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P mFluorescent labeling o% biological systems is a well known analytical tool

used in biotechnology and analytical chemistry. Applications for such fluorescent
labeling include fluorescence microscopy, histology, flow cytometry, florescence in-
situ hybridization, DNA sequencing, immunoassays, binding assays, and separation
25  procedures. Conventionally, fluorescent labeling involves the use of an organic dye
molecule which is bonded to a moiety that in turn can be conjugated to a particular
biological system. The presence of the conjugated organic dye is then identified by
excitation of the dye molecule to cause it to fluoresce.
There are a number of problems with such conventional systems. One is that
30 the emission of light in the visible region from an excited dye molecule is usually
characterized by the presence of a broad emission spectrum. As a result, there is a

severe limitation on the number of different dye molecules which may be used either
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Quantum dots having a CdX core and a YZ shell have been described in the art. To
25  make quantum dots useful in biological applications, it is desirable that the quantum
dots are water-soluble.
Diamondoids are known in the art. Elemental carbon has the electronic
structure 1s*2s*2p?, where the outer shell 2s and 2p electrons have the ability to
hybridize according to two different schemes. The so-called sp> hybridization

30  comprises four identical ¢ bonds arranged in a tetrahedral manner. The so-called

sp>-hybridization comprises three trigonal (as well as planar) ¢ bonds with an
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are essentially subunits of diamondoids. The compounds have a “diamondoid”
topology in that their carbon atom arrangements are superimposable on a fragment
25 of an FCC (face centered cubic) diamond lattice. According to embodiments of the
present invention, electron donating and withdrawing heteroatoms may be inserted
into the diamond lattice, thereby creating an n and p-type (respectively) material.
The heteroatom is essentially an impurity atom that has been “folded into” the
diamond lattice, and thus many of the disadvantages of the prior art methods have
30 been avoided. A diamondoid containing one or more heteroatoms may be termed a

“heterodiamondoid.”
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Embodiments of the present invention are directed toward novel fluorescent

labels based on heterodiamondoids. Conventional labeling techniques have relied
on fluorescing organic dyes, but there are a number of problems with such analytical

25  systems. One is that the emission of light in the visible region from an excited dye
molecule is usually characterized by the presence of a broad emission spectrum.
Another problem is that most dye molecules have a relatively narrow absorption
spectrum, thus requiring multiple excitation beams. A third problem is that of
photostability, where conventional fluorescent molecules have the tendency to

30  bleach, or irreversibly cease to emit light under repeated cycles of absorption and

emission.
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25  to van der Waals attractions, hydrophilic attractions, hydrophobic attractions, ionic
and/or covalent bonding, electrostatic, and/or magnetic attractions.
In one embodiment of the present invention, a biological label is provided
that comprises at least one luminescent color center, the color center comprising a
nitrogen heteroatom substitutionally positioned on a diamondoid lattice site adjacent
30 to at least one vacancy or pore. In another embodiment of the present invention, a
biological label comprising at least one optically active dopant inserted into a

diamondoid-containing material. In these embodiments, the diamondoid is a lower

5
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an overview of the general subject of the present invention,
showing the steps of isolating diamondoids from petroleum, synthesizing a
25  functionalized heterodiamondoid probe, binding the probe with a target analyte to
produce a labeled analyte, and causing the labeled analyte to luminesce;
FIG. 2 shows an exemplary process flow for isolating diamondoids from
petroleum;
FIG. 3 illustrates the relationship of a diamondoid to the diamond crystal
30 lattice, and enumerates by stoichiometric formula many of the diamondoids that are

available;



substitutionally positioned; FIGS. 5A-B illustrate
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tetramer of heterodi anondoi ds that may conprise the

bi ol ogi cal probe; FIG 7 is an stereogramillustrating
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the biological probe; FIG 8 is a chart defining the
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mat €hipdes Latiddnt DOa1)f fey27-129);
FIGS. 10A-B are exemplary diamondoid-containing materials contemplated
20  to have photoluminescent nitrogen-vacancy color centers;
FIGS. 11A-B are exemplary diamondoid-containing materials that include a
dopant atom for creating a photoemissive event; and
FIG. 12 illustrates an exemplary operational use of the biological labels
contemplated by the present invention.
25
DETAILED DESCRIPTION OF THE INVENTION
Biolabels comprising heterodiamondoid-containing materials may enable the
creation of novel biolabels with unique attributes, particularly with regard to size,
shape, ease of functionalization, and the fact that they have a precisely determined
30  structure. Since most higher diamondoids are between 1-2 nm in size, the
advantages of using them in biolabels relative to conventional materials are that they

are potentially smaller than other nanoparticle based labels such as quantum dots or
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are potentially smaller than other nanoparticle based

| abel s such as quantum dots ornetal nanospheres.
wanelsloeydssi ze enabl es hi gher di anondoi d based BColuabmh®23705
~to find nore versatile uses in research by enhancing

their bio-intake as well as allowing themto bind to

smal | er bi o-nol ecules. The fact that the | um nescing

het er odi anondoi d-contai ning materials of the present

bi ol abl es di splay different shapes enabl es the

Cr eaetaPRarifspBde ESiAIRS ksfzk enkbil & o Hiedr Slidntundvid baaed biolabels to find
pur poses. |In addition, docking or un-docking events of
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Sr t shepepensblenfhaaeatiog afishangeipecifig mﬁa RGNS RyPopRE In
di i o T . : '
0 ¢ b Bl PR LRI 1 e o
f unfibbreshtzétaraieristicgher secieaasmnelol ohdivateddricolldmemschanisms.

may be bioconjugated.for a_.potentiall ch | arger set .
of cel | uFa ehertenalivation g baperent betmipdiPERadgS Kapgspecially
pr e&t'hﬁglliix)ée n%%ﬁ%? gblrt‘i@ﬁilaﬁi/ ERGTeW o 1R difRI1IB iR %?erﬁrh of bioconjugating

het ero s Is advantageous because hi gher
10 athervsd ksyvar quantwi dotduhe disfiedtyl @dienodjugating quantum dots can

struct ur are conpl etely_known, .unlj.ke. nanoparticles .

| B R G6 CoBHasan L erest Mo BRRah Sissf afifendoid
pr eBés%ﬁ bRIABAL HEL LB BN ORRE] foR P@fqnﬁﬁ‘l@y HusHRRER S8t of cellular
nol ecul es enabl €s the creation of highly specific

| abevents damegudatoisc | Additeradlybthe pedsésely detarmingskstructure of the

advant a of robusi.em ssion characteristics. over, .
pas Btrse BereodRat i ih A0 R OR B R el ot Rt e

19 hot )i 8@ Ml dMebuldsing Aiir @sicturélyRe banp@tdlpRedvn,amtike nanoparticles
experinmental |y easier and nore versatil e because of

si npkequantenidatsioy napgsgheres. dihadpawisidde pathe Prosiss siefuge and
tentiall ' . .
P B et b6 8RR REY BSIoHRAS Speo R U6 DS RRor highty gpecific

chembelsry. The col or centers of the present biolabels
are contenplated to have | um nescent properties.

Luni nescdaepastacle baswd birlphalshavy threadvaaiase of mbugsmission
tical Pro . . . .
s
pr o6Rgchins. I ROMtERT &yt dagdilsisldre okpdringdntallyyeasiec atdthore versatile

ﬁ;? ggqalg{;]e g&sjnqlgllgg ﬂ@%@ﬁ@éﬁ%’ c@égeqn{cggd @z{sg ioﬁbeﬁshﬁotentially
combine performance robustness of nanoparticles with the experimental simplicity
of dye chemistry.

25 The color centers of the present biolabels are contemplated to have
luminescent properties. Luminescence has been generally defined by M. Fox in
Optical Properties of Solids (Oxford University Press, New York, 2001), p. 2,as a
general name given to the process of spontaneous emission of light by excited atoms
in a solid-state material. The atoms of the material may be raised to an excited state

30  prior to spontaneous emission via a number of different mechanisms, one of which

being the absorption of light. Luminescence can thus accompany the propagation of



prior to spontaneous em ssion via a nunber of
di fferent nmechani sns, one of which being the
wahsewropedseon of |ight. Lum nescence can thus aceompamp4/023705
t he propagation oflight in an absorbing nedium The
light is emtted in all directions, and the emtted
light has a different frequency than that of the
incomng |ight. Fox goes on to point out that
| um nescence does not al ways have to acconpany
abshglftih @h abSrbiag needomar @hd Bglhtss emitedon all dotctidnepandghe emitted
required for the excited at rrs%ft re-emt_1ight by
spohglihes adiirpridregrengyithanial tg%%%’% K"t he
exci ted t Y : ' |
bt or o ¢ Rg® P Ak B Gal IR E B A RSB have to
Op pascottipahy absormivnu ISincElaechefaciecisenamowit df timene sapireé for the

therefore, is intimately related to the nature of .

rat BH9 51 SLomoS SRS TR SRR SRR f SrtRpqsaiple for the
Ph OEQi%H]aﬂﬁ‘fsct@ RERigaf the ELLAOE BEAGH b¥fob B8 r¥@8tivemission
describe a phenomenon wherein the fluorescence event i
i s pagemdabyn appirhwity émocdieahe tffisiency nf luftinsseenagt therefore, is
radiation”). Iln contrast, .electrol uni nescence . .
des PRy B2eq BF it LOREHe s LRy ST VEFRE lpmiaescence i
casgesiffehe event is caused by el ectron beam excitation.

