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POLYMERIZABLE COMPOSITIONS AND OPTICAL ARTICLES PREPARED
THEREFROM

CROSE-REFERENCE TO RELATED APPLICATIONS
{801}  This application claims the benefit of priority from US, Provisional Patent
Application No. 61/722,837, filed November &, 2012, which is incorporated herein in is

entirely.

FIELD OF THE INVENTION
{002} The present invention relates o polymerizabie compositions that are useful for

preparing optical articlss.

BACKGROUND OF THE INVENTION
{003]  Polymeric malerials, such as plastics, have been developed as alternatives and
replacements for silica based inorganic glass in applications such as oplical lenses, fiber
optics, windows and automotive, nautical and aviation transparencies, as well as transparent
slements for electronic devices. These polymeric materials can provide advantages relative
to glass, including shalter resistance, lighter weight for a given application, sase of molding,
and ease of dveing. Represeniative examples of such polymeric matenals include,

poly{methyt methacrylate), polycarbonate and poly(disthyiens glveo! bis(aliyicarbonate)).
[104]  Improved impacdt resistance in the optical articles mentioned above is always being
sought for safety reasons and {o aliow for expanded applications.

{005] i would be desirable o develop polymerizable compositions that provide desirable

optical properties to an optical article prepared therefrom, with improved impact resistancs.

SUMMARY OF THE INVENTION
{006} In accordance with the present invention, there is provided a polymerizable non-

agueous disparsion. The non-anuesus dispersion comprises:

{a) a polymerizable component as a continuous phase; and

)

b} polymeric microparticles dispersed in the continuous phase, wherein the
micropariicles comprise a dispersion polymerization reacton product prepared from a
regction mixture comprising an ethylenically unsaturated monomer, and an acrylic polymer

stabilizer.
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[007T  The present invention also is directed to a polymerizable non-aguecus dispersion,
wherein the non-aqueocus dispersion comprises:

(a} a polymerizable component; and

{b} polymeric microparticles dispersed in 8 continucus phase, whearein the
microparticles comprise a dispersion polymerization reaction product prepared from a
reacton mixiure comprising an sthylenically unsaturated monomer, and an aorylic polymer
stabifizer, and whersin the continupus phase is different from or the same as the
polymerizable component (a).
{008} The polymerizable noraquecus dispersion of the present invention is especially
usaeful in the preparation of cast arlicles, e.q., oplical articles such as case oplical qualily

sheets andfor lenses.

SETAILED DESCRIPTION OF THE INVENTION
{0081 As used herein, molecular weight values of polymers, such as weight average
motecuiar weights (Mw) and number average molecular weighis (Mn}, are delermined by gel
parmeation chromatography using appropriste standards, such as polystyrene slandards.
{0481 As used herein, polydispersily index (PDI) values represent a ratio of the weight
average molecular weaighi (Mw) o the number average molecular weight {(Mn} of the polymer
{i.e., Mw/Mn).
{0111  As used herein, the {erm "polymer” means homopolymers {e.g., prepared rom a
aingle monomer species), and copolymers {a.g., prepared from al least fwo different
oNomer species).
f012]  As used herein, the term “{meth)acrylate” and similar terms, such as {meth)acryioyl
and (methlacrylic acid ester, means methacrylate and acrviate.  Either or both, when they
axist, may be present in a composition.
[013] Az used herein, the tewn “thio{meth)acrylate” and similar terms, such as
thio{meth)acrvioy! and thio(methjacrylic acid ester, means thiomethacrylate and thioacnylale,
as above.
{014 As ussd herein, reciations of Ylinear or branched” groups, such as linsar or
branched alkyl, are understood to include: a methylene group or a methy! group; groups that
are linear, such as linear CxrCy alkyl groups; and groups that are appropriately branched,

such as branched Cu-Cys alkyd groups.

FEh)
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I018]  As used herein, the term "halo” and similar ferms, such as halo group, halogen,
halogen group, halide, and halide group means F, O, Br and/or |, such as fluom, chioro,

browno and/or iodo,

{018} As used herein the term “hydrocarbyl” and similar terms, such as “hvdrocarby
substituent,” means: linear or branched C-Cys alkyl {a.g., Iinear or branched C-Cqo atkyl);
finear or branched C,Cys alkenyl {8.g., iinear or tranched Co-Cyy alkenyl); iinear or branched
Co-Cys alkynyl {eg., linear or branched Cy-Cy alkymyl) Ca-Cyp oycloalkyl, Including

poly-fused-ring aycloatkyl, and polvoycioaliny {e.g., Cs-Cyip ovcloalkyl), Cs-Cyp anyl, including

paiyeyolic or poly-fused-ring aryi {e.g., Ce-Chg andd); and Cp-Uys aralicyl {s.q., Ca-Typ aralkyl).

{6173 As used herein the term "hydrocarbyl” is inclusive of “heterchydrocarbyl” which is
a hydrocarbyl in which at least one carbon, but less than all of the carbons thereof, has been
replaced with a heteroatom, such a5, but not limiled {o, O, N, 8, and combinations thereof,
Examples of heterchydrocarbyis from which g hydrocarbyl can be selecled include, but are
not imited o 83-Cqy heteroaycloatkyl (having at least ong helero atorn in the oyclio ring),

ncluding poly-fused-ring heterocycinalkyl, and polyeyclicheteroalkyl, and Cs~0yy heteroarv

L]

{having at least one hsiero alom in the aromatic ring), including polyoyclic or poly-fused-rin
hetercaryl.

{018} Represeniative alkyl groups include bt are not Emited 1o methyl, sthyd, propyl,
isopropyl, buty, iscbubyl, sec-butyl, teri-bulyl, pentyl, neopentyl, hexyl, hepivl, octyl nonyl,
decyl, and structural isomers thereof. Represeniative alkenyl groups include bul are not
imited to vinyl, allyl, propemyl, butenyl, pentenyl, hexemyl, heptenyl, structural isomers
thereot, and related species thereot containing two or more ethyienically unsaturated groups.
Representative atkynyl groups include but are not limited to ethynyl, 1-propynyi, 2-propynvi,
1-butymyl, and 2-butynyl.  Representative cycloalkyl groups include but are not imited fo
cyclopropyl, cyclobutyl, cyclopenty, cycichexyl, and cycloociy! subsiifuenis. Representative
poly-fused-ring oycloalkyl groups include but are not limided to decahydronaphthalenyl,
telradecahydroanthraceny, and {etradecahydrophenanthrenyl. Representative
potyeyclicaliod groups Include but are not limited fo, bloyclol2. 2. 1}heptany! {(novbornyl), and
bicycin[2.2 Zloctanyl.  Representative heterocycloalkyl groups include but are not imited to
tetrahydrofuranyl, ietrahvdropyranyt and piperding, including but not imited to piperidin-4-yi,
Represeniative polyoyciichelerocycloalky!  groups include but are not  limited to,
7-thiabicyclol2.2 1iheplanyl, 7-oxabicycio[d 2 1iheptanyl, and T-azabicyclo]2.2, 1iheptanyl.
Representative aryl groups include but are not limited o phenyl, biphenyl, naphthyl,

anthracenyl, phenanthreny! and triplycenyl.  Representative heteroaryl groups include but

3
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are not limited to furamyd, pyranyl and pyridinyl.  Representstive aralkyl groups include but

are not limiled to benzyl, and phenethyl

{0481 As used hersin, the term “oplionally substituted” with regard to groups, inciuding
bul not limited to, hydrocarbyl groups, alkyl groups, cycloalkyl groups, and aryl groups,
means a group, including but not limited {o, a hydrocarbyt group, alkyl group, cycloalkyl
group, and/or aryl group, in which at least one hydrogen thereof has been replaced or
substituled with a group that is other than hydrogen, such as, but not limited to, halo groups
{2.g., F, € L and B8r), hydroxyl groups, sther groups, thiol groups, thio sther groups,
carboxylic acid groups, carboxylic acid ester groups, phosphoric acid groups, phosphoric
acid ester groups, sulfonic acid groups, sulfonic acid ester groups, niffo groups, oyano
groups, hydrocarbyl groups {inciuding, but not limited fo: alkyl, alkenyl; alkynyl; evcloalky,
including poly-fused-ring cycloalkyl and polycycloalikyl, heterocyclosikyl, anyl, incliding
hydroxyl substituted aryl, such as phenol, and including poly-fused-ring aryl, hetercan,
including  poly-fused-ring  hetercaryl; and aralkyl groups), and amine groups, such
as -MNRTYRYY where R' and R" are esch independently selected from hydrogen,
hydrocarby! and substituted hydrocarbyl,

{620 For purposes of non-limiting  dlustration, the hydrocarbyl, of a substituted
hydrocarbyl, can be selected from one or more of the hydrocarbyl groups described
previcusly hersin, such as a linear or branched C-Cys alkyl group, which can be substituted
with ane or more of the substituling groups described previously herein, such as one or more
Cs~Gyp oycloalkyl groups and/or one or more Cg-Cyy anyl groups, for example, an ethyl group
substifited with a cyclohexyl group and/or a phenyl group. Unless otherwise indicated, all
ranges or ratios disclosed herein are to be undersiood to encompass any and all subranges
or subratios subsumed thergin, For example, a stated range or ratio of "1 to 10" should be
considerad io include any and all subranges between {and inclusive of) the minimum valus
of 1 and the maximum value of 10; that is, all subranges or subratios beginning with a
minimum value of 1 or more and ending with a maximurn value of 10 or less, such as buf not
imifed to, 110 8.1, 350 7.8 and 5.5 o 10.

{021]  As used herein, the arlicles "a,” "an,” and “the" include plural referents unless
otherwise expressly and unequivocally limited to one referent.

[622] The termes "continuous phase " and “dispersed phase” will be understeod by thoss
skilled in the art, and are described in detall in Pure Appl. Chem., Vol 83, No. 12, pp. 2228-

2258 (2011}, Incorporaled by reference hergin.
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{0231  Other than in the operating examples, or where otherwise indicated, sl numbers
expressing quantiies of ingredients, reaction conditions, and so forth used in the
specification and claims are to be understood as modified in all instances by the term

“about”

{024} It will be appreciated by those skilled in the art that the non-anueous disparsions of
the present invention ars distinct from lalex, which are agusous dispersions. The prasent
nor-aquecus dispersions are also distingt from solution polymers, in that the non-aqueous

dispersions have a dispersaed phase that is different from the continuous phase, while a
solution polymer has a single, homogenaous phase. A "non-agueous dispersion” as used
herein is one in which 75 % or greater, such as 90 % or greater, or 85 % or greater, of the
dispersing media is the non-agueous polymerizable component, described below,
Accordingly, a non-aqueous dispersion can stiif comprise some level of agusous material,

such as water.

{028  The non-aqueous dispersions of the present invention are polymerzable
compositions. The non-aqueous dispersions comprise {8) a polymerizable component as a
continuous phase and {b) polymernc microparticles dispersed in the continuous phase. The
polymerizable component {8} may include monomers, oligomers, and/or prepolymers with
polymerizable functional groups, such as sthylenically unsaturated groups. The
polymerizable components may include speciss with sulfur, halogens or other substituent
atoms or groups, provided they do not interfere with polymerization reactions.  The
polymerizable component may comprise, for example, a compound containing fwo or more
sthylenically unsaturated groups such as a diallyl ester; . g., diallyl polycaprolactone, a
digllyl carbonate such as diethylens glveol bis(allyl carbonate), and/or a diallyl phihalate
such as diallyl isophthalale, dialiyl terephihalate, and diallyl orthophthalale.  The
polymerizable componsnt may comiprise a mixture of ethvlenically unsaturated groups, such
as, aliyl ester of an unsaturaled carboxylic acid such as the aliyt ester of {methlacrylic acid.
or the dialhl ester of an unsalurated dicarboxylic acid.  Nonlimiting examples of
polymerizable components comprising three eithyvlenically unsaturated groups include, diailyl
maleate, diallyl Haconate, diallyl fumarate, dialiyl citraconate, diallyl mesaconate and diailyl
glutaconate.  Other materials include {methjacrylic monomers, acyclic non-conjugated
dignes, acyclic polyvinyt ethers, aliyl-{methlacrvlates vinyl-{methjacrylates, diimeth)acrviate
esters of diols, sulfur-containing di{meth)acrylate esters such as di{meth)acryiale ssiers of
dithiols, di{meih)acrylale esters of poly{alkyleneglycol} dicls, monooyclic non-aromatic

dienes, polycyclic non-aromatic dienes, aromatic ring-containing dienes, dialhl esters of

[63}
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aromatic ring dicarboxylic acids, divinyl esters of aromatic ring dicarboxyiic acds, andior

mixtures thereof,

{028] Non-imiting examples of acyciic non-conjugaled dienes can include thoss
reprasented by the following general formula:

wherein R can represent C1 {o C30 linear or branched divalent saturaled alkylene radical, or
G2 to C30 divalent organic radical including groups such as but not imiled to those
containing ether, thivether, sster, thiosster, kelone, polysulfide, sulfone and combinations
thareof.  The acyolic non-conjugated dienes can be selected from 1.5-hexadiens, 1.6
hepladiene, 1,7-occtadiense and mixtures thereof.
0271 Non-imiing examples of suidable acyclic polyvinyl ethers can include those
represeried by the following structural formula:
CHp=lH--0--(--R2 {0}y, ~CH=0H,

wherein R2 can be C2 to C6 n-alkylens, CB to 6 branched alkylene group, of ~{CHy-)y-

OJg {=-CH2 -} -, m can be a rational number from 0 fo 10, often 2; p can be an integer
frony 2 {0 6, g can be an integer from 110 8 and r can be an integer from 2 to 10,
{028] Non-limiting exampies of sultable polyvinyl ether monomers for use can include
divinyl ether monomers, such as ethylene glycol divinyl ether, disthylene glycol divinyl ether,
trinthylensgiveol divinyl ether, and mixtures thereof.

B

{6287 Dilmethiacrylate esters of inear diols can include sthanediol di{methlacrviate, 1,3~

propanediol démeihacr‘yiatei 1,2-propanadiol di{meth)acrylate, 1.4-butanediol
di{methlacrylate, 1,3-bulanedicl dilmethjacryiate, 1,2-butanedicl dilmethlacrvlate, and

mixiures thereof,

[030] Dilmethjacrylate esters of dithiols can include, for example, di{methacrylate of

ethanedithiol including oligomers thereof, di{methjacrylate of dimercapiodiethyl suifide (; e,
2-thioethanedithiol diimethlacrylale} including oligomsrs thersof, diimethacrylate of 3,6~

dioxa-1,8~0ctanadithioc!l including dligomers therecof, dilmethlacrviate of Z-mercaptosthyi

gther including oligomers thereof, diimethlacryiate of 4,4’ -thiodibenzenethiol, and mixtures

thersof.

(8311  Further non-limiting examples of suitable dienes can include monocyclic aliphatic

dienes such as those represented by the following structural formula:

'y
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whereinn X and Y each independently can represent C1-10  divalent saturated alkyigne
radical; or C1-5 divalent saturaled alkylene radical, containing at least one element selected
from the group of sulfur, cxygen and silicon in addition o the carbon and hydrogen atoms;

and R1 can represent M, or C1-010 alkyl; and

wherein X and R1 van be as defined above and RZ can represent 02-C10 alkenyl The
manocyciic  aliphatic dienes  can  include  1.4-cyciohexadiene, 4-vinyh-t-oyclohexene,
diperttene and ferpinens.

{0321 Nonhmiting examples of polyeyclic aliphatic disnes can include  Bvinyl-2-
norbornene; 2,5-norbormadiene; dicyclopentadiene and mixtures thereof,

{33} Non-limiting examples of aromatic ring-coniaining dienes can include those

represented by the following structural formula;

wharein R4 can represent hydrogen or methyl, Aromatic ring-containing disnes can inciude
monomers such as diisopropenyt benzenes, diviny! benzene and mixtures thereof.

