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WD 2004/ 054047 PCT/ US2003/ 022629 OPTI CAL USES OF
DI AMONDO D- CONTAI NI NG MATERI ALS BACKGROUND OF THE
WO DMEREIO®N 1. Field of the Invention Enbodi meP€BUSE003/022629
the present invention are directed in general toward
the optical 5 uses of dianondoi d-contai ning
materials. Specifically, these devices nmay include

solid j t l'i ght
ot 1 ng O BUEAE U3FG SRLCONERRTYG
phot ot ransi stors, phot éﬁgﬁlls, sol ar cells,
anti-reflection coatings, Ienses, mrrors, pressure
wi ndows, optical wavegui des, and particle and
radi ati on detectors. 10 2 State of the Awt
Car bon- cont ai niBACKEGREOUN i
potential uses in optics and optoelectronlcs
El enental carbon has the el ectronic structure

1. 1sErsPePBe WRBHeh t he outer shell 2s and 2p el ectrons
have the abiTity to hybridize according to_two
d| Embpdimentscifdherresent ivesior e digctedh e fayyarg thegptical

ri ses..fou
uses BR AR gr i RialeFily, Sp8BERNT I8 88 ecn By inclug solia

statec‘c@fﬁ'ﬂ)ésbfsg&rﬁlbdirﬁﬁctor lzgemalight @mitte diodss, @hamdet)ectars bhatdsesistors,
W th an unh%{"“ di zed p-el ectron occupyl ng.a t. orbital
photpiransissprhetavelitie gells oleslls captizietlpGiionfeaiingsn lenggs, MHEOLS,

g t I
e Ryl s T it dab gy ol oo

atons are tetrahedr aI Iy bonded with sp3-

hybri di zation. Graphite conprises planar "sheets" of
2. spéiﬁygﬂﬁaﬁﬂéd atons, where the 20 sheets interact

we s lbnld3ha! H‘ﬂﬁg %%g&%ﬁ%ffei" Ia@ﬁﬁé’t QF p&RESH ubds 19%@53 and

Car bon exi st o I es as well
optotlectrardés ¢Flemrantphattsnfhos e ezledtltoad: stmpm) hsé2$ Pie vihgresbe buter

shel gt rond G PR B P BoRGiEF o BER o g ltent schemes

The sé: @ﬂpetd Pe vbridi S8R Shinpabses- fOLQ' asmned & %oﬁdb ?&i {roN@trahedral
materi al because It scores highest (or |owes

manﬂ@pGmﬁlsﬁg:allétﬁspﬁlhybnelzstlcpmomeés thireevijigonnl éasnwetbas pladar) o
different categories of properties. Not only is it the

bondsavithesn urhybrdizad piekesivan OBHDYINE avasrbitAkin bwedricpkdr mal

B TR R e
dlan{dﬁﬁ%g Brdpfe. UH didibd, ¥he caAesh itbhﬁs BtegB@ﬁiedfﬁlfyﬂﬁﬁHéd/ﬁlth sp -

I ndex of any cl ear materi al , is an excellent -1
hybrigir 004 (G Bpi0% ToPpTseSHaTS / ei@zsﬁ 9f sre Hebridized ptoms bgiedhe

S GEERT rS R BBt oS L e

1noqg;|k Git oL wad 1ﬁb@&cﬁngfa9b1whbﬁseﬁmé\célﬁﬁw%&ﬁrln&rbaﬂs&f’ (DLC),

scussed extensi vel y in the literature is
and theihaghdy dphuietrical spherical and rod-shaped structures called “ﬁlllerenes and

“nanotubes,” respectively.

Diamond is an exceptional material because it scores highest (or lowest, depending
on one’s point of view) in a number of different categories of properties. Not only is it the
hardest material known, but it has the highest thermal conductivity of any material at room
temperature. It displays superb optical transparency from the infrared through the

ultraviolet, has the highest refractive index of any clear material, and is an excellent
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D anondoi ds are bridged-ring cycl oal kanes t hat
conpri se adamant ane, di amantane, 5 triamantane, and
w0 b@4pstonaner s, pentaners, hexaners, hept aner sSPCT/US2003/022629
octaners, nonaners, decaners, etc., of adamantane
elecfrich] 1‘ﬁ¥195t9£ BecAuse o]fgtszl]er}d@ﬁﬁﬁﬁ)ld a?d mm ﬁ@ﬁapsal’ﬁgﬂ Q1ckBRal
stoichionetric fornmula CLOH16,” rn whi ch vari ods
breahdiowm sitength, and verydugh éla@mnfaudéldletmolflhhm I ar ger

SR T SR T S e D s PR E b blahondoia
Dlam&hmrmbﬂdgefd%@ c%&lbaﬂl&néﬂﬂht doirise ﬁ@e[rﬂ;ﬁﬁarﬁzt @¥mantane,

arrangenents are 10 superinposabl'e on a fragnent of an
trianf@Gef anskthe éattenreesd penthinels, kixamsrad hémiamers coctapersy mhinagpers,

decagbeﬁ%??omfgﬁ%}l@q&tm heC éfggqtes%‘iventl %B@Fhé‘%?‘%&e

stoidhitrRettid @orﬂiuwr@{mlg &l Wwhith vatibey flaMaftaf@ihifOard fadd-fused to form
andp-type (respectively) material. The heteroatomis

larg@sgupiurel Mhewrndampufiens Wﬁt%ﬁﬁ&sﬁ@tallb(&wb@é@wf diagnenslgids. The
[13 ’l
conyll 12 ShAERRe' BHDGES 1y ARG ORI Pledlepens o

supegivigiodstile oﬁwlﬂ‘d@dﬁ\énm a]iFﬂE?(L‘ W&l@n@i@dﬁiﬂbﬁh’)@i@ﬂéﬁ lafticth&ccording
present invention are directed toward an opti cal

to erawll@énts obtsmrescAgnEeicandpenlonaingind wihdrawing heteroatoms
ey 38R0 S By I 17 AP S Gpctyly
matepial.i Thd hgeropiongis s:y@haﬂiy‘ of inghakityw somrthatchae bge;n tfoldetiénto™ the

| asi.ng nedi n n t| cal resonator
dlalr&néé@%g Agd ﬁ}ua mangmfﬁtee(ﬁ FRgRBEH R thf‘a@mgaﬁn%aﬁhaﬂ% haggdeen
avoid@.id state dye |laser has a |asing nmediumthat may

conpri se a di anondoi d- contai ning host material and

ei ther at |east one col or center or an optically

active dopant, o ost material.
The col or centerg},ngﬁ\iifA ALY mﬁg@ﬁnitrogen

heEatbodinadiid o the prRE& Othcatiomseidikepied idwat et optiadevite
to at | east one vacancy or pore. The dopant nay be a

comp%fflagééramnéplélr@ﬁfanangala@ sition metal, actinide,
T t
Selﬁ*}élggggﬂfw g%'i?d nakid Qﬁs&ﬂ;tt%l!nﬁo(}fs Al EmIRRAR o FRNRE:

e group onS| AT R Um
lasinganedium/man «i;dtrcahplmmmg Bystem fcﬁ@iehifénngmneml to tlzd Jasing medium, and
zi.r onlum i obi um amu f}ffnlu .tantal um
an opiif34 Ksppator rP’f?é?ﬁSH‘r% lr}%ﬁd anEhe AneIStiHm  gol d,

METREEYid S5E dYSNasB 1BS %qabrﬂg NEYiuRGR f&ngg/ﬂe%‘@&rﬁbﬁﬁ&d—

samarium europi um gadol inium terbi sprosi um
conthmlnghmm metetiallemd eithéndt least onetdotorisentay onancopitically agitye dopant, or

. _Enbodi ts .of
botty BRSO Aabet oo B TS COlT COMAHEE h For R0g i FiRsh fgiczpatom
ina hét%ﬁlaﬁiﬂnﬂbﬂd%sﬂbﬁed ) 5dehPfd o I drivaBarRy Rr bbﬂ%e The dopant may
di anondoi d-contai ning material positioned -2 WO

be 226 44105 dloAPN AT B ISSV08 /oSt aginiced |aathenides o combinatippe thereof.

f f h
The gg]?a éﬁ{aygﬁ]s?]ﬁ%r‘gh %tﬁeig}d 2 Ecogﬁstm%ﬁf tgn‘t;ilae\rénan% {ngnb chloomlum
iron,(Hob B, HEekel z@RNkiaddhiuig, riebiamn eddnfiomi hafahed tadhlaes Aingken,

an
rhenium, osmium, iridium, platinum, gold, mercury, cerium, praseodymium, neodymium,

promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium,
thulium, ytterbium, uranium, and combinations thereof.
Embodiments of the present invention also include a semiconducting laser having a

light emitting p-n junction comprising a p-type diamondoid-containing material positioned
-
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p-type material to formap-n junction for [|ight
em ssion. The sem conducting |laser may further

w0 pkiosi®4rn nmeans for applying a foward bias acPOFBES100#022629
p-n junction to cause the 5 em ssion of |aser |ight

adiadehOB e e 40 i Rfim PN BRLGE 1t LGRS gt emitting
-1 jonctioni coimpgismedi ratypa diintbndoidt @intiimgg material positienedrdjzgent to an
bandgap, and a neans.for ..generating.an electric field
P-iyRegHERAo dPreh B aetiveriondPEREN GRtSIan aFE e Pi G Re s may
furthtEf Bltudk 8 mEML Fregphyim fRerdbhRad gerodNBe BLAGAGIRIN 6 r?ausle 6[he

~transition may occur "across the bandgap. "The |i ght
emiseion of lasgr lighd demmély pbrejubcimather confi gured such that the

el ectronic transition.occurs wthput ticj.patiqn of

o1 Eibpandi s Penresty iant oo lninas » HERboniiEe pieds
compriEnds Qfaﬁ%dbfﬂ\/&ﬂtaihﬁigg MHatePial REAMELHIRRS tAd QG8&HIS For

conprising a_di anondoi d-containing material having a
genepaimggaslecamaifield teeavse aifleast opeelsttrapiciiansiion suel that Light is

il AT eGSR o B HEbur Rt e e e

emittih @A b DIER NG Confi@tEDSRhithe tiadedaic tFhiRition occurs without
phot odet ect or maybe further configured such that the

partigipaiéen efrlecttonirsiates withisdeabandgar-hout parti ci pation of

el achroni it NP : ' | isi

C BB S B bl P RRAA e AL g comprsine
diamdedoideonelirtng adterihl kavindwebagrdgun aadasheihs ofjprotesding current from

hot i stor, . phot ot i staor, hot It ai I,
at le%ﬁ gnqgglgalrcggg '%gnsgtgeq tﬁat%pé@trs]% ‘ g}rg@grhgfvlgght %Iy %hecnelaterlal.

The A5 ﬁhlgsit‘f&f%g* B a%BELJ Hhidbadfdh Che ?ﬂ&o&&&ﬁ ay be further
mrrors, pressure w ndows, and optical wavegui des. An
confapntddrsath dait iherel@oahicrigansition pciungwithowpaddipatioh ©f efectrdrec

resent invention conprises at |east one alternating
state &’lﬂimb‘ﬁ“eéaﬂ‘fgj‘ﬂ- refractive index di anondoi d-cont ai ni ng

| ax@nitand eAbb@Weh&iih@Gdd ¥ @iaﬁf&ﬁ&é‘idlc%ﬂﬁ[ni%gzéptﬁ@P@eﬁée deliRted

optical devices disclosed herein are fabricated at
from| tha gtoupreopsistingf afamhatoretisionn a pbotdtremmstier, apheforeltae tell, and 2

that j.s selected.fromthe .group.consisting.of a D .
solar il 1 R G FRRcd oh et <O GLtiaf oo b OEbi G B potpinors,
presdurd WAindbRe, ARE Sftical whHRBRideses at | east  one di anondoi d

sel ected fromthe group consisti ng of adamant ane,

di Amentitgilectiemepating acperding irecmbasdimpris of Beipsessadayention

derivatives thereof. In ot-her. enbodi : 8.3 .
compifes Wit B3 bR e et AN R BT R4 dpainine
layerff 4nda Toheregt et if@ShEdri ng of  tetramant ane,

pent amant ane, hexamant ane, hep_t anmant ane, octanmant ane,

noHRashaefithe eptical devacss disslnscd herein el tbasead alngast npart from a

o 3 A e b 80 MO R deina g 2>
depositd RRA\WNGScHGrystali sndapalyeesizeifilof Theematehialdiongisss at least
one (%];mgrqgoig 2313525 fric>rrll1vtﬁg Eg}o%g ’corsl’shlsot}ggno% aﬁglgantane, diamantane, and
triamantane, and heterodiamondoid derivatives thereof. In another embodiment, the
material comprises at least one diamondoid selected from the group consisting of
tetramantane, pentamantane, hexamantane, heptamantane, octamantane, nonamantane,

decamantane, and undecamantane, and heterodiamondoid derivatives thereof.



10

15

20

25

30

steps of isolating dianondoids from petrol eum
synt hesi zi ng di anondoid and 5
whedoeodmisanondoi d-contai ning materials, and crRel/Usz03/022629
optical and optoel ectronic devices fromthe
di anondoi d a%ﬁtﬂ%' fpﬁ@%ﬁ ﬁkmsmat erials;
FIG 2 shows @n enp Fy—m%msol ating
di anondoi ds from petroleum 10 FIG 3 illustrates the

L Rl TS e AT 2k Shing e
step@uBisblatth® dfasont6itis fbArputrol dind, 8YitHéstiind §i@nofidoid and

illustrates exenpl ary heter odi anondoi ds, and i ndi cates

heteqséanpqrsloid-egntaining apateripds iand ovestinghentizabarideapsoadetomiondeyices
st i ' Ly..00Si t i. d: .15 FIGS. 5A-B
tronf e SR oM o R SR O HE ca ©y

produci ng heterodi anondoids; FIG 6 illustrates an
exenpl ary processing reactor in which undoped,
di Rentihays 2xewRtagy pogessferelor ijoating diamendeisistfyqye petroleum;
het er odi anondoi d materials nmay be nmade using chem cal
vapor deposition (CVD) techniques; FIGS. 7A-C
i | FiG13 dlustrates he ectpli@rshippfactiasondoit ®alie diamond crystal lattice, and
het er odi a doj.d may.be wused to introduce dopant
CNUTNErates mayygg 13perloiisfvailatie b statebreanatilg frmk; F| Gs,
8A-C represent exenplary polyneric materials that may
be fabricated from dianondoids; FIG 8D is an
ex Epl Allpsrgectienplay heterdianotdorissami ihéishtss tife tgpes of carbon

.pol r fromn-type .30 orp-type heterodi anondoi ds;
pos@?’t%”.nﬁ@%? e@%%ﬁ?ﬁ%ﬁgsﬁ‘mﬁ%?ﬁljp%@ﬂ%di hat are

el ectrically conducting as polyners, and that may be

used to |ink heterodi anondoi ds to produce n and p-type

matlpb.adiAsB illnstiae eolaspathwapCir sgabedrallg peaBicing G

10.11lustrates an exenplary n orp-type nmateri al
hete]fogbaﬁo gif”é%’ from het er odi anondoi ds | i nked by

polyaniline oligonmers; 5 FIG 11 is an stereogram

illustrating how an exenplary dianondoid, [1(2,3)4]

peRiGrfaiiusindes @aaxemplasy pracasstngrercieinarhich yerdoped dian@ndoid-

2. . i ndi Vi het.er odi.anondoi- ds._may be .
contf St MBS bl (P Ehe LRI F nff e Bade using
chentivdleapibdedepbsitioh (CUD) fkkbquéds3 A, B are energy vs.

nmonent um di agram for a direct bandgap

FIGS. 7A-C illustrate an exemplary process whereby a heterodiamondoid may be

used to introduce dopant impurity atoms into a growing diamond film;

FIGS. 8A-C represent exemplary polymeric materials that may be fabricated from

diamondoids;

FIG. 8D is an exemplary reaction scheme for the synthesis of a polymer from n-type

or p-type heterodiamondoids;

FIGS. 9A-N show exemplary linking groups that are electrically conducting as
polymers, and that may be used to link heterodiamondoids to produce # and p-type

materials;
-
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sem conductor, and an indirect bandgap sem conduct or,

respectively; FIG 13C is an energy vs. nonentum
wale@giostowt or a i ndirect bandgap sem conduct or PABUS2003/022629

havi ng a nanocrystalline or quantum | evel norphol ogy;

FIG 14A is a flow chart defining the term nol ogy used

to describe nitrogen heteroatons in dianmond (froml.

Ki ﬂiﬂgv\lo Blustadtes amexeiipéay yi o@fy-tggﬁma@ghl ﬁb?cétemﬁbﬁpge ][1

in. dia . Properties, Gowmh and Applications o
hetetﬂ%%?fﬂf%ﬂ%@%%pownﬁpe fbgamEsiand 20 A J. Neves

(I nspec, London, 2001), pp. 130-133); FIG 14B shows

vari ous configurations of nitrogen heteroatons and

vad#icl es ansteratigean nthstrating hevadn exenidaiynijarnohdoid, [1(2,3)4]

centers %frqm R Jones ﬁtr al. in "Theory of
pentapaniane Ppel§ 1B £0rh? MolRgElr Fys@hamond” i n” Properti es,

Growt h and Applications of Dianond, edited by M H.

25 Nazare and A. J. Neves (Inspec, London, 2001), pp.

12 FIG 21D shopis Bew indixjduBl beterodiemopiicidymay be coupled to form an n or

di anondoi d- cont ai ni ng materi al s havi ng nitrogen-
p-ty%@e&fﬁw%&lbqr&%gﬁmnlgygz 30 FIG 16 is an exenpl ary

| aser havi ng a di anondoi d- cont ai ni ng | asi ng nedi um

FIGS. 17A, B are exenpl ary di anondoi d-cont ai ni ng
ma 8 al 3sA hRarerapergydespamementmbdiagiant for ¢ diresijundgdp e

semis oSt 3 S blltees TerubdMinriaittetys o

exenpl ary di anondoi d-containing light emtting diode
(LED); FIG 19A is a schematic of an exenplary _
seM G o s s energy &p. momerpmdliggram; for sindjres bandgp semaganductor

: j -n junction suitable
ha“?%?ﬂ%@rﬁﬁﬂlﬁf‘?@%@glﬁgﬁgﬁ@%ﬂ%g r of FIG 19A FIG

20A, B are schematic diagrans of exenplary

di @ndoi d-a%?nt ining particle, 10 detectors;_ and

FI 855 s agloyy ehagtdatiming the trrminnienyi wed émdescribapitrogen

i | i i . I . ' .

hete R R ORLEEREE K2 oy E I HiR P hpiE gl o o in
diamond{ M opartien Wrogtnemihdyplichiivstof Dilveond editedibya D G INadsré and

d het er odji anpndoi wi | defined, including a

A T ives SOFRsS: fo‘?“%&vﬁ(ﬂis@ 1#&?2@? als may be isolated.

Next, the dianondoid containing nmaterials that are
contenplated to have optical uses will be discussed.

T_hEEE,x lnlﬁ shova Wgﬁ@usgjouﬂgu@i@lszﬁ‘ nafeggesibetedoatoms and vacancies in
diam%'ﬁg "ﬁgag ?es%hg Fagﬂ]fg%bgc{r {éggtg‘@t(ggﬁla}&.%’ongo e!t St lillll a’fhe%rr g% gg'g%é gation of
nitrogen in diamond” in Properties, Growth and Applications of Diamond, edited by M. H.
Nazaré and A. J. Neves (Inspec, London, 2001), pp. 127-129);

FIGS. 15A, B are exemplary diamondoid-containing materials having nitrogen-

vacancy color centers;
FIG. 16 is an exemplary laser having a diamondoid-containing lasing medium;

FIGS. 17A, B are exemplary diamondoid-containing materials having a dopant

atom that is responsible for the lasing action;

5.
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Fol  owi ng a di scussion of dianondoid materials, the

optical uses of dianondoid-containing materials wll
wheoonesdoenved. These uses include passive devi CBST/US2003/022629

nmeani ng those that are not light emtting, versus

actgrae [ ' TN .. Passi.ye.devi ces ..

o G L0t el B o oL AR IR KRR dioae
(LEIdgvegui des, and antireflection coatings. Active 25

devi ces include optoelectric devices such as

phot oresi stors, photodi odes, and phototransistors,

Ui ey ! _ co . .

cr yaval 1} e Gefe Som ASfol ] SRl MR sy diode);

(e.g., laser diodes). Definition of dianondoids 30 The

te " dj doids" refers to substituted and, i .
un?%g,t]: e bayledr dngraumean %Fnlpt?éyad%ﬂﬁﬁﬁt%h%u’fable for use in
the }@ﬁﬁé&ﬁu&tapjaygicﬁrgq@dpg@;nt ane, di amantane, trianantane,

et ramant ane, pent amant ane, hexamant ane,
hept amant ane, octanantane, nonanmant ane, decamant ane,

un ntane, .and.the |ike, . .includi all, i soner.s. and .

o ERGOTTRE RS sefifautsr oS ot bl S ot Containing particle
detectdtsapmndoi d” topol ogy, which neans their carbon atom

arrangement is -6 WO 2004/ 054047 PCT/ US2003/ 022629

superi nposabl e on a fragnent of an FCC di anond

A R L T K

substituents. Adamantane chem stry has been reviewed

b Son i SR i ORI 5 ©
277-300 (1964). 5 Adamantane is the smallest nenber of
t he di anondoi d series and may be thought of as a
si Age Bresery disslopueayillibsorsaninediin thedo Honinganannes first the term
: . i ' : ] . tet.ramant ane fo
diandc 088 AT hefpalobl AEBIAL AR b U, bR RER ARG how these
mateid Brant bagolatedi aER() tthddiamandbil commieangteriils Gif arty €
four?gi fferent, i soners_of tetramantane (two of which
conteraplated dey havgrpnticaltses Wil bedisensped. Thege matesighs inglpdeC¥R-

. . . s e .
depo Ao Rir iy APHE PR byl AL AR ottt
Following laidieasdion off difmemdoid miategialsy theeptied] usés dffitamondoid-containing

di ano. oid.seréei pentaqgn ane,. hexamant ane,
matcpg rarewed o Lhesrarssdneludseataive ApURes, Meakiagdinsa fhat are not

light@fittinOATaRtRAGe dMM&hwhith %W%ﬁ?li%dt.‘ Pa@¥R dRRE mal)dfo
been studi ed extensively. Thé studi es have been
includk lensese drasowe mandowiu npiécal whveguales, and uotirelection coatings. Active
.t her nam.c stabi.lit 15 _functional.i zaf.i on, d the
devige TR B Fons it ieh SR oS ok
phototiEisREES lighhEmitfied HioWesN andPREGOESM: '§1§%§Tt§rstﬁﬁfn% IdyBlisers and
conpri sing adamant ane subunits: U S. Paftent No.
Seml@%ﬂllﬂbsﬁééﬂz&e@s@rhboq@ﬁ)epar ation of polyners from
al kenyl adamantanes; U.S. Patent No. 3,832,332
teaches a pol yam de polyner forns from al kyl adanant ane
DefigitianbAdiandn&vidPat ent  No. 5,017, 734 di scusses the

formation of thermally stable resins from adamant ane
The term “diamondoids™ reférs to substituted and unsubstituted caged compounds

of the adamantane series including adamantane, diamantane, triamantane, tetramantane,
pentamantane, hexamantane, heptamantane, octamantane, nonamantane, decamantane,
undecamantane, and the like, including all isomers and stereoisomers thereof. The

compounds have a “diamondoid” topology, which means their carbon atom arrangement is
-6-
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20 derivatives; and U S. Patent No. 6,235,851 reports

the synthesis and polynerization of a variety of
w@odarasodne derivatives. In contrast, the di aneemosng3/022629

tetramantane and hi gher have received conparatively

supé&}cnﬁéc}s?olgbﬁ QIH & e]fnl'}?Cé ﬁ S]tdflétﬁcé n%lﬁ)rg%%de?lamondmds

ervay et a ave rep or he"s SIS O

comprised &bmtlrm manid IpﬁefélrablyOI\I\toyi 1ﬁﬂeiﬁéndait]‘3gse&ctﬁbmwlQUSstltuents
Synt hetic 25 Approaches to Large

01 ARSISIRL Py oEy hicheeh re"T%‘Y?da‘HéE‘?f&HT G g
b A AP S A i

Adamantaae . thdzsmaléerst alembhaefhs dpgeatieid sbﬂn@ M|mz13e1m:tho@§ht ofasa
) ﬁau di d ﬂ I at t et ramant.ane, 5_} nt amant ane, and
singleagh NS HOWEG PR S EORTIBS B, G, (P EHincghr

tetrafifane ?&ﬁcéﬂdos%fdﬁp'\ﬁ?hﬁé idiss orélé)@fﬁﬁ lidRsbrldYorrh@F H&ﬁhantane
Qccurrence of Tetramantane ( , 30 Pent amant ane

dlan(antza&mﬂ tel prlartenca theme méowﬁbﬁﬁo lsomena oDggrantaatane [(swnof which

repraNR L Qe AR R (P DE R R EiRpT atonging (e four

adarRAMRFRBEERE The nifbePBE Rshible iRfh&s uﬁréil's&tﬂdn'-l?ﬁéaﬂ? wath éaach
di anmondoi d-cont ai ni ng feedstock has been discusSed by

highghagmber efithe figmgndpid patiesnpertgmarBant] hexang@tane /hap@mantane,

octaff ?%ﬁgMEJECTe/ H§%tngat%/ 022229 The four tetramantane

ures AT e’y 6 Refitane [1(2)3],

ant‘\ldaﬁﬁhﬂaﬁﬂ&ﬂhﬁﬂﬁ coiddrciang a‘ﬁa\{\@bﬁnl@d%tbe@ﬁfﬁtﬁﬁleﬁfextenswely The
skewtetramantane [123], wth the bracketed

studigg héYf'clvE‘&tl directed ipware a SEmBELOIRRSI Wshiap thecmed namtie stability,

| absg
ﬁmcﬁ%ﬁ ema |ag&]&%§)t@p€lfdl cai ion angIll r1=5dr111§1§1 t%!lljarteéﬁ%? ]Efrérrlrsé[%%ce’ the
follolvbjmlg patautb dizsuds niatdigdls ediesisinp flavahtand4ubudits: B39 Pa6060.
four tetramantanes have the formul a C22H28

1978) . Al
3 45%1%2 éf')@ﬁh%dle NePgrtiongbpolymes fony plkenid j3dgraantpngse U.S. Patent No.

