-1- TITLE OF THE | NVENTI ON Phot opol yner Fornul ati ons Having a Low
Crosslinking Density RELATED APPLI CATI ONS This application clains benefit
to European Patent Application No. 08017276.0, filed 5 COctober 1, 2008,
which is incorporated herein by reference . in its entirety for all useful
pur poses. BACKGROUND OF THE | NVENTI ON Thel T nvention relates to phot opol yner
formul ati ons based on a polyneric network as nmatrix and at | east one

phot opol yneri zabl e nmononer di ssdil{el GFEARINVENTION a process for 10 the
production of hol ographic media from such photopol yners and to the use
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nmeasure of the crossli y, a particular average nol ecul ar wei ght
Mc of the segnents bridging two polymer strands or a particular ratio Q of
this crosslinking density to t h&BRABED AP IORATONSt he dissolved witing
nononer, expressed as Q= Mc / MW. 15 Photopolynmers are materials which can
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i ndex. Such structures are referred to as "hol ograns, which can al so be

descri bed gwurpese$.racti ve optical elenments. Wich optical functions such a
hol ogram fornms depends on the specific 20 exposure. For the use of

phot opol yners as carriers of f hﬁﬁ% ications in the
visible (X = 400-800 rim M&ﬁ@%@ﬁ@ Téﬁ?@& 300- 400 nny,
colourless materials having a high diffraction effect are required as a

rule after THENPRRAYERLes B PERopIIEMBEBHANaAGsBased 9 9?6@9{aﬁc néiviorR ks hal i de
films have been used for this purpose, in particular those having a 25 high
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the handling of chem cal devel oper solutions. In addition, wet chemcal
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strands or a particular ratio Q of this crosslinking density to the molar mass My, of the

dissolved writing monomer, expressed as Q = Mc¢ / Mpyo.

15  Photopolymers are materials which can be exposed by means of the superposition of two
coherent light sources. A three-dimensional structure forms in the photopolymers and can
generally be written in the material as a result of a regional change in the refractive index.
Such structures are referred to as holograms, which can also be described as diffractive
optical elements. Which optical functions such a hologram forms depends on the specific

20  exposure.

For the use of photopolymers as carriers of holograms for optical applications in the visible
(A = 400-800 nm) and in the near UV range (A = 300-400 nm), colourless materials having
a high diffraction effect are required as a rule after the exposure. Since the beginning of
holography, silver halide films have been used for this purpose, in particular those having a
25  high resolution. Dichromate gelatin (DCG), dichromate salt-containing gelatin films or
mixed forms of silver halide and DCG are also used. Both materials require a chemical
aftertreatment for the formation of a hologram, which, for industrial processes, gives rise to
additional costs and necessitates the handling of chemical developer solutions. In addition,
wet chemical processes result in swelling and subsequently shrinkage of the film, which

30  can lead to colour shifts in the holograms, which is undesired.



30 can lead to colour shifts in the hol ograns, which is undesired. -2- US
4959284 (Dupont) descri bes photopol yners which, inter alia, consist of a

t hernopl astic soluble in organic solvents, such as polyvinyl acetate,
cel l ul ose acetobutyrate or pol ynethyl nethacrylate styrene copol yners, a
photoinitiator and at |east one V|nylcyéiopropane I n addition, EP352774A1
(Dupont) describes nmononmers containing 5 other vinyl groups, such as
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active materials into which it is possible to incorporaté dyes whi ch change
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dyes which can be isonerized under the influence of 1i In both classes
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t hernopl astics but from croSsli nked pol ynmers were al so described: thus US

020070077498 (Fuji) describes 2,4,6- tribronmophenyl acrylate which is
di ssol ved iHvlegrpphigallyeachize matasialsiinto wscks tasposiblg foripeerpenpte dyeewhish charger i bes
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hol ographi c application in which many but al so very weak, hol ograns
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classes of substances, holograms can be incorporated by exposure and these materials can
be used for holographic data storage. However, these products are of course highly

20  coloured and hence not suitable for the applications described above.

More recently, photopolymers which are contained not from thermoplastics but from
crosslinked polymers were also described: thus US 020070077498 (Fuji) describes 2,4,6-
tribromophenyl acrylate which is dissolved in a polyurethane matrix. US 6103454
(InPhase) likewise describes a polyurethane matrix having polymerizable components,

25  such as 4-chlorophenyl acrylate, 4-bromostryrene and vinylnaphthalene. These
formulations, too, were developed for holographic data storage, a holographic application
in which many, but also very weak, holograms readable using electronic detectors are
written and read. Common to them is the fact that the highly refracting photopolymerizable
monomers are present in solution in a matrix having a low refractive index. For optical

30 applications in the entire visible (A = 400-800 nm) and the near UV range (A = 300

400 nm), such formulations are likewise not suitable.



nmononers are present in solution in a matrix having a |ow refractive index.
For optical 30 applications in the entire visible (X = 400-800 nm and the
near UV range (X = 300- 400 rim, such fornulations are |ikew se not
suitable. -3- It was an object of the present invention to devel op

phot opol yners for the applications as Holographic nedia which can be
processed wi thout thermal or wet chem cal aftertreatnment and wth which
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= 532 rimof_ at |east whi ch are suitable for production o
solution in the highly refracting matrices.

For the abovementioned fields of use, polymers of olefinically unsaturated compounds,
such as, preferably, (meth)acrylates, are typically employed. In order to achieve a
refractive index of 1.5 or higher, halogen-substituted aromatic (meth)acrylates or special

20  alkyl methacrylates described in US 6,794,471 can be used. In particular the latter are

disadvantageous owing to their complicated preparation.

The suitability of substituted phenyl isocyanate-based urethane acrylates for the
preparation of corresponding polymers was described by Bowman (Polymer 2005, 46,
4735-4742).

25  The non-prior-published WO application PCT/EP2008/002464 discloses (meth)acrylates
having a refractive index at A = 532 nm of at least 1.5, which are suitable for production of
optical data media, in particular those for holographic storage methods, and are based on
industrially available raw materials. In this context, phenyl isocyanate-based compounds
are also known, these always being based on unsubstituted phenyl rings on the isocyanate

30 side.



optical data nedia, in particular those for hol ographic storage nethods, and
are based on industrially available raw materials. In this context, phenyl

i socyanat e- based conmpounds are al so known, these al ways bei ng based on
unsubstituted phenyl rings on the isocyanate 30 side. -4- In photopol yner
formul ations, highly refracting acrylateﬁ”play a decisive role as a
contrast- inparting conponent (US 6,780,546). The interference field of
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Applications, Canbridge University Press, 1991 page .) US 6939648B
descri bes opirictizg irglex iand esgiaristwithntbe highesh rpfraative dbderrend tlarsmekmitiiagis whi ch are

25 based of el 0Nt ERDEY PHSLIHRG MRbUhSoR Crli A IR b 28t O
which results on writing a volume hologram by means of the overlap of two plane waves is
obtained from the following refractive index variation n(x) = ngp+An-cos(K-x), where K
20 represents the magnitude of the grating vector which points in the direction of the x-axis
and ng represents the mean refractive index. See, for example, Hariharan Optical

Holography, Principles, Techniques and Applications, Cambridge University Press, 1991
page 44.)

US 6939648B describes optical articles obtained from photopolymer formulations which are
25  based on a crosslinked polyurethane matrix and have a modulus of elasticity E of at least
0.1 MPa, the thickness of the photopolymer layer being greater than 200 um. It is disclosed
that, the greater the modulus of elasticity, the more preferred the photopolymer formulation is
said to be. It is not specified how the modulus of elasticity is measured and how it is to be
understood in relation to the topology and dynamic properties of the matrix polymer strands,
30 i.e. whether it characterizes the photopolymer state crosslinked in a rubber-like manner or the
photopolymer state solidified in a glassy manner. The relationship between crosslinking
density, writing monomer molecular weight and the holographic performance in the case of

individual strong holograms is not disclosed, in particular not for reflection holograms. On the



0.1 MPa, the thickness of the photopolyner | ayer being greater than 200 m
It is disclosed that, the greater the nodulus of elasticity, the nore
preferred the photopolynmer fornmulation is said to be. It is not specified
how t he nodul us of elasticity is neasured and howit is to be wunderstood in
relation to the topol ogy and dynanic properties of the matrix pol yner
strands, 30 i.e. whether it characterizes the photopol ynmer state crosslinked
i n a rubbecontrdry thapmterred diredtion desroibed il thersbovemanteonsd bpplichfi@uleads tahigherssy

manner. The re|ati.onship between c¢rossl.inkin density, witin noner
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hol ograns. On the -5- contrary, the preferred direction described in the

abovenenti oned application |eads to higher nodulus of elasticity and, when
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performance, @as.can be seen foromt | es di scl.ose ere. ..A kngwn
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I ndices of the "matrix polynmer and of the witing nononer dissolved therein,
for exanpl dighjy difsting wniging hiogphmgrsiefmaictdshgvingiatlowgeirativeendexion usingr i ces
having a low. refractive i ndex. or i . Writing nononers having a | ow

Fef ract i ve THEEMITPRETS AFYRE &1 TS E G BOPY eIy RPN MATTES, s f orned as a
pol ynmeric network, the nechanical, optical, thermal and 10 t hernodynam c

properti es [Pfhe niiriR RAoARE ¥ BpolGmBriORetRoHAMhd $B&fAnIcAl, dpiicHl ABEMth] BRNNET
within wide [imts by the choice of the network-building repeating units and
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based on a matrix which represents a polyneric network and at | east one
phot opol ymextentthe erasslinkieg dendityg sbsuchphbtopolymerpeandlecisivelbf mfuencedhd ndex

gratings havi hi gh litude (An) between regions with the |owest
refractive pﬁ#ﬁ&%ﬂgﬁ&lﬁ@ggrgﬁﬁﬁcm ‘the highest refractive index in

hol ographic media in particular when a |ow crosslinking density of the
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phot opol ynmer fornul ations” are therefore particularly suitable for producing
bri ght, vi sxlath teptesentaiapolymericgehwark and at least one photopolymerizable monomer
dissolved therein produce refractive index gratings having high amplitude (An) between
regions with the lowest refractive index and regions with the highest refractive index in
holographic media in particular when a low crosslinking density of the photopolymer
20  formulation is present prior to the exposure to light. Such photopolymer formulations are
therefore particularly suitable for producing bright, visual holograms having high
diffraction efficiency in holographic media as described above. Visual holograms comprise
all holograms which can be recorded by methods known to the person skilled in the art,
including, inter alia, in-line (Gabor) holograms, off-axis holograms, full-aperture transfer
25  holograms, white light transmission holograms (“rainbow holograms”), Denisyuk

holograms, off-axis reflection holograms, edge-lit holograms and holographic stereograms;

reflection holograms, Denisyuk holograms and transmission holograms are preferred.
EMBODIMENTS OF THE INVENTION

An embodiment of the present invention is a photopolymer formulation comprising a
30 three-dimensionally crosslinked organic polymer A) or the precursors thereof as a matrix, a

compound B) comprising groups that react with ethylenically unsaturated compounds via



diffraction efficiency in holographic nedia as descri bed above. Vi sual

hol ograns conprise all hol ograns which can be recorded by nethods known to
the person skilled in the art, including, inter alia, in-line (Gabor)

hol ograns, off-axis hologranms, full-aperture transfer 25 hol ograns, white

| i ght transm ssion hol ograns ("rainbOM/HJTbgrans"), Deni syuk hol ogr ans,
off-axis refl|ection hol ograns, edge-|it hol ograns and hoIoPpaphic' )
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as a matrix, a conpound B) conprising groups that react with ethylenically

unsat ur at e@f erisemans bridging gwo pelyyres sirandsi is gt leastei688 gémelet i on of actinic
radiation and is present in solution or dispersion in said matrix, and Q)
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phot opol ymihe rapghof Femga00 tepE09igimphe network density of said

t hree-di nensional |y crosslinked organic polynmer is in the range of from
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3.30. Anot her enbodi ment of the present invention is the above phot opol yner

f or nul a0 oVimo effieyisigreataishanat.3® Q is greater than 10.00. Another enbodi ment
of the present invention is the above photopol yner formul ation, wherein
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phot opol yneyhetdin el ratidb Qs grdatdrehdh 10e00d t hr ee- di nensi onal |y crossl i nked
organi ¢ polyners are conposed of an isocyanate conponent a) and an
i socyanat e-reacti ve conponent b). Anot her enbodi nent of the present
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15  Another embodiment of the present invention is the above photopolymer formulation,
wherein said three-dimensionally crosslinked organic polymers are composed of an

isocyanate component a) and an isocyanate-reactive component b).

Another embodiment of the present invention is the above photopolymer formulation,
wherein A) comprises an isocyanate component a) and an isocyanate-reactive component

20 b).

Another embodiment of the present invention is the above photopolymer formulation,

wherein component a) comprises a polyisocyanate based on HDI with isocyanurate and/or

iminooxadiazinedione structures or a prepolymer having an NCO functionality of from 2 to

5 with allophanate and/or urethane structures based on HDI and/or TMDI and a polyether
25  polyol, polyester polyol, and/or polycarbonate polyol.

Another embodiment of the present invention is the above photopolymer formulation,
wherein component b) comprises a polypropylene oxide, a polyethylene oxide, and/or
combinations thereof in the form of a random or block copolymer and/or a block

copolymer of the abovementioned type which additionally comprises tetrahydrofuran,



20 b). Anot her enbodi nent of the present invention is the above photopol yner
formul ati on, wherein conponent a) conprises a polyisocyanate based on HDI

Wi th isocyanurate and/or i m nooxadi azi nedi one structures or a prepol yner
havi ng an NCO functionality of from2 to_ 5 with allophanate and/or urethane
structures based on HDI and/or TMDI and 'a?'pol yet her 25 polyol, polyester

pol yol, and/or polycarbonate polyol. Another enbodjnent of the present
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of the abovenentioned type which additionally conprises tetrahydrofuran, -7-

butyl ene oxindeher embedieant of e ipesientdhvertion iethe dhoviephovdpolydhdt foieul4tidn,
functionality is from 1.5 to 6 and the nunber gverage nol ecul ar weight is

from 200 t &Vhiesmenid compounseftBidias anefsastive desmot od gprates dlan §.5%ention is the
above photopol yner formulation, wherein said conpound of B) has a
refracticve 4 . H4 t i f the
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medium comprising selectively polymerizing writing monomers with actinic radiation.
DESCRIPTION OF THE INVENTION

15  The present invention therefore relates to photopolymer formulations comprising three-
dimensionally crosslinked organic polymers A) as a matrix and compounds B) which have
groups reacting with ethylenically unsaturated compounds with polymerization under the
action of actinic radiation (radiation-curing groups) and are present in solution or
dispersion in this matrix and C) at least one photoinitiator, characterized by a network

20  density of the organic polymer, expressed by the average molecular weight Mc of the

segments bridging two polymer strands, of 2685 g/mol to 55 000 g/mol.

The present invention furthermore relates to holographic media which are obtainable from

photopolymer formulations according to the invention.

Radiation-curable groups in the context of the present invention are all functional groups

25  which react with olefinically unsaturated compounds with polymerization under the action
of actinic radiation. These are, for example, vinyl ether (CH,=CH-0O-), maleyl (cis-
HOOC-C=C-CO-0-), fumaryl (trans-HOOC-C=C-CO-0O-), maleimide,
dicyclopentadienyl, acrylamide (CH,=CH-(CO)-NH-), methacrylamide (CH,=CCH3;-(CO)-
NH-), acrylate (CH,=CH-(CO)-O-) and methacrylate groups (CH,=CCH3-(CO)-O-).



20 density of the organic polyner, expressed by the average nol ecul ar wei ght
MC of the segnents bridging two polyner strands, of 2685 g/nbl to 55 000
g/ nmol . The present invention furthernore relates to hol ographic nmedia which
are obtainable from photopolyner fornul ati ons according to the invention.
Radi ati on-curabl e groups in the context - t he present invention are all
functional groups 25 which react with olefinically unsaturated conpounds
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oscillation rheoneter, the follow ng known relationship (M Doi, S.

