TI TLE OF THE | NVENTI ON Phenyl |socyanat e-Based Uret hane Acryl ates, Processes
for Produci ng and Met hods of Using the Sane BACKGROUND OF THE | NVENTI ON

5[ 00011Coati ngs having a high refractive index (n) are known from vari ous
applications, for exanple, optical |lenses, antireflection coatings, planar
wavegui des or hol ographically witeable filnms. Coatings having high
refractive indices can in principle be produced by various nethods. By a
purely physical route, netal oxides having a high refractive index, such as,

for exanple, TiQ2, Ta205, ited in a high 10 vacuumvi a
pl asma net hods in the so- cgfﬁiﬁia€8§¥%§§§ﬁﬁfﬁi§ " While refractive indices
of nore than 2.0 in thﬂleYlgﬁsQéy%néﬁ@‘B%Léﬂr@xteP-aﬁ@RQ £&n be achi eved thereby

S

wi t hout probl ens, the process relative |cat ed and expensive.

[ 0002] EP 0964019 Aﬂ’rc&!ﬁke%rl’&ﬂiﬂabﬁ@%&&’[eﬁio,dsbeUsmgaraﬂame di scl ose organic
pol ymers, for exanple, sulfur- containing pol ymers or hal ogenated acryl ates
15(t et r abr onophenyl acrﬁl at e éSCI ence | nc. whi ch inherently have a

hi gher refractive index G QEoHEE 8 @Y and which can be appl i ed

to S‘é”"’[ﬁﬁiﬁ by si gpl &, p%l%bﬂg%hﬁé cht%'ﬂc{éﬁgﬁ’)'a‘ﬂ# kidh 6. big to

conventi ona coating oces Ive |1 naices are

gener al |a)5ﬂ1|1daﬁbﬁ§9¢orfé§£1ﬁ% OoptRhlUesses RintiRkflaRidlcodtings, pIRAS Waehuidesbhe Vi sible
wavel ength range. 20[0 03]A further process variant which is becon ng

i ncr easiholyigyaphipgldy waittabledfilivas @datmgs ﬂmlag h@hlr@feacnan oydines carl ippringdhlech ar e

|ncorporated | 0 organic or c bi nder sys e cor pondi ng
nanopar (R EFE] GirEron BEHr o PROHY SR ouE: B Tideav PR ARG
subst T at;ggadie a2k WaIPa Al SERDRITIOR TAIBARRO, YR, & % oty JERRS Of Spin
coating. eac I eva erefrac ive I'hdi'cés are usua et ween eflrst-
25melot i oaewhns piatplBmaswsthaisds thernd-calel tspytest $ranfessp’owm’errsfrdmave itdicas hi gh
refractive index. Wth increasing nanoparticle contents, it is possible to
achi eve af marethan 3¢9 ip dhe visiblepeavelengih sange cap beackigyed theggby witheut App. Pub. No.
ion of nanoparticle-acrylate hybrid

2002/ 0176169 Al, di scl

yst ens PTG s BSesS gl ey R a8l e oo cont ai i ny & et l

oxi de, gygizjas, f@p 6301 £] akd WANDOUWROESEA 1] fOelbAHMpI IdekR109¢ orfghic OXi de, and
a UV-crosslinkabl e bi nder, for exanple based on acrylate, in an organic

sol vent .polfmeas, f@mxampbamlﬂlg-comamprgrmﬂyms of haldgenated e@plateand UV i rradi ati on,
o 1305, CHaBOUOBRETIN LT HES bF BrTse Ress Bl Hhereaty ooV cahEhe Stk e,
mdex than conventional polymers and which can be applied to surfaces by simple
methods from organic solutions according to conventional coating processes. However,
the refractive indices are generally limited here to values up to about 1.7, measured in the
visible wavelength range.
20 [0003] A further process variant which is becoming increasingly important is
based on metal oxide nanoparticles, which are incorporated into organic or polymeric
binder systems. The corresponding nanoparticle-polymer hybrid formulations can be
applied to various substrates in a simple and economical manner, for example by means
of spin coating. The achievable refractive indices are usually between the first-
25  mentioned sputter surfaces and the layers of polymers having a high refractive index.
With increasing nanoparticle contents, it is possible to achieve increasing refractive
indices. For example, U.S. Pat. App. Pub. No. 2002/0176169 A1 discloses the

preparation of nanoparticle-acrylate hybrid systems, the layers having a high refractive



[0004] In addition to the physical properties, however, the processability
and conpatibility with other conponents are also inportant. Thus, organic
material s which are obtained by photopol yneri zati on, generally as hono- or
copol ynmers of nononmers having a high refractive index, play an inportant
role, for exanple for the production of 10optical conponents, such as

| enses, prisns and optical coatings (see, e.g., US Pat. No. 5,916,987), or
for the production of a contrast in hol ographic nmaterials (see, e.g., US.
Pat, No. 6, 780,546). For such and simlar applications, there is a need to
be abl e jh@xaBhtafiling MRcta®bXias, sudfas) ff @Xarhple Aithrdid OkRI?, MBIALHxidOSE ti0 vary it
over ranges, for exanple by adm xi ng conponents having a high refractive

i ndex. 1Bjd0as] FJV-arbsslinkablechinderi fonexinfplebated of aurglete, poinyargardc of

ol efinically unsaturated conpounds, .such as, erably, (nmeth)acryl ates,
ore typiebett RS s e poroar Ar B soor and L Fdatili ewohiEE Y, b gher
hal ogen- ytl?%gi i ; i nmet hacryl at es
descri be‘% I IL}E%BEI%&HI B%B Ogﬂ{?ggﬁ %@9gaghﬁggﬁgggodfﬁ%%h%gu@g@ 8i r conplicated
pr epdr atvigible waeleh@h taige) danpapbiatiglar are di sadvant ageous. 20[ 0006] The

suitability of substituted Egeny! i socyanat e- based urethane acryl ates for
the pred80@i on ofln edditiensiodheiphigicabiropasties, hewevise dhe preeessabiléy apd” Bownan

(Pol ymer_ 2005.,....46...4735-4742), [0007] The un u?l i shed .l nt er nati.onal

hopl | cat BN BRIt SRR e Ty PR B HEORAN e ¢ act i ve
i ndex ?‘taréoﬁaifigdzbﬁﬁﬁ&&pﬁmé%ﬁ&n,Jg]el%ralms%nﬁ)t 8r &dfolydidr€oZRbiymdrfie production
of optical data nedia, in particular t'hose for hol ographic storage nethods,
and ar e hsmga hogh iefrdctsterindex| plapuminhpistast roleywforekamplalfer. the prodiktenebnt ext ,
phenyl isocyanat e-based, conpounds are al so known, these al ways bei ng based
on utfs usPtiFd spmaonaEn ichas giseso RrismeAnd OpEGA FaRHIEs (e, e 8- Ho0kay Nophot opol yrer
formul at4 i i ref [ JWalels V. ecisive role
s & corts a7 REXA BRI 8 BlBRch ol RIS B e 2

i nterfermpnad. bi7Bb346y. Morgidhl andRihilL hpplRAGEs| heRtibe asedtb\be apleadadjuspaves in
the sinplest case) is mapped into a refractive index grating, which contains
al | i nf chereefiaetivedndaxiio a3arigefad mapnér@nd s vy Bioyer mygeashior pxaaple by

phot opol yner.i zati on at .l ocations of high intensity in the interference field
by the dERIE Eampehyitfeding aNeh RpiVE IS ndex. By i 11 uminating ¢ he

hol ogr anp@ed]y W t kol iR ab6ieaicii6fed ficdldy d108d] ofy%rsséﬂﬂéﬁni&ﬁl? uhfiRitaRe
reconstructed. The strength of the signal thus reconstructed in relation to
t he st r engtpounds, such as,peéfembly, (méthyaenytages| arg tpidatly nedderin edder o achiede hf racti on

effici enc%(, or  DE below. |In the sinplest case 10 of a hagl ogram which is
formed d§fragiive indsxphbior highenhhalogen-yibgtiuted gramadic (gl aseylptes opwpssitled from t he

quoti ent | i f. | ] ght < d} r tion and the
sum of t% lin%e?gdﬁ}s){ﬂ%tigsgdzes%&el rll%p(klsgrll)fa { rgjg’f %’rq%‘tritc‘%ﬁ‘r%l&‘%‘ggdnd@ ‘&?]%fst{) ght:é ‘ed 1] ght. The
hi gher tdygpiEated %‘l@pmﬂi(ﬁl, ﬂ‘feflht@ér%‘ﬂf)arti&lﬁ' AoHRavamapedul. respect to the
necessary quantity of reference light which is necessary in order to

vi st i Z80@fle si gridk swikability of substitutediphenyh éosyanaierbabet wethalhaovylatgs a hi gh

oG e S o PR G le RIEhSL PRI AN, oo havi no

O

2005, 46, 4735-4742).

