WO 03/ 082763 PCT/ US03/ 09109 H GH MOLECULAR VEI GHT POLYMERS FIELD OF THE

| NVENTI ON [ 0001] The present invention generally relates to high to

ul t rahi ghwooBesatbar wei ght (MAN pol yners, chem cal | y nodipciragsosriogho MV
polymers, and materials 5 produced from such polyners, including ceramcs,
crystals, alloys, and conposites. The present invention further relates to
nmet hods of synthesi zing and making these nmaterials. BACKGROUND OF THE

| NVENTI ON [ 0002] TheHFeHYMOLHETE AR WEIGHPIP QIR MERSst oi chi onetry [CR],
have long |0 been a focus of research due to their conductive and

el ectronic properties, as discusse t heim Handbook of

in T. A Sk
Conducti ng Pol yners, NarceIF{%‘kRQE%H‘FeWVEMIaI\?QSG), vols 1 and 2; and J.
C. W Chi ol yac invehe ; kS i ditMBiBh&kcuPsi ence;
Academi c rgy,:, Ol g&%%@%bnw) .%%%%ga]llylgggﬁwﬁlgihﬁgréani;@(; acgdc car bon
backbone peight@¥)ghlysners,|chemically widefaddngh MMW polgmets,fand mesteriads r uct ur e,

have been synt hesi zed re specifically, inoyganjc network | ymer s of
ot of o onBBHCeRE ST nE WG SR e, FBS A SRR 1S Compaaes!

pol yger mymes pleS@iRi{vehtion fudiher feli@ds' to GRIMR M T E pnth i An K MV akinB &feSe POl yner s
have a continuous random network backbone, w th each inorganic atom being
t et r ahedr miateyialshybr i di zed and bound via single bonds to three other

i norgani c atons and one 20 substituent. The properties denonstrated by

t hese polyners differ fromlinear inorganic backbone polynmers reportedly
due to the characteri st BACK&GREOUNNOFRTHEINVIENEHON st ructure. [0004]

Car bon- ba et wor ol,yne of ,stoi.chi onmetry. [. n_ar 0. _known. One
such cl asgﬁ@?rcar boﬁh(g%%lé%?eh'z?%ﬁlﬁsﬁgp e Of\%‘{l‘gﬁlng?téy f%lgjéil?‘éedl T® as 25
pol ycag byp&s,a foSusisrTedeaRBdut o e col@dictint alNelebrdnl&p@Pérties, dat ri cia A
Bi anconi . This patent describes thesg@gol mers_as conpounds havi ng

o

t et r ahedr dispyssed bl oy Skatheum.pdrndback uetingeBelmers MorcehDskk®eari ng one
substit uept..andibaoRE LoBkedqyt gnd% niesy. @EER%B&%EQ%&&! @gérgis%nds Into a

t hr ee- di nensi onal *"¢ont i nuous random net wor rings. e pol yners
report edl Yhpsads, il MatkriaiSeidnaz; Adadumio Brdss,l@rladopd@880 phases. 1

[0003] Recently inorganic and carbon backbone polymers of similar

15  stoichiometry, but different structure, have been synthesized. More specifically,
inorganic network polymers of stoichiometry [XR], (e.g., the polysilynes [SiR],, the
polygermynes [GeR],, and their copolymers) are known. These polymers have a
continuous random network backbone, with each inorganic atom being tetrahedrally
hybridized and bound via single bonds to three other inorganic atoms and one

20 substituent. The properties demonstrated by these polymers differ from linear
inorganic backbone polymers reportedly due to the characteristics conferred by the
network structure.
[0004] Carbon-based network polymers of stoichiometry [CR], are also
known. One such class of carbon-based network polymers, which are referred to as

25  polycarbynes, is described in U.S. Patent No. 5,516,884 to Patricia A. Bianconi. This
patent describes these polymers as compounds having tetrahedrally-hybridized carbon
atoms, with each carbon atom bearing one substituent and being linked via three
carbon-carbon single bonds into a three-dimensional continuous random network of
fused rings. The polymers reportedly can form diamond or diamond-like carbon

30  phases.



WO 03/082763 PCT/ US03/ 09109 [0005] However, these known pol yners have
relatively | ow nol ecul ar weights, and are thus limted in terns of their
properti ewo Bos27exanpl e, these materials do not convert weltlusoslospeci fic

t hree-di nensi onal ceramcs due to the significant anount of volatilization
that occurs during pyrolysis. As will be readily 5 appreciated, |oss of
polymer materials as volatiles during pyrolysis can result in porous and
def ecti vel0988} coat Hogsvemthesd knosvn pdymets hassreddtopbdopimelesnlar SUMVARY

[ 0006] The senf invention .provid hi gh tao ultrahigh | ecul ar wei ght
(MY homo™ < hG- Supae e R R s o el ol K PR B et wor k

St ruct ur epmateh@ls\daidR conveew APloYPBSi fic RYE dIfGidiohhN@ratits @lhdodhe UNi ts of the
followi ng general formula: [AR|n wherein A can be carbon, silicon

ger mani ungigeificantmmmushef vadxtdizptiasthehecsutstugng pyrolyds. 14 wilkherradilynd
COTPOU IS 15 it 103 BB R AR FRTRPHRER ARRLP b o

el ene al’sor rmations are the
same or dpdrbas et ddfedtive@edt cofigsthd @lig)iak wellnid seaed Becas.hydr ogen at ons,
saturated |inear or branched-chain hydrocarbons containing fromabout 1 to

about 30 carbon atons, unsaturated ring-containing or ring hydrocarbons
containing fromabout 5 to 20 abowuMMARNYOON atons in the ring, each in
substituted or unsubstituted form polyner chain groups having at |east 20
recur ri ngl®06Lict ur alhepfesent inygnidepeproyides bigh tq_yltmhrgugﬁlm@w?}gg% el enent s

and CO”pob\@??nﬁsoPrfor-%% €Q é%?rs%aﬁﬁg%'tﬁre@-’aﬂn%%%’ Sorth RERESH struddftt hant de

el ement s, I on organi c groups ‘or polyners contal hing one or
nor e et ewhatkonthe pblyterOhdie rSurtinad stpengal wrig W theXollbwinggenéabitpmita:

el ements, 25 G oup 4 netals, |anthanide elenents, transition netals, or
conbi nati ons thereof. The subscript n can be at |east 20, e.g., 50, 100,
250, 500, 1,000, 1,500, 2,000, 51000¢U{&010001 50, 000, 100, 000, 250, 000,
800, 000, or nore, and the polyners c%n ave a nolecular weight (MN of at
| east 10,000 daltons, e.g., at |east 16,000, 20,000, 22,000, 25,000,

30, 000, 50, 000, ,100,000, 20Q,000, 250,000, .500,000, 750,000 1, 000, 000,
2, 500, 000VNECHHY BBEC a%ﬁbf’%ﬁgf“l}r ELPANAL §RBP 2o %é‘?‘tpali%nt%é?}%g%ﬁ’é?n s, A

\C/\%no gfsogg%%leéﬁcgﬁéo%g%/b% %199£W@r&ﬂ GERIp 4 PktaBoRdicorPasdithegond about 50% 2
lanthanide elements, or transition metals or combinations thercof. The Rs are the
same or different (in each repeating unit) and can be a hydrogen atoms, saturated
linear or branched-chain hydrocarbons containing from about 1 to about 30 carbon
atoms, unsaturated ring-containing or ring hydrocarbons containing from about 5 to

20  about 14 carbon atoms in the ring, each in substituted or unsubstituted form, polymer
chain groups having at least 20 recurring structural units, halogens, Group 13 through
Group 16 elements and compounds thereof, Group 4 metals and compounds thereof,
lanthanide elements, transition metals, organic groups or polymers containing one or
more heteroatoms of N, O or S, halogens, Group 13 through Group 16 elements,

25  Group 4 metals, lanthanide elements, transition metals, or combinations thereof. The
subscript n can be at least 20, e.g., 50, 100, 250, 500, 1,000, 1,500, 2,000, 5,000,
10,000, 50,000, 100,000, 250,000, 800,000, or more, and the polymers can have a
molecular weight (MW) of at least 10,000 daltons, e.g., at least 16,000, 20,000,
22,000, 25,000, 30,000, 50,000, 100,000, 200,000, 250,000, 500,000, 750,000,

30 1,000,000, 2,500,000, 5,000,000 daltons, or even higher. In certain embodiments, A

can be about 100% carbon, 100% silicon, or about 50% carbon and about 50%



silicon, and R can be a single substituent, or R can be a m xture of
different substituents. A can also be selected froma carbon atom a

ger mani unwetmeg27aztin atom an el enent or conpound of G owgeI/UkB3/0hb9 or 16,
a Goup 4 netal or compound, a |anthanide elenent, a transition netal, and
conmbi nations thereof, or just 5 a carbon, silicon, germanium or tin atom
and conbi nations thereof. In certain enbodi nents, R can be hydrogen, a

met hyl groligon, and R cphbeyIsingteoumpstith@OOR|R tan gemeneure dafldefferantent i on f eat ur es

net wor k backbone pol yners or . copal ynmers. t hat can be converted. at
relativel ?‘%FtHHFrﬁ%a?‘,yaﬁﬁ obes ]ﬁﬁﬁegﬁﬁo ae%@?‘h?atﬁ%agﬁﬂ%anb?'g?gqﬂ’@%q nt o
cer am Cs, a6y st Akdent®r! BipouRDEf GFoup® PO, bEES, laGloupdandthiegrond, 10
di anond-1i ke carbon (DLC), anorphous carbon, glassy carbon, and/or

gr aphi t i ccompoubdsa lathenide ¢lenmenta tensiton awetaly ansl oembiesgions theragkiongust he

net wor k backbone... pol yners. and.nmetho o _nodi f n raft the polynmers to
i ncor p50r at & ?%éﬂhcﬁ%t%frgamgﬂld%ﬁl%ﬁt@ﬁ]t’ gaﬁd %%me%%%%r}éttﬁ%gogllg(%eﬁtaﬁ%l udes net hods
of conver ghissdlibnts e cRObYARITSgdn) a nfetiyNgEdup, 664 pliEngbgi@dag. ot her non-car bon

ceram cs. The present invention also 15 provides ionic high MVcolloid-Iike

hono- andiP807lcopol yiregeseral, (e mventtom; foatures nghy orkbagkbpryepelymesorye| | as
ceramcs, I I l1y ioni
or funct | SRAPRSEY P el P g ARadig K REERAN LB cBLiRE, | ¥ 1o €
further pimrelsarefrizitdogtamicsy crystelspalioys, anid@in combesitek diat awadightndyol yners by

preparing _a mxture [ncluding at |east two organic, o en 20. cont ai ni ng
sol vefft s %mr&oad-ﬁlgaa%r_ ﬂ@@ggh@wwémbmegl% Fehbn 8 ohrarbisn cal | y

react w t e FiRdHCddion 380 harulte IRARML &F REkiG the neth¥rivbdckegRund) the

m xture to disperse particles of the reducing™ agent into the solvents; and

sl owl y adphipmemsnandometirodsetobnedkihoand caafd thepoiymagra tigcomporatether metalshe

honogeni ze i xture fo. forma.reacti.on m xture; quenchi the 25 reaction
mxtor e SRRt Th SRS P op g RE AT U P ng

enbodi Menfosm BINE comin@thd oMitr nBa.cH®en CeramiésN Thedrésent inOeAtionalgeol yner and-
end- capping the polyner by reacting termnal halide sites with one or nore

nucl etphi presides wned hshdgWriotpidglikcoma-andios cenolymersofuaciianaliged Hgh

hi gh-i nt epsj-t . | , t o about
479 vt ¢ o S gOpHtseAS PG Sbelic LB Bhna Pl AR AR A Tethoas
of prepar bpipnaly Phidd fasetonbalixel HgEH tondiryhigh MWypablyre@ari ng a m xture

i ncluding at | east two organi c, oxygen-containing solvents and a reducing
agent , whi9088In t he The inysmtionfyrthgrprovides methods for preparing high molecular

weight polymers by preparing a mixture including at least two organic, oxygen-

20  containing solvents and a reducing agent, wherein the solvents do not chemically
react with the reducing agent;
homogenizing (e.g., by ultrasound) the mixture to disperse particles of the reducing
agent into the solvents; and slowly adding one or more backbone atom-containing
monomers to the homogenized mixture to form a reaction mixture; quenching the

25  reaction mixture; and isolating a high molecular weight polymer. In different
embodiments, the methods can include removing salts from the polymer and end-
capping the polymer by reacting terminal halide sites with one or more nucleophiles,
and homogenizing the mixture by irradiation with high-intensity ultrasound at a
power level of between about 20 to about 475 watts.

30  [0009] In another embodiment, the invention features methods of preparing
high molecular weight polymers by preparing a mixture including at least two

organic, oxygen-containing solvents and a reducing agent, wherein the solvents do not



3 WD 03/082763 PCT/US03/09109 chemically react with the reduci ng agent;
honogeni zing (e.g., using ultrasound) the mxture to disperse particles of
t he reducwogsmgpnt into the solvents; and slowy addi ng omeTarsosrores
backbone at om contai ni ng nononers to the honogenized mxture to forma
reaction m xture; quenching the reaction mxture; and isolating a 5 high
nol ecul ar wei ght polyner. In these nethods, the backbone atonm containing
nmonomner cehemieali@HBrcd wiRShCrglnciRgBet; IRONGgenRVIDE@, 2. asthgRMEX®und)itbeein X is a
hal ogen, and the at |east. two.solvents can .both be ethers,. e.qg.

ot  ahyarBPIES ARt P gTiglrRor PO cHERE FERRIRReRe SESEUT A et  on

provi des RdiRt HRbrifire Ba&ddhé BYni-&0HtSinink@néHonteie! th® Rebgatizedl gh MV hono-
and copol ynmers by reacting one or nore high MV colloid-Tike polyners with

ei t her: Iixgure tofornps wagtiaempdaticcatenching ithe rgpaioanuixie and isolading a

hal ogenat,ji.ng_agents. to .produce | oge ol [s.. or 2 ne or nore acid
reagents lzlglg 81 ,ecgi ravegggagﬁ%er.h aﬁhg% rﬁu@tfn? ?Smjﬁlc Qleaggb cgfg’ia r%'ﬁg)%t(r%lsr?n%o pr oduce
pol ycat i ofibfom&ak HeCHBG! RSICISRCBE3, RIS, REANS, dhg RAGHNT, SvHeteipXoigdc e

pol yani oni ¢ polyners; or 4) 15 one or nore oxidizin% agents to produce

pol ycat i oiflegepoinghibe at legyi dwo selverfe san keth bp sthere 8- dftehydwdirarand t he net hod
further i(?]gfz,ﬂges reacting the hal ogenated polyners with one or nore
functiona I'ng agents and recovering the functionalized high MV

col | oi d- | joRE0]pol ymensanatitdr pspleytrerednvadhien ppoligesna roethed €or ppeplayingioniai ¢

pol ymers are produced,. .t thod further includes either . exchangi ng
ani on¥ ororfén‘g’eﬂn? ?@%%&BH%W'@H ?MIVHﬁF(yﬁirﬁaCBPg slo) 9{:‘&?{6%3@3& yIer s
Wi th i onseaiglErkepollMe witi St OYRnk BF hidHd e RAldalRHtiatér¥ @Rd BfSer Ni LT at es,
nitrosos, borates, anions (e.g., ~ polyatom c anions, or conplex anions),

al kal i andors Hadddenatingagehtste prlduce halageiated prolymnass;air &) anelotwngsiasides t her eof
cations (e.q. oup. 13 cati,ons and conpl ex.cat.i o nd conbj.nati ons
Cher cor , Gréhaty GeoRid et S AR R BRI el SRRt o2 " ¢
one or ”D[]B(ﬂyﬁqﬁﬂ%ﬂ Dkiof nftge AAAGILE ag%tflis toSs e Rde pdlyahltdid sulimed; 6r4)

na

functio ized high MWpolyners. [ 11 Al so provided are nethods for
pr epatd ngoneer andre Xidizing agantscte predugs palysaticpigipelymeiss Whenhalegenaisdi onal | y

on oL, S AR L PR e R i ARG such et
or super i:psdlyxineﬁlwifﬁ ohetorirfork diindtidn Ay Egenpr d ueeering thiefasctiopdijzed
high MW colloid-like polymers and polymers. When polyanionic or polycationic
polymers are produced, the method further includes either (a) exchanging anions or
20  cations present in the polyanionic or polycationic polymers with ions selected from
the group including halides, cyanides, nitrates, nitrosos, borates, anions (e.g.,
polyatomic anions, or complex anions), alkali and alkaline earth metals, transition
metals and complexes thereof, cations (e.g., Group 13 cations and complex cations)
and combinations thereof, or (b) reacting the polyanionic or polycationic polymers
25  with one or more functionalizing agents and recovering the ionized or functionalized
high MW polymers.
[0011] Also provided are methods for preparing ceramics, composites, crystals
and alloys from the optionally ionic or functionalized high MW polymers described
above. One such method includes: (a) mixing one or more of the polymers in an
30 organic solvent or supercritical fluid to form a polymer precursor mixture; (b)
applying the polymer precursor mixture to a substrate surface to form a coating or

pouring the polymer precursor mixture into a mold; and



appl ying the pol ymer precursor mxture to a substrate surface to forma
coating or pouring the polynmer precursor mxture into a nold; and 4 WD
03/ 082763wB@3H0&868/ 09109 (c) pyrolyzing the coating or tIreTises/en1a9
contained in the nold under an inert atnosphere at a tenperature of about
100 to 1600 C. Wien the polymer precursor solution is applied to the
substrate surface to forma coating, the nethod further includes

opt i onal | {¢) pepbaingthe soaipg ca theomextere contemed sethehmeold ind&raasgerdf t he

substrate 5 cqating.. I n these th , Sal vient s, can be et hers, tol uene,
ani nes, dftEERRAC Q%JF’?IB%aE’é? -0{‘;%%8} g@(g_rthggg oevgﬁtﬁegih%lﬂ@yﬁ'ie?i’ﬁ?‘é@% her eof
and the sydngionat 8plieaio BR subbthdt€ Qtface kd form.a Watifit, Théinefod Firliler NMBGNESi UM
transition nmetal oxides, and netals. [0012] The new hi gh MAN network

pol yrrer s ineludpsodppienallrepsatingssteps\ade € dorncraabethgithigkinass phie substrate but ed to

| ower | ecul ar Lght .ne r k. pal rs. Jh i 1o MV cel l.ojd-1ike

pol yners %og\'tjlgg.t H}V\gg-&dpﬁg%isg\%ﬁaﬁogregﬁng%%ﬁ8@\?\% P EOI%{}'F uerl reségi?m%’itﬁ can be

f unct i onadulforlleNélgbrobAlbE®Ed10¢rs, lanl eniR@EesTRdreof, Mol dbbedtesdan bee. g. ,

ceram cs, conposites, crystals and alloys) can be prepared fromoptionally
i oni c or siligaye Siligh AfumiBEmL AyMINAAIRENSSTER stransHiogdactal axidesgandmetalsor

di anond- | § ar bo ( . ] . i Lde)

coati ngs Qﬁgz]fci I rrsnrr?gdlegkv %%%Mﬂteﬁﬁg?/v&?ggﬁ%ﬁgwyg %\rloérh}(S%S%Iﬁfecfgggar e

snhoot h, nihe-dpadvintagegatsaburgbtonipabt @oleauldr welighmstvoek golymprsoTaed higher mal - and
R e G PR T
prepari ngenGfal ﬁn&fon&lﬁbﬁWﬂW%@ﬁoiﬁllg@ polU 9! XOBEISnatdindls @R 1 onal I'y i onic

or functionalized high pol ymers can be 20 used to produce novel
mat er i al s¢eramigs, cogpasitasserystalspod iatleys) can heprgbared dnoth epticpgHy ionfO@r14] Unl ess

ot herwi se.defi ned,..al] hni cal and. scientific terns d herein have the

s meang AeTEshenM ¥ imhapes o Shasbim dagong il eRie o the art to

whi ch t hi @OV ReRRHIOCIS; sidrheidslBe )b anad TIME Ak ifRInStheingll ar or

equi valent to those described herein can be used in the practice or

testi iy ohigh MWmnebsenkpobaners grafmatl, NDiPOEISeSarMPSTBCARIRI 2kt eri al s are

descr i bedy el @ie AbbrRUPHEAL] MR REANoARRLI cations, patents, and. ot her
one t

references nentli ereln are incorpor y reference in their

entirety.[oom3fcase OfheGAVHNtioA alsotiR@udts @sEddsToEGinttesiztrigdigh Mw! udi ng
definitions, will control. In addition, the materials, methods, and
exanpl es enlpidal-type polymers, as well as methods for preparing ionic or functionalized high

MW polymers. The optionally ionic or functionalized high MW polymers can be

20 used to produce novel materials, e.g. ceramics, composites, crystals, and alloys.
[0014] Unless otherwise defined, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Although methods and materials similar or equivalent
to those described herein can be used in the practice or testing of the present

25 invention, suitable methods and materials are described below. All publications,
patent applications, patents, and other references mentioned herein are incorporated
by reference in their entirety. In case of conflict, the present specification, including
definitions, will control. In addition, the materials, methods, and examples are
illustrative only and not intended to be limiting.