Edwar ds, Ttheinghsed:y of Pol ynmer Dynamics, Oxford Science Publications, 1986)
being used: pRRT G MC R is the Avogadro constant, T the absolute
tenmperature in Kelvin and p is the nass de?‘,s.'ty. 10 Preferably, the
segnents bridgi ng two polymer strandgzha 2 rage nol ecul ar wei ghts M of
2685 g/ nol to 55 000 g/nmol, particularly pdeferably of 3400 g/nol to 55 000
g/nmol, very particularly preferably of 7500 g/nol of 55 000 g/nol. It is
preferable if M corresponds to the abovenenti oned val ues and noreaqver the

ratio Q ofR Withe dvesadroconstant, 2l be ahwolwts ferarprathre 8 iKphyin png pds themass density.
radi ati on-curabl e conpounds 15 used in B) is greater than 3. 30,
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particularly prefera%?y (\)/\on 7|5((:)B g(/)éolac;[f 55000 g/mol.

It is preferable if M corresponds to the abovementioned values and moreover the ratio Q

of M¢ to the number average molecular weight My, of all radiation-curable compounds
15 used in B) is greater than 3.30, particularly preferably greater than 4.13, very particularly

preferably greater than 10.00.

In addition to the components A) and B), the photopolymer formulations according to the
invention may contain photoinitiator systems C) which of at least one light-absorbing
component and optionally at least one further component which optionally absorbs the

20  energy of the excited state of the light-absorbing compound and thus initiates the start of
the photopolymerization. In suitable systems, the start of the photopolymerization can also

be initiated by the light-absorbing component itself.

Further components may be stabilizers which, for example, improve the shelf-life of the
components of the photopolymer formulation or stabilizers which, for example, improve

25  the stability of the holographic media produced from the photopolymer formulations
according to the invention to ambient light, temperature and moisture or additives such as,
for example, solvents or such as, for example, release agents, which facilitate the

processing of the photopolymer formulations according to the invention to give the



conponent and optionally at |east one further conponent which optionally
absorbs the 20 energy of the excited state of the |ight-absorbing conpound
and thus initiates the start of the photopol ynerization. In suitable
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polymerization, cationic ketene-acetal polymerization, addition polymerization of epoxides

and amines or epoxides and thiols, poly-Michael addition (addition polymerization of
20  unsaturated esters with amines or thiols), addition polymerization of silicone hydrides with

vinyl compounds via hydrosilylation and polyaddition of isocyanates with OH- or NH-

functional compounds (by polyurethane or polyurea formation). Various of the reactions

described can be accelerated by the presence of suitable catalysts.

Preferred three-dimensionally crosslinked organic polymers are those which have urethane

25  groups.

Particularly preferred three-dimensionally crosslinked organic polymers are those which
are composed of an isocyanate component a) and an isocyanate-reactive component b) as

precursors.

Suitable compounds of the polyisocyanate component a) are all aliphatic, cycloaliphatic,
30 aromatic or araliphatic di- and triisocyanates known per se to the person skilled in the art,
it being unimportant whether they were obtained by means of phosgenation or by

phosgene-free processes. In addition, the higher molecular weight secondary products well



20 unsaturated esters with amnes or thiols), addition polynerization of
silicone hydrides with vinyl conpounds via hydrosilylation and pol yadditi on
of isocyanates with O4 or NH functional conmpounds (by pol yurethane or

pol yurea formation). Various of the reactions described can be accel erated
by the presence of suitable catalysts. Pi®ferred three-dinmensionally
crosslinked organic polyners are those whi ch have urethane 25 groups.
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i socyanat onet hyl -1, 8- oct ane diisocyanate (TIN), 2,4- and/or 2,6-toluene

di i socylénatAdso pepsiblesis theoesei of Iiwcy@atdaﬁmu@@abprepebmmvmg‘ aethiaoeal

repol yners,.h n a,.urethane, allo hanat or biyret struct s conpounds
b1 b oy onerIoB ST Bt S ROHOHRS Ot aaRedid s Mhopemedin By T

reaction Ofménlfi@r @QPW% r@échonto'fthe BOvARMIoReE ¥RNAL %§?619lso<?yéﬁ§i§§1n"“ th
hydroxy- or am no-functional compounds. Any unconverted stafti ng” I socyanate

can subseqegcrsk yv1thd1ydmnyvedarhmoeﬁudarormtmmmoamds p’mydlmbsvdmd |stagmg | ow 15

mononmer content. For accel er t| n t he E);(g_ érrgr forﬁa n,. f use of

catal ysts WACYana&GRSU %ﬁqug‘@ H’é"’% oPfaliyPHOAuEtH a‘é{P$ a{94%

pol yur ashangdofifeicsitent. PEYack@efiBhP i prepolymer formation, the use of catalysts well
known per se to the person skilled in the art from polyurethane chemistry may be helpful.

Suitable hydroxy- or amino-functional compounds for the prepolymer synthesis are
typically low molecular weight short-chain aliphatic, araliphatic, or cycloaliphatic diols,

triols and/or higher polyols, i.e. containing 2 to 20 carbon atoms.

20  Examples of diols are ethylene glycol, diethylene glycol, triethylene glycol, tetracthylene
glycol, dipropylene glycol, tripropylene glycol, 1,2-propanediol, 1,3-propanediol, 1,4-
butanediol, neopentylglycol, 2-ethyl-2-butylpropanediol, trimethylpentanediol,
diethyloctanediol positional isomers, 1,3-butylene glycol, cyclohexanediol, 1,4-
cyclohexanedimethanol, 1,6-hexanediol, 1,2- and 1,4-cyclohexanediol, hydrogenated

25  bisphenol A (2,2-bis(4-hydroxycyclohexyl)propane), 2,2-dimethyl-3-hydroxypropyl (2,2-
dimethyl-3-hydroxypropionate).

Examples of suitable triols are trimethylolethane, trimethylolpropane or glycerol. Suitable
higher functional alcohols are ditrimethylolpropane, pentaerythritol, dipentaerythritol or

sorbitol,



Sui t abl e hydroxy- or am no-functional conpounds for the prepolyner synthesis
are typically |Iow nolecul ar weight short-chain aliphatic, araliphatic, or
cycloaliphatic diols, triols and/or higher polyols, i.e. containing 2 to 20
carbon atonms. 20 Exanples of diols are ethylene glycol, diethylene glycol,
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the preparation of the polyester polyols are of course also cycloaliphatic and/or aromatic
di- and polyhydroxy compounds. Instead of the free polycarboxylic acid, it is also possible
20  to use the corresponding polycarboxylic anhydrides or corresponding polycarboxylic esters

of lower alcohols or mixtures thereof for the preparation of the polyesters.

Polyester polyols also suitable for the prepolymer synthesis are homo- or copolymers of
lactones, which are preferably obtained by an addition reaction of lactones or lactone
mixtures, such as butyrolactone, e-caprolactone and/or methyl-e-caprolactone, with

25 suitable difunctional and/or higher functional initiator molecules, such as, for example, the
low molecular weight, polyhydric alcohols mentioned above as synthesis components for

polyester polyols.

Polycarbonates having hydroxyl groups are also suitable as a polyhydroxy component for
the prepolymer synthesis, for example those which can be prepared by reacting diols, such
30 as 1,4-butanediol and/or 1,6-hexanediol and/or 3-methylpentanediol, with diaryl

carbonates, e.g. diphenyl carbonate, dimethyl carbonate or phosgene.



functional polyols, such as trinethyl ol propane or glycerol. Suitable
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polymers having number average molar masses of 10 000 g/mol or any desired mixtures

thereof with one another.

20  Preferred prepolymers are those based on the abovementioned synthesis components
having urethane and/or allophanate groups with number average molecular weights of 200
to 10 000 g/mol, preferably having number average molecular weights of 500 to
8000 g/mol. Particularly preferred prepolymers are allophanates based on HDI or TMDI
and di- or trifunctional polyether polyols having number average molar masses of 1000 to

25 8000 g/mol.

[t is, if appropriate, also possible for the isocyanate component a) to contain a
proportionate amount of isocyanates which are partly reacted with isocyanate-reactive
ethylenically unsaturated compounds. a,B-Unsaturated carboxylic acid derivatives, such as
acrylates, methacrylates, maleates, fumarates, maleimides, acrylamides and vinyl ether,

30  propenyl ether, allyl ether and compounds which contain dicyclopentadienyl units and
have at least one group reactive toward isocyanates are preferably used here as isocyanate-

reactive ethylenically unsaturated compounds. Acrylates and methacrylates having at least



15 diethylenetriamne, triethyl enetetram ne, propyl enedi am ne,

di am nocycl ohexane, di am nobenzene, di am nobi sphenyl, triam nobenzene,

di functional, trifunctional and higher functional polyam nes, such as, for
exanple, the Jeffam nes(r), am ne-term nated polyners having nunber average
nol ar masses of 10 000 g/ nmol or any desi #2d mixtures thereof with one
another. 20 Preferred prepolyners are those based on the abovenenti oned
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| socyanate- reactive oligoneric or polymeric unsaturated conpounds
cont ai ni ng acrl\}/l ate and/or_

The NCO groups of polyisocyanates of component a) can also be completely or partly

blocked with the blocking agents customary per se in industry. These are, for example,

alcohols, lactams, oximes, malonic esters, alkyl acetoacetates, triazoles, phenols,

20  imidazoles, pyrazoles and amines, such as, for example, butanone oxime,

diisopropylamine, 1,2,4-triazole, dimethyl-1,2,4-triazole, imidazole, diethyl malonate,

ethyl acetoacetate, acetone oxime, 3,5-dimethylpyrazole, epsilon-caprolactam, N-tert-

butylbenzylamine, cyclopentanone carboxyethyl ester or any mixtures of these blocking

agents.

25  Polyisocyanates and/or prepolymers of the abovementioned type based on HDI, TMDI

and/or TIN are preferably used in component a).

Polyisocyanates based on HDI with isocyanurate and/or iminooxadiazinedione structures

are particularly preferably used.

Also particularly preferred is the use of prepolymers preferably having NCO
30 functionalities of 2 to 5, particularly preferably those having primary NCO groups.

Examples of such prepolymers are allophanates or urethanes or mixtures thereof,



nmet hacryl ate groups, alone or in conbination with the abovenenti oned
nmononeric conpounds, are suitable. The proportion of isocyanates which are
partly reacted with isocyanate-reactive ethylenically unsaturated conpounds
in the isocyanate conponent a) is 15 0 to 99% preferably 0 to 50%
particularly preferably 0 to 25% and very4particularly preferably 0 to 15%
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particularly preferred is the use of prepolyners preferably having NCO 30
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groups. Exanples of such prepolynmers are all ophanates or urethanes or

m xtures thereof, -14- prefera based.gn HDI and/or TMDI, .a ol yet her -
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pol yi socyanaifsoithid? GRRBS HYRFSkyRIoBRUAR BeiflPyRtis il fpRferfant ents of free
nmononeri c i socyanate of |ess than 1'% by weight, particularly preferably |ess

than 5 0.5% by weight, very particularly preferably I ess than 0.2% by
wei ght .101 n Spitable pplyéunctibhal pisbsyfanateireastise cormpanya are, érregampleypolyentgrounds

whi ch have o verage a | east. 1.5 Jjsocyanate-reactive groups per nol ecul e
can be sedoXetEGy RGPS DoliGig S T aat or PEB G N B he  cont ext o
the present invention are preferably hydroxyl, amino or thiol groups,
hydroxy corpible poRestepdIfsls hfelfilek¥mpleeliiar Bélyesterdiols or branched

polyesterdiols as are obtained in a known manner from aliphatic, cycloaliphatic or

aromatic di- or polycarboxylic acids or their anhydrides with polyhydric alcohols having
15 an OH functionality > 2.

Examples of such di- or polycarboxylic acids or anhydrides are succinic, glutaric, adipic,
pimelic, suberic, azelaic, sebacic, nonanedicarboxylic, decanedicarboxylic, terephthalic,

isophthalic, o-phthalic, tetrahydrophthalic, hexahydrophthalic or trimellitic acid and acid
anhydrides, such as o-phthalic, trimellitic or succinic anhydride, or any mixtures thereof

20  with one another.

Examples of such suitable alcohols are ethanediol, di-, tri- or tetraethylene glycol, 1,2-
propanediol, di-, tri- or tetrapropylene glycol, 1,3-propanediol, 1,4-butanediol, 1,3-
butanediol, 2,3-butanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-propanediol,
1,4-dihydroxycyclohexane, 1,4-dimethylolcyclohexane, 1,8-octanediol, 1,10-decanediol,

25 1,12-dodecanediol, trimethylolpropane, glycerol or any mixtures thereof with one another.

The polyester polyols may also be based on natural raw materials, such as castor oil. It is
also possible for the polyester polyols to be based on homo- or copolymers of lactones, as
can preferably be obtained by an addition reaction of lactones or lactone mixtures, such as

butyrolactone, e-caprolactone and/or methyl-g-caprolactone, with hydroxy-functional



10 Suitable polyfunctional, isocyanate-reactive conpounds are, for exanple,
pol yester-, polyether-, polycarbonate-, poly(neth)acryl ate- and/or

pol yur et hanepol yol s. Sui tabl e pol yester polyols are, for exanple, |inear
pol yesterdiols or branched polyesterdiols as are obtained in a known manner
fromaliphatic, cycloaliphatic or aromaibe di- or polycarboxylic acids or
their anhydrides wth pol yhydric al cohols having 15 an OH functionality >
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but yr ol act one, s-caprol actone and/ or "met hyl -s-caprol actone, with

hydroxy-functional -15- conpounds, such as pol yhydric al cohols having an OH
f unct i onal iSujtable djol§ or mestenep cempiise thépolabydrenaenhotaraentionpd perSiedh comiegtien er
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or gani ¢ carpabraibeaatepoplissgene with diols or diol mxtures. Suitable organic

carbonates are dinethyl, diethyl and di phenyl carbonate. Suitable diols or
m xtures conprise the polyhydric al cohols nentioned per se in connection

Such polycarbonate polyols preferably have number average molar masses of 400 to
4000 g/mol, particularly preferably of 500 to 2400 g/mol. The OH functionality of these

15  polyols is preferably 1.8 to 3.2, particularly preferably 1.9 to 3.0.

Suitable polyether polyols are polyadducts of cyclic ethers with OH- or NH-functional

initiator molecules, which polyadducts preferably have a block structure.

Suitable cyclic ethers are, for example, styrene oxides, ethylene oxide, propylene oxide,

tetrahydrofuran, butylene oxide, epichlorohydrin and any mixtures thereof.

20  The polyhydric alcohols mentioned in connnection with the polyester polyols and having
an OH functionality of > 2 and primary or secondary amines and amino alcohols can be

used as initiators.

Such polyether polyols preferably have number average molar masses of 250 to

10 000 g/mol, particularly preferably of 500 to 8500 g/mol and very particularly preferably
25  of 600 to 4500 g/mol. The OH functionality is preferably 1.5 to 4.0, particularly preferably

1.8 to 3.0.

In addition, aliphatic, araliphatic or cycloaliphatic di-, tri- or polyfunctional alcohols which

have a low molecular weight, i.e. have molecular weights of less than 500 g/mol, and a



10 with the polyester segnents and having an OH functionality > 2,
preferably 1, 4-butanediol, 1,6-hexanediol and/or 3-nethyl pentanediol, or
pol yester polyols can be converted into polycarbonate polyols. Such

pol ycar bonate pol yol s preferably have nunber average nolar masses of 400 to
4000 g/ nol, particularly preferably of 506-to 2400 g/ nol. The OH
functionality of these 15 polyols is preferably 1.8 to 3.2, particularly
preferably shof chain3.e) corfbhiint28(a! 20 dationeitdifg, aRdlyPfitaBletas Rohdgherdts of cyclic
ethers with O+ or NHfunctional initiator nolecules, which polyadducts

pr ef er abl y chmpenentlb) agpolyfungtional dsocgamatertiacti vyetmpoustdhier s are, for exanpl e,
styrene oxides, ethylene oxide, propylene oxide, tetrahydrofuran, butylene
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15  tetrahydrofuran, butylene oxide or e-caprolactone as monomer units, and mixtures thereof
having an OH functionality of 1.5 to 6 and a number average molar mass between 200 and
18 000 g/mol, particularly preferably having an OH functionality of 1.8 to 4.0 and a
number average molar mass between 600 and 8000 g/mol and very particularly preferably
having an OH functionality of 1.9 to 3.1 and a number average molar mass between 650

20  and 4500 g/mol.