[0007] The unpublished International Application PCT/EP2008/002464 discloses

(meth)acrylates having a refractive index at A = 532 nm of at least 1.5, which are suitable
25  for the 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 side.



hi gh anplitude between regions with the | owest refractive index and regions
with the highest refractive index and thereby of permtting hol ograns having
a high DE in photopol ymer formnul ati ons BRI EF SUMVARY OF THE | NVENTI ON
20100091The present invention relates, in general, to novel specially
substituted phenyl isocyanate-based urethane acrylates having a high
refractive index and to a process for the preparation thereof and the use

t hereof 1001011t has been surprisingly found that special substituted phenyl
| socyanat e- based urethane acrylates can be cured to give coatings and

nol di ngs [0048] ng palntnhetspalymer Samylagiany, eerylatasibguing adiighasfragiivediflsknat i on wi t h

| mpr oved val.ues and are.therefore partic I |t e tarting
mat eri al pggra dt%ﬁ'éwﬁfcgﬁﬁ%? FgHra tfl_ ﬁ%i%ﬁ@?@\%@é %at‘rSlI]H&'h’ e01’5r4§2‘t ee_ i ndex, in
parti cul #ierfREdcs Feld STFRA arﬁ%fefe%lfsé BettbQh 1@Elaﬂﬂswavl% FRE sFPIKYU! des or

hol ographically witeable materials.” [00111The present invention therefore

rel at es tmeusaidpaekingca sdfiattde indext dratingewhichlcoftemmall infpinatiof oRthe- - - " AQ
Formula (1) in whjch R R4, R5,.in ea(ih case by thensel ves, may be
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not hydr agiegranRfhly %K thd rRf@arb lightbeank)thd $1818 ehnvien beRyomerubgdr Ogen or a
(G -C6)-al kyl group and A is a saturated or unsaturated or |inear or

br anched sttengthes)the sipnaf thus sefopstructnd im relasiopde Hiel stargth of the igadent 2- 6) or

| | ' = 2-6),.radical, .10th [ |t | vat
b 61 vade e bR aFired By i R a S o 0P AP RY. 1B ROTREIE B9 ol 50
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ur et hane acrylate of
obtained from the quotient of the intensity of the light diffracted on reconstruction and

the sum of the intensities of incident reference light and diffracted light. The higher the
DE, the more efficient is a hologram with respect to the necessary quantity of reference
light which is necessary in order to visualize the signal with a fixed brightness. Acrylates

15 having a high refractive index are capable of producing refractive index gratings having a
high amplitude between regions with the lowest refractive index and regions with the
highest refractive index and thereby of permitting holograms having a high DE in

photopolymer formulations

BRIEF SUMMARY OF THE INVENTION
20  [0009] The present invention relates, in general, to novel specially substituted
phenyl isocyanate-based urethane acrylates having a high refractive index and to a
process for the preparation thereof and the use thereof.
[0010] It has been surprisingly found that special substituted phenyl isocyanate-
based urethane acrylates can be cured to give coatings and moldings having particularly
25  high refractive indices in combination with improved DE values and are therefore
particularly suitable as starting material for the production of materials having a high
refractive index, in particular optical lenses, antireflection coatings, planar waveguides or

holographically writeable materials.



the general Formula (1), a corresponding salt, a solvate or a solvate of a
salt thereof: R2 OFormula (1) 15 wherein R, R2, R3, R4 and R5 each

i ndependently represent a substituent selected fromthe group consisting of
hydr ogen, hal ogens, Cl6-al kyls, trifluoromethyl, C16-alkylthios,

C16- al kyl sel enos, Cl_6-alkyltelluros, and nitro groups, with the proviso
that at least one of R, R2, R3, R4 and R5 is not hydrogen; R6 and 127 each
i ndependently represent a substituent selected fromthe group consisting of
hydrogen and Cl_6-al kyls; and A represents a saturated or unsaturated or

| i near of0Mdhnc hedTliE.ﬂ_pI@seaJt knyentiaadherafororelatesgo bixettiaky hapkatesyif the geaethlcal havi ng
2-6 ethyl ene oxide or propyl ene oxide units. 5[0013] Anot her enbodi nent of
the pres REMYA{ldnt i on i ncl udes | ayers, |ayered structures and/or nol di ngs
conprising a urethane acrquﬁe according to the various enbodi nents of the
invention. [0014] Yet another|enbodi nent of the invention includes articles
such as, for exanple, B es, mnors, deflection mnors, filters,

di f f usi on screens, diffradt 10el ement's, wavegui des, |ight guides,

proj ection screens, nasks, aonal portraits, bionetric presentations in
security docunents, gérage
conprise a |ayer or nol g .cordlng R
[ 0015] Preferred radingg\lefo R5 are (G
chlorine or 15brom ne; an@-wethylthjo sybstituents or chlorine or brom ne
are particularly preferred. In a particharly preferred enbodi nent, at | east
one substituent of the group RI, R2, R3,“R4 and Rermsladl)( Ci - C6) - al kyl thio
substituent or chlorine or brom ne and the other substituents of the group
R, R2, m8whieh Rdyk’, R3, Rit &’ hydacchgmse l@tuhamselﬂsemey beai hyc&dg@@drﬂla]a@emnd 127 are
hydrogen atons. The radical Ais pre lin or branched

C3- al Ryl aFoauPrcaanI Coplt itailospmethyl é%@dﬁ\ﬂk)/ltalq, ((Pﬂeﬁfr) aéigxlse!ﬁmd@eﬁsky
radi cal . 9@31%3 BF?IW Sg%lﬁ;“%nméfﬂr%‘%‘ié Q] a1 0t BleSTERudnPYEAL LR X' €

t he present invention.
)-al kylthio substituents or

obt ai nabl’e
R?, R3 ,R* R%is not hydrogen, R® R’, in each case by themselves, may be hydrogen or a

(Ci-Ce)-alkyl group and A is a saturated or unsaturated or linear or branched (C;-Ce)-

alkyl radical or a polyethylene oxide (m = 2-6) or polypropylene oxide (m = 2-6) radical,
10  the corresponding salts, solvates or solvates of the salts of the compounds according to

Formula (I) also being included.

[0012] One embodiment of the present invention includes a urethane acrylate of

the general Formula (I), a corresponding salt, a solvate or a solvate of a salt thereof:

R
R R
RE—N R* R
)\ R’
o)
O—ur—0

O Formula (I)
15  wherein R!, R% R®, R* and R® each independently represent a substituent selected from
the group consisting of hydrogen, halogens, C;¢-alkyls, trifluoromethyl, C;_¢-alkylthios,

Ci.¢-alkylselenos, Cy_¢-alkyltelluros, and nitro groups, with the proviso that at least one of



I socyanates of the Fornmula (Il) I | Formula (Il1) with isocyanate-reactive
conpounds of the Formula (I11) R6 0 OFormula (I11)

R, R%, R?, R*and R’ is not hydrogen; R® and R each independently represent a
substituent selected from the group consisting of hydrogen and Ci.¢-alkyls; and A
represents a saturated or unsaturated or linear or branched Cj.¢-alkyl radical or a
polyalkylene oxide radical having 2-6 ethylene oxide or propylene oxide units.

5 [0013] - Another embodiment of the present invention includes layers, layered
structures and/or moldings comprising a urethane acrylate according to the various
embodiments of the invention.

[0014] Yet another embodiment of the invention includes articles such as, for
example, optical lenses, mirrors, deflection mirrors, filters, diffusion séreens, diffraction
10 elements, Waveguides, light guides, projection screens, masks, personal portraits,
biometric presentations in security documents, images, image structures and
combinations thereof which comprise a layer or molding according to the present
invention.
[0015] Preferred radicals R to R® are (C1-Ce)-alkylthio substituents or chlorine or
15  bromine, and methylthio substituents or chlorine or bromine are particularly preferred. In
a particularly preferred embodiment, at least one substituent of the group R', R?, R?, R*
andR® isa (C1-Ce)-alkylthio substituent or chlorine or bromine and the other substituents
of the group R', R%, R?, R* and R® are hydrogen atoms. Preferred radicals R® and R” are
hydrogen atoms. The radical A is preferably a linear C,-C4 or branched Cs-alkyl radical,
20  particularly preferably a linear C,- or C4-alkyl radical.
[0016] The urethane acrylates of the present invention are obtainable by reacting

isocyanates of the Formula (II)

R

R R®
N R’
c R°

O=

Formula (II)

with isocyanate-reactive compounds of the Formula (III)




t he radi cal s having the abovenenti oned neani ng. BRI EF DESCRI PTI ON OF
THE SEVERAL VI EWs OF THE DRAW NG [ 0017] The foregoing summary, as well as the
followi ng detail ed description of 5 the invention, may be better understood
when read in conjunction with the appended drawi ngs. For the purpose of
assisting in the explanation of the invention, there are shown in the

drawi ngs representative enbodi nents which are considered illustrative. It
shoul d be understood, however, that the invention is not limted in any
manner to the precise arrangenents angd-instrunentalities show. 1010018]1n
the draw ngs: [0019]Fig. 1 is schemat representation of a hol ographic
measuring arrangenent used in the Exanpl descri bed herein. DETAILED
DESCRI PTI ON OF THEFTNVENﬁ13¢AQQ2 sed herein, the singular ternms "a
and "the" are synonynous and used 15i nt\gr changeably with "one or nore" and
"at |east one," unless the | anguage andl'or cont é®tmelrédbl y i ndi cates

ot herwi se. Accordingly, for exanple, reference to "a urethane acryl ate"
her ei n ofhe radiqatschazimgdheldpvementioned meaning.er to a single urethane acryl ate or
nore than one urethane acrylate. Additionally, all nunerical values, unless

Cabout .+ 20 THSE BRI oF T hEAAIEAL YRR OF AEREDRAT G . e 1

2‘th!OWEPthphenyVﬂk&&&!&ﬂ@%&nmﬁﬁiQé@&@&$%bﬂhﬁﬂ%ﬁgH&&RMQQ@& tion of

4-t hi onet hyl'phenyl isocyanate, 2- chl orophenyl isocyanate, 3-chlorophenyl

i socyanathe jnwéntidr, arag bk datyér undestpad athen redd irbcamjmptienwith ittecppemizt e,

3- bronophenyl i sgcyanate, 4-bronopphenyl isocyanate, 2- iodophenyl isocyanate,
3- i odophférﬁwngﬁ-sB%Vﬁﬁ@ﬂl@?se@fiaé%méme e?%‘é%%?‘é’ﬁé‘? thedpvention. therg a5t her eof .

