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HETERCATOM CONTAI NI NG DI AMONDOI D TRANSI STORS {7 january 2007
BACKGROUND OF THE I NVENTION 1. Field of the Invention
Enbodi nents of the present invention are directed in
eneral toward n andp-type 5 materials fabricated
BB %r oat om cont ai ni ng di anondoi ds, WHEFES2pp3{02630
heteroatomis an el ectron-donating or
el ectron-w t hdrawi ng dopant atom substitutionally
positioned w thin the dianond |attice structure. Mre
particularly, thUEIEROAROMAGNTADRING directed
toward sem condu®IAMPNROIIXERANBERTORS/ be f abri cated
fromsuch n andp-type materials, including diodes,
bi pol ar transistors, and field effect transistors. 10
2. State of the Art Carbon-containing materials offer
a variety of poBACKGROUNDEF THE INVENTBORCtroni cs. A
review of carbon's structure-property relationships
has been presented by S. Prawer in a chapter titled
1" TheFisM ofkhe wbntMdr | d of Carbon,” in Physics of Novel

Material.s (Morld 15 Scientific, Singapore, 1999), pp.

D05 Lo o e o igb Gy S0k e s uL o e p e
iR RbAdated oA hefBoatdae conffing BanihB6tHE WhERS thY RBSSAdneR
of a carbqgn-containing material are, first, the ratio

anflectig-dergiingar elsshion- WEAGHiBg donens piom subwiitionallypagitioned
wihiG RIRSAIAGH ifte strldfd MG phoiitary! 4 bt fnferlibf R dbordd’®
material, i.e. the size of its Individual grains.

tomaed semicanduetingstsricesant marbefilricated fipn suehrand prigpe materials,
inbRdias iR, hi ﬁ&&ﬁﬁ . 20 and 2p ‘
u%?é%?%%ﬁ%J%%@e t émgﬁg#qﬁédéggh%ﬁﬁggFZe according to
two different schenes. The so- called sp3
hybrd. di zaf | conprises four identical a bonds
2'arrgt}gé < Al tetrahedral manner. The so-called
s p2-(aytonicontziaing antefidnpffir 3 &ardhofpotchiidl 968 &l micaslcv@inicsAa
anar). a,bonds with ap.unhybridized p-e]ectron .
reﬁ&?ﬁﬁ@%%@ =3t gppiy OB esfRarpg) Y S Pever i a
chiapteetied The! Wibnde@ultWigtld dFI0amen, 0 fn AH8cstorMond MardNalst(harld
of crystalline norphol ogy are di anond and

S@%@%ﬁ?&%@ 1?9195’&1’%7?8?‘- PoREeIuBEs A b o oR mportant
b¥ ua AV the hroeateD ¥R damoﬁ-%&ﬂtﬁgmg mgeﬁﬂrll}é, €

I
rises planar "sheets”™ of sp2-hybridize t ons,

conpri . she : . onms, .
firgll e gatip GESPS pRespt Bonding dnr suspteriahend sepondhminmeptructure, including the

| Sorlng a aioet wghructurs, including the
L A o B gl o phous, o1

cal Béuhetid crbon dlad th&kaeleatranib ittt lst2r2p% mdbete il duteg kilell 2k
ant B SRAKAE ¥av B2 Titth %o AAMM D EOR s oS o R A s 42238 Urte so-

. called sp’ hybridization comprises four identical ¢ bonds arranged in a tetrahedral manner.

25

~ The so-called sp>-hyhridization comprises three trigonal {as well as planar) ¢ bonds with
an unhybridized p-electron occupying 2 « orbital in a bond oriented perpendicular to the

plane of the o bonds. At the “extremes™ of crystalline morphology are diamond and

graphite. In diamond, the carbon atoms are tefrahedrally bonded with sp’-hybridization.

Graphite comprises planar “shests” of sp’-hybridized atoms, where the sheets inferact
weakly through pefpendicula:_ly oriented 7 bonds. Carbon exists in other morphologies as

‘well, inctuding amorphous forms called “diamond-like carbon™ (DLC), and the highly
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~diffusivity characteristics

symetrical spherical and rod-shaped structures call ed
“full erenes" and "nanotubes," respectively. Di1 ﬁond 2007
is an exceptional material because it scores hi Z gy
(or | owest, depending on one's point of view) in a
nunber of different categories of properties. Not only
Wa2004010h2 5 hardest material known, but PCT/ASe803t0Rx830
hi ghest thermal conductivity of any material at room
stenipieics tsphetical hid rdi-sipbalssusupetaledTillgdles dhé NBRRIRRLY
fromthe infrared through the ultraviolet, has the
THPEIELY refractive index of any clear material, and is
an eRReloh&Rtn eflftivhilinG:tdial YaSitkek Sordd B1pAS & r Rivebt! E&pMAing
W de bandga,p. It also displays high electrical o

OB PREKRATH WWBH@tﬂﬁPlb%‘?&d@grPV cRtegrica plauenesies.aiet oy igit the
hBREH: hafetifSmown, Bukihas 4 hRPfelnhi Adhahdiv iy SEAY maRAS FR8R

not beconme a sem conductor until electron- donating or

temnseatire it gisnlag sensbrptical anspargnen fromdhednarpd deuglete i nt o
: ho. . .. . . cone
Aot BEPRCbR by i e et e R s MRl ©
cleeirieal tisalptor kepausé of isoreyovidedaindgap.abkiso difplayshighrelectmisalnods
i nt.r [ t [ i.amond i nclude in
b%%]fdg%ﬁg%:éﬁ% %%‘%&ﬁ'?%gdeg{g%ﬁﬁﬁh%%@g%ﬁg&gr owt h obt ai ned
by l@lﬂk diamondsix aﬂ.ikf:mﬂ:iﬁpruahﬂdlﬂsarxbi: hmomsmseh}ic%asdmbr il electron-
| antatjon_ ar . hi gh.tepperat.ur [ sj.on. n
Bt ersiag ol SERS o ae o tiggng e,
St inpinitg B mEusublt péomed@utygrodp TR PV £ {usihig: tHa préseitld@FTUPAC
"Dopj ng.of diamnd using ion jnplantation,” in .
n@P%’éP?ﬁ) gthe @Wﬁableaﬁ’a%mtégfg PhREogrngidaRmptAjoms into

dislbAdEicise i%itﬂnsemg{u%ﬁagwwt&\ dally YeHRA obthi&PRCVD),
London, 2001), pp.. 321-330. (uﬁg\ diysadvaﬁt age of th)eoriegn

sifuipteEivneiurlbis by derHpplyntetions e bigh temperaturedifiisior 0 f or ces
ato ' . . : S, |

. B inHiRtHibE o fdid o had &WIWgﬁgf%ﬁfé Qgie(lt. ¥ a?Saguy

inj chegserB3el., titfidi “Dopiog af ditnyind neingiop dmplentsionfan Piogerties, Growth

(=

R P e IR et 03B Bl Do,

2000) ep 321§ 30. t A dsalvatade of ths iamdyplastatibnt techuiiqoks oweaved, & that it

X TR T TR

atbis beivpcindertel. TN ISl a VioRAX prdcedie that iAAREBpantd bY bERY brékOieD
ors, such_.as silicon,_ because of the

.\ seni.con t
RS P defpoig o i WagnRd Unlgroarmeyeq bpropsasacaling hese
deFRA-thi164adb £RKsiHbR BRAFbnRAIs Atk SRR thédfed Behidfl

nmore stabl e _and electrically conductive sp2 bondi ng
effppts gf hp Aoning. Hogvewersibis moss diffienlbtol anprgl dlsmwwg@gas {0 angeel

. k - d

ol B 0¥ bona ot lE S i G BR B BORL R o Bl
beafliog (spf)c Broket §rédiytrididei diamoghanding eanrestangeen tHeamort sigble

' ir.ed chemcal fopi.ng.. A few of the undesirable
| mgl%%g ?aﬂlggpn ?vgﬁgboﬁﬁggowgﬁ%sul t frominplanting

IoI 0 p'slnme s@rn:]fan_ nh'aﬁ:igj ﬂecbsmbrm\:\iz};d &htﬁer baabcaide _Bfoke:ﬁgpébcﬁlﬁs

e I N e an a | C ma |V r.se ot e .
angy o Caetiels ot PV g BehihiRan Dlogcls e Teagho dephedlipls which
méleseintieaiced G5 tROdebitsd@hénmicdl A6ping. CRTMWAIT ifunBésgtlE £l6ckidaV

‘conducting -2 . ) N . -
effects that may result from implanting dopants into diamond include the creation of

. energy levels within the bandgap which may give rise to the desired donor or acceptors
~ states, or compensate desired doping levels; the creation of electrically conducting
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pat hways by creating sp2 bonded states or clusters

the creation of scattering centers which my ﬁ?rjrﬂuag?zom
reduce carrier nmobilities; and finally, the creation

of dopant defect conplexes which may passivate the
wWibpediesi2 Di sadvant ages of prior art mnet ho®STMEP03/022630

i nclude the anisotropy in the electrical 5 properties
pathways Hp preating isptroondtd stetee or chistefsathe iceaticechf ssitering@utders which

nmet.hods. .For exanpl in .the case of p:t I,anmo
R e e TR e eyt et oF ol dafb BB P Pres
whith bhg paseiRiiane dopnd, of the growth rate of (100) faces,
wi th decreasing growh rates _on (111), and . (11 .

f acf3isadyaages SRPFGart FAGpAds may H@ﬂﬂ?éﬁa%ﬁqtﬁtwm&ﬁe %%ﬁtfeﬁal
proP&RésRh 8bped QiaiOndhdtdrinl BbHiciddaing (OVDWethsdsU Pod ariple, in
order of magnitude higher than in _<100> fjlnms, This
thegaseigbefypaismand dg additionof gitpgenda 6 Vherewa pempndzgsults in the
edtlahdefidnt b&"th_te @Rﬂﬁﬂa@%@'p@bﬂ%@é QBB AR Erdvrh ¢¥E3 on (111) and
di anond, " in Properties, Gowh and plications of

(Ib0xfpensdin asifhifas thapngr, the prpbabidizyant borgn éheprporytioNa i 1> oriented
, . 34 , .

tighd15 56 op SRR hap S ion oan i 1082 AHSAEE boen s
bypG.ZRCiminichdpten BA.4Gitled (g Bayd phosphortsiwpingfii C¥Didgamond,” in
Ll ti ' i.ed d t hat
Progoiges e nd TR REG Pty ey M PAR IR 1. KB
(InkpadyDoation 00D plo845dpTe at sufficiently high '

t tures to be effective b t her wi sge ..
ot oL G B hepriAE o POt Ao wrarsel BY Br Kb pd G
UbRY Sagh, ath whide ol Walirkitioe & @éipahie@by Jdd Breakdpe that has to be

observation of an n-type. electrical sem conductjon is

reeveddianpealing thegangaling of digmeprcanngt jbg deng af subficiepdlx high

1 te]&@?rtaﬁféé kel e¥fectve pecRisk b@EHsedTerAtabR E&’Dﬁybriﬁﬁﬁ AR ¥ehM

phosphorus, [1thium and arsenic as well. 20 Wat

revert fodlanoete pleblesp’hytsidied explited Thvap g observationefan rypewi t h

; : j rd Ces.
cliical S CRAUAN & foe onB oGy B al g PP e B puiloBlefy
for hizrogenran y dbmaigatdpraballg $orpbokphdres; lithomi, end arsaniesas wEle

n-t dia doi d-based t eri.al f [ t .

o ot B178RB8 3 8 0P B8 R SR el WF et f R mical
mﬂfmaieﬂ@rdpgﬁibs szhgrb ﬁginipl@ltﬁ'_ﬁii—leﬁate? trastaidefectd e reated t‘ha_t , .Il

an -t al naol materi als of the,present .mat | a
ST IR S R A AR R e
prieRiBPentibd BRBhEY Blofo favosbld dldchitabdhR@bieritibOGhN Riplanted

transistors. A form of carbon not discussed

digmpensn g & P 7-ype femendpidmpiasials of e prrgent BRigrplTRRy bg used in
AN RIRREL I 9SiufdinsOful A A Hadet, RnGdGt GRS el idctron

conpri seé adamant ane, di amantane, ~ triamantane, and the

 trangistomner s, pentaners, hexaners, heptaners, octaners, .

30

non : ' “ds : 33

(17 oD of g S66HFELReq Bl tvctfhn AERERRLAR e “drmonoie
Datohduiidsaretiridpel-fingicpelbakandddit Gomprise witintintavg diamastane,
m%r%gn %} fgl ?he%}:lratm%rs%e%ta&%r%, _egcala.]n%eerg, htep(%aglgrg,rgctamers, nonamers, |
decamers, etc., of adamantane (tricyclof3.3.1.1*"] decane), adamantane having the

stoichiometric formula CyoHys, in which various adamantane units are face-fused to form

. larger structures. These adamantane units are essentially subunits of diamondoids. The

compounds have a “diamondoid” topology in that their carbon atom arrangements are

s




| arger structures. These adamantane units are

essentially subunits of dianondoids. The conp ds

have a "di anondoi d" topology in that their cargzqmﬁF%ﬁ%OO7
arrangenents are -3 17 January 2007 WD 2004/010512

PCT1t JS20031022630 superi nposable on a fragnent of an

wd febudidsice centered cubic) dianond |atti cepc660d:@bI3sh
to empodi nents of the present .invention, electron

suf fRRL00 of R hath ol OF AU ABBLARS AFR) alIRBRR1aI0S Adcbing
I'nto the dianbnd lattice, thereby créating an an n
to etgdinepef (he pepat invewion) clectran deriafhg antiivathdeswaedipteannionss

maf R R e o, B L 0 BB g0 ety

 matbiisla tabaigesionfis ¢statiglhyi corimpwity meti b batimen “fobied into” the
: | ded. S RY Ck..T | NVENTI | d i th
cfi L e o P el T o A RPAT Gt 2

avgdedvi ded an n- type di anondoid material conprising an
- electron-donating heteroatom A second aspect provides
the n-type di anondi od materi al as defi ned above,
wherein the mat GUMMARE OF THE INWENTION
het er odi anondoi d, further including.a netal atom to
enhance el ectrical conductivity. A third aspect
pr ol Adesdaape WiipLfigi apanatheproRhehvedtions MRt Slotideddh -
el ectron- mﬁt%draming het eroatom A fourth aspect
5 Eoaed e coppEsiRg @%%H%%P%gé}eltesﬂat% the third
aspect, wherein the material is a polynerized
 hetsEand AwRddreyides tha miype diawpadivdigateriashes dgfinedgborn t o
wheRha atgljia? fétarpb eri?e%r]!lgfépotdia}ﬂohgc{id, ﬁlr{hlexf 1515111 g g l%tetal atom
provi des an el'ectrical p-n junctron conprisrng ap-?ype
to ehhanvo pldotichl eatlentivay. and an n-type di anondoid materi al .
A sixth aspect provides a di anondoid transistor
c onfytiiied asgech providey p g-typeadienedpid motatie| @mpeisiog aaklecdrod- a

. e dl ndoid material. A seventh aspect. provides
“mgﬁéxg%éﬁ%ﬁﬁﬁﬁb transi stor of the sixth aspect, further

comri Si a sour.ce,. gate, ,and drain, . r.ein the
S Ul SrRe A an lEhBe ARRER Piftertheg e P ibect
wh]l:leirﬂhﬁﬁht&ﬁm m@odyumtzead_ Iéa{:rgdiamdndo_he lﬁﬁﬂiﬁimhl_&di&@?iﬂe&at ed
rom.t hep-typ i appndoi d materi al . ei ght h aspect
atopto,enhaRce eleH{BCA POBHAYBY-d transi stor of the sixth

aspect., further  conprising a source, gate, and drain;
whef dilth atpee PEwisier & elsriricat it ngtios ComBRSIERA/EPS r om  t he

diafoddsREn 436 PIAGh 8! mnﬁaaﬁ%{eﬂh: and the gate is

fabricated fromthe n-type -
A sixth aspect provides a diamondoid transistor comprising an n-type

heterodiamondoid material and a p-type diamondoid material.

A seventh aspect provides the diamondoid transistor of the sixth aspect, further
comiprising a sburce_, gate, and drain, wherein the source and drain are fabricated from
the n-type heterodiamondoid material, and the gate is fabricated from the p-type

" diamondoid material.

. An eighth aspect provides the diamondoid iransistor of the sixth aspect, further
comprising a source, gate, and drain, wherein the source and drain are fabricated from

the p-type heterqdiamondoid material, and the gate is fabricated from the n-type

4




17 January 2007 dianondoid material. A ninth aspect
provi des a nethod of synthesizing an n-type digqg&%%i
material, the nmethod conprising: a) photo-oxi i2|ngq5
di anondoid to form a hydroxy-di anondoi d; b)

chem cally oxidizing a dianondoid to a

ket o- di anondoi d; c) reducing the keto-dianondoid to a
hydr oxy- di anondoi d; d) preparing an aza-di anondoi d- ene
dfamondaidwathyadr oxy- di anondoi d; e) preparing an epoxy

Sf :;ngrll%% A %c't gliowdgslrgartﬁ%ﬁcgg > y Ireg’%?%g %gll"t-%:p% ﬂl%moncflcgd material,
tleznaetlehd aompribirigt - ene. A tenth aspect provi des a nethod

of synthesi zji.ng an n-type di anpndoid_materjal, the

et hOPHSG s S emgnab o ouR b PR i g

di ansmmangq»@jﬁ% Hdisth@BRAAPA Rsto-BhmBARRAT | N a

fragnment ed di anondoi d carboxylic acid fromthe ket o-

di andriadicEs hokerdpaemdid o Bidgrdieadddanondoi d- ene

acet gt BedafiQ A Ba tHaAORRM-GH frof tga@mgc&g.% aaay!ic
ydr oxy- di

acid; "d) preparing a fragnente anondoi d- ene
by r@durrianeg anrpotyazgtiamordpid fiina the ngedismendeideanet at e; e)

pr epar.,] : r . Lan I.d-.ene by
oxi d?ﬂrﬁ’g“‘?%ie“ "?@gigﬂ‘ﬁréﬁ‘?’é‘}ﬁt“ﬁf_\}lg F’%@ Slg?rlgne g‘i d-ene; f)
pr epAnéntdopspect pragidesut medhediofl symithd sixidz i pe diambiidoid hoiaial,
ﬂfraggﬁnteq.keto- di anondoi d- ene; @) preparing an
752 4F SHOREE®d from the fragment ed
di angndiemidaily-dAdighes diadhdeidey eRdd did@paivkd; pr ovi des a
nethﬁs¥of_pre aring.an n-type_ dianondoid material,
t he ﬁ@@%ﬁﬁ%ﬁmﬁ@%@?Wﬂmm¥%¢§ﬁ@ﬁ@m%ﬁﬁpﬁﬁéﬁ@oid from
digmBebiao! eum f eedstock using a distillation, heat
treatnment, and separation technique; b) converting the
di an®riereng pifagmgntaddianendoidreppensiat ftoyn me Gagnientetdi onal | y
m@ﬁ&h&h&&% 12 i&lection donating hetematom on a
Ianond crystal lTattice position. A twelfth aspect
~-pr ovd)gegpaungretdgmented hydrogpdiammgloakenp by yedeci thoiagthented
ﬁg%&%ﬁfg%ENmége nmet hod conprising: -4a 17 January 2007

€) preparing a fragmented keto-diamondoid-ene by oxidizing the fragmented

hydroxy-diamondoid-ene;

f) preparing a fragmented diamondoid=N-OH-ene from the fragmented keto-
diamondoid-ene; |

) preparing an aza-diamondoid from the fragmented diamondoid=N-OH-ene.

An eleventh aspect provides a method of preparing an n-type diamondoid
material, the method comprising: '

| a) isolating a diamondoid from a petroleum feedstock using a distillation, heat
' ‘treatment, and separation technique; '

b) converting the diamondoid into a heterodiamondoid by substitutionally

positioning an election donating heteroatom on a diamond crystal lattice position.

