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wherein M is independently at each occurrence a metal selected from group 14
of the periodic table of the elements; and R is independently at each occurrence a
bond, a hydrogen, an aliphatic group, a cycloaliphatic group, or an aromatic group.
The polycyclic or monocyclic compound comprises at least two perfluorovinyl
groups. A method for making an optical film of the disclosed compound, an electro-
optical device comprising a polymer fabricated from the disclosed compound and a

polymer fabricated from the disclosed compound are also provided.
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Optical waveguide materials have been conventionally made from a variety of
materials such as quartz, glass, acrylates, epoxies and transparent plastics and
complex polymers. Silica based materials have been found potentially useful for
applications where low optical loss is desired but these materials are typically

expensive to manufacture.

What is needed is a cost effective method using an optical material with low optical
loss to form an optical device. What is also needed is improved reliability and

thermal stability in the optical material.
BRIEF DESCRIPTION OF THE INVENTION

One aspect of the present invention is a polycyclic or monocyclic perfluorovinyl
compound comprising at least one structural unit selected from the group consisting

of formula I and formula IT



hydrogen, an aliphatic group, a cycloaliphatic group,
or an aromatic group. The polycyclic or nonocyclic
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A second aspect of the invention is a nethod of
formng an optical filmof the disclosed polycyclic
or nonocyclic perfluoroviayl conpound. The nethod
conprises providing a bl énd of nononer A and nonormer
B. Mononer A conprises a opolycyclic or nonocyclic
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structural unit sel cbgg_ rom t he group consisting of
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sel ected fromgroup 14 of the periodic table of the
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bond, a hydrogen, an aliphatic group, a
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conmpound conpri si ngrap—e 2=CF- units. The
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poly&RIAPE BbAstyR1i P LsHP&Ind comprises at least two perfluorovinyl groups.

A second aspect of the invention is a method of forming an optical film of the
disclosed polycyclic or monocyclic perfluorovinyl compound. The method comprises
providing a blend of monomer A and monomer B. Monomer A comprises a
polycyclic or monocyclic perfluorovinyl compound that comprises at least one

structural unit selected from the group consisting of formula I and formula I'T



fabricated froma polycyclic or nonocyclic
per fl uorovinyl conmpound conprising at |east one
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selected fromgroup 14 of |[the periodic table of the
el enents; and R i s~ig bhwat each occurrence a
bond, a_ hydrogen, an aliphatic group, a
cycl oal i phatic group, or an aromatic group. The
pol ycyclic or monocyclic Bonpound conprises at | east
two perfluorovinyl groups. A fourth aspect of the
invention is a polymer prgpared by reacting conponents
(a), (b) and (c) wher ei n conponent (a) is a blend of
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e group consisting of fornula L and fornul a
hydrdgen;f gn aliph@id groRp) a"cycl@liph@®/ grouR or an aromatic group, sa1d
polycyclic or monocyclic compound comprising at least two perfluorovinyl groups.
Monomer B is an organic compound comprising at least two CF,=CF— units. The
method comprises providing the blend, mixing the blend with a photo-initiator and a
photo-curable monomer C, where the photo-curable monomer C comprises at least
one of an acrylate, an epoxy, a polyimide, a silicone, a vinyl compouind, a carbonate,
and a diene, to yield a mixed blend; partially polymerizing at least one of the blend
and the mixed blend; depositing the mixed blend on a substrate to form a film;

selectively exposing the film to radiation to at least partially polymer-ize monomer C;

and curing the film.

A third aspect of the invention is an electro-optical device comprising a polymer
fabricated from a polycyclic or monocyclic perfluorovinyl compounnd comprising at

least one structural unit selected from the group consisting of formula I and formula II
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where M is independently at each occurrence a metal selected from group 14 of the
periodic table of the elements, R is independently at each occurrence a bond, a

hydrogen, an aliphatic group, a cycloaliphatic group, or an aromatic group. The
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invention but are not intended to limit the invention thereto.

Optical waveguide materials and systems generally focus, diffuse, direct or convey
optical beams or signals along a desired direction. Their effectiveness often depends
on controlling the refractive index across the system, their thermal stability and their
adhesion to the component upon which the waveguide materials are disposed. High
thermal stability and substrate adhesion ensure continued material functionality over
time. Polymers, particularly those with silicon-oxygen networks (or Si—O linkages),
are well suited for optical waveguide applications as compared with conventional
fused glass because such polymers are processed at lower temperatures, disposable on

a variety of substrates and tailorable for optical and mechanical properties.

For waveguide applications where low optical loss is key, optical materials derived
from inorganic silica or from fluorinated polymers have been found particularly

suited. One problem associated with conventionally synthesized fluoropolymers is
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One aspect of the present invention is a polycyclic or monocyclic perfluorovinyl

compound comprising at least one structural unit selected from the group consisting

of formula I and formula II
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where M is independently at each occurrence a metal selected from group 14 of the

periodic table of the elements; and R is independently at each occurrence a bond, a
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In a fourth embodiment, the perfluorovinyl compound has a formula IV

[R,Si0],
v

where R is independently at each occurrence a hydrogen, an aliphatic group, a
cycloaliphatic group, or an aromatic group; and n is a number from 2 to about 1000.
In a fifth embodiment, the monocyclic or polycyclic perfluorovinyl compound further
comprises structural units selected from the group consisting of formula V and

formula VI
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RR RRS O-Si .R(n=6) (n=28) (n=10) R6SI 6
R8Si 8012 R10Si 10015 (1) (2) (3) Simlar Si-Oclusters
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silicon nononers such as tetraethoxysilane Si (CEt)4.
Tetraet hoxy silane clusters are functionalized
silicates having [ (S Q2) ( iA),,,]4i - type
structures, rather than Si C812] type structures

present in sil sesqw\a;@.ne.?,l gnal so exhi bit many
simlarities to condensed|silsesquioxane franmeworks.

For exanpl e, base-catalyzed equilibriation of

t et ramet hoxysi | ane, tet raerf’hoxysi | ane, silicic acid,
Si 02, and conbi nations thereof can be equally well
performed under conditiong/Iwhere the major Si-

cont aining species in solution is [Si802Q 8-.
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hydls,gero an aliphatic group, a cycloahphatlc group, or an aromatic group In one
embodiment, M comprises at least one of silicon and germanium. In another
embodiment, the monocyclic or polycyclic perfluorovinyl compound comprises a
silicon-oxygen network. In another embodiment the silicon—oxygen network
comprises an oligosilsesquioxane. In another embodiment, the oligosilsesquioxane
comprises a polyhedral oligomeric silsesquioxane. In another embodiment, the

polyhedral oligosilsesquioxane comprises an octahedral structure.

Silsesquioxanes are most often prepared via hydrolytic condensation reactions of
trifunctional organosilicon monomers such as RSiCl; or RSi(OMe);. Many
hydrolytic condensation reactions produce synthetically useful quantities of fully
condensed polyhedral oligomeric silsesquioxane frameworks containing 6, 8, 10, 12
and combinations thereof of Si atoms. The silsesquioxane framework is built upon

Si—O linkages and clusters.
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ol i goneric silsesqui oxane frameworks to fully

condensed frameworks (i. e. R8Si 8012) requires the
formation of many internediates. Usually, the

internedi ates are present in small anmounts that are

unst abl e under H}ll reaction conditions, and are
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Similar Si—O clusters are prepared by alkaline catalysis of tetrafunctional silicon
monomers such as tetraethoxysilane Si(OEt)s. Tetraethoxy silane clusters are
functionalized silicates having [(SiO2)a (SiO4)m]™ type structures, rather than
[RS103.] type structures present in silsesquioxanes, and also exhibit many similarities
to condensed silsesquioxane frameworks. For example, base-catalyzed equilibriation
of tetramethoxysilane, tetracthoxysilane, silicic acid, SiO,, and combinations thereof
can be equally well performed under conditions where the major Si— containing

species in solution is [SigO20]%"
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The hydrolysis of incompletely condensed polyhedral oligomeric silsesquioxane
frameworks to fully condensed frameworks (i. e. RgSigOj2) requires the formation of
many intermediates. Usually, the intermediates are present in small amounts that are
unstable under the reaction conditions, and are extremely difficult to isolate from a
typical crude product mixture. However, the condensation of RSiX; occasionally
produces very high yields of compounds that are logical intermediates to fully
condensed silsesquioxane frameworks. The most widely used silsesquioxane
framework is trisilanol (molecule 6a), which is obtained along with (c-CgHj1)6Si6O9
and molecule 7 via the hydrolytic condensation of (c-CgH;;)SiCl3. The synthesis of
trisilanol (molecule 6a) is known to those skilled in the art and usually requires a
gestation period of about 3 weeks to about 6 weeks to provide useful quantities. A
cyclopentyl substituted trisilanol (molecule 6b) is also prepared in a similar manner
and reaction times are greatly reduced by performing the reaction at elevated
temperatures. The hydrolytic condensation of (c-C7H;3)SiCl; and (norbornyl)SiCls
provide tetrasilanol (molecules 8a and 8b). These structures are known to those

skilled in the art.
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(10) all cis (11)
tris(cis)-trans-tris(cis)-trans-tris(cis)-trans
weologhemsanl ol i gonmeric sil sesqui oxane framewor REI/ESM05/009656
al so synthesized synthetically. Exanples are stated
for the Si 8012R8 (12) structure but the nethod of
nanuf acture can kaapplled t 8 ot heR net wosk
sty FEQLU{GS MAth ap oprla eg hanges\%hat ar /Rnomn to
Skl||ed yhe are 11/MD 20067097843
R /P& »4009\656/¢%O , Si-\\ R JR~
5 R ﬂ' 0o 7 |~~O~S|\\R MR8 (12) The R
/ group o each keCUIe can b aII i dentical but can
Q %Lso be @i f/f er ént ™R grou s_ arefselected from al
\ O atgiﬁkc f n@tloﬁap """" ¢Up§ QCFUGIBQ a?hydrlde
‘an ali tiC ,Sag\gro Q, I kyl -, anmarﬁ , an
" alkoxy- N a phefioxy-° parﬁially S—ftubl y hal ogenat ed
c ound groups cont ai nihg pdyl meri zabl e
g_#Qﬁallty, such as acrylates, epoxies, vinyl,
hy/ oxyl, cyano, and conbi nations thereof. A second
\\/ t of the invention is a method of form ng an
/o ical filmof the disclosed polycyclic or
¢ Rorocyclic perfluorovinyl conpound. The method
COr |ses providing a blend of monomer A and nonomer
Mondher A conprises a polycyclic or nonocyclic
_sperfl uorovinyl conpound that conprises at |east one
R structural unit selected fromthe group consisting of

formula | and formula Il O r\rvt,0 MOvv'\, R |
6aR= C-C6H11 TR= C—C6H11 88, R= C-C7H13 9
6b R = ¢c-CsHpo 8b R = norbornyl
. aH
m; OH ,
5*'.\ RH “o, ; | oH éi JOS- S
™ oo S ! G’ g I o g Q"Sl{gn
ﬁg_.ufa}i Bt o o "'S! F‘h ﬂi §
g | ] KO 0‘,
?h'wgéi ;‘;,—,m " Ng, HO | oH St
o 0 - omawﬂmi’ 7o
e 5 5 HO g wsw”’ B
;‘\m OH ) h i -
HE i Em

(10) all cis (11) tris(cis)-trans-tris(cis)-trans-tris(cis)-trans

Polyhedral oligomeric silsesquioxane frameworks are also synthesized synthetically.
Examples are stated for the SigO1,Rs (12) structure but the method of manufacture can
be applied to other network structures with appropriate changes that are known to one
skilled in the art.
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R "\AOMO -"1 R Il 12 W 2005/097843
PCT/ US2005/ 009656 where Mis independently at each

woecwsnysete a nmetal selected fromgroup 14 of PBEEUS2005/009656

periodic table of the elenents and R is independently
at each occurrence a bond, a hydrogen, an aliphatic
group, a cydToaIighati;Rgroup, or an aromati c group;
said pol ycyckiT or nocyclic compound conpri sing at

| east two pe ¢uQ\QV|$ groups. Mononer B is an

organic c und c ﬂp{uslng at |least two CF2=CF-

units. Th t hod ri ses providing the bl end,

m Xi ng tﬁeRbL nd wi h photo-initiator and a

phot o- cur abbe® Trone SG;Rmhere t he photo-curable

mononer C ¢bnpr|s% |'east one of an acrylate, an

epoxy, a/deVT%1de‘\a S|I|cg %)I?(YQ yl conpound, a

carbonate, and a diene, et ﬂ1xed bl end:;

partially polynerizing at Ieast one of the blend and
The Rhgoop s8 éadli Bokkculdepn detailideritical tutxenlalsb dadifforerd. R groups

bst forn1a film . selectively exposing.the
are &fqlf 4% la#p%wnt(efgamw Bmetonsh groups) ynéaqﬁpﬁear ihydride, an
0 nd g il t 0
P o e 2 L SR L5 R O bekly or
fully hadagdensted comploumis grdups coytpindag pyylmerizabig fimotipualisyg such as
1h%9ti g to a is ure of bou@g_lSOggto bout 300C.
ACTYIRIPS RS 1 SpalY s ¢ ré’ﬁ% GV R #RC © Apesdag | east one
of silicon and germanium |n one enbodinent, the
A scRehd @épédt Cofothe "MRARIGH isCa REEhOM AT Pl agﬁwchlm of the
i ses_a silicon-oxygen network. |n another
dlscleeﬁggmlmhc of menerydlicarerbygrgeny! enaaunit. dbaprethndsomprises
I oxa ther
proqulfil% oasmB ésn gsgt |nz(§l§)%%egrc§ er?d sn(lleéhoi%%ogyhé\%% ol gomelsrnhs(%S a
polysydiize st uh@ozRelic I;ferﬂmﬁbhﬁyl ceimpoahdeiMt, cdrygrises| at hieastabne
ol i goneri c sj| sesqui oxane conpri ses an_oct ahedra
stmcgtiraﬂwmeéect%ﬁrwaaée gmua@pm‘ﬂ@ﬂngr%f&mé%@ﬁﬂ and et ¢ he
pol ycyclic or nonocyclic perfluorovinyl conpound are
shown below. F. F g