The fluorescent event may be caused by other types of

10 nput enBhegplunBoescencariph ésrmi genetally teserredfto derstipp p @beranenon

ener LS,d to thermal .means,, such as t.h
ap pV’%’gP} %lﬁ%glf)ml’?%eé]tc? CYHE L %aﬁ%edatfyp%lﬁli;li%g?tebe?%ronf]plhg tons
t he(eRtiwionesdignse). henapf) éleatd@nineiceabeddseabesengmgiyr
| eads to chem | um nescence. An energy input that o
r es finerssqenbenenh dut i thisicasathecyirntde caused Ris glectrop beam excitation.
subst ances | r i.hol ym .
typabe BBy Ty b paRel By BRRE BRRE of G uRtay, 88 Sxample i
13Vette fofe of BRtigjepkdted Pk dieho ticimnl menis, $utk aptlesaplication of

i nvention. The present djsclosure will be_organized in )

t heheas) themthegppiaRFate-term jsdhermplyipiggsaepes. ohhePPHeaion of chemical

di R iegas {B?Célreglglwn‘f’r@sé‘én%gs AB%Q%?E@‘E iﬂiﬁ g%suﬂy @rom the frictional

chemc a to provide fun I'ize

het esaaitdetwudaitas sulstqncesis deched Fabdlomimegeanbat Each of these types of
description %;1 t he bi ngi ng chem stry; in otEler wor dg,d. ¢
howeRHBY fript tibieatll PedlFIFrae ivBiAe contpppgied by embodiments o

o® OP{%%&%%M’%E%{ may be reacted with a target

anal'yt'e,” the substance or species whose presence,
| ocat i onThelpssenthiisciosnre weiticbeatrparizesivio the followirg thame sfirst, a

desi.red to be knqwn. Th Lyte.i !l abel.ed. .
T aREOPOT P HHE CRTifBAP G oy S Sra RASicH sk Bickehemically
r eaghkd 08 1yhrblids FendiiBh&lBled TelefSdidBandofRds bfRitRAC Following that is a

description of the binding chemistry; in other words, how the functionalized

25  heterodiamondoid (the biological probe) may be reacted with a target analyte, the
substance or species whose presence, location, distribution, and other such
information is desired to be known. The analyte is now “labeled.” Transport of the
functionalized diamondoid (before reaction with the target molecule), and transport
of the labeled analyte (after reaction with the target molecule) is discussed. The

30 labeled analyte (functionalized heterodiamondoid probe and target analyte complex)

may then be excited with energy to generate a luminescent event. Systems and



of the | abeled analyte (after reaction with the target
nmol ecul e) is discussed. The | abel ed anal yte

woORuwsmndsmal | zed het er odi anondoi d probe and t aPQetUS2004/023705
anal yte conplex) may then be excited with energy to
generate a |l um nescent event. Systens andnet hods nmay
be provided for detecting the emtted light, and
detection systens are discussed briefly. An overview
of the enbodi ments of the present invention is shown
i N fefhodd maRefeqirsviogl fop dEteEinglihe dindtirmirithhit, s daletection systems are
isolated froma petrol eum feedstock in a step 101,
pr oé@@ﬂﬁﬁ@dbﬁl%ﬂﬁbndoi ds 102. The foll owi ng sequence of
steps P adUgendel WAl aftdlinet HEhe pRAATRAAELH isiH8wn in FIG.
and there are at least two possible routes to
accomplefesting ti BIQgdadiambndadeareifydaiedrfnt a petivéten &zdstok in a

whi ch be nitr, As. ] t i nt b t
3 at bieb 400 radustna dianardaitmitbr o o8 lovieseaisat o Rg produce a
het ﬁfngfi dﬁﬂﬁe&i g&e@%oh%oggﬁfdww RN @brediO B AR Yivd B@ﬁ%}ﬂ?@routes to

attached to t eter amondoi d 103 to produce the .
f una¢donmpdish Hasigbedt &r ol anwddoent, 4 B&eroatane (wisich welyybe nitrogen) is

t he. di id 102 f ] b t ' .
{ U EEPOREIRG GEcH Bog st it bt ABmRoth{ %, Bws pindugine
104peaffdidnitsifdion 118t & aglcasndl Wiwphnaghen biaMadhed to the

nitrogen) is inserted into a lattice site to produce

1@ hehétaradianumaloid K theretucd herfonctisnalizegseterpdiapondrid d05.
e SFBSHANHD S0 BB BPY L ShETBHL My REREANARGEgptions sowp

cenpRIducSifcliiiliped PiafRnadid fluntdndaned 4 Béter@atofe(which again may be
di anondoid 102 is to provide a neans by which the

di anitregen)ds icertedintar laiide site t@ prwdyeaibe dimcdiongliedound

e T T s
15 05hatesbatiin [s8 Gteatt avplidiolamigRedny teloi terers btthe @briose of

produce the analyte | abeled with heterodi agon 0i_d ) )
pr oBnctigpalizinghg diamondpid 19245 t91 pravide @ magaug Ry ik te diagnondoid

n - S {168

302 o o R P nc 1 80

het getedhiasd andosméoredny be crystallized in a step 108

to create a | arger ;speciges for, reaction_wi th analyte.

than an iTﬁH%\Fhedg’ﬁPtl?T@Sé‘?dolbqt%rﬁg‘PrH’&P °%@§ @’arYgiFereaCtg‘{ with an

royj f4ed i, AddistigBRdbiotucd A€ ahMELONA ##E Heterodiamondoid prob
2@etéﬁ% |é%8%gkﬂgg%§gcﬁ%§ @Eapop§nerized inegn%%%%nigb'mn >

t 0 evhécit aytieabgenergized iean é:wited etatetinarstapi 107 sanlathat e.

Det Ip cl)tto!er%pssi%fn cgrll gcr:ré)urr].d I gns alternative embodiment, the functionalized
heterodiamondoid 105 may be crystallized in a step 108 to create a larger species for
reaction with analyte than an individual heterodiamondoid would have provided.

25  Additionally, the functionalized heterodiamondoid 105 may be polymerized in a step

109 to create a larger species for reaction with analyte.

Definition of diamondoids

The term “diamondoids” refers to substituted and unsubstituted caged
30 compounds of the adamantane series including adamantane, diamantane,
triamantane, tetramantane, pentamantane, hexamantane, heptamantane,

octamantane, nonamantane, decamantane, undecamantane, and the like, including all
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The term "di anondoi ds" refers to substituted and

unsubstituted caged conpounds of the adanmantane series
wonaedswd99sy adanant ane, di amant ane, triamant anePCT/US2004/023705

tetramant ane, pentamant ane, hexamant ane, hept amant ane,

oct amant ane, nonamant ane, decamant ane, undecanant ane,

and the like, including allisonmers and stereoisoners

t hereof. The conpounds have a "di anondoi d" t opol ogy,

whi ch neans their carbon atom arrangenent is

S up ésoinrgpoaaidtereoiomers tiageh The ftompo(ds tiva avdidmondoid” topology,

lattice. Substituted di anondoi ds conprise from1l to

10
and"‘ﬁ\1 ¢ rapans) theig car Olﬂatpﬁ]oeéﬁ@ﬁﬁ@?ﬂtll§/s@ép%’9é@ %P%?Ifragmem of an
su bivbd HeRbid 1MWte§m%5Yds f@@@@ ﬁoﬁqeﬂoeveﬁﬂld

ort, Jr. amant ane: sequences
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Si n@oﬁse@%@&& oY HedhihinBRASH @Hﬁbﬁne "DCABRNRAN§oIC @ﬁ‘tﬁ P$7-300
two subunits, triamantane three, tetranmantane four,

and (E$4pnAduhiitend s dhesstallestemberefitadigmonddid senigsfand may be
adamant an di amant ane ri amani.ane, .there a

oo TR G s R St S R el et subunits
I epEem@MtarRthies AetrhQiRitCfoBRlahd so bn.eWhilfeQHéreH 1808 Isomeric
&osm bl e ways of arr angi ng the four adamant ane

ubioim &f adﬂfhﬂ@nm%b&m@ﬁar;@og@ tslamanioethere apecfosndidierent isomers

non t he

e PLIERERAY LB Sl Sy T TR i i o0k differen
oct poxilanays mmﬁ@ﬁfg&hefowi @@mméﬁ%@bmﬁtsc .The number of possible
Adamant ane, which is commercially avail able, has been

st UHPBETSERETEARSS penyineqnhewith gashdieherveeriless of therGamenloid series,
to a S

st apo o o MRS By har RS R i R oo AR A8 e,
1ﬁdadamhanEmeaﬂ¢aln|ng materials. For |nstance t he

follomﬁnﬁépatents |scuss materj al s co
adamant afd2@gBigRe.tvenich fsgomperaally wg able4lsa;s bﬁ@ s@é@éw&enswely

t he
f T 1 i
f or smebilityy furedtioydlaxdtion end tie mopertiesof ddatant?at-eontadding materials.

5,017,734 di es.the f tion of. thermal]y stable
;s FnFERSH TRy iedatrar dsnuss Meterigh gopasi sampntane

2d\b sibud e @glPit%t(N& 3 493 18% eSS p Qra‘ﬁ%h%?ﬁ[)l‘yﬁé}é R6m

a variety of ad amant ane derlvatlve In co
t healétmadﬁddnardsnetseUrSa RatentiNe. H8IL, 313 Yyleaches kipolyamade polymer forms

“hi Prom alkyladamantane diamine; U.S. Patent No. 5,017,734 discusses the formation

H_

of thermally stable resins from adamantane derivatives; and U.S. Patent No.
6,235,851 reports the synthesis and polymerization of a variety of adamantane
25  derivatives.

In contrast, the diamondoids tetramantane and higher (known as “higher”
diamondoids) have received comparatively little attention in the scientific literature.
McKervay et al. have reported the synthesis of anti-tetramantane in low yields using
a laborious, multistep process in “Synthetic Approaches to Large Diamondoid

30 Hydrocarbons,” Tetrahedron, vol. 36, pp. 971-992 (1980). To the inventors’
knowledge, this is the only higher diamondoid that has been synthesized to date.

