-1- Novel hol ographic nmedia and photopol yners The invention relates to

hol ographi ¢ nedi a contai ni ng specific photopol yners, a process for the
production thereof, and unsaturated glycidyl ether acrylate urethanes as
writing nononmers which are suitable for ‘thhe preparation of photopolyners. 5
Phot opol ynmers - i.e. materials which polynerize by light - are very widely
used, such aeyelhe aphicmedia andphatepodymers ng of generally flat substrates,
such as paper and mood in the furniture, film parquet or printing
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dimensional structure forms in the photopolymers, which structure can be described in general by a

regional change of the refractive index in the material. A hologram is therefore an object which
contains a periodic, spatial modulation of the refractive index. The optical function which such a
25  hologram performs, for example representing a three-dimensional image or being capable of being

used as a diffractive optical element, depends on the specific exposure.

For the use of photopolymers as a carrier of holograms for optical applications in the visible range,
colourless or only very faintly coloured materials having a high diffraction effect are as a rule
required after the exposure. Since the beginning of holography, silver halide films, in particular
30 those having high resolution, have been used for this purpose. 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 gives rise
to additional costs for industrial processes and makes it necessary to handle chemical developer

solutions. Moreover, wet chemical processes have the disadvantage of causing swelling under the
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the object to provide for this purpose polymerizable writing monomers which are particularly
suitable for the preparation in such photopolymer compositions. It was important to find

polymerizing writing monomers which can be particularly readily dissolved in the binder.

25 It has now surprisingly been found that the above requirements are very well met if glycidy! ether
acrylate urethanes are used as writing monomers and these are incorporated into a polymer

composition containing a binder system.
The invention therefore relates to photopolymer compositions comprising

a) at least one unsaturated glycidyl ether acrylate urethane of the general formula (la) or (1b) or

30 mixtures of (1a) and (1b)



a) at |east one unsaturated glycidyl ether acrylate urethane of the general
formula (la) or (1 b) or 30 m xtures of (Ia) and (Ib) 3- OH N R2 O/Qp\ /

RRLOnNformulala Rformula lb in whith nis a natural number from2 to
6, 5 Rl is a nono- or polynuclear organic radical containing aromatic groups
and having 4 to 36 carbon atpns, R2 is an efinically unsaturated radical
having 3 to 30 carbon atons ndkﬁirs an or ic radical derived from

al i phatic or aromatic di- or g having 2 to 30 carbon
atons, 10 b) a binder systenrc |l e s ne |phot oi niti ator system d)
optionally free radical stabrlrzersa1cata yst|s and further additives. The
invention furthernmore relates-to a process fer tf pduction of nedia for

recordi ng visual hologranms, in which the photopo yner conposi tions
according to the invention are applied to a 15 substrate or in a nmould and
are cured. The invention furtfhernore Zelate to medi a obtainable therefrom

and intended for recording vijsualj hol ogramg,and to the use thereof as
optical elenents or images o entation or projection. The
invention |likew se relates t a ne%hod fo rfecordi ng a hol ogram in which
such nmedi a are used. The unsgturated glyc?dyl ether acrylate ur et hanes of
the formula la or | b can be epared in a fst synthesis. In the
first reaction, an unsaturated acid R2-COOH i s ret %H’mnth an epoxi de

Rl - CH2- CHOCH2, a mi xture of two al cohols being fornmed according to fornul a
3. -4- } lirwlicRl

n is a natural number from 2 to 6,

5 Rl is a mono- or polynuclear organic radical containing aromatic groups and having 4 to 36

carbon atoms,
R2 is an olefinically unsaturated radical having 3 to 30 carbon atoms and

R is an organic radical derived from aliphatic or aromatic di- or polyisocyanate and having 2

to 30 carbon atoms,
10 b) abinder system
c) at least one photoinitiator system
d) optionally free radical stabilizers, catalysts and further additives.

The invention furthermore relates to a process for the production of media for recording visual
holograms, in which the photopolymer compositions according to the invention are applied to a
15  substrate or in a mould and are cured. The invention furthermore relates to media obtainable
therefrom and intended for recording visual holograms and to the use thereof as optical elements
or images or for image representation or projection. The invention likewise relates to a method for

recording a hologram, in which such media are used.

The unsaturated glycidyl ether acrylate urethanes of the formula la or 1b can be prepared in a
20  2-stage synthesis. In the first reaction, an unsaturated acid R2-COOH is reacted with an epoxide

R1-CH,-CHOCH,, a mixture of two alcohols being formed according to formula 3.



R2 OH+ RI~0 - R2" OOH+ R2" Ofl" O RL forrmula 3 In a second reaction
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10 epoxi des of the general fornula RI-CH2- CH®H2. Thus, these are in
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i odi ne, ethyl, n-propyl and isopropyl, n-butyl, isobutyl and
tert-butyl phenyl , aryloxy, benzoyl, acyl, methoxy, benzyl, nethylthio,
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unsaturate lIghcal R having 2 to 30 carbon atons, preferably 2 to 20
carbon ato ﬁtlcularly preferably 2 to 9 carbon at ons. Acrylic acid,

met hacrylic aC|d 3

Radicals R1 which contain a mono- or polynuclear aromatic groups having 4 to 36 carbon atoms,
preferably 5 to 20 carbon atoms, particularly preferably 6 to 16 carbon atoms, are suitable as

10 epoxides of the general formula R1-CH,-CHOCH,.

Thus, these are in particular substituted oxyphenyl radicals having one to five identical or different
substituents on the phenyl ring, such as chlorine, bromine, iodine, methyl, ethyl, n-propyl and
isopropyl, n-butyl, isobutyl and tert-butyl, phenyl, aryloxy, benzoyl, acyl, methoxy, benzyl,
methylthio, ethylthio, propylthio, butylthio, phenylthio, naphthylthio and napthyl.

15  Furthermore, polynuclear aromatic and heteraromatic radicals Rl can be used, such as
oxynaphthyl,  oxynapthylmethyl,  oxyanthracenyl,  oxyphenanthryl, = N-carbazolyl, N-
alkylcarbazolzyl, N-phthalimidyl, N-phenothiazinyl, N-alkylphenothiazinyl, oxytriarylmethyl, such
as, for example, oxytriphenylmethyl. These polynuclear aromatic and heteroaromatic radicals R1
may also be substituted, such as, for example, with substituents such as chlorine, bromine, iodine,

20  methyl, ethyl, n-propyl and isopropyl, n-butyl, isobutyl and tert-butyl, phenyl, aryloxy, benzoyl,
acyl, methoxy, benzyl, methylthio, ethylthio, propylthio, butylthio, phenylthio, naphthylthio and
napthyl.

Preferred radicals R1 are oxyphenyl, oxybromophenyl, oxydibromophenyl and oxynaphthyl,
particularly preferably oxyphenyl, oxydibromophenyl and oxynaphthyl.

25  The acids R2-COOH contain an unsaturated radical R having 2 to 30 carbon atoms, preferably 2 to

20 carbon atoms, particularly preferably 2 to 9 carbon atoms. Acrylic acid, methacrylic acid, 3-
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1-isocyanato-1-methyl-4(3)-isocyanatomethylcyclohexane (IMCI), 1,4-phenylene diisocyanate,
1,5-naphthylene diisocyanate, 1-isocyanato-2-isocyanatomethylcyclopentane, (4,4’- and/or 2,4°-)
25  diisocyanatodicyclohexylmethane (H12-MDI, W), bis(4-isocyanato-3-methylcyclohexyl)methane,
xylylene diisocyanate (XDI), tetramethyl-1,3- and/or -1,4-xylylene diisocyanate (TMXDI), 1,3-
and/or 1,4-hexahydroxylylene diisocyanate (H6-XDI), 2,4- and/or 2,6-hexahydrotoluylene
diisocyanate (H6-TDI), 2,4- and/or 2,6-toluene diisocyanate (TDI), 4,4’- and/or 2,4’-
diphenylmethane diisocyanate (MDI), norbornane diisocyanate, isocyanatomethyl-1,8-octane
30 diisocyanate (TIN) and 1,8-diisocyanato-4-(isocyanatomethyl)octane, triphenylmethane 4,4°,4”-
triisocyanate and tris(p-isocyanatophenyl) thiophosphates (RFE), 1-methylbenzene 2,4,6-
triisocyanates, naphthalene 1,3,7-triisocyanate and the isomers thereof, biphenyl-2,4,4’-
triisocyanate and the isomers thereof, 2,4,4’-diphenylmethane triisocyanate and the isomers

thereof.



triisocyanates, naphthalene 1,3,7-triisocyanate and the isoners thereof,
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20  crosslinking agent are also suitable. Two-component epoxy systems and urethane systems are

suitable for this purpose. Two-component urethane systems are preferred.

For the application of urethane crosslinking, a polyisocyanate crosslinking agent and a hydroxy- or

amine-functional resin are required for this purpose.

Suitable compounds of the polyisocyanate crosslinking agents are all aliphatic, cycloaliphatic,
25  aromatic or araliphatic di- and triisocyanates known per se to the person skilled in the art, it being
unimportant whether these were obtained by means of phosgenation or by phosgene-free
processes. In addition, the higher molecular weight secondary products (oligo- and
polyisocyanates) of the monomeric di- and/or triisocyanates having a urethane, urea, carbodiimide,
acylurea, isocyanurate, allophanate, biuret, oxadiazinetrione, uretdione or iminooxadiazinedione
30  structure, which are well known per se to the person skilled in the art, can also be used, in each

case individually or in any desired mixtures.

Monomeric di- or triisocyanates, such as butylene diisocyanate, hexamethylene diisocyanate

(HDI), isophorone diisocyanate (IPDI), trimethylhexamethylene diisocyanate (TMDI),
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nol ecul ar wei ght 500 to 4000, particu
number average molecular weight in the range from 500 to 13 000 g/mol, preferably 700 to

20 8500 g/mol.

Preferred resins for this purpose have an average functionality of 1.5 to 3.5, preferably of 1.8 to

3.2, particularly preferably of 1.9 to 3.1.

Such polyols of the abovementioned type are, for example, polyester alcohols based on aliphatic,
cycloaliphatic and/or aromatic di-, tri- and/or polycarboxylic acids with di-, tri-, and/or

25  polyfunctional alcohols and lactone-based polyester alcohols.

Preferred polyester alcohols having a molecular weight preferably of 500 to 4000, particularly
preferably 650 to 2500 g/mol are, for example, reaction products of adipic acid with hexanediol,

butanediol or neopentylglycol or mixtures of said diols.

Also suitable are polyetherpolyols which are obtainable by polymerization of cyclic ethers or by

30 reaction of alkylene oxides with a starter molecule.