[034]  Examples of dialiyl esters of aromatic ring dicarboxylic acids can include bul are
not imited to those represented by the following structural formula:

(e
ACH m
; Yz

wherein m and n sach independently can be an integer from 0 fo 5 The dialhy! eslers of
aromatic ring dicarboxylic acids can include o-dialiyt phthalate, m-diallyl phthalate, p-dialiyl
phthalate and mixiures thereof.

{0358]  Other polymerizable componenis include S-vinyl-2-narbormenea, ethyviens givool

givinyt ether, diethylene giveot divinyl ether, tristhylene glveo! diviny! sther, butane diot diving
¥ \ gy ¥ ¥ g )

A

ather, vinylcyclohexens, 4-vinyl-t-cyclohexene, dipenteng, ferpinene, dicyciopentadiens,
cyclododecadiens, cycioociadiene, Z-cyclopenten-twyi-ether, 2.5-norbornadiens,

divinylibenzene incuding 1,3-divinyibenzene, 1.2-divinylbenzene, and 1 4-divinylbenzene,
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diisopropenyibenzens including 1,3-dilsopropenyibenzene, 1,2- diisopropenvibenzene, and
1.4~ diisopropenylbenzene, aliyl {meth)acrylate, ethanediol di{meth)acryiate, 1,3-propanediol
difmethjacrviate, 1 2-propanediol diimethlacryiate, 1 3-bulanedio! di{methlacryiale, 1.2~
butanediol  difmethjacrviate,  ethylene  glveo!  dilmethlacnylate, disthvlene  glyeol
di{methlacryiate, dimercaptodisthyisulfide di{methlacrylate, 1,2-ethanedithiol
di{methlacryiate, and/or mixtures thereof.

ag]  Other non-limifing examples of suitable difmethlacnvate monomers can include
ethviene giycol difmelhjacnvlate, 1,3-butylene glveol difmeth)acrylate, 1, 4-bulanediol
di{methacrylate, 2, 3~dimethyi-1, 3-propanediol di{methlacrylate, 1,6-hexansdiol
di{methjscrylate, propviens glycol diimethjacryiate, dipropylene glveol di{meth)acryiate,
tripropylens glycol dilmeth)acrylate, letrapropyisne glycol difmethiacryiate, ethoxylated
hexanediol dilmeth)acrylate, propoxylated hexanediol dilmethlacrylale, neopentyl glycol
difmethlacrviate, alkoxylated nsopentyl glycol  dilmeth)acrylate, hexviens  glycol
di{methjacrylate, disthviene glycol dilmsthlacryiats, polvethylense giveol diimethiacrylate,
thivdisthyleneglycol di{meth)acrylate, trimethyiene glycol di{msth)acrviate, triethylene glycol
ditmethlacrylate, slkoxylated hexanediol dimeth)acrylate, alkoxylated neopentyl glycol
difmethiacrylate, penianediol dilmethlacrvlate, oyclohexane dimethanal di{methlacryiale,
and ethoxylated Bispheno! A di{meth)acryiate.

{637} in particular embodiments the polymerizable component may includs monomers,
oligomers, andfor prepolymers one or more of the following: allyl dighvcol carbonate,
poivimethlacrylate  precursors; polycarbonate  precursors; polywrethane  precursors,
polyureaurethane precursors; polythiourethane precursors; and polyamide precursors. By
"nrecursors” is meant functional compounds or monomers used o prepare the resinous
material, for example, polyursthane precursors would include polyols and polyisocyanates.
The polymerizable compositions of the present invention can coptionally include, I some
ambodiments, one or more monomers having a single sthyvienically unsaturated radically
polymerizabde group. Examples of monomers having a single sthylenically unsaturated
radically polymerizable group that can optionally be present in the polymerizable component
{a) include, but are not imited to; aorylic acid; methacrylic acid; esters of acrylic acid such as
methy! or ethyl acrylate and 2-hydroxyethyl acrylate; esters of methacrylic acid, such as
methy! or ethyl methacrylate, phenoxyethyl methacrvale, isobornyl methacryiale, cyclohaxyl
methacrylale and Z2-hydroxyethy! methacrviate; allyl estars, e.g., allyl benzoate and aliyl
functional polycaprolaciones; allyl carbonales, 8.q., phemy allyl carbonate; vinyl esters such
as vinyl acelate; styreng; and viny! chigrde, in somse embodiments, the monosthylenically
unsaturated monomers include, methyl methacryiate, isohornyl methacndate, phenoxyethyl

methacrylate, cyclohaxyl methacrylate, styrene and mixiures thereof, The monoethylenically
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unsaturated monomer(s), when used, is typically present in an amount of from 0.1 percent
by weight o 80 percert by weight, based on the total monomer weight of the polymerizable
composition, such as from 3 percent by weight to 85 percent by weight, or from 20 0 45
percent by weight, hased on the tolal monomer weight of the polvymerizable composition.
038} in parficular embodiments of the present invention, the polymerizable component
{a} may comprise at least one first {methlacrylate funclional monomer represenied by the
tolfowing Formula (1),
Formuta (1)

Q

7
* \
[ i

a’Tsmi?wa 5’ o :
~ s ~ s 'i (JH?;
q i
i ;/

With reference to Formula (1), L' is selected from at least one of (i} 2 multivalent optionally

subsiifuted hydrocarbyl group oplionally inlerrupted with at least one of -C{T), -&-, -O- gnd
combinations thereof, and {if} a divalent linking group represented by the following Formula

{A),
Formuda {A)

ﬁ.
G

With refersnce to Formula (A), Y is O or 8. With further reference fo Formuda (i L7 is

independently for each subscriptn, 2 divalent optionally substituted hydrocarbyl group
optionally interrupted with at Jeast one of -0- and -3+ R’ is independently selected, for sach
subscript-n, from hydrogen and methyl, and subscripin s from 210 6.

{0397 The polymerizable component may additionally or alternatively comprise at least

ona thio{methlacrylate funclional monomer represented by the following Formuls (1)

¢ |
i
3 }/ “ ~ o~
X &) b Lo - C E“% 2

i
R /‘
\ | /.
With reference to Formula (1) L is & multivalent optionally substituled hydrosarbyl group

’

optionally interrupted with at least one of ~C(Q)-, -$-, -O- and combinations thereof, R® is
independently selacted for each t from hydrogen and methyl and tis from 2 10 6. In addition

fo including at least one thio(methlacrylate monomer represented by Formula (H), the
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polymerizable component may also comprise at lsast one {(methlacrylate furnctionad
moniemer represenied by the following Formula {Hi
(i)
o O G
/ T I \
s"%sm_cu ------ O e e S S O 3
X i /

Sanet

Y
R'ED

With reference o Formula (1) L% is a multivalent optionaily substituted hydrocarbyl group
optionally interrupted with at least one of -C(Q), -8, -0~ and combinations thereof, L” i

independently for sach u a divalent aptionally substituted hydrocarbyl group; R® and R are
each independently selecled for sach u from hydrogen and methyt and u is from 2 o 8.

{0407 The polymerizable component (&) may additionally or altematively comprise at

least one (methlacrylate functional monomer represented by the following Formula (V)

Formula (1V)

R
EW{)TR’ZMG;‘ {F it § e e Qe G Gz O,
i {
! ;

Rﬂ ! L%
With reference to Formula (iV): L® is selacted from a muitivalent optionally substituted
hydrocarbyl group; L7 is independently for each v a divalent optionally substituted
hydrocarbyl group optionally interrupted with at least one of -O- and -8,
R" is independently selected for each v from hydrogen and methyi,
v is from 2 10 6; and R is independently for sach w divalent optionally substituted
hydrocarbyl, With further reference to Formuis (IV), wis 0 0 10, and Z is selected from
hydrogen of a group represented by i~he following Formula (V)

Formuta (V)

o

|

C (tlmcHg
R?ﬂ

[0841]  With reference to Formula {V), R is hydrogen or methyl,

(8423} The monomers of the polymerizable componert {8) as described herein, including
monomaers represented by Formula (1), Formula {15, Formula (), Formula (V) and related

2

menomers, in each case optionally further include one or mors coproducts that include one

or more radically polymerizable ethvienically unssturated groups, such as, but not limited o

10
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oligomers that include one or more radically polymerizable sthvlenically unsalurated groups,
resulling from the synthests of such monomers.  The coproducts, such as ofigomeric
coproducts, can optionally also be present in the polymerizable compuositions of the present

nvertion.

jom}

843 The monomers of the polymerizable component {3} as described herein, including

monomers represented by Formula (), Formula (), Formula (1), Formula (V) and reiated

monomers, in each case optionally further include one or more coproducts that include one

or more radically polymerizalvie ethylenically unsaturated groups, such as, but not limited o
;

oligomers that include one or more radically polymerizable ethylenically unsaturated groups,

resulting from the synthesis of such monomers,

{044} With reference to Formuda (1) shown above, and with some embodiments, L' can
be selscled from multivalen! linear or branched optionally substiuted C4-Cos alkyd,
muitivalent oplionally substituted G0y oycloaliyl, multivalent optionally substituted an,
and combinations thereof optionally interrupted with al least one of ~C{Q), -5+, -0 and
combinations thereof. Each group from which L' can be selected can itself optionally be
interrupted with at lsast one of ~C{O), -5, -0~ and combinagtions thersof. Additionally or
alternatively, and as discussed previously herein, when L is selected from, or composed of,
fwo o move groups, such as a multivalent ingar or branched optionally substtuted C-Cpg
alkyl group and a multivalent oplionally substituted Cs-Cyz cycioalkyl group, the multivalent

groups can be interrupted with at least one of -C{O}, -3-, -0 and combinations thereof.

[845] The divalent group L7 of Fommnula (1), with some embodiments, can be selected
from divalent optionally substitited linear or branched C4-Cys alkyl, divalent optionally
substituted C,-Cyp oyoloallnd, divalent optionally substituted aryl, and combinations thersof

optionally interrupied with at least one of -0 and -&-.

{0486} According o some embodiments, L7 of Formula (1) is sslected from multivalent
finear or branched C4-Uyp alky! optionally interrupted with at least one of -C{O})-, <&~ and -G
In accordance with some additional embodimenis, L? of Formula (1) is independently for
each n selected from divalent insar or branched C-Cyp alkyl optionally inferrupted with at
lgast one -O-, Examples of multivalent and divalent alkyl groups from which L' and L% can
eath be independently selected, include, but are not limited fo, meihnd, sthyl, mropyl, buty,

pentyl, hexyl, heptyl, octyl, nonyl, and decyl, including struciural isomers thereof,

{047} The multivalent L' linking group of the first (methlacrvlate functional monomer
represenied by Formula {1}, with some embodiments, is selected from multivalent linesar or

branched G0y alkyl interrupted with al least ong -8~ group, and n of Formula (his 2 or 3.

11
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The multivalent linear or branched C-Cy slkyl groups from which L' can be selected

include, but are not limited to, those recited previcusly hevein.

048] The multivalent L' linking group of Formula (), with some embodiments, i a

divalent linking group, n is 2, and L is represented by the foilowing Formula (8},

Formula {B)

ARA8),-RE
With reference to Formula (B), R* for each p is independently selected from divalent finear or
branched optionally substifuted €Ty alkyl, and/or divalent optionally substituted Cy-Cys
cycloaliyl.  With further reference to Formula (B), R® is selected from divalent finear or
branched optionally substifuted C-Cqo alkyl, and/or divalent optionally substituted $3-Cyp
cyeioalkyl, and pis 0 fo 10, The divalent alky! groups from which R® and R® can each be
independently selected include, but ars not imited o, those described previously herein with
regard to L\
f0448] Non-iimiling examples of divalent optionally substituted inear or branched alkyl
groups from which R” for sach p and R® can each be independently selected include, but are
not fimited tor -CHp-; -CHCHy- -CH{PHhICH,-, where Ph represents optionally substituted
phenyl (~CaMs) ~(CHylee ~CH{CHCH,, -{i‘in}A—; SCH{CH JOHOH~ ~CH,CH{CH)OH~
s O{OH R CH {CHp s~ ~CH{CHCHCH O, ~CHATH{CH CHCHa-; -0{0H: 1 OHCHa-
and ~CHC{CH;)CH,-.

(0501 Non-iimiting examples of divalent optionally substitided cyoloalkyl groups from
which R? for each p and ®® can sach be independently selected include, but are not limited
tor cyclopropar-1,1-divl; cvclogropan~t,2-divl;  oyclobutan-1,1-divl  cyclobutan-1, 2-diyi
cyclobutan-1,3-divi,  oyclopentan-1,1-diyl;  cyciopentan-1,2-divl;  cyclopentan-1,3-div;

cyclohexan-1,1-diyl; eyclohexan-1,2-diyl; cyclohexan-1,3-diyl; and cyclohexan-1,4-divi.

[543 With the preceding non-limiting examples of divalent optionally substituted linear or
branched alkyl groups and divalent optionally substituted cycloalky! groups from which R for
each p and R* can each be independently selected, one or more hydrogens thereof can
each be optionally and independently substituled or replaced with a group other than
hydrogen including, but not limided {o, those groups as described previously herein with
regard (o the {erm “optionally substiituted.”

{652} The divalent group L? of Formula (1) can, in accordance with some embodimenis,
be represented by the following Formuta {C),

Formula {C)
AR0)e- R

.
P2
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With reference to Formula (C) R® for each g is independently selected from linear or
branched optionally substituted C-Cyp alkyl, and oplionally substituted Ca-Qyy oycioalkyd;

R is selected from linear or branched optionally substituted GGy gikyl, and optionally
substituled Ca-Cyp oveloalkyl; and g is 0 to 10,

{0531 MNon-Hiniting examples of divalent optionally substituted divalent linear or branched
alkyl groups from which R for sach g and R® can each be independently selected includs,
but are not limited to, those described praviously herein with regard 1o R® and R, in which
one or more hydrogens thereof can sach be optionally and independently substituted or
replaced with 3 group other than hydrogen including, but not limiled to, those groups as
described previously herein with regard fo the term “optionally substiufed.”  Non-limiting
examples of divalent optionally substituted cycloalky! groups from which R for sach q and
R® can each be independently selected include, but are not fimited to those described
praviously herein with regard to R® and R®, in which one or mors hydrogens thereof can
sach be optionally and independently replaced with a group other than hydrogen including,
but not limited to, those groups as described previously herein with regard o the term

‘optionally substituted.”

{054} in accordance with some embodiments, n of Formula (1) is 2, L is represented by
Formula {B) and L? is represented by Formula {{), in which case the first {(methlacryiate

functional monomer can be represented by the following Formula {la)

Formula {Ia)

]
o

...........