30 [0015] Other features, objects, and advantages of the invention will be

apparent from the description and drawings, and from the claims.



illustrative only and not intended to be limting. 30 [0015] O her
features, objects, and advantages of the invention will be apparent from
t he descrwptomsose7end drawi ngs, and fromthe clainms. 5 WO 0RCAARGHE®109

PCT/ US03/ 09109 DESCRI PTI ON OF DRAWNGS [0016] FIG 1 is a representation
of an optical mcrograph of a dianond-like carbon (DLC) sanple taken under
polarized light. [0017] FIG 2 is a representation of an SEMi mge of the
DLC sanple of FIG 5 1. [DESSRIPTEONSOFDRAMEINGSent ati on of an SEM i nage

f the DL | IG 1 d 2, w.th 10 f. | d d ited..[0019] FIG
?1 is S re&ﬂiggﬁt St iO%Irg’F'c}flsér%?’%%&%‘@ﬁ%&%%‘?tméhg’ﬂ%gg@%oggag’&rﬁ?}%h arrpl]e

bonded t ocah&l (DIGO safphStakét Endel BoldElA kdelp DESCRI PTI ON [ 0020] The invention
provi des a new cl ass of network backbone polyners, nanmely - high to

ul t rahi ghl08d7kcul ar Fikei2ght remksentation of apSEyhnage (ofj thedpEC simple of &lG. cl ass of
pol yners anl udes conti nuous random networ k backbone pol yners, where each
at om of the backbone is bound to either: (1) two or nore backbone atons; or

(2) 15 twmoes] nor e bRG KL AgetQMtatidn &f AN SEM inidpe®f DL ClsH@plesof FIese
materials are of such high nol ecul ar weight that they appear to consist of

col | oi d- | 1 ked Bovint@A ofgoldsispgsited. cl usters rather than individual nol ecul ar
speci es. ] Thei .y Qv el e roperties

i ncl udi ng{@gglll e co%@%%g ¥ g%\4 Iﬁgie\é[egragﬁio?g}ﬁ%g?gés{%gf@tb%g%%}& &{gn de(;r

conposi t esamplé boateld @v1 4 silidOn eubpal ti ons and phases, by various processes.
The new hi gh MN networ k backbone pol yners and copol yners of the present

i nvention include polyners having network backbone atons connected to each

ot herqgy four single bonds. BETAILEDDESYRIPERON, and Characteri zati on of
the H gh MWV Pol ynmers 25 [0022] The high MWV pol ymers of the present
i nvent i onl0920k r eculhs WyentianrRreYidesd e Flass ofincguorkibackbgemehmaag] | | .

DSt P N A BOSTE.  cya ori 0 12
conpoundsclassarfepoiymdraiichales cdentmuenernhdom netaosk baakibone polymers, where
each atom of the backbone is bound to either: (1) two or more backbone atoms; or (2)
15  two or more backbone atoms and one or more substituents. These materials are of
such high molecular weight that they appear to consist of colloid-like polymers or
polymer clusters rather than individual molecular species.
[0021] The high MW polymers have novel and unexpected properties
including facile conversion to ceramics, crystals, alloys, and/or composites, of various
20  compositions and phases, by various processes. The new high MW network

backbone polymers and copolymers of the present invention include polymers having

network backbone atoms connected to each other by four single bonds.

Structure, Synthesis, and Characterization of the High MW Polymers
25  [0022] The high MW polymers of the present invention have recurring
structural units of general formula [AR],. Substituent A can be carbon, silicon,
germanium, or tin atoms, Group 13 through Group 16 elements and compounds
thereof, Group 4 metals and compounds thereof, lanthanide elements, transition
metals, or combinations thereof. Substituent R can be the same as substituent A, or
30 different, and is selected from the group of hydrogen atoms, saturated linear or

branched-chain hydrocarbons containing from about 1 to about 30 carbon atoms,



metal s, or conbinations thereof. Substituent R can be the sane as
substituent A or 30 different, and is selected fromthe group of hydrogen
atons, saworetoerfes i near or branched-chai n hydrocarbons ceatraisos/ngos r om
about 1 to about 30 carbon atoms, 6 WD 03/082763 PCT/ US03/ 09109
unsaturated ring-containing or ring hydrocarbons containing fromabout 5 to
about 14 carbon atonms in the ring, each in substituted or unsubstituted
form pol ymseturgbdiing-containipg draingiydatcatboas co@ningdtam abeptSttp abouwtrldl units,

hal ogens, oup 13.through oup .1 | enent ounds thereof, Goup 4
metal's antf" SWﬁHét}ﬁFﬁlé‘ge%?% m uqsgf’r??fg iu(ﬁlél?b ﬁg‘lﬁ%‘ﬁ% , ’PO;]XWS{? %h netal's, or
organi c g%x@u?ssmﬁn | S4B BrecaRiMgatiit ekl QRids, helogsi! Sro\gt &Y @aduphs of N, 0, or
S, Goup 13 throug (';‘roudgq 16 elenments, Goup 4 netals, |anthanide
el enent s, Grouanl$ al¢menthandgompaynde tetsiop iroup 4 matals aed conppauaidp theroth,

repeatj ng it n.b S or_diff.er I odi nent s,
Ais oo‘?ﬁ@‘é‘}ﬁ‘&% ﬁpl,e%%&?vo %ﬂ%sf .%‘ﬁ?&& Ors?i&g‘%g °g‘h7 é"é@é’ﬁ?ﬁé%%‘ﬁ%ﬁ@g%ﬁ?m. 10

[ 0023] Ther Hegtreradtorp®byNpO| 38, Grioupf 3 tireugnGesup NeclgnentsieGsup ¢ def i ned by
"n", with n being at |east about 20, e.g., 100, 1,000, 1,500,. 2,000,

10, 000, 2metilanthapidggismentss ranmitiopmgtaii) o capbingleans thaeplp dithigeagh 000, 000.

The upper_J.Lm V. a racar byne
pol ymars,r E%:Helll%"@iet’ grcglgtﬂeeg{%t ar?l%grd qg%%gﬁﬁar{lg &%ﬁg%g&gggg&rﬁgénunber n
i s typi cal00/ daben,niofdsiigonyeastlicatdhonib®@Yd &lioml (byuatcam). wei ght of a pol yner,

determ ni e A and substitute.in th AR] " farnul a, d .t hen

cal ouftst | G2 Bas et o Soekr ShroTRSTaRahet BF TR eatite PGS IS4BRBOLY i1 A i s
car bon ane, "Ry itf nsz08 Rast 8t 26,8 C10081,908, 19500C01000.1,000095,000, = MV 13.

[ 0024] Al though various nethods are known to nmeasure MAN to sonme extent

t he val ue5@P0MADAEPEE,00A, $00:000:7HdB0Q 9 d.00980€., The uppsadintibofal ¢an MV i s

measured 20 uysin I Xz isted | aser desorption{ionization mas

spect roma?‘?eg} Flﬁ%ﬁ@ﬁ@éoméﬁ ?rsca'g’gggpglgggrsl?ﬁ cf“lln(’)? Rer detai T e%ueaﬁow. Thi s

met hod i Stokdb@WS(000R!N Thie Aa@nibBE iTUS typidlg defi@inge 8y wics@indié Some of the

measurenents nade herein were nmade _usig{r]\tg gel rEger meat i on. chr omat ogr aphy
aduand

(GPC) 1% 0 Pelsgrlgewsightelsa palymer, dptermmgm sbstitye iophe tAR cal Iy provi de

a MWVvalu i1 hi 9 I 3 - and are
t hus al so{%cﬁkt{jf:u taéh@c@ggg%lglﬁﬁ?‘g%ahgﬁ/\égéh%%géﬁ ongﬁ%fe'fﬁglzwggp%xe%@l?js ed for
t he anal yHissisehrbonhad R isrhgdreger) thembmixiw eightf ofiCH kel 3palins 50=WWYs3. However ,

the application of M5 to | arge
PP [0024] Although vari%us methods are known to measure MW, to some extent

the value of MW depends on the method used. Thus, as used herein, MW is measured
20  using matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS),
which is described in further detail below. This method is known to provide the most
accurate measure of MW. Some of the measurements made herein were made using
gel permeation chromatography (GPC) to provide a measure of MW. The
measurements by GPC typically provide a MW value within about 5% of the value
25 measured by MALDI-MS, and are thus also quite accurate.
[0025] Mass Spectrometry (MS) has been used for the analysis of molar
masses of molecules for the past 50 years. However, the application of MS to large
biomolecules and synthetic polymers has been limited due to low volatility and
thermal instability of these materials. These problems have been overcome to a great
30  extent through the development of soft ionization techniques such as chemical
ionization (CI), secondary-ion mass spectrometry (SIMS), field desorption (FD), fast
atom bombardment (FAB), and MALDI-MS. The MALDI-MS technique, in



bi onol ecul es and synthetic polyners has been limted due to low volatility
and thermal instability of these materials. These probl ens have been

over cone wo 03/0gp7ent 30 extent through the devel opment of ®afftusooedigati on

t echni ques such as chemi cal ionization (Cl), secondary-ion nass
spectronmetry (SIMS), field desorption (FD), fast atom bonbardnent (FAB)
and MALDI - M5. The MALDI-MS technique, in 7 WD 03/082763 PCT/ US03/ 09109
parti cul apartiallhpakowofor theemasa sistedmination nflargerbiarholeewlgearsi syntiieicul es and

synt hetic ol rs.of nolar ) e f ha 0,.000 Daltons (Da) by

o0 7at | RO ) SRS RO R gy it TR P BBIATIED - Ti e O

Fl i ght ( Todpbrit@sh WilRfk HeSTRAdtonl S an emerging 5 technique offering prom se
for the fast and accurate determ nati on of a nunmber of pol ymner

char act er [0826ks. ThMAMPBlimeRfiRlightd TOE) mascspectpunctanisanemeysing et

b ' g1 X, e Th [ d | 1 X6 I I I | i
an agbr oS RUP SRR RoR pB A Ry Aot R R e Sl ven:

prevents p@?@eregﬁhicwisﬁés. TR MallDMaEchnidue iSBd¥ed epsrbdn ilratioxdture i s pl aced
onto a sanpl e probe 10 tip. The solvent is renoved under vacuum conditions,

| eavi ng c¥rserbjag apirxy dehe masriy aad PAYMEE aleaBixpd ATyAkesusr lpveliiggar sed wi t hin
matrix ”Dép‘i%@r%%e sol PGP witl G ~109 Irgoﬁgeéééegsg of pﬁgﬂathg THOSSVER ﬁ,frél%néppr opriate

frequency, e energy is trans matrix, which 1s partially
vapor i zedaggeegatiph 0 the pohaierp @hy sanplemitarit hextusene plapbdssto aaathpteaolg ng t he
pol yner chai ns. |tiple | aser shots are used to.inprove the signal 15
P o- noltse ot 15 salten depey %‘Fﬂfﬁé%?“%‘?@ﬂ’qoﬁérI%%’é%%nPQ'ﬁré(St&IIl?ﬁ? acy of the

mol ar nasgolyﬁlﬁf RbBcRS hOtho gdnB8est} disPers&ttwlihin@dtril Hlol@Rflsy Xen(cHE | f t
region), the nolecules emanating froma sanple are inparted identical

transl at i pulsgd lasendeare isstunedyioghe apprepridieimguensy theertesgly 1sdransierrehiioe

el ectrical, potential, ener difference. .These iagns will .t hen 20 traverse
The st SRV G PRHIAYERATEA. FrEATE FRELPAVREr N B aPHePharhr | or t ons
arrive at addéhafifhetHeblymier 2hSROT MRAItFHEMYE shofs abd WA 1E afiploRe tHERighaBSSi ve
ions. Separated 1on fractions arriving at the end of the drift tube are

det ectied i9ynaise ratip prbpeipstleshapes mdueh nprepses thrrsewgcy ofthgmaglaipeass i npact of
each ion ggtgr%pl a;l;’qle digitized data generated from successive | aser shots
are sumred Vi eI’cIl ng a TOF mass 25 spectrum The TOF nass spectrumis a
recor di ng[oeR7f he delnahié Ghes i TPRAnabgen(drifin@kiod)) the molecules emanating

from a sample are imparted identical translational kinetic energies after being
subjected to the same electrical potential energy difference. These 1ons will then

20 traverse the same distance down an evacuated field-free drift tube; the smaller ions
arrive at the detector in a shorter amount of time than the more massive ions.
Separated ion fractions arriving at the end of the drift tube are detected by an
appropriate recorder that produces a signal upon impact of each ion group. The
digitized data generated from successive laser shots are summed yielding a TOF mass

25  spectrum. The TOF mass spectrum is a recording of the detector signal as a function
of time. The time of flight for a molecule of mass m and charge z to travel this
distance is proportional to (m/z)l/ 2, This relationship, t ~ (m/z)”z, can be used to
calculate the ions mass. Through calculation of the ions’ mass, conversion of the TOF
mass spectrum to a conventional mass spectrum of mass-to-charge axis can be

30  achieved.
[0028] The polymers of the present invention have molecular weights of at
least 10,000, e.g., at least 30,000, as measured by MALDI-MS, although they can



of time. The tine of flight for a nolecule of mass in and charge z to
travel this distance is proportional to (mz)(err). This relationship, t -
(m z)(errwpocase7be used to calculate the ions mass. Throwgh/usas/eubati on of
the ions' nmass, conversion of the TOF mass spectrumto a conventional mass
spectrum of nass-to-charge axis can be 30 achieved. [0028] The pol yners of
the present invention have nol ecul ar weights of at |east 10,000, e.g., at
| east 30, 160 mah highes MWd. tyis bt ndrsd that tHeaugbrityhdthepel ym8r td8k 082763

PCT/ US03/ 09109, have her, M. It .is further noted that the majority
of the poﬂ"rﬁﬂaéFd %%&%P?%er?i?gﬁg%ﬁasﬁg“@é@c?P%é’ﬂlc’f'?é’r@ IFSHPBEP Bbass t hrough
a0.2m Cé&lelufsiohttﬁ%t,abécﬁ&@Irﬁweéu@aravelgm@ﬁiay%qoobb@bo@eﬁwnutoenfwé ecul ar

wei ghts may be 100, 000, 000 daltons or noie. This is in contrast to

pr evi ous| This epiorcoptash &t pmvmuﬂacm@mé npmoyhbaécbonmlmihmhesvwhldb hawt ecul ar

h f b 0029] |
emoaireritob A danins RoR PRyt R AMBBIE Lackbone 15

t et r ahedr ok hybrIHlllcmcénwadmm@aﬂthwpaes%nmbaniaﬁn@b%htaamebfﬂh@r t hree ot her
backbone atons and one substituent, or four other backbone atons. The

phrase "baskbeneds tetiahgdrayrhybridizadandibenad yvissingiabondsde wdex tyseribene at om i n
t he ppl y;rféck&c?ne a%&éw%&oﬂgﬁltg&tf&%u dﬁgtﬂgrr ba@%@&% ’atoqlll% e‘ﬁﬁg iéb one or

substitu | Spersed aroun 4ckbone atom in
an appr ox'rtatvdlﬁhmllyeiybﬁh@dd 'aheangelmhd’}ynetWhtkaachbc&ieSJﬂod( notke pahmiesp 3

-hybri di zed meani n%ktgshat t he bond g f our ot her ator’rﬁi‘ﬂﬁre f or med
usi ng'® he %@?Wﬂ@nﬁ% Bhethgs Hems, & Err 3§ ong G srbstitgng ptogSs Whighiafe nany of

the pref 5 y&gséaea& ﬂ&mﬂoﬁa&%gfyﬁa@rﬁ { fme tetehsdya] | amount of

“trigonal ybri or "sp(err net wor k backbone atons as
i mpuriti egf;omdtra li“amﬁqbcatse&nofvntak\ —pyﬂbrydmerds” meanigg thpothedopds todhé | y of t he

t et rahedr bridi ze wor k  backbo Q A first group of
possi bl e % §‘i‘?§¥§°w&§f 4’«*“2%@‘?@5’5 Pg’aaé’ﬁﬂeﬁt‘)kbég%‘kapgart?ﬂ ¥ a mixture of
two or nogBitelsf PatiRMhary &uﬁ&faﬂeféﬂ@at&m&kwemnsp@%eﬁmapcm&ﬁlabl e pol yners
results fromthe incorporation of inorganic and netal atons into the

a
net wotsk b%tnadb@meuntAi “mgpnalbehybedmny oa%@réxabla«dl@@ﬂ”wwwbév@c@anp ptoans n t he

art, the gt.her 5o and taI 18t 9B ul Qpt b geonetries
dependi r]gas ulp C?HHP nreéaf e36 R0 ¥mers are omﬁjos éj Hmarlfg/ cgij hd
tetrahedrally-hybndlzed network backbone atoms.