AL O——M— OV VU
Il
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Ri S F RG&SIiOO\R OR FS OS S___ ~SOR-
OFF R /F R _( F 13 WD 2005/ 097843

wERODSERED5/ 009656 (13) PCT/US2005/009656
Ccta(trifluorovinyl)silsesquioxane F RO XD-O\ F Sl
/ \SI RSO0\ F 0/ RORF / O ~SI_O-1 OF

wher&M 1is- Td dBbekdentlly at Fadh Grdurrehce a metal selected from group 14 of the
periodic table of the elements and R is independently at each occurrence a bond, a
hydrogen, an aliphatic group, a cycloaliphatic group, or an aromatic group; said
polycyclic or Tmonocyclic compound comprising at least two perfluorovinyl groups.
Monomer B is an organic compound comprising at least two CF,=CF- units. The
method comprises providing the blend, mixing the blend with a photo-initiator and a
photo-curable monomer C, where the photo-curable monomer C comprises at least
one of an acrylate, an epoxy, a polyimide, a silicone, a vinyl compound, a carbonate,
and a diene, to yield a mixed blend; partially polymerizing at least one of the blend
and the mixed blend; depositing the mixed blend on a substrate to form a film;
selectively exposing the film to radiation to at least partially polymerize monomer C;
and curing the film so as to develop the final strength and adhesive properties in the
disclosed optical film. Typically, curing comprises heating to a temperature of about

150°C to about 300°C.

In more specific embodiments, M comprises at least one of silicon and germanium.
In one embodiment, the polycyclic or monocyclic perfluorovinyl compound
comprises a silicon—oxygen network. In another embodiment, the silicon—oxygen
network comprises an oligomeric silsesquioxane. In another embodiment, the
oligosilsesquioxane comprises a polyhedral oligomeric silsesquioxane. In another
embodiment, the polyhedral oligomeric silsesquioxane comprises an octahedral
structure. Various structural representations for the polycyclic or monocyclic

perfluorovinyl -compound are shown below.
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(14) Gcta(trifluorovinyl oxyphenyl)silsesqui oxane R
61/0\SI ORS~-O0F ROR_\/\ O ROSI-~OS p

wWo25/09B43 F R C-// F FF (15) PCT/US2005/009656

Ccta[ (trifluorovinyl oxyphenyl)benzene] sil sesqui oxane
Mononer B, disclosed in the present invention,

conpr i 4é3) @ctairglmorevin@jrileswnioxdndy a
CF2=CF- X", 7-R-X,, CF=CF2 type structure where X is

|ndependently at each _accurrence a bond, an oxygen
| i nkage, anaam ne | | I fur [ nkage, a
silicon- sxal/nmgs I ge  anvat phatic group, a

cycl oallpg/at/rc\gﬁ.w or an arofmatic group, mis

|ndepende/htl° occurrence an integer fromO to
about 10 d R n/al i phatic group, a
cycloalip ,a’rl c g’r oq)/p ar%urc group. In one
enbodi menat ; nomoTRE r B corrprl ses | east one of 1, 6-

di (trifluorovinyl)dodecaf| uorohexane (represented

bel ow as 16), N -bi s(A- trifluorovinyl)oxy)bi phenyl
w ), .1, 1, 1 -tris(4-
yphenyl )t hane (represented bel ow as

(represent ed
trifluorovinyl OX
18), bis(4- trifluorovinyl)oxy)perfl uorobi phenyl
(represented bel ow as 19), and conbinations 14 WO
2005/ 097181 cR{TIfLISPHOBY100@8s6 Y] )tilsesqidxanSone of t he
| isted nol ecul es are commercially available, for
instance, 4,4'- bis(4-trifla or ovi nyl ) oxy) bi phenyl
(represented bel ow 7 s 1-tris(4-
trifluorovi hsw/d preay ) et ha (represented bel ow as
18) are“ay&rf’“&bLe JXrom Qakwood Products Inc., West
Col unbi a,/ §§: 291\7“2/ The non-liniting structural

\s./;:/::'F
F\%' F

(15) Octal(trifluorovinyloxyphenyl)benzene]silsesquioxane

Monomer B, disclosed in the present invention, comprises a molecule represented by
a CF=CF-X,;R-X,;—CF=CF, type structure where X is independently at each
occurrence a bond, an oxygen linkage, an amine linkage, a sulfur linkage, a silicon-
containing linkage, an aliphatic group, a cycloaliphatic group, or an aromatic group,
m is independently at each occurrence an integer from O to about 100, and R is a
bond, an aliphatic group, a cycloaliphatic group, or an aromatic group. In one
embodiment, = monomer B comprises at least one of 1,6-
di(trifluorovinyl)dodecafluorohexane (represented below as 16), 4,4’-bis(4-
trifluorovinyl)oxy)biphenyl (represented  below as 17), 1,1,1-tris(4-
trifluorovinyloxyphenyl)ethane (represented below as 18), bis(4-

trifluorovinyl)oxy)perfluorobiphenyl (represented below as 19), and combinations

14



representati ons of Mononer B are represented by: CF
/CF2 /|CF2 /CF2 CF2 CF2 CF2 CF2 CF2 CF (16) Fo CF F
Wo2050478¥3 F FFFOC. >-<- - >=K F CF FCT1/1I8005009656
[Fl4 [FJ4 F-1- - F O F/ ' FFF (199 FFF XFF
{ F FF (20) 15 WO 2005/097843 PCT/ US2005/ 009656
therewfh eS@ns bf thetliste] A0lecafs ase ndmntchdalpantdilbley fatinstdnce, 4,4°-
. palymer structure and Z is a |.ecul e conprising all
blS(4ﬂHQWOW§§H¥3§%¥H§1ﬁ%X1i o%wre@qna%ipgel?wmﬁdiwgp rnd g 1,1, 1-tris(4-
triflubR 9 {HaRE A ebrescBd ADARRL | & 1185 aft) Kiailabl@N
H uar y{nly gﬁﬁ’%ngﬂ_ , agegﬁeesﬁoxy-, partelrsal I? gr ara o
Oakwood Products Inc., West Columbia, SC 29172. The non-limiting structural

representations of Monomer B are represented by:

CE CF CF CF CF
- -
CFZ/ S, SoF; Yer, cF (16)
OOy
¥ F
(17)
FF F
Moo
Fu A2
X
F F (18)
[Fla [Fla
_|10 F
J \_J =
F
F
(19)

(20)
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fully hal ogenated conpounds, groups contai ni ng
poyl neri zabl e functionality, such as acryl ates,
wepwriogrs43 vi nyl , hydroxyl, cyano, and conbi nat PORES2005/009656

t hereof. Mononer B, when co-polynerized or bl ended

wi th Mononmer A, is typically used to obtain the
wherdestruddgte B0 etprasenpy cee phiitedly buired npolyﬁfreﬂwmﬂfemre ad Z is a

conprises, at | east one 0, N, - CF2-
molecgjqzzom%s]p}g al]glfr&yﬁl OTgRIE )@ung}%b grofy@?,t mg]uﬁylg R, a hydride, an

0 Li r ), Qr

alip hﬁfi!: ﬁﬁag{w?%ﬁgglgdpmgﬁ(gpégﬁb gt |agln%ﬁ(%er’ eo? hé}ﬂﬁg ﬁ%lﬁe“y of
fullyimlogtebted edmpsunds gronputanthinignp@iimedndidel ifurestibnalfty t dueh as

present i nven step o ti aI I ol zin
acryBies) gasies, SHg-oi WEW@H& aﬂ% Piiatens hiredid Morond: B,
wherf QBRYolRE& 7l 1 RAEdded! witP hNViBREh&ah! 9 ¢ 1célﬂleuseal ®nehtah the

monomers A and B such that the partial pol'ynerization
desmed nederidl eobp@utespﬂm one cmbotﬂmtetmatX @mntphmsh@ ledsk e 0| Blnd, Si,

th enb di, ment e st curi S ca
“CHg A R netobr g HSGS ERp: pETal tiPecdRlsts ihpate
groupN&r £ dl@éeh@t@& alipR4tROfroupNard c&ﬂﬁbfn@h@ﬁ@’ﬂﬂté@f MNvhereht€R is
step of partially polymerizing at |east one of the

defingflendn fmputle i xed bl end conprises heating the bl end
for between about 2 m nutes and about 60 mnutes at a

i of BRI 06 6 FREH: 105,20 BBRUD ARy o
one bh ﬁlef b]emi tand rthe ingiked blend aimj)mtthaqmmzﬂlﬁcﬂymerlzatlon of the
blenﬁgl ynmeri ze pongner C further co ses di ffusin

hweepmersiA aad Bueh thepBiedeprt 1%4&@ QR l%mggaufamﬁ to
form%ﬁ%ﬁ ke ifd Jnmeﬁfﬂlﬁ{d Sk ﬁﬁﬁé&%tﬂb&ﬁﬂl@ﬁi G Eﬂ%ﬁ Jfidufkh ‘?s carried

ation in some enbodi nents, is e usin
out lphat lsastasie. of‘ﬂfy:pi calatipn, liglet @tp@plsrecﬁnd csmhlsoatmmltyereof Ina

i Rt S S DR R S ACBE e nd e
mlxéi’lpﬁlbﬁxﬂkorhﬁlfié’e@%htﬁfg ﬁ%tﬁl‘@ﬁf fornRtREROSRAL 2NEi HRGXAISAbut 60

areas of the film In a fifth enbodi nent, the m xed
mimiséseatl ahmmralumcb@wteyn @boabd00°d (andCeboutSLNCEs (lose ) fourth

emb BRI e D PR B e TS Thagbardalirblp 3 least partially

polyfieRsé hhnBnfeP (PFurhkN BordpridRafiFusng Mbndndet dtom GRNM¥kFosed
glass, plastic, organic material, inorganic naterial,

area geifi W@qdoarea of thet filoneftey @qle@'g/ely exposing the film to radiation
and % %B%Ceén?g ?qni?tg h%nﬁon%l \égc' %ﬁtaﬁg)gg %@gk d ceally, the steps of

sensor, ractrvein I ce,

sele@ivkiyt é)@i’osm@nﬁdc(ﬁffﬁt,lﬁgtat@p%rfbhﬁécﬁ&f elheﬁrat& §a\¢§fﬁdhcontrast (or
enbodi nrent, the 16 WO 2005/097843 PCT/ US2005/ 009656

gradigndg the Edgx 0§ opligsb ssfrastionbetwesnsths srpated andiumgxposed areas
of tHeCAM Aes ‘%%péﬂlﬁéd}lgleﬁlt, thE5k e Wedtf has a viscosity of about 10

CentiStokes (cSt) to about 10,000 CentiStokes (cSt). In a sixth embodiment, the
mixed blend is deposited on a substrate comprising at least one of a metal, ceramic,
glass, plastic, organic material, inorganic material, semiconductor, electronic device,
micro-electromechanical system (MEMS) device, a sensor, a refractive index

modulating device, a splitter, and combinations thereof. In a seventh embodiment, the
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spi n-coating, doctor-blading, dip-coating, casting,
extrusion and conbi nati ons thereof. The discl osed
woredokoersad forming an optical filmis equally PCT/US2005/009656
applicable to the formng of an optical material and
particularly to the devel opnent of a graded optical
mixpdbend & depobitedogt iheahbsrmteem@ aitSc}mﬁqiré doetpeising 2 lewdone of

a mgter g desired |i transm SSI on
Spin¢QsHBgL Oégor%iaég%a%cwgc%ﬁg 1 @ytugion; aad cemppinatiogs fhereof.
to nean that the material has a structural

Therlﬁéc%s‘ég SREhSY of fbn'nh% a ?fﬁpat Eﬁ% ig \Agﬁ’eﬂﬁrt éﬁdgﬁitc\%leité $he forming

dimensions. The optic .
of ag mpha}matwl iand phuelcnhﬂg Ito ede dwy:lqpmena bHagradee optieaymimterial.