. f ) ' 3 i { .
-------- o-——RE ‘r\ OR? } S { Rewg }« R G >~ R S E (13
/ y
e o} el
R

T

5]
<
o
Cr

With reference to Formula {(la), R, R% R® RY R p, and q are each independently as
described previously herein. The first (methlacrylate funclional monomer represented by

Formula (la} includes at least two sulfide linkages (-5-),

10851 With further reference to Formula (1a), and with some embodiments of the present
nvention: p i 1, each ¢ is indepandently 0 fo 10, provided that at least one q is at least 1;
R% R® R* and R® are each divaleni ethyl, such as ethant,2-diyk and each R’ is

independently hydrogen or meathyl,

[R56) With addifional reference lo Formuila (la), and in accordance with some
embodiments: p is 1, each g is 0; and R*, R® and R® are sach selscted from divalent ethy),
such as sthan-1,2-divl, in which case the first {meth)acrvlate functional monomesr can be

Loy

represented by the following Formula (Ib):
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Formula {Ib)

o o
Hz‘?m?”‘mcmg S S 3 [ Crovmems C::::::::.:CH?
i
R1 H‘{

With reference to Fommula (b), sach R’ i independently selected from hydrogen and
AY ; . o B

methyl, as describad praviously herain,

{0871 With some embodiments, L' of Formula {1} s selected from & tivalent group

represerted by the following Formula L'(a),

Formuia L'(a)

|

g CH, G
i ' f
------------- R e © e Qs G g o Qs G o R 12

I058]  With reference to Formula LYa), and with some embodiments, R" and R are
sach independently selected frony divalent linsar or branched alityl, such as divalent linear
or branched G-y alkyl, or divalent linear or branched C-Cyp alikyl, or divalent finsar or
branched G,~Cy alkyl, or divalent GG, alkyl, divalent cyclic alkyl, such as divalent Cs-Cy
cyclic atkyl, divalent phenyl, including finear or branched GGy alkyl substituted divalent
ohenyl. When L' is selected from a trivalent group represented by Formula L), n of
Formula {1} is 3,

f0581 When L' is selected from a frivalent group represented by Formula L'{a), the first
{methjacrylate functiona! monomer represented by Formula {{) can be represented by the

following Formula {le):

Formula (Ig)

9]
.
Gt F e o (O ---L( =IO,
R
1 i CHa 0 3
’:
\

With reference to Formula (i), each R' and each L? are each independently as described

praviously haersin,

14
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{0801 The first {methjacrvlate functional monomer as represented by Formula (1) can be
prepared by arbrecognized methods, With some emboediments, and for purposes of non-
imiting Hlustration, the first {methlacrylate functional monomer represented by Formula (8
can be prepared by reaction of one mole of a polythicol having n thiol groups {-8H) and at
teast romoles of one or more oxirane funchional materials {andfor one or more cyclic ethers),
which resulls in the formation of a hydroxyt functional intermediates having n hydroxyl groups,
where n, in each case, s as descnbad with reference to Formula (1), Examples of oxirane
functional materials include, but are not Iimited io, alkyiene oxides, such as ethylens oxide
and propylene oxide.  Alternatively, the polythiol can be reacted with a 2-halo~-1-hydroxy-
atkane, such as 2-chiorosthanol, in accordance with art-recognized methods.  Futher
alternatively, the polythiol can be reacted with a 1,2-alkylene carbonate, such as ethylens
carbongle, in accordance with arb-recognized methods.  Reaction of the polythiol with
oxirang functional material, or 2-halo-t-hydroxy-alkane, or 1,2-alkylens carbonate, results in

the formation of a hydroxyl functional intermediate.

{661} The hydroxy! funclional intermediate can then be reacted with a {methlacrylic acid
ester with the concurent removal of alcohol, thersby resufting in formation of a first
{methjacryiate functional monomer represented by Formula {{). Altermnatively, the hydroxyl
functional intermediate can be regcted with a {methjacnvioyl halide, such as {methjacnioyl
chioride, with subseguent work-up procedures to remove the resulling hydrogen halids
andfor salt theveol. Further alternatively, the hydroxyt functional infermediate can be reaciad
with {methlacryiic anhydride, in accordance with artrecognized methods.  The hydroxyl
functional intermediate also can be reacted with {methjacrylic acld with concurrent ramoval
of waler, thereby resulting in formalion of a first {methiacrvlate functional monomer

represented by Formula (1}

{062] When L' is represented by Formula {A) and for purposes of non-imiling
Hlustration, the first (meth)acrylate functional monomer represented by Formula (1) can be
preparved by reaction of a carbonic dihalide (when Y of Formuda A is O} or a carbonothiole
dihalide {when Y of Formula A is 8) with two moles of a thiol funclional material represented

by the following Formuia {F):

Formuda (F)

Ci
HE e 2O St
R‘!
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With reference to Formula (F), L? and R' are each as described previously herein with
regard to Formula (1)

{063} Alternatively, when L' is represented by Formula (A}, and for purposes of further
non-limiting Hustration, the first (methlacryiale functional monomer represented by Formuia
{11 can be prepared by reaction of N,N-carbonyldiimidazols {whea ¥ of Formula A is O} or g
N, N-thiocarbonyldiimidazole {when Y of Formula A is 8) with two moles of g thiol functional
material represented by Formula (F)

1084} With reference to Formulda {{}, and i accordance with some emboediments, nis 2,

1Y is selected from a divalent linking group represented by Formula (&), and LU is

represented by the following Formuda (8),
Formula (8}

{R%G),-R>
With reference to Formula (B), R for sach p, and R are each independently as described
previousty herein, and pis ¢ to 10,

{085] When nis 2, L' is represented by Formula (A) and L7 is represented by Formula

(B}, and for purposes of non-iimiting illustration, the first (methlacrylate functional monomer
represented by Formula (1) can be prepared by reaction of a carbonic dihalide {(when Y of
Formula A is Q) or a carbonothicic dihalide (when Y of Formula A is 8) with a dithiol, such as
dimercaptodisthyisulfide  {which  can  also  be  equivalently referred o as
bis{2-mercaptoethylisulfide), which resulls in the formation of an intermediate dithiol having
a ~C{0) or ~C{8)- linkage in the backbone thereof, The intermediale dithiol is then reacted
with two moles of an oxirane functional material, such as sthylene oxide, which resulls in the
formation of di-hydroxy functional intermediate. The di-hydroxy functional intermediale can
then be reacted with two moles of a {methjacrylate with the concuwrrent removal of a 2 moles
of aicohol, which results in formation of a first (meth)acrylate funclional monomer. In the
wreceding general synthetic procedurs, the carbonic dihalide can be replaced with NN-
carbonyldiimidazole (when Y of Formula A is O), andfor the carbonothicic dihalide can be
replaced with N N-thiocarbonyldiimidazole {(when Y of Formula A s 8} With further
reference to the preceding general synthelic procedure, the (methlacrylate reactant can be

replaced with s (mesthjacryvioy! halide, such as {meth)acryloyi chioride,

{4663 With reference to Formula (1), and with some embodiments, nis 2, and s

selected from, g divalent linking group represented by the following Formula (D),

Farmula (D)
~C{ROY R

16
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With reference fo Formula (D), R® and R are each independently selected from hydrogen,
inear or ranched pptionally substituted C,-Cyp alkyl, optionally substituted C3-Cy» oydloaikyd,
and optionally substituled aryl,  Alternatively, R® and R’ together form g Cp-Cyp oplionally
subsiituted cycloalkyl.

{0671 With further reference to Formulda (1), with some embodiments, wher i is 2 and L'

s represented by Formuda (D), L7 is represented by the following Formula (B),

Formuia (B}

ARE-8), R
With reference fo Formula (B), R? for each p, and R are each independently as described
previously herein, and p is 0 {o 10
[088]  When, a5 with some embodiments, L’ is represented by Formula (D), L% with
some embodiments, is represented by Fommnula (B), and n is 2, the first {methlacryiste
functional monomer represented by Formula (1) can be represented by the following Formula

(i),

Formuta (id)

ot
o33
O

s

668]  With reference to Formula {Id), R, R® R, R" R’ and each p are each
independently as described previously herein,  With further reference o Formula (id), and
with some embodiments of the present invention, sach R' is independently selected from
hydrogen and methyl, R® and R’ are each independently selected from hydrogen and
methyt, K% and R are in each case ethan-1,2-diyl, and each p is independently 1 or 2.

1070 With reference to Formula (1), when L' is represented by Formula (I, L7 is
represeried by Formula {(B), and n iz 2, the first {methjacrviate monomer of the
polymerizable compositions of the present invention can be prepared by art-recognized
methods. For purposes of non-imiting fHlustration, a first {meth)acrylate functional monomer
represented by Formula {Id) can be prepared in accordance with the following representative

Scheme-{(Al

17
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Scheme-{A}
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{074 With reference to Scheme-{A), R, R® and R are sach as described previcusly
hersin with reference fo, for example, Formula (d), and R’ s a monovalent hydrocarbyl,
such as linear or branched G5Oy alkyl, or Ci-Cyp oycloalkyl.  With further reference o
Scheme<{A), 1 mole of an asidehyde or kelone (3) is reacted with 2 moles of a di-thiol, such
as dimercaplodiethyisulfide (b) {which can also be squivalently referred {o as bis{2-
mercaptoethylisuifide), which resulls in formation of a thiol functiona! adduct {¢}. Thia
functional adduct {c) s reacted with 2 moles of an oxirane functional material, such a
ethylene oxide {d}, which resulls in formation of a hydroxy functional infermediate (e},
Hydroxy functional intermediate {2} is reacted with 2 moles of a {methiacryiate (T} with the

concurrent removal of 2 moles of aicohol (g}, which resulls in formation of a first
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{methjacrylate functional monomer {(h), which can be used i the polymerizable

compositions of the prasent invention,

{073} With further reference fo Scheme-~{A), the formation of thiol functional adduct (¢}
can be accompanied by the concurrent formation of coproducis, such as oligomeric
coproducts.  The formation of oligomeric coproducts ¢an be minimized by adjusting the
relative molar amounis of the aldehyde / ketone (&) and dithio! {b). For purposes of non-
imiting Mustration, & molar ratio of dithiol (b} to aldehyde / ketone (a) of at least 4 o 1
fypically resulls in minimal formation of oligomeric coprodue

(6731 With additional reference to Scheme-{A), the {methlacrvlate () can be replaced
with a {methjacryioyt halide, such as {methjacryloyl chioride, in which cass 2 moles of
hydrogen halide, such as hydrogen chioride, would be generated, rather than 2 moles of

aleohot {g). The first {metiacrylate monomer (h) would be separated from the hydrogen

halide in acoordance with arf-recognized work-up procedure

{074} With further addifional reference to Scheme-{4}, the aldehyde or kelone (8} can b

replaced with an acelal or g ketal {(a-1) represented by the following Formula (a-1).

Rama\ (3 oo (3B
RS"M \R?

With reference to Formuia {a-1), R® and R are each as described previously herein, and R®
and R® are each independently selectad from linear or branched optionally substituted Gy~
Cos alkyl, optionally substituted Gs-Cyrcoycloalkyl, and optionaily substiiuted aryl.  The
aldehyde or ketone {a) of Scheme-~(A) can, with some embodimenis, be replaced with an
gquimolar amount of acelal / ketal represenied by Formula (a-1).  For purposes of non-
imiting usiration, with some embodiments, the acetsl / kelal represented by Formuia (a-1)

iz acetone dimsthyiksial

[0V 5] With further reference {o Formula (1) and in accordance with some embodiments, n
is 2, and L' is a divalent linking group represented by Formula (G-1) as described in further
detail below, The divalent linking group L® of Formula (G-1) is, with some embaodiments, a
rasidue of a hydrocarbyl group having two noreconjugaied carbonecarbon double bonds.
With some embodiments, L% of Formula {(G5-1) is a residue of vinyl-cycichexene, and L% is
represented by Formula (G-2) as descaribed in further detail below, and L' of Formula (1} |

represented by Formula (G-3) a5 described in further defall below.
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{078} The polymerizable component {a) can, in addition to the first {meth)acrviate
functional monomer represented by Formula (1), futher inciude at least one

thio{methjacrylale functional monomer reprasented by the following Formuia (1),

()

f:?
[ \
i \
¢ 3 {( a ; o CHy |
| /
\ oty ’)1

oo

f0773 With reference to Formula {6, and as discussed previcusly herein, L is a
multivalent optionally substituled hydrocarby! group optionally iInterrupled with at least one of
SO, 8-, -O- and combinations thereof. Each R" group of Formula (1) is independently

selected for sach t from hydrogen and methyl, and tis from 210 6.

{078} The groups from which 10 of the thio{methlacrylate functional monomer
represented by Formula (i1} can be sslected include, but are not limited {0, those groups
described previously herein with regard to L' of Formula (I} With some embodiments of the
oresent invention, the multivalert U¥ group of Formula (i} Is selected from multivalent linear
or branched oplionally substiluted C,-Cys alkyl, multivalent oplionally substifuted Cs-Cys
cycloalkyl, multivalent optionally substitited aryl, and combinations thersof optionally

inferrupted with at feast one of -C(O)-, -S-, <O~ and combinations thereol,

{079} With some embodiments, tis 2, and L® of Formula (i) is represented by Formula
{8}, as described previously herein, and the thic{methjacrviate monomer can be represented

by the following Formula (iia).

Formula {Ha}

ﬁ ﬁ
H,C r; T8 {\RZ»S:} R e @ G Gz O,
P
R R®

[080]  With reference fo Formula (Ha), R% R® R® and p are sach independently as
described previously herein.

381 With some embodiments of the present invention, and with further reference o
Formula (Ha), pis 1, and R? and R® are each divalent ethyl, such as ethan-1,2-divi, in which
pase the thiolmethjacrylate funclional monomer represented by Formmula (Ha) can be

represented by the following Formula (b},
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Formula (b}

o 0
M.0 C ) S & c TWCH?
8

RO R

1082} With refarence to Formula (iib), sach RY is independently selected from hydrogen
and methyl, as described previously herein.

{0831 Thio{methlacryiate monomers represented by Formula () can be prepared by art~
recognized methods, For purposes of non-imiting ilustration, a polvthiol, such as such as
dimercaptodiethylsulfide, or a sall of a polythiol, such as such as dimercaptodisthylsulfide
disodium sall, can be reacted with a (methjacryloy! halids, such as (meth)acryloyt chioride,
which results in the Tormation of g thio{meth)acryiate functional monomer reprasented by
Formuda (1), or, for example, Formula {lis).

foB4} With further reference to Formula (i) and with some embodiments, tis 2, and L7 is

representad by the foliowing Formula (G-1).

Formula (G-1)

I

/ / \
wR3-%*SWR2LSm*u*-LB-WSJ{-REMSﬁWF{B
y /

i

!t

p o

With reference to Formula (G-1), R%, R’ and p are In each case as independently described
oreviously hersin with regard to Formuia (B). With further reference o Formula {(G-1), LY is a
divatent optionally substituted hydrocarbyl, With some embodiments, L% is selectad from
divalent linear or branched optionally substituted C4-Cys alkyl, divalent optionally substituted

Lg-Cqp cyeloalkyl, divalent optionally substiiuted aryl, and combinations thereof.

[085] The divalent group L® of Formula {3-1) with some embodiments is a residue of an
optionally substituted hydrocarbyi having two non-conjugated carbon-carbon double bonds,
such as a linear or branched optionally substituted C-Cys alkyl having two non-conjugate
double bonds, and/or optionally substituted C3-Cyy cycloatkyl having two non-conjugated
double bors. With some embodiments, LY of Formula {G-1) is a residue of vinylh
cycichexene, such as 4-vinyl-1-cyciohexene or 3-vinyl-1-cyclohexens. In accordance with
some non-limiting embodiments, L” of Formula {(G-1) is a residue of vinyl-cycichexene, and

is represented by the Following (G-2).
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Formula (G-2)

S
Lo CHCH
“ o

RN

[a8g] in accordance with some embodiments, and with reference o Formula (i), tis 2,

and L7 is represented by Formula (G-1), in which L is a residue of vinyboyolohexene and is
representad by Formula (G-2), in which case L% is more particularly represented by the

UG

following Formula (G-3).

Formuia {G-3)

[087} With reference o Formula (G-3), and in accordance with some embodiments, the
fwo groups bonded fo the cycichexane ring are ortho, meta or para relative o each other,
and are not bonded to the same carbon of the cyclohexane ring. With further refersnce to
Formula (G-3), R?, R® and p independently in each case are described previcusly herain with

regard (o Formula {B).

{oga} Further, when t is 2 and L is represented by Formula (3-3) in which the two
groups bonded t{o the coyclohexane ring are para relative o each other, the
thio{methjacrylate monomer representsd by Formuds {1} can be more particuiarly

represented by the following Formula {lic).

Formuta (lic)

i
{«fgfm?MC“SMRL-{-SMRQ}'SN~
i p
s )
S \CHQCHZNS{—Rzme‘;»}mﬂow Gome Qoo O,

0 |

R‘!

{o88} in accordance with some embodiments, when t is 2 and L7 is represented by

Formuia {G-3) in which the two groups bonded fo the gyclchexans dng are meta relative o
each other, the thio{methlacrylate monomer represented by Formula () can be more

particuiarly represented by the Tollowing Formula (Hid).
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Formuia (Hd)
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{680} With reference to Formudas (ifc) and {lid), each R’ is independently selected from
hydrogen and methyl, and R R and p are each independently as described previously
hersin with regard to Formula (B),

[081} Nith additionatl reference to Formudas (lic) and (Hid), and with some embodiments,
R? and R® are each ethan-1,2-diyl, and each p is 1, in which case s thio{meth)acrylate
monomers represented by Formudas (icy and {(iid) can be represented by the lollowing

Formulas (Hle) and (), respeactively.