Combinations of abovementioned isocyanate components a) and isocyanate-reactive
components b) which have as high a molecular weight as possible between the
corresponding functional groups and/or have as low functionalities as possible are
furthermore preferred for the preparation of the matrix A), but the functionalities have to

25  be sufficiently high to be able to produce a three-dimensional network.

Furthermore, those combinations in which the functional groups of the isocyanate-reative
components b) are present in molar excess relative to the functional groups of the

isocyanate components a) are also preferred.

Compounds having a vinyl ether, acrylate or methacrylate group, particularly preferably

30 acrylate and/or methacrylate groups, are preferably used in component B).



are ditrimethyl ol propane, pentaerythritol, dipentaerythritol or sorbitol.
Preferred conponents b) are pol yether polyols are poly(propyl ene oxides),
pol y(et hyl ene oxi des) and conbi nati ons thereof, in the formof random or
bl ock copol yners, and bl ock copolynmers of propyl ene oxide and/or ethylene
oxi de which additionally contain 15 tetrdfydrofuran, butylene oxide or
s-caprol actone as nononer units, and m xtures thereof having an OH

functi onal i tompdunds havifig theabdvamentivhed type BaAEE aFeirativeBaiex et ugeald thand
18 000 g/ nmol, particularly preferably having an OH functionality of 1.8 to

4.0 and a hihipesferablyrofgeeater than ks sndpariedarl s peferably 9d @eatgr than la¥fdarger y

particularlé r eraglr% havi ng an OH functionality of 1.9 to 3.1 and a
nunber aver 8@ A ?;2; bet ween 650 20 and 4500 g/ nol. Conbinations of
abovenenti oned i socyanate conponents a) and i socyanate-reactive conponents
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correspondi ng nctional groups an r have as low functionalities as
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conponents a) are also preferred. Conpounds having a vinyl ether, “acrylate
or met hacr yrapenyletherp allylathdr and aompoyrds tentaining didyrl apemyadang] wmit/and

nmet hacr yl at r.oyps, are ef erably used in conponent B). -17- Conpounds
havi ng t he ‘gﬁfgi}%‘ﬁg’dﬁsﬁtﬁ@égiﬁpﬁép%&% §HChasy for exam k?esm?ﬂ%ﬂ'ﬂ’@t]['ﬂftﬂf’negr eat er
than 1,54, b Y j L1y pr ably of
greater 10? h avﬁg}?fog‘géng’r ée%ﬁlgﬁlse’% Ea\l rag%ﬁ% ;rgorbersig@lp?eh ? %)cg’eggoaﬂrr(g gt % gg ée?)]Te’ ?ﬁﬁg Sl
abovenent i qaeth)hstponiteild, (gethicedamale, methgérilic adid) &sgid dvidicanSelisedirg/ nol ,
particularly preferably of |ess than 1000 g/ npl, are preferred in B).

Conpounds sieatponentB) Acryhaiat yrdamethaqrylatss wia prefesiéld derivatives, such as
acrylates, nethacrylates, naleates, fumarates, nal eim des, acrylam des and

cont ai ni ng SR, SRS hacRlPREer afiEhvisReldire BRGNS FATRRBEC  ounas.
such as, f ohethX@yates, reSpecti 8619, Examiptés vl astyY4teddhd methacrylates which can be used
15  are methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, ethoxyethyl
acrylate, ethoxyethyl methacrylate, n-butyl acrylate, n-butyl methacrylate, tert-butyl
acrylate, tert-butyl methacrylate, hexyl acrylate, hexyl methacrylate, 2-ethylhexyl acrylate,
2-ethylhexyl methacrylate, butoxyethyl acrylate, butoxyethyl methacrylate, lauryl acrylate,
lauryl methacrylate, isobornyl acrylate, isobornyl methacrylate, phenyl acrylate, phenyl
20 methacrylate, p-chlorophenyl acrylate, p-chlorophenyl methacrylate, p-bromophenyl
acrylate, p-bromophenyl methacrylate, 2,4,6-trichlorophenyl acrylate, 2,4,6-
trichlorophenyl methacrylate, 2,4,6-tribromophenyl acrylate, 2,4,6-tribromophenyl
methacrylate, pentachlorophenyl acrylate, pentachlorophenyl methacrylate,
pentabromophenyl acrylate, pentabromophenyl methacrylate, pentabromobenzyl acrylate,
25  pentabromobenzyl methacrylate, phenoxyethyl acrylate, phenoxyethyl methacrylate,
phenoxyethoxyethyl acrylate, phenoxyethoxyethyl methacrylate, 2-naphthyl acrylate, 2-
naphthyl methacrylate, 1,4-bis(2-thionaphthyl)-2-butyl acrylate, 1,4-bis(2-thionaphthyl)-2-
butyl methacrylate, propane-2,2-diylbis[(2,6-dibromo-4,1-phenylene)oxy(2-{[3,3,3-tris(4-
chlorophenyl)propanoyl]oxy} propane-3,1-diylJoxyethane-2,1-diyl] diacrylate, bisphenol A
30  diacrylate, bisphenol A dimethacrylate, tetrabromobisphenol A diacrylate,

tetrabromobisphenol A dimethacrylate and the ethoxylated analogue compounds thereof,



10 vinyltoluene, olefinins, such as, for exanple, 1l-octene and/or 1-decene,
vinyl esters, (meth)acrylonitrile, (meth)acrylam de, nethacrylic acid,
acrylic acid can be used in conponent B). Acrylates and nethacryl ates are
preferred. In general, esters of acrylicjgcid or nethacrylic acid are
designated as acrylates or nethacrylates, respectively. Exanples of
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acryl ate, béhg@dyet hyl nethacrylate, n- butyI acryl ate, n-butyl net hacryl at e,
tert-butyl acrylate, tert-butyl nethacrylate, hexyl acrylate, hexyl

net hacryl ate, 2-ethyl hexyl acrylate, 2-ethyl hexyl nethacrylate, butoxyethyl
acryl ate, Qf@@%ﬁ@ttﬁ?haﬁﬁe&meﬁey Fa dls0 bewsegias a@mpmmné B). Urgthape acrylates@re/| at e,
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pent achl or ophenyl nethacrylate pent abr onophenyl acryl ate, pentabronophenyl
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met hacryl ate, 1, 4-bi s(2 thi onap’ht yl acryl ate,
1, 4- bi s( 2- tOﬁstmhah)-htm—)ar)pogzlsdo;um}dtesnﬁmmplcg/b%mm,able di-, tri- or polyisocyanates are
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A diacrylate, tetrtabronobi p en di met'haéryl at e and t he et hoxyl at ed
anal ogue cdnmwaldﬂe ttheersemeric bis434 Nsoxa,nab@tzq}cjdhe&y.lbmbmames antl anixtndsi therecbiht a

sel ection g\ .acryl ates and net hacr Iat%é, \IQgI ch c be used, O cou

uret hane alRYiPg ‘Seﬁ‘ﬁr sprigntyisoqyapgiometiyls OCYBP@Ph]a?‘\«?yQE}P?‘Iy s are
under st ood Ry, up which
addi ti onal Id§§oc as at Iggg?egan%ﬁ%?ﬁ %aneylt()3 gﬁs&?&ha?é: 1#0%&31 %g? such
conpounds désocyanand - rzmd/ob)z érmamhe dgsc&yimadaf Ayndphiigleénerdiisogyanyte A2,4°- ot t h an
| socyanat e-functi onal conmpgound. | es. of isocyanates, which can be used

for this p&Ap@Q@eay]@eéba@mlpgcya%ta 1,,%—ng@ht]&ylene diisocyanate, triphenylmethane
4,4°,4*“-triisocyanate, and tris(p-isocyanatophenyl) thiophosphate or derivatives thereof

having a urethane, urea, carbodiimide, acylurea, isocyanurate, allophanate, biuret,
oxadiazinetrione, uretdione or iminooxadiazinedione structure and mixtures thereof.

20  Aromatic or araliphatic di-, tri- or polyisocyanates are preferred.

Suitable hydroxy-functional acrylates or methacrylates for the preparation of urethane
acrylates are, for example, compounds such as 2-hydroxyethyl (meth)acrylate,
polyethylene oxide mono(meth)acrylates, polypropylene oxide mono(meth)acrylates,
polyalkylene oxide mono(meth)-acrylates, poly(e-caprolactone) mono(meth)acrylates, such
25 as, for example, Tone® M100 (Dow, Schwalbach, Germany), 2-hydroxypropyl
(meth)acrylate, 4-hydroxybutyl (meth)acrylate, 3-hydroxy-2,2-dimethylpropyl
(meth)acrylate, hydroxypropyl (meth)acrylate, 2-hydroxy-3-phenoxypropyl acrylate, the
hydroxy-functional mono-, di- or tetraacrylates of polyhydric alcohols, such as
trimethylolpropane, glycerol, pentaerythritol, dipentaerythritol, ethoxylated, propoxylated
30 or alkoxylated trimethylolpropane, glycerol, pentaerythritol, dipentaerythritol or the
industrial mixtures thereof. 2-Hydroxyethyl acrylate, hydroxypropyl acrylate, 4-

hydroxybutyl acrylate and poly(e-caprolactone) mono(meth)acrylates are preferred. In



ali phatic and cycloaliphatic di-, tri- or polyisocyanates. It is also
possible to use m xtures of such di-, tri- or polyisocyanates. Exanples of
suitable di-, tri- or polyisocyanates are 10 butyl ene diisocyanate,

hexanet hyl ene dii socyanate (HDI), isophaongne diisocyanate (I1PDI),

1, 8-di i socyanat o- 4- (i socyanat onet hyl ) oct ane, 2,2, 4- and/or

2,4,4-tri e,
bi s(4,4" - |m§d gg%@ﬁﬁ&gg@b{ﬂ%}%‘)}g%ﬁﬁﬁtﬁgﬁ@ézg@ghlggonr{l é>;Ilt§:udrr3)%[Sﬁ'{l1éer§ce at aé%dl ng any

i soner conteentpoundsamytaihg aetylayd andlor@nathicaylatediroycylanadein combimayioh olitxy| ene
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1, 4- phenyl éﬁ%a‘a@emep% eyl anepameris, ca?mpamésg? B%myc(msga@crx a@%&%ﬂ@%ﬁ%

1, 5- napht h Jdrsocyanat e,
1, 5- naght my/‘{"g%g“% hgdgg@%g%@ a?’??‘% IIel %Iﬁgbpf@%yjdﬁj%grl 'S cyana%/e and
tris(p-iss oqy)aﬁméthmee(mdth)aéﬂylmfwamhﬁhghyﬁro@e rgroupis iavié hatihg OFbéontérmy of 2D @

uret hane, urea, carbodiimde, acylurea, i SOCéanurat e, allophanate, biuret,

oxadi azi net300aneKQH/gwa aw@t@pqlmcwm&h@wg Esoptentssefy2fto 308 %ﬁoﬁ/&ﬁm es

or et orred. R parraenbid o b Sutiordd vip St BREXAOR BT 1 1

preparati orhyafo { gitoly ?ﬂﬁld AGltidedWeth pdlyRstef GhetB)aoRAtEs orGAIKAGE BBt atES
2- hydr oxyet h nmet h)acryl ate, polyethyl ene oxi de nono( et h} acryl at es,

pol ypr opyl eéts@rs(:r@ntmwag Ingeoxlgronpst wish polps@qtgra(nwm)mlamca@ ikewise be used.
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trimethyl 0'%5&91%%1&1#%3&9&&109% Bis)of BEry i held%%ﬂhﬁ&raxwﬁ@aualwﬁ{ the
i ndustrial m xtures thereof droxyet hyl acryl ate, hydroxypr Opf/A

acryl at®, szomylds @bymmybm@ouquamémanmngm p(lgemem ot wuiymnreq bispheno
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contai ni ng &ﬁ"vé{t'n%%%héi‘&ﬁ" Eé {f&?ﬁ%yh% frg SO ﬁﬁi‘ét%@hﬁ ad GinBRBEAARG on wi th
t he abovenenti oned nonone conpounds.- The epoxy (nmethjacrylates known per

se, cont aifromthekgmbwaxghctpnadasrydindcidand/fog nﬂ-hacryrh:beantdsandfglﬁﬂd)ﬂo 300 ng KOH/ g

or
(meth)acrylate, are furthermore preferred.

20 Ina particularly preferred embodiment of the invention, the writing monomer component

B) comprised one or more compounds of the formulae (I) to (III):

S
I

oll_o
R Ji j 0
~X H NH

0 X" 0
>N R

R=X formula (I)



5 pol yuret hane (neth)acryl ates contai ni ng hydroxyl groups and having OH
contents of 20 to 300 ng KOH g or acryl ated pol yacryl ates having CH
contents of 20 to 300 ng KOH g and mi xtures thereof with one another and
m xtures with unsaturated pol yesters containing hydroxyl groups and

m xtures with polyester (meth)acrylates-&?-nixtures of unsaturated
pol yesters containing hydroxyl groups with polyester (nmeth)acrylates can
(Ed.), Chenistry & Technol of | orrnul ati ons For Coatings, Inks &
Paints, Vol. 2, 199 don, pages 37-56. Epoxy acryl ates
cont ai ni ng hdeQxyI
preferred. Epo dyoxyl groups are based in
acrylic aci and/or methacrylic acid with
bi sphenol A, bisphenol FQO hexu--o|ol and/oI but ghedlol or the ethoxyl ated
and/ or propoxylated derivsgtipes thereof. mﬁxy acryl ates having a defined
and/or methacrylic acid ahd glycidyl (nmeth)acrylate, are fJpimndabye
preferred. 20 In a particularly preferred enbodi nent of the invention, the

| i kew se be used. 10 Such conpoun ar e al so described in P. K T. Adring
ned hydroxy functionality are

particul ar on reactloﬂﬂproduct

15 epoxi des (glycidyl conpoundg nMoNomer i i gonmeric or polyneric

functionality, as can ag_ taHned fromthe known reaction of acrylic acid

writing nonomer co nent B) conprised, one or nore conpounds of the

formul ae (1) tQ)(II RXXNI / ONH HOO X0 ~-HRX
formula (1) -20- R X 00\~
R/X O
O formula (I1I)
in which
R, independently of one another, is in each case a radiation-curable group and
5 X independently of one another, is in each case a single bond between R and C=0 or

a linear, branched or cyclic hydrocarbon radical optionally containing heteroatoms

and/or optionally substituted by functional groups.

R is preferably a vinyl ether, acrylate or methacrylate group, particularly preferably an

acrylate group.

10  In principle, one or more of the carbon-bonded hydrogen atoms of the group R can also be

replaced by C;- to Cs-alkyl groups, which however is not preferred.

The group X preferably has 2 to 40 carbon atoms and one or more oxygen atoms present in
the form of ether bridges. X may be either linear or branched or cyclic and substituted by
functional groups. Particularly preferably, the group X is in each case a linear or branched

15 oxyalkylene or polyoxyalkylene group.