Lin et al. have suggested the existence of, but did not isolate, tetramantane,
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of stritkéted hememilane hilddfe divmbhddifeinicasei®dvith a convention
nomencl ature for these di anondoi ds in accordance with

1§ cevigdishedby Balahan eichdn “§ystgaa%€h8%ﬁcemon and Nomenclature of

YRGB B85 L £ D AN MBS A58l BRI

( 19%Bamailahed Igive theforanRrt,sHgmddcalal RRidhe o). ardededid %en
(ol ecyl ar wei ght 292). There are ten fpossl bl e
8

penPRstig aq%@narﬁm?és IHB‘?/ hagng the melp@dan tarmyla Crgflm (molecular
CZGW%%h% ’5@ ecl‘flﬁlaﬁfon bln%d’tfile I tlﬂgg)élagrstd}%ﬁg t{béﬁ}:?s represented

there are hree Shant i OB & epresen

1gyengemedlly tyy[1 QQJ@E]],IIQM] [[ 1213 jwitH the iln?ﬂ]e enpiitiorhdie penfnantanes

B bastanicd by DERS PTALEDE, (LEPh HEee SSsoristan trttiahantane [1231]
[ 12&#1})?5&911 sg%trﬁglh émggfg@n iRl &S] {ol QL R gﬁ% 330).

ecu wel Hexanmant anes exi
thirty nHammmtmeb legissinrthictyurisspossible dtnentrys withy ht/enty eight

o ei e S, Dlpys Cootlg RRBENC Pt 59p) And SFIHRES, ix are
2(1eX ARALRRSS téﬂ%ﬁaﬁlmaﬁ@hﬁwh@rm&eém Brdd 841, (molecular
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[ 12wm}1t 739 andd @nqmneuuunghemmanmna[mam@s(th@mtmuhr formula
wei @ {1 (%1 251es are postulated to exist in
160°-FH &Y Scug? u‘?:lg ‘Wi th 85 having the nol ecul ar

for rrul a Géghkhantah®y 26 pbailaieitd Bkistift 850 pOsLiBIE skh&8Rs with 85
seven are
having the molecular formula Cs4Hao (molecular weight 448) and of these, seven are

25  achiral, having no enantiomers. Of the remaining heptamantanes 67 have the
molecular formula Cs3Hss (molecular weight 434), six have the molecular formula
Cs2Hss (molecular weight 420) and the remaining two have the molecular formula
CsoHsz4 (molecular weight 394).

Octamantanes possess eight of the adamantane subunits and exist with five

30  different molecular weights. Among the octamantanes, 18 have the molecular

formula Cs4H3g (molecular weight 446). Octamantanes also have the molecular
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achiral, having no enantioners. O the remaining

hept amant anes 67 have the nol ecul ar fornula C33H3
woOnismoedsar wei ght 434), six have the nol ecul apCctaiSzaok/a23705
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o TR oS PR e sof o e s el 2k G Kol weiht

Gontség d, swﬁm%ahﬁr @@@Hm@)oindmsgﬁgr(nme%m@ Q@hg?iﬁ 656).

includé, for exanple, natural gas condensates and
refinery streans resulting from cracking,

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,
25  distillation, coking processes, and the like. Particularly preferred feedstocks
originate from the Norphlet Formation in the Gulf of Mexico and the LeDuc
Formation in Canada.
These feedstocks contain large proportions of lower diamondoids (often as
much as about two thirds) and lower but significant amounts of higher diamondoids
30 (often as much as about 0.3 to 0.5 percent by weight). The processing of such
feedstocks to remove non-diamondoids and to separate higher and lower

diamondoids (if desired) can be carried out using, by way of example only, size
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atmosphere, to a temperature of at least about 390°C, and most preferably to a

25  temperature in the range of about 410 to 450°C. Pyrolysis is continued for a
sufficient length of time, and at a sufficiently high temperature, 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 by
weight, and even more preferably at least 90 percent by weight of the non-

30  diamondoids are thermally degraded.
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after disti Iyl ation or %rpol ysis/distillation, further
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sel ectivities may be used. Further processing using
t hesepanstidne dhich ¢anveddan arsubssantitly pac: eeprongtl. ons whi ch

Can R 0 SRARL TS Pk B ERREin FRaonco
di arBA@edifons are set forth in U.S. Provisional Patent Application No. 60/262,842
filed January 19, 2001; U.S. Provisional Patent Application No. 60/300,148 filed
25  June 21, 2001; and U.S. Provisional Patent Application No. 60/307,063 filed July
20, 2001, and a co-pending application titled “Processes for concentrating higher
diamondoids,” by B. Carlson et al., assigned to the assignee of the present
application. These applications are herein incorporated by reference in their
entirety.
30 FIG. 2 shows a process flow illustrated in schematic form, wherein

diamondoids may be extracted from petroleum feedstocks, and FIG. 3 enumerates
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illustrates exengl ary het erodi anpndoi d i ndi catin
the typedlGrd dastrias poailashsicgris ofsBABOnIoRlsy inclatig{fsckypes of
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h.and . .
Wi t AgmoRdeiaT wall beot lsSHoed i § BTTeTal Agnsgite mcgi%&lgﬁmﬂélds both
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such "as or a donat'i ng el emerit such
as Bean eRctrofi-dpintiag sleinent hich adiNs @, os As,eorwilidle denatihg eledent such

'S BhB Bt drentess ot CHT AP UnC GpEScpin fhe nioES-cortaining
20, SRRSO S8 63t SO vy
sy nthles centefthstiachbéieg etiladidantreduesnt phdtblumn@p@tt [pscd:@el
next. An exemplary synthesis of such heterodiamondoids will be discussed next.
Although some heteroadamantane and heterodiamantane compounds have been
synthesized in the past, and this may suggest a starting point for the synthesis of
25  heterodiamondoids 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 necessary to employ protecting groups,
or it may become more difficult to solubilize the reactants, or the reaction conditions
30  may be vastly different from those that would have been used for the analagous
reaction with adamantane. Nevertheless, it can be advantageous to discuss the

chemistry underlying heterodiamondoid synthesis using adamantane or diamantane
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reaction, producing a 4-keto-3- azahonpadamantane as a
reafi®dAfed product. For details pertaining to the

Schm dt neagcti. ee 158k "a%m:t 8leSiz& from 1.3-
Adanantaﬁgé?%%?ggt%bgg;hgﬁf?qﬁﬁ% g@ﬁ%?ﬁPJ eac ﬁoﬁ 5 om S
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4109 (1970). Alternativ
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i b : . o
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mixture of cis and trans-dioximes; this mixture was hydrogenated to the compound

1-amino-2-azaadamantane dihydrochloride. Finally, nitrous acid transformed the
25  dihydrochloride to the hetero-adamantane 1-hydroxy-2-azadamantane.
Alternatively, a 2-azaadamantane compound may be synthesized from 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 -halo amines. Synthesis and solvolytic reactivity
of the anti-4-substituted 2-azaadamantyl system,” in J. Org. Chem. Vol. 46, No. 24,
30  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

17



nmet hyl ketone, which subsequently underwent

ozoni zation to a di ketone. The di ketone was heated
waei20ds/0bgse equi val ents of hydroxyl am ne to pro#dTaIS2004/023705

1:1 mxture of cis and trans-dioxinmes; this mxture

was hydrogenated to the conpound

| -am no- 2- azaadamant ane di hydrochl oride. Finally,

nitrous acid transformed the di hydrochloride to the

het er o- adamant ane | - hydr oxy- 2- azadanmant ane.

Al t ggingtiivell ¥holaride. aDalaaiagmaﬁmef thisrspoanddnizayediate to 2-

synt hesi zed from a bicycl q[. 3. nonane-3, 7-di o as
y adn ;llp]éll UsHIg I|41|43H4 n Bﬁ/lE

r epé?ataéﬁnwa@ s aqepmaplishe
" Nei ghbopi .
oy Dot SAGREEHRLY T8k & LB Pl 288 n e prosn

- 4118ehisdr Wik egoRedzradBgoeht gtlal.dy SAarovel jontelto thix @-aza-adamantyl
Chem Vol p. 4953-4959 981). The di one ,,
Tray SYETR am@\ot%aewa} il TP T ERORE A TR RRRT e RS,/
use g%m dﬁ@gg@zzy;m EERHANS paDG 752984 MIE YA ARRERRY Sibl de

pro tter yieldsY to an | nternedi ate, ich may
be hpdmsyadamantanams meacteid ity aNdNabasgd ;rmemmyeinm to form the

SRR e
usi peplA)A E H‘er!m%x%/ A YR BaiadI VBN dpdRY was then irradiated in a

related’in princi to one used in the present
10 nv ehetodrenvieal rmm@ntrwlomye@tmEgmwmd the I\Eaacylﬂrazaﬁdﬁm%ﬂane

route to,the 2-aza-adanmant stem vi.a m cal

ri ng conﬁnaéFWB?f‘r%feaS %‘}(E}a%w%g%?%% ng ane SCOﬁ%mmg
dleﬁete@z@@-téammmeﬁ@ AlRstratéd inld67 54198411 bé Rndvai & those of
approach, a 2- hydr oxgadamant ane was reacted with a

h@rdy@@'}g gkﬂlgggbgﬁrt thatihe fsacionsorditieas of the pathway depicted in FIG.

az aE mﬁl% fg@gg Qlﬂ?aélyvﬁéﬁ%e}(?@m&% %? Egﬁ&ﬁ 4uDYo the dlt;t/‘erences in size,

m cnl or oper penzol 0o-glve an ep

14- az@lbitipadadesnicavicies dhetrenatynsiaselatientd ardaﬁﬂn’alhe dAi second
a photochem cal ring contraction reactjon to%ﬁl eld t

N- apgthway gya @Eaﬁ%ﬁ&rab@m%n@%w%%mmé teresharpen
for ﬂﬁ}é%@ﬁ?ﬁﬁ@gﬂ? nitrogen-containing hetero

ramantane is illustrated in FIG 5A It will be
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reactivities of tet amantane in relation
adaien 24p. 420542281 93 Hivayconteriplagdyl taf tmch a pathway may be able

BT RS L AR 3 o
Pr eSeRtindtIVEINF HQMiorRd R BRRIGHMRToFPRhRIRE NGith the advantages of
having two different types of electron-donating heteroatoms in the same structure.
25 After preparing a heterodiamondoid from a diamondoid having no impurity
atoms contained therein, the resulting heterodiamondoid may be functionalized to
generate a biological probe capable of binding to an analyte to form a labeled
species. Alternatively, the diamondoid (having no impurity atoms) may be
functionalized first, and then converted to the heteroatom form.
30 Further information on the synthesis of heterodiamondoids is provided in a
U.S. Patent Application titled “Heterodiamondoids,” Serial Number 10/622,130,
filed July 16, 2003, incorporated herein by reference in its entirety.
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has other oligomers of diamondoids before undergoing further functionalization. Of

25  course, it will be recognized by one skilled and art that the number of diamondoids
comprising this oligomer (i.e., 4) was nearly exemplary, and a number of
diamondoids may be used to construct the probe ranging from 1 to 100,000 or more.
It is contemplated, however, that sizes of 1 to 100 diamondoids will be appropriate.

