14 SEP 2006 H GH MOLECULAR WEI GHT POLYMERS-FI ELD OF THE | M/BKFREeM6 100011
The present invention generally relates to high to ultrahigh nol ecul ar

wei ght (MN polyners, chemically nodified high MVpolyners, and materials 5
produced from such polyners, including ceramcs, crystals, alloys, and '
conposites. The present invention further relates to nethods of-

synt hesi zi ng and nmaki ng these materials. BACKGROUND OF THE I NVENTI ON

[ 00021 The pol yacet[y[lcﬁq%@fgg@@f AHQ'WE?GH"PEGLWEW'[ ry [CR], have |ong
i o been a focus of ' i and electronic

. properties, as discussed in T. A Skotheim Handbook of Conducting
Polymers, Marcel Dekker: NBLIYOKTHEIPSGENTION | and 2; and' J.. C W

Chi en, Pgl tyl . Chenmistry, Physics, and Material . Sci ; Acaden
press, donlflio, 1BEBre-oBuR Heasartty iaics Guel ColroRab s  ioone
pol ymer sy, W)%Iyﬂ&;@kﬁ&ﬂ&h%ﬁ{oﬂ%edbﬁ‘éﬁ mwfp%lﬁxigrs,%hﬂ%ﬁtéﬂa% have been

synt hesi ze re specifically,” inorganic network polyners of
st oi ¢hi opretivogd [fixm) such@odymers.Haclpding selaymess ciysiaky slloyshand qearpegdesny nes

[GeR],,,.and their copo rs).are known. .These. pol yners .have cont i nuous
Fandom nERUBFERD RS S R il melg o AR R B B el o Ty
hybri di zgdiegiyd. bound vi a single bonds to three other inorganic atons and
one 20 substituent. The properties denonstrated by these polyners differ
fromlinear inorganic backbone polyners reportedly due to the
characteristics confer gxUCR:EGENDOVPHE INVERTHOR. 100041 Car bon- based
network polymers of stoichionetry [CR]" are also known. One such class of
car bon- b9 net wofle pyansifene oliss of pelvmersciistaigiomstry CRhhapplopgar by nes,
s dgscr l%eczji.fl QUSU'1§éSBEI%}1 % {0 EiI’SCbg&'lﬁ':’ﬁ§§%n& glegt%r[i!: é}o%eéies,%lsancom . This
pat e dBEEri Bl These pol'ymers as conpounds havin

t et r ahedgiaédsyediyir. iAd Skethettd FrDidbodk 6 Gondiiciiky PalyhetsaMuncel Diehikerbear i ng one

substituent and being linked via three _car bon-cargegjg single bonds into a
t hr ee- di MEWSY kel FBOnYS 1A G0 25 Bptbih- et GRIER ftvace(yiqs@s y LAGES"Yhe pol yner s

reporteﬂllg@g&na,faomegiagga%epgcgdm k.| B8Rl P@R4P0 phases. 14 SEP 2006

[ 0005] ver, these known polyners have relafively | ow nol ecul ar
[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
bolygermynes [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 tn U.S. Patent No. 5,516,884 to Patricia A. Bianconl. 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.




R conblnatl

wei ghts, and are thus limted in terns of their propertiesi4 SBEP208anpl e,
these materials do not convert well to specific three-dinensional 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 defective cast
coatings and filnms; as well as shaped pieces. SUWMARY [ 0006] The present

- nvent i qgoggiovi desygy ol Reutiahl S MBLSGU Al e AR m Ml hom- and

copoly aving a threé nenS| an onlne ructure i 0 wherein
t he pol yweghtsaideare duisriming i taristoftiedir proptrtief Fdrkearhple] tedeng gener al
‘formula: [AR]" wherein A can be carbon, siljcon, germaniu or tin atons,

Goup 13vatRrgR nef Ry erivselhig seped e Hirec-ditaensopplorerics A @dhe Group 4 .
metal s %1” Qmaﬁﬁt Wﬁglzatlor{ @;ﬁw&'{lhd&xﬁ' %ﬁfﬁs. RE wit Bé‘ﬁa'h 9“ metal s or

ereo sane of erent (in eac repeating
“uni t) argpesiatél lessiof gobgen naitatals assatlatilag ddingl fyneigsis can fesanohed- chai n )
hydrocarbons con i ni ng from about ﬁnto ab 0 carbon ~ atons, unsaturated
ri ng- corROEPYS 3 d5tectivh gatl peribies PBo f &c?ﬁt“éﬁlrﬂsﬁgaﬁefl(ﬂﬁc%out 5 to 20 about 14
carbon atons in the ring, each in substituted or unsubstituted form :
" polymer ~ .chain groups having at |east 20 recurring structural units,

hal ogens, Group 13 through G oupUMMARYents and conpounds thereof, G oup

4 netal S[grﬁﬂﬂ corrpoy gregé}ﬁ ifRhtion h@%cﬂ:@ eﬁﬁo%llt %—fﬁoleﬁ:ﬁlﬁpﬁef#@?n metal s,

organic oups or mers contai hing on et er oat of N, 0 or
S, hal og@vie) }@mupndaopdiymug tea Ghgathilg- chmenmmzk randbmGeouprkstmretuad, s,

|.ant hani de e] e nsition nmetals, i pati ons ther eof The
substr i p¥h ‘?fe’&‘éHE Y&l"rﬁ‘ %Y§t"e"2‘6““%s‘fj“°‘“f§bum hoigyowEpEengt gﬁm“la 500,
2,000, 5,000, 10,000, 50,000, 100,000, 250,000, 800,000, or nore, and the
ponnErs can have a nolecular weight (MN of at |east 10,000 daltons,
e.g., at least 16,000, 20,000, 22,p8RB]. 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

dal tons, or even higher. In certain enbodinents, A can be about 100%

carbon, JR&E¥nSA khi BE cai®bnaitish, BG0a6 AN ti@&@brﬂ@@tbu&@ﬁ/ﬂﬁoﬂéﬂ SkRp2006
S|I|con and R can be a- S|ngle substituent, or R can be a mxture of

di f f & ent6 elgmsnisané sompoundsihereets Group 4 metals eyl comppuadehereh atom a

1gr man “ﬁht’ﬁ%ﬁ % s, PRt H mELA B YonMinti3HPRAL  OTnEROURS I 3. 15, or
a Goup al or

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-centaining or ring hydrocarbons containing from about 5 to

20 . about 14 carbon atoms in the nng, 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 metais and compounds thereof,
lanthanide elements, transition metals, organic groups or polymers containing one or
more heteroatoms of N, O or 5, 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 daltous, or even higher. In certain embodiments, A

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




conpound, a lanthanide elenent, a transition netal, and cojpsppbogens
thereof, or just 5 a carbon, silicon, germanium or tin atom -and

conbi nations thereof. In certain enbodi ments, R can be hydrogen, a nethyl
group, or a phenyl group. 100071 In general, the invention features network
backbone polymers or copolyners that can be converted at relatively | ow
heat, and at anbient tenperature .and pressure, into ceramcs, crystals,’

al | oys, ﬁmfnoan@nrmﬂ%Ta%ﬁzgtrérﬁrbs@ru@mdbmreMbemnﬂwmﬁ'fféﬂe}ﬁe carbon (DLC),
anor phous carbon, gl assy carbon, and/or graphitic carbon. The invention

al so f eawbstiyentst Asds absb hﬁ:eslclentgdtfm aearhon ktom@rgbmfeuurp@tqrmtm and met hods
to nodify and raft t he pol yne to Lnc orate_oth tals and ‘el enents.
. The invé %?rpo?pgpglgnﬁqrccpgg) X%fﬁ& 53? g%§5£€§l%wu8 PHa Yol ymers to form
DLC cer agdnfpoundta RhihGHidB InEa ofansRioa Th& S, anﬁft%nmiﬁaii%ﬂts tHeboogrijeq al so 15
provi des ioni ¢ high MV col | oi d-1ike honpo- and/or copol yners, functr onal i zed

. hi gh 5 M& pebgmsilison.germenium ot tiarton,esd cenhivetionsdbereet: Viaccattain and al | oys

prepared Qni c _or f ctlonall ed, high to ul trahi gh MV

pol yners T%fg‘?h%gfﬂfﬁ%%ﬁ¥éf8ﬁe% urni":r% 7' U erﬂgf ﬁrogg for preparing high

mol ecul almoovym ght PodensRi, &h@%v@ﬁl&ﬂﬁfehﬂﬂ&s&efﬂdfk%é&ﬂoﬂ@ boldhiegs @t | east two

or gani c, Ygen 20 containing solvents and a reducrng gent, wher-ei n the
8

sol vent scapelyiesirs BRbeanchy gapve @h@ttremﬂyﬂ%hraé@a@mﬁg tempsER§eni zi ng
(e.0., b 0 reduci ng
agent i n%ﬁg LHtr %’a%b ch%%ré&?cs d'>§/E ':ﬁs\/\f lﬁ&sgﬁlﬁp '3 B%Eets rtrlg‘"lirtgi§ ?ER&:

at omcc ondiainnndvdike earbomEDEC) mnﬁdrﬁhdnmrmgmm g]&siyrmvuourzmdmf g‘rqﬂmca reaction

m xture; quenching the 2 action |soI a high nol ecul ar
wei ght p‘a(‘]'iﬁ%cﬂel %V‘Eﬂt‘Pf‘é\ié’nq%am F?Fgrﬁ dna f"rget FEERS g&%‘%@"i‘%cl ude renoving
salts f r bR, Al M%Bd@ﬂ)drn@@i%/ at PR A S1PmB_kY m%BrﬂaYaté 8k hidgd er m nal

hal i de sites wth one or nore ‘nucl eophiles, and honogeni zing the m xture
by |rradir@1tql¢mewt5tﬁh¢unghnmcm adm;lrtcyldgd; mea@dmﬁccmweratonpﬂmptﬂmts tof bet ween

about 20 totﬂgguglA ﬁ 100091 In anﬂ herﬁwgb odi pent,, the invention
f eat ur es NBt hod$ 3fm%sr ?{dIO“Fﬁ nr?r?f*’é‘&‘ﬁ?a 5PUGRiEe by preparing
a myd urgrovides uﬁmmgamwe@ﬁtold-ﬁrae h&hgagtidor OPYIgRIRTS ARfcabRLINGEd Aiphvent s and a
reduci ngNWgent wherein the sol vents do not 14 SEP 2006 chem cal | y react

wi t h t heMVe@abmiss.4g &l asisrmgenicempgsites, gystalssindgllays pasereddipm he  mixture
to di spegseqRAY idnfd &5alladR LA NG AdERMIW A hEE. SOl vents; and sl owly

[0008] The invention further provides 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 mi—xture; zrn_dr 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 b
power level of between about 20 to about 475 watts.

3¢ [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




-~ addi ng one or nore backbone at om contai ni ng_nononers to thp $EPREEHi zed

‘m xture to forma reaction m xture; quenching the reaction m xture; and
isolating a 5 high nolecular weight polynmer. I'n these nethods, the
backbone at om cont ai ni ng nmononer can be CHBr3, RSi Cl3, RCBr3, RCl 3, RSnX3,
and RGeX3, wherein X is a halogen, and the at |east two solvents can both
. be ethers, e.g., tetrahydrofuran and diglyme. [00101 In another aspect,

t he i-nvention provjdes a thod for ,preparing . ionic_ 10 or functionalized
hieh MAEREREAERLETR ety 2 0k R R AR SniPne HERowl 1 or - 1 ke
pol-ymer g ¥utdPdishtese paldicld6¥ (RE réa%iaﬁfa?@fﬂ ihBGhe Miventy; hh@tigwsy and one or

~nmore hal ogenati ng agents to produce halogenated pol yners; or 2) one or .nore

aci d r eddjegiose e myre backbong damerpniniting Fvgomers fotiecharaegeaed ani ons) to

produce:pol ycationic ~polyners; or 3) ope or .more reducin ents to

Pt oduce HEMER AR seRpmirE s nind BR oo aF B A B B et s 10
prodgce hi@' M@%Ebﬁﬁ%?ﬂ@bé&%léﬁ; Inthed hehede trtdkbane Iawm&naihﬁagpr oduced, the
~-met hod further includes reacting the hal ogenated polynmers with one or nore

“f unct i omedniopien gam e REBANRSIAEREBIZ & GIAK SR tand R&ieXDe whewingkK 18av
ol loidyljk | pol . Lyani oni i oni
 pot yrrer belgEn EOARERTCRP b QYIRS San R B BRI B R BlroR Ot SRE 200

-ani ons @igly@ecations present in the polyanionic or polycationic polyners
~with ions selected from the group including halides, cyanides, nitrates,
ni t r 0sod001Mr at es, InanpRsaspectgthe nysalign pevides armeshad fos preparipg Bpicani ons) ,
-al kal.i . E | 1] s t hereof,
cat 1 Bns of SufSAUAEEHL I HEhB. S (ARTaNIE R refFbEoTe Ao HRLINTE  one
.t her eof coliwid{liRe pedmatisvgtit dithepdl) paaibomioce free pdicpbmitiators andabeorer s 25 with

- one_or nore,functionali zi gqg %gents and r cogyg{r}i n_g:\/&ge ioni zed o
functi ofQrF Jalpeeratpg aghl s &7 preBpee halerenated ROLANGSS &Y Y8R XrBOEHbds for

- prepari 16C SicidGRRARAR Ha¥he RANRLALS acilshidhs) RYSrofit @ Poifatenti onal |y
ionic .O?&ngﬁfcs??‘g%aﬂ ze’?éﬁi gﬁ1 M%/pollyrrers acci;escrli bsgd &gboé\?é? )tgtel such met hod

~ i ncl udegpelyrmdrsnd) wge onmorg reduiag efenthe poldysemodyanionimpdpmenspend)c sol vent
O MBSt Rk g BB TR ARG, WL g PPl
pour i g golR@n&e it didea Cile Sithddl iktHECinchiies @atfigihe Aildgdhaledl SEP 2006 (c)
pyrolyz ng yntlft]r(sa wcigﬂlacgnlerl;% n?orre tfltln?:ti[)nna)l(lgzlijégeagce%tnsta%ldqggovkgngt thh% ﬁrxrr?clti((j)ngl?zde%r an inert
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.
[001 1] 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




at rmsphere at a tenperature of about 1000 to 1600 C. Wen 14 SEPobYgTe"
precursor solution is applied to the substrate surface to forma coati ng,
the method further includes optionally repeating steps a to ¢ to increase
the thickness of the substrate 5 coating. In these nethods, the solvents
can be ethers, toluene, am nes, dinethyl sulfoxide, chlorocarbon solvents,
and m xtures thereof, and the substrates can be silicon, silica, alum num

| ' | 0121 Th
o PR AARRLA AL o L8 T oS ARS €OR2E e

attri butz&dxotp’hef@w&rtexmipél@ﬁ#é ar abwit gi° 1B abIeT €. Pitleyinks @lyﬁhﬁiﬂ@tlﬂﬁbﬂ o.MV
colloid-1ike polyners have three-di nensi onal random netwo structures, and