[ 0022] 2- t;hi y ' -t hi I ' ate, 4-

thi omet SRy BUE0 oot SR AT Bod il TR e BITANC UBGRNBESHE.

| socyanadtulddbe unbéSood HoMEVer REH NReRtions AEOIFRRGER\hy hassras lce,

3- bronophenyl isocyanate, 4- bronophenyl isocyanate or m xtures thereof are

pr ef er r eptecis] gomgRenthashivsthyhgtalitips shioswcyanat e, 3-t hi onet hyl phenyl
! socm&nafoﬁlﬂnd 4- In the drawings:

[0019] Fig. 1 is schematic representation of a holographic measuring arrangement

used in the Examples described herein.

DETAILED DESCRIPTION OF THE INVENTION
[0020] As used herein, the singular terms “a” and “the” are synonymous and used

15 interchangeably with “one or more” and “at least one,” unless the language and/or
context clearly indicates otherwise. Accordingly, for example, reference to “a urethane
acrylate” herein or in the appended claims can refer to a single urethane acrylate or more
than one urethane acrylate. Additionally, all numerical values, unless otherwise
specifically noted, are understood to be modified by the word “about.”

20  [oo021] Examples of compounds of the Formula (II) are 2-thiomethylphenyl
isocyanate, 3-thiomethylphenyl isocyanate, 4-thiomethylphenyl isocyanate, 2-
chlorophenyl isocyanate, 3-chlorophenyl isocyanate, 4-chlorophenyl isocyanate, 2-
bromophenyl isocyanate, 3-bromophenylisocyanate, 4-bromophenyl isocyanate, 2-
iodophenyl isocyanate, 3-iodophenyl isocyanate, 4-iodophenyl isocyanate or mixtures

25  thereof.



t hi onet hyl phenyl isocyanate, 3-chl orophenyl isocyanate, 3-bronophenyl

i socyanate or m xtures thereof are particularly preferred. [0024] Conpounds
of the Formula (111) which nay be used are, for exanple, 2- hydroxyet hyl
(meth)acryl ate, polyethyl ene oxi de nono(neth)acryl ate, pol ypropyl ene 10

oxi de nmono( et h) acryl ates, pol yal kyl ene oxi de nono(net h)acryl at es,

2- hydr oxypropyl (nmeth)acrylate, 3-hydroxypropyl acrylate, 4-hydroxybutyl
(meth)acryl ate, 3-hydroxy-2,2- dinethyl propyl (neth)acrylate, hydroxypropyl
(nmeth)acrylate or m xtures thereof. [0025]2-hydroxyethyl acryl ate,

2- hydr oxigf28py| ack-thiemethylghanybisesyppate Pythiamatyylpheayl igodypaatodybut yl acryl ate,

pol ypropyl en i de .nono h)acryl ates, 15pol.yet hyl ene oxi de

nmono( met %}0 &W?@}e@gl IB(Fcyﬁé%I‘?’ér' 3&@“9 ﬁ?ﬂl@ oLchgP'éa?% P é&i?rﬁ%llfny'[ lﬁi’fé’%ﬁlaéq’ ﬁ‘y dr oxyet hyl
acryl at eghlgoPedl PRYRLRRY, 2-BofmbbRING1 isdcyaNAlE OXHiBFRBYenyR fsbyyaRhie, And

4- hydr oxybutyl acryl'ate or m xturés thereof are particularly preferred.

[ 0027] Thieromepledniybisogfanate opmintaiss tfercdoherefpoefennéda (11) wi t h conpounds of the
Formula (I11) is a urethanizatjon. The reaction of conpounds of the Formula
(11) i tﬁ"’%ﬂ conrpo?utrli’é@“feslﬂYr]t3 Yl:'é?%llaée’@l' lomegiyiphsaykiseanadeatd 4h the aid of
t he cat ; I ' i t L 1o L Qns, such as,
for exaniaieapifig (oyaAacd iabbig,! SOSHRIE SARRUOTOGRRLL BN T

parti cul mixtlires glefeyt adipagiculbrl¢ peifezaddi cycl o[ 2. 2. 2] oct ane, bi snuth octanoate
or dibutyltin dilaurate, which can be initially introduced concomtantly or

met ered [0824lat er. Gurepawnds efthe Fermufa aﬂésvhixbmfyémged aret foeexampder2- on have a

tent of, 25| t 0.5% Db i ght,. f ly | t.h .2% b i ght,
par t 1 cul SERSET GrBRg IR PoNa e oxigh Rer Gt ke BB UPERASGR et hane
acr y{ @t eoxi@f mbrAMEAN AL Aals, PoPaIyMnT od ik nRinolh&R)ab &l ahyBRRATEHY -

Furthernore, the ureéthane acrylates according to the invéntion contain

cont ent s(nedth)hayhtd, Bdrydidkypppyeicgtidte, ohefreryhbly) (thetbmctylee) 3chydvoxdyy2,2vei ght and
parti cul a{_rlt#/ E)ref er abl Xﬁ | ess than 0.2% by wei ght, based on the urethane
acr yl at edimsthylpippyd suetbipcedatednEmxyPORPNIsENaGY aterps muxturasithereati 1) . 1 n the

Pornpound P2t ne RotfdbAARR) TS o RRo 5T Ao e RBABBRR T 1 1) can be
di ssol vegtrilBtephydroRsity 1 \ueryssdd, \pe VproplyRhe BXid0RlocBo@iktiRae&Rtdsc or al i phatic

hydrocarbon or an aromatic or aliphatic hal ogenated hydrocarbon, 5or a
coat Ing pdysteylene axiddmenrn(medpnaceXatepdaomixgures thergobarapeefaredput yl  acet ate or

acetone qr_hutanone, of an.ether, such.as tetrahydrofuran or tert-butyl
o oftadl " o RSl fstere S E G R AN T S RReRPIES] phost de or
N- met hyl Li.gar (] N2 T i ced or
nmet er e)d/ %l?ﬁ ag&irqraqﬁggxyyg%%@?&? gméggﬂeagtshc??\éag ﬁéeﬁaggﬁ!ahwt égg%%ju After the

end of t[0827]eact i Orhe redvtion pf eanpouds sfthe Borimuls(1hevitvednfounds dfthd he m xt ure
under at nospheric pressure or under reduced pressure and the end point is

det er mi nERIMIYa A} sairetharizating. dbe regetiongcampountls of the|HomguladH} withs are

(P57 oL AR 0 B R S YLD B LRRh Yo 0 99992
accelerating isocyanate addition reactions, such as, for example, tertiary amines, tin, zinc,
iron or bismuth compounds, in particular triethylamine, 1,4-diazabicyclo[2.2.2]octane,
bismuth octanoate or dibutyltin dilaurate, which can be initially introduced concomitantly
or metered in later. The urethane acrylates according to the invention have a content of

25  less than 0.5% by weight, preferably less than 0.2% by weight, particularly preferably les

than 0.1% by weight, based on the urethane acrylate, of isocyanate groups (M = 42) or
free residual monomers. Furthermore, the urethane acrylates according to the invention

contain contents of less than 1% by weight, preferably less than 0.5% by weight and
particularly preferably less than 0.2% by weight, based on the urethane acrylate, of



[ 0028] The uret hane acrylates according to the invention can furthernore be
15 protected fromundesired pol ynerization by the addition of stabilizers.
Such stabilizers may be oxygen-containing gas, as well as chem cal
stabilizers as described, for exanple, in Houben-Wyl, Methoden der

or gani schen Chem e [ Methods of Organic Chem stry], 4th edition, volune
XIV/1l, Georg Thiene Verlag, Stuttgart 1961, page 433 et seq. The foll ow ng
may be nentioned as exanpl es: sodiumdithionite, sodium hydrogen sul phide,
20 sul phur, hydrazi ne, phenyl hydrazi ne, hydrazobenzene,

N- pheny #4Badiedéunijionait cagpoivizei edtonanrl (Ham (R, préPafitioh @ eiRagétBanepi Cri C
acid, p-nitrosodimethylaniline, diphenylnitrosam ne, phenols, such as

par a- ne@magﬁg egneding o the ventaem, Ketopimppumds@iihedinemula () and the
2,6-di-tert 4 et t - but

