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materials as fillers to impart desirable electrical, thermal, mechanical and other physical
properties in the final composition. The hydrocarbon composition of polymers often renders
them incompatible with the inorganic composition of most filler systems. (Polymers include
aliphatics, olefininic, aromatic, and heterofunctional systems (representative examples
include polyethylene, polypropylene, polybutadiene, polyethers, polyimides, epoxides,
acrylics, styrenics, polysulfides, polysulfones, polycarbonadtes, polyesters, polyamindes).
Also included are all classes of polymers, for example glasses, semicrystalline, crystalline
and elastomers. (Representative fillers include fillers such as layered silicates, clay, calcium
carbonate, talc, Wollanstonite, diatomacious earth Kaloin, ATH (aluminum
trihydrate),vermiculite, baryte, glass, metal, metal oxides, and wood.) It has become
common practice to treat the surfaces of particulate fillers with surfactants and silane
coupling agents to promote surface compatability between these disimilar material types. An
extension of this practice has been to utilize silanes and surfactants as exfoliants in the gallery
layers of mineral and synthetic silicates. (Mineral and synthetic silicates include bentonite,

hectorite, montmorillonite.) The goal of such surface interior and exterior surface
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billionth of a meter features) is desirable because it allows for increased detail of features,
durability, and reinforcement of polymer chains at multiple length scales. The limitation of
the prior art to provide such advantages directly results from an inability to control the
surface-assembly and structure for the surface modification agents once they are placed on a
filler or surface. Furthermore, the limited thermal stability of traditional surfactant treatments
is a key factor that reduces the thermal and mechanical performance of clay-based

nanocomposites.

The present invention describes the use of nanostructured hybrid "organic-inorganic"
chemicals as interior and exterior surface treatments and exfoliants for macroscopic fillers.
Prior art with nanostructured polyhedral oligomeric silsesquioxanes (POSS and
spherosiloxanes) reports their utility as corrosion resistant materials but makes no mention of

their application and utility in composite, nanocomposite or filler technologies in which their
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The preferred coating agents utilize POSS-silanols, POSS-alkoxides, POSS-chlorides,
and POSS-salts. POSS nanostructures containing functionalized heteroleptic compositions

corresponding to formula [(RSIiO, )(RXSiO, ).l5 (m, n, # = even and odd integers 1-

1,000; R = hydrocarbon, silane or siloxy groups; X = OH, Cl, OR) are most desired. The
preferred processes for coating include solventless spraying, flame spraying, melt flowing,
and vapor deposition. These processes are advantagous because they do not produce nor
utilize volatile organic chemicals and hence are emission free. Alternatively, traditional
solvent based methods of application can be utilized and include spin coating, dipping,

painting, and spraying.

POSS reagent and resin systems are also desirably utilized in the exfoliation of
layered silicates and in the compatabilization of fillers including, clay, calcium carbonate,

talc, Wollanstonite, diatomacious earth Kaloin, ATH (aluminum trihydrate), vermiculite,
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polymer systems to provide multi-scale levels of reinforcement in polymeric coatings,
composities and nanocomposites. The POSS-surface modification agents can be applied
using all conventional coating techniques including slurry, spin-coating, painting spraying,
flowing and vapor deposition. POSS-surface modification agents are readily available from

commercial silane feedstocks. The preferred structures and compositions are functionalized

compositions corresponding to formula [(RSiOLS),,(RXSiO1 JnlY4 (m, n, # = even and odd

integers 1-1,000; R = hydrocarbon, silane or siloxy groups; X = OH, Cl, OR).
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the anatomy of a POSS nanostructured chemical.

Figure 2 shows physical size relationships of a traditional silane applied to a surface

as a monolayer (left) and nanostructured coupling agents applied as monolayers.
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Figure 4 shows structural representations; for POSS

sil anol coupling agents R can be a functionalized
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shows exanpl es of nanostructured surface nodification

agents that include POSS-nono, di-, and tri- silanols;

POSS- si | oxi des; halides; and 0POSS-resins. Figure 6

shows representative intercal ation/exfoliation of two
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aromatic, or siloxide groups that may additionally contain reactive functionalities such as

alcohols, esters, amines, ketones, olefins, ethers or halides). X includes but is not limited to

OH, Cl, Br, I, 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 ¥’ 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. It should be noted that Y'# 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).

