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SSQ RESINS FI ELD OF THE | NVENTI ON [ 0001] The present invention

rel ates to {@¥esdHibgdsage multi functionalized 5 sil sesqupEXaPBodastD
derivatives, to nanoconposite materials conprising thSe SSQ s and to

t he use of the nanoconposite naterial ast-a polynerizable resin in
bi ol ogically conpatible materials. BACKGROUND 10[ 0002] Dent al
conposites which revolutionized the practice of clinical dentistry in

the 19605 are conpl ekoWRHRINIAGE MUETIFUNROTIBNAL S8cerESIRgsed of

synthetic polymers, i1norganic fillers, initrators I vators,
stabilizer and silane coupling agents which bond the reinforcing
fillers to the polymer matrix. Since their introduction, they have

found wi de applications as ant Ei %Oﬁ%@iﬁ?éﬂ"l‘% N15 restorat i ons,

i ndirect inlays/onlays, pit and I sSsure Seal ants and wear-resi st ant

dent teeth e

' 1 or mul at onwdﬁﬁé’ﬂ‘%éﬁe‘%ﬁ BRRHoE elapaf 45§ SAHBAE iRt a
o yrer 2o TR IS A gl Al BT e
Kk dent hi 14% Irretrcshr nk n
pgf’?“neriegaﬁ%ﬁoﬁ%ﬁﬁ%@%ze%e ohlte ShpoipBste Fidtetal s » SoBEEAbl s
gener at ed the osi tel t oth i nterface. These shrinkage stresses
can cause f t eMalR bondi ng systemis unable to

wi t hst and the poI yneri zatlon forces and thus lead to | eakage and

ultimately caries. Despite the dramatic inprovenments in 25 the

formul ati on of newer generation bond| n 8%?&3 wi t h enhanced mar gi nal

10 [0002] Dental composites which revolutionized the practice of clinical 'A
dentistry in the 1960s are complex, tooth-colored filling materials composed of
synthetic polymers, inorganic fillers, initiators, activators, stabilizer a‘nd silane
coupling agents which bond the reinforcing fillers to the polymer matrix. Since thelr
introduction, they have found wide appllcatlons as anterior and postenor

15 restorations, indirect infays/onlays, pit and fissure sealants and wear-resistant
denture teeth." Despite their popularity and remarkable improvements in formulation,
materials and curing technology, the currently available composite materials still
have the inherent disadvantage of polymerization shrinkage and its accompanying
stress. ' "

20 [0003] All known dental composites exhibit 2-14% voldmetric shrinkage

: during the polymerization process.”® When composite shrink, stress are generated
at the composite/ tooth interface. These shrinkage stresses can cause marginal
openings if the bonding system is unable to withstand the polymerization forces and
thus lead to leakage and ultimately caries. Despite the dramatic improvements in

25 the formulation of newer generation bonding agents with enhanced marginal



WO 2009/ 110848PCT/ SG2008/ 000073 - 2 - adaptati on and bond strengths,
a perfect marginal seal is still not achievable. Cinical studies
carried out wiPed/f5dse- Pased conposite restorations for G@S§hosiiibhss!
cavities for a period of 3 to 6 years have al so shown that secondary
and/ or recurrent caries were the nmain re€adsons for restoration failure
and pol yneri zation shrinkage 5 has been cited as one of the nost
significant factor influencing the seal between tooth structure and
pol yrer - basgdagiafdrdbalii dhd BirehdtAs S t rhdlSinRisgal AN i
significant dr%wback of corrposiQe-'bgsae_ resﬁ%@ﬁ St Ee@%r‘?ﬁ%g&lgh'evab]e'
during the ; i ' r L : -l

etikaRdES baRel ' R Sesih %%Qéég) c§ gg%ﬁ’éﬁs&oﬁgﬁaﬁﬁfaeu 5 1and I

COI'T'pOSi te mater| Into pre- ost-ge

phases. DUt LA HEFLE S04 VBIE 13 8B R IOARSBMTr SRl e o
v SCOSTLY  OLEEORER IR S DB 5 e RSB P nkage
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post-operatjve sensitivity, pul at hoses,.and recurrent caries.8-11
These st res@@g’ g&fﬁ‘dﬁaﬁ@ﬁ%'ﬁﬁﬁﬁ%&f’é‘?@@f@”&tm?{%’a 0 B%itg%m%%"t‘ﬂ"'dlm“t
i nterface caus,irél%#tae too%h fIo fracture. 12 Therefore, reduction in

pol yrer i zat $9RNCHN; Aiephackt ofy SAMPOSHS; t'88INAaS i sEnkagmjdring the
focus in the devel opnent of new nmononers for dentistry. [0005] In
order to ovRIWHAHEZAEB REPEAHSem on pol yneri zation shrinkage and its 20
associ ated stresses, _a few systens have been explored. For exanpl e,

ri ng openi ng nif8edr Jhe il slyinkpge of epmpesitermatesials qapdusjivided linte pre-gel
expand during polynerization through a double-ring opening process,
acryl at'®s aany pestraet PPRsee Py thenpragpel pohwnesization,deenomppsite isirble to
capabl e of being polynerized by heat, ionic and free radical

i nitiators,flayk eansh streasesowitbins ke reiiciurat arel eligned hi Aftery gblationh eiscagity
met hacryl atesl7 have been devel oped. Al though these polyners are
promi si ng, neagen SignifcantrandSsirexses ail@0 &8 shridkagepcaniricd s bamprosatgd.
mechani cal properties, water sorption, solubility, curing tinmes and
expansi on dtéstigebpolymerization thl:e 0ed]itsnsignéicant steggses ac thel surtdurding tooth
devel opment of dental restorative conposites has been in the area of
or gani c- i nastgehire amgdbednspositedootmbarsd that nayateadi tel ksontiSfaldref-anicroleakage,
exanple, a class of fused cyclic siloxane caged materials terned

si | sesdBi oxmsespé@B@ sensitivity) Ipyigk pathnses aRd | rgbarderat cades fohThise stresses
Si | sesqui oxanes (POSSTm), are known. The octaneric SSQwith a rigid
framewor k reesivhlsongotiney defects i the campositertaotd interase dausing the tooth to
i norgani c/organic hybrid materials with a dianeter of 0.53 nm Its

versatil e dhetared?f Themdoreyirédudiioh iarpolyraérizaten tSheinkiyel o aboaIesinposites
wi de range of hybrid materials with nmany appealing pro perties20-26

but has al 9@sficamhedMREPUSCLRIIAIhE dbidlosmENt GRMPIRBbERS forBEAGItAN
resi stant coatings, liquid display elenents, insulating |layers on

el ectroni c_cir¢oads)oResrder & ele?birmhe Me ploBRIm BAPolyRizaRor? Shriikage and its

i ncorporation of these nanosized nolecul es also offer the advantage

of i MPRAVedssatidiid dife¥se @TeW 8tentPRABEIN S@idred: F&Hexhp ri@bpening
monomers such as spiro-orthocarbonate (SOCs)? that expand during
polymerization through a double-ring opening process, acrylates and methacrylates
containing spiro ortho esthers' that are capable of being polymerized by heat, ionic

and free radical initiators, oxetanes,'® oxybismethacrylates'® and highly branched

25 methacrylates'” have been developed. Although these polymers are promising,



15bl endi ng. 18. 27 [0007] However, still there is nuch
devel opment desired for obtaining SSQ conpounds having inproved

stability, Gioossddidgsdensity and packing. In particul ar,pd{&H80s000073
remains the need in the art for dental resin naterials that have

m ni mal shrinkage w thout sacrificing ether advantages physi cal
properties. 20 SUMVARY [ 0008] The objective of the present
I nvention was to synthesize and provide | ow shrinking nultifunctional

si | sesqui Ogﬂglﬁlrést aspncmaﬂ%ﬂgﬁfcélla ﬁ%ﬁ@y weret K &%0§§lubn§[ cunng times

[0009] In : ect resent I nvention provi
]I;I(Jg(l:; :i?gl) %@%@?ﬁ?@?(ﬂ%@ﬁsﬁﬁg;?' ?lg)tg I/\ﬁ(ra;n(;: ﬁ §1| |)s an i nteger
sel oct ed 1 rom GRS S8 Beeft Shncrondfic o c&eﬁé"%aﬁ%e?coﬁné?@f??ﬁ%gtﬁ?atd
T Kyl 2l KendDMAGRIES, onEen db, feabis %f?fﬂaﬁpmmé@f Ui, pEB0ERposite
(el Ch il Tusornty oMY el e o
silsesquioxanes sesé %ommont]y y known as Polyhedral Oligomeric
Silsesquioxanes (POSS™), are known. The octameric SSQ with a rigid framework
resembling that of silica is a unique class of inorganic/organic hybrid materials with a
diameter of 0.53 nm. Ilts versatile chemical reactivity not only allows the
10 development of a wide range of hybrid materials with many appealing properties?®-26
but has also found numerous applications in photoresists, abrasion resistant
coatings, liquid dispiay elements, insulating layers on electronic circuit boards and
optical fiber coatings.?>?® The incorporation of these nanosized molecules also offer
the advantage of improved solubility, adhesion, cbpolymerization, grafting and
15 blending."®*

[0007] However, still there is much development desired for obtaining SSQ
compounds having improved stability, crosslink density and packing. In particular,
there remains the need in the art for dental resin materials that have minimal
shrinkage without sacrificing other advantages physical properties.

20
SUMMARY

[0008] The objective of the present invention was to synthesize and provide

low-shrinking multifunctional silsesquioxanes (SSQ).



15 hydrogen, C1-C20 al kyl, and C6-Cl10 aryl; mis an integer from1l to
10; and g, r and s are independently an integer fromO to 10; a, b, c

and d are | ﬁ,ﬂ Iy an integer from0O to n, wherei nﬁ:ﬁé&%ﬁ%ﬁiﬂ%
at H )

with the prowso t in case z is 1.5n than at |east one of

R3 and R4 is 20 -4 -

not ( CH2) 30C( 0) C(CH2) (CH3), (CH2) 30C(0) C(CH2) (H), CH(CH2), 0 or [0010]
In a second aspect, the present invention provides a nanoconposite

material conpr Ir[ron VG #90350ekP3he ﬂéé@%ﬂ%t%ﬂ%r@ide? multi fun(ftlonalcfed

pol ymeri zabl e rs conprising at least one nmulti tunctionalize

si | esqui oxaégeQ ﬁ%h&eééc\ﬁ?&ihg?omﬁfnnh@%)pr esent invention as

CO- NDNONeEr ; géh curing sys [0011] In a further aspect,
t he present |nvent|on prOV|des the use of the 5 nanoconposite
material of the present invention as a polynerizable resin for

bi ol ogi cal |y conpati bl e mat OF THE DRAW NGS
[0012] Figure 1 illustrat esﬁ %ﬁa@e)h@?ifﬁ%&ﬁ@a%f 6ﬁ)ﬂéxarrpl es of the
SSQ 10 ;onpounds of the present invention. [0013] Figure 2
illustrates an exanple of a general reaction schene for the
preparati on of one of the SSQ conpounds of the present invention

havi ng a cé‘lf,f?-f h 8 Si atonms. [0014] Figure 3 illustrates a further

exanpl e of the gener.al aratlo
P ng|s an mtegerfe 6to1

zis 1.5n or 2.5n;
R', R?, R?, and R? are independently selected from the group of polymerizable
10 residues consisting of C2-Cyy alkene, C»-Cyp alkyne, allyl, allyl glycidyl ether, C5-Cap
alkylalkene, alkylalkynes, acrylates, methacrylates, benzoxazines, epoxides and
oxetanes;
R® is independently selected from (C(R')(R")q, ((C(RYRM)N(R™), [(CH2)nOlr
and [(Si(RVY);0)]s, wherein R, R", R" and R"Y are independently selected from
15  hydrogen, C,-Cyg alkyl, and Ce-Cyg aryl; m is an integer from 1t0 10; and q, rand s
are independently an integer from 0 to 10;

a, b, c and d are independently an integer from 0 to n, whereina+b+c+d =

with the proviso that in case z is 1.5n than at least one of R' R? R*and R%is

20 not (CH2);0C(0)C(CHz)(CHa), (CH2)30C(O)C(CHz)(H), CH(CHa),

C
\/\/0\/<I
0 or .
[0010] In a second aspect, the present invention provides a nanocomposite

material comprising



15 schene for an exenplary conpound of the present invention having 8
Si  atons. [0015] Figure 4 illustrates SSQ conpounds of the
present i nvgati@niikayi ng allyl ether nethacrylate, propgc§¥agiosnocors
met hacryl ate and vinyl cycl ohexene epoxi de substituents. [0016]
Figure 5 illustrates four SSQ compounds 5f the present invention. 20
[0017] Figure 6 illustrates a graph show ng the nean shri nkage of SSQ
conpounds of the present invention and conpositions of the prior art
during light cypj . (] P =T Wa? [ t es,,,f: :
Showi ng t he: medsVaerzaple, mopdres eoisAling. o leaE ot Shufh Hifdienaiized

2000/ 116846pCTrieIHBRBE0y S dHgadrihy BRssfPRIGHIERY of Bbriifiomefing

graph show ng the nean hardness of SSQ conpounds of the present
i nventi on and @o?‘}ﬁ'é'gistyf; NS of the prior. [ 0020] Figure 9

Il lustrat how th dul ,of SS f t
et o SO0P Sl ST B B BBLIG Be d e
i1 lustrat h _show t he depth .  of SS ! f t
8 TP Bghe. B 5 oot SO o5 SRR T 1

il lustrates a graph show ng the, nean water sorption obtained for SSQ
conmpounds ¢olp 'saf&%‘@mﬂh'w@ﬁrf% and conpositions of the prior.
[0023] Figure 12 illustrates the polynerization of epoxy groups using

a 3 10 conmponent initiating system [0024] Figure 13 illustrates
an exanpl e of a general reaction schene for the preparation of

(HSi Me20Si G1. 5) 13. DETAI BRIEHRESERIPTEPNGF THE P

[0012] Figure 1 illustrates two general preparation examples of the SSQ

10  compounds of the present invention.

[0013] Figure 2 illustrates an example of a general reaction scheme for the
preparation of one of the SSQ compounds of the present invention having a cage
with 8 Si atoms.

[0014] Figure 3 illustrates a further example of the general preparation

15  scheme for an exemplary compound of the present invention having 8 Si atoms.

[0015] Figure 4 illustrates SSQ compounds of the present invention having
allyl ether methacrylate, propargyl methacrylate and vinyl cyclohexene epoxide
substituents.

[0016] Figure 5 illustrates four SSQ compounds of the present invention.

20 [0017] Figure 6 illustrates a graph showing the mean shrinkage of SSQ
compounds of the present invention and compositions of the prior art during light
curing.

[0018] Figure 7 illustrates a graph showing the mean shrinkage of SSQ
compounds of the present invention and compositions of the prior art post-light

25 polymerization.



15[ 0025] In the follow ng description non-limting enbodi mrents of the
process of the invention will be expl ai ned. [ 0026] According to
the presentwighy@Ahdss, it has been surprisingly found t Rty 08We0073
class of multi functionalized silsesquioxane (SSQ derivatives my be
easi |y synthesized, wherein said conpoufds may be used as

| ow shrinki ng nononers for 20 biologically conpatible materials, for
exanpl e for dental applications. The conpounds have been isolated in
hi gh yi el ds anqod1e]"Fiyjusd e/ iirugﬁsﬁesvs,grapﬁ%wmq e GedBbrdls W SSQ
pol ynmeri zed both thermally and/ or photochemi cally to produce clear

hybrid pol ydgrigounts of &fe presxmasieafibh apaedniiosfions ofthd pridr. t he SSQ of
the present invention show i nproved | ow shrinkage upon curing,

together wth irggsmVeRiute d iiReiriice 565 ;
2009/ 110848PCT/ SG2008/°000073 ~ 9~ %6?0%]2‘67;1'“9\rfﬁ%hnée%%nT%%lu%fOft%%Q

present i nvcg,mdo%ds bfthe ;gl‘gg?teritq ibﬁiaﬂﬂncipghdéﬁﬁﬂghg ﬁ%@%ri Eans

i ncludi ng, but not Irmt at ever ows t

'{FS”‘F{ ool ol ERfre S, Mlabitls & dthatl SR B ﬁ‘é@ﬂtt‘bﬁé@zz tj;aéSQ
The 1ol | ow S EePE of tpiteBit iorlof Bt e SRS ST e rioryr csent

Wlone or i coRBiARl Fiate T BEsERSCa, aveep SORG, B A edter Sorption
hyd bon. . |. j nbodi | ky]. [ t 1y, .
Subst i ¢ ut eQtaTed BT SO e TPatHsH s p EseHt Rustpn e eomrastions ptherior
car bon at ons, E X | e %_ho 20 cgrbon atoms, wherein (whenever it
appears herein qo‘#in@'lgﬁfe dRdlvRtrates the, RelvgIarzation: ohRpoRY HIRHAS ¥sing a 3

range, ,such as "1 to.2Q" or "Cl-C20", refers to each integer in the
gi ven ri@ngé&ompogentipiiathg SY§iRmt © neans that for exanple an al kyl
group conprisiﬁﬂ‘onlg_l carbon atom 2 carbon atons, 3 carbon atons
etc., up to anil024}| Kigure,13dlustates @psixampiest a gernassl exaciipn schkgme for the
groups include, but are not limted to, nmethyl, ethyl, n-propyl,

i sopropyl , PreRaiaian of (5i5iMeyPSiQyels- but yl, tert-butyl, tert-amyl,
pentyl, hexyl, heptyl, octyl and the Ilike. [ 0030] The term

"al kene", alone or in conbination, refers to an aliphatic hydrocarbon
havi ng one or nore carbon-carbon doubl e-bonds. In certain 20

enbodi ment s, al kene gr QURFAILED RIPSCRIATION OFLEHE tNVENTIGNanpl es of
al kene groups include, but are not limted to, ethenyl, propenyl,
but enylt 1, 4- b[R028] dnyhe followingrigscripiérempni-limilingenhddireents-of thel process of
4-et hyl - 2-net hyl hex-1-enyl and the |like. [0031] The term "al kyne",
al one or i thecipnenticawidibe explained.t o an al i phatic
[0026] According to the present invention, it has been surprisingly found that
a new class of multi functionalized silsesquioxane (SSQ) derivatives may be easily
synthesized, wherein said compounds may be used as low-shrinking monomers for
20 Dbiologically compatible materials, for example for dental applications. The
compounds have been isolated in high yields and form highly reactive, viscous
liquids that can be polymerized both thermally and/or photochemically to produce
clear hybrid polymers. It has unexpectedly been discovered that the SSQ of the

present invention show improved low shrinkage upon curing, together with improved