3, 83@9@’2 @&Eﬁﬁs ecuﬁl‘lﬂﬂ@?ﬁﬂ/ﬁ%&‘ %%ﬂ%ﬁ(g ngﬁg&%tﬁes%’?}%tj S. Patent
No. ﬁ ,Ifié’? é3éhdfscushcsahe ﬁamaaombf émamll}mmﬂﬂsresm firoas edineshtane

der R Bl oS N E ML b P Sompe by polspayaion of

vane{t}()?acﬁu}lfahtan[eH@ﬁ?&tlveg—here al so exists a pentamantane 10
23 represented by the nol ecular forrmula C25H30

( nﬁl @cumastr theesliaphond®BB)tetranketansant highsr baiegtcdived dmrptayatlvely

bI i 1,h twe
e P BBy sortiy (S Mk el e biledorboepe Smtpegis of
anti-tdh@GRANtaBE ¥ @wémmﬁhggq@omﬁ@ MulBQYAPRBER AL SSHaK&id he
nol ecul ar fornula C29F34 (nol ecul ar wei ght 382) and

Appm@lqsé%me@amexmméma{bmsiZ]etrWa@ﬁwm e/ohéﬁepmwaa 992
|
sspBr R RO 9 e AR, AR i oo e

synth?dsledd tadas Wintdl aB @a{?@sﬂigl’gastéd‘l@le chdteReslbBbuf @it At Rolate,

C34H40 (nol ecul ar \NEI ght 448) and of these, seven are
tetragiapfiapg penigrantsge.fvd herapantyiedp deepapetiobaumt easervairai light of mass

e \
R e b M e S G
Pent@8 2126 (de-llﬁmﬂd&ﬂemagmle {2QHsAmda Deep Petroleum Reservoir,” Fuel,
vol. 74(10), pp. 1512-1521 (1995). The possible presence of tetramantane and

pentamantane in pot material after a distillation of a diamondoid-containing feedstock has

been discussed by Chen et al. in U.S. Patent No. 5,414, 189.
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the remaining two have the nol ecul ar fornula C30H34

(nol ecul ar wei ght 394). 20 Octamant anes possess ei ght
wo@Roohstoadamant ane subunits and exist with fi vBCT/US2003/022629

di fferent nol ecular weights. Anong the octamant anes,

18 T'E@Y&lrtta?arﬁ@ﬁaﬁﬁ%ltﬁﬁu&ég a8 t%{\;%ﬁa[nﬁ i P@%ﬁg éjilbt 5eirramantane

i ght 446). Cctanantanes a
[121ﬂ engriy @CI@BBMrS(Gfmkm-wtﬂmamme g131,501h) theGeddiéd nomenclature

| | h
o ) e S St 2
“Sys@é&h@dc @l‘a@ﬁ‘ﬁ&u@h )éncfl %hleh@lﬁtu?é oﬂbi‘a]{wﬁglg Ffafrd@a?&o a}r,, Tetrahedron

hts having t [ owm ng no or mu

vol. @ﬂ,mm@SS(%g@S(&:(dg%? H\ﬁil f;jmr t%ﬁ?antaﬁ‘dsﬂlh%@ tlﬁeg‘.gblf‘rmmcals(gjﬁlézzg (molecular
ecul ar i t

weighf o0 (SIS W <o o Bl pemie 0Py, e gating 1 melcgHer Gl

CosIBh (nE13 O €iBRY ?‘hﬁ’d aM@ﬂ@ﬂE%se“lﬁﬂé thdr€ ﬁﬁrfﬁfye?ﬂﬁ Sf(%rfaéﬁomers

within fam | res of seven different nolecul a

represgfg semmalbneyy dachahht2adbd 121 avith the naleﬁnmgilc&nerlc

L LR TNk —
[123[1]’1repﬂ:|sérttedmy the rhélecidirBrmele CHIFRY (1R Sular wei%hpii@

éamant ane fam|lies have the nolecul ar formnul
pEAMINHIcE eXiskin thisiygline pasesihle stroatsEBOvintyentytight having the

e NS 2 e e

hexaBRfljanesine W&cﬁlﬁﬂfoﬂﬁﬂla@zgml(ﬂﬁlecﬂﬁﬁ Weigh® 38 and the
003/ 022629 Undecamant ane exi sts

om 2004‘1054047 ng
AR P ARane £1 Basghe meiecplar EmulCeblal @rolomilaghyaight 342).

R LS L T A I3 e e
moleguigl) fomnikerCsalle (stolecutan maighy 448) rﬂﬁd of these, [s@Vei dre Ackiful,IHARIng no
The oth undecamant ane

enanﬁ%i‘ﬂ?rﬁ 9? n]?Fa’i(‘:?glr;{qu’tég SR iRaTtaRes 6 BTA B8 Teolaqiar fgrmula Cs3Hag
(moléd%i‘!ﬂr WS iR U3 WE kB Have a@mol%ﬂ%nﬁ@gﬁgggl ?15 ﬁFBve%ﬁ?)LZIO) and

mol €cul ar wei ght 588
the rqmarlglng t§0 ,hytve t@n&H&@u@mr@muﬂi @Eo&ﬁ(@ﬁbcﬁwelgﬁ%&4

65@%&1%#%@ etsé’ro S%%lgﬁ cﬁ)cﬂﬁea Cfoglg 3 m)I hd Eg?@wﬁﬁ Iﬁve different
moleétﬂﬁﬁﬁrﬁgﬁt@ Anfina RO 8&thManthids, P@H&@'tﬂénﬁlecﬁﬁa%rﬁﬁw W

PI cally substitionally positioned on a |attice s
(molqg;p Me1ght A0 Peapantanes plyo dayethemalecudarifotreulo &g, i(molecular

we1glzr§bog§j %I%zgﬁr%e%ﬁ%gw%ﬁ@P g%bgn %ﬁ%@%‘ﬁ%‘%{ﬁa&q"%gﬁ‘t%ﬁ an(ti Cs3Hzs

(mol@hlarrwrelghrrmi)t thium and arsenic. "Substitutionally
p i ti oned” neans that the heteroatom has repl aced a

BBmaREEes GEE Y sikfamiies ﬁﬁﬁlcﬂfereemt moé@ulamwglmsghavmg the
folloxmétmd]@éu?efrm @’4 q’I48 rlhgfeélhyll \BVQI er & 1) p@zﬂ% @}(ﬁ%c%ﬂatégvegght

I n sone cases In I

538), \%J))/HM (msl_emnlahwdlghnﬁmﬂ Qhgthy, (rBoltbulhiew eishi BYDOLH), A nfddcular
weig g Gel et iroTcu et %y pe. di anondol d Lypi cal 1y

ir ?&Eﬁaﬁt@n@e}éﬁs Vit RlesRirls¥RG &‘ﬁéﬁﬁﬁgbﬂ%&d&gﬂh’csp Winong
the decamantanes, there is a single decamantane having the molecular formula CssHag
(molecular weight 456) which is structurally compact in relation to the other decamantanes.
The other decamantane families have the molecular formulas: CaeHsz (molecular weight
604); C4sHso (molecular weight 590); Cs4Hyg (molecular weight 576); CsoHys (molecular

weight 550); C41Hyy (molecular weight 536); and CsgHuo (molecular weight 496).
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sonme cases the n or p-type material may conprise
di anondoids with no heteroatom FIG 2 shows a process
w0 bewosdobustrated in schematic form wherein PCT/US2003/022629
di anondoi ds may be extracted from petrol eum
i gt Al it IR P B e o R RlsE iy domons
the widetdreantares ¢hetre brevtaotundecamaintdlesing e molecular formula CsoHug

oo Bt TSN b bkl 5 TP e
undBAfHah1aA8S MRS FertirELRIARHE MRl BE/HO Mo doilar AR C.et,

posi tionned. These positions are
(mof@cBlai weight 539 eGpHar fmaleanaveight GH8 EIGHA (nmbleule waight 588);

Ciakly (REE ka1 ool i) B R our (moleouar weigh
642}%%&(3%{59(&01%&9&1&%1@&6 @®y. As disclosed above, the

eteroatom nay be an el ectron donating el enent such
as The tem ‘Getesgdiampndpidibasaisddhereinrglesd wrredinmenddid dst Bontains a

Al Next , ) | . hesi,s,.of . .
hetefagdih byl s o REy Fosioht 85 3R uEE sifg Githe giamond cuisib
strudtdee AOREtITARIh RN A Bitee tHaf cATBAL MIYCEHTRGUS Peshiv €

m

been synthesized in the past, and this suggest a

embedigianisiganbs witroget rhpwheyst breeh,slwhinhun ditbulira and diskuls.

« ' . n_t f used adamant ane .

Sull AR i Ut ool B Ot HRARE £ PFogp host stom in

the dilvord lattideatAlthoegle ouoRl Iexdréatomk atcr@bititaionallyPositioned, they may
reacti ons_and. overal | s_{ent hetic pathways 1ncrease as

in sqnpfecasemipseiound inimigisHial fitesaaMighi s wiklcdiemendoids gr
4 .- Q) 5404 /022629
hetcfRURERAE0ID hal'BY aREdokfRl ORI Ty BeRre PR BRRE 3R o
typeloe paype dinmendoifl frypicdily referstolaldni A-type ot paypd leaabaiah®nded, but in
the reaction conditions nay he v,astlg different from
some i AT ARRP thaife May cePTIsedamgRdqife Withap dgtsiestom.
reped| P&o‘(’&sh‘br@@é%@%ﬁ&sﬁa’t\ﬁ\ﬁﬁ SRS 8% Fornh tw]fe?&n BEmondoids
advant ageous to di scuss the chem stry underlying
may fhetestradedfromgwing]lesynfebdssocks,Lesid IGS3 ankanmemtea tiee irious

. di gngnt ane as.a sub aLe because to e intentors’
dianjgyd SRAGETR e Eregvaiaie iy Oﬁy@ft‘r@%@f PPt O ChieR
has been avail able, prior to the present application.

Ni trogen hetero-adanmant ane conpounds have been
Svnthgmwtgm terediainandadids past . For exanple, in an article

by - ki, et al »Synt.hesi f .adamant an
doF1y 4O E ooty pRERI oo By AORPERS BB fpes of carbon
positZor32Viteas Bemivatne hay He lsalsstih@ioh Sl fosittonned. These positions are
-azahonoadamant -4 10 enes,"” Heterocycles, Vol. 7, No

4 o7, }
labeljed (-2 andd>-f 1 thp)exempiase digmoneido! FéFot-t The terwy dianeeidgid” will
here@flﬁ;ugﬁcg@yg g@%@%ﬁéﬁs@ 0§ in%ﬂlgi diamc%nrdgir(ri]s both with and without heteroatom

onoadanmant ane
subsfitubipnl. Xy didelosodt aboee, tHdlecterpatomaday be gO8ISEEdEabmfin@clement

S itution of a_ hydroxyl ro ith an azi de

SHChfagﬁiH %u/&%pi% athole dqﬂé?lﬂ&gi%@ﬁgfowgga%mﬁrowéat i éln fol | oved
b i dal.ysi ' . )
e U T [

somelneterdadrarantane red heteratifarmdwane @ndipbinadsshaoé beenSoMmthiesitzed in the

react.i on roduci ng. a 4: ket o- 3- azaho damapt ane a
past, a5id this may stiggest a starting point ?or the syn%hes1srcr)t%%etero£amondoia(fs having

more than two or three fused adamantane subunits, it will be 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
-0-
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rearranged product. For details pertaining to the

Schm dt reaction, see T. Sasaki et al., "Synthesis of
w@darastodne Derivatives. Xl|. The Schm dt ReacP¢DOSH3/022629

Adamant ane-2- one,"” J. Og. Chem, Vol. 35, No. 12, p.

et O P AP0t 0 becosme e difiopp sqlpilie he
reac@@tsdomthe nexatiomeeyidiifes nasy beepstly didfebynt AonGhgeetst wouldhave
bstituted 2- hetg% adamant anes, " Tetrahedron

beer) gipf _i‘ifgﬂ?\ﬁf}al%f’}ls prciangsh pagatangs dyeventhelgssyd sam be
advaitgbbl 18 08cE8 tRE Qﬁé?ﬁ%% ﬂﬁ]cferrﬁir{é He'téré&iaxﬁgﬁchE 's?r[tﬁgslfs using
eated to a methy étone,

starting mat eri al was
adanpmitagie os dirswemtanetas y subsieteisnbuse 2o thezatehtons’ tkdowledge these are the

di ket one. The .di ket ted with f C
R S P O T
of NetrSgetMdtehd-aisnsHtahe WWRDoursd® Habk Bedl ShtHeSiz¥ 5 the past. For

hydr ogenated to the conpound 1-am no-Z-azaadanmantane
exangylpyin ep erichs bxi€. Sasakiat bly, “Synthesis of abintintananisfivatives. 3he

Lk chloride.40.the hetero- adamant ane
syndesy OB S Rl G m R r R, A RS B JF o-ezatiomoadamant 4-
enes?-HetaddaiTanvaney, Smpay 3ds By 7P e TR bli@is 4 ePotdd Ry thesis of 1-
bi cycl o[ 3. 3. 1] nonane-3, 7-di one, as reported by J. G

azidegdafeantapg and J-Gydozyrazahomaplamuetiagh Gori hijydrosyaslamantane. The

- e - 0 i nes, nt hesi s an . .
procBhH 60 df B R AIES ) SRBTE) B pgion via
form2tiew afalearbodayibn SpHbwed by adidelysiébthe @hi@sprodak:. 46, No.

24, pp, 4953- 4959 (1981). The dione may be converted
byt etelated sathetic Patve@. $aspkiie algernable tresubject ammdsmantanone to
: i . rnide ed _better
e R81 oL S MR PRASREYHLte e ANE LA v
rearramgetipeoducht Eorrdeda'ihmertai;ainlggo tHhei Sl:lh;ﬁri]dtlﬁbmiti@hj §R.T. S?ﬂ&lh Wal.,
« 004/ Q54047 PCT/ US2003/ 022629 Dehal ogenation of this
SynEERIS 90 RO DRT G552 KB e Toae i feoonien of Adamantane-2-

one,’a% bhéﬁ?%ﬁ.@sgﬂedu,%i L) (;*f§‘.t7(29 LiAlH4 in DVE. A

synthetic pathway that 'is relatéd in principal to one
usétetnatively apriekehnoxy-Aremdanantanamay bp oyrithekided fom 1,3-

= hi 1 L " t - | - ad tyl
aibreil i Gind  pandrsthed Caeheigs ob i TSeBBHE . epoxy”
heterfa RN TERILINES Lettels N@hﬂ,npﬁ .SP%S - 138N 96950 TR was a

. 1147 (1984). In this approach,
multiplensfen progessarvherctrférsiihs dr-gla)moeﬁﬂam'ng mageria\sNg hérdsd a methyl

e t to formthe.azahonogdamant gne, . with wa
oo SR ST e Ridh b Gy AFBRATEARRLRR 105 bl i s
with @iy @q@inalefe sy hidezABMIAL REILaRe: 1 ABRuRRAYK MBSrant-ARRimes;
irradiated in a photochem cal ring contraction

this rpixfue wap hydrogenated to e equanoyind 3-amvno-Reazaatomantaane. An

. . . ' t.hesi zi n i t.rogen
diby ESEBI QL FihARE bl BB Mool AXANRGR A Hisds e efiien
adamiht@ne bAydioxyvii-hiad@aktmmen to those of ordinary skill

in the ar t hat qshe reactions conditions of the

pat HRUAIIVELh i 2r wdadamaniage campaind mpw be syishesiaer ATony a
bicyclo[3.3.1]nonane-3,7-dione, as reported by J.G. Henkel and W.C. Faith, in

“Neighboring group effects in the B-halo amines. Synthesis and solvolytic reactivity of the
anti-4-substituted 2-azaadamantyl system,” in J. Org. Chem. Vol. 46, No. 24, pp. 4953-
4959 (1981). The dione may be converted by reductive amination (although the use of
ammonium acetate and sodium cyanoborohydride produced better yields) to an

intermediate, which may be converted to another intermediate using thionyl choloride.
-10-
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different fromthose of Eguchi due to the differences
in size, solubility, and reactivities of 15
W@ edopasmmt ane in relation to adamant ane. A seckP@US2003/022629
pat hway avail able for synthesizing nitrogen
Deh&188¢akiB1 : L AIngal IS ] rated in :
ch@QREALEh BB HAEL LA AHRRNRIES 2 RabdsiBn? Wik pefherihedin good

yielpteisphoxltl icDMRI ni ng  het er odi anondoi d may be
synt hesi zed adaptin e pathway outlined by J.J.
y i@gﬁ pa ¥va¥ |th2}t |l§ re%%d( 14 @glpglpg,lft% one used in the %J/resent 1nvent10n
ﬂe&e gag Al VBl
was ilepB g %\5@1? 1983 A \{efslﬁ)?gé;] t?g}rlr% 2z gc?e%nﬁa‘}?yl stsjf%tﬁm Ra
photpdtelm@l nmgy;ob‘eacaioh@f bpo%hiahemaddmmdj’ dNCh&Ri Sbs. Chem.

Con TP e S s i
NaN§ bﬁs}éﬁtr Tg@n’c Wistehh i8R Mﬁlﬁgﬁ%d%aﬂﬁﬁé R W?ﬁqfﬂ'eﬁ E%d%ﬁ by m-

pes o el’ectron donating heteroators |
chlogqpplibgnzm@ amAf(me(EPlﬁAbmvmgl t}:@b{grmahmnnathmh&taﬁle 0 ﬁ‘he epoxXy was

e R R B P Bt 2 B

admﬂmﬂdﬁanaterlals for use in sem conductor devices.
Alternatively, it is contenplated that the

A@ﬁé@ﬁﬁh@h@@pfw sy aydfer m@smngaa nittogenitentaihimgeietero iso-
t o
teum\ﬁ@@%ﬁr St o trﬁb' &rrg[tvg 'bgrig‘o ' t%’ée F%’ﬁ}?gwﬂl in the art

that me xéaptlalﬁujc@hﬂﬁona bethe Ipathwilly Sepicfeddn | F[G BL Q\EE BQ 'sﬁ&tantlally
lication titled "Heterodi anondoi ds,

diffetgn fromehgse %frﬁguﬁllmue@ﬁh%hﬁerem il pie) Ssblb%l/ldyiw@l reactivities of

i,ncor at.ed
tetrafi @ itefilion WaibERRNE. ANBOMH RNy ARflabE SPRERSiF SR,
nitroget ¢om|taamnghemtsim¢qmo&mdﬂme@dﬁsd IRIG. 6Bt ai n
f hi gher di.anondoi ds include, for

ver.abl e, agount s
r i@r%ﬂi‘f’éﬂ ﬁ%?ﬁﬁqrg}eﬂb%fstﬁ% BYeaH: Enterton achositiones GontAniag ms
hetergg%ﬁlllogg%%dyg% USZOOS/ d’z%deagghé &ia%a O“Jfﬂm% Jand

rocesses.
Meeuwigsehniet.eal P& strittoasisanf Ilyplmsldfaedamahtzimeﬂﬂettﬂﬂzk&o@rv@l AN, 24,

B I e
heter6@iBindhdoil @ EcIH AR Bbth rﬁ@@geﬁfanh gﬁggp[hgh@ @Pﬁﬂ@élﬁ%&ﬁf)ﬁﬁl@/

as nmuch as about two thiTds)

positigngghirf the ém%do@rﬂtmc@te hithbe adivaatagasiof Iy irgftoatiffasnt types of
qut 0.3 to 0.5 percent by weight). The
elecu[g#o%@ E%tgrﬁil ete&f’ AQME AL I SAUF Sté’ﬂcgulieo renove non

d i @fmqﬂé}jmgalﬁfbrddiarﬁ&ﬂﬂﬁcﬁttﬁnﬂ Uﬂiﬁﬁfndéfdlg hh Yi? o impurity atoms
di anondoids (if desired) can be carried ust ng,

the regplfing o G@W@l@mwﬂa}sbez@b@@%@i iatd ok meatdrinlofoe ssesinc h

si eve a tion
semlc%%d{{&@ separ arﬁg rngl 82‘%1? HiL1S CQRtHD éﬁ%‘i ﬁjﬁ thg:ﬁ %ﬁ%ﬁ%@d(’ & may
be uspd muthular Rxtl; ahtebalk @bkl afd @it ln@cé%%}?r Th@pfeparation of
chromat g head separators,

|1 t hy,
these TetSinte G0 fiegissse Tomb e Fhed 250l Gisvencdiaumponding
applida¥iBh $@kd m%qeg%%gﬁaf&%%ﬁ ﬂr}JosﬁtLdQ Y, I?fDd%mr&g Al ERTL O son Te{yflgned

Can_ renove I’anon conponents
to thecassigadesef thepmpsent applivapan, ahé imwotporated herein in its entirety.

Isolation of diamondoids from petroleum feedstocks

Feedstocks that contain recoverable amounts of higher diamondoids include, for

example, natural gas condensates and refinery streams resulting from cracking, distillation,
-11-
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| ower and hi gher di anondoi d conponents having a
boiling point |less than that of the higher
waelc@romdel d(s) selected for isolation. In eithRCT/US2003/022629
i nstance, the lower cuts will be enriched in 15 | ower
il BrRALRL R el AR
ookt BRORRERS g Mk LB orPRRl (DG ATRIRHE Gophe
Norgldetdfaimation & tha GutBofiMeyier aidithe LeBog Foahationtifshdd, 0
prayi de. t initial . isolation of the jdentified
hi 3%‘8?6 f5¢ SPRY2InPpRge PIAPSTHQRS O kpweer dissppndeiis doften as much as
boutiteh MirdsH L ATRER bs Aifit 4 afl ' ah BLES;
: 0ret ai n{eo?yand may reé [ rle Furtbﬁlg?ng%ﬁ?ﬁ%%l?lﬁ%{ﬁ&é@ﬁlgégmum
as abpait A3de O pperténd by evengte). Tie mrocessing nAsich fastdtdcks tohemove non-

. purification of an 20 enriched di anppdoid fraction can
dian@igbids SR8 1 SroPiaes T aten Rl 0o CmerGioRBr M depescagan be carried ou
usin@ X3 PAESE exaﬁipl@oﬁ?,%i@ebﬁﬂti&?&@lﬁﬁ&h@%uc}?%(sarﬁg% an8d) molecular

ei ther under nornal or reduced préessure, sublinmation,

sievesy gist, gvanozatidnomd thevmehsepergtaap biyher weddr roemel arepducad pressures,
nd fluid bed rea

Lstil:lation, fixed.. rs,
extrict 35 UG Balil B hors il igE, o iogipb ) bead separators,
and thenikgdj anondoi ds may al so i nclude a thermal treatnent

step either 25 prior or subsequent to distillation.

Thé RipksFied serardignrraethod bpjsalninclusdss distillatidnyofithe feedstoeky This
c ' - rgprocessi ng ste or
can Sh88e B RAE e ol PERESEE B b PPl o
lowerehd bigheodinennded bydpogats RS lindesinCiea A Matof the higher
PAels) e nt s fr?nx the feedstock, and one enbodi ment of
diamop 13@5 8Flgaird forjizolafone dp edhasynsvnse the lavrs criserigtbserriched in
g . . - o 1o
o B0 A S5 R G5 AUTBRIRHon 6
opergedfeprapidyg streral duenipehatemperaiute tdnge biigeesifto phvide #Hd thitial

o PR oS08, Aot AT g
dianfoRBF18S &t tHE Yiarkhdold GiiRlLY aleefar1a agg @ﬁ?g@%ﬁpgﬁ 0

_percent by wei ght of the non-di anpn
purifidation.wothsr inrethdde férabe rameivet ofdonpmiinants endofarihkysirfication of an

. . preferably at | east out .50 percent -12 W),
enricfi R et Sean b trsStreting P inemenRne cramples
size §6pEIRALIPH BdcBhiqlby eddpol AR eitBE RRECEHMaPYr ﬁé’ﬁi\l/(%ﬁltprgsufep e
iI'e

non-di anondoids are thermally degraded.
subligyatign, exysiallizatipne¢hupmatig craphy reclbdad deparators, flash distilbition, fixed

- facilitate the recovery,
and %@?é@{%ﬁﬁ%‘? %ﬁ%ﬁ ]i%g Ao ﬁn%fhed{igm ndoi ds. 0%/ her
s eplay @iriodal drioRatismofdol@ym @} A8 nkRide bBerfRNGEMeAt 4t either
. of dianondoids to be sufficiently high given certain
priorfog gepseaiaps tosdistillation: The theemaldtrafiens staponashisthidds hydiotreating
r ve gas
e, A B R P DAyt RHEL R o EPEB AR 48 Themmal treament
is an effedivetmghaptoyremors igdratdrbaraicéqus, ndn-diaino8dit components from

he £ bl i.mation ma %g used to isql ate_di anondoi ds. Even

the S5tipri 4 B PROPBCB Olgy PaTa)Ens FeRGerad tisgHnE rfeavbtock

undeP¥Holfiin @M HRiIdn for il BL gﬁh%h?x% 0to'?t¥m?§raﬂ§§ b f9edsPabout
provi de sel ected di anondol of usé rn e

390°CoamdoBost poaferabiyib ayedpératurd inithe tanyeof atont 4 B@U50°C. Pyrolysis

. urifi.cati .technigues include chromatography,
is cox@wg o) qlgﬁﬁengt}gof t?me, and at a sufficiently hlggh tgm¥erature, to

thermally degrade at least about 10 percent by weight of the non-diamondoid components

that were in the feed material prior to pyrolysis. More preferably at least about 50 percent
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thermal diffusion techniques, zone refining,
progressive recrystallization, size separation, and
w0 b4los40¢7 For i nstance, in one process, the rPCDUS2003022629
feedstock is subjected to the follow ng additiona
- acediar usi n
by AR En ke HAHY CRU BN oERERIRY SULAPGnd RN diamondoias
aretiwmaaﬂyldﬂgradpdepar ative capl | lary gas chromatography to
annnd0|ds crystallization to provide
3@% RyTghE H%p%fegwriyn e%@abﬂdfl@p@td itds BeshveNSHecessagy to

fa01l%feQﬁé]?gcbV&?/§58ﬁ ; SPorl prrifida tﬁoﬁ?oﬁhﬂ?h%ﬁoﬁ%s. %%1] &lagratlon methods

col um omat ogr ap

may@lpﬁvdonﬁwcmnbarmatldn ofdiemetdmidsiplbe, sufficidslyl lglegivBe certain
rest mul ti pl e colums

d
feedfo R i 1 affbotSBHBER 1oy s RIS BbclomatoRaphy fuding
prepBfafi¢€ 88 ffomad gk&%h&‘ 9nd Righ %eﬁ?ﬁﬁ%@é TlighidRrd ng;{to é:%lfyél ly

refined separations which can lead to a su
cryswllrzeh@mrfwneml suljenatidnglayntet tred $o fsotatpdiemesnddidy

fe dsto ks,.t btain h psi tjons

Ly EVEL B SRRt B Brol PR Tt ant RSB P hgaterial
may¥e.de§i/d20 DrSAde édldcesll did@butRids SPusedBls cdhpdsitions em loyed in

Provi si onal Patent Application No. 60/300,148 fi 8

this inygetion S@b@ynﬁg@m@ﬁgph@@es Pehde shromzdto @aﬂgin t:rystalhzatlon
then‘ﬁ‘ﬁ)lpdlffﬁﬁ hﬁ%p?SG % rZﬁl%Sg,thg!%r%Q%Y] ul Ztglgl Zg?n size s(ejparauon

CO- pen P CAtion

and therlxken Fbﬁinlsmgceh 9 6iey protREMRERICHPered f&édﬁockci@ shiSjedted & the
assigned to the_assignee of the present

folloa%g addikionsh proprdiges: 4 pTaviin coloms irempfegiaphy using silver nitrate
o BRSPS G Do L RSOB R S Skt o

dlantmﬁdmda;dﬁ)lcnysmmmﬂlbﬁwpmvmk ciyveals of 08 Bithly cvrRBit A6 dBMondoids.
be fg&el cated in a nunmber of different 1y Met hods
of APAFIRHEYT Brecess Az tose sipgle arvmiltipls selwanligrid gasiagraphy,

1nclu@ﬂfk Iﬁgﬁ‘g&%’tﬂiaﬁc@ H{jﬁl@ |t dB 5}5323[/'{ & 1§0 LR dﬁﬁfﬁghgﬁhf 8F interest.