Nanostructured chemicals are defined by the following features. They are single
molecules and not compositionally fluxional assemblies of molecules. They possess
polyhedral geometries with well-defined three-dimensional shapes. Clusters are good
examples whereas planar hydrocarbons, dendrimers and particulates are not. They have a

Nanoscopic Size that ranges from approximately 0.7 nm to 5.0 nm. Hence, they are larger
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groups that may additionally contain reactive functionalities such as alcohols, esters, amines,
ketones, olefins, ethers or halides). X includes but is not limited to OH, Cl, Br, I, alkoxide

(OR), acetate (OOCR), peroxide (OOR), amine (NR,) isocyanate (NCO), and R. This

inorganic skeleton coupled with the peripheral groups combine to form chemically precise
cubic like building blocks that when applied to a surface provide a regular and well defined

surface topology.

A particularly advantageous feature provided by nanostructured surface modification
agents is that a single molecule is capable of providing five times the surface area coverage
relative to that provided by comparable silane coupling agents applied in a hypothetical
monolayer fashion. The dimensions utilized in the example in Figure 2 are taken from single

crystal X-ray data for systems where R = cyclohexyl and support this statement.
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compatability. When applied to surfaces nanostructured chemicals also provide the
advantage of multi-length scale reinforcement. The example shown in Figure 3 is
representative of a macroscopic filler surface (milli to micron dimensioned (10'3 to 10°
meters)) modified with POSS-surface modification agents with nanometer dimensions of 10°
meters. A filler (or fiber) modified in such a manner is capable of providing both
macroscopic reinforcement (via particle size) and nanoscopic reinforcement via the POSS

surface treatment.

An additional advantage of POSS-silanols as surface modifiers is derived from the
fact that they are emission free. The nanoscopic size of POSS-silanols renders them
nonvolatile as comparied to traditional silane and organic-based surfactants. The inherent
stability of POSS-silanols is unique and thus eliminates the in situ production and release of
volatile organic components such as alcohols or acid as is necessary to occur prior to the

bonding and adhesion of a traditional silane coupling agent to a surface. Consequently
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A simple and cost-effective approach to the modification of fibers and mineral
particulates is the application of nanostructured chemicals to the surfaces of these
macroscopic reinforcements. This approach is analogous to the coating of surfaces with
organosilanes, coupling agents, ammonium salts, or other surface modifiers. Surface
modification with nanostructured chemicals, however, can be more effective at promoting
compatibility, retarding moisture and in controlling coating structure which ultimately

improves coating durability and reliability.

A number of POSS monomers and reagents have been developed for surface
modification purposes. Such systems can be considered the nanostructural analogs to

traditional silane coupling agents (Figure 5).

POSS surface modification agents can be applied to minerals, glass, metal, ceramic,

and polymeric surfaces via solution processing, melt spraying, or vapor deposition. The polar .
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attaghypagng, de dhey fidfen guifares whide dhr)sersainingsergpmie grawps on the nanostructure
cost-effective approach to the nodification of fibers
rendgn thersurfeccahydraphobiwimat povids compatipifity batweantheffiller and the polymer
nanostructured chemcals to the surfaces of these

matiiR ¢de FapesC2 bed BY. OAA@NBALISy, (H a8 Bf 98hNrdafedidr® YOKSW suitable
to the coating of surfaces w th organosil anes,

: | [ i . thar .
to RGP, W9 ot wAUNEE W' cR b Soicbyt B it BroPis panoscopic, as
chem cal s, howeve can, be.nore effective at promting _,
welll S5 DRBRISR ORI, HIONSRGNy ol RUURE hESn cLRR ri5Yifng Thuld-scale
. coating structure which ultimtely inproves coating )
fﬂlﬂé’&‘f%’iﬂ i PYovides laopdasi | fungtionn prchbapluef fPOSEaditienaler macroscopic
and reagents have been devel oped for surface
reinfppelinfantsat i on pur poses. Such systens can be consi dered
the nanostructural analogs to traditional silane
coupling agents (Figure 5).
Treatment of metal surfaces with POSS technology has been shown to provide

excellent corrosion resistance even at elevated temperatures while the treatment of minerals

with POSS has been shown to reduce moisture uptake and improve their dispersive qualities.