The polyethylene glycols and/or polypropylene glycols having a number average molecular weight



preferably 650 to 2500 g/nol are, for exanple, reaction products of adipic
acid with hexanediol, butanediol or neopentylglycol or m xtures of said
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with g-caprolactone in the molar ratio of from 1 to 0.33.

20  Hydroxyl-terminated polyamidoalcohols and hydroxyl-terminated polyacrylatediols, e.g.
Tegomer® BD 1000 (from Tego GmbH, Essen, Germany), can likewise be used.

Polyethylene/polypropylene glycols having a polypropylene content of at least 70% and a
functionality of 1.9 to 2.5 and polyester-polyether-polyester block polyols based on
polytetrahydrofurans having a number average molecular weight of 400 to 1400 g/mol and
25  e-caprolactone are particularly preferred, these polyester-polyether-polyester block polyols having

a number average molecular weight of 1500 to 4000 g/mol.

One or more photoinitiators are used as photoinitiator c). These are usually initiators which can be
activated by actinic radiation and initiate polymerization of the corresponding polymerizable
groups. Photoinitiators are commercially distributed compounds known per se, a distinction being
30  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.
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Preferred photoinitiators C) are mixtures of tetrabutylammonium tetrahexylborate,
tetrabutylammonium triphenylhexylborate, tetrabutylammonium tris(3-fluorophenyl)hexylborate
25 and tetrabutylammonium tris(3-chloro-4-methylphenyl)hexylborate with dyes, such as, for
example, Astrazon Orange G, methylene blue, new methylene blue, azure A, pyrillium I, safranine

O, cyanine, gallocyanine, brilliant green, crystal violet, ethyl violet and thionine.

In addition to components a) to c), free radical stabilizers, catalysts and further additives may also

be concomitantly used.

30  Suitable free radical stabilizers are inhibitors and antioxidants as described in “Methoden der
organischen Chemie [Methods of Organic Chemistry]” (Houben-Weyl), 4th 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-methylphenol,

kresols, hydroquinones, benzyl alcohols, such as, for example, benzhydrol, optionally also
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1, 3, 4, 6, 7, 8-hexahydro-1 - met hyr-z pyrimdo(I, 2-a)pyrimdiné are particularly

preferred. Particularly preferred catalysts are dibutyltin dilaurate,
di met hyl t i nPagticubarlyorrgfesred cafalyss( pre| ibutyltin dilaurate, dimethyltin dicarboxylate, iron(III)

acetylacetonate, 1,4-diazabicyclo[2.2.2]Joctane, diazabicyclononane, diazabicycloundecane,

1,1,3,3-tetramethylguanidine, 1,3,4,6,7,8-hexahydro-1-methyl-2H-pyrimido(1,2-a)pyrimidine.

25 For example, solvents, plasticizers, levelling agents, wetting agents, antifoams or adhesion
promoters, but also polyurethanes, thermoplastic polymers, oligomers, and further compounds
having functional groups consisting of, for example, acetals, epoxides, oxetanes, oxazolines,
dioxolanes and/or hydrophilic groups, such as, for example, salts and/or polyethylene oxides, may

be present as further auxiliaries and additives.

30  Preferably used solvents are readily volatile solvents having good compatibility with the
2-component formulations according to the invention, for example, ethyl acetate, butyl acetate,

acetone.

Preferably used plasticizers are liquids having good dissolving properties, low volatility and a high

boiling point. It may also be advantageous simultaneously to use a plurality of additives of one
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For admixing the polyisocyanate, the mixtures can be stored as a storage-stable intermediate,

optionally over several months.

After the admixing of the polyisocyanate, a clear, liquid formulation is obtained which, depending

on the composition, cures at room temperature within a few seconds to a few hours.

25  The ratio and the type and reactivity of the synthesis components of the polyurethane compositions
is preferably adjusted so that the curing after admixing of the polyisocyanate occurs at room
temperature within minutes to one hour. In a preferred embodiment, the curing is accelerated by
heating the formulation after the admixing to temperatures between 30 and 180°C, preferably 40 to

120°C, particularly preferably 50 to 100°C.

30  The abovementioned approach with regard to the curing behaviour is easily possible for a person
skilled in the art easily in the form of routine experiments within the abovementioned quantity

range of the components and the synthesis components available in each case for choice, in
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20  holographic stereograms; reflection holograms, Denisyuk holograms and transmission holograms

are preferred. Possible optical functions of the holograms which can be produced using the

photopolymer compositions according to the invention correspond to the optical functions of light

elements, such as lenses, mirrors, deflecting mirrors, filters, diffusion screens, diffraction

elements, light conductors, waveguides, projection screens and/or masks. Frequently, these optical

25  elements show a frequency selectivity, depending on how the holograms were exposed and which

dimensions the hologram has.

In addition, by means of the photopolymer compositions according to the invention, it is also
possible to produce holographic images or presentations, such as, for example, personal portraits,
biometric presentations in security documents, or generally images or image structures for
30  advertizing, security labels, trademark protection, trademark branding, labels, design elements,
decorations, illustrations, reward cards, images and the like, and images which could represent
digital data, inter alia also in combination with the products described above. Holographic images
give the impression of a three-dimensional image, but they can also represent image sequences,

short films or a number of different objects, depending on the angle from which they are
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rel ates to ose ¢ yC| er acryl ate urethanes o e general fornmula 5
(1 a)or(lb)lnmhlch nis a natural nunber from2 to 6, R is a hal ogen-

and/ or al kyRt hi gs aarmigam'rc ad'yhlt deriveds driosit art aliphatiory ptoenatid¢ di-i axgpodyrisocganate and

hal ogen-, alkylhvm 5¥ 30°;h11 thlo- or arylthio-substituted oxynaphthyl,
oxyant hr acenyl - 2 % enan (%ry , N-carbazolyl, N-alkylcarbazol zyl,

N- pht hal i m dyl , N-phenoth|a2|nyl 10 N-alkylphenothiazinyl,

oxytri aryl nirefayred gladdyd ather MldtSunathaﬁﬂseédorﬂimb lthe inveaadrarathesk inadichal havi ng 2
to 30 carbon atons R is an organic radical derived froman aliphatic or
aronatl yi s apate and having 2 to 30 carbon atons. Preferred
glycidy et%er dgﬁvwa? eré‘gthanes according to the invention are those in
which 15 n is the nunber 2-4,

R1 is a halogen- and/or alkylthio- and/or arylthio-substituted oxyphenyl ring or a halogen-,
alkyl-, aryl-, alkylthio- or arylthio-substituted oxynaphthyl or oxyanthracenyl radical,

R2 is an olefinically unsaturated radical having 2 to 20 carbon atoms,
R is an organic radical derived from an aliphatic or aromatic di- or polyisocyanate and
20 having 6 to 24 carbon atoms.

Particularly preferred glycidyl ether acrylate urethanes according to the invention are those in

which
n is the number 2 or 3,
R1 is oxybromophenyl, oxydibromophenyl or oxynaphthy]l,

25 R2 is derived from R2-COOH, R2-COOH being acrylic acid, methacrylic acid, carboxyethyl
acrylate or an adduct of hydroxyethyl acrylate and maleic anhydride (CH,=CH-CO-O-
CH2-CH2-0O-CO-CH=CH-COOH),

R is derived from R(NCO),, R(NCO), corresponding to 2,6-hexamethylene diisocyanate,



Rl is a hal ogen- and/or al kylthio- and/or arylthio-substituted oxyphenyl
ring or a halogen-, alkyl-, aryl-, alkylthio- or arylthio-substituted
oxynapht hyl or oxyant hracenyl radical, R24ts an olefinically unsaturated
radi cal having 2 to 20 carbon atonms, R is an organic radical derived froman
al i phatic or ar Qugtirinethy}-1 GmemieﬁiyﬁeﬁsyanaﬂﬁsoaMateZO hai¢ddyanabontiethy?4,8@afabon
atons. Particularly preferred.glycidy ethe acryl at e urethanes accordlng to
the invention afHSE¥HaE: | ﬁrls(moewnﬁownx he th‘ﬁﬁ%? hatesqy, teS(4- j andior 24"
oxybr omophenyl , 4Q:%gHinkio@iPRORRYIne@EnOXynapht hyl 13%5ya|?n’3tolssls&§£ﬂavo%ﬁyr UL

R2- 00CH, R2- OOOH being acrylic acid, nethacrylic acid, carbdoxye

acryl ate or an #dugikticysfohpxage. ox@;@@qyymatmylpbaxalmﬂmm?efi-c mmdrﬁ%@luldene
(CH2=CH,CO- O f ) "
correspondlng toaﬁgg%ﬁexanegﬁgﬁene ||%%E%&% %%b%ﬁ% 1&9E§F£&§E%ﬁm@ggygo
2,4, 4-tri et hyl Hriinbexadiszingtitne sengudi | socyanat e, i socyanatonet hyl - 1,
8-octane di i socyanate, tris(p-isocyanatophenyl) thiophosphates, tris(4,4'-
and/or 2,4'-) diisocyanatodi cycl ohexyl net hane,

1-i socyanat o- 3-i socyanat onet hyl -3, 5, 5- trinethyl cycl ohexane,

di i socyanat odi cycl ohexyl met hane, 2,4- and/or 2,6-toluidene 5 diisocyanate
and trinmers of hexanethyl ene diisocyanate having isocyanurate and/ or

i m nooxadi azi netrione structure. -15- Exanples: Unless noted ot herw se, al
stated percentages are based on percent by weight. Exanples 1-8c illustrate
the preparation of witing nononers according to the general forrmula |a/lb:
5 Exanple 1 156.5 g of di bronophenyl glycidyl ether (Denacol EX147,
obt ai nabl e from Nagase Chemlex, Japan), 36g of acrylic acid, 0.0019g of
2,6-di-tert-butyl -4-net hyl phenol and 0.328 of triphenyl phosphi ne were
initially introduced into a three-necked flask having a reflux condenser
and stirrer. In addition, air was slowy passed through and heating to 90C
was effected. Stirring 10 was effected for 60 h. A clear, liquid product
that, according to 1-H NVR, no |onger contained epoxide was obtained.



