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WD 2004/ 009492 PCT/ US2003/ 022628 DI AMONDO D- BASED
COVPONENTS | N NANOCSCALE CONSTRUCTI ON  BACKGROUND OF
WA REB4OONMENTI ON 1. Field of the Invention EnboPdTER1083/022628
of the present invention are generally directed toward
the use of 5 dianondoids as structural conponents in
nanot echnol ogy, and the conbi nati on of one or nore
structural conmponents to form nolec systens. In
parti cul ar DI Q@QTBA$W&QWP#E%§&t ed toward
exenpl ary dia P86 AL CONSTRUCIAON by acket s, and
gears, and the conbination of one or nore conponents
to make subsystens that include atonmic force
m croscope tips, nolecular tachonmeters and signal
wavef or m geneBCESROUND o8 THHINVENEIDNI ng cel | ul ar
menbr ane pores and channels. 2. State of the Art
Carbon-containing nmaterials offer a variety of
1 pﬁ%gﬁ?ﬁﬁghﬁﬁﬁﬁbﬂlw nanoscal e construction. A review of
' C re-property rel ationshi ps has been
pEedediedtstf thefreSnt Rrvankon arn genagdlpdiesctad towver theee of

) nderful World of Carbon, " i hysi cs.,of vel.
diamopge\dt PR P PSR g iee ol BT L FgBBy tigy of one o
more SRRTAALompbANERS to3éaH $8d18cullHRubWBtefRS In phrfiRQ¥af,aRs present

paraneters that nmay be used to predict the properties
inventafn ia direstbbtowsod txednmplany disraensoids|as zeds, sqrpws tbragkists, gt gegrs,

of sp2 o sp 3 bonding in a, nateri .
and thd eetBplich St o et e iTE ik S Rithe T Adluge ppmic
force ﬁﬁfr@sfcb?é tipd, nfdleduli t&héReRts dddsignativaveiuah geiabtoss, and self-

El emental” 20 carbon has the el ectronic structure
assembin@edipe mantuaee pdves Yk danede| | 2s and 2p el ectrons

have the ability to hybridize according to two

different schenes. The so-called sp 3 hybridization
2. comps bf3pS Afour i dentical a bonds arranged in a
tetrahedral manner. The so-called sp2- hybridi zatjon

c bathonsestaimpgmaterials aiter a@é@@%ﬁpmﬁgﬂf’dl“ﬁ )naﬁoﬁfaiﬁds
constrfidh, 3 A BLEEEEE sBuct ELAAONRT rOREUIHIShR bbb presented by
S. Pragkr irhechapteotitisd “Plie Wiontléréul Watld ef@stbonf” ix Pisticd ¢f | Yavel

P I T S AN T
imporé@@'g%%@%%ﬁé Hat N be FARD bledict ARPREHEBSEs ¢ DO on-Sdteghing

ridized atons, where the sheets interact
materiabare] first, tthe tiglof piettp epdbandingring neateréds andl sepornh prigrostructure,

: Car bon _exists. in.gther rphol ogi es..as - 1.

inchudS AP SO Y AULSOSPOI oA T A s} Bl Elemental

carbofh B4 ERLI§Hc sEhABRNE*IsP IR, winrbmi outezRHell Deardl Zhélyctrons have
symetrical spherical and rod-shaped structures e

the abilitly lteblybridind aseeidéng togwe differaesalrmacs: Thespalled gy yhybridization

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

hybridization comprises three trigonal (as well as planar) ¢ bonds with an unhybridized p
electron occupying a 7 orbital in a bond oriented perpendicular to the plane of the ¢ bonds.
At the “extremes” of crystalline morphology are diamond and graphite. In
diamond, the carbon atoms are tetrahedrally bonded with sp--hybridization. Graphite
comprisés planar “sheets” of sp>-hybridized atoms, where the sheets interact weakly

through perpendicularly oriented 7 bonds. Carbon exists in other morphologies as well,
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D anond is an exceptional material because it scores
hi ghest (or | owest, depending on one's point of view)

wo pooa/osednber of di fferent categories of properPCEES20h8022628
only is it the 5 hardest materlal knovvn but it has

1nclud1pg gmlglr;&ges her c{ & glgglg f}jé%cléa}r ) pe p?@%h?{ Eﬁ’llm%cal

sphenéar AERALBARA sﬁcrﬁl@mréshﬁllbdl ffufleded’ana tadnotites,” respectlvely
ultraviolet, has the highest refractive index

dbigmondristaavaxaepticastimpteriahbesqessit ssates haghogt (oF hoazvest AcBending

o o RS DR ARE0R] o e el DEpAe s o
hardestnferigl l@@WnoButtiDHadtak ﬁlghieélltlherhjah&ndﬁalﬁyarfmng* maersad at room
attractive material for other r aso ﬁA%& n
temperpip ekt displags suned ppfinal trﬁ%%ﬁﬁ@%pﬁ PR tg‘?rﬁ} aesyibroyeh the
ultrav1§\}:gp rh"% {hg ;111 o%h%gt rgﬁ@&%qnﬂ& HSmly %}%{alaﬁ’la@ﬂgp An AN BLENht

materials t aranfeter is
electnédl mufatdi‘&etdIMe bf gheery vﬁde bandzapl H alsb lispddye hegit eleetical

exh|b|tsaro ar | i tude of
breakdOWBrsgﬁlﬂg% ad Vst ?Jé‘f ﬂul éﬁﬂ)@ﬁr ati onal

%ﬂﬂiﬂoﬁl&%ﬁeﬁl Aot ﬂlﬂpﬂiltf@fﬁthaf@&%ﬁ VAT RfonPleBfjefdt@8, the root-
construction and operati on of NEMS 15 énano

mean—ﬁju&tﬁanmmmiearfmbrlatleg( §trefishondiines }W\casfé 02 eanemetess, vehereas for

d/ di - | ik I
other na@;pléq. ﬁﬁ'\xpegaraq%%@r k?%dg ‘f | ‘fngﬁ%t t %rae 8Lef theheé?ment lead (Pb)

exhibit¥ a%%ééiﬁic}ﬂa?e éxﬂ}ﬁlllt‘d@é‘ §Lwbiafien by 0.629haknslérsg LeantiBrtional
di scussed in "M crostructure and grai n boundarjes

amphmcnesm mammtanyguoamty fra pecasRINePIiTIGHon angpppratigp of NEMS
.Propertiies, Gromh and Applications of
(nanoeg gﬁ‘?{ﬂ‘? & @ﬁ?‘gqgenw M H 20 Nazare and A. J. Neves
(THRSRRSosthOREOSS o 28Mibhd apdor 3idiroBd Bke neteri Fyrtief Hewrtrsines
have been nade to synthesize di anond havi

its properyiss, & thietcatent thatmigrostrstura rlrenges tYP%PﬁQ?n‘ll%?Pf’Eﬂ’é As
dlscus%qrﬁll"elﬁl §11cro§t?190‘?ﬂre"3éﬁ%§1ﬁ% ﬁrﬁﬁlﬂleé ofLPﬁﬁna%E)%‘ aﬁﬁféQﬁiﬁﬁéﬂld films”

rres may rarmtlc hose
by D. BREROME th Proplelgesh GrdowthNadotppyiads ok nﬁ@zmcam aditedi Hyrhel. H.

h t
Nazarg i, AiRies ntnes, oo SRS vweSeal fesalty SHotth bpvodsren
made @f ﬁy{lﬁl%sﬁ@%lgﬂﬁnath%% @'st?a'i’ht@ sRNRGHY Shalol kit eFhRBPMEaN the

mreside I n gral oundaries. A form of carbon not
“micralf mﬁges st thetesnk rtlm leyain homidary qhegn@n@srma}adéfer dramatically from

"di a non are d ri.n
those qiierGa R el IS AHAA A A aEs fehe tire t
five nz{;{foh?c'ﬁ D4 RCan PR Uad BRntrErRERRA neABNT BPREENt off EATIROR, atoms in
taners, octaners, nonanmers, decaners, etc., of

a nan(mmestedﬂntteahan(m& fiby ¢¢S¢4€8lnigraln beurderigecane), adamant ane

he, 30 st |ch| r| c far « »
N R R T L
DiamdrogR rmﬁﬂd@ﬁ&i@cyciﬂ&ﬂ&ﬁeﬁﬁ@t%ﬁ{paﬂae acﬂmnztrﬁarwr; élamantane
essenti al ly subunits of dianondojds. The conpounds

triamantane, aud'ths tEHEMEHH BeNtEBEIS) BRFFIICH, REPIIMER QGRS ORARCTM

docanlis QLSRN ol AR TREPENRAR), Rl RORER s 7

stoich2REH4 O AR G, B2 R8N0 2A6RBadamantane units are face-fused to form
larger structures. These adamantane units are essentially subunits of diamondoids. The
compounds have a “diamondoid” topology in that their carbon atom arrangements are

superimposable on a fragment of an FCC (face centered cubic) diamond lattice.
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Di anondoi ds are highly unusual fornms of carbon because
whil e they are hydrocarbons, w th nol ecul ar sizes

WO a0vgioong9i n general from about 0.2 to 20 ri m (EUEUSIPER022628
in various directions), they sinultaneously di spl ay

e el c:ronl ropert line
E"h ?Sb‘%tw@n?%%@a(?%%n%s% asse ?}égﬂl nto a
hydroc:‘éf'br(‘)n§I 8FittPm¥Rehisr éi@ésl 1ngif® ﬁﬁ%ﬁbﬂeml ifldrrPabioapeattd 0 nar (aayraged
each di anondoi d assenb in a specific
in varieis @m&oms@ﬁhemmugémqogswsapﬂ%yst ¢ plspiromiparopgies of an
di s ive.forge
e

Waals dbl@@ﬁé’éi%l?‘m hespeatitipatig] witls baohnijﬁmomlntﬂ assgn‘dlmg/maasspemﬁc
i ndi vid

orientign| $be orlid r@é@%’éﬁ?ﬁ%ﬁﬁ%@%&% AT e
groups E}%tfo 8?}{1‘8& éﬁllbnl B inheeh S’Tl‘i@'ﬂ%ﬁ@ﬂd%ldsrha@e ﬂﬂ@usual

eum to net ane an graphitic carbon.
strengtBlaQB migitﬁty@rsﬁmlﬂ/ﬁuelnﬁol@ﬁﬁieé is naadd cteat fromdheir means of isolation:

nanonet er-si zed car tructure t ubes
they suSBG# higbperBR F17e PR o 0e oy A L ROt oS ARfls in a
petrolelﬂlﬁYf‘ee&étg&sto n‘;&ﬁ%raﬁelg@apmmtmsonof buckmi nsterful | erene
nd properties that are conplenentary. Nanotri bol ogy
sBmknmnstblﬁwlhar@tec(ﬁho) t drltretatnd meoemptier-figed casboi stiuctireh of

d b 15 d
o AT R G o PR ST ME B o Lo
compaPdtE &) @R & bubBhBkictfullbRhe 8Xd SRfeticOMer 4t comphinentary.
nanonet er -si zed devi ces where the contact between two

Nanotﬂbﬂlba‘c stgdlﬁsh@/elébyvvﬁ dlaat theecoeiiciens RATickion 198 ErdhgAn g over an

orir g ASEHRBL AR A IR Spb st b

materifEf6k 6£:8ndddVpstativs bF AghoMEME-sed deRReOhet dinocuhtact bemasn two
expected operational lifetimes by a factor of 10, 000
SurfacmléralquWt@@nstruct ed of other materials, e.qg.,

ond 68 Bee %h@%q b&ah \miésﬁratbé nRRerfat Q&Cﬁlg dofRruborPof
eS|ra erla or construction of
Microl‘d@d%mcfall Bethianial (MEMﬂjnnmmmamS&mdBie@N%ponstructmg MEMS out

nanonet er - si zed, devi ces he use qf
of diagond Br e A aee b dicrort A TRR e yadts

consn%%(? gﬁ(?th%]erﬁgt\ﬁ Ede %g}é&}rﬁhcdﬂ' %ﬂggfoxzﬂ% gaﬂ\ﬁ%fri’l?)f(l 'é)ré@g g:tteélsto bea

highlyt deairatilé easerinbfog chnstsiciiéd aeNano-elheipiesl nagearigalisysiems (NEMS),
properties. of nanoscal e conponents determnm ne what they
nanonteé‘ﬂ sksd deRiceshi s chapter, Drexler discusses conponents

PRI SHUMRIMAEBS PR SRRAHH\BmMpOA&ItE: ﬁahagcameblﬁwmglmlas
natural to focus on noving parts, nmuch of a typical

been chgws@mbtvd@m Drexiards Manom@mfs EWilews New otk 19981 3Pndp3-272-

pret 5B B 900 BREMSC R0 BRI BB Lg peain

comp&HRadResmide ikt tieytanded hﬁit}asmgm d)x%ﬂerl disousses ¢dugponents
structure tailored to support the conponents in

from # sfrusturalersppesive: Nefing ik Wi iserafurplgo dors HJrHEpe pars, much

of a typical system has its mass in the form of a stiff housing. Gears, bearings, springs,

screws, sliding rods, and motors should be pictured as being anchored to or embedded in an
extended diamondoid structure, the structure tailored to support the components in

functional positions with respect to one another.
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WO 2004/ 009492 PCT/ US2003/ 022628 Drexler was first to
identify the qualities of dianondoid structures for
w@engneader i on of nanoneter-sized devices. He ePwi/BhmnyoR22628
conpl ex nanonet er-si zed di anondoi d objects, such as
bﬁ?er)ﬂe!} g&as éitrg’ﬂf) i@ﬁﬁmﬁff@l@lqﬁgﬁlégfof ﬁﬁﬁfoﬂﬁ&ﬂ%‘ﬁﬁcw&%f‘@onstmc ion
parts, cal cul ate elr properties usling advance
of nanom&mu-mzed dedcew I}ﬁzaﬂmomdrmh'@taxamomﬂar-&zm dlamtvadoidedyects,

5 _extend d b rkle and others, but is still I eL
such o3 bE IR JP TR SAIBES AL ERBrSGURIC PRCLInF BetS g calieytafin i
propel‘gll% ﬁglhg'l&ﬁfaﬁ@éh SRR Sred Miedid: kinthiiohs! T hﬁ‘\%rkt}ﬂl@ been

nondol d structures that were 1 nagined
extendeid by Mérkie andpdlsss, thiubiststill Jargplyraghemsetingl proj ¢0®nn due to a lack of

actual GrSRA RS et e AleThuis 40 sectPnBSRE Pufhemee honvse

imagitdd vould BEVHtuANS 8 ossfﬂl@totlﬁéga@éwgmﬁrdrﬁ QERASb iR SORBShe of
synt hesi zed to date, and then only with great

the foui rfosmblaldna}normldql haripespw foes-fusedy aﬁlﬁﬁéleé‘éh@é'iﬁt(l f only one of
the tc:Lt;D ) :C g omer%ﬂb BEM! L zgd GA gec %{1}? [hen%rﬁ%} &ﬁﬁ ngélgdﬂﬁéulty

aAldnglsenilartliREl, the b@icepwfaﬁolmazhlmmlfacnmng@fndlm@lbuﬂmon
Phenonena and Macr o%ycl ic Chem stry, Vol

enginepyg pashenaeoywedby &edsh antd UY RS i %@V@W&W éléleqi ar
“Mole%{l]lgf 101%.?1'51 pa@ rtﬁl}?&ﬁfz ﬁngﬁmf@ga a{vﬁﬁlagﬁy @Eéﬂtmﬂ% Vol. 36,

genera tres 1or nolecular an atl on

PP IOBI 1Ag Y 2@O0. eMcﬂé@@ailm:anufaﬁmﬁn@ dnd Qh(ﬂgludmlengmbmn@dtrs approaches to
manuf act ured at om at om a e rml ecul ar | evel The
the deyelpprent,ph E%‘&E%aﬁapét?l 6y Phidlect feR F ROt pew organic

and b10 | SeMbRFals feﬂ:ﬁﬁ@d BeRMGHREM At fhetrﬂglecﬁlhtt rYat q‘h@ tdrfhs

racterize branch of organi c chemstry.
molectielr-snzer mkewwychmnpn’%hmolecalm legoé’ duage Uwcuse(rb anlthe

llteratl}rbr‘(}% ag gﬁja{rﬁ?cégf%eﬁgpi%%&ﬁng oeg)étﬂi Ol ! Iglfr: ﬁJ%Vi%W chapter, Asfari
and VELAS&s6M edTREBENACS 76 iﬁte%{srb%hlb\ftﬁ{ﬁec}ﬁnféﬁi Repérfiks ShZ@ay be
system may be 20 thought of as an assenbl'age of parts

interprgissli ig trsohs o ctarssmesl chh@mcwdmord;ﬁr wioedsa pprdleculdrsivesystem may be

thoug]ﬁr?vags %rll ]ésgél%l légar&sacg Elgt}lgd %{c& W‘E‘? rrtél?]oc@ér thg g%;gﬁ/c%ﬁgn of

powerOfor&eh 852106 6HROOBBH Sarof tﬁeedyaﬂeﬁﬁntaq)rédwarfmmqneﬁﬂer eThe
heir abilit thermally rotate around sing

mecha@m@hﬁrop@m@ Pgthéﬁ QERRONENS Atpselatedrip dirdinges nt%n@Sh@elr ability to
e GESEN B U SRR Sl S G SGRARE B an

the maimfst mlwhlﬂiéﬁj\i}@és%e ﬁﬁnsﬂ?écgﬂmb@ 8 ?igids;y&menmrersq;\tgadmljbﬁme
Asfari _an cens i.nclude propel]ers eve ‘

systengeB¥anpl @Sofbﬂm@amﬁarggze BisiaRess eViPWed e s tark ad%n@lcPlPse@Cl“Se

propelge% %é%ﬂg ng'egéct%@ﬁr%d ch %s% Bfaﬁes Rk, %rﬁstﬂ@g‘gyen ulums,

e i nportance rotary notion in
gyroscrwasgsmiaisemgeﬂlemndshduﬂ&sught to light in another

o PRt a1 O GL SRRl SRS ishpongl o light i
anothe%‘?@xh@dv Qrticdl it ‘@edthd m Memth @Fn%leaiﬂglempﬁﬁchlﬂes’ Ry T.R. Kelly
Sauvage, ed. (Springer, Berlin, 2001), pp. 19-571. The

and J. Br&pte& ut Yolesekr dfadhiies outl fotey st Frdautege, wk KSiinger, Berlin,

rdi nated,ro

200501881, She Rhop SRR Bh BitlRled it bl et ol or

coordi@hted rotary motion, and emphasizes how such systems represent a reproduction of a

variety of macroscopic mechanical devices on a molecular scale. Examples of such
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vari ety of macroscopi c nmechani cal devices on a
nol ecul ar scal e. Exanpl es of such -4 WO 2004/ 009492
weRONANBR0D3/ 022628 systens descri bed by the apeTiosm03/022628
i ncl ude nol ecul ar gears, turnstiles, brakes, ratchets,
systen%%scﬂ%ﬁ%%hm&i&% indM@sh8lecflardgdals) hirhﬁﬂesof)réléﬁ rﬁt@ﬁéﬁ and
di anondoi'd" is broad in conparison to it$ use in
I‘Otarylmc@@rgnt patent. Nanosystens defines the termas a

| ent.. soli.d with a, .5 dense
PSR debhltost ol Brtio e Brt B i Pto R PR G ol e i
the prés&ﬁtpatdih@ Nuasssenk deSsithtsteth a8 Shtrdn3! S SdovhRMEsolid with a
conmpositions that include multival ent el ements from

dense,tthrgedimensionahneivorinef bosds.” daesler stgtes thaf flahdigmopdeid olids of
most iﬁl%fegﬂ%ve@oh{ A9E0ns &lg{jl QYe ﬁﬁ}m%ﬁag Qﬁ kf?on% ‘ﬂpsftir%P IIolwa &f the
USe  of CsPmCar ‘second row el enen as sid

periodpdtablp)guich 9is barvdh, satbdn) mitrapefl, dndroixkygeh, bﬁﬁm@ir malt® @@bsadnaal use
coval ent el ements such as hydr ogen, fluorine, and.
of simglp sspqnkrow elemgrie qushrastsHiconPhosphaips, iebeh S%lﬁtrdmfﬂsmaﬁd se of

monoJE?én?Eéx%ént %%%&'té dufRs ﬁfr%e% gﬁé‘ﬂlﬁ%ﬂ@cl%lﬁhhé.cﬁﬁlude?iﬁmhe

tungst en, properties shown
deﬁmtTcabdfehamoﬂZhnh)dl materiatsoape smmmcaolﬁldd,l ammnﬂpsuﬂcammiaideahmi
r EXex . erial Young's Mdul us
tmgst@bg"éﬁg‘g EtifiS;? at('\{a a) (kg/n8) Dianmond 1050 50

3,500 SiC 700 21 3 200 A1203 532 15 4,000 Si3N4 385
14 3,100 Tungsten 350 4 19,300 Drexler also points
out that such di anondoi dTgbkedct ures have a further
advant agkrdpartica @y dicdheydeilencaeréniabépericd by [Wesler i ption

by nol ecul ar nechanical nmodel 1'ing, including the
property stiff pcc nall\/ Drexler states that it

woll d N@tepdef ul C%R‘:T U anétrcggfr actler i 2%6 ﬁ%
smal |, regul ar |st ru% )res Usef uf shafts, ( %’@ and
so Herth—reang—ter—fReex-ng—ant—recovertng S grs

bLaIn01imnv K Y SRR U nnnrJS’ﬁGt
ar ¢ uunpal ClLI €t 3 l ange: at—s—heed S—a

Si v 1 - 3,200
sel b on—of ti—arot o1 o—rater ai tHrat ||a‘v'g eh

2\/3 5Q¢Fr\| T, \

cat Igggeu T terns Lglgsblldpt;‘ and—gi mensions: 3400 SUMYARY
OF [idlsNVENTTON-Draggdor s —ar eza forrof gagpon not
typicalty discussed in the fiterature. They are

Drexler also points out that such diamondoid structures have a further advantage in
that they are amenable to a description by molecular mechanical modelling, including the
property stiffness.

Finally, Drexler states that it would be useful to “specify and characterize many
small, regular structures useful as shafts, gears, and so forth; means for indexing and
recovering designs are of comparable importance.” What is needed is a selection of

diamondoid materials that have been cataloged in terms of shape and dimensions.

