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In other enbodinents, microstructured filns are described having a

m crostructured surface, wherein the mcrostructures conprise the reaction
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with a surf acdntsomatenﬁndinmtq;sﬁrﬁcngncaiiﬁcdﬁmomgadicmanmairﬁﬂmghaazim boxylic acid
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carboxylic acid end group and a Cs-Cg ester repeat unit or at least one Cg-Ci6 ester unit. In

another embodiment, 90 to 100% wt-% of the surface treatment comprises one or more
compounds comprising a (meth)acrylate end group and the surface treatment is free of

organosilane compounds.

15 In other embodiments, polymerizable resin compositions are described comprising
an organic component and the embodied surface modified inorganic nanoparticles

described herein.

In other embodiments, microstructured films are described having a
microstructured surface, wherein the microstructures comprise the reaction product of a
20 polymerizable resin composition comprising an organic component and at least 10 wt-%
inorganic nanoparticles surface modified with a surface treatment comprising a compound
comprising a carboxylic acid end group and a C;-Cys ester repeat unit or at least one Cs-Ci6

ester unit.

In each of these embodiments, the surface treatment compound preferably

25 comprises a compound having the general formula:

V4
, Or



WO 2010/ 074862PCT/ US2009/ 065352 0 11 O Li - [ L2- Y ]n- Z wherein n
averages from1l.1 to 6; Li is acCl - C8 alkyl, arylalkyl, or aryl
group, opv¥panald7ysegubstituted with one or nore 5oxygen RCOMAS2@9/06335ESt er
group; L2 is a C3 - C8 alkyl, arylalkyl, or aryl group, optionally
substituted with one or nore oxygen atons; Y is 00 *-1L)1-* 0-* *-0 Or;and
Zis an end group conprising a C2 - C8 alkyl, ether, ester, alkoxy,

(met h) acryl at or 10conbi nation thereof. DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS I ght ness enhancing fiil ms generally enhance on-axis | um nance
(referred hé&ein lﬁgs—quighﬁnes§") of —aylighting device. Brightness
enhancing filns can be I4ight transnprssible, mcrostructured filnms. The

m crostructured topography can be a plurality of

wherein
n averages from 1.1 to 6;
L1is a C; - Cg alkyl, arylalkyl, or aryl group, optionally substituted with one or more

5 oxygen atoms or an ester group;

L2 is a C; - Cg alkyl, arylalkyl, or aryl group, optionally substituted with one or more

oxygen atoms;

Y is or ;and

Z is an end group comprising a C, - Cg alkyl, ether, ester, alkoxy, (meth)acrylate, or

10 combination thereof.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Brightness enhancing films generally enhance on-axis luminance (referred herein

15 as “brightness”) of a lighting device. Brightness enhancing films can be light
transmissible, microstructured films. The microstructured topography can be a plurality of
prisms on the film surface such that the films can be used to redirect light through
reflection and refraction. The height of the prisms typically ranges from about 1 to about
75 microns. When used in an optical display such as that found in laptop computers,

20 watches, etc., the microstructured optical film can increase brightness of an optical display
by limiting light escaping from the display to within a pair of planes disposed at desired
angles from a normal axis running through the optical display. As a result, light that
would exit the display outside of the allowable range is reflected back into the display
where a portion of it can be “recycled” and returned back to the microstructured film at an

25 angle that allows it to escape from the display. The recycling is useful because it can

reduce power consumption needed to provide a display with a desired level of brightness.
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not consi dered a portion of the grganic conponent. The wt-% of surface

"organic component" refers to all of the components of the composition except for the
surface modified inorganic nanoparticles. Since the surface treatments are generally

25 adsorbed or otherwise attached to the surface of the inorganic nanoparticles, the surface
treatments are not considered a portion of the organic component. The wt-% of surface
modified inorganic nanoparticles is greater than the concentration of the inorganic
nanoparticles alone. It is typical for the wt-% of surface modified nanoparticles to be
about 20% greater than the wt-% of the inorganic nanoparticles. For example, a

30 composition comprising 40 wt-% of inorganic nanoparticles comprises about 56 wt-%

surface modified inorganic nanoparticles.
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electron miscroscopy (TEM). The nanoparticles can include metal oxides such as, for
example, alumina, zirconia, titania, mixtures thereof, or mixed oxides thereof. Surface
modified colloidal nanoparticles can be substantially fully condensed.

25 Fully condensed nanoparticles (with the exception of silica) typically have a degree
of crystallinity (measured as isolated metal oxide particles) greater than 55%, preferably
greater than 60%, and more preferably greater than 70%. For example, the degree of
crystallinity can range up to about 86% or greater. The degree of crystallinity can be
determined by X-ray diffraction techniques. Condensed crystalline (e.g. zirconia)

30 nanoparticles have a high refractive index whereas amorphous nanoparticles typically

have a lower refractive index.

Zirconia and titania nanoparticles can have a particle size from 5 to 50 nm, or 5 to



30nanoparticles have a high refractive index whereas anorphous
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compared to films that contain only polymerized organic material.

It is surmised that the non-reactive volatile acid (e.g. acetic acid) adsorbed on the
surface of the nanoparticles is displaced by various (e.g. non-volatile) carboxylic acid
25 compounds, as described herein. In addition to the use of surface treatments, the (e.g.
brightness enhancing film) may also be subjected to additional processes steps (e.g. heat
treatment) to reduce the non-reactive volatile acid content. Although, a detectable amount
may be present (0.01 wt-% to 0.1 wt-%), the non-reactive volatile acid content of the
brightness enhancing film is generally less than 5 wt-%. The total amount of non-volatile
30 acid may range up to 50 wt-%, particularly when the non-volatile acid is reactive with the

organic component of the resin and has a sufficiently high refractive index. Typically the



non-vol atile acid content of the surface nodified particles, polynerized
resin, or polynerized structure ranges from1l w-%to 20 w-% The
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nol ecul e) surface treatnents may be represented by the forrmula A-B where
the A group is a 5nonocarboxylic acid group capable of attaching to the
surface of a (e,g. zirconia or titania) nanoparticle, and Bis a

conpat i binonziokyilypeid sontartof dmgriase modifipd magiglesppolymeriggddigsin, or

f“”Cti0”3&ﬂ%£&ﬁm8}9&ﬁ@%ﬁ%@%¥kﬁﬁn?9&9@969&9&3@” be attached to the surface
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with the organic component of the (e.g. brightness enhancing) microstructured optical
article. For example, free radically polymerizable groups such as (meth)acrylate

15 compatibilizing groups can copolymerize with (meth)acrylate functional organic
monomers to generate brightness enhancement articles with good homogeneity.

The (e.g. zirconia) inorganic nanoparticles described herein are surface modified
with a surface treatment comprising a compound comprising a carboxylic acid end group
and a Cs-Cg ester repeat unit or at least one Cs-Cjs ester unit. It has been found that by

20 employing even a small concentration of a compound having a higher molecular weight
ester unit, the optical clarity of the polymerizable resin can be improved. The compound

typically has the general formula:

0
no I
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n
, Or

O

Ll—[ L2— Y ] V4

n

25 wherein



n averages from1l.1 to 6; Li is a Cl - C8 alkyl, arylalkyl, or aryl group,
optionally substituted with one or nore oxygen atons or an ester group;

L2 is a G8O2000@7ad6kyl , aryl al kyl, or aryl group, option&CIyusseasissut ed
with one or nore 5oxygen atons; Y is 00 O-* *-0 O; and Z is an end group
conprising a C2 - C8 alkyl, ether, ester, alkoxy, (nmeth)acrylate, or a
conbi nati on thereof. In sone enbodi nents, L2 conprises a C6-C8
al kyl gr dudveEsgs foavkt #@s 1.5 to 102.5. Z preferably conprises a C2 - C8
al kyl group. Z preferably conprises a (nmeth)acrylate end group.

Surface roldisfi(ar<Codkyr #r3lateyl.cor @arl igsoupt peticielly sebidgtyebuph &R 0BMER: C8 est er

repeat unyj i romreacting a hydroxy pol ycaprol actone such as
%XB&?@&O&@ of &h %Qgﬁggr%wg

a hydroxy ycaprol ac th)acrylate with an aliphatic or aromatic
anhydride. The hydroxy 15pol ycaprol actone conpounds are typically avail able
as a pol yireisiazed @g atkylr &ryhdwil g aayl giradp; optidratn sobstinmtewith @ac oAinoleeast a
poriéon of the nol ecules have a C3-C8 ester repeat unit, i.e. nis at |east
2. wevely8e} #e®St he ni xture al so conprises nol ecul es wherein nis 1, the
average n for the hydroxy pol ycaprol actone conpound m xture nmay be 1.1,

1.2, 1.3, 1.4, orpl.5. In sonegnbodinents, n averages 2.0, 2.1, 2.2, 2.3,

2.4 or 2.5. 20Sui flabl e hydroxy |pol ycaprol act one (neth)acryl ate conpounds
are comrerci al I*y"awail able fr gni s under the trade designation "Penture

12A" and § gom Sar t ondr “undsr G he trage designation "5R495" (reported to
have a nol ecul ar weight of 344 g/nole). Suitable aliphatic anhydrides
include for exanple maleic anhydride, succinic anhydride, suberic
anhydr i deZ isandnglzteurdompatsingdy ¢ oeCs alliyls efrer, estbio aikpent(metiypeylatd, phat i ¢
25anhydri&§m$§ngh?&§&%bly succi ni ¢ anhydri de.

In some embodiments, L2 comprises a C6-C8 alkyl group and n averages 1.5 to

10 2.5. Z preferably comprises a C, - Cg alkyl group. Z preferably comprises a
(meth)acrylate end group.

Surface modifiers comprising a carboxylic acid end group and a Cs-Cg ester repeat
unit can be derived from reacting a hydroxy polycaprolactone such as a hydroxy
polycaprolactone (meth)acrylate with an aliphatic or aromatic anhydride. The hydroxy

15 polycaprolactone compounds are typically available as a polymerized mixture having a
distribution of molecules. At least a portion of the molecules have a C;-Cg ester repeat
unit, i.e. n is at least 2. However, since the mixture also comprises molecules wherein n is
1, the average n for the hydroxy polycaprolactone compound mixture may be 1.1, 1.2, 1.3,
1.4, or 1.5. In some embodiments, n averages 2.0,2.1,2.2,2.3,2.4 or 2.5.

20 Suitable hydroxy polycaprolactone (meth)acrylate compounds are commercially
available from Cognis under the trade designation ‘“Pemcure 12A” and from Sartomer
under the trade designation “SR495” (reported to have a molecular weight of 344 g/mole).

Suitable aliphatic anhydrides include for example maleic anhydride, succinic
anhydride, suberic anhydride, and glutaric anhydride. In some embodiments, the aliphatic

25 anhydride is preferably succinic anhydride.

Aromatic anhydrides have a relatively higher refractive index (e.g. RI of at least

1.50). The inclusion of surface treatment compounds such as those derived from aromatic



Aromatic anhydrides have a relatively higher refractive index (e.g. R of

at least 1.50). The inclusion of surface treatnent conpounds such as those
derived fwornawosski c WO 2010/ 074862PCT/ US2009/ 065352 &amjuseéodmss3san rai se
the refractive index of the overall polynerizable resin composition.
Suitabl e aromati c anhydrides include for exanple phthalic anhydride.

Exenpl ary reaction schenes are depicted as fol |l ows: n =16

The conpcihndiidsssen sissghardimevwsdapderolbibe @vant pghysigsizable rem canrosition. r epeat
unit or . B i i . gﬁﬁg-' ed may be the sole
surface ?%g%?%é%y?ﬁﬁg%ﬁg&%%gﬁ%1%¥Q§Pg%ngﬁ§8%%g% ra i%ﬁgup to about 50 wt-%
of the pol ynerixatplayrestion sdiepes atel depicteddd falddWY:074862PCT/ US2009/ 065352
The inorganic nanoparticles preferably conprise a surface treatnent
conprising a first conpound conprising a nonocarboxylic acid end group and
a C3-C8 ester repeat unit or at |east one C6-Cl6 ester unit, as just
described in conbination with a second conpound. In this enbodi nent the
anount of first conpound is preferably 0.1 to 5 w-% of the 5pol ynerizable
resin in conbination with up to 20 wt-% of the second conpound. The
second surface treatnment preferably conprises,another conmpound conprigjng a
(e.g. non-volatile) nnnocargoxylh%tacid end ¢gff pup and a conp tgbilizi P
group having a reacti ) ‘as a R

copol yneri zes with thes~grgaygi ¢ component face treatoent preferably
conprises a conbination of cenpounds 10enpl oyled i n anmbunts such that the
nanoparticles conprise a mgjor amount of (e.¢?® (meth)acrylate functional)
conpounds that reacts with the organic conponent of the pol ynerizable
resin. The gtoichionetric anount of reactivg conpounds of the surface
treatments Nelative to nop-reactive compoun is typically.at Ieast|%:1 or
2:1 or 3:4=gr 4.1 or 5: I n some Skeferr odh , cN I ric
anount of reactive conppunds 15 of—he su treatnmentsorelative to
non-reacti v& conmpounds isS\at least 6:1 or 7JJ1 or 8:1 or 9:1 or greater. The
surface treatnent can conprise 85 w-%to 190 wt-% of one or nore reactive
conpounds, 8ach having a nonocarboxylic acid end group in conbination with
a (neth)acry e end group. In one enbodiment, the second surface treatnent
is preferablg a (nmeth)acrylate 20functionalized conmpound prepared by the

reaction of an aliphatig or aromatic anhydryide as Q
NEt, o - O\/\OJI\/
+ | o _— l OH 0
ol (0]
e
H
0 i Q
+ <:§ NEt, éf)/\/\/\fd—"O\/\OJj\/
O
— o
(0]
(0] OH
n=1-6

The compound comprising a carboxylic acid end group and Cs-Cg ester repeat unit
or at least one C¢-C) ester unit, as just described may be the sole surface treatment, being

10 employed at a concentration up to about 50 wt-% of the polymerizable resin composition.



previ ously described and a hydroxyl (e.g. C2-C8) al kyl (neth)acrylate.
Exanpl es of surface nodification agents of this type are succinic acid
nono- ( 2- worylogusszy- et hyl ) ester, naleic acid nono- (2- RCTUSYOKIBSEL hyl )
ester, and glutaric acid nono-(2-acryl oyl oxy-ethyl) ester, maleic acid
nono- (4- acryl oyl oxy-butyl) ester, succinic 25acid

nono- (4- acryl oyl oxy-butyl) ester, and glutaric acid o

nono- ( 4- acryl olIcoRYLEpRie PRYonaLtiches Praffedly cQperiise SHIACGIHARCIFONDPINNS/2121465;

i ncor por ' . T i I rfac (N this
type i ncﬁ&gtgm%ﬁ{?g @n% 5)1{311%{#%? gg)gl g%ﬁr%}%lﬁlflagiﬁie%p c%lﬁj %@cac(?% gg;g,g %%Eépgélt}[ngtfgous
mat er i al sorratbastfano @ @k ester writ, g4 juksddscritaaliy domtimation with a second cobipoand.

surface treatnent co unds can_.be prepared fromar tic hydri des.
30Exanpl €8 e@ﬁewn}?&_ MBS L T REVBC SR SR O 29 é&@%@]ﬂt y-ethyl)
est &5 anqyopthdidlable r8Gh th éﬂ?ﬁ‘}lﬁét%n%ﬁh’{éﬁz’i’d W DHEY Y s&DhE ComPBiuf) can be
prepared starting wth WO 2010/ 074862PCT/ US2009/ 065352 pht hal i ¢ anhydri de

as depi ct ed i NThABROOBY suPfadbHeatrnat trefcrabbacinvecs andthareompdinfid ermprssing

bet a- car boxyl et hg/l ﬁ%’é | ate.. I n sorrllé1 gllgbodi ne tsd th flj rst conmpound

conpri si r*?géé-ﬁﬁl?f gl POgarBe YA N PATY HCoRPaBR BRSO EEME ni t or
at | east RARIvEBrdebGuEShed (HethlackyateBRd OXAH thad cSpSPRBI A tWidNth¥bidang second
conmpound conprising a nonocarboxylic acid end group and a non-reactive
conpat i bidompongntgrbapurf®y troatment peaterably comprises agsaprhinatipatofichepounds

conmpat i bi 'miep% N9 952140 4068 t’ﬁ?ttthé %Qr?&@a}’%’lcﬁe@ SRS gank & conponent,
One’ exanpl @ 15 HONOCArboxyfi ¢ dcl @ conpound Conprising a (e g pol yet her

group) waheth)s@ylabd fanétadnlal) cOBusdirth@geacty wah HRYrgMad corfipaicht prrhar
character to the zirconia 10or titania particles. The pol yether tail
conpr i sePoEpatieblsgednf hhe sPAIMAT gRYUH O Feastiee ¢rapqygds plethgsweicsl f or mul a

ol uce, FaTCRGA S SR TRe CabBrd R R bR R ERL o 2ol dal e ™
n- propyl enré:ank sopregpyicenembodimeannthic s@widhoométhie kmofint doodvtivatompeurds R
A pFEF or rbaerBEEE B THsH S BB 35 S CHADPHES HIPYROTar E a1 gy be
repr esented geRekA! Tie R¥REOEAtRchOMNNBndpRika®s di-oftd3100ARe-9d SH&kYor hibre
--X--COO0H wherein 20X is a divalent organic |inking group; x ranges from
about 1- I@actizndompounds, ecach having a monocarboxylic acid end group in combination with a
(meth)acrylate end group.
In one embodiment, the second surface treatment is preferably a (meth)acrylate
20 functionalized compound prepared by the reaction of an aliphatic or aromatic anhydride as
previously described and a hydroxyl (e.g. C,-Cs) alkyl (meth)acrylate.