25 fracture resistance,



hydr ocar bon havi ng one or nore carbon-carbon triple-bonds. In certain
25 enbodi nents, al kyne groups are optionally substituted. Exanples of

al kyne grou%zew,qlggg)g/ 110848PCT/ S62008/ 000073 - 8 - i NG 4bl@srodd
not limted to, ethynyl, propynyl, butynyl, and the like 20 PB%@JZ]

The term "al kyl al kene" ref ers to a groug-conprising an aI kyl group
bound to an al kene group. In certain enbodinents, aryl al kenes are
optional Iy substituted. Exanples of alkylalkene include, but are not

i ol SR b S i oo
al ky%e grgu omf;ﬁl‘;% 3 Pﬁ%ﬂgeﬁﬁﬁgﬁ'\%% Stryﬁ‘étpayﬁ)es%h?% (?IE’H‘QIS"

substltuted Exa kyIaIk s .incl,ude, t,ar

SOt o ARG Sl L YRS S e B @caﬂ &Lf"ﬂh“q ?ﬁ@d
10[ 0034] Th tern1 acr late refers rou of fornula

X- c[)q 0) ]q TRNS 3% frdyired oppiapdatosy. Eyt tﬁa[g nisgre eponal gag may or
Vi nyl oup or all group, wherein r is an integer from1l to 10.
Exanpleé ofMa¥-POl B ESeRlc| ude, but are not linmted to, acrylate,

pr opar gyl acrylate ally! acrylate, 2-allyloxyethyl acrylate,

2- pr opar gy! oxylﬁml T Wﬂmmg tems eafor i ey Qreupd faentioaed jiRghe present
15[ 0035] The term™ nethacrylate refers to a group of fornula

X- 0C( 0) C( cipyentipp ynlegs eifyerwisedndicatedal kyl , [ (CHOMOr, C2-Cl2 et her,
vinyl group or ally, group, wherein r is an integer fron11 to 10.
Exanpl es of nel0f&9]yThe éarm falkyiualonsuer ir eombinatiomyi refds to a fully saturated
di (propyl ene glycol) allyl ether methacryl ate, propargyl

met hacr yl| atediphatic nystrdcarbgn.dplosrtgineembodiments, alkyld e optiphally substituted. In
allyl 20 acrylate, propargyl nmethacrylate, propargyl acrylate, and
the |iRe. peﬁale]erﬂlbm:hmenm aepikyl ctiprisekelrto 300carbap atans fdreexangplehdo 20
nore epoxi de (oxirane) functionalities, and includes nononeric epoxy
conmpounds aarboapatimde whefein ehenevgo itappears herelrnyimeariycoftthe defintibndigivan
be aliphatic, cycloaliphatic, aromatic,
below) a numerical range, such as "1 to 20" or "C4-Cy", refers to each integer in the
given range, e.g. "C4-Cyo alkyl" means that for example an alkyl group comprising
only 1 carbon atom, 2 carbon atoms, 3 carbon atoms, etc., up to and including 20
15  carbon atoms. Examples of alkyl groups include, but are not limited to, methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, tert-amyl, pentyl, hexyl,
heptyi, octyl and the like.
[0030] The term "alkene", alone or in combination, refers to an aliphatic
hydrocarbon having one or more carbon-carbon double-bonds. In certain
20 embodiments, alkene groups are optionaily substituted. Examples of alkene groups
include, but are not limited to, ethenyl, propenyl, butenyl, 1,4-butadienyl, pentenyl,
hexenyl, 4-methylhex-1-enyl, 4-ethyl-2-methylhex-1-enyl and the like.
[0031] The term “alkyne®, alone or in combination, refers to an aliphatic

hydrocarbon having one or more carbon-carbon triple-bonds. In certain

25 embodiments, alkyne groupé are optionally substituted. Examples of alkyne groups



or heterocyclic. The epoxides may vary from | ow nol ecul ar wei ght
nmononeric 25 materials to oligoners to high nolecular weight polyners
and may varyodo@atihstsi N WO 2009/ 110848PCT/ SG2008/ 00007 3 ¢opy@iznnsholi7
nature of their backbone and substituent groups. Exanpl es of epOX|d%s
include, but are not |limted to, , wheBein x is an integer from

1t 010, 3, 4- epoxycycl ohexyl nmet hy1- 3, 4- epoxycycl ohexanecar boxyl at e,

3, 4- epoxy- 2- et hyl cycl ohexyl net hyl- 3, 4- epoxy- 2- net hyl cycl ohexane

car Doy 2 iR AR oAb SR SR Bme ezt o

more than one. BEoRhe! S it ek’ Siets e &' ol oriBifing ¥ angrroum

aryl alkyl  oRy o8 AT DR Gk 4T LS PmbiiMert. FiyrintG are, ggionaty

embod; ment &P eFRRmARS oF v ERRDa k. R4S LGRSt foHa chioHy),

[0038] P SRS CHE Hher gk Bran FIRRER{PBN i skdReo it

E(JE;; g??gl) Isfggsﬂillc‘ilﬂﬁ) %I(J%a%@ﬁe“%%e% ctjcl) r;,:gg}o%pf coormrrgrlis?ng( Ia)n a}li?yl group
bound to an alkyne group. In certain embodiments, arylalkynes are optionally
substituted. Examples of alkylalkynes include, but are not limited to, (CH:).~-C{CH),
wherein w is an integer from 1 to 15, and the like. |

10 [0034] The term "acrylate” refers to a group of formula X-OC(O)C(CH)(H). X
may be C4-Caq alkyl, [(CH2)mO];, C2-Ciz ether, vinyl group or allyl group, wherein ris
an integer from 1 to 10. Examples of acrylates include, but are not limited to,
acrylate, propargyl acrylate, allyl acrylate, 2-allyloxyethyl acrylate,
2-propargyloxyethyl acrylate, 1-hexenylacrylate, and the like.

15 [0035] The term ‘“"methacrylate” refers to a group of formula
X-0OC(O)C(CH2)(CHs). X may be C4-Caz4 alkyl, [(CH2)nOJ;, C2-C42 ether, vinyl group”
or allyt group, wherein r is an integer from 1 to 10. Examples of methacrylates
include, but are not limited to, di(propylene glycol) allyl ether methacrylate,
propargyl methacrylate, 2-({methacryloyloxy)ethyl ester, allyl methacrylate, allyl

20 acrylate, propargyl methacrylate, propargyl acrytate, and the like.

[0036] The term "epoxide" refers to compounds having one or more epoxide
(oxirané) functionalities, and includes monomeric epoxy compounds and epoxides
of the oiigomerié or polymeric type, which can be aliphatic, cycloaliphatic, aromatic,
or heterocyclic. The epoxides may vary from low molecular weight monomeric

25 materials to oligomers to high molecular weight polymers and may vary greatly in



wherein n is an integer from6 to 14; 20z is 1.5n or 2.5n; R,
R2, 1:23, and R4 are independently selected fromthe group consisting
of C2-C20 alyepifoiibeas C20 al kyne, allyl, allyl glycidyl e@anfsholsss
al kyl al kene, al kyl al kynes, acryl ates, nethacryl ates, benzoxazi nes,
epoxi des and oxetanes; WO 2009/ 110848R®/ SG2008/ 000073 - 10 -

R5 is independently selected from (C(RL)(RI1))g, OC(R)(Ru)gN(R111)),
RCH2)rndr and [(SIi (R v)20)1ls, wherein RI, RH R Il and Rv are

ndebenent it AL H RS 4RO B P il oA bt

integer fromO to 10; 5a, b, c¢c and d are ipdependently an integer
fromO to n, wherein a +b +c+ d = n e proviso that in

case z is 1.5n than at | east on f’Rl, afid R4 is
not ( CH2) 30C( 0) C( CH2) (CH3) , Org ", CH(CH2), O or 10[ 0039]
I n the abovieutfave not limitddto, t he ‘Basi ¢ si'l

BSqui oxanewhbrdirtk isah infger from
presented by (Sin0Oz). In case of z = 1.5n, each silicon atomtherein

i s bound totantavet@ge of 3pghepaydyclolmdyiméthglsddiepoaypyerheatnesarbdnylate,
one enbodi nent of the present invention, an additional oxygen atomis

| inked to e3dleporgpentihyizyCiohayiwretiiyl-8 Accmmage-rethilidvciitiekind @ehsdate,
formula of (Sin02.5n), i.e. in the above fornula z = 2.5n. To 15 the

| atter dxydsis(3M-opnantniathyibcidhexgintathylp adipateor swirnyl-Cyictbkahe ) epbfde,
(bridging) group R5 is bound. The sil sesqui oxane nol ecul es have

rigid, therdrmithgligéabl e silicon-oxygen franmeworks. Depending on the
nunber of n, the silsesquioxane forns a 3-di nensional cage which is

then optional | yoga#istrhé %rﬁﬁ"@ﬂi?gé]@ dubSHRtdd" refer toPd B it WhiP4HUneNohs,

an integer from6 to 14, i.e. for'n =6 a cage with'six Si-atons Is
formed, whesremBre tHin 8%&BP!tRe HYliFdyeR atofs REs BebANBHkeéd “A®CONS or more

obt ai ned. n may be
group(s) are independently selected from: alkyl, aryl, arytalkyl, hydroxy, alkoxy, halo,
10 carbonyl, nitro, silyl, and amino, including mono- and di-substituted amino groups. In
embodiments in which two or more hydrogen atoms have been substituted, the
substituent groups may be linked o form a ring.

{0038] In one embodiment the present invention is directed to multi

functionalized silsesquioxane (SSQ) according to formula (1)

15
[(RMa(R®)(R)o(RNa)(R*}Sin02)] (1)
wherein
n is an integer from 6 to 14;
20 zis 1.5nor 2.5n;

R', R% R® and R* are independently selected from the group consisting of
Co-Cy alkene, Cx-Cy alkyne, allyl, allyl glycidyl ether, C;-Cg alkyialkene,

alkylalkynes, acrylates, methacrylates, benzoxazines, epoxides and oxetanes:



any integer from6 to 14, i.e. n may be 6, 7, 8, 9, 10, 11, 12, 13 or
14. In one enbodinment n is an even nunber of 6, 8, 10, 12 or 14. In
one furtherywgyhgdipRet n WO 2009/ 110848PCT/ SG2008/ 0000 Ad1/5:2008l096094 ]
As al ready stated above and as indicated in fornmula (1), each SI atom
(or Si-OGoup in case of the general ftdsula (Sin02.5)) of the SSQ
is substituted wwth a R5 substituent. R5 is a bridging group (or
spacer group) which is further substituted by one of the

pol yrer i zabl e RES$ e e:%enti?%ae%d fﬁm(@) ’)fﬁ?hnﬁb(wﬁ"?hﬁl 3) 3 m@mg],

limted to, (C(121)(Rl1))q, ((C(121)(R b )

5 5 et AN B AT o
|§|0I(S_Brrez izgalgﬁaﬂj esi 9u dﬂ,alk éa'&%%gﬁ ER 5@ 'ﬁgg?%ggéocaggﬁg‘ﬁhéggd S
substi tuentarg é”@%’l‘ vaé;'ﬂy'ﬁeg?}fr!ﬁﬁ\aégome 10 pol yneri zabl e functi on,

for exanpl e a d to the SSQ cage. In one

e L, L, 3B e AU S R oot e B -

allyl glycidyl ether, C2-C20 al kyl al kene, al kyl al kynes, acryl ates,
nmet hacryl afles, benzoxazi nes, epoxi des, oxetanes and the |like. Each of

Rl, R2, R3, d b t t t I f th
P i A AR aeiééa@'s 888#@3#%% RS
al so possible tha and R4 na

on| three of R
be present "Ph the @Uir?}éépg(ﬁ)eg(p‘i@f géb ThéCh'ehQQ(Ohfa%)FBf eacﬁ;ﬂﬁ@x’z)n
Rl, R2, R3, and R4 is given by the subscript a, b, ¢ and d, which is
an integer from0 to n, wherein a + b +

#¥h one of 20 the

pol yneri zabl eshdles: X ore-enbodi nent, a may be n.

I n anot her enbodi nent, a na be n-2 and b may be 2 or a and b nmay be
the sah®, for KH039pIle &Jm:rab@van@rmufaaﬂ)béhel basie silsesquiogneEstricture s
possi bl e conbi nation of the substituents Rl, R2, R3, and R4 is

sui t abl e i Aresestest by 65is0i)ninesaseai z = 1. 5n each si}l@ma]onn theseio iebond teean
of the present invention, a + b =n (i.e. ¢ +d 0). In 25 this
case, for axenagesfore anda hadf (WUB@XUME@@r@em dnye embodinent bf thmpresent
di (propylene - 12 - glycol) allyl ether nethacryl ate,

4-vi nyl - cy#ivehtiorsran egdilional exyden abdprarig Yinked td each yespextive Si-atgro@f4he
Exanpl es of the general preparation nmethods for the precursor SSQ
conpounds o#ge tesuftingieageneratformala af48i,0¢s-.dleein the above fpumeta 4=23&n3To -
Basically, two 5 main preparation procedures can be nentioned. Method
1 is i1%ustheatadidr orygirhetom andfto e Si-atdn intheformalk (@ig0ys) trangbridging)
reacted with a tetraal kyl anmoni um salt, such as for exanple, but not
limted tograupt Rériattln;dmlmm sumeqummwlmoieclﬂeg\mwe/m’;ldotrwrmmiy(tstame
A 1:1:10 Msolution of "Si" : "N : "H20" may be prepared

respect i vesjicorHoxRierr fraimenioiey. Dependingobn tthe ramiaueta, WY sidsquioxane
suitable in the present invention. 10 Depending on the reaction

condi t i onsformsSHR-dim@Asiball dgedwhieh 3¢ than @ﬁtﬁﬁﬁll?%Dbﬁﬂu@ﬁtﬁ'tﬁé‘i"espectwe
wherein each Si atomis substituted with a CH3) 4) group. Thi's SSQ
cage is fuglBemg eacted wth, for exanple, a sw tabl e sil ane

conpound. For exanple, a substituted chlorosilane such as

ghggt P%?Jfgljors%“h@m‘ isTEY infyer $18fh 5% B! Pé Yol RS 6 SRS W six Si-atoms is

formed, wherein, for example, with n = 8, an octahedral cage is obtained. n may be

= n. This nmeans that
every Si atom of_the c,SSQ i's substif '

any integer from 6 to 14, i.e. n may be 6, 7, 8, 9, 10, 11, 12, 13 or 14. In one
embodiment n is an even number of 8, 8, 10, 12 or 14. In one further embodiment n

= 8.



15[ 0045] In Schene 2 of Figure 1 a further exanple for the
preparation of the precursor SSQ cages is illustrated. The met hod

descri bed iwoS6hAR4e | S Mmaking use of a nore corrosi ve pFREARROHIH
volatile as the nelting point is just above roomtenperature. In this

particul ar exanple, trichlorosilane (RRL13) or (HSKOR)3) is reacted
using a catalyst systemto prepare the respective SSQ cage having a
20 hydrogen as substituent on every Si atom [ 0046] Figures 2

and 3 21 Speciinet) FOMUSS, Shicone AR Binf 7 B e
oute o biablE ASkE e e A5} G, NG G
Dbunt hon i < BURSHLARR 2 0o Ay RERERE SoalS: ane) e i e
one. funct | Sl ety FRRT I ARG P B2, B SRS ot
(ubst | 50t e PEENLS) 8 BN VBl RaRah BRSBTSy,

I h 5 I d. E I | ati
i viny et FARBRIRPIRAIC i D1t B DREAYor . s i b ae RERO.

[ Pt (dca heé‘?‘chl oropl atinic acid |SHZ_Pt Cl%_ and the |ike may be used,
but i s not YHerfhaQy GReNH,| GitG AR\ Qi(Re)QnBi(Ebls 0y anthihe Bieepar at i on

met hod are given bel gw_,[0048] Various novel |ow shrinking

or gani ¢/ i nor gal@P42hbs RS, Ratand Bl svhieh ate polymerizable residuss, asel coswcted
wer e successfuggy synt hesi zed and characterized. For exanple,

met hacryl a¥i@ Bndioefts\5S@bsage.uéhese rspbetitbenth godupsi mdbl havgaust least one
conpounds with different functional groups per SSQ cage were nmade
possi b1@ i polymiegzakie &unction. fonexaropleab thedendwhieh dhoeti beerdito the §EQ cage.
yields (> 80% and were synthesized based on i nexpensive starting

nat eri al s. IMone erabgcimedtofdhe arasedt ibSentione exaples sf R RA, &, artd Rbmay be,
tenperature and contained up to about 48% nmasked silica making them
i deal for, bitceare ewhlipited tal €xtGlg alkeansy, ICaiGy alkiyhé, allyl, salliinghycidyl @thernGy-Eh,
| ow shrinking fully functionalized SSQ resins with different

funct i onal algylelkpse,r atkydalares, obtylates]. njdfd@Vlates! ubtinmxazinpetepaikidele
present invention is directed to a 20 nanoconposite material. The
def i ni ti onoxdtamesnandnihesiike EatkerafaR'.emoRiasmes RA may be present in the

16 functionalized SSQ of the present invention, wherein they may be the same or
different. It is also possible that only one, two or three of R', R?, R?, and R* may be
present in the functionalized SSQ. The actual number of each of R', R%, R®, and R*
is given by the subscript a, b, ¢ and d, which is an integer from 0 to n, whereina + b
+ ¢ +d =n. This means that every Si atom of the SSQ cage is substituted with one of

20 the polymerizable residues. For example, in one embodiment, a may be n. In
another embodiment, a may be n-2 and b may be 2 or a and b may be the same, for
example each a and b may be 4 in case n = 8. Each possible combination of the
substituents R', R%, R%, and R* is suitable in the present invention.

