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carbon has the elecironic structure 15°25*2p?, where the outer shell 2s and 2p electrons have

the ability to hybridize according to two different schemes. The so-called sp® hybridization

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 o bonds.
At the “extremes” of crystalline morphology are diamond and graphite. In
diamond, the carbon atoms are tetrahedrally bonded with sp -hybridization. Graphite
compriseé planar “sheets” of sp*-hybridized atoms, where the sheets inferact weakly

through perpendicularly oriented 7 bonds. Carbon exists in other morphologies as well,
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- 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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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 usefirl as shafts, gears, and so forth; means for indexing and
tecovering designs are of comparable importance.” What is needed is a selection of

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

SUMMARY OF THE INVENTION
A first aspect provides a nanoscale device comprising at least one higher
diamopdoid-based component selected from the group consisting of rods, brackets, screws,

and gears.
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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 ftertiary, respectively, and tertiary carbons if they are in the middle of the
chain that projects onto the positions 53, 55.

A third aspect provides a nanoscale device comprising at least one rod-shaped higher
diamondoid for use as a structural member in nanoscale construction, the rod-shaped higher
- diamondoid having an odd number of adamantane subunits, and displaying the following
pattern when its constitutent carbon atoms are projected onto the (110) crystallographic plane

of the diamond lattice structure:
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L SRR BT R R S i
positédnstsh, sugpect provi des a nanoscal e deV|ce havi ng at
| east one di sc-shaped hlgher di anondoi d for use as a

geHie, e atoas frogy the gpvdsiof @ chaip Hiet rogset @mlp@etwm ShSP are
secoftlaATBRERs tmd A8 Y Q)b DEs iEHRy bRlih ‘Eﬁ@'ﬂﬁgdle rcﬂalﬂﬁﬁppﬂoje%ts

constitutent carbon atons are prOJecte
onto thepppitions ¥, 46)avdr aphi ¢ pl ane of the dlannnd lattice

STRMGHY 51%ms%l%m the ends of a chain that project onto positions 53, 55 are
--secondary carbons, and tertiary carbons if they aré in the middle of the chain that projects
onto the positions 53, 55.
A fourth aspect provides a nanoscale device comprising at least one bracket-shaped
higher diamondoid selected from the group consisting of an “L” shaped component, a “Y*
shaped component, an “X” shaped component, a “+” shaped component, and a “Z” shaped
component,
A fifth aspect provides a nanoscale device having at least one screw-shaped higher
diamondoid.
A sixth aspect provides a nanoscale device having at least one disc-shaped higher
diamondoid for use as a gear, rotor, or impeller, the disc-shaped higher diamondoid
displaying the following pattern when its constitutent carbon atoms are projected onto the

(111) crystallographic plane of the diamond lattice structure:
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17 January 2007 803 804, 822 823 805 814,820 -821 / i
806,824 813 801,802 - 807 819 -825 809 R 12l18dgwary 2007
-B12 X808,826 811 / / 815 810,816 wherein the atons
that project onto positions 801, 802 are quaternary
carbons. Di anondoids are a form of carbon not
typically discussed in the literature. They are

bri dged-ring cycl oal kanes that conprise adamant ane,

di amant ane, triamantanes,.and the tetramers,

pent aners, hexaners,_ _hepfaners, octaners, nonaners,
decaners, etc., of kR Jantary 2007 WD 2004/ 009492
PCT/ US2003/ 22628/adangnt & igxclo(3.3.1.13'71

decane), adanmant& At 01" &hi onetric fornul a
C10H16, in whic

ane units are
face-fused o f esw According to
enbodi nent s of

ks and provided as
conponents for USe nangScal e/ vomst ruct i on.
Exenpl ary conpl e “
and gears. One or pefe oppeflents may be assenbled to
forma nanoscalé“subassénbly. Exenpl ary subassenblies
cellul ar menbrane m cropores (which maybe
sePhergigdhagaioasithat prpisettonfacpasitions 30y §0%drg Audtergamienthony: s,

on, di anondoi ds are
i sol ated from pe AS
ud ods, brackets, screws,
i nclude tachoneters, rachet/paw systens, synthetic
anli Aloadis ark Q15 SPGB GORSHiLIR Y i
oy s o T iR ARG LR icch BEBRREAHHEE They ar

- bridgeéming recieatkansy thitecomprexadmanidng diasianigeg tridfikingns yent] ¢im
' t ' [ f. at f
TN L L ———

appropriate plane of projection. In one enbodi nent of
the present invention, the nost appropriate plane of
projection is the (110) crystallographic plane for
axial rods, the (111) plane and the (100) plane for
screws, and the (100) plane for gears.
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BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is an
overvi ew of the enbodi ments of the present invddtjpanary 2007

WO oW ngﬂ}how di anpndoi ds nmay be isolated from
VHEm f eedst ocks, cat al oged and i ndexed &¥CT/US2003/022628
conmponents for use in nanoscal e construction, and

adamantamitriextld[8.3 DI M dekms) etdthireme HROHRthS bOLLARSAE fIRLR

FI.G. 2 shows an_exenpl ary process flow for

CuoHloy BT Frsic ORI oo et Fopd Grioriulaees sewnres.
cEStir Yo dnit AR b8 SRABAACa B0 SO Bh s O idoifed from

di anond crysta attice,
petrolewn feadstonkeahd proeideti as carepgieaR it hsen hBRéscAR Y oSRRGHAGH, ON

i_recti.on, suc S dulus or diffusivity, FIG 4
Exemplary (mp]fipgnts H%Cq'éfgeaﬁﬁ’g?atb%%wmwss and gears One ormarnd
comporiedistsh shanbrg b Bsm ' in. of .t adanmant ane
P sukgunz_i%?o%o f he Si amnqﬁ{%ﬁgg‘%ag{ﬁ@?‘gﬁﬁfbm‘g,ﬁﬁl "%ary_

L a1 ey o BeiI hGbrane

. oril.a; - anuar . ( .
mc“_’”ﬁﬁ%%ﬂﬁ b8 5¢ %ﬂlﬂéyedgﬁ?qcm%p@mﬂgaﬂygmmt@n@pé@mwc
forcemjdf@mpmqjsd w th nunbered carbon atons; FIG 5B is a
pl an vi éw of atons fromthe exenplary rod of FIG b5A

Sonapanstaide sstemn has bserpdevnloppbinpehidh dialnenddid t he axis of
A R ST R .
e s, el kS P BB .
one embgdimgent ftheipréstutsinventiionsthe opspapprefirtn®piak @f frjecn & ttle
(110) cry%%glgé\ﬁ) al %ﬁgef@f) H’I‘-‘Eél(??%ftg%(lléi}l ILJJ]g!tiFg gtiﬂeﬁv@?(?ﬁa(rgg% fg%g%@ﬁﬁ

blgearhere the GC colum is able to resol ve

and the (T0
(100 BRRTLER FIGS. 8Aillustrates an

the chiral “enanti oners;
exenpl ary di anondoid gear, in this case
cycl ohexa ith the carbons nunbered for
future use: Eﬁﬁ&ggﬂggigﬁéﬁﬂﬂﬂﬁﬁxanantane |
gear in a perspective that enphasizes its structure
as two parallel |ayers of carbon atons; FIG SCis is
FIG. bjigan oyenvicst ofihe wmbbdinmentse thuprepdri igvetian, showiighow

diamondoRfs BhPhE fibfifed Bg}n%egrlaﬁux(nl e%&stc?c%,sc}a%ldé §ng =r llngex%LI%Q ©

components for use in nanoscale construction, and combined to form subassemblies

comprising one or more components;