A twelfth aspect provides a method of preparing an p-type diamondbid material,

- -the method comprising:

-4g-




a) isolating a dianondoid froma petrol eum feedstock
using a distillation, heat treatnent,  and sepali%aln%n 2007
techni que; b) converting the di amondoi d into a ary

het er odi anondoi d by substitutionally positioning an

el ectron wi thdraw ng heteroatom on a di anond crystal
|attice position. A thirteenth aspect provides a

di aneh dsmﬂﬁng ar émsbrsibidrfroummnblshm deedstakinsib@adistaiatign,

the tranS| stor conpri sing
éffagg?aﬁeq"g SeB é’uc‘ﬂ’(c regl ons and electrically

i nsulatin ns ctrically.
cond PR PEGe %eei%ﬁh FE PheraPastpioitby Siteidiopalty
postioniby pieeledith RdRanDRtebston Bk emmbﬁ criptllattideposition.
el ectrically insulating regions of the transistor

C ONMP Al thietedntbgrechréllidsse AR MbAdoidRdnSikibAdomprifiey a shhasmmiak t o
pe useful in a sem conduct or deV| ce, it needs to be

 sweleanaioriah e fransision rmmirishe clegiFiepllyserduptingireions anddlerripally,

ieRen e SoRNGhM4ihh | mpurity atons that act as either
el ectton donors or acceptors. However, doping di anond

is n%e?eeme@éoﬁce&&g r&ihs bl Bsistol &mpneéémﬂ

strength of fhe dianond lattice, and I't can
hgtefddiampndoid matenidlehanthni ¢ contacts to this wi de bandgap
sem conduct or. Conmon net hods for including inpurity
at ontheiclettocallylinswhating régiaks aftbe hiotsistr dcapeint ur@ufidd slmchondmd
.at nglant ation techniques. lon inplantation causes

P E8nsi ve damage t'o the dianond crystal lattice
"because the doping atons are forced into the crystal,

regagh 8 on?lfto é\}sgﬁt #'ats%(%i%%mﬁhlfmf &%icg eeds to be electncallg q

consi derati ons. I'on en acconpani
(bl}dltchﬁc eudzthus ibin nedessekgﬁcechdps diamohéh mth mmtpﬁtomhﬁat act as either

tedlons To,repair, the,da t he r
oo et SRy B B P AR08 S b e e
tighthessadTteBxh bhs diahendaries bid g c@fbe@ifhaﬂt 1@ Frthohiie contacts
sem conductors (such as_silicon due t he rret ast abI e

tQ Buirgwide bandgap sgmieARsEtoR [ ompprdn 1RPRLY ploms i
apaRdi Mmad 85k @VD BRNEs ﬂl%lﬁitatﬁ'h%cﬁﬁl ggn during the

inplantation process, and other crystal defects such
as dloyllmplantaimn§ause%¢ﬁagslvedmaget0ttbe dproondrarystal lagtfop beqayse

o S b S5 e BB SRR
cahieitionsn fen iofplahtationmis efenitcdmpasied bythe cotatomyi defedsindhe

| f eedst ock
%@ﬁﬂ@ﬁ@%ﬁ"&%e &t taies e Bt fo bopasind B
bRkt Y TAGHE Siiplaxthah th@ﬁheaag Bﬁéthﬁ%ddplrvns of

the di anond | attijice ‘These hetenmatons in general cone

sanleﬁndgvt@@ G assilispre) dye torthe netasbeble condition efisiemond g’ hordiog

ﬂgﬂbﬂ gﬁ% G Hrbich tati
* e e é é\n ng an %ﬁl{r&on donat | nggﬂeﬁltn?ptl?nes o
pme@p,emﬂ pthe:t orystabdefeqid such zsfdmltg:amuqs, dah pive rise to electrical effects that

mgeﬁec th%ﬁ;\w n |Eg).u&|y‘1n < gﬁtot'ﬂglcrlffgtgl. ber on and
According to embodiments of the present invention, diamondoids are isolated from

petrolenm feed_stocics, and heterodiamondoids are synthesized by substitutionally

positioning heteroatoms onto host carbon positions of the diamond Iattice. These

heteroatoms in-general come from groups HI-and V of the periodic table, and in general,

 4b-




group V electron donating inpurity atons include
ni trogen, phosphorus, and arsenic, although Ii;g;%%y 2007
and sodi um may be used as well. -4c 17 Januar

WO 2004/ 010512 PCT/ US2003/ 022630 Once the

het er odi anondoi ds cont ai ni ng el ectron-donati ng and
el ectron- wi thdrawi ng het eroatons have been

synt hesi zed, the heterodi anondoi ds may be fabricated
into n andp-type materials. These n andp-type

materials may, be falQrjcated using.a vari \
compRsm IR R G ec i coae s Bsivky, Brmples of
B THERbrd iRFwi DtBlRty aloaR ichide bGro dlivainteh k Bxanigésrog

D t echni ques,  het er odi ampndoi ds rm%&'ﬂJeCt%p l.nfo a
graply elechiondenatingimpyaiyatons ipgl 25 BU R SR T he
ten . ' ndoid is included into a

d%ﬁ%' h%%hgggﬁ%ﬂgﬁﬁﬁpﬁkafﬁﬁk?ﬂ% damage created by

i mpl-antation nmethods. In an alternative enbodi nment,

het er odi anondoi ds may be functionalized with

pol yneri zabl e substitutents to |ink adjacent

di anondoi ds and/ or het er odi anondoi ds together. The

i nking 10 groups maybe short |engths (oligoners or

even nononers) of conductive polynmers known ‘in the

art. Heterodi anondoi ds may al so be used as "nol ecul ar

crystals," where arrangenents of dianondoid and

het er odi anondoi d nol ecul es are packed together in a

"superlattice,” and where the dianondoids are held

toget her by van der Waals forces. The n and p-type

di anondoi d-contai ning materials may then be used in 15

sem conductor devices that utilizep-n junctions known

in the art. Such devices include rectifying diodes,

bi pol ar junction transistors, and field effect

transi stors. BRI EF DESCRI PTI ON OF THE DRAW NGS 20 FI G

1 is an overview of the enbodi nents of the present

i nvention, showing the steps of isolating dianondoids

from petrol eum synthesizi ng heterodi anondoi ds,

preparing n andp-type materials therefrom and

creating mcroelectronic devices that utilizep-n

junctions; 25 FIG 2 shows an exenplary process flow
for isolating diranondoids from petroleum FIG 3

illustrates the relationship of a dianondoid to the

di anond crystal lattice, and enunerates nmany of the

di anondoi ds avai |l able by stoichionmetric fornula; 30
"FI GS. 4A-C present exenpl ary conputer nodelling

calculations the illustrate the stability of a

het er odi anondoi d; -5

-4c-
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FIGS. 5A-B illustrate exenpl ary pathways for

synthetical |y produci ng heter odi anondoi ds; FI & J&uY 2007

illustrates an exenplary processing reactor in which
an n orp-type 5 heterodi anondoid material may be made
wesiomgpissimem cal vapor deposition (CVD) te@bOniuspeess263o
FIGS. 7A-Cillustrate an exenplary process whereby a
het gn,a0h RBDGRkRLABMPCont R dcfol- Mna il e clboprnt

inmpurity atonms into a grow ng. djanopd film 10 FtlgbG' 3
wiftdremingdyetsmploms fiavechen HEMCSEH SRR EPRRILgHERLR] bTipiod
m@%l%ﬁrg-ﬁg% ARG YRSe n Bds-HyP Rl EhaAaRRdRE dbag HG8ty

w exenpl ary |1 nKing groups that are

* ofedchauesudhidingmbentisdvapry depssition(GIANy pebyraerizaios, erpssallization,

8 il AR s A

. exenpl ar
to Rudap: diatmd e, ivéiercb pthe heeroadmiof therheterodiemenfioidip H’Gb‘ﬁ@g

B 4y B v

aliBG8HRGAbEdiment) IGterddRansdndvits thaywbel fincttivnatioesd with polymerizable

e B o 8 S B G ob SR Bl fingine

gr@&IP@ 15§ B ERkilSngits (dHEb0ak befen Abndikrd vEemiiatiye hilpméraknown:
transistor fabricated fromthe &re ent t'gj‘i;a;n(lgllgr-type
! ! : fREAr YSS AP €hemat i ¢
ar#ah%éﬂé :n{s] 3k biARoRbidBnk habddghdReld ddiaass &t pickbabptibaied
romthe n 30 andp-type heterodi anondoi d materjals of

“supeelatfice’Sad twhierelesndiimondoidgarg eld iogerher Py Yerpger forces.
2004403 02 R TSR ARRE I b Aty e RART | ON OF

TBE cording to“enpodiments of the present
seintinoadicton devices thatipilizype junhime knoirdnthedsi Sudhedseiges include

erials may he used i vard gt a4 0el ectronic
m@‘&?‘% digdes, ‘?’fp‘éﬂéﬁ‘?ﬁo%%ggtf’ %b%“tasﬁ e@feﬁteﬁe comrge!npl at ed
devices, it is the properties of ap-n junction forned

bet ween t he t% iggga g¥ I i LS being
- exploited An Bﬁb%rﬁﬁ!MWGé

" FIG. 1 is an overview of the embodiments of the present invention, showing the

steps of isolating diamondoids from petroleum, synthesizing heterodiamondoids, preparing

n and p-type materials thercfrom, and creating microelectronic devices that utilize p-n

. junctions;

25

30

FIG. 2 shows an exemplary process flow for isolating diamondoids from

~ petroleum;

FIG. 3 illustrates the relationship of a diamondoid to the diamond crystal lattice,

and enumerates many of the diamondoids available by stoichiometric formula;

FIGS. 4A-C present exemplary computer modelling calculations the illustrate the

. stability of a heterodiamondoid
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exenpl ary net hods and devices of the present invention

is presented in FIG 1. Referring to FIG 1, n January. 2007

andp-type heterodi anondoid naterials are creatéa 9t

by synthesi zing individual heterodi anondoi d nol ecul es

fromthe correspondi ng di aniondoid 10 with no
woab@noaizonl , and then fabricating a bul k BRCDUSZOE RS0

mat erial fromthe heterodi anondoi d. Exenpl ary

f abrFIGetIA0B iiseis eteiplabifiRithwaid forymtiRatally prodtdst t o, CVD

techni ques, polynerization, and the use of the

- helgrpdippefidaidndoi ds i n an aggregated or  packed

condition. In quantum dot technol ogi es (such as single
el ectron transistors), the _device_ nmay conprise a

s mal HIGrilserates A0 presrg Bt esstnga s inswhicloan mep-type
hétﬁgaj&g&ida*d' nfat@fal iy belmade G9AY BRI OApM deBosRibE (€O her .
This disclosure I's organized as follows: a) a
tedargames;pt i on of properties of n andp- type dianond,

i ncludi ng exanples of inpurity atons that have been
used to dope dianond, b) a definition of the term

" di FIEB.JRN-C illustite an dremplrypewessivlicicby a bétedodiamondoid may be

et R e S et DT BB Bl ¢ ¢ e

are 20 avail able, d) exenplary synthetic nethods for

intr cing a heteroatomi nt di ndid, su t hat

| he TGt S 08 omPEROI PR LORS T (e SURR L ol R drps Dbe
og.ﬁpeﬁdfer@d;mﬁdaia@nd structure (resulting in a

“het er odi anondoi d"), e) nethods for converting -

i ndi vi.dual het erodi anondoi d nol ecul es into bulk n and
P- t Y0ES T RTsh&W SeeripB&Y m&ng GroePEMhiGRd clARAly cHi@RESE b3 ON
(CVD)Eefolynerlzatlon, and "aggregation into |arger
pelympes and hetmaydetysed\a inlgheferaizmandeids opeoduery: andwdyRo) _
xEsgR! ary m croel ectronic devices contenplated to make
use 6f the present n andp-type di anondoid materials
and p-n junctions forned therefrom including

1 oo e FrarbBi ST AL bRRIR AL *)  T0

heléradimnehd3ids sked &Y polydnilime vligometsiown i npurity atons that

have been used to dope dianond include boron and
nitrogen. Boron is ap-type dopant Wth an activation

enerygy. QfshOwshowe¥(2,3)H pefit@fifank Hacks td oty P Erytaligfregate;
whi ch maybe referred to as a deep donor, because it

has the energy level 1.7 eV away fromthe bottom of

t he HENBUELLORbwWIARF PR SEmARIRE nﬁg@e cdupled 1o BRE 8 ¥ or
2007 WD 20041010512 PCI/US2003/ 022630 nitrogen are

pHie deviastat the medacwlarieyeli t he sanme row of the periodic

table, these atons have simlar sizes, and thus may be
readily introduced into the crystal if size
conHIGRrIdAFD ars schieingtic ifinsraticnk efan axtoplaxydanolr frafbistor

BRSSP RIER R AL 11,

been di scussed by R Kalish and C. Uzan-Saguy- in 5

hapt 3.1, titled " [ f_di I, ' '
|C n‘[ajl &g .{ ]étslf, 3 Fp:hemé.t]tﬁ:. i ﬂg%lglf g ?18 eﬁg{;\fr{arp?srrlls or ?&&:hgzgaf f?orrln the n
and p-type heterodiamondoid materials of the present invention.
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and Applications of D anond, edited by M H Nazar6 and
A. J. Neves (lnspec, London, 2001), pp. 321-330. In
the past, greater success has been achi eved deiggwaﬁngOO?
ap-type dianond material than an n-type material.

Sati sfactory doping of dianmond with nitrogen has

WO 0420105110 to be el usive, although there hasubpemzsane
recent success with hot filament CVD nethods. Recently
It has beenDEFATIEN DERCGRIP DHONVDTHE BNUEISTION t
phosphorus has a donor state in the di anond bandgap,
with a reported activation energy ranging from about
0. 46Adc@rdm@tcﬁe:ﬁﬁédmﬁﬁfs@ﬂth@@f&s@ltﬁxlvﬁ@ioﬁl,lr&ﬁﬂpdy;ﬁXl sts in

nature (it .is_.call.ed t b nat.ura
oot perai e Pl g B R 100 LB leaH i lovioss. Tn
soiid bR HMRAtY oftﬁ@&ﬁ&:n@la%ﬂ@ﬁc@@iﬁtﬁﬁépeﬁﬁ?of Bk §1isialidn0 n

energy | evel of the boron accepter i'S positioned 37

fwch%wnfh?éwa'p% wajsrplg that iybeias ¢@ @/n"‘[%‘?%o%oped
YPPmeth R EvIRAVSE tRGRG. nﬁbi' %%Tééﬁtbﬁ‘m FIG. 1.

h-pressure high tenperature ( and chem cal

v ap df:ef@‘@ﬁﬁig FIG.dnn frevByPe Wﬂlﬂ%@@(ﬂdm@?ﬂb’é gicgreated fiest by

| Sygl]ﬁhc i dg% geroﬁ%g ‘iﬁ’%{ Iﬂ@;%ﬁﬂé&ﬁgﬂﬂeg%ﬁn%%éﬁ %@gces

wilflnn@hetmlaad ﬂleinﬁbncabagmbullep or p-tje tategialdioth the car r i er

ndandiumoyiafl Ereiey ffcatior sty il bufecd Bbleg o, ovD

tetigiiques, pblywnerizatidd, ardake e efthp hatiddiahedoids af antapgregatdoes s

kel ST Jp FnBia o s B RGO R EBrERoE e
ARtk Sfay thpritt @ BRAUnndE éfieteRdRioldoiddWe& eithetShdiddialle or in
lattice it occupies a predom nance of substitutional

cagjunglion vt opp AdisH t o 25 interstitial sites), where

el ectpid Rlokite islordfik&d é%‘olﬁﬁvseal)%%srcﬁﬁhcﬁ%?%b&ﬁes ofRlahShL
and Uzan- Sﬁg‘gy summari ze the main 1g@nts about p-type
(+]

typit dimpond, ingluding giapgles pRipREY etemsshat have hesrused to dope dizmond,

mﬁéer [ g‘F MJ(}Wa hgm@ 5 @tﬁla%g%oﬁo (%ﬁglds

besrpcoarpmd frmpemlcam ﬁcdsboaks; zsl tb@vmusshwndeﬂ isomerFiffeat are

o AL PSR OB RN g %wxh
st 01 hetereni mbstttuttotnalw deyypiescilattieersite inthd dqmaomll s

b It t b t th
oaPan R erdeta”h e S o B aindRAT o y

~ hoRdrddiA8MIA0ia RibROSRO BUILS: and PRAR mAtRiaRNn€lidihd\ehefici Biapdr

to_contribute tq its electrical propertles Bot h

deppipn{CY Dinpplymstimtions andipaggasgtiondne larggosizesraystrlyVen der
ng aléaag é§[ﬁa:?( hﬂ&&&&%ﬁe dév%e@ccgﬂtéiﬁﬁﬁ?éﬁ 1§ H:{ak@&e ePiRe

AddlBtl ona group el enment's "occup

' preaqmerr@dptw diampondaid mgtquﬂs asizsmmnmwafvmw therplng m@w@g

- mhigy Bf°8g%‘?f’%ﬂiﬁﬂ%%“t%ﬂﬂ§§t°%?&?2%p?g%?%ﬁs%%ﬁé' ener oy

of formation for the

Properties of n and p-type diamond

To date, the well-known impurity atoms that have been used to dope dlamond

mclude boron and mtrogen. Boron is a p-type dopant with an activation energy of 0.37 V.

_ Nitrogenis an n—type impurity which may be referred to as a deep donor, because it has the
- energy level 1.7 eV away from the bottom of the conduction band. Because boron and

7-
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sqying s boreq i febest sty

bondi ng of nitrogen wthin the carbon lattice is
predicted to be negative, -3.4 eV, in5 contraiz 2007
the high positive energies of formation predict&d gy
phosphorus (10.4 eV), lithium (5.5 eV), and sodi um
(15.3 eV). This suggests that the solubilities of

wohereresel ements in dianond is low, with tperesospbisan

of nitrogen. As with boron, nitrogen al so exists

nﬁ:ﬁgeitakéi ddfab @R R dadboh fh tﬁasaﬁ{e%w of BEPGHAL (IPRE tHekb atoms have

di anond), where the inpurity has an activation energ

SigHlarizps,aif (5 KDALY TRFORBCMEIng hy G FHESARSUEFHIGHS Orly

| m‘é@aﬁc&gy)ﬁto aSE!{xﬁHPI B g{bg&ﬁbﬁf‘ﬂ&oﬂ bid 128680 Lo diakd RS, ﬁﬁﬁucular

el ectrica ting at roomtenperature, and

ag theselaiede ion m»l@t@m{we bron disengsed &y By Kelishwad Ci TéﬁaafSaguy in

oy hL s TR UrAIRB 1.501H AfRatbE B ARANERNR!
ahdApplications of Bianemd ety Mgl Mot a5DA FeNees (Ingrfec; Tisadon,

| a itrogen was |located in substitutional
24P g8 e

that the nature of the depth of the energy
| evdh tHe@asd aireattr bitedss hasbeernichieddd deedl@pingad p-typs diamernd e

P 9 Qe RECHAETY SRTRRR GACIOTE A g bas roven

toHR REBRE aliSouglh Bichgs BYan Ssitd récht Bcesy eitghot Eifanf2nflC@Y.
Recently however, phophorus do edd m)nd as bee{lJ%m)r

mgibedin Regentxbhascherrdepppsirated by

st2tB YR aitiata bRRGEP RAfMSep &t@@ﬁ&i@ﬁﬂ»n%n& g;hgfr&h abbrlt .48 %
I oni zat1 on energy about 0.5 eV below't he bott om of the

08@Vconducti on band. The nobil i ty of carriers in this

nat qici coﬂ@%mlgypl Ca{i Bt RER ?d‘@y% e B nafd d 3oy

roomtenperatu arrier
amhn@bntulcdpropmemvebefeo sindied extensivelgn Thdse stodigkeshowthat the 3

o e P i 23 B0 P

- Moea reeently, bbroh Hepetl prrppefdidnionds tnge Been andevdingHotl g Fessure

tigh e (LT SRR RaRB T AosBen (NG de Prse
tyPe BisiA6ndehA&al inbd to Ak hakial b%’ar@ifdy ibEd thallp b [L‘N@jepﬂhzﬁslmfthl on
<|n di anond has not been ound The

B dlipmapdaiesspheshmaterslghave oy reorigh uygﬂi%% frEsaRobTipal
lif()‘élcﬁ‘l12 Weilagth @zﬁn&' BBRER108 ool £ GhRAYtGbMS tediperature.

tice. The msfit induces a strain in the dianpnd

It |haa heprpostutated ithat fho sugcess pbiahrieating borendpped eiipe disaoad jsglue to

AT Bfohgﬁ)bt,ype Yhdbles gagaml R RYGIHER RESN Once -

0 produce n
inisidp)thaltﬂﬁamt@ncupw@@ptedOMcS bfﬂbsuhmmglpwmwdtq ty

Ver. i db wth an
mge%?’lﬂ%laﬂt?s H"%@’}?g"@%l )PE)ac %%t?“ﬁc B‘Stéfst udy found an
act Imnﬁﬂl&&%@w@ﬁm&m&%t&\ﬁaﬂpbmtamtp{ypsﬂimndmbout

40 percent of theljgglantedllt Lum found, to

pRpeigRent i Tie bpsonlopebmpieriqs

déniasidd neid RRRitics b RS600 Rit/ViOarl c@ﬁﬁeﬂ@aﬁoﬂ PAtio below Sipedbnt.
signal -9 17 January 2007 WO 2004/ 010512

slinpsehgue wePendde be phigh tepperpiyreanpeal at a temperature
astgiaueect hat substitutional | | t hium acts as

‘accepter,
In contrast to p-type diamond, n-type diamond has been more deﬁcuIt to fabricate.