[0043] In one embodiment of the present invention,a+b=n(i.e.c+d=0).In

25  this case, for example, R' and R? may be independently selected from di(propylene



| arge variety of systens such as one-di mensi onal, two-dinensional,
t hr ee- di nensi onal and anor phous materials, made of distinctly

dissimlar gomengis and m xed at the nanoneter scal e. ptA&%8008/000073
materials may be created by introduci ng nanoparticulates into a

macroscopi ¢ sanple material. After addi1gy- 25 nanoparticul ates to the
macroscopi ¢ sanple material, the resulting nanoconposite WO
2009/ 110848PCT/ SG2008/ 000073 - 14 - may exhibit drastically enhanced

properties. i ult i n [
Dt opert 1 oo WEBl SIACRRr, neBNREE EhilRcGABRBGRY FRERAR.ERY propargy!
nanocorrpositgﬁéh%%%fg [al of the present invention conprises
pol yneri zabl rs conprising at | east one of the nmulti

functionali zed il sesqui oxane (SSO), derivative desctibed above

co- mononer and[®%lr$¥@ﬂ§|$§t°gﬂ?e éeneg‘)"[W@Bﬁﬁaﬁ?ﬂ@?gPMBQ%BT%WS‘”%%Q
nononers of the nanoconposite material conprise at. | east, o of th
Tl Cf uncEPBIRRHRGRG (P Pesael NyRRIAD (a5dts PHER Tiom Figkiesr Ion Baealinfwo
invention and at | east one further nononer ich may he, but is not
10" i 8o T PIRRSHRVATGF e Fored REGHGTed. BIctBod T MyStraled SReIR
gl ycol di rre} hacryl ate (TEGDMA), urethane di methacryl ate (UDVA),

et hoxy! at e8f bigyfhérfbletrralikyiexysilaoe s mastedovith afptjaalidammeniug) salf, such as
di met hacryl ate (D3MA), urethane tetranethacrylate (UTMA), nethyl

net hacr yl afer, exampjey ik yet igitedria, fetsaethylammenddmdnysiroxige Kue wateralcohol
dodecanedi ol di met hacryl ate, 15 bi sphenol - A-di met hacryl ate, 2,6-d

i -tert-but Mixtyrersh 9h1:b&éh@plt(tlgnmf ,"SE- hNir:osHe61" npRyrdehpreparest kespestivaly,
N, N- di met hyl - p-t ol ui di ne or m xtures thereof. [ 0052] The
nanoconpos Howevar, &urthar raliasoefdhe gompounds may bersuitablednthe presept inventiing
a curing system The curing systemassists in the polynerization of

t he nahdcolepending wnttbe iredactiomeenditions g SHE Ggerwmyving @ kut4 Si bloms samipe
limted to, at 20 |east one of polynerization initiators,

pol yner i zabblainesic gdleeziateach Si stabiid suwstitited Mithaa (ONEEH4):)gdroup. This SSQ
absorbers, antioxidants and other additives known in the art. The
amount of tége isdeeart reacted wifhofon@zample; Besuitablersijasy sorapouel Foeexdnple,
is not limted to, about 0.1 to about 5 wt% based on the total

nanoconposatsebstittitad chlorositanensich rdsaiiinethyichidrositene) ey usedvterdbitain the
the curing systemmay be used in an anmount 25 of about 0.5 to about 3

W % such aspabin substifuted SSQ cage.

15 [0045] In Scheme 2 of Figure 1 a further example for the preparation of the
precursor SSQ cages is illustrated. The method described in Scheme 2 is making
use of a more corrosive monomer and volatile as the melting point is just above
room temperature. In this particular example, trichlorosilane (HSICl;) or (HSi(OR)3)
is reacted using a catalyst system to prepare the respective SSQ cage having a

20 hydrogen as substituent on every Si atom.

[0046] Figures 2 and 3 are specific examples of the preparation routes
described above, wherein n = 8.

[0047]) Figure 4 describes a possible synthesis route for linking the
polymerizable moieties to the precursor SSQ cage. The compounds reacted with

25 the precursor SSQ cage should be bifunctional. “bifunctional” in this case means



WO 2009/ 110848PCT/ SG2008/ 000073 - 15 - [ 0053] Suitable

pol ynerization initiators are those initiators, which can be utilized
in UV-acti vaigedogutsasor visible light-activated cure comRgsddb@Rsoors
For exanple, visible light curable conpositions enpl oy

| i ght-sensitive conpounds, including but3not being limted to benzil,
benzoi n, benzoin nethyl ether, 5 DL-canphorqui none (CQ, and benzil

di ketones. Either UV-activated cure or visible |ight- acti vat ed cure

(approxi maty ﬁétyt 3@@0& L?%g@ﬁbulds’n %%Btf@ﬂ]ﬁnalﬁi'&#ﬁ hdbe reactn'é?wnxxthe

phOt oinitia I'S se accor g to esire

of the t 8?29%%1%5&%%%%%?ﬁP%ﬁ?‘%‘&mttﬁ STk gt bor
range f 3%63@9@’9 ?5ﬁ%%‘&tﬁs@ﬁ%‘%ﬁ%&%%iﬁ%cwéﬁ&ngﬁéqﬂ%%%%gff/ phitepdied B
but i s not 1% FHoRSoSOR-cagR 18 R eRTa Sise. . GRS Al n 2 P

exanpl e,. the

tert
way. be BscqaiaiieL pi b éged“@%te%éw'aﬁqr | %ﬁvs“%wqtﬁ%ﬂwa @ sl
anount of RO pestiagRRe i) s SHCHOEP PGB RCRLE SR 20d rarlke

enbodi nment of the pr esent i nvent i on the amne my be a tertiary

ami ne, suchnakbe Heed, tuit ig neflimitpdtg, *"Nﬁt@ttfemmplqs(festhw eywar@t%wethod
4- (di et hyl am no) benzoate (EDMAB), 2[4-(di nethylam no)phenyliethanol,
N, N- di et hyare ELV?BIbGiQ!Y ne (DWPT), bis(hydroxyethyl)-p-tol uidine,

di et hyl am noe 20 nethacryl ate, diethylam noethyl nethacrylate

( DEAEMA) or t hBl(f:tiBikeVanous nqveb k] shinking eiigianicieerganisyhyibed materials hased
limted to, hydroqui none, hydroqui none nononethyl ether, t-butyl

par acr @80l ©onh IyallZﬁdtSSQ/Meowt@ﬁasf@"}arwnmhelzed kand ‘characterized. For
[ 0056] The ultraviolet |ight absorbers may be used in an anmount of
about 0. 05 exgmpte, atnethackylatewtandofepokye sultstifuenten deyep been e ohdwirad. afhus,
Such UV absorbers are WD 2009/ 110848PCT/ S&G008/ 000073 - 16 -

parti cul ar lcpmpesidsabith differehkefuncionsl gréupshterd@8@hbiagedeereahade possible in
restorative materials in order to avoid discoloration of the resin
from i nci déns ioventiani dllletorhpolridsSwerebbiinéd abdighbgiekisny 8086) and were
benzophenones and the like. [0057] In one enbodi ment the

nanoconpos isyrthesized ibaised arpirdixpgnsive tstarting ratedals. rrhuermmmunmyobtamed
additionally conprise at |east one filler. The at |east one filler
may conpri sereniscous liguids af roono tgaperature bihe rcentairsd gx erpbeut 45% Ineisked
may include those that are capabl e of being covalently bonded to the
resi n mat r skich trigfkirig themtided fe flexagphy eehtal materiats. YRtRINETRVENtVAN AGE!
to both. Exanples of suitable filling materials include, but are not

!slt ;no; teld ';nO love shiifidng BUBfuActicHalik6d SSR BSsinsSWitiP BiffeiemtSiuhtiic=® groups ratio
’ were obtained.

[0049] A further aspect of the present invention is directed to a

20 nanocomposite material. The definition of nanocomposite material encompasses a

large variety of systems such as one-dimensional, two-dimensional,

three-dimensional and amorphous materials, made of distinctly dissimilar

components and mixed at the nanometer scale. These materials may be created by

intfroducing nanoparticulates into a macroscopic sample material. After adding

25 nanoparticulates to the macroscopic sample material, the resulting nanocomposite



10 borosilicate, lithiumsilicate, lithiumalumna silicate,
anor phous silica, ammoni ated or deamoni at ed cal ci um phosphat e,

trical ci um phpsepabfsgal um na, zirconia, tin oxide, titan@ys@pliddds
hydroxyapatites, nodified hydroxyapatite conpositions, bismuth oxide,

barium sul fate, bisnmuth subcarbonate orq4he Iike. The fillers may
have a particle size in the range fromabout 0.1 to about 5.0
m crons. 15[ 0058] The silica glass may conprise strontium barium

zinc, boro A ) i) . ,
St ont i an AnaheRibl Pashbatl, Sraber biopelles, Pbdimnie tgrygesusin gpbocd
fluoride rel easi | asses 059 The anmpunt the tatal filler in
t he nanoconEBSE q"é%f%‘?s ﬂfa Wnﬁf’%@%St qhg In the range from
about 1 to abo %of t he total Slt on. The, 20 anount used
s det or m ned. B00FHe e GrparReC G mafaenat, 118, Pssaah JIVGRAP crordRiices
t he nanoco S|te terlal Thus, when used as a d a rlal for
exanpl e a %r’?‘&i‘?ﬁnﬁ'ﬁt EpPMArising ¢ atyleast Ang, Ogo‘i?ﬁr‘i'“é'ﬁ's yncipfalized
about 6Q to about 90 wt% filler; luting cements conprise from about
20 to aBoutSilBesauioxane (S5Q) dedyative sdetﬁewé@daﬁbgvgcﬁ@pswmpmmamoatcwng
to about 20 wt% filler; adhesives generally 25 conprise fromabout 1
to about 3GY#eM-filler; and restorative materials conprise WO
2009/ 110848PCT/ SG2008/ 000073 - 17 - from about 50 to about 90 w %
filler, wth tER0513mihedeplymerarblec asenpmesisngft Hiee r pangcompasiei maderial
and curing system In this respect it should be noted that the anount
of the fil lcomprigestiasst one ofitheshull funationglized silkesquidxane (88Q) desvative of
and can enpirically be determ ned by the person skilled in the art,
i f desi red.th¢ presemt invehtien aatlial dedst enb duitiermenomer faihidhemayrive, bet isswxt
I n an anount of about 1 to about 90 wt % of the nanoconposite
mat eri dPD, flinitedxatgp| ebisphenylghyaidyht roéthabrytgte 1 (BisGhlvout tB&hwiehe | giycol
one enbodi nent, the anount of the filler may be from about 25 to
about 70 widinethactylate gBEBDMAY yréth@he |dimetHacrlaer @idiad), mesthoofated
t he present invention, the nanoconposite

bisphenol-A-dimethacrylate  (bis-EMA), decanediol dimethacrylate (Ds;MA),

urethane tetramethacrylate (UTMA), methyl methacrylate, 2-hydroxyethyl
methacrylate, hexandiol  methacrylate, dodecanediol  dimethacrylate,

15  bisphenol-A-dimethacrylate, 2,6-di-tert-butyl-4-metyhiphenol (BHT),
2-hydroxyethylmethacrylate (HEMA), N,N-dimethyl-p-toluidine or mixtures thereof.

[0052] The nanocomposite material according to the present invention may

contain a curing system. The curing system assists in the polymerization of the

nanocomposite material. The curing system may include, but is not limited to, at

20 least one of polymerization initiators, polymerization accelerators, stabilizers,

ultraviolet light absorbers, antioxidants and other additives known in the art. The
amount of the respective compounds of the curing system may be, but is not limited

to, about 0.1 to about 5 wt% based on the total nanocomposite material. In one

embodiment of the present invention, the curing system may be used in an amount

25 of about 0.5 to about 3 wit%, such as about 1 wit%.



10 material may additionally conprise a therapeutic agent. This

t herapeutic agent may be described as an agent that is suitable in
provi di ng awlenefiiedgl therapeutic effect in healing or gh&abhiR%ooors
dental di seases. For exanple, the therapeutic agent may be an
antibacterial and/or a rem neralizatiopj§enhanci ng) agent
Il'lustrative exanples of rem neralization (enhancing) agents include
cal ci um conpounds such as cal cium 15 phosphate or cal ci um hydr oxi de,

fluorine conpo SUC s sqodium f] uorj de, potassiumfluoride,

brmoni um £ uor 100521 SiHARE SIMHAAIEN UGS A thots MUAEa Wik Fan be
pot assi um rm{}ofl uor @g{hos, hate or zin¢ conpaounds such zinc citrate,

zi nc oxi de 8i1zed B LVeagtivaied ayren of ofgibler ight-astivalad (eigsasemRgyitions. For
conpounds are descrjbed in US patent 7,300,645, for exanple.

|11 ustrat i V&Sl Visbledighhcumbie composiigastamplpkclididsensitive camponpes,
limted, to chlorohexidine, or an hal ogenated di phenyl ether or

phenol i ¢ arfflBdiege bubl naiokpian dimitegh tasbendilc oeenroirs e beumipamsthyl ether,

6,451, 291, and the like. [0061] The multifunctional SSQ of the
pr esent 5 ndnchawhatguinsee(C6Y, and benziidiketonast Eithety\Vactivatet cute @Ovisibles
based on the total anmpbunt of the nanoconposite material. In one

enbodi ment lightect8sed sunes@ppiroximatehn®3thto 350 alovjuis Rceptableo (fheSmaant of
wt % based on the total anobunt of the nanoconposite material, for
exanpl e i n plotoiNiia®0 @%eldddd SRCTAIBGI0 Y ABIBY Tate-debBed. Anminimial cdtalyticzity
5 wmt%to about 40 wt % for exanple about 20 w % based on the total

amount of tdffecties amoopbisi genenailyertioat 0.0Thet #wsfithe tatal tedin vompositions, Hhd
nanoconposite material may depend on the type of Si cage, i.e. the

SSQ resi n avillllezaino esisled rayune. Radterraiesiof Blile)are iathidosd watH amuritdef catalyst
person skilled in the art. The above 5 described nanoconposite

nmateri ab i $n ahé eungd foRk gregatérethani adout THO1S pBRBASG td BBbULIBOR % of the total
pol ynmeri zati on the shrinkage of the material is insignificant |ow

conpar ed t gnatBAalshri nkage properties of the materials of the prior
art. The degree of shrinkage can be provided in ternms of |inear

percent shri nkpaes4] PPhe/ pEyeREATRIh Sdteldik®8 MadtheC BIRE bt EmRSF Y 8n Bine,
bond formati on between nohoners during polynerization. 10 The

di stance bekyRERaMBNABRIGY tHe!fkd. For @Rafble, W%a?iou@s%r@ﬁ@c itél'tiél@aé?ﬁiﬁeéd“}%ﬁ

into the distance of coval ent bonds of the pol yner t are”forned.

Magni t ude @howhih {H@Qfmb§ bE&k88 ThAREbIOKght 2erdBieBEAtaPlorsite ShiteRAB dRe

formed and the size of nbnomers. Linear Percent shrinkage neasures

re AP S e By RO Ly O
CheTP! ooy Q2080081 Lo 1 O AR e S0 BRB5 B rBUF o
exampl e abpl ofhiibb b%bé)’cé‘iﬂ%é;ég%gﬁg e bBPﬁ(ﬁ%%Eﬁ%Lﬂ@%ﬁ%%?ﬁ{'sﬁag

be cal cul ated as volanetric rinkage usi ng,

(2001) - actohy FRbBubhinBEReseT fEdvany 2P ARGebkAiTRup ARt
o e LeSERTREB T il 58l B3R, i lomintny
20 methacrylate, diethylaminoethyl methacrylate (DEAEMA) or the like.

[0055] The stabilizers may be, but is not limited to, hydroquinone,
hydroquinone monomethyl ether, t-butyl paracresol, hydroxyl
methoxybenzophenone and the like.

[0056] The ultraviolet light absorbers may be used in an amount of about 0.05

25 to about 5.0 wt% of the total nanocomposite material.” Such UV absorbers are



pol yneri zabl e nononers and the SSQ and any additional filler are

m xed. The optional curing systemis added to the m xture, which is
agai n stirreg andigiered or 25 used, as appropriate. ThecGBoddRYRE
initiated through the use of UV |light oiﬁby- WO

2009/ 110848PCT/ SG2008/ 000073 - 19 - raistnhg the tenperature of the

m xture. In another enbodi ment of the present invention the

pol yneri zabl e nononers, SSQ light initiators and activators are

m xed f ol | qesticubgrlyrdesirabledh thévasibid light surabiebdemtalnesioyativieheaterials imayder
be initiated through the use of blue visible light curing units.

5[ 0064] Theto navoid aigretirationralf etheatestdf frohe invidadntitravicdtlightt Saitalile UV
used as a polynerizable resin for biologically conpatible materials.

Bi ol ogi cal |absoepsinal|be Maizephé@hchedrindldRe lik®r exanpl e, dent al
materials. Dental materials are materials used to restore di seased or
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are introduced togi')rovi de a rigid three-di nensional chem cal platform

and "nd8ked si 0088} The silica glass may comprise strontium, barium, zinc, boron, yttrium,

aluminoborosilicate glass, strontium-alumino-fluorc-silicate glass or colloidal glass

or other fluoride releasing glasses.
[0058] The amount of the total filler in the nanocomposite material may vary
widely, being in the range from about 1 to about 90 wt% of the total composition. The
20 amouﬁt used is determined by the requirements of the particular application of the
nanocomposite material. Thus, when used as a dental material, for example a
crown and bridge material, it generally comprises from about 60 to about 80 wi%
filler; luting cements comprise from about 20 to about 80 wi% filler, sealants
generally comprise from about 1 to about 20 wt% filler;, adhesives generally

25 comprise from about 1 to about 30 wt% filler; and restorative materials comprise



[0067] The cationic initiators can be incorporated to the
nanoconposite to 5 allow for a dual cure system where the epoxy ring

can be openg@ heGeapensate for volunmetric shrinkage forpcdiit@a008/000073
mul ti-functionalized SSQ The epoxy groil#)s on SSQ nmay be opened

using, for exanple, a three conponent ih{tiating system conprising of
CO, an iodoniumsalt and an el ectron donor (DVAEMA) using the current
light curing units (Figure 12). 10[0068] As will be denonstrated in
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Exanpl e 1: General procedure for preparation of (HSI Me20Sial.5)6 10

[0071] Tet FukeaiR0SF treaking dentaldisgases,) arexpawpia. diherapeutic agent may be an

t et ranet hyl anmoni um hydr oxi de. (25% i n et hanol z (NMe4OH) in
met hanol / wantipacterial and/or a remineralization (enhancing) agent. lllustrative examples of

remineralization (enhancing) agents include calcium compounds such as calcium

16  phosphate or calcium hydroxide, fluorine compounds such as sodium fluoride,

potassium fluoride, ammonium fluoride, stannous fluoride, calcium fluoride, sodium

or potassium monofiuorophosphate or zinc compounds such zinc citrate, zinc oxide

or zinc stearate. Such remineralization (enhancing) compounds are described in US

patent 7,300,645, for example. lllustrative examples of antibacterial agents, include

20 but are not limited, to chlorchexidine, or an halogenated diphenyl ether or phenolic
antibacterial compound such as tricosan (see US patent 6,451,291, and the like.