5" di - EpnbauRgh FF SRS R0 iEhs afeliia A kRO S Bpdmpte an
2- mer Caﬁfo%ﬁ@6P£lmh§ﬁ@h§‘droga'§wnfﬂ°rtaﬁ>éhﬂﬁén*a'o?ﬁﬁﬁlﬁﬁ%&loé&iaf&d%@fdéﬁ%éﬁ' t,

phenot hi azi ne, N-oxyl Tonpounds, such as, for exanple,
2,2, 5, 6ot etwmrrg'sdﬂyd:m; queh agiforeexhinple] ethyl(a‘E&Mé@)r boty] aretatodr dcttoneler | vat i ves.
2, 6- d|-tert but y1-4- et hyl phenol and par a- net hoxyphenol and m xtures

t her eof %@@“ﬁﬁ%ﬁ%@ﬁ@ﬁSu@m%ﬁ“§$§@PﬁF@éW§B%ﬂ@5@FBﬂW ﬁmﬁfﬂgéémpﬁfan amount of
0. 001 t t, b d th
ur et hanéP r;né/% 5(?15\{@%’ sgtﬁ %s (H[nt% hglis B’?é’&ge Qflﬁdg“éﬁg\//’oé@@"‘q?a% st ?3& u(rjgs aﬁd

moul di ngypRtraiide) zﬁldflﬁﬂ)lﬁ]lj! hfrodii@ddanRtered MliRh afandér fhdiak ey opdrson( 1)
according to the invention, ﬁlcally have a refractive index of >1.50,
pr ef er abkilled-m tB&art.pAftei the bad ng/f p reattégna Bieyinsepcth®:, sobientdi Bemened fidnt her ef or e

i k f bj ect of . th t 030] truct
and ot o BRAe RGBT o B BN RO AR PR TO ISt P

acryl at ﬁéteﬁlflln&h&g ﬁhlﬂ g e soli@C Rkt MBhd éﬁllﬁ@@odté?l‘t’seaﬂg't all?‘ﬁ{ } hgpgore

typi cally have es, measured by neans of erferénce in

ref | ect ifiom 20.999gO6®A% by otight) pléferplsle fremady). 998>t8(9%0%)hy Wexght dnded opr ef er abl y
>40% very partlcularly preferably >50% The exact description of the nethod
i s cont Setethane achdate.oexanpl e section of the application. [0031] The urethane
acryl at

ocry1 2 gl 1 550l a5 0 b0 ) B8 et o7

hol qgr apmt&t&mr@ RRATEA p&lzﬂneﬁzanbﬁ@? AeTagition \ve aﬁbmaerts heiddf sedbdlizetssO rel ates
to a process for exposing hol ographic 15medi a and hol ographi ¢ photopol yner

films toayibglexygenrecontainig gaseaswelt drenheminel sthbilizess asadeserihiedgfor exanipde,i nvent i on,
ol ect r o gRUERT Fsadﬁfsﬁaoﬁ%. oAbt PR o b EARRE Exposur e 1o
0L, W) OB e, Ay VD Sy OB esidag ol ol oor e
a m rroffglloavitkeink e bé mentidred a® Exandplés: bddiim dithidhitd, ysdiom hdrogemsulphide,
20  sulphur, hydrazine, phenylhydrazine, hydrazobenzene, N-phenyl-B-naphthylamine, N-
phenylethanoldiamine, dinitrobenzene, picric acid, p-nitrosodimethylaniline,
diphenylnitrosamine, phenols, such és para-methoxyphenol, 2,5-di-tert-
butylhydroquinone, 2,6-di-tért-butyl-4-methy1phenol, p-tert-butylpyrocatechol or 2,5-di-
tert-amylhydroquinone, tetramethylthiuram disulphide, 2-mercaptobenzothiazole,
25  dimethyldithiocarbamic acid sodium salt, phenothiazine, N-oxyl compounds, such as, for
example, 2,2,6,6-tetramethylpiperidine N-oxide (TEMPO) or one of its derivatives. 2,6-
di-tert-butyl-4-methylphenol and para-methoxyphenol and mixtures thereof are preferred.

Such stabilizers are typically used in an amount of 0.001 to 1% by weight, preferably

0.01 to 0.5% by weight, based on the urethane acrylate to be stabilized.



diffraction elenent, a waveguide, a |ight guide, a projection screen and/or
a mask. [0034] Moreover, hol ographic i nages or presentations can al so be
produced therewi th, such as, for exanple, for personal portraits, bionetric
presentations in security docunents, or generally of imges or inage
structures for advertizing, security |labels, 25trademark protection,
trademar k branding, |abels, design elenents, decorations, illustrations,
trading cards, images and the |ike and i mages which can represent digital
data, inter alia also in conbination with the products described above.

[ 0035] THB02Hvent i dayessi lpyssstingiures ardmpyldings abtpinaklp dionyhe drathapet h r ef er ence
to the follow nan-l i m.tin xanples. EXAVPLES [ 0036] Unl ess noted

ot her i Sy 4IF) ud Bl gERba B RPE Bnanlist Ml ot R R ndB057 1 The
neasur engist] 59f pleh@abl£H1 361 parGeul D eBlyeS 58 besh Alm anddyRigagt h of 5 405 n.
The refractive index n as a function of "the wavel ength of the sanples were
obt ai nedikemisn foime a sutgers of §eiioventiond ref | ecti on spectra. For this purpose,

about_ 100-_ 300 nm.thick filnms of the s | es. wer | L ed spin coating to
quartz gPRY supsdyers a?‘?é?ﬂ]ﬁ}“leﬁ:?@e@BW%HP“igBHbtPWa@E?‘{;’B“ f&’&‘@?‘gﬁ%ﬂs The

transm sgj; f ' ' measured with
a spect ?‘gfr‘rlegl?g?{egp o}% dé%&%%ﬁaﬁégtﬁ%%@‘ﬁ%gi ﬁ‘/&%ﬁﬁg‘%ﬁ@éﬁ% Vﬁﬁ?@’m ETA- RT, and

t he | ayefurthérimokgpRraliybavie! BE sqlea) mahsutadrbyem&ns Bf wa-Beahhidter2etapté #d to the

measured transm ssion and refl ection s&?rctra_. This is effected using the
i nt er nal reBestioparrangsmenh of 336t prefeeabby >Hel radgniarly paefeiablyedVs seryt he n data

f th 1 I te which d ' bef gr.eh i bl ank
reasur enrEe e BB s e TreHReRleRgIPOaR BFrTS e oTTAFDAEY 1 1 oxy) ot hy!
pr opre- e&g@%l@ £ dpplcfon2, 6-di -tert-butyl - 4-nmet hyl phenol, 0.01 g of
Desmorapid Z, 11.7 g of ;5,) (et hyl t hi o) phenyl isocyanate were initially

i nt r oduc@@3i]nt o a TheOrethane@urydhtésatftlonBotmizlag§k aavodline@tthelinvent®, £e
Ther eaf t thyl acrylate were 5added dropwi se and the

mi xt ur e tﬁér’gfogééqtgtﬁgf{ivéé il e et hologzapbiedic and belberaphic
photopolymer films.
[0032] The invention therefore also relates to a process for exposing holographic

15  media and holographic photopolymer films to light, in which the urethane acrylates
according to the invention, which are present in a polymer matrix, are selectively
polymerized by electromagnetic radiation.

[0033] After appropriate holographic exposure to light, such holographic media
are suitable for the production of holographic optical elements which have, for example,

20  the function of an optical lens, a mirror, a deflection mirror, a filter, a diffusion screen, a
diffraction element, a waveguide, a light guide, a projection screen and/or a mask.

[0034] Moreover, holographic images or presentationé can also be produced
therewith, such as, for example, for personal portraits, biometric presentations in security
documents, or generally of images or image structures for advertizing, security labels,

25  trademark protection, trademark branding, labels, design elements, decorations,
illustrations, trading cards, images and the like and images which can represent digital
data, inter alia also in combination with the products described above.

[0035] The invention will now be described in further detail with reference to the

following non-limiting examples.



had fallen below 0.1 % Cooling was then effected. The product was obtained
as a light yellow liquid. Exanple 2:

2- (113- (Met hyl sul phanyl ) phenyl ] car banoyl | oxy) pr opyl prop-2-enoate [0039]0. 05
g of 2,6-di-tert-butyl-4-nethyl phenol, 0.02 g of Desnorapid Z, 26.8 g 10of
3- (nmet hyl t hi 0) phenyl isocyanate in 50 g of ethyl acetate were initially
introduced into a 250 m round-bottoned flask and heated to 60C. Thereafter
21.1 g of 2- hydroxypropyl acrylate were added dropwi se and the m xture was
kept further at 60 C until the isocyanate content had fallen bel ow 0.1%
Thereafter, the ethyl acetate wasE¥AMBLUHSed of f at 5 mbar and cooling was

ef fected e pro t was obtained.as a light 15yellow |liguid. Exanple 3:

> (Lo (B3l SL7 ks AR B ek Py AR el B o 00401 0. 05
g of 2,6Wg%hﬁert-butyl-4-nethy|phenol, 0.02 g of Desnorapid Z, 26.7 g of

3- (net hyl t hi o) phenyl isocyanate were initially introduced into a 250 n
round- bol003Hed f | ddi naeaduremanted theoreBacti®e indes veafffected &3 Bavglenfth of

2- hydroxyhbutyl acrylate were 20 added_dropw se and the nj xture was kept
furt her %4% rsoJﬂé rafﬁ%/qtnveﬂmi@Xinsaaef%g% OE@Iﬁt gle @0? the|SERPBRSTE 0. 1%

Ther eaf t . i: St d . c i ng was
effected&ﬁ$ﬂéﬁg?@gﬁ%%m§g§k@ ?Q?ﬁgﬁQgghﬁgégg3?%?P?h%58%$?%w§@§£nggl 4.

