CURABLE FORMULATI ONS, CURED COWMPOSI TI ONS, AND ARTI CLES DERI VED THEREFORM
BACKGROUND This invention relates to curable fornulations and cured
conposi t iwooddatasar e useful for produci ng coatings andpcm/udsesosion®24i spl ay
films, in particular brightness enhancenment filns. Brightness enhancenent
films have broad applications for flat panel displays in consuner
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using plastic films for such applications is that, in principle, physical

f eat ures @fhangementifi@ssuch as surface mcrostucture may be created using

sinple and effective techni ques such as nolding. Optical materials and
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backlight displays, brightness enhancement films use prismatic structﬁres replicated

on the film surface to direct light along the viewing axis (that is, normal to the

display), which enhances the brightness of the light viewed by the user of the display,

and which allows the system to use less power to create a desired level of on‘-.-axis

_ i]luminatibn. Typically, brightness enhancement films are made of plastic materials

which ‘are optically transparent and which comprise pafferned surface features

sometimes referred to as surface microstructure. One of the advantages of using

plastic films for such applications is that, in principle, physical features of the films

such as surface microstucture may be created using simple and effective techniques

such as molding.

Optical materials and optical products, such as display films are advantageously
~ prepared from high refractive index materials (typically materials having a refractive
index of greater than or equal to about 1.6), such as polymerizable, high refractive
index monomers and curable compositions containing such high refractive index

- monomers. .
/

- Useful high refractive index monomers include bromine-substituted aromatic
(meth)acrylate monomers, such as, for example, those described in U.S. Pat. No.
4,578,445, High refractive index monomers are typically materials that exist in a
crystalline or otherwise solid form under ambient conditions (ambient temperature)

and have relatively high melting or softening points. Often such materials have
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I ndex nmonomers and curabl e conpositions containing such high refractive

I ndex nononers. Useful high refractive index nononers include
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conposi tion during processing, resulting in blockages in transfer lines or
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be di _Sp'os'%giform heating is not consistently maintained, the monomers having melting points
significantly higher than ambient temperature may crystallize within the curable

: compoéitibn ‘during processing, resulting in blockages in transfer lines or the

' production of a non-uniform and typically unusable product which must be disposed

of. Further, maintaining the curable formulation at a temperature sufficient to

- maintain homogeneity may result in premature polymerization of the components of

“the curable formulation. These added process requirements and the negative

consequences attendant thereupon increase the cost and complexity of producing a

cured composition having a high refractive index.

Furthermore, a curable formulation designed for use in a brightness enhancing film
| produced using modern micro-replication processes must be a fluid which is typically
free of solvent. Moreover, the fluid curable formulation must have the appropriate
" level of viscosity. Typically, the viscosity required of cur_ab]e formulations used in
microreplication processes is less than about 5,000 centipoises, preferably less than
1,500 centipoises at 25 °C. In addition, a cured coating composition prepared from a
curable formulation should have a relatively high réfractive index, typically about 1.6
or higher; a glass transition temperature of less than about 100°C; and suitable
ductility, stiffness, dimensional stability, and adhesion strength to be useful in

applications such as brightness enhancement films.



of . Further, maintaining the curable fornulation at a tenperature
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wherein the heteroatom is selected from the group consisting of sulfur and selenium,

and (d) at least one curing agent.

In another aspect, the present invention provides an optical article comprising a cured
acrylate composition, said composition comprising structural .units derived from (a) at
least one multifunctional acrylate having a functionality of at least two, (b) at least
one mono-acrylate monomer, and (c) at least one heteroatom-containing diacrylate,

wherein the heteroatom is selected from the group consisting of sulfur and selenium.

In yet another aspect the present invention provides a cured composition comprising -
structural units derived from (a) at least one multifunctional acrylate having a
Ifunctionality of at least two, (b) at least one mono-acrylate monomer, and (c). at least
one heteroatom-containing diacrylate, wherein the heteroatom is selected from the |

group consisting of sulfur and selenium.
DETAILED DESCRIPTION

The present invention may be understood more readily by reference to the following
detailed description of preferred embodiments of the invention and the examples

“included therein. In the following specification and the claims which follow,



I n one aspect, the present invention provides a curable fornulation
conprising (a) at least one multifunctional acrylate having a functionality
of at | ea®D 000m3648D) at | east one nono-acryl ate nononer pcfajs2@s/ob@ast one
het er oat om contai ning di acrylate, wherein the heteroatomis selected from
the group consisting of sulfur and selenium and (d) at |east one curing
agent. In another aspect, the present invention provides an optical article
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mononer, and (c) at |east one heteroatomcontaining diacrylate, wherein the
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therein. In the follow ng specification and the clainms which
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to have .the follow ng .nmeanings. The singular_forns "a", "an" and _"the"
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.- - array may include heteroatoms such as nitrogen, sulfur, silicon, selenium and oxygen
o }Qr_ may be composed exclusively of carbon and hydrogen. Aliphatic radicals may be
““substituted” or “unsubstituted”. A substituted aliphatic radical is defined as an .
aliphatic radical which comprises at least one substituent. A substituted aliphatic
~ radical may comprise as many substituents as there are positions available on the
.aliphatic radical for substitution. Substituent's. which may be present on ‘an aliphatic
- radical include but are not limited to halogen atoms such as fluorine, chlorine,
bromine, and iodine.  Substituted aliphatic radicals include trifluoromethyl,
hexafluoroisopropylidene,  chloromethyl;  difluorovinylidene;  trichloromethyl,
'bromoethyl, bromotrimethylene (e.g. -CH,CHBrCH,-), and the like. For convenience,
the term “unsubstituted aliphatic radical” is defined herein to encompass, as part of
~ the “l_i_hear or branched "array of atoms which is not cyclic” comprising the
-unsubstituted aliphatic radical, a wide raﬁge of functional groups. Examples of
unsubstituted aliphatic radicals include allyl, aminocarbonyl (i.e. -CONH3), carbonyl,
dicyanoisopropylidene (i.e. -CHC(CN),CH»-), methyl (i.e. -CH3), methylene (i.e. -
- CHy-), ethyl, ethylene, formyl, hexyl, hexamethylene, hydroxymethyl (i.e.-CH,OH),
.mercaptomethyl (i.e. —CH,SH), methylthio (i.e. —SCHj), methylthiomethyl (i.e. —
CH,SCH3), methoxy, methoxycarbonyl, nitromethyl (i.e. -CH;NO;), thiocarbonyl,
trimethylsilyl, t-buty]dimethylsily], trimethyoxysilypropyl, vinyl, vinylidene, and the

like. Aliphatic radicals are defined to comprise at least one carbon atom. A C, —‘Clo



"Optional"™ or "optionally" nmeans that the subsequently described event or
circunstance nmay or may not occur, and that the description includes

I Nnst anceswohelsstdse event occurs and instances where it pduas20068031946 used
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methyl (i.e. - ), nethylene (i.e. - CH2-), ethyl, ethylene, Tornyl, :
hexyl , hexXdetetdlize&hdecttond vdreyerst hiy lan (integer-eGrE @b, ormpreaarpaoithistigted by. e. - CH
2SH), et r}%izrgyrl] ig(r:)ou .S'(I‘le = 1'),%%%31) groggst (hny=| tlfiﬁ?rgg)tflhé%uési (hef 1), naphthyl groups
(n = 2), azulenyl groups (n = 2), anthraceneyl groups (n = 3) and the like. The
aromatic radical may also include nonaromatic components. For example, a benzyl
group is an aromatic radical which comprises a phenyl ring (the aromatic group) and a
methylene group (the nonaromatic component). Similarly a tetfahydronaphthyl radical
is an aromatic radical comprising an aromatic group (C¢H3) fused to é nonaromatic o
component —(CHj)s-. Arométic radicals may be “‘substituted” or “unsubstituted”. A
substituted aromatic radical is defined as an aromatic radical which éomprises at least
one substituent. A substituted aromatic radical may comprise as many substituents as
there are positions available on the aromatic radical for substitution. Substituents
which may be present on an aromatic radical include, but are not 1itnited to halogen
~atoms such as fluorine, chldrine, bromine, and iodine. Substituted aromatic radicals
include trifluoromethylphenyl, hexafluoroisopropylidenebis(4-phenyloxy) (i.e. —
OPhC(CF;),PhO-), chloromethylphenyl; 3-trifluorovinyl-2-thienyl; 3-
trichloromethylphenyl (i.e. 3-CCl3Ph-), bromopropylphenyl (i.e. BrCH,CH,CH,Ph-),
and the like. For convenience, the term “unsubstituted aromatic radical” is defined
herein to encompass, as part of the “array of atoms having a valence of at least one
comprising at least one aromatic group”, a wide range of functional groups..

Examples of unsubstituted aromatic radicals include 4-allyloxyphenoxy, aminophenyl

(i.e. H,NPh-), aminocarbonylphenyl (i.e. NH;COPh-), 4-benzoylphenyl,



CH2SCH3), net hoxy, methoxycarbonyl, nitronmethyl (i.e. -CH2NO2),

t hi ocarbonyl, trinmethylsilyl, t-butyldinmethylsilyl, trimethyoxysilypropyl,
vinyl , viwpl2oebaisessoand the i ke. Aliphatic radical s arepdefusp@dosm2conpri se
at | east one carbon atom A G - G Oaliphatic radical includes substituted
al i phatic radicals and unsubstituted aliphatic radicals containing at |east
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Simlarly a tetrahydronaphthyl radical is an aromatic radical conprising an
aromatic Qrepps¢esld ¥ fasedic cadicahonBhomeniyd redieplo(@its-)- (cPreseitd-a CrAr omat i ¢
radi cal s t% ubstituted® or "unsubstituted”. A substituted aromatic
radical |§r%‘é?f Crf@‘i' s an aromatic radical which conprises at |east one
subst i tuent. A substituted aromatic radical may conprise as many

subst i t uessusad herein the term “cycloaliphatic radical” refers to a radical having a valence of

at least one, and comprising an array of atoms which is cyclic but which is not
) afo_matic. As defined herein a “cycloaliphatic radical” does not contain an aromatic
group. A “cycloaliphatic radical” may comprise one or more noncyclic components.
For example, a cyclohexylmethyl group (CsH;iCH,-) is an cycloaliphatic radical
- which comprises a cyclohexyl ring (the array of atoms which is cyclic but which is
. not aromatic) and a methylene group (the noncyclic component). The cycloaliphatic
-radical may include heteroatoms such as nitrogen, sulfur, selenium, silicon and
~oxygen, or may be composed exclusively of carbon and hydrogen. Cycloaliphatic
radicals may be “substituted” or “unsubstituted”. A substituted cycloaliphatic radical
_is defined as a cycloaliphatic radical which comprises at least one substituent. A
substituted cycloaliphatic radical may comprise as many substituents as there are
positions available on the cycloaliphatic radical for substitution. Substituents which
may be present on a cycloaliphatic radical iﬁc]ude but are not limited to halogen
atoms such as fluorine, chlorine, bromine, and iodine. Substituted cycloaliphatic
radicals  include  trifluoromethylcyclohexyl,  hexafluoroisopropylidenebis(4-
cyclohexyloxy) (i.e. —O CgH1o0C(CF3)2 C¢H0O-), chloromethylcyclohexyl; 3-
triﬂudrovinyl-2-cyclopropyl; 3-trichloromethylcyclohexyl  (i.e. 3;CC13C6H10-),
bromopropylcyclohexyl (i.e. BrCH,CH>CH; C¢Hio-), and the like. For convenience,



there are positions available on the aromatic radical for substitution.
Substituents which nay be present on an aronmatic radical include, but are
not | i m two 2be/d3adsogen at ons such as fluorine, chlorinepclrsmose3isand

i odi ne. Substituted aromatic radicals include trifluoronethyl phenyl,
hexaf | uor oi sopropyl i denebi s(4-phenyl oxy) (i.e. - OPhC(CF3)2Ph0O ), :

chl or onet hyl phenyl ; 3-trifluorovinyl-2-thienyl; 3- trichloronethyl phenyl
(i.e. 3-Coe3tehm ) pndmbstrtoted epyloplimhait rddicad” isBrefiHRCHR€2Brenompasd atwidel| i ke.

For conveni ence,. the term"” bstituted. aropmatic radical"..is defined
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NH2COPh-),  4-benzao henyl~ gi i rQpyki denebi s(4- phenyl oxyl. (i .e.
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2Ph0O ), etchalbRhsuly) (iRhedyCet PERY ICHRO-§, @ttipbdycbbutyil edyloprepyliisiienyt, 3~ f ur anyl ;
hexanet hyl ene- |, 6- bi s(4- phenyl oxy) (i.e. - OPh(CH2)6PhO- ) ; . '
4- hydr oxy retH2psekydrofyragyl, _‘421hendqzﬁ(3wn)abyd40fuﬁwbadteaﬁ@@ﬁyieﬁﬁé ByPisE . e.
4- HSCH2Ph- - £ hi N (?513 y Yl o 4
met hoxycarC %%@?Xgﬁ&’e‘%:(‘o%y@?gag?é (g\gzﬁi’? 61_@%1 i’célsl a‘)"r’%ﬁ?{gﬁe&?ﬁ@%’% lﬁ 4(i .e.
- PhC:-l y@Ht?fﬂHi Edfdhllyé-}si |4’4grﬁﬂﬁip&dlmethylbyﬁrllwedi~/hel(m | sémmneo Onﬂsﬂlo’«bt ny‘l-phgnyl "
vi nyl i denebi s( phen , and the || The rm"a - G romati g radical "
i ncl udes 1 clﬁyéﬁ%%f?y mat(-& ra%fl%g']aiﬁs a '&'Sps’ub‘é'f’?etﬂﬁﬁxé(ﬂy%‘? i c “adicals
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benzyl radN@&HCeHi-)) triemstedsindeyctoberylar otutyldimethylsidylcyclopentyl,  4-
trimethoxysilylethylcyclohexyl (e.g. (CH30);SiCH,CH,C¢Hjo-), vinylcyclohexenyl,
vinylidenebis(cyclohexyl), and the like. The term “a C; — Co cycloaliphatic radiéél”
includes substituted cycloaliphatic radicals and unsubstituted cycloaliphatic radicals
containing at least three but no more than 10 carbon atoms. The cycloaliphatic radical

2-tetrahydrofurany1 (C4H70-) represents a C4 cycloaliphatic radical. The
cyclohexylmethyl radical (C¢H; CH;-) represents a Cy cycloaliphatic radical.

As used herein, the term ‘“(meth)acrylate” refers collectively to acrylate and
methacrylate; for example, the term “(meth)acrylate monomers” refers collectively to
acrylate monomers and methacrylate monomers. The term “(meth)acryloyloxy”

refers collectively to acryloyloxy and methacryloyloxy monomers and/or oligomers.

As noted, the present invention provides a curable formulation comprising (a) at least
one multifunctional-acrylate having.a functionality of at least two, (b) at least one

* mono-acrylate monomer, (c) at least one heteroatom-containing diacrylate, wherein
the heteroatom is selected from the group consisting of sulfur and selenium, and (d) at -

least one curing agent.

The multifunctional acrylate can be any acrylate having a functionality of at least two.
For the purposes of the present disclosure, the term “functionality” refers to an

acrylate functional group. The multifunctional acrylate may be a single monomeric

7



As used herein the term"cycloaliphatic radical" refers to a radical having
a val ence of at |east one, and conprising an array of atonms which is cyclic
but whi chwooswzesponmati c. As defined herein a "cycl oal ipphhatscesnadcal "
does not contain an aromatic group. A "cycloaliphatic radical" my conprise
one or nore noncyclic conponents. For exanple, a cyclohexyl nmethyl group
(C6H 1CH2-) i s an.cycloaliphatic radical which conprises a cycl ohexyl ring
(t he -ar r ayPestesatos ﬁﬁaWF@Fh yiege glyao] giagiyfateubut may @rﬂtﬂr campFiER 911) OTAMIC a

met hyl ene gg&HE’nc( E%&%ﬁﬁy%'uitﬁblemﬁﬁﬂ%c?r% g&%a&x%!ré)ﬁfu'sﬂ}l@:{l b aligfhcal may

i ncl'ude -het&roatons such as nitrogen, selentum silitcon and oxygen,

or may be gt}@nboch(adeth)acf)dstesgeIayomﬁtlcc$1Mndndilqmydh)agmates§,yalhpmnc pdatli c

radi cal s ‘ substit ut ed" substjtute bstltute .

Lol oal | pRRTererieR: oranaiise PREerbl Syl e st st o et

conpri ses 4| 81%%)&%atéyb§$l&&§&@t diofr cﬁHPé‘tB)aEMé%é% Cé{ﬁJth'i’é | Pl abiomatiadi cal
may conprlse as nmanhy ‘su bstituents as there are p03|t|ons avai l abl e on the
cycl.oal'i ppalyet palimeth)dcoylatesibsaliphati¢ onand SuibmlattQJeﬁltkylewhl ctharaypohol pr esent
on a cycloa h i ¢ radi inc o _hal.qgen at ons
atch a5t POMBRB AeEprBT B G SltheRiSaTRbs el lbbilPiRadaiar| pha i
radi cal s ico@bHélfg btrlleifldt ¥as oMbt fﬁM’e@Mﬁ% ﬁh@txmhcndmxwr 14@6.0i sopropyl i denebi s(4-
cycl ohexyl oxy) (T. - O C6H 0C(CF3)2 C6H 00), Ioronethylcyclohexyl 3-

trlfluorOV|nyI 2- cyclopro %I S-trichl oronet hyl cycl ohexyl
3- COl 3CeHSEPYfic Brasripy Hpphies caﬁré@éwry qtesgnelBﬂtP@lmm@seslﬁwed frorrhﬁha t he

| i ke. . For VERSSREE of B?s h&loMmA Hﬁ%gﬂ&d&ﬂd# gt Yéﬁ'eﬁir oﬁ’*&?(&ﬁe?s)ﬁégx?@' s

defined herein to en onpa s aw e ctl group | es of
unsubst i t Gtdebltanedicd ath(mlaﬁ)t)aomylamdl h@-lhsxanediou déi(eth)dcspllatzy dy c3 @i‘tq»yidnﬁ

MR I O e e U
propane diol di(meth)acrylate; neopentyl glycol di(meth)acrylate; alkoxylated 1,4-
cyclohexanedimethanol ~ di(meth)acrylate;  pentaerythritol  tetra(meth)acrylate;

"alkoAxylated pentaerythritol tetra(meth)acrylate; glycerol tri(meth)acrylate; glycerol

| propoxylated  tri(meth)acrylate; trimethylolpropane tri(meth)acrylate;  tris(2-
-hydr_oxyethyl) isocyanurate triacrylate; polybutadiene diacrylate; polyisoprene
diacrylate; ~ 1,3-bis(acryloyloxyethoxy)isophorone diurethane;
vbis(acryloyloxyethoxy)tolue'ne diurethane; and mixtures comprising at least one of the -

- foregoing multifunctional acrylates. . Other 'non-limiting examples of the
multifunctional acrylates include 2, 2—bis{4~—(2-écryloyloxy ethyleneoxy)-(3,5-di
bromopheﬁyl)}propane; 2, 2—bis{4—(0mega-acryloylo_xy polyethyleneoxy)-(3,5-di
| “bromophenyl)}propane; 2, 2—bis{4—(omega-(methacryloyloxy
polyethylenéoxy)phenyl}propane; and 2, 2-bis{4—-(omega-(metha)acryloyloxy
polypropyleneoxy)phenyl} propane.