. Among the potential substitutional dortors for diamond, only nitrogen and phosphorus
~ appear to enter the crystal to contribute to its electrical properties. Both elements may be :

.. _8-




| and interstitial lithiumbehaves as a donor, wth
possi bl e conpensati on between the two effects :
resulting in no electrical activity. A further 1/ anuary2007
di scussi on of boron doped di anond has been given by C.
Johnston et al. 5 in chapter B3.3, titled "Boron
woepisagsand characteri zati on of dianond, " péruszo03/622630
Properties, Gowh and Applications of Dianond, edited
inlBdadved dako dWBEE@ grbwiNEMRIRI0AIRS BO6p I eldsHERecupying
.2001), pp. 337-344. These authors state that it is
inkoarsinAl sitso PR ee g a5 lithino e been mapdiier toietes BeosiWillet s
a@Ratft AEEEPL1 0B A rBNLHRY. ITRY Slerf) FGGnaYorABONE t he

edge of ~the valence band. There are essentially three
banding of vitragenivd(in thearhwn fatting infredistedito hel negative, 904 6N,

5 ol e R RS B0 o PR Bk B S IR
lifhinod Girsted, and sodimul (13 o). Hhigteggemiviiet te selubiliidsoligiesn.
oA B PR BB S ot P e Do Gent upon the

t extAxvathdfordnlsitrogen aisa dxifts bubstitionblly io haterat dtmatd (be Ibhe
b t on .which the di d_i i ited.
R R ot SR 67 o SR AR S S
10 iohRatiddlefergly, dla8i0hd\EbnthinddDiitogkh InfPuliass didelebtitaly Menlathg 1

orientation was up to one order of_ _nagnitude greater

ropRAFMRerAtyF: e e Uess gnalerials geywotdheisidied by Gepventjomal clectrical
miaamlﬁleﬂ R hhigies Ol sidORMnation ﬁ&&:ﬁe@d‘:ﬁ%@&th@éeﬂﬁ&ﬂ%r forduit

i s al so dependent upon the norphol ogy of the deposited

wirefound; thgt afier gpnealingAbput S0 pereenhofeheigrlanted siteen Wes lagated in
subBt Syt d ' ' :
concel ﬁfgtég%l %‘gﬁﬁg@e ?z[nt%? (e)g@ég ﬁ ro rtr]{l ééé%grgg Y@%%’l}%ﬁdté%d ?{g)&;@&cor%
15  m3terig Onstgahdd Hr yssboombangeratire. i s nore difficult to
' - 1 di t hanp- di nd '

P o ERRBot B BehoPOREE b 1 804 (R AR, phSiBnoras
havirigrae gaivaiioncbnging s§DEVISR ecentlyphaweaerppldphigisdppéddiamond has
bR Ry & L i ang e (e eng e ents seshg  BRbsfon
prg&lcéd a %dnbf 1Bkl gﬁﬂlﬂaﬁ ﬁﬁﬁﬁﬁo&@ﬂ%@ lﬂ)%M Eﬁ'CDS %ng(g@ilﬁ ﬂﬁ@)tottrﬁn oﬂls(f) :

Lanond, " In Prqoperties,.. (.0 .an I catl ons
20 oongiiobrnd g mebiy of ariges i AL W UL o peREipES: a%out_ |
3¢ ahQ 3 PP Em?® VO LU QR tyfied) #dom Rfperatid _'cgiﬁZr coﬁwnﬁatﬁﬂﬁ ﬁ@ﬂé found to -

states that di afjond prom ses high power, hig
beronetharderpf Lint 1801 gt stndies; itarag fupd Hipkphosphorus
ok ARARBHE Ll 14l 48 I B BRER b B
0. 16\lih2ugU this appedrs ibetah ettrastive mothddiof producing aftypeplianend, the

' b : 104 K, ...and . Wi.d d f
25 wlg e o R el oA o R e RGAER SN Bl
| ndnbfdln found. %ﬁaiwﬁbﬂ?ulmtgmbmzrgym ctfltlb: pﬁbs}imiuﬁatoms ‘
S nt heti c p- [ nd ¢reated. either, -
 xelifypio B dBbimeins ftafienkdng snselmboq Aibemiott il g ean
difordadeGAlichVPP&Es t6 2Ra&iahd GEud bR otstvAMHY bd@Ral alivity.
create n-type di anond, nitrogen and phosphorus were

c ongtigwpis havteplsg beengunds taaraduigerbime dismephbylithinpgmplantation.
30 . In'one study, #-type conductivity was verified by hot probe measurements, with an o
.ractivation encrgy of 0.23 eV. Another study found an activation energy of 0.22 eV. In
another study, about 40 percent of the implanted lithium was .found to occupy interstitial
 lattice sites, with 17 percent in substitutional sites, but no clear n-type clectrical signal
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Nitrogen is the nost prevalent inpurity in nat |
occurring dianmond, and can be readily incorpori{@ u¥ny2007

into CVD dianond using either N2 or NH3 as a
precursor. Hot filanment CVD was the preferred nethod.

woypisp@sizconcentrations were 6 x 1019 at onpéwes2003/022630
However, the rate of incorporation of nitrogen into

c&i@oe%lﬁiﬁ"np@ls%ﬁ% Bb&ﬂ&t&@ﬁa@u&ﬁﬁﬁm Rthiveacks€ accepter,

orientation of the growmng film and the growh rate
andfintenstdtiaf lithiwmkebavesiegradoaernwith possihle compapsatiop petipan @i

effeetstrée@l E%g%%mcﬂ?%%‘&ga”m e, (100) facets

I ncor por the t concentration of nitrogen
i nt oA fuktberdlisawssing of Hoednl dopsstilidngond hasi heen gizenchyC. Folingtan of al.
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eV fromthe bottom of the conduction band However ,
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his 1s In part due to the arge Sl ze
deperslepivoenbe teatuze ofiie diamond il o1, the enientaiiemef the Subﬁ@@pln@ﬁ us
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romra carbon.
15 mtmrm@dmg dmnadmhﬁln@avmgl h havhngmlddmcmntatlam weng topne order of
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CFer R Bt te S LS Sep Wi vRest by o OLlptsg magnitude
wﬁeﬁﬁﬁé&idr%n&ﬁ&‘itﬁn% inore @68 abd® 10'€W ®W.cnt’he
properties of of the dgped di anond depend on, the

20 nat dsdlissyssadpboveg it ramare diffisuli fo prepeer-Bpafisnend i npe
- di &ﬁmy%n KitariQf, bl 1268180 RPANGat AR HRbEAGRA orus29

e viewed as a shallow | evel, and therefore

mm@mndusmg)@\@mqthodahm prevest tate movd seressfl hBuch 4 tshrigls o
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i f“é‘#e%%’f%‘;‘%‘a’@“%*ﬁ%im;ﬁﬁm° o
-+ apglicatisnadiug & i pigde DhYFIRRl aTORARIAY  These Arepertiss m@’iﬂ@%&%ﬂ‘{%@?

- mEARRGEEd. u@ﬂlﬁ/vast am%&ﬁmw&oﬁﬁqauﬂm 15236 Wm K, anda

I de enough energy to.excite the

temperature not prov
it B seal s oV o g pontesie ot en cuusrR B e
30 - mg%&mﬁ]?g tryf;@]l‘t? &iﬁﬂ&& ReTaRIl gﬂrtheﬁ@? %ﬂ)lagfaﬂﬁnd created by either
' - hlgh pressure, high temperature (HPHT) techniques or by chemical vapor deposition CVD

. -techmques To create n-type dlamond, nitrogen and phosphorus wete consxdered to be

~ possible donor elements.
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has been nodelled to be a shallow donor with an energy
state at 0.2 eV away fromthe -11 17 January 2q97

20041010512 PCTI US2003/ 022630 conduction band ‘éd
mat i ng phosphorus a potential candidate for an n-type
dopant, and |lithiumis another possiblity. It should

aréu\é\% 2007

viezomaesdz t hat, under sone circunstances, POEUS2003/6022630

hydr ogenat ed surface of dianond nay inpart to the

(t:)r ySK‘Nﬂiogaﬁs thymsmmwl ﬁtibiphlﬁtxin sl lyima&mh%&ﬁl _ at_ﬂé:ﬁpanfﬁ%aﬂbe |
. obr ov al. 1n."Atomc-s e I magin

f?"ﬁ%!”ﬁ??ﬂ’g@&‘%ﬁ% dpiops s BT NaroF NBp pi Tgsor. Hot

fileRCCVD Rvas tbiptefiRd mélod. Pyphoal RRcenGHfimSwere620MY) atordins,

tud%stgem)nstrat ed . that a scanning tunnelling

e Sitopice! meemerr it aiineen ipfe theslering dipmargbigyiwas

d'f':[.lbeﬁééﬂt & thP ErienShiSdTB R Sityind Gifin, 2h@ the B Bt Bhe film was

el ectronics properties_at the atomc scale. The

degeadestanthe apowtefiniragenin the feed gag| Bor exapmniey (108) facet90)

s - . 5 4 gt "

e G LI TR a5 AT

facpls.oith (1 ¢fY) fac oipomstingstholeast areoynt efgdtrigen. nlilewvien fre addition

oFRERARY TG 0B iblodib e B enbelfiit el e 90 oty

fallowed byl 1)tfyoeowith theleast entepdenient in{100) facets, ncl uded i n

LTI TR S

semitaidicting diSedt fitmaNModélkiRthal sHotn @it fmmmsdnmb&_rvé as
Xb% 15,used in devices, for_ exanmple, that utilize
stlO; dprg in e s e el (2 ¢\ Gemithetmbpros s
cot@uéiHdf bitdD Howensl, podphbras BREAWMrSd 104tk tRFes of formation (10.4
sem conducti ng d’l anondoi d mat eri al s. anondoi ds t hat

c¥b anfusedew silitmemselbditeindipopd Thisis in pasisiup to thplarge size
of FHo@hbrdl RIAER cafbt 333 iAo Mo ks BRAKEL P.I6 B436oms

the 'surface of these hy ecules 1s

- copred dethe £ 4@ angagorbedding iof ¢aghonof het er odi anondoi ds The

U S RG0! Sepn6 s Bing, 9 MPcblelonf B pnapppors

depang ceuld iba edhisted) Gutdteasefodnariley the canventiatiors of plidspiremint canld be

tetr t ane ent amant.ane, hexama

e e R Bt SR DA UAIES S HaE o aror brateli e
dodor-aehparaompinsdtion et distigsell blicve, doHtipbioR@icabr coufdH¥er s
Q%Jgd tereoi soners thereof The conpounds have a
aV&hondoi d" topol ogy, which means their carbon atom
ar r JRAGHBRN thd propeftidp6f FRARARI @an%dﬁgfeﬁ@mghatﬁlfe,o?ﬂw'zcc

di anpnd | attice. Substituted di anondoids conprise _
dappafmBarop doped digmendyhastap pedsptgr level of 4368 eV above the valence band, -

ARREOCSAINa S i RS M S AR

chem'stry has been revi éwe

-+ withip hedandgapeto the3op dihselrnerimed with rddtivelplemerdiisd However,
' m§5éeﬂ G a”éegp don%%@n an%%\érg\)/r ?elvél 194éV gvpaly ﬁ%;?tﬁg’ chtognlo 49 '

- conduction band, and therefore relatively large amounts of energy are required to elevate

.. an-electron from a donor state within the conduction band to the bottom of the conduction

- band. Thus, when n-type diamond is doped with diamond, it is not electrically conducting |

-at room ternperature because these temperature do not provide enough energy to excite the

-+ electron from its energy state state within the bandgap to the conduction band. Phosphorus

‘ | has been modelled to be a shallow donor with an energy state at 0.2 eV awéy from the
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Adamant ane is the small est nmenber of the

di anondoi d<seri es and nmay be thought of as a

cage crystalline subunit. D anantane contains ?bﬁ%mﬂuy2007
subunits, triamantane three, tetramantane four, and

so on. Wiile there is only one isoneric form of
wadamsene, -12 .. ... .. .. 17 January 2007 pc¥¥%2003/022630
2004/ 010512 PCT/ US2003/ 022630 di amant ane, and

cdrdh @R BiRBge, Hﬂﬁh@plﬁ)@ﬁwﬁ@ Yhofdhtal &miahte FGAARLPpe@opant, and

t et ramant ane of ‘which'represent an.enantioneric
Lighdvint ip andtheg possi bﬁrr di fferent possible ways of arranging

the 1t QM b@ﬂ&@ﬂﬁ@ﬁlﬁeﬁﬁ‘dﬁ\é M htﬁ%’lggléﬂﬁ fted@ﬁffﬁ:’egfe

soners I ncreases non-linearly wt |g er
d:lammnhna)oﬁlpthE) thié arptad d gitybesenduetivityp é‘hxsaaﬁahwaﬂ:ecussed byK.

t h

B A i A omid R R APt HAMAR) BRGu RENAARLBOF
?&i’gmme,dmyubqgn fﬁ-ﬂ@l(@ﬁﬂ)l)e Wﬂb dbmonsffhted thett a sdanamyg

a een dir 0 a,nunber , suc a

o e s b b be uta RAERES s o i tfeee

toﬁﬁﬁ@@ht telees?ﬁﬁcsmf ”Bﬁi’tlﬂﬁraﬁﬁ{i& ﬁitaiéj n‘gem@enmdsamt tofa .

i nst ance e ollo ent.s_di scuss pateria
Sbn P OE G OB srEe S0 B igArS b YN A Batte SR bigs. The
hy?ar&gég &memeu@ﬂgﬁ%r ation of pol ynmers from

al kKenyl adamant anes at ent . 3,832,332

te atﬂﬂ@@d@epfé lof ther Presenh BVSHHER Cifcg et fbp&#ﬁeﬂkfgﬂaé&a R e
v/
Wo r‘{Hh élzf“ﬁg‘eﬁr naldllaﬁg?oé%l’ sgéhrt}e%l%rf]e lg?r 0 mﬁg‘gﬁ r?feﬂ??ﬁoer

atoheris ineluded ésthe diavhond @ystblatiisn strydbire price S5the Gibrieation pf the v ple

n f
a%%n?gﬁgﬁggrlva "?g%,ﬁ%ggqﬂﬁg%% raSOH&%%gﬁéndsnmybe
usdd indevides fivs e:tampleaﬂmmma 2ajinhiogh dhedeslvdcas apbide gansistors

R S e e B e

Dﬁmgh&tﬁﬁi tisat ees not&ﬂﬁtiun h&e:bamaﬂﬁe seful a\# -tybehaterialsiseaeg ) a
abori ous ep proc S | et.l c oacnes
wm‘g@ oI AN P L ST b ese FoepREoB IRl

geied. 971-992  (1980). To the inventors’ knomﬂedge
thIS is the only higher dianondoid that has been 20
synt hesi zed to date Lin et al. have suggested the

Dt SR i&erBiam id not isolate, tetramantane,
tamant ane, an examant ane in deep petroleum

pe
r es e tsim édmmomdoghf refets to sebstitutoh andt unsehstiyted caged gprapounds.

' | oi'r %%@aﬂe g?%eﬁ a%@% E@gljaﬁgne-r% génx atane ?eﬂ'gmantane

25 f
- condpo@ids BavéiaStiakdoaddi@Moplogs, vﬂh@h’@ﬁd@thdh: Cabdredidth ﬁ@angement is.
- . féedstock has been scussed b
- supgimReabiasn xfagment of go FOG HBmpefat c SubeHed amondolds
corlprisCidts %o A fdiphderity [ m&e%ﬂeﬁtig&s%ieéﬂed alky! substituents.

- .30

@mmﬁﬁﬁhwmmamﬁmdmm%mmmmﬁmmMRMMwwmmmwmwﬁudmmnmmmg o

B L ST T R Lo

~anti-tetramant ane
- Adamantane chemistry has been reviewed by Fort, Jr. et al. in “Adamantane:

Consequences of the Diamondoid Structure,” Chem. Rev. vol. 64, pp. 277—300 (1964).

" Adamantane is the smallest member of the diamondoid-series and may be thought of as a
; rsmgle cage crystalline subunit. Diamantane contains two subunits, triamantane three,

- _ tetramantane four and S0 o1 Whﬂe there is only one isomeric form of adamantane,
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[121] and two enantioners of skewtetramantane [123],

with the bracketed nonmenclature for these di ar{ggdm d32007

i n-accordance with a convention established by faien

et al. in 30 "Systematic C assification and

Nonencl ature of Di anond Hydrocarbons-1," Tetrahedron
woQbowoRdiz PP. 3599- 3606 (1978). All four tREFIRAHARRS

have the forrmul a C22H28 (nol ecul ar wei ght 292).

did&f S M08 1§ ARnRAS ekt fe BEAIBRIBRRS of RhARalAY| Et% of he

mol ecul ar formula C26H32 (mol ecul ar weight 34 and
whiglp regresing arbengutipmerie pain).d.ca for differeat poasible weys of ﬁ@fmgw@rﬂﬁ

bbbl ORL B PR RELRROPRAAT R,

eatinbighér membeanf theairardndoip esmies renitpanéae, rhquemmam, écpt@;antane

%%4%3?%%n%?%tm%l%é There al so exists a sH30

ecl pént amant ane [ 1231]
r eprishmantech, Which i3 eommbxexa]]jr ayzilibie, bed teerBudiakaxtensivedy €be

exi estr esvvltht nt
stfestieva ot potetl v DR chafeat. s emogiirumic Sl
fufidtidhelzbic aﬂ&&h@iﬁp&&&ﬁbf a’d&dmﬁineicbﬂ:&ﬁmg Siateriak eFor mstance, the
ynnetrical; ten xamant anes have the | e
fo %W‘H%P%Ief@z@%iﬁ wa@&alrlw% dgpqutang syb uamn%t% i’atent No.
3 4%'8 Rdabighs hﬁﬁ%ﬁﬂlﬁpf:l}ﬁ&l %Jom%éénﬁl'&&m%’tﬁ@éiw Patent No.

formul a C26 | ecul ar wei ght 342). Heptamantanes

3,&¥26339 traehes ap@man@lée polymesr forms fiom allyladamantans diapaney P SsPatent
Nél"'stdi'i 8§4 QeohkR0mk fo%dgsalommny&amewsﬁs frofh biffhntane

(rm ecu ar wei g .. andad hese, seven are
degizafivesiland H@v?aﬁglt No6.236,85 heepertsthesysthesty andipelymenzation. ofp

ﬁ??}g gg@ sdegﬁ%uq%ve t he nol ecul ar fornul.a C33H38

ar weig 34), six have the nolecular fornula
C32 BB éonfrash) thaodidraondoids Gindmah Py anddrighet lrve reenimediomparttively

il PR iR e hER PR AL. bR repte i R o

anﬁuétumahﬁn@nabvegﬁem usiptaTabiokivs, ghufiikep pﬂ&besﬁfﬁﬂ "sgmhesic

Aty Lk Dibmoni usbuetios dkamronae) 1o oo D553

(1530h 2R ke aRveRord! 1Bwkaye thid1§h88 af dﬁrﬂ&n&b&ﬁ%aﬂ%’é'ﬁ'é&
(ol ecul ar wei ght 50 ); C37114 nol ecul ar wei ght

syntbesjzed toxbobed 41 8] Beigisagaesied thnexistonpy of, b did nosielat,

éﬂ%!n X
tef am | %lﬁéé? F@fgtgﬁgﬁ% | ecul ari I ghts ie%ol nIgnh% toF
misp speewsnfgnmde@ubmrted br‘Matugad Oc@upenf (aneemtanafcz%s)g ht

Peﬁé@%cﬁaﬁ %Q@ i&'ﬁ%’f Tm%f)egéﬁ%r wel %%?01519‘5 ,

0

L3

* vaC32¢10)) pp. rtﬁlZatﬂﬁmw%)Ndfhg possibB/presenne of BttRftdnaatdecul ar

pelRyahteng b pot A A LT Aot grisbionshi eyt Bodsik has

 beetedisuBued By Ehen ¢t HCid).§. ParniNd §l4e4,deg.amant ane having the.

m)I ecular fornmula C35H36 (nol ecul ar ht 456) which
s 3hie f tsfmaniang s ave oo ierunaniae DS h@vbleupaniane

[12_1] and two enantiomers of skew-tetramantane [123], with the bracketed nomenclature

 for these diamondoids in accordance with a convention established by Balaban et al. in

“Systematic Classification and Nomenclature of Diamond Hydrocarbons-L,” Tefrahedron
vol. 34, pp. 3599-3606 (1978). All four tetramantanes have the formula CpHas (molecular -
weight 292).- There are ten possible pentamantanes, nine having the molecular formula .

- CagHizz (molecular weight 344) and among these nine, there are three pairs of enantiomers
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25 decamant anes. The ot her decamantane fam |l ies have
the nol ecul ar fornulas: C46H52 (nol ecul ar vvelngt}t ary 2007
604): CA5H50 (rol ecul ar wei ght 590); CA4H48 (nol dETHARY

-~ wei ght 576); C42H46 (nol ecul ar wei ght 550); C41H44

(ol ecul ar wei ght 536); and C38H40 (nol ecul ar wei ght

wddsndspdecamant ane exi sts within fam | i escwis2ed:idsso
di fferent nol ecul ar wei ghts. 30 Anmong the

th
ref GBS AP BPLIPOPAI A 1269) W RE AR Al B9 e
penfainattares sspssentedtby [ BA(3)¢1, MW]}lﬂZlﬁ] i@k elsppxisidat he

pePlariame 1A PATROSAABS the HMecllel Rim R ESARIRRLANS weight 330).