[0061] The multifunctional SSQ of the present invention may be used in an

amount of about 1 to about 90 wt% based on the total amount of the nanocomposite

material. In one embodiment, the SSQ is used in an amount of about 3 to about 50

25 wt% based on the total amount of the nanocomposite material, for example in an



(MeOH H20) solution to make a 1:1:10 Msolution in "Si" : "N : "H0"
respectively. After stirring vigorously for greater than 48 h at room

t enper at ur ewoofabdsgt ati ve 15 yiel d of the "octaani on" p@ss@bisabies-
Reaction of (HS1Me20Si Ol.5)8 was then carried out by adding sol ution
of the "octaanion" dropwise to an ice-€t8d sol ution containing

chl or odi net hyl sil ane (HSi (CH3) 2C1) (6 equivalents per 0-) in hexane
with vigorous stirring for 1 h. Wiite solid in yields of - 85 % was

obt ai ned Upé?ﬁ'mﬁﬁ'oY%BBuf@W%aﬁba%uyg%%,tf Mnéggpﬁ@?rée w e drffhe

by rinsing wth cold methano 0 pro uc’% I's
L o O S e s VBHHL oI ncoBl akc
S ARGl BT g oS BRER Sy B I S50 ano
can be determined empirically, if desired, by the person skilled in the art. The above
5 described nanocomposite material is a low-shrinking material. This means that upon
polymerization the shrinkage of the material is insignificant low compared to the
shrinkage properties of the materials of the prior art. The degree of shrinkage can be
provided in terms of linear percent shrinkage. Polymerization shrinkage of
composite occurs by bond formation between monomers during polymerization.
10 The distance between monomers due to van der waals’ forces is transformed into
the distance of covalent bonds of the polymer that are formed. Magnitude of
shrinkage is determined by the number of covalent bonds formed and the size of
monomers. Linear Percent shrinkage measures post-gel changes in the linear

dimension.

15 [0062] In one embodiment the material has a linear percent shrinkage below
about 4.0, for example below about 2.0. In one embadiment of the present invention
the linear percent shrinkage may be about 0.25 to about 0.5, for example about 0.28
to about 0.4.The linear percent shrinkage may aiso be calculated as volumetric
percent shrinkage using, for example, the formu!.a described in Julita Jakubiak &

20 Lars Ake Linden, Polimery (2001), 46(7-8), 522-528.

[0063] All essential and optional materials of the nanocomposite material
may be mixed at the same time or subsequently. In one manner of proceeding the
polymerizable monomers and the SSQ and any additional filler are mixed. The
optional curing system is added to the mixture, which is again stirred and stored or

25 used, as appropriate. The cure may be initiated through the use of UV light or by



AL R=8 [0072] Reaction A was carried out by adding
(HSi Me20S101.5)8 (1.0g, 5 0.98mml) and anhydrous toluene (10 m) to

a 50 M roupdh ey il ask equi pped with a stir bar and ﬂfﬂﬁ(’lﬁg%%ﬁ@?y

under Ar (Figure 3). The m xture was stirred for 5 mn to a

all (HSIi Me20Si 01.3)8 to dissolve. D (prapyl ene glycol)allyl ether
nmet hacrylate (2.14g, 8.83 nmol) followed by Pt(dvs) (0.01 m of 2
nmmol sol ution in anhydrous xyl ene) were then added dropwi se into the
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2009/110848PCT/ SG2008/ 000073 - 23 - Exanple 3:Pt-Catal yzed reaction
of Di (propyHSEAdodesters fisgased ordamaged teeth to health and function. The corrosive

met hact yl at eand4- vi nyl - cycl ohexeneepoxi dewi t h _
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out in tw steps by adding (HS Me20Si OL.5)8 (1.0g, 0.98mmvl) and

anhydr d@s ttemgeradurelmake pread densndsl upasua diental toatefislaJhe stress brought to
bear on the restoration by masticatory forces also makes great demands. Dental
materials must be compatible with living tissue. If used in the anterior region of the
mouth, the materials must also be esthetically pleasing. Dentals materials, used
when and where indicated, help to ensure the placement of a successful restoration

15  and preservation of the tooth.

[0065] All the above properties are met by the nanocomposite material of the
present invention. The materials have improved strength and in particular shrinkage
properties compared to conventional dental materials known in the prior art. Further,
the dental materials may be formulated to have additional improved properties, such

20  as water sorption or bonding to tooth substrates as expressed in measured shear
bond. The nanocomposite material may be applied to a site of a tooth and
subsequently cured by any conventional means. The nanccomposite material may

also be used as coatings, lenses and plastics. In one embodiment, the low shrinking

nanocomposite material may be used as a direct restorative material.



10 equi pped with a stir bar and condenser under Ar. The m xture was
stirred for 5 mns to allow for all (HS Me20Si 01.08 to dissol ve.

4-vi nyl - cyciw@mysengs«gpoxi de (0.24g, 1.96 mmol, 2 equi valgitsgdan0s/00007
foll owed by Pt(dcp) (0.01 m of 2 mmol sol ution in anhydr ous xy(eneg

were then added dropwi se into the flask20Fhe mi xture was allowed to
stir at 55 C for 24 h. D (propylene glycopallyl ether nethacrylate
(1.43g, 15 5.90 nmol, 6 equivalents) was then added dropw se into the

reaction and alfhossyd T'h@ subkstitubRl grdtps BeE cRYsdh BR4iSteRt IR the current
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23.52 (SLCHXCH2CH. &, SLCHZCH2CH /3), 23.10 (OCH2CH2CH20), 18. 22
( CH3C=CHp) cuing ity Figere \@lpcrocH0), 14. 49, 14. 39 (SLCH2CH2 a,

si cH2c H2 )9, ) e .
10 [0068] As will be demonstrated in the examples, polymerization shrinkage

associated with all SSQ compounds was found to be significantly lower than the
control materials (Bis-GMA / TEGDMA). In order to obtain a material with low
shrinkage and comparable mechanical properties, effects of SSQ compounds as
copolymers were also evaluated. The developed SSQ resins which were liquids at
15 room temperature do not require significant changes in processing. SSQ resins can
be simply mixed and copolymerized by traditional methods. They form true
molecular dispersions when mixed into polymer formulations with no phase
separation. The inclusion of SSQ resins into polymer formulations can also lead to
dramatic improvements in polymer properties.
20
EXAMPLES
[0069] The following experimental examples are provided to further illustrate
the present invention and are not intended to be limiting to the scope of the

invention.



10 epoxy), 13.65 (Si(CH3)2CH2), -0.42 (Si(CH3)2). 29Si NWR (79 Mz,
CDClI3) (6, PPm: 13.2 (Si(CH3)2), -108.8 (SS™M) . FTIR (cm1): 1719
(C=0). 163Bwiodig54 (S (CGB)2), 1094 (Si-OSi). 910 fcGrfabigonnors
epoxy). 11..3N7/ SI 0 T-sksZa,--s- ,\Z-71 \of Ns, R> - NO
PR A --/SI 0 15 Conmpound C. 1H NWR (40921I\/Hz CDCl 3) (6 pprr). 6. 07,
5.52 (d, 8H, CH2=CCH3((C0)), 3.20-3.70 (m 24H, OCH2), 3.10 (m 8H,
CHOCH, epoxy), 1.92 (s, 1211, CH2=CCH3), 0.95-1.50, 2.00-2.20 (m
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-0.42 ( §' ( C'a_ggr%%n Elmer Spectrum 2000 FTIR spectrophotometer with a resolution of 4 cm™.
Liquid samples were cast on NaCl plates and solid samples were pressed into KBr

peliets. A minimum of 32 scans were coliected for each sample.

Example 1:  General procedure for preparation of (HSiMe-0SiO4.5)s
10
‘[0071] Tetfraethylorthosilicate (SiOEt), was reacted with
tetramethylammonium hydroxide (25% in methanol) (NMe4OH) in methanol/water
{MeOH/H,0) solution to make a 1:1:10 M solution in “Si" : "N” : "H,O" respectively.
After stirring vigorously for greater than 48 h at room temperature, a quantitative
16 vyield of the “octaanion” was obtained. Reaction of (HSiMe,0Si0,5)s was then
carried out by adding solution of the “octaanion” dropwise to an ice-cold solution
containing chlorodimethyisilane (HSi(CH3),Cl) (6 equivalents per O’) in hexane with
vigorous stirring for 1 h. White solid in yields of ~ 85 % was obtained upon solvent
removal. The resultant solid was then purified by rinsing with cold methanol. The
20 product is soluble in dichloromethane (CH,Cl,), THF (tetrahydrofuran), CHCIs, and
non-polar solvents such as hexane, pentane and toluene. The obtained

silsesquioxane core was then used for subsequent synthesis.

Example 2:  Pt-Catalyzed reaction of Di(propylene glycol) allyl ether

25 methacrylate with Octakis(dimethylisiloxy)silsesquioxane
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5 29Si NMR (79 MHz, CDCI3) (6, Ppm): 13.2 (8i(CH3)2), -108.8 (Si O™4) .
FTIR (cm1): 1718 (C=0), 1638 (C=C), 1254 (Si(CH3)2), 1089 (Si-OSi),
910 (C O C weRmomlosss 10 Conmpound Di 1H NVR (400 M-z, @@@%%)200%09073
ppm: 6.07, 5.52 (d, 4H, Cl-12=CCH3(C0)), 3.20-3.70 (m 24H

3.10 (m 12H, CHOCH, epoxy), 1.92 (s, -642- CH2=CCH3), 0.95-1. 50,
2.00-2.20 (m 66H, CH2CH20, Si CH2CH2CHCH2CH2CHOCHCH2 epoxy),
0.49-0.52 (m 161-1, (CH3)2SiCH2), 0.13, 0.11 (d, 48H, (CH3)2S1CH2).
13C NVR (100 MHz, CDC13) (6, ppm): 166.81 (C=0), 15 136.63
(CH3C=CH2), 125.10 (CHBC—CHZ) 75.70-70.10 (OCH2), 53.10-51.80 (CHOCH
a, CHOCH fl, epoxy), «35.31-26, 34 (CHCH2CH2CHOCHCH? a,

CHCH2 CH2 CHOCHCH2 epOk;F)\d 23 57 23.52 (S1CH2CH2CH a, Si CH2CH2CH /3),
23.10 (OCH2CH2CH20), olg. B2 (cH3C=CH2),, 17. 31- 16. 20 ( CH2CH2CH20) ,

14. 49, 14.39 (Si cnqz,@-i "S5 B CH2CH2 /3, epoxy), 13.65 (Si(CH3)2CH2),
-0.42 (Si(CH3)2) * \M"(m MHz, CDCI3) (6, PPm: 13.0

(Si (CH3)2), -108. 9 ( S)s.ﬁ‘“ﬁqm (cm1): 1718 (0_0) 1638 (C=C), 1253
(Si (CH3)2), 1087« S0F 90 _(C O C, . epoxy)
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of Propargyi Methacrylaté with ;Cctakis(dinet hyI si | oxy) si Psesqui oxane
11. 41\ Sl

[0ﬂ72] Reaction A was carried out by adding (HSiMe OSiO45)s (1.0g,

5 0.98mmol) and anhydrous toluene (10 ml) to a 50 ml round bottom flask equipped

with a stir bar and air condenser under Ar (Figure 3). The mixture was stirred for 5

min to ailow for all (HSiMe,0OSiO,s)s to dissolve. Di(propylene glycol)allyl ether

methacrylate {2.149, 8.83 mmol) followed. by Pi(dvs) (0.01 mi of 2 mmoi solution in

anhﬁdrous xylene) were then added dropwise into the flask. The mixture was

10 allowed to stir at 55°C for 24 h. Reaction completion was monitored by the

disappearance of the SiH absorption peak at 2145 cm™ using FTIR. Small amount

of excess reactant and solvent were removed effectively by vacuum evaporation

technique using a high vacuum pump. A viscous liquid with a product yield of 95 %

was obtained. 'H NMR (400 MHz, CDCls) (4, ppm): 6.08, 5.52 (d, 16H,

16  CH,=CCH;(CQ)), 3.20-3.70 (m, 56H, OCH>), 1.92 (s, 24H, CH,=CCHj3), 1.0-1.4 (m,

48H, CH,CH,0), 0.56-0.60 (m, 16H, (CH3),SICH3), 0.12 (s, 48H, (CH3);SiCHz). "°C

NMR (100 MHz, CDCi3) (8, ppm). 166.81 (C=0), 136.63 (CH3C=CH,), 125.10

(CH3C=CHg2), 76.72-69.77 (OCH,), 23.10 (OCHCH,CH,0}, 18.22 (CH3C=CH,),

17.31-16.20 (CH,CH,CH,0), 13.65 (Si{CH3);CH), -0.44 (Si(CHs)z). 2°Si NMR (79

20 MHz, CDCly) (8, ppm): 13.0 (Si(CHjs)z), ~108.8 (SiO4). FTIR (cm™). 1718 (C=0),
1638 (C=C), 1254 (Si(CHa),), 1094 (Si-O-Si).
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[0074] Reaction E (Figure 3) was carried out with simlar procedures

to that of weasbd@fsé i n which the di (propylene glycol) 3dik:6ish6in7s
nmet hacryl ate was replaced with propargyl methacrylate. The reaction

m xture was allowed to stir at 50 C for224 h. As before, reaction
conpl eti on was nonitored by the di sappearance of the Si-H 10
absorption peak at 2145 cm1 using FTIR Small amunt of excess
react ant and sol vent were renoved effectively by vacuum evaporation
t echni que using a hi gh vacuum punp. A viscous liquid with a product

yield of 91 e%bt 21 Aearazed MRaacHoR MO Yered: aBRBY: an r
6. 16- 5. 59 (m F AR 22 OHP a, W - eths
98 .
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- 144 7 (Si C=CH? 141.1 (CH=CHSI

ot f’éné? ’ &Jgé’agd@g’é%é@ﬂff’fq"’%ﬂ’% I(CH:CHS?)/3 trans§ 127.0

(Si C=CHg @), 125.6 (CH2=CCH3(CD)), 67.3 (OCH2CH=CH /3-trans), 66.3

(OCH2CS® a), 18.3 (CH2=CCH3((D)), -0.14 (0Si (CH3)2CH). 29Si NMR (79

VHz, CDCl 3) (6, Ppn) 1.39, 201.04 (Si(CH3)2/3-trans a), -109.4
(Siai). FTIR (C} ) 1@22 (C=0), 1638 (C=C), 1256
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[0073] Reaction B was carried out in two steps by adding (HSiMe;0SiO1 5)s

(1.0g, 0.98mmol) and anhydrous toluene (10 mi) to a 50 m! round bottom flask

10 equipped with a stir bar and condenser under Ar. The mixture was stirred for 5 mins
to allow for all (HSiMe,0S8iO0 s)s to dissolve. 4-vinyl-cyclohexene epoxide (0.24g,

1.96 mmol, 2 equivalents) followed by Pt(dcp) (0.01 mi of 2 mmol solution in
anhydrous xylene) were then added dropwise into the flask. The mixture was
allowed to stir at 55 °C for 24 h. Di(propylene glycol)allyl ether methacrylate (1.43g,

15 5.90 mmol, 6 equivalents) was then added dropwise into the reaction and allowed to
stir for another 24 h to complete the reaction. Reaction completion was monitored by

the disappearance of the SiH absorption peak at 2145 cm™ using FTIR. Small
amount of excess reactant and solvent were removed effectively by vacuum
evaporation technique using a high vacuum pump. A viscous liquid with a product

20 yield of 88 % was obtained. The above synthetic procedures were repeated for the

synthesis of compound € and D. Compound B: 'H NMR (400 MHz, CDCl5) (8, ppm):



(Si(CH3)2),
Exanpl e 5:
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6.08, 5.53 (d, 12H, CH,=CCH5(CQ)), 3.20-3.70 (m, 36H, OCH,), 3.11 (m, 4H,
CHOCH, epoxy), 1.92 (s, 18H, CH,=CCHj), 0.95-1.50, 2.00-2.20 (m, 54H,
CH:CH;0, SiCH,CH,CHCH,CH;CHOCHCH, epoxy), 0.49-0.52 (m, 16H,
(CH3)2SiCH,), 0.12, 0.10 (d, 48H, (CH;).SIiCH,). *C NMR (100 MHz, CDCls) (4,
ppm). 166.81 (C=0), 136.63 (CHaC=CHj), 125.10 (CHsC=CH,), 75.77-69.76
(OCH>), 53.10-51.80 (CHOCH a, CHOCH B, epoxy),
35.31-25.34(CHCH;CH,;CHOCHCH; a, CHCH,CH;CHOCHCH; B, epoxy), 23.97,
23.52 (SICH2CH,CH a, SiCH,CH.CH B), 23.10 (OCH:CH,CH,0), 18.22
(CH3C=CHy), 17.31-16.20 (CH,CH,CH,0), 14.49, 14.39 (SiCH.CH, a, SiCH.CH, 3,
epoxy), 13.65 (Si(CH3)CH;), -0.42 (Si(CHs)2). 2°Si NMR (79 MHz, CDCls) (8, ppm):
13.2 (Si(CH3),), -108.8 (SiO4) . FTIR (cm™): 1719 (C=0), 1638 (C=C), 1254
(Si(CHa)z), 1094 (Si-O-Si), 910 (C-O-C, epoxy).

Compound C: 'H NMR (400 MHz, CDCls) (5, ppm): 6.07, 5.52 (d, 8H,
CH,=CCH3(C0}), 3.20-3.70 (m, 24H, OCH>), 3.10 (m, 8H, CHOCH, epoxy), 1.92 (s,
12H,  CH;=CCH,),  0.95-1.50, 2.00-2.20 (m, 60H, CH,CH,0,
SICH,CH;CHCH,CH,CHOCHCHS;, epoxy), 0.49-0.52 (m, 16H, (CH3),SiCH>), 0.12,
0.10 (d, 48H, (CH3).SiCH,). *C NMR (100 MHz, CDCls) (S, ppm): 166.81 (C=0),
136.63 (CH3C=CH,), 125.10 (CHsC=CH,), 75.75-69.76 (OCH,), 53.10-51.80



L [0075] A procedure identical to that of reaction E was foll owed
i n which the di (propyl ene glycol)allyi ether nethacryl ate was

repl aced w Hfp pognmsgyl nethacrylate in step 2 and the rgogiddBusMad73
allowed to stir at 50 C for 24 h. Reaction 10 conpl eti on was

nmoni tored by the di sappearance of Si-H ggsorption peak at 2145 cm1
using FTIR Small amount of excess reactant and sol vent were renoved
effectively by vacuum evaporation technique using a high vacuum punp.

Xyaf het .C%' S‘w&%@g 2«;;@*@%@)( 35 Ohgﬁ‘yﬁ'r ﬁé@ggi;b@%@eﬁ?@ﬁ@f 2
and H.

24H, CH:CHsﬁ% Paf 0%@?%5 55@12—%5 %“ﬁﬁ Héﬂgz;C B,
Totr Cro-cdB)? ?5%@05?2%%53?&22 SsereHapir e dBHEH.CPO), e
5 oroo f?ﬂ%z%?ﬁsj@ﬁc” @%M(%%?ﬁ @5(3“3)8@"'2\]&/#%?'6%&%%@%)2)
NHz, CDCI 3),(6 P 8 (C=0). 14 ((s| CCGH2 a), 141.1 (CHECHSI,

/3-trand)  2Si NMR ( b Mo D 13) ( ,ppm). 13.2 (SCHa)p), -1 88(8!04) TIR {cm™):

1718 (C=0), 1638 (C=C), 1254 (Si(CHs)z), 1089 (Si-O-Si), 910 (C-O-C, epoxy).