An GG tidals” BeE RS Gocra o HBUEFBoheVigR) dgpired light

tran'éﬁfs%i@ﬁtﬁrﬁﬁerh@éj' Qe8rakdBd bbféd] akekial RAhsedNRRER BMmean that the
optical signal toturn "through desired contours. It

matprial g @@t@emraldW@og@eﬁﬁv@ ity rpromrtlesaacr@mmbﬁés divagnsions.

The ngélp%g}]l?éw??{le eectl opt fr%xga)}tgﬁ ish ghqe matepgﬁngy %,rl]rp glong the length,
breardﬂi bAGkighe dhﬁ@i@brbﬁzﬁthﬁiemeah@t@haﬂ, Gradel apael rﬂatéﬁals lusually
a third enbodinent, the optical I%/ graded materi al
a

have cayirelisd wjractie Wilies é%élwwlkoal gaablaan oppicalogigngl gedum
oy et POl £ BT 6 ML DAL BB nice

congpeed & Ig@dddyoﬂtﬁ:als niabeaial. 0.I4 adBﬂiEm mbommteﬂgi bptielly graded

matGRcpts BatoFivsetienn aH VAT 8O 080 dBCAYAR 245 In a third
emﬁ%?ﬂﬁérﬁn@lte o511, HEd ﬁégarﬁ rokdd&d B?‘tl?é"glsé@?&i Midthod, has an

ner s bri cated by the I scl osed net hod have a
optlhalghssacdﬁemthm ahmual sl iathe. wawlgtgﬂadehgslfmm iabowt$@@ nm to

antha.t tedfro diffe
sboiial @i nd itk Seap B lsaEte SE1 HERHE G phrfpizns Sf BBl sso
nm SEF10GYARL 1550 AmlB0RVEASmohd SREiN¢alOleks ﬂﬁﬁ\%{bﬂﬂt 0.05 dB/cm at
‘physi cal separation into individual |ayers under

wavebangiis oé aboutateam, éBlQh@rﬁ@ééﬁp nmexpect ed stress
| oads. Adhesion is typically tested by a variety of

Polfﬁ%ﬁgﬁgﬁ?éf%ﬁ pg tﬁg disefds v\g& %E’tholzle E}l ave QlullnIgP a%ﬂas%ﬁ to aangubstrate

erelnt I nt'érf ace
High wdhexidretd dsed hkﬂ&[rytohmgdm it es‘&adkda‘mh&tahﬂoﬁndlfferent materials
consequent |nhorno eneous defﬁrnatlon For exa

| e, .
thatsgrg Reagd teestherde o s b sirpriel g rsRAias FIBﬁCth{TE%{EGSh%WIHg
phy%l%élt ’\%pﬁ a7 Cintd ﬁﬁlh\t‘l%{ udl ?ér@ MR deplRRAr Qn\;gﬁﬁﬁné}@él h@@nges or

D3359 that c i es adhesion test results
expected stbess d@etdeg aﬁcdhespn\m typlmlly éstted by alvariefy & mptdodainichyling

t he asu si.on. The. i s¢l gsed .
scr i pPOPaT (YL a1 (reanr Eatoh v By HiogR s sutggted to
very ﬁfgﬁrﬁh%ss Blas and o) c%‘ﬁ'ééq@ent 1ﬁlﬁc9ﬁ6g§ndaﬁ§ &éﬂoﬁhaﬁéﬂ‘ (24)%) @iﬁrﬁple a
material, sem conductor, electronic device, mcro-

stanglawstestomethied for aleasyingeadhesiEn )y thooites is despsibedby American
Stanc?aré aIC tI X/?etl'l&fj ?XS%%%édﬁ%a‘[ classifies adhesion test results into 5

categories, with a test result of 5 indicating the highest measurable adhesion. The
disclosed substrate typically comprises at least one of a metal, ceramic, glass, plastic,
organic material, inorganic material, semiconductor, electronic device, micro-
electromechanical system (MEMS) device, a sensor, a refractive index modulating
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17 WD 2005/ 097843 PCT/ US2005/ 009656 device, a

splitter, and conbinations thereof. The discl osed
w@eiogneis4has a hi gh adhesion to plastic, gl asBCDDS2005/009656

silicon substrates of better than class 3B and nore

preferably better than class 4B according to the ASTM

dev-i&d, andphitier, land Odentenishs nedeof, t h&edaﬁcl@s@cb@ﬁﬁaohm ai Bigh
a flane retardant. A flanme retardant is genera

adhegigawie BlesHC, nglpesy P%ISﬂlCH’étSUE@Iaé‘iﬁs of Qﬁrt@r Shang glasy é&u éré% more
prefr%%gxo/g)?%g}ﬁt fﬂ?{:]ﬁ@S i Qg@)rdlgé E@@le'ASE];]I\%%Ler msr I n anot her

e conpoun as hi stability.
A high thermal stability |rrpI|es m ni mal or no change
In orerendesiiment, freofisn ésed sompemd e flame retardbnti A Bxposetdrdant is

t eratures of OCfor an nde eri od of
gonefllyRknov at fandt Wﬁﬁﬁ%r% atEnta S e froprard of & flame

1 tabs thaboth&t hbbdiReht e QnFundlr Rl Khe&EmANekabilit
aon%erﬁhc% |1r11te ‘?t. ty over1 aﬁthrt%h temlalélr atur}ggﬁrlangél ang a

A hlgh thpemat sta‘mht)sna}thdSlmlynm@i qrmoaﬂaenge p50ited mm@%awh@ the

ynmers fabricated fro sed c nd .are
matcp} JoRcoes Catmtaes Rgubad: [0S 1OF EseepId gD ime.
Thelﬂﬁ\gryc %au@rrgatéarag e QLfifEL gk lﬁht%ngﬁsugrre dethi @m | tA€rmo-

direct Irght waves in a direction determ ned by
gra-virherip lydi ahainidad imtdgnityeseoh higletesywrause omge matlex fealpsrature

opt e A filmmade according to
Stablhlﬁéum%@? ég@r?e]lsr%%tg@hpf‘prr ses a pol ymer fabrr cat ed
from a concentration of nonomer A of about | % by

Pol YR Ofbrikb&ed %&H thbQRSa s W@lhﬁ&indaeﬁg a@radﬁ@@ camdifiabd /7 oplical

nononmer B of about 99% by wei ght to about 0% by
lenscwef@usmgldwmh@ andisgg¢08 edmﬁ@nhbdiesmmm@povﬁrm@d direct light

B,..on ovi,de t:h ired
wavi? SOk dige @ SRtegaiel oy, BEE S atlo fo SiisR  of, TR, teBhs or
mataﬁ{aﬁ,ctérﬁleop@@uwaa@ﬁdesfor exanple. In one errbodl rrent
precursor bl ending is perforned by m xi ng nononmer A

and nononer._ B in a_round bottoned fl ask and stirrin
A filpygadpacerdingdothe ﬁl@ﬁlpéedsmrthp@ compyisesd palyas e from

a coﬁ@:ﬁﬂ%{f%n B¢ AR oMBP R R b ECIE ?lygxﬁé%%% 16 &B6ht LR Bm&%‘r%ﬂd a

ed precursor. In ik i nents, nono
con&nﬂammﬁEDnﬁnpﬂﬁBS]f@hblhtw9% by eveagitt to abono0Yedey Weight In the

|1y bl ended, m I n one errbo nt of th
dis AL AR HONEHG CAt) JORUEPT PodngnSBameo P Bita He desired
mateil tﬂr@ﬁ@hé@ SN TBE 90 dnd RN ATRLsi R, i bl Stupd Bdsii@nce, for
nmononer A for further processr ng. Bl endi ng nononer A

exampid hmmmodanpmtomeQQSo@lnmhm@ pgyfomfned fpyamixing monomer A
and TonBRer |1\r/1%|rgun<f)b 07 meeélcflljasﬁ and'Si tn%ng the mix with a magnetic stirrer.
In some embodiments, monomer A and monomer B chemically react to provide a
modified precursor. In other embodiments, monomer A. and monomer B physically
interact to provide a physically blended mix. In one embodiment of the invention, a
chemically modified precursor obtained on blending monomer A and monomer B
yields another monomer A for further processing. Blending monomer A and
momnomer B provides a method by which a comparatively low molecular weight
polymer is used to provide a higher molecular weight polymer by polymer chain

extension or cross-linking mechanisms or both. The provision of a modified
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polymer is used to provide a higher nol ecul ar wei ght
pol ynmer by polyner chain extension or cross-I|inking
wore@haisshs or both. The provision of a nodifiRdI/UIBODI6S6
2005/ 097843 PCT/ US2005/ 009656 precursor is referred
toin the art as pre-polynerization. In sone
precindo@di nfefeied tonimnteedrt As girelponenestida. arla dnee eéetboditments,
pre-pol yrmerized in the presence of . comuo or anlc
morwp%f%at@dkmswmﬁrnﬁ‘t He bdended |andnpigypobmperis ¢ Pegence of

conﬁ%rﬁ "Eg'gérﬁ@t 520erdts 1BRMWO B the! Qr@t t §) NpAn§O |eH1tb'09ﬂnéHts pre-
WOr Ka

e viscosity and various solvents including
polyeeriatien it pbifemesd tal atiho Iass,oh&iolneofswoﬂmbkr gisegrity and various

th her ef
sol G GRTHUAE LerdsHE Enn ASFHERT SOU ot Sl ERIMyoRgfhercof

are@lg?}&,ed?tﬂg}é?&tees to about 60 mnutes at a tenperature
ween about 100C and about 200C. Heating vyields at

| east one of a precipitate or a pre-polynerized bl end
In smrtehembﬂﬁlmenus,aﬁieaore*@pbmesxz@@' biepdais dledﬁeslpﬁ%u ahguiponinufrs to

R BEDARSE B o FEF EABOSRLLONE, S50 O i
yiel@8 1P TBsP Pha ity a nekisiaRdiopat g@@l%@ﬁﬁf bledadwitheebrtllable

di sposi ng upon the ‘substrat re-pol ynerized
visdokigntd ddisposing g thy suhsfra@bﬁ@hom@ ’EBt pt@lmmmanlh}s igolgted

0 I to as of differ [
by it ol P EfRubR BaPR RO S bt FTonbAER ifeor
anditBedrfor kpokih ubbﬁ t}iérs@bsﬂﬁitey MEkd grRGINRedzedBlend\Bad $viscosity
understood in the art to inply the process of

of abeyty9eaSt 30 #hpuh 10RO or ol i gomer or cross-Iinking

an eX|st|ng polymer to attain its ultimte physical,

pr & | o?wﬂ?&x‘%@s“é?ﬂ frR0d RRLLHA ind%?@ﬁrﬁl% ateﬁ“§ls a Sphoto—

sly state ot o- cur abl e mononer
cura;h:le measmeod és mﬁxedamtlathe yreapdymanzeiddsnyd. Qupng W und(dfs,tocai in
i cong,  a Vi néﬁ’%f a.carbonate, a diene

the eﬁﬁﬁ.nﬂam tBRHT95 lyrgenzing g noenomes gt m’h@ﬂalef Ph cwsirtinking
an SARRYIfBRhe: toaatﬁnpftgulti%a&é ﬁﬁﬁﬁca‘l ScrRAEed, kRchdifcal and optical

pre- polyrrerlze photo-initiator is a
prom“npﬂo uzh@lptehmuslarmwasvheﬁ@equgqble dionewet ¢ @nnpmﬂﬂas raéaastyone of

hot ons rea Lve spec
o oGP AR S bR B A P BV 7 6P BiRbB: & Bbne, and
conbidtioat terdof Bd gidld ymbRaMIdndes at | east one of
di br onoet hane, benzophenone benzyl dlnethyl ket al ,