Functionalization of diamondoids, methods of forming diamondoid
30 derivatives, and techniques for polymerizing derivatized diamondoids, have been

previously discussed in U.S. patent application Serial Number 60/334,939, entitled
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di anondoi d carbocations, which subsequently react with

1y ar M adandgpnenmgteddietrsedipmprioidsare semageieagst versatile
car BR0SHartl AFRAIALESRTeRAARAABEARAY  TIREEIHEMENINE are used
t han 'secon ary carpopons urnder reaction conditions,
Subd, ifbrdxianmle thesk e Haaft RitteardndrFriedelf Gradis etkylaFBa-ahg peylation

reactions involve an el ectrqphilic sybstitution.of
o HSGRE AT sPUER JRoe JEBITADBO iAo aTIoBHoLds B Favored at

i nt er: ' t ' r | :
B O A 8
2het escodidaywartons ss welheF&Nhe {ajiee casaywhen synthesisiisigdngrally desired at

utilized for generating a variety of heterqdi anondoid

der PERRPAYFLAtBHG SR DBPO QR SETIOVL |

het er odi aTBRAGH 82 r8dcBiod PABWALs HERriPRBAbOYE nBdtlel Referred in some

internmedi ates for functionalizing heterodi anondoi ds. _

Thesmbbdinembseafithe present énvggeh, many other reaction pathways may certainly
be used as well to functionalize a heterodiamondoid. These reaction sequences may

25  be used to produce derivatized heterodiamondoids having a variety of functional

groups, such that the derivatives may include heterodiamondoids that are
halogenated with elements other than bromine, such as fluorine, alkylated
diamondoids, nitrated diamondoids, hydroxylated diamondoids, carboxylated
diamondoids, ethenylated diamondoids, and aminated diamondoids. See Table 2 of

30  the co-pending application “Polymerizable Higher Diamondoid Derivatives” for a

listing of exemplary substituents that may be attached to heterodiamondoids.
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in, for exanple, the Koch-Haaf, Ritter, and

Friedel -Crafts al kylation and aryl ati on reacti ons.
wahoismogis2 di rect brom nati on of het er odi anondoPds/UiS$004/023705

favored at bridgehead (tertiary) carbons, brom nated

derivatives may be substituted at secondary carbons as

well. For the latter case, when synthesis is generally

desired at secondary carbons, a free radical schene is

of ten enpl oyed. Although the reaction pathways
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13T0NREREES. P@bymaéal paIylnMZQtiori m@y asd élﬂleﬁﬂtﬁlf-dﬁﬂvaﬂuéd or derivatized
usi ng one of the follow ng nmethods: free radjcal
pol Yeterodiaqndaid mamquasts-cAS 8 resuli o Mrepqlpmgrization sgachian a covalent

andy @94 0 A Hiahb R WoRGiahBhadif el Hégerf)&%%ondmd
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For cationic polymerization, a cationic catalyst may be used to promote the

25  reaction. Suitable catalysts are Lewis acid catalysts, such as boron trifluoride and
aluminum trichloride. These polymerization reactions are usually conducted in
solution at low-temperature.

In anionic polymerizations, the derivatized diamondoid or
heterodiamdondoid monomeré are typically subjected to a strong nucleophilic agent.

30  Such nucleophiles include, but are not limited to, Grignard reagents and other
organometallic compounds. Anionic polymerizations are often facilitated by the

removal of water and oxygen from the reaction medium.
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het er odi anondoi d nononers. As a result of the

pol yneri zati on reaction a coval ent bond is forned
woebtoswespseli anondoi d, nondi anondoi d, and PCT/US2004/023705

het er odi anondoi d nononers such that the di anondoid or
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t ogEXERIE, JBFHMIAS STQUR; & OBB 91§tqf 5ﬁtef(gle 1gpeRdeig eeacting with a
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catal yst's are S ac cata Ssts, suc boron
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i nclud but ar.e ed to nar d [ea ent an,

ot h%enlré %F: é‘ I%P{’IIS’EO@SH%EIBH a%ach%ﬁ 18%] ge polye S, po yamides, and
1molpa9aha@t|ons are often facilitated by the renova

of water_and q@ggen fromthe reaction

nmedi um PBYifes defersationon the demctionalizetien of dinmandaids is provided in a

fun « er od

coudt 23t BBl B8 RUREBRARE s HiRRAGED S8 Number

exabpBe3,8a4) fied Decapiti 6, 20020 iR ofpoddiBNBk el BT reference in its entirety.

het er odi anondoi d reacting with a carboxylic acid group

of another, form ng an am de |inkage. In other words,
lyne%gggﬂ%%gﬁbgﬁgr het er odi anondoi d may condense with

ano functional group of the first is a

sui t abl eDiuncdrelofiisinhay ysthllias ato aéatiohohereant ielividial

th| and .t he fungcti oup of_ the second is

@Jﬂ{ﬂgﬁ@ﬁw%m%%meéogi qlsLi ?;tﬁ?rﬂ&é(yﬁli‘ deraWpgls fprces (also
epo&‘ellfé@ LQ;BQ&Por cﬁ%}?e%lz?ﬁ)r@é‘s hﬁl‘b‘f‘ercﬁfé fiLP Q%Cﬁe‘ijd o @ﬁn@f i di6h

pol yners t hat ormed via po ycon ensat
r eafshionbaveledendiscpedey byt BS.SVlogelapdiSi Hesin E(Brdftmg Molecular Based

| yet Furth f t
o] o B e b et e P SPovioged o0 calleg ‘polecular
Pat @iiids’ARRhe At TABseldutdoBestate lﬂlﬂﬁ'iﬂ Qd?ﬁilabtzt%@x{'é'ngé@ﬁohds or jonic

D anondoi ds, " Serial Number 10/313,804, fil enber
6, apsals, thapofered atrengeneanspfimblecules m&emobcular cItystal is presumably
entir

oneethgt minimizes total free energy, and thus the fabrication of a molecular crystal
is controlled by thermodynamic considerations, unlike a synthetic process. An

25  example of a molecular crystal comprising the pentamantane [1(2,3)4] will be
discussed next.

In an exemplary embodiment, a molecular crystal comprisng [1(2,3)4]
pentamantane was formed by the chromatographic and crystallographic techniques
described above. These aggregations of diamondoids pack to form actual crystals in

30 the sense that a lattice plus a basis may be defined. In this embodiment, the
[1(2,3)4] pentamantane is found to pack in an orthorhombic crystal system having
the space group Pnma, with unit cell dimensions a = 11.4706, b =12.6418, and ¢ =
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Mol ecul ar crystals D anpondoids may crystallized into a

solid, where the individual dianondoids conprising the
weabistogase hel d t oget her by Van der Wal s f or ceeT(Uak®a 023705

cal |l ed London or -di spersive forces). Ml ecul es that
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di scussed by J.S. More and S. Lee in "Crafting

Mol ecul ar Based Solids,"” Chemi stry and I ndustry, July,

1994, pp. 556-559, and are called "nol ecul ar solids”
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techni ques descri above. These aggregations o

di anistidoiadeativack to form actual crystals in the sense
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1packn thiecalim@hdi by BYOMb sterdoiyish Bhvisy S/ EHApAY 708 70BEthat may be
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11. ¥ipged shnultanpowslyl sPachimitcet pf lmsdeaidarsary gakcontains four

bonpafimiTinte miReReh Wik R mAt G withalR s Eine: g one
di f térmel eaelyar pdfd TaH peadhA telRNIohava@eh@nd) bf fe édfdodiments of

angstronms, the crystal maintained at a tenperature of

90 fee presgRt Invesion, Bie cavily Wehis sraatrddveragising digmgndoid or

ry Yl . 7 Do di
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het ensiii@neladeitdsetanputpagdallimtohdesunida thesitafeldment, such as
according to enbqdi ments of the p{lésent i nventi on.
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crygt fbne GP%‘S}% th&8n (gre’irf @6?6%3&? Elérsfa% .o%ﬁéi’ld?an%%nedoids, and the

radi ati on. erring packi ng o
[ 1( &z8) ef]there poeasamtyaveey.i s i |l ustrated in three

i mensi ops by the st havi ng two i 702,
26:7i I0 ge nf :1 ggﬁﬁﬂém@gg%%é&éﬁeolgﬁrc mgtﬁ\#ég%@pa‘ﬁ?arigﬁ(ﬁ ,6334,11} peniagpantanes
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nol ecul es, where the nol ecul es are arranged suc
t heprcessingrtban the isolation techniques that use chromatography, with the exception

of a functionalization step, such that the probe has active chemical groups on its
surface for binding to analyte target molcules.