Traditional silane coupling agents (e.g. RSiX3) typically possess one R group and
contain three functionalities that are susceptible to hydrolysis (e.g. X = Cl, OCH3). It is
common to depict the surface coverage of a coupling agent as a monolayer despite the fact
that it has been shown that coupling agents applied from solutions as dilute as 0.25% are
capable of depositing surface coatings that can be up to eight layers thick. It is also known
that such coupling agents must be activated through hydrolysis to the intermediate silanol
species (e.g. RSi(OH)3) prior to bonding with the surface to be coated. This activation
process results in the elimination of hazardous volatile organic components such as HCI and
methanol. Nanostructured coupling agents offer significant advantages over traditional
"small molecule" technology. Figure 2 provides a comparison of the physical dimensions of
a "silane monolayer" to those of a nanostructured coupling agent. It is clear from comparison
of the area covered by each that the nanostructured coupling agents provide much greater

hydrophobicity and increased surface coverage relative to a traditional silane monolayer.



PCSS surface nodification agents can be applied to
m nerals, glass, netal, ceram c, and polyneric
W@ 0bagkss2 vi a sol uti on processing, nelt sprayiPQI/US2006/003120
vapor deposition. The pol argroups (e.g. silanol,
silane, al koxy, etc.) on each PCSS system provi de a
chem cal point of attachnmentlto the filler surface
whil e the remai ni ng organi ¢ groups on the

nanost.t U recender.the surface hydrophobi c and
or oOPHEL B RREGF G, GELHRE RoMbr PO e coverage may be
.pol yner trix (see Figures 2 and 3). Additionally,

achipyable givem it ihe Taetiruchits hasia el dsfised solyBedralistrugite as epposed to
interact with a polynmer matrix at the nanoscopic |evel

the randomhsigicprre \pretbsed hyoswbiple layass of pblyAmctimnal oslaogs. ¢ Also, POSS
rei nforcenent of polyner chains. The resulting

nanostiitture3Cdd @of eequier s@ivanibn oL a8/ dii1gas 8inck UPOSS Ranols are air-
and value for traditional macroscopic reinforcenents.

stabit! B BRtfiffe dRIAIve Unlass HeWeided Eﬂ?&tfye\‘fvﬁﬂ He %J&@%o be treated.
h I stance

been shown to provide excellent corrosicon resi
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d.i their dispersive qualities.
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typi cally possess one R group and contain three
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(e.g. X=04, OCH3). It is commopn to depict the

applidr fraselvemiess dgehimf aad cthenefdragaragiestt f@s aolmeile lodyiic components
despite the fact that it has been shown that coupling
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capabl e of depositing surface coatings thﬁt can Ee up

[ | ayers thick. It is also known that suc
couﬁéglgp %}é agents nust be activated through hydrolysis
to the internediate sil anol

Table 1. Comparative summary of traditional silane coupling agents relative to

nanostructured POSS coupling agents. :
Characteristic Traditional Coupling Agent | POSS™ Coupling Agent

Coverage Ratios 0.3 3

Activation Required Yes No

Method of Application Neat or Solution Neat, Melt, or Solution

Volatility/VOC High Zero VOC

Tailorability to Matrix Moderate High plus tailorable to filler

Cost Moderate-Low Moderate-Low

Intercalation/exfoliation with POSS-Chemicals

POSS-reagents and molecular silicas are also proficient at coating the interior surfaces
of minerals, and in particular layered silicates. When applied as coatings to mineral or other
porous materials the POSS-entity can effectively impart greater compatability of the mineral
toward selective entry and exit of gases and other molecules such as solvents, monomer and
polymers. In a similar capacity both POSS-silanols and the nonreactive molecular silicas can

enter the internal galleries of layered silicates and simultaneously act as a spacer and