[0030] A first group of possible polymers has pure R substituents, and a
second group a mixture of two or more different R substituents. A third group of

20  possible polymers results from the incorporation of inorganic and metal atoms into the
network backbone. As will be readily appreciated by those skilled in the art, the other
inorganic and metal atoms would adopt bonding geometries depending upon their
own requirements.
[0031] Examples of inorganic and metal atoms suitable for use in the present

25 invention include, but are not limited to, silicon, germanium, tin, lead, other Group 13
through Group 16 elements, Group 4 metals and Lanthanides (e.g., cerium,
praseodymium, neodymium, promethium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium). Lanthanide
elements, boron, nitrogen, phosphorous and zirconium may also be incorporated into

30 silyne polymers. When these other inorganic and metal atoms are incorporated, the R
substituent on the monomers does not necessarily change, and the R substituents

identified above can be used. The substituent (if any) on other inorganic and/or metal



[ 0031] Exanpl es of inorganic and netal atons suitable for use in the
present 25 invention include, but are not limted to, silicon, germani um
tin, |eadwoather76s oup 13 through Goup 16 el enents, G owpTAS®ROVEDS and
Lant hani des (e.g., cerium praseodym um neodynm um pronethium sanmarium
europium gadolinium terbium dysprosium holmum erbium thulium
ytterbiumand lutetium. Lanthanide elenents, boron, nitrogen, phosphorous
and zi r comtbminmypahtsd irie tHerbmokimmeabeakl tierang of thesireyineslpaoteptrenasl RWhen t hese

ot her inorganic and netal atons ar.e incorporated, the R substituent on the
onorer o HUBGNEEE, HruBL PR ERG B atTRHaE & 4l gt er MRS OPBBRR | 1| e
above canphe iHS&RBorattl Srom e sl itS natetihl BBY,) WHerPIB&olQl igRheé and/ or net al
9 WD 03/082763 / US03/ 09109 atons incorporated into the backbone could

be any of pelimmenrties/Boigss greremovaeshend e B atontsiaraisnomporatest witheut eny cont ai ni ng

| i gands, or_pothi at_all. For _exanple ron has, been incorporated from
the. st « RGP THE e marhSR 2P AfRo ERH B TEisH S5 PR Bae PP OS THUARGS ynor . t he Br
ions are geAmyeshterds T Rendiedth@ie afotns JTGHcP elecpiedts iNtdrperdtedanty the
substituent. Phosphorus can al so be incorporated from

phosphor obarkbeng aiF Aprgcessemlyttptrahedeallyhivhridized, but singrotheyl farpnveakhe at ons of

ot her ele t Sl NGO t i . Kk sarily
t et rahedrgﬁbﬁhé}@rgi %?’Zé%n%g?ﬂzq@?ﬁlég%? ﬁ@?/eq-f %(ra &r}fe\g%gse%gomu%ﬁgﬁ%onds, they are
not sp( er éharddristid baeding aldieybridmagion ok hich @sy adbgineinSinb@poratdantacher i sti c

bondi ng and hybri di zati on, which they adopt when incorporated into the 1o
pol ynt} bRRANBERRCKDPRRS32] A fourth group of possible pol ymers includes

pol ymer s hng car K 3 to the
et vor k. DUREDne. by o ol RE ol IR SmRAHORRC i AT ARG CLB0n

subst i t ueot stherSwtwonketavkirone bnkshmneededivghe nethviodhbaskhotxeby fowosipgieat ed

W t hout ubsti tuent, incluyde rbon,.sjlicon, .1 ermani um titani um
ot her et s B w1hs B v o as B, e bBi T BAckEBER RS, | 0033] The
new et hogsicdhQan Be &RAFjorsted KahbutthyR0&hbdtlitub@hingfud¥\i®eh) Glichnl | ke  honp- and
copol ynmers use a conbination of novel solvent systens and net hods of

honogéhi zgerimaniung tijaniutpyotbentnetal atoms, o5 @ghter 4oy 1 hthepgh &seumtb 1 n one
enbodi mantl a 120 m xture of at |east two organic solvents and a reducing
agent is ﬁgﬂlgﬁéhi zed, e.g., by irradiation with high-intensity ultrasound
(e.g., at[gd33P00 HzXh@hew &itkiods EPrepRingltRSBigh and ultrahigh MW colloid-like

homo- and copolymers use a combination of novel solvent systems and methods of
homogenization, e.g., by sonication, such as with ultrasound. In one embodiment, a

20  mixture of at least two organic solvents and a reducing agent is homogenized, e.g., by
irradiation with high-intensity ultrasound (e.g., at 20,000 Hz) at power levels of less
than about 475 watts, to produce a dispersion in which tiny particles (micron to
submicron particles) of the reducing agent are dispersed in the solvent mixture. The
organic solvents are oxygen-containing solvents, and are selected so as not to react

25  chemically with the reducing agent. Useful solvents include ethers, such as
tetrahydrofuran (THF), diglyme, triglyme, tetraglyme, diethyl ether, methyl ethyl
ether, and any other ethers, and ketones, such as methyl ethyl ketone, diethyl ketone,
and any other ketones. During (or after) homogenization, one or more backbone
atom-containing monomers are slowly added to the reducing agent/solvent mixture.

30  Due to the exothermic nature of the reaction, the backbone atom-containing monomer
or monomers must be added slowly, e.g., in a drop-wise fashion, to control the rate of

the reaction and avoid formation of insoluble material.

10



t han about 475 watts, to produce a dispersion in which tiny particles
(mcron to submcron particles) of the reducing agent are dispersed in the
sol vent mwetoane2763he organi c sol vents are oxygen-cont ai nipeg/sosvent s, and
are selected so as not to react 25 chemically with the reducing agent.
Useful solvents include ethers, such as tetrahydrofuran (THF), diglyne,
triglyme, tetraglyne, diethyl ether, nethyl ethyl ether, and any ot her

et hers, aj#d3&let onesln suciditanahenindimenthiio ettaree aredirepangd: &Bitsbne, and any

ot her ket ones or after) honogeni zation ne.or nor.e .backb

ot om cont BTG AbEORSYS ool TR adee Rie Tenf 800 8 SHOTIGURLTSE] vent
mxture. G &iﬁortegaéﬁb%n@é%h%r{mﬁm@aﬁwm&é and'& 168868d Rlvent. NBotRackbone
at om cont al ni ng nononer nononers nust be added slowy, e.g., in a

dr op- Wi semfxdgties are, sep:ua@bnlnqrmbgennedr%g ebyoitradiatien withchiglointemsityavoi d f or mat i on
of |nsolu

03/.082763 /
addi t i‘onal r&?’%lf}ée{w%(m’erl Vﬁlﬁsﬁ gbé)P %Eﬁééﬁ‘? Ogté%%?ﬂdsqrg%%?%f?e of at

| east t WocotGidth)e THRIrv@iise aiedt/solvedd ikt i getsloviydddeds@apnd m xture of
one or nore backbone atom contai ning nononers and at | east one sol vent.

Both ni xmen@ﬁeréﬁoye@éwtateedwwm@éhWé‘eptloe of the lgtfer; Mg, Hieingixing t h
hi gh-int e{g% %lggwéglggﬁﬁ Y o s%%ﬁod ?t%’@(lr%ﬂl?{he é%fttﬂ&%a&m“t 475 watts

(e.g., to avol “COnt ai ner s e reduci ng agent/ sol vent
moxture i Bo8sen sl ol qneaaﬁidmdlrhmtlthenewmhmtfusthhmamdm etidurappinduiie ng or
after irradiation of the latter. i.s, done s| ow

, the mxin e.g.,
in a # opSXRfhsEiZedRAYBISTS QIO RS getr?l Feé’P%“%’ienngl halidestgmwith Bﬁ%é] I ngone

enbodi nenltnoretrhﬁle@ 18R g‘)%l&ﬁﬁrtﬂ}@ﬁdé A6 HITSSREL GARRIRE rEiiGion kst Syt hesi zed
pol ymers or polyner cluSters by 'reacting termnal” halide sites wth one or

nor e nucl sdptiehtedng e.g. 3, 6al kyl 8024, vy drare boersn §¥idhout propemend- @ppmgraafll ux
reaction f suf f.i ci ent 8. 24, nore hours.

W t hout p?eglﬁéwg@ﬁ%?eg'érﬁfj’l ar‘fﬁepé?'PgE higgf“?ti&‘iaﬁbghgﬁﬁmgs m%&%tpb[ able high to
ul trahi ghpyMvdeal ymers may not be produced. 15 [0036] To produce polyners
of formul a AR] o j[(A(err)R(err))(err) or ternary, or higher

order@ol sui Taprasupap® MmCI@(ét@mld@)MB]nnr(ﬁgRﬂmhﬁﬁeP& PW@U@@G but
t t
Sherein 3 *%éh A ER R o s C A B L TN e

e.g., ei Hﬂeﬁloﬁﬁﬂﬁltb@tdl-CHEﬁQ,,Rﬁ@lg, ROTL;, RCEYYROE, R&ﬂxﬁm}w@, wherein Xt x + y
= n.

€<, [

any halogen, and the numbers “x” and “y” can be any number, e.g., either can be 1,
20, 50, 100, 10,000 or far higher, such thatx +y=n.

20 [0037] By way of the present invention, it has been discovered that the
specific organic solvents used, and the rate and order of addition of the monomer(s)
and liquid reducing agent impact the ability to obtain high to ultrahigh MW polymers.
For example, for the production of poly(methylcarbyne) [MeCl,, it has been
discovered that the monomer(s) can be diluted and added slowly to a vessel

25  containing the liquid reducing agent and solvents. By way of example,
poly(methylcarbyne) has been prepared by slowly adding (drop-wise over a period of
60 minutes) an amount of 3.33 g (25 mmol) of 1,1,1 trichloroethane diluted with 25
ml of THF to a vessel containing the liquid reducing agent (i.e., NaK) and solvents
such as THF and diglyme.

30 [0038] For the production of poly(ethylsilyne) and poly(methylsilyne), it has
been discovered that the liquid reducing agent must be added slowly, e.g., drop-wise,

for at least the first two milliliters of agents to a vessel containing the monomer(s) and

11



20 [0037] By way of the present invention, it has been discovered that the
specific organic solvents used, and the rate and order of addition of the
nmonormer ( SWo oafnsk7k3 qui d reduci ng agent inpact the ability toTasvaiaiohi gh to
ul trahi gh MV polyners. For exanple, for the production of

pol y(net hyl carbyne) [MeCln, it has been discovered that the nononer(s) can
be diluted and added slowy to a vessel 25 containing the |liquid reducing

agent anch sidverenBy w@wfwamnpl‘e aka pplyénethplsilyrerbahly¢engrépana) byhdewheen

prepared by. sl addi n p se over f s) an
Prount oraiitg R sBe auath deodiord mipRr iy S8t nbAe3 e 88 sl o 25 o
THE to a NgB3fby ﬁpmc%wgeﬂcsmmhﬂgqut nicQElehiGo aTERE] &dntaﬁnm§ hadvemnd

sol vents such as THE and diglyme. 30 [0038] For the production of

pol y( et hylminogsemigtnte- pol y(net hyl silyne), it has been discovered that the

liquid re ng a must b for at | east
the fi% rst[%pg%] g’l I Igﬁ](? ?% tB? ﬁ'zggg gra?'}fg%gﬁmgl%q%agoo&ﬂ%)% %eél?{rﬁg Kohomer (s)
and 11 VLQnﬁiéé&&Zé EariBEIGURASIVeR R turds SitHeY & us&§ sivile Sflveaxanpl e only,
pol y(net h}gl silyne) has been prepared by slowy din tl&acéllro W se over a

peri od of B&ansailie eectiamissionaat beyeen r&gnwgte’(npammﬁnq upfo g ROBINEPPINt N t wo
oxygen-co i ent

/ monormer &ttﬁ% Edrlg&t%{?{ 18%% st@%&\( %flsﬂﬁé &ﬁgﬂ% ??etbe &%ﬁ{@g |a§ o(rQrila;fer ials of
t he pr esesttsolvavienbf thie solvemmhfssbetaaexeim@acrcbent and thie prepek velnént mix tuse €S

rat her than usjng single solve ause th reactjon i s done_at between
r oom tOenpistestadite OQiep g]ffa}(“@h "Yf'égi'%‘?q ?%*ga'a&t?ﬂa ORGENRAIRERN; %’gﬁ% fhsg,
consi der 21}%19&' ré?i‘hcltng%géxﬁ%&dd\{ﬁﬁlbbo&fssﬁﬁeau@f@ﬂﬁﬁB $ RBCsOIGL Re ety SOl vation

of the s ents nu be taken into account, afnd the proper sol vent nixture
10 sel ect@dcetazne))maldrsemetto ad:dugh thﬂ@ﬂ@ht:lumtseouizar whi¢ es¢cahd S¢1M€YUne

enbodlnent en t he ucing a IS SO aSS|u on

(hek) | whicles Eapien: BNk S iE e B8 tapas e BT B ST B etuce

t he NaK ChUSIHRES e itd cSiitro? thé’&‘@ﬂlh(ﬁn@px%ﬁér@l@ﬂoﬁl‘hleééed]ﬁsters\éﬁhﬁb pr§ve’m Bﬂ’é}- sol vent

for NaK clusters (e. ? the same or a different ether or ketone) woul d
vie

serveld o weetiano|Thetse emmtwg t}pﬁf@fp@&er‘é% tefontred ghe refuaingpropetiensl t o prevent
overs 15 r%a%} usté:l}@e ﬁﬂ% %l? f% at lﬂerfg\;\%o#gh e{ll\(“%ﬁllgh%ﬁpgbfecf& the

reduci ng pF |es c usters thetornation of
the high Foow] trahlS\htMNmtﬁﬁxtureBMC &!Ltlatrabétﬂlrﬁméd/tent m xt ures

' ncl ude, tggrgh)iicll;gﬁlpa%t(TI-{F)/dlglgme THF/triglyme, or other ether/ketone. For example, to

produce [CH],, the solvents THF and diglyme can be used in a specific ratio from

20 about 20:1to 4:1, e.g., 16:1, 10:1, 6:1 or 5:1 (THF:diglyme). Other ratios can be used
for other monomers. Other oxygen-containing organic solvents such as triglyme and
tetraglyme are also useful in the formation of ultrahigh molecular weight polymers.
[0041] Increasing the temperature will result in solvation of the polymeric
material. As a further example, for the synthesis of ultrahigh molecular weight

25  polymethylsilyne, the solvents THF and an ether or ketone can be used, with a
specific ratio of about 1:1 to about 100:1.
[0042] The order of addition of the solvents and when during the reaction
process they are added also impact the ability to obtain high MW polymers. For
example, for the production of poly(ethylsilyne) and poly(methylsilyne), in which a

30  THF/ether solvent mixture can be employed, the reaction must be initiated in an ether

and/or ketone or a mixture of two or more such solvents, followed by the addition of a

liquid reducing agent (e.g., NaK). Several minutes later, THF is added to this reaction
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tetrahydrofuran (THF)/diglyme, THF/triglyme, or other ether/ketone. For
exanple, to produce [CH],,, the solvents THF and diglynme can be used in a
speci fi c weatosos¥7som 20 about 20:1 to 4:1, e.g., 16:1, 10: PCTAISA3/@M05H: 1
(THF: diglyme). O her ratios can be used for other nononers. O her
oxygen-cont ai ni ng organi c solvents such as triglyme and tetraglyme are

al so useful in the formation of ultrahi gh nol ecul ar wei ght pol yners.

[0041] | naixeas] Dgviatiend fomehiatoudee ofbdditisresidolvents cwalda@tulom of the pol yneric
material. As a further exanple, for the synt e s of _ ul trahi gh nol ecul ar
wei ght ZSUWBPWWIIEF‘F%BOH’tW@ B RerERRRle el #oB®EHEE- or ketone can be

used, W t{yogs QJ SpeCI]ilgF drréctlﬁc?n%ﬁ e?\EOHIu bielrof ﬁ)squ%new)greghodg Ak, The order
of addition of the sdlvents a og élurlng the reaction process they are
added al slwtlarq)mﬂmhh:d tatmdlmypowssubnallmyshscgiﬂumnmdga}mmn@als koliquiéxanpl e, for
t he production. of et hyl sil yne) an ol t silyn in which a 30
THF/ et®heraPPYarRo! %‘é 1{1 Bé 8 Tﬁa% & eks P&é@ﬂm ﬁﬁg? Ybe initiated
in an et h@(m jand/ OrTPf&h%@reQﬁreﬁaﬂéHXﬁ HEBradhcd With e 1HEW Mefioal (%0l vent s,

fol |l oned the addition of a i qui d reducing agent (e. NaK) . Sever al

m nutes | rammres qiHFEganic addems puad a hq@ldrreh@mgcﬁgentl r PXOBH @g backgone

PCT/ US03/ Q9109 . m.xt ure, der addi ti.on. of sol vents
coul d restP¥ (ioﬁtagﬂ%%mtonglinfmc? ngoltﬁrﬁesro |§Vzeg i°0F homgéeﬁnzed a%ée%f%%i aglopr oduct

bei ng Obt'&itﬁlﬁ%h -1h@A48] ultrbstind (. gdutczmlgmgegt, gt p&udrileddlleoflleds thegeabont t he new
met hods inclu but are not limted to, sodi um potassium all oys sodi um
amal gin At wiatts. VRhals v gegeral thaddiion ofgmry&fl%m 8 rengtiomdrivesibfugherer

reduci ng C%ﬂi cho ét%nﬁnmt ﬁ@%ﬂt&%’ o ylélﬁ Qnﬂaﬂnaﬂ‘@f lfﬁ(ﬂécﬁirqvpeq%}ﬁdlt In

accordan e néw ne , mxtures~of organic solvents and a
| i qui d relsisbeagdiagerted that armxxlmuﬁsermig}txapkttmmm foa tlenprodudt@nmif highmonomer s

and a first olvn areh epized, e.g., by irra Wt h

hi gh- i nt eHgi ahjg}f ﬁ’égd’ﬁﬂﬁﬂ“’( ‘Phg‘ienfzﬁnb{%&‘)“en% Rpwer %Veifd&&m ®RWs of less
than abouj t%%béz@watt@ eg\hlsbenoonz@@@@064r,4ob%t@d%kh@qb>@ﬁ nore energy to a
reaction drives it further toward conpletion, and is expected to yield

mat er sl s[00#5hi gher Irnmlll emhbtamems; tjlhthlgh to ulthalectbMBH polyseas shoatil bhat  a

maxi num ener ut exists for th rodquction of nd .ul trahi gh MWV
ot er 1l ceniied: f Bl Bk Reshim oG e BRTRE SBeRs T HWenshfRitLt  20°Fo
about 475typRbliPdorR With wakkr ol 8fer &ﬁ@ou@%@ven@fhaﬂ@&s%ﬁ tSntainfafy glGPhayed. 15

[0045] In all enbodi nents, the high to ultrahigh MAN polynmers should be
For example, it is known that polysilynes are typically quenched in methanol.

However, high and ultrahigh MW polysilynes, prepared by the new methods react

20  violently with any alcohol and are destroyed. The fact that high MW polysilynes
cannot be quenched with alcohol is therefore surprising. However, in spite of the fact
that water is more reactive toward such polymers than is alcohol, high MW

polysilynes can be quenched with water.

25  Modification of High MW Polymers
[0046] The present invention also provides methods for preparing ionic or
functionalized high to ultrahigh MW colloid-like homo- and copolymers and polymer
clusters. More specifically, the invention provides means for ionization or
functionalization of the new polymers with groups that will alter the functions not

30  only of the polymers, but also of the DLC and ceramic end-products as well. Such
chemically modified high MW polymers constitute an additional novel class of

materials with novel end-use applications.
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guenched to conplete the reaction with the reducing agent. The quenching is
typically done with water or other aqueous solvent that does not contain
any al cohwlb.o3/0863 exanpl e, it is known that polysilynes areTiysos/cabdy
guenched i n nethanol. However, high and ultrahi gh MWV pol ysilynes, prepared
by the new nethods react 20 violently with any al cohol and are destroyed.
The fact that high MWV polysilynes cannot be quenched with al cohol is

t her ef or e[08d7]pr i si nBy waywderamplienths highdMBf polymefsaafithe piesgnt wevientiori s nor e

reactive toward such polyners fhan igs, al cohol igh MV polysilynes can be
uenched SR o it o BRI FstaTE d MG ioigtelns MBS UBREEETRE pr osent
i nvent i onp &l eriPsiaY chigss 1¥E3rbAds of haREENREddEdh@ve préertidsypet i onal i zed hi gh
to ultrahigh MV coll oid-1ike hono- and copol yners and pol yner clusters.