- In another embodiment, the at least one multifunctional acrylate having a

functionality of at least two comprises structural units having a formula (I)



cycl ohexyl oxy) (i.e. -OCoH OC(CN)2 C H100 ), 3-nethylcycl ohexyl,

nmet hyl enebi s(4- cycl ohexyloxy) (i.e. - OCHOCH C H OO,

et hyl cyclwbubgdossesycl opr opyl et henyl , 3- fornyl - 2-t er ahygcofuse@sybi924

2- hexyl - 5-t et rahydr of uranyl ; hexamet hyl ene-1 , 6- bi s(4- cycl ohexyl oxy) (1.
- OCBH 0 (CH2)6 C6H 00O ); 4-hydroxynethyl cycl ohexyl (i.e. 4-

C6Hi 0-), 4-nercaptonet hyl cycl ohexyl (i.e. 4-HSCH 2 C6Hi 0-), 4-

met hyl t hi ocycl ohexyl (l?’. P R O)B 4- net hoxycycl ohexyl, 2- :
met hoxycar bopyl cycl o ni ronethylcyclohexyl

(i.e. NO2CH2 ripe _

t - butyl di net i hyl cyel opent yl , i meErhoxysi | yP-et-hyl cycl ohexyl (e.g.
(CH3O) 3Si CH2CH2C6Hj 0-F, vi nyl cycl ohexenyl, *vi gyl i defrebi s(cycl ohexyl), and
the like. The term"a C3 - G0 cycl oal i phatr c radical" includes substituted

cycl oal i phatic radicals and unsubstituted cycloaliphatic radicals’
containing at |east three but no nore than 10 carbon atons. The

cycl oal i phajetesn vadk cdabox?cr Lt rsgbg?eﬁ!rmﬂr any| —(&hHiBnitid %&ﬁ@:ﬁe@t
cycloaliphatic radical. The cyclohexyl methyl radical (C6Hi 1CH25 ) repr esent S

a C7 cycl omloé}ihﬁéﬁm@ rfr(hchl,call a (s —uSmdatomatic madicdle anérial’ a(ndefbﬁ’) aerepcht e

refers col | ctrv Iatea thacryl at or_ex the term

" (et h) act riffg?%l 8??8?% Feé? o8 %{ n%OJ’Pyﬁ’té’t t@%%ﬂel S and

net hacryl @ﬁ@nﬁﬁ@oﬂ‘&ﬁisthe-ﬂk@gélﬁ%mms( ﬂﬁi\&l‘h) acwhmyd O Yean tefnginsate CA3l bmg vely to .
acryl oyl oxy and nethacryl o nononer s and/ or ol i gomers. As noted, the
present i ﬁ%hmbwswmmeg)ﬁadwmmwfaa@ Aty 89UBBpri sing (a) at | east
one nul tifunctional -acrylate having a functionality of at |east two, (b) at

| east one arﬁﬁl‘iéf' b%d dHeHRE mLﬁﬁ)fm?Jt]olaﬁaa%P A&?%abﬁ%%ri‘aﬁ&%ﬁ f2ni ng

di acryl at e er ernt eteroatomis selected from the group consi sti ng of
sul fur anttbastetlwemouwmwmhbstdl)ceahavmg a general formula (II)

. Br W _ Br
N : -0 : ; (6] O R!
R O b .
OR! a Br Br OR! g
11

wherein W is a bond, an oxygen atom, a C; — C;( aliphatic radical, a Cs — Cy
cycloaliphatic radical, or a C; — Cyy aromatic radlcal and “a”, “b” and “g” are each
independently greater than or equal to 1; and each R' independently at each '

-occurrence is a hydrogen atom or an acryloyl group having a formula (111),

o)
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| east one curing agent. The multifunctional acrylate can be any acrylate
having a functionality of at |east two. For the purposes of the present
di scl osurwo 206w3tmom "functionality” refers to an acryl aceuseensiosnpal
group. The multifunctional acrylate may be a single nononelicspecies, for
exanpl e ethyl ene glycol diacrylate, but may further conprise one or nore

ol i gomeric . conpopgents. Suitable multifunctiaonal acr Iates are illustrated
by al kyl el‘i‘@eﬁ?“}/Bolls mdeﬁﬂdﬁly%?wab sCurEENgerathydrages helpgrediAnadr yi at es,
al i phaticgdio _, r o] thox

dl(neth)ag}ylb Mﬁﬂ%&%%oa C (ﬁgﬁ%hgmﬁ%ﬁggggykggé% Xi?é@?%??c di ol

di ( met h) acadpdaht es, allphatlc and aromati c pol yol poly(neth)acryl ates,
al i phatic and aromatic al kyl ene et her polyo I pon(neth)acryIates

2 Feast * BHETURRE bR, BHAG, ofh s BorRaR° P Siehedcby dpBRE £ hampl oo

of multif ynehilona) aACEMshlcRS MehifeRIBAAIYRSYMeatRsSinged eei@dndiitproftde group
consi sting of bisphenol A di(nmeth)acrylate; ethylene glycol ,

di (neth)a 11 @ead; I samisiingiaress die mpltfecipadrachdates havisg hdwagtieanlsy of
di ( et h) a% § Ff‘Wo on?pr%r Oap yiﬁ%nt?cag )éfrﬁ)lupp Iog‘%q}glé}n%%r y Opdnlent’ltgt r ?I{T%thgyl ene

gl ycol acryla ropane

di (et h). aem}obaih&nt nhe pﬁﬁlhﬁjncgbr)m alerydiaté mahip}@ed yli @drﬁenoabd@ﬁymieatseﬁlh&h 4-
cyclohexanedlnethanol met h) aCf%Iate pent aerythrito

t et ra( met KPBEHYF fog abowk A 9&@@&17 weighEpsjeait of tie m@tlﬁ@eﬁ@tw@w}am dhe;
gl ycerol f)h ﬁlﬂﬁaﬁ%éﬁdﬂn@tﬁ %8@3@% nﬂn%ﬂfst%&;]%%ryta&é (s %a{ﬁrfxlrﬂﬁlg

trimet hyl-ol propang tri tris oxyet |socyanurate
triacryl a(B) polybutadlene_dlacrylate pol yi sopr ene dlacrylate

|, 3-bi s(acryl oyl oxyet hoxy) i sophorone di ur et hane;
bls(acryloyloxyethoxy)tgjuene di yret hane; _and m xtures conprising at |east

FRD Do,

3

wherein W, “a”, and “b” have the same meaning in formula (I),and R' is has the same

meanlng as in formula (1D

, 'Anofher example of a multifunctional acrylate having a functionality of at least two is
a di(meth)acrylate which is the reaction product from the reaction of
tetrabromobisphenol diglycidyl ether with acrylic acid (See srtucture V wherein R' is
'H). A non-limiting example of a di(meth)acrylate derived from tetrabromobisphenol

diglycidyl ether has a formula (V),

CH;

%MQ QCFOO%

Br OR

\Y
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foregoing nultifunctional acrylates. Oher non-limting exanples of the
mul tifunctional acrylates include 2, 2-bis{4-(2-acryl oyl oxy

et hyl eneoxp)2oq6A3besdi br onophenyl ) } propane; 2, 2-bi s{4- ( eoegs2@snyioey| oxy
pol yet hyl eneoxy) - (3, 5-di bronophenyl )} propane; 2,

2- bi s{4- (onega- (net hacryl oyl oxy pol yet hyl eneoxy) phenyl} propane; and 2,

2- bi s{4- (onega- (et ha) acryl oyl oxy,. pal ypropyl eneoxy) phenyl }propane, In
anot her eM&E lt1§ ap [fetingd jrefemulsn@Duft sred thSWQFe %FW%{B@’I’H%’R%Q a
functi onalj f | east. t LSES, o SiHeU I I 1.3 havinAg ormul a
(I')wherei h&r Mlltés) \%}ﬁ honcgt,;‘ll %en u%%g@ﬁﬁg%%ﬁl}%ga&% ElEng”é%?ofa_ I |§o 13? ?cd“?a%‘?’?; , a G5
- C2 cycl cahpgditadriseofithelinvahtionois ome @8 whidi2Both iRl goupadi Gamylaa@yd dra” and
"b" are each independently greater than or equal to 1. In various

enbodi ment¥OEHEYEShed |ines emanating fromthe oxygen atons shown in .
formula (1) can term nate as various conbinations conprising hydroxy groups
and acryl aylongr Qsdimém, YaltifneidRl enlaei teftbe plepardtl] For Extmedle,0np!

acryl ate having a functlonalitﬁ of at |east two conprises substances having
a gener al rdaghingd tetrabromopifehenal hyyipg stugsesdVlan oxygen atom a G - G0
aliphatic radical, a C5 - C2 cycloaliphatic radical, or a C- C20 aromatic

radi cal ; a "a", "b", and "g" are each independently greater than. or equal

to 1; and eacR Becurrence is a hydrogen atomor an
acryl oyl group Yavi ng=g Il1lwherein R2 is independently at
each occurrencel|la hydr{ a halogen atom a G - C o aliphatic

radical, a Cb pal i phath c radilcal, or a C3 - GO0 aronatic radi cal

D acryl at >
| or %iD

VI

wherein “W?” is defined as in structure I; with glycidyl alcohol to produce an

intermediate oligomeric intermediate product having a structure (VII),

Br W. Br
H H
0 0 0 ~0
OH Ja Br . Br OH b
: : Vil _

wherein W, “a” and “b” are defined as in formula I; followed by reaction of the
intermediate product (VII) with a suitable (meth)acrylic anhydride or (meth)acryloyl
chloride to produce a multifunctional acrylate comprising structure II, said

- multifunctional acrylate having a functionality of at least two.

.In  another embodiment, the multifunctional acrylate comprises an

(ethyleneoxy)(meth)acrylate represented by structure (VIII),

11



formula (11) are considered "nultifunctional acrylates having a

functionality of at least two". In sone instances the nmultifunctional

acryl at eswbaveengemof unctionality of at |east two conpri serarssegnsfoeant

anount of oligoneric conponents. In one enbodinent, the nultifunctional

acrylate conprises oligoneric conponents which constitute from about 25 to

about 75 wei ght percentgof the nultlfunctlonal acrylate. A non-limting

exanpl e of an, oligomeric S acrylate |§ shown in fornula (1V)

| V. wherein "a", an aning in formul a (l),and RL is

has the san i ¢ h e Ie of a

mul ti funct’ onall lacr ge ‘haying a fynctionality at™ east two is a

di (et h)-acryl ate mﬁich is tke reaction produft froomthe reaction of

t et.:r-abronobi sphenol diglycidyl ether with acrylic acid (See srtucture V

wherein. RlL is-H. Anon-limting exanple of a di(nmeth)acrylate derived from

tetrabro i 4] r f S as

defi ned FﬁB %ﬁ£§1qglﬁﬁg&%%b@%é% F%ngg%ﬁ e}ﬁﬁﬂngY*%%T%ﬂﬁég%ﬂ% agrylate

whi ch .canhe Oeeﬂqmmﬁcpmmpani@g—{@@cgdmmmﬂmnﬁomnwﬂabrams-aﬂm)munmdc ,

conp05|t|ons f .the inventian is one ip;which both the ;%Hg gps in formul a
I 6#E OHLFY

(V) are h{RHSGel asdrdined 3s JASTUABEL rr%ntlS IdePEdeniiy: P4t &8s can be
prepared I b 9 b I i Lucture
P v b SRR £, 00 SO Gied S €O COTTIARPERR rahHs B €4 ohol 1o
pr oduce aﬁ?lo aromatlc rad1cal and “c”, and “d” are each mdependently greater than or equal to

L

" ‘Multifunctional acrylates comprising structure VIII can be prepared, for example, by
- reaction of a tetrabromoblspheno] compound of formula VI with an ethylene oxide

derlvatlve of structure (IX)

0

j wherein R? is independently at each occurrence a hydrogen atom, a C; — Cy aliphatic
fadical_,_ a C; — Cy9 cycloaliphatic radical, or a C¢ — Cyo aromatic radical; followed by
' feectiOn of the resulting intermediate with a suitable (meth)acrylic anhydride or a
(meth)acryloyl chloride. When two or more epoxides of formula IX are employed,
the resulting multifunctional acrylate of formula (VIII) will have two or more types of
R® groups. Non-limiting examples of the multifunctional acrylate of formula (VIII)
~include 2, 2-bis {4-(omega-(metha)acryloyloxy polyethyleneoxy)-(3,5-di
bromophenyl)}propane; 2, 2-bis{4—(omega-)acryloyloxy ethyleneoxy)-(3,5-di
bromophenyl)}propane; and the like. |

Further examples of multifunctional (meth)acrylates include 2,2-bis(4-(2-
(meth)acryloxyethoxy)phenyl)propane;  2,2-bis((4-(meth)acryloxy)phenyl)propane;

12



I nternmedi ate oligoneric internedi ate product having a structure (VI1), VII
wherein W "a" and "b" are defined as in fornmula |; followed by reaction of
t he i nt erwedb@tseqpoduct (VI1) with a suitable (neth)acrgrivs:@shyoded de or
(meth)acryloyl chloride to produce a multifunctional acrylate conprising
structure |1, said nultifunctional acrylate having a functionality of at

| east two. | n anot her enbodi nent, the nultifunctional acrylate corrprl ses an

(et hyl enedsylie mlﬁ) admla[f*é%aéfyﬂ@éwwywxywwxwé Se-hbromopiayldiln R2 i s
d d .
o DT Rl S RS SRR LSS Bl AR S

aromati c [HM- QBJ 4 (Mécwhayﬁadyrmhyldrasy-pmp@kymﬁ{dﬂt&oinppﬁ&yﬂ | hmdqﬂ}endent ly at
each occurrence a,_ hydro 0 iphatic radical, a C3 - G0
cycl oal i pﬁﬁ’tyﬂ 7 Ptibrogo: pql?Po’éy %Yda}@bp'é’tp f%a%-dﬂﬁameahwny ng "c”, and "d"
are each h%%@étﬂﬂ?@td bflbﬁfn@@bﬁénow h%roﬁgz%pﬁo e@ter Myl fth@chk@“%d

acryl ates corprising structure can prepared, for exanple, by
reaction obmhmtaedmsatﬂ)mnﬁbMpﬁl@nelhltacbdmm@Uﬁdncmfonaloamylbw ivldevivechfram thehyl ene

occurr encE LUy Braleh LB er e Rt Sy debEc B et doade Sefo ©"

cycl oal i p@qjxgm@dhcﬁjableq;ormmg cﬁ}lgloarsomat ic radical; foll ovved by reaction
of the resulting intermediate with a suitable (neth)acryl i ¢ anhydride or a

(rreth)acr% oyl chloride. Wien two or nore epoxides of formula I X are
enpl oyed, ThRecw&de formiglatianst pF difc Preseri| inyeRtiana eemBRiser gt heasta Op&/ImIno-wi | |

have two QbryIH. eT}‘iéf@ ?sshoogartlcular limitation on the mono-acrylate employed and the role
of the mono- acrylate is to pr0v1de control of the viscosity of the curable formulatlon :
and the g]ass transition temperature of cured polymer compositions ultlmately
prepared from the curable formulations. Any type of a mono acrylate, either by itself,
or in combination with one or more of other mono-acrylates can be used. Meno-
acrylates may comprise one or more aliphatic, cycloaliphatic, or aromatic radicals.
Mono-acrylates comprising aromatic radicals are particularly'suitable as components
of the curable formulations of the present invention. The mono-acrylates may
comprise a wide variety of functional groups in addition to the acrylate functionélity,
and may comprise one or more heteroatoms, for example, nitrogen, oxygen, sulfur

and selenium.

Suitable mono-acrylate monomers include aliphatic mono (meth)acrylates, aryl fnono
- (meth)acrylates, cycloaliphatic mono (meth)acrylates, alkylene glycol alkyl ether
mono (meth)acrylates, alkylene glycol mono (meth)acrylates, alkylene gl};col alkyl
ether mono(meth)acrylates, alkylene glycol aryl ether mono (meth)acrylates, glycol-
based and bisphenol-based mono .(meth)acrylates, and glycidyl-substitu.ted mono

(meth)acrylates.

Non-limiting examples of mono-acrylates include those selected from the group
consisting of methyl (meth)acrylate; ethyl (meth)acrylate; butyl (meth)acrylate; 2—
| ethylhexyl (meth)acrylate; octyl (meth)acrylate; isodecyl (meth)acrylate; dodecyl
(meth)acrylate;  octadecyl (meth)acrylate;  cyclohexyl (meth)acrylate; 4-

13



R3 groups. Non-limting exanples of the nmultifunctional acrylate of formula
(V1) include 2, 2-bis{4-(onega-(netha)acryl oyl oxy

pol yet hylwoeoosys36488, 5- di br onophenyl ) } propane; 2, PCT/US2005/031924

2- bi s{4- (onega-) acryl oyl oxy et hyl eneoxy)-(3,5-di bronophenyl)}propane; and
the like. Further exanples of multifunctional (neth)acrylates include
2,2-bis(4-(2- (nmeth)acryl ox%et hoxy)phengl ) pr opane;

2, 2- bi-s( (Betiasiorexx)| ox (MHRREM ST opase O%lryl i(meffyaqrylate;  adamantyl

3- (4{I [ oyl 2- .op ph thyl et h
yl}- Qn%t %gl%hen géglydl hﬁé}f&% yaq%r ogé%{2 estgrrletﬂljap c gge{#fﬂyqre (1-{4-
[ 3- (4 {I [rﬂethB&c@ctaty,l adyflwocyplRnily dmestyaqoyleteo x4+ Fhldrdpherydr Qm:tb)”aerwat}: I4- met hyl et
hyl } -

2, 6- di br oREMARBEBY neBvasTHlalsk g8 GisRpPeens! (rebdroitengmethaePhsYt hyl ) -

2, 6-dibro etﬁﬁeﬂ@ﬁi&] 426313};{ KV P dcrﬁ%em-pmghpth&eyll (k&h)aRAdate0bi Nat i ons

thereof not her suitable multifunctional acrylate is derived fromthe

reacti on broothbenzydf t(Eteﬂémfblmehat éﬂdﬂlmrg?jhﬂnol thiagiiylate;dy | 2chleroetivi h

acrylic a D. ur abl

for mul ati éﬂgh}?fg iﬁht %’?818{: Ph bl \a@rl et(?h)acry UCPllcs%gor%?je ggs(lme@ﬁgc P{%gOagr yl at e.
Ther'e. i's ppdrpRydthyiul al’(mlet}i)adrfﬂhﬂeg)n omhtyh@xm@pylacrydnedtmagwh@yed 2e9nd the
role of the nono-acrylate is to provide control of the viscosity of the
curabl e f gthﬁwe&l@qwaﬁtgxlopcm@tegp@@swp? &hespt fawnyphedether ecrgptes ghsiYbol yner

composi t | AfisnehiTB! SkobuRIEARLENy! T BTARETHESCUSLL ARG AhicANRery il LYPe of

a nmono ac el't her I'tse ination wth
ot her nonalphm-byzirm)t dmetigacrplater s 22,2 -ivtthoawstiyll atreshaceylatep mnnmhompeopyﬂ m)r e

aohai o siognraea Sl P IPe vl R ETEe” do BB ArEn P o0 abi o
fornul ati Gﬂ&h}%@rﬁﬁ@, HB%ﬁ@,ﬁ,G @%%Hﬁ&ﬁﬁno@ﬁroﬁ?rﬂ? S %&ﬁafé‘}i&bm@-
B mercaptobenzothiazoyl)propan-2-yl (meth)acrylate; 2-(4-chlorophenoxy)-1-
:[(phen)'/lth.io)methyl]ethyl (meth)acrylate; 4-bromobenzyl (meth)acrylate;
tribrombbenzyl (meth)acrylaté; pentabromobenzyl (meth)acrylate; and 2-
phenylthioethyl acrylate; and mixtures comprising at least one of the foregoing mono-

| acrylates.

