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FLUCRI NATED POSS AS ALLOYI NG AGENTS | N NONFLUORI NATED
POLYMERS Cross-Reference to Rel ated Applications This

W@pEBigAdY on is a continuation-in-part of U S PECEHUSIWS/056611

Application Serial No. 11/725,994 filed on March 19,
2007. Field of the Invention This invention rel ates
generally to nethods for enhancing the properties of
nonfl uori nated thernopl astic and t hernoset pol yners
and particulate and filler surfaces through the

addi ti on_of TLJ;HQPW@‘%%F@OQS% RPBVIRBCRGENTS! ed

cont ai ned
i nside the POSS cage, er na 0 the%@gcage or
]‘fl‘)pOl ynerized sﬁ%‘ér&ﬁ&e&s éﬁ%& ?gﬁun?ons
uorinated P cagesS nay con arn mne ons to

i nprove their conpatibility with polyners and surfaces

and t?hlb{%ﬁ éatﬁ\)ﬂtlé‘la%tohﬁ fo'nvh :@é{tl of.& %’Qt\éﬁp}\h@ﬂ,lag&ﬁ‘ Berial No.

rel ates rocesses an ons™ o

T3igRe Ao IR hr (marovea prysi e

conventional fluorinated materials. These properties

and applications incl ugiaelg%gw%&ﬁe?‘v rface properties,

non-wetting, anti-icin el on surfaces,
bi ol ogi cal activity, perneation control, fire

L R S B B B el proporos o
&@a@ﬁrwgﬁe@@%ﬁ%%t;qya%ozﬁggpiﬁt@%{yﬁfg@@f@a&fﬁa@%@%ﬂ

lsﬁ%/a?qqsctg\lo&@snéﬁ? 8ﬁd§$ﬁ g)f( Iléqrmﬁ q%ptammg P(%)S nahostrdc?ured chemicals.

The fluorinated component may be contained inside the POSS cage, external to the
POSS cage or copolymerized with POSS cages. Additionally fluorinated POSS
cages may contain metal atoms to improve their compatibility with polymers and

surfaces and to impart catalytic activity.

This invention also relates to processes and applications of polymeric
materials and composites with improved physical properties and function that
resemble those of conventional fluorinated materials. These properties and
applications include improved surface properties, non-wetting, anti-icing, and low
friction surfaces, biological activity, permeation control, fire retardancy, improve
time-dependent mechanical properties which include (heat distortion, high
temperature stability, compression set, creep, color retention, biological

compatibility).
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fluorinated PCSS into fluorinated polymers further
reduces their surface energy and contact angle

wo evdasizog t hem super hydrophobic. It is the oP{BUS1008€056611

of this application to convey the ability of
fluorinated POSS to inpart "fluoropolyner type"
characteristics to nonfluorinated pol yners, netal
surfaces, particul ates, conposites and bi ol ogi cal

D3t o' of o IRNCAELSEEEIETRAON

degree through variabl es such as pol yner sequence,

ddi t d  fih |1 j t ,
o Tk BBl (e P N, e SRR Bhistam ot evtomaty
Brena BB ssple:figvinalad dndnSis iy €RGeT el sulae Shéray and

Teflon(r), cal gium carbonate, siljca,. carbon bl ack, .

e Higle 1593 fiad Msdm Sviel THRIRPOBIcy kisdhe RBipshes o this

m xtures, and conposites to enhance é)hy,si cal .,
Bpeljsatien kasconvay e ability f flyodnaled PYSS jsoimpdsk duoropolymer type
(i ncl udi ng anor phous, sem-crystalline, crystalline, _
airragtiersiias, to doptlyorfiated Baly®ers implplauriacasmnastieulaies, composites
internal and external free volune and this free vol une

Aad biglagicalsyriems. i npact on physi cal properties, since

it iswthin this volune that the dynam c properties

(e.g. reptation, translation, rotation, ‘
cryst hhas loagikeen reeeanizad thahthgirrapeties atiedlymaes can be tailored to
fillers) of polynmer chains primarily operate and in

adnigh degree direuah variblessudh ashgalyrear sgsiuepee i Steusturghadditive and
accessibility of free volunme in a polyner system
titgyemepsperatien, lopmpesition pmorppjogyn thesmodyransic anddfingticgprocessing
agent desired to occupy the free volune. Thernodynam c
eomtrdti Hes Binilariy geown ¥t vpoidyssirzesrang blod pegpyofditlidrsf apa particulates
vol une dinmension are mgjor factors, which limt the
b | TeflpnOf calciumeararbanaae, dilidal earboh batkaetcsd Sanrg int@porated into
free volune in a polyner system
polgmiets, neortgpneranistires)/androompudites toedihamice iphysioalrpbpetties.
required to force conpatibilization

In their solid state all polymers (including amorphous, semi-crystalline,
crystalline, and rubber, etc.) possess considerable amounts of internal and external
free volume and this free volume has a tremendous impact on physical properties,
since it is within this volume that the dynamic properties (e.g. reptation, translation,
rotation, crystallization, interaction with surfaces and fillers) of polymer chains

primarily operate and in turn influence fundamental physical properties.

The accessibility of free volume in a polymer system depends greatly on
morphology and on the size of the agent desired to occupy the free volume.
Thermodynamic and kinetic properties, polymer morphology and free volume
dimension are major factors, which limit the ability of conventional fillers from

accessing the free volume in a polymer system. Significant
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between fillers and pol yners since conventi onal
fillers are physically |arger than nost pol yner

walremnsizans, chemically dissimlar, and vi sconeCT/USEN08$056611

different than nost polynmers. Prior art in

nonf | uoropol ymers has utilize fluorinated additives
and fluorinated filler particulates to inpart
characteristics of the fluorinated entity to the

BRRE SRS DRB U ARL LBl is WA 19R0 R 1418 Bt or

ers rOCESS conp I nappropria

| e qf the [ hforcenment to acc ol r fr
Befnan Hists Scpyingi e tonventiond lerears phygicall Targer than
eonetrical, definition to, provide structural . )

SPANTE] dimeNsaTs, FBrBIsALAHISSM BR Ariiesomelticay syt than

Q%and nanoscopic ( 10 9 n) length scal es.
tRRMEWISy nany desirable properties of the

nonfl uori nated pol yner are | ost upon incorporation of
convepnt.ional flyorinated c onents. Furtherpore, it _
oo HBEA e Do O S Sap Ak Tiarinaled RAchBres and fluorinated
bel ow 50 nm they becone nore resistant to
SlrinAsRUAIPB 1P BRRrRREGpRlos of e fugsingtactiny to the
rei nforcenent to polyner systens. The full application _
senflugrnaiadRgienge Unieienately, tha Pripeant sufierftas pracess gomplexity,
| ack of a practical source of fluorinate particul ates
mapprqmatqﬁgna@ cadn of the seintoseemenirio 3gcess Ralymer free volume, or
preferably with a rigid 1 nmto 5 nm size range.
P neinfatcament eks safbicienbgeometnioali dsfioition to peavitdscstpictural
chemi cals with precise chem cal conposi tions, rigid
sagulaty And edinfosceryentrat the malecsileaitd ) myrahdvarciscapie (10° m)
di mensional |y | arge enough to provide reinforcenent of
femigyhmecaleh aCorsseqBently many siesipalile phaperias of the aonfluorinated
desirable as they form stable dispersions within
polyyree ares \ost epan ineetfpordtisinaf coheertiengl flusinated coagEs®Batsy
to scatter |ight and hence are visually nondetectable
when i ncorporated. Further fluorinated nanoscopic
chem Eaitermore, it has been calculated that as filler sizes decrease below 50 nm,

they become more resistant to sedimentation and more effective at providing
reinforcement to polymer systems. The full application of this knowledge, however,
has been thwarted by the lack of a practical source of fluorinate particulates or
fluorinated additives less than 50 nm and preferably with a rigid 1 nm to 5 nm size
range. Particularly desirable are monodisperse, nanoscopic chemicals with precise
chemical compositions, rigid and well defined geometrical shapes, and which are
dimensionally large enough to provide reinforcement of polymer chains. Such
nanoscopic chemicals are desirable as they form stable dispersions within polymer
systems, well below the length scale necessary to scatter light and hence are
visually nondetectable when incorporated. Further fluorinated nanoscopic chemicals

would be chemically compatible with nonfluoropolymers and dissolve into and
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woul d be chem cally conpatible wi th nonfl uoropol yners
and di ssol ve into andanong the pol yner chains, thus

webkiositsao® ng the need for the conpl ex processiPQI/US2008/056611

requi renents of the prior art. The fundanental premn se
behind this invention is underpi nned mat hematical ly

t hrough conputation of the surface area and vol une
contribution provided at various | oadings of 1 nm