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

fe_edstocks N

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;
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FIGS. 8D-E illustrate geonetrical aspects of a

cycl ohexanmantane gear; FIGS. 8F-Gillustrate 17January2007

exenpl ary substituents that may be attached to a

‘Vqﬁywﬂgﬁgaanantane gear to create a rotor or i Rp&US203/022628

FIGS. 8H1I illustrate two neshed cycl ohexamant ane

gears; -7 17 January 2007 WD 2004/009492

PCT/ US2003/ 022628 FIGS. 8J-L illustrate exenplary

V(1 vhéptheramplay rodshaped diemendeidiveith awgbered carbon atoms;

cycl ononamant ane gears; FIGS. 9A-Dillustrate

exenpl ary di anondoi ds for use as atomc force

FI@.r 513 isapplan tvigws of #biESfromke Exdnhhlastrod o€ FEG mﬁtﬂ]ﬂcﬁﬂ)bnto a

di%gﬁqgoidbgased§$ﬁgassenbly conprising a tachoneter;
plane pgrpegshiculariophe pyis fediexenpl ary signal wavef orm

generators; FIGS. 11A-Nillustrate the concepts

underlying a self-assenbling di anondoid pore or

EHzhi€l-Gsillnsiedte damoadald Fdds.of Yafloud letgths;at es an

exenpl ary pore or channel in the lipid bilayer of a
cell nmenbrane. DETAI LED DESCRI PTI ON OF TEE | NVENTI ON
B S digribes tﬁEBR}gédmet&nQSf 1S SR B36As dFMENS and
di anondoi ds may bé used as conponents 1 n nanoscal e

characterpnst ructi on. An overvi ew of exenpl ary nethods and
devices of the present invention is presented in FIG
1. Referring to FIG 1, dianondoids are first isolated
FIGHGRED i nh R ERAHH-P Alsiohoid brad@R; 10. Methods of
recovering di anondoi ds from petrol eumn f eedst ocks are
di scl osed in co-pending U S. patent application

i al 0/017,.82 1. filed. by Decenber 12, 2001,
IG5 ZAd) P i tamgndad e searfpinies
i nvention, and incorporated herein in its entirety.
Next, these di anondoid conponents are nade avail abl e

Hlgr 7Lidlastraten amosmelay geotisomatograph (BC)ehasat obghiral screw-
s GAETEE BTG o bl P TRST pAB

conponents may be used in conjunction to form a

subsystem as shown by reference nuneral 14.
Fé@ﬁs%&ﬂwamﬂ@nmﬁmpbgeﬁmwndomd goarpin this casmdyelbhExamantane,

o e ARSI S o oY e

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

L

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) crystallo graphic 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-T illustrate two meshed cyclohexamantane gears;

o




WD 2004/ 009492 PCT/ US2003/ 022628 t achonet ers,
clutches, pores, pattern signal generators, 17 January 2007
rat chet/ paw nechani sms, and atomic force m croscope

WO 20044094ph t he fol | owi ng di scl osure, exenpl ar yPCT/US2003/022628
di anondoi d conponents wi Il be described on the basis
of their three-dinensional shape and their related

iocal ..pr ertl Thes 5 descriptions are based
%5??‘ ighsieiie é‘tpi%}?{ cyFighentFmantan evcloncimaitatearnd
cyclonoﬁilﬁatﬁﬁﬁg@afgaybe reduced to sinplified two-di nensional

representation by projecting the atoms of the three-
di mensi onal structure onto a particular

0SB M AR Pulf arPenfes budbhe o ore ismsoope

this procudure is applled to the dianondoids of the
present invention, such that a plurality of conponents
bel onging to the sane class (rods, brackets, gears,

o TISEVIG R TR SOy i Piho R Serd el o
tachometfeg, f ew descriptions of dianondoid conponents have

been gi ven as exanples), -an introduction will be given
to the manner in which di anondoid conponents may be

tips;

r cal ubsyst e Usual ly, this
nvolo\ﬁgﬂ{l%g&{a%se%@ﬁ%ﬁ? ag ﬁ@ﬁ} geﬁB‘ia@ Hi anondoi d
conponents For exanpl e, an exenplary subsystem

rising an axial rod in conjunction with a gear
merﬂé weigtethe pongepts anderbieg 2 seif-assembling digmontlaidypore
or channe} £! ated device may be used as an electrical
encoder . ddltlonal exenpl ary subsystens include
transm ssion clutches, atomc force mcroscope tips,

Fﬁ%ﬁgécﬁl ores suitable for insertion into cell

AHgsdr ﬂ? SR178 SXGIRPIBRY PREG onfhasnplandhe Kpid dilaydridfagell

membran@nd rachet-pawl nechani sns. |sol ation of dianondoids
from petrol eum f eedst ocks Feedstocks that contain
recover abl e anounts of higher dianondoi ds include, for
exanpl e, natural gas condensates and refinery streans
resulting fromcracking, distillation, coking
processes, and the like. Particularly preferred
f eedst ocks or|o|nate fron1the hbrphlet Formation in
t he Gul RESATNEN DESCRIBTION IE INVEIRIIODh i n Canada.
These f eedst ocks contain Iarge proportions of the

"l ower" di anondoi ds adamant ane, di amant ane, and

Actoridingeo babedipgintest the prese iRenfbn \HarhWRiokdy Ihaiy% a&e@ as

esser but significant amunts of the di anondoi d

componenisdp napasaely - ghv pYerstererl exemplary meeshadscnt devises of
the presenﬁn%ntﬁﬁﬁﬁ@f%%mﬂé’d i#5@ny) . The processing of s uggpar at e

f eedst oc 0 renove non-di anondoids and to

Refeinipipsto FIGd 1) diwaondbidsare diedt Q@létécf 8SheirRiunt Bedf8cks in a
exanpl'e only, size

step 10. I\@ﬂ]g{g'pﬁ reoAverkig eI R actroientn anssackiptdiadlased in
co-pendingStJ %“’g&enﬁ{aaghcahh&ﬁ\éa ﬁrrﬁ])t '1@ I?Egl Fﬁ]g(iga:l)gg elﬁ@%aﬁaéﬁ%s

eith
assigned toghe m@aqsagme asthp @raemavemiw Sl ihtGPbra®idh herein in jts
NC g wel | head separators, and the like.
~ entirety. Next, fmondoid comiponents are made available for use in nanoscale

construcﬁon as shown by reference numeral 12. Exemplary components 13 inchude 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 nanoscals devices. Exemplary subsystems 15 inchude
. | 8- |
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preferred separation nethod typically includes17 January 2007

distillation of the feedstock. This can renove

WQ W#H8#92 ng, non-di anondoi d conponents. |t cdCTASH03/022628

renove or separate out |ower and higher dianondoid
tachone€di¥) @RBEHeS, OR8] Phitedn ghﬁll g%ﬂeﬁfdr@ tratbm@a«rhﬁﬁcﬁdaﬁém@fand

t he hi gher di anondoi (s) selected for isolation.
atomicdprch gHCIOpEOPalP®, the |ower cuts will be enriched |n

I r a | qw ilin n
IR ! o bR oFice P R R b i P Bl AR
on the bawarfaheicthie-dimehtiond] ehies alduhér feligbplghkidahppesics.t These
rovide the initial isolation of the identified

descﬁpﬁpﬁwﬁ based B pab PR | mrﬁ@ow@thmhrm dimensional émuxermay be
reduce&‘k%?ﬁqh%&i RS A ]%113 % 5}%9{)}90 Igctiél aton] c&ﬂh@ﬂfee

retai rray TGQUIT

dmensrmmlmdmttﬁ'@ ontb A@artine @l’y&ﬁﬂo(gmphﬁfplmn s fachpplicidiehave
ification of an enriched dianondoid fracti on can

observ ?ttqeﬁﬁlamagﬁerpﬁéwa@ apparenb whemiysprasduredsiappljed to the
dlamoneesﬂg@kﬁéﬁ,a eséﬁﬁﬁve?l Bﬁ,fs%h ggﬂﬁﬁtg%?ﬁomﬁxﬁe?ﬂ ﬁlgxgg%tg the

her “under nornal or re ssuret  sul
same classy(sids) braciats, gears,csbre&mmtmgr’rﬂmbyere&\by b singheddeseqipiiat. or s,

AL i T A o
diamonfB&iA <P BRI S bERY %ﬁ 9 ke 2! JH&? %@c{dﬁb?%ﬁ%%% to the

step ef'ther prior or IstillTation
manner tin whivél dlammabrcbwmnpmeptsnmy bemnlmlﬂme(ﬁo ok otmeesasle sgbsystemns.