_ In‘one embodiment of the present invention, the mono-acrylate has structure (X)

. 0
’:Rﬁxz—R“—s—Ar

X
wherein X? is O or S; R* is a divalent C; — Cjo aliphatic radical, a divalent C3 — Cy
. cycloaliphatic radical, or a divalent C¢ — C; aromatic radical, R’isa hydrogen atom,

a halogen atom, a C; — C,p aliphatic radical, a C; — C,¢ cycloaliphatic radical, or a Cs

"~ — Cyo aromatic radical, Ar is a C3-Cyp aromatic radical.

In'one embodiment, the mono-acrylate comprises at least one member selected from

the group consisting of 2-(2-benzothiazolyl)thioethyl acrylates having structure (X1),
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conprise a wde variety of functional groups in addition to the acrylate
functionality, and may conprise one or nore heteroatons, for exanple,

ni t r ogen,woxy@aie4ssul f ur and sel enium Suitabl e nono- acryiraiseossoEBRES S

i nclude aliphatic nono (nmeth)acrylates, aryl nmono (neth)acryl ates,

cycl oal i phatic nono (neth)acryl ates, al kylene glycol al kyl ether nono

(nmet h)acryl ates, al kyl ene glycol nono (neth)acryl ates, al kylene glycol

al kyl- et her nono(neth)acryl ates, al kyl ene gl ycoli{aryl ether nono _
(meth)acryl ates, gl | baseg and bi sphenol - based| nono (ngth)acrylates,'and
gl ycidyl -substit ( h)acrylates Non- i ti xanpl es of

mono- acr yl atb de tlhose
(neth)acr}F’?% net h) rylate Y 3?E(neth)a rylate; 2- ethyl hexyl

(et h) acryl at e; metSacryl at e; |sodecyl (met ) acryl ate; dodecyl
(nmeth)acryl ate; octadecyl (nmeth)acrylate; cyclohexyl (neth)acrylate;

4- et hyl cycl ohexyl (neth)acrylate; isobornyl (neth)acrylate; adamantyl
(meth)acryl ate; phenyl (neth)acryl&Xb benzyl (rmeth)acrylate; 1-naphthyl
(met-h).acryl ate; 4-fluorophenyl (meth)acrylate; 4- chl or ophenyl

(meth)acryhab ?phé}yltﬁw@l’ﬁ?ﬁ%%é es @lﬁﬁh )stf?‘&étl)ﬁlef(k?ﬁ 2,4, 6-tri bronophenyl
(meth)acryl ate; 4-nethoxyphenyl h) acryl ate 4 cyanophenyl
(meth)acryl ate; 4- phenylrhenyl (neth)acrylate 2- bronobenzyl
(meth)acrylate; 2-fluoroethyl (neth)acr\l ate; 2-chloroethyl (neth)acryl ate;
2- bronoet hyl (neth)acrylate; trichloronfjthyl (neth)acrylate; 2-

hydr oxyet hyl (nmeth)acryl ate; 2-hydroxypsopyl Rﬁth)acryrate; 2-(2- :
et hoxyet hoxy) et h | at qﬂﬁﬂ 4- nonyl phenyl et her acryl at e;
gl ycidyl. (nth) prylat ; butg oet nmet h) acryl ate; al pha-fluoro
(neth)acrjRabﬁ*‘T“ -

XII

~ wherein in structures XI and X.Il, R® and R’ are independently a hydrogen atom, a
‘halogen atorﬁ, a Cy — Cyg aliphatic radical, a C3 - Cio cycloaliphatic radical, or a C3 —
Cyo aromatic radical; R® is independently at each occurrence a hydrogen atom,
halogen atom, a C| — C) aliphatic radical, a C3 = Cy¢ cycloaliphatic radical, or a C; —

- Cyo aromatic radical; “e” is an integer including 0 from 0-4, and “f’ is an integer

'-including 0 from 0-5.

The curable formulations of the preserit invention comprise at least one heteroatom-
| 4contai.ning diacrylate, which serves to increase the refractive index of cured
composition‘s preparéd from the curable formulations. Preferably, the heteroatom-
containing diacrylate has a relatively low viscosity (i.e. a viscosity of less than or
equal to about 500 éentipoises at 25°C. Typ>ically, suitable heteroatom-containing
~ diacrylates exhibit an index of refraction of greater than about 1.5, preferably greater
than about 1.55, still more preferably greater than about 1.60, and yet still more
preferably greater than about 1.65. Thus, heteroatom-containing diacrylates exhibit an
index of refraction in a range of from about 1.50 to about 1.65, preferabl.y from about

1.55 to about 1.65, and still more preferably from about 1.60 to about 1.65.
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al pha-cyano (neth)acrylate; 2,2,2-trifluoroethyl nethacryl ate;

pent af | uor opropyl nethacryl ate; |, 3-bis(thiophenyl)propan-2-yl acryl ate;
|, 3- bi s( plwerroosyspssopan-2-yl (neth)acryl at e; PCT/US2005/031924

|, 3-bis(2,4,6-tribronophenoxy) propan-2-yl (meth)acrylate; |, 3-bis(2-

mer capt obenzot hi azoyl ) propan-2-yl (neth)acryl ate; 2-(4-chl orophenoxy)-I| -
[ (phenyl t hi o).nmet hyl Jet hyl. .(nmet.h)acryl ate; 4-bronobenzy| (neth)acryl ate;
tribr onoprihiwete(fﬂaé@ﬁ)%zefagfrlﬁg liaqrulatea Bise nYBERRS| a5 AeieRgtirer PUERE N ARE 2-
phenyl t hi ggbbil BEAMLAIR; BHREELT XXnHARSn Ofﬁlé“p?bc‘f@sa%ilit&e%t aneqhbit he

f oregoi ng nonoacryl ates. I n oné enbodi nent of the preSent invention, the

nmono- acr yfataldt@ss.st ructure (X) X wherein Xis Oor S; R4 is a divalent Ci
- Co aliphatic radical, a divalent C3 - G o cycloaliphatic radical, or a

di val ent - O romatj c .radi. 5 i1 s _a. hydrogen af a_ hal n atom
2 G "o Fafotpied, PR e bR o sl (PR BRI a3
Ci o ar omatitkioh@dliates! suckVasitis(@melRcH28y1dispiehy HulfAildi @AS N& @r1esBIBaAyi nent,
the nono-acryl ate conprises at |east one nenber selected fromthe group
consi st i ngbWevisted herithasot™MP Y8t y1 ) t hi oet hyl acryl ates having structure
(XI),XI and 2-(phenylthioethyl)acrylates having structure (XI1), XI

wherein i ] t C - : 7:.a i ; rogen
atom o ha Bean e T b BRCeoninf IRIHAIET S ToPORRP FAR ot fl B4
cycl oal i phdistimtedadi ambybstituted @8ryloylixy grompst said rcadipoahd HRGingsstrustiependent |y
at each ogﬁ@r ence a hydrogen atom halogen atom a C - C 0 aliphatic

radi cal , - Ci 0 cycloaliphatic radical, or a C3 - Cio aromatic radical;
" is an integer including O fromO0-4, and "f is an integer

e

R® R®
’ 0—L'—Q'—Ar'-Q’—Ar*-Q’—L'—0

X1

wherein RS, R9, and R'® are independently at each occurrence a hydrogen atom, a
halogen atom, a C;- C aliphatic radical, a Cs- C; cycloaliphatic radical, or a C;- C
aromatic radicél; L' and L? are independently at each occurrence a divalent C;- Cy
aliphatic radical, a divalent C;- C,o cycloaliphatic radical, or-a divalent C3- Cyo ’
aromatic radical; Q', Q% and Q’ are independently at each occurrence a bond, an
oxygen atom, a carbonyl igroup, a thiocarbonyl group, a carbonyloxy group, an
oxycarbonyl group, a sulfur atom, a selenium atom, a disulfide group, a diselenide
group, a selenosulfide group, a sulfoxide group, a sulfone group, a selenoxide group

. or a selenone group, wherein at least one of Q', Q% and Q° comprises a sulfur atom or
a selenium atom; and Ar' and Ar® are independently Cs;- Cjy divalent aromatic

radicals.

In one embodiment, the heteroatom-containing diacrylate comprises at least one

diacrylate selected from the group consisting of diacrylates (XIV), (XV), and (XVI)
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including O fromO0-5. The curable fornul ati ons of the present invention
conprise at | east one heteroatontontaining diacrylate, which serves to

i ncrease wbeossf36mot i ve i ndex of cured conpositions preparasg2dosomnshe
curable formul ati ons. Preferably, the heteroatontontaining diacrylate has a
relatively low viscosity (i.e. a viscosity of |less than or equal to about
500 centi poi ses at 250C. Typically, suitable heteroatgom containing _

di acryl ates exhi han about 1.5,
preferably (great = bl y gp@at er than
about 1.6® ~an still my : gxeater th 1.65. Thus,

het er oat om co ainiﬁﬁcﬁﬁhér '

of from about |L. 50 to about 65 ; y from about
and still referably fromabout 1.60 to about LRﬁ : 9
heteroatoﬁ%contaﬁning diacrylate al so functions as a reacti've diluent in
the curable fornul ations, thereby ®Mhancing the processability of the
curabl e formul ati ons. As defined herein, the term "heteroatom containing
di acryl ate"does not include dithioacrylates such as : _
bi s( et hacryl oyl t hi ophenyl ) sul fi de (CAS No. 137052-23-4) abbreviated herein
as "MPSMA". Typically, the heteroatomcontaining diacrylate is a conpound
i ncorporating t substituted or unsubstituted acryl oy oxy groups,  said

conmpound- hgving gfructure (X3 erein R8, R9(| and RO are .
i ndependerit a ch occur 3 atom a Ratom a G- co
&(CH2)28; A j
XV

8(@8),00or all[C3- GO
, o _
_ | o
O(CH,),Se SeSe(CHz)ZO ' o
' 10 9

wherei:n R®, R® and R'® are defined as in structure XIII.  Suitable heteroatom-

.55 to about 1.65,

containing diacrylates are exemplified by compounds XVII, XVIII, and XIX.

| 0 | o) _
_ ~ Hk O(CHz)zS@s@smHz)zo)H

XVII
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aromatic radical; L1 and L2 are independently at each occurrence a dival ent
C- GO aliphatic radical, a divalent C3- GO0 cycloaliphatic radical, or a
di val ent W8-20eb/@¢mpomatic radical; QL, @@, and @B are i pdepsprasnsiogs at each
occurrence a bond, an oxygen atom a carbonyl group, a thiocarbonyl group,
a carbonyl oxy group, an oxycarbonyl group, a sulfur atom a selenium atom
a disulfide group, a diselenide group, a selenosulfide group, a sulfoxide
group, a sulfone group, a sel enoxide group or a sgl enone group, wherein at
St es—a sulfur atgmor a sel eniumatom and
Ar 1 and Ar i 0 \di val ent qatic radicals. In one
enbodi men i a2l confirises at |east one
di acryl at ¢ congisting of diagrylates (XIV), (XV),
and (XVI)XIV wherein R8 , R9 aﬁa RlO are defined as in structure X |
Sui t abl e het er oat ontont ai nin gkdlacrylates are exenplified by conpounds
XVIL, XVII1, and XIX. XVIIXI%X'%¥npound XVil, also referred to as
phenyl enesul fi det hi oethyl diacrylate is considered particularly suitable
since it haspa high index of refraction, 1.62, afd exhibits a relatively
| ow viscositlf of about 500 centipoises at 25C. Tie curable formul ati ons of
t he present vention cO agent. The_curing agent is used to
Be@U,0Mostion in a curing

process. Hrocesses for
skilled ift the art. The curable conp05|t|ons of the present invention
represent a novel genus of acrylate conpositions. The curing process
conprises polynerization of Xtke acrylate
Compound XVII, also referred to as phenylenesulfidethioethyl diacrylate is
considered particularly suitable since it has a high index of refraction, 1.62, and

exhibits a relatively low viscosity of about 500 centipoises at 25°C.

" The curable formulations of the present invention comprise a cﬁring agent. The curing
agent is used to transform the curable formulation to a cured composition in a curing
process. Processes for curing acrylate compositions are known to those skilled in the
art. The curable compositions of the present invention represent a novel genus of
acrylate compositions. The curing process comprises polymerization of the acrylate
groups of the multifunctional acrylate, the mono-acrylate monomer, and the
heteroatom-containi'ng diacrylate, and may further comprise post-polymerization
during. Non-limiting examples of post polymerization curing processes include
crosslinking polymerization of reactive groups, such as epoxy ‘groups or.oleﬁnic '
groups. The curing agent is selected from the group consisting of photosensitive

- curing agents and thermally sensitive curing agents. Photosensitive curing agents and
thermally sensitive curing agents are known to those skilled in the art. Thermally
sensitive curing agents are sometimes also called “thermal curing agents”. A variety
of curing agents are commercially available from Vehdors, such as for example,
Aldrich Chemical Company. The IRGACURE and DAROCUR series of
photosensitive curing agents are available from Ciba Specialty Chemicals-

Corporation. Typically, the curing agent is present in the curable formulation in an
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groups of the nultifunctional acrylate, the nono-acrylate nononer, and the
het er oat om cont ai ni ng di acrylate, and may further conprise

post - pol ywenrbaat3s4m curing. Non-limting exanpl es of postCTpshys®BiszZati on
curing processes include crosslinking polynerization of reactive groups,
such as epoxy groups or olefinic groups. The curing agent is selected from
the group consisting of phqtosensitive curing agents and thernall
sensiti ve%ﬂl“‘?%@”&é}&?@g p 2ROt 0 Q) eveaght; f%é‘:egb@n‘_i uégd"’ %lﬁﬁrpﬁﬁﬂe?;y

sensi ti ve giend 1RAeHl SvefhCokMeMirabR dofipesitiski | 1 ed in the art. Thermally
sensitive curing agents are sonetines also called "thermal curing agents".
A variety of curing agents are comercially avail able fromvendors, such as

for exanpMgpicAl phdtesengteericuang @serpamcludenEypREACUREYpend BRADJER(Y¥D i es of
phot-osensitive.curing. a re. aval l abl e from G ba, Speci m cal s
or por at 1 BOSRTns HyBOT RE o Siridins o BRG] B p PP RL At (Pt ©°
fornul at i eraish andsmaudiilkeoyacespisndnéry t calpliOnydbowilkydpitddnssei ghilptper cent -t o
about 5 weight percent, relative to the total Weisl?ht of the curable

conposi ti eminopllyirhgnonssotsksasyinhosRhing pxideyy Ay llUY photriritiatppeincludad Type

Il ultravi - b i at - Ef?’mﬁ‘}ll . OF Sy :
exenplifi 8?1’%%%/13 %%%ﬂgﬁhgb@@ggﬁ;amﬂ{sg? gﬁlj g%% p a%?}é l?@?(%bg?sﬁ)%ﬁenones,
al pha- hydtightyokoihipihern) sech, asdbiphaaipladahdoeh g eragéss, beantblawedl phosphi ne
oxi.des. Type Il WV photoinitiators include conbinati ons of benzophenones

and ami nes, and. thi oxant hopes and .amines. Visjhle ILight ph initiat ,
Such as 1 BondHpE RPN oL Bprarensiye arig HERkpT Byt e RN N e,
exanpl es QftaRNOt QERNRSdihikYeyaettopGoa&e Nt SalpREhyHEx REAAMRoésher Silplenzi |

ketals;malpha<dialkoxyacetophenones; al pha- hydr oxyal Kyl phenones;
al phaami nemitcplipieoones (éxample, aeyll phespitinme osidetes, triarylawlfanaums oni um

hexafluoroantimonate salts; triarylsulfonium hexafluorophosphates; 1-

| hydroxycyclohéxy] phenyl ketone; 2,2-dimethoxy-1,2-diphenylethan-1-one; methyl
' p'he'nyl‘ glyoxalate; alpha-hydroxyacetophenones; ~ benzophenones;  isopropyl
thioxanthone; 2,4,6-trimethylbenzoyl diphenylphoéphine; 2-benzyl-2-N,N-
dimethylamino-1-(4-morpholinophenyl)butanone (commercially  known as
- IRGACURE® 369); and 2-methyl-1[4-(methylthio)phenyl]-2-morpholinopropan-1-

one.