Exanple la 30.8 g of the product from Exanple 1 and 6.96 g of 2, 4-tol uidene
di i socyanate (Desnodur TI 00, Bayer Material Sci ence AG Leverkusen, Germany)
were initially introduced into a three-nédéked 15 flask having a refl ux
condenser and stirrer. In addition, air was slowy passed through and
heating to Bx@mplkas effected, After the initial exothernmicity to 80C, the
product was stirred for 80 mnutes at 60C. A clear glassy product having
NCO = 0% ' | b-1.d_The fall.ow were carried out
anal ogouswa%?ﬁgﬁﬁeéw%’%&a?%ﬂ%rscegtﬁgets Eﬁesbgsregg\gnggtgeng)régqtg%ﬁé20 be found in
Table 1 Raw material | Raw material 2 Reaction Exanple Product of Raw

mat eri al 3 HRamglct-8c ilbntataniat preparation dExaitipg endnombrs 26c@8ing t& tH&egertMormuld 7 h
Cl ear, tack%/1 BssS | ¢ 26.95 g 7.35 g TMD - 17 h Cear, tacky mass |Id 19.11
g 4.19gTIN 0. 01gKB 17 h Clear glass sintering at room tenperature 2 drops
of 18 h + Ethyl acetate is distilled off, 1 e 26.95 g 40.81 g R FE DBTL
after hst hmaﬁi@, hi ghly viscose, 18 h tacky product 16- |If 26.95 g 9.17
g W20 h Clear glass sintering at room tenperature | g 26.95 g 7.77 ¢
IPDI 20 It A clear, tacky sinterin lass 1 h 26.95 g 8.75 M4 - 20 h
Clear, tacKySsiert e@lPrﬁgwglreaglsglwﬁylze%heigDalai@.%&145’ sbiRiae o agpq ShemTex,
sintering ahpdn0B g SP2ryhi0 AKITPE0AIIY &f I 8Rii8rtdbutyl-4-methylphenol and 0.328 of

triphenylphosphine were initially introduced into a three-necked flask having a reflux condenser
and stirrer. In addition, air was slowly passed through and heating to 90C was effected. Stirring
10 was effected for 60 h. A clear, liquid product that, according to 1-H-NMR, no longer contained

epoxide was obtained.

Example 1a

30.8 g of the product from Example 1 and 6.96 g of 2,4-toluidene diisocyanate (Desmodur T100,
Bayer MaterialScience AG, Leverkusen, Germany) were initially introduced into a three-necked

15  flask having a reflux condenser and stirrer. In addition, air was slowly passed through and heating
to 60C was effected. After the initial exothermicity to 80C, the product was stirred for 80 minutes
at 60C. A clear glassy product having NCO = 0% was obtained.

Example 1b-1d

The following examples were carried out analogously to Example 1a. Details in this respect are to

20  be found in Table 1

Raw material 1
Raw material 2 Reaction
Example |Product of Raw material 3| Product
Isocyanate time
Example 1
1b 2695¢g 5.88 g HDI - 17h Clear, tacky mass
le 2695¢g 7.35 g TMDI |- 17h Clear, tacky mass
Clear glass sintering at room
1d 19.11¢g 4.19 g TIN 0.01 gKB 17h
temperature
2 drops of 18h Ethyl acetate is distilled off,
+
le 2695¢g 40.81 g RFE |DBTL after ih then clear, highly viscose,
18 h tacky product
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Table 2 -
Pr oduct

10

15

20

25

17- Raw nateri al

Leverkusen, Germany)

IPDI:

Leverkusen, Germany)

1 Raw nateri al

1-Isocyanato-3-isocyanatomethyl-3,5,5-trimethylcyclohexane (Desmodur I,

be found

M44: Diisocyanatodicyclohexylmethane (Desmodur M44, Bayer MaterialScience AG, Leverkusen, Germany)

| e Raw nateri al

Bayer MaterialScience AG,

in
3

XP2410: Trimer of hexamethylene diisocyanate having a predominantly iminooxadiazinetrione structure (Desmodur
XP2410, Bayer MaterialScience AG, Leverkusen, Germany)

T80: 80:20 mixtures of 2,4- and 2,6-toluidene diisocyanate (Desmodur T80, Bayer MaterialScience AG, Leverkusen,

Germany)

KB: 2,6-Di-tert-butyl-4-methylphenol

DBTL: Dibutyltin dilaurate

Example 2

150.2 g of alpha-naphthyl glycidyl ether (SACHEM Europe B.V., ZALTBOMMEL, THE
NETHERLANDS), 54 g of acrylic acid, 0.492 g of triphenylphosphine and 0.002 g of 2,6-di-tert-

butyl-4-methylphenol were initially introduced into a three-necked flask having a reflux condenser

and stirrer. In addition, air was slowly passed through and thermostatting was effected at 90C and

stirring was effected for 60 hours. According to 1H-NMR, the reddish brown viscose product no

longer contained epoxide.

Example 2a-2d

The following examples were carried out analogously to Example la. Details in this respect are to

be found in Table 2



Example 2 2a 54.5 g 17.4 g TD

0.014 g KB 0.5 h Solid browni sh gl assy

product 2b 19.1 g 5.9 g HDI 0.002 g DBTL _19 h Browni sh clear, viscose
product Browni sh, clear, tacky product -3¢ 21. 24 g 5.86 g TIN 0.0027 g KB
23 h having—an NCO content of 0. 1% thyl acetate is. distilled off 2d 16.3
g 35 g RFE[0.005 &aBBTL 19 h brownish clear, |gl assybproduct Tabl e 2: For
abbrevi ati ons, seg . fabl e(f Qt@Hil% 3 93.9 g ofediilyy orophenyl gl yci dyl ether
(Denacol EX3dihiple0 tai na av&ﬁ m@aﬂmﬁz e:a IJaplaeauct 25.8 g of

met hacryli ¢ acid, dll@bfqlswﬁ[yaxtatq ph nyl phosphijtiree and | 0. 0012 g of

2,6-di-tert -butyI Ex%m L get hyl phenol| were i ni gi ally introduced into a

t hree- necked fl ask aPll ng a refluxjcondenser jand stirrer. In addition, alr
was sl ow y|passed 5t4hrgoug 117amg:lTDherHrmeI4agKBng oas ef | stidetbvatishGlssy fobduct i Ng
was effect ed-for h——Alvellowishlelear ||r1||| d pr oduct—hawi ng—an OH-nuhber
= 142 ng KOW g L T héa HDbx anpf 0025DBEL 10 frne {/310M8iAh Algare Xanti R8Ik e
carried out anarogously Exanple(ia. Details in Uhg S hRERECT tRk B&’ht e
found in Tinle 3 2184 gRays. s IN al [d.00aw Kt ez3 Rl 2 egctll?on }e?r 3
material 3|Product Prodlct of Isoéyanate tinme ExarrﬂilaemzatséﬂC@?cowegtCGOJl%g TDI
14. 5 g CHCI-3—6 ‘h, t+henr—+H ght bi’u'v'wl, L,l eat; j lrgrucf- I—viscoseproduct—3b
20.1 g 4.2|g HDI q6g% g Q%llﬂ:éﬁ 5@%? lgLassybmlc?aﬁ%tf1S%ﬂﬁ¢°¢hen 3c
27.7 g 5.9{g TIN 0.0027 5 gl @sswniph €1ekd CdlassyFirbitict
acetate isldistid

5

10

Table 2: For abbrev1at10ns see Table 1

Example 3

93.9 g of dibromophenyl glycidyl ether (Denacol EX147, obtainable from Nagase ChemTex,

Japan), 25.8 g of methacrylic acid, 0.197 g of triphenylphosphine and 0.0012 g of 2,6-di-tert-butyl-

4-methylphenol were initially introduced into a three-necked flask having a reflux condenser and

stirrer. In addition, air was slowly passed through and thermostatting was effected at 60C. Stirring

was effected for 48 h. A yellowish clear, liquid product having an OH number = 142 mg KOH/g

was obtained.

Example 3a-3d

The following examples were carried out analogously to Example 1a. Details in this respect are to

be found in Table 3



of f;
room t enpe

rature

Table 3

for

3d 20.1 g 29.2 g RFE 0.005 g DBTL 19 h clear glass sintering at
abbrevi ati ons,

11

see Table 1 Exanple 4.1 29.42
g of maleic anhydride, 0.32 g of triethyllfnine, 257 g of toluene and 0.06 g

of 2,6-di-tert- buytyl-4-nethylphenol _were initjally introduced into a
t hree- neckpd fl askRiwvi ng|a refl ux condenser Egand stirrer. In addition,
air was slpwy pas 10r ogigh ﬂlt2herm)statti effected at 85C.
Ther eaf t er |Ex3dipi84 %ﬁ%?‘ya ﬂycﬁ%&?@@ %/I Q@cvylha@grﬁmreaéé@ged HeQRW se in the
course of 15 m nutPsdendf |Bbédyamatang ijs ef fect editiher 11 hours. The m xture is
freed from sol vent ang cl ear, visjcose produgct is obtained. Exanple 4.2
10 31.3 g pf di br QFPHR %§| gl yci dyl jlether (Denpcol EX147, obtainable frpm
Nagase Chepilrex, apan), 21.4 g of the product|ey, arhEXanpht®rdvnlcled; 066 g of
tri phenyl pesphi ng2angd O. q%mg Tiplof [24.6-gdiHEIBr | - but él - #- net hyl phenol were
initially |ntroduged intola three-necked fl ask|3Ha&PRELavIscesnisducicondensker
and stirre T aggi tTon ’ SST oM, e othro Lt n
3 1O 4% ‘OW0Y ¢ AT S 9t SHWish! AP bt 9
was ef fect eg at Egéc gnd St grﬁl’l\%q wal e?]gect ed| for 19 hours.. CSF)IIe)%r M qui d
product waps obt ai ged. 15 Exanpl e 4a-4d The fol Qo\bithgnewngl es were carrjed
out anal ogPsly t q2EX&npl ¢>- gdINDet 2010827 aKBhi 5 reggﬁzgi“ﬁ @ishglasyeprqdyeind i n
Table 4 -1D- Raw raterial |1 Raw matefial 2 Raw’rfEf €fi Reacti on Exanpl e
Product Product df Tsocyanate 3 tinge Exanple #. 2 20 hlgihfiepetafelslapmish,
viscose 4a 14.1 d 2.2 g TD 14.5 g [CHC13 5 ng| DBTL pr )%ct 4b 20.1 g 2,9 ¢
) 29 off.
HDI - 0.002 g 17 h Qear. tagky, kel do BB beTL (196
clear glass sintering at
room temperature
Table 3: for abbreviations, see Table 1
Example 4.1
29.42 g of maleic anhydride, 0.32 g of triethylamine, 257 g of toluene and 0.06 g of 2,6-di-tert-
butyl-4-methylphenol were initially introduced into a three-necked flask having a reflux condenser
S and stirrer. In addition, air was slowly passed through and thermostatting was effected at 85C.
Thereafter, 34.84 g of hydroxyethyl acrylate are added dropwise in the course of 15 minutes and
stirring is effected for 11 hours. The mixture is freed from solvent, and a clear, viscose product is
obtained.
Example 4.2
10 31.3 g of dibromophenyl glycidyl ether (Denacol EX147, obtainable from Nagase ChemTex,
Japan), 21.4 g of the product from Example 4.1, 0.066 g of triphenylphosphine and 0.0005 g of
2,6-di-tert-butyl-4-methylphenol were initially introduced into a three-necked flask having a reflux
condenser and stirrer. In addition, air was slowly passed through and thermostatting was effected
at 90C and stirring was effected for 19 hours. A clear liquid product was obtained.
15  Example 4a-4d