. : Foio < cal _
%h@f@:iﬁ‘é pélkM@F LEHing %ﬁs%lﬂh'ﬂ?}uﬁ@&%nrg eglgggg'\%dco%& b8cessing

es 1hto or orito a non ymeri ¢

{%&,ﬁyﬂghts c&?@%géﬁ% n reveals that a fluorinated

ostruct ‘cal contributes nore surface area
and nore volunme as a wt% of its incorporation into a

mat er [ i ble far, larger. particles ee

F gar DR BRI KEa Bins MRRioR B dnderifiped s ¢

t hat even spal | | oadi of , nanostructured chemcals., .
ioaffegiaieALy Bosan Siveddiot L PRa0RRFE aresiarst el e Eonfiibution
material. This ig an jnportant econom c consi deration

Bo¥ df%‘d@?‘?‘f?a‘f’éé‘“%f’ti‘ Ny diagyeterfiuogne CRIRINIKA nanostructured
expensj ve_and desired to be used in mninal )

& 'PPH'E@?S Hi? Prerto & aenfluqeiprisd melymsricopaterigb r Campatgtion
nanostructured chem cals onto the surface of a

evesisdhata fyarinated nangsirHcisedrelgmical-ponyibuigsagresurface area
mneral fillers, and fibers) can be utilized to

ane more Yoluprecassy madc itarireoreeration intpamaterial thaniis possible for
I mprove their conpatibility with fluorinated and

l8eufT nadticlesaised Rigurg rte FigureRd.cantt Figereed)o piemat effact is that even
nanosci ence have enabl ed the cost effective

smal faadingseof ofinesirietured shemicals ¢an deminhtenthesuifabe chamcteristics
are best described as nanostructured chem cals due to
ohe matayjab.c iThisds ehénperidntfeconarnie, cdmgideration since fluorinated

(i norgani corgani c) chem cal conposition, geonetrically
matariadsearartchditiopatly expEmsivel avdgdesirby 30 balussed remirdinat guantities.
to traditional chemcals (0.3-0.5 nm, and snall

physical size relative to larger sized traditional

fill érgthes3bemgorporation of fluorinated nanostructured chemicals onto the

surface of a secondary material (such as TiO,, CaCOQg, glass or mineral fillers, and
fibers) can be utilized to creating more surface area on such particle and improve

their compatibility with fluorinated and nonfluorinated polymers.

Recent developments in nanoscience have enabled the cost effective
manufacture of commercial quantities of materials that are best described as
nanostructured chemicals due to their specific chemical formula, hybrid (inorganic-
organic) chemical composition, geometrically precise and rigid shape, large physical
size relative to traditional chemicals (0.3-0.5 nm), and small physical size relative to

larger sized traditional fillers (>50 nm).

Nanostructured chemicals are best exemplified by those based on low-cost

Polyhedral Oligomeric Silsesquioxanes (POSS) and Polyhedral Oligomeric Silicates
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Nanostructured chem cals are best exenplified by those
based on | ow cost Pol yhedral d i goneric

w®R00sasme oxanes (POSS) and Pol yhedral 4 i gonePCT/US2008/056611

Silicates. Figures 4, 5 6 43llustrate sone

representati ve exanples of fluorinated nanostructured
chem cals, which are also referred to as fluorinated
PCSS in this application. It is recognized that
oligomeric, polyneric, and netal containing versions

of HIUIB} ﬁn%t‘g'ﬂuﬁtﬁgsﬁﬂ? rgpaseptatiye iexamples ot fluorinated
Nanostructured chem cal s based on pol yhedr al

oanefirsiured shemisaliu wWhickinare adsrrefrrrgchiedasaiiuorinated POSS in this
nmet al | osesqui oxanes are discussed in detail in US.
PaplsatioNdtis recagrizegbiat 6ligh8aeres polydede SamtbMetadgdntaining versions
6, 716, 919, which are expressly incorporated herein by
ptfl@rimated POSCheay asother @iliged JUMMSRYCtOFe d tite rh R¥ISNEIS@ on
As disclosed in U S. Patent No. 7,193,015, the

polyhehar aligooreriafsilsascioianey ahtdypolyhediat thdtalsSebiioxanes are
fluorinated polynmers further reduces surface energy
aRdussydtindletANgILES. PRRAENDS.XS, 4 2 058, UME84 BBT ®BP9ABG; and

It is the objective of this application to attain
eoMBIPIg, AHRh drB@xprRIERGhcapEiated KO thyEie®stendd in their entirety.
friction, and hydrophobicity of nonfl uori nated

polymers and filler additives and netal surfaces

t hrough the use of SUMMARYDETHOMNVENITRDNRr esent

i nvention describes nethods of preparing new

conposi tions by incorporating

f | uor AsalsebsBaNMOBLS. UrRdteifitadb.Chega,0 84 StHelh&rporation of externally
nonf |l uori nated pol ynmers. The resulting nano-all oyed

AQbIHERES PSS intofilotinatRf polymErd fUARBLIMBSePEurkdte energy and
conbi nation with other polyners or in conbination with

BBSEesaRIRLrehab P IHeRTBI Y HyBrdp@bic 1108Mthe BbRYtiveldfaRS:
m neral and other fillers and fibers. The nano-all oyed

gﬁ%allfﬁﬁbﬁ tFARaiIR BbRIrSIWVRF the éb?ﬁédi'anb%lr, c@éfﬂgiléﬁf 6\‘|9rriction, and

ol ymeri c conpositions wth desirable physica

ggﬁgﬁﬁéﬁiéﬁ/ SN HIRERERES bBYnfirsland Fild Rfcftivey 3hb Thdidr surfaces

fl
sion to polyneric
through the use of fluorinated POSS.

The present invention describes methods of preparing new compositions by
incorporating fluorinated-nanostructured chemicals into nonfluorinated polymers.
The resulting nano-alloyed polymers are wholly useful by themselves or in
combination with other polymers or in combination with macroscopic reinforcements
such as fiber, clay, glass, mineral and other fillers and fibers. The nano-alloyed
polymers are particularly useful for producing polymeric compositions with desirable
physical properties such processing aids, surface lubricity, adhesion to polymeric
surfaces, composite and metal surfaces, water repellency, reduced melt viscosity,
reduced surface energy, low dielectric constant, resistance to abrasion and fire,

biological compatibility, optical quality plastics, cosmetic applications.
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surfaces, conposite and netal surfaces, water
repel l ency, reduced nelt viscosity, reduced surface

wer@sgy7209 ow di el ectric constant, resistance tBCT/US2008/056611

abrasion and fire, biologioal conpatibility, optica
qual ity plastics, cosnetic applications. The preferred
conpositions presented herein contain three primry
material conbinations: (1) fluorinated nanostructured

h d
vor PR PesiRupoER SRR el e maen
Cl a I‘an )gg)n rrfngfﬂ%nqtog glatg |cz§1]|lr Ilipr%nglaﬁeg-nanostructured
s@ Ogrg;gf@rgg@gﬁ%w é@é&%ﬁmn t ghemical classes of

fluorinated ){ phs of carbon; (2) nonfluorinated
ﬂ%@mﬁs?org%tns sgl%’rﬁ'Qggweﬂ%'!%sawequspﬁalusltsesqu'oxanes
sem crystalline, stalline, glassy, elastoneric,
epllyaedrah@"gqmﬁr|0csalma s Rebeiisatas, nebvdxpawtallates, carboranes,

hydr ocar bons, or silicones and copol yners thereof; and
baanes ornshiliarinatast polymormhe ob sattionu(2)tnenfluerinatéd palytier systems
silicatious powders, and all forms of carbon including
duchhes dromatideand gjichpli¢s, semiciy$ialiind)| cagstalline lglassy, elastomeric, oils,
spheres, nesophase, pitch, and fiber. Preferably, the

aed hdulicahtsithereopas deriveyl firem dydrocathonsdocsiimvnealandicopolymers
nonf | uoropol yners is acconplished via blending of the
tHeweof; and €3) inargasics uwtals cahd particwlalesminietdis he silicatious powders,
nonfluorinated materials. Al types and techni ques of

and il hgmsdferasharginciudingudiamondrpbivdér, grdaphitg, catbon black, tubes,
bl endi ng, solution blending, reactive and nonreactive

bplesrds NBesdhagtf piedh, wad fiber. addi tion, sel ective

i ncorporation of a nanostructured chemcal into a
specific region of a polyner can be acconplished by
conpoBredenagly; titeomeinedd incuegoratimpnasistruciuvgtchamhieals Giatb
with a chem cal potential (mscibility) conpatible

o fludrésolgners is accgmplishiedada bibnding of & MibridasId ehostructured
within the material. This is nost preferably

chemicals with the nonfluorinated materials. All types and technigues of coating,
blending, including melt blending, dry blending, solution blending, reactive and

nonreactive blending are effective.