( nDIHRgath-AatanywExghih tlﬁffyﬁmne ﬁiarhﬁblécttr@qmbsemﬂﬂ tupnm.@tlhﬂwsﬂ the:

ol oS olor PI9350 e ) R e en,

bR AantantiBbbiie ﬁimbﬁmbmma/@ggn maa&)ar w@@ﬂﬂa&sa) godhieecul ar

regnipg oo (HRSALI the TR BE R Crarmpispae pight 522,

di a'ﬁ%ﬁﬂ&hﬁaﬂe@ﬁ%p@éﬁﬂ&&i d%xist in 166 ﬁfsﬁﬂb thGﬁ:yd@wﬁmlslsylavmg the
substitutionall i oned on |attice site the

melbas fmslaghn (gel e g 448 knhet G 0GR AR
nad éﬁ%ﬂ{& e ha f%rrgﬂs %ﬁh{%taﬁﬁﬁﬁﬁ@ lgh ﬂa\Fthe%(ﬂ&ﬁﬁi formula C33H33

nts may rogen hOSg orus,_ boron

(nadlegniarniveight 4B4)xmhnwtlammleaﬂls:eﬁmula Hysmplegularivsieh! 430)
i35 k208 tved Rl e S REw b ErnliE CLARY LGRS el RRED

omln ttice. At hough
rms tOckmiaaramtpossass alght of testiahantane ﬂéduiujs apdeiistivahdire t hey

g ol Frofy s Byl LR bt bileodl Gl
c%ﬁgsf(mfaﬁbulﬁg&ighzad) (IDctﬁﬁnta:wdt alsmﬂvet thmmhlemmnﬁmmmgs:
(ol w0 Cofla SBrEcaraiet 405 Gt LT aB A |

a6 dlaiechﬁfﬁégmugz)a an n-type orp- type

het erodi anondoi

e dFpamie mq&iyr i3 xR RIS R MR AT e
Qxﬁ]ﬁ.‘ G J&%ﬁ@fﬂ}j (ﬁ?ﬁ{(ﬁﬁ[@ular weight

con‘p een re orted nthe literature, to
STt Gualsadst whiE A Db @@lmlaewglrt|4%$)afﬁm§wémglﬁcﬂar

hi previ ously synt hesi zed,.

v ﬁ%%@ear%g@@uﬁ?gﬁ%%ﬁ%ﬁee%?ggge of the use of a _
het ebeoathatenn dnstsimﬂmn Gimibiésrod sdven difforgutanrdgsulanweiglts. Among
het erodi a tane c ounds a

PR 6 SR SRR e 48 Tl e Ol |

(BoléduRP e EBhIOI56) WmclﬁmitﬁfcﬁmuywﬁﬁaetﬁnlrdMnMe other of 1)

het er oadanmant ane and heter, d| arra r. 2
dpramaiEs- aHheoihsRdoapntags Hayedn ﬁ"é‘“li’r?ﬁr%ﬁ%‘%
(BSle RO #Bih04); © I(ﬁlb&emweeghlt gécﬁ c@pmﬂ@mﬂ Reight 576);

- “andp-typ€ mateérials conprising t
Cﬁzihafmoép

e het er.odi anggtaolufl
ﬂmmhaﬁ@)&di« fppieralag peight, 530k indf-aptte agiePular

ges due to the higher carbon t o- hydr ogen
“%%F‘tﬁ%gﬁ (where

Undecamantane exists within families of eight different molecular weights,

Among the undecamantanes there are two undecamantanes having the molecular formula

" CasHuo (molecular weight 508) which are structurally sompact in relation to the other .

| undecamantanes. The other undecamantane families have the molecular formulas Ca1Haa o

o -(molecular weight 534); CaoHaa (molecular weight 548); CasHag (mqlecular_wgight_ 588);_.—‘,.__:.. o

e
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nore carbons are in quaternary positions where they

are bonded only to other carbons), and there

nmechani cal advantages as well. 25 FIG 2 shows Efr??anuaryZOO’l
process flow illustrated in schematic form wherein

di anondoi ds maybe extracted from petrol eum

wbheedsieeks, and FIG 3 enunerates the var pOwBs2003/022630

di anondoi d i sonmers that are avail abl e from enbodi ments

cgmsot(hﬁleaﬂewght 602Y;0MHLD (Inolecubvailzht @80 T 4 bl APRRED rGhgeight

from petrol eum f eedst ocks 30 Feedst ocks that contain

642394 bl (@okeRE WL PSP gher di anondoi ds i ncl ude, for

X AN Gorm B ttb BhmSHED1d8 ANBIRALIR ForBO arﬁénhcﬂz@ém it SRS a
resulting fromcracking, distillation, coking

hetereriem Spivallysiistitgtionsl]ypssitimed on & lattive sije of thst ceam@é crystal

SRR PRyt el A5 i ptporl B S ERRECD 10
embdgliments Juaybg mifro2@0 phosplonzigda) dpGirdupditiug 200 31622 630

SBERBiRAFRNAGIT: 7Ok Heflnh ALGSBE BRALHARRS cBbal SVElon n
the dmmond)laﬂ:tces | Afftiohglomodt heteroatorhisare ﬁubliutg&rmall)dp(mnmmﬂoihdysmay

m\(ﬁg’ifntﬁ ﬁﬁgiﬁ’s 'thlléﬁtﬂ]ﬂ %@%&giaﬁﬁés&? ng&f;%s WE@@E?%‘&‘E’@J 5t ao renove
hddéodiarflind5id A bel findtishalid Sefelaized; Sidikehpands @y referred

' dla nd0|g i.f desjred) can be carried out 5 usi ng,
I

Hrendgids. In g present disslosirs, g ERCIRRP GE s

m%@ﬂﬁoﬁiypﬁl@ RS R a AL r BliypeHeRMBRmoRddid, but in some cases
evaporation and thermal separators either under nornal

the = of -Bipe Exatepirlanay gprptise dignopdaidsgyifh nodieternafosst at i ¢
Sep%ﬁh&gh%ete&%%{aﬁ é o fddiafidh &gélﬂﬁ?ﬂave%‘én refdRES

separators ke A prefe separation
indest Iferatutey toitleeinyoptors) Mlqyclege,moshteietdumanhnm higher compounds

o RE pE il Wit S8 RN FepbR i e ot
th:IharMHdmd,Lmdudntgdeter@ddmlmtayh elrhethrcaim‘adtandccmmmmﬂh ant-type

onge e a@iefitn » SOl By TR bl Rk it o ? relspifop vt

cdé:mt’dzﬁip&[&dlﬁe udsE bﬁl)gﬁii&madagnmtlinduﬂdlheﬂéﬁdm@ﬁﬁthudﬂﬂ&@)l 3 | gwer
|arr0n ol as oW DOl |1 pOI nt non |armn oi
hefgrotapmanfage, or %'Eﬂf@rq totramagian eegtﬂ bve g1 eatential frapsstar tasieripls:

ho%%Vﬁ'rrﬂde(thS'ge mﬁerla![h%o 8¢ Wt@odiRRERoMal ﬁbxﬂtt&fa&%ﬁtaﬁeihnd
15 provide the initial isolation of the identified

3119?%% Fxpmt%drﬁe hw. agventeeies dug tosthe bighes pachoreto-hydropetiatips (fwhere .
rnfYe Qit5énsGte ftxobi‘@he?é ﬁgﬂéﬁed)énﬂr {btcﬁﬁe?éérho

retal ne rray A4 2qui re er purification.
Mﬁ&mgmﬁ@amcaiedmmadei cont am nants and fat her

DU 0 AP ARAE b, b i

-
(OEﬁ

- meydeergatres:d fmmzpbtrsleum fetistadis taﬂd:ElG q eREnerstosthovaibion

e|t er,.under, nor nal., ar .20 ce ssure
SRR R Sl P SaR B R s IR |
' head separators, flash distillation, flxed and fluid
bed reactors, reduced pressure, and t he l'i ke. '

- Isolatlon of diamondoids from petroleum feedstocks

30

" Feedstocks that contain recoverable amounts of higher diamondoids include, for

" -eXample, natural gas condensates and refinery streams resulting from cracking, distillation, -
- coking processes, and the like. Particularly preferred feedstocks originate from the '

~Norphlet Formation in the Gulf of Mexico and the LeDuc Formation in Canada. -

: | : _.45*.._:...
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The renoval of non-di anondoi ds may al so i nclude a

thermal treatnent step either prior or subseqﬁ?}t to 2007

distillation. The thermal treatnent step may i

hydrotreating step, a hydrocracking step, a

hydr oprocessing step, or a pyrolysis step. Thernal
woneanment 25 is an effective nethod to r erCNMEs2D3622630

car bonaceous, non-di anondoi d conponents from the

f eedgbREkodsBaE oot ﬁfﬁé@fﬂgyﬂﬂiﬁﬁs &Hlovdr diapivhddidsbfen ak fuch as

ef fected by heatlng t he feedstock under va
¥ P a ey bt gt Emoobigd Bigheralamogdoids (offen s mch

aslaB&R @rS% a5 (i)el%nt %%r weRBG. ! TIRRPOHessing ¥ Such Qé%dstéﬁl@ fo remove non-
preferabkg@to a tenperature in the range of about 410

digrpongsideandrp sepatpig highes and deyyer ismerdoids (if desirgdropp besgggried out
zfﬂf regé e 01%‘8 quﬁ ?&aﬁﬁftgdgﬁi (flé at hxfkﬂlggapesarggl&cul%ro

supes @@n bvalpyrahm gﬂﬁheuﬁaltsmmlﬂtﬁlanﬁmembl ovtedusadpressures,

o tbro Sl Sy BRSO by R RSt

avdrilet lkeen nore preferably at | east 90 percent by wei ght

andusto a0 PP G 20t HEDS PR G R 0536 SOk

caR Yeofdvy $0vwaboiling) n@f-ﬁammﬂoidmommeﬁ&bn daﬂmuammte ok Sepaate out

aI wa ecessar facilitat he re r
erpnd Biehsy dafrmoad%ri o e Do BT E T phatof the
mgﬁp&aﬁbﬁ&ra(méle@aﬁror i6oMioR! InuihérGhstdnbE ﬂeqm&raate il s of

di anondoi ds 'to be suff|C|entIy hi gh, gi ven_certain

enﬂel@éslr lowredigmensioids and low beiling pritnep-digiropdoidimpteals such
4Dk SRR &Jrcﬂ'ﬁie WeleR cwts REPRMA ﬁe[’rbtﬂl% &3¢ of interest to

c romat ography and hi gh performance

premlmiham@grl isplation of gheidentfied; higher @amoxfdpdet P, which are .

enf 0 A DA B chBoh Bl Bl HP R Ing i
fuyther phiificatioro rOtbér mdﬂ:edsrm the rmovalrrﬁyommuasa and durther

.ovi de sele dla ds f ar. '
poRfaisn B FmEo Sy B bR sn HtaRoy BelubEs owing
nomiriﬂtﬁ]g lexladmm smb;rmueecmﬁtgieg dﬁpﬁh&ﬂﬁﬂl@gﬂﬂh phigrmal or
ta I zat J,0 er I usi Qn t n ues z

regiic liion Pyplalzatrn, ot el e, paators F
mma@dnaﬁxdarhnd flaid%ed Rectdrb K&luoéaq&esklﬁ§ laad 46 liké.n one

process the recovered feedstock is subjected to th

| foI (Taawomg valadpen-gmend aﬂ%eéﬂﬂr%@clu%aférral@l sptmeyt gie pither

{) i % stﬂl&loﬂgTﬁé th¥ 8l thaffedt Sep thiPHARA BArotreating
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 th&AAy &Rthak % BastABRIB LA by weigh o 4 HORARGIAhdoid components

_ that were in the feed material prior to pyrolysis. More preferably at least about 50 percent

o . -bjr weight, and even more preferably at least 90 percent by weight of the non-diamondoids '
____-__a;eﬂlermallydgg[-ggiei o : o o
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20 Detail ed nethods for processing feedstocks to

obt ai n hi gher di anondoid conpositions are set 2 rth 2007
in US. Provisional Patent Application No. GO/é agy
filed January 19, 2001; U.S. Provisional Patent
Application No. 60/300, 148 filed June 21, 2001; and
wd 2e4/0501 Si onal Pat ent Application No. 68¢B053663@22630
filed July 20, 2001, and a co- pending application
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p]ﬁi, mair odi nger’s equation) to describe the
ectronl ‘c structure of. the nol ecul e.. Quantum

me c Retiledimeth@ls derpresgssing fesdss @Fdfs sabtaimiisher digmopdoidyods.

copiholilihs'afd QS (PR BrdkiGhal B tAg@ﬂ% QNS 60D Filed

Jammire £9) 2601 ; DeSc Promisiondl Pmnmmhca@sn Nme60/309,§,4$ ﬂl@d TumeR 2001,

o8 B TR S 00 b

~ pdd@ing Bplivation ﬁﬂétﬂ?r@bﬂsésﬁbﬁcoﬁéen&blﬁlglﬁghaodﬂmondmﬂsﬂ byiB. Carlson e

consi deratlon usi ng .t he MR thod, t he f IIovvln
et 8] asgengd %ﬁsm%é’gthemsg% applicaigae These ppfifgs %1& .

mb&p&&@@w E}eﬁggmg{bﬂ-egﬁ@@nd t he convergence criteria .
for the gradient of the potential energy surface are

set. A default value of 0.100 is a reasonable

leSSodidafh accuracy and speed; in the .
§ b e yé@gy a value of 0.0100 and the default ~

~ - Priorto attempting an actual synthesis, it is often advantageous to utilize the
methods of molecular modeling and computational chemistry in order to predict the
properiaes of a-desired molecule, and to facilitate the désign of a synthetic pathway These

methods calculate the potential energy surface of a molccule, which takes into account the

. forces of mterapnon betwecf:} the consutugnt_atopgs, The methods may beused fo Pr?‘_i_mt o .




val ue were eval uated and conpared. The m nim zed
energy and the heat of formation in 20 the MW d_Al
conput ati ons are the gas-phase values; all ot hé?l}anuar'\{(nZOO'?
paraneters used in the conputations were default
paranmeters supplied by the software. The results of an

wexenapiogrzy cal cul ation for the di anondoi d #dy@us2003/022630
het ero-i so- tetramantane are provided in Table | and
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of RISt LTRSS g PRRNCIG o] Qe TlPIshT & 5‘?¥8F‘i%h§ag
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I egnt in
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MDA DINIEY, 2ndPENIBUS2003/ 022630 enbodi nent, the
het S oat ons.
In gﬁof?yh%:%n&%qgé ﬁ%&tﬁg e%%%l?}gﬁ %ﬁgﬁne a %%&%%@;éer cent
15 comjdemﬁnﬁming:he M2 thethetthafobomsingive sppeate performed: first, 2 model
|nte stitial sit referred enb n
of iyl incaes e and ioSufh B RiskibEPe B o B braolll o7RC
poﬁeﬁ@? Gﬁﬂi‘gjﬂdsﬁrfhrggtaaﬁs‘éﬁ 1A defdultsalae st 0.100 memﬁiblmromsc
referred enbodi ne re t t
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20 thed&fllsﬂazém cpm@ltzhon& grefite gagpipse yajiespll othier parameers us
- computations were default parameters supplied by the software.

The results of an exemplary calculation for the diamondoid the hetero-iso-
tetramantane are provided in Table I and FIG. 4A. Afier optimizing the molecular
struciure and calculating the minimized energy, the heat of formation was calculated (it is.

25 - necessary to compute the minimized energy first, since this result is used in the calculation
S for the heat of formation). In the Tabie 1and FIG. 44, “X” represents a heteroatom (where:
“heteroatorn” means an atom of an element other than carbon) that has been inserted into
the diamond lattice substitutionally. The second column of the table denotes the position
where the heteroatom replaces a host carbon atom, and these positons are either denoted
30 “C-2” for secondary positions, or “C-3 for tertiary positions. The third column of the . _
 table tabulates is the heat of formation in kcal/mol. Although the heterodiamondoids ofthe ..
. present invention contain the heteroatoms at substantially substitutional sites, in some N 7
N embodiments the impurity heteroatoms may be present in interstitial sites. Inome . - .

18- irijfjt,ﬁzsn~: A




As C-2 -20.68 C3 -18.63 10 Although
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no particular enphasis was placed on accuracy i JARYREY

cal cul ations of Table I, the present calculations do
serve to denonstrate that the heat of formation val ue
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10 ~ . Although molecular modelling programs differ in accuracy and focus, and no
particular emphasis was placed on accuracy in the calculations of Table I, the present
calculations do serve to demonstrate that the heat of formation value of any of the
heterodiamondoids shown in the table is roughly the same as the parent diamondoid
precursor. This means that the heterodiamondoids shown above exist in configurations 7
15 that are as stable, or almost as stable, as their parent compounds. Therefore the preparation
of such compounds is synthetically feasible.

A similar set of calculations may be made for the hetero-[121212121]

decamantane, with the results shown in Table II:

20 Table I

Heat of formation
{Kcal/mol)
~76.08
-42.40
-31.76
-56.91
-48.15
-28.44
-27.10
-43.59
. -44.52

1 Heteroatom (X) Position

C

X
c3
c2 _
C.3 . "_',{
c2 '
c3

T Cc2

_C3

B

N
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10 Heteroatom (X) Position Heat of formation
Qecal/mol) C-79.81 B G2 -45.45 C3 -35.85

5652 Q3 52 45 P C2 5200 &5 S20 80 all Ay 2007 |
117.70 C-3 -47.96 Once again, the heat of fornmation
of the boron, nitrogen, and phosphorus- contai ning
woetoeroeiianondoi ds are simlar to their al PCOHAE922630
precursors, indicating that the synthesis is
feaghgheﬂmL&mﬁﬁﬁﬁmmﬁmkﬁﬂm&ﬂm&mﬁﬂa&mﬁgmﬁwmcﬂm&ﬁﬂwmmyw1s
have denonstrated that it is feasible to

featiPlet i t uti onal | y position a boron, nitrogen,

pho%ﬂ@ﬂwofﬂbﬁﬁﬁhﬁbﬂhﬁg eﬁa&ﬂmhbtabqullzmlzdz]armnd
|atti ce of a di anondai d t he ac%ial nth@gls of -

u@i\?@ﬂﬂlaﬁ@ﬂ%r tbéﬁrpaWs'elPrdgom%ﬂlq reglis gf toe jons/ e RGWH I
éTﬁI ftﬁwfsﬁ@h sﬂﬂsﬁnﬁiﬂﬂ {418 O TR HodiBarg CYPRLA S

ave been esl zed the past, and this nay
p@d@géé,toralewm posisiop et 2& Hleresvlrﬁ@f sl @%ﬂ@aﬁﬂ‘sh@@)ﬂmm}
4@gﬁ % jpondoi ds having nore than two or three fused
amant a

ne subunits, it will be appreciated by those
skilled in the art that the corrplexity of the
i ndi vi dual reactions and all synthetic pathways

I ncrease as the. nunber o? a amant ane subunits

i ncreases. For exanple, it may be necessary to enpl oy
prot ecti NgHgH@GAE,) Or |Rositay becoHetafbmedai ffli cult to
sol ubilize the reactants, or the reXedmelh conditions
may be vastly @iffetent fromthos 91 ul d have
been used for & he ahal ag&?‘ls reacti on 5th adgmant ane.
Never t helress—Ht——ean—beadvantageots;{;0 disquss the
chem stry underlying hetggodlaTDnd0|EE&yntheS|s usi ng
-20 17 Jqnuaryp 2007{ WO @@U47/ OL0512 B&dy US2003/ 022630
adamant ane or di amaht anecas a $ubstra8.8 because to the
intentorg’ knawd edge the€@ are|the ol systens for
whi ch datla_has beeniavai®ahle lprior#- the present
application. N trogen hetero-adamantane conmpounds

art R TRy RS o of A REE mgch R Re, | D 0"

ccﬂﬂimnghatm‘mhamo’ﬁ@mds are similar to their all-carbon precursors, indicating that the
synthesis is feasible. _

Thus, molecular modeling calculations have demonstrated that it is feas1ble o
substitutionally position a boron, nitrogen, phosphorus, or atsenic heteroatom into the
diamond lattice of a diamondoid. Next, the actual synthesis of such heterodiamondoids
will be discussed. Alihough some heteroadamantane and heterodiamantane compounds
havé been synthesized in the past, and this may suggest a starting point for the synthesis 6_f
heterodiamondoids having more than two or three fissed adamantane subunits, it willbe - -
appreciated by those skilled in the art that the complexity of the individual reactions and =

- overall synthetic pathways increase as the number of adamantane subunits increases. For
. example it may be necessary to employ protecimg groups, or it may become more dlfﬁcult
'to solubilize the reactants, or the reaction conditions may be vastly different ﬁ'qm those

that would have been used for the analagous reaction with adamantane. Nevertheless, it

' can be advantageous fo discuss the chemistry underlying heterodiamondoid synthgsis using




5 Synthesis and aci dol ysis of 2-azi doadanantanes. A
facile route to 4-azahonobadanmant-4 enes," 2007
Heterocycles, Vol. 7, No. 1, p. 315 (1977). Thé&lamwary
authors reported a synthesis of 1- azi doadamant ane and

3- hydr oxy- 4- azahonoadanmant ane from

wo-2bwdiosgyadamant ane. The procedure consm(tlemszmﬁmmso
substitution of a hydroxyl group with an azide

adfHRdnb 8 di¥hahtdnd 8s a SuBEtARY HeBsOb tiR ifBibeTiaiolvisdge thedelamis
by aci dolysis of the azide product. 10 In a rel at ed

OHBW(FtPF&T fOEWblﬁli Hitapas begnsaypilable; prigr fo thepreseatapaliqaoss | bj ect
@ﬁ?dg@ﬂ‘ﬁ anfind &)%IPS%Q hdve @B s9hth&izel Hhélpast. For
r eact | pr oduci

3(1 ket 0- 3- azahonoadanmant ane as a
exmdp,mng@ﬁclpbbﬁoﬁﬁs ﬁ@l ‘SomthgsisoL p@maaﬁam dsgvatiyes. -

. ﬁiaﬂ:a:g )i
> Syi@@ rragl?zﬁiga ri va@es @%é %‘r{ae(ﬁ%c mtglt4- %@gg%}%lgﬁi&%f&
enéglbldervaukes, Aol. cfi’nhlp ', 9. X0 §1970h Jirese awtbbrs repricdNpsynthesis of 1-
1 0 2!
ekt ahe 1500 R B 80 from L hwdroryadpmantang. The
: pr@behl[re)mmdtaﬂram @hshtutaﬁ of £lpairdxgbirinp with a‘ﬁagldeﬁmcmn\a'«tthel n
"1-Sub t het er oa t rahedr on
foymafipn.p né‘gllovfég %@’5’ (‘&g’éﬁfﬂ Hfﬁ bwas a

10 mul ﬁeﬁteﬂ%ﬁﬁhdﬁ& SBWSy, Swd bl Nwdréstle fohﬁb_]dit mbﬁdilman:tanonc

‘starting rraterla vvash ed to .a agalg
 to fhsicenditions AR rbpg g Adwios -fq qplq antané as a
re&fahgéde,fb%uﬂ RS: d&dﬂ@ hRNASINAS tHRGakdRid: r3R:10h, fsbe T.Fdkaki et al,,

equr val ents of hydroxylamne to produce a_1:1 m xt ure

“Swthesisof Ademantann Pedyabxesmadt. The fehamids Beagtion of Agamantane-2-
onl yﬁf%% %ﬁ%%tﬂgr}gﬁmw@gﬂ ).am no- 2- azaadanant ane

' nitrous acid transforned the
15 d| hysétpmmiwebrr udlehxdmomﬁeaza@ammemmmed from 1,3-

dﬂgo X%é\%%ﬁ%‘ﬁt é:’%?%{)%nr%@é&t en@% eS| ze “froma 25

hem@manfaaess Tl rmbalnheBers Noi rmpp 1365-136p 61960 Tiys Was@.