di anond materi als; polyneric er|a3|nc
bweynmﬂtmledoldnmmﬂhcﬂlff&enﬂs’éle\tﬁnﬂeﬁﬂllaswéﬁdeﬂ Further processmg

. PCT/ US and/ r .di anondoi d- cont |n| ng fil
usin S%F@Bé? g‘f %‘V&E‘%FP “ieﬂéFR?a’i‘t%P@St ichecanrgad fﬁ@éﬂb@ﬂlﬂlaﬂy
pmeagﬁgm@d or self cryst allizing. In a first
enbodi ment, di anondoi ds (which may or nmay not contain

heDeteded twtods reroosseng Bddstotks taobeackigherahamatidogl out

nt| a oCcess h that. the
com By RO e Bl PSP AR b Ko PR
Januatyn@g:mme;,u S.BotikionBl PSR A, gphmlohtm% 160200 4R R RSe 21, 2001;
substituti onal I%/%posntl oned on a dianmond lattice site

and e Rrovisional Bpisat Spplisehien Ne. 60/k7,e6Bled Aulyi2e, 2001, and a co-

pend SRR BHOSMEER L8051 T R0R Py RBLEE ep. Cron
et al.f assighed teedhe aesignesiof thefprevehi Applibaticil AHRSe HpPidkldhsAfe herein
causing a_pol ynmerizing reaction, and in one
incorgpastsgi L}Merm%énfh?ﬁtﬁ“ g4l 10 groups |inking two
adj acent het er odi anondoi ds are electrically

sem conducting. In a third
Materials

The diamondoid-containing materials that may be used in embodiments of the
present invention may be fabricated in a number of different ways. Methods of fabrication
include are CVD deposited diamondoid and diamondoid-containing materials, CVD

nucleated diamond materials; polymeric materials including polymerized diamondoids
-13-
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enbodi nent, the n orp-type material conprises only
het er odi anondoi ds in a bul k heterodi anondoid crystal,
wob@res441 he i ndi vi dual het er odi anondoi ds i n tPEI/US2003/022629
crystal are held together by van der Waal s (London)
- -l . (o) -
oo P 35 BRI A s s e s
asserabibd di sethirgstalleingot |imted to these types of

i B e EmeRe SRS (6l P oF e Bb ontin heteroatom)
o iLARREAL MRS ok ATEBRCL S ORI ALDLT FBbES A2

ni ques rst e
dlamdnmm:naialaddﬂbﬁotaaﬂ ibecignenmpat oﬁdnsextémkeﬂ ditinmndi struetoek, and if

- 20 di rmnd0| teri are fabrjcate
pres i S B S MR SLL ) Sl LA Cl el i i such
a hetkidhfdeh GARNECRle é’@diﬁﬁt 19%88%11&1bﬁ£11}(§¥@ceﬁ%5&1 didfend. In another
D anondoi ds may enpl oyed as “carbon precursor and

embdrimentp hetawdmmmgldamaeféiefdenwmzad ifedfudetpanatizesd) withefgnctional

srou g G ob Rl i s ol 3T ons Sl o2 Hppggional
groupSini@hg theadfhRAPRAGLERMINH0iNE hiRrcidtdan deth S ndRYinBe In a third

used to nucleate a dianond film 25 using conventi onal
emb@imente teri m@pe mvéfml seroprisss eubrhetaspdipmpaddids xquésﬂk
heters{i‘lgmﬁggcggs n th% 1g§*VI1duﬁ Eetgf%d%ndg@g %? ﬁx% cr§{staé gre held
together BN mwaammd@)qﬁrcgynt hesi zi ng di anond by pl asnma

enhanced chem cal ch deposition, ( PECVD) t echni ques

ar @piigal psqernd Wirmandpideconfaining matertaleinggeqrd weaﬂléuthg Drgent

I

ermbeftEts ot ol Bt S AeROHBE, bl Bl sl FEE RN Yy o e of
film that tdigaips geelidimondoehiorf caben.poi nt i n parti cuI ar t hat

shoul d be nade since it is relevant to the role

hydrogen plays in the synthesis of dianond by
Prenalﬁﬁ&dl &R4ibRBRY0; . RbAS IBe rYRikIE %Qlﬂ QUAS techifqudiO

20047054047 PCTI USZ0037 022629 one met nhod of
syImt st zmhtghnhleairrdrammdbﬂmodtaﬂunlg stbrials, Achidingpemnind p}type

dinrspfolf oAl ygte AV AR O B QO TR RISy ehton
usin THK?:mlgal MESltl@(CWﬁ%Cﬁh@@&z Iﬁ%@nd@&ﬁ’ﬁa 899&12)10 Qd as
m crowave CVD reactor i s used
carbqumrggusoreanddnnmcy&nmdmdsels dél&ontdingdl dopans sqngcecs 2&6@60813 -
ful l.ere

hybriciep 6§ QB 18850 A P PRl LY B H{ RS, senovel approzch,

the ub&&Cthe ﬂlanfbndﬁidls &fd Bétklo8fhnfnd6ids iad teRBS R hRlddfe'a difmond film
attached to the reactor, wherein this device

usingsepserpmtionial G Vibigeknigues,where s qany pntinwal teghmiques include thermal
n . 0 j
vl SRECRH HASnRENERY SO DR ARECYPORER{ S LT, e
like.contenpl ated that a simlar device may be used to
subl i me di anondojds into, .10 the hase such_t hat

t hegeriional mekhqds @f svuhesiring @3@093 By plgsma gphangediphegpigal vapor
depoglﬁeﬁ EI%CVE) techniques are well known in the art, and date back to around the

early 1980’s. Although it is not necessary to discuss the specifics of these methods as they

relate to the present invention, one point in particular that should be made since it is
relevant to the role hydrogen plays in the synthesis of diamond by “conventional” plasma-

CVD techniques.
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shown in generally at 600 in FIG 6. A reactor 600
conprises reactor walls 601 enclosing a process space
W@OR4/00gns i nl et tube 603 is used to introducRCPUMNEYE22629

gas into the process space 602, the process gas
co ' ' [ 1 i.nert .
oo Rt 4 esid B 800 SR g BBl Ry A RIS in
“Trlboﬂlogy of Ddnnandg BrimtendeDitke Caibuin| aud Rélaﬁeﬂ@‘ﬂmﬁ’fthc]cﬁzm Tribology

d b
Hanigh3als Nk SV, HIGpER: £ (GkrBree Fpce Biioms 20 ppb-908, o
mo&ﬁ@&nicli‘&néfea@v Brrea@%} is 49 Y ﬁlelfds!itl 'Ifaﬁ[)crggtﬂlhﬁ@}ﬁla'lﬁb%dlfﬂﬁq using a

a nmeans for introducing a carrier as’su
C60 flgreng.cor, methanep gasartamguesuror. An mtrmhibe s fidleraf precursor

o828 e S0 A ST L
this 8&Yd &8ntially 'h%ht§ﬁ?ﬁller¥ﬂetﬁblﬁs%m/% E‘ﬁ][ur%\e{? ‘g%lgatb?gtfﬁ 50 and

Jhe react or 600 may have exhaust 2 out
600 Cefﬁwvbh@eﬁiﬁ)@cci@llﬁg@@eswthcmsﬂmsepr ocess space 602; an

ener. ur L Ccou ener oce .

RSB SHOLRA 0F iy B B sl e pRyBuEkgaRbids into
the g phaders@ch thiat thieH nf2y e eSS0 MBSER HOTD Radibl. 2R Qiengngyf Bictor is

convertlng nol ecul ar hydrogen to nonoatom ¢ hydrogen;

shovgn o geaesily at Ukindite6whi tercier @) Oxonmdistereednt willd 6j enclosing a
IS Ofor rotatin
Pfocééﬁ" Ssg]aé%?%)g 6%) gQ% lglr’g@ ‘éurl? a6§§ ?slr,]]lgse Foin s gu%efg?cegf g%som%sthe process

spacei6D2 cthasrpioyessfgat bemplidnpdhate, 69TfoxbA g obtibMaIGAY in@f gas such
a cont (%/stem 611 for regul atl ng and controlling
as argp Ay diginendogthsubliming o ivatiliging deyers; 60dhemalsniorthe grartz
{.
o0 EARL B B, S L FERA i

gas iptodbe ssictog 68@athe Gal2tilizeh 604may mﬂichsiﬁe PeaBIr PABEScing a carrier
t he atom zati on

X}E] %{%d t hr ough exhaust ports 605;
£aS S§FD { BT FHORFD i 20 At a5 9tt 2anench e 2 mehleas other than argon,
and if ﬁia?tcbﬂﬁuf &ﬁeﬁ&rbﬁiﬁ%ﬁ@o@&é& §§&§ sudHbs3ReRAR npt]hgﬁey or ethylene.
enbodi nent, the plasm enérgy source 606 conpri ses’an
i ndonsistent veith ¢ongettont @Y Dproawtors) the cenofulr 600 inttyhape extesst

o G STt St ) S o
for colpIRRABIcs iR Hr&desd\$abE 600 @R IERID Q%l%ﬁﬂ%g@gl ﬁg(y es
nts of

injected Into reactor 600 accordin
contqqa@l Bitkigawmeceshsnane 6&h atfHameng 607 et Mmhlattmg inzdeculi@4iydrogen to

mon&gﬂ%rﬁlscu ﬁ?c{%eﬁs %uhsc gorati()'S OPéooWhﬁ‘Eﬁddé gcg)bci c néalmng?'rhn 6%9 1s

growham irlebh6 ) for stadiRy the fusehRotéBRR Gﬂiaﬂ&ng %ﬂ Jh?gn&laed
the carrier gas.into the process space
uniforigity of therlignondpidreonipiamadilantii9y endis conirsl ﬁm@@nélh@mgnlatmg
| i-nto a di
SRS AT o T B RSB0 o el

sourdeé@lﬁ nniqubspmueﬂmng?bpa@rﬁoanﬂhb affoaht @ﬂtharhbndo‘ids injected into the
d.in sone enbodl ments that the injected

|
ProcqigE SHAFC QR P GUOBLOLPHRPSTE e I thﬁ@lgélaﬂxb@wt pors 605;
the am%ﬁoalofmsg&; fibih Ml e eal el Eﬂel  Eo dilioe the
as Featd ng

di anondoi d t1on the 1 npu aci
susceptye 608t & arf emmry entbotinmmt, ehe pi[asmn azmrgy sourte606 comprises an

: het er gat of the. . s .
induction ¢ou such that power 1s coupled into process gases within processing space 602 to

create a plasma 612.
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het er odi anondoi d supplying the inmpurity that wll
eventual |y function as the el ectron donor or acceptor

WO poottlostom? andp-type di anond or di anondoi d- cont BETIUS2P03/022629
film This process is illustrated schematically in

Fl . _7C i . . . [ i
| oy L R 10
accocding ém¢rnborinefiyof tieqmesent ihéntioAArough gieowtutidizer 608, which

subst e 700,. This.dianmond film 701 c ri ses
SGW?Se*PrVQ??Zﬁ“Faﬂ}%ﬂ%ﬂH@bcgc % FEHCLE38 $HCh 451us Qr% A HYHMAY bapsed
to fak[ér;hgt@ BARTE Y8R B¥mohdifidd & 'irgegq{ri ttelﬁebragfﬁeg > td ﬁi%sprl}%ﬁs space

_7A-C, such as depicte {meral
602.akke ingechignl pbgwh heterodiamaerebbidsiprovides a mpthed eviteesbylisptitiey atoms

nd of a.line, as own. b ef.erence nuneral 703, The
may S efinga 8 Svia HIG i b SE B tors Mt dpmaging
techrfi@ies suc 8¢ ndRplaRMichant . Hydrogen participates in the
synt hesi s of dianond by PECVD techni ques by

st Hi36 Fontemplateddn sgm eybedimehtsrtha tles ingeictadhpetharovgan grovides the

. rface. . di sGus i n reference cite :
s R0 5 i L R e g PG Gt portin
of the diput ghstatlitatinezke Rle dhLowit) bl rﬁbreﬁﬂ%bﬁﬁnﬂ}g Rk 4O of the

of carbon and generation of condensabl e carbon

hetejodipmondsid; sypplyegdhe impiviy that il @Y@@taillgrﬁmiopya@l thegadectron donor
o TSRS 56 B R SRR B D s

illustrdited eclemalcdlbnNd RIGSaTAQT. precursors may be inserted.

t t of the doubl 2 bonded
AR BBH 1 915l O A G PR BB oS EhS FOHD r4elar 600, and

RRAGSRIEVI) B mﬁy r-gfg}o' lel706. R/
o pho us\,}D C%?L%%. 7ft§) ?ég n ‘v@lrbs{l 8&1% C‘%Qjéfe;\?gy S rracﬁfrmé“rmd film
701 chnaprisesi tefnahedrallyawhdsd ppbers semsnwhereatdathon atom is represented by

A T
a hycgg %éﬁat%hhﬁﬁaieﬁ rs_ﬂﬁacgzrr@;?:r?%nﬂ‘%&ﬂ HE gt ¥r { Aceheth lg%zgrieréce

erring again to .~ a het erodi anondoi d
numgrpj ‘&3t ekheihydtdgen gassivptedserfact 103 dflibe deMoné ditrh 3101 s very

o A o oA e
stabiﬁ?h? aag? Bbhd/ cHaeRee ¢ GR DRI RiEodt sirie.| AL BlsSRSGLA B'Re
0

ines 702, as well as a hydrogen passivated

referenipefced abavet AeEwlsmingt al fieachithps Sytiogen also basfimisthe Fize of the

. 054047 PCT/,US2003/ 02262 t er odi anpndoi
i RO IR T I R0 g R AERASRE e g
phas@@bittdcaoe df Wrdrbidn frdd h[ya@b&ﬂbsgs Stathidd 181t8s siafide bhhe growing
. heteroatom nmay he an el ectron glonor or acceptor.
diamey {1, RrAICHEP O VeGaBhsiish ersssp” berdederiop diresitegoinay be

B RS AR AL 5 ) o
growﬁlg‘(ﬁamonxij fihnmd dhut hifderdihe dorendtieh o bephiiclayid/or amorphous

coqrdj nated wi th (bonded to) the carbon_atons of the
carbofy, [ Hydrpeery eltes eway smalir dvuBer SrEsaRdispRrgsesaucleation.

ComE 40 P3G AR SRS R B0
diamerdedatingshaviny prinarly fladgenging widly higtlyafacétedsinfacys. at om

( Vﬁéfgrr}ingaa)éai%%o %?G 7A, a heterodiamondoid 704 is injected in the gas phase into
the CVD reactor via the volatilizing device 604 described above. Schematically, the
heterodiamondoid 704 has tetrahedrally bonded carbon atoms at the intersections of lines

702, as well as a hydrogen passivated surface at the end of the lines 703, as before. The
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el ectron donor or acceptor) substitutionally
positioned on a lattice site position within the 10
waelr@aos4Tr ystal structure, as shown in FIG 7R T/B51908022629
t he het erodi anondoi d has been incorporated into the
It
heteﬂ):ﬁlgégf‘rx&%lpgdt b aﬁgo lﬁds a ete‘?@artgr\;ﬁﬁr(]ﬁ S?ll?&‘lt%tﬁ)ng@ ?‘F];]lt? StedWithin its

lattldftesttlelbmaé ami Irlashatabaomeﬁlay lbesaxs@ectfbylbfdndt dl&:tcbépior
characteristics through the deposition process

AdVERPE Jesdeposifiga PRicesettie hetepestiamentoid s dlepesiied on the surface
f t t ttice
oot TR 10 18 1 g S
hetetodpnanidatd w3 Heecﬂnn terabsdrallin eoomémgh:tl wath (bonded to) the carbon atoms

het erndi anondoi ds and substituted heterodi anopndoi d
ot gy 8 pskce bEotthuoRs lamowiﬁaéﬁﬁq © HHCFRAERAS the ewly created
mtelffa.@a%metﬁe@erwih&ehd&& 76&%&&%@1&&%@ BROR d f uncti onal

groups are included in the heter 0|d portion),
maithe resvliés @disodindnfitm 702 hgeing ao mpaity atord (which nagrbe an

[ Li t 0] er cent i gh Al t ernat.i vel,
ol uBh LRt ohiet Buoh a5 P ares 31k BHisa KR BBRIS i the
dianfn€ ceRdl ¥ebidtiRSad hewAGH FIGY/C. 6\‘3‘13@6 e AteabBMhoddR@hds been

per mllion to 95 percent by weight. In another

mcomb%@d émthe grofeing direand fdin, s¢basitdutitanandiedemea mborporated

into ﬁfé g‘&;v{n% C\@I{ gﬁ%gjce?o gl%lﬂlge a{l S%gigsgs'%h lgnﬁ%:ﬁeon charactenstlcs
throtIgthhéJ ﬂépdsmoﬁafprdﬁt%%@ r QdVaatapesiof s P@d@%ﬁeﬁﬂ%ﬁhﬁéﬂt @tlude the

het er odi anondoids in the CVD filmrelative to the
inserfigh QI aEPRHLY gfom indo the|dmenddlpiige Withoufdisvingts reserigo @tystal

orepar ation of
dmn%?a%%ﬁgwm:u%%%?ﬂhﬁfgg mat eri al s usi ng pol ynerization

t eﬂ:‘helm@s of Ietandiatrioad sids an/cﬁsﬁﬁﬂim%kimefﬁodmmondmds as a function
anondoj d- conéV ning filnms or materials may

of thF R Wy o e Vesdghtiop the heéer@@émpndmfi fyngtional
grouﬁ@%sh%ﬁﬁd’edtlﬁ tﬂeq{étéf@&lhﬂ'lgP&ﬁﬁ 31(’310111?J )8 Q)gla eﬁl%kdl { range from

di anondoi ds prior to polyne |zat
about & paitpgr mdiliemGypoo)i td 16 pencenti hmmg]atn d\lteemimelw & doatent of
are discussed

diamg OHd%Hégnfﬁ%ﬁq%ﬂ&%éﬁ i @é?ﬁé ggggagggg {h%fc'ﬁ?sewm@%@ glpout 1 part
per 18iliidd o3 peP&hVW%bi@ﬁpl i} anﬂhgpgrhb&ﬁlgﬁm ﬁfé' c@nﬁn of

Derivatives," by Shenggao Liu, Jereny and
heterrdisatondaids aghsubstintedihicferodiDoondrids is 4b0113(101)pna’tmd1 percent by

weiglp BRS04 e 5025 Bt G amanaL el dostinied

heterp@layivRabids fr e fidh Ré1RGV SHoaRD R ki & BS tHet BN Sbout 100 ppm
either as part of the main polyneric chain, or as side

to 0.Qjk perpant by Wetighiches of f of the main chain, one first
synt hesi zes a derivatized di anondoi d nol ecul e, that is
to say, a dianondoid having at |east one functional
PrepgatiorpoSdibmbidoid-icogadive htetifle usihi @bRed eridmitirOgeifiqueds
di scussed in that 5 agpllcatlon there are two nafor

r B ey e embediment tiamppgaidyeoatpinipg §Ens oumptedals may be
e Y O ERIAR 3 MELSSRIL I pE S RO,

functionalize) the diamondoids prior to polymerization, and methods of forming

diamondoid derivatives, and techniques for polymerizing derivatized diamondoids, are
discussed in U.S. patent application Serial Number 60/334,939, entitled “Polymerizable
Higher Diamondoid Derivatives,” by Shenggao Liu, Jeremy E. Dahl, and Robert M.

Carlson, filed December 4, 2001, and incorporated herein by reference in its entirety.
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SN1-type reactions involve the generation of
di anondoi d carbocati ons, which subsequently react
wowRaoh/os#uT ous nucl eophiles. Since tertiary (brpcdyekmast)22629
carbons of 10 di anondoi ds are consi derably nore
hon
Cond) P R RoRREAPARN LoRBIRENFalipRglis POREERR Lier as partof

the mammoﬂdnerﬁﬁihahy peag sdecgroopsor brmdheeofof teaniin @phin bite first
ubstit éi.étl on af a CHbond via_a five- coordinate

syntBesi45a @ BpLeR Ciarmaad i TBoloeyle el if {gosaeg Amoadeidingping at least

e RSN, U5 5, RPH A

appliitatibn,zthci”e Bfe tﬁ@rmg enmaaiomsgqaemasr ihet Iylajbbe used to derivatize

ero er tiv Nbno
heteFhaT SRRy R eSS GRS s S G P Sepebpulsfgtion
reacH®Sd versatile internmediates for functionalizing

het er odi anbndoi ds. These internmedi ates are used in,
f oSnéstenepeactions elv&b/@hha-wferatmwf diamongoid carbocations, which

Friedel -Crafts alk ary t|o rec ons,.
subsE S 57 P L BB ey gabas of
dianfcadeids dreadonbiﬁbﬂggﬂﬂ@@ réafcﬁrv& ﬂ@h}é}:cdhaﬁl@%ﬁoonb bR SR %Qacuon
derivatives nmm be substituted at “secondary carbons
condi§ongesybstifugipn phtertigry earbemisefavathdn synthesis is

0538 i 5 S AR R ot i o
coordﬂﬁtetdaﬂjbc@@dmﬂﬁyl&eﬁimc 0 hRétvabovpr fYtBepARRAR theGnbybe used

enbodi nents of .the present invention, many other

for th%%@ﬁ‘ilwhﬁ%ﬁ%ﬁﬁ@teﬁ%a@@? snihp Shd-tyiperray he mse idedy utilized
h

o 00 OO T i

hetetvdiapromdbaisareckointtso filaino gt v@rsatite 1ﬁte)ztné1ﬁa1fe$lftﬁtﬂ1mhahzmg

pups,. such that the. derivatjves may includ
hetel% Pl &B%ed’éte%%ﬂla‘fﬁfr Fonatigeloncsmalps the &oeh&ha@ Ritter,

- : I
s S R 0B, Sk B A it
hetergidianmomdoidd ss favened oiiytidgebehddteatimy)l cnr’dms bﬂohﬁnaztb@ﬂadvatlves may

[ doi ds, ,and am nate doi ds. See Ta
be st BB st SadonLa e Foiie BiRt S ehan iesis s senerally
desirell anRRek 26y EXBbdah 1€ Padida® Eclﬁlﬂe' i$ Bﬁéﬂeﬂ‘?ﬁlo?&? npl ary
substituents that may be attached

heAdhoghdhe resetieispatDivaysoteseritgd ahn‘de mey be patiferrmind cbuls,

e e o B S B SRR BT BN SR oty beusa

as weleacfuhOishaliv@y baeduPinfmtied. tMhesdhich@InSeqicasd i mgﬁ be used to
condi tions such_that polyners are produced. The

prodyges dervpdzaddiptasedippamirds fiaving a vargtyes fz@@m/nabgroups such that the

e PO LR 2R i PR B i s ot

bromimer Ismﬂi asvﬁaﬁ)rmﬂmﬂqﬁae@ draﬂﬁinylﬁﬁﬁ i egtediiathonasids, HYARHSGIHed
d0| d, a@or het er odi armnd0| d- containing

dlamﬁﬁ P%fbomﬁv adpils, staenyiaietdipmpndads, 2ad agipated

d1amHﬁ11cﬂ@s. o8 Bibid D6r hkd! %\Qﬁ(ﬂg% aﬁﬁfcgﬁglf‘“P(ﬁ%lﬁ&éa%ﬁé ﬁ%h
ynerization, catio r-ani

Dlarranmdoﬂ Darivptioes dorsalisting.of Iéxmﬁdqr@bstiments ﬂﬂumlay @efattﬁ&xed to

i oni ol yneri zati ons
heterbdamaadeiaS 2t | oM ¢, anionic poly ,

Q)

Diamondoids and heterodiamondoids, as well as derivatived forms thereof having
substituents capable of entering into polymerizable reactions, may be subjected to suitable

reaction conditions such that polymers are produced. The polymers may be homopolymers
-18-
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and pol ycondensation reactions are well known in the
art. Free radical polynerization may occur

WG pmabstebusl y upon the absorption of an adeqR@r/ES2003/022629
amount of heat, ultraviolet Iight, or high-energy

.ot i C . [ t hi | yneri zati o ..
or RO eSS Bt R BRI LB AGT agvatives
mayibiei ol herifd GHittagontiGineided, dRsonddid, ARVGRAURESdiateMidid-

acids, and orﬁanoneta!ILc reagents. Free radical )
contaueReRomes-oRokyprizaiionds typiqally sarigd opt Bting ewp ofrthe following

metfth N aaee S AERABTAANON, SPBOIR Sotvmiaoh B |
polybeideasaiodi #naedaies for imbiedigaienddical, caiodic, anionic polymerizations,
dheterodiarmndoid nnnoneg such that the di anondoid or
and pelyeqndgRsaHBn ERCHONSAES S ??}QW iptheafe main chain of the
po . ] i tj .
PO AR RSBl UG o o
adqugmenmgim_agﬂmdb mﬁrzivagletc}_pghlt,mg[ghzmes%}uhdmham. Tt"lﬁfilly’ rI]lov(;/ever,
. di.anmondai ds_or het er odi ndi ds end up heing.attache
this TR el trosc e A oEy Y SR G 0 iRA GG dhfdetor, such as
peroRRfe8 046 PR RAS) Tl Al %@Bfg%ﬂ&ﬁ@ﬂﬁllﬁ:}gageﬁtén %%&%aical

group are capabl e of cross-linking polymeric chains
polymstjeativarmayrage eithel momi-deriyetizadearidervitumd hetenalianoeridoid monomers.

b d. t note the.reaction. 20.. .
As o3 e BP0t ar4c o B APy OBt ht Eenygiaigmondoic,
nondd@hemiold, iahd Uetetodemadtdor] MBhHIERs slidhl tRR RS idBondiESR
pol yneri zation reactions are usually conducted in

heterpdjamandnidhecomes parehibe srain ¢hain of thapelymer. In another embodiment,

I i . ivatized. di a doi.d or.. .
the (R B s B EIoAR U SSRGS bt cismpongoidymay
polymesitd Q) thdt Gﬂlsadi@xhbhd(ﬁdmﬁlbteroﬁw@bndid@éﬂ)«gi bdi®s atdehed to the
.include, but are_not linmted to, Gign reagents and

mainghagy asoﬁ“&fa%?@%qt apipmendigsad-heserodiagmp %(rids having more than one
i ' en: i hd LAt ed renoval
ORI BSE SP
PoF gromatideic patyinoami zegag tagzatisnio camlystvﬂg@nbé ﬁ?dftg pﬂinilcﬁla @e reaction.
. oup .of one di.ampndoi d or et er odi agondoi d _coup| es
SuitfiS HERFRS S IOHAR CORBE DED hOVRB I IMGideaRd ApRe TR,

trichRidae Tﬁ@se&{o%ﬁer&fati&?feagt}imﬁ%ﬁl? Eoﬂﬁkgﬁ‘?ﬂ' ARSI 18-
reacting wit’h a carboxylic acid group of “another,
tempeatureng an ami de |inkage. | n other words, one

di anpndoi d .or het er odj anpndai d, ..ma aondepse with .

an By R R e e R e TR SiRar e piofianitogdoid
moné&itibrs AR §pRULY QoR&ddEo auehg afcldshAiCARAL. : SRAIHIBlcofiles

t hi ol grou and the functronal ‘group of the second is

incluge,dit exgisi0s ?i’mi@é e, §pigniaed wagmtsandaotharobganphictal e canpounds.