N

Formuia {lig)

s
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{6921 Thio{methlacryiate functional monomers similar to those represenied by Formulas
{Ho) and {lid) can be prepared by artrecognized methods.  For purposes of non-limiting
Hlustration, 2 moles of a dithiol, such as dimercaptodiethylsulfide, are reacted with one mole
of vinyl-oyclohexens, such as 4-vinyl-1-cyclohexene, under art-recognized thiokene reaction
conditions, which resulls in a thiokfunctional intermediate. The thiolHunctional
intermediate{s) is/are then reacted with 2 moles of a (meth)acryloyl halide, such as
{methjacryloyl chloride, resulting in formation of a thio{methjacrylate funclional monomer

represented by Formula (e}, or Formula (i}, or mixtures thersof.

(683} For purposes of non-imiting Hlustration, thiol-eng reactions gensrally involve the

reaction of a material having one or more thiol groups, such as a dithicl, with a malerial
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having one or more carbon-carbon double bonds, such as a vinyl compound, a
{methjacrylate, and/or an aliyl compound. With some smbodiments, & material having one
or mere carbon-carbon triple bonds is used, as described in further detall herein with regard
to the synthesis of monomers represented by Formula (V). For free radical inilialed thiol
ene reactions, reaction between the maleral having oneg of more thiol groups and the
material having one or carbon-carbon double bonds is typicaily carried out in the presence of
a free rgdical initiator, such as peroxide ifype andfor azo type free radical initiators.
Examples of peroxide free radical iniliators  include, but are not limited &
paroxymonccarbonate  esters, such as {erarybutviperoxy 2-ethythexyl carbonale and
terdiarybutyiperoxy isopropy! carbonatle; peroxyketals, such as 1, 1-di-{bbutyt peroxy 3,35+
trimethyicyclohexane; peroxydicarbonate esters, such as di{Z-ethvihexy!) peroxydicarbonais,
di{secondary butyl) peraxydicarbonate and disopropyiperoxydicarbonate; diacypsroxides,
such as 2 4-dichlorobenzoyl peroxide, Isobutyryl peroxide, decanoyl peroxide, lauroyl
paroxide, propionyt peroxide, acetyl peroxide, benzoyl peroxide, p-chiorobenzoy! peroxide;
peroxyesters  such  as bhbulyiperoxy pivaigte, bbulyiperoxy  octylate, and
bulyiperoxyisobulyrale; methylethyiketone peroxide, sand  acelyloyciohexane  suffony
peroxide. Examples of suilable azo type radical iniliators include, bul are not limited o,
azobis{organonifrile)  compounds, such  as  azobis{iscbulyronitrile) and  azobig(2,4-
dimethyivaleronitrile},  Additional non-limiling examples of azo {type radical initialors are
desoribed in further detall herein with regard 1o the synthesis of monomers represented by
Formula {IV). The free radical inilialor is typically present in an amount at least sufficient fo
initiate reachon between the thiol compound and the compound containing one or more
carbon-carbon double bands. With some embodiments, the free radical initiator s present in
an amourt of from 0.01 percert by weight to 5 percent by weight, based on waight of
reaciants,  The ihicl-ene reaction can be conducted undsr any suitable temperaturs, such
as from room temperature {e.g., about 25°C) o 100°C. The reaction temperaiurs typically
depends at least v part on the termperature or lemperature range under which the free

radical intiator is thermally aclivated.

{084} When the reaclants are multifunclional, such as a polythiol having two or more
thiol groups and a material having two or move carbon-carbon double bonds, the thinlene
reaction can resull in the formation of some oligomeric species. With some embodiments,
the formation of cligomeric species can be minimized by adjusting the molar ralic of the
reactants. For purposes of non-iimiting Hustration, with the reaction between a dithiol and a
material having two carbon-carbon double bonds {that are reactive with thiol groups), the

dithiol can be present in @ molar excess reigtive o the materigl having two carbon-carbon
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double bonds, such as a molar ratio of greater than or equal to 2 1 1, or greater than or squal

t03: 1, or greaterthanorequaliod 1.

{0o5} i should be understood that for purposes of the present invention, "base catalyzed
thiok-ene reaction” conditions are the preferred conditions of thiokens reaction of a thiol
sompound with a material having {methjacrylate group(s). Base catalysiz that can be ussd
for these purposes include base catalysts known fo those siilied in the arl; terfiary amines,
including  but not limiled (o Wsthylamine, 1,8-diazabicyclo[5.4. 0lundec-T-ene, 1,5~
diazabicycinl4.3.0hon-8-ene, and 1. 4-diazableyclo]2. 2 Zjoctane; and tertiary phosphines,
including bl not limited {o tricctviphosghing, Wibubdphosphing,  triphenyighosphing,
methyldiphenylphosphing, and dimethylphenylphosphine.

faes] The polymerizable component {a), according fo some embodiments of the present
invention can oplionally include, in addition to the first {methlacrylate functional monomer
represented by Formula (I}, &l least one second (methlacrviate functional monomer

represented by the following Formula ().

Formuta (H1D

> 0
/ T !
s‘i-—{-famwﬁgc:ﬁsmsmmomma5»»»»@ C TW:H?
\ jLE

{8a7} With reference to Formula () and as described previously herein, L* is a
muitivalent opltionally substituted hydrocarbyl group oplionally interrupted with at least one of
-C{O}, -8, -« and combinations thereof. With further reference to Formula (1), L' s
independently for each u a divalent aptionally substituted hydrocarby! group. The R and R'°
groups of Formula () are each independently selecled for each u from hydrogen and

maethyl, anduisfrom 210 6,

[Go8] The multivalent linking group L7 of Formutia (il can be selected from those classes
and sxamples of multivalent linking groups described previously herein with reference to L
of Formula {1). The divalent linking groups L° of Formula (I} can be selected from those
classes and sxamples of divaient linking groups described previcusly herein with reference

to L7 of Formula (1),

[088] The multivalent linking group 1.7 of Formula {§ i} can, with some embodiments, be
selected from multivalent linear or branched optionally substituted C-Cas alkyl, multivalent
optionally substituted Cu-Cy cycloalkyl, multivalent optionally substituted arvl, and

combinations thereol optionally interrupled with at ieast one of ~C(O), -5+, -0~ and
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combingtions thereof. With some embodiments, u of Formula (I} is 2, and the multivalent
finking group L% is a divalent linking group, which can be represented by Formuia (B), as

described previously herein with regard o Formula {1}

[0100]  The divalent linking groups L® of Formula (1), with some embodiments, can each
be independently selected for each u from: divalent linear or branched optionally substituted
Cr-Coy alkyl, or divalent linear or branched oplionslly substituted CCqp allyl, or divalent
insar or branched optionally substitided C-Cy alkyl, or divalent optionally substituted C+Cy
alkyl; divaient optionaily substituted Cy-Cyp ovcloaikyl, such as such as divalent optionally
substiiuted Cs-Cy oyclic alkyl; divalent optionally substituted aryl, such as divalent phenyl,
including linear or branched (-G alkyl substituled divalent phenyl, and combinations
thereof. The divalent linking group L° of Formula (1) can, with some embodiments, be

reprezented by Formula {C), as described previcusiy herein with regard {o Formula {1).
[3131] The second {(methlacryiate funclional monomer represenied by Formula (1) can
be prepared by art-recognized methods. For purposes of nonlimiting Hlusteation, when u is
2, a polythiol, such as dimercaplodiethylsulfide, 8 reacted with a bis-{methjacryiate, such as
alikvieneglyocol bis{methlacryvlate  including,  but not limited  to,  ethvieneghveot
bis{methlacrylate, or, polyalkvleneglyool bis{methlacrvate including, but not imited o,
disthyienegiyoal bis{meth)acrylate, under base catalyzed thiolene reaction conditions, which
results in formation of a second {methlacrylale functional monomer represented by Formuls
(). Synithesis of the second {methjacndate functional monomer represented by Formula
{1 can result in the formation of coproducts, such as oligomeric coproducts, which can

optionally be present in the polymerizabie compositions of the present invention.

0402 o accordance with some embodiments, and with reference o Formuia (), wis 2,
and L is represented by Formula {($3-1) and more particulary by Formula (G-3), as
desearibed previously herein. When u is 2 and LY is represented by Formula {G-1) or more
particularly by Formula {G-3), L° of Formuia (111} is, with some embodiments represented by
Formula {C), as described previcusly herein with regard 1o Formula (1), Such a Formula (i)
type {meth)acryviale monomer can be prepared by arl-recognized methods, For purposes of
non-imiting #lustration, & moles of a dithiol, such as dimercaptediethyisulfide, are reacted
with one mole of vinyl-eyclohexene, such as 4-vinyl-t-cyclohexene or 3-vinyl-1-cyciohexene,
under free radical thiokene reaction conditions, which resulls in a thiclfunctional
intermeadiate. The thick-functional intermediale is then reacted with a bis{meihlacrylate, such
as alkyleneglycol bis{methjacrylate or polyalkylenegivcol bis{methjacryiate, under bass

catatyzed thiol-ene reaction conditions, which results In formation of a second {meth)acrylate
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functional monomer represented by Formula (H1), in which LY is represented by Formula (G-

1} or more particularly by Formula {3-3), and L is represented by Farmula (C).

{01031 The polymerizable component {a) includes, I some embodiments, a
{methjacryvlate monomer represented by Formula {1} and at lsast ons of a thio{methlacrviate
monomer represented by Formudg () andfor a {methlacryiate monomer regresented by
Formula (Il), When composed of a {methjacrylate monomer represented by Formula {1} and
al least one further monomer represented by Formulas (D) andlor (1), the {methlacrviale
monomer representad by Formula {4} is present, with soms embodiments, in an amount of
from 1 o 99 percent by weight, or from 20 1o 80 percent by weight, or from 40 to 80 percent
by weight, and the further monomer represented by Formuda {H) and/or Formula () is
present in a combined amount of from 1 10 99 percent by weighi, or from 10 {0 75 percent by
weight, or from 20 to 60 percent by weaight, the percent weights in each case being based cn

total weight of the reciled monomers.

0104  In accordance with soms embadiments, and as described previously herain, the
polvmerizable component () includes al least one thio{msih)acrylate functional monomer
represented by Formuda () and al least one meth{acryiate) functional monomer represented
by Formula (1), The monomers represented by Formudas () and (i) are each
independently as described previously herein.  in some embcdiments, ihe polymerizable
component comprising monomers represented by Formudas () and () s free of
{meth)acrviate functional monomers represented by Formuiz (1), The relalive amounts of
monomers represented by Formulas (1) and Formula () can vary widely. In accordance
with some embodiments, the thio{methlacrylale functional monomer(s) represented by
Formuda {1} are present i an amourit of from 20 to B8 percent by weight, or from 38 o 80
percant by weight, or from 50 o 8¢ percent by weight, and the (methlacrviate functional
monomer(s) represented by Formuda (14} is present in an amount of from 1 {o 80 percent by
weight, or from 10 to 85 percent by weight, or from 20 to 50 percent by weight, the percent

weights in each case being based on the tolal weight of the reciled monomers,

[0108]  The polymerizable component {8} can include, with soms embodiments, al ieast
cne disthvienically unsaturated monomer chosen  from, 12-dwinvibenzens, 1,3«
divinylbenzene, 1,4 -divinvibenzens, bisphenot A ethoxyiale disoryiate {(CAS # §4481-02-1),
bisphenol A sthoxylale dimethacrylate {CAS # 41637-38-1), bisphenol A propoxylate
diacrviate {CAS # 87052-50-8), bisphenol A propoxylate dimsthacrviate, Blsphenol A
glycerolate diacrylate (CAS # 4687-04-9), bisphenol A glycerolate dimsthacrylate (CAS #
1565-94-2), bispheno! F ethoxyilale diacndate (CAD # 120750-67-8), bisphenol F ethoxylate

dimethacrylate, bisphenol F propoxyiate diacrylale, bisphenct F propoxylate dimethacrylate,
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bisphenol § sthoxyiale diacrylate, bisphenol S sthoxviate dimethacrvlate, bisphenol 8

propoxylale digcryiate, bisphenol & propoxyiate dimethacrviate, polvethyviene glyeol
difmethiaorviate, polypropylens giveo! dilmethlacrviate, {(methlacndic anhydride, or mixtures
thereof, The concenirations of the aforementioned co-monomers, individually or in
combination, range from 0.5% fo 60%, bassd upon the tolal monomer weight of the
polymerizable component (a). The effect of the material on refraciive index and other

properties of the finished polymer is taken inte consideration regarding the amount used

individually or in combination.

{01861 Further, the polymerizable component {a) also can include at least one
polysthylenically unsaturated monomer chosen from trimathyloloropane fi(methlacrylate,
trimethyiolethane triimeathlacryiale, ditimethviclpropane tetra(methiacrviate, pentasrytiritol
tri{methjacrylate, pentaerythritol tetra{meth)acrylate, dipentasrythritol pentaimethacrylate,
di{pentaarythritol hexalmethjacrylate, ris{Z-hydroxysthyl) il{methiacrylate, 2,4,8-riallyloxy-
1,3, 5-triazine {CAS #101-37-1), 1,3,5-trialiv-1,3,5-triazine-2,4,6{1H, 3H, SM)-trions (CAS #
1025-15-8}, or mixiures thereof. The concentrations of the aforementioned co-monomers,
individually or in combination, range from 0.1% to 20%, based upon the folal monomer
weight of the polymerizable component (g} The effect of the material on refractive index
and other properties of the finished polvmer i laken into consideration regarding the amount

used individually or in combination,

071 With some embaodiments, the polymerizable component {a) includes at least one
{meth)acryiate functional monomer represented by Formula {(IV), as described previously
herein. The multivalent L® and divalent L7 groups of Formula (V) can bs selected from those
groups as described previcusly herein with regard o L' and L* of Formuiz {1), respactively.
With some embodiments of the present invention, the multivalent L° group of Formula (1V) is
selected from multivalent linsar or branched optionaily subsiiited C-Cys alkyl, multivalent
aplionally substituted Cs3-Cyp oycioalkyl, multivalent optionally substittted aryl, and
cornbinations  thereof oplionally inlerrupted with at least one of OO0} -5 O and
combinations thereof. In accordance with additional embodiments, the divalent L7 group of
Formula {1V} is independently for each v selected from divalent linear or branched optionally
substituted G-Cys alkyl, divalent optionally substituted C3-Cyp cycloatkyl, divalant optionally
substifuted any, and combinations thereof optionally interrupted with at ieast one of -O- and -
S-.

[0108]  With further reference o Formula (1V), with some embodimenis of the present
invention, the divalent R™ group can be selected, independently for each w, from those

groups as described previously herein with regard to R* of Formula (C).  With some
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embodiments, sach R"¥, of Formula (IV), for sach w is independently selectsd from divalent
linear or branched optionally substituted €Uy altkyl, and divaient optionally substituted Cs-
Crp cycloalkyl

{01087 With further reference {o Formula (IV) and in accordance with some sembodiments,
vis 2, and L7 is a trivalent residue of 3 hydroxyl functional compound having a single carbon-
carbon triple bond. Examples of hydroxyl functional compounds having a single carbon-
carbon triple bond from which the {methlacrylate funcliornal monomer reprasented by
Formula (V) can be preparsd include, but are not limited to, propargyl alcohel, 2-butyne-1,4-
diol, 3-butyne-2-of, 3-hexyne-2 8-~dicl, and mixtures of two or more thereof. A portion of the
hydroxy! functional groups on the hydroxyl functional cormpound having 2 single carbon-
carbory triple bond may be esterified. For example, a portion of the hydroxyl functional
compound having a single carbor-carbon triple bond may include an alkyne-functional ester
of a C-Cyp carboxylic acid such as propargy! acelate, propargy! propionate, propargyt

benzoats, and the like.