myTREIE Hep oS oo vt dhe dihrrpmolrGr Se i Ey R B d b

kefoﬁ@@ﬂﬂdﬁlsh%e@fenﬂ)h@d&ﬁfehtﬁoﬁzﬂﬁsﬁ totauiﬂ&tbnﬂ ‘ﬁﬁaﬁmﬁiayheated' :
system

em Vol 495 B
20 ity sqtivay of o HEe REoDEs bt eRREal By fbmEtRYEe
m@fﬂ:ﬁﬁ%@@hﬁﬁégeﬂﬁaﬂhtﬂef&smﬁ&@d@fam@mwm@é ate and -
sodi um cyanobor ohydri de produced better yields) to an

dllaﬂrqchip@&q:ré?maﬂv,@ltrqm paith trralpred theipdrechlpridg tofheRetae-

o B i "0 2 oandamant and vas |

accaﬂtghatshb'daﬁ-ﬂzagmtaweindlowwbblsmth%hﬂdnﬁma 21 17

| 25 bl??ﬁtj%ﬁf‘mm?’ﬁ%?eoa%ﬁ#g |yel %fg a“%%“%g"r%{(%g ggﬁlto one

* “Nefphboring gicdup eﬁ‘écmﬂ Iﬂte &Mﬂ@n Syntlesis amdsmil olydic thacﬁBnty ofthe

eGP BRI ERY 1 (e <O Yo FoRootE B O
4995 08O ﬂ‘ﬁ@&aﬁ@iﬁiﬁf&‘énvertéd byFe@IRiveIinatioh @fthough the use of
ammonium acetate and sodium cyanoborohydnde produced better yields) to an

30 intermiediate, which may be converted to another intermediate using thionyl cholotide.
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- yield using LiAll; in DME. . ' ' ;




10

15

w20

- .30

Conmun., p. 1147 (1984). In this approach, a

2- hydr oxyadamant ane was reacted with a 5 NaN3 \tﬁﬁed 007
reagent systemto formthe azahonoadamant ane, W iR

t hen oxi dized by m chloroperbenzoid acid (m CPBA) to
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Pr aranon of n and p- heterodiamondoid materials
An overview of exemplary methods for fabricating # and p-type matenals fiom "

- heterodiamondoid molecules was shown in FIG. 1. These methods incinded CVD L
E techmques, polymenzahon techmquw crystalhzed aggregates, and use of the dlamondmds., R
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feedstocks, and fabricates theminto n andp-type

di anondoi d-containing materials. In a first 4 2007
enbodi ment, het erodi anondoi ds are injected int% gmumy
reactor carrying out a 5 conventional CVD process such
that the heterodi anondoi ds are added to and becone a
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a C60 fullerene, or nethane, gas carbon precursor. To
i ntroduce the C60 fullerene precursor into thﬁ” 2007
reactor, a device called a "quartz transpiratof" frgary
attached to the reactor, wherein this device
essentially heats a fullerene-rich soot to

woengeiaizur es bet ween about 550 and 600C per/estmsioneso
the Cso fullerene into the gas phase. 5 It is

a @69 Eﬂl@l‘éﬁ’é 8 86hdnB Aes SarBdnPrécafsord q\éhﬁtﬁ)d{ﬁﬁﬁlﬁcf}d ﬁﬂléreh@precursor
I'i me het er odi anondoi ds into the g e hase su amn

mip rﬁlmreqchw devige glled fiquaririEaspiplor Jis
m@ﬁ&ﬁ&' Aedrially BEHEd @ﬁméléneitbmbt kdteRpRRHRE i)efw@ern aﬁaﬂ ssmmd

A reactor 600 conprlses reactor walls
60@°r¢‘cﬂ°@@ﬂmgﬂzﬁ@mﬁéle@93@’f%tb‘égaée ¢.A gas inl et tube 603 is

5 “SGM pfa%ﬁ%&?am&%%cgg.ﬁ%b%& olsthink 1 BASS

602 ocess gas conpri g net ane, hydrogen,
1mmmwgmmﬂﬁqmmkﬂﬂﬂhnnmwﬂmgm@mmmﬂn%@Vﬁmgmm?Amﬁmmmh560|d

ot 4 P e o0 ERD 85 B eon 0 coplt s Bl kst
envlodifg 4 procees spine 6!021] A@hs inlethubang3 ds)useld toomttdaq:erprorgsmsmm

RETCRUENE TR ERTICTRE A iR

10 in %@ Q@R Bs arféd. rA08ieRonddIAAMImiag oxamamnﬁﬁg deyits 684J similastoahe
no

gas ot her than argon, C | n er
quars %@ﬁnﬁm@a@%ﬂ dbpyeduayisasedle Vﬂ@th%a R@Imlf 19
cofttbddH %Qﬁnto%mm metvmaﬁ%ymtm@aadluc@daﬁaﬁﬂaf ors,

t he reactor 600 may have exhaust outlets 605 for

inrashreiog mepriisr geeich yawdmones BifP IR RO AN FAE ik A2a nokly
ce
eE BB 00h 36 by SRR o BaRE bt efoP KRR 868

|ng a ro proceéss gases
15 etlmogtoacthdehewi t hi n process space 602; a filanment 607 for

con rt,ln Iecula
O S AP R 56 Phot B RUERS b B BRARR e s
oudétﬁ 665 for mﬁmﬁ pnoﬁ@@gasa frog theprocas spaen@)26anCntagy source for
ol 5555 B Gt RS e e
cogﬂﬁe?wﬂm ﬁn@?@@%@bﬂmga gaainem G@?fblr &l’iﬂerﬁngimﬂlleﬁlﬂh hggrepearnto
or. .regul ating and con o in ow es
.20 m@ﬂ?ﬁ@@gﬁhyﬂmg@e a gFeeptar GRS AR gwté'}de w8 ﬁ’ﬁP&ﬁ’f‘%@%

grc?e%‘ hGRaB0 !fd?&&aﬂﬂ%@hﬁu&&ﬁt%ﬁém €fo:%ﬁ%€m§ thé sptid@riginaaunt
di anondoi ds injected into the 25 roceSS|ng space

Mmﬂ&edmndmm%@%@e@déﬁm{mﬁmﬂﬂ Fg"laﬁﬂg

DA e By ey e

S0BIGS é(iﬁpmo theG@essing spave 6% tiys! amoynteﬁﬁ!@mmbnis injecked igp Erenm

% pri?cir’lfe 56423“3383[?8? @gg{oh%ggaﬁgo s gase V\Aﬂ Héﬂri:%s
S th@itms@nmghﬁmﬁ £16@.Fildrent meatdehmmemcﬁbmmm ,

heterod| am)nd0| recug.sor be i njected |
 supenErOF. B SRRy b HRPrRE Srted pmrispen
. mad%ﬁsﬂomﬁbhttmgy@a i$ QRPN prbdedsased Vthin Prcesing 8pace 602 10

vol atilize the dianondoids. A carrier gas such as
oreptq HE#Ea@l2.ar gon may be used to facilitate transfer

30 of t'"!%e?dd?aﬁﬁ%ﬂ@&&@ég&%%&%@ﬁ]dcﬁdhﬁ?xeﬁ&éﬂﬂoﬁﬁccﬁﬁ&glt@t 0

“the process spac
-embodiments of the preseut invention through the volatilizer 604, which serves to

~ volatilize the :dlamondmds_. A carrier gas such as metha_ne or argon may be used to

- facilitate transfer of the diamondoids entrained in the carrier gas into the process space




10

15

20

25

30

SRS TS Aot RIR a0 U otk S s 65 AT ARARCE o

17 January 2007 WO 2004/010512 PCTI US2003/ 022630 602.
The injection of such heterodi anondoi ds provid

met hod whereby inpurity atons nmaybe inserted i 296“3”’2007
di anond filmw thout having to resort to crystal

damagi ng techni ques such as ion inplantation. It is
waoiimiphat ed i n sone enbodi nents that thepefswizagso

nmet hane gas provides the 5 mmpjority of the carbon

6U@t'ﬁ{e'1%5ctﬁﬁ ‘3{5&8{ hetodaniorbifd 28784 alrhdiBa WMeteBy Inkfirity atoms

het er odi anondoi d ortion of the input gas

nfay b inserted g2 dipmondfile vathoufrhaving to tedoert toreretalidasegingant | v,
ghglpatominpurity that wll

t%%gﬂ%g#ﬁy ?gﬁm I on gs t he el ectron donor or acceptor

i n the contempleied inyspae dmbmlnmiltsfthat the iffkitsl pethane gas prswdes the

at e sch tlcall A- 1 ng ; t.
rlaloptPds ¥ o SRR oS B i oV el s il TRl ot
portierc bRthe P gas ﬂuﬁhamg the e ettt baﬂ m@/ﬁ:pdartmﬂgmhpﬁlwingthe
Thi s, di anond . f.i . m

701 t 7

et i e Rt PorB e R of o g ot 2 Bfkgpto i iR
adl p;q*lpbdxamaﬁcmnm IhisPpices mnﬁdate&) ychbitichIly i@ FSES.7IACTC, Of
two |1.nhes |

such as, de |cted reference
nunefdrings FIG&SW&H‘%%? HYdnpasdionsd withiy ﬁ%@@

alERIoBFRARBICHD (ﬁdi‘xﬁm& R 901 i@ gﬂoﬁwﬁ Sn tRIuRATOR yThlS diamond
reference nuneral 703. The hydrogen passivated

il 791pompriers tafphadraly SpndadersbopiafomsyBliers & capeqnyatopmis represented
bj( e Q:Itér?e%on @é@%&t@ th @ 7A€ ek stde?ﬁgah 'B? reioid E.ﬁ:héaﬁoz

di anond echni ques by zi ng the spa

altdcﬂrhyd@ﬁm famuewtedcﬂurfMeepgaSm thé endofialline, f shown bagsference
n&ﬁ*ﬁ%? t ogﬁl )Péﬁs%afedglﬂ?ag 9650%& a?ﬁl %ﬁ ﬁﬁn 7Ef 1{3% r et

teac rogen al so contro ize O
nnpnrtantaHydm génq:amc@mssmlthﬁslymhesmfof dambnﬁha]mmgb taehmdluembly

refdiences titellabsvepA. Rrllani? € al) tavl the hgidxageﬁmbofcmhu‘ms 1B SgTtieON
p3 bgnded c precur.saqrs

infl Va@é?#ﬁé Léq?a}&%igoréﬁﬂiseﬁe% Wﬂ@eﬂg{%@@%ﬁ@@ﬂw@y

2R QR4S %Qﬂc{i’&ﬁhfﬁlzﬁﬁgeh R mAtifontBom fattachélﬁo e R oflingnoNd
film_and thus hinders the forrrat|03n of graphitic

gramér%ﬁ%w&lw@apgwm Fifea gre P diondrdserbhre BrogiiReys may

' beiRektbE Ml %&&ﬂmﬁgﬂu %ﬁéi&z}fb% ¢k ace of -

Consequent r own [ms wth sufficient

th gmmgemmlémtanﬂ &a@lbmdess thsfmmmmmﬂ grapliti¢ angéor hmoiphays

%ﬂ%&ﬁéﬁ%&%ﬁm ] Bl t: “’rﬁ%ﬂir ipe B SRS 0.
Co C stffici teadsiti
tet E&M@thﬁt&ﬂ(ﬂd?ﬂ,ﬂﬂfm@dm7@1mhﬁl&tddﬁﬁ&é§mmns o

of lines 702, as well as a ﬁ%d'.:‘({ogen passi vat ed
¢ Q¥R Tgqetor i theryglaglizing flsvicp oV Y Grraaticaipthgo

hé?&&ﬁinﬂﬁ'd@iﬁ‘?ﬂﬂﬂds%h%ﬂéﬂrﬁb% edg@ SarBorl VR £ ﬁie‘iﬁfbﬁ&:ﬁons of lines

substi tuti onal pOSItIOﬂ Ini1ts lattice

702t gsprellias @ hy@rngﬁnmhaswnte@ awfbetab thewaej/olﬁhe Haes 30% 63 bafore.dBivor
AL 00 B GRS RS i

_ lattlce structure, and the heteroatom may be an electron donor or acceptor.

o _ " During the deposition process, the heterod;amondmd 704 is deposited on the .
. surface of the CVD diamond film 701, as shown in FIG. 7B. The carbon atoms of the o
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derivatives
may be co-polymerized with nondiamondoid, diamondoid, and/or heterodiamondoid-
containing monomers. Polymerization is typically carried out using one of the following =

methods; free radical polymerization, cationic, or anionic polymerization, and

- polycondensation. Procedures for inducing free radical, cationic, anionic polymerizations,

- and polycondensation reactions are well known in the art.
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atalys dto om)ethe 5
o S5 BBt SR Sl B8 B o
1olaotreﬁper§tmcfl uoride and alumnumtrichl or| de These
pol yner.i zatl on reactio are ual |y, .conduc ed [
sol U pAnig polyHiz faqsee 'ﬁtm%ﬂéﬁr sterodiamdondoid

RS %kh&r‘s%]e&t&ﬁo Q,@&én‘é%hél&ﬁ)ﬂﬂﬁ 'agéiiﬁ nﬂﬁh ﬂu&éo hiles

het er odi andondoi'd nononers aré typically subj ect ed to

20 ingluds, befrage nal Emitepini Gm@ardgeﬁtnts ad ofherererenisiailic sempeynds.
| ﬁilc p&gm%oaf fécmtgteh%g aﬁe%m@ai ém&ét afl@ag@amom@

anonet
repmjioymdmmtl ons are often facilitated by the renoval

nd ox n from cli
PoI ycg’ﬁ% 8%{3&0?“5% occurguva?a%r‘]?%%?f’ %ér?é?mocl)lﬁ% o
R h@erodmmfdoﬂmmsaﬁtmhhﬁmhnom ghoaf efandtﬂ:m;rﬁm ehcaniple animhing
_ with th of anot h | e n
25 el ghens Spiad Gteisd cishEe Witk el AR g
o atffoBRE FdrihgVntathide Mgleomdtueswaﬂk (g tiatiBnddid ordu.a@iobﬁmondom :
formng an am de |inkage.. In other words,

on
mgy eardenge With agothse whenglg paligepup of the firstis a sultable nucleophile
such as an alcohol amine, or thiol group, and the fonctional group of the secondisa

- suitable electrophile such-as a carboxylic acid or epoxide group. Examples of
'~ 30 helerodiamondoid-containing polymers that may be formed via polycondcnsaﬁdn reactions
' mclude polyesters, polyamides, and polyethers. " . -
_ In one embodiment of the present invention, a synthesm technique forthe . o
polymenzahon- of heterodiamondoids comprises a two-step synthesis. The firststep .




10

15

20

25

30

may condense with anot her when the functional group of
the first is a suitable nucl eophile such as an

. . : 71
al cohol, am ne, or thiol group, and the functiona
group of the second is a suitable electrophile such
as a carboxylic acid or epoxide group. Exanples of 30
woetevoeiianondoi d- cont ai ni ng pol yner s t hat powysioesn22630
formed via pol ycondensati on reactions include

pnuary 2007

- ipolveemi didation o IftaI e oneltbnp ainy@idaﬁuysr a deﬁorﬂﬂt? carbon

odi nt. of the sent, |nvent| o nt hesi s
(:ng i,‘e itiog of ¢ heée“[x i ‘Tag hejprodia %@?1 3 PadRItwi ds
oZiaIFBd kS r8apgbMiQudhi a8 Bor ¥ttt Sh1furic 28 «f prodilce k& 28 17

January 3 00F VD 200410 10515 POTTUSS 003 632630
hetprpgreadoish I gherAmasans & 92 barflasirabl efaéfpm@ﬁéhwe@ﬁebon to an

t t (R RWRNE)
afggﬁsb?’taihgﬁﬁ%% %I%Et erﬁﬁﬁ‘ggﬁgg?sg% gﬁe het er odi ahondoi d
heteipdipmontioidanay be injtialtyibelogenaisd (fgr examplegaihN-chiernsugginimide,

NCEPERE b Relinf bt s LR RUBNER e [ domple 10O,

ou@@&@@@hﬁm¢pﬁnmuuﬁdkmﬂhemmydd@cawbﬂhemmhamodﬁyébsnm@kd

. and i di al d ket
3w R0 bRy (bbbt e Rt s PRE ARG
tdlaéa:gmnaﬁeteb (for exanple with N chI orosucm ni m de

and the result t hLo enated dia ldr ad:Sted

Wi t hThﬁégve fich cops! coRBRSEFVO B iR
Pﬂﬁﬁ%@lﬁﬁ-‘cﬁw&fd pBiyiRE Met&é&in@ﬁﬂ&i@é Tt i kenoed tlib%rtlt@ d@pet ood

those skilled in the art that it may _be necessary

daaeowéw ketape hemisirp Aadancinrrcessdanaen fesgiberan ths MeMurty
1Y prodeSs mj & freteﬁmmkf mss;tsapm&haw%@cmguﬁ‘gt&@ be

COﬂSIStS of the coupl |ng two or nore

eﬁ@t@bmmmmmr@fhamydm& b dheseserss of Biily Mg, apdldmer

Bl RIRAAT IR dahopdids (il dhcf iy By GRS
Compdian Retsnt Nupber 2190654 Okt Mordiyary dgll ol uhmg’t pibudestaidthat

U S tent N er 4. 734, ter i
b%xiegg%igu b ?1' oé 015193. ogg%cf' cfnghAqlgﬁgac (] congihXﬁs a%a%ﬂgfe a'9
Wkeg&ﬁ&ﬂb&ﬁﬁﬂﬂﬂﬁbﬂﬂ%ﬁ?ﬁymlm&??&DWﬁBfd@@mﬁjoﬁﬁﬁﬂﬁhﬂﬂﬂﬂ

an 4 | oxa Itiona olymers o
POFTULR |Stf?°(°8€%fﬁ‘ﬁ?”§nes) havg bgenyl | lustrated in

Canadlaﬂﬂteamheaémﬂﬂuﬁstaﬂf it 21RGEHE to ERfAuala sefudiiddary skill
in the art wll underst and_that because of the |arge

oFipior/coupfingstens 4e ParmEs degiidnliatgtordizaopdaid Rt Fos
eHld, Fhiihe @csné@ﬂolﬁeﬁc Riterb @ hRodaBIRH AT TR Eﬁn?ﬂea@ €

prépared wth di'versity of configurational,

S._

- caglnns.ta thieestep m@d@p o be ussfil. | THhis procednes. comprisghchlorinating an

‘ m@éﬁ%&@%ué@d SE@&%‘% B %&%ﬂon{lﬁd%ﬁﬁ%%&péuse fe?ﬁ;ﬁpﬁgiy&t (F]S

sequence coupling steps’t XI'mze

This. ptoducmﬁ a ehléorirtated detivativenwidi the WIynﬂmduchehlermx anpimethylene

8 o R R B EBR Rl

cmdslefdeﬂuhee Beynveabltas theldesirb ko igaabtingios ot sil@me by a

-hfc{?‘(l)x ;Ig,rgl?pt, | n&} furtﬂer oxidation by a reagent such as sodium bicarbonate in

dimetl_iylsulfomde (DMSO). Additional oxidation may be carried out to increase ketone.