2- 1242- (dh Bni¢Manhydf3hd ginginasl Werb epplicl dy kpinephtpxy heirkogiydsstibsieaiek et hy|
2-nethylgropTZ-enoate_25[0041]0.02 of 2,6-di-tert-butyl-4-nethyl phenol,

0. 01 g ofromddnissalytian jin bigylacefatss The frapsnrisiorand)rpfieation spesumaishie wer e
initially introduced into, a..100 roungd-b f,l s heated to 60C.
Ther eat ¢ B¥er PR HEE bt Bk Rustleo R E B SR ErA o 2 pene. 1 r om
LAPORTE Radudrienp S?sté?»ﬂ STACRITSartdihé Br WRKSess aftPRE spicaaMiuz®: intwéBe m xture
was kept further at 60 C until the isocyanate content had fallen below 0.1%

Cool i ng thesadapted tefifesutagured Tharsnpisdaiuatd reBectioh spdctred This iseffdctpdtusingl | ow
| i quid. anpl e 5; i .

19-{[ 3- (@mmgldpﬁwamfm@ﬁgﬁq%%}i 2qdtignadly sequirgs thy mdptayof the,quartz
hexaox anggﬁ%ﬁﬁsfujate'\%ﬂiclpGv%fle'(?e'te%%%td%eforehand in a blank measurement.
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[0042] 0.02 g of 2,6-di-tert-butyl-4-nethyl phenol, 0.01 g of Desnorapid Z,
6.4 g of 3-(methylthio)phenyl isocyanate were initially introduced into a
100 M round-bottoned flask and heated to 60 C. Thereafter, 13.6 g of

Bi somer (TM PEA 6 (from Cogni s Deutschland GbH & Co KG were added dropw se
and the m xture was kept 10further at 60 it until the isocyanate content had
fallen below 0.1% Cooling was then effected. The product was obtained as a
light yellow |iquid. Exanple 6:

2,5,8,11, 14, 17- Hexamet hy1- 19- 1] 3- (et hyl sul phanyl ) phenyl j am nol - 19- oxo-
3,6,9, 1mmﬁ_r?e%bﬁﬂmhmhdbhalmdmhemdb@rbaneﬁwﬁet{lﬂﬁﬁ@ -2-e0Qatg of

2, 6-di but yl -4- et hyl ph |, 0,01 g 5of
3- (ne't hylﬁpfbﬁlof pKeMerg% 923@6?&% nﬁemyn%am?e@ Hﬁ a%eraplﬂfzﬁél’ﬁgo m

d- b f B T
R e
m Xt ur e yawnked dlask adHeated 36 66OC Thdredfiek, 82 ¢ 802 had@kgethylatsitte Wad f al | en

bel ow 0.1% Cooling was then effected. The product was obtained as a
cr ystal | 3dded digpwipe apd thgx[magﬂ]r@was kept further at 60 °C until the isocyanate content

fbéﬂ&fo(%ﬂ&@e@“@f ) PP HhETRE ey I Bl v B8 <P 3B api o 2

4.8 g of e?lbévf’[ﬁfum"th' o)phenyl i socyanate |n 8.5 g of ethyl acetate were
|n|t|aIIy introduced into a 50 m round-bottoned flask and heated to 60 C

Ther eaf t w se and the
m xture %ars—lﬁ(%mlg {E§ t(ﬁgtrhpgfﬂ fp EW}) ngn%%F%bﬂi&%goggﬁpqgégggé Ee)nt had fallen
bel ow 0. bBo]Ther eal 62 of 1,bali-BrhiviitylneietiytpheRs, 6103 kiof Desméerhpid, 26.8rpbar and
cooling was effected. The product was obtained as a |light yellow |'iquid.

Exanffl e & 3- an(thb[lﬁuq)mkﬂnhylsgwapﬁaHyiﬂmef@ih)]l@aﬂb‘am ingiallybufraducgst ivfe- 2- enoat e

3.3 g of® Sy ALRHyTbR Sy By bets LaBPCy MRaeale A hoP et at o wore
DTl kAR Oe FRATors I GRS i i i 0 (0 60 C.

Thereafteér, 3- hydroxybutyl "5 acryl ate were added dropw se and the
m xture uvmﬁtﬂeesﬁoyﬁnmd dumkenahadbfallén below 0. 1ICheThezerfiennid ehylaittatetwasad fal | en
bel ow 0. 1% Thereafter, the ethyl acetate was distilled off at 5 nbar and
cool i ng Hetélledroficat Saap arm@%@ad@tseﬁ&@@%b?%m@@casva%otrtﬁlgm asalighbw | i qui d.

n’g% %ﬁlowl(ﬂ%lcg (Met hyl sul phanyl ) phenyl i car banoyl } oxy) et hyl prop-2-enoate
[004 -di-tert-butyl -4-net hyl phenol, 0.01 g of Desnorapid Z,

Example 3: 2-({[3-(Methylsulphanyl)phenyl]carbamoyl }oxy)butyl prop-2-enoate

[0040] 0.05 g of 2,6-di-tert-butyl-4-methylphenol, 0.02 g of Desmorapid Z, 26.7 g

of 3-(methylthio)phenyl isocyanate were initially introduced into a 250 ml round-

bottomed flask and heated to 60 °C. Thereafter, 23.3 g of 2-hydroxybutyl acrylate were
20  added dropwise and the mixture was kept further at 60 °C until the isocyanate content

had fallen below 0.1%. Thereafter, the ethyl acetate was distilled off at 5 mbar and

cooling was effected. The product was obtained as a crystalline solid.

Example 4: 2-{2-[2-({[3-(Methylsulphanyl)phenyl]carbamoyl}oxy)ethoxy]ethoxy}ethyl
2-methylprop-2-enoate

25 [0041] 0.02 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of Desmorapid Z, 8.6 g
of 3-(methylthio)phenyl isocyanate were initially introduced into a 100 ml round-
bottomed flask and heated to 60 °C. Thereafter, 11.7 g of polyethylene glycol
monomethacrylate (PEM3, from LAPORTE Performance Chemicals UK LTD) were

11



10of 4-(methylthio)phenyl isocyanate in 25 g of ethyl acetate were initially
introduced into a 100 m round-bottoned flask and heated to 60 C

Thereafter, 4.1 g of 2-hydroxyethyl acrylate were added dropw se and the

m xture was kept further at 60 Cuntil the isocyanate content had fallen
bel ow 0. 1% Thereafter, the ethyl acetate was distilled off at 5 nbar and
cooling was effected. The product was obtained as a crystalline solid. 15
Exanpl e 10: 2-(1[ 4- (Met hyl sul phanyl ) phenyl ] car banoyl } oxy) pr opyl
prop-2-enoate [0047]0.02 g of 2,6-di-tert-butyl-4-nmethyl phenol, 0.01 g of

Desnor apddéd Aropbisard tBE mixt(¥aiA dpthuﬂhd?hewi’c us@al@izatyankte cdfierg of et hyl
acetate were initially introduced into a 100 m round-bottoned flask and
heat ed hed @@@1 berth‘efroele%t epolingwg therogffegtedh e prodpetopasiobtainediasadighier e added
dropmnse E m xture was kept further at 60 C 20 until the isocyanate
cont ent Yfi dVPQP en bel ow 0.1% Thereafter, the ethyl acetate was distilled

off at 5 nmbar and co s effect The product btai ned as a |ight
yel | OW ﬁgag&e_ l\get[iy_l_su hanyI)phenyﬁammo} 19%xo 3, g 9, 1¥\a 15, lg d

2- ({$a- wepﬁ@rrog@rleﬁﬂaﬂwrwpﬁenwtrcar banoyl | oxy) butyl prop- 2- enoate [ 0048] 0. 02

g of 2, @q Hte” 'oTi‘ Ry %Rﬂ}?ﬁ%@eﬂaﬁ%@%oﬂo%ﬁ RTIRAR \;\)ere |%?t3 g 250f

4- (et h 0) pheny | soctyanat e acetate ially

intr odueest(mamltlﬁo)]gﬁaqyﬁsobmaté Wt iniietly ihtr@dksedined 6@t milrduad60 C.
Thereafter, 11.6 g of 3- hydroxybutyl acrylate were added dropw se and the

m xture mmdetﬂﬁskam hented tat606’@ c’fhemftrr lhégrﬁawmmm)cﬂﬂﬁ éffromad fallen

bel ow O, acet l.ed off .at, 5 nbar and
ool | ng et DRGSR Cinply 6 0 BE S Gl Rtioe e p§lies ot ool

Exarp! € fiier & dol“CCunfdt i iQRYEMI JFRTPRRPII DN @ Uvh, COARIZrNAAL ¢ [0049] 0. 15
g of 2,6-di-tert-butyl-4-nethyl phenol, 0.075 g of Desnorapid Z, 85.3 5g of
3-chl oreﬁbmmlThemanaeoanedasmlnglmlyéljpwhqu1d>duced into a 500 m

round- bottoned flask and heated to 60 C. Thereafter, 65.5 g of

3- hydr ogxhuplgle: 2618yl 11451 MWHE antsdighg d 9d{r[3xmbtﬁgzlsalpﬂaﬂyln)phéﬂy1qtamr@}vr@sOxI@ept further
at 60 C3wy 14, 15 ehéaegiriade- ICAPrenb-chede f al | en bel ow 0. 1% Cooling was then
ef fected, The product was obtained as a crystalline solid. Exanple 13:
2 { [ ( 3- B{dbphenyf P2 amﬁa@yrtf@bwyéﬂﬂwhsﬂp@@ohDé)dcgartfé)em{omsbi]ﬁ 85 g of
19 - oF g-t(metll?rylttﬁ/lo)pﬁeﬁﬁ o¥yapna{3e weré 1n1t1aqg/ 1n190£1ce<Pen§orr}1)E€(P m?rouhd-
bottomed flask and heated to 60 °C. Thereafter, 14.3 g of Bisomer(TM) PPA 6 (from
Cognis Deutschland GmbH & Co KG) 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 crystalline solid.