104907 When vis 2 and L% s & trivalent residue of a hydroxyl functional compound having
a single carbon-carbon triple bond, the {(methlacrylate monomer represented by Formula (V)
can be prepared in accordance with the following general description with propargy! alcohol
as the hydroxyl functional compound having a single carbon-carbon triple bond. Typically, a
thiol funclional intermediale is first formed by reacting 1 mole of propargyt alochol with about
two moles of a dithiol, such as dimercaptodielhyisulfide, under arf-recognized free radical
thiclene reaction conditions. The dithiol groups can each form a covalent bond with one
carbon of the C-C iriple bond group, or with both carbons of the C-C triple bond group.
While nol intending fo be bound by any theory, it is believed that one dithiol group forms a
covalent bond with sach separale carbon of the C-C triple bond,  The resulling thiol
functiona! intermediale is reacted with at least 2 moles, such as 2 {o 3 moles of an oxirane
functional material, such as ethylene oxide, or a cyclic sther, which resuits in the formation of
& hydroxyl functional intermediate. Allermatively, said thiol functiona! intermediate can be
reacted with at least 2 moles, such as 2 {o 3 moies, of & 2-halo-1-hydroxyl-alkang, such a8
Z-chiorethanol, in accordance with artreconginzed method, thus forming a hydroxyl
functional intermediate.  Likewise, the thiol funclional intermediate can be reacted with at
least 2 moles, such as 2 o 3 moles, of a 1.2-alkylens carbonale, such as eihyiene
carbonale, in accordance with art-recognized methods, this forming a hydroxy! functional
infermediate. The hydroxyl functional intermediate is then reacted with at least 2 males, such
as 2 {0 6 moles of a {meth)acrviate with concurrent removal of alcohol, 50 as o resull in

formation of the {(meihlacrnviale functional monomer repressnisd by Formula (VL
§ ) LIV}

£
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Allernatively, the hydroxyt funclional infermediate can be reacted with at least 2 moles, such
as 2 to 3 moles of a {methlachioyl halide, such as {methlacrioyt chiorde, which resuits in
formation of the (methlacrviate funclional monomer represented by Formula (1V), after ar-
recogrized work-up procedures o separate the desired product from the resulting hydrogen
halide. Formation of the thict functional intermediate can result in the concurrent formation
of oligomeric species, which can optionaily be prasent in combination with the (methjacryiate

funclional monomer represented by Formula (IV).

01111 During formation of soms {methlacrylale functional monomers represented by
Formula {1V}, formation of the thiol funclional intermediate as described previously herein,

H
i

can be carried out in the presence of a free-radical infiator. The free-radical initiator can be
selected from arbrecognized compounds.  Non-dimiting sxamples of free-radical inittators
include, bl are not limited to, azo or peroxide lype free-radical iniliators, such as
azobisalkaleneniiriies. The free-radical inflialor can be selected from azobisaikalenenitriles,
which are commaercially avatlable from DuPont under the tradename VAZQO, Examples of
VAZD initigtors that can be used, include, but arg not imited o, VAZO-52, VAZO-64, VAZO-
87, VAZO-88 initiators, and mbdures thersof. Preparation of the thiol functional intermediate
is described in further detall in United States Fatent No. 7,888,436 B2 at column &, lines 3-

83, which disclosure ig incorporated herein by reference.

01121 With some embodiments of the present invention, polymerizable components that
nclude at least one {methlacryviate Tunctivnal monomer represented by Formula (1V), can
further include at least one monomer selected from monomers represented by Formuia (1),
Formula (), Fomgda (), and combinations of two or more thereof.  When the
polymerizable component {a} is, with some smbodiments, composad of a {methacrylate
monomner represented by Formula (V) and at least one further monomer represented by
Formutas (1, (1) andior (1), the {methlacrylate monomer representad by Formula (1V) is
present in an amount of from 1 to 88 percent by weight, or from 25 to 95 percent by weight,
or from 50 to 80 percent by weight, and the further monomer represanted by Formiulas {1},
(i} andior (it} s present in a combined amount of from 1 to 98 percent by weight, or from 5
o 75 percent by weight, or from 10 1o 50 percent by weighi, the percent weighis in each

case being based on the total weight of the recited monomers.

{01131  in acoordance with some non-iimiting embodiments, the polymerizable component
ncindes & (methiacrviale monomer represented by Formula (V)Y and a {methjacryiate
monomer represented by Formula (1), in which L' of the (meihjacrylate monomer
represented by Formula (1} is free of subsiitution with a group represented by the following

Formula (M)
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Formula (M)
)’" -
LIRS ) B S R R T— O L

With reference to Formula (M), Z, R' and w are each as described previcusly herein with
regard fo Formula {1V}

{0114] by 2 particular embodimend, the polymerizable compaonernt comprisas:

a) at loast one thiolmethlacrvlate functional monomer represenied by the
j { ) ¥

foliowing Formula (lig),

{ig)
] )8
- _,S /S ,S P { _,-S 1 _,5 o
'?”V} ST e el us \#R?”’ TR N Ry
I A ‘s \ ,”;}

wherein,
L.%is g divatent linking group selected from,
{iy adivalentiinking group represented by the following Formula (D),
(D)
TR R
wherein R® and R’ each independently are selected from hydrogen, finear or branched
optionally substitited C,-Cye alkyl, optionaily substitied Cs-Cp cycloalkyl, and optionally
substituted aryi, or R® and R togsther form a C,-Cy, optionally substituted cycloalivyl, and
{i} & divalent linking group represernted by the following Formula (AL
(A}

|

~

s

whereln Y is O or S, and

R* for each p is Independently selected from divalent dnear or branched optionally
subsiituted C-Cyp alkyl, andior divalent optionally substituted 3-8y, cycloatkyd,

each R independently is selected from divalent linear or branched optionally substituted
C+-Chg alkyl, andior divalent optionally substituted Cs5-Cqy cycloalkyl, sach p is from Q to
10,

each RY is independently selected from hydrogen and methyl; and

{b) optionally a polymernization moderator,
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{1151 The monomers used in the polymerizables component such as the monomers
represented by Formulda (1}, (33, () and -{i‘v‘}, can be prepared, as described previously

o~ N

herein, from polythiols having two or more thiol groups, Examples of poiythiols that can be

AL

used o prepare the monomers such as, but notlimited {o, monomers represented by
Formula (1), Formula (i}, Formula (1), Formuda (V) and related monomers, include, but are
not limited to, 1 2-ethanadithiol, 2,2%hiodisthanethiol, 2 5-dimercaptomethyi-1 4-dithianeg,
1,2-bis-{2-mercapiosthylithio}-3-marcaptopropane, pentaerythritol tetrakia(3-
mercaplopropionate], pentaeryihritol tetrakis(2-mercaptoacetale), fetrakis(7-mercapio-2,5-
dithiaheptylimsthane, trimethylolpropane tris{3-mercaptopropionate), rimethylolpropane
ins(Z-mercaptoacetate), 4-mercaptomethyl3,6-dithie-1,8-cctanedithiol, d-tert-bulyl-1,2-
benzenedithiol, 4 4'-thiodibenzenethiol, benzenedithiol, ethylens glycol di{2~
mercaploacetale), ethylene glycol di{3-mercaplopropionate), poly{ethylene glycol) di(2-
mercaptoacetate), polv(ethviens glycol) di{ 3-mercaptopropionaie), a polythiol monomer

represented by the following Formula (K},
Formula (K}

H

wrernnonc {1}

0 CH, O

| | |

HE e R s G e Qe Gl CH o O e G e R 12 e G

[0118]  With reference to Formula (K), R' and R™ are each independently as described
previously hersin with reference to Formula L'{a). A polythiof represented by Formula (K)
can be prepared by an art-recognized esterification or transesterification reaction between,
for example, 3-mercapte-1,2-propanediol {Chemical Abstract Service {CAS) Registry No. 86-
27-5} and a thiol functional carboxylic acid or thiol functional carboxylic acid ester in the
presence of a strong acid calalyst, such as methane sulfonic acid, with the concurrent
removal of water or alcohol from the reaction mixture. The polythiol representad by Formuila
{K) optionally further includes coproducts, such as ofigomers which can optionally inciude

disulfide (-S-8-} linkages, resuiting from ifs synthesis.

01171 A nondimiting example of another dithiol that can be used to prepare the
monomers is represented by the following Formula (N-1)
Formuta {N-1)
, _
7 \ / Y
HS R e § e RE e G e B o RE e G oo R e B
R \ /
‘p n
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With reference to Formula (N-1) R R and p are s2ach independently as desoribed
previously herein with regard fo Formula (B). With further reference fo Formula (N-13, L% is
as described previously herein with regard to Formulas {(Ge1), {G-2) and (G-3).

{0118]  With some embodim&nis, and as described previously herein with regard fo
Formula {G-1), {G-2) and {(-3), L% is a residue of a optionally substituted hydrocarbyl having
two non-conjugated carbonecarbon double bonds, such as vinylcyclohexene. The
monomers of the polymerizable component (3) can, with some smbodiments, be prepared

using a dithicl represented by the following Formula (N-2}.

Formula (N-2)

& e R3—%SmR? S / \

©
\N”/

With reference to Formulas (N-1), R%, R® and p are esch independently as described

quCEia““b“%"h*wSm\; R SH

Y

\....

previously herein with reference fo Formula (B). With some ambodiments, the two groups
bonded to the cycichexane ring of Formula (N-2) are ortho, mela or para relative o each
other, and are not bondsed 0 the same carbon of the cyclohexane ring.

{0118]  in some particular embodiments of the present invention, L? of Formula (1) L of
Formuia (IV); R® of Formula (d): RYR® of Formula {1a); and L° of Formula (ic) are each &
divalent hydrocarbyl group containing one carbon atom, such as ~CMy-, -CH{R)-, or ~C(R'Y(
R*- where sach of R, R' and R? independently represents an optionally substituted
hydrocarbyl group. For example, such a manomer, where L2 of Formuta (1) is ~CH,-, can be
synthesized by reacling 1 molar equivalent of mercaptan with 1 molar eguivalent of
formaldehyde {such as paraformaldehyde) resulting in an inlermediate containing terminal
hemithicacetal groups. This OH-terminated molecule then can be {(meth)acryiated, sither by
reaction with {methlacrvioyl chioride or {methlacrylic anhydride; direct ssterification with
{methjacrylic acid; or by transesterification with an alkyl {(methlacrylale {such as methyl
{methjacrylate). Allernalively, the mercapian can be reacled with a substituled aldehyde
{(MC{=0IR} instead of formaidehyde. For example, when mercaplan is reacted with
benzaidehyde | L¥ would represent ~CH(R)-, where R is phenvl,

[0420]  In a further embodiment of the present invention, each of L? of Formula (1), U of
Formula {1V} and R® of Formula {Id) can be a divalent opticnally substifuted hydrocarby!

group, where the oplional substitution is an aryl group, such as g pheryl group.  For
example, 1° of Formula (1) can be =CHCH(R) or ~CH(R)-CH,-, where R represents a

33
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phemyl group. This reaction groduct can resull from the reaclion of 1 molar eguivalent of
mearcapilan with 1 molar equivalent of styrene oxide (through ring opening of the epoxide
ring), to form a poly-hydroxy terminated sulfur-containing material with aromatic rings,
foliowed by formation of {methacrylate end groups through the reaction of the terminal OH
groups with either {methjacryiovl chioride or (meth)acryiic anhydride, direct esterification with

{methacrlic acid, or by transesierification with an alkyi {meth)acrylate,

{8121 The polymerizable component (&) can further include, with some embodiments, a
polymerization moderator.  The presence of polymerization moderstor can minimize the
formation of any distorlions or dsfects, e.qg., shigtions and or cracks/fissures, in
colymerizates that may be oMained from the polymerizable compesitions of the present
irvention. Examples of polymernization moderators that can be included in the polymerizable
compositions of the present invention, include bul sre not imited o, déiauryi thicdiproplonate,
Tsopropyi-d-methyl-1 4-cyclohexadiens {y-terpinenay; -isopropyl-4-methyl-1,3~
cyciohexadiene (o-terpinens), 1-methyl-4-{propan-2-viidene)cyclohex-t-ene (lerpinolene};
and aipha-methyl siyrene dimer, 1, 1-diphenylethvlens, cis-1,2-diphenyisthvlens, 37,7-
rimethyibicyclof4.1.0lhept-3-ene {3-carene), 4-isopropenyi-1-methyloyelohexens
{dipentene)}, (8){(-)-4-isopropenyl-1-methvloyciohsxene ({8)-fimonene), 2,6-dimethyl-2,4,6~

octatriens, dert-butyloyrocatechol, Iniphanyimethanes, and mixtures of two or more thereof,

01221 With some embodiments, the polymerization moderator i3 selected from 1~
isopropyi-4-methyl-1,4-oyciochexadiene; 1-dsopropyl-d-methyl-1,3-cyciohexadiens; 1-methyl
4-{propan-Jd-yiidenejcyciohex-1-ene,; 2,6-dimethyl-2 4, 6-oclalriens, and alpha-methyl styrene

dirmar,

{84231  As used herein, the term "alpha-methyl styrene dimer” means a polymenzation
maoderator that includes 2, 4-diphenyl-4d-meathyl-1-peniene, and optionally at least one of 2,4~
diphenyl-d-methyl-2-pentene and/or 2-phenyl-1-propene {which is also referred o as, aipha-
methyt styrene). YWith some embodiments, the asipha-methy! styrene dimer polymsrization
moderator includes 80 fo 83 percent by weight of 2,4-diphenyi-4-methyl-1-pentene, 8 to 8
percent by weight of 2 4-diphanyi-d-methyl-2-pentene, and 0.25 o 478 percent by weight of
2-phenyl-t-propene, the percent weights in each case being based on total weight of alpha-

methyl styrene dimmer.

[0124] The polymerization moderator can be present in the polymerizable non-agueous
disparsions of the present invention in a wide range of amounts. in some embodiments, the
polvmarization moderator i present in the polymerizable non-agqueous dispersions of the

present inveation, in an amourd from 0.07 percent to 18 percent by weight, or from 01
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percent o 8 percent by weight, or from 0.3 percent to 5 percent by weight, based on the total

weight of monamers and polymerization moderator,

{0125] The polymerizable componeant {a) can further include, with some embodiments, an
witiator that is capable of initigting free radical polymerization of and amongst the
ethylenically unsaturated groups of the monomers thereof. The initialor may be a free
radical intiator that is thermally sctivated. By “thermally activated” means the free radics!
initiator becomes active gl elovated lemperalurs, such as at temperalures greater than
ambient roor {emperaturs, such as grealer than 25 €, as will be desaribed in further detall

herain.

{6128] The thermally activated free radical inifialor can, with some embodimenis, be
setected from organic peroxy compounds, azobis{organoniirile) compounds, N-acyloxyaming

compounds, O-iming-isourea compounds, and combinations of two or more thereof,

0127 With some embodiments, the thermally activaled free radical initiator is selecled
from one or More organic peroxy compounds. Examples of organic peroxy compounds, that
may be used as thermal polymerizefion initistors include, but are nol limiled oo
peroxymonocarbonate eslers, such as leriarybulylperoxy Z-ethylhexyl carbonate ard
tertiarvbutylperoxy isopropyl carbonate; peroxyketals, such as 1, -di-{t-bubyl peroxy-3,3,5-
irimeathyicycichexane, peroxydicarbonale esters, such as di{ 2-ethythexvl) peravydicarbonate,
di{secondary butyl} peroxydicarbonalte and diisopropylperoxydicarbonate; diacyperoxides,
such as 2 4-dichiorobenzoyl peroxide, isobutyryl peroxide, decanoyl peroxide, iauryl
pevoxide, propionyl peroxide, acelyl peroxide, benzoyl peroxids, p-chiorobenzoyl peroxide;
peroxyesters  such  as  tbulvlperoty  pivalate, tbutviperoxy ochvlate, and +
butviperoxyiscbutyrate;, melhyiethviketons  peroxide, and  acelyloycichexane  suifony

peroxide.