Examples of surface modification agents of this type are succinic acid mono-(2-
acryloyloxy-ethyl) ester, maleic acid mono-(2-acryloyloxy-ethyl) ester, and glutaric acid
mono-(2-acryloyloxy-ethyl) ester, maleic acid mono-(4-acryloyloxy-butyl) ester, succinic

25 acid mono-(4-acryloyloxy-butyl) ester, and glutaric acid mono-(4-acryloyloxy-butyl) ester.
These species are shown in W0O2008/121465; incorporated herein by reference. Other
aliphatic surface modifiers of this type include mono(meth)acryloxypolyethyleneglycol
succinate, or analogous materials made from maleic or glutaric anhydride.

Other surface treatment compounds can be prepared from aromatic anhydrides.

30 Examples of such molecules are phthalic acid mono-(2-acryloyloxy-ethyl) ester and

phthalic acid mono-(2-acryloyloxy-butyl) ester, which can be prepared starting with



y ranges from about 1-4. Representative exanples of X include --X2 --(CH2)"
-- where X2 is -0-- --S-, --C(0)0--, --C(O)NH- and wherein n ranges from
about 1-3wvo2btxasmgskes of pol yet her carboxylic acids i nclPaaars2009/065352
2-[ 2- (2- et hoxyet hoxy) et hoxy] acetic acid having the chem cal structure CH3
0( CH2CH20) 2CH2COOH (hereafter MEEAA) and 2-(2-met hoxyet hoxy) acetic acid
havi ng the chem cal  structure CH3OCH2CH2OCH2COOH (hereafter NMEAA). MEAA and
MEEAA ar @héshissplydijdeys depigicdin W Q08N 6x1 Aapther nopetiyg sreface W@ﬁeh@

cat al og %f@ﬁﬁoxﬁ%t@ ﬁrlﬁ@d 40, 700- 3, 30respectively. O her surface

nodi fiers conmpatibilizing tails include those generally
prepared by tHe soma(embommﬁnmﬂleaﬁmtmmmpoundmdmﬂmmdgaamioearbmtﬂalalcgdl ade oxi de
WO 2010/ 074862PCT/ 009/ 065352 m)no her Hfix face nodijfi ers of this type

i ncl ude s¥ieW #ida Ghbsh epeat Yt ?Feét @96 SEChY] 1S¢8IPYCdHR ei ¢ acid

nonos 2- (c%n{ﬂ?ﬁatﬁ%ﬁ)@lﬁlt DRt¥d & dulld%%fn flsm %&JOE&I%BJ(}QI@%&E(Q@H(]. group and a

m)no [ 2- (2- net hoxy- et hoxy) -et hese nol ecul es are depicted in
W2008/ 1abaeSactive xbmpetsbibfing gmucpr Byohlenﬂoao}nee higris mearty they theccoagiatlbilicang al so

be 5enpl o h aspect s he first conpound conprising a
rmnocarb%‘ﬁ‘m%‘)eé&oﬁreéﬁtd’"%q@ﬁ r@? &4 ester repeat unit or at |east one
C6- C16 ester umid eﬂaﬁlp‘&m@|aQM&ﬁl)chﬂboﬁﬁf@édi@&étﬁﬁbtwdtcbn@n@ﬁ%ﬁqte kbpdii:@Bér having a
relatively high refractive index (e.g. R is at |ea )

Conpat i blgrmzéwsat@r@nt@ﬂmﬁaﬂg S@%St@facmﬁ@n@nbmlma@upolﬂpghargmwoahe phoh#l at e

gr oups, é/n:ilgl arga%ysl y have a high refractive index and thus the

i nc u3|on o Eh ¢an raise the refractive i ndex of the overall

pol yneri zabl e mmmﬁtﬁdrwﬂ cdaifriies repbitagsdifincliciat bikgxy helidadf Haddig the | ndex
i nclude the inclusion of sulfur or bromne atons into the surface nodi fi er
mol ecul esgenszat fosmslagHPhBratdecisase  gravrsrhaxe theagengral Brodlices By t A reacti on

oo S 13 5 MRS LA LRI G 5
nDno (2- ghepgdme—) et hlyd)t)lbmh‘ea)n thamdf pGbalnatomoaf®R groups may be provided, for
f)%ﬁon RS @aﬁwﬁxé)&l%ih%g%gqpo fEhono or i car bf_—,;‘; e agig, oo
Repr esent at i ves @30 Bdads ¢ W8 cAEEMWicacRS hdvilBLhBR/Mel RaidRhfbe as wel |
represented generally by the following formula:
CH; --[O--(CHy)y ]« --X--COOH
wherein
20 X is a divalent organic linking group;
x ranges from about 1-10; and
y ranges from about 1-4.
Representative examples of X include --X; --(CHy), -- where X; is --O-- --S--, --C(0)O--,
--C(O)NH-- and wherein n ranges from about 1-3.
25 Examples of polyether carboxylic acids include 2-[2-(2-methoxyethoxy)ethoxy]
acetic acid having the chemical structure CH; O(CH,CH, O), CH,COOH (hereafter
MEEAA) and 2-(2-methoxyethoxy) acetic acid having the chemical structure
CH;0OCH,;CH,OCH,COOH (hereafter MEAA). MEAA and MEEAA are commercially
from Aldrich Chemical Co., Milwaukee, Wis. as catalog numbers 40,701-1 and 40,700-3,
30 respectively.
Other surface modifiers with polyether compatibilizing tails include those

generally prepared by the reaction of an aliphatic anhydride and a polyalkylene oxide
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20as various dicarbocylic acids. The dicarboxylic acids are preferably
relatively lowin nolecular weight. The dicarboxylic acid may be |inear or
br anched.wOhewn&7usse! ude for exanple nal eic acid, succi nPCTASR@IOEBEr i C
acid, phthalic acid, and itaconic acid. The surface nodification of the
particles in the colloidal dispersion can be acconplished in a variety of
ways. The process generally involves the mxture of an 25inorganic particle
di spersi dﬁowefhﬁf-sﬁw’lf%‘@én%é?l’ﬁ 9f Hus yge frcdudepesinig acidymonp-Po(ispthery- can be

added at I ht as .f | - =P anol ,

" Sopr opartgi S S Rb s Ao E Rl TR e TR R EFBRAR! gl

1- net hy 1-a2idoyone|1-d-nettexy - Ehexgpethol] vetot. Elane enhentes atddepsaddini | i ty of the
surface i.fyin ents as || as the surface nodified particles. The

mi xt ur e L@%&P?‘@ﬂgb&%hiﬁxa}aﬁ Mo & grora palvelier seowbair ftp 33eht s | s
Squpseqqﬁﬂ&6%xgeacted at roomor an elevated tenperature, with or wthout

m xi ng. The surface nodified particles can then be incorporated into the
curabl e (i.e. Ipotharespez@bihe firstesimposmhpmsprisimgsmonocaalrixylis agdtchdgsupl n a

preferred gspect., sol vent. 2010/ 074862PCT/ US2009/ 065352 exchange

P oeedur datart 3Ry TGS v & LB R I R FARETHBATS | e
sol, fol !V@Mﬁﬁlc&ﬁpitﬁﬁﬂ%é@haﬁﬁ%lh R atiRl e high ek £ive e g (RIf is UBRE: 1V408.
evaporation, thus leaving the particles dispersed in the polynerizable

resin. THeorepedibdizats aontasitiog ovapr Hercaceda! Srohes sidrasehthategroups
distillation, rotary evaporation. or_pven.drying. 1n. another aspect, the
e R e L R A R

sol vent frefrhawedndix Fehy/@rtalEysiiaogebld fongosil@al I0kkr dth@TsAtraiviak Yhe anot her
met hod for incorporating the surface nodified nanoparticles in the

pol yner i Z8Bpeivedadey mﬁv& the dnalyndonyefysuyr o bromancriserns inde thsputfpeq wedifigt o a
powder, followed by the addition of the resin material into which the
particles are dispersed. The drying step in this nethod can be acconplished
by 10convent i dvaiouspathalastibdsedaterial cante sydicedby shickaaon schemexshophe, oven

ool Vher i a3t ORGP iphudioe perupinty prdubc ra promer G reryenfonine.
 Suss i baple g 4] gl RS AT SaB RS ot
[2-(2-methoxy-cthoxy)-ethyl] ester.
In addition, the surface treatment may additionally comprise at least one mono or
dicarboxylic acid. Representative examples include acrylic acid methacrylic acid, as well
20 as various dicarbocylic acids. The dicarboxylic acids are preferably relatively low in
molecular weight. The dicarboxylic acid may be linear or branched. These include for
example maleic acid, succinic acid, suberic acid, phthalic acid, and itaconic acid.
The surface modification of the particles in the colloidal dispersion can be
accomplished in a variety of ways. The process generally involves the mixture of an
25  inorganic particle dispersion with surface modifying agents. Optionally, a co-solvent can be
added at this point, such as for example, 1-methoxy-2-propanol, ethanol, isopropanol,
ethylene glycol, N,N-dimethylacetamide and 1-methyl-2-pyrrolidinone. The co-solvent can
enhance the solubility of the surface modifying agents as well as the surface modified
particles. The mixture comprising the inorganic sol and surface modifying agents is
30  subsequently reacted at room or an elevated temperature, with or without mixing.
The surface modified particles can then be incorporated into the curable (i.c.

polymerizable) resin compositions in various methods. In a preferred aspect, a solvent
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15(e.g. organic) solvent. The concentration of solvent can be determ ned by
known net hods, such as gas chromat ography. Sol vent concentrations of |ess

t han 0.5 WO-2040207¢86pr ef er r ed. The conponents of tRETAISEMI06536DNPonent
are preferably chosen such that the organic conponent has a | ow viscosity.
Typically the viscosity of the organic conponent is substantially |ower
than the organi c conponent of conpositions previously enployed. 20The

vi scosi t yexehangg ereseduiiivuelized sherbyitae resings added ta goousisec madificgsplal 1y | ess
t han 900 800
cpe. 1 essonpued BEEHAREPS] b Ao uhR e BOON iR RRE R Rt Bnb SRR BT
coating tmnmé@sachspeesedmm@qmdyﬂmrzeb]m resin. SkesivhyorhiSomees canclek dca;bmphs‘hhéar rate

up to 1000 sec Smnparallel Iatesumg mc Str
Rheonet erfor @ii‘f“fpi%r“a %lﬁtél a‘ﬂogcliﬁ’éarer%H"r%tE’é‘ %Pﬁ%?h l%ﬁﬁgﬁ%ﬁ?r gsgegt tE‘Fcal ly at
25| east ]sgrf%@mo&"?i'éﬁgwﬂeleﬁ 2 Me é’%tra!c%%%to%ow&@ﬁmﬁfé%ler%[x%n% Whb&el by at

I east 100 cps ypically at | east 0O cps at the coating

t enper at wobvent exchangbhé so dasifedg AlmmNaltyua@the}rmnaﬂa{bd ﬁor rm:ngmsatﬁrgdh«t anbi ent

t enper at ur 5C 80F (82 coati.n atu may be | ess
t han 17or-suff%€‘cyl°3ﬂf 88 Stanafich d&t*ﬁeﬂ% mefﬂ?@ Bl TENR AN RCHeE §T48E ¢ han 140F
(600), | ansditib@parlidREidt®4 pdwd&, fAIRSRAI thdadilidDét tﬁé%}n mdtdAaldh@amhich

conmponent can be a solid or conprise a solid conponent provided that the

rrel ting pbe partickes eieelipsispielhe dblieg @@m@dhwtm@hoci ean)| @s@cmalmshteﬁbycoat i ng
rat ur rganl c. ent C erat ure.
P07 GrsbiagalThEBR oG/ SROGEIRSCRT 2% & tok dhliS o BTAHG of IR 551 e

poI yner i zaping. conposi tion has refractl ve i ndex of at Ieast 1.47, for nost
product applications; whereas the Posln%rrerl zabl e resin conposition of a
turning film rElf figwc eoppamentas well avile rolyamerigyhla sompopationrin greferpplyct i ve

| cast 1. Auoouflg bRy Gkl g HIBT RN RegtRgIhbE" TR, P
1.59, or cbnﬁﬁsnmihha‘{angj/amthanéb\me%cmms%; 3 woto,i2nvet-Udil vg-%haad anepr ¢fi cl es

can have a refracti e|n X as hi ha at . 1.61, 1.62,
1.6% 1.d3¢& arge@c) ?ﬁ%t?on%n 10n, Sallvs@)caﬁﬁaﬁeﬁeﬁawgﬁsy ﬁ% Awe meiqdge’

visibl e | duBinks é&%%drhﬁfbgrﬁplﬁl %l@&ﬁb&@eb&atﬂfn‘é‘fo? [ersﬁﬁran-ﬁl'ﬁew@% M%?Eéf&%& e
conposition is energy curable in time scales preferably Ot han five

mnutes (e.g. The cqn}hnnegtstqwmrgmhanmnp@em ampmdvnahgi czho?ﬁl gvick thewh the

t hi ckness). The r b e.co 0 refera ci ent

rosal i SRR APy SaS TR el i gHlviels, Bssil BE e i ot |
greater tih @{[bsf’a%@allﬂ' foeved klﬁ%&hé 61%B§1bfcb@1 oﬁ&iﬁbﬁécﬁh&sﬁﬁ@@r@%ﬂ%ﬁﬁl@jﬂe

met hods known in the art, such as Differential Scanning Cal orinet rai) DSC)

model at edlTESTcosity ofjthe eiganiveompenen|is lspathys 1800 quseand syryeadlyi lessishan 9
15conposi é Oftp& 9@925%3%? It%%éétﬁ? gorg%onegpﬁggﬁé ?éggkhail r8%ﬁ éa(ilésg "E’ﬂan 700 ¢ nB%’ne nt

polynerlz ion ne ganic co

pr ef er abllyssaRap600s@s, @tlessahan300ecps at the comigf tomptiaairal As bseplh&mih monomer (s)
in conbination with at | east one aromatic (neth)acrylate nononer having two
or nore (\ﬂ@pw}}é_@ma@ﬂr@d éq,t@tpbgar rate up to 1000 sec-1) with 25 iam parallel plates using a