‘Photoinitiated curing agents are further illustrated by IRGACURE 184 (comprising 1-
hydroxycyclohexyl phenyl ketone); IRGACURE 907 ( comprising 2-methyl-1-[4-
_ (methyl'thio)phenyl]-2-morpholino ﬁropan-l-one); IRGACURE 369 (comprising 2-
benzyl-2-N,N-dimethylamino-1-(4-morpholinophenyl)-1-butanone); IRGACURE 500
(a combination of 1-hydroxycyclohexyl phenyl ketone and benzophenone);
IRGACURE 651 (comprising 2,2-dimethoxy-2-phenyl acetophenone); IRGACURE
1700 (a combinatioﬁ of bis(2,6-dimethoxybenzoyl-2,4-,4-trimethyl pentyl) phosphine
oxide; and 2-hydroxy-2-methyl-1-phenyl-1-propan-1-one), IRGACURE 819;
- DAROCUR 1173 (2-hydroxy-2-methyl-1-phenyl-1-propane-1-one); DAROCUR
4265 (a combination of 2,4,6-trimethylbenzoyldiphenyl-phosphine oxide; and 2-
hydroxy 2-methyl-1-phenyl-propan-1-one). Photoinitiators are available additionally
under the CYRACURE tradename available the DOwW Chemical Company.
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hexaf | uoroanti nonate salts; triarylsul fonium hexafl uorophosphates; 1-
hydr oxycycl ohexyl phenyl ketone; 2, 2-di nethoxy-I, 2-di phenyl et han-1I -one;
nmet hyl phwoybosgisyssaal at e; al pha- hydr oxyacet ophenones; beozapb@sos®4

i sopropyl thioxanthone; 2,4,6-trinethyl benzoyl di phenyl phosphi ne;

2- benzyl - 2- N, Ndinethylanino- | - (4- nor phol i nophenyl ) but anone (comercial ly
known as | RGACURE (Lﬁ 69); and . ) . )

2- met hyl - YRAGEREy \HrQ%hénwl]nxzdn'ﬁlfa@ﬁowlﬂ%m&%aﬂw@am%m flt i at ed

curing ag f -
hydroxycy%ﬁ; éggﬁfbﬁgﬁ eton??&%?ﬁ%&gﬁﬁgm§§§H?E§%%%¥$§|ngﬁgé ?ﬁ%l-l-[4-
(et hyl t hivigibllediglit (blu- lnght yohokd1mioiator Ogra Rx dmplifedd; byl dREAGIPRErq36®n¢.conpri si ng 2-
benzyl - 2- N, N- di et hyl am no- | - (4- nDrphoIfnophenyl)-l-butanone) | RGACURE 500

‘conbi f d | oh ph ket d
e Bk e S AT KR e SRISHE, e SAESTORRRAC) e
1700 (a C@fmamﬁatb&rﬁ)gan bpesﬁ@y@axﬂa EEB&&QK&’{%%B&%H%?&S‘%&CGR@ériEIBS)SJRbAHenty|)

phosphi ne oxi de; and 2- 1- propan- 1-one)

y
| RGACURE @x@mpmm ESH&@ mﬁ/mr ﬁwbznmbtiﬁmthyl WhﬁSACHREpBBé (p- one) ;

DAROCUR - 4265 nmbi nat ld sphi '
oxi de; anB“ﬁm&hﬁg%%Qéggahg 1R$ %hﬁﬁ% %$A§B§§yE%ﬁ?énéyn&gﬂ§?§PRH oLgeare
avai | abl e brdd); tESN@URE nnu«am:t(he zﬁYBﬁﬁzJRﬁdxbmqtemeﬁ @muaeuemlbe (DOW

Chem cal Conpany. CYRACURE WVI - 6974 is a i a sul f
hexaf | uor @ahmeﬁﬁrﬂaxd@@ak@ton@vmﬁ@@vmé@g@ P?nﬁ qﬁ’ E@dCMRFarTﬁT 0 f oni um

ot alet s s\ Rt Bl e rbpabers
are avai | akide; E3 AGUBARKOMER, andrESAX @OREUELT); IESMUR]P@@SS@IW@W& Zaradér t he
tradenarres4 150%@(%/] 10§(ra]1gthon5CéAt\hyl 4-(dimethyl amino)benzoate and ESACURE TZT) '
SARCAT CD 1010 (a triaryl sulfonium hexafluoroantimonate (50% in propylene
carbonate)); SARCAT DC 1011 (a triaryl sulfonium hexafluorophosphate (50% n-
propylene carbonate)); SARCAT DC 1012 (a diaryl iodonium hexafluoroantimonate);
and SARCAT K185 (a triaryl sulfonium hexaﬂuorophosphate (50% in propylene
carbonate)). Mixtures comprising one or more of the photosensitive.curing agents

described above may also be used.

Thermal curing agents are widely available commercially. For example, thermal
curing agents are available commercially from under the tradenames LUPERSOL
(available .from Atoﬁna Inc.), DELANOX-F, ALPEROX-F, LUCIDOL, LUPERCO,
-and LUPEROX. Suitable ‘thermal curing agents include LUPERSOL DDM-9 (a
mixture of peroxides and hydroperoxides), LUPERSOL DDM-30 (a mixture of
peroxides and hydroperoxides), LUPERSOL DELTA-X-9 (a mixture of peroxides
~and hydroperoxides), LUPERSOL DHD-9 (a mixture of peroxides and
hydroperoxides), LUPERSOL DFR (a mixture of peroxides and hydroﬁeroxid_es),
'LUPERSOL DSW-9 (a mixture of peroxides and hydroperoxides), LUPERSOL 224
(comprising  2.,4-pentanedione peroxide), LUPERSOL 221 ( comprising di(n-

. propyl)peroxydicarbonate), LUPERSOL 225 (comprising di(sec-
butyl)peroxydicarbonate), = LUPERSOL  225-M75  (comprising di(sec-
butyl)peroxydicarbonate), = LUPERSOL  225-M60  (comprising di(sec-
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Exanpl es include ESACURE KBl (i.e. benzil dinethyl ketal); ESACURE EB3 (a
m xture of benzoin and butyl ethers); ESACURE TZT (a trimethyl benzophenone
bl end) ; B8ACuWH3KIsPI OOF (i.e. an al pha-hydroxy ket one); PESAGRIME KR 150 (a
pol ymeri c hydroxy ketone); ESACURE KT37 (a bl end of ESACURE TZT and ESACURE
KI Pl 50); ESACURE KT046 (a blend conprising triphenyl phosphine oxi de;

ESACURE Kl P150 and ESACURE TZT) ;. ESACURE’ X33 (a bl end, of 2- and

4- i sopr opPrYhPERAYdIRIRNAS: hy | )Ly PERSH hyl 2243 noftemrsdt&%e and ESAGURE TZT)
SARCAT CD, oni fl QR % i Lopyl en
car bonat e) 9191]}1%'6\%#6@5&15#&% ? bl uﬁ , S(IE"’O rHlﬁate (50%

a triaryl sulfonium hexaf orophosc{)
npr opy! enethyhekygimdtred)dicaBAR@E], DCURERS@la d223-W40i odamiprising (2-

noxa | vor SERIEHHIE DT TIao LY RS Clar B MSE GRSty s%5mBi ng one
or more ohelRRIcPNAYCRTOBIJS césmguglhg%eﬁtﬂﬁnbéms!ﬁ@yrL@@ﬂ)(aplcveeﬁcmnahgo be

used. Thermal curing agents are wi dely avail able commerc y. For exanple,

t her mal cbeizoyl agrontds), dréCHIAL | 78blcemprping benzayl peraxide) UhHBERORE AFRadenanes

LUPERSOL | abl.e from At F PEROX F

heron 4t tebBRrERE SR R e RO R s B SRS o o
(a mixtur pedkidelr WPHRERIGRIFO0 Q&ﬁﬁ}ﬁmln(ig?%)mzdyUlﬁERﬁQe),DDMqua AWKt ure of
per oxi des and hydr oper oxi des) L UPERSOL A-X-9 (a m xture of perOX| des

and hydr ofeameistes penzpylppraide b FR GO m\NtScPr coppprpde REFeY! Rergxide),
P dopeto3iiaRioo SRR fectalurepEreerondesnapl b haparpr dcs)
: "LUPERCO" AA (compnsmg benzoyl perox1de), LUPERCO ACP (comprlslng
‘be_nz.oyl peroxide), LUPERSOL '188M75 (comprising  alpha-cumylperoxy
| 3 nép’decandate), LUPERSOL 688T50 (comprising 1,1-dimethyl-3-hydroxy-butyl
‘p‘eroxyneoheptanoate), LUPERSOL 688M50 (comprising 1,1-dimethyl-3-hydroxy- -
butyl pefoxyneoheptanoate), 'LUPERSOL 288M75 (comprising alpha cumyl
- peroxyneoheptanoate), LUPERSOL 546M75  (comprising  t-amylperoxy
neodecanoate), LUPERSOL 10 .(comﬁrising t-butylperoxy neodecanoate),
LUPERSOL 10M75 (comprising t-butylperoxy neodecanoate), LUPERSOL 554M50
(comprising = t-amylperoxypivalate), LUPERSOL 554M75 (comprising t-
- amylperoxypivalate), LUPERSOL 11  (comprising ‘t-butylperoxypivalate),
.'L‘UPERSOL 665T50 (comprising 1-1-dimethyl-3-hydroxy-butylperoxy-2-
béthylhexanoate), LUPERSOL 665M50 (comprising 1-1-dimethyl-3-hydroxy-
butylperoxy-2-ethylhexano'ate), LUPERSOL 256 (comprising 2,5-dimethyl-2,5-di(2-
‘ethylhexanoyl peroxy)hexane), LUPERSOL 575 (comprising t-amylperoxy-2-ethyl-
hexanoate), LUPERSOL 575P75 (comprising t-amylperoxy-2-ethyl-hexanoate),
LUPERSOL 575M75 (comprising t-amylperoxy-2-ethyl-hexanoate, t-butyl peroctoate
. (t-butylperoxy-2-ethylhexanoate), LUPERSOL PMS (comprising t-butylperoxy-2-
ethylhexanoate), LUPERSOL PDO (comprising t-butylperoxy-2-ethylhexanoate),
LUPERSOL 80 (comprising t-butyl peroxyisobutyrate)) LUPERSOL PMA
(comprising t-butyl peroxymaleic acid), LUPERCO PMA-25 (comprising t-butyl
peroxymaleic acid), LUPERSOL 70 (comprising t-butyl peroxyacetate), LUPERSOL
75-M (comprising t-butyl peroxyacetate), LUPERSOL 76-M (comprising t-butyl

21



(conprising 2, 4-pentanedi one peroxide), LUPERSOL 221 ( conpri sing

di (npropyl) peroxydi carbonate), LUPERSOL 225 (conprising di(secbutyl)

per oxydi cwohowatsejsy LUPERSOL 225- M75 (conpri sing di ( seclpatrysoosn31924

per oxydi car bonate), LUPERSOL 225- M50 (conpri sing

di (sechbutyl )peroxydi carbonate), LUPERSOL 223 (conprising di (2-

et hyl hexyl ) per ox | car bonat%g? LUPERSOL 223-M/5 (conpri sing é

et hyl hexyP§198Y¥£lats) c arhdr L e (sompnaing ( daptli sP‘Ff@xH? date),

ethyl hexyh) peneydigast AnbGR g1l igneonanoy!
per oxi de) , LUCI %@B @Gﬁrr.%rl Si ng ben oyﬁj:E ygm de) WE%EDO_ 78 (conprising
benzoyl pédx (dm)prlshigCDDa_bm@l Ceisopopgli n@nbmqwbrbpeate)gl deP EROUPEREO AFR-
400 (conprl sin benz er LUPE R- 25 oyI

per oxi de) BEO AF 1988 &fﬁ% ibeRzPY %511’6"88? %ﬂ{%

(conpri si %_@)n%ﬁ?x%yd)m%&%ll-g eetHWPéigggcooﬁB&As #&%ﬁétbﬁ'LﬂQ’E]@S@EWAE’@V oxi de)

LUPERCO ATC (‘benzoyl peI’OXI (benzoyl peroxide), "LUPERCO'
AA ( conpr (einyiskrgn £8)t-apert- @x(Qd@t)lylhEUFbER@@pﬁl@PW(&Ebﬁmtq)s VP ERGXopPOR .

Per L RO PRy PR 0, s o Asernee o

per oxyneoneERTAL e)00-400PERSRprBEFNVBAic(@9NPhedkidg), LUPERCO 500-40E
|, | -di met hyl - 3- hydroxybutyl eroxyeoheg(ggnoat e), LUPERSOL 288M75 ‘
(conpri si APTANTISHE @@wy RSEPOS8) nEHRE akK E@PENS@dGH@MPBCTPé’éﬁbH si ng

;éggngﬁgg‘% ER Y %&@éﬁ%” sjz?’)sng t- Lllltz)sl gg g’x&”& (Y:lgir%gt’e)
LUPERSOL M‘E{B(ﬂcoﬂﬁtb@i ncompmisinigp e2,6-dympethgl- 26 €l)- (t hlﬂﬁlﬁ%@]y) 55&\nk),
(comprisi ?J%PtE%re((B Pey 8f(¥%vakc%¥ne rising.  2,5-dimethyl-2,5-di-(t-butylperoxy)hexane), :
LUPERSOL 801 (comprising t-butyl cumyl peroxide), LUPERCO 8(.)1-XL.
(comprising t-butyl cumyl peroxide), LUPEROX 802 (comprisingAalpha, alpha-bis(t-
butylperoxy)diisopropylbenzene), LUPERCO 802-40KE (comprising alpha; alpha-
bis(t-butylperoxy)diisopropylbenzene), LUPERSOL 130 (_comprising 2,5-dimethyl-"
2,5-di-(t-butylperoxy)hexyne-3), LUPERCO 130-XL (2,5-dimethyl-2, 5-di-(t-
butylperoxy )-3-hexyne), LUPEROX 2,5-2,5 (comprising 2,5-dihydro-peroxy-2,5- -
dimethylhexane), LUPERSOL 230 (comprising n-butyl-4,4-di-(t?
butylperoxy)valerate)y =~ LUPERCO  230-XL  (comprising ‘n-buty1‘-4,4-di-(t-
butylperoxy)valerate), LUPERSOL 231 (comprising 1,1-di(t-butylperoxy)-3,3,5-
trimethyl éyclohexahe), LUPERCO 231-XL (comprising 1,1-di(t-butylperoxy) 3,3,5-
_trimethyl cyclohexane), LUPERSOL 231-P75 (comprising 1,1-di(t-butylperoxy)
3,3,5-trimethyl  cyclohexane), LUPERCO 231-SRL (comprising i,l-di(t- '
butylperoxy)-3,3,5-trimethyl cyclohexane), LUPERSOL 331-80B (comprising 1,1-
di(t-butylperoxy)cyclohexane), =~ LUPERCO  331-XL  (comprising  1,1-di(t-
butylperoxy)cyclohexane), LUPERSOL 531-80B | (comprising A 1,1-di(t-
“amylperoxy)cyclohexane), =~ LUPERSOL  531-80M  (comprising  1,1-di(t-
amylperoxy)cyclohexane), LUPERSOL  220-D50 (comprising 2,2-di(t-
‘ bﬁtylperoxy)butane), LUPERSOL  233-M75  (comprising  ethyl-3,3-di(t-
butylperoxy)butyrate), LUPERCO 233-XL (comprising ethyl-3,3-di(t- -
butylperoxy)butyrate), LUPERSOL P-31 (comprising 2,2-di-(t-amylperoxy)propane),
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LUPERSOL 11 (conprising t-butyl peroxypival ate), LUPERSOL 665T50 (conpri sing
| -1 -di net hyl - 3- hydr oxy- but yl per oxy-2- et hyl hexanoate), LUPERSOL 665NMb0
(conpri siwg 2bedosdisaet hyl - 3- hydr oxybut yl per oxy- 2- et hyl hexansaas)31924JPERSOL
256 (conprising 2,5-dinethyl-2,5-di(2- ethyl hexanoyl peroxy)hexane),
LUPERSOL 575 (corrpri si ng t-anyl peroxy-2-ethyl hexanoate), LUPERSOL 575P75
(conmprisin er oxy- 2- et h& - hexanoat'e), LUPERSOL 575M/5 (compri sing

t - anyl perbi&P Bﬁlh%%r(ésvamapé 2edinfireyiyinsed ol peppene), and LUPERSOL 553-

(t-butylp ) ( lgper oxy- 2-
et hyl hexa%”a%;(é‘)o%pﬁ%ﬁé@@%g%%kg F/r%rl s? ﬁg%rg%ﬁt ]ﬁ%{e{?%%%b nEl gllgﬁ%xanoat e),
LUPERSCOL 8{bré obitipgd initiagprs maytaisb beesakyi sobut yr at e) LUPERSO_ PMA -

(conpri si ng -butyl peroxymal eic acid), LUPERCO PVA-25 (conprising t-butyl

per-o.xyrral iCc ac LUPERS rising t-butyl roxyacet at

POPeras P dhSTRBRY SPnG e DAYl e aRDesie): et e TS i si ng
t-butyl pecoxwegiiAl bm bUP&RSEAde%@\/@M@Qfméﬁaﬂmu&h WA Rerexy2,acet ate),
LUPERSOL KDB (conprising di-t-b {2 di per oxypht t hal at e), LUPERSOL TBI CM/5

(conpri si lagob@s)sctbubmoxytnle), Vs“gm Opy n@ﬂtb[!ﬁé?-@)@}'}@éblbmlté)e)), BUPFRSO 883
(conprisi 5-di et h 5t zoyl per oxy) hexane), LUPERSOL TBEC :
(conpri si Egld‘i"t" Slg?}‘t h)éﬁ Earggrﬁ rq%gxyl ) nronoper oxycar bonate), LUPERSOL TAEC
(conprising OO-t-anyl-O ( 2- et hyl hexyl ) nronoper oxycar bonate), LUPEROX 500R
(conpri si Mye obwab(wIcoﬁ@bﬁﬁbﬁbe)arovhddBEE@%éS@Oe‘s'el(tcmvmum ogdedlge Ld:[mhg pedoxi de)
LUPERCO 500-40C (conpri sing di cumyl pergxide),, LUPERCO 500- conpri sing
di.cunyl p&rasRinkéng at|acpaptabls KOeHOBRRIES O pfb NI uFryg C@P&?ﬁlﬁpnb&? § ‘gEEPERSO_-

101 (conpr bﬁéan Qla%t;argf SREMnk dgctrrhtﬁ' difnkadiotay Et@ﬁlﬁ@}( WhA SRR cal prope;'ties

' (mandrel bend, adhesion, and flatness). The cured compositions in turn are valuable

:for producing optical articles and articles used for light management.

~ In one ‘embodiment of the present invention, the cured compositions are useful for

- producing display films, more particularly, brightness enhanced films, that are in turn
valuable for producing various types of displ’&y devices and multilayer optical articles
containing one or more microreplicated layers of the films, such as for example,
baéklight-illuminated brightness enhancement display devices. In an embodiment,
the optical article comprising the cured composition has a brightness of from about

840 to about 860 candela per meter square.

In another embodiment, the optical article is a “flat” film made from the curable
composition of the present invention, and having a percent haze value, as measured in
‘accordance with ASTM D1003 test method of from about 0.7 to about 1.3 percent,
and in another embodiment of from 0.7 to about 1 percent. A flat film is defined as a

film which lacks microstructure on its surface.