Yy

{28 With some smbodiments, further examples of peroxy compounds from which the
free radical initiator can be selecled nclude, but are not limifed to, 2 5-dimethyi-2,5-3i{2-
ethythexanoylperoxythexans, andfor 1,1-bis{tert-butyiperoxy)-3,3,5-frimethyloyciohexane.
{61281 Examples of azobis{organonitriie} compounds, thal may be used as thermal
golymerization initiators in the polymerizable non-aguecus dispersions of the present
invention, nclude, but are not limited to, azobis(ischutyronifrile), 2 2-azobis{2-methyd-
butanenifrile), and/or azobis{2,4-dimethylvaleronitrile).

{01307 With some further embodimants of the present invention, the thermally activated
free radical initiator 18 selected from tacetoxy-2,2,8,6-tetramethylpiperidine, andfor 1,3-

dicyclohexyh-O-{(N-cyclohexylidensaminal-isourea.
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(01311 The amount of thermal polymerization iniflator used o initiate and polymerize the
polymerizable non-aqueous dispersions of the present invention can vary, and can depend
at least in part on the particular indliator or iniliators used. With some embodiments, only that
amount that is required fo iniliate and sustain the polymerization reaction is reguired, which
carn be referred 10 as an initiating amount. With some em‘r)-radéments; the thermally sctivated
free radical inittator is present in an amount of from §.01 o 7 parts of initialor, or from 0.1 o
3.5 parts irtiator, or from 0.5 to 2.5 parls inlfiator, in each cage the parts inifiator being per

106 parts of monomaer(s) {phm) present in the polymerizable non-agueous dispersion.

{84381 The polymerizable non-agusous dispersions of the present invention further
comprise (b} polvmaeric microparticles dispersed in the continuous phase.  The polymeric
microparticles in turn comprise a dispersion polymerization reaction product prepared from a
reaction mixture comprising (1} an sthylenically unsaturated monomer; and (#) an acndic

polymer stabifizerr,

{01331  The elhyenically unsaturated monomer (i) may be a singie type of monomer or a
mixiure of monomers. These monomers are sometimes referred to herein as the “core
monomers”, as distinguished from the monomers used in the acrylic stebilizer or seed
polymer. Suitable core monomers include but are not imited o methyl (methjacrylate, ethyi
{meth}acryiate, n-butyt {methlacrylate, iscbutyl (methjacrviate, Z-ethythexyl (methlscrylate,
sobomyl {methjacrylate, 2-hydroxyethyl (methlacnviate, 2-hydroxypropy! (msth)acrvate,
{methjacrylic acid, glycidy! {methlacrviale, styrene, disibylene glveol bis{alivicarbonate),
aipha-methylstyrene, lauryl {(methjacrylale, stearyl (methlacryiats, flaconic acid and its
gsters, and the ke, In a particuiar smbodiment the ethyienically unsaturated monomer may
comprise the polymerizable component {a) as described hereinbefore. In cerlain
smbodimenis the core monomers comprise two or more coreactive monomers, such as
glyoidyl methacryiate and acryiic acid. |t will be understood by those skilled in the art that
the use of coreactive monomers will resull in branching, or infernal crossiinking, of the core
during the polymerization process in the making of the polymeric microparticles.
Alternatively, the infemal crosslinking can be introduced by using a polyfunclional
ethylenically unsaturated monomer, such as hexanediol discorviate, ethylene glvool
dimethacrylale, trimethylel propans  Wiagviale, diethvlene glycol  bis{ailvicarbonate),
divinyibenzene, or other suitable polyimeth)acrviale, in the core monomer composition,
{01341  The ferms “aorylic polymer siabiiizer’ or simply “acrylic stabilizer” a8 used in the
cortext of the present invention refer to a polymer that comprizes 50 weight % or greater
{methlacrylic monomaers.  In certain embodiments, the acrylic stabilizers (i) comprise 75

weight % or greater, such as 90 weight % or greater or 95 weight % or greater of acrvlic
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monomers, It cerfain embodiments the stabilizer comprises 100 weight % acrylic
monomers. in cartain embodiments, the siabilizer comprises polar acrylic monomers, such
as hydroxy! functional acrylic monomers, in an ameount of 30 weight % or less, such as 20
weight % or less, 15 weight % or less or 10 weight % or less. The lerm "polar” as used
harein refers 1o aorvlic monomers or compounds thal have a sclubility paramester {van
Kreveleny at 298 K of 19 MPa or more.  In other embodiments, the stabilizer comprises
nonpolar acrvliic monomers, such as Z-ethyl hexyl acrylate, which can be in amounts of 5

n

welght % or greater, such as 10 weight % or greater.  The ferm "non-polar” describes
substances that have a solubility parameter (van Krevelen) at 298 K lower than 19 MPa.
Weight %, a3 used in the contexi of weighi % of monomers, refers fo the weight % of
monomers used in the formation of the stabllizer, and does not include other ingredients,
such as iniliators, chain transfer agents, additives and the ke, used © form the siabliizer.
As used herein, the lerm {methacrvlic refers generally fo aorylics, methacryiics, styrene and

any derivativas of any of these.

{01381 Sutable monomers for the preparation of the acrylic stabilizer include buf ars not
fimited o methyl {methlscnate, sthyl {methyaorviate, n-butyl {methlacryiate, isobutyl
{methlacryviate, Z-sthyihexyl {(methlacrviate, iscbormyl {(methlsorviate, 2-hydroxyeth
{meth)acrylate, Z-hydroxypropyt {methjacrylate, (methlacrylic acid, glycidyl (methlaoryiale,
siyrene, alpha-methyistyrene, lauryl (methjacrylale, siearyl (meth)acrylate, taconic acid and
s eslers, alil {meth)acrylate, ethylene giveo! dimethacrylate, hexanediol diacrylate and the
like. As noted above, 50 weight % or greater of the monomers used in the formation of the

acrylic stabilizer are acrlic.

f0138] in certain embodiments, the gorylic stabilizer is nonlinear. As used hereain, the ferm
‘nonlinear” means that there is st least one branch point along the backbone of the polymer,
in some cagses, there may be mulliple branch points (e “hyperbranched”), and in some
embodiments, the branches can form connections between polymer chains {ie. infernal
crosslinks), It will be appreciated that polymer branching can be quantified using the Mark-
Houwink parameter. In certain embodiments, the Mark-Houwink parameter of the present
nontinear acrylic stabilizers as measured by iriple detection GPC is 0.2-0.7, such s 0.3-0.6.
The branching can be inlroduced, for example, by using a polyfunclional sthylenically
unsaturated monomer in the formation of the acrvlic stabilizer. A polvfunctional sthylenically
nsaturated monomer s a monomser that has two or more ethylenically unsaturated
functional groups within the same monomer molecule, such as allyl (methacrviate, sthylene

glycol dimethaorylate, or hexanediol diacrylate.  Allernatively, the branching can be

[k
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introduced by using two or more corsactive monomers, such as glycidy!l methacrylate and

acrylic acid, in the formation of the acrylic stabilizer.

{1371 In cerlain embadiments, the acrylic stabilizer containg ethvlenic unsaturgtion. This
sthylenic unsaturation can be infroduced, for example, by using & polyfunclional ethylenically
unsaturated monomer in the formation of the achylic stabllizer, whersin the two {or mors)
athyienically unsaturated functional groups within the monomer molscule have different
votyfunctional ethylenically unssturated monomer molecule may react completely with other
{(meihjacrylate monomers to form branch poinis/crosslinks, or it may react incompietely and
retain al least one of its ethylenically unsaturated functional groups. This unsaturation is
then availabie to react dwing the preparation of the non-agqueocus dispersion, allowing the
acrylic stabilizer o be covalenily bonded o the dispersed phase polymer. A sultable
monomer for this purpose can be, for example, alyl (methlacryviate.  Alternatively, the
unzaturation can be infroduced by reacting the acrylic polymer with a compound that
comprises both ethylenic unsaturation and angther functional group that can react with a
functional group on the aorylic polymer. For example, the acrylic polymer can have oxirane
groups, and the compound can comprise a {methjacryiate group and an acid group, so that
the acid group on the compound would react with the oxirane group on the acrylic polymsr.
The reaction conditions can be controlled so thal polvmerization of the (methlacrylate groups
un the compound would be prevented; suilable controls would be a reduced resction
temperature such as below 110°C, the presence of a free radical inhibitor such as para-
methoxyphenol, and the use of an oxygen-rich atmosphere. Undsr controlied conditions
such as these, the {melhlacrviale group on the compound would be relained, and this
unsaturation would then be available 1o reac! during the preparation of the non-agusous
dispersion, allowing the acrylic stabilizer {0 be covalently bonded to the dispersed phase
polymer. A suitable exampis for the introduction of unsaturation to the acrylic stabilizer
would be the reaction of an acrylic polymer that comprises givaldyi methacrylate, such as 3~
15 weight % glycidyl methacorylate, with methacrvlic acid, where the ratio of acnylic polymer

to methacrylic acid is from about 200:1 to about 33:1.

{0138] Generally, the ascrylic stabilizer 5 formed by solution polymerization of the
{math)aorvlate monomers by a standard radical polymerization method known to those
skilled in the art. For example, the {(meth)acryiate monomers can be added over a period of
fimea {o a suilable solvent gt an slevated lemperalure, such as at the reflux tempsrature of
the solvent. A radical iﬁitiatm, such as a peroxide initiator, Is added {0 the reaction mixure

overs approximately the same time pericd. The initiator is chosen so that | will induce radicsl
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polymerization of the monomers at the selected reaction lemperature. Sullable fres radical
nitiators include peroxy iniliators such as benzoyl peroxide, lauroy peroxide, or tert
butylperoxy-2-ethyi-hexancate {lert-bulyiperocivate) and azo inilialors such as 2,2-azobis
{2 4-dimethyipentane nitrle} or 2,2 azobis (2-methyibutane nilrile). Alter the monomers and
inifiglor have been added {o the reaction mbiure, the mixture may be held at the reaction
femperature for an extended period of ime, during which additional initistor may be added {o
ensure complete conversion of the monomers. Progress of the reaction may be montiored

by solids measuremeni, or by gas chromalography.

[8138] in certain embodiments, the acrviic stabliizer can be prepared in a conltinuous
reactor. For example, {methjacrylate monomers and a radical initiator, such as a peroxide

4

initiator, can be fed continucusly through a continuous reactor with a 1 o 20 minue
residence fime at 150 -~ 260°C. The (methjacryiate monomers used hereln could be polar,

non-polar, or a mixture of both lypes,

{01481 In certain embodiments, the molar ratio of acrvlate to methacrylate in the aoryiic
stabilizer can be about 21, In other embodiments, the initiator level is 0.5 {o 2.0 weight %,

such as 1.0 {0 1.5 weight % bassad on the total weight of the monomers.

{01411 The aorylic stabilizer can have a weighl average molecular weight "Mw”} as
measured by gel permeation chromatography relative o finear polystyrens standards of
10,000 to 1,000,000, such as 20,000 to 80,000, or 30,600 to 60,000, The siabilizer may
comprise ethylenic unsaturation, as delected by 13C NMR spectroscopy. The stabilizer can
containy functional groups, such as hydroxyl groups, carboxylic acid groups, andior epoxy

gQroups.

01421 In one embodiment, the reaction mixture used to prepare the polymeric
microparticles further comprises (it an aliphatic polyester siabilizer. As used herein, the
term “aliphatic polyester” refers 1o a polyesier that is soluble in an aliphalic hydrocarbon
solvent such as heptane. The carbon to oxygen ratic of the polyester can be used o predict
this solubllity. The ratio can be calculated from the male ratic of the monomers minus the
water of esterification. For example, if the carbon to oxygen ratio of the polvester is from 41
fo 20:1, such as from 8.7 {o 12:1, the polyester would be soluble in a hydrocarbon solvent
such as heplans, or in a slightly more polar solvent systern, such as 60% SOPAR K and
40% butyl acetate. ISOPAR K is a hydrocarbon solvent commercially available from the
Exxon-Mobile Company. A suitable polyesier would be, for example, poly-12-hydroxy

stearic acid, which has a carbon o oxygen ratic of 8.1,

o
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{01431 The aliphatlic polyester can be used o prepare an aliphatio polyesier stabilizer {also
referred 1o herein as “polvester stabilizer”). The polvester stabilizer may comprise two
segments, one of which comprises the aliphatic polyester described above, and one of which
is5 of g different polarity from the polyester and is relalively insoluble in the sliphatic
hydrocarbon solvent. The first of these is somelimes referred o herein as the “aliphatic
polyestsr component” and the second as the “stabilizer component’. Suitable stabilizer
companents ars known and some exampies have been described in United States Palent
Number 4,147,688, Column 5, Ling 1 — Coluran 8, Line 44, incorporated by reference heren,

{0144} In one embodiment, the aliphatic polyester (i) can comprise poly~12-hydroxy
stearic acid having a number average molecular weight of about 300 o 3,000 and
comprising both acid and hydroxy! funciionality. The poly-t2-hydroxystearic acid may then
be reacted with a compound that comprises {meth)acryiate functionality as wesll as a second
type of functional group that can react with the hydroxy! functionality of the poly-12-hydroxy
stearic acid. A suitable compound would be, for example, glycidyl {(methlacrylate. The
reaction product of the poly-12-hydroxy stearic acid and glycidyl {methlacrylale can be
further reacted with an ethvienically unsaturated monomer having a different polanty from
poly-12-hydroxy stearic acid by a slandard fres-radical polymerization reaction {o provids the
polyester siabilizer of the present invention.  Suitable ethyienically unsaturated monomers
include but are not imited o {methiacrylic acld, methyl (methlacrylate, ethyl {meth)acrylate,
n-butyl  (msthjacrylate, iscbubyl {(methjacrviate, 2-ethythexyl {methlacrviate, ischormy
{methjacryiate, 2-hydroxyethyl (methlacrylale, Z-hydroxypropyl (methjacrylate, (meth)acrylic
acid, glycidyl {(meith)acrviate, styrene, alpha-methyilstyrene, laund {methlacryiate, steary
{meathacrylate, Haconic acid and Hs eslers, and the ke, In one embodirment, the
ethylenically unsaturated monomer comprises methyl methacrylate, glycidyl methacrylate,
and methacndlic acid. H will be appreciated that standard freswvadical polymerization
techniques are weli-known o those skilled in the arl. The polyestey stabilizer may be from
20 weight % to 65 weight % polyesier, such as from 25 weight % to 60 weight %, 30 weight
% to 55 weight %, or 33 weight % io 53 weight % polyester, with weight % based on the lotal

weight of the components of the polvester stabilizer,

{0145] The polyesier stabilizer can be used o prepare a8 ssad polymer. As used herain,
the term "seed polymer” refers {0 a dispersed polymer that has a particle size smaller than
B30 mmy, such as smaller than 50 nm. The seed polymer generally comprises the polyester
stahilizer described above and dispersed polymer. The seed polvmer can be prepared by
dissolving the polyesier stabilizer in a suitable solvent or mixiure of solvenis, and the

monomer(s) used to form the seed polvmer ("seed monomer(s)) may be added to the

2N
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soiution at an elevated lemperature over a periced of time, during which a radical iniflator may
aiso be added to the mixture. The dispersed polymer can be covalently bonded, or grafted,
to the polyester stabilizer. A seed polymer can be prepared, for sxample, from a polyester
stabilizer and an sthyvlenically unsaturated monomer such as a {methacrylate monomaer.
The polymer formed from the ethylenically unsaturated monomer should be insoluble in the
conlinuous phase in order fo provide @ stable dispersion. B will be appreciated by thosse
skifed in the art that, if the polvesier stabilizer comprises ethyienic unsaturation, then in
addition to the polymerization of the seed monomer(s) with other seed monomer(s), at least
some of the polymerizable double bonds of the stabilizer will react with some of the seed
monameds) under these conditions. Through this process, the seed polymer will become
grafted, that is, covalently bonded, 1o the polvester slabilizer. A sultebie seed polymer can
be prepared from a polvester stabilizer comprising poly-12-hydroxystearic acid in 80%

ISOFAR K and 40% bulyl acetate and methyl methacryiaie.

{6148] The seed polymer as described above can be a stable dispersion. For example,
the seed polymer can be prepared and stored for use at 3 later time. Altemnatively, it can be

used immediately in the preparation of the non-agqueous dispersion of the present invention.