=Yolo)d es..of . -19 WO 2004/ 05404
Aniofp BB RBsns s SRR LDl brdiRaSa ot oxveen from the
reactit@l édam. t hat may be fornmed via pol ycondensati on
reacti ons include polyesters, polyam des, and

poPQlueandeasation eaptiensycaiarmdbe Snchenaigrupp oo dissndoid or
heterbiiaHRnasig cbhﬂlgss&/{tﬁ‘ﬁfedfuﬁ&fb%gﬁéljoﬁg lok Xnoiﬂ%r; for example, an amine
group of one diamondoid or heterodiamondoid reacting with a carboxylic acid group of
another, forming an amide linkage. In other words, one diamondoid or heterodiamondoid
may condense with another when the functional group of the first is a suitable nucleophile
such as an alcohol, amine, or thiol group, and the functional group of the second is a

suitable electrophile such as a carboxylic acid or epoxide group. Examples of
-19-
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FIGS. 8A-8C. Referring to FIG 8A a

di anondoi d- cont ai ni ng polyner is shown generally 5 at
wW@d4/09d0eT € t he pol yner conprises di anondoi d nPCDDE2083/022629

801, 802, 803 |inked through carbon-to-carbon coval ent

RSl s BT ROy b B0 BB acins
Jndu&mmﬁmsm¢ap&wmmumsgmdp@%&&&ﬂn&ntane The coval ent
i n two_carbon atons

i nkage ri.ses a_.bond betme
V\h%"@%elé% lamoe i ganisiingplymerie e Alusingisdisehemagically in
FIGH e R00 RALBAERS PG A iondot Sodfhd pONMGE sl generally
at 800, mihert thel pbllytdeatompﬂms dwmomdnml rmodoanere 80 H @02 a8030linked through

carb g o o SRTA RS- A0 ARPAPORTOGHIEE JRIP02L S5 may
comgﬁa; elﬂlbe'%%?mgl%rWd%ﬁf’s%h@@fe&%mhhﬂﬁ@ﬁuﬁ@hoUgh

carbon atons that are not nenbers art of the carbon
undwamlaetasf) Blfe enivelset ludfagf: Re4 tewpuisea nﬂmnl«b bdween 1\50 Sarbbn atoms

whefeéEh EFlauoq RS ot By b brireBhRe bf Paio asgesihertoids.

Statell BFEHE HialStwiPdtad6n YA ehY ﬂ)dl%ﬁa@ﬁ'@ e Qret(ﬁ'lre@ﬂ‘% Ankdd¥uch that
exanpl e, an ester |inkages 8 an am de |inkages

thergge no awgrvgnmgtcn@pmatqmm@et 4re ngiQ@yt afis diamentdoad nmlcuse(or part of
di anondoi d- cont ai ni ng pol ymer shown
anw%@%%? yﬁm?ﬁ 820 in FIG 8B conprises a copol ymner

f meﬂlaﬁffdm tisideadfaRBaidE a8 oRidids RaEbEeEakentll GiAREd thédhgh carbon
di anondoi d having at | east one ethyl ene substituent.

atompy{Bat Ao RRS ARRSRRPTHEAE AL thestrshan maclegsofeiherofibe brediamondoids.
S IRR AEgTH ) RS
discussed abolvaveelj amntedmrhamddl&mwbesémxalmﬂy gontiectedahroagh, fopéthmple,

of these am)nd0| s.may be copol ynmerized with
an el {GHe SSa 3R TKaRES S07 HndEn SR REHEeEEOR i pat i ng

in r 3

AL gk YU O B s

820 BXIGh 8B mmpnsmmmbemr fpmhednfeorh flahenomére bthgtene and a higher
hed. t

aianBp S8 T neehisestint RESIBR subiteatl; TREBEmond RRomeSgitn ot

821 orftdiRSSnd JuBktitsht BRI e WorlpS ’ﬁéﬂﬁ&%h@nd&ﬁd RLAGHME! ﬂﬁwn at 822
pol ymers having properties other than those of the

contgns (rreethylens stbsttuemtsfing, cogld, haye moee then twi eub%tlmenBA Either or

t d d l.
botn B T iR RV B8 s ey ta P wBTEns BT reat ot ey
monbeS$hrfidiffling8A tidadtBnl o folaithd do-pSyResSIPbSublnits thereof.
incorporate netallic el ement s, particles, and

Becaupethgsliaspandoid moremensed has twe sybstifveyt myymm@blq mgietiereattached
to it, tﬁ‘i% gaﬂﬂﬁla} Hﬁoﬁ&%&l 1{s S}Zab?é dtf c‘%é& @%dchaﬁ{s%ai an'd cﬁiun 825 together.
po con may

neric cC ning materia

Suchteecrdopkrkingreaciidn ia capmlm@frprwldchlgqidiﬁhbrs hetiak propektkedldther than

hal h_el B, Al
thosQfr ‘&1!1? Hgley}n?alr R],Ctgthglg}%gi &Arrglrng% eqallr:{%q ER%E% ?p@pr the diamondoid

B b R e T R

FIGS 8 At dnel §Boisahatitcis ipossilhle ¢ moompdotametalimriementh earticles, and
111clus1on§J aﬁ tpa?e% as%?to lgg? lby inserting them into the interstities of folded and

cross-linked polymeric chains. Diamondoid-containing materials may be doped in such a

manner with alkali metals, alkali earth metals, halogens, rare earth elements, B, Al, Ga, In,

T1, V, Nb, and Ta to improve thermal conductivity and/or optical properties if desired. The
-20-
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nmononer, and the ethyl ene nononer in the exenplary

pol ynmer of FIG 8B may of course be adjusted to
w@e@dos®4t he desired properties with regard t oPCT/US2003/022629

stiffness, conpactness, and ease of processing. 5 The

LA des di i: r er-al Ly, .

relaATH SRRt R il IRANALH KT (o8 L ARG Bntnlioia
monohet,and der éthrgdend mommaﬁnebeemﬁﬁipilatﬁ poiyaispsf BEE.SH gdy bo caourse

il lustrate certain relationships between structure an
be aﬁlr‘lﬁtﬁa‘{ pragueg the gaﬁnteﬂ@m?ﬁ}e%w feaard 1p sbiiagse, @sngeingspeand case
ofpﬁ%@_{gﬁ}g@ry polymer relate to the processing it has

under gone. The dianhydride PVDA (pyronellitic

di dhbyxienpledy rohpwidadiag®hdeid gotyneer dhawm genetdlly at 830 in FIG. 8C

con diig? g;ra%g%‘ngqu‘? % }%ﬁﬁdengz' a&@ﬁ%{%ﬁﬁ%%%%pergsein%i%etg?oeup% Igcgliegted to
illus(r@l%%_éﬁﬂﬁ%l@ﬁkﬁ{sﬁfpl’s%Elﬁ?&ﬁé&hétgre%héﬂmﬁéﬁiﬁ%.pﬁ%%r og&ﬁfé

provides the capability of further = reaction at ?‘%
propeiies ok the exemplaryppelyinet seldtoto the perskssing injapundogas., The

o A B PR bl Phar SRR o iein
dianfiyRliopdiona BBT akd iafbdided dfo tHeQREM) fof NSty AtTh8 Afnhfiéie BTDA
the di am nes oxydianiline (ODA) at 835 and 15

(benpprhsnonrigpiterbRyHindiary dade)sbewreay 8 bepionides thecagalfibity of further

¢ b o . fih '
reac UL LEBILIL bRy 250, BlcE BRSERE B blBeapipi
inchasfontdfifet4IlHo moictveimp tiieyberikin i Thedia@gdti@: dngmﬁ;?tlﬁdli% dianhydride
gverall dielectric constant of the material. The
(ODEAA st ¢ ordohe dtasntess eydiagilmbPRY) 2b 83 ard
b e b i e it B B IR e o,
proces_tsmglwt]ng Detecihlai Addifiondily, fhodrinred, diahydadesoutiaaReFPAGnot
show\ G B foerBioas oIy e BNt e Consssspf s
d. . . . . H 3 .
i R T S T
FIG.&Cosmnprisa ki pegtaagetane denwodneict 866yovtzdh soesitionbdimte main

.th h | ent |ink qs [ id . t 83
chaif 3 B BRE R o i e eGS0 Biorn L B  oNAEh SBAPRSs Acie
group lof HRIdiame&RIoMIB6191RidE Pg@ﬁ{e‘x‘ 86a p&ithGPSH Adi€miR! (th this exemplary

pol ymeric chains sinp by steric hindrance. Folding
casegfiamingbenyaphenest)crstioneith A diemopdeid icompandng 83Meray be used as a

. td "fillers" 838 are .present. nmm reate
cros AR AG" < genotio BPoR By SuG0en o Blest BpleS or
diamdhédi@ cbinp6nch0 838 Ay belpassielyriesdnt 8¢ an wHfuRGifonhalifed “space filler”
dielectric constant of air (iIf it is the gas within
whereiydt gasves)to separgpaaimpelyaicreiries dmpbrivasterinbingungerefading of
I: i oA @loe 30
e S BUTAEAS ARNE IR, b bt SRSl B,
createmlbiﬁle @39 Jovitieh niay stive t@rddducesthe bvﬁ.&llﬁ&gébtri@ o@stang of t%le material,
) i ng, .extrusion, and. vapor phase depgsition. The
Smce\@? gﬁfectﬂc ‘iﬂné%‘rﬁ?ﬂ“b@f léﬁdﬁe githin theeepid), iR%doi ds as
a THOGhNBRdRE-cbRGidi s 6"
o BRIl bk SOl A B g BE RS B ubstrat
undefgogig mitodlecttoni mbesssing by dnpof tictholls kmywi m theert, such as spin
coatiﬁg?ng I mneg? %Ef{u%l%%,eal{({ x(f)arlr)]ora El?a%te dgpo(%?tio}l. L1“?161\7&96:? teorf%hearr]rtlon gids and

substituted diamondoids as a function of the total weight of the polymer (where the weight

of the diamondoid functional groups are included in the diamondoid portion) may in one

embodiment range from about 0.001 to 100 percent by weight.
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WO 2004/ 054047 PCT/ US2003/ 022629 I n one enbodi nent of

the present invention, a synthesis technique for the
wp@oiognetoizat i on of het erodi anondoi ds conpri SesP@EI/US2003/022629

two-step synthesis. The first step involves an

oxi t : I . i at

OXirglghd fly a;cﬁ%lgfg{)&@ {2 {,Jegaﬁ im0 15% it RELAGRRK): e
polynetrizntieti aff fmttodidmomie dhedneprisds atm(md’Qp dymibysiQeThl fiseitky

oxi di zed usi a reagent suc S. cqQncentrat ed
mvalygsegcxidagen fp fggm;ﬂt basianekefoae Eurw@%%l{m PahBsaBialy caon

{
(oA SN e S5 RRUBERIGENEL S
Ochmedoisnnlg atreagenésubbsis cenktckirttod eulfu@dot aeid@atprediog,a kehe

et o R e oy b DR IER L B bl Sfocarbon t0an
alcoh§IS m& @B t&ﬁlwﬁcﬂ% aqsbh@l fma@ qéyHé&gd ERGL. ﬁ@u@h{aﬁv&i Sie e

(for exarzgm , presence
hetegfidpamaongdoidsmpy bx mme)lly hetlogmaued ber @rmiraﬂs woihdNohlordsnsenimide,
be .ne

ey Bt refle 8Fls Rt mobdet® et ErOGICH R MBF BXPIgKEHCOs or

NaHGD;, i@ Pidseinfel FRiHMRP] suTidLidS L AORMI BE BRIFRDSI g§f #no9é skilled in
the coupling two or nore ket o-heterodi anondoi ds to

the Bt tbefulé gay fhe ngessparg do pwitsehiie heteropsorain thedretmoadipmonddid prior to
thech? in the art to couple 15 di anondoids by a
%one chem stry, and one process has been descri bed
as Thb eedvbd/step ongics pf the GowslBGass or dk BetoRrtRodiatoAdads to
734. Al ternativel é/ coupl.i ng may be effected by

5,
prodﬂl@%@@.dﬁarqdﬁ@%@r@fhw%m amerseidsi Bis owmia the & énewiphs

il 191000 et PR A 00 RO Ul
coupling pddcass iRAL. SnPatbinmﬁﬁnbéi‘ﬂCRTﬁ5744 @&nﬁftwellydbdl@;ﬂmg $ﬂ<dy| He
in the art der tand that 20 because of th
effegicd éér‘%%ﬁlﬁge Fto aadrBdRies Wd PICARIICE S5 TG lorNa, and 14-
dloxﬁﬁ’en dAddiQ&sal Vﬁél&/ﬁ‘l@fseof d?am bl t(é/daﬁIan ) hﬁtve b%en 111ustrated in
ket o- het er odi ‘anbndoi d e pr epare I Versi
Can@hamfﬁiént@ﬁmelr ahadq54. [ﬁlw d:f ioodindry shlrllldnsﬂn&eatrewﬂl understand that
ation al ternative enbodi nent

becafiten i oBEd Bt eF e e Gidienlity FRg R Reione SuRbisg?
variéty Spﬁetb-‘hd&dﬂléﬂl&ﬁio‘iclﬁnély & eﬁafrediwﬂﬁtaedi'@é}bl?ﬁ@ﬂ%%ﬁ%uratlonal

For 25 exanpl €, en the desired pol yneric
POﬁh@ﬂiﬁ@dﬁ@ﬁ@ﬁ@@ﬁém@@nn%|ns |nterp05|ng bri dgehead
cafbon Ihre e useful . Thi
o Bty P Polet R R SRR SR s 3 ipa e
ox1d@tﬁm@¢(ﬁ1§hﬁg) ktypetol rﬁaﬂﬂﬁ&ﬁ:ﬁ@l iy Tddictervditud oAd 58 B Binket € For

reagent such as NCS. Thls(ﬁroduces a chlori nated

exanaé?,.w/lﬁp.tb%dwmﬁ pelyanarigheterodiarpentioibepnédinointerposing bridgehead
cart 5 VY60 R 10U S BSEARCAL, TR UL E AP Urgion

1ntemieﬂmtweoﬂipred\palynvehd lfetewdh‘dmbﬁc&iidi @ithe deteetiderdapad sket 4eCs.

ubstitution of the chlorine by a hydroxyl group,
ThlSé’ UCRR 4 ﬂ@?ﬂw%g@w&wwﬂa thengydy ﬂntgqgieﬁeda%h QiR Qhg methylene

groug & %EQ‘R RRR doll le%ﬁﬁg At 'xﬂ:?e]é TP l‘fa‘qgﬂeﬁh&fﬁg The

ation may e car out O | ncrease
chlolpk@rda’l;lvet iseomdttiablean alhe daseed katode lgomblsﬂl‘&tmg of t]ﬂ‘etchliﬂme bya
t t t hl or ochr omat e
hydroxy agroql%? an(i%urt%ep X z(ajnon yca reagent such as sodium bicarbonate in
dimethylsulfoxide (DMSO). Additional oxidation may be carried out to increase ketone

yields, the additional treatment comprising further treatment with pyridine chlorochromate

(PCC).
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(PCC). -22 WD 2004/ 054047 PCT/ US2003/ 022629 A

schematic illustration of a polynerization reaction
wheimestdhet er odi anondoi d nononers i s il ustrapedus1w03/022629

FIG 8D. A heterodianondoid 870 is oxidized using

[Af LI L = Tel! t - . ' ' 71. .Th .
oot ebbmai e Ghidd oS LRl ERLATPORR G R dreqPiibacoia
monbmm}a?\/ie Iiltljusﬂagei af _FI(RB}I;!]H Asﬂﬁtbd?%djio@d: B’VOJiSd)x&ﬁ{QétBus@{gesulﬂn‘ic
. 1.C e. al n, 0] .represents a .
acﬂﬁ_& ﬁ?ﬂi?gq%ﬁ?@é%gtqn@mdi %ﬂalTﬁ% PRdSlar éﬁg%ﬂ)%éﬁldéh%ﬂl_ta? gelisa
tetraflah®n8 hdwiRer, Qhﬁgﬁfehg Ql{i%non-ﬁgﬁls lfi@&?igg% %@Vé\%ré Rogifibfle. Again, the

instance is atta position
symbelt & odpmeatciohetsro8di smbgtitntondiyplositioned o a datfibeMiterof the

. h in tep 872, According t.o
sl R Pl Bk SRS ot PO 5301 ng
betryRaRid¥RamBAIAeEsT1 e 68 sl ARINVRY PR aPBASs shown in

between any two carbons of each respective I0
step 3¢2-e Aoetirdimgrid emodinrents afdhe present invertiom titk ¢ouptiig Between two

cciaf AR P Sehy b SafiShan o arepns B gom rsmective
hetefididheIndoicl ananaa QiratBréSand ih thivekémParyRai & he cBub 1S fis been

skilled in the art that this process may be continued,
made petwegm agbens 813 diemendsid $ikt andsdthomSTd eif bstestdoamondoid 876. It
. 4 ) Lonalized with keton
it 86 B5ER Yo e I B8 HEHBEPBLAE iy M B tEI orcxampt

the pagrsif@etetrotidriondoddsuhoohd @endrhiey 4tr876 B obAfucticna8Z&d with ketone

where two internedi ates 878 may couple to formthe .
groupy, piy ssheterodiamand g8 Toaand /6, TgSpesBv§lsnete pieducp ghe intermediate
_ i bl . doi -0
578558 SRRSO BN By Bl 8 AR08 Al o
polyfecmag beabvrstiuatedivsingthemiddduabhdterod] aindoi 187§ such that n-type

or pRREA G T A oM e BT 18 ARarice 1 BE e pehicaly conducting
due %‘ﬁ?@ LbGHing bdREH Qij'égenﬂfett&()&l%:n@ﬂmg g{di{loﬂﬁi‘s‘? cul es may

e O coupled wwth electrically conductive pol yner
" | Imiealtetnatioe gerhediatent, andimidnyldetaodiamppdoid molecules may be

erodi anondoi d jjmaterial. Ipn this context, a linker
coupfigh G PrEealy s e relgieninkets” osepete Evirpmedt mvpe
hetei@BRnioAdbRIMATBINATES (1SRN S Bkefis RS 299 prgegmzﬁﬁof

l'inkers of the present invention may conprise
polygenenrenrisieg gits! tprien menemer deameints of & darger pobymetu dthievlinkyrs of the

presioh i 3B B BB e S TR ol By i

estabishe& ek eanadaekiionasdiamondsiosil tRe Obersll bRIlkaNthGall PBRSers
el ectronic properties. Conductive polyners are known,

with gppjugsed pedlptenmdipgkleanes presapaiie of displaying tlesp eleptronic properties.

' [ t "Electrical :

CondiA0 it BRI BARLC LA s
ina dhaptthhi‘géd ‘%eétgibﬂ?ﬂciﬁldﬂ@{inMlmatEd b0 ng) ;F$d>ﬁ1ﬂ1‘ér antd R.R. Chance in

. Kroschwitx, Ed. (WIley, New York, 1991 pp.. 174 to
Highyegformpice ohanizs Comppsitaanll. Broschwats, Be| (Ve NayeY ork,
1991960 19L& S lgb el ' ibed i

O PR e ng D DEnfR T ve FARIPIEDER) dribed in
this @anﬁen and vempargd poingtas; sérsicpodug{aps, phé imsiikanes.s Al thpidsd) |
semix\gqﬂdﬁgtil{]gagol%ngroirs] %%fyt(ﬁ-\{)ilér}/yleanse smﬁ%g), %vsnich has a conductivity as high as
10° Siemens/cm? (these units are identical to Qlem™), and as low as 105, which is as

insulating as nylon. Polyacetylene is more conducting with an upper conductance of 10° Q-

lem™, and a lower conductance of about 10° Q- 'em™.
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103 Sienens/cnR2 (these units are identical to 11lcml),

and as |ow as 10-15, which is as insulating as nylon.
woeloyas®syl ene is nore conducting with an uppePCT/US2003/022629

conductance of 103 KY 1cm 1, and a | ower conductance

pchr e shigited b e et ARG e dampondaids may be

elecpiceB pdnnieoted md form, a hudk @rod ¢+t§pmmdﬁndbusﬂfag/olig©mers of the polymers

ele trica connected t.o forma bulk _n or p-
discfspg oy E%ﬁ%ﬁmétap@f‘oﬁgpﬁgwe&rﬁ@rw WY@eﬂ%ﬁt@@ 8 5eant 2 to 20

mon@fh@i’se THuS, 4o b1oh{ts th h%f &%rgﬁﬁrt I}f)g)iﬁﬁe?‘.rgxg tslﬁs instance, the

pol ynerlzatlon of about nmono
purpobd ¢fithe pllgcayetb,eartdi‘tudgpkersaﬁ tcasle@tnszﬂbr ctonpectt)armnmbek pfthis

el BB 5 B A ke hin -

typemqppaelmemoqéudtm@ naaytgera@ﬁe%drew onal structure
such that a bulk material havingp- type or n-type

el benductiap pebmepnshivei heyn diagusbes ingenerabbly J.EoFduuhénead R.R.
ChaB TS5 NG AL A SRR SRS i) Forormance
Polyiek£aid Cempdsytes, qqdnedsbmltp QU Y(VEISy, Newwbiw @991) pp. 174-219. To

Per f or mance, 10 Pol yners and Conposi tes, J.

ynthgsizs @y entiogal cqnwu@y poleneryib Fdmpogart)to umrporzm meues
T SR 8 ORGP SRS RO
syntleaestzemdcldpdlymlescare eithet @rynitgiaf bradntalLuNGIO 8RbEN-LABbn abible

({i Ealﬁé’fl ly used tQ _synthesize such polyners are either
bon q Rreseyed bR imths gl Relpneric hadsbene ahkrmatinslin lcenjugation
maleQ 'aglﬁeé}él‘l"’m a%ﬁﬁsag{[lgrﬁ%[ qgatttﬁﬁsfbﬂn g ﬁ:&gﬂ rpﬁ%&'ﬂ?{)&uct into a

bone. "Al ternativety, conJuga I on

conjwm@céymem For exinaplgy e polyhepizativat oftacesyidne fyistdd dygroduct of

nnitial pol .rrer roduct into._a c¢onjugated pol yner.
COHJWGQ%W ESh‘é(hgf&P%/%?qZE%&R%wnemza&eamd@ﬁ@s yehamefl o

uﬂmghgg%ﬁkmp&nnggemﬂggted et hyl ene units, whereas a
benzene pol yneri zati on produces a chal n of covalently

I | Alcathleg ofhmemplary pligomdés Catkatsd thad nagrbergséditoyconnect

heteralo AR B bt G A naR e e e dOiTaE g B
Typladflﬁhnkbﬂs Wisdt hav E€Bednthbw R b@&e%cal@’&hﬁ@éude' ABEES15adeBAne in

have been shown to be electricall'y conductive are
FIG. 94\, palygrigphene in RIG.FEcandpolypastgheniylopbeinyldnn iFFIS. 9FE An

A R T W —

is pohjagitine othe eﬂg@ﬁeﬁff v eHTRAsehebi défigted BXFIGIigdEUSSi ON i s
pol yani line, the oligoner of which has been depicted

i nApflegmagiq diggram of @H@W@qugnmd@gc} palymer generated with polyaniline

kPR S 0, T RIEE B 0 YT y

condfidtize lih(ke]r goupd etexanylj aveyt histerbdiaiohdisids Bershligdni e
roups bet adj acent heterodianondoids s a
functtﬂﬂﬂﬁ P\gﬁ Heouysg ﬁ%ftmﬁ'%%% FOYD Cople e ey eenduietiyholymak gy of

whicH E%&%ﬁu&%e@ﬁé’n %gﬂghﬁgt eI Cibyﬂﬁ'ier@%%XTS&d 1961 &Ninked

onpri se conductive di ene systens
to a H@tﬂr@hwmadmdldlﬁﬁ)iﬁvm@ﬁhort segmenk eflpolyaniline oligomer 1003. The same

applies for the connection 1004 to the heterodiamondoid 1005 within the same linear chain.

The polymer shown generally at 1000 may also contain crosslinks that connect a
linear chain 1006 with 1007. This creates a three-dimensional crosslinked polymer with

electrical conductivity in a three-dimensional sense. Crosslinked chains 1008 may be used
24
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30 to a heterodi anondoid 1002 via a short segnment of

pol yaniline oligonmer 1003. The sane applies for the
w@oovaestoison 1004 to the heterodi anondoi d 1005 PET/052903/022629

the sane linear chain. The polyner shown generally at
to cordel: = I Nk it cO a | inear
o cofteh TSR Rl BRR T TR0 RAE T007 R OB ARG i 78
electricaBy comiueting diaymndoidicohtainidgaratteiiglok tlagretdbhEdnéd! Eadh a

t hr ee- dj j,onal nse.. Crosslinked chains 1008 ma
hetewgl%@gfoﬁﬁlmﬁé&éiﬁmmw L3¢ 6 2oiSplom yhich is cither
an efe@RRELAorRHbAGREY chll 4EHerC CRkRT, FHBPEARCAAM typBor p-

three- di mensi onal r?latségj{te)%r of an’ eﬁg%t ri cf:\ﬁ%]qzytype or p-type
heternsliroendoitymediesinbis dohidvedont ai ni ng material is thus

establ i shed. Each heterodi anondoid 1001 and 1002

contains wthin its structure a heteroatomwhich is
Mol&ullfi@kysta® el ectrical donor or electrical accepter.