_ vields, the additional treatment comprising further treatment with pyridine chlorochromate -
- ARCC).
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25 internedi ate coupl ed pol yneric heterodi anondoi d

W th a selective reagent such as NCS. This. prqu&ﬁg 8007
chlorinated derivative with the newly introduced Ty

chl orine on a nethylene group adjacent to the double

- bond (or bonds) that were present in the internediate.

wohenqoali0or o-derivative i s convertabl e to pdeusiasirnen
ketone by substitution of the chlorine by a hydroxyl

gr ouR schemsticlithistcdin 0¥ hék é&ﬁh&%e@h&@%ﬁ&h hethefiamdndoid
sodi um bi carbonate in 3 di et hyl sul f oxi de ( DMSO) .

mepemers i Hlustratsd ip FIG- GA- ﬁa@ﬁt%@l@mnﬂmé 800 oxidiged yeingankieic
adi®ToMEketolhdrGfamdaliid 'iﬂeg buth dARBAY stoQaRE é;(ﬁ'g

further treatnment wth pyri ne chl orochronat e
tefrpmantane, hewgear\any ofilie digyapizioils ﬂ@&ﬂ&ﬂﬂbmﬂeumﬁﬂ@mam ®he
fo on
sytof 28 Tabrfout s hitSiohly bl Bliodhu BMIURL Gl SE 3k
dipnendoRiA, ThAkﬁmegwumﬂnsnande 8@fachsl toposiliandd2.usi n g
sul f idto 0 he ndi a id 801
> 1 {1 ot ¥t d g 0T b ooV GloR B A B Bt o MG i

: aqmmnvemaxanym@hmmﬁmmﬁsaﬁmmmxﬁhmﬂmﬁmxﬂbedmﬁQQWMW£mhm

odiBus ot oot Srade P By P fationrplambuppretie
hefdrb@ardindbid ® nuéléan BRIRES, nd A 8s &@ﬁ@ﬁg s@tﬁﬂi\f\sg tHekohigdling has

instance is attached {o position 8
begR madeatse AABTE S0Bef dianandeid 304and cebon 804 eh heterpdipmendpid
8062 HGAN be AfpaROWEhobd skilfel P E ML ihaAGiS BlobisPfhaf Be continued; for

enbodi ment's of the present invention, the coupling

91‘%'?1%*@%13%11&/&5 heterafligmendoid eh@mcg@nqﬂbra@&%gammomw
E ter of (ﬁ y%ntcfjé\?h d& &ﬁ@eéigls @?%8%? ‘56? ﬁ/ ilOQ};trﬂducc the

m@mﬂpﬁtaﬁﬁﬁ wiere fuiintermictietes 808phiymguiiam foﬂneﬂm cm:npie( 809. T

R i s e

- suslkihhi reigpé or pitinee matérial B@ibriciteds Juelns ASSriatay/dxpectsdntd boued;

ciehivab £ 0afe i) 15 bmgiiobo b=t ERORBone

méiopigps on the heterodi anondoi ds 805 and 806,
respectivel roduc the 15 internedi ate 808,
E‘é "v\?&mf’%‘i"@ﬂ%%‘g@ éléwldeldtrao mkﬁman be

: mﬁﬁme&%au& Ebndﬁ&ib@pdlﬁﬂ&@‘hnkeﬁ”

constructed using the individual heterodla d gm 800
heterpdipmondaid materigle Inthis gonteutea linkerds defined as afshast seglat:m@f

oA R b BRSO oo 1 S, Akl or e

25

'.30'

: PrﬁentmmWaommse rmmuium\@ polfhet smclathaiadletc&maiwbndmuwty is

o A1 ATBRE B e = "

mﬁi donfugata] pﬂeﬁgtﬁmﬂﬂbd labies abeda;?db}(ﬂQﬂ'dﬁplﬁylﬁg/m&e electrcl)mc cor i
’ etero Nnaol materi a n his ¢ e a I N er IS
%ﬂeﬁe&@?ﬂa‘a BolgRers ans kpow, apd l%sv %%w& |
beétdeh@ibed BN UREter HRBIE M chricafiy @oﬂdﬁétﬁr% Po@ﬁleﬁéﬁﬁfm?ﬂ?@mm and .

| i nkers of the
R.R. Chancein ngh Performance Polymers and Composites, J.1. Kmschw1tx, Ed. (Wiley,

‘New York, 1991), pp. 174 to 219. The conducuwty.of many of these po]mershave-been

_described in-this chapter, and compared io metals, semiconductors, and insulators. A

B . typical semiconducting polymer is poly(p-phenylene sulfide), which has a conductivity as
. high as 10° Siemens/om” (these units are identical to Q""cm™), and as low as 10°7%, which is
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present invention may conprise a conductive pol yner
such that electrical conductivity is 25 establiﬁljeoll1 2007
bet ween adj acent het erodi anondoids in the over al I "Bk
material. Polynmers wth conjugated pi-electron
backbones are capabl e of displaying these electronic
wir opndsies. Conductive pol ynmers are knownpcamskobinezsio
technol ogy of these materials have been described in
afinSillARE & nyldnt Ipag,aéeéhaﬁﬁsrm&a béndudeRB ik thh hePednigtinse ofly’
J. E; Frommer an . R, Change ,i n,H gh Perfornance
(5enyyed 8 loyisrcandvgiass olabout J0T X goschwi t x, Ed. (W ey,
30 ’\‘Q&ﬁ’orﬁ%i%g'fé ertbdintentd U the bidkerdt Shverdibl; hetbhSlimAMEsiad thiy dey

of many t hese pol mers "have been " described in this

elettapalls connagiel to dorpea ok x or primpainaferial sringizamers of Se palpgers

. < - . ) S .
alsHR B S s ikl B ofSCHRCORAG | bOMBRHIR bt 21020,
miohgphers SThug) 3n Sligomen gy hethoughbefes ashoripolymeer.i hahis instatcef the
' = a as._| ow, a 0-1 ' s -3 { ary
plyps o PR T Sk MR B Ak B a bl @RF LY
heterodigthamdoidPmloy/aiheeydirmension stoowtuee moln thaict buligmudedidh hawing p-
upper, conduct anc f.103 . li.cm.r, and a | ower
b@%ﬁﬁh@?% @%ﬂ “ﬁg%ﬁpﬁﬂyﬁpqﬁm%ﬁﬁ'According to
e mb aChndeEvSpdlymériRave besRicnssaMe Béreby I.E. Frommer and R.R.
et ey odi anondoi ds may be electrical]y connected to

o chnter tifed, iledticatly cardurtive polyrasth o Mgl SR EIHE 1t he
P%Mﬂﬁﬁ%on@o%é,%ﬁﬁﬂchﬂ@@,@: (Wi[bty,lt IhévﬁYif;ﬂk?I@‘iF, 95. 1?%219. To

goner réefers to a polynerization of about 20

syrtheaiza conventional conduative pdyvaer, ifisjmpertantie ingarporsie pejetips
Y gl ) _

e A clocfin Fol i B 10 EErorh Rl HREN Bhed 017,
systhesizrsueh poilymdneare pifur arowatito ortwniaintnanlégple catbon-carbon double

- dj i onal. t J j.al
bl BE R 31 B M e b doe! ARrbithy TBBSEASH
maybs sliedkd i 0 suBseytient tsiey thapiinyfomissthéiavidialpebymed produes Bxch

i | by J.E F . RR | h

g POl P Gxpls, BRI ROIon 951 HIERS vield 4 B of -
cdifiighted ERYIER unity Whbfesss lRRAnEPITARGIZhiR G probiubes JthaifehW t Z,

ed. (Wley, New York, 1991), pp. 174-219. To
“?ﬂﬁ#&3§kiém§n@5ﬁvgﬁtional conductive polyner, it is

| MDY &g drCxdnit Ry BRScRTeR: (THEMeRY iHBfniay R \islto 3Bt ended
pi - el ectron conjugation. The nononers that are

hetspostiamenigids ineg elegmaally sondupiissimannes geetllysomipin HGS/ 2A-N.
N S e G L e

FiGo9 4y pelsitioghentd FH@. SBpbndgmolyparantehylsocotmnyjeng i FIGROF. Aty be

R P PR Sy BB Hroion

© ispolyarilikRnghé eligokdeofwtistrias betadegictedin FIG.ON| ene yi el ds a

Do e R BB Yool ik s " pobeniine

il IsMepibtokRATE! IO EhE foltsRbrtof HIGH 10 & chllPékeMblary in that

exenpl ary oligonmers (linkers) that nmay he used_to
the epxductive Iinker groups between adjacent heterodiamondoids is a polyaniline

functionality, but of course the linking group could be any conductive polymer, many of

 which comprise conductive diene systems. In FIG. 10'a heterodiamondoid 1001 is linked
* to aheterodiamondoid 1002 via a short segment of polyaniline oligomer 1003. The same
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- crystal jsqresumably App

het er odi anondoi ds in an electrically conductive manner
are illustrated in FIGS. 9A-N. Typical Ii nkers”JQIiauta 2007
have been shown to be electrically conductive ar vy

pol yacetylene in FIG  9A, polythiophene in FIG 9E,

and pol yparaphenyl ene vinylene in FIG 9F. An 25
wal) Redoiaseal | y conductive |inker that will b@rm32003/022630

hi ghlighted as an exanple in the next discussion

appley 8 'tﬂe' cﬂﬁlecﬁcﬂq{)ﬂ th 4R MRferofamdbidd f?ldﬁ@%ﬂ&%ﬂe dﬁﬁn@ 'hﬁé
0 I anondoi d

I'n FIG schematic di agram hetero

chanyner generat ed with polyaniline 1linking groups is
depl '
excoreieap Yt Mok ghist BE10RG1T Bl Borl ooty vk a

lipestr vl 096 jwith 8007. Tbisercaids aﬂmneﬂmmmnaﬁ cmsqjmkgdqml)tﬂenmtl% 0

unctlo |lt f cour eth
el ORBA Y iy Tpsotd ipli Oy i s
t@mnﬂ&ttzdjaoentdﬁgﬁﬂ dﬁhaiitﬁ Sﬁﬁﬁmd ll(DO‘Yk Eldlﬁ'ee Hﬁn@ﬁonal matc?x of an doi d
et.er.odi ndo.d 1 is.linke 1o a 0 ndoi
[% g Sfamon mteripLisithus ggﬁﬁsﬁe&oh@{ploos.
h@tbﬁdlﬁﬂﬁﬁﬂmd' 1901 dnfi 1060 ¢batalhs ARHIN its WRARO 4 hAdERIR which is either

PCT/ 1352003/ 02263Q applies for the connection 1004 to
2R plectiica] dangrpr2tasiian perentoio B varallipriontion of gps-tyneweaitype

hétBdliAmond3Rl a8 kehiReyn general |y at 1000 may al so
- contain crosslinks that connect-a |inear chain 1006

wi t hA thixg methpi jof fabiicstingosand priypeaeatetialsdn eiysallize the

| h&éﬁ&%&dﬁéﬁ? P4 IR wiihelidle é&%lgafsi &t{nﬁ g@&?@@g&g %ﬁ%&% tﬂrfeg y

hree-di mensi ondl sense
sdlid aredisll together ynVieoder Walglabeass (lsoreldad I@hd{inns dils@@ﬁvedhntes)

w880 ST 4280 B o 7 5

sgsmb‘rammgmﬁanh BalseeltSeidyli Ghemntp uﬁdw%yamy 1992 20p. 556-

|ns \é\‘qeglg Pgsl(;j, @%%?T‘@Fgeteroato &t\gh’élﬁ‘i(?:h |s

e:z&tﬁéc&iolhds dradifid &?dtdls;)fhe Bfefcadll dirah AR Rrclesies mJaQnolecula:
het er odi armndmtgaxrmt eri al | s achieved. A third nethod

reiEizes ol fien eapigyy and thys the fabrrigation pa
mbR6ular RRJAI i AR tESmb dYhBnid cidldeftionthliRe b Bfthetic

i ndi vi dual het erodi anondoi ds conprising the ‘solid are
PIRESSH Arbeyatpie of pipolsentar gustalsamprsingihe pentqmaantape B42.3)dbwill be
di Rex@r dispersive forces). Mlecules that are held

together in such a fashion have been discussed by J.S.

Vb o dearpgrdmpBrySmbodimentya thelequldr crygtalMoprisihgi] (B34 E d

pegfigaie AR b e iepr B it yenBpe

deftribadatmut. Hﬂfeﬁe ag@patiohd widiamonddidypiacla tforactuaXdr@yaieid the

st el p RS sl ot bl b 6 U o

, pehmtantmaism@pmtlﬂbn SrttRfoRBR cB)tal RRGm! RviglthSspace group

fabrijcation of a nolecular czﬁﬁtal IS control ed by

%w%wmmdsn%ﬁ@la&e}la‘t?ﬁ@ﬂwl 184604 a=d 3.4 §fangsirons,
“The pef&r gerfgtﬁiﬁane 511 ta]nyt’,\ﬁ&}‘-ﬂag{aﬂ& EYsti Has (eOTR I B el

SMART 1000 diffractometer usmg radlauon of wavelength 0.71073 angstroms, the crystal
maintained at a temperature of 90 K. :

~ Aunit cell of the pentamantane molecular crystal is illustrated in FIG. 11. This
diagram illustrates the generalized manner in which hetemdiamondoid_s may pack in o_rd_e_r .




di scussed next. In an exenplary enbodi nent, a

nmol ecul ar crystal conprising [1(2,3)4] penta t.ane

was formed by the chromatographic and crystall ZH?BWF%ZXW
techni ques described above. These aggregati ons of

di anondoi ds pack to formactual crystals in the 25

woRisRdsat a lattice plus a basis may be pefiifdunzkh
this enbodi ment, the [1(2, 3) 4] pent amant ane i s found

toi:g uRBf Koch %Q%%EJMQ{EQ'EP&% H@lm N STIRSR Mkt ciyials

Space Jgroup di mrensi ons a=
dzsblaymaeﬁmxxtbﬁor@mm faeﬁimi ansi a:qizars;mt tervigihle radigtion.

L:ﬁ%; o 'mgi%éi 1 @g&f} ggﬁﬁfé&%ﬁg fiftgteBed in two

dichfbaslby e et oito1 ma 1193 ngorr AtMa Badrumitfcelhaitie sagteghic

O 71073 angstrons e Gr I nt .
5 PR et thEmptogfes R Ric Sibn Mt ere s
onaeémaany Hsmﬁeaﬂn soin etbédimbrtofithe IEés'é‘nt uivbnuo'ﬁhﬂae cavity
diagramillustrates, the generalized mann whi. ch
1166 B G e RURGOY By SRS ROl T coog Bzt o TERIAG)

elc%%?me%u%ﬂ%ﬁ@@;%&u@g éc%%@&i’mﬁﬁhﬁmo to be usef U|

according to enbodi nents of the present in ‘ﬁentl mFIG

- The ke sieniSeantenf theppaking of fhecii@éD‘Hqunta&@f

' Omay b
o GRS R Sl i e

reglized Wﬁh [1111(3 frthyriiroqessing dira iokatien nsing dhrompfogppkig

oty S it o Bl pprc i oo 104

d]ﬁﬁdﬁdaiﬂmitﬂaﬂbs and moaxpensive (Mpesmon: &qmpmhfes:uﬂeé@l imthis

I e e A8 ATt e

15 hdlcﬂt‘é delr B Vad i Wealifdryes, shb@iBrivdfadold"ds cntaphtbdiysuppet the
pac pent amant ane uni t ate a t aras ion
Ve E RSB A O P aLony BF GRS & FARER ey Grsp bF e
cF;RPgUCt'V'ty The si gn|f| cance of the packl ng of the
3)4] pentamantanes illustrat, d in
t hatIn apal@mah‘wtw edigientnbhetrardirmand il%ﬂ°ﬂ e‘é’ﬁlateﬁ B’&Lg?qu‘ﬂﬁma
%ﬁpi{yh fc(ﬂg evgf%dlﬁfe mﬁ@ﬁbl‘aﬁ@ € f8hdtiBn bd dubhim
ur pr ceSS|ng an i1solation usin
20 dewhcmmm sgingjstelectrensiohsistorscingle dlection ﬁ?@lrﬂsgv& hyye besp discussed
functl [ nk
ingl§ '}, S0 R AR U TaRESES 28 Yoled (PR BRL, 6 '
Ssﬂﬂmﬂuﬁmrmemepmﬂ Fecttolbgiesn € P PRearsilly od. K kwere Bptien, . pp. 8-

Si h I
12, Jhf e s s SR b Be SR A SN ¢
drivR aGEfctichlin ¥ neib@bf Sl6BabaE présentdoa tlemdl em,dhet @nmppg)r t.
the various region f t he devi E‘éjl

125 padhyeavbetaveensthe sourgiond dain 53 TRSISHOT 8}}%3% & ﬁY"ﬁf 5@0’%

- ndord iR B0 & thy fea?m d A 5B8 umBerldeé16vi06s muaEaap ot olbaatlng a
contenplated to function in a p or n-type cg{gef

dexicmix redugpda statistioal vatiations e plectron belaer witkkecerge m
' Tﬁl&?ﬁ&%@h single electron transistors have been conceived, there are a number of

_ difficulties to overcome with regard to their implementation, including t!ie ability to
30 fabricate them using present day lithographic techniques. Pearsall reviews several types of
' single electron transistors, including metal, semiconduicting, carbon nanotube, and .

'1

superconducting single electron transistors. -
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20 devices such as single electron transistors. Single
el ectron transistors have been discussed in tq? art . 2007
See, for exanple, U S. Pat. 6,335, 245, issued 0I
et al., and Quantum Sem conductor Devices and
Technol ogies, T.P Pearsall, ed. (Kl uwer, Boston,
wo0ajorosp. 8- 12. Park discloses that effect/asihaso2263e
reduce device size in the sem conductor industry wll
dri van axan@tblu;n(fh ha&oﬂﬁnhlbﬁﬁldugﬁﬁ&bla@ﬂ %b&ﬁhﬁ@mﬁe?{m@m
in a nne e .conduct.| ng pat hway between

SR RUE MG A AR P12 Sycme e amsDge 300

cb:ﬁpﬁéa@ at@imag@dd0l 200 with QitiERérhetehAbm G dobplbd'® oefifflar 2020.

t he nunber of el ectraons necessaré\Sfor operating a

tfd@vﬁlaf@leu 120% rpygipicaranzarbon devble toad 1 %ﬁ@cuswdén@ep?lﬁrﬁer
s&ﬁbﬁ%o% e nhm’@&%?ﬂ&erﬁ&]ﬁxﬁoﬂ&d%tﬁ&ﬁﬁ? his o EEM@X may range

3 sin ectrontranS|stors
ﬁ@wéeut el 10,00e Senilprly, ap-Hpetsiramatane d203fwith Hordndwteragtoms

=Y B EAPRA 14 Al ERRfhohhod 354 B RO QU Doyl hona 1209,

Opragederulatiayel) the dootplexif n{tynedlahmnépmzomay bf&tdupledatmtm/vs
[ s of, ..sihgl e.el ctro ors

oHEEL B o nchioig? | 8 s i B ek SMek 1A SRR sRlemtar 4
cmpiermmﬁnn:bhﬂgaﬁﬁgﬁgél&hﬁh&ﬁisfsﬁm transistors. -33 17
Januar 0Q7 , 20 010512 PCT/ 11S2003/ 02 . An
exaﬁ@} é é?&&mﬂgjéq%ﬁﬁ’&m%wae%ﬁp W@P@@rf’ ein
caitollabilits, a6d RpfobQbilifynatWaldbR withprhaviethidsFl G 12.
Referri ng to FIG 1 an n-type heterodi anondoi d

conprising a tetrarrant ane 1201 with nitrogen

DRGLRTARCREPHIS 1 Qdfaﬁo@do?d Hﬁéu@ﬁs tetramantane 1202
t roug a car on-carpon dou 1208 as di scussed

i n 1 P‘S lgass@@pmcta%&w themdnmgat@ﬂls discussed

om ag'gut 1 ggbggéﬂlg&mh ar I?toggﬁtalﬁ%f& et tadifies
h@‘@lbpmllswﬁé)m B3Askielahd s TbnSdieteandHnginseringay Moterials,” 2"

1204 t hrough a
car gﬁge@g]? b@ﬁ]ﬁﬁﬁ”ﬁgﬁ&,%%%ﬁﬁ%m a nol ecul ar |evel,
t he ?ommd?fmmf}thqqﬁesmtmm aélmtiafﬁﬁg ;%%;t nmfbe pmﬁh‘ﬁd
to the conplex ofp: npndoj to ormte
b%?ﬁ?ﬁ’é’)? ﬂrg-%p éﬁ’é‘ﬂg TOI’PGG’E WRfhction
diasomioi ﬁﬂie@n@b@ﬁﬁﬁ@m&dﬁﬂﬁ&ﬁ Phjundii, mb@ﬁmﬂmﬁuﬁmwés -

e present invention offer enhanced reliabili

%%£@m%%14 sontpins Zp gxcess ol Slaefomprelative o s undoned and
¥y {tfheRidnRhdRd hat@ﬁilla&gﬁn%véx%§of lﬁ% | 'P]ﬁte?&u{cgjﬂ?bﬂanc\e

andp-type di anondoi er@w?Ctl ons El ectrical devices
‘batwgenithe cleshensinibe adyrerdiamontieid ma@mlpnd thp bolngindhe ratype

A SR eria PO G whiRS 5o g{,gl og.ac&foteg@tlons) bi pol ar

Junctron transi stors, transistors
- hav dn bggeeatio m@x@mﬁroltygeml@ be Agilied amebs it p-ljuactidni Hilee

o ORGSR Bl B e o FESHEEN o e

30

paitve siiesfibe ﬂ;fltagehpplﬁh"d@cs 18 fp-tiR\6RIB th@i botheelécRbis dnil hilgs will

Ci rcui roduc
move towards e i\élterfzelcerioetween %h ¢ n and p-type materials, and the electrons and holes

will recombine in the vicinity of the junction. This orientation of the applied voltageis

referred to as a forward bias, and the greater the forward bias, the greater the current. -
) _ If the orientation of the applied voltage is reversed such that the negative side of the
e . -voltage is connected to the p-type side of the junction and the positive side of the voltageis -
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20 by positioning an n-type di anondoi d sem conduct or

mat eri al adjacent to ap-type dianondoid sem C??Sﬁlilrpt Of 50077
material to provide ap-n junction. At equilibriu e
n-type dianondoid material contains an excess of

el ectrons relative to the undoped material, and

 wiohegniespe di anondoi d material contai ns anreross®EH30

hol es. The el ectrical inbalance between the el ectrons

corhedtéo et FAATRRGRIcHord R tRErs@biasdB ¢ FrddRdN R 85 chsd, both
the&#yge 25 di anondoid material |leads tqQ what is

thekg ritveometetl apbihe plestens inithe 1iyes Bejeds) moypaway from
HRIRERRI A ¥ ;aitag gomcréa%dapmﬂlgggi@% loPBcth 1S e D-type and n-

junction. _negative si the applied Vol tage
tips metsrisle adjzcgntite the funcion;, ywhese the tremGdepldtion’ means thetihe mafgrials

Do ) of . { . : ) o
ele 1Bt il Sl il B RlchacBRR, i ol WiV B
change camiessbbtiaeatdrzdsbelave tdiasulatan bighd rggion adjtcentitaths junative,
t el ectrons and hol es.30.w Il reconbj.ne in the.,.
sl e PRy AR w58 ok tien p P PR Pt B At
appl A pa juetibagey besconfigialto epbrit©asasediffeobasarsel thb jumstionand
the qgreater, the forwasd bias, .the,greater the curtent
D vegt 5 BT AL PR OREHBEIHiS 4 B R s O
oSHEA-tyfpb 8ile ArddEinto SGEH-fyNeEsidd 16l fec@hbihdIWith Nolbs (AfievideSversa), and -
connected to thep-type sjde of the junction apd the
°‘1E5’B§i“flie%éf‘§W%F€ bigs Bﬁlb@%ﬂ‘%‘g dhisghenonignombas an appliationin.
efectronics,” The jariction passes only ofehatfR YRANErAERY curd) Wl OBHD AThE
_PCT/ USZOOSII_ 02_26%0 connected to the n-type side of the
iy wiieh thenegativesuly of the waydarads applied te deautyrs fide (fryad bigg), and
. | in.then- ' t
i doed tval uf b e i efOFh B4 oot WV L M
thikepshreple ofthy wivef heerodimaenddidinangd pdype mategiats issepficobdictor t he

i - .A- L rial di-ac to the
ok el anAR il n YRR BAGOA S UM, |0 11
mat dbibdes smake aseef alspglep-agumofiori MMost tra@togeoperateron gicprineipal
hese regi ons adjacent tq the junction.. Wt.h ng
ok BHRSBL MBr ST e e DiEtar & B S St oAty < |
ofidAGibLEH Ry BFi-DGL M arlothet Ebollintat, b Bfnsisto iy bé bdnkiuctd fidg
current flows across the junctiaon when a reverse bias

tppdiapemb prndpisHons o hotgodiamenideid icopaiping materiglsnThegiare pserally -
. bPirASisBrst BipblhljinRFioP@EBHOR ahd Rellt U irfRistoRE Hithdrype
current to flowin'only one direction; this is the
Mgy PREEAS 2518 sikiel @r aglamplifiens f 1 ow out 10 of the n-type
i devand i nta. Lhe . . 3
TaniBd Dl Sheaol R 134 e QubSERTRL Bt .