25 It is also contemplated that some polymerization reactions may be useful in
creating a solid comprising various amounts of the above mentionned molecular
crystals. Further information on the synthesis of diamondoid containing polymers is
provided in a U.S. Patent Application titled “Polymerizable Higher Diamondoid
Derivatives,” Serial Number 10/046,486, filed January 16, 2002, incorporated herein

30 by reference in its entirety.
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central cavity or pore 706 per unit cell. In many (if
not all) of the enbodi nents of the present invention,
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10er kiytitRa on a3BAmahd Ditieefte 185 Atbnift8on ddok@dtid@ SiRENce
16, 2002, incorporated herein by reference inits
ent Fertinpenjothes giregeacarieiningernivpanstpredusad tok are associated with
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actual nitrogen aggregation sequence, r
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study the structure of such color centers. Various types of aggregated nitrogen, and

—

nitrogen vacancy complexes are illustrated in FIG. 9. An association between a
25  single nitrogen atom and a single lattice vacancy is designated a VN center, also
called an H2 center. Those skilled in the art will note that the nitrogen impurity
atom has substitutionally replaced one of the four carbons in a tetrahedrally
coordinated around the vacancy. In the VN center, also termed an H3 center, a
single lattice vacancy has tetrahedrally coordinated around it two nitrogen atoms
30  substitutionally positioned on diamond lattice sites. The VNj center, also known as

an N3 center, consists of three nitrogen atoms tetrahedrally positioned around a
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and the B-center. In nature, nitrogen aggregates (and

their associations with vacancies) are forned as a
woesuslonst a process that takes place over geoPOgiUus2004/023705

time scal es at tenperatures which prevailed within the

earth's upper mantle. This viewis supported by a
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25
Alternatively, the nitrogen and impurity atoms may be combined with a
lattice site vacancy to create the following types of color centers:
4) N-V color center (Ib type nitrogen-vacancy)
30 5) H3 color center (IaA type nitrogen-vacancy)

6) H4 color center (IaB type nitrogen-vacancy).
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fromthe dianond rather than visible |ight when an A
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annealing at 900°C. These authors report, however, that untreated samples of
synthetic type Ib diamond provides a concentration of N-V centers that are well
suited for addressing the properties of individual color centers. The high radiative
25 quantum efficiency, even at room temperature, at close to one, coupled with a short
decay time of the excited state, make them a well-suited for single photon
generation.
A photoemissive device employing a diamond having H3 and N3 color
centers as a lasing medium has been discussed by Rand et al. in U.S. Pat. 4,638,484,
30 Rand disclosed the demonstration of laser action in natural Type I diamonds

containing H3 and N3 color centers when excited by an optical pumping source

comprising a light source emitting ultraviolet radiation in the 300-600 nm range.
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mat eri al Egrl sed the steps of subjecti ng a synthetic
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the rangg rﬁethod of preparing a diamond laser crystal with a large quantity of H3

centers in synthetic Type Ib (single substitutioal N) diamond has been disclosed by
25  Nakashima et al. in U.S. Pat. 4,950,625. This method involved first preparing
synthetic Type 1b containing at least 60 percent of a (111) growth plane, and then
thermally treating that material under high temperature/high pressure conditions
such that the type Ib diamond was converted to type IaA (pairs of N atoms; see FIG.
8). The type IaA diamond was then exposed to an electron beam in order to
30  generate vacancies. Finally, an annealing step was performed to form H3 centers by

coupling the type IaA nitrogen atoms with the vacancies. The number of VN;
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This of course determines the properties of the light emitted. In one embodiment of
the present invention, an H3 or N3 structure is approximated. Such a

25  photoluminescent color center is contemplated in FIGS. 10A and 10B, where a
molecular crystal held together substantially by van der Waals forces is depicted in
FIG. 10A, and a covalently bonded diamondoid polymer is depicted in FIG. 10B.

Referring to FIG. 10A, a diamondoid-containing material suitable for use as

a biological label having a nitrogen-vacancy or nitrogen-pore color center is

30  depicted generally at 1001. Individual diamondoids 1002, 1003, and 1004 pack with
individual heterodiamondoids 1005, 1006, and 1007 forming a pore 1008 generally
at the center of the group. Heterodiamondoids 1005, 1006, and 1007 pack,
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25 Advantages of the present molecular crystals and polymerized diamondoids
are that the nitrogen-vacancy-containing color center are constructed “from the
bottom up,” meaning that the nitrogen heteroatoms and the vacancies comprising the
color centers are placed in position by virtue of the details of the assembling
technique, whether crystallization or polymerization. This may be contrasted with

30  the damaging techniques of the prior art methods, wherein nitrogen atoms are either
already present in the crystal, and there is less control over their density or
distribution, or inserted by lattice-damaging implantation techniques. Vacancy
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Photoluminescent dopants may be inserted into a diamondoid-containing material
25  according to present embodiments by self-assembly, crystallization, and
polymerization techniques similar to those used for nitrogen-vacancy color centers.
An exemplary self-assembled or crystallized material suitable for use in a biological
label is shown generally at 1100 in FIG. 11A. Diamondoids 1102-1107 may be
generally disposed around an optically active dopant 1108. The photoluminescent
30  dopant 1108 may comprise a rare earth element, transition element, actinide, or
lanthanide, or mixtures thereof. The optically active dopant may be selected from
the group consisting of titanium, vanadium, chromium, iron, cobalt, nickel, zinc,
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Control of the frequency of the emitted light and quantum efficiency

Traditional methods for detecting biological compounds in vivo and in vitro have

25  been disclosed by Bawendi et al. in U.S. Pat. 6,306,610, and by Bawendi et all in
U.S. Pat. 6,326,144. Some of these methods have involved the use of organic
fluorescent dyes, which have chemical and physical limitations. For example, one
limitation is the variation of excitation wavelengths of different color dyes. Asa
result, simultaneously using two or more florescent tags with different excitation

30  wavelengths requires multiple excitation sources. Another drawback with the use of
organic dyes is the deterioration of fluorescence intensity upon prolonged exposure
to the excitation light source. This fading is called photobleaching and is dependent
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leads to an increase in the effective bandgap of the material without requiring a
25  decrease in crystallite size. Both the optical absorption and emission spectra of such
quantum dots are shifted toward higher energies as the size of the crystallites gets
smaller. The photoluminescent yield of such crystallites can be poor (that is to say,
the intensity of the light emitted upon radiation is low) because of energy levels at
the surface of the crystallite that lie within the energetically forbidden bandgap of
30  the bulk interior. These surface energy states act as traps for electrons and holes

which degrade the luminescence properties of material.
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mat eri al . Bawendi et al. further teach that
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: Fgéﬁagtrr{egy %if) tgﬁ?gqél?eté‘llcg Or hulg%nﬁ &I laé:h% \ffl %eh evad nha% the bandgap(s) of

the present materials is at least about 5 eV, approaching the value for bulk diamond,

25  and thus a wide frequency spectrum is believed to be available, ranging from the
infrared, through the visible, to the ultraviolet. However, the bandgap of the present
materials may also be engineered to be, in respective embodiments, at least about 2
eV, 3eV, 4eV. It is contemplated that the band gap of higher diamondoids may
show a quantum confinement effect similar to that of a quantum dot.

30 Furthermore, it is contemplated that the quantum efficiency of the
heterodiamondoid probe may be influenced by passivating the surface of the
functionalized heterodiamondoid, molecular crystal comprising functionalized
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25 It is contemplated by the present invention that a plurality of functionalized
heterodiamondoids as part of a larger system may be simultaneously excited with a
single light source, usually in the ultraviolet or blue region of the spectrum. The
functionalized heterodiamondoid biological probes of the present invention are
contemplated to be more robust than conventional organic fluorescent dyes of the

30  prior art, and more resistant to photobleaching than such dyes. Furthermore, the
robustness of the probes of the present invention will likely alleviate the problem of

contamination caused by the degradation products of the organic dyes being used.
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art diaa¥AdeRIe ol esdhdharntlatife M&ﬁk@%ﬂle%&&hﬁ’&e@sﬂfg”energy

dyes. Furthernore, the
pointing upwards), an empty conduction band 1202 (CB), and an empty valence

band 1203 (VB). It will be understood by one skilled and art that there are of course
occupied electronic states in the conduction band, but since the carbon atoms
25  position on diamond lattice sites utilize each other for valence electrons for
tetrahedral bonding, there are a few excess of electrons available for excitation
across the bandgap 1204 to the valence band 1203 at room temperature.
In a processing step 1205, the diamondoid 1201 is converted to a
heterodiamondoid 1206, or in at least one carbon, diamond lattice site is replaced by
30 nitrogen. Since nitrogen lies one column to the right of carbon in the periodic table,
it has excess electron relative to carbon. This is shown schematically by the electron
1207 in the heterodiamondoid 1206. As described above, the heterodiamondoid
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properties of the individual components. It is contemplated that the
25  heterodiamondoids of the present embodiments may be linked to the target analytes
such as proteins, polysaccharides, nucleic acids, lipids, and virtually any other
imaginable molecule that can be chemically functionalized.
The binding of the present heterodiamondoid-containing biolabels to proteins
may be effected by techniques discussed in Chapter 1 of Bioconjugate Techniques.
30 In this chapter it is disclosed that proteins may contain up to nine amino acids that
are readily derivatizable at their side chains, and that the nine residues contain eight

principal functional groups with sufficient reactivity for modification rections:
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alkylating reagents, similar to the reactions of primary amines. Other exemplary
reactions that may be used to bind to the functionalized heterodiamondoids include
25  oxidizing hydroxyl groups to form reactive formyl groups; conjugating the native
reducing ends of carbohydrates to amine-containing diamondoids by reductive
amination; modifying the reducing ends of oligosaccharides to yield terminal
arylamine derivatives; forming hydrazone linkages; creating aldehyde functional
groups, and subsequently derivatizing them with another molecule containing an
30  amine or a hydrazide. The hydroxyl residues of polysaccharides may be activated to

form good leaving groups for nucleophilic substitution.
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car drates for conjugation purposes is a
di scesstosvardniBilenpbiljcagatleatbe B euie6-6 pasitiomg adderine and guanine

nmongsacchari de functiongl gr.oups .consist of either
ot SRNGH aigrrosseptile e A el R et adtor 4 i O 2. C-6, and
POS &-§ hbditidnsOlvithT-B Seing ahdRsY dhBnorstdt deffd® m&¥ification.
2&hozﬁ)hate.groups as additional reactive possibilities.
ug