Dynamic Stress Rheometer. Further, the viscosity of the organic component is typically at
25 least 10 cps, more typically at least 50 cps, even more typically at least 100 cps, and most
typically at least 200 cps at the coating temperature.
The coating temperature typically ranges from ambient temperature, (i.e. 25°C) to
180°F (82°C). The coating temperature may be less than 170°F (77°C), less than 160°F
(71°C), less than 150°F (66°C), less than 140°F (60°C), less than 130°F (54°C), or less
30 than 120°F (49°C). The organic component can be a solid or comprise a solid component
provided that the melting point in the polymerizable composition is less than the coating

temperature. The organic component can be a liquid at ambient temperature.
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Monof uncti onal bi phenyl nonomers conprise a term nal biphenyl group
(wherein 20the two phenyl groups are not fused, but joined by a bond) or a
term nal W§YOQROP/CEsERri sing two aromati c groups j oi ned by PaTIUSRG0OMG3§2 oup
(e.g. Q. For exanple, when the linking group is nethane, the term nal
group i s a biphenyl methane group. Alternatively, wherein the |inking group
is -(C(CH3)2-, the termnal group is 4-cunyl phenyl. The nonofuncti onal

bi pheny! nonorBI(ame sMpIept rSs\éelhasSﬁhﬁ@Plém@rlﬁghleﬁ?@maltw%é@fmwed

25group t; f V. I

radi ati onﬂg#hiﬁﬁ%gtfﬁ%?? J|)rorr11§1 p}ég&ﬁ{#jﬁ %ﬁcg%h\gg%g%% 8#’@ gol%orrprl se a

si ngl e ( nehippsicivy bat eurgingudimanayhaglaacfrictoerimddr)adoy bhatl d4g erierpefraAawl ate
functionality pically referred I n. some aspects, the bj hen group

i s joi ned"#% %tjéfff %ﬁ@%ﬁ@pe Pémed)&iwrtrﬁ@atcamgpeaor may be@h@ﬁﬁ) atylate)
group. A SXGIEY Rlsy, MBAOTES 103‘4 113551 upest.g o psony! r.anend agm@ahofe 30The
bi phenyl nono(nmeéth)acryl até or bi phenyl thio(neth)acryl ate

further conposisienandleligg the namorﬁtrtmdemn)haad: kydfragnwpldezpas lighlab ¥.78uks g t ut ed

2. pheny! < 1onho)ethy o ab i w0 15Tk S eimbiRors B | ne uae

a singl exbh@l*éfﬁg‘iﬁ{sﬂeeﬁﬁrh)@%d/{@‘i&ll RFe®Ed. or a combination of two or nore
bi phenyl (et %{@I(’:ryl ate nononers. The total anount of such bi phenyl

mononers i s gerermlymerigableagsposigonts srerayscusighlogn targe Wa-l%pclj@fe lyeswo of t he
or Off! ¢ SRR IR oL £ T RBY Bl BE ARG ihe 835 AP R kn R oBR S, | 5

reater And tror e y no Nan™a
(e.g. | egwlyhairabR dan%luﬁﬁmlﬁrePéra‘tﬁﬁsu@ﬁc%ﬂy bmSﬁmﬁed &i@@dﬂdﬂe@ﬂﬁs the tot aI
anount of bi phenyl nononer(s) ranges from -%to 50 w-% of the organic

conponenttransition tCpErgHEe Bt o BPARaHY gfﬁ‘élt%lﬁ%lf ‘bﬁn@t IT@ﬁ 512‘5%?%‘?‘?@@4 temperature
(e 2cr ok R0RA 1y SRRYAS: BESIOBARSIIFDEN LY iy
2, 3, 4, (BS@, mddulsed DS@or m)lama:ri\zlechamcal Analysis. The polymerizable
15 composition can be polymerized by conventional free radical polymerization methods.
In some embodiments, the organic component preferably comprises one or more
(e.g. monofunctional) biphenyl monomer(s) in combination with at least one aromatic
(meth)acrylate monomer having two or more (meth)acrylate groups.
Monofunctional biphenyl monomers comprise a terminal biphenyl group (wherein
20 the two phenyl groups are not fused, but joined by a bond) or a terminal group comprising
two aromatic groups joined by a linking group (e.g. Q). For example, when the linking
group is methane, the terminal group is a biphenylmethane group. Alternatively, wherein
the linking group is (C(CHzs),-, the terminal group is 4-cumyl phenyl. The
monofunctional biphenyl monomer(s) also comprise a single ethylenically unsaturated
25 group that is preferably polymerizable by exposure to (e.g. UV) radiation. The
monofunctional biphenyl monomer(s) preferably comprise a single (meth)acrylate group
or single thio(meth)acrylate group. Acrylate functionality is typically preferred. In some
aspects, the biphenyl group is joined directly to the ethylenically unsaturated (e.g.
(meth)acrylate) group. An exemplary monomer of this type is 2-phenyl-phenyl acrylate.
30 The biphenyl mono(meth)acrylate or biphenyl thio(meth)acrylate monomer may further
comprise a (e.g. 1 to 5 carbon) alkyl group optionally substituted with one or more

hydroxyl groups. An exemplary species of this type is 2-phenyl-2-phenoxyethyl acrylate.
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L is an al kyl group having 1 to 5 carbon atons (i.e. nethyl, ethyl, propyl,
butyl, or pentyl), optionally substituted with hydroxy. I n
anot her ewbadiomgsgs? t he nonof uncti onal bi phenyl (neth)a®cylise@nnsissner has
20t he general fornul a: wherein RL is Hor CH3; Xis O or S; 25Qis
selected from- (C(CH3)2-, -CH2, -C(0)-, -S(0)-, and -S(0)2-; n ranges
fromO to 10 (e.g. nis 1, 2, 3, 4, 5 6, 7, 8 9, or 10); and Lis
an al kyl groupl I§AVEHEC ompPIENEEAY Bi¢luse sriingls bighem(mgth)acalptgmongmeypr  or

pentyl), .opti V. i j r j.f s that
are conner%#gﬁﬁgkéég?wggfgﬁy%@ﬂyﬁ%ggggégw%%¥eE?%gﬁggg gﬁgﬁ}ﬂﬁnc uge for
exanpl e Zuplhbipyitnyd hempncacis geadrel yasmdedsabd et-dhdérwt-Yie20 nade od2s ivgradt on

"TO 2344", 4+2-phenyl -2-p | ). phenyl acryl ate. avai.l abl e under the trade
desi gnat itBhorerecsemponcnty 5 Bg¥%%¥€H§ﬂuﬂk9€fﬁ%l¥ﬂfxwpﬁﬁlﬂ91%%ﬁnyf%‘@8?m%é% bl e
undes th rEJté}‘jtﬁatg%bvg-%tahQ Phord: 9&%@2&0 g}-&%er'tﬂ&{ dbouPrs @ft-"/ﬂfér.’%?flé’sg it anomal

bi phenyl Te.g. (neth)acryl ate) nofrer s can 10concurrently Talse the
refracti wet-Yonfewt-46, G0het-1n g msaenaconipeimaants,shel tatatprouet ofHeplpmgtessabi l ity of

t he pol yneri zabl e conppsitjon by reducjng. the viscosity. These nononers are
b t | cul APPT GO RGRR0E Thar e Do A e GaniF SSmPgicake or than 25wt - o
concent r at i ONSinGhe EAbEdintcANRIMERIIRTHINDiHASK Il hitid MBAbmETBt h) acryl ate
mononers or oligoners are enployed. 15The organi c conponent preferably
conpr i sesmjtloyedawying the goncaddomyha.cal |y no greater than about 80 wt-% of a
di functional (neth)acryl ate nononer or oligomer. Sui tabl e

di functional urethane (neth)acrylates are commercially avail able from

Sart omrer upee t hetxade desi gnati onsg "@N965", "CNI968", "CNI981", "CN 983",
"CN 984", @ " o @ﬁBTﬂF;L_Lr_ gni s under the trade designation
"Phot onmer 210", n

R1
wherein R1 is H or CH3;
XisOorS;
15 n ranges from 0 to 10 (e.g.nis 1,2,3,4,5,6,7, 8,9, or 10); and

L is an alkyl group having 1 to 5 carbon atoms (i.e. methyl, ethyl, propyl, butyl, or
pentyl), optionally substituted with hydroxy.

In another embodiment, the monofunctional biphenyl (meth)acrylate monomer has

20 the general formula:

2
Il

wherein R1 is H or CH3;
XisOorS;
25 Q is selected from — (C(CHs),-, -CH,, -C(O)-, -S(O)-, and —S(O),-;
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20 "Phot oner 6217", "Photoner 6230", "Photoner 6623", "Photoner 6891", and
"Phot oner 6892"; and from UCB under the trade designations "Ebecryl 1290",
"Ebecryl wOQato/o7a8%@d " Ebecryl 4842". Sui t abl e di f uRCTIUSR@/OpBEY st er
(meth)acrylates are commercially avail able from Sartoner under the trade
designation "CN292"; from Cogni s under the trade designation 25"Phot oner
5010", "Photoner 5429", "Photoner 5430", "Photoner 5432", "Photonmer 5662",
" Phot omer 58061rana%cfr0rpﬁdf>éﬂé¢ £5930% 2. Bl 5§ ¢ JaP UERT dAlErd t he trade

desi gnati ons " r cr I N ry N 4

"Ebecryl 524", Eﬁé‘ée%%ﬂ% técsr&%b%%&ggﬁ Lé}:er I’%@g’?@ﬁ&%r %&D’Blo",
and "Ebeqmmbnaqqmbmnﬁdeaﬁimﬂﬁmmwh)acrylated acrylic oligoners are al so

comrercially ai | abl can 30be pr ared by owin th rt. WO
2010/ 074862PCHOUS2H69) ‘66’5%’5’?1“5 et g B@F%}ﬂg’ ?Vg‘gﬁlg g@&hﬁ%@’l‘)ﬁ?léﬁ? ir&s
conpgi se g, nOHRIddE &k Jx‘dﬂ@ié Pgnﬁéné/ﬁ gg @ %&"yk‘t@é&l%’l@%&& thd@hgconpri ses a

maj or portio having the f structure: wherein each Rl is

i ndependedesigyationd FIsy83445% 4+(€2-plydnyl- Eqmbpﬂ@hmsyl |amdz@:oem‘cbellablley1nﬂl€mild traden or

br om ne. h dent - 2- . -CH2- . -C(0)-, -S, -S(0)-,
"5(0) - G O e BRSNS i b e GO
preferabldés refhtdi3)-1a68r Q is preferably 0. Typically, the Rl groups are

t he sane. Typl cally, the R2 groups are the same as each other well. L is a
| i nki ng group.The melysmlmdémen@l@n@thnabbnb@nyéée & (Bretinedeldted manpmstsrcag2- C12
car Ebn e APl s s g Doy o RSk ohe or
nMor e OXYy(RBcadsabups ofﬁmrﬁoneﬁenzrable o@ﬁfpbgﬁoﬁbgmaiuefngtthkev@&dsyty Theep nay
optionally be substituted with one or nore hydroxyl groups. For exanple L
may be - mewulawdmtﬁgﬁouﬁ when rehsl e G}if‘s gegaker thie 29aKe”0) | n one
enbodi m%nc&ﬁ%tlgﬂ;% (e %rB 9}96 1nd9x ad‘fﬂltn@ﬁcgna?pﬁ éte g#olﬂgm%{sk&fl ar oup
conpri ses no nore on at o no nore car on atons, or
rmre tharohfgonmrstmmmpmysd The di (et h) acryl ate nononer nay be synthesi zed

rchased. used her ei n, or, portion refers to at | east.  60-70 wt -
fﬂe m)nomer e EdH FoTgPqnTat %fﬁ%&hl? eorgw%?é@h%@)wtj -rAnd ey, 1t |s

commnl y g’%@ﬂé&ﬁ&rﬁ&tﬁﬁt Bhak- %Bh@Hlfﬁ&@ﬁhhl‘{ﬂleﬂf)%yﬁesméﬁ&néﬂo?%hgéfrﬁbtca' ly
present as a byproduct of the synthesis of 'such nononers

di (et h) acr yl dfvetabiordofwectiaahutsthany enetbetyldns produmoteradlly available from
Sartomer under the trade designations "CN965", "CN968", "CNI&1", "CN 983", "CN
984", "CN972", and "CN978"; from Cognis under the trade designation "Photomer 6210",

20 "Photomer 6217", "Photomer 6230", "Photomer 6623", "Photomer 6891", and "Photomer
6892"; and from UCB under the trade designations "Ebecryl 1290", "Ebecryl 2001", and
"Ebecryl 4842".

Suitable difunctional polyester (meth)acrylates are commercially available from
Sartomer under the trade designation "CN292"; from Cognis under the trade designation
25 "Photomer 5010", "Photomer 5429", "Photomer 5430", "Photomer 5432", "Photomer
5662", "Photomer 5806", and "Photomer 5920"; and from UCB under the trade
designations "Ebecryl 80", "Ebecryl 81", "Ebecryl 83", "Ebecryl 450", "Ebecryl 524",
"Ebecryl 525", "Ebecryl 585", "Ebecryl 588", "Ebecryl 810", and "Ebecryl 2047".
Suitable (meth)acrylated acrylic oligomers are also commercially available or can

30 be prepared by methods know in the art.
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Tet r abr onobi sphenol A diglycidyl ether and acrylic acid. The first nononer
may be WO 2010/ 074862PCT/ US2009/ 065352 obt ai ned from UCB Cor porati on
Snyrna, GRountar74gcke trade designation "RDX-51027". Thi $CRAISMAbS3EDNPri ses
a major portion of 2-propenoic acid, (1-

met hyl et hyl i dene) bi s[ (2, 6-di brono-4, 1- phenyl ene) oxy( 2- hydr oxy- 3, 1- pr opanedi
yl)] ester. Various (nethéacrylated aromati ¢ epoxy aoligoners are

commer ci al |y akhginoApnerizabiegonpesifpn &y CRBPHyadtt §loatasg d&k‘@%ﬁ’[ﬁ?]c epoxy,

(describ L Ly : T al oner,

Bt on, A ey FREnoAGH TR SRELK AR po @0 HRY R IRl Moo

(Met h) acrsyuatued ar omati ¢ epoxy ol igoner, (described as an epoxy acrylate
oligoner), is available from Sartoner under the trade designation "CN2204".
Further, an (neth)acrylated aromati c epoxy oligoner, (described as an epoxy
novol ak 10Oacryl ate bl ended with 40% t5 i ne | gkpr opane triacrylate), is
avail abl e from Sartoner ungé fnati on "CN112C60". In
sonme enbodi ments, the aronati q epoly ac b i s derived from bi sphenol A,
such as those of the structu [ ]
the aromatic epoxy acrylate§ is g¢erived fron1a|different nononer than

bi sphenol A. 150ne exenpl ary bi sphenol - A ét2hoxyl ated di acryl ate nonomer is
comercially available from Sartomer under the txade designations "SR602"
(reported to have a viseggSity of 610 cps at 20C an® a Tg of 2C). Anot her
exenpl ary bi sphenol - A etlhoxyl ated di acryl ate nonongr isgas comercially
avail able from Sartone Rlthe trade desi gnat g 01" (reported to
have a viscosity of 1880 cljs at 20C and a Tg of 2060q]. The organic
conponent optionally conprilses up to about 50 wt-% (e.g. any anount ranging
fromO to 50) reactive diluents (i.e. other than the nonofunctional

bi phenyl nononer(s). Reactive diluents are nono-ethyl enically unsaturated
nononers such as (neth)acrylates or nononeric N-substituted or

N, N-di substituted 25(neth)acryl am des, especially an acryl am de. These

i ncl ude N-al kyl acryl am des and N, N- di al kyl acryl am des, especially those

taining ClL 4 alkyl . . | Ni l | ami de,

Nt but v g gl R e D e st nEReh B by Raeiai e, - vi ny)

pyri@! i daparcRe oNbrnfiké. BN Dsaa8@hddatl U)@(@%g%@mﬂpy@@)r,ef ractive index
u

greater than 1.50 (e.g. greater than 1.55). ch reactive diluents can be
hal ogenat-&d -8t0non-HEdogendeastl Q &.igdepsodentlydhrionat Edjomarebasimapb &riy hi gh

i ndex opt ofal MRNRRRY, L% &y SriANP TR TRERRAR MR BY L FRLD RS L 2t €

Typically, the R2 groups are the same as each other well. L is a linking group. L may

R
o
c
@
N/
D
n
2.
o
(1)
2
5
o
—
>
1)
=
1)
o
=
>
—
(9]

independently comprise a branched or linear C,-C; alkyl group (i.e. C,, Cs, C4, Cs, Cg, C5,
15 Cs, Co, Cyo, Cy1, or Cy2). The carbon chain of the alkyl group may optionally be
substituted with one or more oxygen groups. Further, the carbon atoms of the alkyl group
may optionally be substituted with one or more hydroxyl groups. For example L may be -
CH,CH(OH)CH,-. Typically, the linking groups are the same. In one embodiment, the
alkyl group is Cyg. In another embodiment, the alkyl group comprises no more than §
20 carbon atoms no more than 6 carbon atoms, or no more than 4 carbon atoms.