2- hydr oxy- 2-met h henyl pro ane | - one,
In Wtf'\r/ grhedipentse 2 i 9{3? V}yatqgelﬁp ed %0 ﬁlﬁw;ﬁ-pwymn(%bkw A

pho?&in%atmg réyéolnp?ouﬁ@ FRD b doRR energy, directly or indirectly from photons

to form reactive species, radicals or ions, which initiate polymerization. The photo-
initiator typically comprises at least one of dibromoethane, benzophenone, benzyl
dimethyl ketal, 2-hydroxy-2-methylphenylpropane-1-one, 1-
hydroxycyclohexylphenyl ketone, 2-methyl-1-[4-(methyl thio) phenyl]-2-morpholino-
propan-1-one, phenylbis(2,4,6-trimethylbenzoyl)phosphine oxide, N-
hydroxyphthalimide triflate, (4-benzoylbenzyl)trimethylammonium chloride, benzoin
methyl ether, diphenyliodonium hexafluorophosphate, and combinations thereof.A In

some embodiments a sensitizer is additionally added to the pre-polymerized blends.
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propan-| - one,
phenyl bi s(2, 4, 6-tri net hyl benzoyl ) phosphi ne oxi de, N
whyasoxgpht hal i m de triflate, PCT/US2005/009656
(4-benzoyl benzyl ) tri nmet hyl anr noni um chl ori de, benzoin
met hyl et her, di phenyliodoni um hexafl uorophosphat e,
A serdfttyegaphai dﬂ)ﬁipo@ﬁﬁ thdiekeals tHenvaeldigieriopstisoeitgs & the photo-
sensitizer is additionally added to the
1n1t1awesy§qe%eqnﬂz @ge gqr@cho@nsm_ztgs viochgles phdegisone of 2,4-(bis(4-
[ {
aietn TR HREHAR SO SDcloBe Bl (680 SonbPRITARY, 240is
Julohldenﬂ)ayodxrpeﬁmbﬁen(mitdﬁm roefraidrdyl ssehsW)j zanphdrquinede (Bhown
east one of 2,4-(bis(4- dlethylanlnobenzylldene
commpgRly o3& nt o MEM nBTFO ¥ ot (kRO ASmmonly #§ SMBF), and
combitdidisdfaxby cycl opent anone (known conmmonly as JAW,
canmphor qui none (known conmonly as CQ, nethyl benzoyl
formate (known connDnIy as MBF), and conbinations
Partiztl tpot pwirizaemt is ahrrigd | optren iag Eastameicf thablenédndiie wixedtblend.

| east e of th end and the xed
In ong3iadBRR PRl PO SRS de T Ry eriing B pipnd
beforB ShiXIBE.| Zh RGsekbHR] BhBHHAMCREAfR] PoXinit@izatih 8ccves @Rer mixing
enbodi ment, partial polymerization occurs after mxing
of somp os gkofghe spustifenine constituents. The
pre-pol ymerized and nmi xed blend is deposited as a film
te. i '
The &g I}%)??ﬂj%ﬂ? {rﬁ]l rggcggi bgéri]'lg 1% ?ego%?tlac? gsog%ihﬁ %’H %déqéﬁ%strate of choice
usingd ®@dihngjuedompeeaig at fgast @resdfi spga.—cc&mtlg,umomr blaliwe, dip-coating,
conbi nat i ons the eof . The SF bstrate conprises at | east

casting, X &yusion, gpd gpm @é?%ﬁﬁ ereg a’g]ge s%s’ggtplqgmpgls%saﬁ Jeast one of
a mefﬁ@tc%ﬂaﬁilc J19Qr ﬁgﬂl@ d?%érﬁ’é hfhkeria® SHbGARRURLRHal, semiconductor,

el’ectroni’ ¢ deVv roel ect r onechani cal syst em
elect(omvspvmammoels@nmmhameﬂ rsasteinv@ EME] elevice,cheh ao1, mefractive
\ devi,ce,. a litter, and,co ereof. The
index i GTing BPick 4 St and CoRBrO Bttt T o hdi at ron to
at least partially polynerize nononer C. Selectively

The POSitdD AIRE i6eROSEJueatly | dxpofdovd dediation todiaf fleastopadially
mononer C from the unexposed areas of the deposited

polymeniag tTgoRgBer &3¢ posdectivieba $xpesing dhej«lspasited dfiknp | poides efor

J d
g1 BT, M RO Syt o e
expoyddvaiean gf theudipogitedl flohenceryiedinglanmatedtheith gﬂiﬁlﬁdl prepérties.

the entire fil S exposed radi.a on and hot o-
In ong A>T msgedhe NP & SRP t@r}iﬁg&Pﬁﬁrﬁﬁa% o Weekoelicpipg a photo-
maske XROSh& B iffeHS 'tlﬁlﬂgerﬁfr@ ﬁhﬁ’ﬁ'é fRpORd th Q. HRNRT L& n@ photo-
desired contrast 1 n index of refraction between t
maskeisposedd In a third embodiment, the selective exposing and dlffusmg are
performed to generate a desired contrast in index of refraction between the exposed

and unexposed areas of film thus providing a graded optical material.

The deposited blend is completely polymerized by the application of at least one of
thermal energy and light energy. The step of applying thermal energy comprises
heating the substrate to a temperature of about 150°C to about 300°C, for example.

The ultimate physical, chemical, mechanical and optical properties of the film are
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and unexposed areas of filmthus providing a graded
optical material. The deposited blend is conpletely
weoiognemsiyed by the application of at | east oneCD1S2005/009656
thermal energy and |ight energy. The step of applying
thermal energy conprises heating the substrate to a

obtaih@Pet@inig e 1ffanaiettmbslitachy) thd lh i88KHosed i aB¥@PhEnutes
The ulti mate physical, chem cal, nechanical and

to abeiti0gainupe e teinpsragire braveen lahoutrl@0°C end b oz 3699657843
PCT/ U82005/ 009656 obt ained on curing. |In another
Stoic 10 ‘{Tﬁ O ad nu{ mdd ere?xpggcg / a{nﬁpee?glgﬁﬁv\%dé régag% t%ﬁernical

€es a

additiUﬂQ@ao%@ﬂ BPaut-2280[s-addbtien ﬁfébﬁ)dfﬁirﬁ k€ geldya pedabe with a cyclic
nonomer A and nononer B undergoes a chem cal _addition
ring plgg@ueonIByons ombodiant i dhe treThERISERL A Cyclgibafegearing

h r
strucRe Stharblcl” By i colbled BBl otmolds B0 monomer B,
multiplengnd sttrwoiked ecychc atiigastrectureb/sire) @btadmed. C bmmlne xengrodiment,
hj gh nmononer A and nongQner multiple a
severﬁtm@ﬂvpe@alw%g SEUGHRIEY st Bdhice éhlasttsaq%gapaw n one
enbodi nent, several cyclobutane ring structures are

Sihc&lp—toi‘y %ag& & REvAIRERALANAE BRARE! bonds kia AT Y@L tional
cage pe nefwor ks reduce the chem cal bonds that | ead

overtpe ebsbrmt qnm ahthe degized varelahgbr §uqhobpnds atehmaigds Xr-Hdlinkages

wherk X GhBrHs dioragt Gheor & POLHaRer T BEfosed

ﬂuorﬁﬂaﬁéﬂ%ﬂ%‘équﬂl&n@ i(3E6088d asNIoRIrhé&ra Eths $1b|sﬁ&§5'§kbhd§?( @?ﬁlsmg a
when used as Mononer A) has no such bonds. r&)g usi ng

cyclig ymlqt@res@ rgwﬁmoetmbowg% SadwEseunsEInd dpgrovesh dag p@opsﬁtﬁs are
achle'vQ@ r o¥ﬁ gl%tsg ﬁl!nﬁ o %Po%%r {d }?erre unﬁ%@l&eyﬁ&bleﬂ?@l yaye 1gulde

f ur suita
mateb‘i@l‘s,egimtdethm&bﬁj’doal £, cSﬂaI}tseﬁ‘bh earrde@ﬁdduoes n® X-H containing
cat al yst - free and fproduces ng X-H_containin

subgeeBer S iR ORRHES, helproBERta Eandey dppehgess, Ty and
other’ n@t{] CRC hle% a'n[}%? }&%{:‘aﬁa gro%grtﬁﬁ‘ dre RLOEDY @Qlkbtﬁ%l a spacer

ani ca perties are made
betwea the Si atgpra agp ah@mossbhnlvmg mravpe ISionaembndingnt, hlephenyl group

TN ) T

are rﬁﬁ’&jé b opakidy apeitfeYerddhighlyTBRbAnatéd Gnormeer BYitH1 &t REsE two
different highly fluorinated nonomer with at | east two

triflupravinylio rgwupsz | igpodhe isHsasqeinsansi | mereuersx dpkoweh obrlé r sCo-
polylflﬁrlza%r Rs élﬁ yonceoem@ O(in)ﬁléfgtl' (l)fztgg g?& ﬁnt IHVG%I?I%{I e\gﬂé} g é)ﬁg{(])g‘p ernin g

I nven ernin

is dedped r@dngﬁl}h lf@bhnatfeﬂ L{ﬂfoltdléérﬁdlv&hﬁhbﬁoﬁaﬂﬁ hidd toRop@itially
is added to a partially
polymerized silsesquioxane matrix and cross-linked upon exposure, followed by a

complete polymerization achieved by the application of thermal energy.

Structurally, the use of a silica matrix via a silsesquioxane core decreases the total
number of C-H and C-F bonds. One embodiment of the invention provides a
compound with a lower optical loss from absorption by decreasing the number of C—

H bonds. A secomnd embodiment of the invention improves adhesion to a substrate by
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pol yneri zed sil sesqui oxane matri x and cross-|inked
upon exposure, followed by a conplete polynerization
w@edvseymsa by the application of thermal ener gyPCT/US2005/009656
Structurally, the use of a silica matrix via a
si | sesqui oxane core decreases the total nunber of CH
decreadifig Ghé aids .of QOeF aifidbiesENA @fird Rgbodingdt i cMthe invention
) provi des a_ _conpound with a_|ower optical |oss from
improyss Grepmplovietblty ycreedutigsGhel humess waih e-Olinkagrds. A
second enbodi nent of the invention inproves adhesion
; ; / 4
A g o PR Ao & AR PP R e A Rer
fabrietdaoftomen polytydiveri moantydic pedrfiporoviey! tovepomld comprising at
stability by substituti C- X linkages. W t i -
teast pragesdl it ety S groopison NGEE g; e TapC fomula I
el ectro-optical device conprising a pol yner
fabricated froma polycyclic or nonocyclic
per fl uorovi nyl conpound cé;prising at | east one
structural unit selected fgomthe group consisting of
formula | and fornmula Il O ~rvt, 0O MOvtin, R I R
"Wi0 MOAL R Il _ where Mis independently at each
occurrence a netal” $&Cect 8 Fr8M Gt oup 14 of the
periodic table of the elenents; and R is independently
at each occurrence a bond,Ra hydrogen, an aliphatic
group, a cycloaliphatic group, or an aronmatic group.
The polycyclic or nnnocyqlic conpound conpri ses at
| east two perfluorovinyl groups. In one enbodi nent,
the el ectro-active conponent of the disclosed
el ectro-optical device cdhprises at | east one of an
organic light-emtting diobe, a photovoltaic cell, a
light emtting di adey rn—glrectpanlurni nescent
material, a cathodol um nesfcent material, a
phosphorescent material, mrror, a |laser, an optica
fiber, a MEMS device, a vice for concentrating or
di ssipating light, a waveguiding device, a splitter,
and II

where M is independently at each occurrence a metal selected from group 14 of the
periodic table of the elements; and R is independently at each occurrence a bond, a

hydrogen, an aliphatic group, a cycloaliphatic group, or an aromatic group. The

polycyclic or monocyclic compounid comprises at least two perfluorovinyl groups.

In one embodiment, the electro-active component of the disclosed electro-optical
device comprises at least one of an organic light-emitting diode, a photovoltaic cell, a
light emitting diode, an electro-lumminescent material, a cathodoluminescent material,
a phosphorescent material, a mirror, a laser, an optical fiber, a MEMS device, a
device for concentrating or dissipating light, a waveguiding device, a splitter, and
combinations thereof. In another embodiment, the electro-optical device is

configured to be exercisable by a power source.
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conmbi nations thereof. In another enbodi nent, the
el ectro-optical device is configured to be
wez@soysabl e by a power source. 22 WO 2005/ 0978dBUS2005/009656
PCT/ US2005/ 009656 A fourth aspect of the invention is
a pol ymer prepared by reacting conponents (a), (b)
A fothtaspedt ofktey 1ﬁ'lldﬂ1t16ﬁ ﬁ@@ﬁ@lﬁneﬁ@repaﬁmc&bj@ reptn® f:orﬂpditibﬁ&fﬁaﬁ (b)
and nononmer B, said_ nononer conpr|5|ng a polycyclic

and (§) WhsEdR yeompengEr @) isroblery of @?ﬁi’@ﬂ”ﬁ‘tﬂ A csdpmospingt &, said
monqrfi° i ABpHERUC L B ot SEEhiEEbEri" B th forpound

compilsinig-at leastFomerstrubturd]l vditelected fromvihe izeould domsisting of formula 1
|ndependently at each occurrence a netal selected from
and figin 4 of the periodic table of the elements, Ris
i ndependently at each occurrence a bond, a hydrogen,
an aliphatic group, a cychkoaliphatic group, or an
aromatic group. The polye&yclic or nonocyclic conpound
conprises at |east two per§ | uorovinyl groups, nononer
B is an organic conpound gonprising at |east two
CF2=CF- units, conponentf b) is at |east one
phot o- cur abl e nonofREYOT MhierePn the phot o-curabl e
nmononer conprises at |eas one of an acrylate, an
epoxy, a polyimde, a silicone, a vinyl, a carbonate,
a di ene, and conbi nati ons thereof and conponent (c) is
at |least one photo-initiator. In one enbodi nent of
the present invention, the photo-initiator conprises
at | east one of dibronpethane, benzophenone, benzyl
di met hyl ketal, 2-hydroxyRR-nethyl - phenyl -
propane-1|-one, 1-hydroxy ¢ycl ohexyl phenyl ketone,
2- et hyl - | - [ 4- (mes Ay othid)y—pheAx! ]
-2-nDrphoIino-propan-l-onT,
plienyl bis(2,4,6-trinethyllbenzoyl)phosphine 23 WO
2005/ 097843 PCT/ US2005/ 009656

IT

where M is independently at each occurremce a metal selected from group 14 of the
periodic table of the elements, R is independently at each occurrence a bond, a
hydrogen, an aliphatic group, a cycloaliphatic group, or an aromatic group. The
polycyclic or monocyclic compound comprises at least two perfluorovinyl groups,
monomer B is an organic compound comprising at least two CFy=CF-— units,
component (b) is at least one photo-curable monomer C, wherein the photo-curable
monomer comprises at least one of an acrylate, an epoxy, a polyimide, a silicone, a
vinyl, a carbonate, a diene, and combinatioms thereof and component (c) is at least one

photo-initiator.