~N RXHformula (I1) HHONNYX~-R R~-\ | \ 101 ~XYNH O formula (I11)
I n which R independently of one another, is in each case a

radi ati on-curable group and 5 X i ndependently of one another, is in each
case a single bond between R and C=0 or -2&-linear, branched or cyclic

hydr ocar bon radi cal optionally containing heteroatons and/or optionally

substi t ut e@réérréd! oIl bBRAly1&HeP#BSps Have fp RS BY, Prétbrablyupiory ke RhES uni@Of et € Or
met hacryl ate group, "pdrticularly preferably an acrylate group. 10 In

princi pl e, respectove axyalkylshe ghmipcar bon- bonded hydrogen atons of the group R
can also be replaced by G- to C5-al kyl groups, which however is not

f d. ;Th . X has. 2 to,40 b t d
bxygen at ol PAPERENT i RESEIEIF & thaPe idenlifa o7 AEREST SR PRsCEtamRS: i near
or branchegefatify GhitsS oﬁé"ﬂw’ﬁ&@ﬁé&tiﬁ% i€l pRYerably MatingNab 69pAtBRarly ?fe?é'r%l& arly

) 6
preferably, the group X is in each case a |inear or branched 5 oxyal kyl ene
or pol yoxyad kytachen gems.Parti@darlyrpreferted edyabylpnxynitsiape exyetylenepndhmeashup t o

10, preferably. up to .8, repeating units of the respective oxyal kyl ene
group. In ﬁﬁ%@?B*PE‘,erlFtOXVE’%B%’é?Stﬂré’XV #y!$1¢5% have identical or different
oxyal kyl ene groups as repeating units, one such repeating unit preferably

having 2 to.reR@fihd Gk tlinRh&fe8pRBVY gdupX Iy He pFREMABNPIASN or pavilyiigd! arly
preferred oxyal kyl ene units are oxyethylene and in each case the isoneric

oxypr opy! ervdsckwisemryindon diseibutidine repeating units within the respective
group X may be present conpletely or partly in a blockw se or random

glnzt ;Ing,tj Lleﬁrrll pgqur}ﬁr?ggéﬁ{)%gélggt (?tntgg {jnlvgnr{t?(}n, %finégp%nhgn\{ yn(}flo(r)lg ’an(g%hé:rr}(sj? garég%ggel y of
10  an oxyalkylene unit selected from the group consisting of -CH,-CH,-O-, -CH,-CHCHj3-
O-, -CHCHj3-CH,-0-, -(CH,;-CH3-O),-, -O(CH,-CHCH3-0),-, where n is an integer from 2

to 7, and -O-CH,-CH;-(0-(CH3)5-CO)y-, where m is an integer from 1 to 5.

One or more photoinitiators are used as component C). These are usually initiators which
can be activated by actinic radiation and initiate a polymerization of the corresponding

15  polymerizable groups. Photoinitiators are compounds which are known per se and are sold
commercially, a distinction being made between monomolecular (type I) and bimolecular
(type II) initiators. Furthermore, depending on the chemical nature, these initiators are used
for free radical, anionic (or) cationic (or mixed) forms of the abovementioned

polymerizations.

20 (TypeI) systems for free radical photopolymerization are, for example, aromatic ketone
compounds, e.g. benzophenones, in combination with tertiary amines,
alkylbenzophenones, 4,4°-bis(dimethylamino)benzophenone (Michler’s ketone), anthrone
and halogenated benzophenones or mixtures of said types. (Type II) initiators, such as
benzoin and its derivatives, benzil ketals, acylphosphine oxides, e.g. 2,4,6-

25  trimethylbenzoyldiphenylphosphine oxide, bisacylophosphine oxide, phenylglyoxylic
ester, camphorquinone, alpha-aminoalkylphenone, alpha,alpha-dialkoxyacetophenone, 1-
[4-(phenylthio)phenyl]octane-1,2-dione 2-(O-benzoyloxime) and alpha-
hydroxyalkylphenone are furthermore suitable. The photoinitiator systems described in
EP-A 0223587 and consisting of a mixture of an ammonium arylborate and one or more

30 dyes can also be used as a photoinitiator. For example, tetrabutylammonium

triphenylhexylborate, tetrabutylammonium tris(3-fluorophenyl)hexylborate and



10 an oxyal kyl ene unit selected fromthe group consisting of -CH2-CH2-0O,
-CH2- CHCH3- O, -CHCH3-CHZ-O, -(CHZ-CHZ-O"-, -Q CH2-CHCH3-O "-, where n is
an integer from2 to 7, and -OCH2-CH2- (O (CH2)5-CO m, where mis an
integer from1l to 5. One or nore photoiRi2Ri-ators are used as component Q
These are usually initiators which can be activated by actinic radiation

and initi f'itt@trébut}%rﬁﬂﬁhiuhﬁiris@cﬂﬁr&ﬂ%e@lﬁ}ﬂ{lﬁbﬁpgﬂﬂyﬂﬁaﬂt@ aROduytaBleias @l € groups.
Photoinitiators are conpounds whi ch are known per se and are sold _
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acyl phosphi ne oxides, e.g. 2,4,6 25 trinethyl benzoyl di phenyl phosphi ne oxi de,
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aryl borate and one or dyes can al'so be used as a photoinitiator. For
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The photoinitiators used for the cationic polymerization substantially comprise three
classes: aryldiazonium salts, onium salts (here specifically: iodonium, sulphonium and
selenonium salts) and organometallic compounds. Under irradiation, both in the presence
20 and in the absence of a hydrogen donor, phenyldiazonium salts can produce a cation which
initiates the polymerization. The efficiency of the overall system is determined by the
nature of the counterion used for the diazonium compound. The slightly reactive but very
expensive SbF¢", AsF¢ or PFg are preferred here. These compounds are as a rule not very
suitable for use in the coating of thin films since the surface quality is reduced by the
25  nitrogen liberated after exposure (pinholes) (Li et al., Polymeric Materials Science and
Engineering, 2001, 84, 139). Very widely used and also commercially available in a
variety of forms are onium salts, especially sulphonium and iodonium salts. The
photochemistry of these compounds has been investigated for a long time. The iodonium
salts initially undergo homolytic decomposition after excitation and thus produce a free
30 radical and a radical cation which is stabilized by H abstraction, releases a proton and then
initiates the cationic polymerization (Dektar et al. J. Org. Chem. 1990, 55, 639; J. Org.
Chem., 1991, 56, 1838). This mechanism permits the use of iodonium salts also for free

radical photopolymerization. Once again, the choice of the counterion is of considerable



The photoinitiators used for the anionic polynerization are as a rule (type
) systens and are derived fromtransition netal conplexes of the first
row. Chromumsalts, such as, for 10 exanple, trans-Cr(NH3)2(NCS)4 (Kutal
et al, Macronol ecul es 1991, 24, 6872) or28errocenyl conpounds (Yanaguchi et
al . Macronol ecul es 2000, 33, 1152) are known here. A further possibility of
ani oni ¢ pO|immiﬁﬂmﬂlbmarﬂal‘i@b@%x?éhstd&estﬂigeA@Fg OPE, a¢dikensseqryfeirad. Vi ol et
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deconposi t iMicrambREulex 2001284 0m83myohius produce a free 30 radical and a
radi cal cation which is stabilized by H abstraction, rel eases a proton and

then initiates the cationic polynerization (Dektar et al. J. Og. Chem
1990, 55, dbtway glsobegdvantrgsays tonge mixtmess of $wsy compoundade¢nsnilingmopdhari ts t he

use of j.odapi.um salts al for. free _radical phot l.yierization, &
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and the veriy tiRxhgiet Keowhthe pAsb skilledPinGhabR. ThedolheBemichee cobfiburation
Gt herw se, the choice of the substitution of the aromatic is quite free in

this structwitheregard tp she photepolmerirationisteasiy possiplefpr eipersan skillegbin the prean
Sl Sttﬁ‘e[ I’olrrrr]l%f t%gllltgndel X erti)rlnglg:tisf With{i thte tE')glow-mentioned quantity ranges of the
components and the synthesis components available in each case for selection, in particular

20  the preferred synthesis components.

Preferred photoinitiators C) are mixtures of tetrabutylammonium tetrahexylborate,

tetrabutylammonium triphenylhexylborate, tetrabutylammonium tris(3-

fluorophenyl)hexylborate and tetrabutylammonium tris(3-chloro-4-

methylphenyl)hexylborate with dyes, such as, for example, astrazon orange G, methylene
25  blue, new methylene blue, azure A, pyrillium I, safranine O, cyanine, gallocyanine,

brilliant green, crystal violet, ethyl violet and thionine.

Furthermore, the formulations according to the invention may also be used with free

radical stabilizers, catalysts and further additives in addition to the components A) to C).

Suitable free radical stabilizers are inhibitors and antioxidants, as described in “Methoden
30  der organischen Chemie [Methods of Organic Chemistry]” (Houben-Weyl), 4 edition,
volume XIV/1, page 433 et seq., Georg Thieme Verlag, Stuttgart 1961. Suitable classes of

substances are, for example, phenols, such as, for example, 2,6-di-tert-butyl-4-



synt hesis. The sul phonium salts are conpounds whi ch deconpose according to
Norrish(ll) 5 (Crivello et al., Macronol ecul es, 2000, 33, 825). In the case
of the sul phoniumsalts, too, the choice of the counterion is of critical
i nportance, which manifests itself subst@dtiially in the curing rate of the
pol yners. The best results are obtained as a rule with SbFb salts. Since
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2001, 34, 2488-2494).”1t mmy al so be advanfageous to use m xtures of these
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further additives fn addition to the component$ A)’to C). Suitable free
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oo g NS e SRS B BB S FID i, e
Seehal, LS - S S S DS Ko
tetramethyl-1,6-hexanediamine, pentamethyldiethylenetriamine, dimethylpiperazine, N-
dimethylaminoethylpiperidine, 1,2-dimethylimidazole, N-hydroxypropylimidazole, 1-
azabicyclo[2.2.0]octane, 1,4-diazabicyclo[2.2.2]octane (Dabco) or alkanolamine
20  compounds, such as triethanolamine, triisopropanolamine, N-methyl- and N-
ethyldiethanolamine, dimethylaminoethanol, 2-(N,N-dimethylaminoethoxy)ethanol or N-
tris(dialkylaminoalkyl)hexahydrotriazines, e.g. N,N',N-tris(dimethylaminopropyl)-s-
hexahydrotriazine, 1,4-diazabicyclo[2.2.2]octane, diazabicyclononane,
diazabicycloundecane, 1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-
25  pyrimido(1,2-a)pyrimidine are particularly preferred.

Particularly preferred catalysts are dibutyltin dilaurate, dimethyltin dicarboxylate, iron(III)
acetylacetonate, 1,4-diazabicyclo[2.2.2]octane, diazabicyclononane, diazabicycloundecane,
1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimido(1,2-

a)pyrimidine.

30 For example, solvents, plasticizers, levelling agents, wetting agents, antifoams or adhesion
promoters, but also polyurethanes, thermoplastic polymers, oligomers, compounds having

further functional groups, such as, for example, acetals, epoxide, oxetanes, oxazolines,



met hyl phenol , cresols, hydroqui nones, benzyl alcohols, such as, for exanple,
benzhydrol, optionally also quinones, such as, for exanple,
2,5-di-tert-butyl qui none, optionally also aromatic am nes, such as

di i sopropyl am ne or phenot hi azine. Prefer25ed free radical stabilizers are
2,6-di-tert-butyl - 4- net hyl phenol , phenot hi azi ne and benzhydrol. 5
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fatty acids having 10 to 20 carbon atons and optionally OH side groups,

| ead octanogate and tertiary amnes, such as trjethylam ne, tributylam ne,

di met hyl%erZgrigdshadng gm%@t@%ﬁ&%@%ﬂ% Low welatilifyrand iyehBoilingpoipt ai®i ne,

N et byt - P e BLP A o bR P e hess N AIBA DM ARE Rl P,
N- cycl ohexyddifate idmumephthaMN dNnvlﬂldrdx@'tﬁlﬁﬁﬁinhMb(ﬂyélhér@ nvadh ad)ifereexample,

N, N, N, N -tetranet hyl butanedi am ne, N, N, N ,N - tetranethyl -
1, 6- hex anem%ﬁthbéenep@mcﬁudﬁnﬁwlont@rmpmg@tmm fverage; rﬁelphmaﬁﬁ A58 £mel ton-

ﬂll_ gé?g;? [)n r%@@l %LQA 0 }'g)%& ene;gdgcoi CﬂﬁétF%’l eﬁﬁ%%@ﬁﬁxtﬁres of said compounds.

1, 4-di azabi cycl o[ 2. 2. 2] oct ane (Dabco) or al kanol am ne 20 conpounds, such as

tri et harp! arhiag alsorbeiadoait@gadokiatilatsoubly k4 plugdlidy bf a@ﬁﬂﬂ%sdﬂf@h&l@z@@l @fri ne,
di met hyl am noet hanol , 2- (N, N-di net hyl am noet hoxy) et hanol or

tris(dial kyjosrienid mawwﬂgoﬁ&@élwwagﬁqus bruseaplurality of additives of a plurahty of types.
N, N, N-tris(dinet hyI am nopropyl ) - s-

ey o 1 A BESN G oS AT ARG
1,3,4,6,7, %H@wp@l}yﬂér%hnﬂ@ﬁdhﬂacé’dﬂdﬁlé t9Hel ifivedioA fidrtiekiprd tybidhIEhae@n

parti cul arIy preferred. Particularly preferred catalysts are dibutyltin

di | aurate, \#lupserataritihand).¢H}, mﬁfynablrygreaterdh@ 0.074, patistaryquelsrablyegreater
1, 4-di alzsab'tﬁ ”éa i’lvﬁﬁy #}fﬁ lﬂ ?ypfjefear%l?ly gréé?er?l?a?n%fo di azabi cycl oundecane,

1133tetra
134678hexahydro|-nethy| 2H pyrim do(1, 2- a)pyrimdine. 30 For

ex arrglhe s Ol hegsHotopoPnaitfb el 8ticns ac€dteinlitd thedfediidn avethedefiste dgRBindingBNt i f oams
or adhesion

suitable for the production of holographic media and holographic photopolymer films.

The present invention therefore furthermore relates to the use of the media according to the

invention for recording visual holograms and for producing optical elements, images or

20 representations.

The invention therefore also relates to a method for exposing the media according to the

invention, in which writing monomers are selectively polymerized by actinic radiation.

After appropriate holographic exposure, such holographic media are suitable for the

production of holographic optical elements which have, for example, the function of an
25  optical lens, of a mirror, of a deflecting mirror, of a filter, of a diffusion screen, of a

diffraction element, of a light guide, of a waveguide, of a projection screen and/or of a

mask.

In addition, holographic images or representations can also be produced therewith, such as,

for example, for personal portraits, biometric representations in security documents or



pronoters, but al so pol yurethanes, thernoplastic polyners, oligoners,
conpounds having further functional groups, such as, for exanple, acetals,
epoxi de, oxetanes, oxazolines, -25- dioxolanes and/ or hydrophilic groups,
such as, for exanple, salts and/or pol yet2byl ene oxides nay be present as
further auxiliaries and additives. Readily volatile solvents having good
conpat i bi | ideyerally indgdeg of @hapy stuctunes fOf sdvelisiy, berutifelabblbvelemark protktieianpl e
ethyl acetate, butyl acetate, acetone, are preferably used as solvents. 5

Li qui ds hawradgmgekoerandisg.dalsls. dasipn elgmentsedecorapipnsy dil ustiatippsy mafgoningh boi | i ng

e

non- hydr ox yeohibigdtiofwath e pyRlubg descrivdg Bb@e, for exanple, pol yethyl ene
gl ycol di nethyl ether having a nunber average nolar mass of 250 g/nmol to

2000 g/ nol or pol ypropyl ene glycol dinethyl ether or m xtures of said
conpounds. Ald thetreéwcas descrbedtbpyn arggaeniporaichbyrafigeange fnyits entisetx far adl ural ity
of additiv CRIL &E& set ype. O course, it may al so be advantageous to use a
plurality of a gHPPEs of a plurality of types. Layers, |ayer structures
and nul di ngs obtainable fromfornul ati ons which contain the photopolyner

f ormul at i on¥hie @REiclisRBowWA ahd BescHb@Nédr@ath Jpecifidtrittuees edodphp Yheiavention, it
val ues greater than 0.010, preferably greater than 0.014, particularly

pref er abl y Willdgtraanifist totheseckiled in theragt thatrviarieus mefificptierisandisearrageemends of han
0. 020. The phot opal r formul ations. according. to the inventian.are

Cherof or o 4l SeBarnBY pao R ARG TRES fhe sk And Rowr B SRGREIARE e
and hol ggr aptérgive den@peANd Mt the ke is HAE1iMiES & the ipAMROlak BdtnisiRFe@h Siodvn and
furthernore relates to the use of the media according to the invention for

recor di ng eserithedhol ograns and for producing optical el ements, inmages or 20
representations. The invention therefore also relates to a nethod for
exposi ng the nmedia according to the %XQQ%Eéﬁsh in which witing nononers
are selectively polynerized by actini i on. After appropriate

hol ogr aphi ¢ exposure, such hol ographic nedia are suitable for the

product i on ViilefRalotdl @hdtineseQBll kol pRic@ARAESarybaseh oﬂ?éﬁcerftiby veignpl e, the
function of an 25 optical lens, of a mrror, of a deflecting mrror, of a

filter, of a diffusion screen, of a diffraction elenent, of a |ight guide,
of a waveguYl§asurgment of thie sefraetivesiadicen obthe/photerfolymerizahle monomers
15  The refractive index n as a function of the wavelength of the samples were obtained from
the transmission and reflection spectra. For this purpose, about 100-300 nm thick films of
the samples were applied to quartz glass supports from dilute solution in butyl acetate by
spincoating. The transmission and reflection spectrum of this layer packet was measured
using a spectrometer from STEAG ETA-Optik, CD measurement system ETA-RT, and the
20 layer thickness and the spectral curve of n were then adapted to the measured transmission
and reflection spectra. This is effected using the internal software of the spectrometer and
additionally requires the refractive index data of the quartz glass substrate, which were
determined in a blank measurement beforehand. The refractive index nu, relates to the

wavelength of a sodium vapour lamp of 589 nm and thus corresponds to np™’.