In addition, selective incorporation of a nanostructured chemical into a
specific region of a polymer can be accomplished by compounding into the polymer
a nanostructured chemical with a chemical potential (miscibility) compatible with the
chemical potential of the region desired within the material. This is most preferably
accomplished using POSS chemicals with partially externally fluorinated cage such
as [(RSiO1.5)s.x(ReSiO1 5)x]2 8 Or cages containing fluorine inside of the cage cavity

such as Cation[(RSiO1 5)s@F]Ys. The internally fluorinate cages
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acconpl i shed using POSS chem cals with partially
externally fluorinated cage such as [(RSI G

WOIBSXERHFEK- >I 5) X] 8 or cages containing fl uoPCTES2008/056611

i nside of the cage cavity such as Cation[ (RS O
5)b@]b. The internally fluorinate cages7
Cation[(RSIG )b@] are particularly useful for

i ncorporation into polar pon rs (such as hydrogels

@%ﬁ%ﬁﬁ%@ 9%%%"'93%@ “&aa’ y ‘éﬁei %’f '%&%gfaé'ggégto polar polymers
B0 er iUBgelssauE® VP S0 bRy AT o Pk TR ity

pol ymers, conposites, netals, ceram cs and bi ol ogi cal
T el e P i 8 S B8 Sompatoiy
oA 3es B REPOR Bt oAbl BBols” Sompostes,

properties, including contact angle, coefficient of
metals, |Q9ﬁam§ﬁtaﬂdlbd9|%°a|§0@tﬁﬂélé 19 éﬁ%‘i’@ ihe ﬁV@@‘@p‘l@@BiOQVHWface
and lubricity. Qther properties inproved include tine
Broperigsnancheledia Ay eamics amdtsvbpeaHently dpwrably dmeagite myltitude of
heat distortion, heat stability, creep, conpression
platsicas prapektiage, Prapeltips §)0sh averaids mpravec Breastirtage properties,
resistance. In addition to nechanical properties,
cludingxtontaat angler opafficiertsof drigtionaaoti-iding; surfpcetendion,
i ncluding thermal conductivity, refractive index, fire
hydrophebicity, anat yupeinitp eOtteapréperijes imprdedd inelude aibiel dependent
el ectrical properties, printability and biol ogi cal
mecharicdlidndttiiemmad paagariied suchBid hdat TR0 R, The@ stabilityicreep,
DRAWNGS FIG 1 illustrates dianeter and vol une

conprasbiohisen shtiokade| txddutdisShatdneg 8] dhdiBrasiongesistihée. 2In
illustrates the surface area contribution for [(C C6HL
A&difdn k) Mbenh &S properties, other physical properties are favorably improved,
including thermal conductivity, refractive index, fire resistance, oxygen permeability,
oxidative stability, electrical properties, printability and biological compatibility and

activity.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 illustrates diameter and volume contributions for [(c-CeH11SiO 5)gj38

POSS cage.

FIG 2 illustrates the surface area contribution for [(c-CeH11SiO1 5)g58 POSS

cage relative to wt % loading.

FIG. 3 illustrates the volume contribution for [(c-CgH11SiO1 5)g;58 POSS cage

relative to wt % loading.
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cage relative to w %loading. FIG 3 illustrates the
vol ume contribution for [(C C6Hn Si OL. 5)b] 8 PCSS cage

w0 edoati3zedto wt %l oading. FIG 4 illustrates PCT/US2008/056611

representati ve exanples of &xternally fluorinated POSS
nanostructured chemcals. FIG 5 illustrates
representative exanples of internally fluorinated POSS
nanostructured chem cal which also contain a counter

EZ‘L{OZ'?'.%% W@t%”%ea%“%eﬁﬁtﬁédeé?@i oo Bl oo poss
e, of rtia yexternallyfluorlnated POSS
HQ%@EUFM?%%‘H“EH cal. FIG 7 illustrates the

contact angles for pol ystyrene show ng increasing

Fﬁ?é?‘%@ Bl doressy f’%tﬁ??%xaﬁﬁ?%ﬁi‘m?lm@moa@@%?%s

eSS0 Cs Dl L B e CopiBraes auTs LaiPaRe banes eharge and

illu %Srat s t he contact angles for styrene

ﬁésreiﬂ% iHenal eomRatPIY- i ncreasi ng contact angle with

[(CF3(CF2) 7(CH2) 2Si G .5)8] 8 PCSS incorporation. FIG

10 il trates the contact angles for

pol yn)éﬁ Misirates § remesSHema e Sherrighe sremaly fluorinated
eW|th[ CF2) 7( CH2) 2Si G . 5) 8] 8and
ﬂNp‘{ §§'~@@§ gzsi O .5)8@] S8 POSS

| ncor poration. DEFIN TI ON OF F(RI\/ULA REPRESENTATI ONS

RES For the ur of understandin
th| s%ﬂf{ Lgr# Es'ﬁecrﬂ”@ﬂ aE ?lbﬁ%ef“ﬁéh%'ﬂ%wfﬂ ing
definitions for f are resent ations of Pol yhedral
EPgE AT e (IGEs e HaHE - Dbesps B e manian.

Aigoneric Silicate (POS) nanostructures

FiG. 8 illustrates the contact angles for LDPE showing increasing contact

angle with [(CF3(CF2)7(CH2)2SiO1 s)s]zs POSS incorporation.

FIG. 9 illustrates the contact angles for styrene acrylonitrile showing

increasing contact angle with [(CF3(CF)7(CH,).SiO; s)s]zs POSS incorporation.

FIG. 10 illustrates the contact angles for polymethylmethacrylate showing
increasing contact angle with [(CF3(CF2)7(CH,).SiO1 5)s]5s and
(CH3)4N[(CF3(C F2)7(CH2)2SiO1.5)B@F]ZB POSS incorporation.

DEFINITION OF FORMULA REPRESENTATIONS FOR NANOSTRUCTURES

For the purposes of understanding this invention's chemical compositions the
following definitions for formula representations of Polyhedral Oligomeric
Silsesquioxane (POSS) and Polyhedral Oligomeric Silicate (POS) nanostructures

are made.
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are made. Pol ysi | sesqui oxanes are materials represented
by the formula [RSIO 1 5]x where x represents nol ar

walegsas720d pol ynerization and R = represents OPGHOBI08/056611

substituent (H, siloxy, cyddic or |inear aliphatic or
aromatic groups that may additionally contain reactive
functionalities such as al cohols, esters, am nes,

ket ones, olefins, ethers and RF = represents

hal o tated organi c _groups which includes fluoripated
o oune v Sisgrg dories ar BN Hejsaries PRI Ranbledpiid
or heteroleptic. Honol eptic systens contain only one
Vhpee Hrepresansumolhdearaecafdtohinegrization aad &hs reryasnts organic
nore than one type of R group. POSS and PCS

sleeditant dHu sikoxy oRiyslis of lingas alipkaticeprrasgmatie graypsithat may
formula: [(RSIO 1 5)n] for honol eptic conpositions
adawpr@ally cpniait Giadtive Binaligndiities hethreamhlephols, esters, amines,
conpositions (where R R) [(RSIG 5)n(RXSIiO| 0O)nm#
ketonégrodgfinsnethereandh Bt errepesents hatogensitéd organiodreups Rhich
groups can be equivalent or inequivalent) In all of
incrudeb diueritaited gidupsk aRelysisedaiibxertsahay be @itHerhomoleptic or
includes but is not limted to OH d, Br, |, F,

Réteeoleptiz. (HEMolepietytems CORIRIN omg bak e df hifee
(NR2) 'igtsocyanatg (Ny?b), and R Tﬁe S)'t/ﬂn%ol ﬁoé'm

hetepslepte dyBeensd €oritlinGNBrelta®bné RpeCstgfupl on. The
synbol indicates that the conposition forns a

nanostructure and the synbol # refers to the nunber of

pOSSamd RO Wmarsiruciurecompddiidhst dre reprassited Byuné forifa:
value for # is usually the sum of m:n, where n ranges
typically from1l to 24 and mranges typically from1

[(BSiQ4 5)} ks sSfoohdrdoleptinodrapoditiats # is not to be confused
as a nultiplier for determ ning stoichionetry, as it
nerely describes the overall nanostructural

O LS i B b e B AR R RSERE (bR td
formul a representations

[(RSiO4 5)n(RXSiO g)mls# for functionalized heteroleptic compositions (where R

groups can be equivalent or inequivalent)

In all of the above R is the same as defined above and X includes but is not
limited to OH, ClI, Br, I, F, alkoxide (OR), acetate (OOCR), peroxide (OOR), amine

(NRy) isocyanate (NCO), and R. The symbols m and n refer to the stoichiometry of

the composition. The symbol Y indicates that the composition forms a
nanostructure and the symbol # refers to the number of silicon atoms contained
within the nanostructure. The value for # is usually the sum of m+n, where n ranges
typically from 1 to 24 and m ranges typically from 1 to 12. It should be noted that >.#
is not to be confused as a multiplier for determining stoichiometry, as it merely

describes the overall nanostructural characteristics of the system (aka cage size).
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and indicates the presence of an F anion inside of the
cage cavity. DETAILED DESCRI PTI ON OF THE | NVENTI ON The

w@e@sast209 nventi on teaches the use of fl uori naP€rURPIOBB056611

nanostructured chem cals ad0agents for inparting the
characteristics of a fluorinated material (such as
pol yners) to nonfluorinated pol yners, conposites,
additives, nmetals, and all types of particles. The