The di(meth)acrylate monomer may be synthesized or purchased. As used herein,
major portion refers to at least 60-70 wt-% of the monomer containing the specific
structure(s) just described. It is commonly appreciated that other reaction products are
also typically present as a byproduct of the synthesis of such monomers.

25 The di(meth)acrylate monomer can be the reaction product of

Tetrabromobisphenol A diglycidyl ether and acrylic acid. The first monomer may be
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WO 2010/ 074862PCT/ US2009/ 065352 commerci al ly avail able from Daiichi Kogyo
Sei yaku Co. Ltd (Kyoto, Japan) under the trade designation "BR-31".

Sui t abl e woaeotworésedi | uents i ncl ude for exanpl e phenoxy @CHgUS2009/065352
(meth)acryl ate; phenoxy-2-nethyl ethyl (neth)acrylate; phenoxyet hoxyet hyl
(meth)acryl ate, 3 hydr oxy-2- 5hydr oxypr opyl (rret h) acryl ate; benzyl
(rreth)acr%ﬁate Ith|o ethyl acrylate; 2- naphthylthio ethyl acrylate;

1- napht hydbtaingd fé@rﬁﬂ %&Oppca@t@n §Wﬂ@»ﬁﬁw®ﬁﬁﬁﬁéﬁﬁ1§>@95@%ﬂﬂn BEXDAOE "
2,4-dib t hyl late; 1-
i br Of[gmﬁ%?@ cdrh { 2 agériggh%n%f%wgiaﬁé;?é @thyl acrylate;

napht hyl oxy e acryl ate; phenoxy
2- net hyl ehétyjzlea@hyémblﬁs[(hﬁell'rhmmembpyatyh@ﬂe)(&@z(gﬁhmrexya Iphrepaediy?)] leytdr. oxy

propyl acryl at di br ono- 6- sec-. 10 butyl phen | at
2, 4- di br onp- 6 ‘?@Wg@ﬁ hg%ﬂv ed awtlgte@?xsbgﬁwﬂa St availebler yi at e:
2, 4, 6- trifyQung ﬂ%”@fﬁeﬂ%‘éé ﬁé&roﬁaﬁ@ép%@eﬁ&fﬂe@%h%dﬁg@ge;)og?g 'Eés)SUCh as

pent abr onobenzyl acryl at and pent abr orophenyl acryl at al s
enpl oyed.are avallabféﬁmnbsmh@nm E&tont, RPagrdet ticdrado dosrgnation "6Ng IBprMIIISy

enpl oyed i 10 to 25 a .ronof unct i onal
encttve 4 GRNTeCR0hIMaiittefiironis Sadhlleomi s i REH A EPBPnony
nmonomner ( Skrylate oligoier)) i€ h@4ifa8f florh $@RbmbSuRRe MOMHAE digdieh hracpydat e, and
in particular phénoxyethyl acrylate (PEA). Phenoxyethyl acrylate is

commer ci diurhenpai(ng @rylaf@dﬁrmmeéwtdpahy @m@r@@uﬁd@@:ﬂbﬁé RRign erRpXymenei8kr t orer
und the %ylgtg%le éd glntﬁ '0(% tr1rn Igy:lzfngfo Oﬂa%n&ﬁatei_ 18 avaﬁ%l%gromffa é%; under

the tradé eS|gna on odgosei under the
trade desingsi@tht @adé J&Qxﬁﬁ@ﬁ ”ClBeméo"acryl ate is commercially available from
Al f aAeser Corp, Ward HI], MA The organi ¢, conponent optionally
conprise a cr d§§9mﬁtemb0thﬁ%ant8c8mr?@@tsc %XV@@@M? ﬁr@@"?%ﬁ’ﬁb@ﬁ%ﬂ%ﬁ» gr oups.
In some y

compost t 1 aar FTEa e LA oY e I Sl Bl R e

250f cr ospbky kirpytageddrivied fromt agrfMetrelmdnbamr dhabispABnoMA.% The crossli nking

age may be present ny, a n m about 5 w -% and, about 15
it ré%%n@#&sg ”ﬁ?thgx 3% %ﬂiaeryi%ﬁﬁwﬁgwﬁr @&ﬁm@é@g‘ﬁr ess than
5 Wt - % Cra%ﬂﬂlé‘ﬁ%ﬁl Qrtonier IHASHROEAR de&gﬁéﬁﬁls@fSRGO?S(%ﬂo%@’fo have a I'n
sone enbodi nments, it is preferred that the polynerizable resin conposition
is 305ub5\t1m0tsut§ad>ﬂ QIIOpreet 20°Ceandgolg af 27 () e geothvanxcmmpieryBisppenddrdmi ne. 1 n
total amount of brom ne.in nat i on h chl orine

?ts hleésgn?eﬁlg%nﬁatﬁ d13/:ryﬁlﬁe pgpemer is as commercially available fom thgartornelr under he
trade designation "SR601" (reported to have a viscosity of 1080 cps at 20°C and a Tg of
20 60°C).

The organic component optionally comprises up to about 50 wt-% (e.g. any
amount ranging from 0 to 50) reactive diluents (i.c. other than the monofunctional
biphenyl monomer(s). Reactive diluents are mono-ethylenically unsaturated monomers
such as (meth)acrylates or monomeric N-substituted or N,N-disubstituted

25 (meth)acrylamides, especially an acrylamide. These include N-alkylacrylamides and N,N-
dialkylacrylamides, especially those containing C,.4 alkyl groups. Examples are N-
isopropylacrylamide, N-t-butylacrylamide, N,N-dimethylacrylamide, N,N-
diethylacrylamide, N-vinyl pyrrolidone and N-vinyl caprolactam.

Diluents can have a refractive index greater than 1.50 (e.g. greater than 1.55).

30 Such reactive diluents can be halogenated or non-halogenated (e.g. non-brominated). One

exemplary high index optional monomer is 2,4,6-tribromophenoxyethyl (meth)acrylate
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aspects, the polynerizable resin conposition is substantially

non- hal ogenated (i.e. contains less than 1 wt-%total of brom ne, chlorine,
fl uori ne wOQ0icdUssR) . The WV curabl e pol yneri zabl @Ceraspa@giosizens
conprise at | east one photoinitiator. A single photoinitiator or blends

t hereof may be enpl oyed in the brightness enhancenent 5filmof the
invention. In general the photoinitiator(s) are at |east partially soluble

(e.g. at oRENGEighrgwilglefsmaschitosr Sohakn s hid Gaote JarmaHpdeths

colorles gpRotpmeri zed. The photoinitiator nmay be (e.g. yellow)
col ored, S[par%fg%%%‘gﬁt ﬁatBkt % photoinitiator is rendered substantially

colorless aft eSunekl;a@saunee tiﬂu&dftelnbMdb f@txasplerphenogusth@lirettpioylateni ti at or s

s |'abl RS SPR Lkl ERouney RS oRies SHBRGIN (Mabbee hach-pagon 2 'Y
2,4 tri I inLabl e from
oASE ( Chi L pRATE ?%%’32*?‘%?@%22@%@?%%% ?I%W%E%l a2

et hy1- 2, sa@hthylthioettyy hbghieo i Hpipbtiny [thiotetisp hcryéte,2 éhﬁglobrommphmoixaleﬂwl
avallablefro A und t he deds natl uc and bis
(24, et PR ﬁ@h o hsaan s R aRn e Plebu R aoto il Rl Favar | abl e
from G baaph@girY a@@b%aﬁﬁéﬁ?tox&féﬁlyﬂ h&SRt BREBRFL@Bthy Ik ARG RitB19" .
O her swtablepotoml iators include

2- hydr oxypheneretcHipiky athplasrigtator irph@imy@nlevdr@wmpﬁh aamlgztea?ué1dlﬁabme -6-3asm Gi ba

| [ 1
SPRE0 2 RS By MRS S di Do RIS HRRY R e R ach M pBRe 1 27

under t h ectylade2,d 6Sthgfb@idp(h6§yl aaq.m@ uOthka 6fyh, refréldt@%@ﬁtfe@ rﬁ(ﬁibmers?ﬁl'ch agacure
1800", "lrgacure 369", "lrgacure 1700", and "lrgacure 907" The
phot oi ni thcBtaForeehsnpY agevduc ard endaleraaphcay| sivlale capalie b cmpieyedbout 10

ht tp
condent rati on o aane GLER A e bRRRRARL BRI g b yNa B e faton
gener al | ywith &aglwand afeais of momﬁumcftmmhlereac&ﬁﬂeﬂﬂuynt(so heaug e lywedr roftactive

di scoloration of the brightness enhancing film Oher photoinitiators and
25pﬁ§t oi AP{Sxhh t @PEH“%RW%Y@S}/ be enpl oyed as may be deternined by one

of ordinary ski blefided diRicAf & henoxyeth%'{nﬁe@l@%@tﬁa%e %H&'ih ﬁénédlwﬂaﬁweagﬁ ants

and silicone based surfactants can optionally bé included in
pol yner i zahilage éblﬁzpbs?hanomyqthylme@datelswnmelaﬂﬁa'sallah e fmmnwethmatom ng, allow

snoot her coati.n nd.f ewer, def ec e, coat i ng, tical |ayer
can_di r econe e TR hetE Py Rori SRRy R e e base
layer, anthed@ballt®. 0fd. andérZRe trédtoRigARGor THiSHE 930'8ah@WoROTéRs@td. ¢l | ayer
to direct or concentrate the flow of light. The optical |ayer can have a

st r 2t ur edder theiredeodesignation EQ-1 106 2BaybFuse ZRETPUBZOGY 0888 c S9nt ace

t hat can v f of useful patterns such as described and
shown in%?aé.?%%[%%%t “%6%;‘?3% 463. The micro-structured surface can be a
plurality of petealrislic tengodettinB@bptidradgesostiendirogsliakomn@atecongphgédator wi dt h

of the film These ridges can be fornmed froma plurality of prism apexes.
These apdsasttheem(nmghasatate giogpndadonie embedinagéy crosslinker may be present in the

polymerizable composition in an amount of at least about 2 wt-%. Typically, the amount
25 of crosslinking agent is not greater than about 25 wt-%. The crosslinking agent may be
present in any amount ranging from about 5 wt-% and about 15 wt-%.
In some embodiments, the organic component comprises less than 5 wt-%
crosslinker or is substantially free of crosslinker.
In some embodiments, it is preferred that the polymerizable resin composition is
30 substantially free (i.e. contain less than 1 wt-%) of bromine. In other embodiments, the

total amount of bromine in combination with chlorine is less than 1 wt-%. In some

18



50r truncated. For exanple, the ridges can be rounded to a radius in a
range of 4 to 7 to 15 mcroneters. These include regular or

i rregul arwprosvaisee patterns can be an annul ar pri snati CPAISL@9M065382
cube-corner pattern or any other lenticular mcrostructure. A useful
mcrostructure is a regular prismatic pattern that can act as a totally
internal reflecting film 10 for use as a brightness enhancenent film

Anot her ASBECE thﬁm& @Wé&e&ﬁ@n|09m90%91h@rsubﬁmélaﬂymgﬁé@@logerpfaﬂ @€n that can
act as a GALEAILEIECT LAY, B BrorfheIBR i Ofiudifift A% ibgihbecting il m
Anot her use mocrostructure is a I’ISITB.tIC pattern can act as an
opti cal el emeriEhefloV cusabld pmlmemﬂolea&lmpd;sﬁmhayomﬁmtalﬂmasummfphbtommator

nlcrostructur is a rIS tIC 9] tte at ¢ ct . a turnlng
filmor &F&Rg Php&m %f@r PhblgpdsiBeteg aﬁa %ﬁlina@ye@ %HEQ é%ncegﬁﬁmbe of a

nat u e ang fOMRORIVEARM. Slﬁi%ﬁ:ﬁé}hlethf: BotHﬁﬁhdt&é réré)ﬂtlbééﬁ ar851 é{ﬁﬁble (c.8-at @

product designed to contr ow of mat erial can be
used as ethcbals)eesmtgeﬁmad:raalse dothg rexen ))tahé smmtmlakhj/ colsrlssufafuetb@mgl y optically

2 part cdebimg et i Broistd SRRt el e faRT RO st B ue: “has

suffici ef}ihofcﬁ&h&tb@[&%nde@ed ﬁiﬁi@ﬁﬁ@élgfd%kﬁr[@s argpbhiad to2BP eV REHTRBGER: Of t he
optical product is not conproni sed over tine. The particul ar

cheri cal = conpdBiiteblgphatednitistorsidnelyde monedss thasphineeedd and leywysnhmq cal
pr Of(th Ca'?dede@ 191 r%{]alt gaealrla?oh ulltn[)gggr %@Tcallflpho n% 1?%6)%1'(1@ 1(1:]06%0 R&o g?nchp OdUCt

that i s belng cons ruc € ne or S

clarity, Z4pamethylt@nz@disHcanpRosphiiclxid, esamgicial gaivel£e oimBARE optl cal
| ayer, anpng others. 25Useful base materials_include, for exanple,

st yr ene- d&hyulefts, NGO uaderdthe fradodesisnaonileiayin TPAf ethdel 4.0t ose acet at e
propi Onattﬁmeﬁﬁ}lﬂ Fkﬁﬁ@*ﬁﬂ"g @?O%Bﬁ%%e 294 é’cﬁﬁﬁ?{maﬁl& o Qifble H&ln]yfﬁélb‘ﬁ*]dert e

nmet hacryl ate, yester yca bonat e, yvinyl chlori de,
pol yst yr erwelg dpmgtyaeiohyLeaanﬁmLh,adndttﬁs (ZQZQ@mﬂlmamyH)eMOylb)l eredsglphagdcheon

nap halene dlcarbox lic d p - ol.efi.ng, i mdes, .and. Iass
H)nal |Qx1de qoanmpereiel] %&Y%‘ﬁ’n%!-ﬂ froy 8 {%%% a(ityéémnaeeaﬁf» a@d%a hectaq?ﬁ dasiens]

these mat: %rgaalré mn @melemagrer&efomlmsrsnﬁaﬁd@mw%xml fabthyl-RpRERH- OF rray

contain a dispersed conmponent suspended or dispérsed in a contlnuous phase.