10 Compound D: 'H NMR (400 MHz CDCiz) (8, ppm). 6.07, 552 (d, 4H,
CH,=CCH;(C0)), 3.20-3.70 (m, 24H, OCHy>), 3.10 (m, 12H, CHOCH, epoxy), 1.92
(s, 6H, CHy=CCHs), 0.95-150, 200220 (m, 66H, CH-CHx0,
SiCH,CH;CHCHLCH,CHOCHCH;, epoxy), 0.49-0.52 (m, 16H, (CH3);SiCH,), 0.13,
0.11 (d, 48H, (CH3);SiCHz). *C NMR (100 MHz, CDCl,) (3, ppm): 166.81 (C=0),

15 136.63 (CH3C=CHg), 125.10 (CH3C=CH,), 75.70-70.10 (OCH,), 53.10-51.80
(CHOCH a, CHOCH B, epoxy), 35.31-25.34 (CHCH,CH,CHOCHCH, a,
CHCH,CH,CHOCHCH; 8, epoxy), 23.97, 23.52 (SiCH,CH.CH a, SiCH,CH,CH 8),
23.10 (OCH,CH,CH,0), 18.22 (CH3sC=CHj), 17.31-16.20 (CH;CH,CH,0), 14.49,
14.39 (SiCH,CH, a, SICH;CH; 8, epoxy), 13.65 (Si{(CH3)2CHy), -0.42 (Si(CHs),).

20  %Si NMR (79 MHz, CDCl3) (&, ppm): 13.0 (S{{CHa)z), -108.9 (SiO4) . FTIR (cm™):
1718 (C=0), 1638 (C=C), 1253 (Si(CHs)), 1087 (Si-O-5i), 910 (C-O-C, epoxy).



136.2 (CH2=CCH3(C0)), 130.1 (CH=CHSi ,8-trans), 126.9 (S1C=CH2 a),
125.6 WD 2009/ 110848PCT/ SG2008/ 000073 - 28 - (CH2=CCH3(C0)), 67.3

( OCH2CH=CH {3y folisctifdss 66. 3 (OCH2CSI a), 53.1-51.8 ( CHOCKayscChietoos.
epoxy), 35.3-25.3 (CHCH2CL- | 2CHOCHCH2 a, CHCH2CH2CHOCHCH2 fl, epoxy),

24.0, 23.5 (SLCHCH3CH a, S1CH2CH2CH /3, 28poxy), 18.3 (CH2=CCH3((C0)),
14.5, 14.4 (SiCHCH3 a, Si CH2CH2fl, epoxy), -0.05, 5 -0.47
(Si (C113)2). 23SL NMVR (79 MHz, CDCI3) ($5, PPm): 13.5 (SI(CH3)2
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[0074] Reaction E (Figure 3) was carried out with similar procedures to that of

reaction A in which the di(propylene giycol)allyl .ether methacrylate was replaced

with propargyl methacrylate. The reaction mixture was allowed to stir at 50 °C for 24

h. As before, reaction completion was monitored by the disappearance of the Si-H

10  absorption peak at 2145 cm™ usi‘ng FTIR. Small amount of excess reactant and

solvent were removed effectively by vacuum evaporation technique using a high

vacuum pump. A viscous liquid with a product yield of 91% was obtained. '"H NMR

(400 MHz, CDCl3) (4, ppm): 6.16-5.59 (m, 32H, CH=CHSi #-trans, CH,=CCH3(CO),

CH,=CSi a, CH=CHSi p-trans), 4.81-4.69 (m, 16H, OCH.C(sp?)), 1.98 (s, 24.0H,

15 CHy=CCHs), 6 0.29-0.25 (m, 48.0H, OSi{(CHs),CH). *C NMR (100 MHz, CDCl3) {4,

ppm): 166.8 (C=0), 144.7 (SiC=CH; a), 141.1 (CH=CHSi B-trans), 136.2

(CHz=CCH3(CO)), 130.0 (CH=CHSi p-trans), 127.0 (SiC=CH, a), 125.6

(CH2=CCH3(CO})), 67.3 (OCHCH=CH pB-trans), 66.3 (OCH.CSi a), 18.3

(CH2=CCH3(CO)), -0.14 (OSi(CHs),CH). **Si NMR (79 MHz, CDCl3) (8, ppm): 1.39,

20  1.04 (Si(CHa)z B-trans @), -109.4 (SiOy). FTIR (cm™): 1722 (C=0), 1638 (C=C), 1256
(Si(CHa)z2), 1092 (Si-O-Si).



R\/\ RO, 10 Conmpound G 1H NVR (400 MHz, CDCI3) (5, ppm:
6.14-5.58 (m 16H, CH=CHSi fl-trans, CH2=CCH3(C0), CH2=CSl a, CH=CHSi
/3:trans), oMfufds(m BH O02C(sp2), 3.12 (m BH GeidaRmin
1.96(s, 12H, CH2=CCH3), 0.80-1.90, 2.00-2.20 (m 44H, CHZCH20
S1CH2CH2CHCH2CH2CHOCHCH2,  epoxy), 0.48 276 15 (m 8H, (CH3)2Si CH2),
0.28-0.11 (m 48.0H, OSi (CH3)2, OSi (CH3)2, epoxy). 13C NMR (100 Mz,
CDCI 3) (5, ppm): 166.7 (C=0), 144.9 (Si C=CH2 a), 141.2 (CH=CHSI
/3-trans), 136.3 (CH2=CCH3((C0)), 130.2 (CH=CHSI fl-trans), 126.9

(Si C=CH2 a), 125.4 (CH2=CCH3(C0)), 67.2 (OCH2CH=CH fl-trans), 66.3

oot Gl PR ol "By Doty an
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[0075] A procedure identical to that of reaction E was followed in which the
di(propylene glycol)allyl ether methacrylate was replaced with propargyl
methacrylate in step 2 and the mixture was aliowed to stir at 50 °C for 24 h. Reaction

10  completion was monitored by the disappearance of Si-H absorption peak at 2145
cm™ using FTIR. Small amount of excess reactant and solvent were removed
effectively by vacuum evaporation technique using a high vacuum pump. Viscous
liquid with a product yield of 87 % was obtained. The above synthetic procedures
were repeated for the synthesis of compounds G and H. Compound F: 'H NMR

15 (400 MHz, CDCls) (&, ppm): 6.17-5.57 {m, 24H, CH=CHSi S-trans, CH>=CCH;(CO),
CH,=CSi @, CH=CHSi B-trans), 4.79-4.66 (m, 12H, OCH,C(sp?)), 3.14 (m, 4H,
CHOCH, epoxy), 1.96 (s, 18H, CH,=CCHs), 0.80-1.85, 2.00-2.20 (m, 22H,
CH:CH,0, SiCH;CH.CHCH,CH,CHOCHCH, epoxy), 0.50-0.55 (m, 4H,
(CH3),SiCH3), 0.27-0.11 (m, 48.0H, OSi(CHs)z, OSi(CHa)z, epoxy). *C NMR (100

20 MHz, CDCl) (8, ppm): 166.8 (C=0), 144.8 (SiC=CH; a}, 141.1 (CH=CHSi g-trans),
136.2 (CH,=CCH3(CQ)), 130.1 (CH=CHSi B-trans), 126.9 (SiC=CH, a), 125.6



WD 2009/ 110848PCT/ SG2008/ 000073 -29 - -0.51 (Si (CH3) 2).2281 NVR (79
MHz, CDCI3) (6, PPm: 13.15 (Si (CH3)2, epoxy), 1.05, 0.64 (Si(CH3)2
ea-trans, awowdfPQefg(SI ). FTIR (cm1): 1722 (C=0), 1%,5&0@000073
1254 (Si (CH3)2), 1089 (Si-OSi). Conpound H: 1H NWR (400 MHz,
CDCI3) (6, ppm: 6.15-5.59 (m 8H CH=GL /3-trans, CH2= CCHB((I)) _
CH2=CSi a, CH=CHSi /3-trans), 4.81-4.69 (m 4H, OCHZC(spZ)) 3.16 (m
12H, CHOCH, epoxy), 1.97 (s, 6H, CH2=CCH3), 0.80-1.90, 10 2.03-2.19

(m 66H,

121 m;’?é%ﬁ@%%@%‘?%@%%@pa?ﬁ% 6%?9&35 3 Bsys
13C NMR (10 , P

141.1 (CHE -tq'ana'lo(%Gg %&%@3 %@&M&H% a,
/3-trans), 126.9 (SiC=CH2 a), 125 9 ggl—lz é %?CHZCH:
/3-trans), @8% b‘zfé*dx%%ﬁ% é) epsﬁv)g 072?(@‘(‘9‘@9!)" HQt GH @ﬂ&@)ﬁ
35. 3-25. 3 ( CHCH2CH2 CHOCHCH 2CHOCHCH2 13, epoxy),

23.5 (S1CHERIEH. 28. 33%&@9%@1)03&?, 14.4 (SiGR$Hx ﬁ 9#053/) D45
(Si CHCH3 a, Si CH2CH2fl ,  epox -0.50 (Si (CH3)2). 22S1 NWR (79
Vbt D81 37088 (SEhpa). 5 NI 0 bkl LSDGIbd, pom) 11326 (SHOH:. Gy LHHG
/3-trans, a), -108.8 (SiH4). FTIR (cm1): 1722 (C—O) 1638 (C=0),
201253 (Si OHBYHCHApFIrare; o> Fi0B.8 (SI0.ROURLLOBISHTIAZ $6200.81 685 (F<C),
30 - Exanple 6:Formul ati on of Light-activated Experinmental
Nanoconpositt2és (Si(CHz L) d089 (FH@-Siynt hesi zed SSQ conpounds were bl ended
with control nmononers in 5, 10, 20 and 50 wt % of SSQ resins ratios
respectively. The control material in this study was nmade by m xi ng
Bi s- GVA [ bi sphenol A glycerolate (1 5 glycerol/phenol)

di net hacryl ate] and TEGDI\/A [Grkethyl ene glycol) dimethacrylate] in a
ratio of 1:1 for optl'rfu‘m profjerties. Preparation of |ight-activated
experimental SSQ resi nss.a""mgered the addition of 1 nol % of both

visible light ini ;\a‘f’(ﬂ/ \(sp‘gfmj;[orqw none, CQ and activators
(2- (di et hyl ami no)/et?@H mg{hacryl ate, DVMAEMA) to the mononers

foll owed by additign S’l’fw iE!«\It“‘%i)—suanated mlu:j}a/kllers

R--Si—"o R
- f;si sl G:R=4
AN

0

10
Compound G: 'H NMR (400 MHz, CDCls) (8, ppm): 6.14-5.58 (m, 16H, CH=CHSi
B-trans, CH,=CCH3(CQO), CH,=CSi a, CH=CHSi g-trans), 4.78-4.68 (m, 8H,
OCH,C(sp?)), 3.12 (m, 8H, CHOCH, epoxy), 1.96 (s, 12H, CH,=CCHs), 0.80-1.90,
2.00-2.20 (m, 44H, CH,CH,0, SiCH,CH>CHCH,CH,CHOCHCH, epoxy), 0.48-0.6

15 (m, 8H, (CH3);SiCHy), 0.28-0.11 (m, 48.0H, OSI(CHs), OSi(CHa)s, epoxy). 3C NMR
(100 MHz, CDCl3) (4, ppm): 166.7 (C=0), 144.9 (SiC=CH, «a), 141.2 (CH=CHSi
B-trans), 136.3 (CH=CCHj3(CO)), 130.2 (CH=CHSI f-trans), 126.9 (SiC=CH; a),
125.4 (CH;=CCH3(CQ)), 67.2 (OCH;CH=CH g-trans}, 66.3 (OCH,CSi a), 52.9-51.7
(CHOCH a, CHOCH B, epoxy), 35.3-25.3 (CHCH.CH,CHOCHCH, a,

20 CHCH.CHCHOCHCH; 8, epoxy), 24.0, 23.5 (SiCHCHiCH ¢a, SiCH,CH:CH 8,
epoxy), 18.2 (CHz=CCH53(CO)), 14.5, 14.4 (SiCHCHj3 a, SiCH,CH; 8, epoxy), -0.09,



10 (G018-0166, SCHOTT El ectroni c Packaging GrbH). The fillers with an
average particles size of 1.5 mcrons were silanated with 3. 2% of

si | ane couplyigweadedts (y- met hacryl oxypropyl tri met hoxysi lﬁﬂ?@GZO{ER)@G{)’IS
vari ous conposite fornul ati ons were then m xed honogeneously by hand

spatula in light-tight containers with_egre taken to ensure that no
air bubbles were trapped upon m xing. Table 1 shows the 15
conpositi-on of the respective materials. Figure 5 illustrates the

nvent i ' _Table 1. al

Ve act ur 68 EHEHE o SHMBNTS BT adre o, eyl S Hbmeposy, .05,

oo (e B4 s irans, 0); 108 (Blo J Frik EmT: 1728 (c28), 3838 {c=0),
1254 (Si(CHa);), 1089 (Si-0-Si).

Compound H: 'H NMR (400 MHz, CDCls) (S, ppm): 6.15-5.59 (m, 8H, CH=CHSi
B-trans, CH;=CCHj3(CO), CH,=CSi a, CH=CHSi p-trans), 4.81-4.69 (m, 4H,
OCH.C(sp?)), 3.16 (m, 12H, CHOCH, epoxy), 1.97 (s, 6H, CHp=CCH,), 0.80-1.90,
10 2.03-2.19 (m, 66H, CH,CH.0, SiCH,CH,CHCH;CH;CHOCHCH; epoxy), 0.50-0.60
(m, 12H, (CH3);SiCH,), 0.28-0.13 (m, 48.0H, OSi(CHa)z, OSI(CHs)z, epoxy). °C
NMR (100 MHz, CDCly) (5, ppm): 166.7 (C=0), 144.9 (SiC=CH, a), 141.1
(CH=CHSi B-trans), 136.2 (CH,=CCHs(C0)), 130.2 (CH=CHSi B-trans), 126.9
(SiC=CH; a), 125.9 (CH,=CCH;(C0)), 67.2 (OCH,CH=CH p-trans), 66.3 (OCH,CSi
15  a), 52.9-51.7 (CHOCH a, CHOCH 8, epoxy), 35.3-25.3 (CHCH,CHzCHOCHCH; a,
CHCH,CH,CHOCHCH, 8, epoxy), 24.0, 23.5 (SICHCH;CH a, SiCH,CH,CH 85,
epoxy), 18.2 (CH,=CCH3(CO)), 14.5, 14.4 (SiCHCHj a, SiCH,CH. 8, epoxy), -0.10,
-0.50 (Si(CHa)z). 2°Si NMR.(TQ MHz, CDCl;) (8, ppm): 13.15 (S{CHs)., epoxy), -1.20,
-2.21 (Si(CHa); B-trans, a), -108.8 (SiOy). FTIR (cm™): 1722 (C=0), 1638 (C=C),
20 1253 (Si(CHs)y), 1093 (Si-O-Si).
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Fillers: Non-aggl onerated/ non-aggregated nanosilica
aggl onerated zirconial silica nanocluster (0.6- 1.4 mcrons),

g Wb Beuhegrates of primary zirconialsilica pgidisghas oo
-20nmfillers Filler by weight 78.5 % WO

48PCT/ SG2008/ 000073 - 31 - Filger A110

Example 6: Formulation of Light-activated Experimental Nanocomposites

[0076] The synthesized SSQ compounds were blended with control
monomers in 5, 10, 20 and 50 wit% of SSQ resins ratios respectively. The control
material in this study was made by mixing Bis-GMA [bisphenol A glycerolate (1
glycerol/phenol) dimethacrylate] and TEGDMA [tri(ethylene glycol) dimethacrylate]
in a ratio of 1:1 for optimum properties. Preparation of light-activated experimental
SSQ resins involved the addition of 1 mol % of both visible light initiators
(camphorquinone, CQ) and activators (2-(dimethylamino) ethyl methacrylate,
DMAEMA) to the monomers followed by addition of 63 wt% silanated silica fillers
(G018-0166, SCHOTT Electronic Packaging GmbH). The fillers with an average
particles size of 1.5 microns were silanated with 3.2% of silane coupling agent
(y-methacryloxypropyltrimethoxysilane). The various composite formulations were
then mixed homogeneously by hand spatula En.light-tight containers with care taken
to ensure that no air bubbles were trapped upon mixing. Table 1 shows the
composition of the respective materials. Figure 5 illustrates the inventive

compounds used in these examples.

Table 1:
Material Manufacturer Shade Composition
& Lot
number
Filtek™ 3M-ESPE, st. A2B Resins: Bis-GMA, UDMA, Bis-EMA (6) and
Supreme Paul, MN 55144 TEGDMA (small amounts)
[FS] 2AE

Fillers: Non-agglomerated/ non-aggregated
nanosilica {20 nm), agglomerated
zirconia/silica nanocluster (0.6 — 1.4 microns),
consisting of agglomerates of primary
zirconialsilica particies with size of 5-20nm
fillers

Filler by weight: 78.5 %




3M ESPE, St. Paul, M 55144 A2D 2BA Resins: Bis-GVA and TEGDVA
Fillers: Silica (0.04 mcrons) Filler by weight 56 % Filter Flow [FF]
3M ESPE, St woRasody® 55144 A2 3C6 Resins: Bis-GVA, TEGYH360s/000073
Proprietary dinmethacrylate polyner Fillers: Zirconialsili casq.'?l. é
mcrons) Filler by weight 68 % S1 Sel f-synt hesi zed

Filtek™ 3M-ESPE, St. A2D | Resins: Bis-GMA and TEGDMA
A110 Paul, MN 55144
2BA
Fiflers: Silica (0.04 microns)
Filler by weight: 56 %
Filtek™ 3M-ESPE, St. A2 Resins: Bis-GMA, TEGDMA and Proprietary
Flow Paul, MN 55144 3CG dimethacrylate polymer
[FF]
Fillers: Zirconia/silica (1.5 microns)
Filler by weight: 68 %
$1 Self-synthesized Resins: Bis-GMA, TEGDMA, 10% compound C
Fillers: Silica (1.5 microns)
Filler by weight: 63%
52 Self-synthesized Resins: Bis-GMA, TEGDMA, 20% compound C
Fiflers: Silica (1.5 microns)
Filler by weight: 63%
53 Self-synthesized Resins: Bis-GMA, TEGDMA, 20% compound B
Fillers: Silica (1.5 microns)
Filler by weight: 63%
84 Self-synthesized Resins: Bis-GMA, TEGDMA, 20% compound D
Fillers: Silica (1.5 microns)
Filler by weight: 63%

"All compounds used are commercial products except for compounds B, C and D which have been

prepared according to the process of the present invention,

Physical / Mechanical Characterizations
5 Polymerization Shrinkage
[0077] Post-gel polymerization shrinkage was determined using the
experimental set-up used by Yap et a/.*®% with minor modifications. A white Teflon
mold of inner length 7.0 mm, width 4.0 mm and height 2.0 mm was used to confine

the synthesized materials with the exception of a window for the strain gauge leads.