Ifﬁé(%y B?f @egaamou ﬁa@@ ﬁtﬁgnu Ay ) g '?ﬁ?rﬁtl.llg.r&grleggntations

uor i nate arac er|S|csto

?a@%?&a‘?%ﬁ%%%%}c%cﬁ AF arbaine! TS 3ptBe

ability to be conpatlblllzed wi th polynmer systens to

oxpul sion of DREAEER PESEHIFTIGN SR ZHE Y ENmORE,

chai ns and surfaces and (3) their ability to bind to

FunaahinpiesSHt plERbn poctds RE e gﬂg&@egﬁm@m@vmm
PBeREER e g R A 'ﬁ%éét%ﬂ%"ﬁ eapgied Baipgal (such
3RS P g ARAS RABMSIS. SPAEORESS A0B ERTREIE.

surface and vol une characteristics of materials. The
BIRERCE RRMIG®SuUr e of POSS cages renders their di spersion
characteristics to be governed by the G bbs free

i et 125 KSR A PR raao R S o ohaBicals 1 mpa fuorinated
articulates. Thus the ability of POSS to interact
wRolerislizsriasuch A dyae SEMPREPLMRIABIRRTeVE sk ur‘mﬁ gize with

interactions, covalent, ionic, or hydrogen bondi

fasReciiaPobang iGhain dimansiopkednd: () Itheit akilitrdelba &ﬁmgrlbtyzed with

and kinetically drive their dispersion and surface
ROIMMET yste@s to overcome forces that promote incompatibility and expulsion of

the nanoreinforcing agent by polymer chains and surfaces and (3) their ability to bind

to dissimilar surfaces.

Additionally advantageous are the fundamental aspects of high surface area,
low density, and controlled volume contributions imparted by the nanoscopic size of
the POSS cage. The nanoscopic cage size imparts these properties to materials at
very small loading amounts and affords POSS to dominate the surface and volume

characteristics of materials.

The chemical nature of POSS cages renders their dispersion characteristics
to be governed by the Gibbs free energy of mixing equation (AG = AH-TAS) rather
than kinetic dispersive mixing as for insoluble particulates. Thus the ability of POSS
to interact with a surface or with polymers through Van der Waals interactions,

covalent, ionic, or hydrogen bonding that can be utilized to chemically,
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Furt hernore since POSS cages are nonoscopic in size,
entropic dispersion (DS) is favored. Wile

wo bavsnsped yners are known for their hydrophobi BCT/yS2008056611

surface energy, and | ow coafficients of friction, the
i ncorporation of fluorinated POSS has been shown in US
Patent No. 7,193,01 5 to further inprove these
properties in fluorinated polynmers. Therefore

' Luqr i L | uor i.nat o
BB AR, SRR S8 it RyBpB IR AR S8 todiication.

e

B8 55 RS 5% PR R B R o9

g’}roce&ses As is typical with chem cal processes there

VO™ nunber of variables that can be used to control

the purity, selectivity, rate and nmechani sm of any
riables inflyenci t he ocess .fo

ncor DaaRRiRR Reth gt KEEEL R helf Rlradi gty fgw stitace energy,
POSS/ POS etc.) | . pl i i n¢lud he si d
B0Ryott SpeFSpots of idioBofhBdaraperin of hornaisCe Bt aseeen

cEenicaI. Simlarly the nolecul ar weight, o _
5BPYRIHerfatent '}Q%cf{ tEHBHR 1a fushepimnrevs thepe PEgPestas: iafluorinated
must al so be matched wth that of the nanostructured _
ERWMeER Thenefnrp iextension afiflyerinated RQKET intripenfiHosisategrystems is a
processi ng ai ds used during the conmpoundi ng process
&aical means dey costefiedtivetyr altaning auchcprepeigadn nenfisiorinated
| oadi ng | evel and degree of enhancenment resulting from
PAYBES®r at i on of nanostructured chenicals into
pol ynmers. Bl endi ng processes such as nelt bl ending,
dry bl ending and solution m xing bl ending are al

PLES at nixing and al | oyi ng nanostruct ured
chem cal into plastics.Wter contact angles are a

neasur e of surface hydrophobicity and provide
General Process Variables Applicable To All Processes

As is typical with chemical processes there are a number of variables that can
be used to control the purity, selectivity, rate and mechanism of any process.
Variables influencing the process for the incorporation of nanostructured chemicals
(e.g. POSS/POS etc.) into plastics include the size and polydispersity, and
composition of the nanostructured chemical. Similarly the molecular weight,
polydispersity and composition of the polymer system must also be matched with
that of the nanostructured chemical. Finally, the kinetics, thermodynamics, and
processing aids used during the compounding process are also tools of the trade
that can impact the loading level and degree of enhancement resulting from
incorporation of nanostructured chemicais into polymers. Blending processes such
as melt blending, dry blending and solution mixing blending are all effective at mixing

and alloying nanostructured chemical into plastics.
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insight into the free energy of the surface. Critical
surface tension of the POSS, POSS polyners, and POSS

wohbk@ads2eer e determ ned. The surface tensi on oPCT/H82008/056611

fluid is graphed in relatiaom to its contact angle on

the surface. It should be noted that a surface with a

contact angl e of 90 or higher is considered a
"non-wetting" surface, while a surface with a contact

?E?%?Wgﬁrz:‘ggfaga Eﬁ%lgg Qgé %?%HE&%‘A%%&g?%%%BS%;@ aRd provide
% Rit: r X riti e oS in %f?ﬁe SbSS,
Is R%i Iamm %H}@ Egpth%{%S%ct asi & aglﬂgfgne

PSPl B AR (LS Pl OB VAR B eTascE oL FlIArg P of the

fI,uorideélmsqutlonln THF 2.5 m wi th 5% wat er)

lheid Im@r@ened 8" fsion todisicantask 9agle onehe smrf@@e dt shoujd be hoted that
mmol ) dissolved in dry THF (20 nl). The m xture was
asurfaegiwith arceptact anplerad 998 er highepis densgidered § é1drowetting” surface,
viscous |iquid obtained after renpoval of the sol vent.

whijfe alsudacd witma(cobfaatiapgledeiew 90t is comdideredhivettingptvder

was obtained after filtration. Recrystallization from
acetone afforded colorless crystals ( 1 .25 g, 46%.
S9hihesidof Interd@llifituoriihited, CatidnPO SIS @F0c dggddm

(Me)4AN[ (PhSiOi. 5)8@]8 To a 1 gram anhydrous THF (50

m ) suspension of [(PhSiG. s e (0.968 nmole) was
(BlUll(RhSi0i 9@ Fyeaeiaditahtiaa Badsindalet ef 4laRjelay Charmn mitu Y.
fluoride (91 ng, 0.98 mmple). After stirring under a

(ﬂdoeggz_@matmﬁ retrebditpranfeyfuml odapHemyl Masi@bstsm@rane fluoride
clarified as t product dissolves in THF. The

cmhput)[l(ms.maa@ F1¢ £ TettablityRutRoslLALIRIBREE QU& s%ﬂftibh iRITEIF, 2.5 ml,

t he sol vent renpbved under vacuumto give a

WHI@@»% ivéfe'r)\/\ﬁay hedeh &f pﬂé?f?l ﬁ'@i I\%&;ltarr\ef (h word, e h{ﬁ%lﬁ&ssolved in
t he sil sesqui oxane cage. n THF)™ - 26.

ERTHR D mMhé imiixtdiFdvas §9rre7d étsr)oom temperature for 24 h and a yellow

viscous liquid obtained after removal of the solvent. Dry chloroform (10 ml) was
added, and a white powder was obtained after filtration. Recrystallization from
acetone afforded colorless crystals (1.25 g, 46%). 295i NMR (79.30 MHz, CDCls,

TMS): d=80.6 ppm.

(Me)sN[(PhSiO.5)s@F]5s To a 1 gram anhydrous THF (50 mL) suspension of
[(PhSiO1 5)s]ss (0.968 mmole) was added a slight excess of anhydrous
tetramethylammonium fluoride (91 mg, 0.98 mmole). After stirring under a nitrogen
atmosphere for several hours the solution clarified as the product dissolves in THF.
The solution was filtered through diatomaceous earth and the solvent removed
under vacuum to give a quantitative yield of the salt with fluoride inside the
silsesquioxane cage. '°F NMR (in THF) -26.5 (s) ppm. 2°Si NMR (in THF) -80.7 (s)

ppm.
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ppm (Me)4N (Vi SiOi. 5)8@] S8 To a 0.5 gram anhydrous
THF (50 m ) suspension of [(VIiSIG 5) ]8 (0.790

wonoBay72ams added a slight excess of anhydr ousPCT/US2008/056611

t et ranmet hyl ammoni um fluoride (75 ng, 0.80 mmole).