25 Measurement of the refractive indices of the matrix, based on a polymeric urethane

network

For the production of the photopolymer matrices for determining the refractive index nys,,
the isocyanate-reactive component b) is, if appropriate, heated to 60°C. Thereafter, the

isocyanate component a) is added and mixed in the Speedmixer (from Hauschild) for



I n addition, hol ographic inages or representations can al so be produced
therewith, such as, for exanple, for personal portraits, bionetric
representations in security docunments or -26- generally inages or inmage
structures for advertising, security |abel’, tradenark protection,
trademar k brandi ng, |abels, design elenments, decorations, illustrations,

mul tij our ney mihute kSibSequieiithg @Ssonidntof Combéitenadyis addgiemdib ikedcianhd epr esent
digital data, inter alia also in_conbination with the Broducts descri bed
above. 5 Al PpecHmixespgsinderek mige rihssalution oEcemponent oripdP aeeeenbhy weight Bnce in

Its entiret X—.eﬁh?f([:pygll[ollidorges. Tl n%%gg;flﬁglyﬁ\%@d L.I%Oltllng of sél&ﬂ(ﬁlh%eﬁﬁ%ﬁ%%iﬁde

certain specl ructures e e 1 nvention, | e mani'fest to

those skil | Bhe thl Kdigd &rinuldiidh iy applietd $n tedebirdiothickiigss ag dlaseplateabgenent s of
the parts may be made w thout departing fromthe spirit and scope of the

under | yi hg kfacagting i ve concept and that the same is not limted to the
particular fornms herein shown and described. EXAMPLES Unl ess noted

Veasur emont T B e SLF BOLARTS RLER RS ReBies d aPudP B s« 15

The refract 009 umdesk bn aglas buppott The Riffratlivee wddeh@ Wt Wiveldntiseithe Ssdivvar e
obtained from the transm ssion and reflection sgect ra. For this purpose,

about 100- 3v@ponmamp ofid 8Pinnyrivas fletempined Eorphie sample by apsns efian Hbbgeinagtogietes s
f dj | i.on i | b i ing. Th
Cr hhom osi offdaeutids BANS1428 2 MlSorBiRhE Rty phcker was easur ed

using a spectroneter from STEAG ETA- Opti k, CD neasurenent system ETA-RT, and

the 20 hayeMeéahirekitasof fitchdlograpRRpropbrticd DIEafRd Ah oFthehblographiepedia By t he
measured transm ssion and reflection spectra. This is effected using the

i nt ernal someaay ef wo-bepan inferference inthexeflectiomianrangement requires t he
refractive index data of the quartz glass substrate, which were determ ned

wavel ongth 1 SUQR e B8 AEIBCTAR i sk Bo AP B Rk RR B 0 25

Measur enent baykd bh ghét@faélzﬁfe't fmulliof &%ithophotdifitia®k fordetddmsflg e Rridfhatiger i C
uret hane network For the production of the photopol ynmer matrices for

det er ni ni ngparhmetesst i ad Av'eweredtbsn fesgg for their holographic properties by means of a

15 measuring arrangement according to Figure 1, as follows:

The beam of an He-Ne laser (emission wavelength 633 nm) was converted into a parallel
homogeneous beam with the aid of a spatial filter (SF) and together with the collimation
lens (CL). The final cross sections of the signal and reference beam are fixed by the iris
diaphragms (I). The diameter of the iris diaphragm opening is 0.4 cm. The polarization-
20  dependent beam splitters (PBS) split the laser beam into two coherent equally polarized
beams. Via the A/2 plates, the power of the reference beam was adjusted to 0.5 mW and the
power of the signal beam to 0.65 mW. The powers were determined using the
semiconductor detectors (D) with the sample removed. The angle of incidence (a) of the
reference beam is 21.8° and the angle of incidence (B) of the signal beam is 41.8°. At the
25  location of the sample (medium), the interference field of the two overlapping beams
produced a grating of light and dark strips which are perpendicular to the angle bisector of
the two beams incident on the sample (reflection hologram). The strip spacing A, also
referred to as grating period, in the medium is ~ 225 nm (the refractive index of the

medium is assumed to be ~1.504).

30  Figure 1 shows the holographic experimental setup with which the diffraction efficiency
(DE) of the media was measured. Figure 1 shows the geometry of an HMT at A = 633 nm



the i socyanate-reactive conponent b) is, if appropriate, heated to 60C.
Thereafter, the isocyanate conponent a) is added and m xed in the

Speedm xer (from Hauschild) for -27- 1 mnute. Subsequently, a solution of
conponent c¢) is added and is mxed in t hé8-Speedm xer again for 1 minute.
The solution of conmponent c) is 10 per cent by weight in

n- et hyl pyr r @e-Nelser):TMe= arro Sposiitteq ISF ~tispadalfitcesnCE =odolldmbtot lens, dehn Ade
found in Tabhle 1. The still ligquid fornulation is applied_ jn the desired

t hi ckness tRjatg BBS =m0éarb?§tlwswﬂw.efb@@aépl% Dndetegion 5)? i disghigamac 5o| yneri ¢
net wor k was,pgepar / I S
support. Tf}%l % ép r a%ftj'?c\?%e ?F\éd@gﬁ%l\(}gl?%ﬁ%nﬁg Q{M% tgﬁlé%gl?[%eg#l 5 ?Leggusrg% ?ﬁ%ﬁk \%/}gepour

| amp of 58%aniple\@ke thediantyi ned for this sanple by neans of an Abbe
refractoneter analogously to DI N 51423-2 and thus corresponds to np 10
Measur enent_of the hol ographic properties and An of the hol ographic nedia
by means OHOROM‘&WiVYW@PfIE‘PéE%@C mmhgglhomg BARETr angenent The nedi a
produced as described in the section "Production of the hol ographic nedia
based on phot @p | al | i jni.tiator for determning the
per formance ga?%ér/rtggélrlé&%@nagé ﬁ&eﬁé@h@%@%&{ﬂé@.fm t heir hol ographic
properties by neans of a 15 neasuring arrangenent according to Figure 1, as
fol l ows: The Reanhgéaften, wigh HeutleBSS) closed, Bl Rediuawedsaligived 8 3dinir) tinRFor
converted into a parallel honbgeneous beamw th the aid of a spatial filter
(SF) and t oget hethediffusiarmef tb@stlligmqufmenzedwglt(r@Lrponopms.fi nal cross sections
of the signal and reference beamare fixed by the iris diaphragns (lI). The

epanont " pub Fubiede SrORR-EAMBRERA e rohoti atfor B Sl
equal | yjpol feahvRehaik@aldsed Vil shiflerof thdHebir&ifce beld wRRWpend&. ThB &id difqﬂfrglﬁ m?v

beam was adjusted to 0.5 nWand the power of the signal beamto 0.6
The powers efsherafereacerieamdwassélosedithe diasmai¢rod rdnmo rThieensured that( foy alhangles he

S R A L X
ocati on of pdfRhSRTIHhE Jé!tHen phsi€d,unker dori Rt Rohtrél, ght thE atAar range
| ' fhdfbe he hirfRaH14HHen ph$ed,) d hir6il thr&ighith V\#‘g

over |l appi ng beanms produced a grating of |light and dark strips h are
per pendi cul efrfram Q ©8° tnQl =20, sathtanrangle in¢rhimentyaf KAt eachiadegletQ approachedanpl e
(refl ECH Cmtht:] %lo\c))vgrrs%rpthe l-)rere]n% tsrzgnrsinﬁttes i%ctilg geré’h oarlcliesr%vere measured by means of the
corresponding detector D and the powers of the beam diffracted in the first order were
measured by means of the detector D. The diffraction efficiency was obtained at each

angle Q approached as the quotient of:

PD
P+ P

T‘l:

20  Ppis the power in the detector of the diffracted beam and Py is the power in the detector of

the transmitted beam.

By means of the method described above, the Bragg curve, which describes the diffraction
efficiency n as a function of the angle of rotation € of the hologram written was measured
and was stored in a computer. In addition, the intensity transmitted in the zeroth order was

25  also plotted against the angle of rotation 2 and stored in a computer.

The maximum diffraction efficiency (DE = nmax) of the hologram, i.e. its peak value, was
determined. For this purpose, the position of the detector of the diffracted beam may have

had to be changed in order to determine this maximum value.



referred to as grating period, in the mediumis - 225 nm (the refractive
index of the nmediumis assuned to be 1.504). 30 Figure 1 shows the

hol ographi c experinental setup with which the diffraction efficiency (DE)
of the media was neasured. Figure 1 show2%-he geonetry of an HMI at k = 633
nm-28- (He-Ne laser): M= mrror, S = shutter, SF = spatial filter, CL =

col I'i mat or Tiediffradize nﬂbﬂ cofrat An aHBﬂle?thﬁﬁh@S ummmphos@zﬁymeﬁdeydam now
splitter, D = detector, = iris diaphragm a = 21.8 = 41.8 are the

angl es of i memsieb}bme@rﬁé) fdlheaupled wavg éréuﬂeé(qgeh%k Jéletﬂfél Systeipl e (the

medium. 5 r | t t n@g' 0 rﬁa([;ﬁer

Bot h shutte’rpéhﬁ%%ﬁare o’p\g%le f4t§$1q %ﬁ%ﬂ%gg%r P aée r?gr eé "’%?25‘97)
shutters ( Sheeheas@ed Brdpg oedl aha thesndlé b &veidn of mertt&n@ﬁnttddrmtehgty Th&hethod

di ffusion of the still unpolynerized witing nononers. The holograns witten

were now r eisdesanibedibelpBl | owi ng manner. The shutter of the signal 10 beam
remai ned cl osed. The shutter of the reference beam was opened. The iris

di aphragm f Thi s
ensur ed thaf(?rtb%grar@%% r]f(?)g%?%?& @%E%&%ea@ﬂpﬁmgru accotr%le eam was
al ways conpKegethik: i n the hol ogram wri tten bef orehand. The turn table then
passed, under conputer control, through the angular range of fromS2 = 0 to
S2 = 20, with an angle increment of 0.05. At each angl e S2 approached, 15

t he powers of the beamtransmtteq in the deroth order were neasured by
means of the correspondi ng detectlor D and( ﬂgzpowers of the beamdiffracted
inthe first order were neasured byl detector D. The
diffraction efficiency was obtai ned at sight d)aﬁgf S2 approached as the
guotient of: PD PD+PT 20 PDis the power in the detector of the diffracted
beam and PT js the power in the detector of the transmtted beam By neans
of the met hWBetBescri bed above, the Bragg curve, which describes the
diffraction efficiency rl as a function of the angle of rotation Q of the

hol ogram written was neasured and was stored.ip a computer. In addition,
the intensity transmtted in the zdr®
A-4Jcosla')-cosla'-2y

_ AQ. 27 -sin(a'—y) d
x A-cos(a'-2y) 2
Bv__av

10 Y=

_ A
- 2-n-cos(y —a)
n-sin(a') = sin(a), n-sin(B') = sin(B)
1-sin? a)
n’ —sin (a)

AB = -AQ.

® is the grating strength, y is the detuning parameter and v is the tilt angle of the refractive
index grating which was written. o’ and B’ correspond to the angles a and B on writing the
hologram, but measured in the medium. A9 is the angle detuning measured in the medium,
i.e. the deviation from the angle a’. AQ is the angle detuning measured outside the

15 medium, i.e. the deviation from the angle o. n is the mean refractive index of the

photopolymer and was set at 1.504. A is the wavelength of the laser light in a vacuum.

Fory =0, i.e. AQ = 0, the maximum diffraction efficiency (DE = nmax) is then:



25 al so plotted against the angle of rotation 92 and stored in a conputer.
The maxi mum diffraction efficiency (DE = rlnmex) of the hologram i.e. its
peak val ue, was determ ned. For this purpose, the position of the detector
of the diffracted beam nay have had to 43 changed in order to determ ne
this maxi num val ue. -29- The diffractive index contrast An and the thickness
d of the photopol yner |ayer were now detrermned b ans of the coupled
wave theory (c: H Kogel npk.—- thhg? (88l tem TeHhi%cal Jowrnal, Vol unme 48,
Novenber 1969, Nunber 9, page 2909 - page A29483(cf)r as(o'the) preasur ed Bragg
curve and the angle variation of the transmtted intensity. The nethod 5 is
descri bed bel ow. For the Bragg curve tlI(Q of a reflection hologram the
following is true according to Kogelnik: TI =+ 1- (x/(D)2 1 sinh2 (D2 _x2

where: ( n X cos, a' cos. a =2vi.. X = AO 27c sin(a - d Acos(a':2w) 2 _a
to 2 x a Hhembe iRy P diftyorteGpiciy, IR hegifiq Hhad IR A0~ g
1 -sine (a)ridnfitéPinnsity b, 4¥hoSmah Fighré D IRe@d agaitisbthe RentetRt dhigleF ro@tiedret er
and Wis the tilt angle of the refractive ) o

Q-a shift. Since, owing to geometric shrinkage and the change in the mean refractive index

5  during the photopolymerization, the angle at which DE is measured deviates from a, the x

axis is centred about the shift. The shift is typically 0° to 2°.

Since DE is known, the shape of the theoretical Bragg curve according to Kogelnik is
determined only by the thickness d of the photopolymer layer. An is subsequently
corrected via DE for a given thickness d so that measurement and theory of DE always

10  agree. d is now adapted until the angular positions of the first secondary minima of the
theoretical Bragg curve correspond to the angular positions of the first secondary maxima
of the transmitted intensity and additionally the full width at half maximum (FWHM) for

theoretical Bragg curve and the transmitted intensity correspond.

Since the direction in which a reflection hologram corotates on reconstruction by means of
15 an Q scan but the detector for the diffracted light can only cover a finite angular range, the
Bragg curve of broad holograms (small d) is not completely covered in an €2 scan but only
the central region in the case of suitable detector positioning. That shape of the transmitted
intensity which is complementary to the Bragg curve is therefore additionally used for

adapting the layer thickness d.