Usually %8&9’@%/@%8%%%% st eglﬂﬂ IPC{o;dgeSSI ng st (iqoo@eor
examplé’@htéﬁgnf) s%ﬁ%%?en'i‘ XQE ?ﬁﬂgg %@Pfgﬁ in @&guﬁd‘[ﬁiﬁ%’ﬂﬁ? b Gear form

rrponents from embodi menf of
the baSn? of a fagharhsted for messwﬁlfge‘otaeyj sippd hdatlatg delvizefrazyibe ueed as an

o R o A

- force mféfd%fz g}y:ln@s@lé ForBE SRy Iot ﬁls&jﬁ%n 1258811 fenttads (440

Si's 1s continued for a sufficient
which mae'méﬁowecsﬁlffasmb]mg)j and rachetipdwlohenhihigmbi gh
tenperature, to thermally degrade at |east about 10
percent by weight of the non-dianmpndoid conponents

Isolatiod @ﬁﬂmﬂ@ﬁ(ﬁ)ﬂsrﬁd]ﬂ ofr6RGmMBEREdRE Prior to pyrolysis.
preferably a east about 50 percent by weight,

Emdste@ké mhamomamﬂ@wwﬂqmomwa&gm dipemonsteidsoincings.dhr

oxampi b bAT o300l R0 451 e G B s aete Wi

coking préceﬁﬁeﬁfeﬁ:ﬁrtﬁéjhké" Mﬁ(}lﬂﬁq@ iR feedstock$ ofSinat A6 She
necessary to facilitate the recovery, 1solation or

NomhlebE@nnaiuoam e Gailf oftMexion dod the:. Lanmé?ormapm mt Camadaet h ods
W for t concen at i di ndoi ds .t o

ks Renditics fonthiiiae pespotiotaating Sote? cERGouiRA fpgptane
diamantéte] 86d tridbhahiahé @ItieR s WRIdAGY Sabéﬁt%o%ﬁr g&ﬁ& ra&&qm Qigmﬁcam

i ncl udi ng preparative gas chromatography and
amountspf ihiedimmandsids tqurimdantane and higher (often as much as about 0 3 to 0.5
percent by weight). The processing of such feedstocks to remove non-diamondoids and to
separate higher and lower diamondoids (if desired) can be carried out using, by way of
example only, size 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-




chr omat ogr aphy, crystallization, fractional

subl i mati on maybe used to isol ate di anondoi ds. 1THamary 2007

hydr opr ocessi ng procedures (which may incl ude
WOReaHe84%cki ng, hydrotreating, and hydrofi ni siimgrocane2s

be used to recover dianondoids from di anondoi d- -10 17

Jﬁﬁtﬁﬂq@&ﬁ%aﬁ&ﬁn%%ﬂlﬂggégg%gﬁgﬂs ﬂﬁéng offieeedstock. This

cont ai ni ng synthetic wast undesire
can remQ\dopriadlies son-dianeaddid ¢ompoents.y Ktoaz also onsowndt sepirhierout
21 like other nthetic. starting materials .
tower R3S Bbmontloig S rRgrtn By er fbainEaaint LY ppRche gl the higher
diamondeRigs)iseltsted SorEisalREH. O BB ih&aﬁc%?ﬁfé%\@éféﬁtd ﬂilﬂ@é’éﬁﬂched in
ield gi:/ﬁ our hydroprocessing nethods. In this way,
lower dgoaonioutsi aad lew holiag peiy sondiamehdoslsetdriflsy Distiition can be
j ' auyse. di anondoi ds agr.e hi ghly val yahl .
operatcp bl 0, FRE AR AT i ol 2o
isolation @ff étei iléritified higher HiRERHEHIA! THE uis! fvhitRKESer?¢BEd in higher
. l, 0] yl‘ilgd,ng derivatization reactions to form highly
diamongaids, g, tsoffiptgrash|age Istainadsmd niny Tequinafirtier

after

. - ' i rkal .is. not |1ost ., Even
puies b ATORR TR o bRy o
enrichegdiairondaidlifeactiod cin vl ditbdrally dcludsile REloWess AGlihRing examples:
. I QVi gqe sel ected di anondoi ds for use-in the
size SepUGHER HChRIgHSS: BYABPEYien either undprnormaben teducedguressure,

i ikl t | ' chr ommat ogr —_—
b P RO Rl o e ST A oy ives

and fluid béd reactgrs, pdogrdgredsuse, bed thedikal | | zation, size
For instance, in one

_ epar ati.on, nd the_égi ke. i
TheEn0xal of henmandoiss masealsn welade ¢ tempbicametsieneither
prior or §sbQith® Adfliatib® "Phe ﬁfeﬁi\}%ﬁi’%ﬁflﬁ}:ﬂg %Beep gxlﬂa&\ébé%lggggﬁmtmahng

chromat ogr aphy using si
step, a hydrorragkigg step.23 hydsoprootssing sppepsd pyroleis csafspi). | Ty aD@Satment

di anondoi ds;

. b hy ta isol at
15 an eﬂ%&“&gf’nfﬁt“?‘%ztgg? NRLPLEY ‘g’@cwﬁ%@m@m@é camgangats from

the f auit brd ; ) | SRR 0
R, IO L A

under vagyg gondigorsi ghinparihert amusphdre,o laderfiporan®d oftdedsy abdud

di anondoi ds of interest. As above

300°C i sol ate I.h : .
’ F’c"uséﬂ"f& TR RCFteRR SiodAngasaliabert 40 oS ORGy Prwlysis
. . ' i t.hese . hods al | ow
s comimit AR |ARAATEIC o 5 AL ASG IR
thermaliysddgsaderat laabd aboupl( percentbredight of tHe nod-dBABAdFHdROAHEASLs

f.l L [ h ic f wh
that wore,jp i FliehBons@ PRSIy Mo il aioesisbout 50 percont
. ' f i f eedst ock
b e R S R sr ok & R OO B AR P b

are thermaHly e@addd ovi si onal Patent Application No. 60/262, 842
001; U.S. Provisional Patent

“gk;sllﬁ%ﬁ Ja{]uar 19,]166 . [ .
‘hera; weatngpt sugly ashydrogmclking swd pyrakysizis peaferred nane

mbodimbhiSit i$h 4w i.cation No, 07, 063 .
enbodimbtpi ik iebossiy 20 aBle R icRfecd splpfioh f Pugiivhsion of
diamondaids, | @thet fRparatios aretiiods may allow for the concentration of diamondoids to
be sufficiently high given certain feedstocks such that direct purification methods such as

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,

hydrotreatiug? and hydrofinishing) can be used to recover diamondoids from diamondoid-
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concentrati ng hi gher di anondoi ds” by R M Carlson et
assigned to the assignee of the present 17January2007

0n£7p| i cation. These applications are incorporated
PHIMY reference in their entirety. -11 PUTIHI0GH022628

2007 WD 2004/ 009492 PCT/U82003/022628 Chem ca
contairdes Synitliitic avaskh afld anmusied side-HReiTcEhinYed éﬂﬁﬁg‘&@g%t%u&iseand

sulstituted and unsubstit ut ed caged conpounds of the
other reaqkframt Enikesdhar synthefig siurting masderinkeihairis? Lo duriagt laweyiclding

et b A e BT BB S YR e,

ept amant ang, amantane, n
hydropmmdmagmamadm In thicwhinelidohdigloids\ah be mgcmh land BRRB for ks
I sonef.s thereof. The conpounds. have a

apphcaaalilsa gese @W@gﬂi@ highlyctalwabdrmaterials this hydroprogessing

rogencifib BOROTIRY o2 dmb AR oFR REGs Moot BT - Rivaffrot

reactiorfsrto forin léxghmahmﬂllqmretﬁtgjtﬁfbtsi})le Hegalée the valuable %1amond01d
nden sel ected al kyl substituents. Adanantane
-Stamnga\f’gﬁﬁe h%é been reviewed by Fort, It et al. in