The cured compositions typically have a glass transition temperature (T,) of less than
100°C. In one embodiment the cured compositions have a T, of from about 40 °C to
about 99 °C. In lyet another embodiment the cured compositions have a T, of from
about 40 °C to about 85 °C. In still yet another embodiment the cured compositions

have a T, of from about 50 °C to about 75 °C.
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LUPERSOL 101- XL (conprising 2,5-dinmethyl-2,5-di-(t-butyl peroxy) hexane),
LUPERCO 101- P20 (conprising 2,5-dinmethyl-2,5-di-(t-butyl peroxy)hexane),
LUPERSCOL wOo¢eoeegspi si ng t-butyl cunyl peroxide), LUPEREOT&81005XB1924
(conprising t-butyl cumyl peroxide), LUPEROX 802 (conprising al pha,

al pha- bi s(tbutyl peroxy) diisopropyl benzene), LUPERCO 802-40KE (conprising

| pha, al phahi b di | b LUPERSOL 130
Cconpri oi R5T3 B igengeRgeL SoTaRHE s DRUT D LR e FFEY 39 PR 130- XL
(2, 5-di rmttrlaiftl»mlgswe13 d@bra% WAIBﬁ{r%ﬁngsnﬁz (hﬂi@mx&sg)smgwﬁ’é@@& fudtiple drder

(conprising 2 hydr 0-'per oxy- 2, 5- xane), LUPERSCOL 230 .
(conpri si mﬂmtlbmlwlpla&s 4trmsﬂ(:¢tb@t ojnsmieys;w)fovmrématee)rmguﬁs}ﬂﬁ&so ZB(SOIXE

but t.but.y, t LUPE
Ccompr i o1 AgPaids 1% 651 BapSiRyy R RE teef RoBoRHfbuy BRYBR a2 L bpERCO
231 - XL (@ﬂ%m»:@ &thahedd- isplay oling] ﬂﬁbﬁzyaev?ceg,, or o§7ﬁ¢dmrmés &y elmadheyane) ,
LUPERSOL 231-P75 (conprising I, I-d|(t utyl peroxy) 3,3,5-trinethyl

cycl ohexaﬁ@f)lmeLPERﬁ:@}ZMQ srmore ehiei Gsmley Hevicesi menisngd pereinepyve may
3,3,5-tri tggtbp tigycl ohexane), LUPERSOL 331-80B (conprising 1,1- :
di (t-butylpe oxy cycl ohexane), LUPERCO 331 -XL (conpri sing

| ,1-di (tbutyl peroxy) cycl ohexane), LUPERSCL 53 1-80B (conprising .
|, 1 -di (tafihpeprodyded dyarh ahe xeaned )compoblERGE OO0 !ﬂ& fre8@Migwntipn insdynglso be

|, 1 -di (ta | per ox I ohexane LUPERS co isin

2. 2. i (1 bV AEs SehlE 2HS) CEHERSCL SanRlr TR | SFRga: eflectve
et hyl - 3, 3pdlafib Yt YERRY Qi‘igﬂtn&‘dt ymh@éme&@gﬁ@ 25%311)@5 (C&ngédlé'd&%ode
et hyl - 3, 3- d| (tbutyl peroxy) butyrate), LUPERSO. P-31 (conpri sing

2,2-di-(t ﬂangﬁlsmt iy, pno Peenihe. LBPERE e Purgd compagitipnsi aag also be used-in a
2, 2-di-(t vgrqé/ty RELIEY Qippﬁlrc c?nrge}dr e%grgplléuallasEsul?Qr‘at tﬁat are used in fresnel lenses,

holographic substrates, or in combination with conventional lenses, prisms or mirrors,
display devices for automatic teller machines, projection displays, illuminated sfgns,

traffic signals, and the like.
EXAMPLES

The following examples are set forth to provide those of ordinary skill in the art with
a detailed description of how the curable compositions claimed herein and methods
for their use are evaluated, and are not intended to limit the scope of what the
inventors regard as their invention. Unless indicated otherwise, parts are by weight,

‘temperature is in °C.

All reagents were purchased from Aldrich and used without further purification. All |
products were identified by "H-NMR spectroscopy using a Bruker Avance 400 MHz
 NMR spectrometer. Phenylenesulfidethioethyl diacrylate (abbreviated as “TSDEA”)

was prepared as described below.
Preparation of bis[2-(hydroxyethyl)thiophenyl]sulfide [TSDE]:

To a one-liter round-bottomed flask equipped with a mechanical stirring, a water-

jacketed condenser and nitrogen sparge was added 300 mL of toluene. The flask was
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M7’5 (conprising ethyl 3,3-di(t-anyl peroxy)butyrate). M xtures conprising
one or nore of these initiators may al so be used. Qther thermally-activated
| at ent cuwDngosems9si ti ons i nclude those avail abl e comectiuskéogoBroem DuPont
under the VAZO tradenanme, such as VAZO 64 (2,2'- azobisisobutyronitrile),
VAZO 67 (2,2'-azobi s(2-nethyl butanenitrile)), and VAZO 88

(I,1"-azobis cl.ohexanecar boni tr The c 03| rovi ded
by the pr@gtﬁﬁ vell Mt BosHIaRY S ‘Ldﬁ% ﬁ&bmngﬁw&% grol) a@g\é’b“t%ﬁbl e
reaction rakegatk QS@f f @r@4%61§%n8%ﬂ&{%§1ﬁh‘ Qal?ﬁoﬁalf@tl @>%h|7b25t x o %ogme&al
clarity and excel f ductility, ‘di mensional stabil7ty, and mechani cal

properti esaddmhndpelh cbmphl:noaebﬂieba additiam thef ﬂead:trmsm)xtur‘Eheascbmeghtdorﬁ@G@l tions
in turn are val uab prod cl opti cal artl es an artl | es ysed for
i ght managehBest 0*& o?o?é Hg t At i Bvrésg’ﬁfl BrAy: tthﬁ U%-he "eur ed
CONMPOSI t1 0RR+igk ﬁnk’l%ﬁef \%s Ife%x&f RAYY Krd! PR Roht waL Etﬁnemqn@a{etrbgdﬁbﬂr ly,

bri ght ness enhanced I ms, that are in turn val uable for producing various
t ypes. of almspllrawaslel\hm@btomdl metwhaglpowmxmlasomct sil\er epecko ptegipitated one or

back | gt O SRR o BT RONR Rt BandnCENettd frEpels e co pindusi

enbodi mentyast ffleoRlli BRlvadidn CilGaGEHTRRE SdiS1vVed €inC H6€ Eol GEH¥P QStht h@ivateas a.
bri ght ness of from about 840 to about 860 candel a meter square: In

anot her ewbadeatenthe sohsioppyaschlterad hptthsough slice geétﬂ?atfrremﬁv%d@kfspwt he

bl h
curante CUmOR, HhaR, Al RASoRGRE R bRV RN SR KRS R BRIERTDgNOZE
0.7 to abauis c'bllactaeby@labuurﬁrfﬂtratmnan’ﬁlﬁdﬁplﬁre@i‘bmmt mestdrietl ihraovactum d\@nabout 1

percent Aflat filmis defiped as a
- overnight to remove residual toluene.

Preparation of bis[2-(acryloyloxyethyl)thiophenyl]sulfide [TSDEA]

" To a 2-liter flask equipped .wi_th a magnetic stirrer, an addition funnel, a water-
' jacketed condenser and nitrogen sparge was added 1.5 liter of dichloromethane.
Triethylamine (100 mL, 0.664 mole) and TSDE (60 g, 0.166 mole) were added to the
dichloromethané. Into the addition funnel was added acryloyl chloride (50mL, 0.664
| mole). The acryloyl chloride was slowly added the flask to keep the exotherm under
control. Once the addition was complete the reaction was brought to reflux for 15
- minutes and then the heat was turned off. The reaction mixture was stirred overnight.
A '"H-NMR revealed incomplete reaction of the alcohol. Additional aliquots of
~ triethylamine and acryloyl chloride were added until the complete conversion of
‘alcohol was achieved. The reaction mixture was diluted with diethyl ether to
precipitate the amine hydrochloride salt and was filtered through a course-fritted
funnel, the salts being washed with diethyl ether. The clear yellow solution was
washed with dilute aqueous HCI three times to remove any residual amine. An
additional three washes with saturated sodium bicarbonate and then four washes with
deionized water returned the pH to between 6 and 8. The organic layer was dried
over MgSO;, and the solvents were removed by rotary evaporation. The residue was
véry hazy. Dissolving the residue in hot ethanol and allowing the solution to separate

on cooling accomplished removal of the haze. The residual ethanol was removed by
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filmwhich lacks mcrostructure on its surface. The cured conpositions
typically have a glass transition tenperature (Tg) of less than 100C. In
one enbodwvoende/dsbaocur ed conpositions have a Tg of frompalnastood@30¢st 0
about 99 OC. In yet another enbodi nent the cured conpositions have a Tg of

from about 40 OC to about 85 0C. In still yet another enbodiment the cured
conpositions have a Tg from apout 50 0C bout 75 0C. No | t| ng,
general. eXeEp! §§3H9Fatt5’|“| grtesa #2th 28dmé %{)ﬁﬁ‘?‘OHWP’&%@W‘?ﬂeDH@ cther

transm ssic N,gi 1 PR BNE 2 sBE Al YolotiRESIHussi ve di spl ays, single order or
multiple order reflective displays, tra sflectlve di spl ays, or forward

scattering displays. In some enbodinments, the filnms produced fromthe cured

conposi ti d:hS(mwl}acaﬂ@)dthhfaﬁh@s)elhﬁdfrﬂeb(ramemwdsaS M&Wé\d)d\rasmuaqhaﬁdl wem di spl ay

the af spl ayaRvres e Ficherisil fioiia oS RTRy TRl BRaR1oflet Bl oG e

fromthe GrnedupREaSsdicidloRs 1at. tmne d@hﬂg%@&ml IW@AUUHE%W Wa§@uhﬂaaw§ed for
produ0|ng§$a55|ve devi ces to enhance brightness, such as reflect

pol ar i zer dTom &by Spesialfisentngs &rRbsiykhomthydi acpylaigs(abbrgrigtedsas o‘?T]%tA ao| d

cat hode flv&,la rp%%%%gd flr(ﬁ’]q%l\/ﬁ?qjo enlike. Further, the cured conpositions can
al so be use vari er’applications, for exanple, as substrates

that -are used in fresnel | enses, hol ographic subst r at es, or in conbination
Wt h conv€liiei curabie | fenaelationmr ivxsms pogparadr bpridending ;allaghedmrhpmsntfsom thet omati c

telI'er. machi nes,  proj.e n d| pl a 1 um ated Si traffj i.gnal s,
and the | RSUTEGARPELS TR 1ol T EeBess o a8iok ereqth Fispe o Shp gt e
those of Q{'éi'g}ﬂa(gfy alf Khd |cor'nBoﬂéi'1% ?JerHﬁ te curable formulations. The mixture of

; components was heated and stirred to give a homogeneous curable formulation.

 As used in the Examples, the term “coated film” is meant to indicate a two-layered
film consisting of the curable formulation and the film substrate. The term “cured flat
" film” 1s meant to indicate a film that results from curing the coated film. Cured flat
films that did not have microstructures wefé prepared according to the following

procedure.

Coated cured flat films having a 7 to 20 micrometer thick cured composition layer
atop-a 0.005 inch (0.127 centimeter) thick polycarbonate film substrate were prepared '
using a custom-made laminating unit and Fusion EPIC 6000UV curing system. The
laminating unit consisted of two rubber rolls - a bottom variable speed drive roll and a
" pneumatically driven top nip roll. This system was used to press together laminate
}stacks that were passed between the rolls. The coated flat films were prepared by
transferring approximately 0.5 milliliter of the curable formulation to a highly
polished, flat, chrome-plated 5 - inch by 7 - inch (12.7 centimeter by 17.8 centimeter)
- steel plate in a continuous line at the front or leading edge of the plate. A piece of the
film substrate was then placed over the curable composition, and the resultihg stack
~was sent through the laminating unit to press and distribute the curable composition
uniformly between the chrome-plate and film substrate. With higher viscosity

formulations, higher pressures and lower speeds were used, and the chrome-plate was
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a detailed description of how the curable conpositions clainmed herein and
nmet hods for their use are evaluated, and are not intended to limt the
scope of wbavogidsessbnventors regard as their invention. Borassoosnsioat ed
ot herwi se, parts are by weight, tenperature is in C. Al reagents were
purchased from Al drich and used wi thout further purification. Al products

were iden if| d by 1H pec y using a Bruker Avanpce 400
spect r omefigate ﬁﬁeﬂ?‘la’é‘ng% %P‘ﬁ‘é{ Hﬁ’(‘ig‘?% hﬁ%)rm YErZationy & tg? et %\lgg‘%TSDEA")
was pr epaigthdiof Silih RRAARK! \9%@ ace&’ﬁBﬁ{}@H 'b%%a@n_llgothe stack under a 600-watt

bi s[ 2- (hydroxyet hyl)thi ophenyl Jsulfide [T a one-liter
r ound- bot Vebtl af h apéedecful Opfsedpasi minute (@S amétersl pes 1S¢qondhgsm@h®tpwjeac ket ed

d d dded 3QQ. nL of The .f| ask
reopur seaaibr kgl FRB e S S AR S ChhleahheF BR RS 8850 wor )
et hyl ene ¢y lapiatife costedcured BdfinPlvhs aRE Tpeaé@sﬁlowmec@mﬁé@taee 4l e, 7.25

xI' O 3 nol) were added. Upon conpletion of the addition the reaction m xture
was br ougiﬁtr mens@UE hazei perenps tragimisshen, coler Yeljownessiinfiey, anglysiiiesian.5 ‘hour s,
t hen brought to reflux. The reaction m xture was refluxed for 3.5 hours.

The heat mﬁ?te@\ﬂ%?%ﬂ%@%str@ﬁgmﬁr}ﬁmg %éé%ﬂnﬁ%l inithancd? Bﬁyggg\ﬁ%é@n&%@ and a

white po ver spec reci t1on 1H NMR
of the pouwsiag a enrgiaheds coungl iat\ehmbacbwdnof Tiped poating s vasactal withtthd by
vacuum filtration and dissolved jn_hot tol ueﬂe wi.th acti v%t ed charcoal. The

sol uti on Wekstie at Hiegip RHR cptingaghh “diqh coataing the fopl PPIsEREIaAFRIYEOKks and
the | | Qo oiARrdslirutuiREl 1o v hdafodRidansdr v 2 A dck il OR8 fipangol uti on
and was collected by vacuumfiltration. e pure product was dried in a
vacuum oveoated, 6mi(gfht int @ntastoitl themld@aﬂruqtmbdlm@ was exposed to ultraviolet
light to cure, resulting in a prism film. The prism film (comprising the base film and
the cured composition) thus formed was subsequently stripped from the
microstructured tool. The prism film and the geometry of the prisms are describ_ed in
co-pending United States Patent Application, Serial No. 10/065,981, entitled,
“Brightness Enhancement Film With Improved View Angle’5 filed December 6, 2002,

which is incorporated by reference herein in its entirety.

Films of the cured composition (having no base film) for dynamic mechanical
analysis were prepared by using the same method as that described for flat films with
the exception that the base film substrate was polycarbonate film masked by a
polyethylene (PE) film. The PE masking film was used to protect the polycarbonate
. film from damage. Thus, the liquid curable formulation was applied as a coating on
the PE side of the masked polycarbonate film situated on the chrome plate. After
curing, a free - standing film of the cured composition was obtained by peeling it

away from the polyethylene masking film.

The refractive index (RI) of the liquid materials employed was measured using a
Bausch and Lomb Abbe-3L refractometer. The RI of cured, flat films was measured
with a Metricon Corporation prism coupler Model 2010 using the thick film (bulk
material) setting. The curable composition was coated onto a polycarbonate substrate

as a smooth layer and then cured. The cured, smooth coating was brought into direct

27



Preparati on of bis[2-(acryl oyl oxyethyl)thiophenyl]sulfide [TSDEA] To a
2-liter flask equipped with a magnetic stirrer, an addition funnel, a

wat er j ackwDedosnsagdenser and nitrogen sparge was added 1pBThistes/ 08924

di chl oronet hane. Triethylam ne (100 nL, 0.664 nole) and TSDE (60 g, 0.166
nol e) were added to the dichloronethane. Into the addition funnel was added
acryl oyl chloride g50m_, 0.664 nole). The acrﬁl-oyl chloride was slowy
added t he conta@vith thegapm HatheWloimelnfe AEshingo Hiido| Thersdiact Helnge™as on” was
conpl ete ulheahhd BEQYNIe LPihE Skt heohi@fie ; lcputes and then the
heat was tut}‘raﬁleﬁ %%#efarb'f’wgé?eact iglggne mf)xt E)re Was s I|Jnr§errggccfgover night. A 1H NMR
reveal ed inconplete reaction of the alcohol. Additional aliquots of

tri et hyl aMisvesigneasoregsuwed atchl &F iodd). fveriBilisatsi edl thenliquid civebleawpipesigion '
conversion .of alco [ eved, ,The reaction mxture was.gdi|uted with
et hy! obHER 4 P iraBe T RETRAE Vst tek! Sarasstants Brar bl o Ver e

t hrough acp@si spmbire dttaBlinénin Mk todgh€ réipk iSed Had 0/ithas 1ed 9igeftedi eyl et her.
The clear yellow solution was washed with dilute aqueous HC three tines to.
remove anynaxarymuaied yeiusdor ths eqdipment fil the speseficreariseaitaghments afigeasttd sodi um
bi car bona f Qur. hes W h deionized water returned the pHto
bet ween 6L§H§Sn‘g?}e$ﬁ%s%r§gé%¥\%§l g@%wﬁ' s dried over MgSHM and the sol vents
were renoved by rotary evaporation. The residue was very hazy. Dissolving

t he - r esi d@Ghass nrahsitioe tdmapeodtui@s (T g lof ohve aiged bempaditudrisqfret-ctanéipgfaine, iGan cool i ng
acconplished rempval of the haze. The residyal. et hanol, renmoved byrotary
evapor at i 8f) dl?fﬁf’ gf?l"fa)lhge’%?d H}e.f‘?‘ﬁ?f{ %@ GtC HyaT H’_&Pln éh y%m‘f‘hﬁsm& fer

(MEHQ 't ORYk&herids SHRES ARAILA: RS £ 01 QFdraft: il @Mish mode with a frequency of

Bi s(net hacryl oyl t hi ophenyl )sul f de (‘abbreviated as "MPSMA™) was purchased

f rom Suni i GnrdSpsrksec@nkem gedis of Br@nperaedd apd extgmperapiratremRNSA 02 penas
purchased ' ' ' .

minute.

- The percent haze and percent transmission of light through the cured flat films were
- determined in accordance with ASTM D1003 method using a BYK-Gardner Haze-

guard Plus Hazemeter.

The adhesion was measured for the cured flat film in accordance with ASTM D3359
method. '

‘The .color of the cured flat film was determined by measurihg L*, é*, and b* using a
Gretag Macbeth Color-Eye 7000A colorimeter using L*, a*, b* color space, D65

. ilhiminént, and a 10 degree observer inclusive of a specular reflection. Yellowness
‘index (YI) of the cured flat film was measured using a Gretag Macbeth Color-Eye
7000A colorimeter.

The brightness, or luminance, and color of the cured prism films (or microstructured
~ films) was determined using a Microvision S$S220 Display Analysis System.
Microvision SS220, a computer based measurement system, uses a goniometric
~ assembly and a mechanical positioner for the collection of in-axis and off-axis data at
various locations of the films. The light source used was a LG Philips 12-inch square

foot BLM (backlight module) composed of a cold cathode fluorescent lamp (CCFL)
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from Surface Specialities, Inc. The curing agent, | RGACURE(r) 819 was
purchased from Ci ba Specialities, Inc. 2-(Phenylthio)ethyl acrylate
(abbrevi avedo@036489EA") was purchased from Bi Max ConpanyCT/UseosswsBbd e
formul ati ons were prepared by blending all the conponents in the anmounts
shown in Table 1. The wei ght percent values are with respect to the total
wei ght of all the conmponents formng the curable formul ati ons. The m xture

of conponetitshedde the topeeligartf stdctangalar @lag$ pene. h‘btmb@nemnsbaé @@ fpan
formul ati on, € %qdfescfs groanc} {hlgeed a&‘ﬁ%? %’L]\;I O? p% SLVE h(é8 trglgl}d t'hI aCFJLS ﬁ%@nt to.