Mor e specoitpeedtiopic appdicatinnsn2) dapant elgmgats (ergafzonp 2 thsewghabiogn 16r

functional, zation.of the new po rs w.th groups. tha ] 1. .alt t he
funct i50nselﬁlgfmg)()toéﬁli‘eyseﬁlcqlﬁélc@‘8}}yy?rg rgfuvl\%{iﬁ Ceg sbcpr’c%c al{éﬁég\gfblal%&e l%%’rr am c
end- pr odugitpudosd\bf proditifif new RREir6EE by ot tr@dc Maghtiabrpeligeg (P constitute

an additional novel class of materials with novel end-use applications. 13
WO 03/ 0829830 RaTAeiss Dty gouips o tufanctmpal gloms fe. gx SigHnel 5 @Ffélghilgh KAV pol yner s

of the pr ' ' | o) . ' | Lag. {1
iyl o ol e ke dp e 2 8 Bueg ARG QSIS ORRrERE pHTRRS 2 1
provi de oto iaceaseceatprial tcompatibitity; wed/pr @ éurictiosal fgpoupspqligvedees or oni ¢

applications; (2).,dopant elenents (e.qg., Goup 12 through G oup 16 5
el enetft s)p‘ﬁéfmf'ﬂ?l%‘dgé IE%WdHB‘(”‘ﬁ@F?r?’&B‘? g‘é"W@@‘ﬂﬁth"ﬁg blestes @rwrtgr,:s)t ering Ferm
level s fof, o tilRrRHNRO 38t ProRIPEIYEI DG eNSINART S F8r PiCatRhs QRICR! ect roni ¢

material s or devices; (3) cyano, amde, or other groups with functional
at ons (e. biolog@abanpl teehménl englouliy coatings t he |i ke, to alter pH for the

. L ubi Lity. . ont ol ectron . !
ot ors ol _19Ahe T b PTESmetiods B oAy il Rbe P RRT BNy plmelsC o "2
pol ymer i Cofi tkebrohtBy A8sckiBed bPihétthglifc@dhiore RiEhVWdpsllfmerd With bitiest epl t h

properties (e.g., interference wth protein/biopolynmer bonding) for
appl i tat i orsorsners fees radirdlinigiptons andrnetos Bis¢ Balpgenating agantntg rEHICEngs [ 00481

e et o8 S EAL oA MR A, BB R b0
acid reagents having multinuclear acid anions) to produce polycationic polymers; 3)
one or more reducing agents to produce polyanionic polymers; or 4) one or more
oxidizing agents to produce polycationic polymers, wherein, when halogenated

20  polymers are produced, the method further includes reacting the halogenated
polymers with one or more functionalizing agents and recovering the functionalized
high MW polymers. When polyanionic or polycationic polymers are produced, the
method further includes either (a) exchanging anions or cations present in the
polyanionic or polycationic polymers with ions selected from the group including

25  halides, cyanides, nitrates, nitrosos, borates, anions (e.g., polyatomic anions, complex
anions), alkali and alkaline earth metals, transition metals and complexes thereof,
cations (e.g., Group 13 cations and complex cations) and combinations thereof, or (b)
reacting the polyanionic or polycationic polymers with one or more functionalizing
agents and recovering the ionized or functionalized high MW colloid-like polymers.

30 [0049] In one embodiment, high MW polymers having fairly easily-removed
R substituents, such as [CH],, are dissolved in any suitable solvent and reacted with

one or more free radical initiators and one or more halogenating agents to produce
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15 one or nore free radical initiators and one or nore hal ogenati ng agents
to produce hal ogenated pol yners or polyner clusters; 2) one or nore acid
reagent s wprosog7ebl y acid reagents having multinucl ear aecd/zsos/es) to
produce polycationic polyners; 3) one or nore reducing agents to produce
pol yani oni ¢ polyners; or 4) one or nore oxidizing agents to produce

pol ycationi c polyners, wherein, when hal ogenated 20 pol yners are produced,

t he nmet hopalbgenated pol ynedrsi 0EBe hftogdnated pohendiahregkdiaicacted pithymeosmord h one or
nore functionalizing agents and recovering the functionalized high MV

pol ymrer s. fupstienaliginggrihped Bie fpeatippalizedihigh Mo prbmererceoyietiuced, the
met hod T Ufde3gr 1 ncl SGER IS ichPhi GG 815D th AR nfifocPlesEA IS ! esent. | 1

t he pol yahionl c or polycationic polymers wmth 1ons selected fromthe group
i ncl udi nginzlde2l2'-desbissylbutyairile(ATBAM) asd perokides @specdlyastesallani ons (e. g.,
pol yatom ¢. ani gns, conplex anjions), alkali and alkaljne earth netals,
transii Ohlnaglegpgméms, ‘TS"H%I %%g@le?‘ﬁi?lg%‘%ﬁlflg g %E’df’ﬂ'br.o,m(@“&ﬂ'ﬂ)mﬂ cati ons
and conpl fX:HiGbsRRBHImARMLGRITRN, RAlHABSanliNAHE R chiGocdrBins, MRAAET NY t he

pol yani onic or polycationic polymers with one or nore functionalizing
agent s anembedioeet; thegreeredicalnnitietbr s ATBINend thedialogsdatiniggemis dbl | oi d- | i ke
pol ynmers., 30 [ 00491 .l n one enbodi ment, high MNpol yners having fairly
easily-re UCMIYYSti t uents, such as [CHI n, are dissolved in any

sui tabl e OsSYENt anth &Rack @ehbvllintent, ieh PIW FBlyencrd Bfingdshengl Ri ni tiators and
one or nore hal ogenat i ngﬁa&gnts to produce 14 WO 03/082763 PCT/ US03/ 09109
hal ogéhat stbspeyisesush arhaPhlad a5 disseluef sy saitablesadver and reagied adthni t h one or

; . il " & . . |
Fecover eaoht GBSl AR B Aok BAIYEHRG PBESS A paeMRE, YOP 2 1o
descri bedpeélgness are thzh weleted, With oz elansieSointtionaldning agdnes ndltB&) and per oxi des,

especially sterically 5 hindered peroxides, while suitable hal ogenating
agents i nénﬁtj@ﬁl}lﬁ‘i‘ Bigh M BCPHYREFECCOVRESEn| or osucci ni mi de, bromine, chlori ne,

and vari OHS)S?E' or oC g RHISacid FeaBBifts aR HOAL KB Rng abldGeddeh suklhCalk 1 nitiator

is AIBN a e hal ogenating agent Is N- bronbsuccinimde. [0051] In

anot hes eatidg)iwitnX = Giogh 1VAdlquudnysybpmitehavid, ngflpdremgthamesiifosiglasidianddit s, such
as [SiPh](err). are dissolved i.n any.sujtabl.e sol vent and reacted with one
or nore a&ﬁﬂ‘%‘&ﬁ’é‘?ﬁ@@’&?aﬁ YbriRe W{ef‘fﬁﬁ‘% 8{‘9?nsrs. The pol ycationic
pol yner s g{udrdieiniaslirstc Wil Br 88 a¢idnor e functional i zi ng agents and the

[0053] In certain embodiments, high MW polymers are dissolved in a suitable
solvent and reacted with one or more reducing agents to produce polyanionic

20 polymers. The anions present in the polyanionic polymers are then exchanged with
ions selected from the group including halides, cyanides, nitrates, nitrosos, borates,
anions (e.g., polyatomic anions, complex anions), alkali and alkaline earth metals,
transition metals and complexes thereof, cations (e.g., Group 13 cations and complex
cations) and combinations thereof, and the ionized high MW polymers recovered.

25  [0054] Suitable reducing agents for use in the new methods include
borohydrides (e.g., K-SELECTRIDE® borohydride), Group 2 hydrides, potassium
hydride, sodium hydride, and the like, with a preferred reducing agent being
potassium hydride.

[0055] In another embodiment, high MW poly(hydridocarbyne) ([CH], or

30  (PHCQ)) is dissolved in tetrahydrofuran (THF). A potassium hydride/THF solution is

then added to the PHC/THF solution in a 1:3 molar ratio and the resulting reaction

mixture stirred under argon for 96 hours. The reaction mixture is then quenched by
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functionalized high MNpolynmers recovered. [0052] Suitable acid reagents
are non-oxidi zing acid reagents such as HX 15 acids, with X = Goup 17
el ement s,wbasas®ernci d, trifluoronethanesul fonic acid and the/ushs/bwes wit h
sone acid reagents being nultinuclear acids such as

trifluoronmethanesul fonic acid or triflic acid. [0053] In certain

enbodi nents, high MNpolyners are dissolved in a suitable solvent and
react ed widditionef veatemandehe salveit ngmengdnindert aeprrod Tbe rgsoltingmiobymaric20

pol yners. The ani.ons esent .in tBe ol yani oni ol rs.are then exchanged
with i ongla?éll"‘@étﬂéfﬁl ‘Y%bﬁ‘f?"l’\% tefraby rolﬁﬁé?’u lﬁlbpw‘éf?e&ea)s/&a%ﬁfgﬁ{' des, nitrates,

ni trosos, [(ga8gPt €S, CREhRABaraBsH shoW thaBEHR ferdddi®ISpol gRRPhRYuEHAI BNS) |

al kali and alkaline earth nmetals, transition nmetals and conpl exes thereof,

cations (wayof th@xwethod Somsains epiroximtdy hp“eRy Wetaht pelgysiyndonscmgingat i ons

t hereof, a the iqnized high olyners . r ier [ 4 itabl e
reduci5r1g Y é‘HPéOIPOﬁ%ﬁggg’fIher?lheée%\ée\?\?or%gﬁgzg [len qlﬁagggo%éﬁ%tﬁ%g??éggtgﬂ( e.g.,

K- SEL ECTRinkfrlpld elb&tFdaid it the)reducinplqent divds heke polyanioais mithipokyssininde, sodi um
hydride, and the like, with a preferred reduci ng agent being, potassium
hydri de. fa985prepent imprerave aptdite e fopmyla fathpdriiged pRIYE6ESr byne) ([ CH "
or 30 (?ﬁg})) (Fﬁ djssol ved in tetrahydrofuran (THF). A potassium

hydri de/ ’é[) ution is then added to the PHC THF solution in a 1:3 nol ar
rati o and[@0B%] r esul Iohizgd pelycirboies, avxigalbcabor baitbomdand bemgrwatar 96 hours.

The reaction m xture is then quenched by 15 03/ 082763 PCT/ US03/ 09109
T LT slota ats e AP IS TRAIDIS RO bioe S OYBaALS P LIRS ne

pol ymeri cye H%ﬁoig% '&é&ln dondhdife pRERARE W drflok ﬁﬁ}?@k&x%&{g&ha{ebimn@ﬁmim&dUces a

dark solid. ] Chem cal "anal ysi s”" shows that the water-soluble polyner

produced than cordnctie layers prepahasidfrero mnesd ¢esamaigpr oxi mately 14 % by wei ght
pot assi um and po 5 sodi umions. The. pql r.. therefore.consists of a
(ot n backl9SRE ¢ hat MatedRion! wbodiimeet Fiel MPeeeynis ¢ diwa¥e Péauci ng
agent andsiifabRAVIWRA! ARieRNECWithohs oPRbASEIidifingaathtd ASpiddesent to preserve

neutrality. The fornula for this ionized polyner is K+_zx([CH] n-x). [0057]
| oni z&d ppolyeatiopiernodymersy iThe palyratioaitrmy e iebothes resated yathepegiteqre 10

sol ubl e aﬁﬁlcgér?ﬁi%m%t%lggntp "cn%: Mdtglnghi%ﬁ%lﬁlw ?)&y?ners-r Q@g@ers{:@t ﬁiia@ies coul d

t herefore
oxidizing agents for use in the present inventive method include chlorine, chlorites,

chlorates, halogens (e.g., bromine), hypochlorites, nitrates, perchlorates, peroxides,

transition metal oxides and the like, with a preferred oxidizing agent being sodium
20  hypochlorite (NaOCl).

[0059] In another embodiment, high MW poly(hydridocarbyne) is hydride

end-capped by either: (1) reacting the polymer with one or more hydriding agents

(e.g., potassium hydride), or (2) forming an ionized polycarbyne (KH([CH]™) and

then removing excess electrons with an acidic or weak oxidizing agent until the

25  polymer is neutral.

Processing of the High MW polymers to Form Products (Ceramics, Composites,
Crystals, and Alloys)

30  [0060] The high MW polymers of the present invention may be easily
converted to diamond-like carbon (DLC) and other hard, ceramic materials. The
structure of, for example, [CH],, a three-dimensional atomic network, with its sp’

bonding, and that of crystalline diamond are very similar, especially when contrasted
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be used to form conductive protective |ayers on inplants, being nore

bi oconpati ble than conductive |ayers prepared frominert ceramcs. [0058]
I n an addwoiosnsd7éenbodi ment, hi gh MW pol ymers are di ssol vedTiusozosiswi t abl e
solvent and reacted with one or nore oxidizing agents to produce 15

pol ycationi c polymers. The polycationic polyners are then reacted wth one
or nore functionalizing agents and the functionalized high MNpol yners

r ecover edwitibthet statactre ofpadymemgtworks fanfedbyuseleculart iapeap nmisse NBecansearft | ve

met hod i nclude _chlqorine, chlorjies chl orat es,  hal ogen e.g,, bromne),
hypochl or hsedmilaRityiapEUCturseii IE&EIT@PE?ZJ}‘BQP%S%‘?%Q?,I“‘C P&&'r‘?gf ’Esi e8§lym=3t al oxi des

and the 'idﬁem | folth@Reclifieh§nd difhdld\Gyagenchrl g 5Qdk UM wenhypochl orite
(NaQCl). [0059] I'n another enbodi nent, high MW pol y(hydri docgr byne) is

hydri de fenod dappedetsjoreoftthesp’-tonjled erabon neggwotietopwedomsnantiyt sp”-baadedr  nor e
ol yodt byfemaER eifiared g T TV UAIUPH G excens ol o6t fons i th- an

of the HLeeR pol Sﬂ?fﬁ’g_ﬁ“%g%g?fn“%?%E%i*ﬂé‘é@?‘émffp°%ﬁnﬁﬁ§ﬁ*‘Zi‘?’mj‘?‘rc‘r’ﬁifZI S,
and Al | oydyst@ of deaopsemhiaventpn tVPrqstycy maferiglsanghudesthe abilifiteont i on may be
mat e al sopere o0y PRUELETEF TheRef ROk ol doiths Beluntiyle 007 107

at om ¢ nebdngexiik sotiith ahd Supeferiicalliidl, agd canbk éonatrtaf inGiny sitalcbatigsdr anond are
very simlar, especially when contrasted 16 WO 03/ 082763 PCT/ US03/ 09109
with the Bimsy@theradyantages pelnde,be Rty of bepelynisy PRRSLECTFUrIE eat units.

Because o ene{‘rEée.% Iﬁﬁtﬁ‘}(' ﬁrch bYa l:ﬁbértl Eg&tdgst ’e&{lﬁOélgé]&?'Lé B ﬁ’ﬁa@hﬂﬁSHSi onal

atomic network is easily converte ree-di nensi onal di anond
crystal steinfotcirrgefilldrmupbmpyrolysts. iagddicen, the polgntehptecarsors endérgn aof t he
spa- bonded carbon network to

rredom napt |y a- bonded 5 carbon phases is
favored d qt‘?fﬁx’cdﬁgo%fﬁzfﬂ%té?nsﬁoéhgtd?%gbgPﬂ‘ft@(}@it?m?&'e advant ages of using the
hi gh MNBEiow@rk POl Y e pateRiNGh. 303 1618RS to Phitii£A SBRAcIMSWRER B8 Bechnvent i on to
pr oduce C nmaterials include the ability to operate fromthe liquid

st at e15 Thimcoipgtatedereinhyrifereors; wesasibas thas BILGhirdharchcareorymaterislsganbe sol vent s
and super Forrrintecil %?} lpy;cJI)usiisdosf’ th& Bcﬂy&)%re]n)tagar %]e\se[f’ltléﬂ ciars]s 8f rEe?wE)rrllctp%I)?nq rts.i ngs or
As noted above, these polymers are relatively low molecular weight (i.e., from about
800 to about 8000 daltons) network polymers. These materials volatilize during
heating and annealing, which results in low ceramic yields of about 20 to about 30 %
20 by weight, based on the total weight of the poly(phenylcarbyne) starting material, and
coatings or films of these materials display numerous surface defects in the form of
large holes, cracks, and pores.
[0063] In contrast, the present invention provides smooth, non-porous, gas-
impermeable diamond-like coatings and films that have improved thermal and
25  mechanical properties. The present invention, in a more general sense, provides
diamond or DLC materials, and other hard, ceramic materials, prepared from high
MW colloid-like polymer clusters and network polymers, as well as methods for
preparing such materials.
[0064] One such method includes: 1) dissolving one or more high MW
30  polymers in an organic solvent or supercritical fluid to form a polymer precursor
solution; 2) applying the polymer precursor solution to a substrate surface to form a

coating, or pouring the polymer precursor solution into a mold; and 3) pyrolyzing the
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10 films. O her advantages include the ability of the polynmer precursor
solution to penetrate a matrix, such as a carbon fiber matrix, to produce
DLC or hawo ccamsizen reinforcing filler upon pyrolysis. |npaddishs/aensthe
pol ymer precursors undergo a photo-oxidation reaction so that it nay be
phot o- patterned. [0062] U. S. Patent No. 5,516,884 to Patricia A Bianconi,
whi ch has been 15 incorporated herein by reference, describes that DLC or
hard car bantingtozisolatien camtained irf the medd, yndpryanaings mgnaspherh et temperatures

pol y( phenyl car hyne PhCl. .cl ass. 0 Kk . pol b SpcnndS above,

t hese pol g Pbgk?%‘ltgﬂv%leyg'i ﬁ?ﬁﬁ%@?é@?@rab 5%’%598.’,°r?8@§1@b0ut 800
to about ZRQLInd¥hERNRIpoNEhAPréculRk YoTBIiSn is HpBRE&] Bhesibatrite b@Hade tbi ze during
heati ng and annealing, which results in |low ceranmi c yields of about 20 to

about 30 fR@ doptingitlghmethpd Surthes mcludes pptierallxeensatingstepsieto 3 to

pol y(phenyl car byne). .st artd erial. and coatings or filns of these
mater!osal S%ﬁeg%qtésﬁﬁﬂ?pg?so éﬂgﬁﬁﬁg%tgcg%qn&ts in the formof |arge holes,
cracks, apdespres. 1hQa63mbbdinkal) thcinventiveendhed fRinther invIRAES lating ehel des

snoot h, non-porous, gas- inperneable dianond-like coatings and filns that
have i npreetiBearapiwtipn spriaingd Helbp Aldde 2 paprpreRngmE &ot duA100 Al ent i on,

in a nore r O 'ﬂgﬁnﬁ o : -of her

har d, cerg%fg%ﬁ;i?%rsﬁggﬁg?t %Pegaa?gzat?ggm I gﬁg{%%(ggﬁgﬁgﬁj@lenug% ??r{er

cl ust er s tapyroigtingthe qoatiygrer slutas. wel | as net hods for preparing such
material s, 064] e such nethod includes: 1) dissolvin ne ar re high
My 38 poldPhek s i T R??'}gaﬁipee%wé&f{tla? mé‘éiﬁéraegli“idi €& <Pt g pneed) m a