E&Qﬁiﬁﬂﬁ%fﬁa@rﬁﬁ%@ ﬁg@%ﬁlﬁ% 41{ Iﬁﬁ'ﬂ@f g{ﬁﬁ%&gg (){ the Zﬁlatenal

Structure
may be degiredrio ame’ldesseiehEdsiumhdmbidsrfeﬂmrm e dofgpositiaf®adpiogfed in
ht, of as a single ca

this m"%’?&? ¢ S R bria e IR impludn SomatosraRay: G lolisaion s
thermal GiffeG YeaRRq iRl R%e reﬁrﬁﬁé ?g%eﬁﬂ% r{a&%talh?ﬁfiogz ?%P a:ratzon,

Wiile there is only one

and the k& rﬁmlmﬁmceamdme PrEUEss; tmrecmtemlrfeechmkﬁ@wbjettédf et
represent an

following AR Ao ST ) EPVE, COlign Chegmiaaranty oot bPenialrs
mpregn@fed%ﬂfc@%ﬁl Q}lhﬁ&ﬁolﬁﬁlﬁr %Irﬁgﬁses Ei’ﬁn I nggi;oﬁnc‘at V%Qﬁﬂ;ﬂgc hte

poSsSI bl'e" isoners in

dlgmondw@;] 8} cryeiallisatiarf totpevide anmﬁmfcﬂhslﬁg]ﬂg&pnmma&ﬂmﬁmmﬁimds

AR A ool B S HEHiaHls areitals cHvms oaiarepabagohy,
includin%lzﬁg]:aI RPlofinartdi Bﬁﬁ!hr&hé{g%ﬁghgﬁﬁgﬁﬂté’ etian] §Hrloidit t%?est

ave been di re ed t owar areas, suc

As above, mﬂﬁp]@y:nhmr@ \gﬂathﬂerqnyseledtwm inmayetici wsad.| Bltt,th@pdode@ng

of. adamant con .aini materials.
using theBk RAd: SlooARBT RS P eb Rt AR A SR Bed SFybaAgtially
_pureconfp@ﬁa{tl sing adamantane subunits: U S. Patent No.
457, 318 teaches the preparation of polyners from
m?k?e Wsmms fnwsllustragd iRathematidorm 3y B3&n3Ranondoids

iy b A o REIEE B2 Bl R AL SR AR

to obtamﬂ:@gﬂwmaﬁibnﬂ&dto%ﬁ{pﬂﬁ‘ihbﬂs &b 3! Brih ‘ﬁ?g@ géﬂﬁbﬁ’ﬂm ane

derivatives; and U S. Patent 851 reports the
Applicatien ANch 68(262 842 fies) -KNIB&TV 2952081 ; Bk S. ProvisiohaltRatant Application

No. 60/3(%1 PR '?[Snedff, 2%t ; ahd U.S. Provisional Patent Application No.
60/307,063 filed July 20, 2001, and a co-pending application titled “Processes for
concenirating higher diamondoids” by R.M. Carlson et al., assigned to the assignee of the

present application. These applications are incorporated herein by reference in their

-entirety.
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In contrast, the higher dianondoids, have received
comparatively little attention in the scienti fi7 danvary 2007
| iterature. MKervey et al. have reported the
WO0M&¥2s of anti-tetramantane i n |ow yi el deCuaisemys22628
I aborl ous, nulti st ep process in "Synthetic Approaches
Chemi odddHydr ocar bons, " Tetrahedron, vol.
Jo the inventor's knowl edge,

971-9 1980
?’ﬁ‘F‘EP"DaQy't‘% %Ff%‘ssrﬂra ﬁ!)él?Sh&if%%}ﬁ’dBﬁab&ﬂﬁﬁﬁd ergedisempounds of the
oo es 3Kl 8 pinhd, B, oRURSLIGERY ST

exi stence of, "but i SO
pentam meah@wpm@nedmptaaﬂ@tzﬂnk ddmmtm@ﬁ@ﬂméﬁﬁlﬁo@wa&@@téﬂ@

820 / exangnt ane i n deep petroT eum
““de"a’ggﬂge‘} ‘f? ‘3‘ 54 #léﬁalﬂ& 1 gamers et stesgisemiers thereaf. éEhe

-

compouh@Piveed‘didsiondyat b §d1 e :
(C22H23) , Pent amantlg%gg %@%@h‘%@eg%x aman{n goment is

superimpesablgza)a agmerm@é PeC dlhmamd Rétier \Substititeff dedmondolds may
e possi bl e presence

cgmpnsgﬁ{) %ﬂolz Foairzr@%ﬂ 3 532?332%@?1% é’i‘F&H %%EHY'ﬁeIE‘ETFd Ak byubstitugats.er
mdanmnsemmchamsqp has beenHedzned 8l oﬁoﬁt é\:'jﬂ‘ éH@‘A[gﬁ@%%ﬁﬁb

has b$en dj scussed by Chen et” al
Consequences of thegdianiqadeid Stivstyse,3 §Beri Bev. anl:i 64/ P 237-300(1954).

S e R AN NR ST

herr
single cag@aszbﬂal]ﬁielsﬁﬁum@l Rk g c6RMR0 RHH Esh t@'ﬂl&ﬂ%@m three
?r:‘gé)nents are contenpl ated to be use I N nanoscaf e

tetraman U R 9Py Mﬂ@r& Eto}ﬂytxfne\msencm)ﬂmoﬂﬂémmtane
at di anpndoi ds Offeroftwhlch

dlamanta%’lﬁgah@ttﬂaé@%utﬁ#ez ﬁferea cﬁﬁsgg;n 1Somers,of teramantang (PR

nano

trap edaritiom
represen axicSysiid) Sie. lfsﬁuid\ﬁhlﬂéfbnt PEXIVIRY 2 Vﬁ%gggﬁgfouk n

di.scl osure exenplary di anondoi ds

t hi
adamantagg I§€‘?‘1”bt§d A avmherofipessiplerisdmert incraasesamdineaslyvithseach
Th t th |
i S, 8550 0, LS P g e

cl asses
octamant@eenmanmﬂltzfmrd@mmaﬁé)éwurposes only. | nagine the

ol | owi ng.thqught experinent. For a particular
AdrEirsCes Whinda Spmamerciih Dilalatan botmstadiod etensivas. The
studi hq@’bgg Y S to ari.
o e (o P umber Rty BN ALY BE ot

|an0n

ﬁmcuonahﬂandn,amdrthe pmpetties oBhdAnemtdne-coiRiniSe MRk, qfor‘ilﬁ?ance the

_ . applj tlon. Far. exanple, it may be necessary t
following gpienls discnss matgrals &Oﬂwaﬁ@guaéammmﬂ subunits: T.bﬁr]i’atcmll\kr

€Tl 'l T
4 I aln Iec r..suc

3,457, 318@&@1&&%& bf‘ega@ug%ﬂ@yn{k a1 ?M U8 patent No.