€,
i ndi cat e éivf ere onsi s REVEUrab ormulation and the

film substtﬂealhecoulam weenttacheded the aLl\ﬁlﬂme iafd MBaRimpegatimecifo@CEL andi | m t hat
results fromcuring the coated film Cured flat filns that did not have
microstr u@?@?@st%@%llﬁhbﬁ%@ﬂ W E oTREING eBeh U otecodisng IReobPReiReSS Coat ed

cured.fla t n | ayer
atop a 0 GUETERRRE LAY uck b WL BTERALor] oty SHEFOnRATRIRED . o
wer e pr epavithda usilimatnc opsticahnprabde H“heﬁrmatasrtgctumdtﬁlamdvzﬁusomnedEléhOhGOOOUV

' - a bottom

curing syst m nat i unit consisted of two rubber rolls

variabl e 35@@@6%%@%@ AroiD sl AR (e SF’SHrVY‘??%rF"Pg'}th?ﬂ B0 rRIPYideThi
syst em wagpys@isity 8f %@ﬁﬁle§sog@érhﬁf shRMEN M GtiSAA6K Shé i MR thePAREEGDEt neen
the rolls. The coated fl at | ms were prepared by transferring v

appr oxi rratvmyng) asgleriat thiel qent@r IO@atIQm@f barfdinl eAn averageaef tha btlehtaesm vghiey

pol i shed, l:%‘ nc ce |rreter by 17 8
centi rreter“jasqug& gpgﬁnﬁs C%é)gﬁlfl gr%lu8 gﬁl Hvét ¢Bfﬂé&?9’ o eg}ﬁwng edge
of the pl a@igwvarfabillit9E bEphthBR, bideMhSlfi nfidbagernars ﬂhlfueuvasnh@mwh @weCCFhe
curabl e conpositiaon, and the resulting stack _

was allowed to reach thermal stability.” The temperature — corrected luminance

(Lcomected) Was then obtained from the measured luminance (Lmeasured), and the

measured and corrected temperatures, Tmeasured aNd Tcomected, TESPECtively, frdm

equation (1):
Lcorrected = Lmeasuréd - 6*(Tlneasured'TC(;nected) (Equation 1),

where the number 6 represents the correction factor, luminance is expréssed in.
candela per meter squared (cd/m®) and temperature is given in degrees Fahrenheit.
Finally, the ratio of the temperature — corrected luminance of each sample
microstructured film to that of the standard film was calculated to provide the

brightness measurement in units of candela per meter squared (cd/m?).

| Film flatness was measured by laying a 25 centimeter by 18.5 centimeter .
microstructured film on a flat surface with the microstructured side facing up and
measuring the height of the film edges relative to the flat surface. Two measurements
were made per edge and the height was averaged. Each measurement was made

approximately 6 centimeters from a corner of the film.

The resistance of the microstructed films to cracking was measured by wrapping 1
- inch wide strips of microstructured film around mandrels of different diameters until

cracks in the film were visibly apparent. The film strips were cut such that the long
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was sent through the lamnating unit to press and distribute the curable
conposition uniformy between the chrone-plate and fil msubstrate. Wth

hi gher viwoasédiosedsor mul ati ons, hi gher pressures and | owecTape@dsswese used,
and the chrone-plate washeated to obtain the desired thickness.

Phot o- pol yneri zation of the curable formulation within the stack was
acconpl i shed by passing the stack under a 600-watt V-bulb at a speed of 10

feet per rAgts af (the oBPSpired ess-sseliansdyl the RYSHAlh MHISWSIUEHE- a MScal

| ength of 2.1 ] : e rs) . ' fil
subst r-at e_rfg%%adcg;qlg}e“{sdcﬁ’ﬁg%\éagat%erg%herﬁe% t?% g{lm I mﬁ}aﬁasljg[ ﬁl{éﬁl%ege ééﬁdo t of the
chr one- pl atsaltandisusledadkarg. neasuri ng haze, percent transm ssion, color,

yel | owness i ndex, and adhesi on. Coated cured mcrostructured filnms for

measur i ng i.nghce. or i ght ness, were nmade using a continuous coater in
which a béljégfgc}f If"élﬁaﬁsgré’ aF?é“’Fixf%‘H Cacted with the substrate at the nip

of a casting roll which contains the tool possessing the negative of the:
m-crostrugture demg\@glag@iap@yéjgn!ﬁeﬁ%ﬁq caR®lSforHBlARGny OT T. After ekiting
the nip, {K&28BlStled film (still in contact with the m crostructuref tool)
was expose Itraviaolet light to cure resulting in a prismfilm The
prism 1I‘O'i’l ngl(ug%r?gri%lf% t he REREH 07 | 1T SRBAt hd MBS cloRSHACURED) 81th|is f or med
was subsequently |stripped|fromthe m crostructured tjool. The prismfilmand
t he geone Ny of :L'Hl:-g ibﬂnﬁ re descriébf' T o= pemndi Umted—States Pat ent
U1 T S S

L5
1 Fad mill o Yo X| t Aee Frnhan~a

WEh | mpr bage Vi dOAigro | 2000 Bockitbih b 19002 WhUh rsi ncorpol at ed by
refer'ence'lltikacL i393ts enf réfy F9ns of t|fe cure Q‘é)mrmqi'rinn (having no
base film2for dyn@m necB287cal andlysis weP88prepdt-&d by using the same
met hod as|Bhat dgdkbribed 160 flat fi3hs withOhe excebfion that the base
filmsubstrate was polycarbonate fil mmasked by a

Table 2. * Indicates Comparative Example.

Measured values for the cured compositions
Property - :
: resulting from the curable formulation Examples
1 2 1* 2% 3*
Viscosity (centipoise) 5840 859 903 1208 | na**
RI (liquid) 1.5968 1.5940 | 1.5795 | NA 1.6173
RI (film) 1.6230 1.6304 | 1.6131 | 1.649 | 1.6388
| Te (°C) 68 51 51 99 105
Haze (percent) 0.84 0.96 0.91 1.26 1.28
_Transmission (percent) 92 92.5 92.7 |90.2. |88.9
YI : 1.2 0.7 0.5 1.4 2.2
Adhesion 5B 5B 5B 1B 5B
‘| Brightness (cd/m°) 846.9 NA 840.5 |855.6 | NA
Flatness (millimeters) 0.58 NA 0 3.18 | NA
Mandrel bend (inch) 3/16 NA 1/8 Y2 'NA

** The viscosity of this composition was too high to be measured.

From the data in Table 2, it is clear that the film resulting from the curable
formulation of Example 2 shows an increased refractive index, while maintaining
good adhesion and optical clarity, as compared to the film resulting from the curable
formulation of Comparative Example 1. Further, the data obtained from the curable

formulations of Examples 1 and 2 show that the use of TSDEA instead of MPSMA

30



pol yethylene (PE) film The PE masking filmwas used to protect the

pol ycarbonate filmfrom damge. Thus, the liquid curable formulation was
appl i ed asoaoenstisng on the PE side of the nmasked pol ycachasados/obiohm
situated on the chrome plate. After curing, a free - standing filmof the
cured conposition was obtained by peeling it away fromthe pol yethylene
masklngfllm The refractive index of the liquid materi al | oyed
was maasuf‘@él t%fisﬂ‘f\g{i ]??Vﬁn t‘%n‘lﬁﬁ%% QPUiGALfRrapGHRRet A mleﬁgaqiffrm '
cur ed, gPo ht e@aé"’%%mﬁ%%ﬁufoe‘ﬂhé’“ﬂlfﬁ dbatedl Gomh N RQFAId IBroRblhidh Qﬁ’up| er
Model 2010 using the thick film (bulk material) setting. The curable
conposi ti @mmmmtwoa&)@dﬂmﬂo ih@(bhygbmc@ocrdtaecmmmﬁlm made waingnMd®SMA ayer and
t hen cure .cured, snooth coat into,dir ctcont act with
the pr 1 s b THEER diPoeh ang et oR A Y B T A dhPBSe st

cal cul at edhb3$igHtnes dnfigncehiehi filh oﬂ@gh@aﬁaﬁwé BRapleSNhI6S @facREll WhéEbérace.
Viscosity was neasured at 25 Con 0.5 ml]iliters of the |liquid curable

conposi ti @Meru%lhﬁ]é inchBmendeel. evherqaythe filmcdnevamme @ difl g0b display @@ﬁhﬂiﬂaed with
a CPE40 o I in 15 -
90 per centtrh %ﬁm%g) en%%ﬁcr%%ﬁe%??gg%gltﬁ%Ep%&%gygééll%g tﬁﬁ? emsutpc)gm fic
cone att agivienarpaye draBxhmpkal.ues were measured in centipoise (cP).. d ass
transition tenperatures (Tg) of the cured conpositions (free-standing
films, i.e, no base fil asuredb dynam hani cal apal ysis :
(DMA) usi Ff@eaznmleﬂelms.@ Srriked A fiSia lﬁs/seamcugbéﬁéf?% PrPeEAE on mode
with a freguesieentf thﬂeré?sg Bk Reils BeOMtherstoctt b tho®f sB1I0d iREHESH thand a

tenperature ranp o per mnute. The percent haze and percent
transm ssw@tmatwmslarwghtnomfrceu«gﬂs tére be uetéagteld| within ftires smet end scope of the
invention.
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determ ned in accordance with ASTM D 003 net hod using a BYK- Gar dner
Hazeguard Pl us Hazeneter. The adhesi on was neasured for the cured flat film
i N accor dwoeens3t439 ASTM D3359 net hod. The col or of the egrag2ddsasiobi | m was
determ ned by neasuring L*, a*, and b* using a Getag Macbeth Col or- Eye
7000A col orineter using L*, a*, b* color space, D65 illumnant, and a 10
degree observer inclusive of a specular reflection. Yellowness index (YI)

of the cuﬁé«f* M%t filmwas nmeasured using a Gretag Macbeth Col or-Eye 7000A
colorinmeter. The brightness, or lum nance, and color of the cured prism

filnms (orymcr determ ned using a Mcrovision SS220
9& At wﬁ%mﬁlbh %Eﬂag}‘i@ﬁg _

D spl ay Anal ysi ystem crovi §i on®SS220, a conputer based neasurenent
system uses a gonl onetric assenbly and a nechani cal positioner for the
col l:ecti ofa)of nanleastiose amttifohdtioaal; @r)dateé:amhg\aafum@malhtgcﬁbi leas twbd; t he fil ns.
The |ight.source used was a LG Phili ps 12-inch square foot BLM (backlight
nodul e) ¢ de fluorescent lanp (CCFL)attached to the

top edge gqqpos?tdlg?séﬂaﬁpgpoﬁfré's ale B@H%’Pe >An al um num bar and foam were-

bundl ed ‘around the edges of the BLMto preserve heat around the CCFL. Fi ve

t her nocoupdyes welesaibhackedoitomtdontdihivg f diacrplateanehérbian tRTpekRjatone iof CCFL
and current to the |light source were saml ed every four seconds. The

bri ght nes&® %@%ﬁ?@ﬁhﬁg@u%?@%&@fﬁyﬁm@ﬁ|S§]ieﬂ'g‘maaﬂ‘ilf fraction grating

spect rorret er equipped with a collimation optical probe. The mcrostructured
fitmwas: punt gde ohdudiacdgehOht nodule. A 13-point test and hem test -
were conduct ed to provide umformty of brightness over 13 specific

Iocatl ons on the filmand the range of
- 2. The curable formulation according to claim 1, wherein said at least one

mﬁltiﬁnct_lonal acrylate is selected from the group consisting of alkylene glycol

' '-di(meth)acrylates, aromatic  bisphenol  di(meth)acrylates, aliphatié diol
di(meth)acrylates, aromatic bisphenol ethoxylate di(meth)acrylates, cycloaliphatic

| diol di(meth)acrylates, polycyclic diol di(meth)acrylates, aliphatic and aromatic

' polybl poly(meth)acrylates, aliphatic and aromatic alkylene ether polyol
poly(meth)acrylates, aliphatic urethane di(meth)acrylates; and copolymers and blends

comprising at least one of the foregoing multifunctional acrylates.

3 ‘The curable formulation of claim 1, wherein said at least one multifunctional
acrylate is selected from the group cohsisting of bisphenol A di(meth)acrylate;
_ éthylen_e glycol di(meth)acrylate; 1,4-butanediol di(meth)acrylate; . 1,6-hexanediol
: di(meth)acrylate; 1, 3-pr6pylene glycol di(meth)acrylaté; tetramethylene glycol
di(meth)acrylate; 2-butyl-2-ethyl-1,3-propane diol di(meth)acrylate; neopentyl glycol
di(meth)acrylate;  alkoxylated 1,4-cyclohexanedimethanol  di(meth)acrylate;
pentaerythritol tetra(meth)acrylate; alkoxylated pentaerythritol tetra(meth)acrylate;
glycerol tri(meth)acrylate; glycerol propoxylated tri(meth)acrylate;
trimethylolpfopane tri(meth)acrylate; tris(2-hydroxyethyl) isocyanurate triacrylate;
polybutadiene diacrylate; polyisoprene diacrylafe; 1,3-
bis(acryloyloxyethoxy)isophorone diurethane; bis(acryloyloxyethoxy)toluene
diurethane; 2, 2-bis{4—(2-acryloyloxy ethyleneoxy)-(3,5-di bromophenyl)} propane;
2, 2¥bis{4—(0mega-acryloyloxy polyethyleneoxy)-(3,5-di bromophenyl)}propane; 2,
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viewi ng angle at the center location of the film An average of the

bri ght ness val ues was taken. The brightness of backlight changed with CCFL
t enper at we.20dbm36@p0ve this variability of brightness, eorastdsobioght
managenent filmwas nounted, the CCFL was allowed to reach thernal
stability. The tenperature - corrected |um nance (Lcorrected) was then

obt ai ned fromthe neasured | um nance (Lneasured), and the rreasured and

cor r ect ed2tipifefamnesedmetpgadaxipwy H@ideﬁlfﬂ@l?%ﬂléﬁnﬂéﬁr@@émq,vép‘}' 2 r dm
t t t
Ty vher P GEEEL AR R RS b AluBpuieh b AR THoRSRE [ A uF 2t on

expr essedcéompidnglatl 1aaspetie @Eheforsguﬁgﬁﬂlt(fﬁﬁﬂtmnal)acaﬁﬁkeg enperature is given in
degrees Fahrenheit. Finally, the ratio of the terrperature - corrected

| um nance of each sapple m. crostruc filmto that of the standard film
was cal cuftat ed%%%ﬁa fﬂ’ém{l?féo“b?fr% Lé‘g’%%ﬁ'fﬂ tqng MEfIrLTYptedindel a -
per meter se‘igdf@cf %n( GRé r%rgl)p comdidtimef &@%ﬁﬁ?&%c%@n%ﬂﬁ&?]a@%?’ a}ﬁyﬂnﬁﬂo az2s

centi neter 18.5 centineter mcrostructured fifmon"a flat" surface with
the mcr oénethlatcudﬁds scsd:éoaﬂlabatrcg mymofmethjaeadates, nglkyleae hgdyeit alkl teberfi | m

e el gntonaarisfupdSiates” iiSinh Ao AT RIS SHRRS ek ARG, i cco® =ne

centi et eghef HAALANERYaBETatE an&yﬁenfelglyeol B dtR&l mbaneRtDhcryRfsNgESt ruct ed
films to cracking was neasured by wrapping 1 inch wide strips o

mi cr ost r ubtsed eand jHisphanalthasedraprnognethierydates, e prachtl ptidylesubstiutdt Mone ; acks in

t he filn1 fyakhvih gy apparent. The filmstrips were cut such that the -
T -
| ongedges o ri ps formed cross-sections of the prismatic ,
m crostructure. The resistance to cracking was represented as the mi-ni num
mandr el dbanet &he timabledbmnuiation according to claim 1, wherein said at least one mono-

acrylate is selected from the group Consisﬁng of methyl (meth)acrylate; ethyl
(meth)acrylate;  butyl  (meth)acrylate;  2-ethylhexyl (meth)acrylate;v octyl
(meth)acrylate; isodecyl (meth)acryl'ate; dodecyl (meth)acrylate; octadecyl
(fneth)acrylate;, cyclohexyl (meth)acrylate; 4-methylcyclohexyl (meth)acrylate;
i_soborﬁyl (meth)acrylate; adarhantyl (meth)acrylate; phenyl (meth)acrylate; benzyl
(meth)acrylate; l;naphthyl (meth)acrylate; 4-fluorophenyl (meth‘)acryléte;' 4-
chlorophenyl (meth)acrylate; 4-bromophenyl (meth)acrylate; 2,4,6-tribromophenyl
(meth)écrylate; 4-methoxyphenyl (meth)acrylate; 4-cyanophenyl (meth)acrylate; 4-
phenylphenyl  (meth)acrylate; 2-bromobenzyl (meth)acrylate; 2-fluoroethyl |
(meth)acrylate; 2;ch10roethy1 (meth)acrylate;  2-bromoethyl - (meth)acfylate;
'tn'chloromethyl (meth)acrylate; 2-hydroxyethyl (meth)acrylate; 2'-hydroxkypropyl
(meth)acrylate; 2-(2-ethoxyethoxy)ethyl acrylate;  propyléene  glycol  4-
nonylphenylether  acrylate; glycidyl (meth)acrylate; ~ N-butylaminoethyl
" (meth)acrylate; alpha-fluoro (meth)acrylate; alpha-cyano (meth)acrylate; 2,2,2-"
trifluoroethyl methacrylate; pentafluoropropyl methacrylate; _._1,'3— :
‘bis(thiophenyl)propan-2-yl acrylate; 1,3-bis(phenoxy)propan-2-yl (meth)acrylate; 1,.3->
bis(2,4,6-tribromophenoxy)propan-2-yl (meth)acrylate; 1,3-bis(2-
mercaptobenzothiazoyl)propan-2-yl (meth)acrylate; 2-(4-chlorophenoxy)-1-
[(phenylthio)methyl]ethyl - (meth)acrylate; 4-bromobenzyl (meth)acrylate;
tribromobenzyl  (meth)acrylate;  pentabromobenzyl  (meth)acrylate; - | 2-(2-
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result in visual cracking. Table 1. * Indicates Conparative Exanple. Table
2. * Indicates Conparative Exanple. ** The viscosity of this conposition
was too hwghodemsbsoneasured. Fromthe data in Table 2, PprTits2@is@31924 hat t he
filmresulting fromthe curable fornulation of Exanple 2 shows an increased
refractive index, while maintaining good adhesi on and optical clarity, as
conpared to the filmresulting fromthe curable formul ati on of Conparative
Exanpl e 1bemzgthigralyDthiethyhtacripieni add 2rrhsayltHectbyly asnydateo | BYXHIES of
Exanpl es nd.. [ j,nst ead of MPSMAresulted in
filtns tha%mﬁgeﬁg%§??%$BQ%R%%?%%?ggggﬁgéﬁggéggg$ties, and nmechani ca
properties as conpared to the filmobtained fromthe curable formnulation of
Conpar at i be Exdhplarsble ThenBatigghte@sding rthaclgiendntwliaréim sadi et dsdsh @nkPSVA
shomed"hi%h war page and cr.acki ng at the edges the filmduring the

cut ti ng - pPEEROM-TRRIaREHAHE %‘@Hﬁﬁﬁ?ﬁﬂ%ﬁ ¥ '™ of Conparative Exanple 2
al so cracked when bent ©@ver a half inch mandrel, whereas tChe filmof
Exanpl e 2 di.d not_ displ i i
Conpar ative Exanple 2

i nventi on has been :
preferred enbodi nent hose skill ed
inthe art that vari iols and nodi fications can be effec%e (thin the
spirit. and scopeRof theRinvention. CLAIMS: 1. A curable fRrnul at Ron
conprising:. (a) at least one nultifunctional acrylate having a-
functionality of at least two; - X1l N ,

o showed much more warpage than anpLB®1. The
i PRe—Lh—d@'taint @t Adr O el 'ar-Q7ef er
thereof, but it wll be understood by

- wherein R® R’ and R' are independently at each occurrence a hydrogen atom, a

| ‘halogen atom, a C,- Cyo aliphatic radical, a C3- Cjo cycloaliphatic radical, or a C3- Cy
'v'aromatic radical; L' and L? are independently at each occurrence a divalent C;- Cy
: aliphat_ib fadical, a divalent Cs;- C,¢ cycloaliphatic radical, or a divalent C3- Cjo
-aromatic radical; Ql, Qz, and Q3 are independently at each occurrence a bond, an
. -oxygen atom, a carbonyl group, a thiocarbonyl group, a carbonyloxy group, an
" oxycarbonyl group, a sulfur atom, Va selenium atom, a disulfide group, a diselenide

© group, a selénosulﬁde group, a sulfoxide group, a sulfone group, a selenoxide group

* or a selenone group, wherein at least one of Q', Q?, and Q® comprises a sulfur atom or
a seienium atom; and Ar' and Ar® are independently Cv3- Cio divalerit aromatic

radicals.