_ can be fehEmdnapRlizddo teghibmyate shrfase i [aree goatipgrdhemetigd durtieat eri al s (e. g.,
Cora SoincRAaPARchay rHEARAGANE 3 hilYake [l SPAE SR OPt 1 onal ly

i onic or ona YIErs. armnd or
. di ansnd-ddakieg.chrthese métmbds) t}mrsomehiwcaﬁee athiess, (oemege, arﬁmbs Qlimetliﬁr bi de)
coat i ngs dfl%@ gefromthe new 15 hig MW net wor K pol yners are
snoot h, ocahen § @%tﬁ@ééu%lxtua%dheraéfnﬁrﬁsmﬁa%u@ﬁr%w@a t hermal and
mechani Cﬂhcdﬁr SRES fahﬁﬁmmaho %y%@e{&ﬂt era{gnﬁ:,'n%ﬂetam{ ?Qe&d}‘ﬁé ds for
synthe5|2|ng hi gh cof 0| e polyners, as we as nethods for
prepari n@ﬂlljnl c orThbmumhxghMWZ&ﬂiwmkgjmlymm par| pphgane. clﬂéltms)awbrconml I y ionic
~or functjionalize I ner s be 20 used to produ
mat er | altb ggaﬂ;"a“g‘@ BET P o F‘g)’% fet Wﬁﬂ‘oPoﬁ‘F‘ Crﬁe 141 Unl ess
ot hejgwi SIGIWI%Bllcﬂ&iiike@blyrﬂe%ﬁﬁ‘&ectﬁfeeadiﬁlex%&é@a@}dnﬁbﬁ ﬂeﬁ%\% s‘&%@l‘dre@ezﬁﬁ' n have the
-same nmeani ng as comonly understood by one of ordinary skill in the art to

whi ch t heas berfurationalized ditgnlyEw Wlowmﬂ@dgoaﬁdnmmﬁ [sg.s sinmilar or
equi val e th escr. be u n . the.ptactice or
testing 0 ar{"ﬁg comg’% (% %&Sﬁaﬁvaélﬁtal 8%5) "%%S‘f BﬁP%feﬁg‘i"ﬁ‘ba%“"é‘ﬁ%i?#P&f i als are
descri bemna&lrmmed%gh MW gl pnbeN s addifsig ratarmﬂld_r@aém@msnkmtmt s, and other
references nentioned herein are incorporated by reference in the| r

ent i r et (DI E LT 6Frappdhite g c%lhcctm‘éarbfi@)s%pn&sﬁ@éuﬁlméa@ad@rfronil fheIngi ng
defipitig ﬁMW rie'tw&%l']ato'iﬁ{-ners laﬂi Aty rﬂ)ﬂtpo (glﬁé ]Je% abl, Ghgods, and

exanpl es | ustrative and no imting. 30 [00151
- Ot her f emmmstratemhpmé theamdl mﬂl\namtageal prpérhEs [ nvent | on will be apparent
fromthe de ip n .and draw ngs, .and fromthe clains.. 5 14 SEP 2006
DESCRI PTH S]G: DRAF&FN@““OH also mcludes methods for synthesizing high MW .
colloidal-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 déﬁnéd, 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 béloW. Ail 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 matenials, 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.




[0016] FIG | is a representation of an optical nlcrograph‘ﬁng 6
di anond-1i ke carbon (DLC) sanple taken under polarized |ight [28817] FI G

2 is arepresentation of an SEMinage of the DLC sanple of FIG 5 1 [0018]

FIG 3 is arepresentation of an SEMinmage of the DLC sanple of FIG 1 and

-2, with WA of gold deposited. [0019] FIG 4 'is a representation of a

cross-sectional photograph of a DLC sanple bonded to a silicon substrate.

- 10 DETAI LED DESCRI PTI ON ( @yides a new class of

- networ k backbone polynersﬁﬁgg%ﬁgﬁQOEPQ%ﬁ% % IE‘{trahlgh nmol ecul ar wei ght

- pol yner s[0ei6jpol ymeFI&|1us b eemeschtation b€wn omticabmiabgrpph yfiedamondllikdes

cont i nuous ra dom net E bone pol yners, where each atom of the
backbone“*’iﬂ%0 &D‘P %pr“nctéi?‘)llaﬁée‘blﬂghﬁ'ore backbone atoms; or (2) 15 two

mor eq@@ﬁfone aERYD 180906 R oA RE &n §Eﬂ§ﬁﬁ%§é%‘?h&_ DL@%ﬁﬁxgﬁ%tf‘ﬁ als are of”

such hi ecul ar wei ght “that they appear to0 consist o ol Toid-Iike
pol yrser sl.or poI ymer clusters rather than i-ndi vi dual nol ecul ar speci es.

L0021 TRl o R AR DR e OBy MISRESLSH) PSR LSRG, c] v 7

- various 13&3§qmgo§gyooggld%goggases by various processes. The new h| gh MV -
" networ k backbone pol yners and copol yners of the present invention include

- pol yner sl083% ng nE ik ageprrisoiationof asrosoaentionaphotgahiofateC by four
single bond St Lure t he and Characterization of the H gh MV
Pol yrrers ﬁ‘fBﬂE{f?%cI'ﬁél ]ﬁm@%qﬁﬂ?%ol ymers of the present invention have
recurring structural units of general fornula [AR],,. Substituent A can be
carbon, silicon, gernanl u p 13 through Group 16
“elentnts and .conpounds @%ﬁ@lfgﬁoﬁ%§Mﬁﬁ9§l and conpounds t hereof,

| ant hani @e26] enent Fhe inwa«nﬁjdp@ndewh&bclas%fmmkkm &8f

- Substi tuent can be the sanme as substituent A or i 30 different, and is
sel ect edndmdyn-thigh grphigh meksnlag @f@lﬁtt mlymwrmoémcr qlusierar 'I‘brrs new
branched: n about 139, carbon
at ons, g%}fggg%gé%[@gga n&?’a%gérq’ - con gi%%ﬂ( One Sr ocar bons

cont ai ni @ighfatcmofthetiackbone it tdélthcr. (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 raﬂaer than individual molecular species.
[0021} The high MW polymers have novel and unexpected properties
including facile conversion to cefamics, 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 recuring
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 1s selected from the group of hydrogen atoms, saturated linear or

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




‘carbon atoms in the ring, each in substituted or unsubstitiyjSgpheoen

pol ymer chain - groups having at |east 20 recurring structural -units, :

hal ogens, Group 13 through G oup 16 el enents and conpounds thereof, Goup 4
nmetal s and conpounds thereof, 5 |anthanide elenents, transition netals, or
organi-c groups or polynmers (containing one or nore heteroatons of N, 0, or
S, Goup 13 through G oup 16 elenents, Goup 4 netals, |anthanide R

elenents, transitio 3t al or i i -1 ' & Ri ch, repeating
ani R B e o B e o R BRh SR E R atthi 3 (F bR 1a | Pt
100% card@bbn aléRbrstht Hagreackin SbYiesdhs nhb0Xtimidd foan, gdlymat dmjn- 10 100231
The degree of polynerization of the inventive polémers iﬁ@%&éi ned by’ "n", -
with n bepvs heyings astiggeurppg seugfural yits, halogryg, Gioupdad, thwugho, 10, 000,
- 25, 000, 00Q.000. The

upper | GEP dP Herkalts it bomtriind Weredb ey« meBih s Honh RIS Re pol yror s,
_ Nn can belagtheatieletrents, eansitbpnahetalsporadrgaitic BRQpOA&olfinersfoor@ningwhei s

‘typically determ ned by neasuring the_1s | ecul ar i'ght of a_polyner,
det er i rPBCTERECIO3G{ES ‘Fflgu@s?‘i %L??YEHP h3 g}ﬁé‘r;@h O“Pqﬁf%e?'ﬂ%ft%t-,&a}%“t hen '
cal cul at n ﬂ,ﬁﬁ% ( £y oY =Y s therE wWiRiRhenh 1f Alds
car bon aﬂr?gﬁli’ }ag y Fggg{r‘ﬁ%ﬁ ﬁ%&gﬂtl&o]m&%h\%g%ﬁ%m@? CHS: elr3.‘ Thus, n = MV 13.

[ 00241 AeperminghlunitaR icaube thetshod r diferemicham Ao Imeenacrabodiynents, dse ext ent

- the val ug depends.on t he net hod d.. Thus, a ed herein, MNI
. rreas\tjr egl °ﬁ¥gv%elﬁ§{}"rsisl%"é’sgf gqg%ﬁ’%@ﬁ%%‘?‘p@?ﬁﬂ@oﬁiszati on Imatss , o
speciy ongjohy) ( VALDhdVRgree dtpofindrizaties 6f ihe@fbehtivd polhers idaefndd el ow. " This

met hod i s known to provide the nbst accurate neasure of MAN Sone of the

. measur entt; withndwiriger ket Ahont2neds, 109, 0053005 2:008at0.000. 5:08fat ogr aphy

(GPC) to, i e n 4 ypi ly provide
a MW val ﬁ‘g{)@?{t‘ﬁﬁ’ﬂa%%gt%%@@ms@%? %?éb%e@sE?%gX%@m&éf)ﬁ ﬁ@ and are
thus al sevdalctgpeatdGhumned, 800,000 25k dvkisse PpBaicts) irhn Ye MBjerhiam dregnalused f or
t he anal %/si s of nolar_ nmasses qf nolecules for the gﬂ%st_ 50 years. . However,

the appl fcdepobP0S00NE he gumbegyen” iBi‘Bﬁiﬂ”é(c%Feé@‘%ﬁ@_yﬂ Wees E%pol ymer s has
been,l i n}nto?eghﬂpﬁefgﬂt J%fé’\{%rc}é et 'dlefghyli he WGlaTRbutsaake I!hb{[))(R?f these
) robl e

mat er’1 al s ese ave been overcone to a great 3C ext ent t hr ough
t he devefomutntndthes ofltulatimg 7 htsedronttbe MoiguwsightichA asd Bhdraresdmpleoni zat i on

GINEE CAVHEN T U R e I
20_06 [0024] Although various methods are known to measure MW, to some extent
1.thc value of MW depends on the method used. Thus, as used herein, MW is méasured
20  using matrix-assisted laser desorptiorn/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 desorpﬁon (FD), fast
atom bombardment (FAB), and MALDI-MS. The MALDI-MS technique, in




particular, allows for the nass determ nation of large bi Oi@éﬁ?@h@é and

- synthetic polynmers of nolar mass greater than 200, 000 Dal t ons

i'oni zati on and vaporization w thout degradation [00261 MALDI - Ti me O‘ _
Flight (TOF) nass spectronetry is an energing 5 technique offering promse
~for the fast and accurate determ nation of a nunber of polyner
characteristics. The MALDI technique is based upon an ultraviol et

absor bi rig]rg@[; t lar level in .
-an. appr-opri e{%ﬂeélé%‘ﬂ-%lﬁ%% vfll1Cl %Sﬁ dgf}ﬁngﬁ lﬁsglra?éee%é@sléﬁguﬁ% ?1“31 gr@tﬁr%?!):(l The sol vent
prevent spolmgnse:gmqlamnm gtdater piodny 268,000 e toma (Pa)e/ymetuzatiomand ure i s pl aced

‘onto a sarrpl .e 8{113 The solvent is renoved under vacuum conditi ons,
. | eavi ng YAPOERY Oiléﬂegrg‘éﬂt?f?er mol ecul es honpgeneously di spersed within

matrix npgeul es. MM TR OFFRSS (*rmﬁla%ﬁﬁur&n&w%c&nt&lérgﬁ appropriate

~‘frequency,  the energy is transterred to he matri X, s partially

- vaporsi zetstchruamﬁrtyffﬁtglglmratsb fordhy fast anmac@utdﬂ@dmgpunatmvaﬁ@ numhstr char gi ng the
pol ymer al NS, Mul ti pl e laser tg are .use e signal 15
t'0- noi sep SN }?ﬁ%fte(‘ﬁg ’gl?mea%‘ilﬁsﬁ??gflélgg%gyflﬁéwﬁ’i%ur acy of the
ol ar  megssorbaket MaRIXD qqie@ﬁhtn{; QR palylier bhtenixed 804 mbfdcuRb ahviEi@ran( dri f t
.region), the nol ecul es emanatin froma sanple are inparted identical

- trans| at 3ppreRnag sdyant wetharfile smalfn excedsail the matmsj déeedlvers prenentsane

Fhesanc e aPLERt Bl pSV 0t LU RRRGRor ORRE SRRRA bR PR o ons

arriie afip.t Tiee dvent isatmbiedurilt vh@untsaiditions] 1ehvifig coeantdllednor e massive
ions. Separated ion fractions arriving at. the end of the drift tube are
“det ect eomiymshmosfﬁb'%b?m%@e?%bfltfefm@ gtthisypeftig arolgcwssgidhenén i npact of

each i %ﬂééﬁﬁgﬁa bB&n iufed {0ARE a %%@np&@ rﬁ%ﬂﬁérﬁg,htﬁé %Q%Q%éfe\‘:%d hgser shots

~are su ding a TOF nass ectr Ss spectrumis a
r ecor di ntheafattixeviich Esq:tamalm\gpahzeﬂs carfing aita polyafer tintnghe Vper phase of flight

for a nol e Ieof mass m a e z . to travel this. distance i

o7 opor 11 BREAREE 2P B SRR PLGRIE USSR o PP Improe i B ed 1 o

cal cif at @-Adi rafB Snd e peakl HPHE W iGk ﬁi&e%&ésqﬂe ScutR drafSmolPaRss CONVer si on
of the TOF. nass spectrumto a conventional mass spectrum of mass-to-charge

Laxi s canddfernBgatisshi eved. [ 00281 The polynmers of the present invention have

- g;)l (I\a/g\llf :D?[O%ﬂ gm fslog{gthg E e a).}'el%? agyzcr ?dnf? re%ldn) ati)e mo%sctule%%moa?lgfmgas measur ed

from a sample are imparted identical translational kinetic energies after being

subjected to the same electrical potential energy difference. These ions will then

20 ftraverse 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 fora molecule of mass m and charge z to travel this

distance is proportional to (mv/z)"?. This relationship, t ~ (m/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 leas_t 30,000, as measured by MALDI-MS, although they can




- 14 SEP 2006 have nuch higher MM. It is further noted thajg & fority of
the polyner solutions prepared as described herein do not pass t Irough -a
02 micron filter, leading to a conclusion that absol ute nol ecul ar wei ght s

may be 100, 000, 000 daltons or nmore. This is in contrast to previously -
reported network backbone pol ymers, which have 5 nolecul ar weights ranging
from about 800 to about 8,000 daltons [0029] In one enbodi nent of the -

present _inventjon,’ om o bone is ra edral hybri di zed
and bou ﬁ'&"?/f“é}c'lé ﬁ}%F&&gﬁf‘i’g lstnflb‘“gf’ z‘?d t?] 58 “B’Q‘Wé}( M‘r‘?ﬁgand one
substi t gagéﬁare(ﬂ{s deSiHbe@ hBRin BRRERRBEHAS NS 0.7 Rcrbh E'ﬁt%ﬁ leadmg toa