3,832,332 cﬂ&aph@sta miyaﬂde@blmrtmﬁnﬁﬁ@hlaﬂ@mdahm%emﬁme U.S. Patent

the present invention, the diamond

ndoi ds of

No. 5,017,757 RSt the Jomnagion ot dhamein stpbl@@@sms;ﬁrom ademeniaseit ed
derivatived; ﬁndU’@ BRI NE 6 SRLLgne o0

need to bgzrgg’r%gg 0?% ynﬂ?fﬁ’(?r?ﬁ‘ Wﬁmﬁ ?%BP‘I‘O
Vaﬂetyot"@fh&;wtmjeeleaxatmes or of a precursor "stock part" to its

desire 81 . . . .
) In contrast, the higher diamondoids, have received comparatively little attention in
the scientific literature. McKervey et 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 suggesjed the existence of, but did not isolate, tetramantane, pentamantane, and

)
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Is said that the renai ssance arti st
M chel angel o was able to visualize the scul ptdrdamary 2007
attenpting to create inside a block of marble, and
wq\l\%%%m§4ﬁ2ust a matter of renoving extraneous PRAUSEI0F(022628
out si.de of the block until the desired shape

.1
hexam gl 18 b 8o hSeFRIGm Pesprvotes i ihiod Snsemsssiepscopie sddinpyegoriod
o oin C . . t |
in “Natitad Oec@iredck G 'I%ﬁ‘aﬁ{]%t 1 Cg{ ﬁgﬂg’gﬁtgﬁpﬁngf@%gﬁl (’I%BO) ’

direction, where tl
Hexampntawy (Csqlfed) {1l 4Dt BatldieeReseidit, Fuuallvol. FAEH), ppBrd2-1 521

[ rates the a arance of the di anond when vi ewe

(1995). bl et P R S el P drisin o atoralafior 2
distillationt dfal diHAORESAEnteRH] L aht | ude th .

etermnation of the g%eld%h%g hﬁﬁ%&rcﬁg%ﬁg byfchenetal. in US.

Patent Bey§4/1d0d8D2 PCT/ US2003/ 022628 best orientation of the
e orientation is selected on

' ttice, h I

MR BB Rt cbis P g v e AGmosiinigs i b gisbmssed in
relation notheirgptentaf f3eis @Gmpgﬁén%riuﬁg.iﬁsggle%ﬁ cﬁ)é of the

che ype Step woul d be

present enbodi nents, a M angel o-
necessary to renove unecessary material on the

Di j t he di anond conponent (a virtually
_ﬁ_ﬁg&mmoridin%gl% %!i‘—e—e&fts ndeavor) . According to the present
i onkdaie BoBpoREME ContbiRb Bt E ol ion i
PO o BB e SR ESMygonin

sel ect ed di anondoi

avariewg)gg\?agfgeTéhe enget vai izesl add i i
d 1 8 Hp@enge vapstyod sizes add shaped thabdivinshiddi il 66 Yhe
thin the di.amond bl ock

' e dia oid i
field of ottty S8l o laBTRETnER 16 & Sisern i inenimay be
cataloged. rfndhisidisoldsare, ex@ﬁﬂﬂydﬁaﬁoﬁ@dﬁﬂﬂ%ﬂéd&ﬁﬁmt ay be
articul at al oLgl ng, indexing, and describing the preseryt
partteulally piefuh 35508, bpckets rstivs andRedaes, [ Thege bire tiolt @ ordPciBssek bE

' i d I hod f
oo eSS 8L B S B
Tnprgincotie digllcwing thaigh e eRRBRO TR barticilr iafl %gjg;ﬁé%iggp

which di-28 idns W { ossi bl e nanonet er-si'zed struc
o1 IR R SRR i thnmateriaked chibieapit thaydwedivantagasns to orking the

. di d RitRe consj st.s of ..visually "carving" fused
famond BURS Aot BEPRARTRPRCIIBELS Slpitmanmalty Tetthedio te
goometry of theompgliéatione Wor kxdohilelst iay 86 nbdbsEh Gro odht ﬂlT.{kﬁ ond
texialsdr%{s]t%l osure proceeds by exam ning progressive yminarger
ma Uihats Rartigiiar wedyps sayailable inrecattaimmdinettion Aoresacis #at the
diffusivitySie @hkdHc8; . di ndojd nol ecyl es. exhi bitin
Smb?,_t ruct u?‘g]sIic ﬁ{ol’tltge% ﬂnggﬂog‘e %ﬁ lgozg‘ﬁlaé' a%ﬁ%ﬁ%’g@ gy diamondoids of
the presentipwpuimey the diagdnd DiticeRE b C5OER! &iaﬁl‘éﬂﬁgf#‘é £b@ be oriented in
thedcsireﬁe%ﬁ% conponents identify the s est p_OSS,IHBPe
- A5HE R them axinepus Bjatesial wonld nagdds be removeiin a
« R j ts. As expl.ai ned apove, .
e o et e BT R B e Pk, i ssisabiny
extornal shepe cltdssaid timt thelrarebaidd HRMRARRS1H 4599k Wbt the
hei r .t hree-di mensional structures may be reduced to

t .
sculpture hgiwp@ qttppggng v crgrtganpidesnblock efmesdeytantliiowadiyist a matter of
removing dXt@h&Sts nideridl Frodt HouBide dYhe block until the desired shape had been

exposed.
In a likewise manner, the diamond block of FIG. 3A may be oriented in éparticular
_ .direction,. where the crystallographic planes (100), (110), and (111) have been identified.
FIGS. 3B-D illustrates the appearance of the diamond when viewed perpendicular to those
faces, The ﬁ;st stepinan actual nanoscale design might include the determination of the

external shape. It
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t hree- di nensi onal structure onto any pl ane, which may
be a particular crystallographic plane. Appli d@demary 2007
have observed that the appropriate plane onto which
WOR0040949dy be projected varies dependi ng on roeusteas®22628
of conponent bei ng descri bed. For exanpl e,
best orieh@0n B Othd i MHS{dIatiRE, verhe Pl aliBn & é&feﬁstﬁlr}ﬁe basis of

context may_ be vi ewed by proj ecting car atons ont

materialgpargupgtgys @m&qh@ngthgma@;ﬂus: dpfifesien. oPridrtte teH chmvdrymfbhez

mant anes

present oitplients, B RSB E0- g Slep ORI e BEotiy B e Ve Raecesoary

material o theraYerltf of td dishét Rehgdnent @ivasddll 5}911:%3%1199 Bedcal 4§t
atons onto the (111) plane. In anothé xanpl e,

AccordipiedndcRipeens sre mbodents, hweres ¢hissteg myotalepcssmdxacame the

o i, 11 Al

of the aﬁﬁlﬁble&ﬁ%@ﬁdcﬁﬂﬁr MQ@@&%@@@ Blo-Eﬁ%f #1G! 3 £54nd2b oh@ 8bjective of
amondoi d series is a nolecule called adanantane as

the presGHGRIPRIAR I iecpronide Adusiematisrmetbod o cstaloging, dndwsing, aid
descnbﬁl@&éﬁé&eﬂ@?&é&iahh‘%&%ﬁ&%ﬁpa hybridi zed carbon atons
configured as six menbered carbon rings, or "cage
Refetring to MiE€Se3 A-I,ahé gresent @ﬁélbﬁur@?réﬁ@es%iﬁiﬁﬂﬁﬁm@d for -

nol.ecul e thengel ves forma tetrahedron-shaped cavity
describing digmongeidanplogs ef £ sl be%ﬁmlmgwaémwmpl@mcgwcﬁlmmpm@ts

This dlséigﬁgg Btggeﬁrigm na?, églglgnhl‘ftﬁne&%;%ze%dj%ugﬁ%g t?:ﬁtgm @bfc{%nd wi

the diampad-gagoireneiverlof Trdaceniaipprech coddigts sHvkaIB @hrving” fused
be term nat ed

d |
adamantgiicy r“g’aﬂﬁ*p Qf ordéamo‘ﬁgéﬁ)g%%:"% tﬁeagigwan@ fﬁgéwwgﬂf Hstratedin F G.
34, Thd@@@.{ur@f)ro%eé& oscopi cg 15&8%% rfctga gglylgj §8§M{d§{r}%l%ﬁ:rghl ?ﬁ plgces

| eading "to mac
of the diametdframdwirk, ssatchingfob stableatisinbadoid mol€ukds bﬁbibﬁug@mctures

.thatarerg?em' c?i ang £8¥gécal %gagﬁeé#res meggé%o%%gorgo
Exemplateé %éﬁéﬁ@lﬁeﬂiﬁm%méu@%tgygé%gfg?g%ﬂ%ﬁ %{:’?hcﬂ?'ﬁd ?3} cOf feaﬂalogous

geonetrically as fac
'tothelrnm;oscelag@oumetpgrt;m ned so t hat cages share carbon

