘&)it‘? Qg%’ ty, wilghit of amashiaiyiar fully eondepspd silangdoméie 5 nin. 6

July 2006 WO 'Q%WQ@%UFﬁagﬂqsggﬁe:’i%&Q’%?Si%‘egpéﬁogi%ﬁ%}é pol yneri zabl e

nanoconposite material orm contain rrom4.9 to
95. 9% by wei ghcrytrfepaxysilanbs cedynliexysifanes, lkoxgsfates ahbodiylakogsilands,a

tiall |1y condensed. silane fromthe foll :
Bty osi | anestheiBRS RVERGRN inaeogic spraston fato of Kor #aundnos sahan

. epoxyal koxysi b@aﬁﬁ}cﬁivbpggaﬁ}étmr&ﬂq)@?@%al-koxysi | anes, the silane-

- having an_inorgani c condensation ratio o fom 33 to 100% and an organic
- convidl si 8h r afrom Bbio 60%rhyoveighbeban aondatef rom 0 to 60% by wei ght of an -

- acrylatey, d) f 4l 0% by wei ght of surface-nodified. panoscal e
~ particl D fy o1frtr‘1'S '?'hrﬂe? to éf’%ﬁx W&'%P%Baﬁaﬁ?'mﬁ%@?f?%éye B@&@%S&g@?%e
tellurides, helibWing greasha@ss, sufidesNselBhides el diidas ! ddriRs,

"‘Phosphi des, carbonates, carboxylates,
: arsenides, antimonides, nitrides, phosphides, carbonates, carboxylates,
phosphates, sulfates, silicates, titanates, zirconates, aluminates, stannates,
15 plumbates and mixed oxides thereof;
-e) from 0 to 50% by weight of a softener;

) from © 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 |

20 - 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, polyvinyi
- 25 . 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 methacryloxypropyltrimethoxysilane, acryloxypropyltrimethoxysilane,
dimethyldimethoxysilane, dimethy!diethc)xysiléne, 3-glycidyloxy- |

30" - propyltrimethoxysilane, vinyltrie_thoxySilane, methyliriethoxysilane or a combination
thereof. ' '




phosphates, sulfates, silicates, titanates, zirconates, al %f#lHaf8s,
stannates, 15 plunbates and m xed oxi dgg thereof; e) fromO to 50% by

wei ght of a softener; f) fromO to 5% by weight of a thernmal or '
phot ochem cal crosslinking initiator, sensitizer, wetting agent, adhesion.

pr onot er 4}r heThagiapatomfosite WeatemdltdsoifRi in at$éaRionead claig! Pia®!
phot ochrom ¢ and thernmochroni c substance, or a 20 conbination thereof, in

each cas& @W@%@d“ thatithe gendaterq)ds methyl methgeryiate Py a digl diaerylate of disl
nanocorrpg g@*ﬁél al. 2) The nanoconposite nmaterial as clained in claim
1, charac er| zed 1n that the soluble polymer a) is a polyacrylate,

pol ynet hacryl at e, polyepOX|de pol yvinyl 25 al cohol, polyvinyl acetate or

ol yvin butyral which is_ soluble in_an or.ganic solvent 3) .The
P modbmoB) it Tha nenpaompGSits Bialeisl s G e 4 e SR S L 1t hat

the sil aﬂﬁa@b}ér&ea‘?ﬁ Bft 598(%2 ﬂéﬁgé&w PEH C!?Dﬁ[(@ urfA8: rpodn‘" ied with

acryl oxypropyltri nmet hox oxys

di met hyl dompbonrgs cd)laﬁamln@(rgém)adyl, alyl, \ﬁﬁylpeppw thydretyt) @ayisoxyhoeamino
vinyl triethoxysil ane I trlfzt hoxysi | ane or a conbination  thereof. 6

July ZOOSr%SWaT‘I’fE“h'QrTge% €Pte naterial as claimed in at |east one of
claims 1 to 3, characterized in that the acrylate c) is nethyl

nmet hacrylate or a diol diacrylate or diol dinethacrylate. 5) The
nand€onp®ki t el mnandeompasits miatartal as claimedadis at bast ohe of alains 11 tocb, 4

B h f dwith -
comounddaametiey Rifheh e PaRryEre ErfEls e aprabemuayied si0ogP: dfhoxyl

or ani Noor PaMYPFarfitled. conbi nation thereof 10 6) The nanoconp05| te material

as clainmed in at least one of clains 1 to 5, characterized in that the -~
nanoscal e particles are surface-nodified SiQ2, Ti2, Zr2 or Ta205

particlepy  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 partiaily 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 1t0 7

25 for the production of a planar material with a refractive index gradient.

10) . Afilm with a refractive index gradient, consisting essentially of one or two
transparent plastic films which are coated with a nanocomposite matenal 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, |
hoiogréphy, lithography or by local illumination.




7) The nanoconposite material as clainmed in at |east one o Tly2PRe 1 to 6
15 containing fromO0.1 to 30% by wei ght,_of a softener. 8) A process for the
production of a nanoconposite material s claimed in one or nore of clains
l-to 7, characterized in that the silane b) is partially or fully

condense { 2 i |y neri zed

i rradi at ?éﬁy g?fgb%sﬁd%@é &Al’dtquﬁoﬁ %@Q’graq%lr‘@mg%’ ﬁga%ﬂﬁg‘l?‘éﬂfas&?%'}t%c) to f),

. or .]E;]e sglaa'rﬂedlir) claimfiQ; ghalraicm&' emﬂi:i?mﬁaﬂ?cmlb@i@;mhﬁ#igﬁm_ @lalsn a), c)
‘to and _t hen condense optian ol ynerj zed, and optiona . ,
or gani ¢ QB?PémOfPﬁsCéﬂSiE@qﬁ@ﬂh P@ﬁaﬁ@é trgﬁsgﬁ'gmcﬂ'aﬁti%ﬂﬁb(Qﬁg%@iﬁspéle)f/ihlseri al

as cl ai i i : : ekl gn of a

 pranar norved R SorER, SpionahinBTnchcbBmibosfs vt it BRRERFA &1 o

L refrdetiransparent govetifim; a refoactivetindex gestientiiaploduebddan th@nathveomposite -

“transpargnt _plastic fil ich are ed with a nanoconposite material as
ol aimed ke By bbb ottt pafenial fteréncs. alecimnaradpnab earoRtibn
gr adi ent : AR J : i : '
3 71 or onihearpRgior By 1BEAMrARAbn. Rl id X1l ek sFuicROsStisBhyonty
i 11 uni nafixashby eomplate tiogenal andhy lighpinduesd crasslinkingof thlei nahocomposite i | m
wth a rﬁ;&%_ ive index gradient as clained in claim210, characterized in
that a nano %%posite.naterial as clained in one or nore of clainms | to 7
is applied to a transparent plastic film organic solvent is allowed to
. evaporate, optionally the nanoconposite layer is lamnated with a
- transparent ~cover film  a refractive index gradient is produced in the
{anoconposite  ayer by applying an electrical potential difference,
~€l ectron irradiation, holography, |ithography or by local illum nation,
and the refractive index gradient is subsequently fixed by conplete
thermal and/or |ight-induced crosslinking of the nanoconposite nmaterial.