SUMMARY OF THE INVENTION

Diamondoids are a form of carbon not typically discussed in the literature. They are
bridged-ring cycloalkanes that comprise adamantane, diamantane, triamantane, and the

tetramers, pentamers, hexamers, heptamers, octamers, nonamers, decamers, etc., of
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bri dged-ring cycl oal kanes that conprise adamant ane,
di amant ane, tri amantane, and the tetraners,
w@enwtamars, hexaners, heptaners, octamers, nonBCOEDS2003/022628
decamsrs etc., of -5 WD 2004/ 009492 PCT/ US2003/ 022628
116; S
adamawaw g ? gé%gllcﬁ%%% %dg:?’lc%% ﬁa%gh %ﬁloﬁ)lstma?n mltc?&%mla
CioH; o/ ax wblm adansadaareataneivngs ae fadeafueed todorn lagéretmriusasger

ruc s. Accordin o _enbodi nents .of t r esent
 AGinG 1 cPRaiR G pERL B B e A AncidB At Soed fom
petrolduB€ RHAB KIS AAGroviavd Mngw%n&ﬂm%é‘irﬁngn%ca@@@oﬂs&uction.
nanoscal e construction Exenpl ary conpl enent s

Exemplaﬂc'l cotwlemelys instuickeds braslcfrtawsrewan@ldﬁ@m Or@er merenor e

npone senbl ed t rm.a, pangsca
compcRB SREHiR yelei BT - et anBiRBo PRGBSy
subassbbENRICRIIS tadhdfiRehd, Pahbt/fid s §dtems, Syhthbed tdlluiglhéthiBane
menbrane mcropores (which may be self-assenbl ed),

mlcromr@a:&whl@amaps&@ts@fﬁw d), clpstraqehpeiten signal geneisiss, and atomic
scope tips. 10 A novel nonencl ature system
forcerﬁ%r&%egénﬁ%sgvel oped by whi ch di anondoid conponents may

bA nonélam@bmtme ayabragedbechhieselspst inwhichplidmesioihe
ection of atons froma three-di nensi onal
compoal@a dhedindexedand cataloged 'Hhis SYT5eB SPIREECSThe REO)gstion of atoms

from a.lpcﬁl\c/éleediﬁfeﬁﬂon 1%1&19&1%0?&%9&[@&5‘[@9%' gﬂ%pﬂgt%g)?ag}teec lpro(%ectlon. In

: € nost appropri at nis
one enfiboglim it ¥ theprgsdnd idvegtiap feandt appropnate pkinalof peajection iethe

010 Rl 4 P T B By R o

dthpwpﬁ lﬂ, eafs. 1 S an overview of the enbodi nents of
an ese

ent Tnvention, showi ng how 20 di anondoi ds may
be | soI ated from pet roI eum f eedst ocks, catal oged and

Const ruct | S IV S
constructi oréﬁm i N 1% lies
conpri sing one or nore conponents; FIG 2 shows an
exenplary progess_flow for isol ating di anondoids from

pek di 18 gino Vo efibe smbedimenisof thepipsent mysniign, ghowing how
: t l; e,
diomof§EEPHAY be ol 08 F“aﬁ’ﬂ.?‘%fggﬁglyﬁﬁﬁ%@@r. Ao ind BN b S
compqmenms efmt isesn nhadscala gouktmetich, end calnbised oformsubissasblies
dulus or diffusivity, 30 FIG 4 highlights the
comprgmﬁoiﬁ’é ISEBEIWRORSRIFt hin the diamond |attice, showing
the relationship of the adamantane subunit to the
di anond crystal structure, and enunerates various
dFIé}rdrﬂlimwggtnbyempmpnomﬂpWofof tohating diamondoids from petroleum

feedstocks;

FIGS. 3A-D illustrate exemplary orientations of the diamond crystal lattice,
showing how the lattice may be oriented to emphasize properties that may depend on

direction, such as modulus or diffusivity;

FIG. 4 highlights the adamantane subunit within the diamond lattice, showing the
relationship of the adamantane subunit to the diamond crystal structure, and enumerates

various diamondoids by stoichiometric formula;

-6-
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-6 WD 2004/ 009492 PCT/ US2003/ 022628 FIG 5A is an
exenpl ary rod-shaped di anondoid with nunbered carbon
waeoa®094p1 G 5B is a plan view of atons from tPEr/US2003/022628

exenplary rod of FIG 5A projected onto a 5 plane
perpendicular to the axis of the rod; FIGS. 5C G
illustrate dianondoid rods of various lengths; FIG 5H
dEKR rSAbsantdxempiany et shdpat diamondoif wGh ihtieredt carbom abdms;
their nunber and 10 character; FIGS. 6A-Dillustrate
exenpl ary di anondoi d brackets; FIGS. 7A-H illustrate
SRR % qiamew afbnSCHEWIh SO npHr§ Yo d 68ETE. 83 profketed onto a
FIG 71 illTustrates an exenplary gaS chromat ograp

plane pegymficidardetthodxis bf thatodscr ew- shaped di anondoi ds,
where the GC colum is able to resolve the chiral
enantioners; FIGS. 8A illustrates an exenpl ary
dFR oG 1a8Ake diamohddis réBDE vaNGisaBsAgRNt ane, 20
with the carbons nunbered for future use; FIG 8B
illustrates a cycl ohexamant ane gear in a perspective

ot PR RbERe bhleestid GRS BT S MR Gl i Rishe

charackdrom t he exenpl ary gear of FIG 8A projected onto the
(111) crystallographic plane; FIGS. 8D E illustrate
geonetrical aspects of a cycl ohexanantane gear; 30

M &Eﬁg’gh%t%édg&e%&)pg?rg’&%ﬁ’dﬂa%’d 5HO&L. tuents that may

be attac hexamant ane gear to create a

rotor or inpeller; FIGS. 841 illustrate two neshed

cycl ohexamant ane gears; .. -7 WO 2004/ 009492
VSPobi3] pstpe gxenmlaty diagnondojd oprsts apdescrevelvpivgssy

cycl ohept amant ane, cycl ooct amant ane, and ‘

cycl ononamant ane gears; 5 FIGS. 9A-D illustrate

eREGI alitystrdiea mm ralanplsryf gas chioenadsgraglo(@€)of esetef chiral screw-

shaped RO - BiesE ool SOLRF SPIEHFPRE N S8 aOmeEer
10 FIGS. 10G P illustrate exenplary signal waveform

gener at or s; _ . o
FIGS. 8A illustrates an exemplary diamondoid gear, in this case cyclohexamantane,

with the carbons numbered for future use;

FIG. 8B illustrates a cyclohexamantane gear in a perspective that emphasizes its

structure as two parallel layers of carbon atoms;

FIG. 8C is is a plan view of atoms from the exemplary gear of FIG. 8A projected
onto the (111) crystallographic plane;

FIGS. 8D-E illustrate geometrical aspects of a cyclohexamantane gear;

FIGS. 8F-G illustrate exemplary substituents that may be attached to a

cyclohexamantane gear to create a rotor or impeller;

FIGS. 8H-I illustrate two meshed cyclohexamantane gears;

.
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FIGS. 11A-Nillustrate the concepts underlying a

sel f-assenbl i ng di anondoi d pore or channel structure;
w@pa4/089481 G 110 il lustrates an exenpl ary por ePCr/US2003/022628

channel in the lipid bilayer of a cell nenbrane. 20

DETAI LED DESCRI PTI ON OF THE | NVENTI ON According to

ﬁ&g{igﬁlﬁgt s of the present _invention, dianondoids
delilugizate gmmpiaysvsioheptamadaes crcleentamantend, end
cyckm@ﬁmﬁ&@ﬁﬂé of exenplary methods and devices of 25

e present I'nvention is presented in FIG 1
Referring to FIG 1, dianondoids are first isolated

f tral eum feedstocks in a step 10. Methods of
r%@%‘ﬁg}hﬁﬁmﬁlﬂ’ y E}aamnéeldﬁ &raisaas elemde furesmigrescope
tips; disclosed in co-pending U S patent application

serial no. 10/017,821, filed by Decenber 12, 2001,
assigned to the sane assignee as the present

[ ' .and incorporated herein in.its 30 entirety.
@ggﬁﬁp%gg gﬁlég%%ﬁﬁ% &5 I%lerfﬁﬁﬂ%?ff%@ﬁ?dﬁ’é‘b@ésea’@/‘élmca@p@smg a
tachonie®dr; use i n nanoscal e construction as shown by

reference nuneral 12. Exenpl ary conponents 13 i ncl ude
rods, screws, gears, and brackets. Two or nore

s be used in conjunction tg form a
SR 2P g Syl et Wnisdomm, ehestionsa,
Subsystens are put together to conprise nolecular
machi nes _.and nanoscal e devi ces. Exenpl ary subsystens

TGS ¢ 14y illustrifp theomnc e uoder iy el pgodiamondoid pore
or chadREQAIRLEr Sy Cl Ut ches, pores, pattern signal

generators, ratchet/paw nechanisns, and atonic force

m croscope tips. In the follow ng disclosure,

ﬁﬁéngggnﬁ di anondoi d conponents w I | be described on
- haditldushptes gl premiMayaRons preshenaeldn therinyd bidaier oha el
membrhfd. at ed physical properties. These 5 descriptions are
based in part on the recognition that
t hree- di mensi onal structure may be reduced to
sinplified two-di nensional representation by
projecting the atons of the three- dinensional
structure onto a particular crystallographic plane. In
fact, applicants have observed that certain patterns
becone apBELAERBDESCRIPITON O FHEINVENIION ed to t he
di anondoi ds of the present invention, such that a
plurality of conponents belonging to the 10 sanme cl ass
(Areseislingioembedimentseefithe pesens ws)entrary, dienecloatsadayle wsed as
Mals? cription. Follow ng the presentation of |
comporfirh B R ale Bha g Smop P Ho BB AsdiocBnd dovices of
the presthi®Bsttinds pRIBAREMIIGIave been given as exanpl es), an

introduction wi |l be given to the
Referring to FIG. 1, diamondoids are first isolated from petroleum feedstocks in a

step 10. Methods of recovering diamondoids from petroleum feedstocks are disclosed in
co-pending U.S. patent application serial no. 10/017,821, filed by December 12, 2001,
assigned to the same assignee as the present invention, and incorporated herein in its
entirety. Next, these diamondoid components are made available for use in nanoscale
construction as shown by reference numeral 12. Exemplary components 13 include rods,
screws, gears, and brackets. Two or more components may be used in conjunction to form
a subsystem, as shown by reference numeral 14. Subsystems are put together to comprise

molecular machines and nanoscale devices. Exemplary subsystems 15 include
-8-
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manner in which di anondoi d conponents may be conbi ned

to form nanoscal e subsystens. Usually, this involves
W b@4aemori ati on of two or nore di anondoi d conpOIEs1083/022628

For 15 exanple, an exenplary subsystem conpri si ng an

I t |
tachorfift s, Bo P Bl SR Bcb PRl B T g
atomicdﬁaweumcm;zo;bmtlpssed as an electrical encoder.

a ens i.ncl ude trans si.on

it il ving SRBatt o Ep R FEERBS opRob N HaL B §&Rribed

on the W)%l@ §f ﬁl‘éirttﬁilgls %nflé’ﬂﬂdnﬁﬁﬁfabé Ql'iH ﬂl@fr‘i’el‘ét%w h?ﬁﬂil&)%};?e‘fnésa Nhese
whi may al so be self-assembling), and rachet’- paw

descnptmnh ard lsased irp@rt aotha récognitipn dhas thoaetdinnsfonahstpieture tnay fre

redued R PG SRR oo BRIO Ty el SRR B TP e
dlmengrélzeg%lﬁﬁgtﬁszclﬂgf? F%@ul&?éﬂy@ﬁﬂ&gﬁf)lﬁ@ Alihe! BSHkt, |aﬁ1§ih<fa%€%fﬁave

| ation cokl ng processes, e
observiefl [deat ccléa:m p@ﬁtﬁr@wqwmﬁ @ppatrp@tdvlﬂ@etgsstmewu@ﬂs ghplzadeofiiom

dlamo??o‘gdﬁ_%fdglg pgeg \Izegﬁ i3 nsugl'étnhgg%l pﬂlﬁ%ﬁi‘l o% ?orré%o'\({een{scoelon%ﬂlg to the

same 49 1(@IdB, Hradkets, péapg) Qcrielvemapbe thvered By kingldl deBEripsivnds
adamant ane, di amant ane, and tri amant ane (often as
vBg Hisauesenigbion A thissyomenglaturs sxvters (a fedy descriphensiof

midlp
diamm?('ifﬁ %ﬁl glfler?hshlﬁdv @%E%lg?ﬂ %éﬁ&ﬂ%ﬂ%ygﬂtlﬁtgﬁ@ﬂ?n ighe Siven to the

mannenéi g'hic)l didthendapidepssonegts @ﬁayshecﬂmﬁt&maﬂﬁb dotas nin’oscaimu?csystems.
non- di anondoi ds and to_30 separate hldg)&ler and | o
Usually; thisgruelvesst |a¥5061é’r§?1? ebivcernere dapen mpqupﬁ
examp‘ﬁ@%n 95( m mﬁhﬁﬁ £ Qﬁﬁﬂto'dQH c&gﬁlt[ﬂ'ﬂoﬂqﬁ% § &ﬂ form
nbran S, ecu? Ves, vapor at on~and
the basm ef maalch&aplar ftr measwlrlgrretarw smbed Amelaa&d deviceeuijcleciused as an
xtractors el ectrosta ar at or

clectriBfl SRgater 2gfiighal S PmBiony SEREIHTS Tkl e sSaR s highss gtomic
force rﬁﬁ?ost:@ﬁ‘e d;bé‘ BanosShlYord Si{aBROBP s BEbh WHS QOB niXAdfdfks (dhd

preferred separation nethod typically includes
which giaytal$d ke sebirasedmbling).fand dachet-kawinhechapismsr enove

| ow boi | i ng, non-di anondoi d conponents. It can al so

renove or separate out |ower and higher dianondoid

Isolat1§@6p&ﬁﬁﬂh§o1ﬁﬁﬂbmgae&oté@tﬂ feB@stgiksNt | ess than that of
hi gher di anondoi d(s) sel ected for .isolation.

quqdétPCk%am@ln tesevareie pmewts Oﬁmglheluba@ﬁmlq%@cmﬁ%for
exam e AR 5o A0 s P S L s AR R o,

cokingsroedsats, and theilire! Rarticelarlg pedferrel fea(ﬂnjj@ck@ fongmatfr fee the
rovi de t he |n|t|al i sol ation of the identif.ied

Norphfﬁt § H’é?attﬂndﬁfé]i*?o@ﬂﬁo Msgicoand the,eliwe BEormagap i hagpdan
Medhe foog é?&ﬂ%?%r%ég&ﬁ%ﬂh SPRgo e gf diboRE&at { addifftane,

retail ne er purification.
diamamtehé) add trfiomarttine (oﬂema&ihuaﬂf ascabouaivwonthirtls) aaddessen it significant

amounfi b at<ylo R SRR IoRE 21 EGE (RGoRan R ¢ Agrut 0 605

percen€ ¥ WRE&R). The processing of such feedstocks to remove non-diamondoids and to

ate

separate higher and lower diamondoids (if desired) can be carried out using, by way of
example only, size separation techniques such as membranes, molecular sieves, etc.,
evaporation and thermal separators either under normal or reduced pressures, extractors,

electrostatic separators, crystallization, chromatography, well head separators, and the like.

-9-
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Si ze separation techni ques, evaporation either under
normal or reduced pressure, sublimtion,

w@eopgadsbi zat i on, chromat ography, well head seper/asS®N(22628
flash distillation, fixed and fluid bed reactors,

r %ﬁﬂ@_ﬁ?re@r %foﬁ’méﬂgd ygﬁ:aily R 1ndEl ﬁ1sf1ﬁ§f?%‘1a$f Q¢ feedstock This

-di anmon i ncl ude a tr eat nent
can regiogp lcszi/-tbhﬂmg, 11(‘51—q11amond01d cemperaptse Nt canoalsh whidveat sgrarate out

The. t |t t t | ud
lower g Blehet FapbiaEd R ARGt vE Hiyh oSt et et ng Risher
dlamoﬁd@i)d(s‘? kd18dted folr dlatibRe AR thdr iRR4I¥Ethe Idver @ﬁts%ﬁl%ténﬁ@hed in
hod to renove hydrocar bonaceous, non-di anondoi d

lower dmpmdeldts sud toynboilihg poiseden-diakiondeid materialsrbBitititietion es be

i rolysis,, is .effected heat i f eeds K. ..
operattf Py Riel Bl i e BB paRg, i o 0 BERS BS i
isolatidn bethead&itifice hiheAdiah@a8did 28 tutd Owi9R ere @h&@BLhigher

preferably to a te eraturelntherange of about 410

dlamwémds octhediamngde]jdsof inigresk gt ngtadnpdrand maygeayirefusther
punﬁtjtaﬁglgt 6t efr n{é‘d{qﬁs fgﬂﬁ ?ém(ﬁia?; Hf édn% %Jllt%( a{fcg g.g}he u@ca_rlan of an

era ure deraea

enrichpé dfaﬁﬂindbiﬂ firaetigh taroddditienallo I‘ihd,‘ﬂm@thél ioth ic@ARANLINnG examples:
that, were jn the feed material prior to pyrolysis.
size sqpyaliop feohaiqne. ¢vaporatioasithgrgider Bermsb prisdbcedRresreg ht |

t h
subliniln oD or DAL SRR 3! wh A S PRLS Hn SR A e
and ﬂﬁMibleéretahmrsmd:dmecbpxtemé and die lés. hydr ocr ackl ng and

Si s, i ferred nt, it is not
aﬁm%n &%@goﬁr@a%nf%ﬁ e e i adls el freaimsgt siep gither
prior di’rsuﬁ’éé héﬂt@@&l'sﬁf‘at% THe RRRALH el 48] maP RREAe aHYdrotreating

s may allow for the concentration of di anondoi ds
step, athydrcma&mg stepi, e hytisophicgsing stem ot e pyrolysis sieplsTharke] eatment

isane ?tbmgtgxpéﬁﬁvnpﬁ/g %Xéﬁoﬁgrbgﬁaté:g&? Spgr\l,u glawgdm% components from

the feddfoeRBindPme RRbodineknh bEH, Be61k 6k, TRBEcted Byhéhting the feedstock
chr omat ogr aphy, crystal 1i"zati on, fractional

under §mummnidﬁwnﬁmy ipan ingsichtmesnhsts, m etegipgratwig oif dtleast pheufe

° d .
390 Cy Yl BBV EERRE R REBPUAEF i ey et AV SRty Bt
is contiicdIBela &ﬁﬁéi@ﬁm{ﬁgth Jr amRnae A% shfftmRddyansneaipdraturd 0o VWO

2004/ 009492 PCT/ U52003/ 022628 cont ai hi ng synthetic

thermajlysdagsadgriéi loastabenty 1é)d?>@§¢€t§léb¥5 wstiale oS the apawlipnaendoidcomponents

I at Z8 n h ctlon nl i.ke
that Wgrgn I tt:e% Iéjt’:l eIl 1 noq to ggr pr% e:%ab#J %t leacﬁcJ rgligou? 50 percent

by welghyrayil eVl mgre Iﬁléﬂetetbbgt atzlaetst 9(m é@étﬁﬂ)ly%ghtdifﬂiﬁ)ﬁtdﬂdldﬁlondmds
can_be reg@gerat ed in good yi eI d by our
afethqlilyﬂé]rlb gegedxki ng nethods. In this way, dianondoids can

Becau H&%j?gtrrm@% séfglrgseﬁ)f%{r %%51815%?1%&@{3 Qllylsrrgﬁge ed iﬁ Prsle
embodiyento firi onesdiang necmganyeo &cﬂlﬁmtec}a@abwdry,ysolstuﬂmr punﬂcation of
) [ rtant one. even |l o ieldin
diamopiils, 6&?&?‘?1’8’}?“019 q PRI E e |°§H?%P%‘\?HP’E1 gbfligmondoids to
be sufﬁ&e&ws h %ﬁ'c&kﬁn ?@é&@té%ﬁﬁ godgtﬁ ¥R R pariftit AMRNHeihdds such as

startin terla i's not
chromatography including preparative gas chromatography and high performance liquid

chromatography, crystallization, fractional sublimation may be used to isolate diamondoids.
These hydroprocessing procedures (which may include hydrocracking,

hydrotreating, and hydrofinishing) can be used to recover diamondoids from diamondoid-
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Even after distillation or pyrolysis/distillation,
further purification of the material 10 naybe desired
W ooopoambzie sel ect ed di anondoi ds for use in theCT/US2003/022628
conposi tions enployed in this invention. Such
| | d . . .
contalﬂfﬁg %ﬁtﬁ Ildzxg%’slt%sﬁaﬁlla gér?%éll ﬂ% ?ﬁ%c%ﬂ?g% El%ﬁl%{%l’vatz%ar‘glgns and
other neecﬁloms nbnlike oheesmihetic sacingshatetialz dta are, logtidneing low-yielding

; arati , .and the lik For instance, .i one
derivafigd3iondeactiphs, diamonsilsan Be srerbekton &0 £ons Welldy O ¢ e

hydroﬁ@l:és WF 'ﬂibtl?diﬁ' Tl tRR& ayP! H&ﬁﬁﬂﬂélﬁ§ canBe @ERNED éhd?x‘éhsé'i![rfor other
chromatography using’silver nitrate 15 inpregnated

applicafidnisc Begpaise dizymonyloids @rednghlu rveblablatmat@laimhus hyedrgprgesssing

t t
regendii B TGRN dn iPpbrdh Ol ERGETRIE 107 silding gy pization
reactidi@ e ﬁﬁﬁlr}agtﬁfi vdluﬂmé@ﬁiédlﬁ,% feadi¥le @b&aﬂgmte Wi RIaBleQEABSndod
to use single or nultiple colum |iquid

starting mragerid roas:, i ncl udi ng hi gh performance |iquid

c | .
BB A bSO SRR HTRERR) SR Bher g
may bé eésiet ity pioviie sﬁﬁ}tteb@hzﬂﬁcﬁfﬂmds ot e in fHeoag®kitigns Sployed in
usi ng these nmethods allow for nore refined separations

this mWﬂt’@H SHeh pwifiratign fechpiguesinelude pRromatpgranbiyngssialiization,
therméfi ldﬁ‘ﬁlsgovlﬁtg AT %L?eé PIdR% ‘?%ﬁ:’mg%%% rglessgfé ex%’&glhlzgt C Q&ggéﬂa?atlon

orm i'anon racte
and th@ dke. oF@umtﬂmmdﬁﬁmmocemtlm ﬂeemivemelt feedktockas syl anesmlth@

follow{i.jlq?ggé:l %%Ft rp%e%ugebsb% hj }gwelr a g{on}r:]agg%gﬁ Cy%g?r?gssllfvle? rrl]l%rate

1mpre%f.afé.d' SRkl 2Newo @quﬁﬁ?préﬂﬁ*aﬁ\}e' ? %@ﬂgﬁdm}ﬁ %xgﬂﬂy to isolate

Provi si onal Patent Applica 60/ 300, 148
diamohddidsg] 3) ulryetaﬂl:zﬁtlat@tb]promdd ctysBls dHrtha/highlyraincdatagat diamondoids.

I 60/ 307,063 file
PRR Bl habisp 13108, iR s il Aty f SR 2fahy,
1ncludﬁfg'}ﬁgﬂﬁérﬂﬁ1nﬁﬂcem(ﬁf@ EhrdhRreRahy 0 isdie hddiateBhd S8¢ o Bhterest.

., assigned to the assignee of the pr esent
As ab%’@pmubmﬂq eohummhwith dsfﬁﬁrbmt@akp@wsesan@y baesadp Fugtherprocessing

using Q4 Sl BSs b Sermetioen SR ead b st Ruapigpy

pure céthpsaEacloi ds Chem cal Iy, di anondoi ds are substituted
and unsubstituted caged conpounds of the adanmantane

sBG- @showe p pencsss e aied In grhsratie e, whereindismendoids
may b%] SRR Eetrol@ﬁﬂtf@é@{&:ﬁy %etgﬁmﬁgﬁpﬁr rocessu%gdfeedst%cks

pt amant an oct amant ane, ‘nonanant ane
to obtammﬂghamaathammnd andpoditgorsi dkeset ifore indi. Snglvismmbmatbﬁt and

Applicafia NOn AP oR- 450 a0 s P gneg B g ApRligation
No. 60%‘6@1"1@ Furle21, SOPE hdPOS. ggl)ﬁslgﬂal@ggl"l@g%ﬁaéatﬁﬁl@cﬂ FCC

| afnon attice SuBstitut I anon conpri se
60/307f Padnfiled fuy 20, 2000, prdé eo-pbihding appdicdtion titled “Processes for

nde Gl sub tltuent anmant ane
conne SR TIEP AU S 0, 5P BRI e
present ASHIRISA MBhese applications are incorporated herein by reference in their

entirety.
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10 Consequences of the Di anondoid Structure,"” Chem
Rev. vol. 64, pp. 277-300 (1964). Adanmantane is the

WG pakloesd2 nenber of the di anondoid series and PEHURM03/022628
t hought of as a single cage crystalline subunit.