POl YITer  plaGHERREs of3RY Yizk A stbe, ANt hob@niIbY, IRk RleGfolyri& is SOl ution to

a substrate surface to forma coating, or pouring the polymer precursor
sol uti on applied frompsadiyticawmt sBperpytiaal flnidn rhihtsatuve WOmPertas 2wRlliRCINRIE03/ 09109

coating, or,solution contained. ip.the | d, under an inert atnosphere at

t enper at utfe):ggxresrognc&mdl?efr!ph%s,a%g% H]ilﬁg S@gﬁé’f’ ffs n pgrgus %&na%}g"tao_ about 1250,
1500, or Jk6éh &z graphiRfieP mahiewhérd @ yRAY AW buldrefts @DLES of Hird@arbos appl i ed
to the substrate surface to forma coating, the nmethod further includes

opt i offal | seinfejséng filley that ppaneptasshamelsixg. The pelyger pieeursen sokHocaBrlsehe
St 1 A UL RS0 RO AHRRR b oM kgE By Tt Turt e
t enper at uppB6TRRNYI NOSUitabld oagmikt sol¥htand supercritical fluids for use in the above-
referenced methods include ethers such as diglyme, triglyme, and THF; toluene,
liquid ammonia, other amines (e.g., triethylamine, hexamethyldiphosphoramide),
20  supercritical carbon dioxide, and other supercritical fluids containing donor atoms
such as nitrogen or oxygen and water, both liquid and supercritical; while suitable
substrates include silicon, silica, aluminum, alumina, magnesium, and transition metal
oxides and metals that form thermodynamically strong carbides such as titanium,
tungsten, steel, tungsten, chromium, iron, zirconium, and other transition and
25 lanthanide metals.
[0068] The new diamond-like coatings or films, as well as other non-carbon
hard, ceramic coatings and films (e.g., of silicon carbide) can be smooth, non-porous,
gas-impermeable films that have no individual crystals. As a result, these films can
have improved thermal properties (e.g., no or little loss in thermal conductivity in the

30  xy plane) and improved mechanical strength (e.g., no or reduced possibility of

fractures that can occur along grain boundaries). Also, these films have improved
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120, e.g., 190, to about 210 C at a rate of fromabout 0.1 to about 1.0
C/ mnute, prior to pyrolyzing the coating or solution. 10 [0066] The

pol yner pweasnsme3 sol uti on may be applied (e.g., coated orcraiSos/ed)s to
substrates of any size and shape, no matter how conpl ex, since the pol yner
is applied fromsolution or supercritical fluid. This feature is inportant
for filling small features on conputer chips, or for filling small pores

i N por oussurfatepropesie endjare smoothambogh for uge apdiedtenics bpplicatibns andwser e
pyrolysis would | ead to a DLC or, hard.carbon.15 reinforcing filler that

per meat edUPTRARGI3YELS, ?‘n‘fﬁg’eﬁgﬁmw ‘iﬂﬁgcb‘iﬁ‘?’g%?f%ﬁflﬁ?'i on can gl so be poured

into nol d[ﬁ?ﬁé] pr odyg gq&ihaRare Hir@rHe Preséht daRAton hitGnPREN Sy bARRd] Sui tabl e
organi ¢ solvents and supercritical fluids for use in the above- referenced

net hods itn¢hasbsteatheghereby demersstrdiing ipmproved adjiesine betawedn Wedilnm aidubee, |iquid
amoni a, other amn . Q. riethyl am ne, hex t hyl di phosphoram de), 20
supercri tsiuhgfat%a&BSﬁgsaﬁ:(ageii%a@bﬁea?ﬁg%{Wgrca@ﬁ%e&@F?ﬂﬁ%@é&%ﬁg%s cont ai ni ng
donor at qfRrloSHAE cabidel hy@ Beiveh tHyMBSFat@ Ail Wetfh, therdbly rédugitigtbrand
supercritical; ile suitable substrates include silicon, silica,

al uni numeliatipatinglossimghergialipqndaeiévity adite filnypubsratglboundardes and netal s that
form t her[mgﬂanam Callﬂe%oﬁ%r%g 8%0 ;reﬁir%g?ig% gxlégc{%ﬁgﬁhe{é&éﬁgéruﬁpecué&gg en, steel,

t ungst en, om um Iron, Zzi I'tion an | ant hani de
met al s. b[}ﬁ@&ﬁi ingbﬁid’iﬂ%mﬁﬁﬁ@ﬂlﬁiybifﬂ& PDhatmatgsal©obthinkdeherchs, vl be as ot her
non-carbon _ hard, ceram ¢ _coatings and films (e.qg., of silico ar bi de) can
be snifot PtiHEASRY Bigase og%ﬂe{%@g%%% (68 Feégwitcyaa%ﬂ%o,i iﬂcnomm

crystal Ssﬁés-gll%lu{)tﬁlsa'le{hfog n’i&_@%@glﬁgticgﬁpﬁmes i I&\(}%ﬂ?@ﬁégmrtﬁﬁr%blepr operties

(e.g., no or Ss In ermal “condu In the 30 Xy plane) and
it hrrp { oved precllysisi lEat exsimpde) gither (re:gg).d_s oﬁproozsir@hjglem\ﬁ@]?ﬂfidﬂikfgolmers ract gr ei o
at can .occyr a rai ou i es). ese fi ve rove
T R I R e AL o A
use in el@gy ﬁﬁggsw%?aggdﬂ WAk bR o@ﬂg(]h%?en bublyiceRbiabfla) tA¥CEShveRidicst t hey have
|

| ow coefficients ction. [006 n addition, the filnms of the present
i nvents ortheremainingdatihony cibakte diamondkkembisrinbhepyrolysise@) rapetiomet r at i ng

B e e
| ayer betee0 Che(3s ubsinggidtyraardilinken i inert duhessie Witk uedyfig sall
percentages of H, and/or Oy; (4) all of the above procedures, carried out under
pressures of > 0.5 GPa; (5) all of the above procedures, at both atmospheric and the
20  pressures given above, with the addition of seed crystals of various types (diamond
and/or silicon carbide (SiC) of micron to nanometer size, or cubane or dodecahedrane
species as nucleation aids; (6) treatment of polymer films with microwave radiation in
the presence of an inert atmosphere or any of the reactive atmospheres given above;
(7) high-power laser irradiation of polymer films or powder, in a patterned array if
25  desired, under either an inert atmosphere or any of the atmospheres listed above; and
(8) UV irradiation of the polymer films in the presence of H, or H; plasma, followed
or accompanied by heating as needed up to approximately 800° C; (9) all of the above
can be done with temperature variation, from 200° C to approximately 500° C; (10)
processing under additive atmospheres such as ammonia, other nitrogen containing
30  gases, methane, silane, and other inorganic containing gases; (11) use of conventional
chemical vapor deposition (CVD) techniques; and (12) any combination of methods

and techniques including those noted above (e.g., pyrolysis in combination with (a)
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elimnating loss in thermal conductivity at the filn substrate boundary.

[ 0070] The conversion properties and yields of the polynmer precursor of the
present iwoesnswe3 and the quality of the DLC material s olpcaiusesiodiber eby,
can be 10 optim zed by the use of different side-groups (e.g., carboxyl,
cyano, chloro, and fluoro side-groups) and by nore sophisticated
processi ng techni ques other than sinple pyrolysis. For exanple, other

met hods ofucpeaticr sisis mgchhdsgleditystals land thethdds of e¢rytebing the subktuate, (bhe f ol | owi ng:

(1) for pal.y(phenyl carbyn PhCl n, renoval of the phenyl. .(Ph) .rings by
onct | on Grbl B Bloakiitpistonutve kA Thy A S IREOBic PR 0F 127 ne
remai ni NoyRREKBARECHRI Rt AtthodplRr®) Miduid deealBE Pélb@tonmeutyh Ol ysi s; (2)
reaction of the polynmers as filnms under hydrogen or hydrogen plasna at | ow

t enper at urasgbagdrgent, arnsl/ard) playma (regtmigatatiany tenepayptire. fi I ms in an inert
at nospher 1 th varyi S I e n . A4 Il of the
abovegbrdgg resY é%#?ﬁ@bﬂgkfmﬂﬁﬁgﬁgﬂ%gggéﬁﬁégﬁéPﬁﬂgégéogﬁgﬁgFéfgalI of the

above propaded 6Scarbdn §16hd) EdreRspple] fitaniant gthgiuil) opsrischtatbgi ven above,
with the addition of seed crystals of various types (dianmpnd and/or
si licon catpdeed irgpthe patwarkctodam a copmlynet oF a &3rpelymer ceuigh s forpred

dodecahedy ang uﬁggcjgg.%n@; f&Hl%pﬁg&%g@Srgfr@g:og@gW&%% etht i{i}%ﬁ%‘?{ filns

with mcrowave radiation in nert dt nosphere or any of
t he reactdioneisihgsSheanddi giowenn adiechaekborneProdicgha powetoy. dBler mixingdi at i on of
polymer filnms or_ powder, in a patterned apray j|f 25 desired, under either
o Y E ¢ cschBaprnE masculsn vef iR RO ALE oM B RROV A SIE (8) LV

i rradi at i g8q@dedtif ti®Rla%AB dobd héhal Oihehii BREREPBIRs dFanMloyéostls Ma,
foll owed * or acconpani ed by heating as needed up to approxi mately 800 C,

(9) all ohatikenadbbyeonvatiohdlydwmbining silicenpabideiand thanium cadbrde. A om 200 C to

approxi mat.el y 500. C ) rocessi under additive at heres .such as
armont &, sy Tamrs e aHBY R ST St AeBted aaraieS SRIRIS SR ot her
i nor gani cing&rifodioah de useb&stiard fabingti$a t6dls.C AMvativenad gerflafiting §ilicoador

deposition (CVD) techniques; and (12) any conbination of methods and
t echnisquegerimagivodsiigon-pabile aliow ransd yieaqeerdpnce with dhepresent Mvepkgdl ¢4t i on with

()19 V0 001 002 RETLHALY 00 RURL AL AR RS Such a5 seed crystals

and net ho Sscra e su rate, [e, infrared,

ul travi ol @072)m cr oViEneepre@aNi®ertiy, albsws DL,C anblard lchibas ovatingt to beli at i on,

under any reactive or inert atnosphere, |iquid. or gas, (c)téedlect ron/ neutron
e

bonbar dnefermedavrrdarse gicap| Adipid ¢aTeon sRRANE Mrmeqyn @ £ M,

present invention can be used to coat prosthetic devices, such as joints, or even false
20  teeth. A hard carbon or diamond film produced with the present invention can be
used to coat cutting or drilling edges, pipes, graphite crucibles, magnetic disks, frying
pans, polymers, clear substances, or any other object that requires wear or corrosion
resistance. The coating can also be made smooth and optically transparent, forming
an ideal coating for optical surfaces such as eyeglass or camera lenses. The electronic
25  properties of diamond also make it an ideal material for producing a coating for cold
cathode devices.
[0073] The following examples illustrate particular advantages and properties

of the materials and methods claimed herein.

30
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5 [0071] The high MW network polynmers of the present invention need not be
formed of carbon al one. For exanple, titanium geranium or silicon can be
i nt r oducewoionige76he network to forma copol yner, or a ter pahrysesoaoeul d be
formed wth all three. An alloy formed by the pyrolysis of a polyner of
the present invention containing C, Si, and Ti atons in the backbone
produces a true alloy. The m xing 1o occurs on the nolecular level in the
formati on of the polyner precur soEXAM®bES ng produced in this manner does

not have uniformty problens, of an alloy coatjng .thaf is de by
conventi o[_:(?ﬁ?‘”_y conb _%@‘ega?ma&%‘ﬁlscaé‘fiﬁ?ﬁ@o%%e ﬁ?sgghc?(ﬁ%qlg%{gillagsgﬁy _

si |'i con-td g 'éﬂirﬁ?l!épbﬂﬁaﬁihgghiglpﬂdwtpﬁ%e@] fuB¥tionaBZiNB ¢hd MgR&HWT dance with
the present 1nvention can be used as hard facings for tools.

Al t er nat i padymer, andymetheds afmgking coramoe filngs Gemagh MW polymeesss- car bi de al | oy

formed i nlgg?g]ordanc H}gvi ttggﬁte?ggss%iigg‘gg%ﬂiygvﬁ?gtper?@m%%rl\m be used in

el ect roni such corrponenflgr.an[la 2] The present
i nvent i onatdlokhate, PleC Bfonh @ itréni@nosihete, Bgehns dfstardardSchlaxer | ar ge

areas. A hard carbon coating fornmed in accordance with the present
i nvent i onmezipulséonssudnside ¢ glave pposPrEyme agdbigtrebydrofiahwere pusihased  or even

false 20 ﬁgrﬁtArl ri& Ql%lr\ger %188 Qv&'so uﬁ{%@fhgﬁ HRHEHG 9a1¥8 &@uﬁé& R esent
%e used ? { rllg%rﬁgl g e‘g 3)

i nventi on can 0 coat cutting or ges, pipe graphite
cruci bl esto theguset iMettlylsikchlorbbiyane ¢99% parl brpmloyorar ©9%9) lveae psichssed froes, or any

ot her object that requires wear qr. coryosion .resistance. The coating can
al so e mAER anfpef! ag Fepebse B’gqﬂl‘ﬂ‘ﬂ[“ff‘ﬁ’réﬁ‘al}déﬂtd}ethgﬁme%wasaﬂ“&lfé coat i ng
for opti Cﬂ&m?&i%{i&?ﬁﬁid&% bs AReiP¥E I RRR1 P nfAVEIR NAO SRSy wadFrepAregtd oni ¢ 25

properties o amond al so make it an ideal material for producing a
coati ng faglogebak by addingisoldiendtasssim {o0dAghimidler frdundwi mypltexaordims il | ustrate

erei n. 3999" Vo oarsaeniss RRrLh ER sl Reduere 18000 The eneral
mat er i al svigdtdardiBfsROdsoraioey, dRSedrsiBest Nadsashuséte] Aameebt RikingS\WERiaklaC exanpl es
of making a high MWVpolynmer, functionalizing the high pol yner, and
met hotls ofonpuisiiemaide Capian dnd|Sikcany detarminpiionpf Bl ograsiss werergnzabl Al |
synt hes €SGé %?a(l;tﬁliL%%gra c?ﬁe%}"kn"‘@(v?ue? e[rl\f melg ?ﬂﬁ)r I @ﬁ-li) QSécttra were recorded
on a Bruker AC200® and a (300.3 MHz) Bruker DPX300%. '>C NMR (75.4MHz)
spectra were recorded on a Bruker DPX300® and on a (125.7MHz) Bruker AMX500°
using a Bruker 5 mm broad band direct probe. 29Si NMR (99.4MHz) spectra were
20  recorded on a Bruker AMX500%, using a Bruker 5 mm broad band direct probe. The
distortion-less enhanced proton transfer-45 (DEPT45) sequence was run with J =7 Hz
for silicon network backbone polymers and J = 15 Hz for carbon network backbone
polymers. Solvents including d¢ dimethyl sulfoxide and ds- tetrahydrofuran were
used as solvents at room temperature. FTIR transmission spectra were obtained using
25  a Midac M12-SP3® spectrometer, operating at 4 cm™ resolution with neat film
samples between salt plates or with KBr pellets. Oxygen incorporation studies were
done using a Rayonet RPR-100® photochemical reactor. UV/Vis spectra were
measured at room temperature, in 3 X 10 M cyclohexane solution using a Shimadzu
UV-260® spectrometer. The molecular weights of the polymers were determined on a
30  Waters 1200 HPLC pump, using tetrahydrofuran as a solvent. Pyrolysis studies of
PMSi and poly(hydridocarbyne) PHC were performed using a Thermolyne 121 10®

tube furnace; all studies were done under a dynamic argon flow and a heating rate of
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at nosphere, e.g., argon or nitrogen atnosphere, by nmeans of standard

Schl enk mani pul ations or inside a glove box. Diglynme and tetrahydrofuran
wer e pur oneeds2763 om Al drich and were dried over sodi um necalusasa109
benzophenone and distilled prior to their use. Methyltrichlorosilane (99%
and bromoform (99% were purchased from lo VAR and used as received.
Methylithium (1.4 Min diethyl ether) was purchased from Al drich and used
as recei veeC/nin.qCerhniic Yiehdsl aze qaitedasd\micentdgeyweigtt retemtpar: ddlnsof PAMBI ove box

by addi ng sol.id potassiu an_.equi nol ar amgunt of | ten sodi um 00761
El enent al a@hg%e Eﬁur‘taﬁgbé@%?rg%v%‘%teéngﬁh?&né Strggest“ﬂ@’a ?‘b‘?'(?ﬁnal[ ysi's
I'abor at or Uaseé%it,\()%;affgééﬂ“%fy %ézif‘réﬁ? RHesPAGtS RefiINGiSler nibALNOEYI0PDR938° 15

conbustion aid. on and Silicon determ nation of the ceram cs were run
at  Gal br fiomta 0.2igémbpolyines/THEsolwtidn, FilnTMicknessNivia ropgimess mpgsyreggatst r a wer e

recorded on Br uker AC200(r nd 0. Br.uk X%300(r). 13C NWMR
(75, aNte) VoE ShLe Yaing.e awgt h’é%“%ﬁﬁé%q@éPy@é%?CFﬁ{ rofleron g %125. 7MHz)
Bruker AMK&AR{Hg)electdh MbicidgRiphk ESENT) Wetdxakad bangy Dispesivepl-eie. 21Si NWR

(99.4MHz) spectra were 20 recorded on_a Bruker AMX5 %}0& usi ng a Bruker 5

nm br oad $ngadosspp CEDP) wiecarriprboutd The FRIP paLers s 6909 Fyigmeps D-
transfer- . B ¥\4 k = Si:L i con network
backbone %o cé}%gcﬁg%tgﬁ ﬁlq%%?éﬁﬁf\zéﬁégéﬁﬂca botﬁ a?ll\eht g\%?rggggféck}%(g?el&dpol yners.