. "tetrahedrally-hybridi zed" neans that each network backbone atomin .the
pol yner cbnclbaclkﬂmndmbbmimoﬂ@ul‘aomelgmmﬂy be do000:0Q0daltopa ek Worfe or

“ substituyent. at ons, Wwhich a d the n kbone atdmln
an appr gﬁ\ Sh’ﬁt"éF?/mfaé? tf’&‘r‘i%‘ﬂ? yre@@%%%f'gtwc’ﬂﬁ'{ﬁcgg?lg pq‘f gr%’rv:‘,'gfv'\ﬁh?fg‘? "sp3 -

- hybgi diz@den Wﬁ@h@?&i@néﬂ?&nQﬁ@ﬂ%(ﬁ)%faﬁ&JtSfUEOFdaEbIH@r atons are forned

using the network backbone atom s four sp3 atomic orbitals.. Wile many of

“the prefl8#2%d net iooke babréisrat poihy persentiayentiontcarhagm of theal | armu nt
fr " 2-
.O tri g%n gkbc%ﬁ é’ %&é@@n rzﬁg/ h@:fndlieg anla)f)lapﬁ(g 111%1%91 Ier\?o%\ﬁg Eé<e1 ?lﬁl&gé]gth as

|rrpur|t| ese polyners nposed primari y of t he

tetr ahedyagkBoreAydhd didzad soBétigdnk, drdokiahe bat:ld:miae aﬂcmsonhaqoﬁrasest group of
possi bl'e pol yners has pure R substituents, and a secon%@ g@gq a m xture of
two or nﬁt@hélﬁilfﬁﬂﬁhé‘mdl%dﬁ%@ﬂ@éﬁ%@ nehw etk agkhong gppop fn gPB bl e pol ymers

resul,ts n%%na%%ﬁﬁtﬁ xja(?&n ng §1¢1a%&ﬁ96r& oqeﬂbd&@ﬂ a@mmhicntas:e the

"net wir k one y appreciate those skilled i n the
cart, th&hqiekued aroundnmthOMcmw atahorrnnmpp.rbximaﬂdmetbimdhahg geonetries

dependl ng upon ei.r ujre 00311 .Exanp of rgani ¢ and
netal  atfRECHYi h@lﬂ‘%al{sﬁm g‘f ”E?W(nggmme%ng ﬁ@gﬁf d? t'?qﬁﬁde but are
~not’ 1 i foetoth@h atSib hﬁ%m&fﬁs‘?ﬁé‘ih%'ﬂet\idrﬁba&l%ﬁe a@i‘ﬁ‘@fo@sﬁhﬂoﬂ& t hrough
G oup 16 elements, Goup 4 netals and Lanthanides (e.g., cerium

pr aseodyerbitats. M@nlﬁymrwmf the mﬁﬂﬁ@dmwcykrb@whm? pelyftsps WaY coRldid ni um

terbi um l,um‘ . tium.
'Lant1ﬁ'an|s(ﬁ'éaﬁilyarﬂg‘)%“r?zﬁ'#'I nhgﬁréﬁ*@nhﬁhdfzre geh, °R g%d ouréethgér;l%l %mr(%%% h&rﬁlﬁay al so
- be i ncorpqpphfited, meqnaaﬁacﬁiehysﬂ@nemedpﬁe& aré/\hﬁﬂpdshﬁ?faﬁnﬁhheaifuhaor ganic and

metal atons are incorporated, the substituent on the nononers does not
necessarfﬂf%eéF?éWg'@/bnéﬂGdﬂlﬁ%”W%WP?G@I‘HSS identified above can be used.

The subsggosgtent (1 A fbgroRofPdiGibid ¥:HBR s REROSubRARhts, and 2

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
OWR requirements.

- {o031] 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




9 14 SEP 2006 atons incorporated into the backbone coul d hesppeogé t he

“previously-nentioned R substituents, heteroatomcontaining |igands, or

~nothing at all. For exanple, boron has been incorporated fromthe starting
material BBr3. Wen incorporated into the polynmer, the Br ions are o

renmoved, and the B atons are incorporated without any 5 substituent.

- Phosphorus can al so be incorporated from phosphorous-containing , starting

.materials. It i f. othegr e i rperated into
The’ bacieboms bRt fiud 8babity O o an? o fls LT kTSGR0 ce 1 hey
f orm weakibstétaerhs, heteestgiom-coh@inisg Beaids, amétiypad i 2724 eRinhplel borass of these
“el-ements has characteristic bonding and hybridi zati on, which they adopt .

when | n&@pﬁm@ma%fr@mth@stamslggaﬁtyﬁélr%lacﬁ«%hﬁ&e‘georp@@@)mw thourth group of

possi bl e [ i Ly ' : t wor k
DackbondLas e 6 HE R SR e ML o R Bl ThARR 2B ™ s,
“thesg atsubstitubnts Phasphons ckh slsb bt inasepurated Soahplagphaoks-baakihmge at ons,
- which can be incorporated w thout any R substituent, include carbon,
'si | i con,Staryng gt %&lSﬂofeg'ﬁb%Mbe glentsof pbhes plemiegirancipogieddnto o up 13
‘t hough : 3 ng the high
~.and ul t%lggg%&l%ﬁ g(lgﬁilgg%gﬁl?’ E%%ﬁ%r%i? ﬁgﬁﬁwég%tgpgﬂg?és&g g&gﬂg{&)& i nati on . of
novel salonbhd bawls ttbepsaranat spéhiybddized eithrombigeino ftheseatementghas by soni cati on,

such as with.ultrasound. |n.one enbodj.nent, 20 m xture of at |least two
o oan o iRt BRANEE indier e iFG Uey gy Bncpaaleddyio (e st i on
Wi t hyghi %1};&&@611‘&1(&6&135‘.' trasound (e.g., at 20,000 Hz) at power |levels of |ess

than about™ 475 watts, to produce a dispersion in which tiny particles :
(micron 0832]submi cfdeurBugronp pEpgssiifle polamesdociudes prdemersdreingicetersed in t he
"sol vent m xtur T r i ¢ solvent e_0x -cont aj ni.ng _sol vents, and
are sel eocftoz f gtwa(gpﬁg?k%f’ ggzptggngtc% ecé%dztr%at %F%Y/%\%f ?%Cigﬂ%e {?%g) ﬁig Flﬁgﬂeagent . -

Useful Sqindenhéseiatehintias BivegiosR sebitiuaass. Suehmafvydik Oheitdne atbhfs) ,  di gl yne,
triglyne, tetraglyne, diethyl ether, nethyl ethyl ether, and any ot her

et hers, whighgan BpBsorperated WihomteRy R wibsiuentetnshide carbepnsilicatet one, and any
ot hey. k - ( r ' ' backbone

ato H{SC 0 egl?lﬁlﬁln g’ nodrﬁlg?rne’rés?ﬁear?‘féé@l%ﬁgfr%g@{eyé %ﬁ%h]? IT|3e ﬂgﬁe} EB g‘ﬂ‘g‘p glg ent/ sol vent

- mxture.eldmefdse to the exotherm c nature of the reaction, the backbone

aLom e8] 19, OROTEL, 1 0f TRROTECS Sk, RS SR nlamt”
' - homo- and copolymers use a combination of novel solvent systems and methods of
homogenization, ¢.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
| ir_fadiation 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 methy! 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 imsoluble material.

10




‘the reaction and avoid formation of insoluble material. 10141%1]31'555’ 006
'[0034] In an additional enbodi ment, two m xtures are prepared: a ?I rst
m xture of at |east two organic solvents and a reducing agent, and a second
m xture of one or nore backbone atom contai ning nononers and at | east one
solvent. Both m xtures are separately honobgeni zed, e.g., by irradiation’
Wi th high-intensity 5 ultrasound at power |evels of less than about 475~

.- watts (e.qg., to ayoid breakage.of. containers). The reducing agent/sol vent
m xt ur ¢ 084 hen siBa 9‘?‘588%%%9@09%@%33’%%@%%?3Bﬁ’f) aﬁgXtauf{}%,' during or
after infagiabf Q] n&d"@rtgbﬁh%srvemé\gﬁa B redub@gHb¥ihtNehd 4 SecopD@GIRWEY, €. 9.,

~in a drop-w se fashion, to control the rate of the reaction. 100351 In one
embodi nment or tioe: rekbonst diou-dontaitieg monemgrcndan ipastangisatyerthdBoth o . synt hesi zed

pol ymers .or pol yner clusters by reacting term nal halJ sites with one or
nore nudMEBE q‘%§ep("5‘$ﬂﬁmﬁ1°@§/"%?({’ ﬁﬁ?rblydgra%lg{rlfg% g’?&'fh % %’\?\cgléﬁ%y a reflux
reacki oqyd-Rbufl atPobet fveRloflsdRhan@baut 47, whits (¢4, 1d 8void breakigenadr e hours.

" Wthout proper- end-capping and refluxing procedures, acceptable high to

- ul t r ahi ghntnepdl Fheresdupmg agent/solvept miniureds then sloydpaddedits tis oduce pol yrer s
of formula [A (A R )X ) . . r (Al pLder
pol ymer @O@E‘fe%‘gl’vg[‘tb%% Eb%hdeu(na ﬁ}a&%ﬁ'ﬁd %ﬁlﬁggﬁgﬁg%{rﬁr s ﬁ@ [ g‘ggﬁilxﬁ{&t are not
i t ed i§ @eneGtRIR, e BSind dropRist ZashRaBioconkGl (e ritBokBic B8, wherein X is
any hal ogen, and the nunbers "x" and "y" can be _aﬂx nuntc)le'r', _e.%i,, ei t her
can be 100340, 50 Inppeembodiprmt.dhe naw ngthpddprther jaglodesfndscappyg they 5
100371 B f S | L QP reaki il SAQMeHIEEnd Hat the

: spectl%fi c%@%%%%cp Otslg‘ﬁ‘\?/lgr?? ?8{}@%&5?}{%%%?%geaFg?égégﬂ%%order of _addi?i on of the
_ mononer (fgre natldopliipsi(elg! etkyair hydadredsndrsifallowedey abiflukirgaction dtaai n hi gh to

ul trahi gh MW pol < .F le, for the. tion of -
pol v  metHgice gytes < 9ey L 15, 24 ps giogt B SoBtR BEPPR RS o () can

be di | Utrﬁﬂuﬁpg AREGH S le¥dpYathOnh (6 S R&highAT VE pBlydicRi gy hbtbel i qui d reduci ng
agent and so vgnts. By way of exanple, poly(nethylcarbyne) has been

pr epar edprbgucstiowl y addi ng (drop-wi se over a period of 60 mnutes) an

anount of 3 .33 g (k5 I f 1.1 tri ogt,hane did yge A 25
of THE® to[ogg)ﬂessel ﬁ%w{g’gfqﬁ%%@y‘?ﬁg qfﬁaﬁ?%g?égjrcﬁﬁdﬁ%g%tﬂz?’i 'f’gl.’ WI\%{{) and
sol vent sy ksl otfer poiEnRg sty bR:kbafk i0R3&htdring ntoptesimcinderbut

of pol y(ethylsilyne) and pol y(met hyl si |l yne it _has ' ) .
Pol ¥ are%/lot lim:){ed o, CHBrE,), Rgi 15, RCCls, RCYBr;,) RCI;, RSnX;, RGeX, whierein X is

L1

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

20 {0037] By way of the présent 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) [MeCls, 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, _
pon(méthylcarbyne) 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 quuid reducing agent {i.e., NaK) and solvents
such as THF and diglyme.

30  10038] 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 miililiters of agents to a vessel containing the monomer(s) and

11




been discovered that the |iquid reducing agent nust be addgdsgponhy. € 9-.
drop-wise, for at least the first two mlliliters of agents to a vessel
containing the nmononer(s) and it 14 SEP 2006 a solvent. By way of exanple
only, poly(nethylsilyne) has been prepared by slowy adding (drop w se

- over a period of 5 mnutes) an anount of 4.42 g (143 mmol) of NaK alloy in
- two oxygen- containing organi c solvents to a vessel containing a solvent

. /m)noner r erials of
‘the pr eseq"}&l{J §% [OQQ%% lt-g%ggpéag eétgg?ﬁrg zhgsqfééhtﬁ)g@g XJM ‘H@: ures

rat-her tatlamgl(dnopgmse ngetrel ;&m:lovleﬂﬁﬁsnmutBemmemmhef 4 d2agi(i4hmnldehe at bet ween

- roomtenperature and up to the boiling point of the solvents u3|ng

. consi demak aieyip W@Wéﬁb??’v?‘lpwgo‘?’gﬁwg E’b’ﬁ%tﬁé‘f 3 Vesiel ORRIBBRRFOIVERt S0l vati on
- of the s,&bggl%lsmm{&,te be taken into account, and the proper solvent nixture
"to selected to obtain ultrahi gh weight nol ecul ar material. In one

enbodi nﬂm39]vvnen t Feeobthindhi hligh&dwlﬁmahgha\g@hmatesah@dﬁthﬁprpmm&mmml | oy

- (NaK), a f rst sol ven 1& \%N an et her ket one) l1\%?%1(2 serve to reduce
"?t he NaKS §ieéraée?%’“§ 9y in VF@%*X%%%H*@E&%&%S* VEIES- a2 non- sol vent
for NaK B‘éch@e%éréaeu&l is doh@ bR e roBmAbibEhant afd Jit?fo 0E bEBLE PSIne  Woul d

- .serve to control the.reducing properties of these clusters so as to prevent
.. -over 15 of gaecgolvents m somax@qmthm oftthe eeacthetyecffdh@meome@ and ﬂmpmvﬂyl t he

reducin erti rs al | owin ITH'[IOI’]IOf
the i ot SRR &Fihe Roive0e BubT B Sk sl pollh pit Pe bl Sy R IHE

-1 nclygde sclebied & §biant ullrhiich ki moiéoﬁlzfr&i’ﬁ{@ﬂeﬁ’f W e éﬂtkﬁ)%&hgwﬁethe |
THF/ tri gl yne, or, other ether/ketone. For exanple, to produce [CH n, the

sol'vent lwmheéwnaa@rym%sqéannwetaa%w allay 4Nk @i firlcsoleni (e..ravetbg about 20: 1
to 4:1, o?kgtong)]\v@?%lds %o reqm%e file I@a[é‘gl-ﬁﬂ%rsqh%liér@hﬂe %Eds %{ﬁs can be used

for other gen-contal ni ng ven s such as

triglymawideldis d:ﬁiﬂ@#@ﬁﬁoﬁﬁﬂ(ﬁlusmm(a@f uhe samddﬁea dlﬁﬂermt ether @fkettriey,ahi gh

nmol ecul ar | ght pol 00411 Increasing.the tenperature will result
i’ sol vareussave E%@W WF?‘&‘“%EP@?“‘&? of esexEYsiotp s ORARFNEOVETor t he