 7. "The curable formulation according to claim 6, wherein said at least one
heteroatom-containing diacrylate comprises diacrylates having formulae XIV, XV,

and XVI

O(CH,),S S

R9 R 10
X1V
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(b) at |east one nono-acrylate nononmer; (c) at |east one

het er oat om cont ai ni ng di acryl ate, wherein the heteroatomis selected from
t he groupwoanes/stisng of sul fur and sel enium and (d) at pceastoosmeisedri ng
agent. 2. The curable fornulation according to claim1, wherein said at

| east one multifunctional acrylate is selected fromthe group consisting of
al kyl ene glycol di(neth)acrylates, aromatic bi sphenol di (neth)acryl ates,

al i phatic diol di(nmeth)acrylates, aromatic bi sphenol ethoxylate

di (neth)acryl ates, cycloaliphatic diol di(meth)acrylates, polycyclic diol
di (nmeth)acryl ates, aligphatic and aromatic pol yol poly(maph)acryl ates,

aliphatic and aromati pol y( et h) agryl ates, aliphatic
ur et hane di (et Rfacry ; ' A\ bl ends ¢ i sRng at | east

one of the foregoin rc$-y S(CHEhO cur gpbl e fornul.ation
of claim 1, whereinfsaid at ; i acryljlate is sel ected

fromthe group ce iipg of bi sphenol K di (neth)acryl aie; hyl ene gl ycol
di(neth)acrylatg; 1, 4%ut anedi ol di (neth)acryl ate; 1,6- exanddi ol

di (meth)acrylate; 1, 3-propyl ene glycd¥ di (meth)acryl ate; tetramhyl ene

gl ycol di(neth)acrylate; 2-butyl-2-ethyl-I,3-propane diol di(neth)acrylate;
neopentyl gl ycol di(nmetd)acrylate; al koxylated 1, 4-cycl opexanedi met hanol

di (meth)acrylate; pentdprythritol tetra(meth)acrylate; alllkoxyl ated :
pentaerythritol tr th)acryl g gyl yceyol t\ri (meth)a | atRe; gl ycer ol
propoxyl ated tri (metYy) acr Yl(@Hg:Se ryded s SRLTS i :
tris(2-hydroxyethyl) (i socyanurate acryl &t e; /pol ybut adi eng di acryl at e

po{ylsoprene dla%p %@01,3- | . - R0 R?

wherein R® , R® and R' are independently at each occurrence a hydrogen atom,. a
halogen atom, a C,- Cyo aliphatic radical, a C3- Cyo cycloaliphatic radical, or a C3- Cyo

aromatic radical.

8. ‘The curz_ible formulation according to claim 1, wherein said at least one curing
agent is selected from the group consisting of photosensitive curing agents and

thermally sensitive curing agents.

9. The curable formulation according to claim 8, wherein said photosensitive
curing agent is selected from the group consisting of 1-hydroxycyclohexyl phenyl
ketone, benzophenone; 2-methyl-1-[4-(rhethy1thio)pheny1]-2-morpholino propan-1-
one; [2-benzyl-2-N,N-dimethylamino-1-(4-morpholinophenyl)-1-butanone];  2,2-
dimethoxy-2-phenylacetophenone; bis(2,6-dimethoxybenzoyl-2,4-,4-trimethyl pénty] |
phosphine oxide; 2-hydrof(y-2-methy]- 1-phenyl-propan-1-one; 2,4,6-
~ trimethylbenzoyldiphenylphosphine oxide; 2-hydroxy 2-methyl-1-phenyl-propan-1-
one; mixed triarylsulfonium hexafluoroantimonate salts; mixed triérylsulfoniu_r‘n'
hexafluorophosphate salts; dl-camphorquinone; benzil dimethyl ketal; mixtures of
benzoin and butyl ethers, trimethylbenzophenone blend; alpha-hydroxyketones;
polymeric hydroxy ketones; triphenylphosphine oxide; 2- isopropylthioxanthone; 4-

isopropylthioxanthone; ethyl 4-(dimethylamino)benzoate; diaryliodgjnium
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bi s(acryl oyl oxyet hoxy)i sophorone di urethane; bis(acryl oyl oxyethoxy)tol uene
di uret hane; 2, 2-bis{4-(2-acryl oyl oxy ethyl eneoxy)-(3,5-di bronophenyl)}
propane; WO 286636484- (onega- acryl oyl oxy pol yet hyl eneoxy) PC3/US2a5/031924

br onophenyl )} propane; 2, 2-bis{4-(omega-(nethacryl oyl oxy

pol yet hyl eneoxy) phenyl } propane; and 2, 2- bis {4-(onega-(netha)acryl oyl oxy
pol ypr opyl eneoxy) phenyl } pr opane; and n1xtures conprising at |east gne of

t he foregb?’??él“ﬁ{ﬂaﬂﬁlmeﬂ@?ﬁ’ohléiz’ abr prismethylbenzayiphenylabosphingr Auids: i of
claiml, g@?‘ésl%o hQ'm twb %@ﬁ%t hﬁ&?ggﬁﬁé}ﬂlcﬁs&r}élﬁvéglllr?‘%f‘g%lﬂcsrOm the group

con5|st|ng atl nono acr aryl nono acryl ates,
cycl-oali phatic nnno(neth)acrylates al kyl ene gl ycol al kyl ether npbno
(et h) acr yDat eJhe ahﬂablednmtgh@mmccmhtgumﬂdim Myieeailesaid dickybhnsengitiveol al kyl

et her nono(neth) acr al k ene col ar 0 neth acryl ates,
gl ycol bas@‘&“ %%sr?g‘?‘fﬁﬂ% f15 éﬁe AR eéi‘f’%& Qgg“’p ro’“de azo

gl yei dyl - g&gﬁ&hMgQ%qdmthiﬁmgnkﬁgfylates 5. The curable formulation
according to claim 1, wherein said at | east one nonoacrylate is selected

fron1the ?roup conS|st|ngp%f met hyl (meth)acrylate; ethyl (meth)acryl ate;
butyl (neth)acdhe agusable ylah@&yaccemgq)t@ccﬂymatl& whergin s#t pgragidyi at e;

i sodecyl t C t cryl ate;
cyclohgxyﬁgﬁhe%%%a%%élae(goggﬁ%bﬁ&g? % 8%??'§He?ﬁ%ggﬁéﬁk¥&g§$@% dr%yl

( et h) acr di(abetyhpe@raditatbofaigt h)da@rethydhexylpberydicirbetdig;ac rdﬁb@{(ﬁan(t},enzy|
(met h)acryl ate; 1-naphthyl (neth)acrylate; 4-fluorophenyl Racrylate

4- chl or opfieKide: (h@tmyhcpfgr%}flé %iP]Ei’r &Hﬁw}%rfgnynfq@emoa& yllalt élmet yl-3-
i gygnéghggmflgﬁ& | gry g}%egﬁéﬁféﬁaﬁeeny?lgﬁig%y %g&r ylég%&q’%%él g: onnbenzyl
( met h) acr yinatperox&néddcoar@atehy|t-buty]peroxyneodecanoate t-amylperoxypivalate; t-
' ) * butylperoxypivalate; 1-1-dimethyl-3-hydroxy-butylperoxy-2- ethylhexanoate 1,1-
.dim.eth’yl-3-hydroxy-butylperoxy-2-ethy1hexanoate; ~ 2,5-dimethyl-2,5-di(2-
o éthylhexahoyl peroxy)hexane; t-amylperoxy-2-ethylhexanoate; t-butylperoxy-2-
ethylhexanoate; t-butyl peroxyisobutyrate;- t-butyl peroxymaleic acid; t-butyl
peroxyacetate; t-amyl peroxyacetate; di-t-butyl diperoxyphthalate; O,O-t-butyl-O-
isopropyl monoperoxycarbonate; 2,5-dimethyl-2,5-di(benzoylperoxy)hexane; O,0O-t-
butyl—O-(Z-ethylhexyl)monoperoxycarbonate; 0,0-t-amyl-O-(2-
- ethylhéxyl)monoperoxycarbonate; dicumyl  peroxide; .2,5-dimethy1-2,5-di-(t-
‘b.utylp_er(_)xy)hexane; t-butyl cumyl pero*ide; t-butyl cumyl peroxide; alpha,alpha-
bis(t-butylperoxy)diisopropylbenzene; 2,5-dimethyl-2,5-di-(t-butylperoxy)-3-hexyne;
2,5-dihydroper0xy-2,5-dimethylhexane; n-butyl-4,4-di-(t-butylperoxy)valerate; 1,1-
di(t-butylperoxy)-3,3,5-trimethylcyclohexane; 1,1-di(t-butylperoxy)cyclohexane; 1,1-
di(t-amylperoxy)cyclohexane; 2,2-di(t-butylperoxy)butane; ethyl-3,3-di(t-
butylperoxy)butyrate; 2,2-di-(t-amylperoxy)propane; ethyl 3,3-di(t-
g a_mylﬁeroxy)butyrate; and mixtures comprising one or more of the foregoing

thermally sensitive curing agents.

12.  The curable formulation according to claim 10, wherein said azo compound is
selected from the group consisting of 2,2’-azo-bisisobutyronitrile, 1,1°-

azobis(cyclohexanecarbonitrile), and mixtures thereof.
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(meth)acrylate; 2-chloroethyl (neth)acryl ate; 2-bronoethyl (neth)acrylate;
trichloronmethyl (neth)acrylate; 2-hydroxyethyl (neth)acrylate;

2- hydr oxywoapyso36sset h) acryl ate; 2-(2- et hoxyet hoxy) et hyl pazrusb@se319ps opyl ene
gl ycol 4- nonyl phenyl et her acrylate; glycidyl (neth)acrylate;

N- but yl am noet hyl (meth)acryl ate; al pha-fluoro (neth)acryl ate; al pha-cyano
(nmeth)acrylate; 2,2,2- trifluoroethyl methacrylate; pentafluoropropyl

met hacryl dBe; Jﬁalrabiﬁif(nmlﬂ%lph@ﬁmp)@mpan 2-yl acryl ate; '

| ,-3- bi s(phenoxy) propan-2-yl (nmeth)acrylate; 1, 3-

bis(2,4,6-trib
b CR A i et R S T
[ (phenyl t hdas) et hyl ] et hyl (et h)acryl ate; 4-bronmobenzyl (neth)acrylate; -

tri.bronobenzyl (nmeth)acryl ate; pent abr onobenzyl (neth)acryl ate;

2- (2- benzot hi azol yI)th| oet hyl - acryl ate; and 2-phenyl thioeth acr Iate; and
m xtures conprisi ng @ Ié'at% NQ-RErVIale BYEOHGT e ﬁﬁe‘gw}ﬁ B The.

curabl e fpmala 0@%&g%fﬂétggxt ghEk@i M 1, wherein said at |east one

het eroat om cont ai ni ng di acryl ate conprises structure Xl Il X || wherein RS,
R9, and R10 are independently at each occurrence a hy@ogen atom a hal ogen'
atom a C- GO0 aliphatic dical.;a C3- C o cycloaliphatic radical, or a
C3- GO0 aromatic radicg” are |ndependently t eaclpdccurrence a

divalent G- G 0cC al i phati c.
radi cal, or a dl(zva:)f'ent CS-/I'/ 1 X roma§ ? 5@&?; Q,

, and Q are
independently at each o bond, an oxygen atom car bonyl group,
a thiocarbonyl group, a cafbonyl oxy group, an oxycarbonyl ‘group, a sulfur

atom. a sel eniumatom a disulfide group, a diselenide
S - X1

, and

O

o X S—(CH),0
R)e——

F

X1 :
‘wherein R’ and R’ are independently a hydrogen atom, a halogen atom, a C; — Cyo
aliphatic radical, a C3 — Cyg cycloaiiphatic radical, or a C; — Co aromatic radical; R®is

~ independently at each occurrence a hydrogen atom, halogen atom, a C; — C)g aliphatic

~radical, a C3 — Cyo cycloaliphatic radical, or a C; — Cy aromatic radical; “e” is an

integer including 0 from 1-4, and “f” is an integer including 0 from 1-5;
(c) at least one heteroatom-containing diacrylate XIII
0 o)
0—L'—Q'—Ar'-Q*—aAr-Q*—L!—o0
R® R0 R]d R?
X1
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group, a selenosul fide group, a sul foxide group, a sulfone group, a

sel enoxi de group or a sel enone group, wherein at |east one of QL, @@, and
@B conpriweoe/wsbur atom or a sel enium atom and Ar 1pamaisA63/03r9e4

i ndependently C3- G divalent aromatic radicals. 7. The curable formulation
according to claim6, wherein said at |east one heteroatomcontaining
diacryl ate conprises diacrylates having formulae XV, XV, and XVI

XI Vwher ei Whegin RER armad R § ase éndependsetiyiahensh aecug&eqap @dtydfqgéﬂ@ém& #ydr ogen

atom a hﬁ$18§e%%§&h%9‘g Z?Or% lpf&t?c &gfcﬁ’lhﬁtdfcm?cﬂkl%éf iphaf) a‘ri' nél}fa;% Qal i phatic

radi cal , IC radica
accor di ngafomasit ahdivdl; Livaed &7 aresaidepentientpast eaol‘n@caufenng aag@néntl G- sieb ect ed

fromthe gro consi stl of phot osen5| tive.cu agents and thermall
sensiti vegkﬂhafﬁda‘é‘@%lntas 1%9 entI'lotcé &up Sh¢leal fpg’ﬁ%lré‘i‘f;%n Ogc?cé’r"éfeﬁb G0 (ép ai my8,
wherein s angiit 3 o]
consi st i ngﬂog}amilf}hggrb?yé%1 gﬁdégylrhg%heny{? ci(eé%l%%é%ﬁ&lﬁﬁg%%rﬁﬂ%%ﬁgoo%ﬁ w
2- net hy| - bxfgtn (atemhyal tarba)yhgnoyp,] a Zthmmphmyh goupr apanbohylaxiyegroup, an

2- benzyl - 2- N_N-dj net hyl am_.no-| - ( 4- r hol | nophen but angn , 2-
e hoiymzxcawgﬂyﬂ B b AR o, 4 BBl na.amgfe P Aok pin L ORGAE 2 1y
pentyl %ﬁﬂﬁ'@@el%s@ﬁ‘de?ﬁgwra%l&b%d a'suﬂbﬁilﬁouﬁr&)%&ldxl&ngou}g 4, 6-

hyl -

tri met hyl Benzoyl di phenyl osphlne oXi hydro 2- met
1- phenyl - pmpféﬂwne SOTD; W lseedattlf:ashmﬁ @fLQf, &am(aemms@s aavifirmrmae salts;

i xed Er Bl BLHMRE XN U ARNGRPNR Ferthd . .S AUTRAIBH WoRRRE: bénZ' "

radicals; and
(d) at least one curing agent.

14.  The curable formulation of Claim 13, wherein said multifunctional acrylate

having a functionality of at least two comprises a substance having a formula (II)

Br W. Br
| 0 ; :o 0 R!
R'—o ‘ )
, a Br Br OR! e
OR
11

wherein W is a bond, an oxygen atom, a C; — C,o aliphatic radical, a Cs — Cy
cycloaliphatic radical, or a C3 — Cyo aromatic radical; and “a”, “b”, and “g” are each
independently greater than or equal to 1; and each R' independently at each

occurrence is a hydrogen atom or an acryloyl group having a formula (III),
O

H,C

1
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benzoin and butyl ethers, trinethyl benzophenone bl end;

al pha- hydr oxyket ones; polyneric hydroxy ketones; triphenyl phosphi ne oxi de;
2- 1 sopr opylbévcssat hone; 4- i sopropylthioxant hone; et hpCT/US2005/031924

4- (di met hyl am no) benzoat e; di aryl i odoni umhexaf | uoroanti nonates; bis(2, 4,
6-tri net hyl benzoyl ) phenyl phosphi ne oxi de; and m xtures conprising two or
nore of the foregoing photosensitive curing agents. 10. The curable
fornul at i Hﬁe’é‘@tgr i indepepdentlyjahearh Q%‘@F@Cﬁa fl@g@%éﬁoﬁmmhylogémﬁom ¥e curing
agent is ou e er oxi des,
azo. conpouﬁds b ﬁ%ﬁalhg (fl%hgi?g s% {JM%% r%llﬁ@ érﬁgr(g %?grrléﬁgtl on
accor di ngrddicatl ai m 10, mhereln,sald perOX|de conpri ses at | east one of

2, 4-'pent anedi one peroxide; di(n propyl ) per oxydi car bonat e;

di (s- bt bo - hyl.h hon
d:fzong;g per§§¥ ‘% e éﬁ#%&?ﬁé ei%ﬁﬁgsmgdﬁﬁpﬁgk oy éﬁ@@@ﬁnoate
I, 1-di met iyling-a Mflmmb%tfya!t 1B4¢ meﬂﬁ%@raﬁaa%onehe%rwmavm a

peroxyneoheptanoate t anyl per oxyneodecanoat e, buty peroxyneodecanoate

t - anyl per éxypilasdVat e; tbutyl per oxypi val ate;

1- 1- di net hyl - 3- hydr oxy- but yl peg.oxy- 2 eth Ihexano te; 1,1-

di met hyl - 3- hydroxyobutylperoxy- el Ty 3 , 5- dlnethyk>2 5- d|(2-
ethy{hexanoyl per oxy hexane th xanoat e;

t --but yl per oxy- 2- §- ) tyl
peroxynal ei ¢ aci t %utyl roxyacet at e; t-=ny| p ro yace? Je |d|-t but yl
dlperoxyphthalat@% OO0t- MMtyI QO sapropyl noffoper oxycarbonat'e; CH: -
2, 5-di net hyl - 2, 5- dl(benzoylperoxy)hexg ; O Othutyl-

C}(2 ethylhexyl)nnnoperoxycarbonate Ot- anyl - O ( 2- ’
ethylhexyl)nnnoperoxycarbonate di cunyl peroxide;

2, 5- di met khlerezn 3V dis -4 bond, ydnpexy@ey)atm;(ar(el, ~tepuiliphatic) mydicadet A deCyt - but yI

cunyl erOX|de al pha, al phabi s
ny P cycloahphatu? rac’hcalp or a C; — Cy aromatlc radical;

[13

a” and “b” are each
- independently greater than or equal to 1; and each R' independently at each

* occurrence is atom or an acryloy1 group having a formula (III)

e

H,C
RZ

M1

‘wherein R? is independently at each occurrence a hydrogen atom, a halogen atom, a
C; — Cyp aliphatic radical, a Cs — C, cycloaliphatic radical, or a C3 — C; aromatic

radical.