20  Example 7: 2-({ [2-(Methylsulphanyl)phenyl]carbamoyl}dxy)propyl prop-2-enoate
| [0044] 0.008 g of 2,6-di-tert-butyl-4-methylphenol, 0.004 g of Desmorapid Z, 4.8
g of 2-(methylthio)phenyl isocyanate in 8.5 g of ethyl acetate were initially introduced
into a 50 ml round-bottomed flask and heated to 60 °C. Thereafter, 3.7 g of 3-
hydroxypropy! acrylate were added dropwise and the mixture was kept further at 60 °C
25  until the isocyanate content had fallen below 0.1%. Thereafter, the ethyl acetate was
distilled off at 5 mbar and cooling was effected. The product was obtained as a light

yellow liquid.
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g of 3-bronophenyl isocyanate were initially introduced in a 20 m sanple
bottle and heated to 60C. Thereafter, 5.5 g of 3-hydroxybutyl acrylate were
added dropwi se and the mi xture 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 crystalline solid. 15 Conparative exanple 1:
2-[(Pheny|carbannypoxylethyl prop- 2-enoate [0051]0.25 g of
2,6-di-tert-butyl -4-net hyl phenol, 0.12 g of Desnorapid Z, 126.4 g of phenyl

i socyanate were initially introduced into a 500 m round-bottoned flask and

heat ed t &xaople TR I2aMat ylsmnsl)@e@yllc@rw&%}bﬁw PERPrirPRRaEe wer e added

dr opw se t he e rth nt| t he | sogyanate
cont ent i@gg; al | errlrb‘i@é#l "‘%Efé{g ﬁgﬁog es‘aoraﬁ"ﬁigf ;ﬁ%duct was
obt ai ned gaF Za(n%my&hﬁﬁ)ﬁ}ieﬂ?l 1§&Jyhﬂlate.( ﬁarsepge ?l &@ta%e&&%lnhﬁﬂlly mtrbiucddd 42) -
Tabl e 1: Characterization of exanples 1-13 and conparati ve exanple 1
Exanpl e Réfmlacundvieotionutd flask andl hzeattdi'oo ﬁ@ﬁ@oiﬁhﬂr@ﬂmrﬂdg oEhbydroxeatg (SC) 1
= 6265 3. ggry?atel\'vgr]é%dgédz cﬁogwi]s',é gl?(? the mixture was kept further at 60 °C until the

isocyanate content had fallen below 0.1%. Thereafter, the ethyl acetate was distilled off

at 5 mbar and cooling was effected. The product was obtained as a light yellow liquid.

Example 9: 2-({[4-(Methylsulphanyl)phenyl]carbamoyl}oxy)ethyl prop-2-enoate

[0046] 0.02 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of Desmorapid Z, 4.7 g
10  of 4-(methylthio)phenyl isocyanate in 25 g of ethyl acetate were initially introduced into

a 100 ml round-bottomed flask and heated to 60 °C. Thereafter, 4.1 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, the ethyl acetate was distilled off

at 5 mbar and cooling was effected. The product was obtained as a crystalline solid.

15  Example 10: 2-({[4-(Methylsulphanyl)phenyl]carbamoyl}oxy)propyl prop-2-enoate
[0047] 0.02 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of Desmorapid Z, 14.0 g
of 4-(methylthio)phenyl isocyanate in 25 g of ethyl acetate were initially introduced into
a 100 ml round-bottomed flask and heated to 60 °C. Thereafter, 11.0 g of 3-
hydroxypropyl acrylate were added dropwise and the mixture was kept further at 60 °C

20  until the isocyanate content had fallen below 0.1%. Thereafter, the ethyl acetate was
distilled off at 5 mbar and cooling was effected. The product was obtained as a light

yellow liquid.

Example 11: 2-({[4-(Methylsulphanyl)phenyl]carbamoyl} oxy)butyl prop-2-enoate

[0048] 0.02 g of 2,6-di-tert-butyl-4-methylphenol, 0.01 g of Desmorapid Z, 13.3 g
25  of 4-(methylthio)phenyl isocyanate in 25 g of ethyl acetate were initially introduced into

a 100 ml round-bottomed flask and heated to 60 °C. Thereafter, 11.6 g of 3-

hydroxybutyl acrylate were added dropwise and the mixture was kept further at 60 °C

until the isocyanate content had fallen below 0.1%. Thereafter, the ethyl acetate was

13



3.23 4 1.600 2.61 5 1.536 1.93 6 1.532 1.71 7 1.588 3.38 8 1.591 3.23 9
1.620 3.55 10

distilled off at 5 mbar and cooling was effected. The product was obtained as a

crystalline solid.

Example 12: 2-{[(3-Chlorophenyl)carbamoyl]oxy}ethyl prop-2-enoate

[0049] 0.15 g of 2,6-di-tert-butyl-4-methylphenol, 0.075 g of Desmorapid Z, 85.3
5 g of 3-chlorophenyl isocyanate were initially introduced into a 500 ml round-bottomed

flask and heated to 60 °C. Thereafter, 65.5 g of 3-hydroxybutyl 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 crystalline solid.

Example 13: 2-{[(3-Bromophenyl)carbamoyl]oxy}ethyl prop-2-enoate

10 [0050] 0.015 g of 2,6-di-tert.-butyl-4-methylphenol, 0.007 g of Desmorapid Z, 9.4
g of 3-bromophenyl isocyanate were initially introduced in a 20 ml sample bottle and
heated to 60 °C. Thereafter, 5.5 g of 3-hydroxybutyl 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 crystalline solid.

15  Comparative example 1: 2-[(Phenylcarbamoyl)oxy]ethyl prop-2-enoate
[0051] 0.25 g of 2,6-di-tert-butyl-4-methylphenol, 0.12 g of Desmorapid Z, 126.4

g of phenyl isocyanate were initially introduced into a 500 ml round-bottomed flask and

heated to 60 °C. Thereafter, 123.3 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%.
20  Cooling was then effected. The product was obtained as a crystalline solid (preparation

described in DE 2329142).
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1.614 3.38 11 n.b. 3.23 12 1.589 3.72 13 1.602 3.19 Conparative exanple 1
1.591 4.26 [0052]For testing the optical properties, nedia were produced
and subjected to optical neasurenents as descri bed bel ow. Preparation of
t he pol yol conponent: [0053]0.18 g of tin octanoate, 374.8 g of

E- caprol actone and 374.8 g of a

Table 1: Characterization of examples 1-13 and of comparative example 1

Refractive Double bond
Example index at A= density
405 nm eq/kg (SC)
1 1.626 3.55
2 1.614 3.23
3 1.609 3.23
4 1.600 2.61
5 1.536 1.93
6 1.532 1.71
7 1.588 3.38
8 1.591 3.23
9 1.620 3.55
10 1.614 3.38
11 n.b. 3.23
12 1.589 3.72
13 1.602 3.19
S;a‘;%featli"e 1591 426

[0052] For testing the optical properties, media were produced and subjected to

optical measurements as described below:
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di functional polytetrahydrofuran polyether polyol (equivalent weight 500
g/mol OH) were initially introduced into a 11 flask and heated to 120 C and
kept at this tenperature 5until the solids content (proportion of

nonvol atil e constituents) was 99.5% by wei ght or nore. Thereafter, cooling
was effected and the product was obtained as a waxy solid. Medium 1:

1005415. 927 g of the polyol conponent prepared as descri bed above were m xed
with 2.50 g of urethane acrylate from Exanple 1, 0.10g of CE 909
(experinmental 10 product from Ciba Inc, Basle, Switzerland) and 0.010 g of
new net hBreparatidnl afeheapol @l cGmamakenB. 50 g of N-et hyl pyrilidone so that a clear

sol ution s obtai ned. Thereafter,_cooling to 30 C effected, 1.098 g of
Desnodurl(ﬂﬁgﬂxp 2411318(%9%@}?%}?@% 3Hdan f-ca%rols%&)%ffar\r@ﬁ%érﬁ 85 ence AG,

Lever kus . i - | proportion of
i m nooxa@@ggﬁ%gp @#gtra ékgrsag ﬂé?@@)q% ﬁﬁ:@@ég‘f‘g‘ﬁ%&?ﬁ%’?@g 69(/\8@2}1 ?&Qed and
15m xi ngwwRsnitthllyeigtreducad aite a 1Hiflast 4nd, hete@@H 120 W arkditpeat thils tehperature

(urethani zation catal yst, commercial product from Monentive Performance
Cheni X al wntil thel spligs cogtent (pspportigisofngeelatia gonstiienty) was92$ odytvedigi@ai n briefly.