~ syntjhesi uhthb bt WS sol vent s

- THF 1El{nd rgan‘:@ifg%] 'hl-erp ketrg}r%g‘?rggl&l fgy%gg%% t@éorﬁmé spg‘g‘%n?% %%?g?lle%ggf about 1:1
" to abouttthT@chluqt@wmleTﬂ@vonglme fofmatduti afitonhigh te hitrab@hwdi speared. when

during L BRydEct] S0 RLSESS LI 265 H0RS, L 50 et Lhe @b 1Y o
pol y(et hyﬁﬁiyhmaanqmmtg{&rﬂeﬂmmglme) or dtRer¥ticeMedne. For example, to
_ produce [CH],, the solvents THF and diglyme can be used in a specific ratio from

20 about 20:1 to 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

12




* general

30 THF/ ether solvent mixture can be enployed, the reacti oy 4%EP 2666
‘initiated in an ether and/or ketone or a mxture of two or nore such
- solvents, followed by the addition of a 1liquid reducing agent (e.g., NaK).
Several mnutes later, THF is added to this reaction 12 14 SEP 2006
- mxture. Deviations fromthis order of addition of solvents could result in
uncontroll ed pol ynerization, with no acceptabl e product bei ng obtai ned.
100431 Liquid reducing. agents,, sujtable for use in the -new nethods include,
but ar e TAFHUIE;| Q‘FY.‘éBO‘ts%FO@(SIHF BHeEBk%@gﬁ‘W%P]VSS}@,COn@JFW Bral gam netals in
Cliquid 5 g,qf[lag it | %36 R POt able PRAGE IS sitdined.ng et al amal gans
and all o@g. %ﬁ?ﬁl e %‘?xt’urles preglgr e(?l%i nuaccorgdance with the new nethods
(i.e., [o04alures diiqurdgedicingsagentsntustabledoruseiin techeremebipdgingydat ; or
" m xtures of backbon atogm containi ng nonojrers_and a first solyent) are
ommgen; a8 Gmieg o. Sp - Brgtm Alerr Hegre e eyt i B8R e g, a
20 kkz) 1an§(ﬁgnia, dg?{l PONWRtic MY SnPbthbeSaudi@ hetdd amblghhs 448 aWeygst s. Wil e in
‘ , the a ditlon of nore energy to a reaction drives it further
toward ci@fpdlet i on, Thermixtereepispared in 2esordaapeiwith thenea medpdh(igher nol ecul ar

- weight, it has.been di,scqvered,.that a. maxi nqum i.anL ists for t.he.‘
“or oduct i BRUYES §f GRS Ff q? -?%(ﬁ? Bﬂmﬁ/wtﬂ%;fnegrz}ggﬁ ts.oﬁqﬁhg‘l)éﬂ) gpgéﬁbgé%bodi nments, -

- pover | exghSconfaidin@Moabavis andQ firet sabeut) 207 Bombgdnizede.g, by Bfadidt®@, 200, 300,
or 400 watts, are enployed. 15 100451 In all enbodinents, the high to

ul t r ahi gwithiagbantgnsibsulsawmund (98- agdHdRe 8 2t ¢t poHyleteds efiesstaartiofh with the

reduci ng ent . | QL L S i I i thwater. er

 aqueBls 4B oA VRT: PHEREA M Muady RO pfEpNsp WAl BHEL BRlPr

known' t h@avapDiongiletyoie andisexpyqped al Yiyldquaaddiedf higheratdlacdar weigwdver , hi gh
and ul trahi gh MWV pol ysi |l ynes,. regr?red_ by the ?eﬁv\ﬁmt oc{s react. 20

-vi ol ent | kastieemdigeRy cxiddbpiR manmum eﬂ@éﬂpé exdsts 195dhe produgtipn ot gl "y

“pol ysi | ypes, S Riwisaed 8 ched rstdhhebs@bhts) Sowdtas RIOE BE6H PSS Ng.

However, 1n spite of the fact that water is nore reactive toward such
pol yner s20 teaboinsA 7 wathsok.g., g HAVRAN0,5810y o 4Gnesits; are empleypdached with water.

25 Modi f | jon of -Hi gh Pol rs.[,004 Th sent. | pon al so
prov?%eslqi’g%inods f&?agfe@%\f/}’iﬂh‘:&}/ﬁ%ﬁg%g} gﬁﬁwgﬁi‘[gnaﬁoﬁ%ﬁs%ﬁg El,'[bg ul trahi gh
MW col | opgknchdBio ReABetaihd reaoh WIBT the aclichiglagemr Thelqusiahisg isMor e
specifically, the inventi onﬂfr ovi des nmeans for_ ionization or

f unct i onbipically dose with waterosathso PgurERS sQlvent thprt dapssnaticantaig Ay akgahel t he
f u_nCt i Onﬁorné))}ample, 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.

13




30 only of the polyners, but also of the DLC and ceram c epgcppogugts as
well. Such chemcally nodified high MV polynmers constitute an additional
‘novel class of materials with novel end-use applications. 13 14 SEP 2006
100471 By way of exanple, the high MNVpolyners of the present invention can
be ionized or functionalized using: (1) vinylic or actetylinic groups,
oligoners, or polyneric side chains to provide or enhance photoconductive

Group 10l PATbugn PSS ST AR NP PimloRl o FRERR RGN, (5 O

resul ti nginawyiafiized by fuakfieddling Figri (1) eieglis of sutetytihe gnwgapsl@oafersmoduci ng
.new el ectronic or optoelectronic materi als or devices; % cyano, am de,
.. or ot herp@mm swetc 2ing icprovids ot slswge Q@t@wnd@»tbw%em?ﬁ bgh 17), or the

ke, h&%&{k I,Hsghcah@nsp@;agg&t%fm?ems q;&,gk,q@ ugeﬁg% gpa%q@ ectronic

-opr opert , ease rra b| i (4) functional
-groups, elemgmplotun®senhidonduatiyiteei a:resuldﬂg cdslatrmby alte;:mrg\ﬁedm exeladorc
~end-products with biostealth properties %ﬁg [ nterfer nce '5h
prot ei n/ Bleawaossef PRGHENE FEvieictiaplsi o catoelsraoriganaterals of divisgs:dd!  and
t echnica, t I gh!l & nodi fying-

the new FYaB T R g g S B e or  wor e
hi gh MWV ﬁmll;m;ano&xlw pH fer ﬁlle@mrpoic) of alEermgeoknbllrtp,rtmt'ﬁelwona?d?relaﬁﬁwmpt iators

—-and one or. nore hal agenati n roducge hal ogenat ed oI ners or
pol yner {9 ereatmasiifiGomnsf QF@F Eﬁrfﬁaﬁé’ﬁﬁﬁgfc’a?segﬁg%ﬁ? ac?/d reagents

haV' g MhbiyhidHe kﬂ%rch%h@oﬁawvﬁﬁ%)erahﬂc R gHRRcRMWMCBbbeAICpBedeer S; 3) one
more reduci ng agents to produce polyani onic polynmers; or 4) one or nore

ox. di zi née. ggmm&rmepwﬁmr@eenp'bnopemeohmdlp@ forrapRlIcalipsr IR 35 when
hal ogenabgﬁ gn%% i g 859 the nethod further includes reacting
6{75%? (?Lhm coatings |

the halo ne or--nore functionalizing agents and

recoveri pgh4ghe f undiheenshddsgor chzhgéniadiynetts. neWiﬁghMWTMC or
. polycati on| C g :%msrs are produced, the thod further r}wcﬁlgdes either (a)
~ exchangi Agn bbie IY&eSCéH%eFié‘ﬁﬁaﬁP'é&%‘i*ﬁo”ﬁoﬁeﬂ“ég oA Mat | Ycationic

pol yners }% 5 L Sed hﬁﬁ{ it Thd Bﬁe (QI IHUIQ: Ha%ﬁgﬂu%gag%ﬁtsh@ fdaﬁée cyani des,

nitrates,  0S0S, ora anions (e.g_, ¢ ani ons, conpl ex
" ani ons), halogaiate&mﬂymhﬂsairlpn@mmmstmaabsc; ot marﬂsatcnd srgends Girefembly conpl exes

t hereof, cations 13. cations an I ex cati
“ conbi nat |36‘H§°9tg?8§5é’%+’ ‘,“%JP“]PB)‘H&F @5 ARRSE 0PTR '1‘?3: 6%“8‘“&1’086‘?‘{5%3{2 oni ¢
pol yner s ok bhm@RErcAlicifi hferdid 3P b @RRlpoR/aRtbnic 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 énd recovenng the functionalized
high MW polymers. When polyanionic or polycationic polymers are produced, the
method further includes either (a) exchanging anioﬁs 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

14




‘agent s'-and recovering the ionized or functionalized high MYsepbheosl-!i ke
“polymers. 30 (00491 In one enbodi nent, high MNpolyfers having fairly:

- easily-renoved R substituents, such as [CH]., are dissolved in any
suitabl e solvent and reacted with one or nore free radical initiators and
one or nore hal ogenating agents to produce 14 14 SEP 2006 hal ogenat ed

- polynmers. The hal ogenated pol yners are then reacted with one or nore
functionalizing agents and the functionalized high MW polyners recovered.
[00501 Suhibgebhted poBenaradTieshalogrnticd polysndrosre tsa reactécheithenbodmdescr i bed

- above include 2,2'- azobjsisobutyronitrile (Al BN) and perpxides,
especi al fupcugnafiziagagsnisand the dinsiioplizsd ihigheM %PIIYB’CWF ‘?éi hal ogenating

agents i ppkpyde Nbﬁ&%&%@éﬁhﬁbﬁ%mm % ﬁEﬂ?ﬂl@ﬁLeﬂldﬁ'd%@mtﬁH% chl orine,

and various chl orocarbons. I n one nment . free ra ica | ni ti at or
is Al BN mnhidb R~ Mblmgleoiattymgﬂa@e(mﬂm\a ahﬁ pl:xmmiaslﬂqmcmilmstbeical[m%ll I n '

anot her od| nent i gh, MW\ rs havin 10 subst.it. ents such
. 25°1 & Prhnderet pEogideS o Iec b Hoegh AEIE e o B Np T Blg one or
~-mor e aci QA dhkRE&HREmihRePEBHHEE c%ﬂ@%ﬁmaﬁommﬁéébongh%léﬁbycat' On' c :
polymers are then reacted with one or nore functionali zi ng agents and the

" funct i onethbabuichi, it frarpdicslipitistor ec AN add teGob@enBinigtagoneis3&i d r eagent s
" are non-oxi d|2|2rg (fld reagents such as HX 15 acids, with X = Goup 17
el ement sPPOBOPUCHETRE " trifl uor omet hanesul fonic acid and the | ike, with

some aci [bos epoent sibiofter Bhmbbiifieak, 8@sh ROV 3lysiesdhagng phenyl R
“trifluoromethanesulfonic acid or triflic acid. [00531 In certain '
embotl neskbstitugntgrsuRapSliDirkerase dwéolzd@%wrvéeltame soleait ppgreactedgyithent  and

reacted (%eﬁg 08 20 RSB tsg)vgduegﬁg@%ggﬁ&%% poigﬁlegueﬁegg r%{:@ﬂblﬁ@' c 20

“pol mers e ani ons esen IC pol are then exchanged
Wi t h i opslysetsect en freaaradt wich gnmpnomdhudldmglzhﬂg agbass amehthai des, nitrates,
nitrosos, bqgrates ni ons pol yat om ¢ anj ons, conpl ex. ani ons),

al kal i ﬁWCB‘PT!@é‘IZF‘i@gEMWFPWSTSsmGO"FF%s| tion netals and corrpl exes t hereof,

cations fgsg} Gomta%make@eneaf& RO i8%ing aeffd'reggmsaga@h P nations
t her eof , and the ioni zed hi gh™™W pol yners recovere 25 [ 00541 Suitable

reducs ngaca(lm ntith X erGresp 177 rcpldnhmxtsa Mmam&dsﬂummﬁenewbﬁoomwld gelgh¢ e. g.
K- SELECTR DE(.r.) boroh 1% 2 i ot assium hydride, sodi um
hydri de, Hé%d‘(‘f}hsémﬁ Ky \?ﬁ'ﬁ beipg 8?“2?‘?‘529/? 3%1&50?‘138 dgent bei ng |
: tnﬂuoromethancsu]fomc acid or triflic acid. ,
[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 iﬁcluding halides, cyanides, nitrates, nitrosos, borates,
anions (e.g., polyatomic anions, complex anions), alkalt and alkaline earth metals,
transition metals and complexes thereof, cations (e.g., Group 13 cations and complex
cations) and combinations thereof, and the tonized high MW polymers recovered.
25  [0054} Suitable reducing agents for use in the new methods include
borohydrides (e.g., K-SELECTRIDE® borohydnde), Group 2 hydrides, potassium
~ hydride, sodium hydride, and the like, with a preferred reducing agent bemg
potassium hydnde.
[0055] In another embodiment, high MW poly(hydridocarbyne) {[CH];, or
30  (PHC)) 1s dissolved in tetrahydrofuran (THF). A potassium hydride/THF solution 15 |
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

15




R backbones and bei ng wat’er

~potassi um hydride. [00551 In another enbodinent, high MV 4 sEP 2006

pol y(hydri docarbyne) ([CH, or 30 (PHC)) is dissolved in tetrahydrofuran
“(THF). A potassium hydride/ THF solution is then added to the PHC THF

~ solution in a 1:3 nolar ratio and the resulting reaction mxture stirred
“under argon for 96 hours. The reaction mxture is then quenched by 15 14
- SEP 2006 addition of water and the solvent renoved under vacuum The
~resulting polyneric material is then washed w tIh te't[ahydrof uran, which

pr oducesaddigpiy o eies and the sefsent reraayedandsnacyuns TR sRuItRgROymenc

wat er - 5%&{%}-131 i%llléﬂ'@éshgﬁfaﬁ Cta@'ah?xmﬂﬁ@x Which BtiubEBL @k sQRd ai ns

- approxi mate % by wei ght potassium ions and no 5 sodi umions. The
- pol ynmer [0086kf or e Chermical anabfsisshp@sifiiat brckiionlttiapolyrer pudepiddsy nul ti pl e

el ectrons fromthe reduci ng agent and i OW pQl yani oni ¢, Wi th potassi um
Cations Breebis PEH caUaUE ARGty )4 YRy HBRHP IR 1D DN 2 0d
- polyrer il ions| %%o%er&g&%ﬂe é&ﬁisﬁ%aﬁ@ﬂ&@ﬁdﬁ}f&%ﬁaﬂﬁé'a@&pﬁ{d - car bon

_ , sol ubl'e are presunmably bioconpatible and
- ‘'non- t oxi multipheslectnasdrdana ks reduding agdeet afdos aowlpelymmenia, avifhigpatassionduct i ve

. protective. | i | ant i bi pat i bl th ducti
L et e S Bl el e PRl o R AR BI oo o
hi gh MWV got g, are dissolved in a suitable solvent and reacted with one

or nore oxidizing agents to produce 15 oiu%cati oni ¢ polyners. The
pol ycat i 5€]. pol ynkenized pelycarbimesebstiegialhvicaivon hackbpnefmnd beingrikateional i zi ng

pol yeat i M5 pol yrisnised pebitnbyns . e
ot ol e Rre PRI Sl MRS P ERRRRR ok RRAE o e,

~ chl ori t ebe usedhd Gorat @midublddOEBRStI{Elagers ohimplang) beihy pRehbiecbpgiblai t rat es,
~ perchlorates, peroxides, transition netal oxides and the like, with a
pr ef er r ethap ePRustivg laygsmrersshEoBIBRLSRT DIy pochl orite (NaOCl ). 100591 In

anot her i ment 5, bi oy ' W | ¥ HdsHfed G- capped by
ei ther: @??Qfeacti %ﬂggﬂt ﬂieal%asﬂ:%%@m*{éﬁtg e or Els)%'glea%/%ri déisngeagent s (e.g.,
pot assi usnitabiirsotieht amsl ref@d mithrine @r anoré exidized; aEehiscapmduee ( K+) x([ CH ~_x)

and then renpving excess.electrons with an acﬂ dic or “ff‘{ﬁ%OXi di zi ng agent

unt i 15 t hROYEAURBIGRRIYIPLS. oG PPLcat G Ry e fhepifEadydy PEIPRAEYs to Form
~ Product Sﬁﬁl@ﬁ&?&iﬁizﬁ@ ageMIRAS klePMinctionalized high MW polymers recovered. Suitable

oxidizing agents for use in the present inventive method include chlorine, chlorites,
- chlorates, halogens (e.g., bromine), hypochlontes, nitrates, perchlorates, peroxides,

transition metal oxides and the like, with a preferred oxidizing agent being sodium

20 | hypochlorite (NaOCI).