AZ bRRRREbD e gelrighins i w&i&%ﬁ&r@%&%ﬁ&%&m

| dlsclosurd bﬂi’ﬂhﬁé@ ¥
and rll%l-gl ty,obut r%lﬁ%ﬁﬁ%}tﬁaﬁﬁi em exﬂregor narl&F}elgmay

be reduccditpf ed vosgintehsicnal eepradentahen ﬁwfpm;eeﬁn,gs!hd atomsmﬂ thve
criptive of structure; .,no single st fusing

threo-dinfd A EAN Bendip o3 s plgs, S D Tor v eeroHSREPbicar

plane. A%ﬁicﬁﬁts Hdva BRI R t&ﬁé’%?gg %@%g@ﬂ dSﬁﬂdlv%cﬂ%i t111:3»3/ be

anondoi ds. An i ngeni I'scover
projected s&a@yqi@end@gm ths eldsstod ceypotes bmgtdeecnbeuo%r emnple

aamona L 53 oL B SRR iR S0 L L0
atoms ontbaﬁefzfms @?s% Bbhic Pidie GEHRAMBYAY Bliis 14:36. ATt the

di anondoi have
condensed cyclomantanes useful in the present application as gears and the like may be

illustrated by projecting the constituent atoms onto the (111) plane. In another example,

djgmondoid screws may be described by a projection onto either the (100) or (111)
crystallographic plane of the diamond cubic laitice.
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structure that are by far the nost thernodynam cally
stabile of any other conpound with simlar nollédaduary 2007

formul as and/ or wei ghts. Hydrocarbons w th anal agous

WO0B8W#¥netric fornulas that are forced to MPEIYEHE22628
in super-acidic nedia via carbocation reactions wll
iharsnsatlgst dfthcoditirhendoidicaive o indlahlemalied ﬁﬁmantane as shown in
unf.ort uant el% .this reaction does not work

FIG. 4. 4\ dAmARIaRe SOTRpriRen? RFHGTE emena?trﬂaﬁﬂ@llxa@wd, sméwhuﬂaé’éﬁis
carbon Sorhd U RHTERAIIEE 85 RidtheRSd EQBLS ghgs of r‘cagg ﬁ% X %ﬁ%%{%?eggw

di anondoids rearragenents, éact i
parts offthe adampautenecinplooule tHemGslvas ﬁjmna tetbhstrorasiaged wvityadf one of

e AR A W S P DB e
bonds tOSARRRH 3ieh hyk PR HoHCthe raff HHhRATRA HEJ]@F\S& a}iatﬁﬂg

structural form but tetramantane an
The suraseiod snacodscpio diznond tiystalemiby alsofbemtnxcﬂmtmm&mho gen atoms

Thereford olimintinn & b FirCPapbe: of torieqidbriiliparoipelrsjoacing

to macrédtobid dhmasARNA dRantahd 14 cAR 4 anoﬁmht BoE: ﬁorPfand has a

skewtetramantane [123], with the brac
remarkabdmeat eh W@Y&Mg@pﬁlﬁeswbm;ﬂmﬁmer t40-carbon
PCT/ US2003/ 022628 di anondoi ds in
hy&ocaglgoé%org%n@%gwth a convention established by Bal aban et

ApainirBfeirByslog6! 4,9argé Aasbhdsiat hiay va eéénl\gaaﬁeﬁc@ny b& b
DI anpond_ Hydr ocar bons-1," Tetrahedfon vol
fused cagg ygitgdbef ig npgsaa)cagwxmtmomedtsetthsamagnsahas caxam atdms making

up e LY 2R GRPLRGAL T Yl Bkl L5 Bk,

giving theoh MdiostiblGiy3 &renéﬂﬂoitﬂcﬂgﬁfty Vit @o s BEH RIROQidPEy €

nine, there are three pairs of enantioners

difficult te syrthesiee dThydrrar are- ﬁuss;l if ardy ﬂ)zsiﬂpnﬁrqqﬂsquctu[ra,mnwlﬁmp

fusing pf s Fpo SRS Sl o8 TR R ARE IR FRER0 86108 rom

lower majeenlaaweighadamohdoddl] represented by the nol ecul ar
formul a C25H30 (nol ecul ar wei ght 330). Hexamant anes

Agyageniogs pefhodylisepves by dden Seheyler maytberused tai sornﬂmsiemme

' g . ol | f I
tower 0y P i 0 | SRl LBy QR FRLF B and
mmnantmqamma fRefsddduges). MEhd Mgl eaploi iBhe thet Ai3fondoids have
| ecul ar wei ght 382) and the remaining hexamant ane

Sﬁuctﬂre[tgo gigro by fiaidhe westikarmedyramicaly sipbilazug othenoomponnd with

smilar il @Ahites AEPERRLE " BPuRBeBR G iher S afifuibmepi

formulasfthainart forCedHbiréQrappinastipb kiR H8tia %&hrb%ﬁﬂldﬁ re&é‘:ﬂﬁl@, will

seven are achiral, having no enantioners. O the

rearrangs g fhsin djam @edoadﬁwpmﬁ@s ugfprh)axr@ly, s rrabtéandees npbwatk for

- dinionaS At ERLE GO S4B b S SR e g

for these thigher divmhdtidodds fré&ﬁ‘agéﬂeﬁltﬁ hed ¥elcBeH kiletit LBIo8H ﬂlegiﬁ’b'@ﬁ:tlon

irml ecul ar wei Cct amant anes possess eight of

FlGied algaalinstraiss thedang ﬂlalt theamumbsriof strogteral forme ofieddher ent
diamondoid increases rapidly with increasing molecular weight. Adamantane, diamantane,
- 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 teiramantane 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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nol ecul ar wei ghts. Anong the octanmantanes, 18 have the
mol ecul ar fornmul a C34H38 (nol ecul ar wei ght 448y January 2007
Cct amant anes al so have the nol ecul ar fornula C38H44
wWOoeAe4Mar wei ght 500); C37H42 (nol ecul ar wWeCghis2603/022628
486); C36H40 (nol ecul ar wei ght 472), and C33H36
_famlies of di??%ra g:ﬁ%ae#gﬁgg%}i ar \j\eglﬁgﬁt%iéb%%ﬁmﬁgﬁt Egﬁéﬁaﬁc
Classifiegiqnondomencistue af Diznend HydroGabansdk” femtledmavol. 34, pp.

3599-508 0085 030 A Co B ESHR! et s kvt
292). THSELkd fn(Bbible Peitman@h ) hird3AYing 5k SrafEar Fc{i‘gﬂgﬁg‘g%ﬁ&z

wei ght 444&. Decamant ane exi sts W thin
(molecular e glet 34 pradamons thess! nine, tsrg hteshreapaingof ¢dantiomers

oo SFRE SRS By SR e

pentamantrined répsesshict by PIHB4Y, [AEIPAT1210] Gihete 0 &t Qgexﬁaxhﬁxgane

decamanf.anes. The her decamantane famlies have t

ot
[ 1231] repspcdinddly the malcular famails €2 (melatular weighft30).604) ;

s abRubBRLEA ) RSl Hosd Bl S St BB clefihavipe the

moleculdrrfoirmialsHygingletulaB®rightdh) Gaa bf GebdTRECEE bhmesical ten
96) -1%?17 January 2007 WD 2004/ 0(59.492 o
hexammé@?ﬁ besoBsmerenyias fopmude Kok Gmeleeslprweighi 382 and el | i es
. - ofe o i | i ght.s. he .
remainshoShlval 1551 1hs TR 500 O WIS BB n I S a2

andecamant ane _
Heplapruitanes teposinbtdd30 bxlsoin (60pdsiblodtrudRi@it®@8having the
ich are structurally conpact in relation to the

m"le"lﬂ%’?‘ﬂ“é‘iula T e 8d end et heste seien arearbiral, having no
. . . . C4 2
enstion 011 8 A3 AEp BSGHL Y AV THLBRICEHR A G ot