After stirring under a nitrogen atnosphere for severa
hours the solution clarified as the product dissol ves
in THF. The solution was filtered through di atomaceous

r h | vent nmoved under t ive a
(e @SichafeidheitE d § EPAE AR Aehs P00 Sispasion o
e silsesquioxane cage. 19F NMR (in THF) -25.5 (s)
B&'Lﬁ" ogss Qmﬁn as gdded @§5|gr5,9,¥pess of anhydrous
I\/le)4NE(CF3(CH2) 3Si 0.1.5)8@] S8To a 1 gram anhydrous
ne&oylammoniyrs fupgde 7 HMg| %@ﬂsnrm@-s ftor stirgpgppder a nitrogen
(0.81 6 mmol e) was added a slight excess of anhydrous
atmesnheraiarsevenal bewrsithe solgtior] Flarifigd a9trepraduttadissolves in THF.
After stirring under a nitrogen atnosphere for several
Abarsolutine wasl fillerashtheough diatomageouheanh add the shleadlrermeved
in THF. The solution was filtered through di at omaceous
eadehvatadmt toegieod qeantitativeoyield of thikesalvaithufluoride igside tiee
quantitative yield of the salt with fluoride inside
sheesguiozase cage deNSR) G0 THRT -28/R (§)i pprT HESi NRIR (fr THF) -83.0 (s)
1F), -69.9 (s, 24F) ppm 29Si NWMR (in THF) -70.4 (s)
ppm. (Me) 4N (CF3CF2CF2CF2CH2CH2SIiO L 5)S F] 8 To a 1
gram anhydrous THF (50 ml ) suspension of
[ (CF3CF2CF2CF2CH2CH2SI G 5) 18 (0.396 nmol e) was added

{Me) N{(OF :(049581005)s @FpwITOa Y dratn angtiousalAfD (B0URL) suspension of
fluoride (37 ng, 0.40 mmle). After stirring under a

um@%mmaﬁg@m § MnmdEeisPadduerd Slight exsddsWf affydrous

clarified as the product dissolves in THF. The
sattaih éthyladmsoriiir b Rde 178 MYD.8dinvhelBC ARESstRARG Onddtt nitrogen

the solvent renoved under vacuumto give a

atAgépHed forevél Howh thd1Solafdr cldfifidd as the product dissolves in THF.
The solution was filtered through diatomaceous earth and the solvent removed
under vacuum to give a quantitative yield of the salt with fluoride inside the

silsesquioxane cage. '°F NMR (in THF) -28.8 (s, 1F), -69.9 (s, 24F) ppm. 2°Si NMR

(in THF) -70.4 (s) ppm.

(Me)sN[(CF;CF,CF,CF,CH,CH,Si01.5)s@F]ss To a 1 gram anhydrous THF (50 mL)
suspension of [(CFsCF.CF.CF,CH.CH.SiO; 5)s]ss (0.396 mmole) was added a slight
excess of anhydrous tetramethylammonium fluoride (37 mg, 0.40 mmole). After
stirring under a nitrogen atmosphere for several hours the solution clarified as the
product dissolves in THF. The solution was filtered through diatomaceous earth and
the solvent removed under vacuum to give a quantitative yield of the salt with
fluoride inside the silsesquioxane cage. '°F NMR (in THF) -28.8 (s, 1F), -82.4 (t,

24F), -117.2 (m, 16F), -125.4 (m, 16F), -127.1 (m, 16F) ppm. 2’Si NMR (in THF) -
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fluoride inside the silsesqui oxane cage. 19F NMR (in
THF) -28.8 (s, 1F), -82.4 (t, 24F), - 1 17.2 (m 16F),

WO 1@8/13720m 16F), -127.1 (m 16F) ppm 29Si NMRCT/U82008/056611

THF) -70.1 (S) ppm 14

(Me) 4Nt ( CF3CF2CF2CF2CF2CF2CH2CH2SIi OLs) 8 F] 8 To a 1

gram anhydrous THF (50 ml ) suspension of

[ (CF3CF2CF2CF2CF2CF2CH2CH2SI O1 5) 8] 8 (0. 295 nmmol e) was

%ﬂed a slight excess of anhydfous tetranethyl amoni um
RBRM(28 ny, 0.30 nmle). After stirring under a

ni trogen atnosphere for several hours the solution

larjfied issolves in THF.  The
BuF R GRDRCF F dE BRI Tra e dbiss Giare Anhyrous THE
the sol vent renmpved under vacuumto
(ROELY SURPRDE0D OBl P O P AT GHHAI el 5191296 mmole)
t he sil sesqui oxane cage. 19F NWVR (in THF) -30.6 (s,
wes added a slight exgassy of anhydiansotatigmetgpammorium 'ﬂupnqle (28 mg,
16F), -125.7 (m 16F), -126.3 (m 16F) ppm 29Si NWR
0i3Q nrmp)e)- Adtesstirang ppder a nitrogen atmosphere for several hours the
(Me) 4Nt ( CF3CF2CF2CF2CF2CF2CF2CR2CH2CH2SIi G 5 8OF] 18
Falutioriclgritiad asthedoroduct TSovesn iTHF) Thessmdutiinomasofiltered through
[ (CF3CF2CF2CF2CF2CF2CF2CF2CH2CH2Si OLs) 8] 1 e (0. 279
diatdmegcesas eadtadahe solghnt rermesd uatleavdydnotesgive a quantitative
t et ramet hyl ammoni um fl uoride (27 ng, 0.29 mole).
pibldeot teé Balt ivitly fluodds ingidei the eisssqaloxaspbage PP NMRvRMAF) -30.6
hours the solution clarified as the product dissolves
(97 1FijF84.ThE 236),ut 1 @0 (wad 6F),|-124. egml; h6By gTRsl7 @O MBEL 0158.3 (Mm
earth and the sol vent renoved under vacuumto give a

aeRBprh 26T QIMR Ghd HF) -Y0.6 (5pbpmWwi th fl uori de inside
the sil sesqui oxane cage. 19F NVMR (in THF) -28.7 (s,

1F), -82.2 (t, 24F), - 117.2 (m 16F), -122.6 (m
MN[(CFQQF&F(zEF;»GEEFzCFiQSdeicﬂszFQ a@ 4. Jo(ma 1 gram

16F), - 127.2 (m 16F) ppm 29Si NWR F) -70.7

aatydpes  Cati omHexchange (for Cat i QﬁE’pSS@ Caggsension of
[(CF3CF2CFCF,CFCF>CF;CF,CH>CH,SiO 5)s]5s (0.279 mmole) was added a slight
excess of anhydrous tetramethylammonium fluoride (27 mg, 0.29 mmole). After
stirring under a nitrogen atmosphere for several hours the solution clarified as the
product dissolves in THF. The solution was filtered through diatomaceous earth and
the solvent removed under vacuum to give a quantitative yield of the salt with
fluoride inside the silsesquioxane cage. '°F NMR (in THF) -28.7 (s, 1F), -82.2 (t,
24F), -117.2 (m, 16F), -122.6 (m, 16F), -122.8 (m, 32F), -123.7 (m, 16F), -124.5 (m,

16F), -127.2 (m, 16F) ppm. **Si NMR (in THF) -70.7 (s) ppm.

Cation Exchange for CationPOSS@F Cages

The utility of F@POSS cages can be controlled through variation of the R

group on the cage and through variation of the counter cation associated with the
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The utility of F@QOSS cages can be controlled through
variation of the R group on the cage and through

wa aoosasizen of the counter cation associ ated w PET/US2008/056611

t hecage. Nunerous advantagas can be realized by
exchangi ng nonreactive onium cations such as
tetranmet hyl amonium and tetrabutyl ammoniumw th
oni um cati ons containing reactive groups capabl e of

e L 5ri‘£wg%ﬁe§t?v'e°5mum
Poffe Bl aslelete '{y‘ oS i ol %BE{V? G wilhoniun

practical utilit @0OSS. Oni um exchange can
a3l gy et Grou R ARROI AN RO GAIAVTI activy,
octaphenyl oct asi | sesqui oxane fl uoride

bl (oS apgigmentaon prepertigs. rasliatinneabasybanse; biclgical
of a stoichionetrically equival ent anount of
aetiyjly: pi hefapputia pranering. Puddy fudetionataclivity i highly slesited for the
m nutes at 250C. Then 50m of hexane was added to the
praatigaleutility afdr@P&SSscond | ayer into which the
resulting Cetyl (Me)3N (PhSi O15) 8@] 8 was extract ed.
Upon renoval of volatiles and drying a quantitative
am)unpnt;fm pretange opadentaraechedt byrdissolving tetramethylammonium

yl (Me) N[ (PhSi 0i . 5) 8@] S8was observed to be
Qictg@he hy mtasyseﬁw@xeﬁe Huoiide(Me)4l[(BhSi€1dhi@ Flge into Tk followed
the tetranethyl ammoni um cation. K (PhSiGQ . 5)8@]8
Sy @ddiion pf acdeiciometricialiy) gquivdle thamountwhcgtytiimethyhammonium
F@OSS with an inorganic cation such as K+, Na+, Li+,
Apleride add stirrimiglfer &3 ntimegs af 281G Theh8Oml afriexaat wag added to the
stability and do not produce a noticeable snell when
Irextueito O anseernd tayge infto whichathg aeBultingaC etoiisle WK PhSiO+ 5)s @ Flss
successfully acconplished for exanple, by addition of
KA @ xtractad Tidpomiak tiovarofobldtitds rted iping agaitititive amount of
oct aphenyl octasil sesqui oxane fl uoride
pMutNvaPobiatied). 8THe C8tyl (W) N[(PHSIOT £ @FF: s WdsBEnied to be

stir for about 15 minutes, at which tinme the solution
wiypificahflyemnerk efstiilbasRdscidal agent that the tetramethylammonium cation.