Overall, fabrication of an n-type orp-type 5
hefethirdinzgthediof fdbmeatingidiamandomledvintaigidg makdxizdcis leaystallize the

. crystals A third nerhod,.of, fabricafing . . .
aianfiFRle & bRk ST g M apr B GRloi N ompricingane did are e
togetheBBP VA AIdLS WaalsFortes Qlldotbal ¥ ESRIdn e dﬁﬁ%@fs‘i/\}e%ﬁ!es). Molecules that

di anondoi ds conprising the solid are held 10 t'ogether
are held togethercin spgixp sashisndexe peansliscostei by Lo Monaregmd S. Lee in

« i i . ecul.es that, are,hel oge r
Cr A S nan R S B B S HE 59859, o
are catiell ‘Snoleeart $olid’Gnahé b9 ThxE @athoay stBa g inent@dst to extended

.Chem stry and Industry, July, 1994 pp. 556-559, and
solidg o 1qmg praafalsnibePeeired arangement phmplesulss in a mikesular crystal is

preslﬂﬂﬁﬂw bie ﬁfa@ff?rghﬁ%ﬁ é&t@l f e alPas iR %(faﬁr%rg :oig g Erfoie;cular

lonic crysta prefered’arrangenen
crysfahis &ontoé el b yathemgdyharhici condiBerpti@syi nmlilte)a HMehetibProcess. An

m.ni pmzes total free energy, and thus the fabricatijon
exangle oF g olacifas Frystal GerpBmsmEthe pRRBRRERe K2 Ml dprdisehssed
nextconsi derations, unlike a synthetic process. An

exanpl e of a nol ecul ar crystal conprising the
peht ameetpiey fhbadid)ot}, amhéleciie alysdusapdisngiX2,3)4]n an

exenpl ar nmbodj nent, a nol ecul ar. crystal cqnprjsng
pent iR s SORGEA Erhshr Lo BARLY B HEaBJoaRaLe technides
descﬁlbh"d@[ﬂ%(f@.g'ﬂ“ﬁéﬁéla@gﬁggﬁ&fs %$ tiahloRasiaPPhdk ﬁ)qgl{ﬁg?gﬁﬁo%i‘r}aséals in the

descri bed above. These aggregati ons of
sensqydeka lagficedlyn abasirahaxbydafmed. Imthisembaienset, théElt(2,3)4]

' Si S be defined.. In this.
pengh LD 8RS S TRRRoRSHL A58t 4Rl bRy oo s sroup
Pnmgaikh wiit evll difdehsiohoddilC.4006,%t-212 853, afa BaviNgl dohgstroms,

space rouP, Pnma, with unit cell dinensions a =
respepyvely@ o obtain that diffrgrtiondataca pataraBenegysiel wasstestedin a Bruker

§ i; Fail [ 1 LfF t ta,. a
SMAEE PR Elom 0 R T4e ST 81 W3R B, ey
mainfidd adiafiémperhioped£90 Kisi ng radi ati on of wavel ength

0. 71073 angstrons, the crystal maintained at a )

t hpBitselion! pegfnRntas mv?{etculéémysai istiHustpéark mBG: hheThis
diagriRl iBG4a8s (RE Y&eRdlizbd mlabhdtSh vRl @ o dihGonddids %'él& Pack in order

to be useful according to embodiments of the present invention. These molecular crystals

display well-defined exterior crystal facets, and are transparent to visible radiation.
Referring to FIG. 11, the packing of the [1(2,3)4] pentamantane is illustrated in
three dimensions by the stereogram having two images 1102, 1103, that may be viewed

simultaneously. Each unit cell of the molecular crystal contains four pentamantane
-25-
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diagramillustrates the generalized manner in which
het er odi anondoi ds nay pack in order 30 to be useful
wa@ewaensiomy t o enbodi nents of the present invenP€DIS2003/022629
These nol ecul ar crystals display well-defined exterior
t r V. I
anIﬁ%eFaﬁl%lfﬁ%&a% egf;i‘ir@?%l% aﬁaﬂ@&%?@%%@ %}ﬁa?e 18 oh cgrbtﬁal f:avrﬁf Or pore
1104 pgramB)ot]l. fientaaynéif hanél) io§ tHel ehnlﬁ)ﬁhﬁérﬁdof ﬂhe ptdsé@anvention, the

di si ons t he stereo n1haV|n mo |na es 1102,
ca‘”‘g‘/fg% 15 P’P?&Eedﬁ%/{ agling diaadoidiriae dpid mRlaquienintd a crystal

(o1 T1A
By A —
metakdhug crpistadlizaibe amun& @ transitan tlesieat; sudr asOYE thagueburt Suah that the
here is,one ce ca [ 0 re 1106 per uni t
condudfity o inRAEHA 1 aeicat TP ebeIUS PR S e in
mold¥iRS effstall SWRsthdrAamdMBidsCand thy si-Eed s thése%?é%tﬁ% Y
es into

packi ng di anondoi d or het er odi anondoi d
a Ehyghgalﬁcameeoftth@p@é:mg@d ﬂFﬁE[d(%lMpamtemamtaneﬁ 11'1ragtralm1 1n FIG. 11

s g A7 ne DT RETRARH B o PPt e o

realig&] @ith Uitl@thOGHYEesSiHE thah hslatioRsineUhedhith Yaplic Qéchbﬂﬁes In
material is enhanced. There may be none, or nore

othepwardsgrefungtionpbization ia pecesspzsy tol Isalnnemermrlum uavrmduduiudls

var
anp 5SS ol 1 DSRRPPRER S ol g i i
embqnhnie&ﬂ&ﬂih@a’hﬁﬁny of thisderorysed] atembdanicilly sofb ahdédsilRo@pressible,
pe di anondoid material, and junction fabricated
being h%‘fié?&ﬂél%ﬁr byrgn Jer Woaaks dences; ar exiietion Tmeld és qomtenmdated to support
[o
the RGOS BloRD of (Al RIiAt @ eka Bl TRLRE A gpjicing medtum
maynwﬂ%ésemlﬂlqumlﬁ) ynmerize or |link up individual
nondoi ﬁl1 nmol ecul and no_expensi ve deposition

GRERP ars SyrERY atipshimerired digrpRmdeited oBhete slerodipmppdeids) that
are cbﬂ%ﬁ@la@éd’t%tlﬁl capiiflc BRORAR %b%ﬁlﬁg%‘ &90;s ﬁ?fshja%g InFIG. 12.

conpressib ei ng hel d"t oget van
Refefrmgde fIGahZ mdmdmai hetermliaitiondsids AA0 h,mmoatﬂm cbmamun@@gem

t he v |ous r.egi.ons..of t devi c sence, .10
heterh ot UBIGE SRR aiGier SEFeBE b FREWS Tohloa
heterb@ian®eabids | IIQ.I(I)B d%204 nﬁ?b@é@ﬁmé@foyfoﬁﬁ UEr O diRAbYIRAS BR8. The
di anondoi ds (and/ o et er odi anondoi ds) that are
two ‘B@Wf%alw may becawpralip éOl‘m a fetnamen gf’ diamoheidsi1 207, which may

com345h gkt B AL a2 b BABH bR B
such as)meqjommzreagl@mnaﬂom@womiay @ﬁysfmqyzetts fenph ldcttigalfyor m
di per of di anondoi ds 1205; |1 kew se, individua

condpgiingrpleeiHddsitds 1203, 1204 may be coupled to form a
di mer of dianondoids 1206. The two diners 1205, 1206
may be coupled to forma tetramer of dianonoids 1207,

Optmwhdmhcamfabnaamini-drﬁm@rmﬂoﬂsp type device at the

cul ar | evel is.contenplated that structures
% oplicphpatsgply ﬁw A e dibaieaied rery dingdg ephgdiments of the

presefif l)ﬁ%lﬁ {dnl #€ c&ﬁe Pfa@&i&@ bgllgﬁg g%(%/ | 2&55"5%? Easge%g?)g@ts 109 devices that

nol ecul ar crysta
includ¢ lensasdipriesksire windows, optical waveguides, and antireflection coatmgs, and 2)

active or light emitting devices, which may have electrical components, including lasers
and light emitting diodes, and other optoelectronic devices such as photoresistors,
photodetectors, photodiodes, phototransistors, photovoltaic cells and solar cells. Particle

and radiation detectors are also contemplated.
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The optical materials that may be fabricated according
to enbodi nents of the present invention are

weontesplat ed to bel ong to one of two cl asses;PAl/US2003/022629
passi ve devices that 30 include | enses, pressure

Lasiti ﬁfj&i‘éﬁmn@&m’q%%ai%@ﬁl%éhgﬁs and antireflection

coatln light emtting devices,
whilth dieayoridaidecceitnihp lsel devivep of tRipseschiiabetliontrd esifdreplated

to ofap LY BRSO Adinailel bHaS: SHereerachpbaHERet e ion and matteras it
pertéiﬂ@t‘bqgsl gﬁ% befd %\%\{/&ﬂ%} @go Vé?llg o) leng ]%zgz'g?% z?zgé Qétéc%%ﬂey,

solar cells. Particle dlation
NewaY ey, t¥Ht)echpbmrell and2B), Wd@}@BAH@rﬂﬁﬁmwptzcs 2" Ed. (Addison-Wesley,

Readiig e UM g7 St et oGS WAk Bve o cegidevels, B
and B &vIRESEHR Hunibly §Mithas 11‘13{[16 1R R8RY L8R, {9, Oagle QAL GuWer of

princi pes delineated bel ow. The i'nter acti o ‘between
atomsg thet higher snergystatel, iag:.i The pdlectomef dtomb amiyreyishamsa radiation

feld S Al o Rerui nobBRY iy ot piched Bapiis Geid sueh
that B¢l alyexkcitediGohi leVdl FORé ES SAn 2RélteddGiorh 'ﬁijlé'vél M iRYtaneously

Readi ng, MA,  1990) p&.o 577-593. A coll ect| on ‘of atons
decach]mengje@{@lgtyeqe giving ug a pkaten Epthe whees halwvimg an energy

r o} ner te El
cual R e AR s RSB e Belf oot
radiation fiRld ﬁhﬁc@@drbe@batﬁélt&fdead}otﬁ%cﬁﬁy exist in a
radiation field of frequency ( and a certain nunber

of Iagptigstathy expibh aton wgptechbmtbﬁhe radigtign dighth cawsingthe
GXCIttEH g n{"foede%gf {J t?lg 15\’5&1 'Pca CEIYI%!SHI‘QGSE Ell(ﬁgn E‘El%ﬁgte& %%1153%0%"1

in level may spont aneously —decay

' Binstegvdstihted irh#9 Ehtjatgi pliotu prpdcef mgtsamulaned diBisgoNBeSree distint

havi ng.an ener ual_to the difference between E2
Propgrfge: Y it g s ssﬁiy‘}cpé@ gsdheplgrirommepgac radiatinawipeh triggered the
exc1t€é$h1%hf‘ﬁ1‘to stiAflh Rl leBfss{dneb it has ﬁﬁ%ﬁﬁé ?5%%&10‘}18&%}?6 the

decay to occur. In confrast, e ex atom may
electiomagnati¢ radiatihntchmm@ﬁia atiinolatedi ephidsion and i)y ptdpagatdSin the same

e i P TP Rt Bl G e e R gt er ligh

hastﬂ&é?hrb@ ftp@rtggoton produced by stinul ated em ssion has
hree di s properties: ‘a) it has the same phase as

t h@@@éﬁmﬁﬁ@ﬁ@m emphetitian |h@Y13 albo b¢entrcV19ged by O $iddeavens et al.

It t Iat it has
9B S AbPO0 Rk BYLEhEE, S SRR oRlshhePaReb excced
the namber Gf@tbtsdilptlsﬁs e sedoad; 1ﬁ|61t1ﬁ>$ lv@)‘i*ds %@n @) isl dred¥6ARAVRL 8

in the same 20 direction as the el ectromagnetic

condiionikaeya s @agslﬁw inwersioniineshiaved. Bmidershisreondibios an firpident
photl%ﬂ &ﬁ%le gﬁ%ﬁl ?1}; ﬂ{gggrs %98%1%(%1% rf gt;/{rlng%l\g gin;gvgc%% nv%hérglrn all of
the sm-iaalamdg)hetorﬁ Ihave tht &by plzd. Ks strei; ke thd 98RY) mte\ﬂlﬁﬁfr&h&he

gﬁ d;tl a;:él ated em ssjions per second exceed the
emit il RBRIPRO 1043 3 e RICBHY QJdhe Beldenieht Wage Homowaraiss fpheamsity).
As mBze dn?l rﬁ&%ashﬁfula{t&?ﬂﬁhcﬁ@ns ate gcﬁlleﬁ &4 tdv@ ‘:&ﬂ?(hwfheae?mttgd ight wave

popu ation I nver on IS eve IS Ccon
continyesitp bitidid as long as there are no competing processes such as scattering, and as

long as the population inversion condition is maintained.
Energy must be added to the system to maintain the condition of population
inversion. This process is known as “pumping.” The energy pump may be in the form of

electrical, chemical, or optical energy. Electrical energy is added to the system in the form
27-
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photon of the proper frequency triggers an aval anche
of stinmul ated photons, wherein all of the stinulated
w@botoswihave the sanme phase. As such, the thePCT/yk1003/022629
intensity fromthe emtted photons adds to the
asi
of elb&kﬁﬁ@ lé(?}llsﬁlsﬂﬁi Lhe RSI&QW%Q g&t?}%lr ceovff;1 {Snal Fx%léagoBhg?tgﬂ@avly,
atomrreasabhjddvattcﬂ inhemexpydo akditeflIstates kg cl@dﬂlf%lqgadtﬂoﬁhbp\ﬁ@m%/ the
¢ 30 connhnues to bU|Idﬁ§§,Iong as there are no
atoms AR Taiym Fhayckastectcally cxsrieda repvlhef anhgomsion obragiation.
asih {
e o S s B e P Rod R B fiems et o
( 199ébmdg i dechof 1296}3 Lﬂ?la/SﬂatsrcontamlEg has of Transtig €le®ssts, 18nthanides,

b the f
and % 1 IS8 8@”{ Eogﬁ agg%mlﬂ%n ner %tﬁf u%)gptrr%%%glg@,sl gnd shearp tollrlczrr]escent
emisElof€ bt lof@dr vRveleYhS. SOﬁ@lQﬁﬁh 10id !

D Bt D O S a5 Y PRl i zcs o

crystabiiodjcomprising QP pescanhbymetght CelQadh AdO-calthé sitivaatedium. To
l evated in

It t enna | Y
consfEHh A8y e, Bl B0 Mieh b e el o B liphedefRld + B pivatte, and
refle€itg @alfighiratibh én ordbOIBFoRh a FesBRAHL %%@W@ﬁro@ﬂﬁ&ﬂ@&ﬂe‘f@ mPut to
excited as a result of an absorption of radiation
maingaig 8?%“1&%@5V@¥ﬁ10§dﬁéblls enypticdl puypt moct]a\serrbmd@d by a helical

ssct SUBIAINRS, RRIENRD Sl b GHREH  pt E

Cr’* aine umsmtabsorpmn Theanidb. d BB excitad CaC tibmd resiglySRRW (ﬁfle’a‘ﬁsmon takes

b E orption bands.in Certaln spectr regi ons,
a Oug @Pr 1 f JPRspUaive tepsibien dnapair of @ﬁtg@tﬂblﬁﬁtﬂwew@@ﬂwhe ions

remal ilizes a
B8 PR a8 sb Sl PRUIRP oS bR o Bl 2657
AlB@@umthe Invectastablevstateseintive on gEo lifetianRs thidncthe ﬂnfeltbcyulred for the

ﬁ g t he.end fac s of th? crystal, rod are polished,
non-rafafve tragsition fﬁé?lf-ﬂ Rlaqe, a popplatipryigyeraion iy hegnainiginedt Tha
procds8isGhfARfedvWwhdnOf fwaphRaRRME ﬁé&? hotdiRs s?ﬁrﬁl\fétgg c}lgiﬁ reaction.

energy input to nmmintain popu on I nversion

Thergaffier e)gmted ptangsain thﬂmpt;astalbﬂe stams arsstanulnied ml&ei:apyo the ground state,
The fl asht ube

C ase char | asht ube,
fes“m%%)fn du-RAE 33’@3‘ 611?83?0 TSP light peave e Beqguga the ends of
the adtiveSnéditi aed8RTRH b@nsﬂaa nes groife ﬁéﬁﬂ WaR Gh3w W and forth
rapidly relax (the transition takes about 8
acr OSéth’i‘o%?ﬂV%\meétuiHVEmN ﬂ&da shaughrsuffivient pmrgy of prneﬂdad; toado eﬁcome losses

ot tneFh PP iy SFe OIS et ot SR anCE A5t OO ot wr ).

Bdtsubeetiftendeifalsd Boheatisbaiivn bAAYCo 1 tRO8@Iveldr IR Idg R&dium that
e time required for the non-radiative

makettﬁealr‘?éﬁ“{f esFitatign Paksa!vlw agg éhe lang bﬁqﬁm ¢fghe mta@tablecsrbatmafycﬂltates
the it mhﬂﬁgon BEisi s (&1 ca §o E& P?fe dlg\s/\é{:gegt}ﬁs ype is the

spont y emt ons
corre¢telamensooning Tfihe eptﬁctada Fesexadit bﬁdtyatﬁo @evitdsuchas BRiabY BRbE;

u

state stinmulated to decay to the ground state, 20
know} g& g tevel lagriy Resvae o adiive onprex leuliqby aberpiias bands, the
metas%@é Mhtag] alna%bt WY Estat %ﬁg@ Wﬁl gggmof the active

medi um are fl and pol I's rowi ng |ight wave

cdh C@W@é’p alﬁﬂsNe dasdr i @rfolr enargydsee] systerabbéauge tRAowen energy
is provided to

enou ficient ener
lovel @v ere ?Hgl Fté@ggged pg‘? R deGay) 15410t ﬂ%e?i@gl d stpte Ehesfour energy level
systenribay ehven@edin. teftrkBF tdn B uEwatte §ratiohd 9dpposed to the three level

systems that typically operate in a pulsed mode.
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It is the existence of the broad absorption bands of
the active or lasing nediumthat 25 make the initial
We@x@uososon possi ble, and the long lifetine of PCTES2003/022629
net astabl e states facilitates the condition of
pPo [ B+ ar bases+ 3
Pl BT edh S0 ERCACIRURA AR g SR8 T
Er obfu eall Bué'sinnantictyafihbsts, iAcldémp CAVEOE V85, SIMOOMDYE,, yitri
three-level |aser," because o7 Y

|
ahm%ﬁ@%[ 'Séfﬁﬁ§$gv~%$$%|s (the absorption bands, the
MetrRs hfde®ratatass t@%cés@&y%%ﬁﬂgﬁ?@ﬁﬁ%ﬁ)onqx i sgﬁfcjo%dﬁc%r laser

~ _the system 30 In contrast
is differsntyihan @weusalyntaeinp@bcrastsbsyshm laS)dBCusedftHﬁ}g@ S.Bededns et al. in

nsigly Qirdes WA nie SARE dadllogefn 86 0% me 2orisa. A

semidENERtRIRST b(fhsis%rcﬁ“% ﬂfz JlﬁféﬂBﬁ %lﬁ&?m‘"tﬁé‘ QRS G df Oa}%iph@@ voltage
osed to the threé level 'systens that typica
(alswzlp@géna,s}; dgmounsitaées nediight emRB10W0 WoYd D5wa bias is apphed to the

o P A8 o) B AR b i o
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baseﬂL terhdaviees forgiss idiamendly a@decmei%g@r The prabdens initierent with
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In an article entitled “Optical gain in silicon nanocrystals,” by L. Pavesi et al.,
Nature, Vol. 408, pp. 440-444, (23 November, 2000), the difficulty of adding optical
components to silicon integrated circuits is discussed. This is because silicon is an indirect-

bandgap semiconductor, and is therefore an inefficient emitter of light. For this reason,
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either silicon optical devices for use in

silicon-based mcroelectronic circuitry, or carbon- 25
whamagsopt i cal devices for use in di anond- baserCT/US2003/022629
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condtttion hapd hae@arska mheimueh of the walehcelnsidti3oN. Electofl M8E be

i i th b t phot
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e nedi a V- a

not necessary for the transition to
repregspgaddy, the shasled symbel, 1388. Tindillrteatotcdbybéanstgskiiled in the art that

ctoct SN S8 6285 BAPEL G008 STl 50
will 1ddvedRhind/HoRRS tHavaldnbé bald 089 O siihediA-eReitation is shown by

Referring to FIG 13A, ap‘grap_h of el ectronic energy
the eleefron §309pwhichédgs exgatied éor 1ot relindrhade 13kve vector k

| ] _ ork
o & R e R O B o BT AR e gt in

the cahid0&tioretpmd 9606 svhidhdied iid & %&%ﬁa%ﬁvﬁﬁ@ﬂtpbﬁﬁoﬁ A56EMthe gmximum
bet ween the m ni num of the conduction band 1306 and a

in the yalenge hrask 130 e Iy athenwerdsapnsh SO stabse(tha edentrommyaty £309 a;nd the
I ' NeJull tates at the.top o

o 4TSI SR TS E5LE0DL T B AL 55 Bl 80 s,
when i ¢lestronf 1308 eecays tufillihole fositidn 1306, enfiitlgetbvte B812i there is

L di agr am aile repr esent ed béx t he shaded synbol
essentiggrg?o a%nﬁf 1 the gverall pmsptum gEtheskstemed in t he grt .

t . i SS 1. n

12 Fpficels e bR A AR SRR iR R
13B. [ethiecasethethitiolues1329 dftike smaldectivn txadd 3230des I die sngh

v : , b
subste{nﬁgfl}rfrelertlge)ﬁ%ogf%toh% ox!'esthes pn%xV\TmurX of the valence band 1324, and thus, a

change in momentum of the system equal to about 1350 is required for an electronic
transition to occur. For the electron 1329 to decay to fill hole 1330, emitting photon 1332

in the process, a phonon (not shown) having a momentum equal to about the value 1350
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the el ectron 1309, which has created (or left behind)
hol e 1310. The direct bandgap sem conduct or

wo epreseated in FIG 13A displays a m ni num i nPCT/0182003/022629
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band il 4 Dargl the velencetiandr1ad th EIG. dACtis the E vs. k energy dispersion

relationship (the electron energy or band energy as a function of carrier momentum k), are

broadened considerably. The broadened conduction and valence bands are represented by

reference numerals 1344 and 1345, respectively. Thus, a phonon is not necessary to
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20 The manner in which radiative efficiency may be

i ncreased, providing the basis for achieving
waRiomob@sed emi ssion in indirect bandgap sem cPOUS1003/622629

is illustrated in FIG 13C. The energy dispersion
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Solid statd del1@deed was created by a radiative interface
state that appeares to be responsible for |um nescence
atA @oabla faser is one in which the frequency of the lasing light is adjustable. One

type of tunable laser is known as the dye laser because it employs an organic dye in
solution as the lasing medium. The dye is optically pumped using a flashlamp or another

laser. Laser action occurs through the emission of light by the excited dye molecules. By
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a ara reqU|rene he d .
e T LT TR L —
mtrog'ﬂmsihlplﬂﬁtlwtﬁélﬂ Sﬁo&‘aﬁ&ﬁ With 1d8Ed Piah G e close to room

tenperature. Thus, it is necessary to cool the dye

sV léﬁog@hagma@ o disgrondibaie bery digusdedbadt Kifiestiiet alofn “Theory

o 581 g o BT SLAGH b

ed1tedrhyM &keqazhﬁmﬁda( UeNetosHOEPES LoRdGHTROEN pp.| 1B0L133. These
bl eachi ng, and thermal degradafion. Dyé

authorgﬁsﬁﬁb@ﬁtéﬁtmw 1éfheéﬁaJPéaW%H ingppthy n@ltaral yncb swithétic dbohomtl. It

[ cont er bas
T TN LT
amonigstgbe differdnin eypem bf)dllameﬂcﬂ Hasdd@ethe sthty & Iﬁﬁ‘@géncécggjre'géﬁ‘%n is given

o LG e e e e ey s ot
diaméHd 1b@Re a§9 Llhgre%hﬁétﬁuﬁcﬁﬁcﬁ‘f :?‘dlla@l\l)h&] gdtt? | . 9&%35 %B%S the

active lasing material have been di scusse
aggregeiton S@q@@@@ 4@atinues, Rélredl nétogah-conthinthg daters dre PISIB4T tHaOare

et al
assocm"fled Witts greatef hunLljbers oF vacancies. Such centers include the H3 center, the N3

center, and the B-center. In nature, nitrogen aggregates (and their associations with
vacancies) are formed as a result of a process that takes place over geologic time scales at

temperatures which prevailed within the earth's upper mantle. This view is supported by a
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4,950, 657 to Nakashima et al., U S Pat. 5,420,879 to
Kawar ada et al, and U S. Pat. 20 4,950,625 to

wadoashionn et al . Such col or centers are typi cedT/¥S2003/022629
based on defects conprising nitrogen inpurities and

labo}a%gljly g?cﬁ:lﬁgﬂtg 1 d&%ﬁ@”ﬁ%@% ét | Ce}?doagglcgﬁggrgaer%trés?cgsepqayed the
samé(hggragateset aI in "Theory of aggregation of nitrogen

|n i anond, " Propertjes C}ommh and Appllcatlons of
PEFI-VASHICY SISQsiAtoNS havendsodieen disqusaed by Rndones et al. in

“Théo'rj? §ﬁ%‘gﬁ #ﬁﬁﬂ??gmé%% 1 %1%“01&%’3@ ﬁg‘gerﬁz%—.sh t%rs}*orvﬁs%;ﬁj%pp%catwns of
Dzammd,l editedatrydVis HanaeatrB @ndilAamﬁﬂidles (mspdcﬁLiBlﬁwﬁQZ(h(Hl) Nop. 127-129.
Thi di sper sed (iorm andémglﬁ{e gated form A f] owchart

USIRBYE THY Y R PrBPEICS i the FBFFGESE 2pdh bfeamqsaf entical yrgasitions,
1
ocag‘ggﬁggfg? iﬁ&gor?’ep ?Iz‘fgﬁb\%lﬁmﬁﬁ%%&s %ﬁ %tﬂﬁ)f fh%% of quch color
centerst Vegews typesr dgggiegated atuogan,end mittageq efacan%y complexes are

oo ERFPEISH. ST LS o P St i

vacafty fs@g€iBnate 2YN, R8AkE AoBAMEAFA? %91{’:]5:11 ¢ Sk sBiibe fn the art will
nitrogen-containing centers are produce are

note gt ghe ra‘tr@gﬁmmm‘lg’r atemdias suhstimtiongty replaaedt omof tBelfdur carbons in

| ude t he cent er ent er
a tet‘%Ec e n@ﬁcgog‘?ﬁatﬁg?ﬁ)ﬂ%d G Yacayan 15@&?\@32? e1¢ alse) !tqr?i‘ég AL e
centé@ss siapletlatisvathhdy Matanhe@slly 3b& dfafddRenasl 1@M@ﬁ%gerpétoms
rocess that takes place over geologic tine scal

Subsfaiﬂlgomékﬁrwﬁnomfbgn diamond paticasitead The VINs eentar atsarknhive as an N3

AT A A N T —

the V¥ aahtec,fbr(B eemr(isll &5un eatabedral pduitiins k@ReIdaidd §fgle vacancy are

yed the sane aggregates. Nitrogen-vacancy
Occu%gg‘e%artl {98 30® al so been discussed by R Jones et

al o L0 di
C SPE% %t?t}lhgs? ¥1& fo\x?’%gi gﬁkp@ Fa&gltl he | onsg%ﬁa‘ncq%orljeg%ﬁ d[he
lasing dietlizuh bas Uden Hiscidazdbe Rand etfal. id.U.BERaS4 63818874% CRand dlsclosed
127-129. Thi s paper reviewe

the JERERAPY P8t okt Bl h B A ok gt G coPiT 6 S oh 3l
cente@ﬂvh@r?éxc’ité@ﬂ? bh bR gulln?ﬁ@ SO g@ 'E:?IEBH%?% al ﬂ?& m1tthng

brati onal Tesohanc o stu Yy ure SucC
ultra@@lebradlatlen teths. 30%6000m$rangpeﬁlgim‘ coaggtetaheof N3 bolpgeemters

i O REREY TR GBe bt D RS e i

ey Iowefibrascehdtd | Thel Birhdik® shiapI@fR &{1&}3
Sres V?\Il cent ér © al so ceal | ed ar? H:.izmcent%gér/aéﬁfs%ggﬁs [ \%ﬂ

contaned rairegepisibstitufisns at niavel dft taastr bl etoniierpencenty The (gmnh as

o AR OB PR R S R B o

N3 cdriters Wg estidndted at 2Bb6100.069 Y, an H3 center, a single
lattice vacancy has tetrahedral |y coordi nat ed around

it SR dasshetmpionsa lasimgngdium ihaviag H2 qmtﬂrs hasrheen described
by Sag(?’]}ﬁé&%ﬂq%tﬁé tPE &, $4d. £ EQ& a}{{\g%%gp Ef%g e 1nstﬁ %{1‘1%%@08& to 1400

center; cénS| Pa2 Y roge
nm by et exted! hghty)umpmg Soﬂmd)pafaﬁtlgl dt 650tb 930 &Y, 20a& E¥thol For