NZAOXYRY §¢ dosoiy shgargeeups donglthieyd ldypxlignepp of the

or alkyl atjng.reagent i d.ar .o the react| ons, of :

or i Rty rhiidad SRR B Aot AR EREAUT T pesive

us edodjogdtiondedcbiohdrthat a6 poisitlahi the Phbsphetcaadladedeskation agents
i ncl ude oxi di zi ng hydroxyl groups to formreactive

f or Aydh agreathedi j angronmeysionef fherhpephate group to a phosphoramidite
derivative.
25 Conjugation of the present heterodiamondoids is not limited to proteins,
carbohydrates, and nucleic acids, and many other types of target molecules are
contemplated. These include, but are not limited to, subcellular organelles, lipids,

antigens, antibodies, dyes, and other biological molecules
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reduci ng ends of carbohydrates to am ne-contai ni ng

di anondoi ds by reductive am nation; nodifying the
woedusmosg2 ends of ol i gosaccharides to yield teparmakoos/023705

aryl anrne -deri vati ves;~form ng hydrazone |inkages;

creating al dehyde functional groups, and subsequently

derivatizing themw th another nol ecul e containing an

am ne or a hydrazide. The hydroxyl residues of

pol ysacchari des may be activated to form good | eavi ng

gro NG L] tution.Simlarly,
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derivatives (adeni ne or aniné); along wth nu
fci trasspyated erlsdrciodeelywor pmsnfelg aatdsad’mm:blltmemhane It should be

asswoc ase units in an co nd. . The
oo SMDBAT (Barrel SRt B cperHenTar 5t e el iy one embodiment
(f O;d&ﬂefnﬁla@wy P?es&t%\?en@igﬁ)%ﬁ'lﬁ’%ﬁ&tﬂémehufa? Qﬁﬁ‘gl Vifko

I n"each "nucl eoti de nonomer o
phospilaatony foufeigesant Holabels Hmytallfe) ler@vtsycdmdxy | of

each sug r due i.n_an est an ride

The. phos gHaEET hripet Bectir R safERRR (kg pdhiitRine, il
16li eghwS bdeakzuised Bﬁ MEQOIU W& Y Odfio E&s%&i okt ’%a%@ﬁﬂﬁe enters all
nucl eoti des t hroug eir 3'"-ribosyl hydroxyl to

cr egelbmendrasies, g?@@ﬂ&@& tdeblagd- hsm;b(mer nearlynigleal
;tj [ gg ?k gl t‘iec angiLi‘P oégpgotél Eﬁ@h? g?sgﬁs%o%aof membrane

ol i ga&mﬁs@hasd&eﬁ@tmdédh@ V@ﬁ)blsetf A (GlaRsS i link), who has
sensitive hybridization reagent. There are parti cul ar

si t 8iscloped that pambane pergaaloN FrrepEmiAsH A @ cgrEfpsreairement for
li§1 E g blfeaLlJ 810%951%% ﬁtg ?1%61%%9%@@% gg&ﬁf‘(f@ttﬂaﬁg%nt Ond gal g} tl\gl a%ﬂleve this

nctlona etero frond
exanplafly reynlto i peor ordl pivaveilabalits. Welsdrls v@duk m«ﬂadetd making
toward nucl eophilic attack at the C4 and
pos MEABHEMments eﬁ#hﬁ@raﬁaoagaléah% in gadp g eer érl«QO dmg candidates. The

L
DS bs measuped lb}&ﬁhg @tmber oﬁmtiutafbﬂesbmideﬂow@jhz}r}sgd’a¢meamytotal

2B e or e stoer ot rauan,the S hidient,
of the rirQTHIG d RS st thWR: Qéi‘l%ﬁﬂll?/l h%l&ﬁé?ief‘ﬂﬁ% ’51?@ : 91 molecular

reactions that are possible at the phosphate inc
conveighitis enriticpd factorgn dbteasingny hioahiailabitis , Omavkerage both the

c on%@lrg.ﬁ!?r\@ rotata‘i)Peebd%g 1?&1 ﬁll rr%r O%J gf stu(r)fage grlg'g gP t}flgli) r{]abel 1"[hat is

der
polar (or hydrogen bond count) tend to increase with increasing molecular weight,

25  and this may in part explain the success of molecular weight as a parameter in
predicting oral bioavailability. The commonly applied molecular weight cutoff of
500 does not itself significantly separate compounds with poor bioavailability versus
those with good bioavailability.
The biolabels of the present embodiments are contemplated to possess
30  desirable properties relating to bioavailability, in part because of the manner in
which a molecule’s physical predicts bioavailability. As defined by Verber et al.,

these properties may include the number of rotatable bonds the biolabel possesses,
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Conj ugation of the present heterodi anondoi ds is not

limted to proteins, carbohydrates, and nucleic acids,
wanasmays2 ot her types of target nol ecul es are PCT/US2004/023705

cont enpl at ed.- Fhese +nrel ude, but are not limted to,

subcel lul ar organelles, lipids, antigens, antibodies,

dyes, and other biol ogical nol ecul esBioavailability

and menbrane transport It is contenplated that the

bi ol ogi cal | abels of the present invention may be used

in ' [ |4 [

analt e of B8RS Sord ddndrsi Ak bdEibnt B IR P R BB surface

suchraarofalpplabelat i on, the present biol abels need the

ability to be transported either actively or passivel

across t herpe defipesgtataple bends é%E‘a PRy %@glééﬁﬁ@réloi A fipgtbound to

cell [ O ' ] s

crbod menp A RN TRE ol toskn SonyL AR bt Rr @bl containing

fray nestdriads aftthé preaentantbodimenitt mey a@pihinoattiablysnof rotatdtiebonds. It is

R R U
adapgafi e endelP Bater. NBY& 0BSERLI RmURSHEe REARDB betony heteroatom
Mirray, who has stated that "amantadi ne enters al

cel witheatigaahers, banded bydrogdne whersesihydragen tradraceeptoramare defined

h |y, ideal ph inetic,. t abal i

TN N e T
10as nhepen Hedtbaethally o¥prdaahd 8tlfurdhnd RicheARIBtbA Ktahdd@F nitrogen,

who has discl osed that nenbrane perneation is

r ecobeipherpuasngd sy indeding theerysensrbopded to them.
bi caval | BBl sl LG ARRCRRS L AP Ui LSRR 0d of B,

and fail ure i eve s usua

or aRohil@avaiSerdhst, lih biy artivRr ddeifled SFas0EHcilagdnisfadoledlhlar surface
nmeasurenents of the_ oral bioavailability in rats of

ovepred 19 doneds agpuaheidirameas baspd copeibytions’ apddiregplipadion to the

1 L plERiRo o onl GBRRY BRbepHly SO ECAAL RO B g 3,714
bondg17] e palcalated\polasearfaseaeaddorietited clbyedy adnhdnd hydrogen

count, are found tq be good predictors of oral

bi 08924 PRI the um vﬁhgﬁpgm%g dogorsgnd gptepiest. Fer thperal

9englcAvaitablftl dahiSl, #luat BAna%h BE cafllalfil goul:ar el ght,

is acritica actor in determning bioavailability.

On aver adfss botthmplatedrthatiibe biofabebtod tlehprescnoemdbodinentsivall have
ol ar

SRl S GRCCIBEER SLLAE B oL abel, Lhaly e PEl e o
| NCEBAR0Dr TR & GHadibl/¥ndS land 36 thddl DoYA( uR@ ahgstroms of polar
expl ain the success of nolecular wei ght as a paraneter
i n purdaticardangr dteanatlyelyal2or feier it-fondidvmorscamdoietgptors. This is
applpéu%ccjulgﬁly e lfgrrth%{o%gel sch%tw%fi% P%} 10B, the fluorescing portion of that

biolabel comprising a cluster of four tetramantanes with at least one nitrogen-based

25  heteroatom for desired optical properties. Of course, it will be recognized by those

skilled in the art that diamondoids other than tetramantane may also be used. The
advantages of the present biolabels include the extraordinary rigidity of the
diamondoid portion of the label, and the relative lack of flexible structures such as
rotatable bonds.

30 In one embodiment of the present invention, the biolabel comprises at least

four diamondoid structures of tetramantane or higher, having fewer than about 25
rotatable bonds, less than about 500 total polar surface area, square angstroms of
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500 does not itself significantly separate conmpounds

W th poor bioavailability versus those with good
woizomaddsabi | ity. The bi ol abel s of the present PCT/US2004/023705

enbedi rent s are-cont-enpl ated t o possess desirabl e

properties relating to bioavailability, in part

because of the manner in which a nolecule' s physical

predi cts bioavailability. As defined by Verber et al.,

t hese properties may include the nunber of rotatable

bon [ b d

gﬁ %%@eg&%&a& g&?&iﬁé@iﬁﬁb{‘%ﬁg%ﬁ%ﬂ@% n%%%@eptors A

s u r neudecuddreseigit etsﬂi]tﬁaﬂeaulﬁ @bout \(e200€fbr aibifoilabehcdrﬂprmil@foar

bonds to be any single bond, not in a.r %, bound to a

nontraRaaEAnes Keapllos Pacg hayigg w@lﬁﬁa@n""%}sﬁm 29ghang gfdeast one

het [

bl enr ekt £ e A Ry QU Bt 1p Pl RRled tobe

5t ivdthimothedvdigiztlinGitsNabmndiag veVerbex s caldedtidus) fior\faolberlés having

S anal JS h yse of their high rotational energy

bar EP lo%fﬁgagﬁ bond donors were defined to be any

heteroatomwi th at | east one bonded hydrogen, whereas

hydr ogen bond acceptors were defined to be any

het &pbigtlaietastivheystemas f or mal p03|t|ve char ge, excludlng

hal ogens, aromati.c_ox

cul for AEOGHE Okl BRI & BEDGRE ity bR Tt Bhiced fiom

1@ho %’lﬁf)l@bléi is @&Qcté&' bidin pHétEc ﬂ%{rebl th&gn ih@e AxY U8R Fundamental
bonded to them Pol ar urface ea may be cal cul at ed

by stees mtbmmg@nlaﬁmitﬂimesgﬁncﬁrhased drieriien sEstemSes:zer
in an article entitled "Fast cal cul ati on of nol ecul ar
pol ar surface area is done as a sum of fragnent-based

contri butli ons ExbitatidnSighP Réliveat b0 ekeitd he R0EBL&TId9es @f the
drug transport properties,” J. Med. Chem 2000, vol.