The following examples were carried out analogously to Example la. Details in this respect are to

be found in

Table 4



3 h, then 4c 14.1 g 2.1 g TIN5 ng DBTL C ear, viscose product Ethyl
acetate is distilled 4d 18.9 g 19.2 g RFE 0. 004 g 17 h off; DBTL clear,
gl assy product Table 4: for abbreviati onld; see Table | Exanpl e 5 112.7 g of
phenyl glycidyl ether 54 g of arryl ic acid 0492 g of triphenyl phosphine
and 0.0017|g of 2Rewdnateriaflt - but yl - 4-jret hyl phehol were initially introdu
into a three-neckeqd flask haying., ‘1'2'_’ refh denser and stirrer. In
addi tion, @ElampRS S| ow y passeglgdt lraouRﬁl agé ﬁ=r nost at t imgdueas ef f ect ed
90C. Stirring was @rddacttofd ﬁsmnyaﬁdtehouﬂs and altohear, |jquid, highly vis
product was obt ai r}yed. lEggn | e 5a-5d [The foll ow ng exanples were carried
anal ogousl y to ExapfBP'f4:“ Details in this respect are o 10 be found i
Table 5 Rayv materifal 1 Raw jmaterial 2| Reaction|[ioxamehe Rasmlom@heviscate 3
Product Pr4aduct ofl4llgocyan@dt2eg Thine ﬁ)lamgl(ﬁi(mfo h, then 5a 22.4 g 8.7 g
5 my O ear| highly| viscose jproduct DBTL 5b Z‘ﬁngBé"M Rjodyst 0.002 g DH
17 h dear[ tacky fTquid =20 20 n, t 3) g g 8.4 TINS5 g Viscos
clear prodimt DBTRo.1kt hyl laget@be is| dis il egh7of f; Sd Qléardtagkydfoud 9 RA
h slightly|brownish clear gl ass sint@HTig at foom
3 h, then
4c 14.1g 2.1gTIN Clear, viscose product
5 mg DBTL
Ethyl acetate is distilled
0.004 g
4d 189¢g 19.2 g RFE 17h off;
DBTL
clear, glassy product
Table 4: for abbreviations, see Table 1
Example §
112.7 g of phenyl glycidyl ether, 54 g of acrylic acid, 0.492 g of triphenylphosphine and 0.0017 g
of 2,6-di-tert-butyl-4-methylphenol were initially introduced into a three-necked flask having a
5  reflux condenser and stirrer. In addition, air was slowly passed through and thermostatting was
effected at 90C. Stirring was effected for 54 hours, and a clear, liquid, highly viscose product was
obtained.
Example Sa-5d
The following examples were carried out analogously to Example 1a. Details in this respect are to
10 be found in Table 5
Raw material
1 Raw material 2 Reaction
Example Raw material 3 Product
Productof  |[Isocyanate time
Example 5
20 h, then
Sa 224¢g 8.7 g TDI 5 mg Clear, highly viscose product
DBTL
5b 24g 8.4 g HDI 0.002 g DBTL [17 h Clear, tacky liquid




tenperature Table 5: for abbreviations, see Table | Exanple 6 93.9 g of

di brom)phenyl gl yci dyl ether (Denacol EX147 obt ai nabl e from Nagase Chenilex,
Japan), 43. g of 2-carboxyet hyl acryl ate?-0.197 g of triphenyl phosphi ne and
0.0014 g o 6-di- 5 tert-butyl-4-nethyl phenol were jnitially in'rrndumnd
into a three- necked fl ask [having a reflux cond@idethemnd stirrer.
addition, air was,sl oWy g t hrough, thernmpstatti d at | 90C
and stirri :Slé was ezf%f%ct ed gg%%i% hours. A crys[t%arf1 ineﬁq%c\rélgeacrlr%?gﬁgélcgy i Ke
product hayving ap OH nunmber = 123.9 ng KOH g WeBTlobt ai ned. Exanpl e 6a-6c 10
The fol | omng—exprples—were—carr+etd—put—anatogpusty—to BrampletaHetahl s
inthis respect are to be found in [Table 6 Rajv mate ! agetagis,distilied oty | 2
Reacti on Exanpl e{ Raw materjial 3 Product Produgt of I%Qgﬁgm@llﬁlcmranl e
6 6a 20.7 ($d3.9 ¢7089 2 ny4®BFRFES h| M | ky whit2¢ hsolid 6b 20.7 g 3.8 g HDI 2
ng DBTL 19/ h Partly crystallized, tacky viscose solidingsinggtigoy 3.3 g TIN
2.2 ny DBTL 19 hiPartly crystallized, tacky v|scose ggligJable 6: for
abbrevi at i see Table Exanple 7 70.1 g of al phatnaphthyl glycidyl
et her (SACIEM_Eufanp@anaﬁopz,é&eTwWEL THE 15 NETHERLANDS), 50.4 g of
2- car boxyet hyl acrylate, 0.459 g of triphenyl phosphine and 0.0012 g of
2, 6-di -tertEgutgel ¥-4-met hyl phenol were initially introduced into a

t hr ee- neck having a -21- reflux condenser and stirrer. In addition,
air was slowy passed through and thernostatting was effected at 90C.
Stirring wes.o9ef beatbadndpthényz@lyhmyr sthera (1o nacdd rEXW47 s bbtaihetde flomNaghsd @hemDexan OH

hunber of apansrg43|§ pZ—‘@a@onyet )?]I acry(liate %(l%g%l oef tzgﬁezgf:lphosphine and 0.0014 g of 2,6-di-

5  tert-butyl-4-methylphenol were initially introduced into a three-necked flask having a reflux

condenser and stirrer. In addition, air was slowly passed through, thermostatting was effected at
90C and stirring was effected for 43 hours. A crystalline, creamy, honey-like product having an

OH number = 123.9 mg KOH/g was obtained.

Example 6a-6¢

10 The following examples were carried out analogously to Example 1a. Details in this respect are to

be found in Table 6
Raw
material | |Raw material 2 Reaction
Example Raw material 3 Product
Product of |Isocyanate time
Example 6
6a 207 g 3.9g T80 2mgDBTL |[19h Milky white solid
Partly crystallized, tacky
6b 20.7 g 3.8 gHDI 2mgDBTL |[19h ] _
viscose solid
Partly crystallized, tacky
6¢ 184 ¢ 33 gTIN 22mg DBTL |19h _ _
viscose solid

Table 6: for abbreviations, see Table 1

Example 7

70.1 g of alpha-naphthyl glycidyl ether (SACHEM Europe B.V..ZALTBOMMEL, THE
15 NETHERLANDS), 50.4 g of 2-carboxyethyl acrylate, 0.459 g of triphenylphosphine and 0.0012 g
of 2,6-di-tert-butyl-4-methylphenol were initially introduced into a three-necked flask having a



5 The foll ow ng exanples were carried out anal ogously to Exanple la. Details

inthis respect are to be found in Table 7 Raw material | Raw material 2
React i on Exanpl e Raw material 3 Product ?Product of | socyanate tine Exanple
6 7a 17.8 g 4.4 g T80 2 DBTL 17 h A clear, brownish glass solid 7b

17.8 g 4.2 rgﬂmonéerﬁg et In pdddiomalr meag slogléshp%,sﬁe;dstmugh Al Prewrpsietting mes 17, 8
g 4.2 Tl Nﬂ%ctgd %9@%&1‘% vaas @"féevé!ﬁ f[negé h&l?smaﬁ({ X%&Lrlléhnﬁearmqgfél%%m Eﬂ%}? 7:
for abbreV| at1ons, see Exanpl e 0 g of pha- napht hyl gl yci dyl
et her (SACI-HEMbEmfdé%mBK@P,UZA@TB@m@_ THE 10 NETHERLANDS), 22.5 g of the
product from Exanple 4.1, 0.131 g of triphenyl phosphine and 0.043 g of

2, 6-di -tertEB}i{%J%a% EEt hyl phenol were initially introduced into a

t hr ee- neck aving a reflux condenser and stirrer. In addition, air
was slowy passed through and thernostatting was effected at 90C and
stirring wahedbliarangekamples Worehraured .outtanalpdaislyttp Esdraple 14.iDgptrild in thawespert are tOH
nunber = 135 Kl s obtained. 15 Exanple 8a-8c The foll owi ng exanpl es
wer e carrlgb f%@‘%ﬁ%gﬁusly to Exanple la. Details in this respect are to
be found in Table 8 Raw material | Raw material 2 Reaction Exanpl e Raw

mat eri al 3| Product |RRwoduct| of |socyanate tine |[Exanpl ¢ 6 -22 Brown-red,
clear glassy 8a 1%.9 g 3.5 g T80 2 DBTL 18 |h product sintering at rgom

material | |Raw material 2 Reaction
Example Raw material 3 Product
Product of {Isocyanate time
Example 6
A clear, brownish glassy
Ta 178 g 4.4 g T80 2 mg DBTL 17h
solid
Brown-red, semicrystalline
7b 178 g 4.2 g HDI 2mg DBTL 18h
product
Brown-red, semicrystalline
7c 17.8 g 42 g TIN 22 mg DBTL |18 h

product

Table 7: for abbreviations, see Table 1

Example 8

20.0g of alpha-naphthyl glycidyl ether (SACHEM Europe B.V.ZALTBOMMEL, THE

10 NETHERLANDS), 22.5 g of the product from Example 4.1, 0.131 g of triphenylphosphine and
0.043 g of 2,6-di-tert-butyl-4-methylphenol were initially introduced into a three-necked flask
having a reflux condenser and stirrer. In addition, air was slowly passed through and
thermostatting was effected at 90C and stirring was effected for 15 hours. A reddish, clear liquid
having an OH number = 135 mg KOH/g was obtained.