Resi ns:

Sel f-synthesi zed Resins: Bis-GVA TEGMA, 20% conpound B

Bi s- GVA, TEGDMVA, 10% conpound C Fillers: Silica (1.5 m crons)
Filler by weight 63% S2 Sel f-synthesized Resins: Bis-GVA TEGVA,

20% compoungoGofdrdibgss: Silica (1.5 nicrons) Filler by vygi ?(ﬁ;ﬁ(@g%

ers

Silica (1.5 microns) Filler by weight 633 %$4 Sel f-synthesi zed
Resi ns:

10

15

20

Bi s- GVA, TEGDMA, 20% conpound D

Foil electrical resistance strain gauges (Foil Strain Gauge, RS Components Lid,
Singapore) of 2 mm in length, an electrical resistance 120 Q and gauge factor 2.00
were positioned onto the flat surfaces of the Teflon mold. With the strain gauges in
place, the synthesized materials were placed into the cavity of the Teflon mold. Care
was taken to ensure complete filling of the cavity and excess material was extruded
using pressure applied through a glass slide. The leads from the strain gauge were
connected to a strain-monitoring device (Strain Gauge Recorder, Cole Parmer
Instruments, IL 60061) initially balanced at zero. The strain-monitoring device
consisted of a chart recorder which functions by rationing sense voltage to signal
voltage and converting it to analog output. Dimensional changes are thus effectively
transferred to the gauges and measured in terms of resistance.

[0078] The test samples were then light polymerized at 500 mW/cm? for 40
seconds. A total of three specimens were made for each material. Dimensional
change during and post light polymerization was monitored in air at room
temperature (25 + 1°C). Post light polymerization shrinkage measurements were
taken at 0 (immediately after light polymerization), 1, 10, 30 and 60 minutes after
removal of the curing light. Percentage linear shrinkage was derived from the

following equation (1);

AR
Percentage linear shrinkage = m%xloo = —-[E/E-xloo (1)

where AL = Change in length, L = Original length, AR = Change of resistance, R =

Original resistance and K = Gauge factor (i.e. 2).

Indentation Hardness and Elastic Modulus

[0079] Both indentation hardness and elastic modulus were determined using



Fillers: Silica (1.5 mcrons) Filler by weight 63% 'All conpounds
used are commerci al products except for conpounds B, C and D which
have been pxgPRiRHoagcording to the process of the presgiipdddy@Rbhedd-
Physi cal / Mechanical Characterizations 5 Polynerization Sérl nkage
[0077] Post-gel polynerization shrinkaggzwas determ ned using the
experinmental set-up used by Yap et ai.28129 with m nor nodifications.
A white Teflon nold of inner length 7.0 mm w dth 4.0 mm and hei ght
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appl i ed & hrialynedzey ak 806 IM\yém 40 seeoridso ot daxiness rangamgdulvsrwere
connected to a strain-nonitoring device (Strain Gauge Recorder, Cole
Par mer | nstdaiemnined ai 0 (iswosligtelyraftar sure), bandodaysavittrspasimahe conditioned
strain-nmonitoring device consisted of a chart recorder which
functions bp diatillednvatersan8é°Giol Adgtal taf sevpmabpddimens tvagre mnade for each
converting it to anal og output. D nensional changes are thus

ef f ecti vel ysyntresiAedrmatdrialo t he gauges and neasured in terns of

resi st ance. [0078] The test sanples were then light polynerized
at 500 mWcn? ffon80]0Depthesuising/micpdiatenthtibm ferchatly Gardness andrmodmde was
for each material. Dinensional change during and post |ight

pol ynerioz atdapiied\aat using hauetbm Wesighedtindermatichbhénpeit Atouhted ban Ifstron
Post |ight polynerization shrinkage nmeasurenents were taken at O

(i medi at elMicad-T&st systehit (Mudley 5848, Iritiod Vorpdratidl, CattoaNUS A THepe6ifnens
after renoval of the curing light. Percentage |inear shrinkage was

derived fraferehidntéd Qith 8 Vickeraihtontet dDa ratd 6RY. Fo0F RGeS DhBIZEmbkiRRM load
shrinkage = - x100'x100 (1) 20 where AL = Change in length, L =

Original | 190N wARaffaifbd MR Sdak 1BEH WadHBER hEIdFoP DY 4 uhIBSdEd AMG @t a
and K = Gauge factor (i.e. 2).

rate of 0.0002 mm/s. Indentation loads (P) and the corresponding indenter

15 displacements (h) were recorded continuously during the loading~unloading cycle.

Hardness (H) data were obtained by dividing the peak load (Prax) over the maximum

projected contact area (Amax) (equation 2) while elastic modulus (E;,) is calculated

by the unloading contact stiffness analysis (S) according to Oliver and Pharr

(equation 3).%

20 7 = T 2)
- 2
E, = o (3)
A —
1.142 ¥ 1205
3 E,

where



| ndent ati on Hardness and El astic Mdulus WO
2009/ 110848PCT/ SG2008/ 000073 - 33 - a depth-sensing m croindentation

techni que e@plBxedoddy Yap et a/.3 Synthesized materials Mﬁg&?}éﬁ@’w@?}

into the square recess (3 mMmmlength, 3 MfMm width and 2 mm
custom zed acrylic nolds with excess rrpétff'ri al s extruded using

pressure applied through a glass slide. he synt hesi zed material s

were then light 5 polynerized at 500 mMVWcnR2 for 40 seconds. Both

har dness and nodul us were determned at O (inmediately after cure), 1
and 7 days with specinens conditioned in di sz,gq;mL td water at 37C. A
total of seven specinens were n’édaerf%{éach—gﬁna‘hesi zed material .

[ 0080] Dept h-sensing m croi ndentation for bot ardness and nodul us
was 10 carried out using a custom designed indentation head unit
nounted to an Instron Mcro-Test system (Mddel 5848, |nstron

Cor poration, Canton, USA). The specinens were indented with a Vickers
i ndent er atEoar Flastic sodolusadsliamend Vickens indendsd didl G&ad of 10N was
attained. The peak | oad was then held for 10 s and unl oaded fully at

a rate of Q, QQSsdPiSratibtA e Mdepter!eds (P) and the correspondi ng
i ndenter 15°di spl acenents (h) were recorded continuously during the

| oadi ng- unl oadi ng cycle. Hardness (H) data were obtained by dividing
t he peak | agd Péisjordy eatiotdfehetost matenal,d}.24t ed contact area (Anax)
(equation 2) while elastic nodulus (a) is calculated by the unl oading

contact =ty RueAgRbYHeB Sygbliflptd (0,0 ver 2 Phar
!_.')egree of Conversion
[0081] The degree 6f conversion was determined using a TA instruments
10 DSC Q100 equipped with a PCA (Photocalorimetric Accessory) unit. Specimens (n
= 3) of approximately (10 * 2) mg were weighed and placed in a hermetic DSC
aluminum pan. Samples were then exposed to visible light (mercury lamp) for 40
seconds at 500 mW/cm? under N at 37 °C. The extent of polymerization was then
derived from the heat of photopolymerization (AH) calculated from the area under
16 the peak of the differential temperature curve using theoretical reaction enthalpy ﬁf
13.1 keal/mol for the methacrylate double bonds®? as the standard value for heat of
polymerization in this study. Degree of conversion was then derived from the
following equation (3):

AHe .
Degree of conversion = ——222 , 150 (3)
Theoretical

20
Depth of Cure
[0082] The depth of cure testing methodology was carried out by means of a

scraping technique based on ISO 4049 (2000). The composite was placed in black



?0 . where -34 - = 24.5(11. 3Pmax 4S Ea= El astic nodul us of di anond
Vi ckers indenter, 1141 GPa 00= Poisson's ratio of the indenter, 0.07

5um = Poi ss‘gazﬁogyﬁgsj“g) of the test material, 0.24 hmax = gden (?Tobda'i‘s
dept h at maxi num | oad Degree of Conversion [0081] The degree o

conversion was determned using a TA inggrunments 10 DSC QLO0 equi pped
with a PCA (Photocalorinmetric Accessory) unit. Specinens (n = 3) of
approximately (10 2) ng were wei ghed and placed in a hermetic DSC
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E' Penment al x100_ AHTheoreti cal d( ) )
5 composite was then irradiated from the top through the glass slide and acetate strip

at 500 mW/cm? for 40 seconds with the VIP light curing unit. immediately after light
polymerization, the acetate strips were removed followed by the specimens in their
molds. Uncured materials were then removed with a plastic spatula. Height of the
cured material was measured with a digimatic caliper (Mitutoyo Corporation, Japan).
10  Depth of cure was tabulated as 50 percent of the remaining length. Five specimens

were prepared for each composite

Water Sorption
[0083] Water sorption test for all composites were detemmined using
15 technique specified in ISO 4049 (2000). The composite was placed in white teflon
molds of 10 mm in diameter and 1 mm in thickness and confined between two
opposing acetate strips (Hawe-Neos Dental, Bioggio, Switzerland). A white delrin
base was used beneath the molds. A glass slide (1 mm thick) was then placed on
the molds and excess material was extruded by pressure application. The
20 composite was then irradiated from the top through the glass slide and acetate strip
at 500 mW/em? for 40 seconds with the VIP light curing unit. Immediately after light
polymerization, the acetate strips were removed followed by the specimens in their
malds. On removal, specimens were placed in a desiccator containing freshly dried
silica gel maintained at {37 £ 1)°C. Specimens were then removed after 24 hours

25 and stored in a second desiccator maintained at (23 + 1)°C for 2 hours and weighed



20 Depth of Cure [ 0082] The depth of cure testing nethodol ogy
was carried out by means of a scraping techni que based on | SO 4049

(2000) . TheweohRAsidi€ Was placed in black WO PCT/SG2008/000073
2009/ 110848BCT] SC2008/ 000073 - 35 - teflon molds with squars cavitres

6.7 mm deep and 4 nmwi de/long and confaged between two opposing
acetate strips (Hawe-Neos Dental, Bioggio, Switzerland). A white
delrin base was used beneath the nolds. A glass slide (1 mmthick)
was t hen placed on the ds d excess mater,i al s extruded b
ressur o aiBIERAREIE Offlel 56 SssSFEovsiEJepratadinliA paRuA i ees da wes
top through the gl ass sI'_d? and acetate strip at 500 mWcnR for 40
seconds wi taPtRined-After theiital eapgitigningiboth digmetgrand thickpess ofgagh specimen
pol yneri zation, the acetate strips were renoved fol Lowed by the
speci nens iwerehdetermied susiog crdigimalie eralines (Mevieye hearnosaiaie d/apanh agd
plastic spatula. Height of the cured material was neasured with a_
di gi mati c ceciyen youmet(Yy wem eplovlatadon mmapihspecimens pere immersed ingo
tabul ated as 50 percent of the remaining | ength. Five specinens were
prepar e@ f onl efalistilled matari at €3Tnat197C Bw 7 iays th¢roassivenh bitied sinpand weighed
for all conposites were determ ned using 15 technique specified in
| SO 4049 ( 162p)AfteTHibisoveighing spevimens wesrlréoondiivned te cbostanbindss (th;)1i0
mmin diameter and 1 nmin thickness and confined between two
opposi ng adke dessisdtor psing Heewabdeode doebed bycl&i igg ispecifent 2eark pneharedifor
white delrin base was used beneath the nolds. A glass slide (1 nm
t hi ck) was ddehnmpteriahdWatert serptiohd Ve dinemdaregramd eier atubi@ nittinteterdads
by pressure application. The

calculated using the following equation (4):

m, —m,

10 Wep =23 4
sp - (4)

Results of the experiments:
Polymerization shrinkage
[0084] The mean linear percent shrinkage of the various dental composites
15  evaluated during light polymerization is shown in Figure 6. The mean linear percent
shrinkage at the various post light polymerization time intervals is shown in Figure 7.
For all materials, the rate of shrinkage was greatest during light polymerization
reaction and continued after removal of the light source (Figure 6). The shrinkage
strain that occurs prior to gelation does not contribute to stress as only viscous but
20 unrestricted flow was involved. Flow was defined as the amount by which the
shrinkage siresses exceed the elastic limit and was thought to be the ability of
molecules within the forming polymer to slip into new positions before being
constrained by cross-linking. In light-activated composites, the fast reaction rate
practically eliminates the time allowed for viscous flow, and that the polymer matrix

25 becomes rigid within seconds after a relatively low degree of conversion. The



20 conposite was then irradiated fromthe top through the glass slide
and acetate strip at 500 mWcnR2 for 40 seconds with the VIP |ight

curing unitwoligsrdisasel y after |ight polynerization, theg hideR00073
strips were renoved followed by the specinens in their | ds. On
renoval , specinmens were placed in a desggcator containing freshly
dried silica gel maintained at (37 1)C Specinens were then renoved
after 24 hours 25 and stored in a second desiccator naintained at (23
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constant mass (nB) in the dessicator using the above described cycle.
Fi ve spéci HeRcCayanies by drrapidiinerease in alasks medulupavhich idupes stessywithin
in mcrograns per cubic mllinmeter was cal cul ated using the foll ow ng
equation (4)e pelymer and\igributes (ifo tme hwundan layhes. ehfjie moskgelsshrinkage
influences the strength of the bond between composite resins and tooth structure
which may lead to bond failure arising from defects in the composite-tooth bond.

[0085] At all time intervals, the post-gel shrinkage associated with the

10 flowable composites, FF was found to be significantly greater than ali the other
dental composites evaluated. The low viscosity resin composites were developed
for ease of placement and handling. As the volume fraction of polymer matrix in the
composite and the type of polymers used are primary material factors influencing
polymerization shrinkage the high shrinkage obtained with FF may be attributed to

16 the proprietary dimethacrylate polymer used.

[0086] Post-gel shrinkage associated with experimental nanocomposites was
found to be significantly lower than A110 with the exception of S1. Although
shrinkage value associated with 81 was low, no significant difference was observed
between that of S1 and A110. The low shrinkage property obtained with all

20 experimental nanocomposites may be attributed to the presence of the synthesized
$8Q compounds. Post-gel shrinkage decrease with increase in SSQ compounds
added. This accounted for the differences in shrinkage vaiues between that of S1
and S2. S1 with only 10 wt% compound C incorporated have more Bis-GMA /

TEGDMA monomers in the composite system when compared to $2. The low

25 molecular weight TEGDMA, being more flexible and having more double bonds per



Pol yneri zati on shrinkage [0084] The nean |inear percent shrinkage of
t he various dental conposites 15 evaluated during |ight

pol yneri zat {@hobsiigdigwn in Figure 6. The nean |inear pergaic008/000073
shrinkage at the various post |ight polynerization time i nterva{s IS

shown in Figure 7. For all materials, thg.rate of shrinkage was
greatest during light polynerization reaction and continued after
renoval of the |ight source (Figure 6). The shrinkage strain that

occurs prior to gelation does_ngt contrjhute to stress as, onl
OF scous but ottt peRu bl fop e SRl o srTtRler sufiabe of ST
t he anmount by vt(hi ct] &Ne shri nkage stresses exceed the elastic limt
and was t houghtl9987]p&Vhencomparng,acspssipe difarert RANCRIMPeSitesiSA: R3ANd S4,
polymer to slip into new positions before being constrained by
cross- | i nkiRRp-9ehshrinkage generally decreasmwilh desreagn in thedwmhes of meihacaylate
practically elimnates the tinme allowed for viscous flow, and that
t he pol ynerchaits aftaghedote sHd withyithe \@xcaplions &f obdis Safwith 2 long ghaine| of
| ow degree of conversion. The WO 2009/ 110848PCT/ SG20081000073 - 37 -
pol ymer 9z atmethaerylate groupsi andfishork chaing bl epoxyhgroyes attacheddo doe SSQ core
whereby the restorative material is transfornmed froma
vi scous- pl awas founck to &er ingral-astessibile ardabave \Wedter finteractiemsweith Hia epntrol
gel ation and can no | onger conpensate for shrinkage stresses,
post - gel pohgmememsalhisracsburitad fordhe slight differefde in shoinkags valags.on
process
Indentation Modulus and Hardness
10 [0088] The mean hardness and modulus of FS, A110, FF and all
experimental nanocomposites (S1 — S4) are shown in Figure 8 and 9 respectively.
The understanding of the mechanical properties of dental composites is important
for the development of “tooth-like” restorative materials. An ideal restorative material
is one that has mechanical properties comparable to those of énamel and dentin.
15  Both hardness and elastic modulus are amongst the several mechanical properties
evaluated in this study to determine the resistance to occlusal forces. Hardness
refers to the resistance of a material to indentation or penetration. It has also been
related to strength, proportional limit and ductility of materials and has been used to
predict the wear resistance of a material and its ability to abrade or be abraded by
20  opposing tooth structure and materials. On the other hand, elastic modulus refers to
the relative stiffness of a material. Together with adhesive properties, elastic
modulus plays an important role in preventing microleakage, secondary caries and /
or filling dislodgement.
[0089] From results obtained in Figures 8 and 9, indentation hardness and

25 modulus associated with FS at day 0 (immediately after cure), 1 and 7 was found to



5 is acconmpanied by a rapid increase in elastic nodul us which induces
stress within the polynmer and distributes it to the boundary | ayers.

Thi s post - g@lg fbsi0kaoe i nfluences the strength of the %‘?ﬁ‘?s\(ﬁ‘%

conposite resins and tooth structure which nay lead to b ure
arising fromdefects in the conposite-tggth bond. [0085] At all tine
intervals, the post-gel shrinkage associated with the 10 fl owabl e
conposites, FF was found to be significantly greater than all the

ot her dentgl composites. evaluated. The, |l ow viscosjity resin osjtes
vere devel gife8ONERRhERoBHT AR Shiwlerai SYaNFnhis Ay b st to e
fraction of polyne trix in the conposite and t t of pol yners
used are prqrﬁ%’ifl fﬁ;ﬁ'gﬁ aﬂ"e?‘%{gt‘ﬁr & fnaRsiE Ppiem }%ﬁ% PSHE'StS of both
shrinkage the hj.&b shri nkage obtained with FF_may be attri buted Lo 15
the propri dBP§IER it gkeaniasilicy angelusies s [ikrIBdpattipgt ofyép.5 wt%. The
shrinkage associated with experinental nanoconposites was found to be
si gni i cantaoynbigation efinanosired RAricies aed srBegustenrastuces intarstitialgpacing of
shrinkage val ue associated with Si was |ow, no significant difference
was obsé&r vdbe hilersaaiticles endthis resulis i highemfiiers daading andt belep meshanigal
obtained with all 20 experinental nanoconposites may be attributed to
t he presende¥opgriiehie synt hesi zed SSQ conpounds. Post-gel shrinkage
decrease with increase in SSQ conpounds added. This accounted for the
di f f erences i n[@080]nAbgdl tideudstebalsperm siguificaft differemdteSHh Hairdnesshwas
only 10 wt % conpound C i ncorporated have nore Bis-GVA / TEGDVA
nmononer s i mhsbeddrghesen that pé 5¢ MAMER and FFiagedetad while tHd eldstigintimiulus of
nol ecul ar wei ght TEGDMA, being nore flexible and havi ng nore doubl e
bonds per SMGva9EAUNHHOABEGIICARBOEGREN0ZR A118&nd FF. The high hardness and
10 meodulus values of S1 can be attributed to the addition of 10 wt% compound C. The
addition of SSQ compounds often results in dramatic improvements in polymer
properties due to their ability to bridge the gap between inorganic ceramics and
organic polymers. Results obtained for FF corroborated well with that of
polymerization shrinkage which stated that FF tended to shrink more and was less

16  rigid than conventional hybrid materials due to their increased flow capacity.