K[(PhSiO15)s@F]ys Similarly, cation exchange of the onium groups on
F@POSS with an inorganic cation such as K+, Na+, Li+, Ag+ is desirable as they
afford higher temperature stability and do not produce a noticeable smell when
heated. Onium exchange for inorganic cations was successfully accomplished for
example, by addition of KPF6 to a THF solution of tetramethylammonium octaphenyl
octasilsesquioxane fluoride (Me)4N[(PhSiO 5)s @ F]ss. This mixture was allowed to
stir for about 15 minutes, at which time the solution was filtered and the POSS
product was isolated by filtration and the [(Me)sN]'PFs salt was retained in solution.
The POSS product was collected in near quantitative yield upon removal of volatiles

and evaluated with TGA and FTIR relative to the starting materials. Similar cation
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product was isolated by filtration and the
[(Me)4N] +PF6 salt was retained in solution. The PGCSS

w@e@dust2omas collected in near quantitative yi BCTUSO8056611

renoval of volatiles and eualuated with TGA and FTIR
relative to the starting materials. Simlar

cati onexchange can be carried out using other
inorganic salts (e.g. AgNO3, CuS®»4) in which one of

[ LS, r soluble.  Polynerizatiqn .

thobRSH 6% i L st R MBe e [R5 181, AnEa, cusoa in
h arri f.l uor opr apy.Opr I hyl net hacryl ate oct aner
W%%é "(’F(‘i’:rf@? aﬁug%ylgevag%ﬁbg%yl net hacryl ate) Si O
5)i]a) and nethyl net hacryl ate were prepared using the
ol | owi. ng. ge Dprocedure. .Under a nitrogen

BRI Srakll:ba s g Qtion of tol uene
i 'oPyInEthac ig
thylm

A
w
hCO
._(_/)
@]
[6)]
T~
- O

ALY SeI0) i = LhaddRouo 20 a 208 ,\d’m ethac Iate
met hyl met hacryl ate (2702 ng, 26.99 nmol) and AIBN ( 1
opo

er8. 068 mMmmvl ) was prepared and heated to 63 0C

for 16 hours. This solution was then diluted with 15

m. of CHCI3 and precipitated into 75 nL of methanol .

Af t er CapQlymerspidipdta{iriinerapremilpeonytmethyimsiaatylatenectamer POSS
collected by vacuumfiltration in 85%yield and 1H NMR
ﬁﬁéﬁn(@Us)e%@.s)qmmdmﬁma@mlaialﬂi@ds)ﬂw @mdrrsethyimejkacrylate were
it was observed that glass transition of the

preparschesiag thecfioiewieg ganetal procedars. bipdp( CRB(0QER)adBoshbhere, a
5)7(propyl nethacrylate)SiQ . 5)i]8 content relative to
ttyaoxygenrfeaehsdlntiirhefdolpkbae €2.ZR dnlr, 2x3feg), f rom 1200C to

1300C, while the heat capacity and thermal gravinmetric

HEFH(@HRSI@; 4)ipropaisesthadrylatedBighe): |55 (BB ngadi2agammahe

contact angle for a series of these copolyners is
hrieshyémethacriieié 2702 mgh26:99 molnhag AIBNGI £6 nog, 0.068 mmol) was
prepared and heated to 63 °C for 16 hours. This solution was then diluted with 15
mL of CHCI; and precipitated into 75 mL of methanol. After stirring overnight a white
solid formed, and was collected by vacuum filtration in 85% yield and 'H NMR
spectroscopy showed no unreacted monomers. In general it was observed that
glass transition of the copolymers decreases with increasing

[(CF3(CH2)3SiO4 5)7(propylmethacrylate)SiO, s)1]ss content relative to that of
methylmethacrylate and ranges from 120°C to 130°C, while the heat capacity and
thermal gravimetric performance increases with higher POSS loadings. The contact
angle for a series of these copolymers is listed in Table 1.

Table 1. Contact angles of
[CF3(CH2)sSiOy 5)7(propylmethacrylate); SiO4 5)713 o/methylmethacrylate copolymers.

Composition Average Standard Deviation
Contact Angle

PMMA 78.5 8.5

3/97 [CF3(CH,)3Si0; 5)12]3 12/PMMA 89.7 5.8

5/95 [CF4(CH,)3Si0 ¢)12]3 12/PMMA 80.5 11.2
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[CF3(CH2)3Si G 5) 7(propyl nethacrylate) 1SiG d
/ met hyl met hacryl at e copol yners. Conposition Average

w®r@ndamae Devi ati on Contact Angle PMVA 78.5 8. BCBIUS2008/056611

[ CF3(CHa) 3Si OL 5)i 2]i2/ PMyA 89.7 5.8 5/95

[ CF3( CHa) 3Si OL 5)12] 12/ PMVA 80.5 11.210/ 90
[CF3(CH2)3Si O 5)i ]i2/PMVA 84.3 10.9 20/ 80

[ CF3( CHa) 3Si OL5)i g]i /PMVA 88 7\0 Synthesis of

Al v El nri natad DOSS 1n o9 11 \1n|||getp|g f'ask
T T L) oo Mu LA~~~ | vt T

(I C

Oyt

T ICEA(CH 1,510, Y113 1o/BMMA ' 84.37 10.9

ﬁﬁ 2 J!&EP ".w.va‘ 8R.4. 7.0
[e) A | | | | | | IZ

[ (CF3CF2CF2CF2CF2CF2CH2CH2SI (CEt ) 3, 27.20 g was made

é&-ﬁ-@ 100 of IlPl %trer an 74 g of 85% KOH and
%—&% i) no"@éf—&éag—_ﬂ flask and stir

under nitrogen for 5 days. A white precipitate forns,

whi ch, i b filtratjon. Th i pitat
e i 001 R el FoiBeans Bhle Hashed Lhree i mos

e s N RN
(e R B A SO BBl et 9109, or o

vacuum filtration. 29Si NWR (CD2Cl 2) d: .
peter e 2creg SERS SR aRsalute piharps Transfeniorirflask and stir
CF2 CF2CF2CF2CF2CH2CH2SI O15) FI 8 , -66.7 ppm Melting
pBdenr nireagraior 3 Gy &2 whiterretipitate s, whas emovediyy, vacuum
CF3CF2CF2 CF2 CF2CF2CF2CF2CH2CH2SIi O15) S FI 8 138 0OC.
ifigtiel The rreaipitate ip disgalyed indigblororaethase apdonashed hree times
obt ai ned at reaction concentrations of 0.1 M More
with ¢ weatert dbie solvent is removed in vacuo just until precipitate starts to form.

~ND

This cloudy solution is dripped into rapidly stirring methanol yielding a fluffy white
precipitate. The solid is removed by vacuum filtration. 2Si NMR (CD2Cl,) é:
[(CF3CF2CF2CF2CF2CF2CH2CH,SiO1 5)s @F]ss/ [(CF3CF,CF, CF,
CF>CF,CF,CF2CH>CH2SiO1 5)s @Flss , -66.7 ppm. Melting point
[(CF3CF.CF,CF.CF,CF,CH2CH:SiO15)s@Flys 124 °C, [(CFsCF.CF, CF,
CF.CF.CF,CF,CH,CH,SiO15)s @Flys 138 °C. Typical yields of product range from
98-99% can be obtained at reaction concentrations of 0.1M. More concentrated

preparations can also be carried out with mechanical stirring of the reaction.

Additionally fluorinated POSS cages also bearing reactive groups are
desirable for surface modification of metals, fillers, and composites can be prepared.
Preferred reactive groups include but are not limited to silanols, siloxides,
methacrylates, thiols, amines, acids, esters, alcohols, isocyanates, epoxides, and

Lewis acidic metals.
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contact angle, with | ow powder density and crystal

gepsrtiop qiithe gees.r by expamle floorinateh PRS Saenges ibjtingflow surface

preferred systens for incorporation into polynmners.