The liquid i al obtained h I | d d
nere i Tiea OBt GrIge "G st e m e b Be e abaihel € SR TR 20 pm by

spacers. This test specinmen was first left for 30 mnutes at room 20
t enper at MedluaY t hen cured for two hours at 50 C. [0055] The media 2-5 were

producedoRan anal a0 IRRAGY LhAIPEBIATIL SRR hB0edclDlaple 1

Conpar at medi u e pol'yol "conponent prepared as

descri beditRDG0§ IMF@hdHe4EH 125 fr¥intHXampROL, 0.10k 02 CIBTY0S (Kpedh @AY Boxy] et hyl
prop- 2-enoate (conparative Exanple 1jp, 0.10 g of CAO 909 (experinental

prodlkt prod@tfram. fiha IngBask, S8itkariaad) aad )0 18rgbfmed roethylofe bloaatf®t°Ry| ene bl ue
at 60 C a 50 f N-ethyl ilidone so that a .cl sol uti on. was

bt ot necniny 3t £ar Hsfhy iRy tiante R s Toar selbfiet paveancd: B aeh FoBenadur (1)
XP 2410 ( ' P yeexp Lal.-Sci kusen,

Ger many, toh%fge&neés? Gg%gylé?\%%}tj%%%%inﬁ gol yi gg@@%@‘%@‘énﬁg’g’gﬁ tﬁi 0on ggrr

i M noox amiagziniSedhen&Galevetlastn, Lkrany\NatXane diigieyanaik3bdsedpolviBoeyansteled and

m xi ng was effected again. Finally, 0.006 (g@of Fonrez UL 28 (urethanization
cat al yst Propgyfifie pEiminogxadiggiaediene at/ifr@étrﬁqy%é\l coenta it e”os werraaddediingd W i t on,

CT, HSA) m%r?g v%gsdt%gec?eﬂggertrlin.x iFPr%llgl\fa(F.OO%fgf oecht o(raﬁjreile %@2% (g{e%h%];l{z)ﬁﬁoﬂr pa?alyst,
commercial product from Momentive Performance Chemicals, Wilton, CT, USA) was
added and mixing 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 at a
distance of 20 pm by spacers. This test specimen was first left for 30 minutes at room

20  temperature and then cured for two hours at 50 °C.
[0055] The media 2-5 were produced in an analogous manner from the examples

mentioned in Table 1.

Comparative medium:

[0056] 5.927 g of the polyol component prepared as described above were mixed
25  with 2.50 g of 2-[(phenylcarbamoyl)oxy]ethyl prop-2-enoate (comparative Example 1),
0.10 g of CGI 909 (experimental product of Ciba Inc., Basle, Switzerland) and 0.010 g of
new methylene blue at 60 °C and 3.50 g of N-ethylpyrilidone so that a clear solution was
obtained. Thereafter, cooling to 30 °C was effected, 1.098 g of Desmodur® XP 2410
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liquid material obtained was then poured onto a glass plate and covered
there with a second glass plate which was kept at a distance of 20 pm by
spacers. This test specinmen was first left for 30 m nutes at room
tenperature and then cured for two hours at 50 C. Measurenent of the

hol ographi ¢ properties of the media by neans of two-beam 10interference in
refl ection arrangenent: [0057] The nedi a produced as descri bed were then
tested with respect to their hol ographic properties by nmeans of a neasuring
arrangenent according to_Fig. as follows:; 100581The beam of an He- Ne

1, as f
| aser ( efXB&iment Usheft By MhatesisScigaee AGe benrskusely GrmanY. ReXaed of t he
spatial f S ; r.with t | L] : | | ),ointoa
par al | el Eh%)%g%lg{ﬁﬁg%%@]%ggrﬁg?&%%&ﬁr %Hé)}t%@ rggg?ﬁlg)glé (ﬁ%ﬁlﬂse(ao et(21 ﬂ%asgiggr{dl and
refere rlcmcj_@amt@tezsobewwer@de@yndlhsgiﬂgr\iv@ cdfeael a@AAF Findlly, 01008 ghfanet er of
the iris diaphragmopening is 0.4 cm The polarization-dependent beam

splitter EoiRBIJL 2h(urethatizationsetalystanemmersial wodoctod Momeritive Reiferamange pol ari zed
beans, T ower of t ferenc 0 beam was agjusied.to0.0.5 and the
power of CHFBRERoNEork 6] 57 t/58 S5dsilaur SHHAE w31 Sl &in HiedlyodBEr o ver o
det er m negd, :yi ' t f Vi f the sanple.
The angl gelgwaﬁeéfagg%%@g% g“)%]g’# ﬁﬁ;ﬁ%re&;lg tg(rél ncsgp %?;ﬁ@f?@%ﬁﬁ gfégén‘gh}% %e angl e of

i nci denceecoi glass lite whidhneds Kepoanaidistahte 8f 20\ imtbyspheeeat Thintestfspedimes anpl e
(medium, the interference field of the two overl appi ng beans_produced a
grating Oesfirsyleft fand0 minutesat saom fsmpgrstws and @erp@%rséﬁmtwa IhawStabS(f He angle

bi sector of the two beans incident on the sanple (reflection hologram. The
strip spMﬁamgerhmttoﬁdleﬁn@lﬁmnhiwromﬁesmﬁthermediggv mgens ofdwe-bedmt he nedi um
assut®d imerferenct im@flectidubmmngemat: t he ref erence nunerals in Figure 1:

0059] M = nj : = tt F = spatial filt = cql | j, mat I :
2 12 = RBTh ot o, ThemB0l pishondte et PELEre on et srptchas 9B 2 cecoct or,
| = irishgibaRPhie9MBpeRics by Aeafls d3rmékulng drPREOhER0:HE ty Bz Wi tten into
the nediumin the fpollovm ng manner: [00g61] Both shutters (S)g are opened for

t he exposallosvsti ne t. [0062] Thereafter, with shutters (S) closed, the nmedium

was allowed a tinme_of 5 mnputes for the diffusion of the still unpolynerized
writing H058her s. The beam of an He-Ne laser (emission wavelengths 633 nm) was

15  converted with the aid of the spatial filter (SF) and together with the collimation lens
(CL) into a parallel homogeneous beam. The final cross sections of the signal and
reference beam are determined by the iris diaphragms (I). The diameter of the iris
diaphragm opening is 0.4 cm. The polarization-dependent beam splitters (PBS) split the
laserbeam into two coherent identically polarized beams. The power of the reference

20  beam was adjusted to 0.5 mW and the power of the signal beam to 0.65 mW via the A/2
plates. The powers were determined with the semiconductor detectors (D) after removal
of the sample. 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 location of the sample (medium), the
interference field of the two overlapping beams produced a grating of light and dark

25  strips which are perpendicular to the angle bisector of the two beams incident on the
sample (reflection hologram). The strip spacing in the medium is ~225 nm (refractive

index of the medium assumed to be ~1.49).
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[ 0063] The hol ograns witten were now read in the foll ow ng manner. The 10
shutter of the signal beamrenmained cl osed. The shutter of the reference
beam was opened. The iris diaphragm of the reference beamwas closed to a
diameter of <1 mm This ensured that the beam always |lay conpletely in the
hol ogram written beforehand for all angles (D) of rotation of the nedium
The turntabl e now covered the angular range of = 0 to 12 = 20 with an

angul ar step width of 0.05 under conputer control. At each 15 angle SI
reached, the powers of the beamtransmtted in the zero order were neasured
by nmeansMedninghef therefarememimepisliatiogtrod: D and t he powers of the beam

di ffract in the first order we nmeasur ed by nmeans. of the detector D. At
each anglﬁgsill r eafh SR ﬁ?tﬂtﬁeﬁt(zst]:i%??ag'fﬂffﬂw’qu‘; '@%‘Htlgisngé 22t he
quot i ent : 0 _doife tect or naf dj £ i (power in
t he det cl%%’rp%%o ? ﬁ%ﬁg%ﬁ)gi éfeﬁl{é‘%teoggﬁbsggirtné}wpo%%rhi taiéﬁ%@gac#%r%ptf t he
transni t21e8, peadn)8°[ 0065] The maxi num diffraction efficiency (DE) of the

hol o%ga i.e. its peak value, was determ ned. For this purpose, it mght be
necessar0el chandlegtampyere Widtengntorthemgdivecin she folloying mammes act ed beamin

order t ermn hi,s maxiLum val ye. [0066] For. a fornulation, this
p_rocedu?[rgﬁégs if %@i%%@gf?)iFg%ggP%HS%r\}é?S’fp(’%‘iﬂﬁfé‘g]eis for different exposure
times t @06 fferemerdaRel &ithBh@federS) bR AR HRHRdNEN WS aRYREPLEMEBES gy dose of
the incident |aser beamduring witing of the hol ogram DE at which the

sat ur at i oimutealfarghé diffusiac b€the siihenpolpmenired engingynaosersE i s obt ai ned as
follows fr t he rs of the two partial, bea (0,50 mwWa 0.67 MmN, the
exposure[fop&;re  ardeDAR e Bore AW 54418 U Hevingmnangens 1) . [0067] E
(ma/ ) b Q. DN 7 t 7 8] The powers
of the psg}nft‘fzré’lfh%e%%glv\er ereaélg]ﬁfi g}d% %dd ?ﬁg%hét%{g?ghaeﬁgége&%g@a e%glgty is achi eved

in the ng@dhetnEHe itindiapinggaSl theaddradce/beth whdE6R The dfagieked\vif R mmasur ed
values for DE [% were obtained at the dose E 5[mJ/cnR]: Table 2:
Hol ogr apHiigensyeed (gt therbeam adwiysdareprapletalyl ie theNtodn gnem mtitiep beforsbeed fom | i cnp]

all angles () of rotation of the medium. The turntable now covered the angular range of

Q= 0°to Q = 20° with an angular step width of 0.05° under computer control. At each
15  angle Q reached, the powers of the beam transmitted in the zero order were 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. At each angle Q reached, the

diffraction efficiency was obtained as the quotient of:

[0064] Power in the detector of the diffracted beam / (power in the detector of the
20  diffracted beam + power in the detector of the transmitted beam)

[0065] The maximum diffraction efficiency (DE) of the hologram, i.e. its peak

value, was determined. For this purpose, it might be necessary to change the position of

the detector of the diffracted beam in order to determine this maximum value.