15 Example 8a-8c

The following examples were carried out analogously to Example 1a. Details in this respect are to

be found in Table 8
Raw
material 1 |Raw material 2 ) Reaction
Example Raw material 3 Product
Product of |Isocyanate time
Example 6




tenperature Brown-red, clear, highly 8b 17.4 g 2.9 g HDI 2 ng DBTL 18 h

vi scose product Brown-red, clear, highly 8c 19.9 g 3.3gTIN 2.3 ngDBTL 18h
vi scose product Table 8: for abbreviati-d3s, see Table 1 The witing
nmononers described above were now used for the preparation of the

phot opol ymers accordingjto the i nvent| on. The fol | olrovgn-sdnqieinghatsy wer €

d. De X B Vat | S
AG Lover kiien, 353 &y e [ @étli Uy AE . |

proportionfof imnooxadi azi nedi one at | east NO@mgepdeeat :  23. 5%
age

Ter at hane( 1H)—1000+s—a ¢«

(pol y- THF avi ng nunber , a I Ss
di functional” pol y(124§apr(#%§¥@e) ng%aI?Bf?unb
10 650 g/mpl). Al|l other |polyols are com*rerci r

Mat eri al Science AG_ Level kuse the c o/Bpos:- tqdoqteatr,li@heof i S
descri bed ¥ the dXA®pl es %ETﬁ%ntl 033%95& UB58: ur et hani zation catal yst,
di et hyl bi $[ (1- oxjoneodecyl ) oxy] st annane, commerci al V‘S°°Sa B4t Morment i Ve
Per f or manc eTdbhegirsablreviidng @ee T4ble | USA (used as a 10% strength solution 15
in N-et hyI pyrrolidone). CA 909 is an experinental product sol d in 2008 by
C ba Inc., Basel, Swtzerl Preparation of poly g tin

oct anoat e, HP4Viging %noeeea%m %?Q?H%Waﬁdmwife‘éf‘ﬁ “Eﬁ Prapaattfoa tf}e atopolymers

pol yt et r ahydrahiE @the ROLMBH BT FRRIWRY compshiishanelsed. 1000, equival ent wei ght
500 g/mol OH) were initially introduced 20 into a 1 1 flask and heated to
120C and kept at %hl s tenperature until the solids content (proportion of
non- vol at i |ldespefy |X}l|e4"hos¥ a,t)agxr@gmsmelbpmd\m ghtBager NlstevialScipnesr AGf deyerkusell. i ng
was effect ment
of the resgf f%(:rta’lgl\g}é |n ?g{esgg%hte \t?gg%g%m?op Iyrtrég‘:bl %aﬁ@e%rfr%ﬁ%lr)r%agla%ﬁg ldr}{g rgést?i ve
i ndex n as H%,NGQ ¢anrenoR236%e wavel ength of the sanples were obtained from

t he

—=

Terathane® 1000 is a commercial product of BASF SE, Ludwigshafen, Germany (poly-THF

having a number average molar mass of 1000 g/mol).

Polyol 1 is a difunctional poly(e-caprolactone) polyol (number average molar mass about

10 650 g/mol).

All other polyols are commercial products of Bayer MaterialScience AG, Leverkusen, Germany,

and the composition thereof is described in the examples on mention.

Fomrez® UL28: urethanization catalyst, dimethylbis[(1-oxoneodecyl)oxy]stannane, commercial
product of Momentive Performance Chemicals, Wilton, CT, USA (used as a 10% strength solution
15  in N-ethylpyrrolidone).

CGI 909 is an experimental product sold in 2008 by Ciba Inc., Basel, Switzerland.

Preparation of polyol 1

0.18 g of tin octanoate, 374.8 g of e-caprolactone and 374.8 g of a difunctional polytetrahydrofuran
polyether polyol (Terathane® 1000, equivalent weight 500 g/mol OH) were initially introduced
20  into a 11 flask and heated to 120°C and kept at this temperature until the solids content (proportion
of non-volatile constituents) was 99.5% by weight or above. Thereafter cooling was effected and

the product was obtained as a waxy solid.



transm ssion and reflection spectra. For this purpose, about 100-300 nm
thick films of the sanples were applied by spin coating to quartz gl ass
substrates fromdilute solution in butyl-Z8cetate. The 5 transm ssion and
reflection spectrumof this |ayer packet was neasured with a spectroneter
from STEAQMEedstrédint f theDefvRative ilies of thy phetopddyefAableamondnigs | ayer t hi ckness
and the spectral curve of n were then fitted to the neasured transm ssion

and refl ectjon ectr, This i.s effected sing the internal software of the
G pect r oot eI s ol 3 FEiE Tebe P st ol gany s R gront s
quartz gl asgansR§bi alderefloibe bhe¥d. Bokis @uipostesboef (- sdvaire thiok fAmbbehKsamples

nmeasurenment. The 10 refractive index nMis based on the wavel ength of 405
nm and t husVe®aPRIEH BN BINtGAUHBAD quikagluss svhshtteofrom Wduts sPigtemprivy! gesdase e es

DE and ' ’ : i ] ' .
and @n %an%ﬂﬁs&%xﬁﬂkﬁ%@oﬁ spRAhR o?qusg%gé?zgckgf w&s%eé@&@@wltﬂtﬁ%@c%ﬁ%ﬁfrbrﬂ

reflection arrangenent The media pro escribed in the section

" product i onSTHAG K& AHOptkg CapHksureaditeSybawddl RT, phiohe bubytirsknesoamithasieotl wi t h
phot oi ni ti aéuﬁ?{eé N w r%ttﬁern”%n{‘eg’lg ik ea?&%@]?rlﬁm ission il FeHebdd SspP&ragﬁ‘Qis isléfe’éfe'g
were then tested Wth regar o therr "hol'ographi c properties by neans of a
measuri ng aingahgwreend sefoene df thg speotrémger ad hddidsnatlprdqoisss: thd hefrattearindek daa

He- Ne | aser m ssion wavel ength, 633 n was converted with the aid of the
Spat al - F11 iR LS Hi o YBEL U cRteht OB e h 1 & AETk RppSHegL e

par al | elo horBaRNE Hdsx REINMbasedldiahd widlenfth OF $055B¢ hddanss Rfredpbfdsdd grial and
reference beam are established by the i1ris diaphragns (1). 20 The di aneter
of the iris_di aphra%m opening is 0.4 cm The polarization-dependent beam
splitters Viemgyremgntiof thenkolographic prepertiosRE angAp oh Srechplograpfis medighyapeansd
beans. Via {M&oAehd iﬁefl%ﬁace Lenae Errai?%exﬁetﬁ? ref erence beam was adjusted to
0.5 mWand the power of the signal beamto 0.65 mMW The powers were

determ ned using the sem conductor detectors (D) with sanple renoved. The
angl e of i i dehix profeced @f deseuibadein dhesecdonhépapdurtiondf, tBe holdgraphic madjh dassd on

i nci dence ( filh ' I 1.S.; . . ' |l e
(ot uny ¢ ¢ PRy R PR PEFRolohiir e il b ARLRE bk O DR,
grati nglof Anghtreathen dated sith irggardvul tleiraliodogpephiseprdpatidsaby h@atshef angdagiring

bi sectors of the {(wo Beams lnci der}Il on the sanple (reflection hologran).
The strip sPHERERynheceyrng tq Eigwed e PSS grating period, in the mediumis
-225 nm (the refractive index of the medium assuned to be -1.504). 30
Figure 1 shpwsbdaleotdl BENS ke (BuRBh WRBleAdth $83 tiR) Wad Bordbitedhwith enechiid bf et 1 on
efficiency (DE) of the nmedia was neasured. Figure 1 shows the geonetry of
an HMT at = xpatid Siter(3F) ppd tqgethegsthythe mlhrﬁatrﬁnrl?fts&,CLzsmio 3 pRreled homegeneous bedny. g

filter, CL Gl érgﬁtsiteé?faﬂ &iRe siét{a?anfi]réigreﬁéeq;e%n aFRBStablidRed %”h% gﬁsi:(ﬁ]zﬁﬁir.agrﬂgléj.t ive

beamsplitter, D = detector, | = iris diaphragm a = 21. are the
angl es & Thecdigeigeofdhe irhaliapbhiemenpenine wrisd coaelds Lpokadizasion slepradentt beasmprpitters

(outside t h&B@?Qp‘li‘t’@e Tlaser 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 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
25  41.8°. At the 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 bisectors 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 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 (He-Ne laser): M
= mirror, S = shutter, SF = spatial filter, CL = collimation lens, A/2 = 4/2 plate, PBS = polarization-
sensitive beam splitter, D = detector, I = iris diaphragm, a = 21.8°, B = 41.8° are the angles of

incidence of the coherent beams, measured outside the sample (outside the medium).



-24- Hol ograns are witten into the nediumin the followi ng manner: Both

shutters (S) are opened for the exposure time t. Thereafter, with cl osed

shutters (S), the mediumwas all owed a ti4%6 of 5 minutes for diffusion of
the still unpolynerized witing nongonmers. 5 The hol ograns witten were now
read in t hellplegPBniRyritan i the medivaHythe dollogfing mannes gnal beam r emai ned

cl osed. The shutter of the reference beam was opened. The iris di aphragm of

the referencg bﬁ&mmﬁﬁm@ eh&jf@rﬁg@%ﬂ?glﬁéﬁ%f'< | mm This ensured that

t he beam was al ways conpletely 1nt eviously witten hol ogramfor all
angles (0) of the nedium The turntable, under conputer control, covered

t he angl e range Theomfté&r2 withCclosed ShutteBO(SM tht needivanghe alddvesd antiole lof H0niofite ) fod5.

At each angle O @Bgr.oa(‘}q%g .lt he l&;ower(i o{. the beamtransmtted in the zeroth
order were neastPEObY MetlanpRy PHEL P HAEBENARRy det ector D and the powers
of the beamdiffracted in the first order were neasured by neans of the

det ect ors5 D. Thehielatirdriis &fitténonere fubivcie@hmythavédloobigahamer. dhe skaeh ofithglsiné beam

approached as the quotient of: Po r1PD+PT 15 Po is the power. in the
det ect or of "*lAe ng“'rda & Fhptes Af e réj;fei‘%’ begr BG%N@?“F‘%} ﬁﬁe”ﬁe‘{‘@@fa&n gff thehe

transm ttedeReA0R bEn WRARPSQS tof NRREPQE <defiml ThELnARQY Biat tHRSBHAGE AWy e
(it describes the diffraction efficiency O as a function of the angle S2 of

rotation ofcompletely in the previnuslyrarifenviaboerasn i el anglet (Wef 18e sredigm; Rhgturntable,
conputer. | g4aadd) hQPeonlft#aE 6&%&@%@ &% ol RSt 8%l B & DG PAdan feflf‘e§> vY@E
e (0] uter. e

1
pl otted agal nst the ang otation and stored In a co
maxi mum @i f ¢frlaSt i Adreadf dniglei (@ appyoac B, the fppwerx pf thé bedmetrdnoindigd anthe zereth ordeswgreak

val ue, was _determ ned. |t, may have been necessary for thi ur.pose to
change the BUSIEN Bh PEis Ao Ear by Mo foe e iy 1 Bergtobls i BraEe fie

det er m ne tfiisSord@xidit Medsatddeby nldags sfethé aatdtore.i Thd eXfiragvinleffidiendn wanabthih& at

t hi ckness d of the phot ogol yner |ayer was now 25 determ ned by neans of the

Coupl ed VavE e apripacheq asplsieHfnk of The Bel | System Technical  Journal ,
Vol une 48, Novenber 1969, Nunber 9 page 2909-page 2947) fromthe neasured
Bragg curve and the variation of the trangmtted intensity as a function of
angle. The method is described bel own#Acegtdi ng to Kogel nik, the follow ng
is true for the Bragg curve rl (0) of a rébrtdeti on hol ogram -25-

15  Pp is the power in the detector of the diffracted beam and Pr is the power in the detector of the

transmitted beam.