Degree of Conversion
[0091] The mean degree of conversion of the various materials evaluated is
shown in Table 2. Degree of conversion associated with the commercial dental
20 composites was found to be significantly greater than all experimental
nanocomposites except S4. 5S4 was found to have a degree of conversion higher

than A110.

25



unit of weight, accounted for the relatively higher polynerization
shrinkage of Si. [ 0087] When conparing across the different
nanoconposi and 84, post-gel shrinkage general
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with the exception of 84. 84 with 2 |longgchains of 5 nethacrylate
groups and 6 short chains of epoxy groups attached to the SSQ core
was found to be nore accessi ble and have better interaction with the
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At al | 19i msonegrdratian of unreastegmarberndruble berdsiesaining irathgmesis Whge cured.
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nmodul us of THis iscduef wulitditations @nsthgrmebilityraf| rpatlivghspedeasdmpased bxttie Fapid
The high hardness and 10 nodul us values of Si can be attributed to
t he additi dermetion®f atcvossslinked polydrerithreteddd. in addition, Stuh evels @f ndaversion
often results in dramatic inprovenents in polyner properties due to
t hei r abi | ialsp tesulted dgkightreceramclion wham fates danng polymenizatioradis usually
organi c polyners. Results obtained for FF corroborated well wth that
of pol yner iresuifsémgahs anokad thentrvith nedrgine drestiting fi-microléakiden palpal imitation,
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16 thermal sensitivily, recurrent caries and internal stresses.

[0093] Various techniques used for the measurement of the degree of
conversion include Fourier Transform Infrared Spectroscopy {FTIR), Laser Raman,
Micro-Raman Spectroscopy, MIR {(multiple intemal reflection), NIR (near infrared),
ATR and micro-attenuated total reflection infrared spectroscopy (micro-ATR),

20 differential thermal analysis (DTA) and differential scanning calorimetry (DSC). In

the foliowing, the DSC technique with a photopolymerization apparatus was chosen



15 rigid than conventional hybrid nmaterials due to their increased
flow capacity. Degree of Conversion [0091] The nean degree of
conver si on @f Afp¥agi ous materials evaluated is shown hﬁFﬁﬁghﬁm&mn
Degree of conversion associated with the comercial dental 2
conposites was found to be significantlyqgreater than al

experinmental nanoconposites except S4. 54 was found to have a degree
of conversion higher than A110. WO 2009/ 110848PCT/ S&G2008/ 000073 -40
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tool which provides a measture of methacrylate conversion based on the enthaipy of
the exothermic polymerization.

[0094] From Table 2, degree of conversion associated with FF was found to
be significantly greater than all other materials evaluated. This phenomenon can be
explained by the flowability of the composites as a more viscous materials tended to
restrict the mobility of reactive species and reduce the frequency and probability of
random encaunters, which led to a decrease in polymerization propagation.

[0095] For the degree of conversion of the experimental nanocomposites
developed, S4 was found to have a degree of conversion greater than $1, S2 and
83. No significant difference was observed between that of S4, FS and A110. This
may be due to the addition of the more flexible and accessible compound D. When
the methacrylate groups of compound D start to react with the control on
polymerization, they bring with them the attached SSQ cubes. After the first coupling
reactions, the SSQ cubes are anchored into the crosslink network. With the
restrictions set by the buiky SSQ cubes, molecular structures of the network were
set. Further reactions involved only movement of both the small molecules and
anchored methacrylate groups. As compound 2 has only 2 long chain methacrylate
groups attached, more interstitial spacing were present in the network after the first
coupling when compared to S2 and S3. This interstitial spacing may be filled up by
the smaller Bis-GMA and TEGDMA molecules on further reactions. Thus, this may
account for the high degree of conversion and low shrinkage properties obtained for
S4.

[0096] In this study, the obtained degree of conversion of the different

materials corroborated welt with earlier studies where degree of conversion was



67.67 (2.25) Si 39.58 (0.98) 52 40.85 (0.58) S3 36.61 (1.43) S4 54.84
(1.71) [0092] The degree of conversion in a cross-Ilinked _

pol yneric s a potentially significant role i |
SWRLARbRY o S

the ultimate physical and nechanical 5 properties of the nmaterial.
| nadequat e pol ymeri zation results in injgrior physico-nechanica

properties such as poor resistance to wear, pbor color stability,
secondary caries and adverse tissue reactions, increased rates of

S Gesi raplfRUTbI0 GRRATOT Aods 758 s PRE WS GRFRI HegRosLYted apsins.
conversi On’Hotvpeevre?, iit ?’nuus% ubaeJ lagte% t?wiatg ?r{ef idggrréte of conversion does not indicate the
degree of polymerization of Bis-GMA or TEGDMA itself but indicates the conversion
rate of the aliphatic C=C bond in the methyl methacrylate group into a C-C bond.
5 The 51 % of degree of conversion does not mean that that 49 % of monomer
remains but indicates that 48 % of C=C bonds remain. Though degree of conversion
is maximized by the inclusion of a high percentage (40-50 %) of diluents in the resin,
the cure is accompanied by significant polymerization shrinkage (2 - 14 vol %) for
most commercial materials.
10
Depth of Cure
[0097] In addition to the polymerization shrinkage, hardness, modulus and
degree of conversion, the depth of cure is another important property to be
determined. Figure 10 show the mean depth of cure of FS, A110, FF and $1-S4. As
15  light pass through the bulk of the composite to initiate polymerization, it is absorbed
and scattered. These factors result in an attenuation of light intensity as it passes
through the restoration bulk. The result of this attenuation is that cure on the surface
is much greater than it is within the depths of the material. At greater depths, part of
the light required for further polymerization is absorbed by the already polymerized
20 layers of composite resins. Thus, depth of cure can be defined as the extent of
quality resin cure deep down from the surface of composite restoratives and is
affected by filler size, light source intensity, duration of exposure and resin shade.
As aforementioned, the presence of inadequate polymerization throughout the
depth of restoration can lead to undesirable effects such as gap formation, marginal

25 leakage, recurrent caries, adverse pulpal effects and ultimate failure of restoration.



10 concentration of unreacted carbon double bonds remaining in the
resin when cured. This is due to limtations on the nobility of
reactive spgelgsdigResed by the rapid formation of a crQgsyldessthors
pol ymeric netmorﬁ. I'n addition, high levels of conversion also
resulted in higher contraction strain sygies during polynerization.
This usually results in gaps around the cavity margins, resulting in
m cr ol eakage, pulpal irritation, 15 thermal sensitivity, recurrent
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mcro-attenuated total reflection infrared spectroscopy (mcro-ATR),
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calorimetry (DSC). In the follow ng, the DSC technique with a

phot opol ymBardness sestingpthedigital paretiqipeientestmethod, dye uptake, factile tests and
2009/ 110848PCT/ SG2008/ 000073 -41 - for the neasurenent of the degree
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by the flowability of the conposites as a nore viscous materials

t ended to ensbhles aelative comparistly obfthe eardng deptpandds suitdbledducknitibes to
frequency and probability of random encounters, which led to a

decr ease i pegoinyneri zati on propagati on. [0095] For the degree of
conversion of the experinental nanoconposites 10 devel oped, S4 was
found t® have a degree of conversion greater than Si, S2 and S3. No
significant difference was observed between that of S4, FS and Al110.
This may bwaAeeSbeptidie addition of the nore flexible and accessible
conpound D. \Wen the nethacrylate groups of conmpound D start to react

Wi th the contrmooo) REIUNEELS 2Ré | BBan tWAter DsdrPom dvanidiedn tbhahat ifelens
SSQ cubes. After the first coupling
materials are shown in Figure 11. The water sorption by composite materials in an
aqueous environment is defined as a diffusion-controlled process with water uptake
16  occurring mainly in the resin matrix. While water sorption by polymer network
contributes to stress reduction, its effect is minimized as water uptake by composite
resins takes place at a much slower rate, requiring hours to reach saturation. In
addition, the water sorbed by the polymer matrix could cause filler-matrix debonding
or even hydroiyﬁc degradation of the fillers, and may affect composite materials by
20 reducing their mechanical properties and wear resistance.
[00100) From results obtained in Figure 10, all materials evaluated met the ISO
water sorption requirement of less than 40 pzg/mm®. The water sorption associated
with commercial composites, FF, FS and A110 was found to be greater than all

experimental nanocomposites S1 — S4. The higher water sorption values obtained

25 with FF, FS and A110 when compared to S1 — S4 could be attributed to the different



15 reactions, the SSQ cubes are anchored into the crosslink network.
Wth the restrictions set by the bul ky SSQ cubes, nvol ecul ar
structures gwork were set. Further reactions

novenent of9£6%Eﬁ€ e small nol ecul es and anchored nethagﬁg%ﬁﬁﬂmﬂﬁhﬁs
groups. As conmpound 2 has only 2 |ong chain nethacrylate groups
attached, nore interstitial spacing were present in the network after
t he flrst 20 coupling when conpared to S2 and 53. ThIS interstitial
spacing may be filled, u e snal nol ecul es
oh Fur thor aneies sy, Mo e RRgG Sl e e AT
conversion and | ow shri nkage properties obtai ned for

2009/ 11084dnghly stehengepiobess the shemistpynaf the quﬁoﬁhaywef somiog of,
and was highest for the nost diluted resins. However, it nust be

not ed t hat AHEUSEBPRAMESS wash fakingl tarbeigs Joliws: i TRERMAe> Bie-GMA e IDHMA >
pol ymeri zation of Bis-GVA or TEGDVA itself but indicates the

conver si on BigtEMbs Thedrasenseaef heCuarophilc etherHinkageshin TEEDMAr yydmosy!
group into a GC bond. 5 The 51 % of degree of conversion does not
mean t hat tdraupsiof Bis-ciMAand meethapredinkagelsin UDMA setcemtadfar theddifferehces-ia
bonds remain. Though degree of conversion is maxi mzed by the :

i ncl usi on ofatar sorgtiopahuenthagxister@ead bigh lofdrdphilicTESDOMA ! Bis-GR¥ and low
the cure is acconpani ed by significant polynerization shrinkage (2 -
14 vol 9% ffitlersnoading ¢56ret%) af ATEY acdoahted fhOtHadidihwater Sorption obtaih8d97]
In addition to the polynerization shrinkage, hardness, nodul us and
degree of conversion, the depth of cure is another inportant property
to be determ ned. Figure 10 show the nean depth of cure of FS, A110,
FF and S1 Cdhcldsiohs | i ght pass through the bul k of the conposite to
initiate polynerization, it is absorbed and scattered. These factors

resul t 4pn an apoemz it Ghe! iigRatidry! @RSty Asvitrd Qﬁéﬁe?oéttﬁélughnrﬁl&@e
restoration bu e result of this attenuation is cure on the

surface is JeHsdatomite'S1thay whsifsund td b8 didiffichRRy Nswar thbRealnBdRiepdial
At greater depths, part of the light required for further

pol ymer i Zatcbﬁibo‘sﬁe@@%%&@l%@ R d@ﬂr@einrt Yot WRIIRER w8 bBY&GUEd Rir 81,

conposite resins. Thus, depth of cure can be defined as the extent of

quality r e%ﬁﬁO%H@Fﬁeﬂedglﬂg’g:s%&médhﬁltﬁ lay4f a.ff@sqfwsgml e higher if not

restoratives and i1s affect | er size, light source i1ntensit

durati on_0leqBXPRH1H AHRFE el 64 8BRS 1B 1BTHRYS

of |nadequate pol ymeri zat i on roug out eﬂé depth o restoration c

| ead tqsungesi A#R), %Il%ét@ﬁéﬁ e%Hléﬁté?ﬁogaQ?thyf 'Eg#éf %ﬁcll wiRr gbﬂfﬁbp met ethe ISO

25Ieakage recurrent caries verse s an

failure of Lagfd¥éhs Ofhus, HE d%@@%’p?rﬂe%‘?éﬁ@ﬂnﬁ@%%%99&%?@@ for example

S4, does show potential for use as low-shrinking dental restoratives with
physico-mechanical properties comparable to some commercial dental composites.
It was believed that with further modifications and optimization on the filler particles
20 used, polymerization shrinkage and physico-mechanical properties may be further

enhanced.



[ 0098] Various techniques used for the determi nation of depth of cure
of conposites include an optical m croscope where changes in the
transl ucency,Pyed 16815 - cured conposite resins are detectqqny ﬁmh§9n
4049 scraping techni que, knoop hardness testing, the digita
penetroneter test nethod, dye uptake, fggtile tests and 5 nuclear
magneti c resonance mcroinnaging. In this study, the |ISO scraping
techni que was chosen for the determ nation of depth of cure due to

its relative sinplicity and m ni nal%ér_[%é@ tation requirement. It
is a sinple nmethod that enables rel&at ari son of the curing

depth and is syitaple for clinicjans to perform 10 Water Sorption
5066] *Ros i Hetolewipa delerineas.are Fab e GFeRar PRIGEIORor t he dbf f or ent

materials are shown in Figure 11. The water sorption by conposite
materials in an aqueous environnent is defined as a

di ffusion-controlled process with water uptake 15 occurring nmainly in
the resin NatrixeinfgdecKiaNey davefpmantsin iy restorativausyteasnt rAm Ubers
to stress reduction, its effect is mnimzed as water uptake by
conposi Be resi nAssakd89FHN128:8731584. nuch sl ower rate, requiring hours
to reach saturation. In addition, the water sorbed by the polyner
matrix could cause filler-matrix debondi ng or even hydrol ytic
degradation of the fillers, and nay affect conposite materials by 20
reduci ng tikir Sebhds] ¥ap Apl Giaw KiSe Postrgelvaainkags withatifferent RO6d€OHF LED
Fromresults obtained in Figure 10, all materials evaluated net the

| SO wat er sor pt iaad hakgen tightairingf urlits SOpéhBentID QA2 NBB7-32he wat er
sorption associated with conmerci al conposites, FF, FS and Al110 was
found to be greater than all experinental nanoconposites Si - 54. The
hi gher water sorption values obtained 25 wth FF, FS and A110 when

conpared t@.Si 1adelROR, d dpsbrathtsi Buved MeerbBek B,f VafitsHe G\Polymerization
2009/ 110848PCT/ SG2008/ 000073 - 44 - chemical structures and fillers

| oadi ng. Studi e%hhtma?esé‘rw\élabﬁﬁty dfeflcabi® cBinpoBitds afd GiNdy adREGRASe Ment
y o

upon the chem str t he nononers. The water sorption of various
nmononer s was f oweged monelme2d-95fows: TEGDVA > Bi s- GVA > UDVA >

Bi s-EMA. The presence of the hydrophilic ether |inkages in TEGDVA,
hydroxyl 5 groups of Bis-GVA and urethane |inkages in UDVA accounted
for the differences in water sorption. Thus, the existence of both

hydrophi | i g TEGI Au, Bivan atiwl 1ew/ éhh'Lq\ﬂ.SP{)jl9ﬁ%\'iE§tic(r5§hﬁﬁk%e%ff vidich®

accounted for the high waier 'sorption obtal ned:
15 light-cured composites. Oper Dent 2000;25:98-103.

5. Feilzer AJ, Dooren LH, de Gee AJ, Davidson CL. Influence of light intensity
on polymerization shrinkage and integrity of restoration-cavity interface. Eur
J Oral Sci 1995;103:322-326.
20
6. Price RB, Rizkalla AS, Hall GC. Effect of stepped light exposure on the
volumetric polymerization shrinkage and bulk modulus of dental composites

and an unfilled resin. Am J Dent 2000;13:176-180.

25 7. Davidson CL, de Gee AJ. Relaxation of polymerization shrinkage stresses by



Concl usi ons 10[ 00101]Wthin the limtations of this in-vitro study,
post-gel shrinkage associated with S1 - 84 was found to be
significant han all comrercial conposites eval l%

signifi cantwéi P@\éﬁ@ﬁ%e i n hardness was observed for 20(&@09{_}@
Modul us associated with Si and S4 was fgand to be hi gher if not equal
to A110 and FE The degree of conversion of S4 was al'so found to be

hi gher 15 than A110 Al materi aI s evaluated for depth of cure and
wat er sorption o] requ T he devel oprment of
experimental na 8‘6’(5 85{ @gmpep% @%fgeggggﬁgé“@hm potential for
use as |l owshrinking dental restoratives with physico-nechani cal
properties conparable to sonme comercial dental conposites. It was
believed that with further nodifications and optim zation on the
filler par8iclekelaeriAbde FeeyhdrPaddsamnChhbehiogggressdn composﬂe resin in
physi co- mechani cal properties may be further enhanced.
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materi al conprising a). pol yneri zabl e .nonomers, the pol yR&FiY “gus
-monomers conprising at | east one nul &0. functlonallzed S|Iequ|oxane
(SSQ derivative according to formula (1) :

g(RIMR2) 1, ( 4) )" Si,,00]..(1). as connorionen wherein 'xi is an
int eger froW‘?&%‘gﬁé is I, 5n; Rl, R2, R3, and R4 are
I ndependently 'sel ected from t he gr oup of poI yneri zabl e residues
consi sting ekT@EmnA28ia@ e PeTdE2008000078yne, al lyl, ally' glycidyl
et her, CZ-C20 al kyl al kene, al kyl al kynes, acryl ates, nethacryl ates,

benzoxa2|nes epoxi de' s and eoxet anes; 55 is. |ndependently
sel ected from (E@Eth@céﬂﬁqs)ﬂqma(ﬁr@(ﬂﬂ)li(ﬂﬂsy)4N( R13)), 1(C112)n01. and-.
asSi (e) 20).b, anﬁ'b:e rRshomfsl tr@%lyaewzaﬂ@mbmmewrsing asebsict ed

IL°To“ySL89Sé‘nefmaln%uzngwézadﬁ@%%@ﬁﬁ%ﬁ%%@iﬁ%\'ﬁw@e?ﬂf?'“%r#% g™ *
a, bi.c and d are i nfEPRERIBEADSR B R NEGL(F PORArIDORBNGS; V\/ner ein a + b
+ c+d=n, wherein

nis an mtegerﬁ-om 6t 14;

zis1 Sn, -

R, R% R?, and R* are independently selected from the group of
polymerizable residues consisting of C-Czo alkene, Cz-Crp alkyne, aliyl, allyl
glycidyl sther, Cz-Czo alkylalkene, alk.y[alkynes, acrylates, methacryiates,
henzoxazines, epoxides and oxetanes. '

RF is independently selected from (C(R(R"a ((G{R)(R”));,N(R"’))
{CHz)mO) and [SHRY)20)s, wherein R, R", R" and RV aré independently
selected from hydrogen, 61-620 alkyl, and Cg-Cqp aryl; m is an integer from 1

"to 10; and g, r and s are independerilly an integer from 0 to 10;

a, by, ¢ and d are independently an integer from 0 to n, wherein a + b +

c+d=n, ' o
" with the proviso that in case z is 1.6n then at least one of R, R? R® and R’
is  not (CH:OC(O)C(CHzMCHa),  (CHa)s0C(O)C{CHa)H),  CH(CHZ),

b) acuring system; and
¢} atleastonefiler; and . :
“ wherein the SSQ Is used in an amount of about 5 wt% 1o about 40 wi% based on

the total amount of the nanucnmpos;te material.