Sol vents including d6 di methyl sulfoxide and d8- tetrahydrofuran were used
as solvents at roomtenperature. FTIR transm ssion spectra were obtai ned

usi 291(25 Examplecl :\Rrepapation okPHG (pglythwtridesggbyie)hg at 4 cm -1 resol ution
i t t(do ) L kB thOX
w th neat orbm SaniligyBEENERAnSA gifiﬁg, (B, Sas Qynihbi b diBacddpddngt HithOxygen

i ncorporation studies a Rayonet RPR-100(r) photochem cal
react or. ti¢Nblowipg@quatioet esingbms diffeceng metlonly whigh ereateserghedibglosv. X 10-4 M
cycl ohexane sol ution using a Shinmdzu UV-260(r) spectroneter. The

nol ecul ar wei ghts of the polyners were determined on a 30 Waters 1200 HPLC
punp, using tetrahydoefinankaeiRdgpmyent. Pyrolysis studies of PMSi and

pol y( hydr i dOHBt;by rRe}—PHC—aere—perfor mad udolarg equiv h@IORI yne+t 12Ne@)BY tube
furnace; @quatshugli es were done under a dynam c argon flow and a heating

rate of 21 WO 03/ @32W¥63 WPellts®d/ 09109 10C/ min. Ceram c yields are quoted
as percentage weight retention. Films of PMSi and PHC were spun at 1000
rpmfor 10 m nutes on silicon substrates with an alumna basecoat, on a
Headwgy Reps&abafe AnC. Photo Resist spinner nodel 1-EC101DT-435(r),
[0078] A quantity of bromoform (CHBr3;) was added to a mixture of (1)
organic solvents tetrahydrofuran (THF) and bis(2-methoxyethyl)ether (diglyme) (16
parts:1 part) and (ii) liquid reducing agent sodium-potassium alloy (NaK), while
25  agitating the reaction mixture with high-power (475 W, 20 kHz) ultrasound, in an
inert atmosphere (e.g., a glove box). The reaction mixture was then removed from its
inert environment and quenched in air by the addition of water. The organic layer
was then separated from the aqueous layer and alcohol was added to the organic layer
to precipitate the polymer out as a dark composition. Isolated yields of polymer were
30  as high as 80% using this procedure.
[0079] The polymer may be further purified by: (i) extracting with water to
remove sodium and potassium bromide salts; (ii) treating with an alkylating agent to
end-cap any remaining carbon-bromine sites on the backbone; and/or (iii) irradiating
with a common UV lamp to remove any traces of carbon-carbon double bonds in the

35  backbone structure.
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froma 0.2 g/nmL polymer/ THF solution. Filmthickness and roughness
nmeasurenments 5 were obtai ned using a Tencor Instrunents Al pha Step 500
Surface Pwofoslogz763). Scanni ng el ectron m crographs (SEM poarEsos/eken.

Energy Dispersive X-ray spectroscopy (EDS) was carried out. The XRD
pattern was recorded on a Sienens D- 500 diffractonmeter in transm ssion
geonetry with a N filtered CuK radi ation. 1o Exa e 1: Preparation of PHC
(pol y( hydi0i088kar by n%p@ctrpmws] St\RbﬁingymfNQ@@@# Whgl)nﬁMRQth(lqg} was

syntheS|zed|na ewth the foll i.ng two

di f f er ent 2T %J‘% LGRS 8?055%‘8")6% S\gv&ra%gdjg‘ta{\}g‘fe a?mtggs&le\g NaK, THF,
di gl yrme 1}5)195'?‘5!‘ &)nld?ns dn &’ Mybadized tontinubiiGhndont ndlaaf} BﬁckbbEﬂU@éll on 1) 475 W
20 kHz ultrasound 20 Procedure A [0078] A quantity of bronoform ( CHBr 3)

was addedpermeation shreinatography YGPG) yansedde detempige f*&maﬁyld%wagbtrpf(thw) and
bi s(2- ﬁt&gﬁﬁﬁé?gg&#&%ﬂ?@& sé%&fﬁ’m (16 parts:| part) and (ii) liquid

reduci’hg agen FasaT um al 1 oy (NaK), while 25 agitating the
reaction mxture with h| gh- power (475 W 20 kHz) ultrasound, in an inert
at nosphere (e.g.,_a glove box). The reaction m xture was then removed from
its inerPresgdiiredBnent and quenched in air by the addition of water. The

organi ¢ | gijgy) was A%@ ﬁﬂﬁﬁéﬂhﬂgo% aﬂéd%a@&l&%%&lﬁgy@@ gﬂgss@bcohol was

added to the organl c layer to precipitate the polyner a dark
conposi t i NaK, I@DﬂnhTHH ynded i erfihydodug gl ymve mais pBRedisn hnglogarsatd®@dphese ng t hi s

procedure. [0079]. t rifie . (1) extracting
with tht eﬁirykgx q W‘@bﬁ%%‘%ﬁﬂxﬁ'ﬁﬁﬁ m%% té&l Lﬁéaso%p%) treating

W th an ajpykRion 18R 9ERY NAR soRfi6n GAR irfdiiatsE B0V wea b P dmbFstiHl dfehsi t es on
t he backbone; and/or (iii) irradiating wth a conmon | anp to renove any

traces of herarntorthasolwim fabfmisutes ndsupriity 966.33% Bacnpeb of bomafen e. 22 WO

03/082763 Pqﬁuﬁﬁ?’{e& an?ﬁS &P?ﬁglangﬂ%:feglﬂgﬁ’%ﬁm r%grus%lh?t%n Gtliidgd dro@rvs} %(9 n and

carbon NMR?® YSI'S £r6hi ¢ spec
denonst r afoatle Na&t sohlti@nyst Hp&ictast 10aninyEer Sewbitiinsasadonsipaedipbs tcdalz ed

cont! ? 5u0u§f 3r2arrx]1(1jn%rtre1:srl§1ttﬁ,\glta l?eal?:?lgrlf lr)n?)?t%re t%;?rlmg a dark blue in color.

[0082] The dark blue reaction mixture was then transferred to a reflux apparatus
employing a Schlenk line and 7.0 ml of methylithium (1.4 M in diethyl ether) added
to the reaction mixture. Then, while vigorously stirring the reaction mixture, 5 ml of
water was added to the mixture that gave a brown solid. The mixture was removed

20  from the reflux apparatus and decanted off to remove any salts that had settled. The
brown solid was separated from the remaining salts through dilutions and
evaporations under vacuum. Isolated yields of polymer ranged from about 50 to
about 85% using this procedure.
[0083] Characterization of (1) was performed using: (i) ultraviolet visible

25  spectroscopy (UV/Vis); (i) quantitative Fourier transform infrared (FTIR)
spectroscopy; (ii1) proton NMR (‘"H NMR) spectroscopy; (iv) >C NMR spectroscopy;
(v) gel permeation chromatography (GPC); (vi) elemental analysis; and (vii) infrared
(IR) spectroscopy. All data, which is set forth below, was consistent with the
formation of (1).

30 [0084] FTIR (neat, cm-1 (assignment)): 2978, 2862 ((C-H, stretching), 1065
((C-C stretching). DEPT 45 C NMR (ppm assignment): 35, very broad, (CH). 'H
NMR (ppm assignment): 1.75, very broad (CH), 3.45, broad, (CHBr). Elemental
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perneati on chromat ography (GPC) was used to determ ne the nol ecul ar wei ght
of the 5 resulting polyner as described bel ow. Procedure B [0081] A 400
mllilitewo@sb327es/en-dried beaker containing 2.33 granms (@CT/UNek991800 ni
THF, and 40 m anhydrous di gl yne was placed in a nitrogen atnosphere |o
drybox equi pped with a high intensity (475 W 20kHz, 9% inch tip)

ul trasound i mersion horn. The NaK solution was irradiated at 70 % power by
i mrer si onamdysth &Fould (@ 70.42%, Hh&:2 5% Bt £Orl %) Cakukitedufoe §CHR (URA%1H of 6. 32
g (25 mmjé)w?f bronmoform was then diluted with 25 mM THE and the resulting
monorer  s&6/ @i on added drop wse to the NaK solution over a period of 10

mnutes. feRscat i onTNASVEPRIhbRURRN bMthindd () shbedfthedpresindbbes Wi th the
reaction mxture turning a dark blue in color. [0082] The dark bl ue

reacti on mitwoik mcklanetpodymerrstmetues: rddretspecifieahy, the GYPds apessrumenpl oyi ng a

Schlenk li,ne and 7.0 mi. of t hyl.ithi A Mian diet hyl ether.)., added to
the react TEY eaiaj){?ﬂde@@fﬂtgﬂ?en%ﬁ?%go\} i"bti"gg&;slﬁﬁl%q ﬁllllatrtglr%%& ?fﬁé“tf’é ec‘flll’lgﬂe m xture,
5 m of weldrat 866 nAdABthto chdrgctérisft W BetiWdadt bgkBEnepdlyMeRs 4alwhich iEhe

m xture was_renoved 20 fromthe ref|ux apparatus and decanted off to renove

any sal t satirffatedig@xtgasion o C-G renjugtioprintodhics digagnsia®@sar at ed from t he

remai ni n th J i i 1 sol ated
i elds of R ey EREETER bt MO CH ARAGAS BB 42998 PR B 20 o .

[20083] ChatdcCar i;tzac;h'\ifﬁ)glbﬂfd 4t1p65ves 'per f ormed using: (i) ultraviolet visible
5 spectrosco WV, s (L titati Four i t f i nf d

(FTI RO SORBTF wscopfie H NV sbestrnand § bERATFORRRE SHEEBLISRPI. (1v) 13C
NVR Spectstgﬁg@me to Ayﬁ}oggﬁlatogl%rmaa%ﬁé}%f@ﬁ&%&pﬁ%kg&éﬁ%mim el enent al

anal ysi s; (vi1) “infrare (I'R) spectroscopy. All data, which is set
forth bel oMjcatwashat thegipeating polynier whig of (IgnsretH.ghuspshopving thaoit§ 0084] FTIR

(neat, cm1 (assign . 297 28 -H,. stretchi 065 CC

st r et chi n9c ’Iﬁgﬁ‘%ﬁ’gﬁﬁlgglf\lﬁﬁ?st %Wégﬁpéﬁ%gﬁps l?ac% ?Ige\fg)%égﬁﬂégﬁ, ((Cl(—l). 'H
NVR (PPM gspd @l BRI tuctuke. 7Phe ‘&?Wkrsﬁﬁ(ﬂra(agd)oonﬁm‘]&l thlf agroducHBr) . El ement al
23 WO 03/082763 PCT/ US03/ 09109 anal yses: Found (C 70.42% H 8.21% Br <

0. 1% 15 Cahlowgistensigely 6F), whefe th¢ brogd redomange ay1.76¢ppm was accompanied by only
weak resonances above S ppm, which may be attributable to C=C bonds acting as
impurities.

[0088] The '*C NMR spectrum of (1) exhibited a very broad resonance
centered at 25 ppm, characteristic of quaternary carbon atoms. The resonance at 25

20  ppm in the BC NMR spectrum of (1) was enhanced when (1) was synthesized using
10 molar percent of bromoform monomer that was labeled with 3C. This data
indicates that C=C bonds are not primary structural features of (1), and that this
polymer therefore does not adopt a linear polyacetylene structure. The presence of
quaternary-carbons as a primary structural feature and the broadness of the Bc

25  resonances indicate that (1) consists of a randomly-constructed, rigid network of
tetrahedral hydridocarbyne units.
[0089] The DEPT 45 sequence >C NMR spectrum showed a broad resonance
centered at 35 ppm indicating a single proton bound to a carbon networked backbone.
It is noted that the DEPT 45 '*C NMR spectrum also showed a resonance at

30  approximately 135 ppm, which indicates the presence of C=C bonds. The amount of

C=C bonds incorporated as impurities into the polycarbyne backbone was small,
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[ 0085] The UV/ Vis spectrum obtained for (1) showed the presence of a

net wor k backbone pol yner structure. Mre specifically, the UV Vis spectrum
5 showed wolsosatéand i nt ense absorption in the UV regi on thatusozodied of f
into the visible region at 500 mm, which is characteristic of network
backbone pol ynmers and which is attributed to extension of C C conjugation
into three dinensions. [0086] The FTIR spectra showed a CH stretching band
at 2978 amavé@etvhene pdlyacfyders dBa@cltisét plopetiebwert @t sHOBHby may of i@ [ 0087]
The 1H NMR spectra showed a. broad resonance centered at 1.75 ppm

attribut aﬁ}aé&?%ﬂﬁmgaéﬁemﬁéa Vifded to a network pol ymer backbone. This

data i ndjgpades FhaGPt:%alffﬁﬂa%@ti)r},@vdamdypmydiwa}sﬁty%dGﬂ&icdt@d £mbllechiags showi ng
that its stoichionetry of [CH ™ is consistent with the network backbone
conf i gur awgight rangeeiiom abawid@08100Qde wed ovankD,a09,0Q0RIadtpas t Aasushstheconf i r med

t hat the duct is 15 alnmpst,entirel y.(1 re t I resopance at
1.75 ppm g’/g ?8@8%%&1&6%5“&&7 anv@% léh e%lgke%r?cg‘ge?ggggwgﬁ%%aﬁﬁg%ei ch may be
attribut apdigmer Thebe bQﬂﬂ?h&ﬁélEélﬂar&ﬁei ghte Rt irlpr@edert@DBB hetWiek BaEbOAR

spectrumof (1) exhibited a very broad resonance centered at 25 ppm
char act er palymersptndpravide mays) bulk wateriak papertiqribat cagaethsobtaipedrxith 20° ppm i n

the 13C : f : i zed using 10
ol arper S0 P O GrgPpFhelR BRABRAEOMNER, hook RS BXTSER T07 Gat o

i ndi cat esinkslableGowdbrrwise alse foraiedpiuring the smthesis of @) Wieelt mag sotitytd) , and
that this polyner therefore does not adopt .a |inear polyacetyl ene
strucﬂ%re?ve?ﬂ’ég}ﬁfg?i?ﬁ‘:‘blb‘fel MER TG 9‘-‘%‘3?&98%5 as a primry structural
feature afgdoifie broegsspditidnt (135 datelnBRaBYERMehafidyfs, Wagat (1)

consi sts of a randonl y-constructed, rigid network of tetTahedral
hydr i docaVf®¥nse Gn8.2s % HomE3] 0.THe BDEHTICH & as elgaetoctbe egEclRogpesitionm showed a

br oad d ai 35 i ndi cat | si ngl t op. bound t
carbon nollPked badkbbhepeEtnindRifey it iRtrtits Bigpdd e B thR spect rum
al S0 ShoweLhr@sgeRFRARY GEC T-CXfeRRRTDENETE BAG5 ch35wapEbseWidGh tieTi cat es t he

presence of C=C bonds. The anmount of C=C bonds incorporated as inpurities
into the grsciremrapd s stRieh to seare igaenppration of\HY3Ipodky paymer/1U803/ 09109

however, x\(’ﬂ% ﬁqapﬁllisy @a%%tlél Ll%' Sreggﬂ [ RGke i s%téjztf;a & p?&ggﬁglf Isepg'?téc? ndRbre hown by

way of the
backbone polymers, which are also synthesized in THF solutions. Since no

resonances attributable to incorporated THF appeared in the 'H NMR spectra of these
polymers, the amount of THF incorporation into the novel polymers of the present

20  invention must be small. A band at 3500 cm™ was also observed and was attributed to
physically absorbed water where ultrahigh molecular weight network backbone
homo- and copolymers that have electron rich backbones or substituents are
hygroscopic. IR bands ranging from 750-510 cm’' also appeared in the IR spectra of
(1) and were attributed to C-X (X is halogen) sites that may have resulted from

25  incomplete polymerization and/or incomplete end-capping during polymer synthesis
or workup. In addition to the above, it is noted that a weak band at 1642 cm’’ was

also observed, indicating that C=C bonds may have formed.

Example 2 — Preparation of Polycarboxylcarbyne (JCCOOH]n)

30 [0093] In an example of functionalizing a high molecular weight polymer,
RuO, H,0 (0.0133 g, 1.0 x 10™* mmol, 0.002 equiv.) was added to a stirring solution
of bleach (400 mL, 5.25% aqueous sodium hypochlorite) in a 1000 mL round bottom
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characterization tests descri bed above. [0090] GPC anal ysis of (1) reveal ed
pol ydi spersity and indicated a nol ecul ar weight range of from about

200, 000 twowsloB276ver 10, 000, 000 daltons. As such, the 5 GPCrarsaby=S
confirnmed that (1) is an ultrahigh nol ecul ar wei ght network backbone

pol ymer. These ul trahi gh nol ecul ar wei ghts are unprecedented for network
backbone polyners, and provide novel bulk nmaterial properties that cannot
be obt ai nBaskwiPolyphetiearbyredtiloigs 1. 3rmemoltvend dissolved kn dmpetebonatelyp o/ ners. |t

Synt hest ST R RS cafealp s wrts el KU STRBEIMY woi g

versi ons @intfliédforRl ®bhd! The Qg&%hs Ther wasdes séjablledfroflthe magufbein@r m ned by
el enental analysis, was 70.42 %C, '8.21 % H and < 0.1 % Br, which was

cl ose to reducesitpaearattyresspy shquusn. The ggant laprewprdiseradad: (Fheiaqueist ed t hat

R R S S R S ST

some i ncowpRdatilledwafer. TiHke &xttaetibf €olpfidyWes changed severbtimds bhatthd hi s band is
al so present in the IR spectra of previoqusly reported network backbone
pol yner s, cosecef thiee dal’sslﬁltlé%ﬂ’ﬁ‘éml%g‘dwﬁsrf’bwﬁe% YPQR $PREUTe & ASHUREPd  esonances

att 11 but agh;ditr AEESRNMGY. THIDAREARRihIndifemd G abRakid @ Lhese

pol ymers, e ano i ncorporation into pol ynmers of the
present 2@&ynessamtiéroracurs tind0.220hk1(23.8%) afi NaDOGENDwasmlifainad ash tam, obser ved

and was atftri buted sjcally absporbed water wher trahi.gh nmol ecul ar
oo ghid oot et b SreR Tt o dhs 3 ablipeten sesohmeey Ao KB galetotml T cr

backbones|pr454R5 byt B3I(E), 100D(RS Cad fesiduBwRgafsolvangi ng from 750- 510
cm1 also appeared in the |RSpectra of (1) and were attributed to CX (X

i s hal ogeappreximately BamLnefydistdled waseriant eapdsed o &adifind oatpineaxehangey mer i zat i on

and/ or ingconpl.ete end- cappi.n rin I r nthesi s _,0r I . In

addi ti on ﬁ?ﬁ? et sﬁ%%%&fou ¥p#l?%ﬂg#188 V&ﬁgﬁe%rg&%ce?a){%g%esastanfegﬂg\@%bgg was al so
obser ved, (1496} FACCODH Rak t4a1Takee TRSKBYbellaty emf OF 31D, (s288D () 734

Preparati on of Polycarboxyl carbyne (] n) 30 [0093] In an exanple of

f unct Monals).zitdg (@),Hizéﬁ(ﬁ)nfl(@ﬂdnérl(?ﬂ&(gﬁt pol ymer, RuQ(err) ' H20 (0.0133 g,

1.0 x 104 , 0. ' : i[5 | uhi.on of bl each
(400 L. O98h; aquebre BattohyRIRy ARG R Pinal ot 652 WAL 10t om 25
WO 03/ 0825 %31yR26d,/e\ iE08h&39ik68 to make a ceramic material, and is thus safer to use than

ceramic precursors that produce noxious or poisonous gases. In addition, the polymer

itself can be used as a fire retardant, because during a fire, it forms a ceramic, and

20  gives off only non-toxic CO; gas.