Chemichad&imiva Fdidnadddsidswo subunits, triamantane three,
tetramant ane four, and so on. Wile there is only one

i Sheicpldy, ipmeusioldspapabstiuted andjunshstitutes cagadi compounds of the

' . e are four different isoners of

o P AR D555 G gL S5 BB e,
pentareaiddile] sx@maatana, Heptaniantne, dobitiantirdef B6RAanRS SAd2h@aNBYS

of arrangjng. the four adamantane subunits. The nunber
undecgpantanes ik} Be liksnjpelyding @fldspnesss prshsterepisemess thgreof. skieh

' f.: ' [ 4 nt anant ane .

om0 O O L A e A R R G
superighposbierinemfragrent of Ao FCEhdiamend lakticeh Sudstitori@iticidodds may

avai |l apl e, has been studi ed extensively. The 20
compr arbL i1 BHchergprely o de ddndepeadentiu seigsii lkai subsdants.

SNEdmAS M;}g ' Lol Y et [yonad iﬁfH '| X
and theaﬂglrrbg%erti esg]cl)3 e@%ﬁ%ﬁﬁ?%é}?&%g‘%% lﬁg Arra erﬁg?'s.
Consequsncsrd ttheDegmartdeid $toidhoef” rhepaRentvel. dids ppl 2 7780061 964) S

Adam R e b DR TR B D Biedtinortioidses ot Jhtubs thaugh of as a
single 84de@nYstal BARSIMAN Efamadtane daﬁfaﬁﬁtthQuburﬁtssﬁi%]rr%g%ne three

teaches a pol yan de pol ymer forns from al amant arie
tetramentanei fawr, agl ) oRaWdnle thde Moonlp o ippmadc tirscefsslemantare,

. of . thermal | y.st e resins from adgnmant ane .
dima B BB 0 LY st AR S RSB 0 Bt
represl Bt BremitisnRrid ppie), Y.8% o Al ff@bnt Possble Vfyk 8F MrrRging the four
adamant ane derivatives. In contrast, the higher
adamapfangahyBits sThemipaber of ppssiide sompesrineressss pon-linearty with each
: ' I € - SCJ ific |iterature.. McKervey et
higher HehiRL b e dhrmod i S RLEE pebafiateh Sl et Poinkinfee

octamantane Jbnhmantane) désarusitig:, atcl abori ous, nultistep process
i p. "Synt het L;ic Approaches to Large Di anondoi d _
BnBoyiaich isreqpmpicinlyigvailable, hagbespstudishoxsgpively. The

smdiesﬁﬂa9§9ém dT&cfeh%év%Pﬂ%ﬂt?ﬁ%eg é)f %gm&&%’thélﬂioﬁgﬁ%&fcggatbgﬂ&y

hi gher di anondol en synt hesi ze
functiopplzation,aind thdypropersiog gbataptintahe centamirenmetetifls. Bt indiadlce, the
t et nt ane, pentamantape,. and -12 WO

t i | at .
followidg gl B G55 HEAE IRS GOPO 6 Sam LA AV e Ur ) TSN
3,457, ABttERhEUE HESHRFABH 0F pbRmlekIém %ikeggfaﬁlaﬁﬁﬁ&hgs?%ﬁs%‘%em No.

studies, reported in "Natural Cc ence o

3,832,3B8tteashesn polpar G2 eRB)cr fowm fhoranilyivslataaGhie Ajansing U.S. Patent
. (EPATREANE, KOS iR BERE, 5L TSR SIS

derivat{Ve§ 300 CRS OPatérd INR GR35 B3¢ réfdets e ¥yatREl a8 pbRAmRPization of 2

. material after a 5 distillation of a
variety of adasmaniang-desivetiyasi ng f eedst ock has been di scussed by

e et o 00 i e

the scientifit libeeatdies QMsKerey Bt al. have reported the synthesis of anti-tetramantane in

low yields using a laborious, multistep process in “Synthetic Approaches to Large
Diamondoid Hydrocarbons,” Tetrahedron, vol. 36, pp. 971-992 (1980). To the inventor’s
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, pentamantane, and

-12-



10

15

20

25

30

relation to their potential use as conponents in
nanoscal e construction. 10 D anondoi d conponents
wor@anodel d conponents are contenpl ated to be BPSEUS1003/022628
nanoscal e construction in a variety of ways. The
hexamantape sredacpricebleunt resérzeiss inighsORRES sbbétosebaesigRs, Feported
N%ﬁ e@ to the ,E el d of anot echnol ogy seens to
in “Nalyph Qeguzreprgof Ceftpnaptang ng‘sizén?wawt@w @zéﬂez)mﬂbe
Hexar&ai‘ﬁﬁ'e IR at £
R oL eP DB g DR, TP Bl o152t
(1995)a§l“hemg51blgmcﬂ¢mesqf tsh:mmaneaamd p@ﬁanﬁmta]ib @spotah&eriafier a

on s that are contenpl at ed,
s o D SRS SRR L e b Sbeed S oo iU s
Patent NoRgj4ne, 1gge fol [ owi ng thought experinent. For a
partlcular nanoscal e design in which dianond is

pedi the eeenesticsted whanss pﬁﬂhe cai/ald}ibdn diemondoidmyilbbe discussed in
V. orient t i amond | atti.ce such that
I‘elatlogﬁ)l @gﬁf?’%ge?lﬁ glp‘% perPTREES 18 Pﬁ’i‘r‘bsﬁ@ile FEYSIEURR ched t o

the 20 geonetry of the application. For exanple, it
Di / .be necessary to orient the dianond material such
wg&éigém—%ul ar modulus is available in a certain
dhiLLehiQR: FORARTEY hanced
in anot(ﬁlEi CO ?%Irﬁt&gé;eﬁlgﬁtﬁ Ofbidis %‘L 1{%0??3?%/006‘?@%’@“ n

a varietyi elveydo s 1mfnenkd1@rm}eéﬁsmies laAY Sifpe®that HiAMoHESAPBer to the
‘st ock" _di anond ({)I ece could be oriented

field of fnoleh ncligy sestra st tageed i sustomnchish ey iy

u
o S 0SB ORIl
partlculat']éf ugdei asende,d)racéaetsalscre\hsa ped gbztrs | FThesriage hdtahe RIS classes of

ance art heI an was able to visualize
°°mP°’Fi% ’%?HF 6?’&?@1’:‘?3 %ﬁe@é ‘ie §onFemplaay puipasssala

hegike @fe FRORIR th SPRsenk. U aa%é}a vin
) eXt%laﬁeoeus matr%rl g‘%tlf%pm t héﬂt oﬁ{)r éélgﬂ’%a%fofﬁaie ({(gs)lgn !
which djpmpnd isfpeeifisd ﬂ%ﬂlele hﬁ@hdoeae it mexbosdantagousnio arient the
t he B ock of FIG 3A may. be

L
ciamon S8 S TR o bPE RrOrPricg of dspregn o aiched o the
geometey yfthabpslgfaaph Fmﬂi él@e%)be #ebdhry @%eﬁ%@dwﬂ%\ﬁ%

been jdentified. FI lustrates t
mateﬂaéwbéh%trﬁd@r@‘fulqm@ochﬂm aveilahkerini ceveigt dieectiem o sudhahattthe

s 005 TG Sl *ROB: R R oPRRES s o

the pre@ﬁﬂﬁ#ﬁﬁ%Q&eﬂﬁEﬁM@l@ﬂﬁé 022 64d8ck B shofd piesd @Jdl&”ﬁe %eﬁt&?m
where the orientation is selected on

nd lattice,
the deslffﬁ@fng‘&glil D then gxjrancoys majsziehiverldmeed & barosavedt b,
8 [ r ke Ve of.. the
A 5B B R EHE B i o
extema}@ap% sk nysaf;cbthﬁeﬂn\rmmgme&stmt Mmhﬁh@eﬂcﬁ%a@ébllé Revisualize the
terior, of .t amond. conponent (a virtua
sculptust g Sias AP RLLAg gws?f? lnssie/ﬂc@e?la%@a@éﬁ e ltprasqbsie matter of

removir@@iﬁﬁh&ﬁﬁtrﬁateﬁﬁ?%‘ﬁ?fhe 03&5& 0§l§ g@#]ftﬂg ﬁgs%’cég ggapteﬁlgd been

because the selected dianon provi
exposeddesi red shape. It is very di ff| cult to visualize many

In a likewise manner, the diamond block of FIG. 3A may be oriented in a particular

direction, where the crystallographic planes (100), (110), and (11 1) have been identified.
FIGS. 3B-D illustrates the appearance of the diamond when viewed perpendicular to those

faces. The first step in an actual nanoscale design might include the determination of the
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of the avail abl e di anondoi ds within the di anond bl ock
of FIG 3A and so one objective of the present
WO pwenod4on i s to provide a systematic net hod fPRPCT/US2003/022628
cat al ogi ng, indexing, and describing the present
best oﬁ&lt%ﬂ SMholiadiaaundel %ere]tﬁe Batantd8 sEl@ct@i %th%s@ of
present di sclosuré provides a novel nethod
matenabsp@rarmteng udmgrstrmgth,dnmmso diffusfont Msior th‘élBtdeﬂcokaerﬁthe

preser] B P AU 2 LT BRGNP S DB PR PBE VY Haeessary
materidBoh € ok Qidd oNHe%aﬁnoﬂd%nﬁioﬁ&ﬂ% 8 vERERY ihaoRIMK &ldeI‘&t&)
present approach consists of V|suaIIy carvi ng" fused

Accorél@arﬁ@themrese@ummdlme(ms howevet, & plgp it neeassay btsmse the

nmond. f.r I l,us
selectd QR AariA RO BisSides YA EH ek Bihrddurtut 7 Viegigy meny
of the aﬂaﬂlaﬁw (ﬁalﬁﬁiﬂﬂl@%wﬁhﬂ(tﬁédlaﬁhbn& BRcR o FTIR.MB A raatspehk objective of

searching for stabl e dianondoid mol ecul es exhi bi ting
the preseptiayention is toptovide e sydaayin maibpé fenralaegng findexing, and

gﬂﬁpg@ ﬂ@gg pi ¢ construction.

descn@)% np %/&Eg%g%ﬁ%g{fg ﬁéﬁgy the smal | est possible
dR efienrine (HIFIGSt BACD, thbpesdis dxoRlsog@usvidésa hidivel method for -
macr.pscopi ¢. co nterﬁﬁ[ts 20 As expl ai ned above,

describjag diamandgitsansfoss o sHASHEF le@mﬁw%wpw eRbapicalsopponents.

This dgbﬁ)gﬁl‘ést}é ﬁls %{}ﬁl ng%ﬁ%ﬂ: ﬂaﬁoﬂﬂ@‘ﬂéf' -si28d gtptfctﬁrggﬁz% %39 3 ﬁtwﬂ:hln
hei r th nsi onal structures may uce

the dwsmamil—aafge Mam]dl ﬁfhmpnemmahpp*reqim"masnslatof oisubly * carvmg” fused

adamaafh 5B 1 o i o St o B NARR Lhrie in FIG,

3A. TRE MRERLIRPrERRESH &ka@rﬁﬁingﬁﬁﬁ&rés‘é%hﬁlafg%y @n@ﬁﬁ%%éb%bl&)bﬁiteces

the appropriate p ane on atonms nay
of the éran}ogdtf@mewmrk,e@a@hmﬁdu sﬁ@ol@ dlamwdwldas@le@ﬂesc@alnﬁmn@ﬁtmcmres
ndoi ds useful as

that arg FecaBnERE BpilSEs of R ATE ui Tl b ATRD R SonE i gy

Exempli1§] c®@&iponents ldaefy the k@ABesP PdRitlN@iatmbh@)structured objects analogous
crystall ographic plane of the dianond cubic lattice.

to theif pagigreapas eounigpartsondensed cycl omant anes useful in

t
NP cEREL o ARSI R o SRS AR e LIRS
disclodubeare bhigd iplparteon the r@ﬁgﬁﬁ@ﬁ thexthigirlteree-dinehstomhstaicthres may

SCr.ews, e described by a proj.ection. onto either the
be redyicpg e 8619”15 1%111 o-gEimgasignal 5‘@’?%?5%"@ lom by pRojesting e dpmpehthe

thf%ﬁﬁ%*l%%%?%‘é‘;?ﬁa%“%% s A a b ghdpe P e RO donic

plane. c@lbplmdnmdhavranbﬂn\&d that tishappropriate bz onto wAddnztoma ney be
t k of t t et d .. b

L T LA e I —

dlamoﬁ&ﬁ@ﬁﬁ‘seﬁlrﬂlg SxiaPFods ‘17@@1% p%bﬁt%onte%‘ﬁ%? be Vfé’%fe'&l%yrbro_]@éﬁﬂgscarbon
of the adamantine nol eCul e thensel ves form a

atoms patorthe 6li0p arystrdipgrplbiapiang of fife dizraomwt cublc laltipse I agpurast, the
it d b ised f t h d

condef B PG OBt b B OB B S T s e

111ustrdﬁétﬂ15}0§1®§boﬂhg e conB@ubR attnks MR kit (1€1)3p1am). g6 4hsethef example,

adamanat ane.
diamondoid screws may be described by a projection onto either the (100) or (111)

crystallographic plane of the diamond cubic lattice.
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The surface of macroscopic dianond crystals may al so
be term nated by hydrogen atons. Therefore,

wadanmomione is the first nmenber of a potenti al PgT/US2003/022628
infinite nolecular series leading to nmacroscopic

AR e ASARB AR sEALd 189 nio1hATRIIER afamantane, as shc?wn n

hydrocarbon, and has a 10 renarkabl e set chen cal
FIG. 4p lAd;mm,tanprcopJ@rls@seasnemgﬂt of serpigtreledrallydanded, tsp%hy‘tmdmmql

roca an referrin
carbor 158 ESL PR 8 el At gt el Shitsy, Sein cgntain
parts of tisSall afR@ tind M d1&culd therthsdlPest fBrrd @Xetra%@%nléﬁhﬁe‘d daOitjﬂ erf one of
t hat cages share carbon atonms making up t'he faces.

these cpgp ynitheald be é@l@éé@n@, theuham%l qrystal laftig,i and glandangling carbon
bonds ¢ I}%Lr?a}%cf&/itﬁth&r 0 ;1% %o ?elssgft avo{}.l?d Qébv' 1l g‘? g@eo?gtglf?ﬁéﬁatane

The sﬁﬁ@ﬂbﬁﬁaé@%@h@@bﬂnbﬂd crfﬂ’lsffafsl BA¥ dlsd Be RyMifARFIhydldien atoms.
termface-fused is onlg descriptive of structure; no

Therefgre, glamantans is thestinsynpmbereafe notentigByinimite molecudayseriesslpading
e i Iy
to macfiae B hmefRt SR e Rl Pl OO M s
remarldibbcsay elienbiyal\dmd pBgdien! peoperiieg vﬁemn:smfbmted t6 yihehaicaehanhe
20 | ower nol ecul ar wei ght di anondoi ds, adamant ane,
hydrocarbapanelsAwles « wo f ace-fused cages), and triamant ane
( d | -
R S AR (0 8% dageSdmoh o ey B SR SR Siricify p e
fused aagsmitﬂetha:msiyrmm @gb hyitsjoateillse tiodt cagep sbarh earbon apmadaking

up the &%‘/“&F OEE'\S LF?) %?egg ﬁ@%@%ﬁé glélljtgza}} anche ra]c}Ngls gf Jigmguadoids,
givingiiah (RACAGEShrdrB, BRI FBAY, Buh AR REIGALI xRS oty

carbocation reactions w rearrange into their
dlfﬁcuén taspmibiesice. sThﬂjcmfa@s*ﬁls@dﬂwnlwdmommve phitgicheeata simgle-step

fuing $3G3a Rl o AR IR TR R N PPl o

lower fdlectifag sidht dh@ionddidsondoi ds rearragenents, and
reaction kinetics block their production. FIG 4 also

i An irgenipus snathnd digcoventyayon ﬁ@hqylﬂm@ay bgfused tqmtlmlze the
lower ﬁl%ieqﬁlaﬂveggﬁﬁ H a%o 1'39 Qadgmﬁlgtﬁﬁg ?‘f’a éfU«é’ fa\%- ed cages), and
reasin n ane, di amant ane;

trlamaﬁﬁna (ttree rﬂa@fﬁﬁx@é(ﬁﬁ@e@h Qe @[ﬁtb/od&ﬁ@l(ﬁts rtheefaof @bt dighBnddide have
tramant ane _and hi gher show a serjes_  of jsoners,

t he
strucfuﬁfa thaksredy tahihe sk hsreedyinapically sipte of st b qezgppound with
sl RS SR SR TR BRSNS B o
formul]as thatl ateviorced nareairamgeris soperskilie medieamacrbovatipd BAptions will

reartanls P G B SER S SO A 15 B G ign fes ot work for
dlamoﬁ’(i&&’sr &ﬁ{t‘éiﬁl ‘?"f&lﬂ R ofROVERE] Phe RRMBAL bF ﬁﬁ&&ﬁla%lﬁpﬁ@roﬁﬁcal

ematic dassification and Nonencl at ure of
for theBr hl;g*bmjilaayldndmésr lbmm@emehts]'md mh@mndnnqmls blagl thgwpproduction.

RS Aoy e ok PSSR MR rerd | on

diamm]gmﬁ@ ﬁrlmr@éz Hgﬂ'l@ﬁltﬂﬂﬁ:ﬁeasﬁﬂgﬁﬁolgﬁﬂérﬂ@elgﬁte A@hﬁﬁtﬁh@rdlamantane
ormul a
and triamantane show only one structural form, but tetramantane and higher show a series

of isomers, the number of which expands rapidly with increasing numbers of cages. The
four tetramantane structures are iso-tetramantane [1(2)3], anti-tetramantane [121] and two

enantiomers of skew-tetramantane [123], with the bracketed nomenclature for these
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5 (nol ecul ar wei ght 344) and anong these nine, there

are three pairs of enantioners represented generally
W00 3], [1234], [1213] with the nine enaPCT/OR®N3/622628

pent amant anes represented by [12(3)4], [1(2, 3)4],

diamohddd@in aclbrhfcedlifiPa 8tvehBorPeRANSRTRY BAShanl &%? “Sysltematic

represented by the nolecular formul a CZ5H30 (nol ecul ar
Classifigdtightang 3pmenelekaerafDememddXydrocaryonsHi 't Teprahiedrn vol. 34, pp.

3599 B, LR RERadhng naiE MRS i Py ey
292). Thesere fhpoddisle ?Mxﬁﬁiﬁhﬁtﬁﬁ@, nink @Bvinp SAcARBREARCHMABMCLHS
nol ecul ar fornmula C29H34 (nol ecul ar wei ght 382) an

(molequigs weightsitd) syl avecnerthescanes, [hezgarz]thiee pairhef enshidoruerar

| a I lar K gh 42) . Hept amant anes
ropresg Rl MR B P B3 gt e P ST BRRG oo
pentanténtdhed Bephééhieg by NE2(3 ) [QQZJB)&;], [ 212U TAefe3dddkists a pentamantane
nol ecul ar wei ght 448) and of these, seven are

[123 llgr@nﬁeﬁemt?d yathie meplepylar f)@’fléﬂé‘iﬁtzifbar@ﬁ‘élﬁc@ir Weisht 330 ni ng
. : | f .
B} TR0 S5 AR SO B P e

molecl3Pfdafula@Hehdiccukar gRright 299) d@df tHede stxearaisinAgetriosd ten

have the nol ecul ar fornula C30H34 (nol ecul ar wei ght
hexamgafanes hage f%ﬂlﬁaﬂ@sfoaag@@g%i(@me%m FRiEhhEmad

. . i . . . i .
T e
fBeptathnant@XAHESp R {tnd Leaibtan 16&padstblddb)cturectvithssthanes the
ot R 5 S 8 A G (ol ey
enanticglrgséils.e OIS reRiY héplahantARd 6533V B0e nidTBIBGYbARuRT, S

. Nonamant anes exist within six famlies of
(molecyidr freai ghitd 3db Isixchav e thewadlgentlar foavillad stiie (mblrchlanwiveight 420) and

l.ecul f | as; 2HA I [ 52) ,
e RG34 6B P BB o
VO¢iaibntaddk pdestBi Kight dTahe Sdinddnt R IsGMinitd A8 exisBWiM Give different
molecé]rml ecul ar  wei ght 484) and C34H36 (nol ecul ar wei ght

gy cighisc dvaonetheodrmantanes 1 havertheinolesyla forguefzatss
(molec?lkagfr\xgeﬁggtémgp! 6&%%3&'&1@3%&% ﬁ{%ﬁ%ﬁ&&l&ﬁfgﬁ%ﬁ@%@?&%leculm

a sl ng ecanmantane

weightf SO0 CaHEIntdd@ulal el ghe 48E) Cuel,gttholdéafr wéipketn 723, and CszHag
sg‘rguctural I%)g conmpact in relation to the other
(molecyizr Xrekght 43k, 30 The ot her decamantane fanilies have

t . f : . i .