Fapigy, Migh satercoathch Bpgiecwith favopewderadenisity ard cestahdeysity are

fluorinated POSS cages. The incorporation of

feSadCHABSE Conglins @ s@mimanoofoprafesredi sylstegrsaide irebidaration into

(pol ynet hyl net hacryl ate) was acconplished by sol ution

pblgmairsig and nelt bl ending with POSS wei ght percents

of 3% 5% and 10% and 20% respectively. The resulting

formul ati ons were subsequently heated to 1400C to

Aabkea?. Selectey physical pnepestiesoiod axternallipdaoemhted POSR cages.

until optically clear. The water contact angle was

i frpact on contractgcamzsm 5beﬁ§0rpor@CHgD1Qfs]zst he 25i0; s)elgs

af

bBOSS ed af t|eHCBAREMFHEREF-ET£a] WEMEFL6:CFeGrePCr|d(CFIRF.CF.CF.CH.CH

=ErRic 8' .d)l 2—tespted H— & HRer6aSe 98 mN/m
pnt act anglle and Correspondi hg increase in

m
i
[ ~CR/ LD A
C
hy &6Bhobi cifty and surface enprgy reduction of| the

Water Contact 154° 115° 117°
Angle

Powder Density 1.95 g/mL 1.88 g¢/mL 1.86 g/mL
Crystal Density 2.06 g/mL 2.05 g/mL 1.98 g¢/mL

The incorporation of [CF3(CH3)3SiO1 5)12]Y 12 into commercial grade PMMA
(polymethylmethacrylate) was accomplished by solution blending and melt blending
with POSS weight percents of 3%, 5%, and 10% and 20% respectively. The
resulting formulations were subsequently heated to 140°C to anneal the systems
and secondarily heated at 175°C until optically clear. The water contact angle was
measured after each heat treatment to determine the impact on contact angle.
Incorporation of the [CF3(CH.)3SiO1 5)12]3 12 resulted in an increase of contact angle
and corresponding increase in hydrophobicity and surface energy reduction of the
formulation. Increasing the hydrophobicity of PMMA is highly desirable as water

absorption by PMMA is well known to reduce its durability and aesthetics for
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formul ati on. Increasing the hydrophobicity of PWA is

hi ghly desirable as water absorption by PWA is well
whp@sn32e reduce its durability and aest heti cSPCT/US2008/056611

forsignage, utensils and optical applications. PVWA is

widely utilized in dental and prosthetic application,

pai nts, adhesives, and coatings in which the uptake of

noi st ure causes degradati on of nechani cal properties.

I
érr[gﬁasqﬁ 'Eﬁ % ahd oﬁﬁ%ialll%;aﬁ SEé e?ﬁ@ﬁ@@%@%fﬁ@@é@“@{n‘%l and
e?gsﬁwee%g%vp T, cgie%awes[ D EE
SPisurR duesm e daly o hediant Hrqoﬂwﬁﬁ'etc'eﬁt%f\%%'gg%ra
[CF3(CH2)38|O 5)i2]i 2 blend 78.2 4.6 5%
f@@(qﬁpﬁgsggp @dg—,’vpg measyied ffegannealing farRpours at 140°C (Table 3)
[CF3(CH2)3Sia 5)i 2]i 2 blend 97.4 3.5 20%
pagtaitengnnesficy f%)a hqyrs abl &n§ @@bles4)2. 6 Table 4 .
Contact angles of [CF3(CH2)3SiG 5)i2]i 2 and PMVA

bl ends anneal ed at 175 ositi on Average Standard
Tableat %@@Ptea@é% %ft[pgﬁ(qfw;;ﬁp@gs )32 apdFYMA blends annealed at

(€8 CcHz)3SiO .5)i2]i 2blend 82.6 5.25 5%
[CE3(CHsS)Y 23S O B)i2]i 2hlend 83 3 2 0
‘Composition Average Standard
Contact Angle Deviation
PMMA 74.6 14.3
3% [CF3(CH2)3SiO1.5)12]Z12 blend 78.2 4.6
5% [CFa(CHz)aSiO1A5)12]Z12 blend 87.6 2.1
10% [CF3(CH2)3SiO1.5)12]Z12 blend 97.4 3.5
20% [CFa(CHg)aSiO1,5)12]Z12 blend 100.5 2.6

Table 4 . Contact angles of [CF3(CH2)3SiO15)12]3 12 and PMMA blends annealed at
175°C.

Composition Average Standard
Contact Angle Deviation
PMMA 82.1 12.1
3% [CFa(CHz)aSiO1.5)12]Z12 blend 82.6 5.25
5% [CF3(CH2)3SiO1.5)12]Z12 blend 83.3 2.0
10% [CFa(CHz)aSiOLs)m]Zm blend 90.0 1.3
20% IgFg(CHQ)asiOLs)u]Zm blend 96.5 3.9

Properties of Nonfluorinated Polymers Containing Externally Fluorinated

POSS and Internally Fluorinated POSS

Nonfluorinated thermoplastics were obtained from a variety of commercial
suppliers. The melting and processing temperature for each polymer was
determined by differential scanning calorimetry (DSC). Externally and internally
fluorinated POSS were prepared as described. A general method for incorporation

of the POSS into the thermoplastic polymer utilized a twin screw extruder
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Fl uorinated PCSS and Internally Fluorinated POSS

Nonf | uori nated thernopl astics were obtained froma
variety of commercial suppliers. The nelting and
processi ng tenperature for each polyner was determ ned

DGR PR ol p oL
PR Mt i IS e AR o B R S obEFTi n
screw extruder (M croConmpounder, DACA Instrunents) and

Conpoﬁ‘ﬂgﬁng%eeﬂ&pt%?&rg&sycgeﬁ;ﬁﬁﬁ r EI%(?B Iltgga rérgg/ﬂp:hythg Btdés %

st eady-'St at t "W o .
TP R R IS o DechrrbierGaen. olbe

shear m xing and copol ynerizatjon. The preferred

RESTRGE et 5 HiRpR RO GiPonHES VisUathomeaRsizale & fsnsystem and

the system and the viscosity of the initial resin

,tﬁq(ylagcgnty Ioﬁal?e'ﬁlé'ﬁb'iesm'xitﬂeor poration of externally

fluorinated and internally fluorinated POSS was

effective at anreasi ng the hydrophobjcity of the )

pol ynir8enasgldhe Mcoppqration,ef ‘?’ﬁ%’ﬂ? Hugriggtedsangiptesaally fluorinated

g'r ovlided in Figures 7-10 illustrate trends for the o
%W@ﬁ@ﬁ?%‘ﬁoﬁ‘a\?“e’eﬁﬁﬂg th Byfirernabicity s tespplymers into which it
limtations on the scope, range or utility, or

YRFdNGARYIAERS of the method. It is realized that

di ffering degrees of hydrophobicity are required for

speci &i C aro lications along wth other desirable
pr opert4'ER eglmv' RdaRs ¢al O ilusteatadnends fos the pahancement and

optical, processing, and finish properties.
are not intended to represent limitations on the scope, range or utility, or

effectiveness of the method. It is realized that differing degrees of hydrophobicity
are required for specific applications along with other desirable properties such as

mechanical, thermal, biological, optical, processing, and finish properties.

While certain representative embodiments and details have been shown for
purposes of illustrating the invention, it will be apparent to those skilled in the art that
various changes in the methods and apparatus disclosed herein may be made
without departing from the scope of the invention which is defined in the appended

claims.

What is claimed is:



VWil e certain representative enbodi nents and details
have been shown for purposes of illustrating the

wo pwsnsgizon, it will be apparent to those skil | rdI/Us20081@56611
art that various changes inithe nethods and apparat us
di scl osed herein may be made wi thout departing from
the scope of the invention which is defined in the
appended clainms. What is clained is: CLAIMS 1. A nethod
of incorporating a fluorinated nanostructured chem cal
into a nonfl uoropol yner, coggrﬁi@%ng the step of
bl endi ng a nanostructured c | into the polyner.
2. A nethod of incorporating a fluorinated
manosA mathod etlincbmporating aofhicinated moTtogaactarext crangiaaliinto a
particle, conprising the step of blending a
nanoshenfitibropadynedrecomplising the $tep op Blehditlgea sdndstruciiged chemical
t he nanostructured chem cal into a pol yner containing
such jp@gthegoBmmer3. A nethod according to claim1,
wherein a m x of different nanostructured chemcals is
bl ended into the polyner. 4. A nethod according to
gl ai nAZnetinba bEINDooRAtinga flubrinherdemdnosguetsgdicridniedl onto an
chemcals is blended into the polyner. 5. A nethod

accor gorgniccordrganit partioles cemprising twsieplé® bighirRfa nanostructured
polymer 1s in a physical state selected fromthe group

consi éﬁénﬁi@al@fritrptihleSbanﬂﬂ@bpﬁ%ﬁgbth‘é%n%#%t@édi dHemical into a
crystalline, elastoneric, rubber, and crosslinked

mat erb@%ﬁe,@em&nn@tg@@q pRffEgi ng to claim2, wherein
the particle is macroscopi ¢ or nanoscopic fromthe

group consisting of nmetals, mnerals, or carbon
3. A method according to claim 1, wherein a mix of different nanostructured

chemicals is blended into the polymer.