Example 3 — Preparation of DLC Coatings from High MW PHC
[0095] PHC (poly(hydridocarbyne)) (1), at pyrolysis temperatures of 1000° C,
under argon, is a high yield preceramic. Thermal gravimetric analysis indicates that
25  the polymer begins to lose weight at about 137° C, and is heated to a constant weight
at 450° C, which is the point at which the polymer becomes a ceramic. Heat
treatment of the polymer in argon up to 1100° C resulted in its conversion to solid
carbon in up to 88% yield (theoretical yield for this conversion is 92%). Heating a
film of the polymer to 800° C in a hydrogen atmosphere resulted in its conversion to a
30  continuous, crack and defect free, dense film of diamond-like carbon (DLC), which
was densely covered on the surface with diamond crystals of about 15-20 micrometers

in size.
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fl ask. Pol yphenyl carbyne (1.10 g, 12.3 mmol) was dissol ved in approxi mately
100 nmL of chloroformand was added to the stirring bleach sol ution.
Stirring wa3/oemeti nued for 24 hours. The aqueous | ayer wasTiUsesomepar at ed
fromthe mxture and reduced to near dryness by vacuum The organic |ayer
was di scarded. The aqueous 5 residue was placed in selectively perneabl e
menbrane (dialysis) tubing and extracted wth distilled water. The
extracti o[ﬂOQ@I uti onThvaﬁ;lmsthtedtreeg/lgrt(ahn}t substsato Viet cathrmaoartade of t hr ee

da nt no ec at e ob t ted
so?lat iuonI o ﬁé’ﬁfﬁ Q*%éarblg‘l #égmggon egﬁmﬁ%%ﬁé"eteﬁé fed ur eWas
reduced ttﬁe dﬁ%ﬂﬁ?ﬁm‘i@ d@ﬂ'y s‘lfr%ﬁg!';} 'Ebﬁﬁdjtcpchg S¥bktréte( @%teﬁflec{lé‘ﬂ@mn was

obtained as a tan, 1o flaky reSidue (err)H NVMR (D20): no observabl e proton
r esonancegyer| Rh¢ KBns mladberenttmsudh) subsmﬂ@ f(S§)hcon6mg§tgr) stezlsasd(s) 1002 (w).

Th di t 0 t d
exbzsrégsitggligﬁgﬁogég@ﬂs grr?eé:frcaﬁgg lgglgﬁls%flé} deslc’ée{/1 %})eurpglgg e g(r)l 3'? i on
was then wég SR adscaRd x@am&vd&&@utd&ﬂ%seqpp&s%@ayﬂm@s tan
flakes. IR (KBr E)eﬁlet cml 3442 (s), 2931 (w) 1734 15 (s), 1636 (m,

1227 (s),AlosDL lmmlm“(em ormed guthistirampl JisplrvashatleaaBg RBeR s useful i n

that it (%Iléerg&ggp%n en pyrolyzed, e.g., when used to nake a ceram c
mat eri al ? SPRRGS “%afer to use than ceramic precursors that produce

noxi ous o[loop’ql sonouSangsleest PHQO “&dds;iuncun silido@ spbidtsamsrto obtafehfiformrande used as
a fire retarda se durln fire, it forng a cera nd 20 gives
of f ol y FRpeth giﬂ‘%o@'ﬁé@r/ﬁm ek, Hpcan squargoughness g% OBL‘% Coat i ngs
from Hi Q%M{Me'a'é@e{ 99815] AREG dy(rglyglls}’irﬁWdil'i (s ael ﬁbﬁ%e\)vére(o%)ame%twﬂi’itpkb{s' S

tenperatures of 10 C, er “argon, 1s a high yield preceram c. Thernal
gravi met r¥ GZ@Aalsqasn@i m\radBommsTlmhamoomﬁe&shedlp@tewmémsbégxmen@us ose wei ght

at about 137 C .. and.is heat nstan we 0 C h is the
poi nt at WhIEH ﬁl%dﬁﬁlcﬁmc gu%l c‘%?rﬁﬁ?l&ererﬁggﬁhetSr“%%faﬁ%snfésgw e pol yner
i n argon pdmolvel bhifiBstic adRSsiVd @fe 'aﬂdW&e@d?xﬁkM@t'éBJ&ﬂfdrﬁ solid carbon in up to
8%y|elgn0§)theoret|cal yield for this conversion is 92%. Heating a film

of the poll)f®r to UG Lisian aptingldniseperanhtafpdphe fdmrseaple taken ynder s conver si on
(9, 2020, R BYTHR, A0 ANAsREL 0 s ASREBLE, SR NGBl e
crystal s gHot@bptlt sdrapldBhowe irOREY @] and shows itlzedifféfences in surface density,

because the electrons of the SEM interact with the surface. FIG 3 is an SEM of the

DLC sample of FIG. 2, with approximately 10 A of gold deposited by vapor

20  deposition using standard techniques. FIG 3 thus shows a true image of the surface

of the DLC film, because the thin gold plating prevents the electrons from interacting

with surface, and therefore gives an accurate image of the smooth surface topography

of the DLC film. FIG. 4 shows a cross section of a silicon substrate coated with DLC.

The three distinct layers shown are the silicon substrate, an intermediate layer of

25  silicon carbide, and the upper layer of diamond-like carbon.

Example 4 - Préparation of Ceramics from High MW PMSi

[0099] In another example of preparing a ceramic, a high MW

poly(methylsilyne) (“PMSi1”) is dissolved in THF and the resulting polymer precursor
30  solution spun onto silicon and alumina substrates. The resulting coatings are then

heated under an argon atmosphere to a temperature of about 1000° C to effect

pyrolysis of the coatings. The silicon carbide (SiC) ceramic coatings or films that are
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WO 03/082763 PCT/ US03/09109 [0096] The filnms adhere strongly to any
substrate that can forma carbide - the polyner and substrate form an

i nterl ockwog3bsyes of carbi de between them and so the dipamarsd3/édibm i s
very strongly bound to the substrate by this internediate carbine |ayer.
The filnms are adherent to such substrates as silicon, tungsten, steel, and
5 titanium anong others. The ceramc yield is very nuch dependent on the
nmol ecul ar formed gl betitlidn®lgoklity oador, onveli gt brevmatoslld ydlloexnevlertation, bwitieh of t hese

types of pol yners. | the DLC fil. at were foryed in this exanple

o Sot ayedoandifaiE obhEhgrrisiee GraE s Thppully el oThs Ha SRt prc
wer e spuncdmn%hllb?ggm%ﬂgﬂﬁgg,ﬁss to obtain uniformand |o snooth filns of
PHC 2 mthick, wth a nean square roughness (Rq) = 5000 A, scanned over 2

mm  Af t er[0p00lol ysi sEnggydispersize spactrosdopy€ERS) enabysindfitbel S céramre Rqg = 524
A, scanned aver m).. This snmopthness..indi cat.es a depse, h eneous

Cor am OO B SR o RE S G ST G AR AP A ALTT02 PBEEehet  at es,
resi st ant relvgal theHTBN plrifYofPhserirficibR sy e HeadRMpled BH PMESi §réduidP Lty
uniform 15 [00%18‘? IG 1 is an optical mcrograph of a Cfilmsanple

t aken undad snpitla filmeneasugng 2 wamh Skcknssstand hayips raRq of208tte 3@ dse in the
DLC film_FIG2 is,an SE hota of the sanple shown in FIG.1,. shows
the di t 1 exaoveh2 Bitp Rt AR Ger b SRAIA T 20ENe, ish e siieRlEtn
interact Ry hiebsSenwchdewer)FAGeBpyBlyeiR, Siddthkerahific cdatiagsanping Hakinkgl G 2,
wi th approximately 10 A of gold deposited by vapor 20 deposition using

standtfr d 2 seifermythicknessiofl o pedanRews 140 f seanpermgieer FMBREANRE f ace  of the
DLC film o&aﬁéwfghése%?ﬁa&wc%ﬁh% ﬁldaﬁlp{ggarga&ve%& %o ISR SR QBStaht M

interacting WwWth surface, erefore gives an accurate’ 1 nage of the
snmoot h surchwel hyoplagicaadhysiveofapé.he DLC film FI G 4 shows a cross section of
a silicon substrate coated with DLC. The three distinct |ayers shown are
the silicon substrate, an internediate |ayer of 25 silicon carbide, and the

upper |ayer of dianond-Iike WI?E%-EMMEN”TS Preparation of Ceram cs
fromH gh MWPMSI  [0099] In another exanple of preparing a ceramc, a high

MV pd y( 30Nyl si | yWeileVafiBi enybaddsmelits eHihe pdesent iliEtian davdibeenesul ti ng

Posult] noteeHbehs e ek 2 Bt dthel e PP et eE o o T
t enper at ug,@nffle é‘rﬁgyz{nd]r{?)@ﬁnﬁaﬁ&l.eFér%&hmpEYR@uMﬁitﬁexﬁé othBethaRelokd1gs. The

silicon carbide (SIC) ceramc coatings or films that are _
specifically mentioned herein can be used in the polymers of the present invention.

Polymers having n of approximately 800,000 have been synthesized, but no upper
20 limit on n is known. Elements other than those specifically mentioned herein can be
incorporated into the network backbone of the polymers of the present invention.
Based upon the teachings herein, the appropriate starting materials and methods of
synthesis can be selected to produce the desired high MW colloid-like polymers.
Thus, the breadth and scope of the present invention should not be limited by any of
25  the exemplary embodiments. Accordingly, other embodiments are within the scope of

the following claims.
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27 WD 03/082763 PCT/ US03/ 09109 formed will be either black in color or a
light brown to pale yellow coloration, which is indicative of high purity
silicon cwobsdereiThe purity | evels of these material s canpoe/usesodfivy med by
el enental anal ysis. [0100] Energy dispersive spectroscopy (EDS) anal ysis of
the SiC ceramic 5 coatings or filnms formed from pol y(nmet hyl silyne) on
silicon and alum na substrates reveal the high purity of the ceramc
product s. WH&T $8GILAEMIED BBYSi produce uniform and snooth filnms nmeasuring
21. min thickness and having an Rq of 200 to 300 A, scanned over 2 mm

(when scanned over l.I er ;area or . distance, .such as 5 mcrons, the Rq
may be even | ower) P@B&h WPSP@EW&‘,ghg?@Wﬁf ﬁde‘lﬂl?igﬁegu%’élﬁt‘ﬁnﬂ]égftglf filns
having 1o a uniformothiekAaegs of 1 mand an Rg of 170 A, scanned over 2 mm

can be obtained. These ceram c coatings and filns are adherent to the
substrates, resistawhereimn s@iieasti20py pl astic adhesi ve tape. OTHER

CNBCDLENTS 15 100 S TR S PR oL

have Been described €r st oo ave been

pr esent edgdiaiiath, @hd ti ¥RMY, Sréuy 13 thadigh [Grbup i Geledientindcompex@ispl e, R
substituents other than those specifically nmentioned herein can be used in
t he pol ynesobCrowps gretdeprd comprannds thereofdanthunde plguienls, FanstioBppr oxi mat el y
800, 000 b i ut no upper 20 limt on n is known.

El ement sh%%éﬁlesf iﬂ&%ﬁ%@’?ﬁ%ﬁ%‘if?i cally mentioned herein can be

i ncor porated into tRés thetsune ks Bawldifferentpind e selpotey filonsthefgrdupe pr esent

invention. Based_ upon the teachings.herein, th ropriate starting
mat er 1%l sCAAE P dLogsn at%‘?%tsﬂ%‘g‘?lt%ﬁé‘}fﬁr %br%‘%}@gfcggﬁ)‘t}ﬁ)aﬁ?cﬁ BE the desired
hi gh MNC&Hn'té?hiﬂ%'fﬂoK?a%%tY!?@B@ carb&hﬂt%ms}tﬂ?saﬁ'hﬁ@ﬁﬁhg-%@&aﬁﬁ% g the present

invention should not be limted by any of 25 the éxenplary enbodi nents.
Accor di nghydroattivas centhimitigrEemsibantsd i idviarbonratorge optbe ohg, pdipmérsthrimni ng

ol eoui ar SRTIR Bty AP R G LURGP A M ARGy G 13 Bromia [ AR,
Group 16 elements and compounds thereof, Group 4 metals and compounds thereof,
15  lanthanide elements, transition metals, organic groups or polymers containing one or
more heteroatoms of N, O, or S, halogens, Group 13 through Group16 elements,
Group 4 metals, lanthanide elements, transition metals and combinations thereof, and
R can be the same or different within each recurring structural unit,

and the molecular weight of the polymer is at least 10,000 daltons.

20
2. The polymer of claim 1, wherein A comprises about 100% carbon.
3. The polymer of claim 1, wherein A comprises about 100% silicon.
25 4. The polymer of claim 1, wherein A comprises about 50% carbon
and about 50% silicon.
5. The polymer of claim 1, wherein the molecular weight of the
polymer is at least 50,000 daltons.
30
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wherein n is at least 20, 5 wherein Ais selected fromthe group consisting
of carbon, silicon, germanium and tin atons, G oup 13 through Goup 16

el ement s wod3oesrpounds thereof, Goup 4 netals and conpowadaisobesieof ,

| ant hani de el enents, transition netals, and conbinations thereof, Ris the
same as A or different, and is selected fromthe group 1o consisting of
hydr ogen atons, saturated |inear or branched-chai n hydrocarbons containing
fromabout 1 to 30 éaffbopolartrx@nefclamat\uhqciadherinnl;pculanwaigllt efther ring

hydr ocar bons cont bout 5 to 14 carbon atons in the ring,
pol ymer cﬂé\ glfﬁgnﬂ)&ﬁoﬁélag? %east 20 recurring structural units,

hal ogens, GOUD 13 Vh'rﬁélﬁl?lynﬁ@ﬂ&aﬂaﬁle&/l@éf@lﬂttﬁeﬁlﬂl%cﬁﬁfr%ig'ﬂ%fthéereOf G oup
4 nmetal s and conpounds thereof, 15 | ant hani de el enents, transition netals,
organi ¢ gp‘@imrksmiﬁaﬁtyﬁ%r@o&@m@ ning one or nore heteroatoms of N, 0, or
S, hal pgens, Goup 13 through G oup 16 elenments, Goup 4 netals,

| ant hahi de el enents, transition netals and conbi nations thereof, and R can
be the same or di ffsrenépmytri&'rafaamhlr\elserémitntgmlercultatwresghtume, and the

nol ecul ar wei ght of the po is at |least 10,000 daltons. 20 2. The

pol ymer oPOIMT’rﬁalleaWw]eﬁ’&W}/Na@@ﬁﬁarl ses about 100% carbon. 3. The pol ymer
of claim1, wherein A conprises about 100% silicon. 25 4. The pol yner of
claim1l1, wherein A conprises about 50% carbon and about 50%silicon. 5.
The pol yner of claifn Thepblgme'r of ¢len ir,mvmreﬁlnaacmmbghtfthé pd)lymer pol ymer is at

| east 50 dal t ons 63 ,PCT/. U 109 The oI ymer of
i Wb (i hegRUE Ty e Uﬁfb%lrldtvr?esmfjsg O piherthipe g £100, 000
dal tons BackBOe ROY TR o subk@iuBatlor fﬁ/ﬁ%tﬁbxnbefcﬁﬁoﬂé%&ﬁy' ar wei ght of the

pol yner is at |east 500,000 daltons. 5 8. The polynmer of claim1, wherein

t he nol ecul ar wei ght of the
10. The polymer of claim 1, wherein n is greater than 1,500.

15 11. The polymer of claim 1, wherein n is greater than 50,000.
12. The polymer of claim 1, wherein n is greater than 100,000.

13. The polymer of claim 1, wherein n is greater than 500,000.

20
14. The polymer of claim 1, wherein n is greater than 800,000.
15. The polymer of claim 1, wherein R is a single substituent.
25 16. The polymer of claim 1, wherein R is a mixture of different
substituents.
17. A high molecular weight polymer having recurring units of the
formula [AR],,
30 wherein n is at least 20,

wherein A is selected from the group consisting of a carbon atom, a

germanium atom, a tin atom, an element or compound of Groups 13, 15, or 16, a

30



polymer is at |east 1,000,000 daltons. 9. The polynmer of claim1, wherein
each atom of the polyner 1o backbone is tetrahedrally-hybridized and bound
vi a si nglwolnszet o either three other backbone atons an@cansosoedistit uent,
or four other backbone atons. 10. The polymer of claim1, wherein n is
greater than 1,500. 15 11. The polyner of claim1l, wherein n is greater
than 50,000. 12. The polyner of claim1, wherein nis greater than

100, 000. Giéhp ar; hnetapoﬂ gamepouafl, £laathanitle elshengiartransitionguedds &rd t han 500, 000.

20 14. The mer o claiml, wherein n is greater than 800,000. 15. The
pol yrer oPO‘&”Q tqns thefedr ein R is a single substituent. 25 16. The pol ymer

of claim1, wherei nRFi*’s R BmBla% tAubadiRtred, hA®TsQRected Y1 tHeyMlps. 17. A high
nmol ecul ar wei ght pol ymer having recurri Ag units of the fornula [AR], 30

wher ei n nconsiséing bélawtrom atome;rsatumated ligeas ef breneltbdt¢ham hydeoggripup consi Sti ng
of a car bon atom tin ato an e] enent or conpound of
& ouped 13 Sonining sl T35 Y @af Blooho yribedth BLsRGoSUERTEPINE 4 motal o
conmpound, hadrbédibdiRRbARIEHE FBM abodt § fRNSEdb atomE & thedtg, pél &add ons
thereof, Ris the same as A or different, and is sel ected fromthe gr oup

consi st i ngroyps hw&géeas&%murrgmanwawéaj unitndalogens, Kirawr hadScorlt
hydr ocar bofig, .\ .68 ”5r%h5ﬂrﬁ19 éﬁ %’%‘rg Y r%e{ai% ad o8 RRJPdsat[;%[e}?f Eﬂﬁ%ﬂ&fgr at ed

ri ng-cont al ni ng or contal ni ng rom a car bon

atonms in El&ﬁlehlsn@anspibhymﬁlscdirgmﬂc gwupumpdlmiemg:oatalﬂlﬂgsﬁe @&0meérecurri ng
structural units, hal ogens, el enents and (F:?g%rpounds

thered?, betgiggtomsaEDy| °e§r$d @e&%uﬁa&lptlﬁe%%aﬂéwé%w%%%upén@
transitiopy, E@Lﬁie%i g ﬁmﬂ& Hle&lsoarndr&%%%&lgnm@}e%r%a@ &eQhe MOr € 10

het er oat ons ogens, Goup 13, 15, or 16 elenents, Goup 4
netals, bkam hahffdlenEWHhmrdash rdcnang stiucmraltena) s and conbi nati ons ther eof ,

and R can be the sargethe mo ecu aerrvx('aerlléhtvt\)ﬁfghrzel p%l}?n%grr}sr el%urtrll()rb%o%i%lliéjncst ural unit,

15 18. A high molecular weight polymer having recurring units of the

formula [AR],, wherein

n is at least 20;

A is selected from the group consisting of carbon, silicon, germanium,
tin, and combinations thereof;

20 R is the same as A or different, and is selected from the group
consisting of hydrogen atoms, saturated linear or branched-chain hydrocarbons
containing from about 1 to 30 carbon atoms, unsaturated ring-containing or ring
hydrocarbons containing from about 5 to 14 carbon atoms in the ring, each in
substituted or unsubstituted form, halogens, carbon, silicon, germanium, tin, boron,

25  phosphorous, arsenic, nitrogen, oxygen, titanium, manganese, ruthenium, cobalt,
platinum, palladium, zirconium, chromium, molybdenum, and combinations thereof;