In one embodiment of the present inventiomn, the photo-initiator comprises at least one

of dibromoethane, benzophenone, benzyl dimethyl ketal, 2-hydroxy-2-methyl-phenyl-

propane-1-one, 1-hydroxy cyclohexyl phienyl ketone, 2-methyl-1-[4-(methyl thio)

phenyl]-2-morpholino-propan-1-one, phenylbis(2,4,6-trimethylbenzoyl)phosphine
23



oxi de, N-hydroxyphthalimde triflate,
(4-Benzoyl benzyl ) triinethyl ammoni um chl oride, benzoin
woreiolpd78es her, di phenyl i odoni um hexaf | uor ophoSPEEUS2005/009656
and conbinations thereof. The follow ng exanples are
included to illustrate the various features and
oxidadv aWrhagesyplahalirhieldr esihite,i N(&Benadylbang)atethgimmonium
intended to limt the invention, Exanple 1:
chlopile p penzqin n Myl - Bk pHEMEnYodomiER o Sexaiorophiogphate, and
: ilane. Freshly activated magnesi um (8.5 g,
com%ﬁg%&gm%‘?&\%gs slowWy added over a period of four
hours to a solution of 1,4-dibronmobenzene (80 g, 0.34
The fallowing e2M@pled arefin divdedyé divsente thk eepousgfestores and advantages
t enperat ure bel gw 30C. . The, reacti.on m xture was
of the FFH ANYE3HOB: AT € Ph PR Sty VRNt o
m xture of tetrachlorosilane (100 nmi, 0.87 nol) in
di gkimpet her  (TBephdativht hoh 12BhGHEShenVRECHIbEWIR Wasing
stirred for 12 hours, and unreacted " tetrachl orosil ane
tetraghjgrogilatehy | et her were renoved in vacuum The remaining
liquid was fractionally distilled through a Vigreux

eSS, i - .
AL ISR 48 Y g ot por
hourg td a Solfion &ﬂ-NW(B%B%oWeneQB@Tg3D:3 46mal) GP2 (0L ddd)iethylether,
keep%r%%ﬁl%?%@%&%%%a ng r%ﬁéér?@ai%t%%qﬁégf]{%%d%pr § howgs and
then%o%? ad FHABR FixRire FERPRIAI 4881k (100 mL, 0.87 mol) in dileglrs]IIGether

Bronophenyl tri et hoxysilane using tefraethoXysi
(50 Rrlgshithinat? iheatse dhegniesiranwgs sbrrgd f0r 32 hwiry, wed unreacted

sl.oW y added.qver _ a period of four hours to a. .. .
oGyl 0 it St o ted Ragewptnol Ae g Hindgyss
fractiBnal} di%'tiﬁ%(ﬂ‘mrﬁﬁ%?& \ VigféhxVE31 808 a8 Rdidced pressure to provide 4-

PCT/ US2005/ 009656 .
bromophenyltrichlorosilane as an oil (350 pHg/85°C - 37 g / 37%). "HNMR(400
MHz, CDCls): & 7.69 (4H, dd). *CNMR (100 MHz, CDCL): § 134.6, 131.9, 130.4,

128.2. GC-MS: 290 (M+).

Br

Br
Mg / THF
———
SiCly
Br
SiCls
Example 2: Preparation of 4-Bromophenyltriethoxysilane using

tetraethoxysilane.

Freshly activated magnesium (8.5 g, 0.35 mol) was slowly added over a period of four

hours to a solution of 1,4-dibromobenzene (80 g, 0.34 mol) in 200 mL of diethylether,
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keepi ng the tenperature bel ow 30C. The reaction

m xture was stirred for 8 h and then slowy added to
w@2005097882 of tetraethoxysilane (100 ni, O0.44 POI/PS1005/009656

Et 20 (50 nL). The m xture was stirred for 12 h, and

unreacted tetraethoxysilane and diethylether were

keepih TRY @dpeRatyRCHEIBW €. ThEBdAdtg hifiutedwaastirred for 8 h and
fractionally distilled througlh a Vi greux columm under

then slawii adflegrta sspdurepffpteagtgaysilane (100 mL, 0.44 mol) in EtO (50

b I e I as %
mL). bgﬁ%ﬁg@ﬂ% (b 5 %@é‘g?& o) mmﬁoy%té&% h%xgsﬂ.?ﬁé 9nd
dlethyléﬂ'l;er ddje reﬁmo&@d @brhcugn, The Z2fnaRlihg Hiduid WedSNMRtOARD, distilled

CDC13): 8 136.4, 131.1, 58.8, 18.2. GC-Ms: 318
througlrw) a pYiggux vgofumpE vafer: redugsd sipeessare Efanpirevige  4-
r hen S |
bromgﬁ%ﬂgftﬁét;lﬁﬁ{/ﬂ%rl 2 l%gc?lgg @‘Rgﬁ'( 9?!470)/ k; %9? ‘%XQPESO uHg).
'HNMR&400l MEL, cn)cagos mmﬂHm)han@ (EEHl,dq),ZD 2‘m(9Mm) eIF’CNMR (100
refl uxed for d is decanted fromthe

MHzgePCind { Het ]g°’é}1»|5§ 835312&@33&3 'B1fdMifanol to yield a

white powder. Filtration and colum chronat ography

are used tBrpurify the product i. e. Ccta(4-
br omophenyl ) si | sesqui oxane. Sr Br Br Br \ B ~\
OO\~ S~[~SI-O Br Br _%
Mg/ THF
SiOEt,
SiOEt3

Example 3: Preparation of Octa(4-Broamophenyl)silsesquioxane

4-Bromophenyltrichlorosilane (29 g, 0.1 mole) is dissolved in 200 mL of methanol
and 20 ml water and refluxed for 36 hrs. The liquid is decanted from the gel and the
gel is sonicated in methanol to yield a ~wwhite powder. Filtration and column
chromatography are used to purify the product i. e Octa(4-

bromophenyl)silsesquioxane.

Br,

Br\©\ \ PN

SiCl;
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SI_O0SI O/ Br SIC3 er Br 25 W 2005/097843
PCT/ US2005/ 009656 Exanpl e 4: Preparation of
wazqosoyBaior ovi nyl oxy) -4-[4, 4, 5, 5-tetranmetPgli/us2005/009656

1, 3, 2- di oxabor ol ane] benzene.

1-Brono-4-(trifluorovinyl oxy)benzene comercial ly

aviah@lé @: f PRpuGREN00d -(1fNQaHs syl ok IC—4-\4s4,Us estte@methyl-

precursor. 12.65 g (0.05 nol) of 1-Brono-4-
1,3,2(digxabpiebanelhengensxy) benzene in 100 mi THE

(tetrahydrofuran) was added dropmnse to g (0.1
t 0 T
1- Brdﬂﬁgg dtﬁuo&&%ﬁ@@(y)? @eggll:ﬂg%glgz ”b\g{:lag " {Ham RBalbfood

Proddaisynéhc. svak hesadonrmt pfepuIaOISt | I2n.&F gn@D @5 nirdologen 1iBdoato-4-

The te ature p eIom130C uring th
(tiflogeioyipylg Ry bpAea? nﬁﬁ%rﬁf LHEC oy dsaory %a@fdﬁﬂ grpwise to
25¢g (Ut(l%gfcsj ggﬁx?%/hé)f gﬁltvgféhgﬁég%@swﬁﬁ 12466 hid TeANSE56PmE 03 -Beck
flask Eqm@bpd opidxan atldi;ds, @nnét z &nennhgrhettr,:ﬁ, Sirghr candlwmtrbg@mmlet

The thpPaRts "o Ken el S0C s Bie dftitiom e compils EfRggpion

to aWGHBn&l ChighRaRihaME, schitidd R¥eradiBSUropRdse to 10. 2 g (1.1
concentrated. Fractionated distillation yi el ded

equivalpotshef Fndonopathé. Sdetsirragthylobddt digsatprelpaain 80 ImIp AHF

at ro% 70/en§)g§)a¥ﬁr§ gge %IHN g/rB éﬂ?a% Orf%cefla%% ﬁnﬁﬁ%%\lﬁ)&ﬁf{ dﬁm’cer

extra&6€ tvate dﬁ:ﬁ)oml’ﬁetﬁﬁlﬁ’ Uried D4er2, M0, (aﬁ)l cohdéntited] 3Bra(:ﬁ@nated
114. 92, 83.8, 24.3. 19FNWR (470 MHz, acetone-do6):

dlstlllayggg yggdqd[ 3t 3001 zide gnd {1p0°C gBg dgsifqd) produrt ags: 01:9@1001@ m.)37%
provibion. TEINMR(400 Fielz, a&ionefasl: & 7.8 R4y, 7.22 (21, da), 1.34 (12H).
BCNMR (100 MHz, acetone-dg): & 205.1, 154.2, 147 (m), 136.9, 133 (m), 114.92,
83.8, 24.3. ’FNMR (470 MHz, acetone-dg)= & -123.85 (t), -130.8 (t), -138.3 (t). GC-
MS: 300 (M+).
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Example 5: Preparation of Octa[4-trifluorovinyloxyphenyl)benzene]

silsesquioxane.

To a 100 mL 3-neck round bottom with 50 mL toluene, 10 mL Na,CO3 and 2 mL

ethanol are added 1 g of octa(4-bromophenyl)silsesquioxane, eight equivalents of 1-
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0~ ~O Exanpl e 5: Preparation of
Ccta[4-trifluorovinyl oxyphenyl ) benzene]
W@ R00sesTus oxane. To a 100 nmL 3-neck round bot t POT/WE1005/009656
50 nL toluene, 10 nL Na2C3B and 2 nL ethanol are
added 1 g of octa(4-bronophenyl)sil sesqui oxane, eight
(tnﬂ@ﬁwlﬁ?lbsaﬁ& [0#,5)5- te&ﬁmWHy?—@@ﬁZ 8RR %3 3r U$200&1008656 0.5

(trif uorownlox 5,5-tetranet hyl -1, 3, 2-di oxa
equivalsnis ah él]etrﬁblﬁé@n@nalmoep@e )eajladiaméR undst a nitrogen: blanket.

The %%{h?r%lﬁls %{1{5 (!1 @%}%5{%’111% E&HQ& ra?e }(9)%11 It ?81{5(19)3 &Hﬁ sﬁlgd Wlﬂ'l two

ogen e mxture 1s stirre

times 000 £ vatef.OrHe fohrgpe phhde © dred mnagsmtﬁltm@ cdnlc&’&ﬁated
100 nmL. water. The toluene phase is_dried over

and the mrequsd is prsiRsiate dnimetivgol Ak apPbie govider 19FNMIt (470

S B S AR pie 107

-137.39 (dd, 1F). FFR Rs| Si o/ 0OVR OR\ O

-1B1~O\ Si\Q'7/si | 011 OR R-Si ~O-Si\ ge OF A
anp 6: Prepar ati Fof Trifl uorovinyl ~

et-hokysil ane A dry 3tneck round botto,gnf a/s withy
\E:%%?FQ and stjr-ggaryis charged with ‘P $\\\ Y
i
~ ~ AN,

U, Sk -
B. A —— A S
/O/ Q O/ \0 \ /O (0] O/ \R
Si—__ Si—
/\ é R o Ne

Example 6: Preparation of Trifluorovinyl tri ethoxysilane

A dry 3-neck round bottom flask with nitrogen and stir-bar is charged with
approximately (9.5 mL, 14.5g at —78°C, 0.12 mol) iodotrifluoroethylene and 200 mL
diethylether pre-cooled to —78°C. Sec-butyl lithium (89 mL, 1.4 M solution, 0.12
mol) is added dropwise over 1 hour. Solution is allowed to stir for 5 minutes at —
78°C. Chlorotriethoxysilane (24.35 mL, 0.12mol) is added over 5 minutes at —78°C.
The solution is allowed to warm slowly and allowed to stir overnight. A clear yellow

solution remains. Fractional distillation is used to purify the product.