Ng .center, or B-tl:enter all four tetrahedral
provif thS HSE St SORTRgH oA A URPEDE 5 Synthetic type Tb

diamond having a nitrogen concentration within the range of 1 x 10" to 8.5 x 10"

atoms/cm’, irradiating the nitrogen-containing diamond with an electron dose of not less

than 5 x 1017 electrons/cm’, followed by a heat treating step. The heat treating method was
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occupied with nitrogen atons. A solid state | aser
enpl oyi ng a di anond having H3 and N3 col or centers as

wa b@4/05487 ng nmedi um has been di scussed by RandrP@r/usi003/022629
in US Pat. 4,638,484. Rand disclosed 20 the

optiSlRMpBeEb RO 1 | g ]

P |armq)§ds cont ai ni ngsllﬁi%h gl%géuﬁgdoto%g(lt:%%ﬁquﬁ ae"rﬂlhlgh

temmﬁme@@nmoamoﬁmtllm thapuisP0Y Floudie@osdRér Wwidt@tiRated using a
radi ation in the

?urc ttin | traviol et
semishitisit e Pamgne Sout PREPHS J B faskpactionawing H2
cent@r@ rﬁ S necMaty ﬁ)dmﬁm%l’f; ﬂﬁ&nﬂlﬁiﬁttlﬂhﬂ%%%%%e%&ﬁa]b&\ghs{% of the H2

g concentrations of H3 cneters emt
centefs defivope 010dvenfl| 4y wihesoptical. defisity ididafimuddos therhitail R)gf(ﬁTthe ratio
teri acglllgS cont ai ned ni trogen

ot ity HERGRIRED & hommRedicl siEmG: Whurohe porpine

wav¢lefi@e bf Satdhet 83k Bianfonafid 'ePWQNarféﬁ
Vcalggul ataed as 0. Olal cm1l, ° whi | Heggﬁenh'%gg:lf I Cl é‘i\%?racuon

was phyeryeddn thegangmi@0goude0 nwt | rrat ed at about 0.009 cm 1.

ser.co r|3| i um havi n
e BrEO ot AREH TR ST RS O Eler i aosh (I centers n
synﬂ@iﬁ: Tyﬁe %l%ui-’g‘}g suﬂsﬂﬁﬁbnﬂm cﬁﬂn&ﬁﬁha@f‘tfegﬁ Hf%globé'ﬂ ﬁ aﬁa@ﬂﬁi@a et al.
to_1400 urn by an external [ight pu

in U§o Bﬁfeé 96BEL 2t Ihlg l%ﬁthmvvl@ecbﬁ@t pmmsmm&ybe rlb containing

|
ot B 8 ) | O e TR o O 5 it s
high hempengture/igh prgaite cantitstsisatt vat ﬁﬂeﬁﬁeqbtdﬁtﬁndrﬁir\g% Qhvérted to

? 5 x 1019 ataons/cnB, irradiating t
type M &@&éﬁ %ﬁ"’rﬁ?lﬁﬁarﬁeﬁ 51Gi Hfondbaityne Jah daraend was dgn exsed to an
electh?ltbelaﬁﬁﬁ ordd? @8 éne%at& Q%Janﬁle\? Cf 1@&2}2 i 'lﬁneaflgx 'gsp \X\éag%)égta rmed to

heat treating tep tlngrre
form\\3 @dets BB 4QublinR ¢ 1yp2 NS hd26R AonBRtittomavhyaneRE S TheBEmber
not | ess than 3.0 GPa,

r ultra high-pressure o
of VHD iy RatnyRak s RbBR do o5 Greble, shoscasenamay an obstacle
to laskP 8Hen. The di anond | aser was activated using a
sem conduct or | aser(s) as the source of external
pubsseigetiods of gmducmg ldsong media gflthl&olotr eattersnay be asbersome

and FREERET0 b BriRL3n S edui SR of B RS Partamber iy o
distribipfidrcent coﬁﬁ@éh&b‘s 1Whtaé heRed 8y b 6r QAW eRler |cﬁ1% i flrattdi€ and

ratio of the incident light intensity to

meth@@%ﬁfgnaw@amnggth@ samg, @ﬁ@ﬁlly contivd pvertibe pypephurgber, quality,

di anond | aser was vari ed
umfo\éﬁtfae %&%{?gdg Qer%dﬁyg%é?vaﬁke“ on was observed in the
r ah@erdiffd drobolé@ents BF thd maemav@ﬁloﬁr@maﬁlg@ﬁaed@\nﬂ
| aser crystal. with a large quantity of centers I'n

fabﬂ%@ﬁ@rﬁ”ﬁé‘ﬂﬁ%drﬁw@ 9igs, e%ﬁrwnélemmtdmmtdsmermaamhd
diamBRDIRE i
and iR G0 i S DDA byl Pl 1
conten;pﬂrttérbﬂaatth&'yma) geh hewrdatini mgy bépodit@fld i CharRlid %ﬂ}ac@ﬁt tépores
%& L\gﬁ} | ane, andthentherrrallg(treatlng
and o pGEoiEl SYTIABH 2 THITaEF A S HRET BTN G ped.ophascin the mumber of
nitroge@ 8 ghd 4 ﬂh@ RAmPLLE Jdedhcide ! 1458
%"69 HeRRRl pa‘% 08 Cé!%s ﬂgey%ﬁ%r cgg%g Q%?I&gl}y@% &8 % neered
accordmgéo t@mamcalﬂnmti'umg dekized. eRfiosfebulrse determines the properties of the
light emitted. In one embodiment of the present invention, an H3 or N3 structure is
approximated. Such a lasing medium is depicted in FIGS. 15A and 15B, where a molecular
crystal held together substantially by van der Waals forces is depicted in FIG. 15A, and a

covalently bonded diamondoid polymer is depicted in FIG. 15B.
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15 el ectron beamin order to generate vacanci es.

Finally, an annealing step was perfornmed to formH3
w@ees®4by coupling the type |aA nitrogen at orGI/vb1003/022629

t he vacancies. The nunber of VNL centers was | ow,

WhiRgReriiS 1 PN 5100 REAR S bIeaRhEyni nar iy

an obstacle to Faser ac?F%ﬁ&@ﬁ%@én{ﬁe&?ﬁg%@a@}e 16 3¢ ins ye
laseplraythgoiinggdnaicagesnedoracendetsis depioted gemdrall s atesy 1 b @ndividual
. Ccu r a ensive.to.inplenment, and it m
aianfIBEE 150F. 1 562 R 5P BRAC YR ina bt b torombmondoids 1505, 1506,
and U5G51 fotrBidel Q5brO N 560 Mor 19 ﬁfe%ent\é\hgf thiﬁ%nﬁlgxe FE9erbFiathon8bids

of color center configuration, an thods of
1505d A0, a0d U9 hpadkh esssahis, omire odierwise nonstiucted snct thet thyip &itrogen

r ual i uni for.mt and distribution is

hereR e SRl esut Rt Bl by £46° e e bacs o struoture
that fs@EBIBS ah NBOIdreBateR] §08S TNGHIMBHAHL AT BEthodPskilled in the art that

fabricated by all ow ng di anondoi ds, nitrogen

many, pessida cgnbiaptiensed porssized dybssaafihetetoatetin oodidg ivdthin eavitl

' i z.e ' doi to, cr allize into a _ .
eSS Sy S ALY 8RB LYA AL B
geontigtiex] pasitomingayd oy dtion v diantbnidbrls 804 heteARiAsibids o one

ores_.and aor vacancies_such that a nitrogen-vacancy
anotherpackingdspsitysofiBameriloideh ete ¢ pie noseibleu ribas, 1bis possible to control

i . ANC] inthe ¢ .
e il RN OGRS 180 VAL SRl A5 L g i
the desiredilesel Hightgiroprties. e desired. This of course

det er m nes e operties . of the light emtted. In
onBelefp Rt 156, BnpRdN RontF Riper el shpvREeRTalkat 1510
. i exi | ' j.ymis
B BB S 00 R
He‘cer,ngf pgm@dptd@ldldlll,o@dtéhz_&rd lgl] B,Sdoatsaiﬂleall ﬂi%‘o@;n he&n}ozideﬂhs.?/ﬂﬁd:s‘é four
. forces is i,cted | , and a coval ent _
diamgBiimay b BRan & cprlsaboRdeipibire Aoqortre s thedishniayes
desciiMed40Pthe Yol i€l US20/R/RA202 i Re %ﬁﬁﬁésﬁq%ﬁéﬁg{% rS‘\'utussugh that

15A, a dianondoi d-containing matertal” suita
the nitypggn bgterdateses oftthe hetgrodiamondeids 5t 16Y2,cnlid518avdpettively, are

RSSO, L5 SISty MIE 1)L
pore &1 %ot iamtitdends 1 3t ecatd SO bstan@alf, o I cdn@l MnHisExRABR) of

1508 generally at the center of the group.

the coyaletly boadeshdpicise. sThepme dogu®t hayato 66T theanekier of the structure.
. herw se nstructed, such that their .
101852 88 ooy 868 6T 08 AT AT B Al O oncing
structactj, ah@iod of leet@rodianndsids,akgice dBHF vis0g 'cﬁﬁa@celsﬁllrt}d@ %wafem
e

that resenbles an N3 color center 1509. It w _be
bondigg if-s tsdesHYler Abue 16k ppssibie focantrel Gretoptipalmpropeatiss in the color
teP P51 PIEin Gl LONSmAk i pAs8Si zes, types of
een ehet er oat gm%g@ﬁggw t |rﬁﬁgg§% het er odi anondoi d,
v aleacendary solid steteafye dasehthbemey batamstratied il the lasing

.heter odi anondoid, 1 onetri.cal positioning and
meditlg e AR BHOBT it BHOndand 18 HopdIba ndhegreissershown
rallat W00 BRrisRAckiA h § 40108t o iati
A e e T L G R
source h6¢Z avhigy wpe be irethe ghrnt bifarcartayr The rkternal HSpitigtsourvetlse?
emits '}Qciigt“folﬁl fHo3 %ﬁé’tscityiéa:iltes]tgg %olgroce% err]sl. &%te shown) of the lasing medium 1601.

Stimulated emission from the lasing medium 1601 forms coherent laser light 1604. A

lasing medium 1601 is housed with an optical resonator 1605. The ends of the lasing

medium 1601 comprise a polished and partially reflecting surface 1606 and a polished and
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the desired | aser light properties. Referring to FIG

15B, a di anondoid containing material shown generally
W@e00193047 15 conpri ses het erodi anondoi ds 1511, PABL003/022629

and 1513, and di anondoid 1514. Het erodi anondoi ds

transl@@eﬁt stﬂ‘ﬁﬂag 16GN IS d e &&{H & tEgﬁh ﬁcgh‘? gl%?ttézier; tﬁg ﬁ{eﬂ?ser 1600

hese four di'anondol R a Cov:
may@@md]@deé byadjusting agradmgl MQSt @he heert 164 N601LSy be impinged on a

bedforth ol r in FIG, 12. The

meaiﬁﬂnﬁ Yi°5 8t F%%“%WP ng % & thervissrecassesisehat  t he

ni r

T S0RBeB O O RAP blech P iy R B PLA Biahtbhiids ae that
the ral@pgevemcancy c@n’pmn&g calpectntey areogonsiaoaet rdib e boten up,”

n _heter and ore 1515 forma col or

meafil B B0 S0 IR SRR Bn R Ve s copBS B hécsolgn ggnters are
placédindosiiafiBly &irt@f of thé BetGRVEH (BE £§s¥m991'i’éj€%gh1§&ﬁ¢% G, The

pore does not have to be at the center
crys@lhrzamrwraoolym@nmtmn E@sm@érmadst@ywuhmlmdmgmmchmques of

t nbi_n t i ons al ent bondjn
the ptrﬂtar uc Hjert llcie&fg o?rg e o%eélt %%I‘ilrﬁ r‘?ﬁf\ﬁcﬁ%ﬁ@ Y RS & @F%%‘Zﬂ and
therevis less pantedl af-ectheii dembityo@ dfsaitakion or%ﬁse?t@ﬂ @'ty 'Taﬁtlcee(tléinagmg
are_possible. Thus, it is p033|ble to con
implapiptieiaecsrgissr aé@lqynn&eﬁ@w ign beayp sKROSULGIE @lsm m¢m fikely to

oS, EOUMTERS BE TILEY o0 L ENELH B b pogimens
I afhen]gesemle dmbndm’heﬁtsuﬁ«sl&die mrsdlial stt@ ayéllab@ wiliPmadebmphse a
is.shown in FIG 16. The dye | aser shown eneral |y at
diamppdoid-comiginglesine medivig ancwiicthrrawingpsicanior fchyampadnergy to
e Aot 01 Pl U 0O U T R i

mediapi tTerlaginguniediunl GO cd)Ihpﬂseeab(dlameﬁddlﬂl-eoﬂt@irm{g les0hRtesial and at
medi um 1601. Sti nul at ed

shown e lasin
least éﬂ‘? 8%‘%??@% ﬂﬁf{lﬁ Ewl host gt %ﬁ%ld i Lbshcolon eentel Ay eeRRrseAt least one
RN i
B o o L B L PR e SRR ¥ bloned
adJaOﬁ’éfdP@hi%ﬂ@llecyemwgep@repol i shed and partially

’51 surface 1606 anda oI| %lﬁpnd 3£V\D .
5k 0% DRSS £oB e & dlaponAeiicroniing hesiapterial
selecﬁbﬁ@’ﬂom tHeer &in@ﬁﬁh@ oP4 CV'Eﬁdé}%%ﬁéd g mERLAIEE AN, hitea
die |l aser 1600 may be selected by adj usting a grading
polymeergd mpieriqladhe hpst glmter_l_a@ Omyreaypbise atripash gmjdlmmoadmd selected

r duesstem 09 r o rw se
from ﬁgﬁsﬁs %S%%ﬁg %8“7@@ 8]1’1 2 gﬁf‘%@iﬂ'\? ‘?‘Hﬂeecul ar
heter@mymb]&d(ﬁd dedvapieby therdoz ed lﬁymruéwﬂﬁe af Radtat diatdnliSid

ni.t r ogen- vacancy, ¢ont ai ni ng col or center are

n
selected font &’&%‘%PP 'Gongisting el tsErmanmey pentam@tnnm dexdraantarioe
heptaftishfaR6 2 ek, iy t C| |
ol gr gdgnterza[ﬂa%?ﬁe ag‘%g% #ﬁa%%gl Fca)lﬁ %?ﬁ% of‘m‘i]he
heter@th&mmh@@ﬂeﬂxhﬁvesmenbfl ng techni que, vvhet her,

crystallization or polynerization. This may be
contrasted with the danmagi ng techni ques of the prior

Doped chysti® HG do M Biifin P 1A LAGE AL OM8 are ei ther already

present 1n the crystal, and 10 there is |ess control
ovesolidrtate dpiehisértyayoalsalbs fabiitated awording fonssidddenty of the

presellltq}ntfén‘t:i%n %y 1nc%rpoqrat1ng an optically active dopant which is found to lase in the

solid matrix.
It is contemplated in the present invention to provide a solid state laser having as the

lasing medium a diamondoid-containing material that includes an optically active dopant
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I mpl antati on techni ques. Vacancy insertion by ion beam
exposure is also nore likely to damage a crystal than
wo be4dyrthesi s and assenbly techni ques of the PCEES03/022629

enbodi nents. The present enbodi nents include a solid

mate?d{iaﬂhectt %&s dvﬁﬁiﬁ&hé"ﬁih&%n@&&&%ﬁ%%ﬂ Siafrial, Séllg{l 2 éigyice is similar to
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ne nitrogen heteroatomin a heterodi anondoid, where
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iron,| BBEI, rﬁ’él&l,‘éﬁi@ﬁﬁé/onﬁﬁnﬂﬁ&ﬁum,zgadﬁlﬁm? Rhhfin$ ttéij;tglg.?ﬁ fungsten,

| aser may conprise a di anondoi d-contai ni ig ho
rhenjygt, @sinaim, isidives pdatininy grkdhmepuoy petwnsprasdodgmafm,meodymium,

eposited film a .ecul ar. .crystal, .an . .
pron e el e sof R s S A RrOsi e gbium,

thuligdn, {1eabiung R8d diARAJPhEl15&! REE@H is for@BY b 8oRURe included in
consi sting of adamant ane, di amantane, and tri amant ane,

the dgmepndgict-egniriningoratenial ag dispusaed shovetwikgreinfthe dipmoagoidt so

ONNEL S i anpondoi d, 25 sel e d fromthe .
cont 0D i mas ARThALR BolhRAR RORrEL “eatina oSl oo Midteria,
molcoelsacmstahagd colibibadmthébs, oct amant ane, nonanmant ane,

decamant ane, and undecanant ane, and heterodi anondoi d

deﬁ?‘{,@?@@% of pdisymd lpsspbavediepn digpussed by Jamison et al. in U.S. Pat.

i j.. k= aser ik A solid.state
3504167 DA ing WA & 23 Ber TR e il 174 Bl
medigmhwdiiahegeherates thdlaser light b poweiesupp N wihjchi delioéR @hérkl Rdthe
1 an optical l‘TvPaaCt [ vg dopant which i s found to |ase In
aser (ipdIUng g1 forid preded fq excite ddn eamwdisht dadid) andieptinabeaity or
resoriatb¥ Qﬂﬁé@&ﬂc@nﬁt@s‘éﬁ&% t@s&ﬁl‘ﬂlcﬁtéjthé :eﬁltiﬁiclnaﬁqﬁsep ?a?ﬁ'ieﬁ%tnas the

| asi ng nedi um a dianondoi d-contal ning nmateri a hat

i nelond éypeant solid statel lbser,ah¢ laser rdajiantcompBiSesWrystalline solid host,
. 2004/ 054047, PCT/ US2003/ 022629 erjal that | ases
O il T T
in theliQoét. CBhd &ctive Rpécids i Bxcifedd 128, B¢ iOSBEbddMbisht fth external

5,504, 767, except that the di anondoi'd-contal ning
sourcgp eYarigly of crysials apd glastes halveshsien ssedeasdiobiris thehmediammf a solid

v [:0n advan s over the diamond of . U. S
sate B e B B AR g o efpRcation, and
good destrtEntier thiangéddtion el ement, actinide, or |anthanide.
The dopant may_be selected fromthe group consisting
ofAlse disppssed by damaigeueh al.dn b Ral 5,504, #17, are tscddvantages that

. i Ck ' ' ] 0bi cadm fniu
i Bl O M LD T AT P
advarphges iareudne tgthalextrortetyhigh tiegmbldtndidEtRSS e Mrd&bandgap of

. neodym um . pronethium samarium europium )
diamondy Jpiamon s @@Pﬂ‘fmmawewgwwt tp dresmahshoek i whigh power

optical systems than any other me of material, and therefore may provide the basis for

producing extremely high power density solid state laser. The high thermal conductivity of
diamond will also minimize thermal lensing, caused by a change in the refracti've index of
the host diamondoid-containing material as its temperature increases during operation.

This is contemplated to allow a diamondoid based laser to operate at a higher power density

than a conventional solid state laser.
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10 thulium ytterbium and uranium The |[aser nedi um
is formed as dopants are included in the
walr@rosmal d- cont ai ning material as di scussed aPOWES2003/022629
wherei n the di anondoi d- containing material may
in r nuel eat ed.
g e a7 PR TR b 1 S et B e 78 e
bandgap tlebv b dlaiﬂlmmeicbcmmhmngfmaaerfhl w’ﬂadpdctbca%ﬁavba\éﬁdlbﬁﬁﬁdmd based

; _ I
matlaE NP g chvAESeH Hoser UG Abevtal &V (i sps embodiments
greafe? MadiBSul NEE ean%I 1ﬁ |Bg e Jﬂlb(?dﬂn@ﬁﬂs at ue[ﬂoumé\{)h such that

generates the | aser a power supply,
highgiegrievgyr photersmays efthtdugh tHeaspatalikati atheriwiseawdudd e occurred with

R RS | 0 ) o
Si mph@dlgr ddhi9e @B#)a‘iﬁd £8 1r%f:rtécﬂ§1?d' a Hﬂﬂioﬁﬁblﬁrbon{aﬂu %ﬁla{e)ﬁgﬁ

of solid state laser, the |laser nediumconpris

accopding togeseme e@bpdlmentssw Selfzesemhly;mrystallizmmd aidtpolyrherization
The active species

R E R ROLTAE R Rl

asselﬁhlédfoe drylsalliR8 nat@ial sSitDWHRE dse iR dolid Riatd Fa§€ﬁ§§ﬁo%fﬂ%erally at
rce. Avariety of crystals and gl asses have been

170%@5&%&%0 &1@1@ ofidsel 7@%01’7 Ofrinsy be ggmraldty dispesed atauwdran optically
e ransparen
actlvggggﬁ% fle?éa b{rﬂ#{:: b IEE%Q& Aot Ve (foggntggﬁg g%aytclp nrJF%E 2are sl element,
transitivar dahent] aitinate, or215n1;ﬁh1’ide ,@ir EkDBRdh&¥o s aﬂfﬁe&%ﬁcﬁly #hive dopant
S.  Pat. 5, 504 767 are the advantages t
may EF é#ﬁ%d &Pgﬁﬂla%ouascoaﬂﬁmgéﬁﬂtemlmnowadlm chriigm; er cobalt,

td ¢ S are due
i b s e B L AP g i,
1nd11ba,rpi@apmufg01(ﬂ lnmnmyl ceﬁumnpmdeadm@hﬁ;ﬁeoﬁ@ﬂMm,@Smﬁmhﬁn
resistant to t shock _in a, high power .optical
Samaging, Swpt%rgaﬁgly‘lm@rblﬂ@= OYSPFRSIUER. 1%9!’1“1%@1?1]4@5 tulpa,
ytterbiash, Bi®¥iagRint. NSoRe 8t e fd?aﬁno%@oﬂ@ Qgt'r'ﬁdlﬁ%getﬁte Bﬁ{f&ln% alaﬁ@dopant

power density solid state |aser
17086@1@!@@9%115/&1@@001@ amwhidh wid dopahtssits inay he githetr Ipesitighed in close

caused in the refractive i ndex of
prox 38k PSR ol A b FARAPRARE Rt iksgme mammer, such
as thﬁo@@ﬂ@b&tf&léﬁ dr AGHi€BSRE of b} L%ﬁﬁﬁ“fdr@& E{%lnz)ldr? diamondoids in
lated to allow a di anmondoi d based

enp
FIG. éﬁérlla(fléd%d 708, h7Qfhend poe rOtlendiamyndaifeepraprising/the podmtnay be

s 5 5, 80 A SRS RAS r a. 7o,

1706bTbest thawatistartididboriloi¥andy 040 &:aft ABF o tHE AGFMEIRRO force at
haf a di anondoi d- cont ai_ni ng material is expect ed to

-

all. pant 3ema Ay RBs b s mirallranest With respeeip s disthandoidasts. Of
cours@rlggét%g@ﬁ? P]xg{%lgtg 1%1{1@55 @E{ﬂ Ioﬁc\i/sslﬁq tﬁ s%ﬁ){éﬁosure R ML Soids

may dsrbbdha’tmmﬂsangmdaide,r ortdeﬁmata*é@ tHerdofV) , S uch that 5
hi r hot ons pass of through the crystal than
fﬁBP élzasgﬁllagl d °8 @ml%@amﬂﬁhthafdn@y hert en gptgally active
dopal§tQthdI{=iI iSIRWE ée‘ﬁél%ﬂ%r Bo$110TRFEG! PR, ﬂg )gé:fhcé})i?ﬂﬁéﬂeﬁﬁ comprises

dopants are inserted into a di anon
four digmendaadls 1711-1714 that form a pore within which an optically active dopant atom

1715 resides. As with the molecular crystal 1701, any of the diamondoids 1711-1714 that
comprise polymerized material 1710 may contact or be bonded in some manner to the
dopant atom, or they may be chemically inert to it and the optically active dopant atom

1715 may be held in place mechanically.
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according to present enbodi nents by self-assenbly,
crystallization, and pol ynerization techniques

W@ 20054041 0 t hose used for nitrogen-vacancy coPOF/US2003/022629
centers. An exenplary self 10 assenbl ed or

cr ' .mat erj. ' r ina.sqlid .. .
ot SE B8 CRLRILAE s AR LS 115 iy A Boghin the soli
stateDhseOABTE.diw. 1702- 1707 may be general |y di sposed around
an optically active dopant 1708. The optically active
dopant 1708 may conprise a rare earth el enent,
Diarh$i#33-boRBn Sl SAENond A thdlfs anQ T dr#at hani de, or
M XtUres thnereof. fne optrcarty active dopant maybe
s e Adighe @ndittinpdidie cognaimpted dromi Biateniglsaff thé presenti Bnbodiments may

vanadi ym .chrom um_ iron,. cobalt, 15 njckel, zinc, .
be forpied gam wmn&ﬂndbrmﬁﬁlwﬁpﬁrﬁonmmg eriahwith|aariype material; an
i dARgsE: rheni QSR .ol atin o
" yI;mar cu%lglr]an éleapf%%'ﬁ})r aseo yr%nltf{rlnllilh eo ynﬁ%mu(ﬁ]taﬂ;%bngtga%ogl%md
contginingrrhaimialend epindtype diavhohdeiidtcontatrémginateyiall ys formsd prmjunction.

hol.m um_.er bi thuliu tterbium and uranjum .
The g iingon if ey *8%%@ Biesre bnerting ﬁlaq? AdiCBHE Copftpesisapplied to the -
type 8fdeiof ehaR& M, AdPBposhint § S I id . jon.
P t he dopé;hnt sits, rrg be either Séggg?cﬂaglﬁgg ?I%Sédllé;%fgﬁéggwtmn
The prounetianymaybe feavagd piasad tat applyingac elatteic tfield ertani dlectige potential
ven .banded .t o it Jin.sone. manner,. such . as through a
acrofS{BEABAR S b Bt B 2 BB TS A5 it e eotfbns to be
excited EioRl V-9 feaial, dsroktthe plAFundildh, im6 ide tybEQaterled ORherein
and 1707. QO her dianondoi ds conprising the ‘pocket nay
the elgstroppeqmbipg sdththetash Eectutirg an elssirem eondbinanwithadwle, ¢ pbhton
mayggggﬁx@%pi ds include 1702, 1704, and 1706. These nore
I'stant di anondoi ds may al so exert a force on the
do@antnt infectivn fypé tghtainimgalelicesitpldpidg iiandd a8 Heen

. also bhe chemcally inert wwth respect to its )
disclgfedhyrideRPIhBH s B, P74 rSUeBdsgniinteRtiomeype light

R T T L
emitgleltriaviaidt vatiati dnesseafonsefuamleyofiéice 281on recombination within the
mat eri al, t may host

. di doi d- t ai ni h ;
R SRR ot v BB e v
elect%ooﬁégtd Wit GrridréButo T GafukdIP! ary material conprises

our” di amondoi ds 1711-1714 that forma pore within
whietuein ebgt teaeti thg parciuinotéordamohian ubitayinldt1icht emitinediamaad

W th.the lecul ar crystal. 1701, any.of th .
devid caf o i (oo bees Spea Fomeainh. Pk it pgessing
photdTRh&drbpty, Akl RRYKiAS M For@Ee $ighORURRs| BindO IRrVRAAG ght has a
to the dopant atom or they may be chemcally inert

shortrwavielengthg demiandsdor wh lnylesice pxeanaagyeus dugtto the High Srequepcy and

e sy BB SR U R AR KOS AR e
lumigdscérit Gyer #héve dhibyn edcafs sach tmetted BxdifaBos Rlcbbindtiah fadiation

| aser of FIG  16. D anondoj d-caontaining sen conducting
due tp gxeitagion by themiestign af eyremm 1s<lemipanig Thisdeipossthesenly atithdhgh-