species (e.g. RSi(OH)3) prior to bonding with the
surface to be coated. This activation process results
WO pooblog1sed | m nati on of hazardous vol atil e or gaPCT/US2006/003120
conmponents such as HC and net hanol. Nanostructured
coupling agents offer significant advantages over
traditional "small nol ecul e"1% echnol ogy. Figure 2
provi des a conparison of the physical dinmensions of a
"si | ane npnol ay ? " to those of a nanostruc&yred .
compaiilizesgob gt Salleries doc irapart fsugh Batesialsi Sk G Srepder affinity for
area covered by each that the nanostructured coupling
intereajativins apd exfolietiondly pplpmerzabley drosphets end polymer chains (Figure 6).
i ncreased surface coverage relative to a traditiona

This SédhancedTes@baykility’ \dédettl P resulibefiehi the tdispatataliting hfGénce of the
that a nore regular surface coverage may be achi evabl e
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structure as opposed t e ra

st ruc JTulti
oy rmﬁ#i? BRRTHERR, R BT BER ieCirincing gf ke gssolves like
require_ activation through hydr ol yS| S Ssince
ThlSFf@e@rgW%inmsm%l SIEPIYsYaipt dhat substancet of ilie compreition (or chemical
lives and can be reacted directly with the surface to
potehidal) razeit mdre Commpatablles thaab kebstances ot elissubilari gempbsitom (chemical
the use of nanostructured PCSS sil ane coupling agents
potehtidl). UdEenté ehdhgh ithiey piopet atdtel of Resutstimehi bn lthe PO$S-cage with the
R-groups on the nanostructure to match the solubility

hyd&@ﬁb&?%@h‘pﬁhﬁ% offa fx'il?mreﬁ%hﬁlnnPUSSXeanA&%hﬁlbﬁﬁalrﬂddlfy silicates and
OSS-si | anol systens can be applied in Sol vertl ess

otheI ﬁﬁé‘fn%n?ﬁ%@?&ﬁﬁ?@ ﬂlie%ﬁeryv%ﬁ af'f&E 'cln%g8§19§£§ ¢

conponen m nating em ssi on
exposures to the VOCs present in traditional coupling

SI | ﬁ @bltl: fgés ggog%ﬁ% [0? %tifé‘é:fivélg 1{1t8{c)éla(t)ef arg lﬁgimta.{e?}rf] zé‘)!ifoliate layered

silicates has proven through X-ray diffraction experiments. The X-ray diffraction technique

provides a sensitve measure of the layer spacing between stacked silicate sheets. The plot of
incident X-ray angle relative to intensity level for potassium montmorillonite, and this same

montmorillonite coated with two different POSS-trisilanols is shown in Figure 7.

The untreated diffraction maxima for montmorillonite (MMT) corrsponds to a 20
value of 7.14 which correlates to an gallery spacing of 12.4 A. Treatment of the MMT with

the POSS silanols of formula [(EtSiO )(Et(OH)SiO, )]y, (EthylT7) or [(I-BuSiO, ).(I-
Bu(OH)SiO, )3, (isobutylT7) resulted in a shifting of this maximum to a lower 26 value of

5.94 for (EthylT7) and 26 value of 5.86 for (isobutylT7) which corresponds to intergallery

spacings of 14.96 A and 15.10 A respectively.

Considering that the approximate dimensions of [(EtSiO, )(Et(OH)SIO, )13 and/or

[(i—BuSiOl_S)J(i-Bu(OH)SiOLO)3]Z7 nanostructures are approximately 14A, it can be affirmed



nanostructured POSS coupling agents.
Intercal ati on/exfoliation with POSS-Chem cal s
weFasgossagent s and nol ecul ar silicas are al so PCT/US2006/003120
proficient at coating the interior surfaces of
m nerals, and in particular |ayered silicates. Wen
applied as coatings to mnerg or other porous
materials the PCSS—entity can effectively inpart
reater co e ral toward selective
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conpatablllty is directly derived fromthe principa
suchgfonbpiding ipssataneséexifolieats. Thhesadditistabrdiffrattiqar macinpah located at 20 =
sinply states that substances of |ike conposition (or