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

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

(e.g., potassium hydnde), or (2} forming an 1onized polycarbyne (K+)x([CH]n'x) 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 Sp3

bonding, and that of crystalline diamond are very similar, especially when contrasted

16




Crystals, and Alloys) 30 [0060] The high MN pol yners of -t '
~invention may be easily converted to dianond-Ilike carbon (DLC) and ot her:
hard, ceramic materials. The structure of, for example, [CH,,, a

t hree-di nensi onal atomic network, with its sp 3 bonding, and that of
crystalline diamond are very simlar, especially when contrasted 16 14 SEP
2006 with the structure of polyner netvvorks forrred by nol ecul ar repeat -
“units. Because of this simlarity in structure, - d“[nfg_ﬂ S

t hr ee- duwr@rtbeemmtmm%pplyrrtfépmmkkﬁ foragd py pnol %}Wé‘?l’?@ ts: Prgause of

t hr ee- di mensi di.am I tis Bagfly been f.ound :
* t hat cor‘i@‘@?‘é’?lg’ﬁﬁ%*{l ’Tt éﬁ%@dﬁ k]hrtézéfi g(ﬁ)%]déaogl? IV\%BT ctad(\;?&“ﬁr)?ﬂgé%m nantly :
- spa-bon @Qﬁvcréd(i@{mnreehﬁ&%m&l favonddreital istracttree Irc fioy étrheis brerpr oces s.

+ {0061] The advantages of using the high MV n twor ol rSs ol ymer
cl ust er §0mfdﬁlh@0ﬁﬂéf§@ﬁt0fﬂiﬁﬁé’ PB‘?Pdt‘E?ﬂﬂﬂ“dtf-‘ﬁ\i‘ ‘F‘@}%‘gi?’ ﬁ%’f%ﬁge t he

2T LY L Bon RELANELbAMdNE pewer%fogtp%ce@e hiGh  net vk potyrers are

- sol uBl e gani c solvents an supercritical fluids, and can be
.convert qdoﬁlr] si't U'Dhefadva?ﬁt%tes nfyssimg th]aanghlvﬁvk’neadnlepoladmmwmﬁcl ude the

ability of the polyner precursor solu rix, such as a -
car bon’ faluséars akheipkesertgnyrobian depigdec i’%am%‘ HP? de?@ lhrym ng filler upon
pyr ol ysi d sjaRe TR HEE MW REW6E dereagludle NaEO- oxi dat i on
reacti ono%gf)alt{]ﬁg?lqhéhgrﬁe} St?e phot ogﬁ)atter ned. qf 100621 U. S, Pat ent . No.

5, 516, 88#giric Raveritcaa sﬁpeanam:ldhnds,mdcim raconiyeréad in Fiu ifﬁeé?‘ﬁ!ﬂgﬁf’éd her ei n
by reference, describes t bon be formed by
pyr offysi &lmss Qtﬁg aﬂﬁ?‘?ﬁﬁﬁéﬁ@?‘@%ﬁﬁﬁﬁgﬁty Fbﬁ‘ﬁ] 1@.%5 {ngdt'\?\to pol yrrer s. As
not ed ag&:&@waﬂeg‘?ﬁ:ﬁnﬁ%}!ﬁﬁg§cﬁb@l fiBbidnbivia] !sb[ire&ﬁd&’(ﬂm{ﬂ hardweibght  (i.e., from
about to about 8000 dal tons) networ k pol ymers. These materi al s

vol at i | i zinforgimgrigler pen pyrglysisd Inadditiopfhe Pﬂhﬂl’?ﬁp’feé%rﬁ?rtsém HEPBw ceranic
yi el ds of bouI 0 to about \ based on the total weight
il istnies ttds vy 88 pipioniu b

of the and coatings or films of
t hese ma[g@m]al s diggl BatemuNmrmﬁ mtb&tamcdeﬁeBtwcmm, Wlmehmme@f | ar ge

hol es, cracks, and pores. 006% cont ‘gﬁ% esenLe vcen ion
pr ovblesinsprperated heasin by refience glescrf &S Rgs and

films that h h@%gpk@{s?sv@fd[hé gﬁﬂl %n?l@%b%%e)’f@ﬁbﬁﬁ'l&@bf RECRBEL pdlgmersThe present

i nvention, In ener nse provides . di anond or C materials, and
ot her hangnoeraave thme pollyaiess arpr@pfav@}d lofw moldsitlgh weighy Gt | TEIPY2PQUke pol yner

clusters g@on% a%%ht OrOlE} d?ai)tot‘\llsriﬂzf\lc:tv\.rorf%1 ‘l,ﬁners A Phdle trr?a?enalsf Wiatilize during

heating and annealmg, 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 matérial, 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 2 more general sense, provides
diamond or DLC materials, and other ilard, ceramic materials, prepared from high
MW colloid-like polymer clusters and network polymers, as well as methods for
preparing such matenals.
[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 preéursor
solution; 2) applying the polymer precursor solution to a substrate surface to forma

coating, or pouring the polymer precursor solution into a mold; and 3) pyrolyzing the

17




preparing such materials. [00641 One such nethod incl udes: 145SE®I28086! vi ng
~one or nore high MW 30 polyners in an organic solvent or -supercritical
fluid to forma polyner precursor solution; 2) applying the polyner
precursor solution to a substrate surface to forma coating, or pouring
the pol yner precursor solution into a nold; -and 3) pyrolyzing the 17 14 SEP
2006 coating, or solution contained in the nold, under an. inert

.-"atm)sph' . i f 7 ' 200, 250,
P R R S P i T g e

sol ut i orranging i ebbut d 00HE, sghd50, 208, 250x feaabeut B250P,0r500% oc d600°KE, t he net hod
“further includes optionally repeati steps, | . to,3 to 5 increase the _

t hi cknes¥hgein Woel Hisud dpe epclinon GO RED BS{PRIRd brib SHSBRERECE he 1 nvent i ve.
met hod .f-ﬂéﬁhwoaﬁﬂg,lméiﬁmaa%ﬂtmiﬁa@des%9@&ﬁ4}g,re§gaﬁ§%tg§é gfbgmﬁt ai ned in the

- nold, to a tenperature ranging from about 0 or .,. 190, to about
210 € atingrenssttbe glicknesswbtbo substrate doatimhout 1.0 C/ minute, prior to

pyrol yzing . the coating.or sol ution. 10.(006 he pol r. pr.ecur sor )
O3 U oOHES b bioPE e¥oaticnt ¥ iny? R Ve 4Pl B BURER T any i ze

and shap®atifi®, dFabhtion ReHamRIT % mAiNeQ tbiBeRflry AREink FronP MUt €d0 b om ]
~solution or supercritical fluid. This feature is inportant for filling

- smal | {8k ai8e3 98ntocbapiA 187 Cottiagate of frofrozbout Piljte gbard 1l Chaimse, ipriopor ous
mat eri al,s _(€.,0,: hon_on graphite fiber matrix where pyrolysis would
Iead_tot§F%ﬁagngﬁg?%%%ggﬁﬁﬁﬂT@N?einforcing filler that perneates the

mat rioX) . [0066] pol y e laac goturselsolution ntfibeadppled (26 10UEfed@r paingdy0l ds to
produce sha&ed di arond_ or di anond-1i ke parts. (0067] Suitable organic

sol vent dogHbsteigst Ay £17¢ and shapedae maiter o complie sHISE e palvperisnced met hods

i ncl ude. di oy ' : ol gyi d
ammoni a, - fn E%rﬁogir#‘dggz&( %Isgb%etﬁtrlfagtfﬁﬁ gﬁﬁ%g%ﬂﬂgxé 'E) ﬁ%ﬁ?ﬁﬁ%‘g ﬁg{ragm' de), 20
super cr i featmeds onarongiteti chiisger, forfitlingtsivel] pougsanoidus aaterfaluieds, acont ai ni ng

Soper or 1ot S RptE S o b is Sonit et apPh s hadiafhadn.
al unjsnungeirdbie g @HerTRAMRAhHRs tAO fhalh-dNThk ip@f}m’f@?%:?écurs_@i‘édi@t%rﬁ&ﬂ ABtals that

- form thernodynami cal ly strong carbidés such as titanium tungsten, steel,
t ungst erbe rawreshingmmoldsdn produce shepeddiagrad or deamanddieinaiten and 25 | ant hani de

g;ﬂ:;r b]f[))ﬁgﬁe’] Thes DEMdBIRO G kS ak sautpicrrclzgﬁicglrﬂlfiésl 3P usAn tﬁ\éezlit;ov%—s other
- referenced methods inciude ethers such as diglyme, triglyme, and THE; toluene,
liquid ammonia, other amines {e.g., tricthylamine, hexamethyldiphosphoramide),

20 supercritical carbon dioxide, and other supercritical fluids containing donor atoms
such as nitrogen or oxygen and water, both li(juid and supercntical; while suitable
substr_ates include silicon, silica, aluminum, alumina, magnesium, and transition metal
oxides and metals that form thermodynamically strong carbides such as titanium,
Atungsten, 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-imperimeable 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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hard, ceram c coatings and filnms (e.g., of silicon carbideﬂi§@pzﬂ@isnnoth,
‘non- porous, gas-inperneable filnms that have no individual crysta As a
~result, these filnms can have inproved thermal properties-(e.g., no or
little loss in thermal conductivity in the 30 xy plane) and inproved
mechani cal strength (e.g., no or reduced possibility of = fractures that can
occur aIOng grain boundaries). Also, these filnms have inproved 18 14 SEP

2006 ‘surf erties and are s &trh eno %h for uiﬁ én el ctronl cS
appl i cat¥'Ha ﬁHe &S ag ‘HFiSE’QP?‘rFé‘ % 45¢ 10 ORI gPKG O'FSW ¢Befficients
of frictj anh%%%rs %ﬁcé‘%y%h@é\lould&@ffﬁdléﬂi’ﬁopﬁnch&e present invention are

nol ecul ar to the substrate, thereby denonstrating i r@r oved
adhesi or{OB@]ween tthedditibm the flrmsed th%psiamtllw&!léon@ﬁrmlb@ﬂﬂbxh@l épabl e of

"formng c t yces an [ e | ‘bet ween
o0 8 A R erehy B ARHEE T B I REbiaF SeaRef B AEAAUEL D
t her gl éﬁBEtﬁH@tO‘dlsthtfﬂtestclﬁﬁalflé bf%ﬁﬂb@tdaﬂi:&spmumrpyodlﬂc%&m The conversion
" properties and yield e pol yner precursor of the  present invention,

and t he igtealorkipg earbidedaysir Gefyeaes theubstste andig thﬁeﬂv@rs*py redi¢inge0N o opti mi zed
Y e LS by U5 HBPa e By ARGy, chl of o, and

fluoro an y no phi's processing technrques ot her

‘than si nﬂpbm] Py ol Ptd Gnvérsion prapries andtymclscrf&hér@ﬂyme:fpmmm thg hi gh MWV
colloid-1ike polynmers _include the fol | ow n% 1) for y%f)genyl car byne)
[ PhC], , , Preesmbiaenien. epd thersmaily of thel L myengy o ‘é’é’@filﬂEﬁﬁ F# 8% one or

hydr ggen chngI Qﬁ %eﬁlséﬁﬁﬁrffe%ﬁ? Qr]dg %{J&S{ %?n cﬂgoﬂj?gﬂﬁc) &b NAdMORRG Kbone

car bons e materi SIS reaction of the

“ pol ymer 5s1aesgfdubsr)samm;.lemoﬂa;sdplmgmatedmrmﬁdmog Emhruhawrv;hatthm@rper atures

Varyi ng BEDRis. 5oF ltegatt A RhpEe et igh M colfid e s © 1

procedur ggpde Mid fofidwatd WNERD o@(;ﬂx%ﬁwcﬁﬁayﬁézﬁpﬁcﬁ., fewsval S thalphedfi. t he above

procedures, at both at rmsRherl ¢ and the pressures given above, with the
addi t i on(P risgebly m‘ayE@raWst oroncxrihydmgey pe sxYasnatsme. then gpeyergipn PEon car bi de
(Si Q) of mcran t nonet er s e cies as

nucl &t i B ERELIng R PS ATROR kg (ﬁamg %/(rfrlg?%}%ﬁn% bﬁﬁ?ﬁ?ﬁ%ﬁé \Ra‘g%e“"?‘g’ iation in

the pr esm@%lﬁlﬁerél@s ﬁﬂ@sr tindet H}&&pﬁﬁf & 1dr@RY p(lfsniahéid’v@%ipemﬁuﬁb @spher es
gi ven above; ~ (7) high-power |aser irradiation of ymer fil or powder,

in a patt%"r%@)aﬁ)égﬁfirlmgQ@M@éﬁ]{"&)‘naﬂﬂﬂﬁa@l‘l&ﬂ@ﬁa’rﬁm Vﬁ@P{‘gé‘P sphere or any
of the ab%rgaﬂ o d aﬁ%@g% mlgarq@abwép ur—&dbﬁhweumnéche pol ymer

films in 3sen asma
pressures of > 0. 5 GPa; (5) all of the above procedures at bot‘n 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 atmosphereé 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 Qf 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 inciuding those noted above (e.g.. pyrolysis in combination with (a)

i9




- occurs on

or acconpani ed by heating as needed up to a‘pprdxi mat el y 80f4 SEP@®b6al | of

t he above can be done with tenperature variation, from200 Cto

“approximately 500 C, (10) processing under additive atnospheres such as
ammoni a, other nitrogen containing 30 gases, nethane, silane, and other