43, S%P €3, 714- 3,717. The cal cul ated pol ar surface

1area cor Ee' at %%1?41@%@#% CWII&EIOB%? d% Qb éﬂX hRE i Féix‘?”ﬂld

count, e sumo ogen nor s an acceptors
For the 6ral m)@mlamh@dogdnletaylodaf thedRiorescemaiznhbund to
be equivalent to 0.93. It is contenplated that the

bi ol abel s of the present enbodi nents will have

advant agqQiis, bARRIHA ka y ?écg@%% bl%ge ﬁ@%ﬁﬁnérﬁse% acquire

meet Verber'®'s requirenen
r ot atchhihmgen hatsr exaitdtidremsconhmntia@bwith abh@tosrqﬂﬂplmr tube (PMT)

ngstronms of pol ar surface area, o alternat| .1
2§ ReBT s SR o ies il - BB et ehppiescqupled device fec)
par HEeHoAT InYadultié®, fHeNadeBadll @#rﬁpfﬁé cait 'li)s\é"?:fch@r ddddfocal or
OB, the fluorescing portion of that biol abel
c 0 rrpommnf@ahonﬂcalspaéh bf thispaetianeafitherdinclasio's thvi exeitation light
| eaﬁehx?e?}? S%Lcetrrrlsoxgﬁf]l;ebc?igc%%sed first, followed by the emission light collection
systems, and digital image generation techniques. The section will conclude with a
25  discussion of confocal versus nonconfocal optics, and their relevance to the present
biolabels.
Turning first to a discussion of excitation light delivery systems, a laser-
based system may be used wherein a single-wavelength laser beam of a few microns
in diameter is scanned back and forth across a sample, exciting an area representing

30 asingle pixel at a time. Emission light travels back through the excitation lens and
is collected by the PMT. The PMT amplifies the signal from each photon, which is
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het eroatom for desired optical properties. O course,

it wll be recognized by those skilled in the art that
wdizeosmaghsz ds ot her than tetramant ane may al so BeTws2m4/023705

The -advant-ages -of-t he ~present bi ol abel s i ncl ude the

extraordinary rigidity of the dianondoid portion of

the label, and the relative |ack of flexible

structures such as rotatable bonds. In one enbodi nent
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phot ST GLS RisSart e LGP Skt BHALABHon o g D amay i
10N e earrRdphetedgihd 4@rgscence- based detection

systemare: 1. Excitation light delivery or to excite

the fl uolessaimigyden egnceneatesdiph-power mppoaheorontiq ligtidn a small
col

D) g%}? ta'tﬁl% sg&pfegshlgfgg% I“J’gllile lélgﬁeir%m&{ef g%lrse %Ql% ergl{}%rr]ea{lght to the

Two ﬂgeRecEeﬁhk nﬂiﬁcbﬁﬁ&ef&b‘rab@dﬁﬂé@ tinfe ishequifeds€ Bkcite the dye than
enbodi nents_to acquire such images: |aser excitation

in %ﬁlﬂ filtaed whitslighi- Asgholassrhepmicansythe sasaple.Akffgwells” on each
et ' [ i
1% ha OSI dfglé dég%fa!c'l: gﬁsfg%oﬁgge tlgg:logfr?ﬁ(s(f,l Jn @%g@ﬁgﬂ‘t‘ stonrc% 1llum1nates
| as Gl’fe—daﬁ@iﬁjfos y&badsoraamutes evigiettheCCD intptaeathe efmssmn s1gnal
nonconf oca tical path. In this section of the

di séll%%ﬁ efrﬁ FRRIHAIMGN | | ght delivery systenms will
be di scuggffind héwlo tet:}ﬁhhﬁ’é@’qgr ﬁ’l)é cBﬂ@cti%H‘o?ﬁie%lls&&mlght two

col l ecti on systens, digit I mage generation
t ec Impayteas detFtter cslmtactexmtlw thht mtrdhmj@ (wetaﬂll system performance are
ussi on of ,confocal..versus .nonconf oc ﬂl CcS
he cate th
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signal intensities over which the detector can accurately measure change, such that a

given degree of change in input signal generates the same degree of change in output
signal. PMTs have an optimum working linear range over which the signal response
is most accurate. The linear range of a CCD detector is specified as the ratio of the
25  capacity of each well on the CCD array to the readout noise level (i.e., random error
due to fluctuations in each pixel measurement). The signal intensity range of a CCD
is adjusted by changing the exposure time. Similar to a PMT, a CCD array is also
linear with increasing integration time. However, dark current, or signal generated
by random electrons flowing through the device in the absence of light, increases
30  proportionally with exposure and may increase the background signal.
An important characteristic of a detector with regard to digital image
generation is quantum efficiency (QE), which is a measure of the electronic signal
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| i near range and quantum effici ency. Linear range

i ndi cat eg it d¥8nd @ns! PRtts S t A Bb IR LA i

whi ch the det éc or gar?shﬁ(;agurséte nrllegg%r%e&ﬁg %ﬁgegfm?{d%h

t hagppdicgliiareare degiremcafporteaiigerefarcioein thesi atiadty to the same extent
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e RAFCiSSl St Pt R TR) PEP APy G a5 bR pptent was
t heggecHmtally bes RARSGuAS ifdsd e AHWBY iAEGporkRE Uy BRANncE B entirety.
of a CCD detector is Specified as the ratio of the
Many modifications of the exemplary embodiments of the invention
disclosed above will readily occur to those skilled in the art. Accordingly, the
invention is to be construed as including all structure and methods that fall within

25  the scope of the appended claims.
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2 e St helBEEA b iRt ise g AP bt g fegpef fserted
be |i¢RURMMAIBRI-ONtdiShenRRGRLI N its entirety. Many
nodi fications of the exenplary enbodi nents of the

i nvention disclosed above will readily occur to those
ski lﬁ.l ed e Bllg)?og%atl labéfgp crlzglmng lv%ieréilr? the diamondoid is a lower

diamondoid selected from the group consisting of adamantane, diamantane, and

25 triamantane, and heterodiamondoid derivatives thereof.

7. The biological label of claim 5, wherein the diamondoid is a higher
diamondoid selected from the group consisting of tetramantane, pentamantane,
hexamantane, heptamantane, octamantane, nonamantane, decamantane, and

30 undecamantane, and heterodiamondoid derivatives thereof.
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invention is to be construed as including all

structure and nethods that fall within the scope of
woheosappsnded claims. WHAT |S CLAIMED |S: 1. A PCT/US2004/023705
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derivatives .thereof. 4, Th I ol pgi cal |abel of claim

1, \‘Rﬂg}’@iaH51f1ﬂ%n’(ﬁ’Fairﬁ9HB@|ed’-r ?&ﬂfaﬁi‘%i ng materi al

cont ai ni ng the nitrogen heteroat om and vacancy or pore

is selected fromthe group consisting of a nol ecul ar

crydbal , The pivlggienl il'cﬂx@gOﬁdaim $,avherein dhecentise i e¢toresactive dopant is

thereof . . 5. bi ol ogi cal,.| ahel conprising at | east.one

opt F%gﬁtﬂ/gg@ﬁ}i?, groggggﬂ?st}n'gsogﬁlgaé]aurpﬁagaglu , cflromlum, iron, cobalt,
16/ aARREOFiEc CARbAR, AU SdadMium Shafifing, Rinl1@8] €8ksten, rhenium,

| abel of claim5, wherein the dianondoid is a | oner

di antAys) didismeplaigumy gotdi hercyive opyiwamsisspdyyivet, neodymium,

ada ' nt ane. .and tri.anmant ane nd . .
et B  s R A ops lie bBFRE | 65m, Fporosium, hotmium,
bi okl ahulidbgfttedbiuel, ahdiraniuwher ei n the di anondoid is

a hi gher dianondoid selected fromthe group consisting
of tetramantane, pentamantane, hexamant ane,

e 0l ARG 1o ETTRO) AR JSRATER s v
t hefimotiofhl gidwp dapablegf biallinkabelargét aphlgten 5, wherein

t he di anondoi d-contai ning material containing the
ni trogen heteroatom and vacancy or pore is sel ected

from t herge RO g%b%f gfr;kgaiﬁf 1, 3yHERdif Gt ﬁﬁ%t?({n)é? %1%'1.18 i?ﬁ,ﬁ]giety

pol yneri zed nater| corfbi nat i ons t her eof.
bi otdeptebfromdbegronp cohastmg®f -Hhdi, eChy-Bhel, oPHL eSH| -WH,, -

2§t NP “heleind it 1668, LB EH A PEbEL Fop 0.

¢! AL, ML And €D FhdrY RAG by SicCEbys: dopant s

the. . .
r%:oﬁ%lnmg material

13.  The biological label of claim 1, wherein the nature of the affinity between
the diamondoid and the target analyte is selected from the group consisting of van
25  der Waals attractions, hydrophilic attractions, hydrophobic attractions, ionic

bonding, covalent bonding, an electrostatic association, and a magnetic association.
14.  The biological label of claim 1, wherein the target analyte is selected from

the group consisting of a protein, a sugar, a nucleic acid, an antigen, an antibody, a

30 lipid, a cell, and a subcellular organelle.
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selected fromthe group consisting of titanium

vanadi um chrom um iron, cobalt, nickel, zinc,
woioasma9asm  ni obi um cadmi um haf ni um t ant al URTCT/US2004/023705

tungsten; rhenium- osmium iridium platinum gold,

mercury, cerium praseodym um neodym um promethi um

samari um europium gadolinium terbium dysprosium

hol mum erbium thulium ytterbium and uranium 11.