4, A method according to claim 2, wherein a mix of different nanostructured

chemicals is blended into the polymer.

5. A method according to claim 1, wherein the nonfluorinated polymer is in a
physical state selected from the group consisting of oils, amorphous,

semicrystalline, crystalline, elastomeric, rubber, and crosslinked materials.

6. A method according to claim 2, wherein the particle is macroscopic or
nanoscopic from the group consisting of metals, minerals, or carbon

materials.

7. A method according to claim 1, wherein the nonfluorinated polymer contains a

chemical sequence and related polymer microstructure.

8. A method according to claim 1, wherein the polymer is a polymer coil, a

polymer domain, a polymer chain, a polymer segment, or mixtures thereof.
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materials. 7. A nethod according to claim1l, wherein
t he nonfl uorinated pol yner contains a chemn cal

weewaase and rel ated pol yner mcrostructure. BCT/BS2008/056611

nmet hod according to claim 22 wherein the polyner is a
pol ymer coil, a polyner domain, a polyner chain, a

pol ynmer segnment, or m xtures thereof.9. A nethod
according to claim1, wherein the nanostructured

hem cal elnfor es th ngnf | uor.i
ot echmethed feroriing o A dnaeiin Bk fangubtred Herfica
wherei n the nanostructured chem cal contributes to
vol uni€ingerees dheyppnfiorinated polymen dumalecuiagiaygl-t o cl ai m
1, wherein the nanostructured chem cal contributes to
surface area of the g ynmer. 12. A net hod accordlqg
dPai nf methprd perardingd elﬂ*fa&umeﬁ’gn the pRsiyetured.Ccher 'Ca'A
met hod according to claim 1, wherein the conmpoundi ng
is rerntiitiges kvolumasf lRIPA®SF.di ng to claim 1,
wherei n a physical property of the nonfluorinated
polymer is inproved as a result of incorporating the
nanosfMRibeF agcrAiBgite £aiMdh vherRin e HaRastrugkirehChrpikal
according to claim2, wherein the nanostructured
cheni eentritiges Huswiace areaobtherRalymes. A net hod
according to claim2, wherein a physical property of
the particulate is inproved as a result of )
ilAcor pEnethesh gceardingdn S5 e Whesrin erresemaeundingistneareactive.
polyner 17. A nmethod according to claim 14, wherein
t he physi cal ert conprises a nenber selected from
ffe gf\d“ﬁihe%ﬁg?%'ginﬁd &ra'm IhMNEFRI the-eefhBRYNdiRg Isdeactive.

wat er

14. A method according to claim 1, wherein a physical property of the
nonfluorinated polymer is improved as a result of incorporating the

nanostructured chemical into the polymer.

15. A method according to claim 2, wherein the nanostructured chemical

dominates surface area.

16. A method according to claim 2, wherein a physical property of the particulate
is improved as a result of incorporating the nanostructured chemical into the

polymer.

17. A method according to claim 14, wherein the physical property comprises a
member selected from the group consisting of lubricity, contact angle, water
repellency, adhesion to a polymeric surface, adhesion to a composite surface,
adhesion to a metal surface, water repellency, density, low dielectric constant,

thermal conductivity, glass transition, viscosity, melt transition, storage
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repel I ency, adhesion to a polyneric surface, adhesion
to a conposite surface, adhesion to a netal surface,

wowisninepel | ency, density, |ow dielectric conBCEHOB2008/056611

thermal conductivity, glas23transition, viscosity,

melt transition, storagenodul us, relaxation, stress
transfer, abrasion resistance, fire resistance,

bi ol ogi cal corrpati bility, gas perneability, and

por os cordi ng to cl ai wher ej n
Phe phodies Foppraliah cpess L2 ?Wéﬁtasr@ﬁeeﬁeaaswsta&ﬁ%
t he group. consi st | of adhesi o nmeric

sur f iﬁ@?ggah%%m%'bﬂ% S8 Brppe Rl s%’?‘?@g" dhesion to

a nmetal surface, water repellency, densi ty, lubricity,

ter el lLency, low dielectric

B s Rt &ealing anciBER 116: wheiey BE s Ea Brapgry comprises a
tranS|t| on, storage nodul us, rel axation, stres
t r ansPemb eéﬁ?'ﬁ@ﬁ@ﬁ’%ﬁ\%ﬂ’ﬁ% gongisting Qfé’éh%'aﬂé‘éa polymeric
bi ol ogi cal conpatibility, and porosity. 19. A nethod
accor%ﬂ@ﬁ t 3dhgsigmic C%@Q%ﬁrﬁuﬂ%e&ﬂh@é@ﬁ‘dpﬁgﬂgiaéﬁm@e water
acconpl i shed by bl ending the nanostructured chenmi cal
i nt o neRelignsyydensity dgbrigityneeniaet angi watergepeliaricui aw dielectric
wherei n the conmpoundi ng step is acconplished by a
bl endéangtant,dbersalconddctivily fuisnesith engjt bapsitioon stosagengnodtilus,
nmelt bl ending, dry blending, and solution blending. 2
1. A mebdation,stress thangfer, abcasiomredjstavivey; érenresistancexbinbpgical
step is acconplished by bl endi ng the nanostructured
c hem comhpatibility, padtpocdsity. 22. A net hod according to
claim2, wherein the mxing step is acconplished by a
process selected fromthe group consisting of nelt
1b9.e ndA mpthelt acdrrdingiteglaira dwbetein therncdvhpmuohiding, step is
sprayi ng and vapor deposition, mlling and grindi ng.
23. Aaaeetriplishextbybiéndipgttioe chadstiutiuredhehemitat into the polymer.
nanost ruct ured chem cal

20. A method according to claim 1, wherein the compounding step is
accomplished by a blending process selected from the group consisting of

melt blending, dry blending, and solution blending.

21. A method according to claim 2, wherein the mixing step is accomplished by

blending the nanostructured chemical with particles.

22. A method according to claim 2, wherein the mixing step is accomplished by a
process selected from the group consisting of melt blending, dry blending,

and solution blending, spraying and vapor deposition, milling and grinding.

23. A method according to claim 1, wherein the nanostructured chemical

functions as a plasticizer.
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functions as a plasticizer.24. A nethod according to
claim1l, wherein the nanostructured chem cal functions

w@3g008/187209 er . 25. A net hod accordi ng to cl ai m RCT/US2008/056611

wherei n the nanostructured2¢hem cal functions as both
a plasticizer and a filler. 26. A nethod according to
claiml1l, wherein the nanostructured chemcal is

sel ectively conpounded into the polyner such that the

nanostructured chemcal. is ipcorporated jnto .
e msthararcoldigle Gpn T mbRerb ey asest BatreR shamyeal
conposi tion produced by a nethod according to claiml.
28. THectiopsRs® Werci aim 1, wherein the bl ending al | ows
control of the nolecular notion of the polynmer. 29. A
net hod according . to claim28, wherein a tine dependent
28-opeh Mpthad aoneEdiee tp glaimy 1 wherein the nanoskbelyradhemical
nanostructured chem cal into the polyner. 30. A nethod
accorfaneiipns @sdiosh mpjasticizaeard a filee ti e dependent
property is selected fromthe group consisting of T,
HDT, nodul us, creep, set, perneability, erosion L
26si A medhod agrosding fo slakn 4t wheein thenanpsliughdtad chesmical is
claim1, wherein the nanostructured chemcal is

sel ecaedertively sauworndes 4o ther palener suchctbabilieingnestipgtures
sel ected region of the polyner, and thereby reinforces
a selehemien! isigcomosited irdo gairgdetermped ragien mithinobe golymer.
claim2, wherein the nanostructured chemical is

sel ected to have chem cal properties conpatible with a
82| ech ealymsegicompesition grosiicoddy a mathodrascamiing 6 glaigy tes

a selected region of the pol yner.

28. The method of claim 1, wherein the blending allows control of the molecular

motion of the polymer.

29. A method according to claim 28, wherein a time dependent property is
enhanced as a result of blending the nanostructured chemical into the

polymer.

30. A method according to claim 29, wherein the time dependent property is
selected from the group consisting of T4, HDT, modulus, creep, set,

permeability, erosion resistance, abrasion resistance.

31. The method of claim 1, wherein the nanostructured chemical is selected to
have chemical properties compatible with a selected region of the polymer,

and thereby reinforces a selected region of the polymer.

32. The method of claim 2, wherein the nanostructured chemical is selected to
have chemical properties compatible with a selected region of the polymer,

and thereby reinforces a selected region of the polymer.