(an Versa), occurs I as

- Abeland fghé dbeue cifbtlrferpive nBipelagjandtios trausistoup(BITs) piewie wsed in

.25

o R vt O a0 S e OO e e

- ropidgeitthing wtpdeseDfA tifttar fararansister iep tlrdedayel santiwieh bf# ade

e i i e

. (M@ afsBiors in E&Hétal) drdtyitallyltbSiighred APéiicPi-p R p S 1k three

het er odi arrondoi d n andp-type materials in _.
lagesnolthassndwigh (or zones of the bipolar junction transistor) may be labeled,

: réspecﬁvely, the emitter, base, and collector. As in the case of the p-n junction of the
" diode, electrons are initially concentrated in the n-type material(s) and holes are initially
:,concentrated in the p-type material(s). |
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devi ces, the heterodi anondoi dp-n junction functions as

a rectifier diode. D odes make use of a singl eg-_/. 2007
junction. Mst transistors operate on the prin iB%‘P“afY

of two adjacentp-n junctions, usually configured as

three slabs of material with an orientation ofp-n p
worzodvcigtn. | n anot her enbodi nent, a transipgi/os2eesay2she
constructed from 20 two adj acentp-n junctions of

het exodiea PBE@%\E b{tiaBI%I @é.n@isﬂ%ﬂthﬁﬁhﬁfﬂe%cat@&‘ﬁ&ﬁ are

essent | al es of transi'stors: bipolar
h?t@m@tam@mﬂmmabt @rléheamlvalﬁlé lelgcteipf emmttthaéi mey be @mn to

s o Mo Rl SRR NG 150 %, Mol R
bwola:mmtons sltoamgem}y atl1 30 isBIEES. b3A-B. ReferriighteFih diBA,rthe
I t
b PRS0 R b R U5 Bl e,
diamondaisconginitp maier(amahﬂ thy enftter 180P {drar-ypsdimaendbidicontainng
f .t t h .
e ale et i B el by oy wiast rpiree i BRRE R Gna e
cdllectBr B304l (al$9-ah Ydghe SiRIFi 0B AL UG RIgg Allefi]). A® cirbdfmay be
al ternate between the_ two types; bipolar transistors

cquapriedspeh bt adeswardibips  300ds appyied betweep e enpifisr 180 and danhase

152 (ﬁiist1§‘§for‘9ar@ bids B¥calde En&aﬁﬂ%lt&@r@&mgl a?}fﬂ’édsto &k nlthe
sandwi ch (or zones of i po unction transistor)

empigigr- 1383), a@éheé@foreamewe@gb@%ﬁ%es sen betvypanthe basgl30R and

: tht@ %&9@ 3?@(1915 is d1Svdrdt il Be LSS ]R)El]t&mltg s beifle Jtpgﬁé?i t9the

['ectrons are 1 nitl centr

- ntype coilectppb%ﬁiat'ﬂm faapdhiasal3@5 hmswlmr@ls it;leavedthd guitter 1303

ancent.r I N p-type material (s). -35 17 January
%ﬁ%e‘%ﬁiﬁ%ﬁﬁiﬁﬁi@?z PCTI US2003/ 022630 An exenpl ary
N- p-Opelutipmallgyeldctrans ahd hades will attenpt yo teeonibdiprin datbesd 1802) b,

LY R R R Rl Sed e AT o P rongy e

.20

s
- - sho®H &1 FI6. P3E SThb 3R lat &axﬂﬁﬁﬁbﬂﬂ@dlihﬁkmgohm tieafRtitdQdcuit

bdsh 2302tan@ S thé éﬂllecthSBBbﬁ\é!ﬂldr the l%h&sozlﬁ&:aae eanmonany thin, or

the gL RB A D5 aE. A Pl 1t QR e 1ADA 8 PP B4 o
refdr&a bidIA06 sé@@eeﬁ 1Rlvasl B0E Ald thd Maétorhaﬁalaacsle@@s eRletfdngd

IS connected between the base 1302 (anp-t

- therogl B qeficator BiR¢ awohitha 2 pervis @mp lefadmé %O‘Eli’ﬁfﬁlgéql 1309ds
 prodfted) e% 5!%2%%% AR i :{iﬁi i ?&bﬂ onda_ti%late%als

out put transistor 1s et ween

age
- fugetions mra m@&@ kaown toltkeose glalldddn the art !:Bmpolélaiassstan ag theyippt

aBRA0 R0 50 e e ol

hdsebcmeah the emtter 1303 and the base 10 1302 (this is
afo rd bi a cayse negati ve, vol t age. i being .. .
2 oA Bt ol P Bipo B FHlor 3ty aniehs 1 B oy aRgion is

and the collector 1304 (this is a reverse blas

| showp IS 15/ b ths drawips o Hie LIS s pravid injiivstils thegppgqence of

30

a BP&M&M & ‘Ittn% gﬁﬁ.ﬁr)be fltRatb® V‘ﬁ{e%ﬁbﬁ fa%ﬁ@a%ed‘iﬁ%ssﬁﬁsu'atq

ectrons to | eave e emtter 03 and accel erate

- 1308+ Anmitppeihsterodibgoadoid well may first bc fabncated the becomes the collector
- 1304. Within this well is fabricated a smaller well of ‘p-type diamondoid material; this well
- is destined to become the base 1302, Finally, within the base 1302 is fabricated an even
o smaller well of n-type diamond_oid material that becomes the emitter 1303.
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15 Operationally, electrons and holes will attenpt to
reconbine in the base 1302, but, as pointed o b

Askel and, nost of the el ectrons nmay be inducedli?cga’%myzo07
travel through the base 1302 and into the coll ector

1304 if either the base 1302 is made exceptionally

wdbolwo1®liz t he reconbi nation tine between porgdeEisRn
and a hole in the base 1302 is long. The reverse bias

acoa S PEER P TR dUf LSl iBSd B b in

cO1BBdion (130P, 1 HAmay be mada to thei emitbap AI3eancdechival cannagtierpl il L

si gnal 7.8 ed. . Thi ' I

oy 3R Beas 3 eri L BRI Rl BBl R BBl e,

chllment 1390 s Theelatrivalvoreckons 1805t 810N & 18K dnhyelsk manietubing

“Poterifepddqut o ol ramaihd’ Moty B o Brosfifas
r ; ' ;

dafdnd® irf) Redwna o Hobd skilied inGie art) 86, fOf EtafbROU.S2Pat /5,075,757, issued

het er odi anondoi d- based bi pol ar transistor as it may
tolshitetal i n the cross-section is shown in FIG 13B. The

bi POA 8dcohd BHSdrHhRistd? thaly beli@RidaRd BbAheERURmLAIdNE
electrical circuit _shown in FIG 13A _but the draw ng
cptaipingInaterias i shoymany Fife 44+ Bis Ppefiteptiorinmorg ofenpess &

ot stofg Ao e A ARSLS ki Bwnlas TG SN RhlsKIP ET). Field

at e icé Is fabricated on a substrate

eff@0 Bansistorshave/ge beet discossedibidBoAskelond In theshove ¢ited reference.
f abr. ]| it hj
) B RS e i

‘slotivargenaladiycit D smvingtises twii rstypetelions B0t et 1402 thrined vexgotype

st I Anctromtiehon LY Vil G g bR rion 142

| isTRbeh hethe drliaf fbﬁﬁ%&@oﬁﬁ/ﬁof@hﬁ ttail)ﬁﬂtoﬂsﬁﬁﬁl gend@lljat 1d6Misar y
2007 004/ 010512 . PCT/ US2003/ 022630 | .0 .
oo UL e 102 TS HPIRiey BRI e SUpgiate 1403 by a hin

QBRI dTthatdnall 1409) TieSfshlatos #4405 Wﬁﬁée@ee%&p&una@t@

maybe made to the emitter 1303, an electrica ]

dispandoid muerial; dn atherepdsedinmendoidedbaged anatraiakihat agmot doped Vil
i cal connection 1312 may be nmade to the

col['ector 1303. The electrical connections 1309, 1310,

131 iin opeation Aaelsetrioel goteuiisl H935s appbedetweon thaieatedd04smd fie

M e 1 i

| pmﬂ:iafp siloof thecanttpgec] 408 is Spplied ta thé gBF B1025The poteptialdirawselectrons

el B TR oty S (D4 uPbEPRroRf Rl ol

25

. the$rats N40AMuE ® thet Kmuldidg rebiving 405/t sqfardids #ivpakt1d04 from Miwpetype

s W03 088 3 e G e et opiem 0, B

- okl SpaRALE AR RN Stvedh 5 rORANA08 EEMR IR ofthdp-

30

eland in the above cited reference. . The exenpl ary

© tyne substos hawn ewerlly #1663 iThe gnlianesdgordustadty of theFdyRaTesion

1806 Giova, %reﬁé}‘ﬂ\ﬁﬂ&%ggaéc@gh%o ngJb%%en ROIREdeS801 &Mfhe drain
n-type regions and 1402 fornmed I n ap-type
1402, producing an amplified signal 1407. By changing the input voltage 1408 between

the gate 1404 and the source 1401, the number of electrons being conducted through the -

- region 1406 changes, and thus the output voliage 140'7j'_may be _.coﬂtrqﬂed_ aswellas -

-amplified.




substrate 1403. The n-type region 1401 is known as the

source, and the n-type region 1402 15 is known t he

drain. A third conmponent of the transistor shko?ﬁmumy2007

generally at 1400 is a conductor, called a gate 1404,

which is separated fromthep-type substrate 1403 by a
wohme/olgisnsul ating regi on of material 1405. pdimeszo03/022630

i nsul ator 1405 may conprise a region of undoped

di apRRdsGs PRLifkdiah devichs WEBden WREWSd ifa chapter tifled
di anondoi d-based material that is not doped with.

“Seraicendgelow by P Avhers inofragriced igeriroues Jar rvernare Ve Grav YL N
Yo}é%%(id)ﬁm‘;’: PRigpd Iﬁgﬁqe@eﬁlﬁ}ht&%ﬁ Ab& dLAO4 Bl e e Bcat@i0nt Be

ere the polarity of the potential in this
n and peypeshetsradiamondoid metritlhefithe tiesent oyeptiany Basip applieptions ol

Vol ¢ . . ifag‘ﬁ i 1 ﬁ} D SVJ it 3
3 dwp%% lélgllql eai g raﬁﬂﬁgecg'ﬁéel%:’t ro n%vg b%‘?%r%&?iﬁgr?’sjg%r C e6?40?f S‘tlpc?vv??r d
voltipe dvippérnivoltagefregulatorg selagdh@tiplidseircuitsaliedesbmps aveform

.cannot _enter. th ate 1404 ' i
R Sive sy b eebf Pl b, o il A HERE bidfups.

t he Bigojp Randfstosd tasit eperatbd B trabistar switols, azneert bonsce, a

concentrated b ath the gate in a freqgi on 1406, .and
Cuptp Srescre R SRR Splopgn, & BRI Gollpotst AR et, A FRETIap SR ¢ o

10 'an{pﬁﬁbr%hdja%ﬁa%eﬁ@gﬁldtdﬂ. hgﬂicﬁiﬂnkoﬁﬁ%dldiﬁﬁnsiﬁwmcmﬂmhy ativers,
_ .Shown general ly at 1403. The enhanced caond, ctlv@;ﬁ/ﬂof
differentiat applifiprsfugEnt mivers, TRl et spESEseulf s (§fp-flops),
m&h%iswﬂ%ictzg%fs.' ow between the source 1401 and the
drain 140 f;groduci ng an anplified signal 14Q7. By

¢ hadwgictiep. fiekdbeffoatiransistans mag be appowedis light SFmmers.(asc gpmeat
1 . C . .
soff bad Bl ST it Op B e Sk e ¥pPiicaton
15 oftlfichl effae transistartinohole relayslrivers, audia yixsromd mmplifiasy andelgotricpl
P tarrpl.i fied. -37 17 January 2007 WD 2004/010512
82003/ 022630 Exanpl es of p-n junction devices

have been discussed in a chapter titled '

" Sem conductors" by P. in Practical Electronics

for Inventors (Ntciam#ﬂﬁéﬁﬁﬁagw York, 2000), pp.

123-190. It is contenplated that these devices may be

fabrj cated. fromthe n dp- e het er.odi [ d _

2 o bt BhGVige oFReI ShestmBBoR s ABRGHEERBHATRIR o

coftthinngeR@Rmionddidiggdpolyfnetiied Bettredibmbndoids, in hetbidanawdth

bridge rectifiers, ACtg DC pogﬁr S ppliii, ¥oltqgeb .
enppodigisatp of the prepeximventign,| Hhey e mt FCIE&%&?W 95,3P¢ p notiobe -

vidhdd @ fikafting HleQfiendrPRRRimedBYBHOr M Clippers, reverse
polarity protectors, transient protectors, and

-~ bat Eawuypleschnkdeseritivarsthods thatmppld Papsed foenay B gepasptang
25 hefPSRlRfasS ¢ 8. dARRRBAL, E&%ﬁéhm@%%ﬁ&ﬁﬂmﬁ%ﬂﬁ@s of
B current bi &s€r, an emtter |'ower, a commbn

;pnmmﬂmﬂummmﬁﬁwhhﬁh@ﬁmmmmmhﬁmﬁMQQndﬁm@ﬁmmmﬂﬁwgfieri
nd.a vol.tage .r egul r hecatio [
kA EEoR ) B MBS B comons.
rEx'aﬁ?ie! 1If depbfistraf\(lid prearation 6ftizstetramintanes feone &l feedstick sibichces , |
copiio & s oftogaantanBe inbtoding some SLSiecoafihich Bha S ©
30 impurities. Other feedstocks containing different diamondoids (such as triamantane, or
tetramantane and higher diamondoids) may also be applicable and produce similar .-
heterodiamondoid mixtures. | '
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~Junction field effect transistors may be operated as

light dimers, basic current sources and anpligiers
source followers, and voltage controlled resi st

- The application 15 of a field effect transistor

include relay. drivers, audio m xers and anplifiers,
wanoimiesctrical field nmeters. EXAMPLES  28CTg2003/022630

foll ow ng exanpl es show net hods of synthesizing

ni trogen and boron containing heterodi anondoi ds, and

pol ynmeri zed het er odi anondoi ds, in accordance wth

enbodi nents of the present invention. They are

i ntended to be exanples and are not to be viewed as

limting the invention as clained bel ow. Exanples 1-3

descri be nethods that c&&MEPYEd used to prepare

ni trogen contg) pyRflanidies o 8fRsBoRRDRIRINES. €. g.

azadi amondoi ds. Banpl.erAnShaflRISmemxenpl ary net hods

of preparing polyners Trom heterodi anondoi ds,

i ncl udi ng polyners conprising heterodi anondoi ds

couph the follomingsxaniple. 3 nexivterad szajelramagiancs| s bregapdrom a

L3134 P00 0t R RS P, v
&mhmmmmﬁamﬁfgw?:ﬁgﬁ?ﬁﬁtgrengfo:e;raggn}anesiincludin%er
F eods Bt 1 B GRAPAG SePR Bhbeh R bR pld
febdstod K BaHiilfg te@imantaats, dhefbdvelamng be bbtgihed bydhatinds dexmte)
inL3 it ApraibRd Sk 6, DS sebay 1 90, i ompyed hgn by
refedDdé DIRAFRCN fhalohQOnhiAd GBRadt @ M e tdirabafidst isomers was

tetramant anes from a feedstock containing .a mxture

 obiginedend thefcHprmashveingloged spprlityicd tetHmARgIE IR o

106 %&ti%@)ﬁﬁ%y&r@éaﬁﬁﬂﬁﬁﬂxﬁﬁ@ssasm. H‘ﬁ@é‘cﬁ%ﬁﬁ&mfaﬁ%@/mass

eedstock containing a mxture of the three
speemeiTye(CAYE) ofdhsrromposition.of tisifeastion shpveed mixure ofp
ﬁE[%Egptane, and skewtetramantane. A first step in
te I's exenplary synthesis involved the o _
photosdiytivn 0k J0atg afitharboe feddstockstantziningsetranianiangg in 6.1 g of

. Jhe f k b i )
o R IEE s R ik 27 kS Soltitn 861,078 (s 3¥findbof peracedc
sl G081 36, Wil eidgaiued Vigieouslg Wkowaiaivasioadifatwited
er el A rerer ce I n S ent)lre . faCll ONn }
QST i G4 FRoBRS phbvide i ok ik, Th A irB s
4BRRint® 2 MLARO &R an #RHatoR PerdddRE ahdD2 NRGrs) AWen thE SdrktidaWas

substituted tetramantanes (such as an :

cagbduiriried to meadryresse freatad dwicg trsgecgssisorwitbni9uml periens € tojysng, -

i g i VST ABlerition
st B Lo AP PR r REERETD oSt oloriion
to show the presence of hydroxylated tetramantane isomers. - _

- In an alternative embodiment, the tetramantane feedstock may be oxidized directly

according to the procedures of McKervey et al. (see J. Chem. Soc., Perkin Trans. 1, 1972, '

12691). The crude product mixture is then subjected to GC/MS characterization to show the

presence of iso-tetramantones. The oxidized feedstock as prepared by direct oxidation, -
wherein the product contains tetramantones, is then reduced with lithium aluminum
hydride in ethyl ether at a low femperature. After completion of the reaction, the reaction

- ‘mixture is worked-uli by adding saturated Na;SO,4 aqueous solution to decompose excess.

. Jithium aluminum hydride at a low temperature. Decantation from the precipitated salis . -

IJ gr.lua:l‘y 2007




tetramant anes. A solution of 200 ng of the above

feedstock containing tetramantanes in 6 1 ﬁ 007

net hyl ene chl oride was m xed with 4.22 of a &Z ?ﬂ‘ﬁa'%z

of 1.03 g (13.5 nmol) of peracetic aC|d in ethyl

acetate. Wiile being stirred vigorously, the solution
woasnicrosedi ated with a 100-watt 1JV |i ght pciBes20031022630

evol ution was evident fromthe start. The tenperature

giVR S dryBlenSohidR Chiadh, $lerfiRepdrad, affortd 4 @ﬁdeqird)dnet [T8e crade of
about 21 hours. Then the sol ution was ncent ated to

profugtmayrbesharacterizedly @MY o show the g{?&fé'éf's%ﬁhéf oFylEet 10- ni

te ahiaPSordis t Ol uene, 25 and reevaporat ed to dryness.
e product was then subjected to GO/ M5
c h afmibe next steqy, pwazahouap @ﬁmaneermrwéw@@daﬁedtﬁ%tbw% ed

> )@%&{d?@{é&% anéafﬁe@%lgt oc@lﬁgtﬁﬁ%ﬁ(@ | zW?ﬁ

cooled mixdirn gf 9856 mkthanssuifoeid asid §1. Hml)pnkdichlerpmethang (3.5 gfbwas)

ad os(% ﬁmﬁﬁéﬁf&;& Fﬁ:ﬁgl{)} ib) e&?t%x?u@%dm%yﬁfoﬂﬁ%ed

tetednanandses pepdreduboto Tolhiswedsittntixpresaraddeddh small increments

soln e e L GEIODer AR AP S o PR o

10 - abbRSTHHIBALSE Snd thén &Bﬁiﬁctﬁr@%?éﬁrwmtb ideivialidr () B0l b)) Them
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.+ Inthe next step, an epoxy azahomo zso-teiramantane 4 is prepared from azahomo -

o iso-tetramantane-cne 3. A mixture of the azahomo iso-tetramantane-ene 3 (3a or 3b) with:
f 30 _ o :
- _ " and short column chromatography gives the epoxy azahomo iso-tetramantane 4 (daordb), = = ©

m-CPBA (1.1 equ.) in CH,Cl,-NaHCOs; is stored at 5-20°C, followed by the usual Workup‘

. Inthe next step, N-acyl aza iso-tetramantane 5b is prepared from the epoxy

azahomo wo—tetramantanc4b byuradxatmgtheepoxyazahomo zso-teu'amantane4bm A
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mmol ) of nethyffithiumin ether. The stirring is
conti nued for about 2 hours at -78C, and for Et her
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reaction 1s carried out under an argon atnosphere.

isapeopanal it affoshibe miodust 22 isosteimgpagtapg @duct is fornmed when

the reaction is allowed to proceed for only a short
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i sO-tetramant ane 6 |s prepared from N—acyl aza-
An alternative synthetic pathway for the prepm@on of the product aza iso-

tetramantane 6 is shown in FIG. 5B. Referring to FIG. 5B, the iso-tetramantone 1 as
prepared above may be fragmented to the unsaturated carboxylic acid 7 by an abnormal
Schmidt reaction per McKervey et al. (Synth. Commun., 1973, 3, 435). 1tis contemplated

_ thai this synthesis is analagous to that reported in the literature for adamantane and
- diamantane (see, for example, Sasaki et al., J. Org Chem 1970 35 4109 andFort Jret
o al J. Org Chem., 1981, 46(7) 1388)




I sot et ramant ane 5b by heating the N-acyl aza

i so-tetramantane 5b (5 mmmol) to reflux for Eout ?007
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and 5 mL of water is added to the residue. The aqueous mixture is extracted twice with. -
ether, and the combined extracts are washed with saturated sodium bicarbonate, dried over

30 . aphydrous sodium sulfate, and evaporated to give crude compound 10. Sublimationona

. steam bath gives substantlally pure 10,
In an alternative embodiment, the compound 10 may be prepared from an _
~-w:o individual isomer of the compound 9, as opposed to the mixture of exo- and endo-9 . -
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precipitated | ead di oxide. The ether layer is then
separ ated, washed several tinmes with water, 3 ed 2007
once with saturated sodi um bicarbonate, and dri éa*oVer
anhydrous sodium 10 sul fate. Renoval of the ether
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. - In a final step, the aza iso-tetramantane 6 is prepared from compound 11 by the

S ... dropwise _addi_tion ofa _sQluﬁon of compound 11 (0.98 mmol) in 25 mL of anhydrous ether




m xture is extracted twice with ether, and the
conbi ned extracts are washed wi th saturated ?2I um 2007
bi car bonat e, dried over anhydrous sodi um sul fa
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hydr oxi des are di ssolved in excess 25% sodi um

- hydroxi de. The resulting basic solution is 5 ezxz{,act ed2007

twice with ether, and the conbined extracts ar

washed with 10% HC1. Neutralization of the acidic
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* ¢ may be separated and used for subsequent coupling reactions.