[0066] For a formulation, this procedure was if necessary repeated several times
25  for different exposure times t on different media in order to determine the average energy

dose of the incident laser beam during writing of the hologram DE at which the saturation

value is reached. The average energy dose E is obtained as follows from the powers of

the two partial beams (0.50 mW and 0.67 mW), the exposure time t and the diameter of

the iris diaphragm (0.4 cm):
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DE[%9 113768 2537 2637 73 26 48 73575 13 73

[0067] E (mJ/em?®) =2 - [(0.50 mW + 0.67 mW) - t (s)}/[n - 0.4* cm?]
[0068] The powers of the partial beams were adapted so that the same power

density is achieved in the medium at the angles o and p used.

[0069] The following measured values for DE [%] were obtained at the dose E
5  [ml/cm?]:
Table 2: Holographic evaluation of selected examples
Medium Example Dose [mJ/cm?] DE [%]
1 1 37 68
2 5 37 26
3 7 73 26
4 8 73 57
5 13 73 38
rCrllce):jr;ﬁ?;ative ?omparative example 73 24
[0070] The values found for the dynamic range (DE) show that the urethane

acrylate used in the comparative medium is less suitable for use in holographic media,

whereas the urethane acrylates in the media 1 to 5 are very suitable for the production of
10 holographic media owing to the higher value for DE.

[0071] It will be appreciated by those skilled in the art that changes could be

made to the embodiments described above without departing from the broad inventive

concept thereof. It is understood, therefore, that this invention is not limited to the

particular embodiments disclosed, but it is intended to cover modifications within the

15  spirit and scope of the present invention as defined by the appended claims.
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38 Conparative nmedi um Conparative exanple 1 73 24 [0070] The val ues
found for the dynam c range (DE) show that the urethane acryl ate
used in the conparative nediumis less suitable for use in .

hol ographi ¢ nedi a, whereas the urethane acrylates in the nedia 1 to 5
are very suitable for the production of 10 hol ographic nmedia owing to
t he higher value for DE. [0071]1t will be appreciated by those
skilled in the art that changes could be nmade to the enbodi nents
descri bed above wi thout departing frGimIM& broad inventive concept
thereof. |t is understood, therefore, that this invention is not
linmited t Ve GMER &l ar enbodi ments disclosed, but it is intended
to cover nodifications within the 15spirit and scope of the present

i nvention as definegd by j i i red
is: |I.A urethane acgylat%hg?ﬁﬁﬁiﬁggﬁgﬁgﬁkg%?ﬁﬁlarkpgfwgggg?%gggﬁﬁgfng
salt, a sedliyatselvete oaasclviainéa edlt theeafit thereof: Fornula (1)

wherein RI, R2, R3, R4 and R5 each independently represent a
substituent sel ected fromthegroup consisting of hydrogen, hal ogens,
Cl_6-al kyls, trifluoronethyl,| Cl-6- alkylthios, Cl.6-alkylselenos,
Cl.6-al kyltel luros, andRmitre~gro®s, with the proviso that at |east
one of RI, R2, R3, R4 and not hydrogen; R6 and R7 each

i ndependent|y represent a_syb tuent selected fromthe group

consi sting of hydrog&r=aNd C

Formula ()

wherein RY, R% R, R* and R® each independently represent a substituent selected
from the group consisting of hydrogen, halogens, C, ¢-alkyls, trifluoromethyl, C -
alkylthios, Ci.s-alkylselenos, Ci¢-alkyltellures, and nitro groups, with the proviso that at
least one of R!, R%, R, R* and R’ is not hydrogen;

R® and R each independently represent a substituent selected from the group
consisting of hydrogen and C,_¢-alkyls; and

A represents a saturated or unsaturated or linear or branched C;.¢-alkyl radical or

a polyalkylene oxide radical having 2-6 ethylene oxide or propylene oxide units,

characterized that at least one substituent of the groups RLURLRER*andRPisa

(C;-Ce)-alkylthio substituent,

2. The urethane acrylate according to claim 1, wherein R® and R’

each represent a hydrogen atom.

3. The urethane acrylate according to claim 1, wherein A is a linear

Cy-Cy or branched Cs-alkyl radical.
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A represents a saturated or unsaturated or |inear or branched
C .6-al kyl radical or a polyal kyl ene oxi de radical having 2-6
ethyl ene oxi de or propyl ene oxide units, characterized that at
| east one substituent of the groups R, R2, R3, R4 and R5 is a
(C1l-C6)-al kylthio substituent. 2. The urethane acryl ate
according to claim1, wherein R6 and 127 each represent a hydrogen
atom 3. The urethane acrylate according to claim1l
wherein Ais a |linear C prbeess fburtae plepataichr afl usgtharreadiydats according to
4. A process for the preparation of urethane acrylates according to
claimi1, ¢ae bibrrresess sorppiiEng gFeastivgapiisogyanateof Hieyaengiabl ymula{dl
general Fornmula (Il1) R2 Formula (I'l) with a conpound of the general
Forrmula (I11) Forrmula (I11) R® wherein R, R2, R3, R4 and R5
each independently represenf1a supstitgent selected fromthe group
consi sting of hydrogen, hal «5-al kyls, trifluoronmethyl, CIl.6-
al kyl t hi os, Cl.5-al kyl sel enos, al kyltelluros, and nitro groups,
with the proviso that at |ea dpeof. R, R2, R3, R4 and R5 i s not
hydr ogen; R6 and fe eac de enﬁéntly represent a substituent
selected fromthe group conscstinﬁpof hydr ogen and C6-al kyl s; and
A represents a saturated or Hnsaturated or |inear or branched
Cl. 6-al kyl radical or a polydl kyl ene oxi déFormdad) havi ng 2-6
et hyl ene oxi de or propyl ene oxide units, characterized that at
| east onewihbsbmpoentofolic gdneraFoupda W) R2, R3, R4 and R5 is a
(C-C6)-al kylthio substituent.

7

R
R? O— o 2

O Formula (I

wherein RY, R?, R}, R* and R’ each independently represent a substituent selected
from the group consisting of hydrogen, halogens, C;¢-alkyls, trifluoromethyl, C;.¢-
alkylthios, C,¢-alkylselenos, C,¢-alkyltelluros, and nitre groups, with the proviso that at
least one of Rl, Rz, R? , R* and R’ is not hydrogen;

R® and R” each independently represent a substituent selected from the group
consisting of hydrogen and C,¢-alkyls; and

A represents a saturated or unsaturated or linear or branched C;4-alkyl radical or

a polyalkylene oxide radical having 2-6 ethylene oxide or propylene oxide units,

characterized that at least one substituent of the groups R! R?, R3, R*andR’isa

(C-C¢)-alkylthio substituent.

5. The process according to claim 4, wherein the compound of the
general Formula (IIT) comprises one or more selected from the group consisting of 2-

hydroxyethyl acrylate, 3-hydroxypropyl acrylate, 4-hydroxybutyl acrylate,
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5. The process according to claim4, wherein the conpound of the
general Formula (lI11) conprises one or nore selected fromthe group
consi sting of 2- hydroxyethyl acrylate, 3-hydroxypropyl acrylate,

4- hydr oxybutyl acrylate, pol ypropyl eneoxi de nono(neth)acryl at es,

pol yet hyl ene oxi de nono(net h)acryl ates, and m xtures thereof.

6. A hol ographi ¢ nmedi um conprising a urethane acrylate according to
claim1. 7. A process conprising: providing a polyner
mat ri X cosabypropyidheaxide aiohameetiiacrylasds epodypation etierugideonao@inethecrylates, and
subj ecting the polynmer matrix to el ectromagnetic radi ation such that
t he uret Hak&rgehsieate i s sel ectively pol ymeri zed. 8. A
| ayer or nolding conprising a urethane acrylate according to claim1.
9. The | ayer or nolgding i : i ; ! Edi

Tol ding hae a el ract i ver Tge P mefiup HrBing 1R deifact Aok
The | ayertoetaimul di ng according to claim@8, wherein the |ayer or

nol di ng has a DE val ue, neasured by neans of two-beaminterference in
reflection arrangenent, of > 25% . . .11 A hol ographi c
optical elenent/inmege priePXCes CBPPTHRS: HrYddiag a88@8}68m?bl’€?9“%r5}“§1a7.
12. An arfl&he aﬁ:?}lgl%taggr&ﬁlg% %IQI‘?n O QURHRYNEL BEILRE: QbtriRRb eRBkoh BRSKS
mrrors, deflection mrrorS, tilters,” diffusion screens, diffraction
el enent s, radaviegstict elsat thd whthagacedste igmetzctedly polyserizeins, nmasks,
personal portraits, bionmetric presentations in security docunents,
M P SRR LA E R A R R

claim 1.

9. The layer or molding according to claim 8, wherein the layer or

molding has a refractive index of >1.50 at 405 nm.

10.  The layer or molding according to claim 8, wherein the layer or
molding has a DE value, measured by means of two-beam interference in reflection

arrangement, of > 25%.

11. A holographic optical element/image prepared by the process

according to Claim 7.

12.  An article selected from the group consisting of optical lenses,
mirrors, deflection mirrors, filters, diffusion screens, diffraction elements, waveguides,
light guides, projection screens, masks, personal portraits, biometric presentations in
security documents, images, image structures and combinations thereof comprising a

layer or molding according to claim 8.
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