{01471  The non-agueous dispersions of the present invention may comprise functionality,
such as hydroxyl functionality. The hydroxyi functionality can come from the core monomers
and/or the acrylic stabilizer. In certain embodiments, the theoretical hydroxy! value can be
from 20 to 100, such as from 40 to 80, or from 50 fo 70, Alternatively, the non-agueous
dispersions of the present invention may comprise epoxy functionslity. I some
smbodiments the epoxy equivalent weight may be 400 to 30,000, such as from 700 to
15,000, In certain embodimenis the non-aqueous dispersions of the present invention may
comprise both hydrooyl and epoxy functionabity. I certain embodiments, the nor-agueous
dispersions of the present invention may comprise acid functionality, In these embodiments,

the theoretical acid value may be from 0.1 to 20, such as from S to 15.

{0¥48] The non-agueous dispersions of the present invention may be infemally
crosslinkad or uncrosslinked,  Crosslinked non-agqueous dispersions may be desired in
ceriain embodiments over uncrossiinked non-aqueous dispersions becasuse uncrossiinked
materials are more likely o awell or dissolve in the organic solvents that are commonly found
i many of the coaling compositions to which the dispersions are subsequently added.
Crosslinked non-aqueous dispersions may have a significantly higher molecular weaight as
corpared fo uncrosslinked dispersions.  Crosslinking of the non-agueous dispersion can be
achieved, for exampie, by including two or more coreactive monomers, or a polvfunctional

ethylenically unsaturated monomer with the “core” monomers during polymerization, as

S
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described above for suitabie “core” monomers. The two or more coreactive manomers, or
polyluniclional ethylenically unsalurated monomer, can be present in amounts of 0.1 10 20 %
by weight based on the fotal weight of monomers used in preparing the non-aguecus

dispersion, such as from 110 10 % by weight.

{01481 In certaln embodiments, the non-aqueosus dispersions of the present invention will
have a small particle size, such as less than 500 nm or less than 300 nm, as measured on

FETASIZER instrument. in some embodiments the particle size is less than 180 nm.

{0180} In zome embodiments the non-aguecus dispersion of the present inverntion may be
substantially free, may be essentially free and/or may be completsly free of VOC (Volalile
Organic Compounds), particularly nor-polymernizable VOC,  The term "substantially free” as
used in this context means the continuous phase and/or dispersions contain less than 10%,
“essentially free” means less than 8%, and "complately free” means less than 1% of VOC by
weight of the confinuous phase. The term VOO as used herein means any organic
compound that volatiizes before, during or after polymerization of the polymerizable non-
aqueous dispersion. For example, the continuous phase of the preliminary non-agusocus
disparsion can comprias one or more VOCs.

{04511 The non-agquecus dispersions of present invention can be prepared as follows. R
will be appreciated that this method is lustrative of the invention and that other monomers,
paramelers, reaction conditions, and the like can alse be used. A dispersion of the acrviic
polymer stabllizer in & hydrocarbon solvent such as ISOPAR E ({isoparaffinic hydrocarbon
solvent available from BoonMobil Chemical) is prepared. To this digpersion is added a
mixiure of addiflonal gorylic polymer stabilizer and ethylenically unsaturated monomer at
slevated lemperalure, such as 80°C over a period of time such as 180 minufes. In some
embodiments, the weight ratic of the acrylie polymer stabilizer to the stheyienically
unsaturated monomer (Lo, the "core” monumaers) is from 10,100 to 100:10, auch as from
20:100 to 10020

[0182] A chain transfer agerd, such as N-octylmercaptan, may be added with the acrviic
polymer stabifizer, eihylenically unsaturated monomer, and/or seed stage stabilized sesd
polymer, at about 0.5 fo 5.0 weight %, such as 1.0 to 2.0 weight %. The sthylenically
unsaturated monomer{s) are described above. A radical infliator, such as arobis-2 2'-(2-
methyibutyronitrile), can be added {o the reaction mixiure over approximately the same fime
pericd. The iniliator is chosen so that i will induce radical polymerization of the core
manomers al the selected reaction temperature. The radical initiator may comprise 0.2% fo
5.0%, such as 0.5% to 2.0%, of the composition of the reactanis by weight.  After the

addition of the acrylic stabilizer, the sthylenically unsaturated monomer(s), and the radical
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inihator s complete, the resuiling mixture may be held at the reaction temperature for an
gxtended period of time, such as 120 minutes, during which additional initiator may be added
fo ensure complete conversion of the monomers.  Progress of the reaction may be
moriiored by solids measurement, or by gas chromaiography.  Afler the process is
compisie, the resulling prefiminary non~agueocus dispersion may be from about 15 % o 70%,

such as from 20% to 65%, 22% lo 62%, or 32% fo 52%, weight salids.

{01831 A polvesier stabilizer may also be present in the reaction mixiure used © prepars
the polymeric microparticies. The polyester stabilizer may be present in the dispersion of the
acrylic polymer stabilizer in a hydrocarbon solvent, and/or the mixture of additional acnylic
;miymer stabiiizer and ethylenically unsaturated monomer. The polyesier stabilizer may
comprise 1% to 99%, such as 5% o 50%, or 10% o 40% by weight of the lotal acrylic
p@iyﬁ‘ er stabilizer and polvester stabilizer composition. In some embodiments, the weight
ratic of the sum of acndic polymer siabllizer and polyester stabilizer to the elhyienically
unsaturated ("core”) monomers is frorm 10:100 to 10010, such as from 20:100 to 100:20.

[1154] Adso, an aliphatic polyester stabilized seed polymer may be present in the reaction
mixture used to prepare the polymeric ricroparticles  In the case of an aliphatic polyesier
stabilized seed polymer, a preliminary non-aqueous dispersion is first prepared: A mixture of
the polvester stabilizer and ssed monomer(s), such as an sthylenically unsaiurated

pnomer, can be added to a hydrocarbon solvent such as ISOPAR E {isoparafiinic

hydrocarbon solvent avaliable from ExxonMobil Chemical) at an elevaled temperature such
as 80°C, over a period of time such as over 30 minutes, The ratio of polyester stabilizer fo
seed monomesr can be from $.2:1.0 to 40:1.0 such as from 0.501.0 to 2.0:1.0. A radical
initiator, such as azobis-2,2-{2-maethylbulyronitriie), can be added to the reaction mixiure
over approximately the same time period. The initigtor is chosen so that it will induce radical
polymerization of the seed monomer at the selecled reaclion temperatwre. The radical
inifialar may comprise 1% o 10%, such as 4% o 8%, of the composition of the reactants by
waight, During the addition, the mixiture can be agilated at a suitable spesd, such as from
200 to 300 rpm. After the addition of the polvester stabfiizer, the sesd monomer(s}, and the
radical initiglor is complete, the resulting mixiure can be from about 2% to 12%, such as
from about 4% to 10%, weight solids. The mixture can be held al the same elevatad
temperature for an additional period of fme, such as 30 minutes. The preceding process
provides the aliphatic polyesier stabilized seed polymer. At this point, the mixiure can be
isplated and stored for use at a laler tme.  Allemnatively, the mixiure can be used

immediately,
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{8185] To the mixture of the aliphatic polyesier siabilized seed polymer can be added 3
mixture of acrylic polymer siabifizer and an ethylenically unsaturated monomer af an
elevated temperature, such as 90°C, over a periad of time, such as over 180 minutes. In
some embodiments, additional polyester stabilizer, such as 0.8 {o 5.0 weight %, or 1.0 t0 2.0
weight %, based on iolal weight of the monomers used in preparing the non-agueous
dispersion may be added with the mixture of the acrylic polymer stabliizer and the
ethylenically unsaturated monomer. Iy some embodiments, the weight ratio of the sesd
polymer o the "core” monomers is from 1100 to 20:100, such as from 5100 to 15100,

[0186] The acrylic stabiizer will generally be compatible with the continuous phase, or
solvent, of the preliminary non-aqueous dispersion. In certain embodiments, the solubility
parameters of the aoryiic stabilizer and the continuous phase may be similar, such as a
difference of 3 units or less, or 2.5 unils or less; if the difference is more than 3 units, then
the acrylic siabilizer may not be soluble in the continuous phase. Iy cerlaln ermbodiments,
the van Krevelen solubility parameter of the acryiic stabilizer af 298 K is 17 to 28 units, such
as 17.5 to 20 units or 18 to 18 unils. As used in reference o solubility parameter, “units”
refers o MPaML.E8.  In the case of a copolymer, the soiubility parameler can be calcidated
from the weighied gverage of the van Krevelen solubliity parameter of the homogpolymers
derived from the individual monomers.  The van Krevelen solubility parameter for &
homopolymer is calculated using Synihia implemented in Malerial Studio 5.0, available from
Acceirys, ino, San Diego, CA. Solubility parameters for solvents can be obtained from
‘Hansen solubiity parameters: a user's handbook”, Charles M. Hansen, CRC Press, ine.,
Boca Raton, Florida, 2007, The solubllily parameter of a mixture of solvents can be

calculated from the weighted average of the solublidy parameter of the individual solvents.

{0187}  In certain embodiments, the solubllity parameter of the continucus phase in the
prefiminary non-aqusous dispersion is fower than that of the core monomers, such ag a
difterence of 3 units or greater, or 3.8 units or greater; f thers is less than a 3 unit differernce
the core monomers may be too soluble in the continuous phase and the microparticles of the

disparsion may not readily form.

[0188]  In some embodiments, additional polyester stabilizer and/or a chain transfer agent
may be added with the acrylic polymer slabilizer, ethylenically unsaturated monomer, and, #

used, the solverd, as described above,

{01881 The preliminary non-aqueocus dispersion oblained as described above can be
canverted into the composition of the present invention by fivst diluting the preliminary non-
aqueocus dispersion with a relatively non-volatile polymerizable monomer, then removing the

more volatile solvent via distillation. “Relalively non-volatile” indicates that the boiling point
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difference between the solvent and polymerizable monomer s sufficient encugh 1o allow for
convenient separation via distillation, as s known in the art. For example, & non-aquecus
dispersion suspended in & mixture of heplane, toluene and isopropanol can be diluted with
snough disthylene glyeol bis(ailyl carbonate) to provide the requived concentration of non-
agueocus dispersion in polymerizable monomesr, for example 800 wi% relative o the non-
aguecus dispersion. The heplane, toluene, and isopropanc! solvents can then be removed
from the nan-aqueous dispersion under optionally reduced pressure and optionally with heat,
The pressure and temperature are nol particularly limited.  Additional polymerizable

monomer can he added after the solvent has been removed.

{8180]  In the making of an optical arlicle, the polymerizable noncaguecus dispersion may
be infroduced inte a mold of any desired shape at a lemperature and for a time o form a
polymerizate. Afler mbdng of the components of the polymerizable non-agquecus dispersion
o form a reaction mixture s infroduced, usually by injection, into a mold. The lemperature
of the reaction mixture as i is introduced into the mold is not particularly mited, but can
range from room temperature up fo 130°C,. The mold may have any shaps desired for the
final product as noted above. it is typically g lens mald,; often a mold fov an ophthalmic lens.

The molded arlicle may then be released from the mold.

{6181]  The reaction mixture is held in the mold at @ temperature and for a time sufficient o
assentially cure the reaction mixture and form a molded optical article.  For example, the
thermat cure cycle used o cure the polymerizable non-aguecus dispersions of the present
invention, in some embodiments such as addition polymerization, involves heating the
polymerizable non-aqueous dispersion from room tempersture up to 50°C to 180°C, aver a
period of from 2 hours to 48 hours, or from 58°C up {o 80°C or 100°C over a period of from
12 10 24 hours, or rom 65°C up o 1158°C or 125°C over a period of from 12 {o 24 hours. For
other polymerizable speciss, typical curing conditions may range from 50°F to 475°F (14°C

o 2458°C} for 1 to 30 minutes, such as 265° {o 3580°F (129° to 1758°C) for 20 fo 30 minutes,

[0162] Polymerization of the compositions of the present invention resuits in the formation
of a polymerizate, which can be made in the form of a shaped article, such as by rolling to
formt a sheet or by molding  Polvmerizates oblained from polymenzation of the
polymerizable compositions of the present invention are solid, and in some embodiments,
transparent.

{i83] The polymerizable compositions described above may be used {o prepare optical
arlicles demonstrating high refraclive indices, reduced yellowing, and reduced haze, and or
increased color stability in the presence of ullraviclet radiation compared to optical articles

prepared from polvmerizable compositions that do not contain the pigment component.
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{0164} Polymerizates prepared from the polymerizabie compositions of the present
nvention can be used to form solid articles such as oplical element(s) or device(s}. As used
harein the ferm “oplical” means pertaining fo or associated with light and/or vision., For
sxampie, the optical element or device can comprise ophthalmic elements and devices, and
sheet products such as display elements and devices, windows, mirrorg, and/or active and
passive liguid crystal cell elements and devices. As used herein the term "ophthalmic”
means perlaining fo or associgled with the eye and vision. Non-iimiling examples of
ophthaimic elements include corractive and non-corrective lenses, including single vision or
multi-vision lenses, which may be sither segmented or non-segmeantad multi-vision lenses
{such as, but not Imited to, bifocal lenseas, Irifocal lenses and progressive lenses), as well as
other elements used t© correct, profect, or enhance {cosmetically or otherwise) vision,
including without timitation, contacl lenses, intra-ocular lenses, magnifying lenses, and
protective lenses or visors. As used hereiny the term “display” means the visibie or machine-
readable represemtation of information in words, numbers, symbols, designs or drawings.
Non-imiting exampies of display elements and devices include screens, monitors, and
security elements, such as secunty marks. As used herein the ferm "window” means a
aperture adapled fo permil the transmission of radiation there-through, Norclimifing
examples of windows include automative and aireraft transparencies, filters, shutters, and
optical swilches. As used herein the term “mirror” means a surface that specularly reflects g
igrge fraction of incident light.
[0188] Polymerizates prepared from the polymerizable compositions of the present
invention, with some smbodimenis, have: a refractive index of at lpast 1.587, or at least 1.88,
or at least 1.58: an ABBE number of at least 30, or at least 33, or at least 35 and a Fisgher
microhardness value of at feast 50 Nfmm?, or at least 70 N/mm®, or at least B0N/mm®.  With
some embodiments, polymerizgies prepared from the polymerizable compositions of the
present invention have an inilial {zero second) Barcol hardness of at least 1, or at least 10
or at least 20. The refractive index, ABBE number, and Fischer Hardness values can be
determined in accordance with artrgcognized methods. With some embodiments: refractive
index values (n.”") and ARBE numbers are determined using a Metricon Model 2010 Prism
Coupler, Thin Film Thickness / Refractive index Measurement System, in accordance with
the manufaciurer’'s Operation and Mainlenance Guide;, and Fischer Hardness values are
determined i accordance with IS0 14877 using a Fischer Technologies H1Q0C

Microhardness Measurament System.

[¢168] Optical articles prepared by the process of the present invention demonsirate high

vigid, high transparency, very low haze, low flow iines and low inclusions. Adjustments {o
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the composition of the polymeric particles within the non-agueous dispersion o the
potymerizable continuous phase which contains the non-agqueous dispersion can be used {o
adjust transparency, haze, sl of the oplcal articles, as is known in the art. For exampie,
higher mismaiching between the refractive index of the particles within the non-agueous
dispersion and ihe continuous phase will lead o higher haze and lower transparericy, as is
known in the art. Likewise, lower mismatching leads to lowsr haze and higher fransparency.
Moreover, the oplical grlicles prepared by the method of the present invention demonstrate
improved  impact resisfance a3 well as shrinkage resistance during polymerization,
compared o optical articles prepared from the polymerizable component {a) alone; | e, that
are not combined with the polymeric microparticies (b} in a non-aqueous dispersion,

{0467}
which are intended {o be Hflusirative only, since numerous meodifications and variations

The presert invention is more particularly described in the foliowing examples,

tharein will be apparent to those skilled in the art. Unless otherwise specified, all parts and

all percentages are by weight.