-1 norgani ¢ containing gases; (11) use of conventional chem cal vapor

- deposition (CVD) techniques; and (12) any conbination of nethods and

“techni ques. i ncl udi ng .t hose, not i e S o }VZ (o] VAT N0 ination with
("0 hiaien Bigbaten AR PRRC ARERER o seraRHiR LBl I TF 00 O
- scrat chipgbleh s ulttveolet| Micrywsied bemmianhy,a-g; and dltrasondd istadialion,r ovave,

~gamma ray, x-ray, and ultrasonic irradiation, under any reactive or inert

~ at nosphemgler aiyugactiverorgngst aimopphere dapihorrgas: (EbeleclssyRsafi@Rent , and/ or (d)

- plasma treatnent al .an i hi gh MWV networ k pol yners
o the preasmen; i) FEBE: BB 2y ttperd,

ven of carbon al one. For exanple,

“ti tani unppo@Er ani UNThetiglh MWaRwdERPobyeners of thegusent invdmioh meededtber k to form

a copol ymer,” or a terpolyner could be fornmed. with_all three. An alloy

f orned bt;anm_boﬁwmryslpge;oForafwa&?nBan?@n&wﬁt‘l@Pﬁ\?@h fon containing
-G S, an {)ﬁt‘lceﬁgﬁtggtl& Recha6k Q%HPQ@E%& _OQHCO?.%» t@rpgwr 8bi1@¥%e fddafedm xi ng .10

e no ar level ‘Int rmation o he pol yner precursor. A
coati ng whkellteee An allby fommedibgrthapyslysistoffagpodyirefitie prosant tnvepn@bl ens  of

an al l oy coating. that i.s nmade by copventiqnally conbi nj silicon carbide
and ti t afAnAHIEEbiSkend Al Agms 'Eé?g?chﬁ?mﬁﬁo ‘é‘?eﬁiad%‘eﬁ'ﬁg?ﬂy{rggpl’&f‘ﬁer al l oy,
fornpd i c?l:g?(fsfcﬂ(;{ tlﬂg ReRediidred f RE BRI on ORVRYJIRAGRE RS U ?g&jaﬁﬁg har d

faci ngs ol's. Alternatively, a germani umsilicon or _
ger mani uprodiideiddo ithis ardphciedogs hotyhate theadhi fonmaty povtdemeof 34 allpyioalipg esent

P t . d . | t . ] h . |‘. _ . . t
componenthet wptnsFay PREPRET o AR A e R R S T s

“to be fglieRdiQKRIm-LAbIR Moot ottrABGY, BANEDT foatihRg Wish tlegrésenaccor dance
- with the present invention can be used to coat Prost heti c deyi ces, such as
joints, mveeticarcandicgisedas hasd farings fomtoglse Llissmativielye # SREMIMYT SR SHuced with
- the present invention can §§9 t. Festid ihldnti@nedges,

pi pegs, gﬁ%{a‘?r?f‘t“é“ élrlfﬁgﬁﬁﬁééqeba?r%ﬁﬁe |(c:1 lgiag‘g(%?a‘%r%wl%ﬂegaeﬁs, 1poé[nymlalr s, clear
' subst ancesusedrin @l tronibe rsucibissia solidvagater copmiitroesnpweents.or  cor r osi on

resi-stance. The coating can al so smpot h and opt.ical Ly transparent,
form ng 1A2] deal E%?WF@“FB’F“M#@%W%!?%%@@@%% "8%99. I%ss or canera
| enses.  Hincflob6! LR dield PhARELbLESoRingloRlBNth AL5@ARKRith thean | deal

mat eri al producing a coating for col _ o
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, ﬁjring
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 eyéglass 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 propetrties

of the materials and methods claimed herein.

30
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cat hode devices. [0073] The foll ow ng exanples illustrate pPESEP QUGN

advant ages and properties of the materials and nethods clained herein. 30
20 14 SEP 2006 EXAMPLES 100741 The general nmaterials and nethods are
descri bed bel ow, followed by specific exanples of nmaking a high MV

pol ymer, functionalizing the high MW pol yner, and net hods of neking
ceramic filnms fromhigh MNpolynmers. 5 100751 All syntheses described bel ow

were perfornmed under an inert ?ﬁwgﬁﬁg e.g., argon or nitrogen _
.atnosphere, by neans of standard Schi mani pul ati-ons or inside a glove

box. Di gbyr® and tdkeahvdl fhidfiak ane hestivds ahadReribddrtatevl fanowsd Bynd wer e
dried over sodium netal and benzophenone and distilled prior  to their use.
Met hyl t rspedifioexamnlesef mddng a high MV rebvaiem fondomaligpg thedpehM¥d from 10 V WR
and used as_received, hvl.i t hium el - er) was purchased
Fr om ar choRptre i ASHoo o Plibg CLi fuy b M AWISLLRIGEL) 37 By e
prepar eqodTs] a gl Qvesitkesbydaddbabba ol ivtropiriaticd imier ainagui nol ar-anount

of nolten sodium [00761 El enental anal yses of the .pol yners were carried
out at t3HBOSPUESs &&n ATSPE|0E DItEAESR atraespheignpy Bcans f SWdR)H’sé‘flj’@r’i’bsetts, Armher st ,

) : v _ _ ; he | A ot ot M nAL foth
cor am catififstrk ds SRIRIEHLALA i Aho Al Rl R SRR R (200.1
" MHz) speedm Aldvmsheand eene daed owsr sadiBrukeral ACPEMEopheaose and B6tilied piddz) Br uker

DPX300(r).. "C N 75. 4 . tr . ( Bruker .DPX300

and on. 40Pl e OSRE OO ) a0 ISP e Gab st B8 Band i 1 ect

probg.  29wR MRt 3s AVER L1 SRRALYIRNIWRT @ 420 ih Sk @ehePwas RirkikREd AMXS00(T)

~using a Bruker 5 mm broad band“direct probe. The distortion-Iless enhanced
. pr ot on tfrem #idnch4md WBEPIXGE civedyubquil WwhsnaleratiniNaK gllay wasprepdred irsi |'i con

"networ k backbon olymers. and J. = 15 Hz for, carbon t wor k ckbone

pol yrer &2 galg5$60é§q£a4d%rtq T?Z'idr?é’qﬁf’)mm €?e*i“h“‘g9+“‘“§?}f’? BUTHL ogﬁﬁ’\i\%ﬁ ® 'OCF@IPF ahydr of ur an
Swere - us@g7éls sol VEIBkental aaDREY bELIHR PoBinmbireweleldaltidd suipitesi on spectra were
obtai ned using 25 a M dac_ML2-SP3(r) spectronmeter, operating at 4 cm-1

r esol ut i Mierognelysisdahoratprymnivensityeef Massarhanetsatmhsrsbt oY 2R KBr pel | ets.
L5 AL EO0 3, ARG PR RS R 00C

Galbraith Laboratories, Knoxville, TN. "H NMR (200.1- MHz) spectra 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 (1 25.7MHZ) Bruker AMX500®
using a Bruker 5 mm broad band direéf probe. 2931 NMR (99.4MHz) spectra were

20 | recorded on a Bruker AMX500%; using a Bruker 5 mm broad band direct probe. The
distortién-less enhanced proton transfer-45 (DEPT45) séquence was run with I =7 Hz
for silicon network backbone polymers and J = 15 Hz for carbon network backbone
polymers. Solvents including d¢ dimethyl sulfoxide and ds- tetfahydréﬁ;ran were
used as solvents at room temperature. FTIR transmission spectra were obtained using

25  aMidac M12-SP3® spectrometer; operating at 4 cm'j resolution with neat film
samples between salt plates or with KBr pellets. Oxygen incorporation studies were
done using a Rayonet RPR—1‘00® photochemical reactor. UV/Vis spectra were
measured at roomn 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

21




" nmeasured at roomtenperature, in 3 X 104 M cycl ohexane sol u4 SBP 2006 ng a
Shi madzu - UV-260(r) spectroneter. The nol ecul ar wei ghts of the polyners
were deternined on a 30 Waters 1200 HPLC punp, using tetrahydrofuran as a
sol vent. Pyrolysis studies of PMi and pol y(hydridocarbyne) PHC were
perfornmed using a Thernol yne 12110(r) tube furnace; all studies were done
under a dynamc argon fl ow and a heati ng rate of 21 14 SEP 2006 10C mn.

. Ceram c quot ent a rete Fi of PMSI
and pre 10708, Bt St 75 AR S bR L g et mb et PSBs i th an
al um na mhﬁmeeﬁére sﬁk'ih & 1@@@%@@8&%%@& d:{s@hcoﬁfs%amlf@amai abgumner nodel 1

“-EC'1 O Dr-435(r), froma 0.2 g/nL mL pol ynmer/ THF sol uti on. Fllmyﬂhlckness
~ .and roughmwtmﬂﬁmgessarﬁbﬁ@c @b@@l&@lﬁtﬁismgfaodﬁéh&ﬁwﬂﬂgt%énents Al pha

 Phicon. ey S Rl RaHs R oot B B SR Ry L e R

-~ pattegn %ﬁ: dlﬁ:ﬁﬁédiﬁﬂn?a Tncor GiBafsnchts APha stet)fsoa@hﬂﬁmwoﬁm@t ransni ssi on
~geonetry with a Ni tered CuK radiation. 10 Exanple 1: Prepar ation of PHC

~“(pol K( hy Seangiez! esprom) micregyapis (%W(Wﬁ%v@hka@canwm&lspefm -181) , was
T or enfPiubeR I ORTIAS ctlibhout Mhe ROHMAR FBLAR b YRR KR,

di gl yme 360 GfiRicohetet irbtrdvishrigsicagdovnetry WGt a Wi Rités6i BIuK {adiutiohi on 1) 475 W
20 kHz ultrasound 20 Procedure A [0078] A quantity of bronoform (CHBr3)
~was added to a mixture of (i) organic solvents tetrahydrofuran (THF) and

“bi t d (i1t) liquid
DL e RRRER LY bk altoh Ot PO BFgraRtieyhepar ) and (1) 1o
reacti on[0ﬁ7511 ur e wPoly(thidgdegobee),(HF. (), 08 syhifiesiatd imeasoonddnceiwitlan i ner t

- atnosphere box) react t removed from
1L OoP nelte fiofine HuionR 4k ke st Mok Of, Nk deEar R oY or - rhe
organic |layer was then separated fromthe aqueous |ayer and al cohol was
added to the organic layer to precipitate the polyrrer out as a dark
conposi tion. | sollatNetr gpiveliaks THF. digbmfner were 30 a |gh as 80%L)1 ing this
procdur e. “PBO791 " The porymer may”be Fur MRBF o f[%l%* i ) Nyt ghcti ng

quatipn 1)
w th wat Q‘f' piep 475 W, 20 kHz ultrasound

20  Procedure A

[0078] A quahtity of bromoform (CHBr3) was added to a mixture of (i)
organic solvents tetrahydrofuran (THF) and bis(2- methoxyethyl)ether (diglyme) {16
parts:1 part) and (i) liquid reducing agent sodium-potassium alloy (NaK), while
25  agitating the reaction mixture with high-power (475 W, 20 kHz) uitrasound, 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 compeosition. Isolated yields of polymer were
30 as high as 80% using this procedure.
[0079] The polymer may be further purified by: (1) extracting with water to
remove sodium and potassium bromide salts; (i1) treating with an alkylating agent to
eﬁd-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 n the

35  backbone structure.
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‘renpve sodium and potassium bronide salts; (ii) treating w4§gpnoasKky!ating
agent to end-cap any renai ning carbon-bromne sites on the backbone; -
and/or (iii) irradiating with a cotmon tJV lanp to renove any traces of
car bon-carbon doubl e bonds in the 35 backbone structure. 22 14 SEP 2006
. (0080] Spectroscopic studies (e.g., proton and carbon NVR, chem cal -

~anal ysi.s, and IR and el ectroni c spectroscopy) denonstrated that-the

synt hesi pol y j - i, o } andom net_Wor'k
backbone@ﬁ&ll per egﬁ?%%ﬁfg %?uo(ﬁrr%t(%g? ﬁ%@ﬁkgggﬁg%%’e%gﬁmgeter m.ne. t he
nol ecul agnaWeisghid ¥ aridsectnicespettrosogpy) alepivnstraad iesthe spabesedow. Procedure
B (0081] A 400 mlliliter (nml) oven-dried beaker contaijning 21 33 grams (Qg)
" NaK, 200pqHyroqHonisRiAIAY ﬁp’b‘aﬁﬁ%?%@“ﬂﬁ‘@aﬁﬁﬂ%@mﬁf Qi%h"?‘h @i trogen -
At MDSPNEL Guneli ol BAHAPRIPCY ihlluRaftb AtciRhE B hilebdtAPw Menedigh, 1 T nch

tip) ul t¥2860nd 1 mer s The NaK solution was irradiated at 70 %

- powers byrekiiltiag polgmephs ddseribdidvedownt o the solution for 5 mnutes. A quantity
" of 6.32 g (25 nunol) of bronmbform was then diluted with 25 ml THF and the
resul ting nononer solution added drop wise to the NaK solution over a
period op JQqfidwtes. Sonication was continued for a total 15 of 32
‘mnutes wth the reaction m xtureturning a dark blue in color. (0082] The
“dark bl u@osthct i onAMORmeitiditerisnl) heen-driedisfakencogtamong 2 38fgruns &Ppar at us

enpl oyi n | lin nd 7.0 m - of methylithium (1.4 Min diefhyl

et her) aﬁaﬁd%‘fﬁf"?ﬁ& ?@%@Pﬁﬁ%@?‘ﬁr‘ﬁglwgﬁ% Rlgeef &t ?n(‘é]ﬁoo 58 yosgtl??% ring the
- reactd ongihsi Hqfippcd wikh highvifleasity\@y s av Bk H20 4 iheh fip)ilttasubdat gave a brown
- solid. Thée m xture was renoved 20 fromthe refl ux apparatus . and decant ed
of f to renmweesicahprsaliesNelsolubign wasiradiated FhED %R0k by SmersiesoldBpar at ed
fromthe, remainin | ts thr. i I- ' i er vacuum

| sol at edh?ﬂ'é?, gh%%l\%tgqnyﬁéﬁ %lgﬁ%g'dﬁfiuﬁl bog%(zﬁ\gmgggﬁbp 5%%6 E}gi ng this -
pr ocedur @as {HRAAAntcChdhal it THAT dndrthofestliing wasoper fadntiedadded dgop $isk

~ultraviolet visible 25 spectroscopy.(UYNs); (ii) quantitative Fourier
t r ansf or i Nk Sitop YRy 3 P o Hﬁ%ﬂﬁf;& Sopjoptiop Q%ﬁoth&éf? ke aRE
FEECH OGN SRS el At Lo o gty
~data, whio82]s sdthefderk Hubedaotipn masturcomas theetansigrtad tolagreflux apparatus ;
employing a Schienk line and 7.0 ml of methylithium (1.4 M in diethyl ether) added
to the reaction mixture. Then, while vigorously stiring the reaction mixture, 5 ml of
water was added to the mixture that gave a brown solid. The mixture was remo'ved
20 from the reflux apparatus and decanted off to.remove any salts that had settled. The
brown solid was separated from .thc 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: (1) ultraviolet visible
25  spectroscopy (UV/Vis); (i1) quantitative Fourier transform infrared (FTIR)
| spectroscopy; (111) proton NMR ("H NMR) spectroscopy; (iv) 3¢ NMR spectroscopy;
(v) gel permeation chromatography (GPCY); (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 .