By means of the method described above, the Bragg curve (it describes the diffraction efficiency 1)
as a function of the angle §Q of rotation of the written hologram) was measured and was stored in a
computer. In addition, the intensity transmitted in the zeroth order was plotted against the angle Q

20  of rotation and stored in a computer.

The maximum diffraction efficiency (DE = n,) of the hologram, i.e. its peak value, was
determined. It may have been necessary for this purpose to change the position of the detector of

the diffracted beam in order to determine this maximum value.

The refractive index contrast An and the thickness d of the photopolymer layer was now
25  determined by means of the Coupled Wave Theory (cf. H. Kogelnik, The Bell System Technical
Journal, Volume 48, November 1969, Number 9 page 2909—page 2947) from the measured Bragg
curve and the variation of the transmitted intensity as a function of angle. The method is described

below:

According to Kogelnik, the following is true for the Bragg curve n(£2) of a reflection hologram:



Tl=) 1+sinh2 cU2 x2 wth: rr4nd X cos a cos a' -2iy X 4A 2rr
.sin(a'-W d A cos(a' -2W 2 2 A 2ncos(ty-a') n sin(a') =sin(g), n -
sin((1l') =sin(P) 46 = -452 1Z sin2 (&)2n sin 2 (a) 0 is the grating

t hi ckness, x is the detuning paraneter and y is the angle of tilt of the
refractive 5 index grating which was wittien. a' and (3" correspond to the
angles a and (3 during witing of Mt ut nmeasured in the nedium
A is the angle detuning neasured in th e. the deviation fromthe
angle a'. An is the angle detuni ng neasmhéd ®utstde the nedium i.e. the
deviation fromthe angle a. n is the average refractive index of the

phot opol yner and was set at 1.504. X is the wavel ength of the laser |ight
in a vacuunwitht0 The maxi numdiffraction efficiency (DE = '"nax) is then
obtained for x =0, i.e. An =0, as: DE =tanh 2 (a) =tanh 21 rz An d -)
) cos a' cos a'-2WThe neasured data of the %iffraction efficiency, the

t heoretical Bragg curve and the trgnsm i are, as shown in
Figure 2, plotted against the centredjaggbgadicoset-edylon Q a shift. Since,
owing to the geonetric shrinkage and thezchan e | he average refractive
i ndex during the 15 photopolynerizqugB,_fhﬂﬁgh@ﬂg t which DE i s nmeasured

differs froma, the x axis is centred ar\owuﬂa’t—hiué Zhift. The shift is
typically 0 to 2. Since DE is known, tBh_ea.shape of the theoretical Bragg
curve according to Kogelnik is deterarned only by the thickness d of the
phot opol yner | ayer. An is subsequently Zorrected via DE for a gi ven

t hi ckness d so that neasurenent and theoryiof DE al ways agree. d is now
adapted until the angle -26- positibong gf fe_fhrst secondary mnima of the
t heoretical Bragg curve agree wt

n sm?a's 2 gin?g)g, In . sin(B') = Sin(ﬁ)
1-sin’(at)

n* —sin’(a)

AB =-AQ-

® is the grating thickness, x is the detuning parameter and y is the angle of tilt of the refractive
5  index grating which was written. @’ and 3’ correspond to the angles a and B during writing of the
hologram, but measured in the medium. A is the angle detuning measured in the medium, i.e. the
deviation from the angle o’. AQ is the angle detuning measured outside the medium, i.e. the
deviation from the angle a. n is the average refractive index of the photopolymer and was set at

1.504. & is the wavelength of the laser light in a vacuum.

10 The maximum diffraction efficiency (DE = 1) is then obtained for x = 0, i.e. AQ =0, as:

DE = tanh?(®) = tanh’ nAn-d ]

A- J cos@)~ cosra'—2\pj

The measured data of the diffraction efficiency, the theoretical Bragg curve and the transmitted
intensity are, as shown in Figure 2, plotted against the centred angle of rotation Q-a shift. Since,
owing to the geometric shrinkage and the change in the average refractive index during the
15  photopolymerization, the angle at which DE is measured differs from a, the x axis is centred

around this 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 agree. d is now adapted until the angle



positions of the first secondary maxima of the transmtted intensity and
additionally the full wdth at half nmaxi mum (FWHM for the theoreti cal
Bragg curve and the transmitted intensity2tagree. Since the direction in
which a reflection hol ogram concomtantly rotates on reconstruction by 5
means of anpdszioacah thd fiest dedoaddrpmihiata dthihe ribdoraichleBrabg ghive careedeitte e gley a
finite angle ¢ Bragg curve br oad olo s mal 1. d) i.s n

conpl etely H%“E@E?%%th? Hrséhecén a‘Hax“Bﬁuf’P{Hﬁfr?“%%e ‘té‘%ﬁ‘tr/af‘d é‘gié‘f‘)&ﬁ‘ly’\)r/ri@i‘ widh

sui t abl e dek@@irafaxPas Mebr thehdor@amRagfcubvdand tha Asmntift@dntentit@agtd.y Whi ch
is conplenentary to t Bragg curve is therefore additionally used for
adapti ng the Ia&gr t hi ckness re 2 shows the plot of the Bragg curve

q accor di ngStge iefign '(“d‘éi%‘Fﬂéa rrﬂrrgyn haﬁgreméomeréﬁr%eww fecapstrpgiien by
efficiengy {3gi o@l af ] SafSthe @&gct@rffof: e LrRRe rﬂghtt &q d@@\é\f%nl)( BlERRK asedd fofl e' kfae)
against the angle detuning All. Since, ow ng t geonetric shri n age and
t he change Bregg lerveipébregé holpgrims (smialled) umté)comglmerygdereh@dph ot Shwshyrhat prdatticon,

the angle a S e

ar ound 1 hi <ol ERoT by TRIe e SoblR R shiThe ol udp Rl s SRIRERR,
procedur e wesngassiddy i thePegd adveie therefidre hdditmallyousedlfdr hédapeng the kqyashicknets dres t
15 on different media in order to determ ne the average energy dose of the

of "t he. hol ofEY P s alhat e el s acenimelS Kbl ROiR: RE b attader "

the t wo 1par HifleRas® efRlechtyTRORA cidits) ahd@f @RAtASM e Powérd blatiPsolid ﬂxe&@gmléf and Pj
= 0.67 mW, the exposure time t and the dianeter of the iris diaphragm (0.4

cm). as fol Ml detoinpAGnSings pwing] to- thpjeeeinic shrinkage and the Trhangsoltetts abragehe
par t - beans Wa@tl\/@qrﬁﬁ;c Qﬁim%ghé Bidko é)u}ﬁleﬁf’a%n %Vﬁ%lquafﬁ?cﬁ pE 1§m@'£shfe§\ﬂ§f$r§ ffon} @e

medi um at the angles a General ne for the production of the
hol ographi c thewdiia i#@ntr@mmldehss shif {The 4B50typicR0V°¢o 8% t he above- descri bed
pol yol prepared were mxed with 2.5 g of the corresponding 25 witing
nononer, S
beads havr ng %fg{sr?u?g ngtggé)m%e&{% & Was JOF ﬂe\rﬁ&?dy g%?et g?oerr(rj?f fe? %t%’rre%&st
Wavert ons Chedifferent @eidia 1iPBrdetmi tlﬁedmlriél thgdm@geaher@ﬁ@oﬂmf tBe Bﬁldgntdﬁser beam at

N-et hyl pyr ol at a cl ea sol.ution a| ne Ther eafter

Noal 1 mg Lo abteh MG iR et B8 taiftatorgatie S0HHE Wbt oA e el PR 065° Fer o
added and nisxbigindBFroff ft}QC%)@\ders'?lgﬁ“ fRe _thvio Nri- béam@ cQQﬁna@adOf«VItEOﬂHE ehBledls 2 Bas
added and m xing 30 was effected again briefl The liquid materi al obtai ned

was then polf&d-WirW aad§b k6 TonWo dhasigosusoiae eandihratiameipriof the idedignhapeg) @ds

pl ate which cHR8s E s-a distance of 20 maway by spacers. The curing of the
PU f or mul atr oh ta es place under 15 kg wei ghts over several hours (usually

2|, +B]t(s)

20 E (mJ/ecm?) =
( ) 7-0.4% cm?

The powers of the part-beams were adapted so that the same power density is achieved in the

medium at the angles o and B used.

General method for the production of the holographic media for Examples 9-41; 45-50

5.927 g of the above-described polyol 1 prepared were mixed with 2.5 g of the corresponding
25  writing monomer, 0.1 g of CGI 909, 0.01 g of new methylene blue, 0.015 g of glass beads having a
size of 20 pm (e.g. from Whitehouse Scientific Ltd, Waverton, Chester, CH3 7PB, United
Kingdom) at 60°C and 0.35 g of N-ethylpyrollidone so that a clear solution was obtained.
Thereafter, cooling to 30°C was effected, 1.098 g of Desmodur® XP 2410 (component A) were
added and mixing was effected again. Finally, 0.006 g of Fomrez® UL 28 was added and mixing
30  was effected again briefly. The liquid material obtained was then poured onto a glass plate and
covered there with a second glass plate which was kept a distance of 20 pm away by spacers. The

curing of the PU formulation takes place under 15kg weights over several hours (usually



-27- overnight). In some cases, the nedia were post-cured in light-tight
packaging for a further 2 hours at 60C. The thickness d of the photopol yner
| ayer is 20 m based on the di aneter of the gl ass beads used. Since
different fornul ati ons having different starting viscosity and different
curing rat 8vestigiithdn merqaﬁeSd'ge AGHia ayeipaest-quesddn dight tighhpackaging fay & further Thanessses
d of the phot gRe! ¥iBhick@¥Eh of the PhbSpslGh& 1P fb0SERHasddeInVihE BlamERF Br HiEBTRLE
fromthe characteristics of the holograns witten. Table 9 shows the

hol ogr aphi cbeads useds Siofe difierentBirauloticre chaving dHtsranp otastine rvéscesity and idifeerend coring
invention (Examles, 9-41): Le # . VM. m.exappl e