20  Figure 2 shows the plot of the Bragg curve n according to Kogelnik (dashed line), of the
measured diffraction efficiency (solid circles) and of the transmitted power (black solid
line) against the angle detuning AQ. Since, owing to geometric shrinkage and the change in
the mean refractive index during the photopolymerization, the angle at which DE is
measured deviates from a, the x axis is centred about the shift. The shift is typically 0° to

25 2°

For a formulation, this procedure was possibly repeated several times for different
exposure times t on various media in order to determine the mean energy dose of the
incident laser beam during writing of the hologram at which DE achieves the saturation

value. The mean energy dose E is obtained as follows from the powers of the two part-



i ndex grating which was witten. a' and (3" correspond to the angles a and
Ron witing the hologram but neasured in the nedium AO is the angle
detuning nmeasured in the nedium i.e. the deviation fromthe angle a'. Al2
is the angl e detuning neasured outside tHd -15 nedium i.e. the deviation
fromthe angle a. n is the nmean refractive index of the photopolyner and
was set at Beahfd4ooninsted With weevalgbosgt endd¥ (P, Fe0.5@mdW ahd Bht 0.67 mWyatheum  For X
=0, i.e. An = 0, the maxj mum diffraction effrcrency (DE =rim) is then:
-30- DE r= ©XnRurs timerand the;dhamster ofihgiris diapkragmy{0.4 s a' - 2gi The measur ed
data of the diffraction efficiency, the theoretical Bragg curve and the
transmtted intensity are, as shown in Frgt{ e.% |.plsptted against the centred
angle of rotation Qa shift. SiE@e/cmiy ri c shrinkage and the
change in the mean refractive index 5 duri ig0hémphot opol yneri zation, the
angl e at V\:hl ch DE is nmeasured deviates froma, the x axis is centred about
the shift.

t he theoretr car a%lrrggg{hg rvgdeg@lcszé%r?%%ag S (?glgz{e%ﬁ%r %Eésp%w et(:agirr{blt %"I%g%})y t he
t hi ckness dthefmddiem phtbt apgley rand Baged.. An i s subsequently correct ed via DE
for a given thickness d so that neasurenent and theory of DE al ways 10
agree. d is now adapted until the angular positions of the first secondary

m ni ma of tﬁaem%%fdr,@ttpe&nuerl@gbt%hr @eéumhowesla@rr@r@é Wasalsgrrgrmesd-oub ¥sing ons
f the fi Il
0 e rirs tgﬁ&?&%‘ﬁ?th%%ﬂl%n ?&Wrﬂ@f@{%@gﬁﬁ ?IVQE I‘h‘éreaf&qs glgl Mﬁa y

the full w maxi mum curve  an

transm tt edisi33t3erad Py icn00 asPand Py & 10@mWie direction in vr/m ch a reflection
hol ogram cor ot at es on reconstructr on by nmeans of 15 an [1 scan but the
detector for the diffracted |ight can onli[ cover a finite angular range, the

Bragg curveMsasueaiat nstltfgrrlamumlus y of th eripmersdhy meaneefen i n an Q
scan bur10 Onl)syullhatt{b% r(ﬁ%ﬂﬁl Peshﬂnh??n gﬁse of sui tabl e det ector

posi tioni ng shape of ransm intensity which is conplenentary
to the Bragg curve is therefore additionally used for adapting the |ayer

t hi ckness dFor2fe piepitatio of the whotopelypes forafuldtiva f&r dgemtining ¢hd plawac modulag t o
Kogel ni k (dashed I ne?Bé‘ of the neasured diffraction efficiency (solid
circles) antocPmpraertElsadoptierpllyaeitiveniracisselyed i the isesyanaifaieadivet he angl e

detuni ng X5g, S a6ey), GYtidddiny % ERRTRLEAS: S B5ESkA9 AR D80 ARYS: Bre than

10 minutes in a drying oven. Thereafter, isocyanate component a) is added and mixed in
15  the Speedmixer for 1 minute. Subsequently, a solution of component c) in butyl acetate is

added and is mixed in the Speedmixer again for 1 minute. The concentration of component

c) in butyl acetate is 10% by weight. The amounts of this solution which are described in

Table 2 were used.

The still liquid formulation is then introduced into the plate — plate measuring system of a
20 rheometer (from Anton Paar Physica, model MCR 301) equipped with the oven model
CTD 450 which was preheated to S0°C). The curing of the matrix of the photopolymer

formulation over time is then measured under the following conditions:
¢ Plate spacing 250 pm.

e Oscillation measuring mode at a constant circular frequency ®¢ of 10 rad/s and a

25 regulated deformation amplitude of 1%.

o Temperature 50°C, normal force regulation to 0 Newton set



the nean refractive index during the photopol ynerization, the angle at which
DE is neasured deviates froma, the x axis is centred about the shift. The
shift is typically O to 25 2. For a formulation, this procedure was

possi bly repeated several tinmes for dift@82ent exposure tines ton various
media in order to determ ne the nean energy dose of the incident |aser beam

during witing Qdechiditn Egksﬁtﬁggtefagetmd/&ﬂhﬁm Qﬁeaﬁiehﬁéa@ﬁnﬁgﬁﬁmg %Mtil’éa'stol‘hodf%ﬂle

The nean energy dose is obtained as follows fromthe powers of the two
part -31- beans uptiba donstanéualup Omet ¢fd3‘amasireachadand (3 (Pa = 0.50 mWand Pp =
0.67 MW, the exposure tine t and the diameter of the iris diaphragm (0.4

o Emi/ = 2] P+Pj t f.th t-b
St o 5o K hagieney Shicibas el Qe B on'8E pRAESSmE! oriSRh ' 85RTR 2T the
angl es a anrgsfrd thas 8 BlatNulBédRd g Béracﬁ’erfsﬁ@‘for%ﬂh)’rﬁ ﬁé‘ﬁettv@rl@ 8 8¢HeR. wn in
| i3 145 8 Slatca : L W o

Figure 1 was also carried out using a green laser with the em ssion
wavel endt h fllofinggonditionswerewhoseom There, a is 11.5 and (3 is 33.5 and P.
is 2.00 mMVand Pp is 2.00 miW Measurenent of t he pl ateau nodulus Go of the

phot opolyrrers by ns of an, scillati heoneter in e present
vent s on For* t 1sHRBEn PisesBinegrodardienn ot GribEnroener 860 Srdor o -
determ ning the 3@bfi‘£c9§bhc{@ Li4%ed @omﬁggp%gmudg)ofqgﬁ optionally additives
are dissolved in the isocyanate-reactive nponent b), optionally at 60C.
Heating is optionally effected to 60C for not nore than 10 mnutes in a

dryi ng oven. Thdragiktature 505Cmoamal foraarpdatint tod) Newtorndded and m xed in 15
the Speedm xer for 1 mnute. Subsequently, a solution of conponent c) in

butyl acetate is  adde dis mxed in the Speednm x again for 1 mnute.
The concentrafi Secendl ﬁhf;afgﬁétﬁfageéi)ocﬁwwtﬁtfwergﬁéeray ?rgqlm%ay wei ght. The
armunts of this solution which are described in Table 2 were used. The
still lpquipfgh o4mahat)l i o zggl?g' t . I asuring
system 8f e{ﬁG28£‘lr;%$e nl%%gglrﬁrf?(?%ﬁ]& %@%ﬁ]ﬁ%ggr H&sﬁélg%%ﬁ@ﬁfhg%&%%@aggw pped
with the odeiquemyehnge, Gnax is conceived as the plateau modulus Gy to be determined. Examples

of typical measured curves are to be found in Figure 3.

Figure 3 shows the curve for the curing of the matrix network (link) and testing for plateau

behaviour (G’ independent of o) (right).

15  The plateau modulus Gy can be related to the average molecular weight Mc of the
segments bridging two polymer strands as follows according to (M. Doi, S.F. Edwards,
The Theory of Polymer Dynamics, Oxford Science Publications, 1986).

R is the Avogadro constant, T is the absolute temperature in Kelvin and p is the mass
20  density, which for the sake of simplicity was always set at 1 g/cm’. A small plateau
modulus Gy or a large average molecular weight Mc of the segments bridging two polymer

strands characterize a network having a low crosslinking density.
Isocyanates used (components a)

Desmodur® XP 2410 is an experimental product of Bayer MaterialScience AG,
25  Leverkusen, Germany, hexane diisocyanate-based polyisocyanate, proportion of

iminooxadiazinedione at least 30%, NCO content: 23.5% (component al)



CTD 450 which was preheated to 50C). The curing of the matrix of the

phot opol ymer fornul ation over tinme is then neasured under the foll ow ng
conditions: Plate spacing 250 m Oscillation neasuring node at a constant
circular frequency coo of 10 rad/s and a3325 regul ated deformation anplitude
of 1% Tenperature 50C, normal force regulation to O Newton set -32-
Recor di ng dbesntriust XP2360 iaidxperiftenalprodudiof BageVatkgalScigacé AG, at | east 2
hours or wuntil a constant value Gn  of G was reached. A frequenCé sweep
was then cardveBdsgyCesnany, aliphaicaedyisapyanatebasad an bexanediiseeyapate NCnsur e
that a pl at ristic for a polyneric network was

r eached. Thcg)ﬂ%g%%g%A%mg‘gﬁ%ﬁﬁ%ns were chosen: Gscillation measuring
node over a circular frequency range of 0.5 rad/s < co < 300 rad/s and a
regul at ed dbésmiodat i 2509hs dnstgenieits prodectiof Bay et MafalSciencealG, f or ce

regul ation to Q Newton set Recording of the storage podulus G . over the

g s
ci rcul ar® f rigygenesn, &grmany, fll allorhapate of exane disqcyanatesbased gp Acqlaip 4200
maxi num val LiAE 1t 4 he 48 ' ar frequency range, Grax is
concei ved algephc\gn%ﬁg%?é%u%#D}E'ig(fog‘g)o&%ﬁtt%gs be determ ned. Exanples of typical
measured curves are to be found in Figure 3. Figure 3 shows the curve for
t he curi ng Pepdriwtomasftidomponeitwalj k (11 nk) and testing for plateau behaviour
(G independent of t)) (right). 15 The pl ateau nodulus Go can be related to

t he average_nol ecul ar weight Mc of the segnents bridging two polyner
strands as $YNPHREL 4BdprmexRsrimentalprodyst of Sayer Matesiatficienca A, Hexerkyseas

Pol ymer Dy g;%]ﬁﬁ j . i i . . = oR IS the
Avogadr o cgﬁs ant ,,L%lfhlﬂééj?ﬁgéxgﬁi@ﬂ%? a%ﬁ%&?%b{%bagé%ﬁb%ﬁ% r?ngérlllg lgﬁ}g t he mass
20 density, which for the sake of sinplicity was always set at 1 g/cnB8. A
smal | pleat eBls.0 goflhdxamethylane diisbaagsate P agere initieldy inoduedddhio dound- t he

segnments bridging two polyner strands characterize a network having a | ow
or oss! i nki rkplQEaiflask with stirring and bubbling through of N, and 0.016 g of isophthaloyl”

dichloride and 2 drops (about 0.040 g) of dibutyltin dilaurate were added. The mixture was

heated to 100°C and 478.68 g of Acclaim 4200 (polypropylene oxide having a number
average molar mass of 4000 g/mol) were added over 75 minutes. Stirring was continued

15 until an NCO value of 18.5% NCO was reached. The reaction is then stopped by cooling to
room temperature. The excess HDI is then separated off by distillation via a thin-film
evaporator at 140°C (residue of HDI < 0.1%). The product is obtained as a colourless

liquid. It has allophanate structures in parts and an average functionality of about 2.6.
Isocyanate-reactive components used (component b)

20  Preparation of polyol bl:

Polyol bl is an experimental product of Bayer MaterialScience AG, Leverkusen, Germany,

block copolymer of Terathane® 650 and e-caprolactone.

0.25 g of zinc octanoate, 172.29 g of e-caprolactone and 27.46 g of a difunctional
polytetrahydrofuran polyether polyol (equivalent weight 325 g/mol OH) were initially

25 introduced into a 1 1 flask and heated to 150°C and kept at this temperature until the solids
content (proportion of non-volatile constituents) was 99.5% by weight or higher.

Thereafter, cooling was effected and the product was obtained as a viscous liquid.



| socyanat es used (conponents a) Desnodur XP 2410 is an experinental product
of Bayer Material Sci ence AG 25 Leverkusen, Cernmany, hexane

di i socyanat e- based pol yi socyanate, proportion of im nooxadi azi nedi one at

| east 30% NCO content: 23.5% (conponent3éF) -33- Desnodur(r) XP 2580 is an
experinmental product of Bayer Material Sci ence AG Leverkusen, GCernmany,

al i phati c Po¢parstioadpatyel bxsed on hexane diisocyanate, NCO content about
20% (conponent a2) Desnodur(r) XP 2599 is an experinental product of Bayer
Mat eri al Sci_enc G 5 Leverkusen, GCernmany, full alloph te of hexane

di i socyanatP@?wiéé\eﬁ B EXREBMARY BESGCt Of NERDJAFEAISIIEICEA, beviey BT a3)
Preparatio AR PSURERY 4 i experinmental product of
Bayer Mate?)lla ch e g{eé?ggréﬁiehverkusen,Hg@?#&%&@ﬂret hane of hexane

di i socyanate and Accl ai m 4200, NCO content: 18.5% 10 315.0 g of

hexanet hyl @ glof doc yetaatate, 3HDR)g oferaproladiomm dnd 3748 ool difuricibmala r ound

sopht hal oy et paaST Bygpdcpuibden e B 0D Be QRLBER BRI | aur at o
ver e added.i Jhific8d g%d‘?]? 1Sk altPREa8A 532804 t ?t;tﬁisﬁgtggelg{ur%gg%&oﬁag Ower o

(pol ypropyl ene oxi avi ng a nunber average g/ no
added over cébtent (prapestionStfi mronkvedatilasomstintentsyods 9% 5Unhy weight didapheal ue of 18. 5%
NCO was reaghed, The reactign is then stopped by coqling to { om

t enper at ur e.netFEeT £RUNg WS etfestediipd theprardugt avps gbtainsgl sapstawisglidon via a
thin-film evaporator at 140C (residue of HDI < 0.1%. The product is
obt ai ned agfydtp el bgide hhviRg s nfnbOPRRRRE SIAY Hads\WraBo0 PmRar ts and
an aver age foﬁ'nct?%#@?@rog#!eggoﬁgef\ghé f@&yanat -re@ctl?{vges corﬁrpo gﬁ?’s used
(conponént whicl?R sBideprlenthi oradeafanmol yaaint¥ 42008y Baykr Matdrial Sufene deaverkasdna|
product of a%er Mat eri al Sci ence AG Leverkusen, Cermany, bl ock copol yner
of Terat ha ‘and e-caprol actone. 0.25 g of zinc octanoate, 172.29 g of
c-caprol actone and 27.46 g of a difunctional polytetrahydrofuran polyether
pol yol ( eatora ents diraityioRAtoBl MBheCEDfitR d:Rid &l hjpAShd AiaoeiERidgt ©
11 flask ar?ﬁheatsed to 1§gc Sﬁdl%ﬁt aetwt?ﬁl?es tlerrperﬂart{)ﬁe untﬁ) t he é i ds
altogether a 50% proportion of ethylene oxide and having an equivalent weight of

984.2 g/mol.