23




formation of (1). 30 (0084) FTIR (neat, cm1 (assignnment))j4SPFS004862
"((CGH stretching), 1065 ((CC stretching). DEPT 45 13C NMR (ppm
~assignment): 35, very broad, (CH. "H NWR (ppm assignnment): 1.75, very
broad (CH), 3.45, broad, (CHBr). Elenental 23 14 SEP 2006 anal yses: Found
(C 70.42% H 8.21% Br < 0.1 %; Calculated for (CH" (C92.3% H 7.7%.

. [0085] The UVYNi s spectrum obtained for (1) showed the presence of a

- network backbone pol structure. Mre sp i C i s _spectrumb5
e aananay Lawh (6 TBet KbESTe Bom o et ReTeumr g b G oA Mot e o
the visibkeg, region at 500 nm which is characteristic of netvvork backbone

_ -pol yners and which is ~attributed to extension of G C conjugation into
- three di {@é885] ons. T%W%eﬁﬁaﬂoﬁpﬁmﬂrﬁar @ hehweeeddhEptdsatceef shi ng band at

2978 and 2862 ¢ d a CCstretchin nd a o cml. to [ 0087] The
~1H NVR sPRIVPREbaS nkB YBPGHRCHES oMQRT S 2@#@&@@@ ISPBEE  attributable

to hydr Oaﬁnveataq;f&adﬂem‘ﬁents@a@o fofiQh lfhe(@vl'f@?fm ﬁﬁn@&h@(ﬂ‘@ff lf[éal tfe $3hbR

‘indicates that the repeating poI ynmer unit o C-H, thus show ng that
its st oiegluinoneH® wmo whiicHp charsctenstis @'tretwombkltkmhep@ﬂenwm dndydokibsne
confi guration structure NVR spectra al so confirned
- that the? %?lﬂﬁéijctf) qxgenilgnéquggtcogwgﬁq%} S‘)‘k{%ee WS?Séorf he broad resonance at
 1.75 ppnoss) acCcOoMPASFER Byechllshow e K- HRESRARE Band RIS 2@ 82 Whi' ch may be
attributabl e to C=C bonds acting inmpurities. 100881 The 13C NWR

spectrunmaC1¢S@$¢hﬁllbgbe@ﬂ@t 1\Iilél‘éyfsfrbr oad resonance centered at 25 ppm

char getefggar] © O HHE IR A SAHDARA TRoqa i RCBNEE: Ay Zopprd0 PP T

the pectrum o R&S en ance hési using 10

nol ar  pehEeitaldé tdlRIPEr MDD bomRd tb E@Etwbﬁﬁpb@h&:lrbﬁbldbbhh TRis@ataThi s data
. i-ndicates that C=C bonds. are_not pri I;;]éstructural features of (1), and
~that thi idiqatssyhat the Keping ROl IBE AT (W5 st Hathus SR ingShaf dget y I ene

struct ur f aStructural
feature g‘mfmlﬁn ér ogg‘i@sg co?gaﬁﬁﬁg%&%éﬁ%%gﬁg%%éggfn cat)e6 that (1)
consi sts fmfnuaa, nahsiordtyrec Ghs t HINMRdspetirgalso oatfiorct tof thet modediedr al

here the broad resonance at

hydri docar b ne unlly&) “LOOS ]e The, DEPT 45 e%uence 13C NMR sa%ctonqijym s.hovved a

br o aas red Ire m was accompanie
- weak resonances above 5 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 BCNMR spectrum of (1) was enhanced when (1) was synthesized using
10 molar percent of bromoform monomer that was labeled with 'YC. This data
indicates that C=C boqu are not primary structural features of (1), and that this
polymer therefore does not adopt a linear polyacetylene structure. The presence of
guaternary-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.
| 10089] 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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.centered at 35 ppmindicating a single proton bound to a cht%kh26ed wor ked

"backbone. It is noted that the DEPT 45 13C NMR spectrum al.so .showed a .

resonance at 30 approxi mately 135 ppm which indicates the presence of C=C
~bonds. The anpbunt of C=C bonds incorporated-as inpurities into the

pol ycar byne backbone was small, 24 14 SEP 2006 however, where

pol yacety'l ene characteri stic properties were not shown by way of the -

har act tion t d_above. 100901 GPC f led
b0l ya SNy it THETaE T AG R HPPET GRE TPHIRe o FPOM Qoo

200, 000 &@raWAzamstggeQQQe@%V@al tons. As such, the 5 GPC anal ysis -
confirnmed that (1) is an ultrahigh nolecul ar wei ght net wor k backbone

. pol ymer. [0mse ul t GBGiagrlysie O rarealgdi pghtdisparsily anpindicathsrn melepwar net wor k

* backbone rrers and noy | (A es .t hat cannot.
- be obt al‘ﬁggﬁ $ Ofoff%?bgl}t pbgﬁgl yWr%L,!p())e';‘rlg f‘()dd@e@\%d%ho lﬁigoutr?}é t?)“c:)l ymers. |t

1 s ngt edGpQaha §1§\6&1ﬁﬁﬂbﬂQhéﬂliﬁsﬁﬁ%ﬁgﬂﬁb&cﬂhﬁﬂe@@ﬁﬂ&ﬂoﬂdﬂ&ﬁ@)ﬂehe

“synt hesi s of may constitute 10 even qul(F'Jf)her mol ecul ar wei ght

- versi onqusymsm.ﬁueﬁwlérﬁhwh mglepdar) werpkis asrpEicedateddor (lqt)mﬂa@aféfé%? ni ned by

el enent a| 01 i ch was
close td ({lwggek%{gs 13 énoJegglﬂﬁcm%t@na%ﬂ%%ﬁ%ﬁw%t%gixp ﬁijllr%rl nggcat ed t hat
Cinpuri tlﬁﬁeﬂ‘ﬂr@ﬁbu&bﬁr@bﬁﬁ@ﬁéwﬁoﬂ( ()aic)\bonévpdslgmexme@ﬂ; lnetaﬂ lilyat beov@ O- C st ret ching
band at 1065 cm -1 was observed in the IR 1 ?gls um.and was attributed to

sone i nc*@ﬁ‘ﬂé\?lﬁﬁ’iolb’ﬁe’iﬁfwefﬂés? ﬁ?@cﬂﬁé‘“b‘éltwthei“ﬁo YutheRRaY RARSUYHES band i s
S0, pr e BSech B SREF UasRhs BE R AUl Tepor ted netuork  backbone
SO

- pol yner s, are a esized In THE solutions. Since no resonances
cattri but[é)bf)b] to |n'Eberqann1ai530bn'ﬁﬂElhlapéamnincd1by eiem*emai\mlmmasa of these

ol yners I PO ion he na VRIS of the
Bregent %£$KW§T?$EE{ ﬁifélg{(élljhgf’lpw‘;aﬁﬁ‘?ﬁﬁ t°§£§65’(pce E%fogl}f? P8 obser ved
and was giphsj but edThOIR BR¥sh&ahdi¥aRR Rt hﬁﬂlﬁ/t@:&ﬁﬁgumr;ﬁeséhtfnqtn) gh nol ecul ar
wei ght networ k backbone ~honp- and cop olgrrers that have el ectron rich

backboneilose smﬁ'@ﬂ:{,@éﬁ&caﬁtr@tcélnﬂba@é@é @ hwenebserediadhe R of
gy?(r icog) i %«r%g% thifl ?t]!;Iﬂ? ‘Pﬁgl\%%m?%g ?té% gnjo)thégglyﬁ%l’r epaftributed to

gen) Ja s T esu rom I nconpl ete
pol ymeri gated eHat e ib ﬁll@@pﬁ:lsatten eROfCgRErngrl evibngy paloyted netsyork hesi s or.
wor kup. In_addition to the above, it is noted that a gveak band at 1642 cm
-1 was backbone polymers, which are also synthe31zed in THF solutions. Smce 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 smail. 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 (X1 is halogen) sites that may have resulted from
25  incomplete polymenzat;on and/or mcomplete end-capping during polymer synthe31s

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 Polycarboxyicarbyne ((CCOOH]n)

30 {0093] In an example of functionalizing a high molecular weight polymer,
RuQ, 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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al so observed, indicating that C=C bonds may have forned. ExQFEPhOOE -
Preparation of Polycarboxyl carbyne ([ CCOOH u) 30 100931 In an exanpl e of
functionalizing a high nol ecul ar weight polynmer, Ru02 H20O (0.0133 g, 1.0 x
- 10A mmol, 0.002 equiv.) was added to a stirring solution of bleach (400
L, 5.25% aqueous sodi um hypochlorite) in a 1000 nL round bottom 25 14 SEP
. 2006 flask. Polyphenyl carbyne (1.10 g, 12.3 mmol) was dissolved in

appr-oxi f pF .80 bl each
soluti o%gt '&?g‘éﬂyﬁgw‘%gmﬁu% for&ll %ﬁgﬁ%@@&iﬁ%ﬂg&ﬁg@&?fﬁ%ﬂ%r was t hen
separ at gdLfof ohiotdfernmand wasadiied to thedtioma bleaqmmtidny rS@srsng)yasx acuum The

~organi.c | ayer scarded. The ueous_ 5, re ced i.n

- SePant T e R 28 bR ARS anboru Ry Sh et Ra e PUABERY |
di still eda\iclies neifa?yx%mac&du@n el Rl WRSr WRANSARIEE VEHalqubduges over the

. course of three days until no precipitate was observed upon exposure to a .

~ sat umat edsidgoivas pbqecbm salqgtmnspakgmb}le rffénebrpoé (didysigdnbingend exigictd t he

t ubi ng. was, r.e er _vacu man 5% of

ool R AEHET delee A St o B BP0
~ obser vablgrRIdtiaee ag&qmﬁnﬁ@gfecﬂpﬁa(e% dWBbived upéiexpbyure3d 4 3athfaked 1629 (s),
1388 ('s), 1002 (w). This residue was dissolved in approxi mately 30 nL of

~odistill e@lwmeafaamugm%d Tths pabmagtisobrios ansidmihe kdnagyas reduegisior or sever al

000 o uePaltierBplER ahd S0 EEREER B HUOGEEI s SRl S B8 170, %1
- (s), 0163ﬁak(yl”ﬂsmdlla2‘ZTNﬁ\$R (D;@Bbo(dﬁserviﬂlé%nﬂtﬁh resl:ﬁﬂ&éé IR!'(Kquienelacmoxyl car byne
is useful in th when . pyrolyzed, e. when used to nake

a:ceram b ﬁﬁ‘i%(&? all629 &ﬂd1313§ (%u%o%(é{f)erT*t‘ﬁ)’eﬁ’é’é‘eﬂi‘éﬁ‘SS%lé(F%m c precursors that
-produce %?J?éﬁﬂl%t g %Lﬁ?@%ﬁlega&%?é -anh RxAckh Qadlfteﬁ%aﬂ?&l YiWhnge tSelf can be

used as Irer ecause during a fire, fornms a ceramc ~and 20
gi ves of beads ky seomalttoxisc TheBolyae n\@sahqﬂ redGced t@dapasmnd(gavoﬂ I0BE Coati ngs

orper artAte <TeRRTSs bR R e SRR T o s B PR e

gravigre t(saq@@%ysngng)dmgat(gg igwdt(m)25 the polyner begins to |ose weight
at .about C, and is heated to a constant wei ght at 450 C, which is the

" point at[08#kh t helhsaojyrerbosglsarbae & wsefid i that selpases 64l of the pol yner
inargon ug, 1oy 1100, G Rk td Bkd Dedhi QRERhP b Rud Heki%o 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 DL.C 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

n size.
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carbon in up to 88%yield (theoretical yield for this conve SERPR20ds 929 .
Heating a filmof the polynmer to 800 Cin a hydrogen atnosphere resulted in
its conversion to a _ 30 continuous, crack and defect free, dense film of

- dianond-1i ke carbon (DLC), which was densely covered on the surface with

di anond crystals of about 15-20 microneters in size. 26 14 SEP.2006

- [0096] The filns adhere strongly to any substrate that can forma car bi de

the pol 633“0' Sﬁbﬁtﬂlﬁkﬁdﬁ&é%&@ymﬁws%&mgtﬂaa&ﬁfoaﬁ aGabRiede bet ween
them and so the dianond filmis verél strongly bound to the substrate by
I

t hi s i nitles palghinat sdcsbgirate forfregnentertphking ildvies Oﬁt?aebléel hetween thes, ad$P subst rates .

as silicon n e st egel d 5 titaniu the eram c
cyield i §h‘?/@1a§?°ﬁ‘g§‘ﬁfnd%beé¥agﬂﬁlg%Ho'tuf'fjetor{‘h? %%b&%ﬁg%nefgg P gt metd]att?lgégglgtgyner whi ch
1S a welhydnopnnakd sk Q&ﬁ&eﬂfm tsmbmy@@mcsﬁhml MRBItEn, stedl, bnd he DLC fil ms

t hat were formed in this exanple displayed a clear and often col orless

appear anitaniuf0@7)s Sherpl dhe ofr i vepumughdependeabn theuaelegt!®s to obt ain
uni for m an ot h fi l oy of P re roughness
. t 'Qf?h cRolymer,w risﬁwn#rl:_lq}ﬁ%%nr%t n&n/.&?é( f tmsterI?ES %??ﬁl psa _

(Rq) - yS|s snooth’ceramc fil ns

wer e C')btﬂéllll Giep) L Tﬂl&namaRﬁl'erfrfoﬁﬂéd B thecaanit diysinycd aeidar aldofers oot hness
~indicates a dense, honbgeneous ceramc film The ceramc filns.produced