: i . afe t ha.: '
vt SBRY B 011880 ISR SRR IR Mo s
delibemtety irgbrted. t h ap-type material; an

A “dominant” emission whose origin is a free exiton recombination is defined by
Horiuchi et al. as an emission whose intensity is least twice as large as an emission arising
from impurities. Horiuchi et al.’s high-quality diamond crystal is fabricated by a high-

temperature and high-pressure method using a nitrogen getter so that the amount of
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n-type material and ap-type di anondoi d- cont ai ni ng
material, or ap-type di anondoi d- containing materi al
w@na4aston? t ype di anondoi d- cont ai ni ng mat eri al , PEDUSIN31922629
ap-n junction. The p-n junction is then forward
itrdeA 66 4 ' : Y s applied to :
nie R A SO ig O APUREriA Lo AER BP0 G, T BBRE G nrogenin
the dzﬁmomg én additipupta latlict gefe?ts, amvgmgl@ a,ffeg@ gmé frédﬂi@(it'owi@édnﬂﬁnation
.The p-n junction maybe fowar I asef applying an
radlaé}oé‘c?fﬁeé’lf%éﬁij&a%noaﬁ it FiFc ype pemepBfucicroBissng boron,
whefg:! tR61BoroRREnicht f@g:bt Sltdr@han 40 }a)élrl) é@nﬂe&gﬁ?%i @P%l%%?e:(]i\g%%&roscopy, or

i asi ng causes ctrons to excite
no nyere thaw aheutdr k 40 atoonsiens’ dshesapuned pysedandary ibnir@ss fRctroscopy
(Sm&-type material, wherein the electrons conbine with

81 es. Each tine an electron conbines with a hole, a

Phob emkRiZRRNe REvas i Stthe Qgﬁ!ér:t%t erﬁigiiSE,txigﬁ@h FVRE dabPflin the
em tting devices enpl oyi ng di anond have been
ultragiodet vesselgngih ofitig eledtionmgnetic spectrum,She RambertofABPnATes and

e T
tempetagie of APRrodRYAEIS 5. 8T8V Swddletchgthi 2078im ), a6 AbbHd Sy

: . gg of a free
.. consequence of free exiton reconbination within the 20
exitog (Bhbalfcrppedmptely S mgVs theafereothe fisquensyloif it epitorofecorbination

: @ge ' e | ect rode 0 | nject
iy YO 2955080 L0 SOIT lob e O Bkt bl e on
indirpetrirapsitiot type of wemicandudtdr] and tehed viri@bs sBroh inilliated events

di anond deyice can be used in the field of optical

accompany %p%ﬁlqmﬂ}%. Q%W%Oﬂ}% éeds¢mpigsion associated with one
or m%cﬁaﬂlsx}etr%?cggig onBRY \kfﬁ?sje c%EiFfé Feq;],llltg danLegslrssgg’lg %@t&lﬁgrepergy at

['1ght so I'nce ultravio
roomiempbRAYt [ thdendnitsof H28 VI¢2B Sand ) \Si 10 \A (242101 # 98 V289 nm),

t j gh, frequenc nd therefore high bandwi dth
and {)g?b?/? g%%‘ ). yf@%ﬁpr%%é%op‘?rgﬂ@? bangs iOM%fllﬁPgtéth@P _atllgm.nescence
emis§l61Y b&RI WRIERNY SSrvable! WBnBRAGEAL 2l @Y ffiat | ﬁrgfsls,%ﬁl #3intHese

occurs such that free excitation reco

phonpm gida bpeds arel galledd frer exitet icosmbinatidreraidiajient’i on of
current i.s domnani. This i ossible only with high- .
i Ppotifanig Hre 2hat et atio o vl weShabret far e gpelity
diambd criyhialshapita Bn@fBm! Tahp&¥itfes3d d6FbRE FRRLY; ot al, a?I}igx(fee such

. inserted. A "dom nant" em ssion whose originis a
mpugly angriefest diep idirmdnd erystaleiedingeighgmpddetureiati high-pedssuras
. em.SSi: hose i ntensi I least twce.as.larqge as
e S ASHR0 SRR AT S A Tl S ST s S
providing'an ullir@Holgtiagtit teyhittiing ARAEbnA cyystA] whéredsatbiaPdi St oY arftl

. _high- tenperature and hi gh-pressure nmethod using a
diamopd grgyabydeY Panetbeds g notaspatierof proviging sueh defect and impurity

/ 7 / itr n_contained in
e EARA A LT S A Ty
can befliffictlt togeanryi out. IheicHiaanehst], caoR e hia@al & digblvie@n the flux

defects, adversely affects _the free exiton

metah g GriPRGR R Presse EerBnsuchiiat fediamend can siehdnaxist and
e ety PV L RS EAAPUE 0, ST A DU g
impurigysfaerdiamond pndiampedlispmateriols sufiymoxereliable and controllable
techniques.

The diamondoid-containing materials of the present convention offer such a
solution. It is contemplated that any of the methods disclosed above, including CVD

generated diamondoid containing films, self assembled or crystallized clusters of
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5 no nore than about 2 x 1019 atons/cnB as neasured by
secondary ion mass spectroscopy (SIMS). To maxi m ze
wo ba4wswet engt h of the objective em ssion, whiP¢T/U82003/022629
this case is in the wultraviolet wavel ength of the
dianfInB61ds ARBRREL] Byl - _colfBHE S HRSs 809,;
' délf ect gﬁ‘ilﬁ n ‘t?l%fe&g?tsls%?’g)? Bs oul Pgecggh%%ﬁf@nﬁzcgga%ﬂ%ﬁﬁsfm suitable
for passchichig deviceb drad gt shéid yvaselengih madifidne iRpaaticol & idfrest are
approxi mat e 5.47 .eV (wavel ength 227 nm, and a bound
mol G BISE & dipBandoidh ool o Brioma s haer beopobagved tha
they bI8FURLAIE! dialtinh SEIMERENLRL plriRE et e
yr Iz?lvdiogti on is Egryl- Eb, or 5. 39pe (Z%h%a?r?.r&pgg\j\%éé{a?ﬂngf&um
crysigl eintbe dianeandoids off dregresentmnbndémerts displayadierekige surface to
Vd_tr%nggtion type of sem conductor, and thus a variety
ugr Btllwdnon medi ated events acconmpany the em ssion of a
phat saitablOrdviolBednhittiis afrehSinfBti 6Ty PS lericanaas b\%ﬁﬁ% in which
with one 15 or nore transverse optical phonhons 0S
the appenmeationedslizmendoid egntaining siageriald ath suitebdnisrshywain FIG. 18.

t t in.t i ci nit f.5.28.eV (1235 ,
Refe oI S tient s bn B sBla it i 550G Tk
generuily. at TB@S eorpprigedla dmmﬂﬁidsédﬂl@tiﬂﬁg A5at@ 142 1 BAPsdn@wi el btween
| um nescence em ssion band which is observabl e.
an eleglppdediS0y and pe clselzeda /1898 e dhe Aasandpisl-dontaining ewéerial 1801 in one

Lk A ———
hydrogratted soifaceadfitht diamondyidodisylapp-tolsdesttiehl ipddperties. In this

hj.gh- quyal it di nd crystals having_a m ninum o _
‘ emb‘?‘#%ﬁ?% ‘Eﬁeeeée%fﬁee% ¢t 803 ey sanpmise grcopductingpnetalesuehy atsilver

that hAPHE bfutteRRIhbriS B@&B}gfo@ﬁg sfie80PRd d‘i:aﬁl)focﬁd%kﬁ%&ﬂiﬁ&g material 1801.
hi'gh-t'enperature ana hi gh-pressure nmethod 1I's
The deqiradys h30% 1803 aregennagtedtvea wirangll 8tS65 1 legdectivel tda power

suppf{-E0BY 142 ablarbhat e pie RoRaR08Snd Birthed Sk 256ha candeured
such ¥t elcai®rirchre Erﬁ%ecpﬂo% aBdhds 885 fi‘nt?1 Ble H2RGRM S ﬁl dntaining

provi di ng such defect and inpurity ree crysta
materglal 301 i ersatingdwdesend frelsexiionghin thendiemeandoié-camdining material 1801.

L ah- pr re. synt.hesi t hods. .can he difficulf to
The JlyBBs Ry EBSHE it iRBER B0l i Pl 6 BioiGR Spclv o lave
concélitsioh v thnputitieh @nd Hekscts,Matiathapiiel exitREBREoMbe with one

pressure regime such that the dianond can stably exist
anothep ng digeicnitomtesophingtienediatiop sembe achbertedi s needed are

) ' ect and .  30.inpurity fre
o Hiaciis 0 o RS B0 SR ko g TR fop g by the

preseatilvertotsriotisaldsed intrelation HUEIGS. THR-C. A semiconductor laser is shown
ndoj d-contai ning materials of the present

di a
SChen&%lf?@nﬁ}ﬁ £t biP0gnade. Kiforvhere eqattapts B01, 1902 aye glowre pgringeted to a p-
. : . i Sei.0S¢ LN di ng CVD.
e T
1904 gespectredinl Ais addrvedrd bias isapplied é2th¥\idB04 t&BADHIS, laser light
1906I.:>CT/%#§ 003/ 022629 di anondoi ds (nol ecul ar crystal s),
5B é‘meri zed di amondoi d-containing films are

SUHeakd & off a@ﬁie?fn? FRChdGss .rog)ﬁﬁltit)ﬁ vl ins \Rhdiconductor laser

. .. wavel ength radi ation. O Icular interest are
is different from the mechanisms that apply to dye lasers. Referring to FIG. 19B, one of

skill in the art will recognize the band structure for a p-n junction without any bias, and in
FIG. 19C, the same p-n junction with a forward bias. As previously explained, electrons
flow from the n-type material into the p-type material, occupying the conduction band of

the material in the immediate vicinity of the junction. In this region, a higher concentration
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nol ecul ar crystal s of di anondoi ds contai ni ng no
heteroatons, as it has been observed that they
whyanogewat ed di anond surface exhibits p-type PCT/US2003/022629
el ectrical properties, and a nolecular 5 crystal of
n I
of el%éf?c;/rﬂi: gtrgﬁggrg%%?:oﬁéuciﬁgﬁ le{(f 1290 Eurpaégjrefjat&g él?. %ﬁg R¥1eRtates in
the xmlldncabamﬂ ep@iinkking@ downivant tramjtiet 1907 betwen #eVtweestates, as
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aboveaieltidd pidoreEik@dts, pHibdiadess sdMeelld, 2t %Btoﬁﬁﬂs@@rs Such devices
sputtered onto two opposing sides of

havediesprdisguised Bomehapiar g Oniadediughics 39 P. Sclreme ingfRyatticeli@lctronics
804, 1805
or s R S SR B R BB o

contiolh eani)ablefesﬁttﬂp Hlyteilﬁg 6f @eslatitnl b PBotdRBtor 1PEMall$ very resistive
ured_  such that electrons are injected fromthe
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AR I T DL AN g o

and dzok betivateigswitthérg dlcuitSait ll@t—@é%sﬁbfefdeféc&mclramiﬁd iRHptodiodes are
alo Concentr tion of inpurities an

deV“‘cFéf%@étcgn i ket eherey freasbianio a@rée%?cw%u Hehewnade gpé cathode

L e

the dadg oo dungnttvalleﬂtm diowentes, wioamt thephatb didddis itlhminapsde g detomes a

e it B RSP SR Bt o 100
Applidatibh$of ﬂ%dl(‘/ﬂb@ g hsRHeetots @@@3{ pulseQ 8f ﬁ%}ﬁ Lﬁapifﬂvlrfless

connected to ap type di anondoi d-cont ai ni mat eri a
commuygationsd Salan cellgrae dhatodindksi witle very darge sngfarcataeaas alrhe transistors

are héﬁt Seh51{1§? Prgliistl%,téré: W coAiléagn Iyl‘pgmgpﬁi?tpfémsmt g%%rbges a blpolar
transfsmrtvtzlﬁdlts Bdre ledademeieda it Rpia0ed Wit aNRRESSRINe surface area.
popul ation inversion in a sem conductor laser 30 is

Whea fhier siFlane atep dkephdatketbn devienis ofh and ap piuyert @ow ghrough the
collel:t@f a‘fl ttRPI %ann Ir\ggérﬁ%ugll %%?Pr ©, Legil P Oq’lf is fegﬁtl)slael% t(h gltlthae small base

curreptis Cgtehﬂ‘ateWIthah QUhtrélH yncbinash laggesl cbnlectcEI t@enﬂi@&cufr@@t TR effect
unction with. a forward bia reviously

Photfgﬁzﬁ}éaﬁt%&re lightwsensifie fisld ghfpot rrawtﬁ@ 11}(9@1mré?améast0rs field
effect ﬁﬁcg h?ﬁsﬁﬁltsmg li lg‘sl?érate ggﬁ%@g {hla{sls%%‘cgf&céohﬂ lin train

e mat in th vicrnit
sourgegnuenton. | n this reglon a hi gher concentration -43
3/ 022629
Vﬂgc%%ﬁg cf' grﬁgof Cgltlsjso t %present invention, a light emitting diode may
comprise comprises a diamondoid-containing material having a bandgap, and a means for

generating an electric field to cause at least one electronic transition such that light is
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of electronic states in the conduction band is
occupied relative to that of the hole states in the
wo adoens®4band. Upon nmaki ng a downward transitipar/iSDd3/022629
between the two states, as shown in FIG 19C the
emlt%ﬂsﬁ&mm%&%rﬁ?eoémf%ﬁfc't% sty OCCP.I( aﬂ:%ss?l?eobatrﬁ)d i c8
serves as e spontaneous em SSi‘on ﬁﬂ’
furthendhbe l1glurtemuttmglawdetrha35bd oupdigafedlsasiethat no external 5

rrors ar e. needed is contenplated that the n and
the “31 RGPS &8%9%.%@%@9@#” Flergonys slates gethin fhe bandgap.
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a chapter on Optoelectronics by P. Scherz in
PSH@E&%B pEptedetedni wey céropriseravdimmondnid-confbiBimgrbdetik] having a

200 chapt p r esi tor N
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in the dark, however; when it is elimnated, its

acrogsdhe bangsan aud didkescfbe lishisingHing dede gy bPeandiguie such that the
clec ) LEA AR Ryt ORISR AL TR B R34 G

The bardighp ghthe siéamsdridoideconieligiag aiatdial it st PEVEREhOSBB0B RNt at

teastgy frffrsr@tﬂlﬁegtpm@&?lvm%% a'fuih gthltsaﬁgg'?vga%a etberubodasets Tae
t
wavetlé}f‘gﬂgﬁot gglhfgg\ggh aC e lﬁgf\ﬁgﬁgfjraﬂé 8¢ t\ﬁ”e e%c@gl%?éne%c

spectmnl  f | ow. Hovvever V\,hen the phot odi ode |s
illumnated, it becomes a 20 smal| current source that
punps current fromthe cathode through the wire into
Charb&Ep AR YetectdpP! | cati ons of phot odi odes incl ude
detectors of Tast pulses of light used in wreless
c o dicmandadsontSnlieg matetibkls a&r@np:ﬂmmlatdﬂ colesussiiil las pertigle
rf.ace ari The, t I St

detecgoerﬁ s](l?stgaed?vr“éei‘ll%als gesc b lhettaj %g I?at 5 97’; 830. The solid-

state PARAtRIN RRELSTIdRECrTbEd 8PS o B opérﬁfék Bﬂ/ estBlSl?stﬂgSJ QfonWelddtrical
its base | ead renoved, and replaced

field bﬁ@wen s slegirodes sxaﬂmawyblcarieao&wedw&eestmdmg nfsataeng nederial.

Whet e fafreti L ARt o BT SRR e Hootons

or eléchghtho&epﬁl édn\iﬁs lirﬁ@ ttoh8u@eR®eEd of Be |1lhsﬁmit1n§ @na‘%é@dl | the carriers
base current is generated that controls an

are syeptde thecdeqirodeshy %@ clogiricrfegld.c Gheivpirivaimas|bg neefasemd by an

clectRRRL L %ﬁali ansie g eﬁggrcg?ﬂéc%latto $eNgsdio %ﬁgs field effect

tranststors. ar transistors, field effect

pHbisaetognived sha dianisid 1h gaitraltioa gamientle adv@ﬁdg%oﬁ@ﬂnh@ﬁﬁl for
.t hat .dds used.to control in train 30 source current.
use iny? Eolichstag Do e Rree wise I AEHREdF Beh mrm SR radiation
d b gl Rt '
o) Ol BE B B B B0 L OIS 3, o
Silicamedatestdre sufferempstal strnguzrdaslage thien efposkditd lngh m‘ﬁﬂldﬂtwhlch

. east one ctronic transitio S -44
leads to an 1ncrease fea age current ang IAec:reaseg puf'sle ﬂmgﬂt and ou ut s{gnal

Furthermore, in silicon, the maximum field that can be applied before avalanche breakdown

is about 10° V/cm. This limits the charge velocity to approximately 106 cm per second, so
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WO 2004/ 054047 PCT/ US2003/ 022629 emtted fromthe
di ode. The electronic transition may occur across the
whavdgsggs7 and further, the light emtting di oOPEeT/IE3008@22629
configured such that the electronic transition occurs
j .t : [ i

that E’{aencggg%%o%ﬂmé ﬁggﬁegét% 113 ffoxteJh 8&é<[t§rnnhoaﬁr c%t %ﬁlgcg%l asI ogltﬁ]e fewehundred
microng.erial is at Ieast 3 eV in one enbodi nent, at 5

| east 4 eV jn another enbodj nent, and_at | east eV

yetugh sk Aisploged Bigihed of Propyeingzadiaracnt ﬁl%rlataﬁ@r@ﬁﬁ YR
depdsftﬂﬁtprms behd ﬂatteﬁ eﬂfb&dc%& 'd%!ngﬁﬁ co‘fl t?] dist ce of 35 to 50

ectromagnetic trum ode
mlcrrmg; acmmhtyscr:f 38040 t<n4ﬁﬁ®dm av éshtaad i lrfglmabéovmll msavihiwlifatime is

highpCIReY EESIER aCoRGDBicEPEIROPTFbIPTdD depritieid ehsrahia 3300

5505?&6 s8RRas RirimanrAlft él@i‘&laﬁﬁbn&he material. The
el ectronic transition may occur across the bandgap,

andxnﬂ@mmp}ary pavticle dgectoesnitablenfgr uscoieonding tb¢he present

embE et Sitn Eetstals o200 BT 20T 1B HeRESegren s e
d1anﬁﬁﬂ§1ﬁ&!bntauﬁﬁ§nﬁﬁa?ﬂ9m1q{avldg&w@'o%ﬂ’ﬁ@ dtsbt eRRtraddY M2 2003.

material is at least 3 eV in one enbodi ment, at | east
The glegiyodes 280512067 aesraspn¢ateshio Sl%ﬁbprépessmgﬂrcwwlyeh 1ncludes a

volt%? %ﬁ{&%é ZS&ERﬁQeﬂgﬁith Ilﬁ?ard;rg?mé PL ?(l)(fsg%lgargpl ﬁ?{‘;zo%g‘ 1s connected to

the eaécercﬂmmgwezt hrtisoBREE tdpdbitorQaT g ﬁﬂopb@étidnCh ehaeéEparfiEle 2008
The di anpondoi d-cont ai ning materjals are contenpl ated

passesghypugh dlg datecker %Qpi@wwngepmtcm@wath%@ﬂ i threptogess

creat@?g?a}g&g%%qﬁbﬁ ebés?lg% g}fro&#la?cglyﬂo itio 2§}]§’ d’ggeaél ctron diffuses to the

positikedy changell diyctiode QOOZ:} |wheﬁepﬂaé abkbsilﬁyse@m &i@hiegzi’ti\légy cﬂlarged

tWH{ %electrlcal 1eild bet ween . two el ectrodes wthi
clectiadedyl3 PRI %8%’@&1 Defhp PRISARFERUHGYIF 1A 2l Hipd by the amplifier
200grateri al . V\hen the insulating material is exposed to

radi ati on of sufficient energy to bring electrons or

el Aotattemativd empadimentarfithepaticlaborddieionaletiumtr isshobarid FIG.

208 {p 405 J0B5 e PssBBadoBh ot Pl & B il S AF Fous
porti6Aoife BRBSIB derite @'Iffer%llt%?t‘i&ﬁ'o@ 11 AR BGthRthe Jnatenal

devi ce connected to the electrodes. It Is recognize
2002 h"adVadtaammfdlnsmHgJ@denciﬂ areghat heeautse owiltiple yegrohsarfitlagdiomsndoid-

by id
contfiing madritt 3ha i wa Br e e RSB Bt PG of el famaee
sustait@Aaone bRt T thd ARG d0es nBieredn® bndtBdr§Yattd) f¥h & 8t et&Sfrom
silicon having ap-n junction. 30 Silicon detectors

being sgnsisive ¢o patigles o rraé@tlgn eAd ahwg@mm 28R pihs pdiriod clecgpdes
2002@2&)@%% ggegéﬂlaﬁge ‘i’ﬁ ré@?f'i‘ Bf{ %%? danh?ﬁegﬁa%eoféi&{u? Ak

2002%1,1 20O emdrgized meisﬂght leoid regibe oﬂﬂﬁéldﬁwﬁloﬂ E’hﬁ’s ,ifweparadls 2021
pl i ed before aval anche breakdown s about 103 V/cm

damagiep herlpRibed FogioneHel thet theresipn 9f materplBRiinme kngerggsitive to
radiaBiBhPFSariQE 2080 3 seiff Be detected by the still operable region 2024

Anti-reflection coatings

It is contemplated that the diamondoid-containing materials of the present

embodiments will be useful as either one or both of the alternating layers of an
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WO 2004/ 054047 PCT/ US2003/ 022629 that the collection
time is at least 20 ns for a detector having a

wao hiogksess of the few hundred microns. Lu et BET/US2003/022629
di scl ose a nethod of produ0|ng a dianmond filmvia an

w306 X, TR 27 5088 oy TR LA D 5.
Heamns ranle Wa Diwehbirh tiry ItInghBﬁﬂ@Gpﬁcﬂmﬂe}f; MEwWY 6rk$ 1991)@19161 44-46.
ng&(,)f over 1 ns. This lifetine_is t han

atEgiigrsion gpatings pie shapsip EHG 1A @v%%ﬁelamgﬁa FIG.
21Ata£}geéﬂﬂr9ﬂik§‘rrtloh %aﬁmé}g gélqnegﬁlg}‘rf‘%)c ﬁg??{)‘%ﬁngege t@ﬁl}ﬁﬁﬁﬁ ayers of high
refrastive aldee afid tow&ﬁaem:mndhmatteﬂals kiepcmtte& ent sulestiaced? 108N tThe

shown gene at .2000 in FI The. devi ce
laye'@zi%mné%gagﬂﬁlaeaﬁl% HiBecH 1@'8@%9 g3l wﬁtcéf@ﬂ?méwf 1/4 of
Wava@ﬂgtﬁ Qf Eﬁ@%@h {fhzﬁ %ﬁg%ﬁ%e Sloseitk 0965 s12H Oat tl%ﬂ%ﬁissioﬂ_ Rice
el ectrodes are connected to signa

thromlmmfscmed@’e& pmducttsreyphm dll’ﬁferemcb ofigls a vol tage source

4 In ser r esi r 200 An ar
eteiof B Bty Bs ot 120ink b P Glac 68 mp? oSy wit Slerence
to Fl@ qlmt WARhGAPRS tHeQbsu? QY Fayd ih pm% 2bA 95in @ e@é}ﬁérﬂ ®¢a quarter
partlcle 2008 passes through e detec or 2000

wave gipelodl Wy Bissinste ﬁamemt;z 13 QtChmeus:g a dingle kyepofocligh rafactive

1nde% (1)1%?% aﬁ] 91 g(g fﬁh S%\i} o ag é}/ée 1 %}Ia Fr}a?eggggf)]{ o L{éﬁgsﬁng that the phase of

an inedeint W)iﬁé Y1 1Ghar e dingleetdni@ie 1 AP, thwieefectdiEbdaf] 2116 one has a
diffuses to the negati vel ha ed electrode 2003,

phasg pg uerig reflestigmannd Tsflegied hagjnp degerdiffiienee dug to
sl ] EHhBY e R EA A

a phasealifferencerdfQ pi d26 t@hsmligsidrl £8d p2ABe td ﬂ&ﬁeﬁicﬁa@ iabit@s3 pi, so that
and 2003 hﬁve been_subdi vi ded such that vari ous

.. 20
itis wd?qlaﬁeowgth aphel i el dde dhushx suceessive desteistivp srtenfapace of
each%fet 5%0%%9&99#} S&gﬁ%@gé‘[‘ong material 2002.

Advant ages of I ment are that because
muAgdvpiteges ef a dirsnaifdotdheontkising e’ 2 1 thistthitriundo the layer’s high

refrafy ¢ 5Og¥. Y Gikomral My gery B bt s ispouins e raraser
numBér I eAeiRICE BltertTRSie3l inRFGVRE b sﬁ[@&f‘lﬁ:ﬁtru&@fv% iRErtifce.

detector from 25 being sensitive to particles or

r adillafi |t]@mpubhgatgcm§mt¢rrﬁs |dpatao Bppltdagomned@m this apphcatlon are
hereeI ectrgrd 2B, 2003B e e zts t he teftt g 1 ¢

RaBr SRR yelETce Fopar shehrls e itas fifdisclosure o

eachaﬂcﬁ%uaﬁ;ﬁmaatﬁmepﬁbm epplidigion of PhtemMaigt sbs@ﬁ@m;oafndtlﬁ&mduauy
detector. Thus, 1f a particle 2021 danages the | ef

mdlq%ﬂddo bégw@rpog@te%by referen¢raindisgntivetof material 2023 |s

AL Lcle.20
ot MBS By oA E Bt R ne P B So 5 0R4
abovdviAtéddilyekbwab itlane elaﬂédl fiohe bit. mc@lﬂﬁigﬁ?ﬂ‘@lh@h@&lﬂdhah to be
t he, di.anpndoi d-contai ning materials of the present

consgHeshes iREHE@e srugre Andrmisthods that Al witbinsthe scapsaf tes appended

clainid1e alternating layers of an
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-46 WO 2004/ 054047 PCT/ US2003/ 022629 antireflection
coating. The theory of antireflection coatings has
whemn/osiosrussed by O S. Heavens and R W Dt ch@I/US20031022629

Insight into Optics (Wley, New York, 1991), pp.
44-46. Exenplary antireflection coatings are shown in
FIG 21A, B. Referring to FIG 21A an antireflection

WHADAS CAAIMVRIWS:general |y at 2100 conprises alternating
| ayers of high 5 refractive index and |low refractive
index materials deposited on a substrate 2101. The

1. | aperdptieangeiics icbiipAiht b AdnesidofNciRahinp @$atdif0 are of
equal optical thickness of 1/4 of wavelength of the
l'i ght inpinging on the substrate 2101 such that
tr thrquah any,.one roduces

2. o 3820y Sl Gyin £ TR RRGo R Eon i 5 Rn

compﬂﬂdeslaﬁfeh:&@hbhfgh@lo@tamﬁﬁddf&y be di scussed nore easily
wth reference 10 to FIG 21B, which shows the result

of rays inpinging on a single elenment of a quarter
3. wa [ conpr.i S

e %’g? 3151?&?/ dg\;}%e?of acTaﬁl% ﬁ v&h%*e?% C{e?aggélgt cﬁ%%?(gher 3idds a
deﬂ@ﬁiﬁlh@hﬂM@:ﬁolcﬁfractlve i ndex nateri al 2111.