-78C / diethylether EtO, F\ =
Eto-S!
o F

FoC=CFCl + sec-ButylLi

CISI(OE)
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approximately (9.5 nL, 14.5g at

-78C, 0.12 nol)

i odotrifluoroethylene and 200 nL diethyl et her

wee@sogsked to - 78C. Sec- but yl

['ithium (89 ni, PAT/WSIN5/009656

sol uti on,

0.12 nol)

i s added dropw se over 1 hour.

Solutionis allowed to stir for 5 mnutes at - 78C.

CHxanplé¢ 7-ePrpxisibh an@-tridfioviniloxyPhddmyp tictilsroatistied

over 5 mnutes at -78C. The solution is allowed to
warm slowy and  al l owed to stir overnight. cl.ear .
A 3-geak) wnd Styftiom dlesk el AErogen and; 8H§Pf H Qpaqlqﬁawl@na%vated
i Ctafa. 4 dipet t he :
magndS68 [P e U8/ nichP SRAHD ingrer [ oling s sk ALl U o
condaner?2 @0 200 784 8f BGT bS2a052 008656of Bdmepiscadtted. One-third of

the art BT Y SIeF bR b EER (-HintheBodyohn PLALRS vpel is added.
OnceNkthft&d ?ﬂleaf@naﬁﬁiing b%@ﬂﬁ({)\{l&@&ﬁ&— WoldihdMeld-¢aé 6d added. The

magnesi um (7 g, shavi ngs. After cooling,
solutiph duifnk &skwn slofily, taed the temparature mkept belovaRd Q08 shightogxcess

or fecp e PR 56 R b S b E T St
neck B880withQtifbarOard. 88 diblinkies TR STutionARCEoHERE BOPC, Lhid the

remai ning 4-trifluovinylether-I-bronoberizene is
filteregy §ignarthis addsdudropyiseur Reacthenphrilistiligtipsp, isanepd; the purify the
gnperature is kept below 25C. A slight excess of
etrachlorosilane (SiCl4) in 100 nL tetrahydrofuran is
transferred to a 1000 nL 3- neck flask with stir-bar
FThe sol utFon is cooled to 20C,

prod

and nitrogé&n bl anket.

and the Wt efFed G flis edr dropw se.
Fractiongl distillaffion]is us€d % purify the

pr oduct FFF O FFo/ F.QF FF F F Br MyBr Si C13
Exanpl Pr-eJper o

Cct a( 4- | uor ovi hy#oxyphe i | sesqui oxane
4-Triflugrovinyl oxyphenyl trichl orosilane (31 g, 0.1
nol e) is dissolved 'R 200 ni '3 met hanol and 20

wat er and refluxed for 36 his. The liquid is decanted

f rAni €8 9lepariifidn b @cﬂi@:{ -THSluSRR RS ghieAyNElseaindx4ne

yield a white powder. Filtration and col um

4-Trifluorovinyloxyphenyltrichlorosilane (31 g, 0.1 mole) is dissolved in 200 mL of
methanol and 20 ml water and refluxed for 36 hrs. The liquid is decanted from the gel
and the gel is sonicated in methanol to yield a white powder. Filtration and column

chromatography are used to purify the product Octa(4-

trifluorovinyloxyphenyl)silsesquioxane.
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chromat ography are used to purify the product COcta(4-

trifluorovinyl oxyphenyl)sil sesqui oxane. 28 WO
wWQBSHO8IB43 PCT/ US2005/ 009656 F CF--CF CF- OpCFESIOB?/009656

F\WI F\V/\ ' § S1 OF~-CFSI _ ,0---\f Si _ O/ S1

F=CFz SI~-OSi-Os o SIiCl13F CFz CF\ O \CFz ~~

CFz 9: Preparation of

2-(triethgxysilane)tetrafl uoroethyl trifluorovinyl

et her A 3jneck round bottom flask with nitrogen and

stirbar i8] oaded with activated mragmem um (7 g°f’\°F

0. 288 ) shavings. After coolcfz\\nQFz th | ask i
condenser, and 20D ry et @/and
i odi ne are added. o- Ty _of-_

fitted with a
oroet hyl trifl ua»r;oc s@;/he[ j‘t ot al

2 crystals o
09 nol)—is added. LAt ‘@
Z: addedt0|n|t|atethe° s.l\g Chice

2- br onot et
remai ni ng 2-bronotetrafl gé’roe e

used, 58 ¢
di br onpet ha
started, the
trlfluorOV|ny_

ether is added. The ution DS o€
for 3 days untféy nitrogen, cool eg;~a¥r-free @ ere)iF
and used inmedi ately, by o o

CF, 0—CF

N\

CF;

Example 9: Preparation of 2-(triethoxysilane)tetrafluoroethyl

trifluorovinyl ether

A 3-neck round bottom flask with nitrogen and stirbar is loaded with activated
magnesium (7 g, 0.288 mol) shavings. After cooling, the flask is fitted with a
condenser, and 200 mL of dry ether and 2 crystals of iodine are added. One-third of
the 2-bromotetrafluoroethyl trifluorovinyl ether (total used, 58 g, 0.209 mol) is added.
At least 1 mL of dibromoethane is added to initiate the Grignard. Once started, the
remaining 2-bromotetrafluoroethyl trifluorovinyl ether is added. The solution is
heated for 3 days under nitrogen, cooled, air-free filtered and used immediately, by
adding one of the three following materials: tetraethoxysilane, tetrachlorosilane, or

chlorotriethoxysilane in slight excess. Fractional distillation is used to purify the

product.
R F F | - R F F
2 eptane o)
Br&O%F + Mg - > R,,Si& \%\F
4’ -

or SICI(OEt), R =l or ORt

Example 10: Preparation of Octa[tetrafluoroethyl trifluorovinyl
ether]silsesquioxane
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addi ng one of the three follow ng materi al s:
tetraet hoxysil ane, tetrachl orosil ane, or
w@ hdosogses et hoxysil ane in slight excess. FractPONEE2005/009656
distillation is used to purify the product. FF FF F
F Br'(OF +i? f-~eptane R3Si'"OF F F F ether S, F
2-(tribthbx yiileaBterd flubtoethyl afiflGlbovingt Bheel i Qs »alved ampleo 1AL of
Preparation of Cctal[tetrafluoroethyl trifluoroyinyl
methgel apg 2Qimlswale anghagHexesifongs ho é"h@gqlad:rss decanted from the gel

ond G R SRR 1 a6 (LBl R D Fia P A8 CBitimn
chrom@&bpapby aseds&D tariputit the produdteOttapechfhnsrodthyh tisfluckbeinyl
liquid is decanted fromthe gel and the gel is
ether{syls¢sguiogans - n met hanol to yield a white powder-
Filtration and colum chronmat ography are used to
purify the product Octa[tetrafl uoroethyl 4 CF.
trifluorovinyl ether] silsesqui oxang-SR - o§i/~C%Fﬁ__C§//C'f2
RdbCF2 TSi Si FF OF Res; IR 0- h/H3SEP\ R\“F
Res B~sFq 0 S*+F-2 - 0 0 1/ /-//CG2 RO or Okt
Rt i'Sj:\C CF~:--CF2 R FFO R FO\--rSi/ 0

/O/ ——0- //SI\CF2/CF2.O
R = Cl or OEt St 80 cL=CFs

Example 11: Polymerization of Octa[4-trifluorovimyloxyphenyl)benzene]

silsesquioxane.

The monomer Octa[4-trifluorovinyloxyphenyl)benzene] silsesquioxane is placed in a
1 liter 3-neck flask with 250 ml of perfluorotetrad ecahydrophenanthrene,
mechanically stirred and heated under a nitrogen atmosphere to reflux. After about 3
hours the formed polymer precipitates. The cooled polymer is xemoved from the flask

and dried under high vacuum.



F FF Exanple 11: Pol ynerization of
Ccta[4-trifluorovinyl oxyphenyl ) benzene]
W@ 00803843 oxane. The nononer PCT/US2005/009656
Octa[4-trifluorovinyl oxyphenyl)benzene] sil sesqui oxane
is placed ina 1 liter 3-neck flask with 250 m of
peEkitple 01 Bt Cagdlgeafiysion phre Dnl Lrefitoroviltha/phedyl)benzene]
_stirred and heated under a nitrogen atnosphere to
silsesqaroxare ang { SrDyBviIdodgcafyeiphexange f or med pol yner
preci pitates. The cool ed polyner is renoved fromthe

e b TR PR 5 B g o

DivitiylRodec#hdrch&Slahe Fai® \sedled i/ @ duadtzX. dnhpude FwWithR2S5 ShL of
perﬂ%rg%g@ﬁilzy}drgﬁﬁg@r?}a@\f{gz%giiog}/?g‘rg; 8?03 Egg ! ‘g'(JfSZi(r)lOSa/ Qggl?-gpessure

appaffth@ [k b6kt UOR AN MélEacYBRERY IO RNESANE] afd HRERHHES peRmer
and 1, 6-Di vi nyl dodecaf | uor ohexane. The nononers
preciptiatef.4The icbdlad polynmsr| is xymheed ffiphe hhe f&iski dndedued orderehigh
and 1, 6- D vinyl dodecafl uorohexane are sealed in a
VaClliPartz ampule with 25 nL of

O/Sfo\o /ORS)‘Si o\ A
R /' _si-R\ cF, JCF2 F2 F si o7 ~si~
P07 g s A Cr, CF2  CFzp F o\ A
o‘/b o//O F F R F \S‘i S ,/O Si-g
oy Ny SENTAS
NS o F Si
Si )
7 R

While typical embodiments have been set forth for the purpose of illustration, the
foregoing description should not be deemed to be a limitation on the scope of the
invention. Accordingly, various modifications, adaptations, and alternatives may
occur to one skilled in the art without departing from the spirit and scope of the

present invention.
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per f| uor ot er adecahydr ophenant hrene and heated to 250 C
in a high-pressure apparatus. After about 5 hours the
WO e@sodmsms m xture is cooled and the forned pol BEEDS2005/009656
preci pitates. The cool ed polynmer is renoved fromthe
flask and dried under high vacuum O'-d\ \ OOOR
WHAT IRCUAIMED @2 CF2 CF2 F Si 1 S0O0S F CR2 'CF2
~CF2 FFp~90p FfFFF/ Si Q /O0OSi-R RS |/

Si F Il ~ S R - S5 AW /O0F
Logp pogﬁwélc ) W?PP%‘/ ig ﬁﬁgbaor% &Oﬁ%m@drm%a@éest one
strucglﬂﬁltlihltfsgfecfeﬁ %oﬂs dghﬁéns a Itaﬁﬁ forhRASHOI N9

SCprtlonSOU| ee Imtati on on

the scope of the |nvent| on. Accord| ngly, various

nodi fications, adaptationg, and alternatives may

occur to one skilled in t%e art without departing from
the spirit and scope of tlge present invention. 31 WO
2005/ 097843 PCT/ US2005/ 009656 WHAT IS CLAIMED | S: 1.
A polycyclic or mpgeycli ¢ perd{uQrovinyl conmpound
conprising at | east one 3 ructural unit selected from

the group conS|st|ng of fdrmula | and fornmula Il O
rrvi, OMO,' -, -vv% (r) M O ufj
I
R
W\JO——I\‘/I—-O'\N\J
l
I

wherein M is independently at each occurrence a metal selected from group 14

of the periodic table of the elements; and

R is independently at each occurrence a bond, a hydrogen, an aliphatic group,

a cycloaliphatic group, or an aromatic group;

said polycyclic or monocyclic compound comprising at least two perfluorovinyl

groups.

2. The perfluorovinyl compound according to claim 1 wherein said aliphatic
group is an alkyl group, an alkoxy group, a perhaloalkyl group, a partially
halogenated alkyl group.

3. The perfluorovinyl compound according to claim 1 wherein said aromatic
group is an aryl group, an aryloxy group, a perhaloaromatic group, or a partially

halogenated aromatic group.
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R Il wherein Mis independently at each occurrence a
netal selected fromgroup 14 of the periodic table of
wo besedsaents; and R is independently at each PCT/US2005/009656

occurrence a bond, a hydrogen, an aliphatic group, a
cycl oal i phatic group, or an aromatic group; said

4, poTkeyatluerodinylronapyitid accatitigas odimopaviag fignalla [Iéast
two perfluorovinyl groups. 2. The perfl uorovinyl
conmpound according to E&gin1 wherein said aliphatic
group is an al kyl grou ,lghﬂ | koxy group, a
per hal oal kyl group, a partjally hal ogenated al kyl
group. 3. The perfluorovinyl conpound according to
claim1 wherein said aromatic group is an aryl group
anwBEXOR Ys Bidepihde]Pardach ocupidBéd £ Hdedten, & aldhatic group,
partially halogenated aromatic group. 32 WO

a cychepdiphaitc7 398p.RTENESR0TS ous38d 4. The perfl uor ovi nyl
compound according to claim1 having fornula I1

nisiﬁg%&ﬁ&ﬁkQZték#otW@S@ein R is independently at each
occurrence a yd}ogen, an al iphatic group, a
cycl oal i phatic group, or an aromatic group; and n is

5. a Terpeflubroemy? cornpabdurcdti@.to Slaithhe hpeng foronda Ty |
conmpound according to claiiri 1 having fornmula IV
[RRSIQ" [V wherein ﬁghﬁ independently at each
occurrence a hydrogen, gfﬁphatic group, a
cycl oal i phatic group, or Tg aromatic group; and nis
a nunmber from 2 to about 00. 6. The nonocyclic or
pol ycyclic perfluorovinyl conpound according to claim
1 whereinRiis depenidshtiygatsachictan@hcainiltyslragehead eldbtatiogroup,

h roup consistin f formula V
a cyctloa?ip%at?c grou , OT an arorgat?c group; and
n is a number from 2 to about 1000.