R is the same or different within each recurring structural unit; and

the molecular weight of the polymer is at least 10,000 daltons.
30 19. The polymer of claim 18, wherein R is hydrogen.
20. The polymer of claim 18, wherein R is a methyl group.
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and the nol ecul ar wei ght of the polyner is at |east 10,000 daltons. 15 18.
A hi gh nol ecul ar wei ght pol ynmer having recurring units of the formula
[AR],,, werosjse7d3 is at | east 20; A is selected fromthe @rousozres? sting
of carbon, silicon, germanium tin, and conbinations thereof; 20 Ris the
same as A or different, and is selected fromthe group consisting of

hydr ogen atons, saturated |inear or branched-chai n hydrocarbons containing
fromabout 1 to 30 carbon atons, unsaturated ring-containing or ring

hydr ocar bons containing fromabout 5 to 14 carhon ato in the ring, each
in substituted or ahsgB%P‘?lb’H‘FE QIB‘WJS’H%CB%%ES‘,S a@i?@gsrg,m‘gﬁ'l i con,

germani um tin, bores, i Nl , , titanium
manganese, rut heni urgnﬁ égggf?ﬁ%ggﬁg%?%}nﬁ&g%@{ g%ﬂlﬁgnf&gllgﬁlgéﬁgﬁﬁ]%ghr om um

mol ybdenuformated GHjpbiieae nonat ledse2@ahd theRnoksculaewsightofahe golfyfner st wi t hi n
each recu rigg@@;ﬁftural unit; and the nolecular weight of the polyner is
at | eadt £t B%s. 30 19. The pol ymer of claim18, wherein Ris
hydrogen. 20. The pol yner of claim 18, wherein Ris a nmethyl group. 31 WO
03/ 082763 PCT/ US03/09109 21. The pol yner of claim 18, wherein Ris a
phenyl group. 22. AZhi Ghe polymeupbelanmeiythepin theanoleewlpmyeighicafithe ng units of
the fornula [ CH is at | east 20, and the nol ecul ar wei ght of

t he pol y@?lm%rgta11%5%é®%t?ﬁﬁo daltons. 23. The pol yner of claim 22,
wherein the nol ecul ar weight of the polyner is at |east 50,000 daltons. 10

24. The polynmer of claim?22, wherein the nolecul ar weight. of the polyner
i s at 10 east 100, 0002¢%al beR_lymssof aipig T Wheesin gie molgeppnweighipfthas n t he

nol ecul ar hi 91 I I s at |east 500,000 daltons. 15 26. A
met hod ofppﬁegarsiangeaggﬁog r%l ecul ar wei ght polyner, the nethod

conpri si ng:
25. The polymer of claim 22, wherein the molecular weight of the
polymer is at least 500,000 daltons.
15
26. A method of preparing a high molecular weight polymer, the
method comprising:
preparing a mixture including at least two organic, oxygen-containing
solvents and a reducing agent, wherein the solvents do not chemically react with the
20 reducing agent;
homogenizing the mixture to disperse particles of the reducing agent
into the solvents; and
slowly adding one or more backbone atom-containing monomers to the
homogenized mixture to form a reaction mixture;
25 quenching the reaction mixture; and

isolating a high molecular weight polymer.
27. The method of claim 26, further comprising removing salts from

the polymer and end-capping the polymer by reacting terminal halide sites with one or

30  more nucleophiles.
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preparing a mxture including at |east two organi c, oxygen-containing

sol vents and a reduci ng agent, wherein the solvents do not chemcally react
wi th the wd@3ngxdexi ng agent; honobgeni zing the m xture to #cympsoseiparticles
of the reducing agent into the solvents; and slowy adding one or nore
backbone at om contai ni ng nononers to the honogenized m xture to forma
reaction m xture; 25 quenching the reaction m xture; and isolating a high
nmol ecul ar wei ght po28/nEhe mathod Fhelaime 2hovharéindheininte® is hemogasizedovithr i si ng
removi ng 31ng ts Er om the polyner and end-capping the polymer by reacting
ternmnal B3PT88%ites with one or 30 nore nucl eophiles. 32 WD 03/082763
PCT/ US03/ 09109 28. The nethod of claim 26, wherein the mxture is

honogeni zed with ultrasound. 29. The nethod of claim 26, wherein the

m xture i s honogeni Zedymethod pf elain £6.onharpinibemigiuiens bempgapiagdthyasound at
a po I . t\wge t 30. The met hod of

cl ai m26, Syvﬁgleapggl n“}?@hh\é\@bg%%ggélté‘ggﬁ%c%%& giwr?lr %’S’gl gﬁ%ﬁé‘ﬁ%ﬁ‘ aﬁglslt té) formul a AR
wher ei n Aabont 47 eatted from the group consisting of | o carbon, silicon,
germanium and tin atonms, G oup 13 through G oup 16 elenents and conpounds

thereof, G oup 4 netals and conpounds thereof, |anthanide el enents,

transition metals, ﬁﬂ%}%ﬁ@&?&‘%f&%ﬁgé@%}?&&ntﬁé‘%&b&&Jt Fﬁ%/)g?g]gie A or

different, and is selected fromt group consisting o at ons,

sat ur at edmbnoreearhas thefioemulaekR, wliraein Aisdelectzd hionsthe @ conegtifg ofn about 1 to
30 carbon atons,. unsaturated rjng 15 cqnt aini or ring dr ocar bons

cont aftht n TP RLAABbAE T L ERS EBHE 1o HEHER CRotigLO HEmSHBrEnai n
groups haydnishudlis 1h8RSE, GBup BGkKtals A8 SShpinds BlerddTi hdthaklaé ERRRALl, G oup 13

t hrough Group 16 el enments and conpounds thereof, Goup 4 netals and

conpoundstratsgtaaghetals sandreanibiratione thereos, and Raisdhe sanre aseh af diffecangamilds gr oups
0 o B GO PR B B RS Mol s LS
transi ti oghaifehydrécarbons containing from about 1 to 30 carbon atoms, unsaturated ring-
15  containing or ring hydrocarbons containing from about 5 to 14 carbon atoms in the
ring, polymer chain groups having at least 20 recurring structural units, halogens,
Group 13 through Group 16 elements and compounds thereof, Group 4 metals and
compounds thereof, lanthanide elements, transition metals, organic groups or
polymers containing one or more heteroatoms of N, O, or S, halogens, Group 13
20  through Groupl6 elements, Group 4 metals, lanthanide elements, transition metals,

and combinations thereof.

31. The method of claim 26, wherein the backbone atom-containing

monomer has the formula AR, wherein A is selected from the group consisting of

25  carbon, silicon, germanium, tin, and combinations thereof, and R is the same as A or
different, and is selected from the group consisting of hydrogen atoms, saturated
linear or branched-chain hydrocarbons containing from about 1 to 30 carbon atoms,
unsaturated ring-containing or ring hydrocarbons containing from about 5 to 14
carbon atoms in the ring, each in substituted or unsubstituted form, halogens, carbon,

30  silicon, germanium, tin, boron, phosphorous, arsenic, nitrogen, oxygen, titanium,
manganese, ruthenium, cobalt, platinum, palladium, zirconium, chromium,

molybdenum, and combinations thereof.

33



and conbi nations thereof. 31. The nethod of claim 26, wherein the backbone
atom contai ning nononer has the fornula AR, wherein Ais selected fromthe
group conwioswiosyedf 25 carbon, silicon, germanium tin, ardTooRDdNasi ons
thereof; and Ris the sane as A or different, and is selected fromthe
group consi sting of hydrogen atons, saturated |inear or branched-chain
hydr ocar bons contai ning fromabout 1 to 30 carbon atons, unsaturated

ri ng-containing or ring hydrocar bons containing fromabout 5 to 14 carbon

atonms in the ring, uns ut ed for . hal ogens,
carbon, 30 silicon, §§ {E MO%FI%‘ ggr‘%#”‘ﬁﬁﬁ%%ﬁi’fiﬁ%mo%‘?g g 't r ogen,
oxygen, t oAb sel@&@&%ﬁﬁtﬁe ghotp@RsistMg GaaBE;, RBJ@%} KGE&? wel,! adi um
zirconium chromum nol ybdenum and conbi nations thereo 33 WD 03/ 082763

PCT/ US03/ BSn¥9 and@ RGeFhewhereho¥ 194 hadpbgénn 26, wher ei n the backbone
at om cont ai ni ng non el.ect ed omt he n5| ting 0
RSi a3 RCBr3, RO 3%113 %’%‘%&‘ r?ﬁ"%t‘%%z%%‘r“ 1, 263ast B85 sl g?{efbgt 3. The

nmet hod of etgb@i m 26, wherein the at | east two soI vents are both et hers. 34.
The nethod of claim 26, wherein the at |east two solvents are
tetrahydrofuran and diglyme. 10 35. The nethod of claim 26, wherein water

|s used to quench t?z? ThEREHLE3¢ %é#%ewhé’f@lllgﬁé;gteﬂfsﬂwg cﬁt/en(f%:?tjem 27,

wherein the at |east two organi c solvenhts ydro {iran and
bi s(2- net thlyﬁtrhﬁuke)rﬁdd&hglytdee reduci ng agent is sodium potassium alloy,
and the back-bone atom containing nononmer is bronmoform wherein the
bromof®rmis added drop-w se to the honpgeni zed mixture. 37. A nmethod of

preparing a high ”Dkfcﬁhé‘fnem%tl%ﬂlaﬂﬁlzxr@ﬁereﬁxh}@atex%@ ubEL Bl R@MRE | ST NG:

preparing a first mxture including at’ |east two organic, oxygen-
cont ai ni ngastodnveittweand a reduci ng agent, wherein the solvents do not
chemcally react with the reducing agent;

36. The method of claim 27, wherein the at least two organic solvents
15  are tetrahydrofuran and bis(2-methoxyethyl)ether, the reducing agent is sodium-
potassium ailoy, and the back-bone atom-containing monomer is bremoform, wherein

the bromoform is added drop-wise to the homogenized mixture.

37. A method of preparing a high molecular weight polymer, the
20  method comprising:
preparing a first mixture including at least two organic, oxygen-
containing solvents and a reducing agent, wherein the solvents do not chemically
react with the reducing agent;
homogenizing the first mixture to disperse the reducing agent into the
25  solvents;
preparing a second mixture including one or more backbone atom-
containing monomers and at least one organic, oxygen-containing solvent;
homogenizing the second mixture to disperse the monomer into the
solvent;
30 slowly adding the first homogenized mixture to the second
homogenized mixture to form a reaction mixture;

quenching the reaction mixture; and
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honogeni zing the first mxture to disperse the reducing agent into the 25
sol vents; preparing a second m xture including one or nore backbone atom
cont ai ni rgormgaTes s and at | east one organi c, oxygen-cont Cmiusg3/eabyent ;
honogeni zi ng the second m xture to di sperse the nononmer into the solvent;
30 slowy adding the first honpgeni zed m xture to the second honogeni zed
m xture to forma reaction m xture; quenching the reaction m xture; and 34
WO 03/ 082763 PCT/ USB8la(8g 8 highi recleatlamyeightpadymem| ecul ar wei ght pol yner. 38.
A met hod of end-capping hi gh nol ecul ar wei ght polyners of fornula

[CH (err), where nis at |least 20 and the nol ecul ar wei ght of the polyners

is at 5 least 10, 099 AahdtRitPof dndcapBind RestAPRENIS! Welighf $olyhe@fi ng one or
nore of the high nol ecul ar wei ght po émers with —one or nore hydriding
b

agents; oforfbla [CoHniwhgren is asd¢ase) ol the ardbgoniar ayeieht o€ themolynsts dxcess
el ectrons, w.t acidig or k oxidizing agent; 10 until the high
nol ecuf ar leﬁ%tll@r@pgag?%s’ ﬁ}fd??tﬁ?&f%n% Sér%gge. 39. The nethod of claim 38,
wherein the hydri di ayragend onsoabreTiththigh dldcttr wkisid golyereivhbd of

produci ng di anond-1|1 ke carbon or ceramic material fromthe high nol ecul ar
wei ght poPYheymee hyfrding agentidrnet hod conprising: (a) m xing one or nore of

the polyners in ann{%{%?%?rgﬁg ?.r%%o\ﬁ%]ﬂ polyca ;ﬂlﬁgﬁ&f 1-hteh?¢§'hoxti£%i3)gcegso forma

pol ymer precursor appl'yi'ng the polynmer pretursor mxture to a
subst r at eclsetrdraeath an aclic bowealaoxadairigegent; pouri ng the pol ymer precursor

m xture into a nold; a c rolyzi the coati r the mxture
contaithed in the rquBt‘ﬂ'g‘Si‘thr%leF‘H Roqg‘flﬁ’iﬁ%‘éer"éragg’%afggnperature of about
100 to 1600 C. 41. The nmethod of claim 40, further including repeating

steps (a) -(c), 25 to increase the thickness of the substrate coating.
39. The method of claim 38, wherein the hydriding agent is potassium

hydride.

15 40. A method of producing diamond-like carbon or ceramic material
from the high molecular weight polymer of claim 1, the method comprising:
(a) mixing one or more of the polymers in an organic solvent or
supercritical fluid to form a polymer precursor mixture;
(b) applying the polymer precursor mixture to a substrate surface to
20 form a coating or pouring the polymer precursor mixture into a mold; and
(c) pyrolyzing the coating or the mixture contained in the mold under

an inert atmosphere at a temperature of about 100° to 1600° C.

41. The method of claim 40, further including repeating steps (a) —(c),

25  to increase the thickness of the substrate coating.

42. The method of claim 40, wherein the solvent is selected from the
group consisting of ethers, toluene, amines, dimethyl sulfoxide, chlorocarbon
solvents, and mixtures thereof.

30
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42. The nethod of claim40, wherein the solvent is selected fromthe group
consisting of ethers, toluene, am nes, dinethyl sulfoxide, chlorocarbon

sol vent s,weand/sa7ss ures t hereof. 30 35 WO 03/ 082763 PCT/ US@8rasad®1093. The
nmet hod of claim40, wherein the substrate is selected fromthe group
consisting of silicon, silica, alumnum alum na, magnesium transition
netal oxides, and netals. 5 44. The nethod of claim40, wherein the
resulting ceram ¢ h43 Fhe methbdoéclamaAl,sureie thosidknas ss {eRgjeddforh dédes t han
5000 A, scanned over ? mcrons. .45. The. nethod of claim40, wherein the
Cesul 1] ncBeRR SpRsistRAST SO Shica HERinE, AN JUEHIELE RSt MEBL S { han 500
A, scannqﬁdQ%QQmﬁnﬁkﬁions. 10 46. A nmethod of nodifying the high nolecul ar
wei ght polymer of claim1, the nmethod conprising reacting one or nore of

t he hi gh nol ecul ar wei ght polyners with one or nore free radical

initiators and | ti ts t d . hal t ed
ol 0,3 ne B TR G BRI MO BER R, IR BhE AR IR o2l
i nitiatorgrfage afegm@as@mgmﬁ@ (R(%)ldf%s§ﬂ£hnt§w0 Halsegmeabl & AGeMs. | S

. e

N- br onosuccinim de. 20 4 hod of nodifying the high nol ecul ar wei ght
polymer of <claim1, the nethod conprising reacting one or nore of the high

ol ecul ar wei ght pollél. n?ﬂesmwhgg of fim 40, \W?Jrgmqgv% %Sﬁlﬁﬁg %gpa%fic fli& Or nore
I nore g agents” 10°pro

reduci ng agents, or One o oxidirzin uce pol yani oni ¢ or
pol ycat i oguirfacefleyiredqitire Rughitess TRE) dTdst ohna¥00CA acanntd oveh®madrond. he aci d
reagent is an acid reagent is a multinuclear acid. 50. The nethod of claim
48, wHerein the reducing agent is selected 30 fromthe group consisting of

borohydrides, G oupsd RYULAESS mBBFASS indRi Y abicdst t &g#&!f%ﬂ“yd” de, and
t he oxi di zi ng agent %s se ectedngrdﬁﬁghe é oupfzoﬁgﬁgg%hg
claim 1, the method comprising
reacting one or more of the high molecular weight polymers with one
or more free radical initiators and one or more halogenating agents to produce

15  halogenated polymers.

47. The method of claim 46, wherein the one or more free radical

initiators is azobisisobutyronitrile and the halogenating agent is N-bromosuccinimide.

20 48. A method of modifying the high molecular weight polymer of
claim 1, the method comprising
reacting one or more of the high molecular weight polymers with one
or more acid reagents, one or more reducing agents, or one or more oxidizing agents
to produce polyanionic or polycationic polymers.
25
49. The method of claim 48, wherein the acid reagent is an acid

reagent is a multinuclear acid.
50. The method of claim 48, wherein the reducing agent is selected

30 from the group consisting of borohydrides, Group 2 hydrides, potassium hydride, and

sodium hydride, and the oxidizing agent is selected from the group consisting of
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36 WO 03/082763 PCT/ US03/ 09109 chlorine, chlorites, hal ogens,

hypochl orites, nitrates, perchlorates, peroxides, and transition netal

oxi des. 5%0oJh&76et hod of claim 48, further conprising exeoamgb3giecati ons
or 5 anions present in the polyanionic or polycationic polyners with ions
selected fromthe group consisting of halides, cyanides, nitrates,
nitrosos, borates, anions, alkali and alkaline earth netals, transition
met al s anchlorimy kkivates] irdogeos, hypochlomtes, ontsatesy gerchlondsés) atioantes,tandr eof ; and
recovering the ionized, high nol ecul ar wei ght polymers. 52. The net hod of
cl ai m 48, W‘?g}oé‘irﬂetf‘lﬁf@“ﬁlﬁsgh mol ecul ar weight o polymer is

pol yphenyl carbyne. 53. A nethod of nodifying high nol ecul ar wei ght pol yners
of the formula [SiPh](err), where nis at |east 20, and the nol ecul ar

wei ght of the high 5Sholkecuktod wéclghm 4B ofugthenconipsising exebangingxalioss efal t ons,

the net hod.conmpri sjng, 15 m xi ng the, hi.gh.nol.ecul ar..wei ght, polyners in a
LT aE oCgSIREseRL fne BaTadiphE of REbA B RSt Bg Rele e YHEEe L' one
or nore agioflp coRRGAB S hhlded] GAHIdes, Rk 36 hitARbS; bBRI R Sns, atkali Bhe met hod of

clai m 53, wherein suitable acid reagents are non- 20 oxidizing acid
reagent s dkalingeatth magls, traxsitig arasglpand ¢amplexasdheseot; ansheations ardbup

consistin . ¢ . te. aci ifl nesul f oni c
cord " sotbrthnfiy ckdorr TP huin B Wb ZBE b AllCch b B G
trifluoronet hanesul $nTke methdd oBlaim 48, wherein the high molecular weight

10  polymer is polyphenylcarbyne.

53. A method of modifying high molecular weight polymers of the
formula [SiPh],, where n is at least 20, and the molecular weight of the high
molecular weight polymers is at least 10,000 daltons, the method comprising

15 mixing the high molecular weight polymers in a suitable solvent; and
reacting the high molecular weight polymers with one or more acid

reagents to produce polycationic polymers.
54. The method of claim 53, wherein suitable acid reagents are non-
20 oxidizing acid reagents of the formula HX, wherein X is selected from the group

consisting of Group 17 elements, borate acid, and trifluoromethanesulfonic acid.

55. The method of claim 53, wherein the acid reagent is

trifluoromethanesulfonic acid.
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