Supposi ng that the phase of an incident wave 2115 on

the single elenent 2110 is 0, then refl ected beam 2116
4. ONR 73 sfitc BRASRr PbmbidiBg b Qishfhl i e

beam 2 1%7 ehdiaié norfargéz cﬁ%%elr ence udgﬁ%mﬁgpaglé#glqé (ﬁ%hgl
optld@hpumplpg agserd iférf deligenieg @fergyi todhelating tuedien; adianroptical

Ref | ect hase difference of
resor?\fm HW@c?s’gmlgrtg‘h]é%%%P%#gﬂaa% laﬁllﬂg MedipRs | ect i on,
making 3 pi, so that it is in phase with beans 2116

and 2117. Thus by successive destructive interference
5. of Thespdid state dysf lasaxof m}almé whereinr the lasitg mediing coempoises a

- t a di tal n | a
aiarsAABBIERIR 1S PR G- IRRISE Pt banBl Sl b chpgerial
t hi ckness of the |ayer may be thin, thereby all ow ng
for a greater nunber of ers and greater efficiency
6. i nThe sodidistate dyeslasar of éllalraés ﬁ@r@m the colpr esntesrcompaisesidtileast one

: t at ent | i.cat
nirofn Ao g Hel B0y BRLE, e PR BB o BB RRL Bt o o
least bat ese@nceot port.hei r entirety to the same extent as if
the disclosure of each individual publication, patent
application or patent was specifically and
7. | Moty ayARsd BELGRL 9%{3@&% BEAIRGSALLHting nost
reference In’ts entiret di Fons or ¢
mateﬂalea'pd;laqtgd foindatle gmenp somsisttdge)f |ar(§)‘é]Dtdepdjsl’ddS'ﬂjlnps @tblecular crystal,
d 3 e wll rea ily occur to those skilled in the art.
and a] YPER47dAtHale | nvention is to be construed as
including all structure and nethods that fall within
the scope of the appended clains. -47 WD 2004/ 054047
8. p(iheasshdestodrdasr oflam b SviBiréinNEDhdésBmaterial comprises at least one

diamondoid selected from the group consisting of adamantane, diamantane, and

triamantane, and heterodiamondoid derivatives thereof,

9. The solid state dye laser of claim 5, wherein the host material comprises at least one
diamondoid selected from the group consisting of tetramantane, pentamantane,
hexamantane, heptamantane, octamantane, nonamantane, decamantane, and

undecamantane, and heterodiamondoid derivatives thereof,
-48-
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1. An optical device conprising a
di anondoi d-containing material. 2. The optical device
w@boogloziomt 1, wherein the di anondoi d- cont ai ni NgPEEUS2003(022629
5 conprises at | east one higher dianondoid. 3. The
optical device of claim1, wherein the at |east one
hi gher dianondoid is a derivatized hi gher di anondoi d.
10. 10 The sdlicsaibte dys taatreofayaml 4 séreratotherlasngmedium comprises a

. di ndoi d-.cont ai ning | asi ng medium a optica
dmwﬁ&%nm%ﬁmat Wiarﬂ%@ﬂ%ﬁ@ﬁgm PP¥e | asing
medi um and an optical resonator for processing the
light emtted fromthe lasing medium 5. The solid
11. st dhe selydbestitadye lasér aflckiim 149, whineiretha optieallyasting dogat isnelected
conprises a 15 nondoi d- cont aj ni ng hpst teri, and

' |
from R BB et PO B A0 ProE i 528 SHERbrgfeh e,
zircdhium YEoBiah, BadhhihS hineinh, 28R51ue, titleBe) Renithe b§hiint, BEdium,

color center conprises at |east one nitrogen
platinemegddmaerciny, eerien, eragpdmoindy ndodyntiemhproaretivfimmysanchuih,

curoff), B A oo 1By S PRl R

uranivi€ adld afiRfaeRithereemt ai ni ng host material is sel ected
fromthe group consisting of a CVD-deposited film a

nol ecul ar crystal, and a polynerized material. 25 8.
Th ' I I a0 [ wherei n t he host
12, ERERUAL B P U S ARRAO Rl O Do AGHE Laleipdfe

matetinbinstleeted frotrpthe @reipsdonsigtigs ofad@BAlspositeddilal @b @AB&ar crystal,
aﬂg tri z%g%nt ane, and het erodi anondoi d derivatives

and g polymstizednatetigl. 5ol i d state dye | aser of claim b5,
wherein the host material conprises at |east one 30

di anondoi d sel ected fromthe group consisting of
13. t eThasmistaiedyplasirafelaimié, whéremahehost Meaterial comprises at least

one 0% i Faabe Hi0P RLR U aPAALAEI wdUPTpRPoeisd
trianfab@h8 Uind heffodfthaRRd B3R 7eRhdcbfS2003/ 022629 10. The

solid state dye [aser of claim4, wherein the |asing
medi um conpri ses a di anondoi d-cont ai ni ng host
rial, and _an opti.cally aciive dopant. 5. 11. The
14. JoFfts i PlE aferR ot FRm ol Shin R RN pisstiod prompriSes at Leas
one dithbEdid Yel@fdd ¥6mARPDLp CnsS@ing GF Riranfah ARk L IMB A Rtie,

consi sting of titanium vanadium chrom um iron,
hexaggpiane, heplagralane, ctpenantane; ropainantane idepinmantansa dnd widecamantane

ond QUL AR Kol HagSE en, T hent um oSt um i i di um
platinuny gold, ‘fercury, ‘cerium praseodym um

neodym um pronet hi um samarium europi um

gﬁgol I nium terbium _dysFr osi um hol m um erbium
5. { hiyspipendyatise basghdiaving  fighficoiitingwar jungtion esmptisngap-type

diamondoid-containing material positioned adjacent to an n-type material to form a p-n

junction for light emission.

16.  The semiconducting laser of claim 15, further including a means to apply a foward

bias across the p-» junction to cause the emission of laser light from the p-n junction.

17. A semiconducting laser having a light emitting p-n junction comprising a n-type
diamondoid-containing material positioned adjacent to an p-type material to form a p-n

junction for light emission.
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12. The solid state dye | aser of claim10, wherein the
di anondoi d-contai ning host nmaterial is selected from
W b@4gsowp consi sting of a CVD deposited fil mP@EI/US2003/022629
nol ecul ar crystal, and a polynerized material. 15 13.
The solid state dye |aser of claim 10, wherein the
host material conprises at |east one dianondoid
18. selThesediconduntinp éasgr aiipaianls ifisthien hebiditgla Rt Sdoward bias the
di amant ane, and .tria ntane and het er odi_.anondoi d
p-n JFRFHQRLP pute the ghission os faseylisht o e ipyr Binglien. dye |aser
of claim 10, wherein the host material conprises at
| east one di anondoid selected fromthe group
19. C odde somwgnd;fctmg {asemnefiviaimel 5, pzé\lateanﬂueipallype diamondoid-containing

t anmant ane a amant ane,
mat gl AR B ol R e ip e s CR bbb bR B R Al ar crysta,
and Qpblyﬁﬁhw@ﬁlafemr eof. 25 15. A semn conducti ng | aser

having a light emttingp-n junction conprising ap-type
di anondoi d-contai ning material positioned adjacent to

an t I nct on fo Iih.
20. e ROl kY B holinetes b S Gerizpi et is
condudtivd) et cornpiised arRgnduchBAPSlyhRridRRtdia foward 30 bias
across the p-n Junctl on to cause the em ssion of |aser
light fromthe p-n junction. 17. A sem conducting
I a t t4i-N t| S
iy 19& PLE M e Bt ERean ining
matesid] iscsel&t:teﬂ cﬁromthetg;@@ ovatietingddf 4 @Vboddfbélﬁbdrﬁlrﬂ WRESIe@ar crystal,
for ht em ssion. -49 WO 2004/ 0540
and ety %@%@PB?"Z@% 18. The seni conducting | aser of
claim17, further including a neans to foward bias the
p-n junction to cause the em ssion of |aser |ight from
22. th@h@samnipmnhmﬁmlas& of 8lainié, whereiathe polyhirgizédmeteriaf is

m 15, where he e .di anondoi d- cont ai ni ng
Condﬂ‘étfvgr P%‘Fdnil%flsg%%e’%@&tmg Bﬂ&%ﬁ@ gflconsl sting of a
CvD-deposited film a nolecular crystal, and a
pol yneri zed material. 20. The sem conductl ng | aser of

23. c| Hhewengcondueting ]ﬁSQl‘h)éCbuh)lﬁEWhQrenh thep ¢ypeadiamenddi@-containing

U GG SET L 00s EB e
adamdfieine] dlathi@ant; bﬂcpﬁlaﬁiaﬁfﬁﬁe %ﬁ%‘eﬁ:%ﬂ@rh&idwd dé@gﬁ%saﬂhelle f.

sel ected fromthe group consisting of a CVD deposite
film a nolecular crystal, and a poI ymeri zed
m ct. ser..of claim 21, .
24. ma—h% éeﬁllg%n]dﬁctﬁfgy ﬁ%— ??}%’ é% lﬁgs #egtﬂnqge D ?36}?&}%1}1? ’1c|1-8$)rgta1mng

matena)]lmmmﬁss & leasnonecdihmanduid yeledieCfirbmitBE kidlip consisting of
tetramantane, pentamantane, hexamantane, heptamantane, octamantane, nonamantane,

decamantane, and undecamantane, and heterodiamondoid derivatives thereof.

25.  The semiconducting laser of claim 17, wherein the n-type diamondoid-containing
material comprises at least one diamondoid selected from the group consisting of

adamantane, diamantane, and triamantane, and heterodiamondoid derivatives thereof.

26.  The semiconducting laser of claim 17, wherein the n-type diamondoid-containing

material comprises at least one diamondoid selected from the group consisting of
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23. The sem conducting | aser of claim15, wherein
t hep-type di anondoi d-containing 20 nmaterial conprises
w@rookeant7 one di anondoi d sel ected from the groR@I/US2003/022629
consi sting of adamantane, di amantane, and
' j [ erivatiyves thereof.

et e e R A TR e RS e
decapraniape, agid anderiaiadtane,ndihetengliamBidid adrivaamey thsRsf at

| east one di anondoi d sel ected fromthe group

consi sting of 25 tetramantane, pentanantane,

27. hexaptaiiang BRAL i t AR ini htane
docamnranang 1REL SO Bl anE (RSB A i E AR B e =
bandgep,iand pimess fdrecrahtingin cldttec sield toeaasect ioagt drrs@éctohic
claim erein.the n-typ I anondoi d- cont ai ni ng
transﬁé&nesi“lcé?ﬁa&%rlf %ﬁegtﬁqf%ﬁ‘gﬂtdel%%e di anondoi d sel ect ed
fromthe group consisting of 30 adamant ane,
di amant ane, and triamant ane, and het er odi anondoi d

28. defhe/bightwenttingdiasisfof clam 2Thwhereini tho alduicenio (rahsiier oairs across
i.m 17, wherein the n-type di anondoi d-cont ai ni ng
thebﬁn}é(?%lg]i al conprises at |east one dianondoi d sel ected
fromthe group consisting of -50 WD 2004/ 054047
PCT/ US2003/ 022629 tetramant ane, pentanant ane,
29. nekbgdight smétting dindaof aleim @8, Hictheneomfigmesd snanthatiht alvetronic

oS5 EOL 30 APARGNAR R 08 I S BTRA

conpri sing a di anondoi d-containing material having a
30 5 ,Eh?egldqu, .and a neans for generating an electric _
- f i EulghG cpfiag dipde 0f glaim gReWhireaintthobandgap philsidianamdoid-
tSMER nd 114 " mtted fromthe diode. 28. The
eon [ ggt aE?nfat tsia%ggaat:%%g of claim 27, wherein the
el ectronic transition occurs across the bandgap. 10
2 The light em tting. diode of claim28, further _
3L o ql@&%@a‘ & 1ok 9f cliima 28} wharsia e bandeaihes the dipmesndaids

contaMih$ Blateridistat faRaf d@n of el ectronic states within the
bandgap. 30. The light emtting diode of claim 28,

wherei n the bandgap of the di anondoi d- 15 contai ni ng
erial ig.at . least 3. e 1. The light emtting .
32. g}afgg 1@; ergfrg{lgﬁh? ’eot\ﬂé%yﬁ ‘%ﬁéelﬁg]?f‘dl@?&gg@? of the diamondoid-

contadhifgattpialis a6 RALS Sy.Ng material is at least 4 eV. 20
32. The light emtting diode of claim28, wherein the

bandgap of the di anondoi d- containing material is at

I t: 334 Theslight - entt.i di ode qf aim27,. . .
3. pieh B et SR RO ootk Wit of e efmegight is
in thewlltrivdvicOta@fe 62the eledfrombencll 8pdo@pRINet i ¢ spectrum 25

34. The light emtting diode of claim27, wherein the

di anondoi d-contai ning material is
34.  The light emitting diode of claim 27, wherein the diamondoid-containing material is

selected from the group consisting of a CVD-deposited film, a molecular crystal, and a

polymerized material.
35.  The light emitting diode of claim 27, wherein the diamondoid-containing material

comprises at least one diamondoid selected from the group consisting of adamantane,

diamantane, and triamantane, and heterodiamondid derivatives thereof.
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selected fromthe group consisting of a CVD deposited
film a nolecular crystal, and a polynerized
woradoeos@lr 30 35. The light emtting di ode of PCHUS0BY022629
wherei n the di anondoi d-contai ning material conprises
at ol [ romth oup . . .
6. 2ol Bght GG QERTERa2, HAL e A ffig CotRaining materia
compriseaablebsinae dantbnideidesekdicd frondingd g@l@lgp AbisHES of RELQMtane,
-51 WD 2004/ 054047 PCT/ US2003/ 02262 36. e |ight
PentRARtING, BeXAUEMANGs heptaamaniang, ogifyaiane, ppramantane, decamantane, and
undedi [ t d‘r@g]g,% rises at | east one
d?g%%iagdggle}g?%agﬁd&%om t J[é{’;]égsrﬂcl)étlrg(l;%c'?onsi sting of
tetramant ane, pentanmantane, hexamant ane,
hept t ane, octamant ane, nonanmantane, decanmant ane,

37, anth PROHAE RIS APERESING A 4 SHATEPGF BRIRIGE inadkstal baying adandgap,
and 4 BT prévedsing AR BALL 8&dsConCA RohR tRGhsRion that results from
di amondoi d-cont ai ning material having a anébap, and

the apsorpiagnsofdighp by dhesmitagalcur rent from at | east one
el ectronic transition that results from the
absorption of light by the nmaterial. 10 38. The

38. phohoplelieddidior®f chidi3m WhereWNBE Slebird S tr8hS $rL9<9:'ufs across the
transition occurs across the bandgap. 39. The

bandgayt odet ect or of claim 38, further configured such
that the electronic transition occurs wthout
participation of electronic states within the bandgap.

39. 15THdphoiduzteetetod dRie GBofurtbbr dnfikiited Buchhel Bk RldcR6nic transition

bandgap of. the di anondoi d-contalning material is at
OCCUWSaﬁgPugPWIPaﬁQn ahdeqhmaicotriesswitin the bandgapn 38, wherein
t he bandgap of the di anondoi d-containing 20 materi al
is at least 4 eV. 42. The photodetector of claim 38,
40. wHEregihotadetzctoanf glaim 68, WheeidithebadghsloChe (d@infirA8id-containing
tmalt.erilal 'gs t least 5 eV. 25 43. The phot odet ect or of
mateplplds 4 1835t 3\f¥er ei n the wavel ength of the detected |ight
isin the wultraviolet range of the el ectromagnetic
spectrum 44. The photodetector of claim 37, wherein
41, t hihegibatrdatgoiod of dlatnaB B wigprera tties baak gaysof the deetoadofdr @itaining

.he_group,consi sting of a CVD-deposited film a
mate}ﬁ%llse%}?ag?‘l@%st al, and a 30 polynerized material. 45.
The phot odet ector of claim 37, wherein the

di_ anondoi d-contai ning material conprises at |east one
42. diBhewhatadgtester efelain B8,oviher¢in thy omggaporiths tianmpndbid-containing

' di amant ane, and tri anant ane, and
1 %'?{ . : ' ’
mate et ergéésggng}{dm d derivatives thereof.

43.  The photodetector of claim 37, wherein the wavelength of the detected light is in the

ultraviolet range of the electromagnetic spectrum.

44.  The photodetector of claim 37, wherein the diamondoid-containing material is
selected from the group consisting of a CVD-deposited film, a molecular crystal, and a

polymerized material.

45.  The photodetector of claim 37, wherein the diamondoid-containing material
comprises at least one diamondoid selected from the group consisting of adamantane,

diamantane, and triamantane, and heterodiamondoid derivatives thereof.
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-52 WD 2004/ 054047 PCT/ US2003/ 022629 46. The
phot odet ector of claim 37, wherein the
walr@mosmal d- cont ai ning material conprises at PEHES20051622629
di anondoi d sel ected fromthe group consisting of
tetramant ane, pentanant ane, hexanant ane,
hept amant ane, oct amant ane, nonar nant ane, decamant ane,
46. and'h photddetectamnd Zaisim ) avheatie the dii anmided-cordginingahitves
t here I. 47. .The opt'cg% gevice of claiml, wherein
compyses g lepst one diappqndordsselegted dromy thergspyn ¢rusisting pf tetramantane,
. U ot Lot
P P S PRI AT, Rilom BB bR, Bcanintane, and
undespmpntane, ded heteragiangdralioid detivatives tdreoft he
di anondoi d-containing material is selected fromthe
group consisting of a CvD-deposited film a nol ecul ar
47. CT Y5 BpticaRBskide oRPAME W eal i '
devi cgb of cl ai m%%lwv\rﬁgr,%?ﬁn %ﬁglkgn%xgoil%gég%ﬁ%%@%e group
consfing of & photessistp? phusetransistozsasphateelidicarebinatal asolar cell.
sel ected fromthe group consisting of adanant ane,
di amant ane, and tri amantane, and het er odi anondoi d
48. deThy apticabaevidieseddim 5O whEReh SRl HMnddRIEGRaiRingGhAEM is
47, wherein the di anondoi d-containing materi a
selecigshiiom dhasgranp persisting oé a i idlapiesited §énee metbchilap nrystak and a
polyﬂx%ﬁ%?hﬁ&’t@ﬁﬁl?“ ng of tetranmantane, 20 pentanmant ane,
examant ane, heptamant ane, octamant ane, nonanmant ane,
decamant ane, and undecanmantane, and heterodi anondoi d

4 derjvativ 3 thereof. 51. An anti-reflection coating
9. colPt ?@}Cﬁg eyicq Fdaimdie WhekeEr e diampndaid-containinginggterial
i | id i i - il .ayer a_low

compret A1 Sns BEonft O TRRAG B ASTBn B oot
diamentané, agd tfancdnéine &id hetdredieinonddié degadtivegtieesngr i ses at

| east four alternating pairs of a high refractive

i ndex di anobndoi d-containing |ayer and a | ow _
50. T efhasticHBddvitADE cl-AN7. wRSeRZh Eﬁﬁlﬁﬁ&fd’-cfo%ftaliﬁﬁé h%@eriatl

coating of claimbi, wherein the coating conprrses a
comprisasat ledsk oneadinmondaii nefeped fromdhe group gonsistfrgaefitétyanantane,
i r sy R S A ——
undet¥aldrtine 087 Kb2etbdidmondoid HBBvaARLS tHeffokect i on coating of

claimb54, wherein the refractive index of the

di anondoi d-containing material is at least 1.6. 55.

Th l.zd . &f: L.on _coat.i.n f claimb54, . wherein the
1. ofn BHIBHOREAER SRRMPEACIeatoll Mgt Wipse ek

refractiverindestalismeaivi Bt aitAigingdy R ahd a dw k&astivd ifdex 2er, The
anti-reflection coating of claimb54, wherein the

refractive index of the high
52.  The anti-reflection coating of claim 51, wherein the coating comprises at least four

alternating pairs of a high refractive index diamondoid-containing layer and a low

refractive index layer.
53.  The anti-reflection coating of claim 51, wherein the coating comprises at least six

alternating pairs of a high refractive index diamondoid-containing layer and a low

refractive index layer.
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refractive index di anondoi d-containing |ayer is at
| east 2.0. 10 57. The anti-reflection coating of claim
w04k ei n t he refractive i ndex of the high PCT/US2003/022629
refractive i ndex di anondoi d-containing |ayer is at
| e T al.m 1 erejn
4. ¢ POl Rt (AE P8t LBl s St e R lsp Ot the
dianmnm&&bnﬂagmﬁgnﬁtehem,at&amlr&or, a pressure w ndow, and
an optical waveguide. 15 59. The optical device of
claim 58, wherein the dianondoi d-contai ning materi al
i's
55. Hl%%itﬁ%ltﬂ?e dgq; &{ﬁh}lg 6f 915% géllj ﬁg{r&f‘é&ﬁ ttllée{]lgﬁ%tn% jndex of the high
reframe;mm diemhonddiéicoaainiBlape.is z'al'ﬂ‘leasm])t& cal device of
cl ai m 59, wherein the di anondoi d-contai ning nmateria
conprises at | east one dianondoid selected fromthe
gr i ']
S B e o here ETRRAANG bt g hih
refragiive ilifex dipmbuddid-deniamenglhyalinatte®d2Wher ei n t he
di anondoi d-contai ning material 25 conprises at | east
one di anondoi d sel ected fromthe group consisting of

57. 1 eTRdmeABEon RANhETPALAS4, IR¥SH MY RASetive index of the high
hept anmant ane, octanmantane, nonamant ane, decamant ane,

refragiifee inderdlismaadidisentaiming lagerds aideash®Adoi d der i vati ves
thereof. 62. A nethod of generating laser light froma
solid state dye | aser, wherein the nethod 30

58. COMMY drRR8l de¥icoureWimdi 1n®h@e1ha§¢ BYSticAPAkvIED ik B@Ect@@ﬂ"@fn' tB€ group
a .di anondoi d- cont ai ni ng host material and at |east

consigieg elot lsns, @ankeor, apresiure vindowoand areemsicebwaveghifieh)
subjecting the lasing nmediumto energetic stinulation
sufficient to cause lasing. -54 WO 2004/054047

59. P@Mdlﬁﬂﬁ@ﬁd&ﬂ%&ﬂ@lanﬁ$8 Ahereintae ddnodasR@®ntaging afedrial is
ht froma solid state e | aser, wherein the nethod
SeleC@éﬁﬁm esTron cstiipaPrhy Céﬂ? -denasedribmameleatlap gl seda
yieri) R TRA g&}d containing host material and at |east
one optically active dopant within the host material;
and 5 b) subjecting the lasing nediumto energetic

nmul atiop suffici t.o ca se_l asi 64. . A net hod
0. of Replical eﬁﬂfewég@a f‘?gﬂterqna %Wfoe%ﬁa@emg mgiersl
comﬁi‘ﬁ@sf 8185t B dehbAGhia SAEREL ﬁ@ﬁl th@groﬁg Sbhdi QoY ARNENRE,
di anondoi d contai ning materi a ent to an n-type
diamarganea tied fripmantant cand leperodipmondoid derieatisestheayfpl yi ng a
foward bias to the p-n junction, the foward bias
sufficient to cause |asing.

61.  The optical device of claim 60,wherein the diamondoid-containing material
comprises at least one diamondoid selected from the group consisting of tetramantane,
pentamantane, hexamantane, heptamantane, octamantane, nonamantane, decamantane, and

undecamantane, and heterodiamondoid derivatives thereof.

62. A method of generating laser light from a solid state dye laser, wherein the method
COmprises:

a) providing a lasing medium that comprises a diamondoid-containing host material
and at least one color center within the host material; and

b) subjecting the lasing medium to energetic stimulation sufficient to cause lasing.
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65. A nethod of generating |laser light froma
sem conduct or | aser, wherein the nethod 15 conprises:
W@R00p054i087 oni ng an n-type di anondoi d cont ai ni NBCT/US2003/022629
mat eri al adjacent to anp-type material to formap-n
ju WoJqk D). ' ' t -
63. | RGN ofiePlingRRtt 0 Bt UL B bl Rciling method
compike§i6. A nethod of generating light froma |ight
em tting diode, wherein the nethod, conprises: a) .
prOvPEVHENS2 HsEeaneii e AompHsd d %?_r?oaci-cmww hest material
and R 30GEG o AP AOROYAR 4 BLAGL haellichth ac] oss the
i anondoi"d-contai ning nmaterial to cause’an 25
el Bc subgenting tthalasing intdivng tooerergetia stimaktivh eufieitagtpcante lasing.
the material, thereby generating laser |light. 67. The
met hod of claim66, further including the step of
64. MhthdRGd b Gieratife 436 1tk RV DL&hicokRRER 1REr, WiRkrein the method
el ectronmagneti c s%ectrun1 30 68. A nethod of detecting
comprisgbit wi th a phot odetector, the method conprising: a)

praqvi di.ng .a di gnondoi d- cont ai ni n terial havin
b afBAB Oy BB CATERdRd e mtggal adiaceii to arl ntype
mateHbPIOTDER L G- £ RALRIMN ARG Material to cause an el ectronic
transition to occur across the bandgap, thereby
geherpplyimg a fawerd Yiagletthe p-HFungbiopods /fogad dras sufficient to cause
lasinPCT/ US2003/ 022629 69. The nethod of claim68, further
ghcluding the step of detecting light in the
ultravi ol et range of the el ectromagneti c spectrum 70.
A nmet hod of reducing the anount of |ight reflected
65. f r Brmethedipf grnerating daspiclight dronsa seapisendiicioy lasey, whersiy theppethod
com&&egmti -reflection coating on the surface, the
anti-reflection coating conprising at |east one
al depositiorige pan ity diambndphd c@ftdiatiginvaterdidldépacent to an p-type
di anondoi d- cont ai ni n | ayer and a |low refractive
mateﬂﬁb‘@)f"%?é’r’?J%ﬁ@(’fb')an%xposi ng the anti-reflection

c oﬁ‘)t lclﬂgyﬁ% o oS8 d bias thc519—n junction, the foward bias sufficient to cause

lasing.

66. A method of generating light from a light emitting diode, wherein the method
comprises:

a) providing a diamondoid-containing material having a bandgap; and

b) applying an electric field across the diamondoid-containing material to cause an
electronic transition to occur across the bandgap of the material, thereby generating laser

light.

67.  The method of claim 66, further including the step of emitting light in the ultraviolet

range of the electromagnetic spectrum.

68. A method of detecting light with a photodetector, the method comprising:
a) providing a diamondoid-containing material having a bandgap; and
b) absorbing light by the diamondoid-containing material to cause an electronic

transition to occur across the bandgap, thereby generating laser light.
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69.  The method of claim 68, further including the step of detecting light in the

ultraviolet range of the electromagnetic spectrum.

70. A method of reducing the amount of light reflected from a surface, the method
comprising:

a) providing an anti-reflection coating on the surface, the anti-reflection coating
comprising at least one alternating pair of a high refractive index diamondoid-containing
layer and a low refractive index layer; and

b) exposing the anti-reflection coating to light.
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