EXAMPLES
EXAMPLE 1
A aliphatic polyester intermediate for a polyester stabilizer was prepared as follows using

the ingradients in Tabde 1:

Jakle 1
Ingredienis Parls by Weight
Charge #1
12-Hydroxystearic acid 2304
Toluene 411
Charge #2
Methane Sulfonic Acid 4.6
Charge #2
Glycidyl Methacrylate 278
t-Butyl Catechol 2.3
N N-Dimethyi-dodecylamine 8.2
Toluene 104

Charge #1 was added t© g 5S-lifer, 4necked flask sguipped with a Dean-Stark trap. The
reaction mixture was healed io reflux under a Nitrogen blanket and Charge #2 was added.
After approximately 100 grams water was collected, a sample was taken to measure acid

value. The reaction mixture was coolad to 130°C when the acid value fell between 29 and
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30, The reaction mixture was then air sparged and Charge #3 was added. The reaction
was held at 130°C until the acid value was at or below 0.4, The solution thus obtained had
an acid value of 0.4 mg KOH per gram of resin {(measured by titralion); Mw 8873 and Mn

3588 (measwred by gel permeation chromatography using polystyrene standards); and a

free glycidyl methacrylate content of 2.63 weight % (measured by gas chromatography).

EXAMPLE 2

A polyester stabilizer was preparsd as follows using the ingredients in Table 2

ingredients Farts by Weight
Charge #1

Butyl Acetate 545
Charge #2

Polyesier Inlermediate of Example 1 775
Mathyl Methacryiate 588
Givcidyt Methacrylate 56
Xylene 474
Charge #3

Buiyt Acelate 418
VAZO® 64’ 25.8
Charge #4

Buty! Acetate 5
Charge #5

Methyacrylic Acid 11.4
+Bubtyl Catecho! G.16
N,N-Dimethyidodecylamine 1.5

V2 2-azobis(2-methyipropionitrile), avaiiable from DuPont.

Charge #1 was added info a 5-iter, 4-necked flask and heated fo 98°C under a nitrogen
blanket. Al 89°C, Charges #2 and #3 were added info the reaction flask over 3 hours
followed by a rinse using Charge #4. The reaction mixture was then held at 88°C for 4
hours. Charge #8 was added when the hold was complete, and the reaclion mixture was
neated to 135°C and held an additional 4 hours. The polyester stabilizer thus obtained had
an acid value of (.14 mg KOH per gram of resin {measured by fitralion}; Mw 18434 and Mn

2618 {measured by gel permestion chromatography using polysiyrene standards), and a
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free monomer confent of methyl methacrdate of 1.47 weight % and glyeidyl methaorylate of

0.13 weight % {measured by gas chromatography).

EXAMPLE 3

A acrylic polvmer stabilizer was prepared as follows using the ingradients in Table 3

ingredients Farts by weight
Chargs #1

Buiyl Acetale 388.92

Charge #2

LUPEROX® 267 39.86

Butano! 86.65
Charge #3

2-Ethvihexyt methacryiale 259,95

Glyeidyl Methacrylate 250.95

isobuiyt methacrylate

£
£
o
L NI
-t

Hydroxybutyl acrylate 861
Charge #4

VAZO® 52° 4.32
Butyl Acetale 52
Charpe 5

A-Methoxyphenol 0.43
Dimethyt BEthanolamineg 80.78
Charge $6

Acrvlic Acid 7.8
Butyl Acetate 286

“ {-Butyl Peroctoate, available from Arkema, .

* 2, 2-azobis{2 4-dimethy! valeronitrile), available from DuPont,

Charge #1 was added into 2 3-iter, 4-necked flask equipped with a molor-driven stir blade, a
thermocouple, & nitrogen inlel, and a water-cooled condenser. The reaction mixture was
heated t© reflux {approximately 125°C) Charges #2 and #2 were added dropwise via
addition funnels over 4 hours while the reaction mixture conlinued to reflux., After the
addition was compiete, the reaction was held at reflux for 1 hour, then cooled {o 110°C, &
which time Charge #4 was added over 10 min. The reaction mixture was held at 110°C for 1

hour.  After the 1-hour hold, the nitrogen blanks! was swilched o an air sparge. After
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sparging for 30 min, Charge #5 was added lo the reaclion flask followsd by Charge #6. The
reaction mixture was held at 110°C for 2 hours. The acryiic polymer solution thus obtained
had an acld value 0.3 mg KOH per gram of resin {measured by litration); Mw 7811 and Mn
2321 {measured by gel permeation chromatography using polystyrene standards), and a

tolal free monomer content of <0.50% (measured by gas chromalography).

A Non-Agqueous Dispersion {(NAD) 4 was prepared as detailed below using the materials

dascribad in Table 4

lsbie d

Ingredients Parts by Waight
Charge #1
Stabilizer of Example 2 7.5%
Stabilizer of Example 3 28.66
Meptane 12526
Toluene 141.75
isopropanoi 18.88
Chargs #2

tabilizer of Example 2 30.37
Siabilizer of Example 3 114,44
Siyrene 18.88
Methyl msthacryiate 45,55
Hydrasyethyl methacrviate 18.98
Hydroxyethy! acrylate 94.90
1,6-Hexanediol Diacrviate 4.0
Charge #3
VAZO® 67* 2.84
Toluene 50.85
Charge #4
VAZQ 67 .05
Toluene 17.0

P
£

12 2-Azobis{Z-methyibutyronitrile), available from DuPont.

Charge #1 was added into a 2-iter, 4-necked flask equipped with a motor-driven stesl stir
biade, a thermoscouple, a nilrogen inlel, and a water-cooled condensser. The reaction mixture

was heated fo 90°C, by a manile controlied by the thermocouple via a temperature feedback
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control device. Charges #2 and #3 were added via addition funnat over 4 hours, and then
the reaction mixture was held at 80°C for 1 hour. After the hold, Charge #4 was added over
30 min, and then the reaction mixture was held at 80°C for 1 howr.  The non-agquecus
dispersion thus obiained had a volume average pardicle size of 192 nm {measured by

Zetasizer).

EXAMPLE S
A Non-Aqusous DHspersion was preparsd as follows:

Table 5
ingredients Partas by Weight
NAD of Example 4 200
CR-3¢" 150

SAn altvi digivool carbonate available from PPG Indusiries, inc.

The ingredients in Table 5 were combined in a 500 mi, 4-necked flask squipped with g
motor-driven steel stir bigde, & thermocouple, & nitrogen inlet, and & waler-cooled
condenser. The reaction mixture was heated to 70°C, and the volatile solvents in the

reaction mixture were removed under 20-28 inch Hg vacuum pressure over §-6 hours.

EXAMPLE 6

A Non-Agueous Dispersion was preparad as follows:

Table B

ingredients Parts by Weight
NAD of Example 4 200
CR-807° 200

SCialiyi carbonate of aliphatic alcohols, available from PRG Industries, inc.

The ingredients in Table § were combined i a 500 mi, 4-necked flask equipped with a
motor-driven stesl stir blade, a thermocouple, a nitrogen inlet, and a walercooled
condenser.  The rsaction mixiure was heated to 70°C, and the volatile solvents in the

reaction mixture were removed under 20-28 inch Mg vacuum pressure over 5-6 howrs.

EXAMPLES 7-12
inte a glass jar was added the NAD of Example 5, CR-38 monomer, and benzoy! peroxide {3

pphy according fo Table 7. The resulling mixtures were then stirred with a magnetic stirrer

untit fully homogeneous. Viscous samples also required intermittent sonication o help
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solubilize the BFG. The samples were then degassed under vacuum, pourad info a 3mm
glass mold, and baked according to bake cycle A or B, Properties of the cast sheels were
then delermined according fo Table 1. Haze was defsrmined using using a Hunterlab
UltraScan PRO spectroghotometer in Tolal Transmission mode. The path length for sheet

samples is egual to the sample thickness.

Table 7

NAD of ~ _ _ impact to break,
Example  Exampie § “,’f{g}g ?aéi mirr;;?z?r?nes'* haze in-ibs (humber of
{pphy PpR - cyme N samples iosted)

7 0 a7 A 108 3.6 2.1 {4}

& 32.3 84.7 A 113 4.3 3.25 {4}

g 48.5 48.5 A 115 5.3 3.25{4;

16 a7 0 A 108 4.6 4.1{4)

1 0 87 5 1.8 (8)

12 a7 0 8 2.7 {14)

Bake Cyecle A~ ramp from 71°C to 77°C over 8 hours, the ramp 1o 79°C over 2 hours, then
ramp 0 82°C over 2 hours, then vamp to 85°C over 3 hours, then hold at 85°C for 1 how,
then ramp o 85°C over 2 howrs.,

Bake cycle 8 ~ramp from 25°C to 110°C over 24 hours.

EXAMPLE 13

Into a glass jar was added the NAD of Example § (37 pph) and berzoyl peroxide (3 pph)
The resulting mixture was then stirred with a magnetic stirrer unll fully homogeneous. The
sample was then degassed under vacuum, poured inlo a 3mm glass mold, and baked
according {o bake cycle B as described in the above BExamples. A cured transparent sheet

was obtained, but was foo soft io resist impach.

EXAMPLE 14 Bynihesis of Diakivi Haconate
The following ingredients were charged fo a 1 fiter reaction flask equipped with a reflux

condenser, nitrogen blankel, Dean-Stark trap, lemperature recorder, and heatling mantel
131.0 grams of #aconic acid, 174.2 grams of aliyl alcohol, 180 grams of cyciohexans, and
4.8 grams of methanesulfonic acid. The mixture was heated 1o reflux, and the water by-
product was collected in the Dean-Slark {rap for a period of approximately 20 hours. The
resuiting product mixture was cooled fo room temperaturg, washad with a dilute agueous
sofution of sodium bicarbonale, and dried over a mixiure of anhydrous sodium carbonats,
anhydrous sodium sulfate, and activated carbon. |t was fillered, concentrated {o dryness,
passed through a amsall amount of silica gel, and vacuum dried to remove volaliles. The
desired product was obtained in 85.5% yield, with 99% purity based upon GG analysis, and

the chemical structure was confirmed by NMR analysis.
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EXAMPLE 1&
into & glass jar was added CR-35 monomaer (76.2 pph). the dispersion from Example § (8.5
pphy, diafyl aconate product of Example 14 (9.5 phr), and NBS-80 (a peroxide initiator
purchased from AKZO Nobel} (4.8 phr). The resulling mixture was stirred with a magnstic
stirrer until fully homogeneous, poured into a 2 mm glass moid, and then baked according to
Rake Cycle C {ramp from 44 o 88 °C gver 10 hours, then ramp from 58 to 70 °C over 4.5
hours, then ramp from 70 to 85 °C over 2 hours, then ramp from 85 to 80 °C over 2 hours).
A cured transparent sheet was obtained.  The Fisher microhardniess was 90, and haze was

1.1 %,

{01681 The present invention has been describad with reference o specific delails of
particular embodiments thersof. iU s not infended that such details be regarded as limitations
upon the soope of the invention except insofar as and o the extent that they are included in

the accompanying claims.
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WHAT I8 CLAIMED I8
1. A polymerizable non-agusous dispersion, wherein the non-aquenus dispersion
COMRISESs!

{21) g polymerizable component as 2 continuous phass; and

{5y polymeric microparticles dispersed in the continuous phase, wherein the
microparticles comprise & dispersion polymerization reaction product prepared from a
reaction mixture comprising an ethylenically unsaluraied monomer, and an acryilc polymer

stabilizer.

d The polymerizable non-agusous dispersion of olaim 1, wherein the polymerizable

componert (8] comprises two or more athylenic unsaturations.

3. The polymerizable non-aqueous dispersion of claim 1, wherein the polymerizable
componeant {a) comprises at least one monomer, cligomer, and/or prepolymer of any of: aliyl
functional monomer; (methlacrylate funclional monomer, polycarbonate  precursors;
polyurethane  precursors;  polvursaurethane  precursors;  polythiourethane  precursors;

polyamide precursors; styrene; and mixiures thereof.

4, The polymerizable non-aqueous dispersion of claim 3, wherein the polymerizable

component (a) comprises al least one allyl functional monomer and/or (methlacryiate

functional monomaer,

8. The polymenzable non-aqueous dispersion of claim 4, wherein the polymerizable

component {a) comprises disthylene glycol bis(alivicarbonate),

8, The polymerizable non-aqueous dispersion of daim 8§, wherein the ethylenically

unsaturated monomer comprises diethylene glycol bis{allylcarbonate).

7. The polymerizable nor-sgueous dispersion of claim 1, wherein the non-agueous

dispersion further comprises a radical initiator.

8. The polymenzable nor-aquecus dispersion of olaim 7, wherein the radical initiator

comprises a peroxy initialor,

8. The polymerizable non-agqueous dispersion of claim 1, wherein the polymerizable

component {3} comprises:
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{a} at least one first {methlacryiate functional monomer represented by the

following Formula {1},

{1
| O
/ | \
!
—~{— LA Qe G G O, |
\ [ /
RT 1

whearein,

L' is selected from, a muitivatent optionally substituted hydrocarby! group optionally
interrupled with at least one of -G{0)-, ~S-, -0~ and combinations thereof, and a divalent
finking group represented by the following Formula (A),

(A}
Y

H
H

]

~y

wherein ¥Yis O o S,
L7 is independently for each n a divalent optionaily substituted hydrocarby! group
optionally interrupted with at feast one of ~O- and -5+,
R’ is independenily sslected for each n from hydrogen and methyl, and
11 is from 2 t0 §;
(b} optionally, a polymerization moderator; argd
{c} optionally, al least one monoethylenically unsaturated monomer,

10. The polymerizable non-aqueocus dispersion of claim 1, wherein the reaction mixiure

i

further comprises an aliphatic polyester stabilizer.

11 The polymerizable non-agqueous dispersion of claim 1, wherein the reaction mixture

further comprises and aliphatic polyester stabilized seed polymer.

45

12. The polymerizable non-agueous dispersion of claim 10, wherein the aliphatic

polyester has a carbon {o oxygen ratio of 4:1 1o 2001,

13. The polymerizable non-aqueocus dispersion of claim 10, wherein the aliphatic

polyester comprises poly-12-hydroxystearic acid.
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14, The polymerizable non-agquecus dispersion of claim 10, wherein the polyester has a

weight average molecular waight of 10,000 io 30,000,

15, The polymerizable norraquecus dispersion of clgim 11, wherein ihe aliphatic

polyester has a carbon o oxygen rafio of 411 to 20:1.

18. The polymerizable nomaguecus dispersion of claim 11, wherein the aliphatic

polyasier comprises poly-12-hydroxystearic acid,

17. The polymerizable norvagueous dispersion of claim 11, wherein the polyesier has a

weight average molecular weight of 10,000 to 30,000,

18. The polymerizable non-aqueous dispersion of Claim 1, wherein the acrylic polymer

siabilizer comprises a nonlinear acrylic polymer.

18. The polvmerizable non-agqueous disparsion of claim 1, wherein at least 80 percent of

the microparticles have an average particle size of up to 300 nanometers,

34

20, The polymerizable non-aqueous dispersion of claim 19, wherein al least 90 percent

of the microparticles have an average particle size of 180 nm or less.

2% The polymerizable non-aqueous dispersion of Claim 1, wharein the continuous phass

is essentially free of non-polymerizable volatile organic compounds.

22. An optical article comprising a polymer prepared from the polvmerizable non-
¥

aguecus dispersion of claim 1.

23. The oplical arficle of claim 22, wherein the optical arlicle is g lens, shest produgy,

soratoh resistant leng, or sorateh resistant sheet,

24. A polymerizable non-agueocus dispersion, whersin the non-agueous dispersion
coOMprises:

f=

& polymearnizable component; and

e

{b} polymeric microparticles dispersed in & continuous phasg, wherein the
micropariicles comprise a dispersion polymerization reaction product prepared from a

reaction mixture comprising an ethylenically unsaturated monomer, and an acnylic polymer
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stabiiizer, and wherein the continuous phase i different from or the same as the

polymerizable component {a8).
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