Thi ckness. (g Ebo Baa b, MATAE £ il AL RRRIEE o e MO R laven d, 10
| b 1.59050. GQBteRABIn& sepacamiylfer ehdh dample. fHBthe chMbattediBtics of Hixanfolpami rikten. 1. 600
0.008 28 4 Exanple 13 le 1.633 0.008 26 4 Exanple 14 if 1.580 0.007 24 2 1
5 Exanple 1 1 1.590 0,007,222 2 le,.16 | 'h 1.639 0.007 26 .4 anmpl e
17 10 1. sgalRledghol de helographis ri%‘“?f?)f( Tpegdi %6%?9 Oé‘zp“é‘?"l’ﬁgﬁ‘ﬁﬁl %"%6‘“%6‘?1(}‘.6611
0.008 19 4 3fRerdroalPtathple 920):1. 625 0. 009 24 4 Exanple 21 2d 1.656 0.008 27 4
Exanple 22 3a 1.629 0.008 21 2 Exanple 23 3b 1.600 0.009 28 4 Exanple 24
3c 1.604 0,010 32 2 25 Exanple 25 3d 1.637 0,010 23 4 Exanple 25 4a 1.609

0. 008 22 4| Ex8npl&xanpiM fidm edlmile BBof VOMOTelth® ZThidkxesyighre) EXpostice time5¥H6 0. 008 25
2 Exanple(28 4d 1.599 0.006 21 2 Exanple 29 5a 1.612 0.012 23 4

Example 9 1a 1.651 0.010 25 4

10 | Example 10 1b 1.590 0.009 23 2
Example 11 Ic 1.593 0.007 40 4
Example 12 1d 1.600 0.008 28 4
Example 13 le 1.633 0.008 26 4
Example 14 1f 1.580 0.007 24 2

15 | Example 15 1g 1.590 0.007 22 2
Example 16 1h 1.639 0.007 26 4

|

Example 17 1i 1.588 0.006 28 2
Example 18 2a 1.656 0.007 22 2
Example 19 2b 1.611 0.008 19 4

20 | Example 20 2c 1.625 0.009 24 4
Example 21 2d 1.656 0.008 27 4 |
Example 22 3a 1.629 0.008 21 2
Example 23 3b 1.600 0.009 28 4
Example 24 3c 1.604 0.010 32 2

25 | Example 25 3d 1.637 0.010 23 4
Example 25 4a 1.609 0.008 22 4




5 Exanple 30 5b 1.558 0.009 16 4 Exanple 31 5c¢ 1.569 0.008 23 4 Exanple 32
5d 1.627 0.009 33 4 Exanple 33 6a 1.622 Q.010 30 2 Exanple 34 6b 1.585

0.009 17 2 10 Exanple 35 6¢ 1.570 0. 008 ¥
Zb 1 593 0.007.18 4 anrrplp 38 7c¢c.1.599 0. 005 18 2 Exarrpﬁle
BompR226 405 Exanpl e 4088b 1. #3870. 087 15 4 2Exanple 41 8c 1.601

Exanpl e 42 20 430.2 g of Denaco

Bpld 87 aci d, 1.18 g 0f75 triphegy! phosphi nesand 0. 0056 g of
were introduced into a three-

Exanpl e 37

8a 1.620 0

0. 006 26 4
129.7 g of
2,6-di-t-b

"4 Exanple 36 7a 1.623 0.008 20 2

9

EX 142 (Nagase- Chent ex,

Japan),

ut yl -

4- nethylphenol

necked fl ask

with reflu

CUHiJEHbe

and—stiTrTrer;

Fm—additTon

pﬁierature was- 5r98| d at"%6 C21

AT wWas Stowh Yy pdbbeu
The mi xture was subsequent

t hrough an |y
stirred at qn C fnr 24 _hours. A clear | |n||| d_havi ng an CH number_of 15718
ng of KOH gExsamlcoPd afaned. 25 Exadnfikes 42a122d 2The fol | awi ng exanpl es were
carried out analogously to Exanple la. Details are given in Table 10
Exanpl e ﬂﬁ% a4y Raw Reactuq&SProd qbgrl I nateﬁlal 2 mterial 3 tine
pr oduct fr m i ocyanate -29- Exanple 9 2a 24 g 5.9 of 24 h col orl ess,
clear, hig ;
clear. gl asBXpmpirgdl picoduct 42c 1%92 g 9:0§8g 38 1.8 ngy4of 18 It col orl ess,
clear, glassy T100 DBTL product
Example 32 5d 1.627 0.009 33 4
Example 33 6a 1.622 0.010 30 2
Example 34 6b 1.585 0.009 17 2
10 | Example 35 6¢ 1.570 0.008 19 4
Example 36 7a 1.623 0.008 20 2
Example 37 7b 1.593 0.007 18 4
Example 38 7c 1.599 0.005 18 2
Example 39 8a 1.620 0.007 22 4
15 | Example 40 8b 1.603 0.007 IS 4
Example 41 8c 1.601 0.006 26 4
Example 42
20 430.2 g of Denacol EX 142 (Nagase-Chemtex, Japan), 129.7 g of acrylic acid, 1.18 g of
triphenylphosphine and 0.0056 g of 2,6-di-t-butyl-4-methylphenol were introduced into a three-
necked flask with reflux condenser and stirrer. In addition, air was slowly passed through and the
temperature was held at 60 °C. The mixture was subsequently stirred at 90 °C for 24 hours. A clear
liquid having an OH number of 157.8 mg of KOH/g was obtained.
25

Examples 42a-42d

The following examples were carried out analogously to Example 1a. Details are given in Table 10

Example

Raw mate- Raw Raw
rial 1 material 2 | material 3
product from | isocyanate

Reaction
time

Product




42d 22.2 g 5.9 g of 2.8 ng of 18 It col orless,

pr oduct
p- phenyl ph
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for 16 hou
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Exanpl e 43,
0.1 ng of

were intro
stirrer. |
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Exanple 43.3 25 6.3 g of the product from
g of a mxture of 2,4- and 2, 6-tol ui dene
Mat eri al Sci ence AG Leverkusen

€ Was

di i socyanat e
Germany) and 0.8 ng of

dibutyltin dilaurate were introduced into a three- necked flask with refl ux
condenser ahlgsf pphi@ylphéol, 1addi dfiepidronihydring $3.6 kobotassmssacbohite andyds anef X he
t enper at ur ey RS eeE iftlodfQd fnto Ihﬁeaoﬁe@@dQTasmﬁh RPug boddedr Ad sBQeGt BOFC T
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Exanpl e 44. %™ r?“ms m phenyl
pot assi um clawd)@rlegéog}ﬁefwse ig agroery evzparatoarﬁsf%é *\%’Péﬂ Pherpdtimeat Prwen%{le and

t hr ee- ntt k eddiftiliagikn, \p-phenylplfcnoixglyadyd ethsewasaetdaigadi asracerystdllineasddiil throng a n@Bingi r

was sl owy @ages&t%tdxrmqmm (tbel ! funpeHa): arre (NasHyel.ob at 1P 386 (antHy, he2

m xt ure wasq

fromlowb

2.78 (dd,
15

tinr r I espps freed
o P e, 4%14 dgnle aB]??P%% ﬁévé%@@ at r7 Mxlgﬁgny{ﬁ#en gl yci dyl
et her was obtalned as a clear liquid product: 'H NVR (CDClI3, 400 MHz):
111), 2.90 (t, 1H), 3.36 (m 1H), 4.02 (dd, 1H), 4.24 (dd, 111),
Example 43.2

6. 90

20

25

30

35

4.6 g of the product from Example 43.1,

1.7 g of acrylic acid, 0.1 mg of 2,6-di-t-butyl-4-

methylphenol and 15.0 mg of triphenylphosphine were introduced into a three-necked flask with
reflux condenser and stirrer. In addition, air was slowly passed through and the temperature was

held at 90 °C. The mixture was stirred for 42 h. A clear, colorless, liquid product was obtained

which, according to "H-NMR, shows an epoxide conversion of greater than 95 %.

Example 43.3

6.3 g of the product from Example 43.2 and 2.0 g of a mixture of 2,4- and 2,6-toluidene
diisocyanate (Desmodur T80, Bayer MaterialScience AG, Leverkusen, Germany) and 0.8 mg of

dibutyltin dilaurate were introduced into a three-necked flask with reflux condenser and stirrer. In
addition, air was slowly passed through and the temperature was held at 60 °C. The product was
stirred at 60 °C for 15 hours. A clear, colorless, liquid product with NCO = 0 % was obtained.

Example 44.1

4.7 g of m-phenylphenol, 15.1 g of epibromohydrin, 13.6 g of potassium carbonate and 33.3 g of

2-butanone were introduced into a three-necked flask with reflux condenser and stirrer. In addition,

air was slowly passed through and the temperature was held at 70 °C, and the mixture was stirred
for 15 hours. After filtration, the filtrate was freed from low-boiling components in a rotary
evaporator. m-Phenylphenol glycidyl ether was obtained as a clear, liquid product: 'H-NMR
(CDCl;, 400 MHz): 2.78 (dd, 1H), 2.90 (t, 1H), 3.36 (m, 1H), 4.02 (dd, 1H), 4.24 (dd, 1H), 6.90



-30- (dd, 1H), 7.15 (d, 1H), 7.20 (d, 1H), 7.35 (m 2H), 7.40 (t, 2H), 7.55
(d, 2H). Exanple 44.2 5 4.0 g of the product from Exanple 44.1, 1.4 g of
acrylic acid, 0.1 ng of 2,6-di-t-butyl - 430 et hyl phenol and 13.0 ng of

tri phenyl phosphi ne were introduced into a three-necked flask with reflux
condenser dddl 189,i7ri5€d,. 1H)N7. 20 thioR 35 anr2Hyas40s0t, @) y7. PaEsBd). t hr ough and t he
tenperature was held at 90 C. The m xture was stirred for 42 h. A clear,
colorless, liquid product was obtained. 10 According to 'H NVR, >90 % of
epoxi de hacoi‘}reaﬁeitéc&. Exanple 44.3 15 5.4 g of the product from Exanple 44.2
and 1.7 g of*qPfi%ture of 2,4- and 2, 6-tol uidene diisocyanate (Desnodur
T80, Bayer Material Sci ence AG Leverkusen, Germany) and 0.7 ng of

di butyl ti n 4dl ¢ atfirth¢ eradecte fromt Exopded4ilntla @ of hewée neck dd hg adk2, evli-tbutyd#t ux
condenser amhysgheAd] @hd 18.0 mdgttiphe@Plph@pRindasreShieduyedria®Sehrdetieeled Masndlith he
tenper at ur gef\ﬁ@(scoggé geraah%ggr{:e@ Inla(t)ig ioR,OJir wés S E)QJS{:H %N‘?Ju%%l?ﬂha%&%%%urér tl«%s