The biol ogical |abel of claim1, wherein the

di aggndo

< apggl S ’OI?;e 'bfbl%%dé‘h?%e‘l gfag% ﬁe{nger{&ﬁgﬁée bfﬁfflg!lp %{]ﬁ’fé Riiamondoid

bi okogfhimalg hateeh] ipht lehsiiabout,2 eMher ei n t he functi onal

group is a noiety selected fromthe group consisting

of -H -F, -d, -Br, -1, -CH -SH -NH2, -
- NH%D ‘I‘E@%iﬂ 0_%1&@%%61 of cl5&8X whe@ﬁ@the% doid-
, . and where R |s an

@)r ogpntalllBlg Iﬂfﬁerlihillbafdga&taboutétfé«f of claiml, vvher e| n
the nature of the affinity between the dlanDnd0|d and
the target analyte is selected fromthe group
consist i Mee Bfoly@en] tel ¥Pathitn Blvwied6ih iR Bandp¥s6OBBidtdnfondoid-
attractions, hydrophobic attractions, ionrc bonding,
covﬁ?@ﬁml%ﬁ%fﬁﬂﬁ is afrjeast sbawt dVat i ¢ associ ation, and a
magneti ¢ associ ation. 14. The bi ol ogi cal | abel of
claim1, wherein the target analyte is selected from
1@ hel§r oufthe bnﬁcb@ctal bebbf caipt Diveheein dheshi@dpap 6f the Gia@icﬁldmd-
acid, an antigen, an antibody, a lipid, a cell, and
subE‘éf}t?‘li}}n&rm%fP@%ln%ﬁqléasisboufﬁé’vbl ol ogi cal | abel of
claim1, wherein the bandgap of the
di anondoi dcontaining material is at |east about 2 eV.
16. 19he iﬂh@bin@gi@ll ldbabef clgifn L |faither inclidieg ﬁhpuﬁﬂy%toms that
bandga he di anpbndai dcgnt ai ni ng material is
| eaSqn tﬁ%ﬁ@ egiraryc stptes wirhun ae&a&a@g@a}f ﬂPf‘a%lé!ﬂOB@OléTCQnﬁnqng
19hepgidiat he bandgap of the di anbndoi dcont ai ni ng
material is at |east about 4 eV. 18. The bi ol ogi cal
| abel of claim1, wherein the bandgap of the

d| a ndo n r.i i.s _at | east out evVv., .
Eﬁ%ﬁ?& %91[1 Pﬁ%sgiftc G VderRR ther ?IPH%CFO § }%&f@&l&ﬁ%@d with a

' n'pﬂﬁlbﬁé(naéikﬁdﬁ% chpffle SPHSih&ﬂn W &R &%hél?ﬂ:' C states

wi t hin the bandgap of the di anbndoi d-Cont ai ni ng

material. 20. The biological |abel of claim5, wherein
2(} he2fj| anpfis gloijoglcal Pa%e 10F% tl&lulfzne , vvvﬁie%eQn the functional group is a moiety
selected from the group consisting of -H, -F, -Cl, -Br, -1, -OH, -SH, -NH,, -
NHCOCH;3, -NHCHO, -CO,H, -CO;R’, -COCI, -CHO, -CH,0H, =0, -NO,, -
CH=CH),, -C=CH and -C¢Hjs, and where R" is an alkyl group.

25 22.  The biological label of claim 5, wherein the nature of the affinity between
the diamondoid and the target analyte is selected from the group consisting of van
der Waals attractions, hydrophilic attractions, hydrophobic attractions, ionic

bonding, covalent bonding, an electrostatic association, and a magnetic association.
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functional group capable of binding to a target

anal yte. 21. The biological |abel of claim5, wherein
woheosfoosesei onal group is a noiety sel ected froRCTHS2004/023705

group consisting of =H -F, -d, -Br, -1, -OH -SH,

-NH2, - NHCOCH3, -NHCHO -CO2H5-CO2R , -COO, -CHO,

-CH20H, =0, -NO®2, - CH=CH2, -C CH and -C6H5, and where

R is an al kyl group. 22. The biol ogical |abel of

claimb5, wherein the nature of the affinity between

the,9i amand@idlod 14hiPof ALALS. PRALMNIE: lafect ShAGHGHALA from

t he group consisting of van der Waal's aﬁ%rac ons,

hy dtlepdroip corsistingof & prudeinjwshigep hatickbieddd, antintigs), an antibody, a

ion n coval ent bonding, an electrostatic

assb@’tﬁ g]hv,a%gﬁo“ugcwﬁ 8tae&soci ati on. 23. The

bi ol ogi caI | abel of claim5, wherein the target

analyte is selected fromthe group consisting of a
brotéin, Tae bt@eglcaléah@hof daimn sovhereiatheabrndgemof the diamondoid-

B R AL LI

wherei n t he bandgap of the di anondoi dcont ai ni ng
material is at | east about 2 eV. 25. The biol ogi cal

| abdb. of Tep hiclegcaliahst ef dlainhd wheneigdle endgpieof the diamondoid-
d| a i NLN | <} s at | east about 3 eV.
n%ﬁgl% n%oﬁ%éﬁélg% ﬂag?labe&'F% ﬁ\}al m 5, wherein the
1(bandgap of the di anondoi dcontai ning material is at
| east about eV. 27. The biological |abel of claim5,

whosi nhe biskpEigh st of s m@a.tmmmamf@e Hamondoid-
! 66 Bl Sas AP 3 Y- 26 The bi ol ogi ca

er I'ncluding inpurity atons
t hat contr| bute el ectrom c states within the bandgap

of the d| oi.d- i.ng er|aI 29. A pethod of
et 88 i nd A IR ALY 3TN Ascb®6ig g apqBdoid-
16t eg&tﬁg %}m VL ghi 1B chﬂﬁts di anondoi d- cont ai ni ng

probe I ng the hetero anondoi d- cont ai ni ng
probe to the target analyte thus creating a

PR e N R

t o LoHBiP&S CRctrame se}es%ﬁﬁ& Enenﬁnhg@mftﬁémltah%ﬁd&a%fahﬁng
exci ted bi ol ogi cal

material.
20 |
29. A method of detecting a target analyte, the method comprising the steps of:
a) providing a heterodiamondoid-containing probe;
b) binding the heterodiamondoid-containing probe to the target analyte, thus
creating a biological label;
25 c) exciting the biological label with energy such that the biological label is

caused to luminesce; and

d) detecting light emitted from the excited biological label.

30.  The method of claim 29, wherein the energy is in the form of a beam of

30  photons, such that the luminescent event is photoluminescence.
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30. The nethod of claim?29, wherein the energy is in
the form of a beam of photons, such that the
woOunismessent event i s phot ol um nescence. 31. ThecmeiSkwd 023705
of clarm 29, wherein the energy is in the formof a
beam of el ectrons, such that the |um nescent event is
el ectrol um nescence. 32. The nethod of claim 29,
wherein the energy is in the formof heat, such that
the | um nescent event is thernolum nescence. 33. The
met Red ofrcl ai i g 4 S, b
of  aherr AL T HHRERS WhRERRRERY 1 40 AiiFol 6 of
c heglectrong) ssahathetsthe Bdninddeentreweitasl elettralumims2Scewher ei n
the energy results fromthe frictional contact between
two surfaces, such that the |um nescent event is
tri Bol UNME$EBRGEof Baim 29) S RRINER eBbreG il e SorntWEKeaL, Ruch that
step a) includes substitutionally poSitioning a
fi t thegemitestent eutns harngolunzneocetioé.d | attice site
adj acent to at |east one vacancy or pore. 36. The
nmet hod of claim?29, further including the step of
posBg i ONTAE nhdildl bt Haift WTWhekcidihe ehB@y is in the form of chemical
di anondoi d-contai ning material to create electronic
st aceergwi subh that the lbmmegegpt ofent sechgindnmipstenceont ai ni ng
material. 37. The nethod of claim?29, further
i ncludi ng the step of passing the biol ogical |abe
10 hr gygh The ehdthdtesfvl e afihefeit the energy results from the frictional
het er odi anondoi d- cont ai ni ng prabe isggound to the _
t ar §eatagibgiwrea twaguriages, suek st therlumineseanp ovent if trieluminescence.
i ncluding the step of passing the
het er odi anondoi d- cont ai ni ng probe through a cel
menBf.ane Thamngktiliddest oldmc9, Retehestep a) includes substitutionally positioning
het er odi anpndoi d- cont aj ni ng, probe with _the target
anaPyteoges detergpionnonggtangpndordlagosgite giaset fo gt{gast one vacancy
1§etgpt&gn of light emtted fromthe biological |abe
Is carried out using a photomultiplier tube.40. The
nmet hod of claim 29, wherein the detection of [|ight

e tged fromine, o1 000 oal ol 208}, i 624 S pSilio sk Mpuriy
atoms within the diamondoid-containing material to create electronic states within
the bandgap of the diamondoid-containing material.

20
37.  The method of claim 29, further including the step of passing the biological
label through a cell membrane after the heterodiamondoid-containing probe is bound

to the target analyte.
25 38.  The method of claim 29, further including the step of passing the
heterodiamondoid-containing probe through a cell membrane, and then reacting the

heterodiamondoid-containing probe with the target analyte.

39.  The method of claim 29, wherein the detection of light emitted from the

30 Dbiological label is carried out using a photomultiplier tube.
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40.  The method of claim 29, wherein the detection of light emitted from the

biological label is carried out using a charge-coupled device.
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