~16.  An optical article comprising a cured acrylate composition, said cured

composition comprising structural units derived from

(a) at least one multifunctional acrylate having a functionality of at least

two;
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ut yl peroxy) di i sopropyl benzene;

di met hyl -2, 5-di - (t - butyl peroxy) - 3- hexyne;

di hydwopesesmsy4s2, 5- di met hyl hexane; PCT/US2005/031924
utyl-4,4-di-(t-butyl peroxy)valerate; 1, 1-

i (t-butyl peroxy)-3,3,5-trimethylcycl ohexane;

, 1-di (t-butyl peroxy)cycl ohexane; 1,1- di(t-anyl peroxy)cycl ohexane;

2,2-di(t-buty|peroxéﬂbutéh@?“@?ﬁ?%mgﬁﬁg%ﬁ?PEWP?@E@ngy) butyrat e;

2, 2-di - (t-anyl peroxy) propane; ethyl 3,3-di(tanyl peroxy) butyrate; and

m xtures conprising@ne af |BRE ol helRfoatdth2eRMalhd NBLTRALIY wiRRsh tihye curing

agents. 12. The curable fornulation according to claim 10, wherein said azo

conpound hstematas issglected dionh thegroupeaneisting of swhfuoand selenium.

2,2' -azo-bi sisobutyronitrile, 1,1 ' - azobis(cycl ohexanecarbonitrile), and

m xtures theregf.13. l.e i aor ati.on_co L Sing. at | east one

mul ti func??'onaﬁjhgg}gt)}(fag\? §%L6%§r31n§ t%natl:‘%li 1§hgﬁ}c?§§ !flj\a lsggiyléehg%t two; (b) at

| east one nono-acryl ate nononer selected fromthe group consisting of

mono- acr yll8t es TKE aptidalXadtickl acoedixg Ito ; claibhen 2] whBzimRaidRTisplae filndepandent |y

a hydrogen atom a halogen atom a C - Co aliphatic radical, a C3 - GO

cycl oal i pREghtaesssahanging fglfn-a C3 - G0 aromatic radical; R6 is independently

at each occurrence a hydrogen atom halogen atom a G - GO0 aliphatic

radical, 239G3 ThEoPti&y aHRf! dRbdinlto cRENCIR conﬁ%ﬁﬁnﬁdfsp Gii@r omatic radical ;-

"e" is an integer including O from1-4, and "P is an integer including O

from1-5; gc)_ at | east one heteroatomcontaining diacrylate X || :
: 20. ° The optical article according to claim 16, wherein said cured acrylate

t-b
2,5
2,5
n-b
di (
1

composition has a glass temperafure in a range between about 40 °C and about 100°C.

21.  An optical article comprising a cured acrylate composition, said cured

composition comprising structural units derived from
(a) at least one multifunctional acrylate havihg a formula

(b) at least one mono-acrylate monomer selected from the group

consisting of mono-acrylates XI and XII

O

RS—i— \>78—-(CH2>20 |
Z s
X1 , and

X —S—(CH,),0

Xl
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XIlIwherein R8, R, and Rl are independently at each occurrence a hydrogen
atom a halogen atom a G- CO aliphatic radical, a C - ocycloaliphatic
radi cal , wo280603648€i 0 aromatic radical; L1 and L are inadepasd@sioby2at each
occurrence a divalent G- C o aliphatic radical, a divalent C3- C o

cycl oal i phatic radical, or a divalent C3- C o aromatic radical; QL, @, and

@ are independent| cuysrence; a bond, an oxy atom a carbonyl
group, a E?&:‘hl“béﬁé‘ftuﬁF dglegﬁ'stﬁ?ﬂ ﬁ)%ﬁ 6‘19813?;51%6‘&%' %Béﬁﬂﬁﬁrﬂwmg?oup, a
sul fur at gffygéh &6hERIYM @fo%ﬁbhﬁlcqlaaféblf h s g@fat&@cloahﬂiaﬁelrﬁmeo&@yp, a

selenosulflde group, a sulfoxide group, a sulfone group, a sel enoxi de group
or a sel eﬂ@m@rcgmampradmbr& ns andépendantlyna gﬁch@ccu@enceandh@r@gqmpanoges a

i val ent APBRE Ram AT cop R Caeah o KaaetochEomimang e S s e ©°

curabl e f gy moatatie rra@xtaﬂ“érr 09 43 int¥rerieélndingiodfrom 1idf ungtironakn agegerat e
havi ng a functionali ti;\ﬁOf at |least two conprises a subst ance havi ng a

fornula (Mdudiped &om IASianda bond, an oxygen atom a G - Gio aliphatic.
radical, a C5 - C20 cycloali phatl c radical, or a C3 - C20 aromatic radical;
and "a", "b", and "¢\ ar to 1;
and each R1 mdepengcgntlgt g%&ggh%géggél}g&g]dggm@ég%‘ﬁyﬁg%q%r‘{m @%Hgﬂrae :
acryl oyl IWuEVhavXvd a forrmula (111), Illwherein R2 is i ndependent ly at
each o.ccur.r ence a hydrogen atom a halogen atom a G - aI i phatic
radical, a.C5 - C O cygtloaliphatic radical, or a C3 - OITB.tIC radi cal .

15. The- curabl eRg‘ormJI tion of C & 3, wh N\ sai d rrultl unct |Rcsnal
acrylate | O(CH,),S s@sm{z)zo
R9 R0
XIV ,
fko(cmb @ @smHz)zO/H;(
XV

O : O
R® R®
‘ O(CHZ)ZSeQSeQSe(CHz)ZO
R? R0 ' XV R0 R®

wherein R® , R’ and R'? are independently at each occurrence a hydrogen atom, a
halogen atom, a C;- Cyo aliphatic radical, a C;- Cy¢ cycloaliphatic radical, or a C3- Cy

aromatic radical.
22. A cured composition comprising structural units derived from
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having a functionality of at |east two conprises an oligoneric acrylate
having a fornmula (IV) IV wherein Wis a bond, an oxygen atom a G - GO
al i phat i cwoadesmsbesea C5 - C2 cycl oal i phatic radical, or paT@B3200502024ar onati c

radical; "a" and "b" are each independently greater than or equal to 1; and
each Rl independently at each occurrence is atomor an acryl oyl group
having a formula (I11) 11l wherein Ris independently at each occurrence a

hydrogen atom a halagenatdeastpnamaltifunatiopalcr datgtheving adpeetionalitycf at G o
cycl oal i ppeattitco_radi cal, or a C3 - o aromatic radical. 16. An optical -
article coﬁ’sprl sing a cured acryl ate conposition, said cured conposition
conprising structural units derived from(a) at |east one nultifunctional
acryl ate having a f@)cti atrledst biye mbna@hcybasinohowaerl bad at | east one -
nono-acryl ate nononer; and (c) at |east one heteroatom containing

di acryl ate V\,hereiAnn{ e heteroatomis selected fromthe I%r o% cons%sti.ng of -
sul fur and sel eni un® 17. ATHE@SHANE hftepionyrantainmg FHacky1tls ¥PECH 18 whi ch

i's a di sphayrohiohits séiBeted MOnPIBEIoFRIp @hbibtiLoAGARF Sid@ldnfuns! ai m 17, wherein
said display filmis a brightness enhancing film 19. The optical article

according to claim 16, conprising a display film 20. The optical article
accor di ng23.0 clTh¢ putg, conpesition geqoadingrte oclaisy YRatvdherein said at least one

multifunctional acrylate is selected from the group consisting of alkylene glycol
di(meth)acrylates, . aromatic Bisphenol | di(meth)acrylates, aliphatic  diol
di(meth)acrylates, aromatic bisphénol ethoxylate di(meth)acrylates, cycloaliphatic
diol di(rheth)aérylates, pdlycyélic diol di(meth)acrylates, aliphatic and aromatic
polyol poly(meth)acrylates, aliphatic and aromatic aikylene ether polyol
poly(meth)acrylates, aliphatic urethane di(meth)acrylates; and copolymers and blends

comprising at least one of the foregoing multifunctional acrylates.

24. _Thé cured composition according to claim 22, wherein said at least one mono-
acrylaté is selected from the group consisting of aliphatic ﬁlono (meth)acrylates, aryl
mono (meth)acrylates, cycloaliphatic mono (meth)acrylates, alkylene glycol alkyl
ether mono (meth)acrylates, alkylene glycol-mono (meth)acrylates, alkylene glycol
alkyl ether mono (meth)acrylates, alkylene glycol aryl ether mono (meth)acrylates,
glycol-based and bisphenol-based mono(meth)acrylates, and glycidyl-substituted -

mono (meth)acrylates.

25.  The cured composition according to claim 24, wherein said at least. one -

heteantom-containing diacrylate has formula XIII
) o)

0—L'—Q'—Ar'-Q*—Ar*—Q’—L!'—o0 |
R9 RlO Rl 0 R9

X1

42



conposition has a glass tenperature in a range between about 40 OC and
about 1000C. 21. An optical article conprising a cured acrylate

conposi t iwo,20esai36488ur ed conpositi on conpri sing struct ur acTwskdes/os®ed ved
from(a) at |east one multifunctional acrylate having a fornmula | (b) at

| east. one nono-acryl ate rmnorrer selected fromthe group consisting of
nono- acryl ates Xl apd Xl | and Xl lwherein in structures X and XI, R5 and
R7 ‘are i nadwsesia®nt Ry dh&&r@igéﬁde@?@iﬂnﬂa 4 el ORCHTDAS aah}@ifogen@t@napl phati c

radi cal , Hal en?tlgm 336:1- aé%zilg)@%é I%dfcafj'a 3th?%lc?an§l%at1cQa 1C r&r@ l:%adlac?:: i

Ris i ndepen currenceé a om hal bgen
GO ali phatdnmtrcaddmll, L' an€@3.*-arCirdepsialentdy apb&thlcmcmadloeaal dwa)lrentacgifm Co
aromatlc r di cal; "e' is, a

integer including O from1-4, and "P S an
i nteger- i ABPRACHdisak r‘bﬁ‘w“’fpaﬁt Gan lecSVCIQ?hIﬁ@Sgtra@ﬁ%‘ Wét%rdb‘éiiil @i ni ng
di acryl at GrdbicNAdicar; %91&/33)% iRdepSdentl Vat e oc M}?{?%Fr& ﬁﬁxd’ aRk and RL

are independently at 'e ch occurrence a hydrogen atom ogen atom ‘a Cr
Ci-o al i phakygenr adigad cahofiyd- giOup, aytdnlqaaltblopWagr(mpr adcabénylaory grogps adi o

t di 22. A d t t t |
or et PEHEERan gl Sl WP S P EPER K I il

functi Ona|g¥6u¥> @fseRhoduf@ft grb¥®)a sulfoxide group, a sulfone group, a selenoxide group
o or a selenone group, wherein at least one of Q', Q% and Q° comprises a sulfur atom or
~ a ‘Selenium "atom; and Ar' and Ar® are independently Cs;- Cjg divalent aromatic

- radicals.

'_26._' The cured composition according to claim 25, wherein said at least one

-heteroatom-containing diacrylate diacrylate has a formula X1V, XV, or XVI

R® | ‘
O(CH,),S - S@S(CHz)zO
' R0

R9
XIv ,
O(CH,),S |S| S(CH,),0
O
R9 R0 | . RIO . R9
Xv

o) O
R® : RS
O(CH,),Se @Se@Se(CHz)zo
R’ R0 XV R0 R®
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(b) at |east one nono-acrylate nonomer; and (c) at |east one

het er oat om cont ai ni ng di acryl ate wherein the heteroatomis selected from

t he groupwoanes/sbtisng of sul fur and sel enium 23. The curPred/UsempM3i9R4 ON
according to claim 22, wherein said at |east one nmultifunctional acrylate
is selected fromthe group consisting of al kylene glycol di(neth)acryl ates,
aromati c bi sphenql dj (meth)acrylates, aliphatic diol di(neth)acrylates,
aromat i ¢ bileptie®ol, Rt trok i aare iddgpendentlxcat ydagh escurtapet @alhydsbgeni ajoun; el

di (nmeth)acryl ates. polycyclii i ol..di th) acryl at al.i phat i d -
aromatic 3’8%%'? atﬁf&’ﬁ?vlr}ét‘éﬁ %@%ﬁﬁ%faéiéfal’(aalr{?%hé? ?ygyoa?ﬁaﬁa;ircorﬁ%c?lc oaf %/’Ia‘gﬁe et her
pol yol polydm®ichhdicsly! at es, aliphatic urethane di(neth)acryl ates; and

copol ymers and bl ends conprising at |east one of the foregoing .
mul tifunctional acrylates. 24. The. cured conposition according to claim22,

wherei n s&’d ath FEES EompRSItRORRTpIng sruptural apis detved fi t he gr oup
consisting of aliphatic nono (neth)acrylates, aryl nono (neth)acryl ates,

cycloal i phatic nono (fymet ) RaidnathsifRbéoae RGyRtYIERindd KctiStalgy ofRNO

(et h) acryl ates, al kyl ene glycol nono (neth)acrylates, al kylene glycol

al kyl et hdeasntwog s{idetuififmoctyirat aaylatel dopipsismggtpctote Aryl et her nono

(et h) acryl ates, glycol-based and bi sphenol - based nono(net h)acryl ates, and
gl yci dyl -substituted nono (et The cured conposition
according to claim24, wherein|said ¥ > 5weé het er oat om ¢ont ai ni ng

di acrylate has forrula Xl 11Xl d R10 are|independently - |
at each occurrenceia dr ogenot @
radical, a C3- & cl oat’1 phat|

' OR'

C al i phatic
’ : I

wherein W is a bond, an oxygen atom, a C; — C,q aliphatic radical, a Cs — Cy
cycloaliphatic radiCal, or a C; — Cy aromatic radical; and “a”, “b”, and “g” are each
independently greater than or equal to 1; and each R' independently at each

occurrence is a hydrogen atom or an acryloyl group having a formula (11I),

0

R2
M1

wherein R? is independently at each occurrence a hydrogen atom, a halogen atom, a
C) — Cyp aliphatic radical, a Cs — Cy¢ cycloaliphatic radical, or a C3 — C;jy aromatic

radical;

(b) at least one mono-acrylate monomer selected from the group

consisting of mono-acrylates XI and XII
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aromatic radical; L1 and L are independently at each occurrence a dival ent
C- Co aliphatic radical, a divalent C3- C 0 cycloaliphatic radical, or a
di val ent W@~ 206 Bempomatic radical; Q, Q, and Q are indepasd@sibiy2at each
occurrence a bond, an oxygen atom a carbonyl group, a thiocarbonyl group,
a carbonyl oxy group, an oxycarbonyl group, a sulfur atom a selenium atom
a disulfide group, a diselenide group, a selenosulfide group, a sulfoxide
group,- a sul fone group, a selenoxide group or a sel endthe group, wherein at
| east one of Ql, @, and
Ar 1 and Ar2 are indepgifdent
cured conpositigﬁﬁ? ing t
het er oat om cont al nifg cryl ormul al[XI'V, XV, or XV
XI'V XV:orwherein R8 , e i ndependently at eacll occurrence a
hydrogen atom a halogen atom a G- Co aliphatic radical, a C3- GO
cycl-oaliphatic radical, or a C3- G0 aromatic radical. 27. A cured '
composition conprising structural units d8fived from(a) at |eashdone

mul tifunctional acrylate having a functionality of at |east two, said

mul tifunctional acrylate conprising structure 11 rein Wis a bond, an
oxygen atom a G - Co aliphatic radical, a C5 - 0 cycloaliphatic
radical, or a C3 - C20 aronatic radical; and "a", " " are each

i ndependent |y greater than or ual to 1; and eac
occurrence is a hydrogen at

R®);

XII :
wherein in structures X and XI, R® and R are independentl'y a hydrogen atom, a
halogen atom, a C; — C) aliphatic radical, a C3 — Cjo cycloaliphatic radical, or a C3 —
Cjo aromatic radical; R® is independently at each occurrence a hydrogen atom,

| halogen atom, a C| — Cy aliphatic radical, a C3 — Cq cycloaliphatic radical, or a C; —

Cro aromatic radical; “e” is an integer from l—4,vand “f” is an integer from 1-5; and

. (c)  at least one heteroatom-containing diacrylate having formulae
- XIV, XV, or XVI
. o ‘ o

S S(CH,),0

X1V
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1l wherein R2 is independently at each occurrence a hydrogen atom a

hal ogen atom a G - Co aliphatic radical, a C5 - C 0 cycloaliphatic

radi cal , wo 2806036489C O aronmatic radical; (b) at |east omprerrmd@sB8IYd at e

nmononer sel ected fromthe group consisting of nono-acrylates XI and Xl I Xl

and XIl ; wherein in structures X and XI, R5 and R7 are independently a

hydr ogen .atom a halogen atom a G - GO aliphatic radical, a C- GO

cycloaliphatic radicalj, or a C3 - Cl argonmatic radical; i s independently

at each occurrence a ydr ogen at fom a G - JIC1Qal pphatic

radical, a C3 -~ G thggﬁa i ﬁﬁ?j ¥ 0 tic radical
=47 %nd sj| aN /gé ¥dm 1-5|| an

"e" is an integer flfom
cont ai ni ng 0

| east one het eroat s 3
Xl Weherein R8 g ang!®R10 .are i ndependently at each ocrlirtengé a hydrogen

atom - a hal ogen atom a G- G aliphaghp radical, a C3- GO Cyclo%giphatiC'
radical, or a C3- Co aromatic radical. : ’

0 : 0 .
. R® | - | ‘ R®
‘ O(CH,),Se Se Se(CH,),0 ‘ '
R9 A RIO » XV . Rl:O g R9 : ,

wherein R® , R® and R" are independently at each occurrence a hydrogen atom, a

halogen atom, a C;- Cy aliphatic radical, a C3- C)g cycloaliphatic radical, or a C3- Cjo.

aromatic radical.
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