pr oduct vvashﬁ%tlrrg _g{lﬁa for fouﬁih oW bol mg .conponent s _were
removed i n "g9&0% : Bute 8 styred; fAGHah o slgpr, cRlpHesS iy idRatct Wes PSS = o
% Exai¥pl eAcgordivigite dhiNMEarP0 & ®iepoidehad r@Medel t a n Thi ckness () Exposure
duration (s) 25 45 42a 1.612 0.011 17 4 46 42b 1.643 0.011 14 2 47 42c
1.635 0.008 21 2 48 42d 1.619 0.005 24 1 49 43.3 1.645 0.011 17 2 30 50
44.3 1.645 EO.aOO e41473 4 Tabl e 11: Hol ographic perfornmance of the nedia
according to PRE Tiivention, Wv writi ng nonomer, RI: refractive index
(Exanpl es 45-50) 35 The photopol yners in the nedia according to the

i nventildn fSdognoExtberpraslactOfrd Eeragpll H4.2pnd clal g yof «lmestureanf 2idt ang fewbiidshe t o
wite vol unBisdt9hmag @¥meédur IT0NBiyRNMRLAkRISERnRXAG UBdveRisnpBelntigy)adidi 00Mm@lof
coherent r %%u%llﬂirp{iﬂ‘i)ﬁufa%e &ﬁigslﬂdtxfo%ﬁ‘ceﬁxntémg%ﬁ&!@ e%géd fIldsfé wiffl -8R oldefisek Andeidref In

e erm or

\(,;:c tS g?![ rgg‘![ e al?lgr]i_agnl _waﬁ)zﬂogﬂ_\{ %%nsgﬁ!l %ought andt the temperatrlllre was %Ql%ngltc °C. 10 ml of

chloroform were then added. The product was stirred at 60 °C for 19 hours. Low-boiling
20  components were removed in a rotary evaporator, giving a clear, glassy product with NCO =0 %.

Example # SM from Example RIofthe SM  Deltan Thickness (um) Exposure duration
(s)
25 |45 42a 1.612 0.011 17 4
46 42b 1.643 0.011 14 2
47 42¢ 1.635 0.008 21 2
48 42d 1.619 0.005 24 1
49 433 1.645 0.011 17 2
30 |50 443 1.645 0.009 17 4

Table 11: Holographic performance of the media according to the invention, WM: writing

monomer, RI: refractive index (Examples 45-50)

35  The photopolymers in the media according to the invention from Examples 9-41 are all optically
clear and it is possible to write volume holograms at room temperature exclusively by the action of
coherent radiation. As required by the object, it is possible to write visual holograms while

dispensing with thermal and/or chemical aftertreatment.



1. Phot opol yner conpositions conprising a) at |east one unsaturated glycidyl
et her acrylate urethane of the general fornmula (I a) or (Ib) or mxtures of
(la) and (1 b) R5 formula 1 a Rfornula-Bb- in which nis a natural nunber
from2 to 6, Rl is a nono- or polynuclear organic radical containing
aromat i ¢ grRatgg Gaichshaving 4 10 to 36 carbon atons, R2 is an olefinically
unsaturated radical having 3 to 30 carbon atons and R is an organic radical
derived frqp1§ HQQ&%%& 8$(%ﬁ8”?&ici%k‘ or polyisocyanate and having 2 to 30
carbon atons, B inaerpsysPen1 c§ at | east one photoinitiator system d)
optionally free radical stabilizers, catalysts and further additives. 2.
Phot opol yner ejpmp&astione missatmeatalrglycidy! étberGegiam kethaeaif detgendradokmuta (1 H)ak (1R 1 S
oxyphenyl , oxybromphen oxydj. bronophenyl or oxynaphthyl, R2 is derived
froman acid RZfﬁﬁbﬁ?méﬁéﬁﬁE@égkﬁ is acrylic acid, methacrylic acid, 20
3-acrylyl oxypropionic acid or an adduct of hydroxyethyl and hydroxybutyl
acrylate with -32- nmaleic anhydride, and Ris derived froman n-functi onal

i socyanate R(NCO),, and R(NCQ), Ps 2, 6- hexamet hyl ene dii socyanat e,
2,4,4-trinethyl-1,6-hexanethy|ea£\d"s oyapetle, isocyanatonethyl-1, 8- octane
di i socyanate, tris(p-isocyan ﬁgpheﬂyl) t hijop onhates, tris(4,4' - and/or
2,4"-) 5 diisocyanatodi cycl ohexyl ne ne, ©
1-i socyanat o- 3-i socyanat onet hiyl - 3, 5, 5- tri netihyl cycl ohexane,

di i socyanat odi cycl ohexyl met hane 2, 4- and/or 2, 6-%Br4# tfene dii socyanate or
trimers of hexanethyl ene diisocyanate having an i socyanurate and/or

i m nooxadi azi netrione structure. 3. Phgtopolymer conpositions according to
Claiml or 2, characterized ijn tbat/E;i glngidyl ether 10 acrylate

uret hanes used in a) have a refgﬁgti e pnd at 405 nm of greater than 1.53.
4. Phot opol yner conpositions |[d@cordin taﬁén Bf Aains | to 3,
characterized in that the binders crosslonkgd in b) are used.

formula 1b
in which
n is a natural number from 2 to 6,
R1 is a mono- or polynuclear organic radical containing aromatic groups and having 4
10 to 36 carbon atoms,
R2 is an olefinically unsaturated radical having 3 to 30 carbon atoms and
R is an organic radical derived from aliphatic or aromatic di- or polyisocyanate and

having 2 to 30 carbon atoms,
b) abinder system
15 c) at least one photoinitiator system
d) optionally free radical stabilizers, catalysts and further additives.
2. Photopolymer compositions according to Claim 1, characterized in that
R1 is oxyphenyl, oxybromophenyl, oxydibromophenyl or oxynaphthyl,

R2 is derived from an acid R2-COOH, and R2-COOH is acrylic acid, methacrylic acid,
20 3-acrylyloxypropionic acid or an adduct of hydroxyethyl and hydroxybutyl acrylate with



5. Phot opol yner conpositions according to Claim4, characterized in that the
crosslinked binder is a two-conponent pol yurethane system 15 6.

Phot opol yner conpositions according to G38i-m 5, characterized in that the

t wo- conponent  pol yur et hane system conpri ses, as the isocyanate conponent,
ol i go- and pol yisddy anhgtede, afd al i phatic dii socyanates having an

i socyanur at e, aIIophanate biuret, uretdione or i m nooxadi azi nedi one
structure

bRy 4 TN R I ST

functionality ofduaoo?aﬁao: 2 25, Bttty l-pehyealetiytcne| YaidieimaRo! ysostakitohétaX, 8-
pol yol s based on Bytetrahydrofurans haV|n8 a_nunber average nol ecul a
wei ght of 400 tc?C%zm 1i§pyanatéy nis(psiseexpatapagy bndiophpspages, tris(4,4’- and/or 249

pol yest ey - pol yet&l@&cy%’t&ﬂﬁ?&l@ﬁex infé%nepm yol's haV'lﬁ%c?ada%@Ech%Ha%@&@l -3,5 5-
mol ecul ar wei ght of 1500 to 4000 g/ mdl. 7. Process for the production of

medi a for recor diimgthylcyaletiexdne) ognwmnatpﬁcmhe*}/lmﬁbaHGZQ ﬁrho@@tﬂml yhetoluidene

conposi ti ons accp E&'}/Mte @Xer%b of %Ie y&en& Odugo ggn%teaRzRJu}g %n Q¢ g@n&ggsgnd%; € or

ina nmould and are’cure recor VI sua

obt ai nabl e by almnmoesmuﬂmnmndnngmum Cla|n17. 9. Use of nedia according to
Claim8 as optical elenents or images or for image representation or

proj ection. recor di n nedi,a, acc in to
B o g are-ubtioronier Cfiossiioot SESiNE MRy 1.8 bl To ity HELFaity]

formul ajq( | a) a@ylafelirdilanesided B aRh@lerutipactive ind¥ix 20463 noiR3f Geddthhdr 1.93. formula | b
in which nis a natural number from2 to 6, 5 Rl is a hal ogen- and/or

al kyl t hi o- and/or aryl thi o-substituted oxyphenyl ring or is a % g
al kyl -, ar yt- Phoipralyresicgympasitions sacerding T B ClafpeHtook haagstRrisA in e ne Binders

cross]mked in b) are used.

5. Photopolymer compositions according to Claim 4, characterized in that the crosslinked binder

is a two-component polyurethane system.

15 6. Photopolymer compositions according to Claim 5, characterized in that the two-component
polyurethane system comprises, as the isocyanate component, oligo- and polyisocyanates of
aliphatic diisocyanates having an isocyanurate, allophanate, biuret, uretdione or
iminooxadiazinedione structure, and the polyol component  comprises
polyethylene/polypropylene glycols having a polypropylene content of at least 70% and a

20 functionality of 1.9 to 2.5 and/or polyester-polyether-polyester block polyols based on
polytetrahydrofurans having a number average molecular weight of 400 to 1400 g/mol and
g-caprolactone, these polyester-polyether-polyester block polyols having a number average

molecular weight of 1500 to 4000 g/mol.

7. Process for the production of media for recording visual holograms, in which the
25 photopolymer compositions according to any of Claims 1 to 6 are applied to a substrate or in a

mould and are cured.
8. Media for recording visual holograms, obtainable by a process according to Claim 7.

9. Use of media according to Claim 8 as optical elements, or images or for image representation or

projection.
30 10. Method for recording a hologram, in media according to Claim 8 are used.

11. Glycidyl ether acrylate urethanes of the general formula (1a) or (1b)



oxyant hracenyl , oxyphenantryl, N-carbazolyl, N alkylcarbazol zyl,
N-pht hal i m dyl, N-phenot hi azi nyl, N-alkélphenothiazinyl or oxytriaryl net hyl
radical, R2 is an olefinically unsaturat d"radi cal having 2 to 30 carbon
atons, 10 Ris an organic radical derived froman aliphatic or aromatic di-
or polyisocyanate and having 2 o 30 carbonjatoms.

H
RTJLo/ij/oij R
0
R
n

formula la
R1
o)
X L ot
R2” 0 jf’ R
0
formula 1b
in which
n is a natural number from 2 to 6,
5 R1 is a halogen- and/or alkylthio- and/or arylthio-substituted oxyphenyl ring or is a

halogen-, alkyl-, aryl-, alkylthio- or arylthio-substituted oxynaphthyl,
oxyanthracenyl, oxyphenantryl, N-carbazolyl, N-alkylcarbazolzyl, N-phthalimidyl,
N-phenothiazinyl, N-alkylphenothiazinyl or oxytriarylmethyl radical,

R2 is an olefinically unsaturated radical having 2 to 30 carbon atoms,

10 R is an organic radical derived from an aliphatic or aromatic di- or polyisocyanate

and having 2 to 30 carbon atoms.