SO Bt bR Tam AR o sk B AL OB havipe he
followinginybiecBa6Hrm @42 I EH {3 Ifmlobculagiveighes 1)1 CHBO) (mdlddittidveight
539, &8 OG0 s R iR e B S
weight%d?&?d‘”@{nﬁg‘ﬁmﬂ&uﬁr%é&ﬁt'21i4@).f am lies of eight

di frerent nol ecul ar wei ghts. Anong the undecanmant anes

tIPreamaniage eyists withire i h esofesvémdifiaent molasolacwgights. Among

the dectpin, S5 Rk iR bt Rlars B 15 e iRl Custi

(molecular weight 456) which is structurally compact in relation to the other decamantanes.

vl

The other decamantane families have the molecular formulas: C4sHs, (molecular weight
604); CssHso (molecular weight 590); CyqHyg (molecular weight 576); Cs2Hag (molecular
weight 550); C41Has (molecular weight 536); and CsgHao (molecular weight 496).
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undecamant anes. The ot her undecamantane fam |ies have
the nol ecul ar formulas C41H42 5 (nol ecul ar wei ght
WG 3¥/009@92H44 (ol ecul ar wei ght 548); CASHA8 (P@l/E82003(022628
wei ght 588); C46H50 (nol ecul ar wei ght 602); C48H52
( t bORE
G%H@&giﬁgfa&@giﬁ%% w1%§£a&1%§5€égl§@f@r@ﬂﬂ Iﬁ5le¥‘ﬁ"a?@51§gts Among
the undgdainraitanes tharechre hmn@d@mnanthmsdmvmgemm;ecem Gatimmn€;0Hu0

e rod der I truct r resent
(molegl SN OSTA BTt Fitel DL HOBHE Eiarfion S tRthe o)
undec@iyiftndds. a6 otlef uiraRattand hefRed e thd ﬂﬁ@leéﬁlmd fcIrHﬁlPa‘é, CsHz

have "l oad bearing" dianmeters of ro

(moleqproneelr B4 hete (mqucular I Cﬁs%{asrém]bkulhlawelabbfr%),
Cagls] RSB eigfbo: T T HoRAE I BRRRE K30, POl Y Bhicc Rt weight

642); 4dd10)Hey Matledul @ eaghiosop! ane is 15 perpendi cul ar to
the axes of each of these rods. An exanple of a

nonmencl ature system for indexing and catal ogi ng

Axialﬂld@ | gérgs Wclhlanneli)se introduced with the axial rod
_C‘Un%%‘r@m‘s‘%‘n—mre_enb di ment of the present
i hvandxiemplay ethitadineldj s rod of aliaderflilerstivetuted @lihe present

.eedst ocks . apes approprjate for use as axial
embodiggat ay Peavis %%&P@EX SRR ﬁllogﬁ%ys%&crs Qhdiapad, dgese rod-

like st tur&HHVE efball ‘Beﬁ'ci‘r%@ Qﬁémétérs%@ P(l)dlg%gs @b %‘ 0.6 1‘%@ ﬁ]ﬁte‘f’sx here only

that i1s perpendi ar to I'ane
the cardon fimnwwotk bastheer cotidased, aﬂd e ‘Mydns)tgempmwanom feyap] ar thte

surfaog i B Lo BT e ISEOEH, PR LD FB bR Bieipneds

perperﬂh@'lﬂ}ﬁgﬁie@xbﬁof‘éa@ho@ﬁ&ebér&d@e [121212121] isomer of
decamant ane, but any of the rod-shaped di anondoi ds

coueyamnply of a pemenelaeesystem for nmmaadmhalqg@@nmondmds will

be ins R S LR ch BB EN o R a Bee 8F renepton
dlamonammssllateﬂtfﬁmapa@emﬁ feedetoiaCitve shatmy apSropfife F6i @€ as axial
onto a_plane, In this case a particul ar

rods inchapepcalq comptERtiion, gidthe loadrke ragy sqgnited i spRPE iptrplied along
on axigBpbEbEfbeh RoMafil h@0F 0 fhBLPRREkhAS SEEMES: | o
aF BGSNSIAthﬂlmmsstaﬁ ekbraplaenixidirod dénfond6iddontpo@eritedeording to
The ce ?th axis 50 is_perpendicular to .the ]&;&1(2
embodygH Sbfe PRRSBl IAHBHIEN. JBeIeKFPIAE diTHEnqaigiy FIGA is the
(1212689 oﬂ&%ebﬁn&ﬁ%@bwtlﬁe Jaa\éﬁaﬁ%%edimﬁ&gﬁb%&%uﬁ@have

facilitate correlation projection draw n
been Cmsal t& Blustirate shopresenb emhodiedntsh Jthe { 1 24 2 h2lfasdnaeraff the

decamiigie dmpRigii Ve o GG B GURRGL WHiGh (1B ka0 p GogalsBue
may bé:’ ﬁ;Bﬁ deRARAR Qg%ﬁ@ 8n tils ehRA ﬁ%?ﬁcﬁérrci"}"‘skélfo%‘ap‘ﬂbeﬁl@n@ el Nk

line, of the intersection of
crystalic@még@pia@e sefecteddodiighlight edrtain spatitldmatatesm  and wher e

el Bi: e i SREE RS s G Bl
axis 50 RhP¥d) Ot dehiral axis 50 is perpendicular to the (110) plane of the diamond

lattice. The individual carbon atoms in the diamondoid have been numbered to facilitate

correlation with the projection drawing in FIG. 5B. It should be noted that the schematic of

FIG. 5B is not the drawing nomenclature conventionally used by organic chemists to depict
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depicting the positions a group of atons froma
t hree-di nensional structure would take if 5 projected
wo@niog/oev4prrti cul ar plane. In FIG 5B, the projBCT/Es2003/022628

position 57 represents the positions on a
a chemmd stiuntens ivdived a kinkane linhadr thdieteaeetin 3BiwHRnesApredéhts the

i f pro ected onto a plane

El G 5A k
POSI'“% ol SeC AP %@W@?{aﬁéﬁmmﬁ of 4 s mRresemoa Thi s | s
_ f h
CH; hidgnyp gﬁﬁﬁ MeRIESERE SOFRY. nﬁgﬂ@ a%l:l?e[}l‘? tf evIse? h\%??(ﬁ éhe purpose of

FI G and in thr's exa
deplctmgylgq positaensapdroup OAdioms filoanethode-dithehkionalisai®et would take if

th ted t 58 th
il LG Gl |1 70t o0 posl(hon 58 15 e
i Th F'_IGGSB5ﬁe\wd>jle&e@ RQ&lﬁ@ﬂ 57 fegférsé’xit§ ﬁfeﬁﬁ @f&hg’ 0? EJ’*@ fmensional

whose normal is the axis
plane thpighe atoris 1% 40, 42, HAABINTFICHSA vamdttatt ifprejcated mtcoef plane

whose;fn (ERIAR el 080 B orpbi: i *onfeseohinmiby plane of

the papmllleIG 3R and edhid sabipld, ¥t 19¥96 B8RS
rred to as a 1§Mrﬂr)|1et 1I ene gr ou%)&gt(%oﬁﬁ%lr ﬁ‘ll H&npﬁlwlec’f

the dlwgﬁ&tg%eesgmg}aﬂm@p@m}m (ﬁél(mtﬁms t]m‘pctsitmnd)mwhd:hltlde
I | t 50,
atoms Hleﬁatﬁ?) n2§A%ncP?§ fh ]?[99 5%9&90 gpp oJ5c F’Jf oy P%é}ed%ﬂ%cba plggclsfj’vpp@n

normabit thefaxid 8. Bl bt nvicd lbytigoss SRiMled¥n hBAShSdabh 6Fthb At eof
the "term nal” éterm nal meaning at the en

the dlaB’Pnfl‘HEalﬁaﬁ Arsetonimrositions §d, Brargria epelr ftasarSﬁcwaiat»owsbon
atoms. V‘ﬂ'séc%nﬁﬁ%r cafhon! disth Wt %lly’ﬁk&%&%at@cf) gL | ﬁgi}ﬁ r?fgrrgd tons'a

41 are quaternary carbons |ary
methylerg gronp.bonded to three other carbons in a

ahedra coor di ted manper. Simlarly, a
N rHARRE i the B sl s g b @tpfrawéaheaqhmoma BUFIG) SA
onto a plane p&bélﬁﬁctﬁﬁ’f tB UL ALOSE thd Hodbh SllI 2:2?% _3@]. %f Ereoﬁ%t slirﬁtg

si x ‘at oms ﬁr oj ect ‘onto posit’y
positiopd § gf EIG_)f5H hIé wil be ﬁeenthyathoserskﬂMan dienat that 6 chteinthaft

th tert ary 25 Conti nui ng
(temlntan?lﬁﬁ‘{fﬂ%atgix% C%cgss (‘thﬁ %1,3 I} éliotn? are tt%arg(tcg}:h@ng,zwhﬂe the
“inside’l 63 “rhBldleZGos#idn@$, 37 B9) ACire Qﬁa{t&nﬁﬂﬁda%&ﬁ §\4teﬂfar§ tSbon is a

g In this case the termnal atoms 14,
carbon papded 4 {hree atherepsbons i a teterhedrakly eoaﬁma’&dlﬁannlsﬁ Sigflarlg2a

t: £ 30, 32, 34, 36
e U5t AR S B et

examplp,rthgare ate SxbonpaRatireRcthto g&kﬁu&ﬁﬁh @ ih BRSRi i8S EShe chain
here is oge secondary carbon and one 30 tertiary

that afe&&?%ﬁfbétan R0 @i e B affbe eidn Al amdertiant tor ti ar y
oy (i RS oPofieckilf aff, By atdpfi LB, 16, 2224

project pajg ipositinn 53 of HHE. £8.0MEhR, cafs th termbhal dfoms B, 2008 Bffary

i R B AN
REHIUS20034022628 36 HRESRGRI6rCH, BANBAL 2468 10,26

tertiary car bon at
project gyie gosifio 56 Beiseash, of Bﬁse easek, e istoar tseanydagadaksonsnt Bne

tertiary Eg}ﬁoﬂtdtﬂe ends of the chain, and four tertiary carbons in the middle of the chain.
In a similar manner, atoms 13, 35, 33, 31, 29, 46 project onto position 53, and atoms 3, 5, 7,

9, 25, 43, project onto position 55. Just as there was for projected position 52, 56, there is
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These principles my be extended to a variety of

r od- shaped di anondoi ds having different |engths.
wEx@apdery rod- shaped di anondoi ds havi ng di f f eP@NUS2003/022628

| engths are showmmn 5 in FIGS. 5C G which have

one seBRLE | EROT i COR B3l cooatOdiuyenitf e ol b B8

positiorB@ILES, aha fovi teﬂmat}fmlﬁbﬂs@ld&lemﬂﬂbs pond are,
respectively, the [1 L ngJJ@ t et ramant ane i songer
¢

[ Tbﬁs?]l’ﬂﬁé‘ﬁieém%@( fhig a vauieky pfrpgd shapad ﬁ@%aﬂ%m@%l??éfmg
iS008l 106l 2k LML PR 5 d v

in FIGS. GC-GBvhish abeoappoonimated engthoot WHEC Ol%Dnngmel 218, and 1.376

o e T AL s
are, reRpEiGE ?fﬂg’t&fbﬁﬁah d&s BYsorder, R4 12q2 Qéiﬂ&mgntg:@b'slsomer the

nanomet ers tance fr e central axi $ 50
[12121 phaxbmapiaog sotmey tla [d21HLY |hteptamsn15ﬁe; ise@er, 5B thea[ 1282121

about. 0. 135 nanoneters. The distance fromthe central
octamaUHAle 8L, t he proj ect ed position 57, 58 is about

O784d proj&tiBA BOFRE &9 is alldo ddhldni&ift fRREGMiAL B dIdtadROB&ween
skilled in the art that these di stances are not

projeciask aiem pabisipagh cleer emmn)@eﬂleahséwe ifignt the cemiral @xis 50 to the

BRI e 2SS B B Bl

centraPhxik 80 tethe préjbted MohLhdRitions 32 253, 65| FFistabutINERS r@inometers
rel ati onshi ps between honol ogous nenbers of this

The distampofam:the eriead axis 60 tx Bigprei Pveép%ﬁi%n 5% éﬁa% alem% Ri333

v 3 SHRREAAA BARESR, LR 00 By JEIIGER

actual Hisiseestdtiveatlatoms it fie three divhédsicnbbdinmenddid sprasties; tiy are

t hat energe when the atons of a .three-dinmen nal
merely RUREACAT ARREGH AT Sanahen o] BREAnGRIBISa PG to help
charad%@ﬁi%ecﬁg hlafelatti%nél‘ﬁgs GetveerHontd16edul thenif¥rs oﬁt’ﬁﬁ;r% nent

tons t t proj ect to p03|t|ons 57, 58 are al ways
class. secondary carbons. Atons 25 that project onto

sitions 5 54 ar e rbons.if th e at
 aencmet e brdhinsThe s b DErE heivect Alpoloeots
memb%fé SHiReioR-shh é%ﬂ dﬂﬁ)oﬂhﬁ’@ h@vé’éeeh Reyuthal M- FIBSB AN rTHae skilled in
again to BH, it wl be noted that the situation
the arh‘\@rll Prseve (chwt@wlthatmrges\zhelﬁbe a®g1s BB th@esdlmgnﬁlmal axial

aiamoffy 857 Feap RN obl Al helSfich s O PR Yo 2"

exampléHiGhs Bht FOPTRBIHBPOsIHURST, 58 atdulivies ﬁ)&bﬁiary ealbbss. 3oms
even nunbered léa t et ramant ane and hexamant ane)
GHhi%

that prgjgct pafe posjifiopsh tegiiary parbapsdd they are sfdhe prd of th? ghain, and
adanmant ane subunits
quart R HARLY oA @R ARl bR TR iy BCE T e o

hRpfeariegigaieio. FIoh sHh &rwitlibe nbtﬁdbﬁt tled siadtion ﬁtrqm@; ected pos1t1ons
subunits. is even or _odd wever, all {’)‘b‘{@
52,56 fg» 5c5e1ﬁ ﬁléshﬂafm@ﬁéomgpﬁe%rnet pidhereds gneser car @n tortiary

carborf 0044 9943 FGHHP O P52 62 8damantane subunits in the axial rod is

even numbered (e.g., tetramantane and hexamantane), but both of the atoms at the ends of

the chain are secondary carbons if the number of adamantane subunits in the axial rod is
odd (e.g., pentamantane and heptamantane). Whether the number of adamantane subunits

is even or odd, however, all of the atoms in the center of the chain are tertiary carbons.
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Brackets Di anond-structured nanoneter-sized brackets,
connectors, and tenplates will now be discussed.
woR@idoranonet er - si zed connectors, brackets, tROPUS100%022628
and spacers are needed for nano-scal e construction.
Bracksi@apes ot her than rods are needed for applications 5
~ were multiple interconnections at angl es and di stances
nBianoendsiteicamed nanometeresizsd dpasticts soonegorsyatdienplagsevill now

. reguj red, . Exanpl es. of, the snmall est possible "L" shaped
be cisfyRe] TSI TR i sl e s R e spatrae
neede@ & n2he¥Ealé Bordslitrcti) Sip¥Psth@itharPfodd Ry MietiéEfor @pflications

avai | abl e having a | arge nunber of differing

were alipledaicaronpestivns abdnglesrapil digtangperot cppsisipig, wighnraghshaped nano-

h onent | own l.@a«rod With.a
st GRS, 5 alpled of B Prefbpiatfiif “£0 St difoopgsppgrured
compERABIBEMEsd FHpHibativhs afe $dn iAFIGOA.SAapedty SRpARE s ats
shown, at 604, an "+" shaped conponent is shown at 605,

availaple-having |adpieg nuebshH o EHerng camedirraoigs 6f vaingdype:

sﬁpipl%g 0 e ' ari .pf __.qt
shapes 621Ar e a s%l B%@%@%?O\éﬁ tgg F’rlgog%n %ft%r?\éi‘gg a?glé]? a%@g{%ﬁtc
extensiqapis ish@tn anG02, SENE shipetivespons igshoemt# 688 eanfi>gdhyped
symmetrical, showing only one structural form._{hat
compgqr ?tlﬁﬁé@%ﬁ@% a%cﬁ’igflélﬂ’?g ESIBRRTICBLIS SRR by @nCHS%PeéA
comp mﬁlgéh%\ﬁlqgt 600 andRd ﬁg}zape&%%orfeﬂfrﬂ%ﬂg%%t 86 ARLEAY of
avi ng handedness, that rs, showng two enantioneric
other shapessarevalsa Ipossilde tomsefpehdrshasabpeeifin apphicatiomg 8smefof these

comn G350 8y SRR D Mo P o 075

achiraD AREBPISCAE SBSwn M K1, SNeR603d04C koK &g 6eci ficity,
particularly inportant in biological applications,

sQéter aemponemsare dghinzl heving hendedeessthgi ignshdwing wit eraagemeric

w.th cell receptor.or enzyne actdve site The nupber .
forms Yich 5 npudy e R PSap  mERE AR R st Bbtes el afiglpeh in
FIG. 6 ati0an®0n] 606 Y Ehith] doagRnentBpiovide By asiant 1.%! Hﬁilﬁﬁﬁh@ﬁ%@@res

The nunber and type of attachment or bonding sites

with gyegt p@gﬂgﬁ{ﬁp@cﬂicﬁy@a@mularb{ mﬁg@q ig bidapierleapplcations, such as
o GPBREH R e 18k QAR 5 A LR ANS s i o

numb&ead voiaplexél ol chfipsiients ih@sases ad the nirkbeShddenond-crystal cage

) %1(2)3('1) 2] hexanmant ane conponent shown at 604 in Fig.
units ey coPtARn MYEAes- The four tertiary carbon attachnent

f?%érktﬂ'tﬁnv\gér (ﬁl P rent ﬂg%hé[{lésllggf:%nve %tt%s I n ?‘—I%Cﬁf%%ﬁym
diamofidwid seppomtngs, egmpciallydar the diatioadyida tdtantamznt asd hiehearla FIG.
S at . 609. The 609 sites are posjtjoned bet
o8 the i eRepe e g mpaday sfenutrimosans RaSienetlBda
hexanfABRHE Corilp &85 bhovhPat@B09YR TR BAT ¥re G R0 NS eaDE &ﬂﬁr&carbon
tertiary carbons wthin the dianondoid franework,
attachmiestypointe akthe e8ds efitheriXi’ npsempmbets|arg/shovgi fom two different

i nt ' . Both the 60 09 att h t
perspigfyGat B B bie B e aih s g SR G pitpsgg shown
at 6092tTha6DIBids Ht besitiomdiRbvdendhe SKXerobPmbBersX Bes AR Bebse sites

[1(2)3(1)2] hexamantane conponent )
are each bonded directly to a quaternary carbons and two tertiary carbons within the

diamondoid framework, they are sites for making especially rigid interconnections.
Both the 608 and 609 attachment sites in FIG. 6B have a radial orientation. Tertiary
attachment sites, a total of six, to the “X” shaped, [1(2)3(1)2] hexamantane component
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-20 WD 2004/ 009492 PCT/ US2003/ 022628 havi ng axi al
orientation are shown at 610 in FIG 6B. Secondary
wa@edaobment sites, a total of eight, to the "PT/US2003/022628
shaped, [1(2)3(1)2] hexamantane conponent havi ng axi al
havmé’é)hglrﬁr%'ta@f&n%@sho%ﬁ%”@l@ﬁn ﬁ@- 6. féc&dﬁ?aﬁé%ﬁféﬂgﬁfe! a total of
attachnents sites with radial orientation are shown at
eight, G1Be XY sbaged, bl(B)3G )26 Bexas8aotnd aolylpamqnabmmgw%mwtm are

[ i gh have an. 5.equatori.a or| ntat
showry g 614 8RB SeRteraBioiBrs ubE ity Slorteqtith e Hown a
613 aRECIANAEE. 8Bt ebsRity attthBents Hight 813,8dthlind Bl%ht have an
secondary radi al S|tes at 614 are unique in that both

equatcgtal e enteien lng‘claélgnslmp thasigho WI'EQSPOWBD? gxwhﬁeb@mdaay gtachment
X"
sits QYR f v T ek GRR HERT2 M Ruc s BRIRED o0 PRl

sites t@tHE dRresiRdiR dikbod atorth Mbed raaial @ﬁeﬁt@tﬁoﬁshﬂ?hls ¥ sharad
bracket shown at 603 and the "Z" Eed br acket shown

compegent igysgfoy far gttpghmg maregélamdsow-‘és §. 6Stand ®Ekshgpesimilar
mfomga'tlgﬁ? h§ B W%h%‘feﬁ%r%% f%wﬁ)%'t 36% L].Iﬁiﬁl\éﬂzs ﬁ eﬁtb?acket shown at
vari e show ng erent  pi eS and
607in@f1(16Aat| on that are perpendicular to dlfferent 15
di anond crystal faces. FIGS. 7Ato 7F relate to the
one type of manoneter-sized screw, and FIGS. 7G and
ScrewdH relate to another. Referring to FIG 7A, at 701 the
— carbon framework surrounding one of the six points of
athoshalhstpadsitde diamodd-shrysttuatl stiews kgishin thloGepatBieageibtics

.shgows t he stal olnt 701 of FIG.. 7 b
showiRg L SRS RA DT Y S aseben ARbagmeresdistf elibbrep
diamod& %f&sta'l Packd. I 7R Arakmtd@lth & 8Rd8Pe B8F ﬂéﬁo&ﬁk@ér-élz%dtsbﬁw and
oct ahedral 20 dianond crystal point is shown at

FIGS. Pheanskifth ovlatatio pngsbém Refriz@ o FK3. fdnde @0k the catbpn 1fmmework

t o d th f
surou§ii8E o P BRTRif bRt P it AT RA GO AL s BL i eh- JiGi 7 agein
showsWhd fiafhohB&rysedl point 0 8bf FRY. 17IAC ®ubmegkiand ssltHaptiRichideh

three or four other carbon atorrB that is, they are

framewpikHs mare P%ﬁﬂé(rs?elb rInd{lGt @B kg iprminakessban axewhatl igy thlElo@ahedral
dlamogg gl%@ta?é&lﬁp s$h9 a’?7(§f rfﬂee}:gl o%ae[tgrﬁ%oﬁﬁ Ty (l)2S %s%%ﬁéféh t; §n1y two

an exanp ernary ‘carbonatomis

other Gifisornatadns i the diliﬁor&ﬁﬂdes;t}ﬁfefmm@dfmﬁefy ininagde. All of the other
i anmond-structured screws always contains secondar

d
carbons shWR vauRhe KH Frysildsitios & DRMIcHE CUhgRiAtes T Fp othet carbon

stoms eI 8 fhe Unbr By & Qlterk ey Y BT I mple of
a tertidrpctuibor ateany éssshoavmcht 303 aat droexaatpdersf d 2$dfrnumy obj;bohhe)m is

<ho dalrjbécr:]%r bon. boq}d lattice i

d;gl cat ed by 7?(&. he" _
NE SFECS Hepanelgr-sige S UEF SIS By LepIgains
second%i'y bdtbén §@5%We(ﬁ119a[1&1t't6 fhe®hk $h&im 307020 Etaft,lihgf] end' tssa‘iﬁseaf

sttucture shown by the darkened carbon franmewor
rotationQ Reiferripg @gaift B FI(és7 Bal arscaghvt condennied sspliambndhigptel laBmeh:ages

and 3 Geb b LR PR o S AP BB AR g e R o5 ™ e
carborl £bins hdnietaed 4070 60 '706 bReSthé BRo SRI¥RF this screw along its axis of
rotation. The screw structure shown by the darkened carbon framework at 705 in FIG. 7B
has a right-handed spiral shape. Both a right- and a left-handed 30-carbon atom screw can
be traced within the 701-lattice framework. The left-handed form contains the same

secondary carbon atom shown at 702 at one end, but a different carbon atom, shown at 707,
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secondary carbon atom shown at 702 at one end, but a
different carbon atom shown at 707, -21 WO

wQo®4H@392192 PCT/ US2003/ 022628 at t he opposi t BCEN2003/022628
its axis of rotation. The |eft-handed form al so

at the oppusite rad ofifthatis ofotatibi3 The defrB4ndeWieine 880 ERains carbons at
anded for mh shown by the darkened franmework

rjght-
703 al?‘ing&eé{‘f fpas a‘éﬁ?@@%tShOWﬁé)erhfgmrkermddTamework indicated
by 703, &oks Aginded spi ral forms of these two

si x-di anond-crystal lattice 5 cage, 30-carbon atom

sThevighred taftr-kandedishita) feasrofitiesE o sikQinieiRclyBRl lattice
di anond | atti.ce carbon framework

cage, AR iR sEEs S mons reglly s i dde iombsrahs extwenus
diamoh@ TN @Learbdh fradiewdre shtGuddigdiheRaRds dcﬁﬁ%neﬁ'i%\gw% 1My &een

708 and the | eft-handed one"1s shown
removg@ FIG ﬁ@/\ﬁhe mgh7hded sérewds sHosvir atJi08 -aha dadeft Gafddeoniens
the | eft-handed _groove in

d
shown 51 S8 e Showitby 8431%’&?@%?}’16 Aighishanged groge i issetemeshown
at 708,34Q1d€t1’i§1 fefPharidde ﬁ,fdogg b 286960 £CHBWn sl toﬁtla e d)g%osrce

carbon atons shown at 712 and 714. e ‘opposité ‘en
ends ogfhetr@ﬂhgndedrﬁgmye@o@mrw@me\ﬁhebyrbbh&t@mmhom agipans 714.