WO 2010/ Q74362 P0I¢, dSaogediabbaelable from Edra &mmltmﬁﬁlﬁmmalqmﬂdu&mﬁaéach as
uch as, for.

m crostru ur e be UCtS exa

Chhn e o Ehtiqne Basg B 2EHEH T Pl & Dol M R Bpagrel PR IRER from

pol yet hyl@&Bg shediaBht Rahidhls uh B the @it RAUMSRIRODERur %Wﬁ"lﬁgﬁcﬁ&fe g3sef ul PET
films include photograde pol yethyl ene terephthal ate and EXTM PET

ava?( abl eTigeenr 3 BRPonkreaeuradd90f "liserwicrdon andelrgacure 907" Some base material s
can be opti cal,}f-lye p%%lgn 1‘?121&9?9% &%e&%ﬁ@énc@&raﬁ qu @i‘)tfs{o a%l ﬁt 1\ Diggper of

bases, also referre n as nown i°n t he

opti cal ettt Mard preRrdby, usephdtoiaBiapeliguidcdiang c@fedeﬁwratains()f aboltay.$ @at i on of
light through a film can be acconplished, for exanple, Dby the inclusion of
di chroic ﬁb@ptaﬁ Ve SGrqqteétlfaierﬂvm1érgp1aqraltl§h@{sadvantageous in view of the tendency

to cause yellow discoloration of the brightness enhancing film. Other photoinitiators and
25 photoinitiator may also suitably be employed as may be determined by one of ordinary
skill in the art.

Surfactants such as fluorosurfactants and silicone based surfactants can optionally
be included in the polymerizable composition to reduce surface tension, improve wetting,
allow smoother coating and fewer defects of the coating, etc.

30 The optical layer can directly contact the base layer or be optically aligned to the
base layer, and can be of a size, shape and thickness allowing the optical layer to direct or

concentrate the flow of light. The optical layer can have a structured or micro-structured
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10sel ectively absorbs passing light. Light polarization can al so be

achi eved by including inorganic materials such as aligned mca chips or by
a di scontwourouwa7gdease di spersed within a continuous fil RCTASeIIM6S342 opl et s
of light nodulating liquid crystals dispersed within a continuous film As
an alternative, a filmcan be prepared frommcrofine |ayers of different

materials. The polarizing materials within the filmcan _be aligned into a

15pol ar i AUHECOhREInARY DALY Plor nusmbaref usefEpatas syshiy destrifsd gnd shawmin
h
fte{:ﬁtnfqhgg st Pﬁeﬁt'rhcgy FRRe! e %Fl%t Mu%tu?éqf Hﬁﬁ@@kérﬂf d@hgaamsgﬁgarg@eqt ing

npl es polarizin ITms I'nclu escribed in
U S. Pat loﬁ@mdirﬁtl ﬂﬂ@es&b&ﬂ:n&n@ dorgABleA Nt or"ﬁhahmmaﬁlm HEsse pidg@rdanée filnms in

conblnatlon @?ss enhanc%@Fnt filmh sf?een de |b d in US.
Pat. No. (B r%@éip% sE PSR BREFp | 118 2RS¥ Fofar e fquln attened e

useds as g, R@9Eatad. eF&ﬂB%ﬁﬁPfe' s (%E§ Ednl Muﬁ&ong radd §§ in Mn%esoﬁﬁ% 77‘1)415 Films

avai | abl e commer ci al | ayer filns sold under the trade
desi gnat irowrdDBESS DuaI Bri ght ness Enhancenent Fl I r’r) from 3M The use of
such mul til aye;r'FB filmin a ness enhgancerrent film

‘gsolarl(%l glotlcal1 \ g |

has been descr i Bed WP R A5PTERE! 1&3?@ THE T EhIET STPRBAYt h and
el ongat i giattedNa BEbd&Sth&DabEmUrAh{H StHeP 1NSINhENRBstetuus | AGiséie speci fied
test specinmen preparation and testing paraneters described in

W2008/ 12148Birugiyee lpelrszgvéan Prablatic patédrn theo apoasit es o fgalbuintea] eclesting §émi n

making t ol S htn filmd crlbed
her e(lpn hg(élégsée éns |gl%l ?neé *lfnél lr%ﬁ%ef%"e%% Bl 7 eé\Eo{h’}g eas]ios%égre g0 a,
MPa, 40 MrPRma#b pMRan tioit cﬁDad’t/Eaa rekierefletsid ielnsbxreﬂﬂgéxh fatudd raeaéﬂetcm@g fifh | y

does not exceed about 200 MPa, In_sone enbodjnents, the tensile strength is
at | east Ampthsaseful mecrameicturn is apsismsicinaiemdhat&an actesap ogtical slsmeat £ have

an el on / t,. 1. 75%
or oo prse BaPbpucliistiy RRIAGAIIAN iakrudte 12 pHERRY: Mol upfaghel o
4.5% 5%asanopgic uﬂ%ngﬁilﬁf’/ﬁr cler&fit for. B%4n a of@9al dikeael ongation is typically
| ess_t han 20% s, sone enbaqdi nents reater than.15% . The

pol Vireri zabl e f’@gaa'ﬁe @éﬁﬁ‘p‘@%‘ ﬁ'élat%%ﬁ?qr&%\?a Salt%gﬁ%& US¢ Had} entisal

tenper at Wi§qirg, -IIQ) a Blodatt de@%ﬁ@d ontrélife M (ﬁﬁ%ht Tﬁlﬁnd)ﬁ' ﬁﬁ&’ﬁfa%apéantﬂ%e

surface nodifi'ed nanoparticles can raise the t he pol yneri zabl e reS|n
conposi t msnd asThbisse mdteriad ag bmigas dcfmp@tneaitls slafﬁci@aﬂ}e oatldaiimteaﬂ'gnd bkan the (i.

AT RN R B FENC R R
least 1 X\ bR MitedlQuh be Ohosch BRY hil duffiGbmdediftendeb YoiRyorzak! B da8Righthat
compgst t Ip%?g)rrrdlsrfc% rolf l‘é)heedoprtll(zarllepl1r(r)]ductt ?senort ggr?li)lgoln?lged over time.

The particular chemical composition and thickness of the base material for any
optical product can depend on the requirements of the particular optical product that is
being constructed. That is, balancing the needs for strength, clarity, temperature
resistance, surface energy, adherence to the optical layer, among others.

25 Useful base materials include, for example, styrene-acrylonitrile, cellulose acetate
butyrate, cellulose acetate propionate, cellulose triacetate, polyether sulfone, polymethyl
methacrylate, polyurethane, polyester, polycarbonate, polyvinyl chloride, polystyrene,
polyethylene naphthalate, copolymers or blends based on naphthalene dicarboxylic acids,
polycyclo-olefins, polyimides, and glass. Optionally, the base material can contain

30 mixtures or combinations of these materials. In an embodiment, the base may be multi-

layered or may contain a dispersed component suspended or dispersed in a continuous

phase.
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bri ght ness enhancing filmcan exhibit crack resistance as neasured
according to a cylindrical mandrel bend test |1SO 1519: 2002(E). Dependi ng on
t he thi ckwies810af7486he base substrate, the nmandrel size t®@Craiskemwmesss2ze. the
mandrel size that results in cracking of the polynerized structures of the
bri ght ness enhancing) is less than 6 nm 5 mm or 4 mm In 15sone

enbodi nents, no cracking is evident with a mandrel size of 3 mMmmar 2 mm

An equi val ent Hoiispmagptiesh arasiuc spchhisapiseastryeturn- ering predustvielyasa {g3r ef or ned

base fil [ en 2 -
urf ace caiap” b gHENS bl SRR R K SRR e OB Al St

W02008/ 13biathyl&eRorcphthelateaPEG)Wangpalgfdrbathtd. @xmpletsmfmefdbPEﬁlfﬂmmns shal |
be applied, unless a. di ffe ent def on o he

ol sewher dnsIdg Phalogadepgt yehy F%tempbﬁ@ﬁaa%%ﬁ}\éﬁgﬁﬁ% 1Py aﬁ@ﬁ%?ﬁ%s def i ned
and expl ahngght FimYoPWikaketdODeR, 576, 850. Thus, it means the configuration

of a surface that depicts or characterizes the 25predeterm ned desired
utilitarian puliquostssomatamisdaopeoptitdlly @tive.cing chiavitng polezmg ondgialuchur e.

Di sconti nui ti es uch tjons a i ndentations jn the urfac of said
T ory! WTbeER0 PR o R Bh e RAPREaf Titat ROSPAGLL Bie it RBSOMRET Py ouah
the m cr gsbdute b k&bS Hlhultal pblatib g Thiitdls. t PSardiagios o€ TRkARRHgR Y f’qﬂﬂe;aﬁ yeface
profl | e above the center line is equal to the sumof the areas bel ow the

| ine, sai a@0¢mnleshbéx| fnge@s@émthyathep incBejparadidichroi¢ polariecrh o Ak matgrfahthat

(befd ![ Sglstg% IVGI% %I’ ucasé_‘i 1 Q[f &Qﬁ Ltfllzgl i ca%agslpl’bela,%ﬁleve f ISII% %'(Pdgg;I ZE}I ons
opti cal Qﬁo@hﬁ@&ﬂmlam mCﬁagalm@edtrﬂawulgbs &Bﬁﬁﬂﬁé@ﬂh@bﬂé@a@@&l@p&ﬁéﬂrl stic

| ength of the WD 2010/.074862PCT/ US2009/ 065352 surf.ace, 63 1-30 cm Said
average cWftiap cpitiioys flmesush andtopiesneldisdt mogdnlpang liguigiserstads ¢ispesthi nat i ons
t her eof I ai f +/ -

0. 005+ -ty 8 sBRlefk Buath gNEAYRES Mol MbPEHRIM pcrne AR 1 o
infr equerﬁf dofifcramtrrharedial @C Thir pcﬂmmang maeerialstwighis tiid laecansbef al gacdint@ay

signifi can di.scontinui t] are thos where the 5microstructure-bearing
st Phce TR Rt {5 Strahle, b ERBOE et P 2 SGgtehingBF Bl bei ng

useful , fopePAR e o@ﬁlagﬁ&&'fﬁa‘ld&na&%daﬁﬁ% te%hﬁq&a;sts or elenents with a
preci sion optical Interface, such as ophthal mc |enses. Articles where said

devi ati ons ar éxamplowpoteringfdmsfindludsthesttdesathedriehe Randlesdé,82h642 havi ng
anti-refle struc Articles where.said deviations are of

A1 gh- or deina 561t 1207 35 g SF 5 mefiizef RS MiSEPiREoN i 4 BBy Bt abl e 1o
m cr OStr%hbﬁc%nﬁﬁOﬂlMﬁdsﬂ;&eﬁd@Jcﬁb@d 1nt1y SoPatuNol 61 a1, b9¢ di scontinuities which
are the sane or different and sgace apart or ‘cont i guous in a random or

or d& ed mannerA sepoad grample @6 a palenziag et therean be ppidas aﬁ:rasg aigtthesedHest i ng,
m crostr UELYs q%g uj;f%l éjﬁ)a &ds 8r8?”r77r4’[D lFﬂFrﬂ%h??a%tl? ?or[?m?{c?ai?g %rrﬁdlﬁfaplétj b S)

| i near Fresnel lenses, 'vidéo

bri ght nesting mhlalnmdelgthé itati® desIgtatioh OBER (il Bh@hﬂﬁ@@rEﬂ]@n&ménaEﬂm() &OnLo nt al n
15utilitarian discontinuities of both said | ow and high orders. The

mi cr ost r o uAd 8¢ Besaeh s,q@h multilayer polarizing optical film in a brightness enhancement film
has been described in U.S. Pat. No. 5,828,488.

25 The tensile strength and elongation can be tested according to ASTM D 882-02

using the specified test specimen preparation and testing parameters described in

WO02008/121465.

The polymerizable resin compositions suitable for use in making the polymerized structure

of a brightness enhancing film described herein have a tensile strength at break of at least
30 25 MPa, 30 MPa, 35 MPa, 40 MPa, 45 MPa, or 50 MPa. The tensile strength at break

typically does not exceed about 200 MPa. In some embodiments, the tensile strength is at

least 55 MPa or 60 MPa. The polymerizable resin compositions also have an elongation at
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surface may contain extraneous or non-utilitarian discontinuities so |ong
as the anounts or types thereof do not significantly interfere with or
adver sel ywafbwat748ke predeterm ned desired utilities of PERIUS2@0065EsS.
20" 1 ndex of refraction,”™ or "refractive index," refers to the absolute
refractive index of a material (e.g., a nononmer) that is understood to be
the ratio of the speed of electromagnetic radiation in free space to the

speed of Break Qfé‘ﬂieéﬁﬁ lof % /T EHatInsame cpgedinggmgs, ﬂ@feﬂ(&t&atlvlélsl%é?éﬁt Zan bos

measur ed ngp, Kk r-atd y S h and
Lonb Ref r%?@o%fggwé%}%ﬁgﬂ @%21%5%09%3)87%/50 %Iregﬁ/éelrl:}tL QIOH ét?%é?f'ﬁ%gﬁ?hat t he
25rreasurdebsltmiez()%hnaigfsbmtdndmdmtym greaterﬂrarreseéxtent depend| ng on the

i nstrunment. " (l\eth)acr refers.to both yl at and net hacryl at e
conpounds. M% ry%f’lt’?\r@%’éﬁ%a?stl‘i“&ﬂsé%plc? g’f&iﬂé{ﬂ S HAPBHOP e DTEAHC

par t4 cl es(Tg PO &Nt PRCL @l esr 530835094868 MAE LK PifibFh ﬂf‘l‘cfeQ a
di anet er ss than abolut 100 nm WD 2010/ 074862PCT/ US2009/ 065352 "Surf ace

nmodi fi ed wolrdisd ‘dhaITgrtafmhmmlymcﬂlmblerEﬂmrcsmposmamoﬁhm thel cmgamaocbmmtteht @n

nodi fi ed surf at .t he nanoparticles |de st abl e di sper si on.
"Stabl e ohagﬁé %W?f gt?%“ H]é’f(f ﬁé’&nﬂ%afféﬁﬁ Caléta%’{“%ﬁ) B’P% FgACIF ﬁe%f%ﬂpctsﬁg)

col | oi da'TH&Q{}Q%Mt'eﬁﬂ1@%&ﬂﬂusrlﬁtth@-ﬁ&£7@1€ﬁfébq@re§ﬁltc%hlp%§1ﬁBﬁIhﬂgplfcﬁ?lfly @ 1pgei od of
time, such as about 24 hours, under ambient conditions - e.g. Toom

t enper at ur ¥ 1@a@idibput22§1@2 C.), atnospheric pressure, and no extrene
| t f
el efg romgnet e, (0% 685 AAMFIRL I in LEAGERIAS AAPLEPRG FRRTLANNRD

bet ween pri mar par

The br eakgiphhes$ erﬁ;@@élﬁgﬁlrﬁ%am eﬂﬁbls oAk Ed’msﬂﬁhl’cé a@inessutai atcbidigbta t o achi eve.
" Aggl oner atl on refers ssqci ation between %I‘I mary particles which

ny be helylipdied H@fld@yb@}ﬁiatﬁﬁésgrl%% PAP3(EY. Beperelang aethp tkieiesuehifc Phico
Sma‘! ler & Bét%a.'t@%he r}én rﬁréli@t@faﬂﬂ% 1I & hfe Iﬁ%&ﬁel sfz%ftﬁa{ﬁestuﬂs litpgraépﬁﬁ@ofjfhgmat er of

a single (non-dggregate, non-agglonerate) part e recitation
of nuner ippymerared agudiyres pfltheibnightncscdnhdesng)l ik lassithae r63nmuﬁmmmﬂ Anntohiln

20t hat range : 1 to5includes . 1, 1.5 2, 2 75, 804and5)As
usetPin oA %ﬁv@g}m%%flp&wc g 1t ﬁ‘@d%a@%ﬂeﬂlae@ralwofs g ghr forms "a,
"an”, and "thei, bnalds fmlﬁg #anbiRl %r%tn%swér&%a RS heARE 8 PrefGInfal Ba¥e

di ctates otherw se. Thus, for exanple, reference to a conposition

cont ai ni fgnt'af Chﬁmpouhdfknesaeﬂ Ipdedviag Hioaquatgonofor DAGhen & st cquals 0.025.