S were adh@lcé‘lﬁﬁsﬁm’e@lfﬁéc%ubstrat es, resistant to renoval by plastic adhesive
tape, gﬂ? re compl ehel o Pﬁtw%@pﬂﬁiﬂ[s@)@&w uFétﬁhés th 3b ﬂllﬂﬁfdr&%dm crograph

of a DL m sanpl e "t aken "under ari ze an shows th
crysioal |shﬂ:fbtl$ﬁrmu:cbﬂmécamnﬁl:lﬂchIyﬁt}fahmnEqL@rémughmsﬁﬁm iﬂ(@t of the sanple

shown in FIG 1, and sh&vvs the di fferences. |g surface, de SI because t he
el ect r orfSamgedoNEr SE- AHEr RPN FOPGR caarRG lmS i obtaed ‘ﬁﬁ)‘af the DLC

sanpl e of 57l & Saniid dveRPREAY! TRE @hﬁboﬁﬁeﬁ iRAicaes Qd%@%rﬁ@n&ﬂlwapor 20

deposi tion using standard techni ques. 3 thus shows a true inmage of the
surface ceoefmlt:lfémDL'RDefcmlamlc ﬁdmapmducmwcmmﬂhg@nmpﬂanbﬁgatw SRt he

el ectrons fr @ﬁf’ with,surface 9? e erefore gives . an accurate

i mge of &2 goRvtape; SBd MR COMBIEIY YR T M TRl G 4 shows a
Crosg Serri]abmn of FIsi 1 iskanpiidhiishiced@asitet DL filkh dudple taIEaeumduree di sti nct

| ayers shown are the silicon substrate, an_internedi at%é g;ﬂ\fS silicon
-~ car bi de, paerazed Aighty 8pé Fhawsyile coRtaHlimmBmatars Kethg o fim Fé“

Prepar ai Lof, 0o LA Sl AT 1S 9 aMURNE e iRRITke! B ARRLEGRRKETP! € of

prepar i
because the electrons of the SEM interact with the surface. FIG 31 is an SEM of the

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

20  déposition using standard techniques. FIG 37 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 Jayers shown are the silicon substrate, an intermediate layer of

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

Example 4 — Preparation of Ceramics from High MW PMSi

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

poly(methylsilyne) (“PMSi”) is dissolved in THF and the resulting polymer precursof
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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pol y(rmet hyl silyne) ("PMs1") is dissolved in THE and the retdBEPR2§060l yner
~precursor 30 solution spun onto silicon and al um na substrates. The -
resulting coatings are then heated under an argon atnosphere to a

~ tenperature of about 1000 Cto effect pyrolysis of the coatings. The .
silicon carbide (SiC) ceramc coatings or filnms that are 27 14 SEP 2006
formed will be either black in color or a light brown to pale yellow

-col-oration, whi.ch i.s indi i f, ki it iy -l sghe purity -
Tevel o PRl it BAC Boty Yo R Bl oyt GARIGALI il e B 0]

Ener gy qi mBRaGVY 6f BiRAQurasain dabDS). Bnaputity $evels dfitleesSinGtergiaecandbes coat i ngs
‘or films formed from poly(nethylsilyne) on silicon and al um na substrates
reveal tcnefimeghbyekementabnaiyfs- cer am ¢ products. The sanpl es of PMSi produce

~ uni formy,; snoot fil ' i ek | ing an Rq of
200 to éﬂﬁﬁﬁ scan%%%é%%?@@ﬁé(c %Sé%p%ggjgﬁgﬁﬁ%er aﬁgrsrg? Igeerrgelgdr ea or ,
“di. st gncepatisior dmS foinesdofiam polylrectylsitpye)va séicen andwhm)ina Aflisemtepyr ol ysis, |
smooth ceram c coatings or filns ha%,igng 0 a ugsf ggmél}hl ckness. of 1 um and
‘an Rq ofteveabths high BpRRY P Reseramigroqusts. e sappies QL EMSHPIQICE SR ¢ oat i ngs
and fil ' Hgsing A g df200r 8Oy E, by plastic -
' -adhesi've%fjg%gpﬁ%i?ﬁé%ma\%%%%l\rﬁrgp?gd@%%gdﬁh\%:n?g \%?ri oustenbodi’ments of the
- present scingetlbiven? han éwbaestandsoer bentalidrowen ori distatmeusuthizs Sundemst ood -t hat
t hey have been presented by of . exanpl e onl and not .limtation. For -
exapl 0. heg gL 4 GERISVER Ao RIS o SO0 G s8aT e REATEHHher oi n can
be uged dﬁhi{i}%ég.gzlkgé@ﬂb?19IrnBﬁ@atpkﬁ%?ﬁbﬂwj‘é@éﬂﬁlb@ﬂvermhﬁm§e having n of '
y :

approxi mat e 00 have been synthesized, but no upper 20 limt on n is
known. Hbedimat sThetsh ecramhaepatingsandsiion 4re edarsnt e Hicisvhelthtefe resistané th  be
i ncorporat egﬁi;tgftng t he ﬂet..work backbone of the polynmers of the present

i nvent i Jfme S ATRPHYC ¥B%chi ngs herein, the appropriate starting

materi als and nethods of synthesis can be selected to produce the desired

high MN col | oi d-1ike polymers. Thus, the breadth and scope of the present
i nvention shoul d not be |infOTHEBEMBOBIMENT e exenpl ary enbodi nents.

Accordinglyy ot Ner yaaQalgRNk i Gelts bRt frbEneROBRI havelted 0! | oW ng.
_described above, it should be understood that they have been presented by way of
“example only, and not limitation. For example, R substituents other than those

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 iimit 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 foliowing claims.
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VWHAT IS CLAIMED I S: 1. A high nol ecul ar wei ght pol ynmer conpt$SEP2806 ecurring
units of the forrmula [CH or [SiCH3], and having a nol ecul ar wei ght of at
| east 500,000 daltons. 2. A nethod of preparing a high nol ecul ar wei ght
polymer, the nethod conprising: preparing a mxture including at |east two
or gani c, oxygen-containing solvents and a reducing agent, wherein the
sol vents do not chemcally react wwth the reduci ng agent; honbgeni zing the
m xture to disperse particles of the reducing agent into the solvents;
sl ow y addi WHAGhE OLARAE® Isackbone at om cont ai ni ng nononers to the
honogeni zed m xture to forma reaction m xture; quenching the reaction
m xture; isolating a high nol ecular wei ght polyner having a nol ecul ar
wei ght of at | east i ) ) - i iLtes; and
end- cappi ng the?'pol y%eq?gggg}%gLa%%?h?gg%ﬁﬁgk&ﬂgﬁﬁg}%%gg%tgﬁf%lﬁe or nore
nucl eophi | éamud [CHileori8iCidg, 2kl havimgm olefulat Weighiadmplenstisng,00@movi ng sal ts
fromthe Eol\lﬁrrer. 4. The nmethod of claim2, wherein the mxture is
honogeni ze®W™h ultrasound. 5. The nethod of claim2, wherein the nixture
i s honogenized by irradiation with high-intensity ultrasound at a power
| evel of between 20 to 475 watts. 29 14 SEP 2006 6. The nethod of claim
2, wherein wate?- i s dsigthpd ofjprenaring diigh szdedudan weaght polyeier,the The net hod of
claim 2, i . at | east two organic solvents are tetrahydrofuran and
bi s(2- et ﬁ@%&hg)td%ﬁ gsﬁ' i, the reducing agent is sodium potassium all oy,
and the back- bopgpatigim a0 iRtIgingRNRER twoDrédh@Tek fefconitiffei N the
bronmoformis added, drop-wi se to the honogeni zed m xture.

- solvents and a reducing agent, wherein the solvents do not chemically react with

the reducing agent;

homogenizing the mixture to disperse particles of the reducing agent into
the solvents; 7 |

slowly adding one or more backbone atom-containing monomers to the
homogenized mixture to form a reaction mixture;

quenching the reaction mixture;

isolating a high molecular weight polymer having a molecular weight of at
least 500,000 daltons and having terminal halide sites; aﬁd

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

nucleophiles.

3. The method of claim 2, further comprising removing salts from the
polymer.

4, The method of claim 2, wherein the mixture is homogenized with
ultrasound.

5. The method of claim 2, wherein the mixture is homogenized by

irradiation with high-intensity ultrasound at a power level of between 20 to 475

watts.
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8. A nethod of end-capping high nol ecul ar wei ght pol yners LfSEP@foal a
[CH,,, where nis at |least 20 and the nol ecul ar wei ght of the polyner is
at least 10,000 daltons, the nethod conprising: (a) reacting one or nore
of the high nolecular weight polynmers with one or nore. hydriding agents;
or (b) formng an ionized pol ycarbyne and then renoving excess el ectrons
with an acidic or weak oxidi zing agent until the high nolecular polyners
are neutral in charge. 9. The nethod of claim8, wherein the hydriding
agent is potassium hydride. 10. A nethod of producing dianond-1|i ke carbon
or ceram c mater.i al rom.t he .hj gh ol ecul ar wei ght pol ynmer of claim1, the
met hod conpri si fig: (3&eﬁﬁﬁpﬁﬁf8kgngr“Wﬁ@@’ﬂ?m¥ﬁéﬁﬁ%FV%EF§1¢%T%ﬁU%Rganic
sol vent or mpigypercritical fluid to forma polynmer precursor mxture; (b)
appl ying the polynmer precursor mxture to a substrate surface to forma
coating or pouring the polyner precursor mxture into a nold; and (c)

pyrol yzi ng the goati or ,the . .m xture.contained in the npld under an inert
at mosphere at ast enp[e}ﬁ%lmﬂ’é’g&f glfbtﬁlik ¥hewse at géﬁmo grgsnsEely e f1e The
met hod of  di@hjdrdfirar MdBIKL-rhéRbHUHIYelHRP IR f_eaﬁciﬁélgﬁa {sabdiubf) . to

increase the thickness of the substrate coating. ~The method of claim
10, wher ei potasiiurs gllowrnd iths nek-bone atofm-emtaihimg mymomer isdneieformg of et hers,

t ol uene, agj i i.de, chlorocarbon. solvents, and m xtures
t her eof 13_&ﬁﬁgi%%?ﬁg%ﬂéhnéﬁgpggfﬁﬁ*ﬁﬁﬁﬁ%ﬁﬁ%PHQggﬂﬂ% ®is selected from
the group consisting of silicon, silica, alum num alum na, nmagnesium
transition nmetal oxides, and netals. 14. The nmet hod of claim 10, wherein

the resulting cérani & Iﬁ%ifé%og‘a}dr@@elngrﬁéhn@lfaalaéwrﬁabnggr_S(o@q) of less
than 5000 frrdEARIE AKEE n s AIELCHT and e ol il Wifshe BF 0! %1%% aiiner ein
the resulting ceramc has a surtface nean square roug Ness q)” of |ess
t han 500 A}eag;td@gﬂﬁ)@diaﬁvm, the methodosmpridng:A met hod of nodifying the high
mol ecul ar wei g hEa) nglc que one’ (f)r n%!)r%l of the high molecular weight polymers with one or
more hydriding agents; or

(b) forming an ionized polycarbyne and then removing excess electrons
with an acidic or weak oxidizing agent

until the high molecular polymers are neutral in charge.

9. The method of claim 8, wherein the hydriding agent is potassium
~hydride.

10. 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 form a
coating or pouring the polymer préé{irsb} mixture into a mold; and

(c) pyrolyzing the coating or the mixture contained in the mold under an

inert atmosphere at a temperature of 100° to 1600° C.
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1, the nethod conprising: reacting one or nore of the hi ghl4®EPQd&r wei ght
polynmers with one or nore free radical initiators and one or nore

hal ogenati ng agents to produce hal ogenated polyners. 17. The nethod of
claim 16, wherein the one or nore free radical initiators is

azobi si sobutyronitrile and the hal ogenating agent is N bronosucci ni m de.
18. A nethod of nodifying the high nolecular weight polynmer of claim 1,

t he net hod conprising reacting one or nore of the high nol ecul ar wei ght

pol ymers with ohk or Theowethodeif dlaimdefitrther inpladmg remmtng sdpciahgcpgent s, or

one or nore oxidjizing agen t.0. produce pol yani onic or polycationic

pol yners. ZYeRR° ﬁmgﬁﬁgs°€®9S$%@%%§PHWE9Of claim18, wherein the acid
reagent is an acid reagent is a nmultinuclear acid. 20. The method of claim
18, wherein the reducing agent is selected fromthe group consisting of

bor ohydri des, Gldup ZThaipgthoded clagotl@swheminthe soldent is shgteddcimuthenydri de, and

U or k- EREp 0Bk s b O a0 B8l o e ana
transi ti onséteéms, 284 hilewresleredine met hod of claim 18, further conprising

exchangi ng cations or anions present in the polyanionic or polycationic
polymers with ions selected from the group consisting of halides,

A 28, e 2ige: Th RAR%of BANANBSwnARl RS sy R s 200 AR e earth

metal s, transition nme S an I'ekes t'her éof, catrons an

conbi nat i op®upkenssing diiicorcilial alomindne, alwhing adadticgibmabedtidametaei ght

pol ymers. 22.. The polymer of claim 1, wherein the nol ecul ar weight of the
pol yner i so’gfie‘?’@%%&‘e ,000 daltons. 23. The polyner of claim1, wherein

t he nol ecul ar wei ght of the polynmer is at |east 1,000,000 daltons. 24. The
pol ymer of claim1, wherein the nol ecul ar weight of the polyner is at

| east 2,500, 00014al t the mett®d of nkzimp dOywhereinfthe teaititing cenatnée basru dunfacerol ecul ar

wei ght of the square roughness (Rq) of less than 5000 A, scanned over 5 microns.

15.  The method of claim 10, wherein the resulting ceramic has a surface

mean square roughness (Rq) of less than 500 A, scanned over 5 microns.

16. 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 free radical initiators and one or more halogenating agents to produce

halogenated ponlymers.

17. The method of claim 16, wherein the one or more free radical
Initiators is azobisisobutyronitrile and the halogenating agent is N-

bromosuccinimide.

18. 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.
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polynmer is at |east 5,000,000 daltons. 32

19. The method of claim 18, wherein the acid reagent is an acid reagent

is a multinuclear acid.

20.  The method of claim 18, wherein the reducing agent is selected
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 chlorine, chlorites, halogens, hypochlorites, nitrates, perchlorates, peroxides,

and transition metal oxides.

21.  The method of claim 18, further comprising exchanging cations or
anions present in the polyanionic or polycationic polymers with ions selected from
the group consisting of halides, cyanides, nitrates, nitrosos, borates, anions, alkali
and alkaline earth metals, transition metals and complexes thereof, and cations and

combinations thereof; and recovering the ionized high molecular weight polymers.

22. The polymer of claim 1, wherein the molecular weight of the
polymer is at least 750,000 daltons. '

23, The polymer of claim 1, wherein the molecular weight of the

-polymer is at least 1,000,000 daltons.

24.  The polymer of claim 1, wherein the molecular weight of the
polymer is at least 2,500,000 daltons.

25.  The polymer of claim 1, wherein the molecular weight of the

polymer is at least 5,000,000 daltons.
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