(ol ecul ar wel

(molecul@4&eight 434)) six hivertheveiofget]ad & hiula %ﬂ;ﬁ@l&mhacwéig%t 420) and
wei ght 628); CA9H54

wei ght 602): CAsH&2 (mol ecul
tho remaifi @‘M%P)t@@@%ﬁ%égﬂ%%ﬁ%im@wm BaH)-wei ght
Ofaun it Boosts Pt BV b Al Bya Y S SR Sigedlave different

moleculas weights rAsmony the loetapraetaed, 18dabe therBslbcuRybanlaTiaTi;z ed
crystal face of dianmpnd. These

b j Nl th 110
(moleonlryyeisf44).  Ortamipnipacs Alsaaave thzmolsenler fymulp Gsblseruolpgular
. b
i SO, (i i 0P SR A 4P
(moleculap zeight482bn | ayer” on the surface of the di anondoid

has been ignored. The (110) crystallographic plane is
Nejirmies GHis wilh sircamilies o Oilisen melopabucigbiidaving the
following QBRI .@;ﬁg&' [ d Rfey ;

O et al ogri fra]’gmgliagrmn oi(gl?wvﬂﬁ*a?%@%%@f gﬁ\%@égh\gmﬁf ﬁgfﬁslgh t
538), C4o§¢4 iCaolacobir sveighb 5243 1CysH Y, {moheu el gos), 05, émpleesiant
weight 48&%’1%‘ 6;4%26 (molecular weight 444).

Decamantane exists within families of seven different molecular weights. Among

the decamantanes, there is a single decamantane having the molecular formula CasHzg
(molecular weight 456) which is structurally compact in relation to the other decamantanes.
The other decamantane families have the molecular formulas: CysHs, (molecular weight
604); CasHsp (molecular weight 590); CasHyg (molecular weight 576); CaHuas (m013¢“13f
weight 550);_C41H44 (molecular weight 536); and CsgHy (molecular weight 496).

-
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W

di anondoi ds i sol ated from petrol eum f eedst ocks have
shapes appropriate for use as axial rods in ndAdaware2007
construction, and the load the rod is required to

WO0AP492i s applied along an axis that is PCT/US2003/022628
per pendi cul ar to the (110) plane of the di anond

UrideCarniRand 4@ withinGahnilidd B 6RHE iffRerR %&"%’Pﬁﬁ%ﬂgag 1ong

rod di anondoi d conmponent according to
the undepamagpianes therp giedmol ind ecamvatang e hppling thednelsoriardbrinila CssHag
ESont 2 2121] isoner aof .de ntane, but
(molectlelvetiy 508l bR S Rt < S e otBbon
undecamhnaes. t¥hd dtheraindadgdnhae PRI ha R HIBM S -fo&iigas CaHa

lL]1212_11%1214 isoner of the decanmantane di anondoi
(molecwlar yeight 334); Canblar Gelequins whidd8);rCasblisdmolsvulanwoight 538);

CasHiso %Eﬁ%&ﬁh%&?@gﬁ%@%@l&g g neh@g 36&?; ggfﬂ%; klgloieglijlsar weight

ase a par

642); amt §atlad (nogieayiini weiphtasg).sel ected to highlight certain
spatial features. Referring to FIG 5A, an axial rod

is shown with an arrow that depicts the central axis
Axial rodle. AMinl&s - h central axis 50 is perpendicular to
€ plran the dianmond |attice. The
Tnreoi exientpldly eaiduimesst thasod or dyliedel iradehted\@Mbe PRt
to faci hitate, .correlation with

eml;od'nurgbereéj t he
mPoSIBPRBE T WS Y oY amiping thedl 10) ersisteb dace ob diamsndd Thesgirod-
like strubfifesHabe MRl Geftin ”%!izﬁletgrgpg fbl%feﬁar (%E %o ﬂ.ré%glgleﬁésmwgfn? only

nomencl at ure conventi on y ‘organi ¢ C
the carbemframpivotk hasheti cmsidessdy a2DHE “hRoZON f4RBAARER layer” on the
i nk

PCI1 US2003/ 022628 a, cherical structure, where a kin
surface i iRFRBdoR e feer igbeiedo Lot 61 Oy PysibloTaps paro i

perpendicGRf B5@Bla%ed HcacRBPInELABqLf @ carbon atom and where
the termnus of a line represents a -CH3 nethyl group.

ﬁmhh@cammpﬁg nbmeﬂdollme&&_stbm farh indlbeingtand cdﬁldg'ﬁfgiﬂihm&%doﬁdywﬂl
. e Se . epi cting .t he oslitjons a _grou o) .
be mt’-""%‘?%%f’% E@Wg‘{fﬂ%@?’a@}@rﬁg T8 RBP CwBPAERTH of B ErereRLRETHiOn,
diamondpideife4ted AORT St IR kefdbaAs hﬁ{r@&ﬁ?yﬁé E%’r}bﬁg'até Fotust Baxial

S e oS I ONs Oon a

. projected position 57 represent
rods in ngngscale pemstiustian, anglthmiead thetrod Irreqtioadsto3Bppaidis appliedidong

o G U B e P
I 3 - | - i .
FIOS, LS RSELA s e AR

embodimenis of the prgsent inveniat Ofhexixamplanf dianfmddidimFiG. At hee.
58.i,s the position .

n2r2t23 Fofier ¥papaifpabladh it 6 Sihe foshaped dmpralis sowaGave

been chofef) 19l strafy Gk Pedsenhilentbo@infante d][‘HPJtIQIQI ﬂ!j?ﬁﬂ%o P5fthe

normal is the axis 50. It wl e noted by those

decamantgn¢ fiamendnid seeves to illustzte dmahamfer imwhivhdhs aofns df henolecule
ns 57, 58 are, in

may be p%i%@@%ﬁé%é%@éhﬁt R ggéa?lg%hg“l o‘isi'i"f%t;ﬁ%‘?%l@ﬁﬁ yBear bon
crystalloghiyhiit pRaAé séisctbdtd Mphidh CeRR L Pundbs0 Pe referred

to as a__nethyl ene group. .
Referring to FIG. 5A, an axial rod is shown with an arrow that depicts the central

axis 50 of the rod. The central 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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Continuing with the process of projecting the atons of
the diamondoid in FIG 5A onto a plane perpendy éauuary 2007
to the axis 50, the atons 1, 11, 27, 37, 39, 41
WOopoey/@e492onto position 51 of FIG 5B. It w ! lpclhass@enzze2s
b by those skilled in the art that the "termnal”
a chemicabstimiotiae, whemiarkinlain 4 lhe, 6rds ifterstdtRonCITHyD )indd WBesiris the
positioﬁﬁf 27 are tertiary ctgr bons, while the I ns1 de™ or
3 GrRon oy, ang wdicre the terminys ofi 2 ling ecpqessni@ranar v
—CH; 0k ¥ @isup. AheSdrhiv &, bgh: .S rbon handed fo
three otpher car bo#ﬁnﬁ(ﬁa@gtaﬁgﬁg&%@? 1?3“ é%i%?f&t‘%ﬁmpf’se of

depictingthe ppsitisngd Eranp pf atemsdioa 8 (Hred-Hinetisiodal dtficBrE RbRAake if
ded to four other carbon atons. In '

. al on
pro}ew%“ﬁl"%@gg%ﬁﬁi%?’i)a?ﬁere are six atoms that project onto
POEIG. 580 tHak; o ' .chain, that are
o guater e profedtel phiitib 57 foftteis Ble hifich 3 tphaiihgiona
plane m@hﬁﬁ iBiongs 8@&&; 4% an;:gs i:llm'RIG. 5Améq8ﬂ@c2%%§aﬁ%ﬁegﬁ_ﬂ1g?§i % th%e
whose i gﬁ?%’ﬁ?g‘gdig‘%‘f’ﬁsﬁ o a5 30, Hisip Posiises repessendedhbyntile plane of

pos
the papeairoRIG. 58, add irefhs éxaidp .m e
thedjamgtggim‘m’ 18, 20, 22 g?@%ﬁ@?@%ﬁ@??’%%ﬂ%%ﬂ&”&%ﬂ%ﬁ?f