Hence, D = 1000(T/0.025-T) as described in WO2008/121465.

20 For the following defined terms, these definitions shall be applied, unless a

different definition is given in the claims or elsewhere in this specification.

"Microstructure" is used herein as defined and explained in U.S. Pat. No. 4,576,850.
Thus, it means the configuration of a surface that depicts or characterizes the

25 predetermined desired utilitarian purpose or function of the article having the
microstructure. Discontinuities such as projections and indentations in the surface of said
article will deviate in profile from the average center line drawn through the
microstructure such that the sum of the areas embraced by the surface profile above the
center line is equal to the sum of the areas below the line, said line being essentially

30 parallel to the nominal surface (bearing the microstructure) of the article. The heights of
said deviations will typically be about +/- 0.005 to +/- 750 microns, as measured by an

optical or electron microscope, through a representative characteristic length of the
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250r nore conpounds. As used in this specification and the appended cl ai s,
the term"or" is generally enployed in its sense including "and/or" unless
t he cont ew0D 201044869 di ct at es ot herw se. Unl ess ot hePairds2000633at ed, al |
nunbers expressing quantities of ingredients, neasurenent 30of properties
and so forth used in the specification and clains are to be understood as
being nodified in all instances by the term "about. WO

2010/ 074860PCTLESIoHDFDE3ES 2veraee Gonkss SRE CHhDGHEND FOBHEE! NNSY ABRICESI9Si der ed
limted tgm{b%uBfﬁ {he&\]‘dk%&m‘é%ﬁlwe% Qﬁ G AR A f1SIF80W op it %’a&&%ﬁ@@b% d be
under st 000 10 cover all aspects of the invention as fair set out''In the
att ached ¢! il s, prmratﬂm&/{mdi fnm:rahs and saie dovividdsnic @Ifmﬁ*emsor amimel | as
numer ous structures i ch esent_.invention can be_ a cable will
be readi I%?C‘S%?}‘ﬁﬁrle%th?ﬁl ot of%wrgnﬂﬁfaph m%ewecwogquhifﬁé%f‘em

I nveqt | Or}nfcﬁos%étﬁﬁ:t @éjtrlﬂggﬁ‘rfﬁc%\{é %Y"eégf:ntia ?”ﬂgﬁ'to@n}smécﬁﬁ‘chfrfa%@ts‘ugﬁlartfzcl%@”p| €s
101. Gain Test tical performance of | ms was neasured
using a $malgusa®¢,efnﬂ' MaﬁfplﬁEa@ p@]@ﬁﬁmrrcamhbfrlcnmteor vlembntawith®- t6cibiens,

avail able_fr Research, Inc, Chat rt CA ., The filnms were placed
on top. ofP ARG 9 BB AT S SeeT P T HErebaid ragom 7 LB ©
transm ssgr@d aa0Gf FeH ¢ beQireAte bR kRE h@x%%l eRNrdIR ARSHIdr R chSe.
Lanbertian. The 15light box was a six-sided holl ow cube neasuring

appr oxi nehwicles me&wd(dejyzatmsrﬁls@ of illgt@ﬁd%ﬁ\g%l-ﬁyomﬁé) ¥ tOUh‘r dsd m@@n@m

0 12, g SR RRS e SRSAEa T PR PR B TR,

at the saﬂ@haenéwdlﬁel%n( zﬁld@pace%l%art@veéxﬁ@,adu@mezrrahmﬁnéeardzwa rﬁmnw,\aeé engt h
range, neasurenent method described bel ow). Duri ngﬂthe ain test, the box
i's 20i | | diielet wghep BoRFRastFe PRAlighecting, BHATRStRUSTHr sée-Enfor MOldiag t om of

the box E]ﬁ?tggg b# ?a}e%%ﬁi&?ﬁ%ﬁé@%{rfﬁg@gl ]}é‘r e|§ {il& k@t 1§Ig[' Joﬂﬁh%fehétﬁ%}%&ds the

sanpl e sur omt umnation’ IS provi using a
st abi | i zddny anidivgghthcsnedndeasg dihs.| Tighthigoutncarabtaniedrfhee @nfdobtin opti ¢

bund| e used. to dj.rect the | ost ec h -1 cmdianeter fiber

bung o et P BT AT b%ab%aﬁ{@mné hﬁ?ﬁdﬁ@r ﬁ@ﬁmﬁm%ﬁuﬁ%&%g 25 NY).
A st andars‘drﬂa&é"'ﬁﬁ%c@rﬁ&ﬁr&{rﬁﬂaoﬂ?b@ﬁdxﬁ@t‘illtﬁﬁé{w&s&ﬁtli‘{%lt&@% K%g at tl@%anD‘étsQﬂn is
pl aced between the sa box and the canera. The camera is focused on the

sanpl e suyp@dkerodf dcnhtmt ISIggtﬁcab*@y(nmrfeae diitbtoaadecrefly affdat theaprdddtéranindss or bi ng
pol ari zer,is qol ﬂ% aﬂ]g) [From the canera | ens. The | um nance of the

i 11 uni natd$§™99 Y l1658§sa1 $tfPed with the polarizer in place and no sanple
films, was >150 cd/n2. The sanple lum nance is neasured with the 30PR-650

at normal incidence to the plane of the box sanple surface when the sanple
filds "Index of refraction," or "refractive index," refers to the absolute refractive index of a

material (e.g., a monomer) that is understood to be the ratio of the speed of
electromagnetic radiation in free space to the speed of the radiation in that material. The
refractive index can be measured using known methods and is generally measured using a
Bausch and Lomb Refractometer (CAT No. 33.46.10). It is generally appreciated that the

25 measured index of refraction can vary to some extent depending on the instrument.
"(Meth)acrylate" refers to both acrylate and methacrylate compounds.

The term “nanoparticles” is defined herein to mean particles (primary particles or

30 associated primary particles) with a diameter less than about 100 nm.
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are placed parallel to the box sanple surface, the sanple filnms being in
general contact with the box. The relative gain is cal cul ated by conpari ng
this sanpWwe 20ui7essnce to the | um nance nmeasured in thePsaMS2000/06%352 f r om
the Iight box alone. The entire measurenment was carried out in a black
enclosure to elimnate stray |ight sources. Wien the relative gain of film
assenblies containing a reflective polarizer was tested, the pass axis of

the refl estfpee lﬁ@qﬁﬁlﬁg selloidelpappnagide iRfarhiHBoprESlcagics veith ¢ pedHisdor bi ng
pol ari zer V, s reported for prismtic
films wer 3%%%%{3gllﬁa$ﬁ%b®é%§g& 4:ﬁh%dﬁ a%t%?és%s ér?%)lg?/es of the film nearest

t he absorblng pol ari zer being aligned perpendlcular to the pass axis of the
absor bi ng, arizer e diffuse reflect e of th ht hox was
measur ed %%f‘gdlépefwyscdﬁf %J] hieteinyes gidipetsin 1g gt e Hﬁ%‘g%“}é‘ PGt at i ng
spheg e, ado%{&‘a%élb&%&t@z!iﬁ@@{%ﬂﬂﬁgfféﬁ apeé?{bd' didfife, LOFOHTB6u ANhuR, BRYGT SUPPI Y
for the |1 ght Source all supplied Labsphere (Sutton, NH)

i nt egr at iangpigplienditibad ¢ freemdgepiragyro@bog,20e28 (hh ratrndsphemdqleressrumtand i ght
(of 2.5cm d| mste% one etu: 0 degrees along a second axis as the detector
port (of I?%‘fémed*f HePaRItcdRi¥ ¥ he third at 90 degrees along a third axis
(i.e. orthogonal to the first two axes) as the sanple port (of 5cm

di aneter) A PR- 650 Spectracol orinmeter (same as above) was 15focused on the
det ect or p‘@gregatlo ' rgfoss rrcdrong asss»s@ttpnw@fep@pn@@m pastiglps ih@t mage of the
integratin e cali d. ref tandard
froir?é}Labst})1 rg?cgﬂ :jao\slln\r{]@%- &%§tlh% use re éﬁgégr(e %%3‘{% @8) %fetr%ﬁ%leg tandard
was cal i hﬁﬂtcadt(byclﬁak@sphere and traceabl e to a NI ST standard

( SRS- 99- 020- REFL-51). The reflective efficiency of the integrating sphere
was cal cul ated as follows: 20 Sphere brightness ratio =

1/ (1- Rsphereget, andar the Hg% ﬁg.: hSi4t he
rati o of %lﬁ% nangge)rsn%asug g(?CIQLdng%e‘?%?f%r ?aﬂﬁle&mlﬁﬁ{:ﬁﬁ%]? él?lednce
sanpl e cavgsthardytdhergsanpblaripoartd azin\be%ﬁd(ebﬁowmnﬂowmaﬂmmmn@ﬁrreasur ed at the
detector port with no sanple covering the sanple port. Knowing this

bri ghtness ratio and the refl ectance of the calibrated standard

(Rst andar“@hmarr}hﬁarﬁ@lfels%t' k&8s @d fHeGhO&RCHarRbtef &8 glﬁglem@taggge%a@ﬂ%& Rsphere,
can be calculated. This value is then used again in a simlar equation to
measur e aaggm;ﬁrab)sparmlbect ance, in this case the PTFE |ight box: 30 Sphere
brightness ratio = 1/ (1-Rsphere*Rsanple) WD 2010/ 074862PCT/ US2009/ 065352

The recitation of numerical ranges by endpoints includes all numbers subsumed within
20 that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

(13 ” (13

As used in this specification and the appended claims, the singular forms “a”, “an”, and
“the” include plural referents unless the content clearly dictates otherwise. Thus, for
example, reference to a composition containing “a compound” includes a mixture of two

25 or more compounds. As used in this specification and the appended claims, the term “or”
is generally employed in its sense including “and/or” unless the content clearly dictates

otherwise.
Unless otherwise indicated, all numbers expressing quantities of ingredients, measurement

30 of properties and so forth used in the specification and claims are to be understood as

being modified in all instances by the term “about.”
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Here the sphere brightness ratio is neasured as the ratio of the | um nance
at the detector with the sanple at the sanple port divided by the | um nance
measur ed wptzhou74g6ke sanpl e. Since Rsphere is known frolCaise@9/0EE8anpl e can
be cal cul ated. These refl ectances were cal cul ated at 4 nm wavel engt h
intervals and reported as averages over the 400-700 nm 5wavel engt h range.
The single sheet gain is tested in the vertical (or perpendicul ar

ori ent at i B¢ nreseat inyentioy shaedmpbbg cansideregrlinpited taithe prydeulpioeaplssed in t he

ET. TeStcfe%éeribfe!d'EefeﬂE b‘[lﬁfah?e?@ﬁcﬁh g@ﬁn&e"rﬁéécf% SVeE a&?@été Sf‘{éléthh%ﬂtio ste bot t om

sheet of I'mstack 1s int vertical orientatron an e top 1l0sheet
i s hori zdairBlscosutpartal dttathddaldie. Maaots fadiéicatiortshequiiall dntl parcessox .as ellBend

Test (cylindrical mandrel as described in 1SO 1519 . used to nmeasure
the cracksHEICEAREHCTHFeS ﬁ%@h@itgwrﬁé@é T RRBAFHPFPPHEDIG BEER RGN he

mandy el Sdipﬁgrleﬁit toftfdse W Sicill IR e NG Wiseh {Hégaré:{!gﬁt iBOGHIRL S irdddd ]?fe&llé\i)vs s

axi s para to the mandrel axis and th prisns facing away fromthe

mandr el . oftilec pstastapeeifingtioner e bent over nmandrels of various dianeters. |f
the filmis not sufficiently flexible, this bending initiates a crack that
is not typically visibly evident. The film sanples were then aged (unbent)
for 16 hqufasnﬁbs 60C in a batch oven. If a crack was initiated from bendi ng,
aging typrcally causes the crack to propagate and becone visibly apparent.
The filmwas then inspected for cracking 20while being illumnated with a
backl i ght. The average of at |east three sanples is reported. It has been

foup(gj thalt. égﬁdm?l‘i{fﬁ ii Imwith the prisms axis parallel to the mandrel is
nore sev - an bending the filmwhile the prisns are
per pendi cul ar @@icheerfmaped of the Hies wWikh@aasarad ysigralreaPeins" PBs4I0hg
Conc L1 SRy 952G, SER 10 BELRTR ROV EGR S St
properti &3A( dbe fibas weedlaed @ndomgf 4 diffudy mahérods velbslbow belt bax. ThS. Pat ent
No. 7, 241diffgl:1%s7e' tra%grln?sts{o\rlleanld ?éf?erc]:tsli)lg IOF the ﬁ%ﬁ%o%néan%eyd%gc%{bleh tase LaSrin%eerti(aQ.n)Fhe
15 light box was a six-sided hollow cube measuring approximately 12.5¢cm x 12.5¢cm x
11.5cm (LxWxH) made from diffuse PTFE plates of ~6mm thickness. One face of the
box is chosen as the sample surface. The hollow light box had a diffuse reflectance of
~0.83 measured at the sample surface (e.g. ~83%, averaged over the 400-700 nm
wavelength range, measurement method described below). During the gain test, the box is
20 illuminated from within through a ~1 ¢m circular hole in the bottom of the box (opposite
the sample surface, with the light directed towards the sample surface from the inside).
This illumination is provided using a stabilized broadband incandescent light source
attached to a fiber-optic bundle used to direct the light (Fostec DCR-II with ~1 cm
diameter fiber bundle extension from Schott-Fostec LL.C, Marlborough MA and Auburn,
25 NY). A standard linear absorbing polarizer (such as Melles Griot 03 FPG 007) is placed
between the sample box and the camera. The camera is focused on the sample surface of
the light box at a distance of ~34cm and the absorbing polarizer is placed ~2.5¢cm from the
camera lens. The luminance of the illuminated light box, measured with the polarizer in
place and no sample films, was >150 c¢d/m”. The sample luminance is measured with the
30 PR-650 at normal incidence to the plane of the box sample surface when the sample films
are placed parallel to the box sample surface, the sample films being in general contact

with the box. The relative gain is calculated by comparing this sample luminance to the
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luminance measured in the same manner from the light box alone. The entire
measurement was carried out in a black enclosure to eliminate stray light sources. When
the relative gain of film assemblies containing a reflective polarizer was tested, the pass
axis of the reflective polarizer was aligned with the pass axis of the absorbing polarizer of
the test system. Relative gain values reported for prismatic films were generally obtained
with the prism grooves of the film nearest the absorbing polarizer being aligned
perpendicular to the pass axis of the absorbing polarizer.