15  Preparation of polyol b5:

3.621 kg of Terathane® 1000 were weighed into a 20 1 reaction tank equipped with a
stirrer, and 525 mg of DMC catalyst were added. Heating was then effected to 105°C with
stirring at about 70 rpm. Air was exchanged for nitrogen by applying a vacuum and
eliminating the vacuum with nitrogen three times. After the stirrer speed had been

20  increased to 300 rpm, nitrogen was passed through the mixture from below for 54 minutes
with the vacuum pump running, at a pressure of about 0.1 bar. Thereafter, a pressure of
0.2 bar was established by means of nitrogen and 363 g of propylene oxide (PO) were
introduced for initiating the polymerization. The pressure increased to 2.42 bar thereby.
After 7 minutes, the pressure had decreased to 0.34 bar again and a further 11.379 kg of

25 PO were metered in over a period of 2 h 29 min. at 2.9 bar. 47 minutes after the end of the
PO metering, a vaccum was applied at a residual pressure of 1.9 bar and complete
degassing was effected. The product was stabilized by addition of 7.5 g of Irganox 1076
and was obtained as a colourless, viscous liquid (OH number: 27.6 mg KOH/g, viscosity at
25°C: 1498 mPas).



content (proportion of non-volatile constituents) was 99.5% by wei ght or

hi gher. Thereafter, cooling was effected and the product was obtained as a
viscous liquid. -34- Preparation of polvol b2: Polyol b2 is an experinental
product of Bayer Material Sci ence AG Leveykusen, Germany, block copol yner

of Terat hane 1000 and e-caprol actone. 0.18 g of zinc octanoate, 374.8 g of

e- capr ol act pRestaidlg Sefterihl DMC c@ta%‘sf HncdduBREhetal é}@hﬁd‘é%{a%i/gds&ﬁ Bhamcpol yet her
pol yol (equival ent vvel ght 500 OH) were initially ‘introduced into a 1

1 flask andhma‘{a@ldcwhaltm(lﬂl)anbtamble bytthe hiosessaleparibad im EPuh 700 94%e sol i ds
cont ent (pr oporti on of non-volatile constituents) was 99.5% by wei ght or

hi gher . % fter ooI in s effected and the product was obtained as a
waxy sol i d (SI“S% GOMPONEBE ©or opyl ene oxi de having a nunmber average nol ar
mass of 4000 g/ rml 10 which is sold under the tradenane Accl ai m 4200 by
Bayer Mat er FahRe® €nes: uieﬂi&[ﬂﬁ%@@ataly@eﬂlmﬂi/ylb@ﬂl Y%RbndHletlFord ] drndR&t i onal

copol yet her of ethylene oxide and propyl ene oxide C\?\gﬁ“ sing altogether a

50% pr opdr t ¢asnmerciad produeined Mnmml‘m&brfmmam @hvneqals mC\I/eU§Ht(u®erd B, 2
g/ mol . 15 Pygparation 621 k thane 1000 were wei ghed
Phto a 20 110B e S et B R TalidRRe) CpPonebftBand 525 g of DA

catal yst were added. Heating was then effected to 105Cvm'th stirring at

about 70 r pRadidtion@¥inpgoapdasd @ompbhét@N by appl ying a vacuum and
elimnating the vacuumwth nitrogen three tines. After the stirrer speed

had been 20 increased to 300 rpm nltrogen was passed through the m xture
from bel ow €empeuentBd diteghpxylgited(3p hisphenolidrdigangtesunni ng, at a pressure of

about 0.1 bar. Thereafter, a pressure of 0.2 bar was established by neans
of nitrogen and 363 g ofg propyl ene oxide (PO were introduced for
initiating the polynerifigig .. The pressurge increased to 2.42 bar thereby.
After 7 mnutes, the pregsur ad. degr egsed 0\ 3 bar agaln and a further
11.379 kg of 25 PO were netered inh a ppe # o 29 at 2.9 bar.
47 mnutes after the end of the PO netering, a vaccun1&bs applled at a
residual pressure of 1.9 bar and conplete degassing was effected. The
product was stabilized by addition of 7.5 g of Irganox 1076

10  Sartomer Company, 502 Thomas Jones Way Exton, PA 19341 (USA).

20

The refractive index np“ = ny, is 1.543 (information in the manufacturer’s datasheet).

Component B2): Propane-2,2-diylbis[(2,6-dibromo-4,1-phenylene)oxy(2-{[3,3,3-tris(4-
chlorophenyl)propanoyl]oxy} propane-3,1-diyl)oxyethane-2,1-diyl] diacrylate.

O O

15  Precursor V1 for component B2)

215.3 g of tetrabromobisphenol A diglycidyl ether (D.E.R. 542, from Dow Chemicals,
USA) and 1.1 kg of hydroxyethyl acrylate in 1.5 1 of toluene were initially introduced into

a 61 flask having a reflux condenser. 1.06 g of boron trifluoride-diethyl ether complex



and was obtained as a colourless, viscous liquid (OH nunber: 27.6 ng KOH g,
viscosity at 25C 1498 nPas). -35- The starting material DMC catalyst is a
doubl e nmetal cyani de catal yst based on zinc hexacyanocobaltate (I11),

obt ai nabl e by the process described in EB6A 700 949 Catal yst used
(conponent c) Fonrez UL28: urethani zation catal yst,

di met hyl bi sfdrd addeanérogedde) 03l Soaiioane rodm canpaitaraindstirdug twas fefivbwe o v e
Performance Chenicals, Wlton, CTI, USA (used as a 10%strength solution in

N- et hy| pyr dBrtharcgidd) af @emp@ﬁmsrat@eﬂherm,a@lmwnc‘m& Hipctpdouils T 3ot toBeponent

g;r t (C):o m@ogon%a@é}élgﬁg hﬁﬁ%n?s?’géé@m&%ﬁ lﬁ\F’%\S %ggfl %‘%@A}ﬂﬁe %‘geag Igi%g%t Ive
iog?rgé ] 2 EtZ 0 gg;))a:rwed ioff Wab4vashéd tigedraitries withn 2t5h@ obidfeacindreested fetaliaisheethyl

Pr opane-2, 2<Bil3te phys mpeans -of G onidies orgapiseplase n&asodiied -using magnesiyn (sulphate.

G 0 P R B o) Yk ARAE g bt o MY SRR el L C TS TV

for conponent B2) 215.3 g of tetrabr onobi sphenol A diglycidyl ether (D E R

542, from Da.2GhefrieaprecurstiSKI iarnds ke bf kat-bityhyeok eaichweradrtialltigtroducdd 5 1
of toI uene were initially introduced into a 6_ 1 flask having a refl ux
condenser . intoos 64 flask hayiae a feflux sondansercangy ¢i§§01‘édh%rr°@@n‘ﬁmﬁrai‘86 130k & ohdded

Grops o¢_{ A oA SRR 6. AL AR ) L6841
1.3 kg of tdid:whﬂﬁxylcarbodumlde were added. After a short tlme, a slightly exothermic reaction
began with simultaneous precipitation. Stirring was continued for 1 h at RT. Filtration was
effected and the residue was washed twice with 875 ml of 0.2 mol/M aqueous hydrochloric
acid each time. The filtrate was then stirred for 30 min. with 875 ml of saturated NaCl
solution and then separated in a separating funnel. The organic phase was washed four
15 times with 875 ml of saturated NaCl solution and then dried using magnesium sulphate.
0.88 g of 2,6-di-tert-butyl-4-methylphenol (KB) was added to the residue. Thereafter, the
solvent was distilléd off at 5 mbar and cooling was effected, and boiling with 2.6 1 of
isopropanol and cooling were effected three times. The residue obtained was taken up in
1.31 of tert-butyl methyl ether, kieselguhr was added, filtration was effected and the

20  solvent was dissolved off at 5 mbar and cooling was effected.

The refractive index np, is 1.603.



and hydrolysis with 9 g of sodium bicarbonate in 2.5 kg of water. The

organi ¢ phase separated off was washed three tinmes with 2.5 kg of water and
tested for hydroxyethyl 5 acrylate by nmeans of GC. The organi ¢ phase was

dri ed using nmagnesi um sul phate. Thereaf-t3r-, the solvent was distilled off

at 5 nbar and cooling was effected. 140.2 g of the precursor V1 in 1.5 kg of
tert-butyl @@rhbéﬂeneBB?rPhb@?lﬁ)rbﬂMdyﬁhls«)xym T—ﬁﬁ&@%ﬁelmlﬁb&rﬁoxﬁrloiybﬁﬁke havdigly a
reflux condenser and dissolved at roomtenperature. 136.8 g of

3, 3, 3-tri s(tiaenylage ophenyl ) propi onic acid, 3.67 g of dimethyl am nopyri di ne
and 69.3 g of 10 dicycl ohexyl carbodi i mde were added. After a short tinme, a
slightly exotherm c reaction began with sinult ous precipitation.
Stirring was continued for 1 h at RT Fldﬁ\r@_L@Ls“ effected and the

resi due was washed tvvl ce vvlth 75 0I no aqu;ﬂ_us hydrochloric acid
each tine. The fil th ed fcpr 30 mn 875 m of

saturated Nad so’l/ut on andot he separate a sep rati
organi ¢ phase was washed four 15 tinmes wt m of saturm%acl
dte. 5 0.88 g of
the resi due. Thereafter,

solution and then dried using magnesi um sulg

2,6-di-tert-butyl -4-nmet hyl phenol (KB) was add

the solvent was distilled off at 5 nbar and cgolN.ng was effected, and
boiling with 2.6 1 of isopropanol and cooling e effected three tines.
The residue obtained was taken up in 1.3 1 of tert-butyl methyl ether,

ki esel guhr was added, filtration was effected and/the 20 sol vent was
di ssol ved of f at 5 nbar and cooling was effectedO The refractive index nM

is 1.603. -37- Conponent B3): @o

Phosphor ot hi oyl tri s(oxy-4, | - phenyl enei mi nocar bony{ oxyet hane-2,1-diyl)
triacrylate OSPPOH N Nao >-0 OO0 OHI O N

0.1 g of 2.6-di-tert-butyl-4-methylphenol, 213.07 g of a 27% strength solution of tris(p-
5 isocyanatophenyl) thiophosphate in ethyl acetate (Desmodur RFE, product of Bayer
MaterialScience AG) were initially introduced into a 500 ml round-bottomed flask and
heated to 60°C. Thereafter, 42.37 g of 2-hydroxyethyl acrylate were added dropwise and
the mixture was kept further at 60°C until the isocyanate content had fallen below 0.1%.

Thereafter, cooling was effected and the ethyl acetate was completely removed in vacuo.

10 The product is obtained as a semicrystalline solid.
The refractive index ny, is 1.579.

Component B4): 2-({[3-(methylsulphanyl)phenyl]carbamoyl}oxy)ethyl prop-2-enoate.

SQNjoNOﬁ

| I
H 0

0.02 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of Desmorapid Z, 11.7 g of

15  3-(methylthio)phenyl isocyanate were initially introduced into a 100 ml round-bottomed
flask and heated to 60°C. Thereafter, 8.2 g of 2-hydroxyethyl acrylate were added
dropwise and the mixture was kept further at 60°C until the isocyanate content had fallen

below 0.1%. Cooling was then effected. The product was obtained as a light yellow liquid.



HO OO 0.1 g of 2.6-di-tert-butyl-4-nethyl phenol, 213.07 g of a 27%
strength solution of tris(p- 5 isocyanatophenyl) thiophosphate in ethyl
acetate (Desnodur RFE, product of Bayer Material Science AG were initially

i ntroduced into a 500 M round-bottoned f38%sk and heated to 60C.
Thereafter, 42.37 g of 2-hydroxyethyl acrylate were added dropw se and the
m xt ur e wasThegfrattivd index i, 60G76nti | the i socyanate content had fallen

bel ow 0. 1% Thereafter, cooling was effected and the ethyl acetate was
conpletely renoved in vacuo. 10 The product is obtained as a

sem cryst al Phefeinitiatog systpms used (comppaentGbx nMis 1.579. Conponent B4):

2- ({[ 3- (et hyl sul phanyl ) phenyl ] car banoyl } oxy) et hyl prop-2-enoate. O S NOO
I HO 0.0 . [ t = A= r&@p@ f Desnorapid Z,
11.7 g of 1%6%@;1%%?%}1 tsﬁ%tgé%ﬁﬁw&?}é%@%ge we gmpﬁ?%ggl)}; i ntroduced into
a 100 mM round-bottoned flask and heated to 60C. Thereafter, 8.2 g of

2- hydr oxyet 0y g cfd¥ep MethyleneeBladdiedd g of L1062 (euperitmertalprotuctef\Waka kept

further at §0C ynt.i|l the isocyanate content had fallen . below Q.1 % Cooling
wns. 1 nend of BetehapHend e AETNRLR GoLs foteBa by mDligee iy drteahérin Hs ek O,

The refract] L inbSTHe ks Vg : t C
Descri pti onh%c%:cr tk ﬂgl%sl(eyls elr%lgNg\vae Met h@‘?ﬁ‘?%ﬁ%“*%%‘@( %ﬁ%@gﬁ%?ﬁu&(@gggq?ﬁg of)

New Met hyl e®earBuses, foll p@ducging ftheGRan®ldmédiaper i nent al product of Ciba Inc., 5
Basel, Switzerland) are dissolved in 3.50 g of n-ethylpyrrolidone in a

beaker in the dark of . under itabl e |jghting. The_corresponding
per cent agesBBVr\RBP@HftthSyitﬁ‘insssagrép’&Fi%ﬁ f(.coni*g‘b‘?e@t Egac) are used for producing
t he exanple nedia. Description of the system Safranine 0 + CA (conponent

C2)) 0.1 g pfi gSAdaBahite &):1.00 PO GGPHOSExpANRekiBPRBALTBI LR 1RE 0BG, of C ba

I nc., Basel,
10  Switzerland) are dissolved in 3.50 g of n-ethylpyrrolidone in a beaker in the dark or under

suitable lighting. The corresponding percentages by weight of this solution (cf. Table 3)

are used for producing the example media.



10 Switzerland) are dissolved in 3.50 g of n-ethyl pyrrolidone in a beaker in
the dark or under suitable lighting. The correspondi ng percentages by

wei ght of this solution (cf. Table 3) are used for producing the exanple
medi a. -39- The follow ng three-dinmensiomddy crosslinked polymers as matrix
conmponent A) of the photopol ymer formulation for determning the refractive
i ndex nMa WThGfollmﬂﬁgitmehﬂmbhﬁoﬂill}c%slma%Bﬁﬁbnﬂb@\iﬁatrfﬁ&bhﬁmﬁeﬁlﬁﬁ of bes

t he exact conpositions. 5b 5n owmn u ~ v v CG' ~N\N 9 pM al
Oa 'y 9 k thephotepglymerigrmulatjon torcdet@mlamgthlerafrasz@ve@nﬂpx ma wene 02: 1 cl
0.4 1.485 A2 84. 2.1, 0.4 1.478 A3 a2 2.7 b4 12.3 1.02:1
oi "o 018 1, REpred By Srdprotiesagtentien g, O, G070 08 22 2 T 08 B%he Ta o
1.02:1 cl 0.4 1.455 5 A6 a3 42.1 b4 57.5 1.02: 1 c | 0.4 1.465 Table 1:

Mat ri x conp@atsietl sledoribed thedkbetodiipositiohdie refractive index nMa at 589 nm
NCO: OH designates the ratio of the nunber of equivalents of the functional

groups int spectlve conpopent A)
Preparati on| of the i t hout | phot oi pi tigoat dr for
determning] 10 tH 2§|stsghe nvestilgat ed
exanpl es of| t he pH def er i i ng the pllat eau
modul us Co, | whigch & o ' ar ggt ef %‘]% hei r oconp05| tion.
These phot opol § forgul at |3)ns ac.o:ordi 0 the megt hog whi ch
was describedg-i—ﬂ— asTr-efeRt= ot tg"‘p! e u—ApauF-us- Co
of the 15 phot opollynmers i n n | l]a n 1h br .
phot gpollymers by jreans of an osgplliaf) on theopetpr., - ) e
A2 al 15.4 b2 84.2 1.02:1 cl 0.4 1.478
A3 a2 2.7 b4 12.3 1.02:1 cl 0.018 1.470
A4 a2 9.6 b5 90.0 1.02:1 cl 0.4 1.460
A5 a3 26.6 b3 73.0 1.02:1 cl 0.4 1.455
5 A6 a3 42.1 b4 575 | 1.02:1 cl 0.4 1.465
Table 1: Matrix components A) for determining the refractive index ny, at 589 nm.

NCO:OH designates the ratio of the number of equivalents of the functional

groups in the components a) and b) in the respective component A)

Preparation of the photopolymer formulation without photoinitiator for determining

10  the plateau modulus G,.

Table 2 lists the investigated examples of the photopolymer formulations for determining
the plateau modulus Gy, which do not have an exclusive character in their composition.
These photopolymer formulations were prepared according to the method which was
described in the section on the measurement of the plateau modulus Gy of the

15  photopolymers by means of an oscillation rheometer.