t d 7 Th t 708
T MITI R T
715 andtar ThElBérenghéw@@trm(hnﬂCﬂl@\&’regﬁtﬁm Qbfmtlﬁb@akqgh#iﬁ&e?na es of

g by the nol ec =

framework at 705 in FIG 7B, and
each olfef.yct ure shown by 708 in FIG 7C is again shown at

T d ul ar
B righe Hatlddddokdy ol B BRRERN i Bvai b S HERIE . ana
by the #bbecutar skhature shbwi b, 708n1ﬁiFI(E" €7l ainl sABwA Tt ¥V RilFig 7D in a
d to drive the 716-screw into a naterial is

view P?,lﬂ?swﬁc‘tblﬁf torits s fup@tony Thewas ofmgation oG sermw astven by 716 is
shown tah @17 thi %&cﬁfé’cﬁéﬁ’ef‘mstk%e&éﬂirtg ? ?1 o1 6Ss%ae%ewwwg%na g@tenal is

cl ock-wi se direction I's Tl
shown By theeibmararom adil 8 m ENaED. th@ &raatﬂlsad:orfeﬁpddds t@irSin®the
I ot tlonls at..719 in Fl The aX|s of rotation

serew 3 iss R S e st Ok 3G oGbomert e shown
paralleﬁﬂoﬁf%ﬁxh@cﬁf @fatlbi'%ﬁt TR SHELE. 17D, S’Pﬁ@ﬂl%éf 1’0%1‘3&?@%%&9

i s shown %3/ the circular arrow at
shown Jy Sherdot gb 720, ehd diredtios of (awrsesepnadad:lm dopevt itrintoragnatbeal is shown

C drectl mlar views of the
by the ?i?#ll? ﬁg%g/egcbil FK‘;Z@D eatihaq tb&stcpggspeg fo turning the
screw i8Q-clakbwize direfion?d SCrew i nd| cated by 710 in Fl G 7C

t?ealsoshownalsom FIG 7D. In FIG 7D a vi ew of

frsyiew s ahihe defsbimsid pix flamoindreirystal datics sagexdtscanbon atom
. The qxi s 0 of f he
sro BEBAA B0 10 PRIl 88, TR 4 RaR0, B BHGT L lor
the leftheedmbbcrew permpenditdlari totig aﬁls oTebtefibrads shwh lapm bvhetdsk?s of

ﬁul ar arrow at 724 in FIG 7D. Note that th
r"t"ﬂ‘t“’nc%t?E BEPEWAS Shyn 3723 g thpdirecsionwf thtan@d@xhtoacrew it into a

e b o & 7 SR 2R ot B Rbanaso
turning ftleg seréwm a sowttertlmkiwisEHigectibR, ATi@w aRilss eft-Hagl&d, B0Rarbon
atom screw shown parallel to its axis of rotation is at 725 in FIG. 7D. The axis of rotation
for this view is shown by the dot at 726, and direction of twist needed to screw the screw

into a material is shown by the circular arrow at 727 in FIG.7D. Again, note that this

corresponds to turning the screw in a counter clock -wise direction.
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for this viewis shown by the dot at 726, and
direction of twi st needed to screw the screw into a
woraioedeh2 i s shown by the circul ar arrow at 720CT/0S2003/022628
FIG 7D. Again, note that this corresponds to turning
t howi . : i en . -
2o oo N ARy B3 VRSl SRkt Bchrked Brow a
719 ansldhe lefchdnded herewiat 726 ik IG B, sticowspavilldl etheirglyes bfrothéidn, is

. screw at. 719 d, .t l eft handed, scr at. 726 j.n FI G,
cquivaf i R o dhP Glo0F refioit SAeL 10 of s biher dignondsia
molecgl@sli val ent to | ooking into the (100) di anond crystal

pl ane of these higher dianondoid nolecules. 5 A
sérsedes of fopniightrhiandad, hanmester-sizadodiemend siruetdred screws is shown

: di - st i. h in.F :

in PIG B RS ST bR 30T e o i E Gyt T

carborFirémewbrkeformaBanidnt #29 Baphefiliinad CPROfKmhO "TRhydRskeatatoms
is space-filli n%erP format. The hydrogen atons

729
showngh 4 thrpugin 4 & oy Singhre 429 Ik 7B dordes thrdowenedge@f thrmscrew’s
[ ooV nd are .. .
sroov SRICIEE SRS L PUR ARt I, AR By A0S P LA v i
the CPKostaichwon. @The hélicabgroovepiasdnd it thislddriehief RSk hlsetindi€ated by

.TQe helical groave present in this series of screws is

the spizal showp gt €2t 81y 7C 9rer Baitrhandahisyaw.atherepuew srwgtme shgwn by
i o by

728 w0 G e PARIR S T SRR L gt

tetramaiitamowitb iseljuentee(d 08 bykiho Balabbn ndmbncaars @akbuh,t 1978), and with a

R R ORELCY T TN

form, SHo8¥H 8 i ' ' g
o SIS RSBl IR 20 o B o

728 anflgephin E1@HBWhasame falBturn ofthehelieal sFhcueatefiningtthisrserdts of
728 and £29 in FI E has gne full_ turn of the

nanomf@P S48 o arstired Fariy T ot Frubgp® swicties of he

longer RighOhBidRE nSdratess ofthe8ad asd dheGinUh $UGSTE SMB0 fHR ErcCRFRON

framework structures of the |onger right-handed
possessipgpBe andf quarter §u1s elsthe serewthslin (¢arrespapdinpodt-[1236]-f or

I essi .and a quarier turps.of. the

pentanieingf o 142 R R e oSy Bt o B3l ot SF 8 il

(correspendiageonP-4 )4 | -abxahddtdne), ahll 934 Cirake OGS PoEEHInOHR Aad
a half turns of the helix (corresponding to

h
three-qpayiqrgums of fesdehx deatrrepondingitoAs 41 2341 2 hrptazeantane). All of the
N - . f 1t [ J
menb9SPRSSLIR: ARty LRSI UARASE, THE PR hRedl
bracketsen342 s BIG. t7H, shoser foe thedbngest membbeofeh@serics antictad at 734, is

cqual (b 5 G50 5 & of s SPsTGBRYe RS IBmAdFR O LhqeE 872
as shodgii‘lﬂ‘d Tf?t Rl t1Rtsix difmohd cARtaf Bie Jage,gs!@‘-)éﬁbo%' a%c?m'fg@aegfgll}gooshown

_ of the screws have identical "dianmeters o
at 708 o Figy. fifn amdatsi3dvim FEE. 784 SThashotthss ssiew whialmizshoomyes 729 in FIG.

I Lce.cage,. 30-carpon at crew al so_shown t_ 708
7E has o3 3Gl 608 O, B PSS S PR de FIG gl 723
has a letlaticof dbdushowm.at 729 in FIG 7E has a | ength of

approxi mately 0.68 nm and the | ongest screw shown in
ﬁf diffepent geriegxd diamond-structures, nanometer-sized screws is shown in FIGS.

7G through FIG. 71. In FIG. 7G the right-handed, six diamond-crystal lattice cage-
containing member of this new series of screws is shown at 745, and the left-handed form is

shown at 746. The views shown at 745 and 746 in Fig 7G are perpendicular to the axis of
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has a length of about 1.1 nm 30 A different series of
di anond-structures, nanoneter-sized screws is shown in
WO-L@F009495 t hrough FIG 71. In FIG 7G the PCT/US2003/022628
ri ght - handed, six dianond-crystal lattice cage-
rotatichi QTR Sr&\fs. ”Pﬁ@&‘i SHrotalfioR oP AW sSRY %%hmn SCTAMand ﬁle direction
shown at 745, and the left-handed formis shown
of twigtagedetie sotewvibinéhawterial MOwndby'ith@cmml&lago%&téMé in FIG.7G.

endi cul ar, ¢t S -2 20Q4/ 0094 . .
Note (BRSOt Tutie Bh iR inr lari i ShehoRn ek siepeofghis
right-Ha@téd, 30rcatfont s §€r€ﬁfV§hb§rng>lélﬁ Y8 Rlitstis of30EtibA S at 751 in FIG.
direction of twist needed to screw it into a nateri a

7G. Thg axisofFrtatjon foe this view iashewn bwvhetdoy 487 52naiid dirgGon okibvist
nectol PRl Sy BB GRS G hEA g, Avain

note 130 tid@cdIERpeidsnd GRhiRw i@ Ry alobiewiteitdcfo@xi s Of
rotation is at 751 in FIG 5 7G The axis of rotation

f Wse“ﬁ Qf\ﬁlq leftdaaded, six-dinmonderyatal-fastice cagg, 30-carbon atom
e S0, AP BN oL B

axis ofA@tatmn is shm\elattﬁ% Thé axis of restpondshd @réw ig¥hagmid1g49, and the
ock-wise direction Simlar views of t he

directi pf BrishrrEsd SFseie AiMna PG i S plagiiar arrow at 750 in
FIG.7G0No& 8N @fesptti€ gﬂetgﬂgié‘g tHeMscfeln o) St 16? clocR- VJI%% ﬁlreicgon

view of the left-ha ew per pen ar to
A vievagf thisoeftihanddd, 30-carbos htom satw B46wn Phralleixd sts ansrdftrélhtl@ms at

15 LR, S5 SO A S e AL, i
of twist RBedeti 1€ HHAE thalsERW iflo o ﬁgtehﬁl is Shésd B tﬂg%l%ufa? Aot §56 in

orresponds to turning the screw in a counter

FIG.7(@| d¢grinpnete thiit thie coreasponds toitemingfthe sdrew lied telraedokck-wise

directia®- car bon at om screw shown parallel to its axis of
rotation is at 754 in FIG 7G The axis of rotation

flotvill be soted @Wohé sigledvh fBY atth@ati@b vadws 627%he B61-handed screw at
direction 15 of tw st needed to drive the screw into a

745 angghesleftdianded serenpt 1 in HdGcT @l parallshfostheiy 8ges of rotation, is

equlvafehﬁoﬁg‘okl ?1’%5‘ gh Cr@tl ﬁt &é?l%é]il% cgliﬁtafﬁlanee %ﬂg ﬁy%lﬁ tdllijatrrﬁq | Qig}d

moleciies. nafigiisdries ofithistypé beaaniometdraid] diafbad-stri@uredevewa falso
Lot ﬂ:f)@r'i ght hg ged screw at 745 and the |eft handed.

exists, afl haying ¢ Prigh of hopf 63 1@y, cga%@ﬂalﬁad%rgpréhan tat abihe seiesof

screws‘(%ﬁo%%%tlﬁﬁ@ E, bid a g&nF\gHﬂlxt\éﬁlaﬁ&% di es e%gﬁ)eﬁ éf% j 84 nm,, The

di amond crystal plane r ndol d
right-hamdedcsik dsamohdfarydtaldaitice saga:fcohtmmng yieenbef of this new series of

d d t t d I
screwsgBPRT &t 743 1 TGy 70128 & (PELhOLAPORb b, 63 11 m
CRxEEs Bkt oh AF BRI twb@Red S¥ati Igr disalﬁ%rﬁﬁgfd' Fevid sho%rlﬁ ¥9GS.

shown in FIG 7E, and a sorre |arreter at
7A to T pndXIGit BF 9«1(1)716 areraffset n eppromg’mltelh Ah 8 sithirsfhe diamond
nmond-crystal |attice cage-containing nenber of this

CryStraP vvlcger ies of 25 screws shown at 745 in FIG 7G has a
|Tﬁfegthnmfr1g’.l1|ﬁiﬂhﬁdel sérefedhowh18 cAb8A fidinehvahiatdrnt Qtf7415hﬁ FIG.
two series of hlgher di anmondoi d screws shown in

7G is shown in space filling, CPK format at 757 in FIG. 7H. The hydrogen atoms shown at

758 through 763 on structure 757 in FIG. 7H border the lower edge of the screw’s groove

and are darkened and slightly enlarged to indicate the location of the groove with in the

CPK structure. The screw structures shown by 757 and 764 in FIG. 7H corresponds to the
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7A to 7F, and FIGS. 7G and 7H are offset by
approximately 35 wthin the dianond crystral

wo adgoioe®92 The 1.1 nun right-handed screw shownP¢TUS2003/022628
carbon framework format at 745 in FIG 30 7Gis shown

higher diantpdeid rhdlbduleBnoviabit H@Mﬁaﬁtaﬁé with geduendd [E2374] bykhe Balaban
ydr ogen at ons _shown at 8 through 763 on structure

nomen 8‘7‘“? aaben, H{8hsmnd avith %eP 1 mgur@a@% &he lefichanded fprs of the
figrkened and slightly enlarged to
Smew}g%% a%éﬁ?ﬁeﬁﬁocatlon of the groove with in the CPK
Sthesectighteandllef-lmadelmabmetrsized dbhmndoldyscrdnt @ dlsd 64

in FIG 7H.correspon to the -24 WD 2004/ 009492
considgspérjo Rexpsali @2%‘2@&%}3 ofi mﬁ@daaawml@é diamnqadeigstaeture.

IdentifRSKGHIRAY t@ﬁﬁréﬁotng oP RIKIGYS Of gefp—ﬁaé]d%ﬁ (é%{;ﬁ%ﬂ{%rs) of these

nomencl a (Bal aban, 1978
higher di(am‘ongtudacnewm are'l'imqadrtaht fohn ap;dmdtuﬁr[srrmlmﬁng bithershe gyhtios lefi-
at 7 7H.. These. and.| eft-handed
handed R8T s Oto bt dion REIGEPIGe Pl oal o P Eand analyss of

right arfdOBRIHEARI&RI Ry euRas!s e%@l%bhﬁed E}hihE abpark i Sf @hndidiReric

same basi c higher dianondoi d structure.

[123] tetepananianies at hostgichnd of teaight-handed ¢F) ﬁmnnt[mma']stetmamantgtms

o Y3 SR RERRS, SR B 52 R ancea
forms df?%]rtét%na%*térfé% siid¥ fl fqtet 7P Abshtx 24mnoede a?:‘?lﬁzﬁ’y)’gas

forms. One nethod for performng his type o
chromagegsehae c@mnawdn@mhg/&es;hual CP CytivDexn® 2,26t Mhstatdedry phase

(vars i S LA B e ViRt S Bl
perforn{ ﬁl‘% s 2}%295@16&”' %Q@H—c&ﬁ}nﬁ 19_[76%)[& ARSI BLEABPREANGHS Th

and 729 of FI G . Separation and analysis o
was dlsscbieed B dyclohexhnei Jhtshaped.0 \f erysvafinjedi2d]72 °C w1th a 1.00 min.
tetramantane is shown in FIG 71. A 25m x 250 I.
hold tirag, fpilqvegd bpeien-tempeipiie Brogpmmaingst 4RO 6 i h%ﬁ *Chwith a

L e A

cyclohdxahe witecantplaed gasg @ekademhénriompetadure progimering dthod, but at
aration. An on-col i njector and FI D detector

a tempegiiis IqwesoughiS RESVRRY elotignet Hedeigivatnen, Afier Bireigie blank
run, ang@'%ﬁﬁ@l:l;%rétﬂingxo%r I m)m gﬁ%?hddr\b%%e@{o J&e%ﬂe‘iﬁm@ﬁm&o
mn. 0

by oven-tenperature
from thp co]grrmn’ﬂum@cﬁﬂohb&alﬁﬂ)wﬁ imjgetedtad 7225 th o 1L.O0 min. fhioltbfime,
hold tine of 60 mn. Then EI&ht successi ve "bl ank"

followed by vanitergpaiptyre praianyning pk | GH Xe/man ierld S26 ithen @lgal hold
o o 450 8y a8 BB SRR 0 LB P g

[1(2)3] ﬁuﬁﬂmtdiletmhlae&&nalﬁﬁﬁﬁiaviﬂgﬁ)lﬁy @ﬂiﬁ étrd@hﬁre kno #sbilersdf any
ven tenperature progranmm hod was used to

Kind, el g hBIERS 3 eSRSIR BEAK {HGHPAavae GpLAHed e tvo
enantloﬁﬁéﬁlz ?f‘z%;f mebﬁﬁﬁ & Ao & %.me&@l pfgéal&%ef%n 4?%&18 51

y ove -tenperature
mmutes’l OTI&(IWG/}J&B]{B betwed7BCa I(hminutdsnhdw lilgd sbpatatior o6the2 (bt and

leﬁ-hanglgﬁ%{%g%? H}?? rrcm%%%{gt é" gQ %ténhsﬁlefs Io% tshte t%v%t fl%g?{]ettr%gl%ntane

peaks are equal, showing that two [123] tetramantanes are present in a racemic mixture.

Similar High Performance Liquid Chromatographic methods employing cyclodextran
stationary phases could be used for this separation. These methods can be used to analyze

and separate mixtures of the right- and left-handed higher diamondoid screws.
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25 [ 1(2)3] tetramantane, an achiral tetramantane
havi ng only one structure, no isoners of any Kkind,
we@bwimeeb4ar -42 mnutes as a single peak. This PEHKS283022628
followed by the two enantioneric [123] tetramantanes
eluting as two equal -intensity peaks between 49 and 51
m nutes. The two peaks between 49 and 50 m nutes show
Gearsy totors apd imipeldass of the right and |eft-handed fornms of
[ tane. The intensities of the t 123] ..
+ BP PSR Ol Bra RS Rr btafchpitoton. A
fourth[cla28bf ¢hpcaenitinclagesaietrsRRE SQBs. 1A tRe heke€dP thisTpd ffsGucture
) Simlar Hgh Performance Liquid ChronatographiC _
is a disgstipers digmondsidnyherp thediampndpid may deiderivatized ferssctionalized)
d - £ hj al+on.  The t hogds.can
to profRULReATHNEA DGt  JBARTO0 B0 pog R T Tip IR B8t 1n
an embodiment ithie prebdnt rardtioh, hales12)ifain 6dpé:dnRat88also iled
) WO 2004/ 009492 PCT/ US2003/ 022628 Cears, rotors, and
cyclohexagianes ORpericondenseqt Bexamagige)sdneinns 45 dhegenirabdise gructure.
To inERIRUENDFH s ihd 8- qurLh class
O e s naT aea Do Be Kl B batls for¥ Yo pliefiine
structugé of ¢pickoheyprantineswilliod daseribed ih $urthetlidstilshaped
di,anondqi d, .whe t he di anondoi d. may be derivati zed .,
PERRRELE S P B IS UBRGREe CietwdoeHs Sk 26 & Tine figur
in FIGf BACFoPfit@® vsBeh thiE@bdhssio, chbte ﬂﬁﬁﬁat@fm Lhes ¢ ades” of
the rotor. In an enbodi nent o? t he present 1 nvention,
cyclohgraminiaginye beemmuphbdiek althortghriew{lBbsnotedby ébse skilled in the art
cycl phexamant ane, . ,or .peri condensed hexamant gne
that o Y PR e B 5 i SR £ R o dsed by TUPAC,
Anothér Viéi6 bf gHe@ytIdBetsOan®dnedidh ol 18 BRSSPI QR o bR ik Bdbon-

the basis for a gear or rotor, the 10 structure of
carbondipais e thikern tharetheithin “Béckdinss oHEE. BA, bud where thepabpective is

qVe: Vi th |.oh t ' doi d
shos  AEE BEFLLY i il B e AN EPRY A0 el R
drawn ts emphiesizbitise dicsehipsd dentureaetryelohbXignfidddeon at oms of

g%cl ot;ixarmnt ane have been nunbered, although it will
CEtas arpRfutah pabire RY the xclphexementane shawingeneraly at 800 in FIG.

- ' i b t igh i
s i LB AAMSESERE RIS £y e MBI SR g
801 is pyaTtop yartedftlarfearbioarmumioindhé diambaisidishowh & FRB.SBVREd Bie
t he ban- gar bon bonds are thicker than the thin
carbon-agip {2 153R a5 DOUPIHRXST 850 Bt OMHISPE caThen Bt e
uaterfitP Wb f ' L g . |
At e Ler TP R bt B R RGO, P
are sevgh earbeirapddn bends adbsring the yoy endditaa tiartetto hgat 852 where

. tructuyral feature .of. the cycl ohex nt.gne shown
six of t%gsr?g)rogﬁ s%a HGeRtHC Igltléarou?é %l%eﬁqngg]{%d e athoa ptoms
801, 802N eTHedd £98n BLAIY B0 ideAifled BEthe Q?f@f},ﬂc@ﬁﬂﬁbl%p 53 e side view

carbon atom 801 is in a "top layer" 851 of carbon
of the amprdoiidhshaver @ildko8Boi d shown in FIG 8B, and the

iS i.h.a “baottom | ayer. 852. Each of,
TR BRI . oot o0 A GYIcHtp R B Bigomer
annulufosprivgye @i dth@s 805,809U813e 'Hi8h Bf SREDERLMsUS tekrifarl RErbons.

nol ecul e. There . ) o
The analagous ring that comprises an inner annulus within the bottom layer 852 are the

carbons 821, 825, 817, and again, each of these atoms are tertiary carbons.
An outer annulus of carbon atoms in the top layer 851 comprises the atoms 803,

804, 806, 807, 808, 810, 811, 812, and 814. The secondary carbons in that ring are 803,
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are seven carbon-carbon bonds adhering the top |ayer
851 to the bottom | ayer 852, where 25 six of those
whowd®ofer m a concentric ring around the centredT/bs2d3/022628
bet ween carbon atons 801, 802. These seven bonds are
807, g1gemhi férﬁﬂ%/ R¥rHol€ird ﬁE%ﬁﬁPﬁ 8%@&@ Ja§rrk %& %658&3 810, 812,
view of e di anondoi d I n Fl 8B. Referti
and Sbf’géfho; tyjoe ¢4 end8y ofith tarbmtshmtheomtebraygralﬁﬁihtasfas sawolfldary,

IS an.inn C ri sing three atons 805,
tertarf 8y, Soctpdm oG n TGO T B
3@n Hakr anAagesarbdd Womb af the 88Réh I8%r 852 b&ﬂﬁﬁse@rﬂlﬁw&tb&ﬁs 815,
within the bottom | ayer 852 are the carbons 821

816, 888,7819518@ §@ag §23, 82 1and B26.hEseseavudrsy aatbonearti8dp y819 823 and
the teff’lg{y are glp i%%pﬁ%ﬁ;?g%ﬁg 828 nAgtaVZ Iﬁgutteggj?g oP the top

 ring, tBO&om8 h@the&)lller 2f tRdbt@hthing MerBAE 88 SRONALRIBRARSy, kdiary,

that ring are 80 -26 WO 2004/ 009492
Second?@rﬁ@smmwe%sf segorplarg fertiarypiertiasy piomsy car bons in

t 806
oo SHiEIn SOy TR ARl BBl Rl S BBt s
crystallaigrhlﬁﬂc plahe bf thertiaradridetinatuesis3howR GORWRIYC. nef denBhlposition
tertiary, secondary tertiary, tertiary, and

is showg thsrialegted aigmas 8y 803;dhese arthatwaguaipmapiasiona mitheus
molecglfe . 2@5 g\gg e Hg%é of %q%r}bga&%&f;%g%@ﬁ%éég 88 8215 it?esat&gg 805,

825, 882,817,813, aad:ﬁhtian;i tiiaFHG@rssrvas ® Sibs; th8tlithne@Z 3he aﬁﬁis of the
. t er?tlé ﬁry ﬁar bg{’li are 816, 818, .820, 822, 824, 826. .
Inner {1z t HlPHRYS lprquﬁgnm:th? H%sql%tﬁ oflaltq{@s cqlwgis&lf.g) InRr ring

of the IRer BBHEK 15?852 FIGBMALS YR s D ALRLLR tﬁﬁtrﬁn@%f the secondary
secondary, tertiary, tertiary, secondary, tertiary,

atoms pétheioatey ringred ﬂ%mdhiw; 8X1dntoimmr803, 8@, 18l &y prom:’o«mto sécondary

s BT R 5B T e
tertiary BOnd iR AR Wht&t inpCd U r ?J?@LV\B'S 1 profekfont8 ¢ertibty a@orns of the

central position is s the projected atons
outer Wf thyeeftorn layer BR2. tm@ﬂ@ﬁm@édm aeroyndww@ﬂn@n@mm @he top layer

pl‘O_]eC C&%rl?orkz-#lé% %iéoof'tﬂ{lﬁc;ttoni ﬁﬁé‘:’r g g{s%ogﬁgj %tggﬁ ons %52 808

proj ecﬁbiito &2 88 projedigloiittigs 681G prsjesiv eftot 8185 haws I‘h}&bj d&t%rb%to 820.
of the atons of the inner ring of thetopl er 851
PRy deat tematemiiRosiingss of Biesadpn ataswson tastiamentglattice of the

hexamia3d diké Hzgve]’o":éeﬁfd %c?l%ecjl QH\@ﬁt{agﬂlﬁlEﬁg}r?gﬁg?ﬁ tlﬁeSS%desFAf?h (ﬁ& will

al so serves to | ustrate e secon
be desaiteds Iothis bentext] thie “Blderg ofthetdise (@ pre andlagoms n&ﬁihelo aéfexmio the

poriof i oTtes B iR LT ey e e e Sl o cithr
the top31 g@'t}om V@'}' sﬁ&s Jfr 'the:Qflsct hﬁheﬁ RiLiiHaY gﬁhﬁgﬁeqafttaéﬂéﬁ t8 ltﬂ‘ieesrldes of the
ring upper layer 851 projéct onto tert

disc thay mﬁfB coﬂlptlh‘ethEé‘mEQf of & gepr of thetiblades’t alim totore rTo%@htaten

wor ds ndar carbon 804 of t 0 r
itustre et Eofifons® SRR SR B550 Gty drihet Sfhos ke Aodels
of cycloh&iEa8Be RFOIRGnSn PG OSIBIR WherAFIB 8D shBhRja&tdeSviOnt M d FIG.