6. The monocyclic or polycyclic perfluorovinyl coxmpound according to claim 1
further comprising structural units selected from the group consisting of formula V

and formula VI

— O Uy

NN O—M—OH
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and formula VI O "-"-"- OMOH R V 33 W
2005/ 097843 PCT/ US2005/ 009656 Rti OMOH R WV
wob@sey134M i s i ndependently at each occurrenceP@I/Ds108$/009656
selected fromgroup 14 of the periodic table of the
el enents; and R is independently at each occurrence a
bond, a hydrogen, an alipRatic group, a
cycl oal i phatic group, or an aronmatic group. 7. The
monocyclic or pol yeyghic garovi nyl conpound
according to Claim1l, wherein said Mconprises at
| east one of silicon and gernaniun1 8. The nonocyclic
or polycyclic perfluorovifyl conpound according to
Claim1, wherein said nonocyclic or polycyclic
perfl uorovi nyl conmpound cgnprises a siliconoxygen
network. 9. The nonocyclic or polycyclic
perfluorovi nyl compound according to claima8, wherein
sat'gersin Mdy Hldswgisw%h@t R CEBEIGe %@gtaﬁ%PT%ﬂt¢dg%ﬂ@r$eup 14
of the piiRAGHLRXAR: eldlenithgmonocyel i ¢ or polyeyclic
perfluorovinyl conpound according to Caim9, wherein
sai d oligosil sesqui oxane conpri ses a pol yhedra
ol Rgomelependsitl s eismah ogamenc € laltborithe hydragepcén gliphatic group,
(goh%ﬁ%Flic erfluorovig%l conpound according to Claim
a CYCQRIPRRL PP LAY ARSI SIPH: ol i goreri ¢ si | sesqui oxane
conprises an octahedral structure. 12. A nmethod of
7. T orna mgnédychpbi pallycydlik PerfiabdyviBl Bogpeendidcdidigy to @aim 1,
provi ding a blend of nononmer A and nononer B, said
whergigrigifeM wmpsisagatilegsheperisdigen and gergranidhocycl i c
per fl uorovi nyl conmpound conprising at | east
8. The monocyclic or polycyclic perfluorovinyl compound according to Claim 1,

wherein said monocyclic or polycyclic perfluorovinyl compound comprises a

siliconoxygen network.

0. The monocyclic or polycyclic perfluorovinyl compound according to claim 8,

wherein said silicon—oxygen network compri ses an oligomeric silsesquioxane.

10.  The monocyclic or polycyclic perfluorovinyl compound according to Claim 9,

wherein said oligosilsesquioxane comprises a& polyhedral oligomeric silsesquioxane.

11.  The monocyclic or polycyclic perfltriorovinyl compound according to Claim
10, wherein said polyhedral oligomeric silsesquioxane comprises an octahedral

structure.
12. A method of forming an optical film, said method comprising:

(a) providing a blend of monormer A and monomer B, said monomer A
comprising a polycyclic or monocyclic perfluorovinyl compound comprising at least

one structural unit selected from the group consisting of formula I and formula II
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one structural unit selected fromthe group consisting
of formula | and formula Il 34 WO 2005/ 097843
wERADSERED5/ 009656 MR | R r f\J O1 0 '-!"PCMUSRO05/009656
Il wherein Mis independently at each occurrence a
nmetal selected fromgroup 14 of the periodic table of
the elenents, R is indeperdently at each occurrence a
bond, a hydrogen, an aliplatic group, a
cycl oal i phatic group, or an aromatic group; said
pol ycyclic or nonocyclic |conpound conprising at | east
two perfluorovinyl graups,| said npnomer B being an
or gani ¢ conpound 86%B isiﬁb afgleast two CF2=CF-
units; (b) mxing said blfend with a photo-initiator
and a photo-curable nonofer C, wherein said
phot o- cur abl e nononer C conprises at |east one of an
acryl ate, an epoxy, a polyimde, a silicone, a vinyl
conmpound, a carbonate, and a diene, to yield a m xed
bl end; (c) partially polynerizing at | east one of the
bl end and the m xed bl endR (d) depositing said mxed
blend on a substrate to fqgrma film (e) selectively
exposi ng said fil mtooradiptiaphovat | east partially
pol yneri ze mononmer C, and |(f) curing said film 35 WD
2005/ 097843 PCT/ US2005/ 009656 13. The net hod
according to Claim12, wherein said Mconprises at

| east one of silicon and germani um
II

wherein M is independently at each occurrence a metal selected from group

14 of the periodic table of the elements,

R is independently at each occurrence a bond, a hydrogen, an aliphatic
group, a cycloaliphatic group, or an aromatic group; said polycyclic or monocyclic

compound comprising at least two perfluorovinyl1 groups,
said monomer B being an organic compound comprising at least two CF,=CF— units;

(b) mixing said blend with a photo-initiator and a photo-curable
monomer C, wherein said photo-curable monomer C comprises at least one of an
acrylate, an epoxy, a polyimide, a silicone, a vinyl compound, a carbonate, and a

diene, to yield a mixed blend;
(c) partially polymerizing at least ome of the blend and the mixed blend;
(d) depositing said mixed blend on a substrate to form a film;

(e) selectively exposing said filnn to radiation to at least partially

polymerize monomer C; and

(f) curing said film.
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14. The method according to claim 12 wherein said
pol ycyclic or nonocyclic perfluorovinyl conpound
wW@ovp9Sexs a silicon-oxygen network. 15. The nmeeTios2005/009656
according to claim 14 wherein said silicon-oxygen
network conprises an oligoneric silsesqui oxane. 16.
13. Thehepiditad Readind 00Clai@nd Riwheldin swldeNEionmikslat least one of
__oligoneric silsesqui oxane conprises a polyhedra
silicqg JrYlRIMERYEL| oxane. 17. The nethod according to C ai m
16, wherein said polyhedral oligoneric silsesquioxane

co [ : r.als stiu . th .
14. COTRE R oAt SRR IR 55 I G llopaeyeli
perfloonopiny$ esmpdthdcotipriXgs,a BlXoniox@eaCh@woklerein X i s

i ndependently at each occurrence a bond, an oxygen

| i nkage, ,an am ne i nkage,. .a sul fur ljnkage, a
15. o PhE SRewdledronig 14 Ricags L 4anndriprad GUGPoipyee network
comprisel @R bliphAbh CsiBERMDxafe. @an aromatic group, mis

i ndependently at each occurrence an integer fromO to

about 100, and Ris a bond, an aliphatic group,_ a .
16. cyEhe aathotheeerding tp Clagim 49, arhenein|seidyplbggimeric) glsesppgoxane

3 I {9 -ai 8 wherein X conprises at
Comﬁgggg%8ﬁg’%g‘,rapﬂfg’q’§f1&s@|h,g%-, -CF2-, -CR2-, alkyl
group, al koxy group, partially hal ogenated aliphatic
17. gr ©hp,method uctordhigl ag€iairdl 6| whesdin csaigl @ophesvak rodiigomBric

.. 1s.a bond, an aliphatjc. group, a cycloaliphatic
Sﬂseﬁq*%mn%?maﬂsea@aﬁaiaﬁ@r@}g ctbiso” The method accor di ng

to Caim1l12, wherein (c) conprises the parti al

18. POIy@enE®mal | fRoRfind N6 Olisd ©f WRBRIEr®id B&dnRr Baiigther
partial polynerizing being carried out prior to

comprigerrkith rCIHF-Xuh @ MnxedFF(Ehdvhed@nWD 2005/ 097843
PCT/ US2005/ 009656 21. The nethod according to Caim

12X %gﬁee Ieﬂ?&ﬁl d t edll B8 hlrller(cfe)a 'b?l (i%nrb egl’angge, aAtamine
| e&st’ 'one 0 at Fadration. 179 T expo e an
linkageri atfuprmkafer eofilic@d-contitningt Hokhgee car diliphatico group, a
Claim 12, wherein (c) conprises heating said blend
cyclqabphpie ghoEp, 4138 dODASAUEs and about 60 minutes at a

tenperature between about 100C and about 200C. 23.
Thg, Ret e REAPLALRE ot Sultt R MnliBie g8 BER ol dBbuf M0t BT

conprises diffusing

R is a bond, an aliphatic group. a cycloaliphatic group, or an aromatic group.

19. The method according to claim 18 wherein X comprises at least one O, N, S,
Si, -CHy—, -CFy—, -CRy—, alkyl group, alkoxy group, partially halogenated aliphatic
group, or fully halogenated aliphatic group, wherein R is a bond, an aliphatic group, a

cycloaliphatic group, or an aromatic group.

20.  The method according to Claim 12, wherein (c) comprises the partial
polymerization of the blend of monommers A and B, said partial polymerizing being '

carried out prior to formation of the mixed blend.
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nmononmer C from an unexposed area into an exposed area
of said filmafter selectively exposing said filmto
w0 awsavisen. 24. The nmethod accordi ng to cl ai mPGI/US2005/009656
wherei n sel ectively exposing and diffusing are
performed to generate a desired contrast in index of

21. r efhamkiton ab@ir&ﬂ% Mo EXHLSED, whadinkaekpairdindNEd saied out by
said film 25. The method according to Claim12,
at leaghenepirheghiadiafipn.dighb prnngume andeqrbigadensytherget. ahout 10
cSt to about 10,000 cSt. 26. The nmethod according to
O i . O : . .
2. ¢ it hodioEh Bl STun LS RLERT riReF bhAhe i Bend
for bspwaencabatii Agpindiestaad abbaidi6Agninutkspat cotnpegaturedstwed, about
Lextrusion and conbinations thereof. 27. The nethod
100°G20d PP -l ai m 12, wherein step (e) further
conprises exposing said filmto radiation using a
p - . - T - ho a i i . .
3. SEhCHIRTS: ackliaine o CRIT 1 2GARA 1 SREEL Bipfds diffusing
mondmape fimmarcuskpaieditrealib@Cah ex pdsed tar@0FGaid2Rm #fter selectively
el ectrq-optical .device conprising: a polyner
@qmﬁ§5PW€3yEHDFWﬁﬁF§"pOIycyclic or nonocyclic
perfluorovinyl conpound conprising at | east one

24. StThCHIRU adbdrlingab @etiad 3 ki dik QeldEteDy € in®t dnadqtifredin
fornmul a | andfcr)%rrulall 3-7 V\D2005/0978}%§’>b§n¢gt £

are PRUPIUSD BOSIBONS 8 Blesiced-gantirgst vh padex ofefipctipon betyeep exposed

~nJ. R_.|L1ewe in Mis independently at each
andLgnceéﬁg’r_ngr%egl"3f¥rg1é‘$§ﬁn‘sel ected fromgroup 14 of the

periodic table of the elenents; and
25.  The method according to Claim 1 2, wherein said mixed blend has a viscosity

of about 10 ¢St to about 10,000 cSt.

26.  The method according to Claim 1 2, wherein said mixed blend is deposited on
a substrate using a technique comprising at least one of spin-coating, doctor blading,

dip-coating, casting, extrusion and combimations thereof.

27.  The method according to Claim 12, wherein step (e) further comprises

exposing said film to radiation using a photo-mask.