-40 ti
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whi ch wer e |i nvest|i gailed |weaiz rfegelr d |t @sdsheiio2 : pljat Bau [noidisl Us & qracid7nei r
crosslinkin ngi t £ ductt on holjo | a _pas
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F5 al 1.172 b2 6.328 | 1.02:1 B3 25.0 cl 0.0104

F6 al 1.063 b2 6.437 | 1:0.90 B3 25.0 cl 0.0100

F7 a3 3.202 b4 4295 | 1.02:1 B3 25.0 cl 0.0328

F8 a3 0.725 bs 6.773 1.02:1 B3 25.0 cl 0.0331

F9 a3 5510 b3 1.987 | 1.02:1 B3 25.0 cl 0.0318

F10 a3 1.722 b3 | 4775 | 1.02:1 B3 35.0 cl 0.0300

F11 a4 4.223 b3 2310 | 1.02:1 B3 22.5 cl 0.0664

F12 al 1.117 b2 6.031 | 1.02:1 B4 25.0 cl 0.0080

F13 a3 1.960 b3 5187 | 1.02:1 B4 25.0 cl ] 0.0180

Fl14 al 1.117 b2 6.023 | 1.02:1 Bl 25.0 cl 0.0111

F17 a2 1.361 b4 6.161 1.02:1 B3 20.0 cl 0.0201

Table 2: Photopolymer formulations which were investigated with regard to their

plateau modulus Gy and their crosslinking density 1/Mc.

Production of the holographic media based on photopolymer formulation with

photoinitiator for determining the performance parameters E and An.

The photopolymer formulatiions were used for producing holographic media (cf. Table 3)
in which the photopolymer was produced as a layer between glass plates of 1 mm
thickness each. This type of holographic media is particularly suitable for determining their
performance by the method described in the section on measurement of the holographic
10 properties DE and An of the holographic media by means of two-beam interference in a
reflection arrangement and is therefore, in the contex of the formulated claims, not meant
to be limited to the holographic media, provided that the photopolymer formulation used

satisfies the claimed properties with regard to plateau modulus Gy and/or Q = M/Mpme.



The phot opol yner fornul atiions were used for produci ng hol ographi c nedi a
(cf. Table 3) in which the photopol yner was produced as a | ayer between
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described in the section on nmeasurenment of the hol ographic 10 properties DE
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rate of the matrix do not always lead to the same layer thicknesses d of the photopolymer

layer, d is determined separately from the characteristics of the holograms written for each

sample.
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M1 al | 205 | bl | 557 |1.02:
M2 | al [ 188 | bl | 513 |1.02:

1 12.5] Cl 4.6 cl 0.0060 Fl
1
M3 al | 129 | b2 | 69.7 [1.02:1
1
1

2501 CL{ 46 cl 0.0040 F2
125 C1| 4.6 cl 0.0090 F3
M4 | al | 222 | b2 | 729 [1.02: B2 | 250 Cl1]| 4.6 cl 0.0060 F4
M5 al | 11.0 | b2 | 593 |1.02: B3 |250]|Cl1| 46 cl 0.0060 F5
M6 | al | 10.0 | b2 | 603 |1:090| B3 | 250} Cl 4.6 cl 0.0060 Fé6
M7 | a3 | 299 | b4 | 40.1 |1.02:1 B3 | 250 | Cl| 4.6 cl 0.0446 F7
M8 | a2 68 | b5 ] 633 [1.02:1| B3 | 250 | Cl| 46 cl 0.0363 F8
M9 | a3 | 186 | b3 | 514 |1.02:1] B3 | 250|Cl| 46 cl 0.0315 F9
MIO | a3 | 159 | b3 | 442 [1.02:1 B3 [350| Cl| 4.6 cl 0.0360 F10
MI1 | a4 | 385 | b3 | 31.6 |1.02:1] B3 | 225|Cl 4.6 cl 0.0275 F11

T |8 |8 [Radias

Cl| 46
Mi2 | al | 110 | b2 | 59.3 |1.02: B4 | 250 C2| 4.6 cl 0.0090 F12

1

Mi13 | a3 [ 192 | b3 | 509 [1.02:1] B4 | 250 C2| 46 cl 0.0300 F13
1
1

Mi4 | al | 11.0 | b2 | 593 |1.02: B1 | 25.0 ] Cl 4.6 cl 0.0060 F14
M17 | a2 | 136 | b4 | 61.5 |1.02: B3 [ 20031C1{ 46 cl 0.0336 F17

Table 3: Holographic media which were tested with regard to their performance An

and E.
Results from Gy, M, MM, and An combined.

5  The following measured values for Go (MPa), M (g/mol), Q = Mc/Mwy,, and An at the dose

E (mJ/cm?) were obtained and are shown in Table 4:



and E. Results from Go, MC, Mo and An conbined. 5 The foll ow ng neasured
values for Go (MPa), Mc (g/mol), Q= M/ MW, and An at the dose E (mi/cnR)
wer e obtained and are shown in Table 4: -43- 0 Keao _ro Lam ~ O~ o0 a
~1l "G6~ ZCd ~~y Il t ukl x d-#30 0 c U Conparison M 0.0062 8.1
1.02: 1 FI 2.25 1194 1.47 0.094 Al Conparison M2 0.0059 15.9 1.02:1 F2 1.75
1535 1.89 0{094 Al | Conpprisonp M3 0. 0070] 15.9 1.02:{ 1 F3[1.60[1678]| 2. 06

0.103 A2 Cpnparison M4 D.0059 36.9 1.02f 15F4 [1.35 1989(1.21|0.12[f A2
according tp the inveptipn M 10.0101 7.8/ 1.82; |1 F5] 0.80]3357|4. 13| 0x1043 A2
according tp the invedtipn Ms|0.0113 9.1 1:@;@0 F6 0.70 8836 4.72 P. 03 A2
according tp the ipveftipn M7 [0.0130 8.9 1,82 |1 F7] 0.70|3836{4.72 05114 A6
according tp 0.0118 18. 2| the ilnvent|i op l\/lfré §.9110* [127.37 §O0p 1 F12§0. 53
5067 18.03 P.098 A2 ‘&ccprding to t|heSi nyen&idr ML7| 0. 01309. 1 1, OR: &1 |F1
0.43 6231 7|66 % 109 &3 [ accorjdi ng [toot he # gv@nti on| M4 (. 108 £8.3 £.d2: 1
F14 0.36 7460 £5.94 02066 @ | w | 2 | SEF | S | 5 | o | £ | 8
Comparison [ M1 | 00062 | 81 |1.02:1 F1 225 | 1194 | 147 | 0094 | Al
Comparison [ M2 | 00059 | 159 | 1.02:1 F2 175 | 1535 | 1.89 | 0.094 | Al
Comparison [ M3 | 00070 | 159 | 1.02:1 F3 160 | 1678 | 2.06 | 0.103 | A2
Comparison | M4 | 0.0059 | 369 | 1.02:1 F4 135 | 1989 | 121 | 0127 | A2
according to
the invention] M5 | 0.0101 [ 78 | 1.02:1 F5 080 | 3357 | 413 | 0103 | A2
according to
the invention]| M6 | 0.0113 [ 91 [ 1:090 F6 070 | 3836 | 472 | 0103 | A2
according to
the invention]| M7 | 00130 [ 89 |1.02:1 F7 070 | 3836 | 472 | 0.114 | A6
according to 0.0118 18.2

the invention| MI12 | 0.0110* | 127.3* | 1.02:1 F12 0.53 5067 18.03 | 0.098 A2
according to
the invention| M17 0.0130 9.1 1.02:1 F17 0.43 6231 7.66 | 0.109 A3
according to
the invention] M14 0.0103 18.3 1.02:1 F14 0.36 7460 15.94 | 0.065 A2
according to
the invention| M8 0.0147 9.1 1.02:1 F8 0.30 8951 11.01
according to
the invention] M9 0.0170 9.1 1.02:1 F9 0.25 | 10742 13.21 | 0.124 AS
according to
the invention| MI10 0.0208 4.5 1.02:1 F10 0.24 | 11189 | 13.76 | 0.124 AS
according to
the invention{ MI13 0.011* | 63.7% | 1.02:1 F13 0.10 | 26854 | 95.57 | 0.121 AS
according to
the invention| M11 0.0171 47 1.02:1 F11 0.05 | 53708 | 66.06

Table 4: Evaluation of selected examples. The values characterized by * were

measured with A = 532 nm instead of with A = 633 nm,

The An values found for the holographic media surprisingly show that photopolymer

5  formulations whose plateau modulus Gy is less than 1.0 MPa or whose equivalent average
molecular weight M of the segments bridging two polymer strands is greater than
2685 g/mol, particularly preferably whose ratio Mc/Myy, is greater than 3.30, are very

suitable for use in holographic media since [n values greater than 0.010 are reached.

Moreover, they show that this design criterion for photopolymer formulations has the same
10  or even greater significance than the refractive index difference between matrix and
photopolymerizable monomers (cf. for example M14 in comparison with M7 or with

M4) or that this design criterion further improves in their performance existing



according to the invention M8 0.0147 9.1 1.02: 1 F8 0.30 8951 11.01 accor
ing to the invention M@ 0.0170 9.1 1.02: 1 F9 0.25 10742 13.21 0.124 AS
accor ing to the invention MO 0.0208 4.5 1.02: 1 F10 0.24 11189 13.76 0.124
AS according to the invention ML3 0.011-83-7* 1.021 F13 0.10 26854 95.57
0.121 AS according to the invention M1 0.0171 4.7 1.021 FIt 0.05 53708

66. 06 Tabl e photopebimeatforaulaifons @t ehichdhie xader|déffererideds fiabdiqs. fohexamprrMadenl by
* were neasured with X =532 nminstead of with X = 633 nm The An val ues
found for tHemMPIrisen Xith MSagwith M3, i singly show t hat phot opol ymer 5
formul ati ons whose plateau nodulus Go is less than 1.0 MPa or whose

equi val ent average nolecular weight Mc of the segnents bridging two pol yner
strands is greater than 2685 g/ nol, particularly preferably whose ratio
Mc/MVO is greater than 3.30, are very suitable for use in hol ographic nedia
since On values greater than 0.010 are reached. Moreover, they show that
this design criterion for photopolyner formulations has the sane 10 or even
greater significance than the refractive index difference between matri x and
phot opol yneri zabl e nmononers (ct for exanple M4 in conparison with M/ or:
with M) or that this design criterion further inproves in their
performance existing -44- photopolyner formulations in which this index
difference is fixed (cf. for exanple M6 in conparison with Mo or with M3).
-45- CLAIMS 1. A photopolyner fornulation conprising a three-dinensionally
crosslinked organic polynmer A) or the precursors thereof as a matrix, a
conpound B) conprising groups that react with ethylenically unsaturated
conmpounds via polynerization 5 under the action of actinic radiation and is
present in solution or dispersion in said



matrix, and C) at |east one photoinitiator, wherein the network density of
said three-dinensionally crosslinked organic polyner, expressed as the
average nol ecular weight MC of the segnments bridging two pol ynmer strands,
is at least 2685 g/nol. 10 2. The phot opdbyner fornulation of claim1,
wherein the network density of said three-dinensionally crosslinked organic
polymer is in the range of from 7500 toCLAPA80 g/ nol. 3. The phot opol yner
formulation of claim1l, wherein the ratio Q of the nolecular weight M to

t he nunber average nol ecul ar weight Mvb of B) is greater than 3,30, 15 4.
The phot opollyner 4 Bhetopalymehfosmulatign gomprigipg Wﬁeﬁwmwﬁy eyopslinkedaganict han

10.00. 5. The ph Y, J im:1, L | ‘o
t hr ee- di nensi onaﬁtow écg rﬁ%l@%ﬁ%ﬁ“@éﬁ%g&ﬁg%iﬁnﬁ%’ %5 roﬁgg%?gﬁﬁgﬂgggr oups.
6. The phot opol ymgesupsahatutaat vith ettfylaigillubsatwagdeompdahds il pelgndripmisi onal | y
crosslinked organic polyners are conposed of an isqocyanate cqonponent a) and
an 20 i Socyanat snderdhe pctionofpstivie sadiafjon and igpreseitt ér Suligmer disReFsion Bsaish of

claim1l, wherein .CONTAM S ' . .

i socyanat e-r eact i@rlg’oﬁrggodr?ea(n??ea%](?de}%%%ga%tﬁfjt@%g? g%m eft‘gér)r%uaq%gflgg%f 58¥d claim
7, wher ei n conponkigé-danersivhally 3RS slinkef oFganigtanéad exprased aothe lHikrapé t h

i socyanur ate and/or, i m nooxadl azi nedi one 25 structures or a prepol yner

havi ng an NCO f ureelpana weightdlc pf Bigsegments biidging &ve ppliyasasteandpds arlegstet hane
structures based QSEREﬂand/or TMDI and a pol yether polyol, polyester

pol yol , and/or pdl'ycarbonate polyol. 9. The photopol yner fornul ation of
claim?7, wherein conponent b) conprises a polypropylene oxide, a

pol yet hyloene2. oxi dihe phBtbpolynte® forinfiaiticans cldingrig efheiein theeefvaorkndeddity offsaid random
or bl ock copol yner and/or _a bl ock copol ynmer of the abovenentioned__type

whi ch addi ti onal Ithreedimpensianally srasslinked eraanierpolyuenis dntheganggeof figm 7500'to

e- caprol act one as BN 9ONES units, wherein the OH functionality is froml1.5 to
6 and the nunber “avefage’ nol ecul ar weight is from200 to 18000 g/nol. 5 10.
The phot opol yner fornul ation of claim11l, wherein said conmpound of B) has a

3. The photopolymer formulation of claim 1, wherein the ratio Q of the molecular

weight M to the number average molecular weight My, of B) is greater than 3.30.
15 4. The photopolymer formulation of claim 3, wherein the ratio Q is greater than 10.00.

5. The photopolymer formulation of claim 1, wherein said three-dimensionally

crosslinked organic polymers comprise urethane groups.

6. The photopolymer formulation of claim 1, wherein said three-dimensionally
crosslinked organic polymers are composed of an isocyanate component a) and an

20 isocyanate-reactive component b).

7. The photopolymer formulation of claim 1, wherein A) comprises an isocyanate

component a) and an isocyanate-reactive component b).

8. The photopolymer formulation of claim 7, wherein component a) comprises a
polyisocyanate based on HDI with isocyanurate and/or iminooxadiazinedione
25 structures or a prepolymer having an NCO functionality of from 2 to 5 with
allophanate and/or urethane structures based on HDI and/or TMDI and a polyether
polyol, polyester polyol, and/or polycarbonate polyol.

9. The photopolymer formulation of claim 7, wherein component b) comprises a

polypropylene oxide, a polyethylene oxide, and/or combinations thereof in the form



refractive index np20 of greater than 1.54. 11. The photopol yner fornul ation
of claim1, wherein said conpound of B) conprise acrylate and/or

met hacryl ate groups as radiation-curing groups. 12. A nmedium suitable for
recordi ng visual hol ograns produced fromr#fhe 10 photopol yner fornul ation of
claim11. 13. An optical elenent, inage, or representation produced fromthe
medi um of cl ai m of2rardém ér bletckhagpotymmerandos b bipck lkepotgnheriof the abdweinrenti@ned

conprising selectively. ynerjzing witi nononmers with actinic
r agF ati ong type wﬁllch Faig(glylonaliy COH%)I'ISCS tetr'gl%fdro ran, {)utyilgne oxide, or
g-caprolactone as monomer units, wherein the OH functionality is from 1.5 to 6 and

the number average molecular weight is from 200 to 18000 g/mol.

5 10.  The photopolymer formulation of claim 1, wherein said compound of B) has a

refractive index np° of greater than 1.54.

11.  The photopolymer formulation of claim 1, wherein said compound of B) comprise

acrylate and/or methacrylate groups as radiation-curing groups.

12. A medium suitable for recording visual holograms produced from the

10 photopolymer formulation of claim 1.

13.  Anoptical element, image, or representation produced from the medium of claim
12.

14. A method for exposing the medium of claim 12 comprising selectively

polymerizing writing monomers with actinic radiation.