826; 810 projects onto 816; 812 projects onto 818; and

8E shogs4 tpp 886t s ont o 820.
Referring to FIG. 8D, six halogen atoms (either a fluorine or chlorine atom ) have

been attached to the secondary carbon positions of the outer rings of the top and bottom

layers 851, 852, respectively, these outer rings having been shown already in FIGS. 8A-B.
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Now t hat the atom c positions of the carbon atons on

the dianond | attice of the hexamantane di sc have been
waelemanider, the attachnment points on the si desP@f/USh)&3/022628

disc will be described. In this context, the "sides"

The p&¥itidRevidLS falifinddn 38 ﬁﬂtaﬁ:ﬁﬂféﬁt PRRRE5D a fa%{aﬂg%g{e%dh%%ealzt%oth

portion of a'tire where the tire tread
(or gegmaddicd Avgl at galtbgpgtonmﬁob 823t304c Bk 8 b, anidtH1oy gdﬂhg it oplpckwise

e R o P S R
illustr#re &Rk t}feeanfglbﬂoe’cweﬁi dhAlbgen 20BaitioH (hh&anP1SRT an@318 relative to

rotor. To facilitate | I'lustrate of these concepts of
a plang perppRdicwlat tojthe 8ot- S%CWtrabmmTl@s a@iﬁ(hgpmequdan:sn@th regard

to the %g@e&ﬁlgeeg%ﬁéﬁo nén vr?g?/v m%Qﬁ@nnﬁogp ‘rgﬁr. ?‘ﬁ;}tg%%k?dg view
of FIGa 8Epip will ®Wnot%aftmtrthmg1gﬂ@oéfwéén BB tws radin®d 10gE Nt SVTEB15 is 60

(either a fluorine or chlorine atom have been
degree§t t ached to the secondary carbon positions of the

O Rhtrhdt?g ﬁieOfteﬂﬁll? ﬁk&’oﬁ BRdeROLE exgﬁéﬁ%z %§a§ ]s};]ov&Szg 1 FIGS.

respectively, Bos oUrer rings
8D-E, atheeattly sulbstifiicBs. exBohdBn a-rélﬂal%eﬁﬁ&ﬂﬁ@&&ﬁ@ disc, the attachments may
| ons whi ch .may function as

PCT/ US2003/ 02262
eﬁeﬂ%ﬂ&%%ﬁ?ﬂtﬁa%}ﬁ&% 1;? 31% e8Pt § ik chip Hgshgwayin sehsmatic

fi ﬁPIG f 2
o A UOITE GO 1, BRI BILIGS 28 40T s, o

856 haap beerattached torthe adrbax aismhmsmmas 8&4 cﬂisl 808, 818,0&12 BZ(FI G

ereol R RS SRR A s Gh: E6s ) g;ﬁ@;&ggwgﬁauade”

havingBal&lo&leliaé Hitsction @h@wﬁhﬁpﬁ} W&Qﬂé’ iGN R60AO Th B&e@@z&rcﬁol:ﬁe
central axis. This angle has consequences W th regard

acetylang fupmsionpl grougs &f nat rs@clt eubtitont ﬂmrdlswm asstijicilyenatial fslisng they

t ot In t anV|evv f FIG 8E,
curve mﬁg %S%Ee}g%not?ggwf ’L@F c’llrﬁ%mﬁeﬁbq HLPIREENIse ﬁ@ Stwo radii
%knﬁﬁb} r&l@d bR D FIG. $%) butles €@ thd MncMsHal 8fdupd 871, G2,
attachnments of the exenplary gear shown

873, 8741 8ﬁ§@d 817@ aberctred tomasrneriphery o eyclpbex amantenendisd eonzprise
t h {
thiol (-ggls i d)tl‘étl%.le%‘%)h}%q tﬂé %%g}n{le@ ?as‘ﬂ%cﬁ]c th | zg%cl%fql&ﬁg)o?ﬁ gorgﬁogégégade 871

is the teftiagy ¢caabat posTiivs8i4s b&ﬁem atrachéd ltﬁf reatbod 82E1|0151mié Wﬁt@&]es to
F- n G 8F, six acetylene functjona ro

carbon 93, blgdays 4 afinchestio carbgn | ol e RRdREaTPD i hdblade 576

attacheS 36 BABoREOMN posi tions 804, 824, 808, 816, 812, 820,

respectively. The choice of these atom c positions
| Iewels be understodd bj/ thooé sktilhal indlo¢ it thrat bhdithe' fuﬂcﬁlolnalvgrmg)sahave

S T TN
have egtendedtfréih itliddif@vith hRmahee Hé\ﬁﬁ% h BodntSit-E1bStvi¥e bR ’ﬁuﬁ isa

_fashion; they curve as the extend fromthe disc,
functiog g iz2et igtrahadaalihegding of Blcaibtos atvmsat thessiattiattament positionss

T8 o bt BY el Tt el A58 el afSching

to secopédrly RGPS oBfthd RiRerGitps R theppat AidboWeSay&R BB | $2 will be the
“teeth of a gear” that stick radially out, and that the functional groups that attach to the

tertiary carbons of the outer rings of the upper and lower layers 851, 852 will be the “blades

of a rotor” that curve either clockwise or counterclockwise as they extend from the disc.
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20 thiol (-SH) functional groups. In a simlar
fashi on, the attachnment point for rotor blade 871 is

W0 b@4oexdi ary carbon position 804, bl ade 872 apCHUKN®S3/022628
to carbon 824, blade 873 attaches to carbon 808,

bTaclen gt cahfigerhtion ¢Rihe fethost BdBlohbk AR R Rt &%%ﬁl&ﬁhat two
to carbon 812, bl ade 876 _attaches to carbon 820

CYCIOIWWE‘IB%%W ge gblg ipyreshwih sermptrispredisioneTapt t h at

ooy 435 L0 4 9400 055 PSR GV e

that or8latar adJ aagenmmdrxdtheh s\entextpdaieetd Haveihd 4be1it6 Gratdfblh Rtary

force t El?ﬁ:ai]ure having a counter-clockwi se bias. This is a
orce ¥ BRAVYFbE% he t et rahadral bondi ng of the carbon

at i eadd ddsBgs&! a%tot/@ﬁMQkath g&:ﬁ% Ho 1 fne {161%31\2%#%[" ﬁliaclhgﬁ %ﬂ the

under st ood by those ski
periphgpy@iplee dise.abhinmajtertative etnbmiime;at diteoteptd ofthe gear Mldl @bmprise

addltlopﬁp%%ftqatgg t%ﬁb % rgusgg g& th%vts\e}%ls g %@c],%gézfag}sq%%n\g lgﬂ;slc g}efd:ourse
it will bératddirft6od by EHos® Balle i AHP £rt FRRbndd %n%gﬂgltioﬁaf eﬂﬁmantane aubumt

tertiary carbons of the outer rin
is attachgehisr the gyelohe:gBiantags mohcule the dtmmﬂdbidaxbeemem hq)tﬁrﬁhm'tﬁne

with tv{cﬂﬁac f!%cﬁaglﬁ%ﬁs{lﬁ@ﬂak%m se. %dq%%nt er cI ockw S?an%sand 5 orL.
REE&A)&&QEK}A@&?&H&S (B Bav@gth 86mBAD g&ulasﬁa AdBhariife

of a _cycl ohexamant ane gear are such

eth
Subum‘@;?éq’ Blvsteatadin BIS. §édr A aﬁ@easﬂdecytctohnﬁsmamanm&(EMg arc
ol ntae ears.are d ted in

s S ss TV Sl Rt ok o
the top @i ¢heggear) iadiIGC&htTﬁiQdiaﬁ@hb@iﬂ Wil EHERPA a%e%fjw‘itﬁ oR@¥doth,” or

the ability to transfer a rotary 5 force to the
Totor. adj acent gear. The gears described above have teeth

o)

R L Rt

two teetlf insteed g€amne tma;h esospwi $ie FIGBK t i Tbm&ﬂanﬁﬁadﬁd se@ ¥hown in 882
b 3# r111|tt6§ fused to the sides of the cycl ohexamant ane

may bejfiqyeht pf ay 3 gyl iexampnignq oopd agibrefairabispyith fiyg edamantanc
subunit§ fAdel fB6bdi tB tltlehﬁd@()it th& B@E (WHEE “Side aqgflﬁe' R0 tﬁéjn@(;@t?otna&ea tire

subunit 10 is attached to the cycl Xamant a
tread onrp tigQ)u |Lieis pigdhags mﬁoummhz@mmaubmamnmmm”vvu th

ch nt an sub its the di a ndoi d
adamariilft B 35 d%&‘?ﬁ’ B P Teging o4 dheitho, st 400 pigp gpsitionsren a
benzené giafetBFIAEK, liyKvd a@%ﬁnﬁﬁ@@&ﬁuﬁit@ 98?%@&%@%%8%3 po%'tion;

adamant ane subunits are illustrated in
the twoadamaniane subpaite ﬁ%%;tf?&ﬁr@m inrlke ®&Q foaitiongthanwo adem@mnirene

subumt§ 95’3’ @(8| oo%]n oy 8}'[90 pos tgoenl g&?qugeertvgiystgfvlle?vy] eé%(éqx)p gu]:atfgp@s to

note thﬁ.ﬂhe 383, §8¢| a&dmz{iﬂﬂie(iumms(iréﬁds\(ﬁ)rﬁﬁ 180 dG@%és Math HRRBbunits
oot rotor. A simlar series of gears shown

883, 885 qie;gr%ﬁs apars; ang s 88 3¢ 88 swnunith arseb Oglegrass hpart wheno
Vlewedtfl%%gba"%%gﬁg)‘ijan%e&ne tooth, is shown in FIG 8K The

di anon ear ‘shown in 882
Finally, a condensed cyclomantane having a hexamantane core and three

adamantane subunits face fused to its peripheral sides is shown generally at 887 in FIG. 8L.
This diamondoid is a condensed nonamantane. The adamantane teeth 888, 889, 890 are
equipositioned in an angular manner around the central axis 801, 802 of the hexamantane

core, such that the each of the teeth are positioned 120 degrees apart.
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may be thought of as a cycl ohexamantane "core" as the
central disc wth two adamantane 20 subunits face
wo amamowe2 t he side of the disc (where "side," BOHEUS2003/022628
means the position of a tire tread on a tire). It is
Subas%ﬂlﬁ@%oﬁﬁ? 5i6S bnd & MbRUANhEfdi Do ehisOns of the two
EXTTa danBntane units Dy descrrprng themin terns
oD1anilm1dord doapomenita forasel 1rpmmsq:m>sbdﬂsnn&tlammae nbebzemne

) ri In FIG 8K, th mant ane subunits 883, 884
discusiged) et dmpnants intii 1ohS, Breakany Se5EVERs SR AT NS Kb Gty

n
s SRS o e 5 i 8 O

SubaSSAmbhh%mOWdy atagniv f@ve PhasEopo nps,gmulactula:rrtschometems amibdignal

t hat the 883 nta subunits are ti oned
waveflg§ beefiaiSe i s S Bl FieF eyt e B chamghs

degrees apart; and the 883 886 subunits are 60

degr ees apart vvhen VI evved from above in a plan view

Diamandaigls lag atomie foreemiasescepetipirant ane havi ng a hexarrant ane
cr QE‘[Q ree Oada nt ane _sub nltsfaefuse
ﬁlsa%perl pgﬁlgrlgtl()f eSS YR § 1Wn§ ld%glfy uf—"fcbas

atomidforce nhitirsscop i) ddietisé 8 #h ﬁ@WM%WW@M} inld¥eral,
adamant ane t eet h 888, 889, 890 are equipositione
also called ,5quIniRsS foReRTBIcTOsPORM Hag brendissusserl b A. Sovie ns@ghaprter

R N e

ed. (Blﬂféfﬁvbﬁﬁ(}wﬁ@ﬁﬁﬁZBton&abﬁMAHwQQQSp CJOBP AinSitdiicdBee@licroscope
anmpndoi d conponents D anpndoi d conponents for

measufS i ??IY‘FFal?Fé%’E%{} LSRG T {RCe At 2 RRAFR PRV tipelap 1s mounted on a
cantile¥bStedRs e anm%&gﬂgﬂf%ﬁp R 4G N cggt%ct Wit ﬁ}ées‘éﬁlple and

screws, and gears. Next, exemnplary sse
thus the dipiras %6 hegaldn ¢o withstardea chirmimardoird of orepbardel svent. | OFf dxairse, the

amourfpk R i BE Rt P s o o R adhg 1 nebia G heliveen the
AFM (RS B6 BAB1RCT3HRARy, (R\ChrbiRdver BEHERALININCARNEShas o spring

nmenbr ane pores and ¢hannel's. Di anondoi ds as atom ¢
constapighatds b et oy eogss of mpsrumdeéﬂwmwhmcabﬁpnﬂg@opms@wween
twoat6 g/entl on, certain dianondoids may be used as 10
atom c force m croscope tips. The use of an atomc

flaroge efibotRe&H r{e(z(aﬂ)E]\@eﬂtﬁnaﬁﬂﬁrraﬁy be @edQs 67 laﬂoﬁﬁc ?orce
scanni ng force mcrosc been di scusse

microsgpRa prabe.s Allustatse ér F1G. .fA e’Bheséwmae@mda@wgmm@ gsFIai/ A i 1s an
111ustra=lfl%ﬁ36‘f" b @Rsd El%dglfoé Mﬁ% Eﬁr‘aﬁ’h&al gﬁg S Akl an.

tzpatric er wor | nerrann St oneham

I\M&;feﬂ:ﬂ@&b FI1@. 9AQ3pyrénidat shaped ﬂﬁﬁ@ﬁdﬁiﬂ@bﬂﬁﬁl@%d for use as an
; asures the force between a sanple surface and a
atomlcgtE

REGC pnisFsBRPe: tiipis shawn gencrilyat 8800 Ahe S TegHRg iof gppprtance of
this ARMIPbd e Bk %@ 1'@1@%11‘{ Et% nt ﬁﬁ dobP T H)%leq:nh 3 the device
e sanple g t 1p be

contact with us t he
901 conlpirigest oteviidri strhoe having fona ihydmgem attachéd tosic, hbmarhdm being .

O ur se, th amount aof wear |s east art
capableiof & phrrRice IGROG At e h AAols e iopal oW BRABE Ritched to
improve and modify the specificity of the tip. The functional groups may include a thiol

group, and alcohol group, a carboxylic acid, and the like. It will be understood by those
skilled in the art that the tip of this atomic force microscope probe comprises a single atom,

whereas with competing technologies, such as the use of a Cg fullerene as the tip of an
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AFM tip and the sanple. Typically, the cantilever beam
hol ding the AFMtip has a spring constant that is
w@b@yvowm or der of nmagnitude | ower that the typeTEE2003/022628
spring constant between 20 two atons. In one
AFM %?E%C{% for %uel{e]&r%%%%%élgg pe pro behéﬁ] E‘r&%ﬁ@? ? at egoﬁ§ a1%rlocated
atthe @A. The di anondoid pictured in FIG 9A is an

A PR el Ak

with Ve GIERRERE 1 ﬁl%[bttl@y@ési’én%q 16 BlatdhSBe AFNR P\mcﬁén@tmeﬁaﬂlﬁfecﬁ is
m croscope tip is shown generally at 900. The two

contennpdgﬂed gt eﬂhlplrdfuocttmbgfoup at thiaitip Y0 W eldbe effieative e probpmg or
manel an q.tthe @)t achnment rte 902. The pﬁobe (gn(ﬂ o%} thF
ane 88’{}?%%3 Fope Wﬁﬂsé’éé"% PEPPTARY 28 RPESh2 MRIRIPHIgORsld
devicehydrogen attached to it, the carbon being capable of
a chem cal nodification wherein various functional

gFaugtachmpniisee at 902coraeprises 2 pewende 40 atom aftaghmpnt site capable of
_ P T .

couiFERFHhEliaRE oL i RenTheRLUrsL Aok seooPe ™
cBxdvoplyd ofodedi@httatiandf [ 12, 3b4] Ipentahianwhé Forhpedialiied $tFvd

by those skilled in the art that the tip of this
apphc@tqslﬁ]aad fomaeotsshaolneich ésssmélsfé R)#9HPREs shoven gt ioSa PBrand

oc. S SRR GR!0 TSR S R 5o

In FIGPAT/ &SADOBH B2 6XBowARNtlpa siber nidedy ©04 wsathartp offthd devidd. p
ans that a h. | arger nunber of ato are |.ocat ed.
AT Yig awﬁﬁﬁsﬁ%ﬂg@f BRAAHE 25 3P AFFEMONE 3m 13 %mﬂn FIG.
9D. Re%ﬁg%rﬁr@ @D"Rnlu%éﬁt%nﬁﬁtﬁné)ﬁofé%ﬁley 8bs, 2)@@ oM, Hb3 ¥R"oRtRned

hem ¢tal noi efies designed to match the AFM functions.
around:mubstrammh@sacuﬂct 9@%sas aszembieleamisdt a3, tand ¥, wspdeiively. In one

embod§ B o{dPoproThan o orh s Pab i Bt B0 boopEne e

geomcASTTAR 3ctide siabt ance‘nzgme anet Mh@ﬁioﬁ?bﬁﬁ'wh&@ﬁie%zyﬂ@e

attachnment site at 902 conprises a seven to 10 atom
chymogrypsigtestahizes the &y duphestd of 'fb¢ osteraupstrate®9he pent amant ane

900 to an AFM probe or assenbler arm 10 Exanpl es of

derivatization of [1(2,3)4] pentamantane for

Tachofie®ed &ld st@thl Aekdfonppengabisons and for
nanot echnol ogi cal assenbl er applications is shown |j n

FAesording te,pbodiments of thegyresgpt mypntjgmp P gBotelignendeid
compef oy U Eh I SHo 0585, EREably Rbal Y e o

combifdtibnasf atdie (hndfomgeat)fmddiemdam fedtnesduiaghiotection of the dlsclosure

p mdal-sh nta e as an _asse rm.s
Suoh qomlRnatings egite @a@% ettt 1%@5 ? Bcheragteg A cf peseteinas a
meansﬁgf‘ltn@%ﬁhg'ﬂfe BR46EMNsFSeddn 0B, 2R 4n e)?tgﬁsléﬁ 8f such a device,

positione around a substrate nol ecule 909 as
which asaydrelrleserited ms ail gle@trical, signadl wayefons gendratesl y. 1 n one
The manner in which the rod/disc subassembly functions is illustrated schematically

in FIGS. 10A-F. In this embodiment, a support rod 1001 is fixedly attached to a disc 1002.