8.72CHd¢ the @tth?lq{ﬁ hi &lg) = "’Brﬁaﬂﬁr Gso%ﬁg]lfﬁ)gsﬁ) %H?‘I hﬁlﬁlca es that these POSS-

substances for dissim conpo

B AR S e

conposi tion of a pol yner chaln PCSS can organically

s'Ilcates and ot her I|ke mat eri al s and t hereby
HLaRBH ML ~'-~:3rgan|c conposi tions. The

ablllty of POSS-silanols to effectively intercal ate

angogsLdiRSIS! noeehRl IsAidGs |a8Y 9B E§S resins naturally exist as low and high

melting solids and as oils. They also exhibit a high degree of solubility in wide range of
common solvents which include aromatics, hydrocarbons, halogenated systems and a variety
of organic monomers including styrene, acrylics, ring strained and unstrained olefins,
glycidals, esters, alcohols, and ethers. Their ability to melt and dissolve thus enables them to
be applied using all conventional coating techniques including slurry, spin-coating, painting

spraying, flowing and vapor deposition.

A typical solvent-assisted method of application involves dissolving the POSS entity
in a desired solvent at a 0.1 wt% to 99 wt.% level and then placing this solution into contact
with the material or surface desired to be coated. The solvent is then typically removed
through evaporation and excess POSS can then be removed from the material or surface by

physical wiping or by washing with additional solvent. The amount of material absorbed on



silicates has proven through X-ray diffraction

experinments. The X-ray diffraction techni que provides
w@2®ensistye neasure of the |layer spaci ng bet weR@I/US2006/003120

stacked silicate sheets. The plot of incident X-ray

angle relative to intensity level for potassium

nmontnorillonite, and this sad#® nontnorillonite coated

with two different POSS-trisilanols is shown in Figure
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[(EtSiOL 4(Et (OH) SO 10)3] 7 (Ethyl T7) or
[ (1-BuSi O15)4(1Bu( OH) Si O 10)3] 7 (isobutylT7)
resulted in a shifting of this maxinumto a | ower
2Qval ue of 5.94 for (Ethyl T7) and 2Qual ue of 5.86 for
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spaci ngs of 14.96 A and 15.10 A respectively.
Consi dering that the approxinmate di nensions of
[(EtSiOL )4(Et(OH)SIi O 10)3]]T7 and/or [0-BuSi O
1PAO- Bu(OH) Si O10) 3] 7 nanostructures are approxi mately
14A, it can be affirnmedthat the increase in gallery
spaci ng between the silicate |ayers of the
nontnorillonite was increased by the presence of PCSS
in the gallery. The PCSS |located in the gallery is
bonded to the internal surfaces which include both the
silicate and potassium sodi um counter cations. Note
that once the gallery layers are separated to this
level it is also physcially possible for non-silano
bearing POSS entities to also enter the gallery yet
not bond to the interior surface. POSS nol ecul ar
silicas of the formula [(RSIiG.5)n] # and
POSS- nononers are exanpl es of such nonbondi ng
penetrants/exfoliants. The additional diffraction
maxi mum | ocated at 2Q=



8.72 for the (Ethyl T7) and 2Q= 8.65 the (isobutyl T7)
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Once applied to a material surface POSS-silanols have proven to exhibit excellent
adhesion and durability properties. The adhesion however can be further enhanced through
mild heating of the freshly treated material or surface. For example heating at temperatures as
low as 120°C enhance the bonding of POSS-silanols presumably through accelerating the
bonding of polar surface groups with the reactive silicon-oxygen groups of POSS-silanols.