COMS 1D Ho: ARCS-246165 Received%%%ldi?f#?%e (Hmn) 13:02 Date (Y-M-d) 2009-08-18



WTh tnNe proviso that 1n case z is 1.5n thén at I'east one of Rl, R2,
R3 and Ft4 is.

not (0112) 30C(0) C( CH2) (CH2) , (CH2) 30C(0) (OH2) (H), CH(CH2), S@&2008/000073
curing system and c) at |least one filler; and wherein t e . c{gilk?u st 2009
used in an.amount of about 5 wt%to about 40 wt % based on-the totar.
anount of the nanoconposite material .51 ‘PCT/ SG2008/ 000073 Recei ved 18 :
August 2009 51 The nanoconposite material according to claimi1,

wherein the SSQ is used in an anount of about 10 wt %t O about 40 w %

based on the total amount of the nanoGouposi.t terial qwd ,
nanoconpoSi eéﬁ"ﬁ‘i"’“ﬁ’(‘?@‘ger'B?ﬁﬂalta(‘ic?fﬁ@% ia'@?"%e'ﬁﬂéﬁ%'ﬁﬁaﬂ%g& SQis
used in an anouintnafmsaitedabod 10wt toabivbil wipbasedob theddtabamaunkch ot al

anmount -of the AGRbReSk el i al .' 4. The nanoconposite materi al
according to a@go? CF@IBIT!; 1 to 3 wherein the 02-020 al kene is .

sel.ected fromthe group consisting of ethenyl, propenyl" butenyl, .
1, 4- but adi ergy| , THramnemhpostexetayibl, actonding iy blaiex? o 2 rwHeraim the4SSKR [y 1-
2- met.hyl hex- 1-enyl,... 5. ﬁaagb% g Jolniy L@l id] HAGAUHKRdohkio any
of claims 1 to ‘fﬁéh 'r\}\ﬁgraeniggﬁtt e ?gmltk%ﬁck@n@ s sel ect edofrom :
t he.group consi &npurgoighe panqegpesiie iaiahnd (Cl1- 12) w C(C1- 13) (0112), * -

wherein wis an-integer from1l to 15. 6. The nanoconposite materi al
according to any o L B, . : [ 103Gk % \alBsy ive the
fol lovi ng f & mul 8 éanﬁk&éé%ﬁlfs%g@a%g@{nﬁé%ﬁ??{@ rein 1S
" Co-Coo alkene Is selected from the group consisting of ethenyl, propenyl,.
butenyl, 1,4-butadienyl, pentenyl, hexenyl, 4-methythex-1-enyl and 4-ethyl-
2-methythex-1-enyl.

- B. The nanocomposite material according to any of ¢laims 1 to 3, wherein the
Cs-Cap alkylalikene is selected from the group conslisting of ((;HZ)MCH(.CHZ)
and (CHa)y-C{CHa){CHa), whereln w is an integer from 1 to 15.”

6. The nanocomposite material according to any of ¢laims 1 to 3, wherein the _
methacrylates have thé following formula (I1)

 XOC{O)CICH)CHs) (I,

;zvherein X is selected from the group conslsting of Ci-Cas alkyl._[(GHz)mQ]n G
. Tpg alkenyl, vinyl and allyl, wherein ris an integer from 1 to 10, ’

7. Tﬁe nanocomposite - material ac'cording' to claim 6, - wherein the
'methacrylates are selacted from the group consisting of di{propylene glycol)
allyl ether methacrylate, propargyl methacrylate, 2-(methacryloyloxy)ethyl

- ester, allyl methadrylate, allyl acrylate, propargyl methacrylate and propargyi
acrylate; ' ' '

COMS 1D No: ARLIS-246165 ;,qmmgdﬁﬂﬁ)}%gf%ﬁ?fﬁe {rm 53:02 Date (Y-M-d) 2003-08-18



—wherernm—X s setected fromthe—group consisting of Cl-Cu al kyl,
[(OH2)nDir, 02C20 al kenyl, vinyl and ally], wherein r is an integer

from1l to 10. 7. The nanoconposite material according to ClE@[T%(?ZOO /000073
wherein the nmethecryl ates are selected fromthe group C%escim%eé?QA%TS st 2009
di (propyl ene glycol) ally! ether nethacryl ate, propargyi N Eus

nmet hacryl ate, 2-(methacryl eyfoxy)ethy ester, ally! nethadrylate,

allyl acryiate, propargyl nmethacrylate and propargyl acrylate. CON%

it) No: ARUS- 246165 |ieceived ‘ARI PEl ablginte (Itirt),13:02 Dale
(f-M2009- C8-18 TPRA/ AT PCT/ SG2008/ 000073 ‘Recei ved 18 August -

2009 52 8. The Hanumoequsistemateriel3oaerding doany of ¢lains éffﬂ/fi-dﬁ?hetf%gws 1to

3, wherein the Bodih@roked oy ng formula (I11) B
X-0C( O)C(CI-IZ)(I-WIQI(tF??%%tHV\%ng%iIn )% is g?{ ected fromthe group

consi sting of 07024 al kyl, f(CH2)r,0), Cr . C20 al kenyl, vinyl and
allyl, wherein r i's an int egerX-DEMCCHHIEN),9. The nanoconposite
mat eri al -according to claim8, wherein the acrylates are sel ected

fromthe group consisting, of acrylate, propargyl acryl Iy] .
acryl ate, 2-véiergn & selpsied Femyihaproup fPﬁ%HgPé r&%@%ﬁ%@v &Z"e and
1- hexenyl aagy hiRérel, vik@.andlatyl neteadio nis @sirtegerfibreriitali0accor di ng to any

of clainmse 1'to 3, wherein the epoxides are selected fromthe group
consisting of , wherei'n x is an integ’er from1l to 10

: 3, 4-
epoxycycl ohdky! e mpecanpasipBRipsacenEng Rdalmbo whergindha acylples 858, - 2-
selested from the group consisting of acrylate, propargyl acrylate, al!yl.
acrylate, 2-allyloxyethyl = acrylate, 2—proiaargy!m_-cyethyl acrylate and _ 1-

hexenylacrylate.

10. The nanacomposite material according to any of cldims 1 o 3, wherein the

~or
epoxides '~ are selected from the group consisfng of ®

0

x '. wherein x is an integef from 1 to 10, 3,4-

' epoxycyclohexylmeﬂ*nyi-ﬁ.at-epoxycyclohexanecarboxylate. 3, drepoxy-2-
methylcyclohexy!methyt-3.4-epo¥y—2—methylcyc{uhexane ' carboxylate,
bis('?;,4-ei:oxy-s—methylcycfohexyEmethyl) édipate, 4-vinyl-cyclohexane
" epoxide. : . '

11, The naﬁoaompusite material according to any of claims 1 to 10, wherein a

is n.

12. The nanocompasite material according to any of claims 1 to 10, wherein a
isn2andbis 2,

Amended Sheet o
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met hyl cycl ohexyl net hy1- 3, 4- epoxy- 2- net hyl eycl ohexanecad: waxy/ | at e,

bi s(3, 4- epoxy- 6- net hyl cycl ohexyl met hyl ) adi pate, 4-vi nyl - cycl ohexane

epoxi de. 11.° The nanoconposite material according to any QicHs@2608/000073
Ito 10, wherein a-n. 12..The nanoconposite material acc QdeﬂQdEQA% st2009
of clainms Ito 10, wherein ais n-2 and b is 2. Anended

NO At ge_44-7ASI M5 Receiver) by |fETEXTAI TTIne (H: nil.13: 02 DateWMd)
20E39-08-18 PCT/ 8G2008/ 000073 Recei ved .18 August 2009 53 13. The
nanoconposi g, MHeatdnatongnans earegalt woarding ¢F amy afi alrd 1tto 160yhartieBei n a

and b are the sa I'eg'l 'Q}% nanoconposi-te material according to claim

11 or 12, wher €t e 15. The . panoconposite material according

to any of clains 11 to 14, wher ei n RI and R2 are |ndependently

sel ected fraQm difaHamBMnRRRit@nseaiacalrdiyd toatdiari1 petd) adiemlret.is 8.

4-vinyl - cycl ohexerie epoxi de and prepargyl nethacrylate. 16. The
nanoconposite material according to any of clains 1 to 15, wherein

the pol yner itgabTte manocwmapasité mateiel acsaidigi ta nisiof piREIR 11gtoy 14 wherein

met hacryl ate ( aﬁ'sar@\'ﬂ@ aret|F|él&tehd’érﬂ¥'gel@ét&dlﬁbmcﬂl(ﬂﬁﬁnﬂéﬁé ylyedipallyil &GENVA) |
ur et hane di net hac

bi sphenol - A- di n’Ef"%‘Eﬂ" giey %‘8%5@0%5'8 él'ﬁ’é‘gs B4 Propargy! msthacy Wat e

(DaMh), urethane tet rarret hacryl ate (UTMA), net hyl net hacryl at e,
2- hydr oxyet hyl ﬁlggt ,?asﬁ%m%ﬁa%e&bmwmmbm todBREREAdio]
| eno

di h |
> bodi tert aLﬁtwmem dJe HpriSFisrS LERR Sorerie dsphemiabsio FRtEry el o

(HEMA) , N, N- di nidaghp),t offiethglemee  glycati dinetkacryldter §FGDWA), Tuyethane

Ciri g Syst em | AEEYAAHERMA ‘5’9‘5‘%3"%8’51&4?‘%‘“@”?’% ‘MM)QJ on
initiators, pol%?éf“?dz‘ﬁt‘iﬂﬁﬁﬂ"éﬁr&'épef% Breg{agﬁl f W*

li ght - ‘absor ber Smethglt methadylae] 2hadroxysthghdethntrilated Umanétol methacmete,
nanoconposi te npt @rl Alye r%ﬁ;&ﬁl‘ac%té Oolsgdh@?dpﬂmeﬁ‘fﬁ &t 2 @-{h—f?ertnbutyl-_

g?nl %ge r ;ﬁ-ﬁ;ln?g g-%{;te;@e}prhg@qldBHT) 2-hydrcxyethylnr'le(-)tiqzar}ﬂt]ate%IEMB‘),CI\?RI-JI g‘]g of

p-toluidine or mixtures therecf,

17. Thae nanacomposite matenal aceording to any of claim 1 to 16, wherein the
cunng system is selected from the group conmstmg of polymenzatlon
initiators, polymerization accelerafors, stabilizers, ultraviolet light absotbers,
‘cationic initiators and antioxtdants.

18. The nanocomposite material according to claim 17, wherein ' the
polymerization accelerator is selected from the group consisting of amine, -
ammonia and an acid. '

19. ‘The nanccomposlte material accbrding to claim 18, wherein the amine is &
" terligiry amine selected from the group consisting of N{TzHz)a. N(Csks)s,
- ethyl 4-(dimethylamino)benzoate (EDMAB), = 24~ -

COMS ID No: ARGS-246165 Recew%?’%@%ii%‘iﬁﬁe (Hem) 13:02 Dte (Y-M-d) 20090818 -



19. The nanoconposlite material according to claim 18, wherein the
amine is atertiary am ne selected f.romthe group consisting of
N(C2H5) 3, N(C61-15) 3, ethyl 4-(di met hyl am no) benzoat e( EDVMAB)p@44c266890073
| D No: ARCS- 246165 Recel ved4PI Pl AggaRelitte (1-1:m) 13: 02pfR84 (YA 2009
2009-08-15 TPP A ATI - PCT/.SG2008/ 000073 Recei ved 18 August 2009

54 (di met hyl am no) phenyf | et hanol , N, Nl i et hyl - p-tol ui di ne(DM PT),

bii (hydroxyethyl)-p-tol uidine,di rret hyl arii noet hyl et hacryl.at e and

di et hyl.am noet hﬂm Mﬁg)?gh@{fﬁet mﬁEﬁENA)N N%ﬂnetﬂ_\h%-tﬂﬁfﬂ%onpqm).

mat eri al accord gtoc east onef|II
sel ected from tiHeMylenyetydRdplsidingg gfmethy ?’E'ﬁ"ethﬂart"? et a ?j\dass

strontium sili c@iéRylaminbenylineihdeonas (DEAEMA), |ithiumsilicate, lithium
alum na silicate, anorphous silica, amoni ated or deanmmoni at ed

cal ci um phosphate, trical cirum-phosphate alum na, zirconia, tin oxide,
titania, ap&it B nanpaoropopiipmeteriekacoprdinn fa gaimhi.dwisisia fieat feast ore
conposi ti ORS b?llﬁmﬂ Bel@étéfﬂﬁombmélg#mpseﬂr{saﬁm obkifica) tduas) haRa tgwse,tfa or -
m xtures thereo 0Si. c claim
20, wherein theSt@i"'T“i’rEas‘uj’?‘éségﬂrg g’@?F@EWJ%%'I'GS f(P{ﬁ‘%"Pgmh’%
boron, yttri um siligeteri aobwhoss | slhqg,eagmglgted or deammoniated calcium
strontium al um 5y, sﬁljl%ﬂé’r %Gﬁhiuhp%ﬁsﬁaﬁsﬁlurrﬁ?@ |ﬂm€ﬁib FhasFdd)r titahiBer

ohy

fluoride releasin O%yapﬁgtﬁ'ﬁ %@fﬁ%aq}yﬁrﬁ g’f"g‘?@%p‘%‘“%l ggﬁw&‘rdl ng

to any of clai n%“a
Tht e nanoconposaxdids, l:mium smfambrsmntunmgza'hmanimwesmoa n the

t her apeutic agent is an anti bacteri al agent and/ or a rem neral i zatl'on
agent. 24:. The nanoconposite nateri al

0 PAB AR e g 05 3F
wherein the %’heT'ﬁf&jFF@“%ﬁEﬁf“aﬁlaE@@'@W@ Il ebﬁ“’b B ® 8?1%?%% ng
of cal ci um conpauptises $tontiurh ceesiims ziok, banoa it d!mnnhwosmcate glass;’

nmonof | uorophospQ h ugﬁ?ogﬂg[‘;é)l e g%gom[&gﬂ HRR N3l SReHERA

di phenyl et her corrpoun s. Anended Sheet
rna (1-1.m ?nt h"elﬁ?Plf"ﬁ S'ﬁ‘sses . :

22. The nanocomposite material according o any of claims 1 tor 21 further
comprising a therapeutic agent. '

23. The nanocompuosite material according to claim 22, wi'}erein the therapeutic
agent is an antibacterial agent and/or a remineralization agent,

24, The nanocomposite material according fo claim 22 or 23, wherein the
therapeutic agent is selected from the group consisting of calcium
compounds, fluorides, sodium and potassium monoﬂuorophospha_te, zing
compounds, chlorohexidine, halegenated diphenyl ether and phenolic

... antibacterial compounds. ‘
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A"IEAT, II'.. AlrreO nAA. icn Danahawl itteAtArr PCT/8&008/ 000073
Recei ved 18 August 2009 55 25. The nanoconposite material accordi-ng
to claim2 or 3, wherein the $$Qis used in an anmount of abpgi/seRovkAoo73
based on the total anmount of the nanoconposite material. p2Beive August2009
nanoconposite material according to any of clainms 'Ito 25 bein

low . shrinking material. 27. The n conposite material . accordl ng

to claim 26, wherein the material has a |inear percent shri nkage

bel ow about 26 0Th&BansEbRpHte AeReTRAPSIcbRINGED Iz 2 RACRREHIAGhd S5@lidi M

27, wherein the r i ne r el ow, about
2,0. 29. The nanocoﬁ' %@FF@aﬁaﬁerl ac‘:“&%r%a% %T’o‘ﬁ‘e{l&?‘ﬁ?@%‘mﬁ}aﬂ&%l n
the materi al ha@ar@fipmﬁ@%tﬁﬂpﬁé@‘@bnt Shl’l nkage i n the range of about

0.25 to about 0.5. 30. Use:of a nanocOnposite material according to

any of clai 029 S,_a.pol rrerlz ] e reS| for biolaogically
conpati bl e %t é-rr ea?%nOba?ﬂ°s’t$ §|ea°3@'8'596? Ay 8"’&‘%1 P 2Fdeingiedp®i n t he
nanoconposi t e nelirgkinamatesiappl ied to a site of a tooth and

subsequent |y cured 32. The use according to claim 31, wherein the
nanocorrpos:T% terial is ysed as coatin | enses and pl astics. 33,

The nanoconpdsi t'E HATEPTEPSHE AR ﬁW@"gF%F'ﬁ{"l?SMW@F Ahe meatesiat | oni c
initiators is ifesoripeacpercent shrinkepetalvocaiopbsett e to allow for a dual
cure system where the epoxy ring can be opened to conpensate for"

vol unetric §8 kage for the multi-functionalized $$Q Anended Sheet
A nne . 14Cot8Ckt™d EGRPRFSIE Mderial ecoprdies tq glaio 27.nwerdeitie meteniabni m

has a linear percent shrinkage balow gbout 2,0,

29. 'The nanocompuosite material according to claim 28, wherein the material
' has a linear percent shrinkage in the range of about 0.25 to about 0.5.

30. Use of a nanocomposite materlal according to any of claims 1 to 28.as a
polymerizable resin for biologically compaiible materials.

© 31, The use according to claim 30, wherein the nanocomposﬂe matetlal is
apphed to a site of a tooth and subsaquently cured.

32. The use accarding to elaim 31, wherein the nanocomposite material is used
as coatings, lenses and plastics.

33, The nanocomposite materfal according to claim 17 wherein the cationic

~ initiators is incorporated to the nanocomposite to allow for a dual cure

system where the epoxy ring can be opened to compensate for volumeiric
shrinkage for the multifunctionalized SSQ.

Amended Sheet
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