The disc 1002 has a protrusion 1003, which in some embodiments, may comprise an

~ adamantane subunit face-fused to the top of a disc-shaped diamondoid. In another

embodiment, the protrusion 1003 may be a substituent or functional group covalently
connected to the diamondoid disc 1002. It will be noted that in this example, the additional
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enbodi nent of the present invention, the assenbler

arns 905, 906, 907, 908 mmc the geonetry of the
w@eioswev4si t e of an enzyne such as chynotrypsi nPCTAIS2083/022628

the enzyme chynotrypsin catalyzes the hydrolysis of

adamanf e 865 Bit($H EBRipFae tRIFrotrdfod @9@5‘331’{?&1%5 gttRAEd & ﬂh@ %p of the

wavef orm generators According to enbodi nents of
disc, agd agktetthé sideaf therdiscan shegeantaeth efiraion hbadpﬁwemnﬁmmlspnon

. ined in a subassenbly. Exenplary
aCComgg%yl gF%I@ReS made fromthe conbination of a disc

( Pouiti®fed @8LeNt 36 cheadiscOTDOR] ExtérRidh r%dcﬁﬁl iowdrd it t6F GndfAR of the
of the disclosure. 25 Such a conbination is

disc 19@% ihpiohe shpvibeemaiadly 1094 yIndhe middie pbemesbe HWHiinadexible
elbow rl?f)? tiiht thg'g?(g)% % t@&f’dje[t it cgﬁox% o{%ﬁltgh ?H@éroﬁ@ $66k
o ect

an o an extensi on O suc

bends whihe lelbmyl (06 thespper bemoasl 08 of tieqirsbeCEI043b@aRs perpendicular to
gener at or . nﬁnner in which the rod/disc

:
the pla?lﬁ?\ég % &P%Wettth%wqrgo 100906 of tig selrctddiis deflseted; sych

R

elbowas pslgnaﬂ@n@ratoi 00@8 thahiradsniits assigral foimatle pmbbsl 004ixy an

o T G SO PR LS T L
1006 df1Ee o8 fstehPiitd A0 IR p BB cﬁ‘%%fob&’e%‘ﬁ&ttloﬁrmf)@ B?%He%ﬁ‘éﬁe

group covalently connected to the dianondoid disc
1004, gyd)g@ th¢ angléd poswnnie skeivn tuk1G. A0Bh Tbe eiganideneratdrel 008 does not

31 WD 200 92 P 003/ 02
tremsnfE et M JoiEeror ey (U0 Rl EriRe LB Po e pesdtion, a5
shownlifi Ff@l )A.att ached to the top of the d| sc, and not to
the side of the disc as the gear teeth or rotor blades
waraperaiioprhe tashempisr Works agde nytierfgppergrodl 001 rotates in a

e (e

disc 1mmowrsemai the sappdeDfddl 100m id beloakeise @r@éhdﬂﬁ@é\:@ﬁ@h@ry
004 is a flexible elbow 1005 that allows the
Startm&eeult tsohewndn BIG 1194y Whseathe grotrupman 00R és ﬁrtb%b‘:ftm@mof the

dlagraf?le(ﬂgﬁltﬁ “ Qset” Qﬁ&ﬁ 108nd #21:3 éﬁ’efjlgcﬁﬁts B?Etchﬁﬁﬂaijsgols‘ﬁg 4%@1003

|ns per pe rto
turns 1ri lash)ck@'ﬁ)sz du’ﬁuﬂloﬁ, ttiee protwesiop 003 wactkd @ top ofthe drawing (which

fle uch that kes an angle with
mayalts?lg bqulﬁ%le@fasgﬂ%ﬂd}a % she @ within or adjacent
tPnd 8trdo i@%"‘f)ds&s%hl%'ugﬁ ﬁ{e MRGIoak8h, AIOB if s so, it makes

transmts a signal fromthe probe 1004 to an
contachwib ¢thelowdr porsion od theq&olpmmt)égmchdaﬂlecte e Jolwes pettimmof et

06 of the. [ .
probe FAR B 4 Vi DO B ol A eleingsfione AT AoHa g TIC
10B. PHe §1¥lﬁl BéRRor 16U3%enydd ehEbdnASn ARYrE6E DI, bhdPRahstnifHOiEhal

in 10B. The S%N%nal generator 1008 does not

indicatinghatthe peotesigndi0ORhasrotaekthrgushttheonoriopesiagn.t he probe
180 the'd¥sc' 1005 antﬁHeQ\:ogllHtatQ 9n32|1 ctzlogkvi/ls 811'60’[101‘1, the protrusion passes

away from the north (top) position, and into the east position where it is at the right, as
shown in FIG. 10C. As the protrusion 1003 moves away from the probe 1004, the lower
portion 1006 of the probe returns to its vertical position. Since the lower portion 1006 is no

longer in the bent position, the signal generator 1008 stops transmitting a signal.
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15 shown in FIG | QA In operation, the tachoneter
works as follows. The support rod 1001 rotates in a
w@b@aekog4se direction, and since the disc 1002 PGI/US2003/022628
fixedly attached to the support rod 1001, the disc
89%’160(956 RiptRatifidsho big, tﬁé‘f)ﬂ%ﬁloﬁ 9803 RAdiet MtHthe south
ockw se direction. An arbitrary starting point is
(bottomh pwntwm aF ki@wi inGAG. WABy end then baditte tlsd artin@@einit svhate the

e TR s SRR, L
repeatbdl Syt Sthe bARR1sidrHI00S dnbe té%zﬁﬂl ?@slééﬂ tﬁﬁ)u%h HeChdrNGop ri)%smon

protrusion 1003 reaches e draw ng
causmgﬁlye Iabb@ 104 ﬁOé:’read,r%d qapsing themmhgf)neraé@r m%m truansnmt @.mther

{
signalofieF e g g B APl B PR feion
t Bﬁoﬂe@ﬁﬂfodﬁﬁéﬁtlo@ﬂldﬁreédﬁﬁm@éﬂm 46i3fal ia ndnsimitb@ eich tihethe
~ lower portion of the 25 probe 1006 away from a
disc cqrapleics alfulp eaviolution af 368 dagrees giheopBal wysisH inglydss 3 geans for
1L E -
measu'rmlg| r(?hgglb aﬁésfr étﬂgFlg%QEaf%gQﬁg)egﬁérﬁg%?ﬁnf@éﬁgéd signals

the reﬁdl@ﬂﬁhbry dpeed Gﬂthle Iﬁl@ct 1@32 dndehysrtbé suppotirod A0G1, nazsy be
r.ot at ed through the north As the disc 1002

osi ti on.
deterngigeft | Hinsdhe devien létFéGrSnl%‘é:p is @ kGBI r ecti on, t he
pA%Hﬁélp%ﬁﬂéﬁl%ﬁle (@Yo 1'h hﬁ)(ﬁl?{ tegcé)tt AP POsL ﬁ?ﬁﬂmsion
and 1nto the east position erelt i's e right,
1020 iastiahed hothe side dfldizc 1D0Zinséend toli hegpp bf ﬂRIdIB\B 400 vanrghe case

T T L

with a! Iﬁ’&ﬁfnapﬂéﬂlbﬁ o3P & 815&‘?5011’[1@{”@22 [(‘PrdfRal?aNsanROSE16deP B the

he si ghal generat or stops transmtting a signal.
disc 1o@m‘mwn/mmmmvmmnmg@w% t he disc 1002

BB A e BB R A R

deflecBiid prd3@MabEsHioh 202 NEf e Efdble ngoP aitd b bekxesoRfih@tion. In th1s bent
protpru3| on 1003 is at the west, or left position,

configsresian, 4 sigml@enaeer 19%% Fansyuisa signpl toea cqntiob aysiem (s éh@vn)
t
5 5 G A BOES S RASE RO Y o

positi®i€ fitbn tH@ﬂoﬂa}j@dlﬁtgl Tah@ tifeh Ginewesy pogtian, as sAGOB it BIGS. 10H-J,

transm t_ anot her anal once_ agai n |ﬂd| cating .t hat
respeqtiyelyp rAf?tﬂa%EIOéWSW&sloﬁ sNgs ?IHP%% £ Fawt 8P%1H%6%arl¥’|a€ﬁther

sl OGBS L AR 082 S
complre&\zltahommmvolﬁltlaﬁo degr ees The control syst em [ ncI udes
mean

K
© ReveveRT prtien 18t VAT be bt HeShy (R ngin ket [
111ustr3-tgd ierd. ave! W b(ﬁﬂ?é'vyav% Bﬁl%g 1634 1tn|ﬂ bligSkerd83 tﬁé‘ﬁ%ﬁa!l‘ Y8nerator

he support rod 1001, fray be erm ned. Thus _
1023 dtwod:bm pasitEnGs. thqgmtnﬁsm 162Q m&H@wét)@r andpsinegrricetigahison

i.n . 10G K, C in '
eenergig b B B0 TS e peein 3 e B TR, el Another
square%lfa‘i/@ tp%@@& 029 g%ﬂgra&fd dt Age 1tBe Bénfidi@atibinSsT th@SublabsedSy in FIG.

or e case
10K. Of course, it will be understood by those skilled in the art that any type of waveform
pattern could be generated, including spikes, Gaussian-shaped pulses, negative pulses,

triangular pulses, and the like (FIG. 10L).
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depicted in FIGS. 1 OA-F. Probe 1004 may be confi gured

in a substantially simlar manner, 15 with a proxi nmal
w@oooioe91021 and a distal portion 1022 (" pr oxPEEIUS2003/022628

meani ng closer to the disc 1002, and "distal" neaning

f 1 drom.t i i .

| ARSI Rl e\ of BRI, 50y e
inventbis 1€l8 to ahe Edpedly diveesquetectiomin thetytpesnf Wogdfonihs thhtmpy bbe

1004 into a bent configuration. In this bent . .

genergigsh oy gramplsnthedvelvg ﬁ%?‘ijeﬁé‘?ﬁlé}cé*\‘%qm%%%retﬁ%ﬁ%ﬁ? fiGl0Pin
schem3ti @R, e 16O @él{t&ll dﬁ?zf%?ﬁ{s&gﬁ% aSTaWMtker al1é%hat BRaBbS o it

rotates counterclockw se, rotrusion 1020 nobves
two prohmsiomshl (3dendd$85 (showintas small¢rteanclesh eTeoprotrugioss of the,

oo S B 4 Mo e L i o
sides (%fnﬁe SSUtA sEHéE\i'iE\kf%Ho@ﬂ@oﬁie pARk{dE on thé f th$disc and another

_ ransmtted by the signal generator 1023 to indicate
disc on Hetbotthm afitbe dis0 (xshiowa at eaferphestraneg@ldi0B6r revol uti on.

<ol Bkl g T A8 03 e Z ik ol

illustrSt6l YR BNMee iPWhia tHiQe diffedht hevena patiads BaythRgeatgraldue to
enerator 1023 due to the position of theé&;otrusi on

the diffgyom shepesioftheigmantenesi Reterming toiFJFR| 10M-O, Jamibiren wayepsiterns
Fl.GS. f b $2qf
vt w8 b b SRURERRALEAL 808, 1611 g 38008 mos
10M, seNemhdtlod, adspettivelyo O ueRhbgpothtt wavadbrl patterns are possible.
subassenbly 1n FIG 30 10K. O course, it will be
understood by those skilled in the art that any type
Self—a&fem‘ﬁ'ﬁﬁg h g% 1P Rh e et dsthR nBE A REEEr i NI
SPr Kes, Gaussl an- shaped puf Ses, negatl ve pul ses,
t Thaegended darhaes]attiebatdiestiuctoees(Fhizhet Glainond 8l ddMmponents

2004/ 009492 PCT/ 003/ 022628 . The_ i..mense varj ati on
make pws@m SHCE I 41 aeTer S%f-aﬁswahpa SaRfsclp air@ﬁurﬁy Self
assembR&chdNEhEY Brih @8F8oddlaffRe HiltY Btrhocfl Y SranSIBt 64 F[br@&'udeQ

the types of waveforns that may be generated. For

strongemnd mgAdely prémredrsstustiresiMienms &olese 1 394n tAdhefithe dianuindoid-based

in FIG | ORP in schematic fo wher e, the centr al
compeiegls diguisean Pin O RFGR AR 8l e AL S edhed to
superitrdpoSabléMeb i 18 dikehRATatfdR 4atBed] GABP iR WlanRth oSsiRink @hd

circles). The protrusions of the cyclooctanmantanes
readily hesembled nEnGEcatEGRruatyeshetoglesign Balgsizsd rrapstrustymefor gpanggle, a

the disc or .the _sides. of 1SC. ;A Si i .
wansol e RleFeuR b Ct P BRing;seb o Sty R Y Ypgrimposabe
upon thBektaeded dlimenduttidee Uxrigd suoh @ hatidvarudiusecddsigns Hidfurera higher

~ reference nunmeral 1036. The condensed oct anant anes
diamogfeighsormponede) and/9s gombinations 95 componsats, saybs ipgpmposed upon
. j | r i ' A
ts trafgett (b 300 BB Ong Btk W EEE oS POFE nanostructure
framedofkf, el wipgest Himtbhwerkeegmemnbetmesn indixidual icomppowents. These

FIGS 10M O, the three wavepatterns that ul d be

short i3fegrABERfIng; oINS FE Wt toroRt s bishen Sgmopdal compesenls
togettef W 1if8er§ 1f&hosen that will closely approximate the diamond geometry,

completing the nanostructure.
Linker chemistries are optimized with regard to bond lengths, angles and strengths
to best fit the requirements of the specific desired nanostructure. Potential linker

chemistries also affect the choice of diamondoid components used in the construction of the
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I OM | ON, and 100, respectively. O course, nmany
ot her waveform patterns are possible. 15
w®eiovemsenbl i ng nanoscal e channel and pore stPCDUS2083022628
in cellular nmenbranes The extended
desma&i haRAct AL, tF&%xQﬁgﬁddl%BH&Jﬂ E&RpOientd &J}ﬁ% %&E@ﬁ’?ﬂia? be
onmponent s ssi bl e new stpat egies for t
most chbelsattgﬂ farfsonel aﬁophmnbbecagserthmgwa kige &t fewet side prodBets firom

B T
sites. mrﬁ@am%in@&feg gfebmwo;(tﬁﬁa%@toqsré@ae thle%?éﬁest ﬁlaids ef ta&gb%

di anondoi d- based 20 ‘conponents di scusSed 1n
nanosiawunesatl on possess framewor ks that are al ready

th | at.t N0
R EP R eL R oR R e e Bl i 1D me
unusufIBARY 3 Be Sdgeberhidd &8 bl }fléldg ﬁ‘éhﬂs@nﬁheﬁ@ Stak®RUnaterials and side

nanostructure, for exanp a transnmenbrane pore wth
produgjs wsing fhedpairogiackl %@ﬁcqspﬁtdlﬁcmeé it the éoﬁgélﬂﬁlayplil@tlon titled

[13 d t

proc GRS RALANL g MIAD: KRS SIBLERORPPRI 04 Sfgped o e

assigndd: afmhe gedsentCpipticativnt snd iacutporateddizhiindy iréfdfened. Linker
nponents, _.can be superinposed upon its framework to

chemlﬁtaéfh 0% graptinidiamiidshonds th@ ESH]@ ﬁtcke preditcts and wagsmaterials
most SRR RAE  EATRIS ERB0. SO G imoncoi
compohisatseructiites dre isnpezior dorrspedifin gprdegtiant Foakrarmsledhé disk-shape of

ndi ng hi | anondoi d conponent s et her, .and
112317 eandn R L A aes BT G SURRSRTREIAE ¢ he
nanost‘i'ﬁc’%ﬁ@ﬁ‘ thtd SR Istretur vERk 1 AECHAIRMAZN @S EHC THSSs because

Li nker chenmistries are optimzed with regard to bond
[12312]dregaimentangigsesctuneds disiotin gt hafure; andoseswilkieadiiyhendergo stacking

i rement.s . t.he specjfic desired nanostructure.
asseméﬁ'%‘ﬁ@?%%s{l? R’E@‘F(’lﬁ%ﬁé’ﬁ:‘ic FFF %0 affect the choice
of1Gli1anundeie taRMAAGRRLSIrdiE&R aﬁhdtobﬁstﬁ&ﬁﬁﬁ h&&ﬁddoﬂn@ﬁg 11A
the -34 WD 2004/ 009492 PCT/ US2003/ 022628 desired
the (1 hawogtal phangriace ¢dhe divmapd lattiagi laﬁﬂmmatdl 19dnPbaehiest a1 101
t I
complgég%tr;4% Sf]‘% ah gl%%:a ?%Irtoﬁggfleeg ggllﬂi)&%d éuéc\f\l/é%r%scar on atoms.

Upon ﬂﬁ@@iuﬁfoﬁd EShewim db$1fdd§foref @ﬁl@hir@ﬁﬁskbﬂ&héd iml @8 &m of a circle showing
nondoi ds with greater nunbers of differing

an outsrt Jlamive At oot £ o9 Shoneest 1AL ARG ¢ Firels vfearuinger dismeter of
about ¢ B}ﬂ mo%dat H1908r ﬁ*{ngrmtjula g%llglg %flﬁtthﬁé 'sﬁ’hﬁ‘ﬁ:e%o& H PEhmBnd lattice,

nano structures articu
and todatanoe dmgimgtoethoarspﬁbmde miﬂ’adlyﬂr@eﬁ la)orﬂm;wm: ﬁalne-pomnlmuml in Fig

UBWQVH %ﬁa asg %ﬁ?ﬁﬁ% %ﬁlo@wd 3?%3‘%}%%ipﬁ&@ﬁfecwld

act as Q%ﬁﬁﬁéﬁ&lﬁh@ gha[fﬁlgpcﬁ‘siﬁ&ﬁloﬁ i §1§9—§@;ﬁrétfbntﬂ?§ce‘§§%sﬁ§ St 1104.

p ication titled "Processses for concentratlng
This phiegitehantich sowdtwicdbown bi/1 1R4Mas Beenl dasigned puitely owtsxd idigmeshd.

Again; SRS 1S P 1 BERE 11 P Aahd oo AR e

with tﬁé’sfurﬁ&@ﬁpﬂh@ gagé .SPdr sgcren @psibimat sipé @6’111&1 8¢ Shidom other
products and waste materials
diamond crystal face surfaces. The outside diameter of the pore shown at 1105 is 2.2 to 2.5

nm. The channel through the pore has a 1 nm diameter opening shown at 1106. Such a
nanostructure would be intrinsically hydrophobic and would tend to associate with

lipophilic bi-layer cellular membranes. This structure shown at 1104 could also be
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nost anenabl e to generation by hydrocracking are
preferable. Some higher dianondoid conponent
W@ R00400049ESs are superior for specific applicatPOnES2009022628
exanpl e, the di sk-shape of [12312] hexanmantane FI G
deriva@Bd B SnpaM AYURPETic WShEtef Mid @%@fe%%c@o?r%ﬁgb EchhO‘Is alt8chment to
nanostructures Into super-structures via stacking
templatescthatintenacts with epdcifeccellThir seceptobeit@use [ 12312]
xamant ane's strycture s dISIOtIC n_nat.ure, ds
FRREL & Forasilert stctioh R tdsistn by erisinand ffee; fog pext
step mqﬁalgihg 16 tidemtifehtsa highef Bahién@sid cohfpondrks, iok Eé’ﬁbfn@ﬁ&% of

this nanostructure desi agn and constriuction nethod
compomnegts,ldeacnlpetdem(emm; sestigns ef thislagnbcatigndhajican he smeam@ded of

el 8L TP AR A BB e

ﬂame\%rkaib Bbierdd, 008 ofiBsBOM irdtk@BBing WeQidnk BieS el WIDHBICE ReRirmahe
desired pore structure is sketched in the formof a

neededintrrennsring Higkagan 1adkis vy Brstreptuess offhsuraripushigher
o oo Z B AGHLEL ) PSR LNER IR

objectivhibsingtto fimduhesdt oHeompmetisahm bastimitth the,nanspvdle fiamework in

saturate d l'in carb n_sp 3 bonds w th hydrogen
terms %f‘iﬂ‘fﬁragf’ﬁégﬂgw&n &7 dRBkASS n Fig 25 11B woul d be

OPAGHRSH oo Gor AR EPLBL I SIS o o

the namﬂ?pmeeilarhmm frammetark ard shosnze 1 $EparFG. dbCpatdd &S #eBIG.4 1D, and

1 Thi r channel stryctur
o 1128 0l 31 andie 1S [570) Berar e el e >Rt pore'
framevASHR e&‘e shdven Si1190 ttlHBl‘i‘gH B1 IQréuEEﬁlﬁgoéeﬂ oﬁ'rﬁn@%&e&f&rﬁdﬁeﬁamework
its (111) dianond crystal face 1s parall

and arg darkemssl ipfcotaneelpiapdo troetbergaris of tireskaméwerkimAl part ef the

moth r 30 .di.ano d cr
framen ity Bt b BBl i TR REG 11 ane
consistb¥?%er SarBorPatbMs 2IbFigNND ﬁ}beofftﬂ@ﬁﬁﬂélﬂ@m Ph%ﬁalﬁiiﬁar&‘lﬁélecules
has a 1 run di aneter openi n;c[;hshovvn at 110 Such a

used t§H dlaq pareisframepnik aresbowntat L hiG ansl 114 719pd ersresisl siparaiposed
on the \g%ﬁ'g?}e%éﬁg B3R glle aﬁ(e‘ﬁ'e{l L uc%lblpr%papkle L§ thg Iot}%?égrts of g

ar menpranes. Ur'e shown &t
framewadiko Apart SHthAB a2 A0 RH Schnl6Es kﬁéﬁ%@%ﬂﬁ?ﬁﬁiﬁoletles 1s shown at
derivatized to, inpart ophi li ¢ character .and
1118 Héﬂéd 11y aped eonsishy qfisix © %@hﬁt%s Pt hHg Ao pfasmt[b%léﬂa)@é]s
octam:iﬂfﬁ{e rh@lteeﬁl%ﬁs%d‘% hh tﬁeﬁ?&bf sHfanfStdik b A sHORRGRY P21 Sid B2 and
Because It is e to cut such a nanostructure
are suﬁarmmoaedjomﬁwrrmnb@bta ﬁmmerfrk andxte dsskaned iimcotakiehgivietto bther

entify those er d0|d conponents, or
parts o%ﬁm‘?m W %P%Oﬁ%ﬁ@@ﬂ@ Mabctnegss QAR agiang pdfetics is
shownsg@mzpﬂps@ 11 Piafid BRidCatd @ﬁb&hﬁgm‘ga@,nhﬁﬁm bfffResed

of the nanostructure carbon franmework own at 1105
intercannedtiog region Borresponding tcnbb]t4 wfFIGh &l Cf Irld femBIG&. 11D and 1124 in

SO I T TS T A e

poss1ble| tBiK a@afs. shbWntabil B25W Y 134 REFEY. MUET WitefoRhectilg atoRis shBfn at
her di anondoi d conponents are used as preces to

1126, H?t 1 h9, § 43 @ ardi hBraoresnang to seopndary TAdons, and atoms shown at
1125, 1128, 1131, 1132, 1132 and 1133 correspond to tertiary carbons. Interconnection of

the hexamantane building blocks shown at 1107 to 1112 in FIG. 11C would require the

incorporation of the ten carbon atoms shown at 1125 to 1134 in Fig 11F to complete the
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10 objective being to find the set of conponents that
best match the nanopore framework in terns of
w@omeneyge stability and ease of |inkage. ExenptHD$2003/022628
sets of higher dianondoid conponents that can fill a
diamomdjlatticepef thé pore Sfructlftepropdred ROFES. 03 BD Mo dvaRRWRSkucEbE of rigid
shown at 1113 in FIG 1 1C, at 1115 in FIG 1 1D, and
pore sigpictyres gequirespeifher ggmplete qhpsyire afthe proppseziatianond lattice, nor

cxtf PR POETIUREHESE, LBy b e A BAL B s s
givingaisertanangpores 6Bgbater ﬁgidh?wﬂiadeaﬁﬂ)u?h @erﬁ@?*ﬁ@[’h@ﬁthiaﬂ secondary
col 0{16¥1e| ative to the other parts of the framework. A

carbons gry the hexamantapes g bk 1 aertiatmsehansitermeinibs Arsamantane
r . _ _ i E P
oo S5k OS5 B i LA B
1140, [ 14113243, ané p1 ehrefiicasveomtalg catbarss arelsteld 30 @anélilll 42 thdare least
's framework are shown.at 1116 and 1117 and are

prefer‘%agswn?ﬁ%‘?’i?w& ByeRsiree L SHERE hor e framework and
arke BHBORH at M FCFIGT glat&?]r\é%?&&lsttg U shbRh B 1 PfsA in

the framework. A part ramewor k t hat connect's
FIG. 11 R etiwpamamarcarhoss nosefiarae hergammotame tildirglil8clisn THiGearbon-

carbor fong RS i3 Spmiocny am ot iaineS wePaarhen hdwdluming |

reactionb &ndR e itfosé SlANBIRIthe A e RRQMEH Aidik} 4duand ildd#icalMrough
are_superinposed on the nano-pore framework and are

linkagepaptidizingitertiary earbrnsroal the heptamentandiapiefigs.part s of t he
f f ~bhe rk that, connects
o@%gﬁl\tg%{og}? ealtArlmP?é |d21512|%§n Fi(%'om Cé’tneill(ﬁl?ii tp ﬁ%ﬁﬁ aied hy two

 separafeiubtaaaasir®iheilding dlouks BREWR{nOME. 148, ThRAGEd 8b@d Hifien is not

| nterconnection region corresponding to 1114 in FIG

possible elgninpying [’ 361 I actpnaniane from thelistf gablertmildingsHowks for
constrifttioh b the gbfrggﬁcugrg ’S:h%‘%ghf%fr@tl geonnecting framewor k

consists o poOSSI atoims shown at 1125 to
1ABethémrukel f& indpkbving nigititydnmans-seife edrdtibetindheediadOndoids is
1126, 1127, 1129, 1130 and 1134 correspond to

to makg dnfsfeanpsetipns 9 dhese teharyagaghans i wre banded dpertlyrto sl largest

numbe# 3)3&11&1’[3141%%%13013?1@. @Bfhet o Qlﬁ{rﬁssﬂﬁ%rés%f Erﬁéﬁﬁ%{ﬁcf aliglﬁiéty are

carbons. I'nterconnection o e hexanmantane
made thtoygh hash tanhargtcarb00¥ directly tibdeditoRhGardekChwmnbedrabf tertjariyr e
the, .incorporati aqn of .the ten carbon atops shown at
carbons 45t Joip1 Rmbe of Sepondiey carhon g leasi Rigid S except for
those m2aHIAYAORASRNE %W@%é%%rbﬁsﬁ%%u%l\gﬁl@t%aﬂf calf¥fs
. ore structure proposed inFIG 11B. However,
directly: berste je thederzest nnmperiof ssoprsasy earbonsr es requi res

' | | .t d dj d
e 5he AP B4 S RO 5B0pd BBl RRESH TR Eon b mace
using Hepoeihilikagds0 Onldex ey RITE tHeaippliSitioh Gif RoluASkshaliBévd e

rise to nano-pores of greater rigidity are made
hexamarang RyAlding blp s fhat a?fftﬂ@%(etiﬁhrﬁuglé@@maiayve frowatipn aédigwlfides.