Table 3 contains extraction data for selected materials coated with various POSS-silanols

prior to and after heat tre

urface Coating and Extraction Studies

atment.




adhesi on and durability properties. The adhesion

however can be further enhanced through ml|d heating
w@boobkg15izr eshly treated material or surface. FRCT/US2006/003120

exanpl e heating at tenperatures as |ow as 1200C

enhance the bondi ng of PCSS-sil anol s presumably

t hrough accel erating the bont§ ng of polar surface

groups with the reactive silicon-oxygen groups of

- Si.l anol.s. Tahl.e 3 contains.extracti on data for
Tablegy,Jhguite Kepdbia 7l foigiarons ROSS- SIS eBa Siaestbfugtaces
i . bl e 3. Tynical
| oadi ng | evePurfaee/RABBous POSS- Si | anoll's th%ri dus Wt%
mat eri al surfaces. EXAMPLE Sol vent Assi Hetained Retained
Application Method. |sooctyl POSS-trisil anafte 100 g) after
was dissolved in a 400 m of dichl or mne¢t bgtpgctioho |t lekGraction

m xture was added 500 g of nontnorillgnite. The (Heat
m xture was then stirred at roomtenpgrature for| 3@reated)

EOSVIF ByOIXCh HEBUGIHOSI DT al'sh be Hoted I hat ©
sG‘p@ﬂé@‘ﬂ%&lﬁ.B)A]iﬁiléyléﬂ@hgl@s.oﬁl%]can allso belutillized 4
BehtchittARLRRFISRO] o @Bul1a10RRb j

0 %ocar bonygol vents. ~
The .resul t] ee fl.ow i y tthen be eitlher
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approximately 120C prior to use. If desired the heat
EXAvEaiged material nay then be rinsed with
I chl oronet hane to renobve traces of nonbound materi al .

SobvEHE ke SUTRADE MLl oo SRS IR0 LI YR Mgived in
400 b RRurRitp "R i el 1R /el gofinitihontte.  The

mixture was then stirred at room temperature for 30 minutes. The volatile solvent was then

removed and recovered under vacuum. It should also be noted that supercritical fluids such
as CO, can also be utilized as a replacement for flammable hydrocarbon solvents. The
resulting free flowing solid may then be either used directly or subjected to mild heat
treatment of approximately 120°C prior to use. If desired the heat treated material may then

be rinsed with dichloromethane to remove traces of nonbound material.

What is claimed is;



natural and man-nmade fibers, glass, and netallic
fibers, conprising coating the substrate with a
woawessrsict ured chem cal. 2. The net hod of cl aPeT/1$2006/003120
wherein the substrate is coated with a m xture of
nanostructured chem cals. 3. The nethod of claim1,
wherein the nanostructured chgmcal is selected from
the group consisting of pol yhedral oIigoFeric ;
si | sesqui oxane, pol yhedral gl i ric silicates, an
pol ymers thereof. 4. The A@EAS@ng claim1, wherein
t he nanostructure chemcal intercal ates the substrate.
5. The met hod of claim 1, wherein the nanostructure
1. chehimethodder Bitiodueing aenespgpicrairiace faturp enteet sybatrase selected from
claim1, wherein the substrate is coated using a
the gwupeaonsisting ok eénlitep, syntheticTmed matiaddilichtes) silicasp aluminas, minerals,
wherein the solventless technique is nolten-state

natupl @6é BisinAgadSfibekkl g1 a8 AdmerhllR! fadem, omPAGHE chatildhe substrate with
substrate is coated using a sol vent assisted

a nah&GHRAEChethicaln® Met hod of claim8, wherein the
sol vent assisted technique is selected fromthe group
consi sting of spray, flow and m xi ng processing
te [ . L had.of . cl aim wherein the .
2 sug[isiltgr gtégi%lds %go%%glgg {J‘:M&’%‘l stBBesrubélirfi:llt?i @afoaﬁ?‘gi‘ﬁ& a mixture of
echni que. 11. The nethod of claim 10, wherein

assi sted .t
nan?sifé‘cglﬁﬁﬁje‘ihe@l“f §cal flui-d assisted technique conprises
) spray, flow and m xi ng processing techniques.

3. The method of claim 1, wherein the nanostructured chemical is selected from the

group consisting of polyhedral oligomeric silsesquioxane, polyhedral oligomeric silicates,

and polymers thereof.

4. The method of claim 1, wherein the nanostructure chemical intercalates the substrate.
5. The method of claim 1, wherein the nanostructure chemical exfoliates the substrate.
6. The method of claim 1, wherein the substrate is coated using a solventless technique.
7. The method of claim 6, wherein the solventless technique is molten-state processing.
8. The method of claim 1, wherein the substrate is coated using a solvent assisted
technique.