The diffuse reflectance of the light box was measured using a 15.25 ¢cm (6 inch)
diameter Spectralon-coated integrating sphere, a stabilized broadband halogen light
source, and a power supply for the light source all supplied by Labsphere (Sutton, NH).
The integrating sphere had three opening ports, one port for the input light (of 2.5cm
diameter), one at 90 degrees along a second axis as the detector port (of 2.5 cm diameter),
and the third at 90 degrees along a third axis (i.e. orthogonal to the first two axes) as the
sample port (of Scm diameter). A PR-650 Spectracolorimeter (same as above) was
focused on the detector port at a distance of ~38cm. The reflective efficiency of the
integrating sphere was calculated using a calibrated reflectance standard from Labsphere
having ~99% diffuse reflectance (SRT-99-050). The standard was calibrated by
Labsphere and traceable to a NIST standard (SRS-99-020-REFL-51). The reflective

efficiency of the integrating sphere was calculated as follows:

Sphere brightness ratio = 1/(1-Rsphere*Rstandard)

The sphere brightness ratio in this case is the ratio of the luminance measured at the
detector port with the reference sample covering the sample port divided by the luminance
measured at the detector port with no sample covering the sample port. Knowing this
brightness ratio and the reflectance of the calibrated standard (Rstandard), the reflective
efficiency of the integrating sphere, Rsphere, can be calculated. This value is then used
again in a similar equation to measure a sample’s reflectance, in this case the PTFE light

box:

Sphere brightness ratio = 1/(1-Rsphere*Rsample)
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(111) (-211) (111 Size %CT Size 89%- 1006 - 127.0 - 8.5 3.0 -
6.0 4.0- 11.0 4.5 - 8.394%.0 - 8.4 30% CT = Primary particle size

Exanpl e 1weo 2Proggaseat i on of surface treatnent A three ne®KTASANE/0bI52 om
flask is equipped with a tenperature probe, mechanical stirrer 5and a
condenser. To the flask is charged the foll ow ng reagents: 83.5 g succinic
anhydri de, 0.04 Prostab 5198 inhibitor, 0.5 g triethylamne, 87.2 ¢

2- hydr oxyerp e spierp|baightnesyygtio & me@uf?@m%b@ytab@ of hedrBiiaeeoHdhadetsetat e fr om

Sart oner r I fl ask
e i xed oL e Pk B R REMRRA by i oL URAAAS AR FsrlTE

Af ter Cocﬂmamg{ﬂphe#é(iﬂkn&\@lﬁ)ﬁgnrﬁboﬂze mahtpiQIcaﬁ beib@mummdaﬁﬂiesal\aﬂeadﬁ&d wang t he
flask m xe I 1 hour. The []]eactlon xture was determ’geg ﬁ(Fe a mxture
of the re&RERAH FridunevenEh el 2aARSRIFedas A¥aress RYyel BR JAIAYY "Her y | at e
(i.es th%%féﬂ g, spypound) and the reaction product of succinic anhydride
and hydroxy- p cha%g)ol actone acrylate (i.e. the conpound having a C3-C8
ester repeat unit) at a 81.5/18.5 by weight ratio according to infrared and

gas chr Or‘fﬁ} g%) gﬁlee gam S tessted in the vertical (or perpendicular orientation relative to the
front face of the diffuser boxed used in the E.T. Tester). In the horizontal, or crossed sheet
configuration, the bottom sheet of the film stack is in the vertical orientation and the top

10 sheet is horizontal or parallel to the front face of the diffuser box.

2. Bend Test (cylindrical mandrel) as described in ISO 1519 was used to measure the

crack resistance of the brightness enhancing films, reporting the mandrel size at failure.
The bend testing was conducted with the prisms axis parallel to the mandrel axis and the

15 prisms facing away from the mandrel. The prism films were bent over mandrels of
various diameters. If the film is not sufficiently flexible, this bending initiates a crack that
is not typically visibly evident. The film samples were then aged (unbent) for 16 hours at
60°C in a batch oven. If a crack was initiated from bending, aging typically causes the
crack to propagate and become visibly apparent. The film was then inspected for cracking

20 while being illuminated with a backlight. The average of at least three samples is
reported. It has been found that bending the film with the prisms axis parallel to the
mandrel is more severe of a test than bending the film while the prisms are perpendicular
to the mandrel. Hence, when a film passes this testing condition, it will also pass when the
prisms are perpendicular to the mandrel.

25

ZrQ, Sols
The ZrO, sols used in the examples had the following properties (as measured according

to the methods described in U.S. Patent No. 7,241,437.

Relative Intensities Apparent Crystallite Size (nm)
Weighted
Cubic/ (C, 1) M M Avg M Avg XRD
Tetragonal Monoclinic/ (111) [(-111)]| (111) Size % C/T Size
89% -
100 6-12 [70-85|3.0-6.04.0-11.0145-83] 94% |7.0-84

30 % C/T = Primary particle size
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WO 2010/ 074862PCT/ US2009/ 065352 Reacti on Schenme for Preparation of Surface
Treatnent fsecond conpound) (conpound conprising C3-C8 ester repeat unit)
5 Prepar avpDan1ogf7486ke pol yneri zabl e resin conpositi ons EPamflse002/0633502 sol
(40.86 wt-% Zr02), surface treatnment of Exanple 1, a 50/30/20 wt-% bl end of
2- 10phenyl - phenyl acryl ate/ PEA/ 5R601, and ProStab 5198 were conbined in a
simlar fashion as in Ex. 1. To this blend, 1-nethoxy-2-propanol was added
in an anount at |east equal to 100 wt-% of the water content of the mx.
caneple d1- Rueparatiomofsurfacertreatment di still ati on such that the
resul tant conposite resin dispersion was approxi mately: 1513.4 parts
Surface Treatnent of Exanple 1 0.005 parts Prostab5198 12.0 parts PEA 8.0
parts 5RO hréOndtkpatiidbattophfagkl is papydd el ¥ kbR rad 0d6rEbd) aiccBandé) 2tirrO
2010/ 074862PCT/ US2009/ 065352 0. 36 wt % of Darocure 1173 photoinitiator
added t o AMH@ copespiedl HAPEEY tehpigsd fegoldowig roagsnts) 8P &isHeormo

Pndex. of LT R S L P o L Rl A o

acrylate, and 28.7 g hydroxy-polycaprolactone acrylate from Sartomer under the trade

designation “SR495” (n average about 2). The flask is mixed with medium agitation and
heated to 80°C and held for ~6 hours. After cooling to 40°C, 200 g of 1-methoxy-2-

10 propanol was added and the flask mixed for 1 hour. The reaction mixture was determined
to be a mixture of the reaction product of succinic anhydride and 2-hydroxyethyl acrylate
(i.e. the second compound) and the reaction product of succinic anhydride and hydroxy-
polycaprolactone acrylate (i.e. the compound having a C;-Cs ester repeat unit) at a

81.5/18.5 by weight ratio according to infrared and gas chromatography analysis.
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5 Refractoneter (CAT No. 33.46.10). The viscosity was reported at 300 cP at
48 C using a AR 2000 rheoneter avail able from TA Instrunments (New Castl e,
DE) equi ppocowa7ese@0 40 nm paral l el plates, a gap of 50@CEIUSE@I9H633821 a
shear rate of 1000s-1. Exanple 3 10Zr02 sol (130g of 40.8 w-% Zr02),
met hoxy propanol (56g), surface treatnent of Exanple 1 (30.4g @50% solids
in met hoxy propanol, a 50/30/20 blend of 2-phenyl phenyl acrylate(32.69 @
46% sol i ds in et hyl Reagtion Sshemetox Prgpayadipn of Sppase fgeaoynt and ProSt ab 5198
(0.02g) were charged to a 3 neck 1L RB flask. Water and sol vents were
renoved via vacuumdi stillation such that the resultant dispersion was
approxi mately 54% 15Zr02 in acrylgte ®esim. 0.2%wt. Lucirin TPO and 0.36%
Darocure 1173 were added to the ag%ilégglresin. The final m xture had an
i ndex of refraction of 1.652 and a v osity of 1922 cP at 60 deg. C
Control 20Zr02 sol (40.86 w-% Zr02), a 50/30/20 wt-% bl end of
2- phenyl - phenyl acryl at e/ PEA/ SR601, and ProStab 598 were conbined in a
simlar fashion gs in Ex. MNEpreviou exannLg,ngﬂll To this blend,
1- met hoxy- 2- pr pﬁno was added in an|anount "at Peasy equal to 100 wt - % of
the water co the m x. Water @nd al cohol werié renoved vi,a vacuum
distillation sdch §hatPeHe resul t ant conﬁ%gite resin dis erstgmhﬂ/s
25approxi matel y:°Y4. 86 parts succinic|acid wﬁﬁ3>f§>fﬁ>w%i oKy ast MExy) - et hyl ]
ester 0.005 partgyProstab5198 7.16 parts succiaic acid

.59 parts PEA 8.40 parts SR601 20.99

nono- ( 2- acryl oyl oxy-ethyl) ester 301
parts 2-phenyl -phenyl acrylate WD 2010/ 074862PCTi£/S2009/ 065352 46. 00 parts
NQi tiator added to the stripped

Zr02 0.36 wt % of Darocure 1173 ph
conposite resin 0.20 wt % of LuctTin TPONQhotoinitiator was added to the

stripped conposite resin 5The“refractive index of the final blend was
nmeasured at Jl. 625 using a usch and Lonb O

(0]
HO o0 | HO\H/A\v/ﬂfo//\\/A\//\H%;O\//\O/l\¢7
o) (0]

0]

(second compound) (compound comprising C;-Cg ester repeat unit)

Preparation of the polvierizable resin compositions

Example 2
Z1O; sol (40.86 wt-% ZrQO,), surface treatment of Example 1, a 50/30/20 wt-% blend of 2-

10 phenyl-phenyl acrylate/PEA/SR601, and ProStab 5198 were combined in a similar fashion
as in Ex. 1. To this blend, 1-methoxy-2-propanol was added in an amount at least equal to
100 wt-% of the water content of the mix. Water and alcohol were removed via vacuum

distillation such that the resultant composite resin dispersion was approximately:

15 13.4 parts Surface Treatment of Example 1
0.005 parts Prostab5198
12.0 parts PEA
8.0 parts SR601
20.0 parts 2-phenyl-phenyl acrylate
20 46.0 parts ZrO,
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Refract ometer (CAT No. 33.46.10). The viscosity was reported at 584 cP at
25 C using a AR 2000 rheoneter available fromTA Instrunents (New Castl e,
DE) equi ppocowa7ese@0 40 nm paral l el plates, a gap of 50@CEIUSE@I9H633821 a
shear rate of 1000s-1. 10M crostructure Brightness Enhancing Film
Preparati on The pol yneri zabl e resin conpositions of Exanple 2 and the
Control (i.e. Control A were prepared into brightness enhancing filnms. An

8" X 11" On%éyr%%fsl%)@pmtféﬁé?%plimgmﬁfat%aﬁé%dtOrtber@peob@rm&gkt@éesm| sms with a
nom nal I I ry pattern
Found on 41t o1 O pelea? OIS w3 Mdchio U, fbofheb BB IEMERLY, P24 ST
can be placed on a hot plate and heated to 140F A 4 mM bead of each of the
pol yneri zgbl e_resi ns, can be s tely applied to the ster tQol ysing a
di sposablzlg‘eﬁF%%‘{t’c"@ g (oAl Blond e ARRITA) b6 G amcﬁiﬁegﬁiom%ﬁ | ns
undeg 1 hepdif @it AGTCANAD O JAVRY)! XVt AR rgg)rﬂehamb QattdpeOgad of

resin and master tool. The PET 11 mwas |ent so the linear prisns are
ori ent ed ARBEON iheatmetey apfalrabbrfdmmﬂlﬁafns(r@meﬁts {N2@)Caside, e <20tppgth wathiO 48xi s of
in and PET can the passed through a

the fil Th
hogt od mBmIBATRDbRles RS o D uRe RS e pic ey ST e o eern to 1Tl the

master tool conpletely, while elimnating any entrained air. The filled
master tool can then be exposed to ultraviolet radiation froma "D bul b"
using a dixampled variable power suppl y avai |l abl e from Fusi on UV Systens,

! N Gai ti}?j sgl 1$0$ gp4(ﬁ§w% } y4Le) pl%%ﬁo B?o%an%é@r §ur?ac¥\%ﬁe RREar The

m crost r Uctdre m Can 't Hén mas er tool. The

m crostr LE)Ia[:Hp@@l 030. $gr@ 50% Isalydasrmfnwtm@ Iﬁﬁpdﬁnbﬁ} aG@Sﬁ)/ﬂlﬂblsﬁd at Bphagl-a
t hi ckness of approxwra ely 25 m crons.

Pol yrer i 2461¥ aRed#ta(Cegig<iots ﬁfﬂldEk‘h?FBV]eaCQtaéead Pﬁﬁe(g(%?ﬁ@ f ROYerddgaed i nt o
Lo ot her 3005 o ANRaDEAG T VARA10! G7ABOZRCT R0pal 065352

For Exanpl e e prismgeonetry pattern foun Kui ti
TBEF ( commpeedavib yacuwa diatill@iohrsach Givt 6o resubtnt degatsionvidds amsommpﬂe@y@ct%l n

conbj nat i with 2 ml avail a efr nt Teijin Filns he base
sub$t r at bt Breetrube e Lpr S end @95? espewa 166 vhe Haediadifer rat o
had a th'a%{‘ﬂﬁé%sﬂ{ PRPAA nTRAE Nadleh lﬁa&mﬂéfraéﬁgrof%mh@ a%igBdnamtrol C,
a nomnally 80 mcron DBEF reflective polarizer simlar to that "avail abl e
as the ba9e2sBhse60 dee bf Vi kuiti BEF-RP (commercially avail able from 3M
Co., St. Paul, MN) was used as the base substrate. The m crostructured

prismatic |layer formed on the base substrate had a thickness of
appr oxi mat@ityoll3 m crons. 10Bend Test Results Pol ynerizabl e

20 71O, sol (40.86 wt-% ZrO,), a 50/30/20 wt-% blend of 2-phenyl-phenyl
acrylate/PEA/SR601, and ProStab 5198 were combined in a similar fashion as in Ex. 1
(previous example sent). To this blend, 1-methoxy-2-propanol was added in an amount at
least equal to 100 wt-% of the water content of the mix. Water and alcohol were removed
via vacuum distillation such that the resultant composite resin dispersion was

25 approximately:

4.86 parts succinic acid mono-[2-(2-methoxy-cthoxy)-ethyl] ester
0.005 parts Prostab5198
7.16 parts succinic acid mono-(2-acryloyloxy-ethyl) ester
30 12.59 parts PEA
8.40 parts SR601
20.99 parts 2-phenyl-phenyl acrylate
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Resin Mandrel Crack Single Sheet Conposition Size (mm) Rating Gain Control
A..0 CACANCAPass 1.77 Exanple 2 Pass 1.78 Control B
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46.00 parts ZrO;
0.36 wt % of Darocure 1173 photoinitiator added to the stripped composite resin
0.20 wt % of Lucirin TPO photoinitiator was added to the stripped composite resin

The refractive index of the final blend was measured at 1.625 using a Bausch and Lomb
Refractometer (CAT No. 33.46.10). The viscosity was reported at 584 cP at 25 °C using a
AR 2000 rheometer available from TA Instruments (New Castle, DE) equipped with 0° 40

mm parallel plates, a gap of 500 microns and a shear rate of 1000s™.