B e e
structures tfene highercdiaraondotds Iois imboitdie apednGagas. eFisfioie applickhB have
develogeg ectafipifcthedllops b redsaoaien pEBgher dambndoids fom
their sulfides. Hydrocracking regeneration yields are very good making it possible to
recover valuable higher diamondoid materials from the wastes and side-products of sulfide

/ disulfide nano-scale construction procedures. This means that even low-yielding
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preferred for interconnections to construct rigid
structures. The bond shown at 1136 in FIG 11F

w@eormmepends to the bond shown at 11 18A in 1PCHUR003022628
1D between two carbons on separate heptanant ane

d1su1ﬁdb=lmledllafb@ PRbERkeS foriahs-se4le bektrueaba8 vmm be&HhkE 1R of
faormed by any of the nunerqQus carbon-carbon

valuablgdpigher damangloids dxinimiredi Aiwlide assenblydr avedidknawn bielogical
procesf’fotrcoﬁé?ﬁl f"'ceHaﬂf]?r coul d be introduced through
nkages u |Z|ng |ary carbons on the

Mt ahmi] irﬁélﬁleﬂmtﬁtcaﬁ be réadilp mm&rfﬁorﬂﬁlsﬂlﬂfﬁﬁ-lﬁﬂ(@d bioticts,
in Fl 11F co respond t o, atons shared two 15
and targelpgp HerigasEsoghi theyePIAiB ORY de} s \ppx@mple of
s e e R
[12312y herteneanianiel bailldmg bl ek kslefitboal tocihasshowatih GHG.0f 1 (I b6t doaraghing
uct ur e, shown FI G, 11B. ot her rule fo
two th’:n%‘PBB% B§heVHAl 1¢43 ip 4 VHeshBeRERIa R4 LD depmend Gystal face,

and paidilanBrRdgildde] sig 19 ﬁWsethb '&ﬁs%lfﬁi%‘lﬂ%%% ﬁu(t,t%lt ﬁg $€xamantane

tertiary carbons that are bonded t y to
building dlqeks resplinginb gpreptrugiuse smilar fo thatrshows.in EHRNE, mmpt that

s s g B S PPy th MG AEONT i Prohefeca oimans

shown h8T 1@8Hnd U ei FITF. 14 Br A WeW pefrnBRORr 8the tlﬁ‘?—dkaﬁﬁ'&{d face is
nunber of secondary carbons. The least rigid

shown gt Hddtand @aradlebiept infld 8. nBKa lriédeem%oféhfmrfmﬁpmgimg space-
t t
sning A5 BARSREARE AN RS0, L BORU oy Y3H7 il au

and at ElSO@daespondaigtontew PHISIiATRE €N MetihfhdiRhectOran@pds ie
buj | di ng bl ocks shown in FIG 11 C can be nade using

shown plek Il safl GRITESIRREG OS2 THeardhaprisidegliameleripdichicd et bt 2.7
nm. N tlg'é%;c ésf }%i%ﬁﬁétqg‘ﬁlle lohi 3 dﬁ?}fw Ougﬁgeﬁéﬂ{ﬁﬁﬂfl d{wt' lggt' c%g ains only

hat are |1 e oxl ive orna
disulfidefbodils wlofthiddssand Hag a flppgeéonedtiyo Thid protdhdticdelddrdsolated from the
disul fide Ii. nk%gcﬁ}s in the constructi on nano-scal e

reactiory {nﬁmqﬁs&g o ARBRABY isSeRaEts ol ia siknhexamantane-
contamﬁ%vﬁ AR préducilor af)&?c 25399 D8R ﬁoﬁ@ﬂﬁr w@%hfj oY fﬂﬂﬁ?could

hy rocrackl ng net hods that allow the regerferation o
then betremheed ﬁtomrtbcn freitipe usingrohtdmeatography mdtheds thatiscdentizekyiraigin

R e R e A
Perfornidi@e Wadifi @ EhedtelatSdrisinyd wdskHGE highly stabé béié‘ctlx/e Wbl pfrb\‘;iﬁe the

nano-scal e constructi on procedures hi's neans t hat

disc-shenedprodigt fice tfrenngom@w sidy Qr@dmt@ommn@mﬂeusgm 1BOPE2RI
from hédla! lﬂ{ﬂ,‘a{lg %OI%%J Qsteg %}%Cs“:i‘éeggr%gfﬁcgté u%llgg gy%tgg#aglgpg gmcgdures

cons rUCtIOH a

Fugharcoﬂsmaﬂ of Etsanhé&l-shepédhanBstrudairs frbindRe peeettird N
wel | - known bi ol ogi cal. process for construction of

shown @il L #dot wpwld be Ressible uiping the disaticrasepertiesofd 423 Ba
hexama‘fn@cﬁ’lg' fht i Eed \Rfﬁﬂ'gfeék—jﬁée. shfl6q elss gﬁ?ﬁ gt%&?ﬁ% gttaél{m% ?enﬁ@ncy

arget products can esi gne
Altematmd:ly, aidstidrial dieslfidé\aroesciinking siidwn in FIG. 11K to N could be used to
generate tubular structures. FIG. 11K at 1152 and 1153 shows a hexamantane building
block with two additional thiol groups bound to its (111) diamond crystal face. These
thiols are each attached through tertiary carbons that are bonded directly to a quaternary

carbon, and no secondary carbons, provided a very rigid cross-linked product. FIG. 11L
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this process for nanoscal e construction is illustrated
in FIGS. 11Hto 1IN In Fig 11H a [12312] hexamant ane
wheiokaonge bl ock, identical to that shown in FlET/1$2003/022628
but containing two thiol groups is shown at 1145 in a
shows\fheewmﬁﬁ i@ fublufar ?If@du(;tlzgtjl)l saLATPIEE, FeY M £1R%R the 3.6-
par al to it at 1146. Fig 111 shows the
nm—lomg Etrlalfnlede tubutak prpelupt asd 066 afdi 154, XFihaka FEGt B slidvs the 7.5-nm-

ong of sl et b 4915 MBSl RSk i it i
the prépafatiof raslfafegmh@ﬁé%rhaﬁb%ﬁe dtichi6s, BofitendedoAbE f‘ Zﬁr@cesses listed

correspondi ng carbons shown af 1126 and 1
abovepr@ldelllsable/pmduew per pendi cul ar to the 111-di anond face

t 114 and aral t 1148, | | G.
B poPRiBudi HhatuBP alEh At 18 AR s s bpsadols e
bilayef, Bhewi el E162! thetik WbsutidStoShammialt. T Sore ¢ mﬁm&pﬁﬁﬁhﬂas dhewn
view 1147 in Fig 111 15 and at 1150 correspaonding t
in Fig il ba 1M 48d il kN fhiage dimensiphe thahsiap thg maee seeded fQ1HE01|9§10é1
0
omtckipe” 1RSI A SOLLS RIS phof oo s,
propertnadsirablefbi0sbut bidld gichleappiicatichis xwhitxisoih tHeaorara o aichcbd‘ngneric
product that contains only disulfide bonds, no thiq
producéﬁ gompRlstely shenthegeilvet r4 trarsmembyepg channelds so e at 1183% 1.
11D. | solated fromthe reaction mxture using
si ze-excl usi on chromat ography to separate out the
si x- hexamant ane 20 cont ai ni ng oligoneric products of
ut 2400 Dalto ul ar : e.thials c
Y B A0 D T URO S e DR G5 2l
above '&ﬁh h?@a@ﬁ tol&lr 16 BloRE ikiued h theha! Mccbdinly® tﬁeein%ﬁty&l ik % be
di sul |des Final [y, chromatographi c et hods such
constriydoasrinelntingial istrugteref andmaetbedsithapifeld withirotira sogpeaqsihe appended
whi ch is highly shape sel ective, would provide the
*di sc- shaped product free fromisoneric side products.
Hexamant ane coul d be recovered 25 from
hexamant ane- cont ai ni ng waste and si de-products using
hydr ocracki ng procedures. Further construction of
channel - shaped nanostructures fromthe pore structure
shown in FIG 111 and J would be possible using the
disotic properties of [12312] hexamantane, that is,
nol ecul es with disk-like structures show a strong
stacki ng tendency. Alternatively, additiona
di sul fide cross-linking shown in FIG 11K to N could
be used to 30 generate tubular structures. FIG 11K at
1152 and 1153 shows a hexamantane building block with
two additional thiol groups bound to its (111) di anond
crystal face. These thiols are each attached through
tertiary carbons that are bonded directly to a
quat ernary carbon, and no secondary carbons, provided
a very rigid cross-linked product. FIG 11L -38 WD
2004/ 009492 PCT/ US2003/ 022628 shows the 1.7-nml ong
di meric tubular product at 1154 and 1155. FIG 11M
shows the 3.6- nmlong tetraneric tubul ar product at
1156 and 1157. Finally, FIG 11N shows the 7.5-nm
| ong octaneric tubular product at 1158 and 1159.
Al t hough nunerous side-products formin

claim
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t he preparation of these oligoneric nano-pore
structures, isolation recovery processes listed 5

wa@baumopsnvi de usabl e products. A typical cel | BCHIS2003/022628

menbrane shown at 1160 in FIG 110 is conposed of a
lipid bilayer, shown at 1162, that is about 4 to 5 nm
thick. The pore / channel structures shown in Fig
11L, 11M and 11N have di nensions that span the range
ical applications. The dineric form

shown at 1155 in FIG 11L spans only one of the
| ayers, a 10 property desirable for sone biol ogical
appl | Aatanostale devideeohpirivinigtae Idagtana ranhanodrichsat tangmient selected
grodﬁcts conpl.etely. span the bilayer. A transnenbrane

Brihe BTOUR CORYTEAL Ted% Bracket: serewsy ans SEy
nodi fi cati ons of the exenplary enbodi nents of the
i nvention disclosed 15 above will readily occur to
2.hoseAsknbdiceld devicelvenprisingAt bastding g&@ﬁshaphé diamomdbiddir use as a

HEHHOHEE AT 1 AT RPRRTREOR i@ Pt SBPENAR govine an oven
b aFR aaﬁﬁaﬂ@gez&@ﬂﬁ@so%@awa%g%mmmemm S

CLAIMED I'S: 1. A nanoscal e devi Ge conprising at | east

omstigitenhoarbon b@mcar@pmm@mnt@ ted ¢t @drysaliographidylane of the

%' up %%DSIETIH% rods, brackets, screws, and gears.

ﬂ oS & %V|ce conprising at |east one

rod- shaped di anondoi d for use as a structural nenber

i n nanoscal e construction, the’rod-shaped di anondoi d
havi ng an even number of adafrantane subunits, and

di spl aying the follow ng patfernswhen its 10
constitutent carbon & ens aresprajected onto the (110)
crystal |l ographi c pl ane of i anond | attice

structure: /57 |/ 51 5652 5/ 1 \\ 53 54 58

wherein the atons thatsproj €gf ont o”positions 57 and
58 are secondary carbons; the tswo atons fromthe ends
of a chain that project oqbé'p03|t|ons 51, 54 are

wherein the atoms that project onto positions 57 and 548 are secondary carbons;

the two atoms from the ends of a chain that project onto positions 51, 54 are
tertiary carbons, and Quaternary carbons if they are in the middle of the chain that
projects onto the positions 51, 54;

the two atoms from the ends of a chain that project onto positions 52, 56 are
seéondary and tertiary, respectively, and tertiary carbons if they are in the middle of the
chain that projects onto the positions 52, 56; and

the two atoms from the ends of a chain that project onto positions 53, 55 are
secondary and tertiary, respectively, and tertiary carbons if they are in the middle of the

chain that projects onto the positions 53, 55.

3. The nanoscale device of claim 2, wherein the carbon atoms comprisng the rod-

shaped diamondoid are substantially sp>-hybridized.
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15 tertiary carbons, and quaternary carbons if they
are in the mddle of the chain that projects onto the

w@ominiens 51, 54; the two atons fromthe endsP@f/U82003/022628

chain that project onto positions 52, 56 are

secondary and tertiary, respectively, and tertiary

gar bonse hfindso8¥ devige biclhite2 mvlgéiualﬁ tHé lehB@ of@l'ﬂ%‘oﬁ-shﬁ}?e‘d
projects onto the p05|t|ons 2,. 56; and 20 the

diagrendeiddies theppodsna¢ leaghhwitinin lange pfabostd. 9@?1tool 376 nanometers.
positions 53, 55 are secondary and tertiary,

respectively, and tertiary carbons if they are in the

51 ddl ghehahdiale @BLE of laim Pﬁz@h&@ih&h@f&d%hb A8bAdRNE selected
53, 55. 3. The nanoscal e device of claim wher ei n

fRE Ba SHYP RosENTOpR] Kalgernanane fL2125] lsqxa:pv@dtane and [1212121]
g@%@?@%@ d are substantially spa-hybridized.  -40 WD
492 PCT/ US2003/ 022628 4. The nanoscal e devi ce
of claim2, wherein the | ength of the rod-shaped
di anondoi d has_an approximate length with in range o
&bout Agrapoyeaisdericrrempaibget loast onesod-shaped dingacadpid for useras a
r o
S Al ot RO o NaRery OB g n s
nmnbanﬁraﬂanmta:he shidhidits, ndéisplapingainefollanvihd pati2d?dRdn iks
A nanoscal e device. conprising_ at |east

oct a mant a
st §W§B% dtomnsrp RERIT R ato thed 1 4 caystaljaggrphig plpne of the

&gﬂ{%ﬁ&k{tﬁcéﬁﬁﬁgﬁﬁ@ e construction, the rod-shaped
di anondoi d having an odd 10 nunber of adamant ane

subunits, and displaying the foll ow ng pattern when
its constitutent carbon aton& are projected onto the
(110) crystallographic plane of the dianmond lattice
structure: 57 51 56 ~\ ' B2 o0 55 53 T54 58 wherein
the atons that project ont? positions 57 and 58 are
secondary carbons, 15 t heA{To atonngron1the ends -of
a chain that prOJedf‘ﬁn po&iti+ons 51, 54 are
tertiary carbons, and quaté?n
in the mddle of the aln t
positions 51, 54; s

wherein the atoms that project onto positions 57 and 58 are secondary carbons;

the two atoms from the ends of a chain that project onto positions 51, 54 are
tertiary carbons, and quaternary carbons if they are in the middle of the chain that
projects onto the positions 51, 54;

the two atoms from the ends of a chain that project onto positions 52, 56 are
secondary carbons, and tertiary carbons if they are in the middle of the chain that projects
onto the positions 52, 56; and

the two atoms from the ends of a chain that project onto positions 53, 55 are
secondary carbons, and tertiary carbons if they are in the middle of the chain that projects
onto the positions 53, 55. |
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the two atons fromthe ends of a chain that project
onto positions 52, 56 are secondary carbons, and

W0 eqoiiosgsy2 car bons if they are in the m ddl e of P€TES2003/022628
chain that projects 20 onto the positions 52, 56; and
the two atons fromthe ends of a chain that project
ont 0 Tlesidnbsvate &ediceDb chiif 6, FAeeCAE Yaidah RS, codijdlising the rod-
tertiary carbons if they afe in.the mddle of the
shapgdrdizRandqid arespbsantigly sprhdrifizsds i ons 53, 55. -41 WO
2004/ 009492 PCT/ US2003/ 022628 7. The nanoscal e devi ce
of claim®6, wherein the carbon atons conprising the
& od- Hieapedscdicadovivdoif dlaan 6, whastetht lalgtlyof the rod-shaped

a- hybrjdized. 8. The nanoscal e device of claim
C\%ﬁ%ﬁ’f@“/’ﬁf{ Jt“??e*"”f’l @H&XWI@F?‘? VE8 IR Frage ot 2Payt Q%H%ﬂ&?ﬁ%mmeters-
an approximate length with in range of about 0.940 to
1. 218 nanoneters. 9. The nanoscal e device of claim®6,
her dihe ranescatedieytrapé dlain anwheleindthe sodssiaped didmohdaidhis selected

fofS 433 B G iae cLR2T e s A ) 2 op epentane.

conprising at | east one bracket-shaped di anondoi d
sel ected fromthe group consisting of an "L" shaped
1@onpaharoscale dyvice papmisingatpenseons bragket-sheped digmeandoid selected

RGN o AR SPRP e g DR e,

“Wrehepdd dongodalith e M asHaped estifdness)@nd HEZ” dmped component.
br acket - shaped di anondoi d are substantially
spa- hybri di zed. 12. The nanoscal e devi ce of claim 10,

1\@’!1 er efhré ntaﬂgsc%ea(fé%ﬁ%\?ﬁ P% G q O,ddvﬂé{giﬂqgé garlr)T%rg é@ﬁs égr%plr‘lg% the

enantionmeric forns N~ are nonsuperi

bravkgeshapéd diamondoidtanesubstaftidlB. spT-hebridinakcal e devi ce of
cl aim 10, wherein the bracket-shaped di anondoi d
conprises attachnent points that are selected fromthe

19" OURHe RRRbShIVRE 0P EIGAN 98! Whereih §hd i)l%f;lyetgﬁ{x}%d dian]gondoid
25 e device o

guat ernary carbons. 14 °The nanosca

cotnprinesiitvo embamticheria foenbwhirkere sdrappatimpaaile doidr images of one
conprises a [ 1(2)3 (1)2] hexamantane conponent. 15. A
aﬂﬁﬁg’écal e device having at |east one screw shaped

di anondoi d. 30 16. The nanoscal e devi ce of claim 15,
wherein the screw shaped di anondoid is selected from

1Bhe dJihemanessalsidsvicagf olpina 10,191824¢ih thebrackatishaped diarharrisjd
ctglg‘x&#ige%ngaﬁtiagt%g?m ‘p&%l%s?’ é%tz Jxe Q&Qétgﬁgrtnacﬂg gro%g %olls?is?t?ndé] of secondary,

tertiary, and quaternary carbons.

14.  The nanoscale device of claim 10, wherein the bracket-shaped diamondoid

comprises a [1(2)3(1)2] hexamantane component.
15. A nanoscale device having at least one screw-shaped diamondoid.

16.  The nanoscale device of claim 15, wherein the screw-shaped diamondoid is
selected from the group consisting of a [12324] hexamantane, a [123] tetramantane,

[123412] heptamantane, and [1234] pentamantane.
-4~
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WD 2004/ 009492 PCT/ US2003/ 022628 17. A nanoscal e
devi ce having at | east one disc-shaped di anondoi d for

wWQIs@4@a69492 gear, rotor, or inpeller, the di sc-BOEPSI03/022628

di anondoi d di splaying the follow ng pattern when its
constitutent carbon atons are projected onto the (111)
crystal | ographic plane of the 5 dianond lattice

structure: 803 804,822 823 814,820,,, ) 05 -821

1306, gonawpoaledevigomvings teasanr digpshaped diagppdeirigior gseas a gear,

. , i J t .
BB 30152 5150 30 0L 8P 5L B Wt when s
comstivmest cartidh aléns e @rdjacted cabehel@Mily erystallegrapiit blane of the
wherein the the carbon atons conprisng the
dymaonddpttise 8resti§ondoi d t hat project onto positions
805, 809, 813 conprise an inner annulus with a top
| ayer of carbon atoms, and wherein the the atons that
project onto positions 805, 809, 813 are tertiary
carbons; 15 wherei n*{he atdﬁﬁzthqyﬂproject onto

positions 821, 825, 8JF OTIR en\an i nner annul us
with a bottom | ayer m and wherein the
the atons that $f; onyq, Wosithons«821, 825, 817

N4 O

812, 814 conpriesE ouUTer A
carbon atons, and ‘ 3
project onto p@sj.ticas 808, K1, .are secondary

carbons, and wherei n\t he atons proj ect onto
positions 804, 806, 888, 8N) 7 814 are tertiary
carbons; and -43 \\Wp-Z004/ 009492 RCT/ US2003/ 022628
wherein the atons that prdodf*tt onto positions 815,

816, 818, 819, 820, 822, 823, 824, 826 conprise an

outer annulus with a bottom | ayer of carbon atons, and
wherein the the atons that project onto positions

815, whitfhin 8At@nethsgnojedasnto pasiiomnsg01a802 are quaternary carbons.

18.  The nanoscale device of claim 17, wherein the the carbon atoms comprisng the
disc-shaped diamondoid that project onto positions 805, 809, 813 comprise an inner
annulus with a top layer of carbon atoms, and wherein the the atoms that project onto
positions 805, 809, 813 are tertiary carbons;

wherein the atoms that project onto positions 821, 825, 817 comprise an inner
annulus with a bottom layer of carbon atoms, and wherein the the atoms that project onto
positions 821, 825, 817 are tertiary carbons;

wherein the atoms that project onto positions 803, 804, 806, 807, 808, 810, 811,
812, 814 comprise an outer annulus with a top layer of carbon atoms, and wherein the
the atoms that project onto positions 803, 807, 811 are secondary carbons, and wherein
the atoms that project onto positions 804, 806, 808, 810, 812, 814 are tertiary carbons;

and

-43-



wherein the atons that project onto positions 816,

818, 820, 822, 824, 826 are tertiary 5 carbons. 19.
wab@4nemescal e device of claim 17, wherein theP€ES2003/022628

carbon atons conprisng the disc-shaped dianDndoid are

substantial ly spa-hybridized. 10 20. The nanoscal

devi whergin the afoms 1irat piieetanto pasitians $¢5.sHAp8LH. &18;1%3%82%1 823,

80%BE | grrelpns[e]an %%Jr aﬁ%ﬁh? Q/%ﬁ%%rl]ttoﬁlnﬁyer of Sarbon atoms, and wherein

the the atoms that project onto positions 815, 8§19, 823 are secondary carbons, and
wherein the atoms that project onto positions 816, 818, 820, 822, 824, 826 are tertiary

5 carbons.

19.  The nanoscale device of claim 17, wherein the the carbon atoms comprisng the

disc-shaped diamondoid are substantially sp3-hybridized.

10 20.  The nanoscale device of claim 17, wherein the disc-shaped diamondoid

comprises [12312] cyclohexamantane.
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