9. The method of claim 8, wherein the solvent assisted technique is selected from the

group consisting of spray, flow and mixing processing techniques.

10.  The method of claim 1, wherein the substrate is coated using a super critical fluid

assisted technique.



I 12. A conposition conprising particles of a
substrate selected fromthe group consisting | of
wQewbiogssy synthetic and natural silicates, siPCTHS2006/003120
al um nas, mnerals, natural and man-made fi bers,
gl ass, and netallic fibers, and a nanostructured
chem cal coating on said pargg cles. 1 13. The
conmposition of claim12, wherein the nanostructured
chemcal is derived froma | nmenber of the group
11. cohbe setheg iclabmsd), siheggim the supen eiticdbBuidrassibied ft@hmsmua comprises
3[(RSIQ.54(RXSiG.0)3] 7, polysilsesquioxanes
spray,({RSr édd mDing ProcessthgReEBBidueagment s
[(RSTAQ.5)MRXSiG.o)n] S#. 1 14. The conposition of
claim 13, wherein the nanostructured chemcal is a

12. Si Aoed sﬁfontdayﬁlp%sfrfgrﬂ'ﬂﬂﬂlélei &fRSkBstrae4eR&Rd Gor@ X gréup consisting

wher e is OHor OR 15. The conposition of claim
., S -
of zé’o%tes“ébﬁﬂlgé aﬁilhglg éréll'bglrl]&da?ég 1;131%%% qunﬁ mﬁg{rxégﬁlrs]aﬂ ural and man-made
flbeljg,sgrl%slﬁg % gtlfqg]%t Ly at a%éqepé t §¥e acl_{xgé%:%l %r)?éﬁl)éfo%lsal% particles.
conposition of cl a| m 15, wherein the nanostruct ured
chemcal is derjved froma 2 nmenber of the g
3. colbf SPmAESIHgN plodalm il aWberein §e naRosisiugd "EIWQH??B Atfigrived from a
3 [(RSIOi.5)4(RXSiG.0)3]7, polysilsesqui oxanes
men[b(eRspf) t&) nE®Mp F@ssﬁngg@éntPé)SS -silanols, siloxides of the formula
[(RSIQ .5)mM RXSi G.o)n] #, and nonfunctionalized
[(RS[l(DRg @XSiD gL IR %olﬁélﬁeéﬁﬁldi% NRS Hh]yp, Sard CPOSS 1 fragments
the conmposition of claim 16, wherein the

KRSQ@P?)SEI{)@M{ 0§jiz#g:hem cal is Siloxides of the

14. The composition of claim 13, wherein the nanostructured chemical is a siloxide of the

formula [(RS101 5),(RXSi01.0),157 where X is OH or OR.

15.  The composition of claim 12, wherein the group consists of synthetic and natural
silicates and silicas, and wherein the particles of substrate are intercalated or exfoliated by the

nanostructured chemical.

16.  The composition of claim 15, wherein the nanostructured chemical is derived from a
member of the group consisting of POSS-silanols, siloxides of the formula
[(RSi0 5),(RXSiOq 0),]ly;,  polysilsesquioxanes  [(RSiOf5)plys, POSS  fragments
[(RSi0 5) (RXSiO| p),]y#, and nonfunctionalized [(RSiO 5) (RSiOj 5) ]y» POSS molecular

silicas.

17.  The composition of claim 16, wherein the nanostructured chemical is Siloxides of the

formula [(RSi01 5),(RXSiOj 0),]y,, where X is OH or OR.



2 formula [(RSIOi.s)4(RXSi0 1.0)3]7 where Xis OH or
OR 18. The nethod of claim1l wherein the

woawessysuct ured chem cal reactively bonds to tPET/US2006/003120
substrate. 19. The nethod of claim1 wherein the
nanostructured chem cal non-reactively bonds to the
substrate. 19

18.  The method of claim 1 wherein the nanostructured chemical reactively bonds to the

substrate.

19.  The method of claim 1 wherein the nanostructured chemical non-reactively bonds to

the substrate.