Microstructure Brightness Enhancing Film Preparation

The polymerizable resin compositions of Example 2 and the Control (i.e. Control A) were
prepared into brightness enhancing films. An 8” X 117 metal master consisting of linear
rows of 90 degree prisms with a nominal pitch spacing of 50 microns, similar to the prism
geometry pattern found on Vikuiti TBEF (commercially available from 3M Co., St. Paul,
MN), can be placed on a hot plate and heated to 140°F. A 4 ml bead of each of the
polymerizable resins can be separately applied to the master tool using a disposable
pipette. Next, a 5 mil PET available from Dupont Teijin Films under the trade designation
“Melinex 623” can be placed on the bead of resin and master tool. The PET film was
oriented so the linear prisms are oriented approximately perpendicular (90° +/- 20°) to the
high gain axis of the film. The master tool, resin and PET can then be passed through a
heated nip roll at 160°F with sufficient force for the resin to fill the master tool
completely, while eliminating any entrained air. The filled master tool can then be
exposed to ultraviolet radiation from a “D-bulb” using a 600 W/in. variable power supply
available from Fusion UV Systems, Inc. Gaithersburg, MD at a linespeed of 50 fpm for
two passes. The microstructured film can then manually be removed from the master tool.
The microstructured prismatic layer formed on the base substrate had a thickness of

approximately 25 microns.
Examples 4 and 5

Polymerizable Resin Composition Example 2 and the Control were made into two other

brightness enhancing films.
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Pass Exanple 4 Pass 1.70 Control C Pass Exanple 5 Pass 2.54 WO

2010/ 074862PCT/ US2009/ 065352 What is clainmed is: 1. A mcrostructured film
havi ng a woecpu#t7a’eet ur ed surface, wherein the ncrostru®CifsSg00006352 se t he
reacti on product of a polynerizable resin conposition conprising an organic
conponent and at |east 10 wt-% of inorganic nanoparticles surface nodified

with a surface Streatnent conprising a conpound conprising a carboxylic
acid end ngroﬂpbangﬂ@ 4 ap_(gentrol B, the prism geometry pattern found on Vikuiti TBEF

(commercially available from 3M Co., St. Paul, MN) was employed in combination with a
2 mil PET available from Dupont Teijin Films as the base substrate. The microstructured

prismatic layer formed on the base substrate had a thickness of approximately 13 microns.

5 For Example 5 and Control C, a nominally 80 micron DBEF reflective polarizer similar to
that available as the base substrate of Vikuiti BEF-RP (commercially available from 3M
Co., St. Paul, MN) was used as the base substrate. The microstructured prismatic layer

formed on the base substrate had a thickness of approximately 13 microns.

10 Bend Test Results

Polymerizable

Resin Mandrel Crack | Single Sheet

Composition Size (mm) | Rating | Gain
Control A 6 Pass 1.77
Example 2 6 Pass 1.78
Control B 2 Pass
Example 4 2 Pass 1.70
Control C 2 Pass
Example 5 2 Pass 2.54
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ester repeat unit or at |east one C6-Cl6 ester unit. 2. The mi crostructured
filmof claiml1l wherein the conpound has the general formula: 0 H. OL 1 -
[ Y - L2 WO200/014862Cr O il'cl L1[ L2 - Y In- Z 10wher eiPATUS2MQ/063385 from
1.1 to 6; Li is aCl - C8 alkyl, arylalkyl, or aryl group, optionally
substituted with one or nore oxygen atons or an ester group; L2 is a
C3 - C8 alkyl, arylalkyl, or aryl group, optionally substituted with one or
nor e 150x‘9’§éhlsﬁ%ﬁ’§dlﬁ)o Y is *IL)1-* 0-* *-0 OrSand Z is an end group
conprising a C2 - C8 alkyl, ether, ester, alkoxy, (meth)acrylate, or

conbi nat i 0N L8R ctured film having a microstructured surface, wherein the microstructures
comprise the reaction product of a polymerizable resin composition comprising an organic
component and at least 10 wt-% of inorganic nanoparticles surface modified with a surface
5 treatment comprising a compound comprising a carboxylic acid end group and a Cz-Cg

ester repeat unit or at least one Cg-Cj6 ester unit.

2. The microstructured film of claim 1 wherein the compound has the general formula:

0
o A

Ll—[ Y— L2] V4

n
, Or

0
o A

Ll—[ L2— Y ] V4

n
10 wherein
n averages from 1.1 to 6;
L1isa C; - Cg alkyl, arylalkyl, or aryl group, optionally substituted with one or more

oxygen atoms or an ester group;

L2 is a C; - Cg alkyl, arylalkyl, or aryl group, optionally substituted with one or more

15 oxygen atoms;
O
*_”\ OJ_*
Y is O+ or * ; and

Z is an end group comprising a C, - Cg alkyl, ether, ester, alkoxy, (meth)acrylate, or

combination thereof.

3. The microstructured film of claim 2 wherein L2 is a C¢-Cg alkyl group.
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3. The mcrostructured filmof claim2 wherein L2 is a C6-C8 al kyl group.
WD 2010/ 074862PCT/ US2009/ 065352 4. The m crostructured filmof claim2-3
wherei n rweveriAgess21.5 to 2. 5. 5. The microstructured fiPCHUsSR00I063352 2- 4
wherein Z conprises a C2 - C8 al kyl group. 6. The m crostructured film of
claim2-5 wherein Z conprises a (nmeth)acrylate end group. 57. The
nlcrostructured filmof any of the greV|ous clains wherein the surface

t r eat ment4 cBipgricsesgruetyecd el dimpd-d drhercipp avyrages 1.28x2-50ne al i phati c

anhydride, and ii) at |east one hydroxy pol ycaprol actone (neth)acryl ate.

108. The 41 -HlaRictdieh LA d}hl o é'i’imPi AR 7 é@iﬁﬁ)‘irﬁ!(\sna Ea)egg glgc&g?gu%f eat ment

further conprises a second conpound conprising a nd group.
9. The microstructured filmof claim8 wherein the second conpound is

pr epar ed hyThdmwicresaotiuon fofm eficlam Hhathicocimdhypdrrindes amcth)abnyirtoryd grogp- C8
al kyl (neth)acrylate. 15 10. A mcrostructured filmhaving a

m crostructured surface, wherein the mcrostructures conprise the reaction

prodgict of PhddalcydsRitEwadd fint &Sng of RS ibhPN R WPHdrin e AR08 Badthient
conponent and at |east 10 wt-9% of inorganic nanoparticles surface nodified

with a swofeiecs the seagaen pigdeeteifn 90 to 100% wt - % of the surface treatnent
conprlses%gﬂgwg hgmaQ%%QQEHQQ%FCOHDrISIng a (neth)acrylate end group
Pace I’s

wherei n the sur ree of organosilane conpounds. 11. The

m cr ost r uptayfeast dniclhd@ky oy caprotadnp (@eihfuesyleteai ms wherein the
m crostructured surface is disposed on a base substrate and the film has a
mandrel size to failure according to the equation D = 1000(T/0.025-T)

Whe{@ In i '”Ph \ﬁﬁ{(ysﬂ'ug Sﬁ“‘lnp(gf ctlenﬁsqaﬁ%hérléﬁlsﬂl% @ﬁﬁace%@atnjf&rt n!Paﬁer c?mPrlses

nlcrostructur |In1o any of previ ous clalns wherel m has a
mandr el s eeoridcdngidund eompritieg s (nbhthpacbylatmend group. 13. The mi crostruct ured
filmof any of the previous clains wherein the polynerizable 30resin
conposition has a refractive index of at |east 1.61.

9. The microstructured film of claim 8 wherein the second compound is prepared by the
reaction of an aliphatic anhydride and a hydroxyl C, - Cg alkyl(meth)acrylate.

15
10. A microstructured film having a microstructured surface, wherein the microstructures
comprise the reaction product of a polymerizable resin composition comprising an organic
component and at least 10 wt-% of inorganic nanoparticles surface modified with a surface
treatment wherein 90 to 100% wt-% of the surface treatment comprises one or more

20 compounds comprising a (meth)acrylate end group wherein the surface treatment is free of

organosilane compounds.

11. The microstructured film of any of the previous claims wherein the microstructured
surface is disposed on a base substrate and the film has a mandrel size to failure according
to the equation D = 1000(T/0.025-T) wherein T is the thickness of the base substrate.

25
12. The microstructured film of any of the previous claims wherein the film has a mandrel

size to failure of less than 6 mm.

13. The microstructured film of any of the previous claims wherein the polymerizable

30 resin composition has a refractive index of at least 1.61.
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WO 2010/ 074862PCT/ US2009/ 065352 14. The mcrostructured filmof any of the
previous cl ains wherein the polynerizable resin conposition has a

refracti weoiznteww4gs at | east 1.650. 515. The mi crostrucraras2600ions3st any of
the previous clains wherein the organi c conponent conprises at |east one

bi phenyl nononmer. 16. The mcrostructured filmof clainms 15 wherein the
organi c conponent further conprises at |east one difunctional ethylenically
unsaturated aromatic nononer. 10 17. The microstructured filmof clains
15-16 wheyei i I

nmonof u nctel|4c') na et‘%{rgrlét ﬁggtg%reg Ifg{tﬁ%ﬁ %trfrteﬁregi riﬂﬁsncgagﬂr@%?%% ?Il{é \e/peo(??rﬁ%g%%}eomer t han
t he bi pheangih composiesn hadkSlBfradihe indaradat teasitius®d fil m of any of the previous
cl ai ms wherein the amount of inorganic nanoparticles ranges from40 w-%to
60 W-% 19. The microstructured filmof any of the previous clains wherein
Lhe § nor gani fhoARRRRNLL RS URY B IRTHraGbINGaihldaerah il orbist 1. 68. 20

20. The mcrostructured filmof Claim19 wherein the i1norganic

nanopar t i wheenarteospliecstat tbabtramtiplengk moporsonsi sting of zirconia, titania,
and m xtures thereof. 21. The mcrostructured filmof claim20
wherein the inorgani c nanoparticles conprise 25zirconia. 22. The

m crostruet urgld fidrB3tRictid8Y O b RIS VI PuhefdiRi th® oM @icBmpbeedt | fufthés a
bri ght ness enhancing film 3023. The microstructured filmof any of the

previ ous coOMpirives atteaseons difiactionateihgleaiogly ansagiraigd Afdpatic papomator gani ¢
nangparticles having a refractive index of at |east 1.60 wherein the
nanoparticles are surface nodified with a surface treatnent conprising a

conpound 1GonThé ShiogstuaredoXiyd b€ caging 16nid ghetfh erdorgakid-dchpdater furtepeat
unit or at |least one C6-Cl6 ester unit. 525. The inorganjc nanoparticl es of
cl ai m 24 SRRBYI8EN op%é)rclgﬁliﬁogﬁaoff\lagthqqé (@@ﬂ@@c&ylate monomers having a refractive

index lower than the biphenyl monomer.

15 18. The microstructured film of any of the previous claims wherein the amount of

inorganic nanoparticles ranges from 40 wt-% to 60 wt-%.

19. The microstructured film of any of the previous claims wherein the inorganic
nanoparticles have a refractive index of at least 1.68.

20
20. The microstructured film of claim 19 wherein the inorganic nanoparticles are selected

from the group consisting of zirconia, titania, and mixtures thereof.

21. The microstructured film of claim 20 wherein the inorganic nanoparticles comprise

25 zirconia.

22. The microstructured film of any of the previous claims wherein the film is a

brightness enhancing film.

30 23. The microstructured film of any of the previous claims wherein the film is a

polarizing film.
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forrula: OH OL1-[]Y-L2] -Zn , O 011 0 Li - [ L2- Y ]n-

wherein 10n averages from1l.1 to 6; Li is a ClL - C8 alkyl, arylalkyl, or
aryl grouwsp20ma7essal |y substituted with one or nore oxy@®€Em/US@Im®oes52 an
ester group; L2 is a C3 - C8 alkyl, arylalkyl, or aryl group, optionally
substituted with one or nore oxygen atons; *1(1* 0-* *-0 15Y isO; and Z is
an end group conprising C2 - C8 alk ether ester, al koxy

(et h) acrif dn@fgawe naRRmsItHALS F@ﬁmtgr?erreé@ftwezedemf@t q%ﬁrlg%wberﬁ@rrbf)art icles of

claim25 %_&égﬁ Wﬁ&‘gre IS fRe Rodifeflvic laggffg&otr%a%ent-mﬁlphgﬂﬁ%ac%hﬁ)oﬂ&({'Opart icles

of claim erein n averages
comprising a carboxylic acid end group and a C;-Cg ester repeat unit or at least one Cs-Cig
ester unit.
5 25. The inorganic nanoparticles of claim 24 wherein the compound has the general
formula:

O

V4

n

L1 —[ Y— L2 ]

, Or

O

Ll—[ L2— Y ] V4

n

wherein
10 n averages from 1.1 to 6;

L1is a C; - Cg alkyl, arylalkyl, or aryl group, optionally substituted with one or more

oxygen atoms or an ester group;

L2 is a C; - Cg alkyl, arylalkyl, or aryl group, optionally substituted with one or more

oxygen atoms;

15 Y is or ;and

Z is an end group comprising C; - Cs alkyl, ether, ester, alkoxy, (meth)acrylate, or

combination thereof.
26. The inorganic nanoparticles of claim 25 wherein L2 is a C¢-Cs alkyl group.

27. The inorganic nanoparticles of claim 25-26 wherein n averages 1.5 to 2.5.
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28. The inorgani c nanoparticles of claim25-27 wherein Zis a C - C8 al kyl
group. 29. The inorganic nanoparticles of claim22-28 wherein Z conprises
a (neth) wopbaws4ssnd group. 530. The inorgani ¢ nanopart PCras2@P/0633a82 s
25-29 wherein the surface treatnment conprises the reaction product of i) at
| east one aliphatic anhydride, and ii) at |east one hydroxy

pol ycaprol actone (neth)acrylate. 1031. The inorganic nanoparticles of

cl ai ms 242830MhgHBerERRC pAROPSTTARsE Claru@azér%wheframtﬁéra Conpr3lkdgraus econd
conpound conprising a (neth)acrylate end group. 32. The inorganic

nanoparti ' t he
reaclto i on 2(;9:‘ eﬁle%?#iéblﬁgﬁd ﬂpaﬂﬁ?{ﬁf %aatnl}aln H%?fcf)lxy -els %ﬁ%ﬁ%&ﬁ%e%d
al kyl (metdp@ger yl at e. I norganl c nanoparticles having a

refractive index of at |east 1. 60 surface nodified with a surface treatnent
wherein 90 to 100% wt - % of the surface treatnent conprises one or nore

conpounds3(C oFRRIhSsRiic ﬁaﬁdﬁﬁhméa&fﬂéla@fh@z%d veHcRYR tRWrh Ber St ACRniprR&S ment
is free of organosilane conpounds. 34. The inorganic nanoparticle of

cl ai ms 24h@Bapier priodudtioé i nor gam ¢ nanoparticles conprise titania,

zirconia,. or,_a mxture.th 35. The inorgani c nanoparticle of
claim 34 QMi't IF%St A% %la’l‘iaﬂ%ﬁ‘gha‘{ﬁflée aglq'opartl cles conprise 25zirconia. 36. A

pol ymer i zghk akt@sichye@Xp PSiyichol B (insthigr@ditcOr gani ¢ conponent and at
| east 10 wt-% of the inorganic nanoparticles of clainms 24-35. 37.

An opti cal article conprising the reaction product of the polynerizable

r esi@ 30%%@ 156r§91118§1a1%p%1‘t[@16%§)f claims 24-30 wherein the surface treatment further

comprises a second compound comprising a (meth)acrylate end group.

32. The inorganic nanoparticles of claim 31 wherein the second compound is prepared by
the reaction of an aliphatic anhydride and a hydroxyl C; - Cs alkyl(meth)acrylate.

15
33. Inorganic nanoparticles having a refractive index of at least 1.60 surface modified
with a surface treatment wherein 90 to 100% wt-% of the surface treatment comprises one
or more compounds comprising a (meth)acrylate end group and the surface treatment is
free of organosilane compounds.

20
34. The inorganic nanoparticle of claims 24-33 wherein the inorganic nanoparticles

comprise titania, zirconia, or a mixture thereof.

35. The inorganic nanoparticle of claim 34 wherein the inorganic nanoparticles comprise

25 zirconia.

36. A polymerizable resin composition comprising an organic component and at least 10

wt-% of the inorganic nanoparticles of claims 24-35.

37. An optical article comprising the reaction product of the polymerizable resin

30 composition of claim 36.
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