28.  The method according to Claim 21, wherein said curing comprises heating to a

temperature of about 150°C to about 300°C.
29.  An electro-optical device comprising:

a polymer fabricated from a polycyclic or monocyclic perfluorovinyl
compound comprising at least one structural unit selected from the group consisting

of formula I and formula II
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R is independently at each occurrence a bond, a
hydr ogen, an aliphatic group, a cycloaliphatic group,
w@rooan9medmat i ¢ group; said polycyclic or nonoRgLUBI05/009656
conmpound conprising at |east two perfluorovinyl
groups. 30. The el ectro-optical device according to
Claim29, wherein said elegtro-active conponent
conprises at |east one of %n organic light-emtting
di ode, a photovoltaic celd, a light emtting diode,
an el ectro-1liuminescent terial, a
cat hodol um nescent terigl, osphor escent
material, a nirroffvgglas ) aﬁq%gfical fi ber, a MEMS
device, a device for concentrating or dissipating
light, a splitter, and con®i nations thereof. 31. The
el ectro-optical device according to Caim29, wherein
said electro-optical devigce is configured to be
exerci sabl e by a power source. 32. The electro-optica
devi ce according to Claim?29, wherein said Mconprises
at | east one of silicon d germanium 38 WO
2005/ 097843 PCT/ US2005/ 009656 33. The el ectro-optica
devi ce accordi ng tovCoat-mMS—ohervei n said pol ycyclic
or nonocyclic perfluoroviryl conmpound conprises a
si |l i con-oxygen networKk. 34§ The el ectro-optical device
according to Caim 33, wherein said silicon-oxygen
networ k conprises an oligoneric silsesqui oxane. 35.
The el ectro-optical devicdlaccording to C aim 34,
wherein said oligoneric silsesquioxane conprises a
polyg ] 1. i ' ' g
C1 ot RS SFRTBf07 b SEEULBHENR, o Hioral 8otcg from sroup
14 ofthie periodiy e of the elenpotspad Si | sesqui oxane conpri ses
an octahedral structure. 37. The electro-optica

devi ce, acgording. to Caim 29, wherein said. polymer is .
an Bosi BAFPRARER] 2 SacBeCaptongs & borsl JpPydREeT g giphatic
groupCES I MBhitee Sbah, Br 34 aro‘fﬁ@t’i@%f(‘)uﬁa' d optical material
conprises an optically graded material. 39. The
_electro-optical device according to Claim38, wherein
said qplyPyel jof ampyocygliagenpaamned r ¢anpiurg £t rledst 4ot0 perfluarpaiayl
grouBgtween about 1.0 and about 2.42.

30.  The electro-optical device according to Claim 29, wherein said electro-active
component comprises at least one of an organic light-emitting diode, a photovoltaic
cell, a light emitting diode, an electro-luminescent material, a cathodoluminescent
material, a phosphorescent material, a mmirror, a laser, an optical fiber, a MEMS
device, a device for concentrating or dissipating light, a splitter, and combinations

thereof,

31.  The electro-optical device according to Claim 29, wherein said electro-optical

device is configured to be exercisable by a power source.

32.  The electro-optical device according to Claim 29, wherein said M comprises at

least one of silicon and germanium.
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40. The el ectro-optical device according to Caim 38,

wherein said optically graded material has an opti cal
wo o®s/osikdw about 0.05 dB/cmin the wavel engt hP€EHO§®05/009656

from about 600 nmto about 1600 run. 41. The

el ectro-optical device according to C aim 40, wherein
33. saThe eRtir6-aptitad<ievics adeetdny &b OimO29) Switpéifi uidt polycyclic or
vvavel engt hs of about 850 nm_ 1310 nm and 1550 nm 42.
monqgyslie p BVEPH CeEPOwRY CemPHBesTt HIiFRN-0XYEen AFTHORD,

further conprising a substrate supporting said

el wher
34, ?gé élgctfcphgﬁ"&:l] %@QE@J}S goéﬁlgitng 32%9[%2}5%3& A %Jn oxygen
netwbﬂ<t ¢oempﬁsleam ohgcmergmimsqmaxarreed by Anerican Standard
Test Met hod (ASTM) D3359. 43. The el ectro-optical

ce, accor to CaimA42, saj d subs
35. oothf MBS DphiAdd e el o TR M SR elpid ehiSmeric
sﬂse @Siah6 copEaRia ? 136 LGS ohfé%'b%ﬁﬁ@s@mo%%gné/\o
2005/ 097843 PCT/ US2005/ 00 656 mat eri al ,

sem conductor, electronic device, mcro
36. e| Ehe ﬁkﬂ%@mﬁpﬁaqlevwstaémrémm Cladey B Sewhergins g#id polyhedral

g AN TR AL 15 GRaci@d COTDI nat i ons

tro- o I'cal "device according to
Claim 29, wherein said polynmer has high thernal
37. st d@he klettyo-optitab davite ajeesdding ® Cfaimal®9ytvh2tCsaid polyfner is an
| ymer prepared by reacting conponents (a), (b) and
OPUJ@I? ein: conponent (a) is a blend of nonomer A
and rmnomer B, said nmonomer A conprising a polycyclic

38. Of ThO NS eLdfiche rdta%uar ﬁ&édﬂ?ﬂngc AROHRE POMRhbRINGaidl optical
| east one structural unit sélected fromthe group

mategighenngprisagamppticstlpgtaaded maritbrnula 11 O rvvL O M
0O"rw R | R'-nOMOwWw R Il wherein Mis

39. gpgﬁ&g%‘i‘e‘%‘ﬁ%léﬁicﬁt dSAK QESHAENG RS whELECLad {fldhy

graded material has a refractive ind €x between about 1.0 and about 2.42.

40.  The electro-optical device according to Claim 38, wherein said optically
graded material has an optical loss below about 0.05 dB/cm in the wavelength range

from about 600 nm to about 1600 n1m.

41.  The electro-optical device according to Claim 40, wherein said optical loss is

below about 0.05 db/cm at wavelen gths of about 850 nm, 1310 nm and 1550 nm.

42.  The electro-optical device according to Claim 29, further comprising a
substrate supporting said electro-optical component and said polymer, wherein said
polymer has high adhesion to a substrate of better than class 3B as measured by
American Standard Test Method (ASTM) D3359.

43.  The electro-optical device according to Claim 42, wherein said substrate

comprises at least one of a metal, ceramic, glass, plastic, organic material, inorganic
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14 of the periodic table of the elenents, Ris
i ndependently at each occurrence a bond, a hydrogen,
w@pooahdsiat i ¢ group, a cycloaliphatic group, PCT/ES2005/009656
aromati c group; said polycyclic or nonocyclic
conpound conprising at |east two perfluorovinyl
r i d nononer . B _bei ng an ani c. c ound
mate RSP RS ORQU e RIS V?@:%n@me opschanigh! systgp (MEMS)
devn?eo Qé{sglg ?&ﬂa%tﬁ@ﬂd&?%@@éﬁl%?gﬁé&c& 9BP @&ﬁﬂﬁla&ms th%
[ éast dne photo-curabl e nononer 'C, wherein sald photo
curabl e nononer conprises at |east one of an acryl ate,
44, anTlg(p@}cytro-@ppgilﬁemc@eaccardmg It Jaien 29, whergin sad polymer has

high SRETRL A DA DS O REr e ar di ng Lo Ol ai m

45, wher e| n said photo-initiator conprises at | east
45. ong el OFRES RARctRE REAPDRENNE), (BFREY [c) WHERLAY |
ketéﬂﬁwg hygﬁgxy 2- nétg R@enylpggagge- ?gne '
1- hydr oxycycl ohexyl(fhenyl ket one, 2-nethyl-1-[4-
( meqrhpdneht () ph @rh}q:l] of raensat Acindrspaemér Bneaid monomer A

Comlﬁlﬁ%{%gg) i;xcﬁglhc‘ T m&gﬂ)gf f?:yl}e?ﬁﬁ]&r%% A&P Qgrﬁsmr{aeco?nﬁrgs?ng at least

one fiRARY I ezlekdet fiore thy broaprnsistingCdtl formele 1 ahe fidadula 11
nmet hyl ether, and di phenyli odoni um
hexaf | uor ophosphate. 47. The pol yner according to
Cl ai m45, wherein said Mcénprises at | east one of
silicon and germanium 48.¢2The pol yner according to
cl ai m 45 wherein said pol ygyclic or
nonocycl i cperfl uorovi nyl cenpound conprises a
si li con- oxygen netweanrko—49\fFhe~pobyner according to
Claim48, wherein said silqcon-oxygen net wor k
conprises an oligoneric silsesqui oxane. 50. The
pol ymer according to Claim49, wherein said oligoneric
si | sesqui oxane conprises a pol yhedral oligoneric
si | sesqui oxane. 51. The pol yner according to dai m50,
wherein said pol yhedral oligoneric silsesquioxane
conpri ses an octahedral stgucture. 52. The pol ymer
according to claim45 which is an optical materia

said materi al
NN O——M— OV

|

R

II

wherein M is independently at each occurrence a metal selected from group

14 of the periodic table of the elements,

R is independently at each occurrence a bond, a hydrogen, an aliphatic
group, a cycloaliphatic group, ox an aromatic group; said polycyclic or monocyclic

compound comprising at least two perfluorovinyl groups,

said monomer B being an organic compound comprising at least two
CF,=CF-units; and
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bei ng a phot o-defi nabl e cl addi ng system 53. The
pol ynmer according to Cl aim52, wherein said optical
WOori0s/09 k3 conpri ses an optically graded mat erPEl/US2085/009656

WD 2005/ 097843 PCT/ US2005/ 009656 54. The pol yner

according to Caimb53, wherein said optically graded

medafiponknt (BRss at ekt agd pNRoldieidie hehv@eNCabfbieinlsékd phsto-

about 2.42. 55. The polynmer according to Caimb53,
curalii GRITIOMEE LOETYPIES | legst gmgdeldanrgeriatel an gpexyad pPYinEde. 2
s SS._ 4 : d min the wavel ength from
Slhcaél%b%}”%giﬁgwﬁlﬁ)%%tt%%dq%beél%&woo nm 56. The pol yner

according to Caimb55, wherein said optical loss is

b etompoaboiut) isOatdbast bhe phaib-ingiaedrengt hs of about 850

nm 1310 nm and 1550 nm 57. The polynmer according to

C.al m 45, wherein sai ol ymer has hjgh adhesion to a
46, guffag polisedpecigier O Glalit aF avbers sl AibuSmBaropgomprise at
least TR bE WbrohdBeRde, HRALopHRhORD bdT WimdBRASRetab &2-hdt6xy-2-

pol ynmer according to Claim57, wherein said substrate
methylphpnylpropans-| +emest 1-lydsoxifeyalotrexydphenybr ketons, J-msthyl-1-[4-

BT B A G o™ © ™ ! phensbis2 -
triméthy@bQebAysHogpBaRAN GRlide&y St Rihfdvyphttdamide, tHEMROr . (4-
refractive index nodul ati ng device, and conbi nati ons
benzpHbenzytrimmaghylamemesivgher clHedde.di hgnzasn C aietiyl 5, ether, and

diph%*@ﬁégéﬂ?urﬁ%ieQaﬁﬁ%‘Eﬁgsﬂaﬁte‘?‘ flame retardant. 60. The

ner accor arm 45, wherein said polyner
has high therrnal stability up a tenperature of about
47. 250K pdAimerTie=qrdingne rClamme 46 dwhereincsald B condirjsesvaeleast one of
e sai% nononer B conprises at |east one of
silicon g GEPPINFMY or ovi nyl ) dodecaf | uor ohexane, 4, 4' - bi s( 4-
trifluorovinyl)oxy)biphenyl, 1, 1, 1

48. - tThe (folyhef | Ugicordiny | exyRRERY! 35 elhensn B ( dolycyclic or
trifluorovinyl)oxy)perfluorobi phenyl, and conbi nations
monedyelienstilugovinh comppyrrbeoraprisss disHiponexgien mtwark.
wherein said polyner has a viscosity of about 10 cSt

49. toTl?ebBnym]ep’aQ;%%rcﬁ§é'to4élaim 48, wherein said silicon-oxygen network

comprises an oligomeric silsesquioxane.

50.  The polymer according to Claim 49, wherein said oligomeric silsesquioxane

comprises a polyhedral oligomeric silsesquioxane.

51.  The polymer according to Claim 50, wherein said polyhedral oligomeric

silsesquioxane comprises an octahedral structure.

52.  The polymer according to claim 45 which is an optical material said material

being a photo-definable cladding system.

53.  The polymer according to Claim 52, wherein said optical material comprises

an optically graded material.
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54.  The polymer according to Claim 53, wherein said optically graded material

has a refractive index between about 1.0 and about 2.42.

55.  The polymer according to Claim 53, wherein said optically graded material
has an optical loss below about 0.05 dB/cm in the wavelength from about 600 nm to

about 1600 nm.

56.  The polymer according to Claim 55, wherein said optical loss is below about

0.05 db/cm at wavelengths of about 850 nm, 1310 nm and 1550 nm.

57.  The polymer according to Claim 45, wherein said polymer has high adhesion
to a substrate of better than class 3B as measured by American Standard Test Method
(ASTM) D3359.

58.  The polymer according to Claim 57, wherein said substrate comprises at least
one of a metal, ceramic, glass, plastic, organic material, inorganic material,
semiconductor, electronic device, microelectromechanical system (MEMS) device,

sensor, refractive index modulating device, and combinations thereof.

59.  The polymer according to Claim 45, wherein said polymer is a flame

retardant.

60.  The polymer according to Claim 45, wherein said polymer has high thermal
stability up a temperature of ab out 250°C.

61.  The polymer according to Claim 45, wherein said monomer B comprises at
least one of 1,6-di(trifluorovinyl)dodecafluorohexane, 4,4’-bis(4-
trifluorovinyl)oxy)biphenyl, 1,1,1-tris(4-trifluorovinyloxyphenyl)ethane,  bis(4-

trifluorovinyl)oxy)perfluorobiphenyl, and combinations thereof.

62.  The polymer according to Claim 45, wherein said polymer has a viscosity of
about 10 cSt to about 10,000 ¢cSt.
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