- High selectivity for ketone introduction adjacent to double bonds can alsobe

* accomplished by selective bromination. as shown following; to a solution of 3 mmol of the
~ double bond coupled heterodiamoridoid in 40 mL of CH,Cl; is added 6.6 mmol (1.175 g) - o
_ '. - .-of N-bromosuccinimide {NBS). The reaction mixture is refluxed and stitred for about 12 : :'. ' ._ ' S
. hours. The reaction mixture is dituted with CH,Cl, and washed twice with wateranda




- may need to be protected before being subjected to the
oxi dati on/ coupling reactions described herein 7} 2007
by- product al cohols from oxidations wth st ron& amuary
oxi di zi ng agents such as H2SO4 or fromdirect
oxi dation products of mlder oxidations such as with t

woO 20bivsiaydr oper oxi de can be converted to kahgpresoRsse
treating with H2SO4 as follows. The al cohol dissol ved
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acconplished by refluxing wth a 0.15-nmol sol ution of
PCC while stirring for gxamgle 2 hours. The ketones are
~isolated 25 byaddi n{rg]@a | ar g lﬁ;(c S o}_ di %tg%l et her
to t Heepaseiond Adisset @ PSP UBYIEE “ 3 h
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products are isolated as above and further converted to a mixiure of positional diketone
isomers which are isolated and used for further coupling reactions.
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solution. The organic layer is dried over MJS nd :
evaporated. The yield of the brom nated produgﬁgﬁ?@nﬂy2007
about 90% Conversion of this internmediate to ketone
products is acconplished using the sanme procedure

wahoumiosS Exanpl e 6 Preparation of D ket oneGI/us2003/022630
Het er odi anondoi ds Di ket ones of het er odi anondoi ds can
be produced by nore vigorous oxidation than the above
exanpl es (Exanples .4 and 5) using strong oxidizing
agents such as H2SO4 or 10 Cr03/Ac20 but are
preferably produced by Bxagglegnce of oxidations. First
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i5 excess of Se® in 30% H2O2 at around 60 25 C for
several hours. The m xe Ia:lcgone products are
i sol ated by dilution of FHRPf 2action sol ution with
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hexane by evaporation. The |actones are hydrol yzed
and rearranged by heating with 50% H2SO4. Again the
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. changed from violet via blue, green, and brown to black. Instead of Mg, an equivalent
- amount of X, freshly cut and washed with hexane, can be used. The reductionisthen
 complete after a reflux time of about 12 hours. '
30 Toprepare the reagent (M) with the LiAIH, reducing reagent, the TiCly/THF
i .- mixture is cooled to about 0°C, and the desired amount (generally 15 to 50 mmol) of
| _' o L1A1H4 is added in small portions to keep the vigorous reaction (H evolution) under
o :; _c.;vbntro'i. :Aﬂc:.the_addiﬁon, the reaction mixture is stirred at 0°C for about 0.5 hour. If




i nked wi th doubl e bonds via coupling reactions of
het er odi anondoi d ket ones from m xtures of

het er odi anondoi ds. Thus a conposition cont ai ni A§auary 2007
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. Two dimensional sheet polymers can. be formed from heterodiamondoids bearing

—

- more than 2 ketone groups. ‘Such precursors can be formed by extended oxidations of the .
parent hetero diamondoids, or by sequential oxidation/couplings as described in the above
30  examples. Cyclic tetramers are particularly useful as intermediates in the production of
two dimensional sheets through additional oxi&ationl_ééupling sequences as described in

* the previous examples. -




After the addition, the mxture is stirred at room
tenperature for 6 to 20 hours depending on th
particul ar di amondoi d bei ng coupl ed. During thi7 January 2007
reaction a gentle stream of argon is maintained.
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After the addition is complete, the mixture is stitred at amblent temperature for about 8
30 hours. Upon addition of 400 mL of water, a brown precipitate forms which is removed by
- filtration. The aqueous layer is separated, saturated with NaCl, and extracted with ether.
* ‘The organic portions are comibined, weshed with brinc, dried over MgSO4, and




5to this azine to forma bisdi anondoi d

t hi adi azol i di ne, oxidation of this internediat

bi sdi anondoi d thi adi azine and finally elimnati gﬂ
the N and S heteroatons to produce the desired
coupl ed product (G=G. This procedure is useful as it
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5 anphnepPheref Biegmo(eipma @ aREaEay o ERSICHS OV it VEE o
sﬁfabfe%@lﬁjenﬁ safvle uaﬁumwﬁblubfﬂe d&fre@c pesduagoNdoi done
(35 mmol) 60 nL of tort- but 5 aIcohoI After the

addi Mmmdsﬁm p%th@exetnnb%@m pts phthe wyention disgleged
a@ok?i@ %]l 1%5&%%@6 n%oQﬂd%le sltied i LR, Q@&r&&ﬁ’y@ ﬁﬂlﬁ%ﬁﬂldﬁ idoleved -

to stan ient tenperature for out 24 hours.
caftstuedge inviading albstruetmsvodimedodsithas fall withinthe seope efdharppended
10 ¢ |ch i s added 200 nL of water. The aqueous m xture
' Sextracted with ether (4x 100 nmL). The conbi ned
ether extracts are washed with brine, dried (MSH),
and the azine product recrystallized. 20 To formthe
t hi adi azol i di ne, hydrogen sulfide is bubbled through a
solution of the above azine (41.1 mml), and .5 ng of
p-tol uenesilfonie acid in 300 nL of 1:3
acetone: benzene at anbi ent tenperature. Conversion is
conplete after about 12 hours. The solvent is
evaporated to give >90% of the thiadiazolidine. This
material is used in the subsequent step w thout
further purification. 25 To prepare the thiadiazine, a
suspensi on of CaCO3 (20.7 g, 0.21 nol) in 300 nL of
benzene at OC.is added in several portions |lead
tetraacetate (20.7 g, 46.7 mvol). The mxture is
stirred for about 20 min. A mxture of the above
thiadi azolidine (35.9 mml) and 300 nL of benzene is-
added dropwise with stirring over a period of about -
1.5 hours. .. After the addition is conplete, the
m xture.is stirred-at anbient tenperature for about 8
30 hours.: Upon addition of 400 nL of water,.a brown
precipitdate forns which is renoved by filtration. The
aqueous layer is separated, saturated,wth Nad ,and .
extracted wth ether. . The organic portions are . .
conbi ned, washed with brine, dried over MySO4, and -51
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concentrated to give the thiadiazine with ylelds of
. about 90% as ‘a yellow residue. This material-is used
~in the subsequent step wi thout further purlflcatlon
To coupl e heterodi anondoi ds, an |nt|nate n1xture of
: thlad|a2|ne (3. 32 ~mmol ) and - :

ry 2007




tri phenyl phosphine (2.04 g, 7.79 mmol) is heated at
125-130 C for about 12 hours under 5 an atnosqgﬁrqloﬁxm7
ni trogen. Colum chromat ography of the residue ary
silica gel with suitable solvent gave about 70%yield
of the desired coupling products. Many nodifications
was 200dn@0sexenpl ary enbodi nents of the i nventpcoms2003/022630
di scl osed above will readily occur to those skilled
in the art. Accordingly, the invention is to be
construed as including all structure and nethods that
WHATISRLARMEDA$e scope of the appended 10 clains. -52
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VWHAT | S CLAIMED IS: 1. An n-type di anondai d materi al
1.c onpmi relyprrdismondpidanatesial eoaweisingiep hecirap-denating hetepoatoppye
n-type dianondoid nmaterial of claiml1l, wherein the
el ectron-donating 5 heteroatomis a group V el enent.
2.3. Tihe nitypevipeoddaidmnateil of chaimel, whereinfthedlesiran-donaiipger ei n
5 m%%e electron natlng heteroatomis selected fromthe
: ni trogen, phosphorus, and arsenic.
10 4. The n type dlannndoid material of claim 1,

wherei n t he, mat C ri.se

3 The e b8 PR BPEA BT "BRe B S L AT, o e

heé¥dr&fdth Q@eleaaﬁ&dxﬂ the glm edSRyofatoy, plsosphorus, and arsenic.
substitutional site on the dianond lattice. 15 6. The
n-type di anondoid material of claim1l, wherein the

10 4.8l eyt Qg AnRoniad miRliA LPAkINM, wherSR the MMl cirdRides an aza-

‘the dianond lattice. 7. The n-type di anondoi d materi al

dighongloi m 1, wherein the dianondoid is selected 20
fromthe group consisting of adamantane, di amant ane,
and triamantane. 8. The n-type di anondoid material of

5.l aiThe k:typstdgmeindoid metedil afipigbl, whereinghby elecfrardonatingn t he

hfﬂ%%i‘f%gﬁ%ﬁ%‘gss 4 | gg}t& ondi &l RO 91?81{1 IRERL amant ane,

amant ane, amant ane, nonanantane
15 decamant ane, and undecamant ane. 25 9. The n-type

d doi d | of. |
o st B0 ety SER b P e flecif alRlE ' 2
hdaabafémisl peRybheial iadicalmmnaa iticent eri al of claim 9,

further |nclud|ng a netal 30 atomto enhance
el ectrical conductivity. -53

7. - The n-type diamondoid material of claim 1, wherein the diamondoid is selected
- 20  from the group consisting of adamantane, diamantane, and triamantane.

8.  Then-fype diamondoid material of clairn 1, wherein the diamondoid is selected

* from the group consisting of tetramantane, pentamantane, hexamantane, heptamantane, -
.- octamantane, nonamantane, decamantane, and undecamantgne. '
25 N j
9. “The n-type diamondoid material of claim 1, wherein the material is a polymerized

heterodiamondoid.

_ 10. The polymerized heterodiamondoid matenal of claxm 9 further mcludmg a metal
30 atom to enhance eiecincal conductmty ' '
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The pol yneri zed heterodi anondoid materi al of cl 2ijm 10 2007
wherein the netal is gold. 12. Ap-type di am)n& i) gruary

mat eri al conprising an el ectron-w thdraw ng

heteroatom 5 13. The p-type di anondoid material of

- WOlen#1032, wherein the el ectron-w t hdraw nBCT/S2008/0224300m

is agroup Il elenent. 14. The p-type dianpndoid
11mat ehé sdlyidrized BtdRdidnondbia hdteriall dTelafh ©F; twherRinwhd helildyaid
heteroatomis selected fromthe group consisting of
boron and alum num 10 15. Thep-type di anondoid
12t @l 8he fmSARidhatdial WagkiShiad HectldRiwgihiating AoiohsRs
an oro- di anondoi d. 16. Thep-type di anondoid materi al
of claim 12, wherein the electron withdrawing 15

het ) i . 20 tagt i ; . '
o SRR RGP Buey A S 4 ki

-

i amondoi d mat eri al of

|  hetzkantom i& 3 gromh 8l elementthe el ectron wi t hdrawi ng het eroat om

is sp3-hybridized in the dianond lattice. 20 18.
Thep-type di anondoid material of claim12, wherein the
14di amhepojpd diamosdlidnstedhl of oaim 12 wehayein the clecineni-withidraying

R

di anondoid is selected fromthe group consisting of

tetramant ane, pentanmantape,. X nt ane, hept anant ane,
1555 3B BRGSO AR U |3 LA L fiteaB g roes o1
bor@esanuRRt ane. 20. The p-type di anondoid nmaterial of
claim 12, wherein the material is a polynerized
het er odi anondoi d. 30 21. The pol yneri zed '
16€! Fhop! Rhbid'RbiSid 8 o 16] #heiix fhe lebttduRithdrawing
Including a netal atomto enhance el ectrical
heteomtharcodoupies,s substitutiohed sifpsinyheediamand letéeeer odi anondoi d =~
mat erial of claim?21l, wherein the netal is gold. -54
17 January 2007. WO 2004/010512 PCT/ US2003/ 022630 23.
17An @heptype diamopdoid jaterial bhokeind Apwheaéinthezlsctrgnbthdrawing

I anondoi .erJj.a nd an n-type dianondoid S
he??ﬁcla Bep- ﬁéfmﬂh)ﬁ-%ﬁnﬁoﬁ@g{eﬂc%n of claim 23, wherein

the n-type di anondoid material is aza-

R R i A T bt
frdde 8 'R RBRRERY ¢f adamantane, diamantane, and triamantane. o

19. The p-type diamondoid material of claim 12, wherein the diamondoid is selected

- from the group consisting of tetramantane, pentamantane, hexamantane, heptamantane, -

octamantane, nonamantane, decamantane, and undecamantane.

© 20. - The p-type diamondoid material of claim 12, wherein the material is a polymerized

" heterodiamondoid.

30
* atom to enhance electrical conductivity.

2_1. " The polymerized heterodiamondoid material of claim 20, further including a metal-

22 The polymerized heferodiamondoid materil of clsim 21, wherein thomefalisgold. -
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10 26. Thep-n junction of claim 23, wherein thep-type
di anondoid material is boro- heterodi anondoi d. I%anu% 2007
di anondoi d transi stor conprising an n-type Ty
het er odi anondoid material and a p- 15 type di anondoi d
material. 28. The di anondoid transistor of claim27,
w14 he transistor conprises an n-p- npchig§loho2263o
effect transistor. 20 29. The di anondoid transistor of
claim 27, wherein the transistor conprises an p-n p
field effect transistor. 30. The di anondoi d transi stor
2%f chmtleetde] p-ufrmcéincompdsing & A-{Ree disoomdoitbiatenind aed dnat-types
dﬁ@ﬁ#@&ﬁg\t jpanmondoi d. 25 31. The di anondoi d transistor
of cllaim2/,” wherein the n-type dianondoid material is
phospho- het er odi anondoi d 32. The di anondoi d transi stor

f aim 27 .. wherei n,t -t ype di ndqi. terial is
R LS R S e
haeodiafdgioid? PCTI US2003/ 022630 33. The di anondoi d
transi stor of claim27 further conprising a source,
gate, and drain, wherein the source and drain are
25.r abTtie@ad fakctioh 68143 wihdde the RLteseafiinpinsid Riattrigbt fiidsgHo,
and the gate is fabricated fromthep-type di anondoid
hetgrpdippendoids 34, The di anondoi d transistor of claim 27
further .conprising a source, gate, and drain, wherein
the source and drain are frabricated fromthep-type
2het eFhearmairanticn pErlami2e, wiere tha pdynetiésnpadeid matefigltis barert ed
nétb @iy t YPe di anondoid material. 35. A nethod of :
synthesi zing an n-type di anondoid material, the nethod
conprising: 10 a) photo-oxidizing a dianondoid to

or . h - di.amondoi.d: b)), chepi cal |y .oxi di zi a
2 b e e B R b B E Romdh B e e
typetiamoadainndedatl t o0 a hydr oxy-di anondoi d; d) preparing
an aza-di anondoi d-ene fromthe hydroxy-di anondoi d; e)
preparing an epoxy aza-di anondoid fromthe '
2812 a-The ARRAMiitr£16tor ofbiith 7, AHREM the SarRtoR édtnptsa B, d
fromthe aza-di anondoi d-ene. 36. A nethod of
figld gHecE&BISRG an n-type di anondoi d material, the method
conpri si ng: _

. 29. -The diamondoid transistor of claim 27, wherein the transistor comprises an p-n-p. -

field effect transistor.

30.-  The diamondoid transistor of claim 27, wherein the n-type diamondoid material is

aza-heterodiémondbid.

30

- 31, " -The diamondoid transistor of claim 27, wherein the n-type diamondoid material is
- ‘phospho-heterodiamondoid. S :

. 32, 'The diamondoid transistor of claim 27, wherein the p-type diamohdoid material is .

bdro_—heterodiamondoid.
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a) chemcally oxidizing a dianondoid to a '

ket o- di'anondoi d; b) preparing a fragnented dia doi d
carboxylic acid fromthe keto-di anondoid; 20 g?qanuaryzom'
preparing a fragnented di anondoi d-ene acetate fromthe
fragnented di anondoid carboxylic acid; d) preparing a

wd ARERILd hydroxy- di anondoi d- ene by redugifgshéRizzeso
fragnented di anondoi d-ene acetate; e) preparing a

ragrent fro! ! e) pbrepar -
o oG LR S AR Be B i A, g,
wiheraigiesowde afidaim et fidbridaiehrom dhefr type lichwodismadeid ebrial,

o L SRR R P, % 50757 A

nmet hod of preparing an n-type di anondoid nmaterial, the

t hgd .co . $].NQ-. LS ting a di.anondoid fro .
et ¢ O PRt etHiser et 21 PinbEibo R g soufscdate, 8 diin,
wheéreif tligaoirce Middrtiepa Gabiricasd a6 e s hetepéiliafond 610 Wikbeyial,

2@*%87 WD _2Q04/010512 PCT/ US2003/ 022630 b) converti ng
2HBe greFRace Tom Be & tpe fiepepdodtmsadld by
substitutionally positioning an el ectron donating
heteroatom on a dianmond crystal |attice position. 38. -
35 et methodf synthosining g ndyns dlameadeld matsrd dhemethodeqraprising:
the 4 R Al Bl doi | i?% panmondoi d
fromﬁr?h%g_—tgro ep[%_f equ(%l%%k%?%g}og& | stolifi(ﬁg’ti on, heat

t r e & whereicallyodidizinea danicadoid tacthsfoglimnondpidc onver ti ng t he
di a L a: - 0di - bstitutionally -
posi ?%ﬁ%ﬁ%{hg%&g lﬂg@@%@o&@%aﬁ)ﬁ%& %&n&%n&g%dgfdé}r oatom on a

di- ani pepaningsin ara-diamondoid-epe om itlerhydrod P ddMonddidi anondoi d

transistor conprising a suhstantially single material,

t he 3 PRbEiaeE PR fafondoid ofiths Raaliiofflites ng

r egifp pepaing ak hactismadbill Yromnkd Hza HiagndodeRNs, Wher ei n:

the electrically conducting regions of the transistor

conprise it andp-type heterodi anondoid nmaterials; and
36. he AsheBdd dfepitherizing Sth Ak ARMOAMIORRR, thb@eths PERipRitRE:

conpsri se undoped, di appndoid 15 nmaterials. 40. The '

t 1 af) Phanically pidizing s dsenondgidtio aikatordipmandeigpe di anondoi d
mat gf P?%%%%Wabﬁgﬁe@tﬁﬁnonaﬁﬁgﬁrﬂ yﬁﬂ&q@ﬁbﬂ the%%toéld}am%?lg,r a

trans r-of claim 39, erein“the n-type di anon
mat € Prparing gfapmenied disvendeid-chreacetnio dionrtherfragnabnted

diamondoid carboxylic acid;

d) preparing a fragmented hydroxy-diamondoid-ene by reducing the fragmented
diamondoid-ene acetate; | : : -
€) preparing a fragmented keto-diamondoid-ene by oxidizing the fragmented
hydroxy-diamondoid-ene; o o L
. f) preparing a fragmented diamondoid=N-OH-ene ﬂl'om the fragpmented keto- .~ "

- diamondoid-ene;

30

treatment, and separation technique; -

£) preparing an aza-diamondoid from the fragmented diamondoid=N-OH-cne. _

37. _.A method of preparing an n-type diamondoid material, the method comprisﬁ_lg:

a) isolating a diamondoid from a petroleum feédétogk using a distillation, heat o




42. The transistor of claim39,; wherein the p-type
di anondoid naterial conprises boro- heterodia ol d
25 .57 , P mit)qanuaryZOW
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b) converting the diamondoid into a heterodiamondoid by substitutionally
positioning an electron donating heteroatom on a diamond crystal lattice position.

38. A method of preparing an p-type diamondoid material, the method compri_sing:
5 a) isolating a diamondoid from a petroleam feedstock using a distillation, heat
treatment, énd separation technique;
b) converting the diamondoid into a heterodiamondoid by substitutionally
positioning an electron withdrawing heteroatom on a diamond crystal lattice position.

10 39. A diamondoid transistor comprising a substantially single material, the transistor
comprising electrically conducting regions and electrically insulating regions, wherein:
the electrically conducting regions of the transistor comprise # and p-type

heterodiamondoid materials; and
the electrically insulating regions of the transistor comprise undoped diamondoid

15 materials,

40.  The transistor of claim 39, wherein the n-type diamondoid material comprises aza-

heterodiamondoid.

20 41,  The transistor of claim 39, wherein the n-type diamondoid material comprises
phospho-heterodiamondoid.

42.  The transistor of claim 39, wherein the p-type diamondoid material comprises boro-

- heterodiamondoid. -
25 |