4%9@- Fimilgyly, tbg P asjtelposiioh G 8ris she paitidhntERBicAHRITS
, ; , ro
atoms 1526f1 7’t )hg 21, &g i He ?‘g W@?%P@J@éhfdmﬁpvd@amﬂmwh@ne

t onto position 56. For each
ése’ caseés,

normal it éetakiarp. dawilBe a6 i bl our
the diamLElt ] rsi? car bons itﬁ.Pﬁgﬁ!%gﬂﬂPéedo ﬁ%%@%ﬁﬁ?ﬁf&tﬁ%h@n‘gd
© amgqc{wti %a Peifisé pritopogitions 37, 585ye, &Beachlcasd SecohBany caitogt
bk d 3, 5 7, 9, 25, 43,
stoms. AOMCBARE B st 1AL 87 s onsted ey doahsiefared toas o

methylengigopupct ed position 52, 56, there is -18 17 January
004/ 009492 PCT/ US2003/ 022628 one secondary

2007. \IO,
CRurRe With thieropess of projectiag eratams bfitheatistfomfoid RFIG. SA
onto a pl4aBPefpehiRhlaP Eooihg Gkis %p;@e ﬁﬁ%ﬁ;{ 1;'1?;?%%3, ngsﬂcﬂa}'gl%@fso%y

tertrary carpbons 1n

position PeofFGefBe itk will e 3685 b e thos SN 'te%ﬁ | g8
Ien?t hg. l{éggpngﬁg?e&ﬁ%%-s ag%%hg

. shavi.n i fferent
(terminal g E&B 1A% 04 thg chrin) atpwa d 1 hoh 3T kse wrtiarg bavons, Fhilothe
e ‘d 33 F{cﬂﬁdlé : i1C \/ prO | mat e engt hs Qf 0. 907,.

RIEE 90, 940, %‘%ﬁ%f 3712@ % ﬂ.“%@’élaﬁéﬁ%?h@?’grg!emafy carbon is a

carbon bonclngip‘g(ﬂme' dAibensigtaiatralidil X1 P t Q: Wi
uat t hese r oggﬂfgfr eSpondltagr e, r eggglt:c?llld\%ry, t hr'eg["%{wa
quaterniary A 1 A C25hom teterrally onderae Rpumherombreiems, Srthis,
cxample, 418 ol S8 b BN G060 L S 2 et
ﬂﬁr’)-al S0 conveni ent

that are quitsuraey, an@ tWhet fie@in@céf 108 cRfin FlaBare3Brti
the di stances between rojected atom

for .descripin
Confinuying W@Fg@: CEsE pkprajecting etodiss theratemi rldni 6,18, 2EnL 4l
roject ontdpb§itiof) 54 Sf ol el el gLom positions S1, 54 is
P anutl_O. 135%?1%3})@ LS cils o PO ot 1. P foriary
carbons, andghe middlaeiam$16, 18, 20) QZQfﬁ@féﬁﬁ(%fﬂBn@.OSi tions 52,

Atomi¥ 12238, 38, 323833 Brojest onto pesition 52, and atoms 2,4, 6,8, 10, 26

- project onto position 56. For each of these cases, there is one secondary carbon and one
tertiary carbon at the 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 posiﬁbn 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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The distance fromthe central axis 50 to the projected
position 57, 58 is about 0.315 5 nanoneters. | ti7aridary 2007
be appreciated by those skilled in the art that these
wodey@nmes are not actual distances between CEUS2008/022628
- the three dinensi onal di anondoi d structure; they are
a nta ons, of the tical
one scdBRlIE, CaPHITER B 1ok FRY S50 B0 Biasr SR Rk SRyt o
positioBPsa, i54) aﬂd&bﬁtﬂeﬁf@jﬂbﬁ’éoﬁlﬁh\m@ﬂmmm| OQOUS nenbers of
this conponent _class, Exenplary spatial relationships

tikste PRGNS WB%be veandrdineaariels whrashdused diameadaidyhaving

differei iy T ORDRFy KPRABET WanldMAGGP g B b ot Sown

mFIG&:eﬂG-@;Wmchlhave spprogienathiengthief GOOTIS. 240, 2138, 1.218, and 1.376
ee- dlne sional axial djappndoid rod are prOJected

Hamm?iﬁlisofe%t’eﬁ BT peiielidiamendoidiseimers dx i thessarofpeprrespand
are, res By e FU TR B by, BT £2137 BbienBhaddisor,
[ 12121]3h:$nam|antase Bdmef 4ha[r1e12m]ﬂ1epﬂamaﬁtané)mnmer fanti ey [ 120 21 241
the end of the chain, and quartemary if they
OCtamaANeISAIET. {r om the ni ddl e of the chain. Ref erring
Tﬁé‘pfbjécﬁof bEFIG LB is aiso"ﬁoh{/etﬁ’&t gtﬁitﬁgcﬁﬂggél o't gh%‘Pét\n@Eh

for” projected positions
projectadmien posifivnsc doe dxatmplehﬂnb didtmce fiom the ecrstead aridaiOyto daer bon

projects| R PO SO A AL BGPTSR riB Al SPEPBRTPE the

| ~ central £M§5'0 fbttﬁpﬁfo?&té@at&n otsfffcahé1 r§3a 5%ri§I lﬁﬁﬁ A atﬁﬂ&)ﬂe‘cers

wry

but both of "t eato at t in are
The disignesoinera the ceatrbbaxds 50 to the pm;cdbeipasfuoacﬁgnﬁ& isatous 0BIHi t s

sl TP B R S BTGB e o

actual demaey HebwednSat6ims th Bk tadd mﬁ&%ﬁﬁrdmﬁbﬁd&é stritGurdt o 8P atel
the center of the chain are tertiary carbons.

merely Wl,/rememtau@s m‘wmtmﬂ RGN W52 PpogLded pnme to help
ets nd; st r, u nanonet er-si z brackets
characteizh e SR ARy b o ToRa e o A Cabonet

Ri gi d nanonet er - si zed connectors brackets, tenplates
and spacers are needed for nano-scal e construction.
spatiel relattomships Qlaamy he ebsedvaddretaipgl haaclogons 5

membery 5 B B HaPe bt RIHTE kgL e B, A, et R

the art wil @bdef@Ghe FXtEIRY @it &ﬁeﬁg@ %h%ﬂ'ﬁiel #8oths BLS Birbd-BiménsichRPded

di anond-structured conponents for these applications
dlamond@itbr@ﬁmmw egted|agto & plangpependicylarid theatie of fhegods Eor

exampleZy s Bk BreigioRB st R o7 e s St Sgpons Atgms

that pmjé&t%ﬁﬁﬁbdéﬁm BeN84 48 tériaMtafion® ﬁ"]the}aaré QElthé dnld oF thc chain, and
oi nt extension i's shown at 602, a "Y' s haped

class.

-quartem@'dnf) ﬁléﬂnglﬂl@teg?tmnﬁhm@lfbﬁofthmcﬂam shaped

Referring again to FIG. 5H, it will be noted that the situation for projected positions
52, 56, 53, 55 is slightly more complicated in that there is one secondary carbon and tertiary
carbon at the ends of the chain if the number of adamantane subunits in the axial rod is
even numbered (e.g., teframantane and hexamantane), but both of the atowus at the ends of
the chain are secondafy 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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conmponent is shown at 604, an "+" shaped conponent is
shown at 605, a "C' shaped conponent is shown lataBagy; 2007
and a "Z" shaped conponent is shown at 607. A variety

woahes/mob4eer shapes are al so possi ble to neet opherus2003/022628
shape- specific applications. Some of these

Brackegonponents are highly symmetrical, showi ng only one
Structural form that is, they are achiral. Exanples

dlgngibstmdtured nGioidtensiz@dacke corbdbtoy) dnd Ripl&kheill now
that is,

v YRR e A AL e
needed T EHOREA18RESARIH o] Sﬁ%{es %rg%gtﬁg%gds %S%Hee%&@ ?cgriapgf{@a'ﬁgﬁ:?‘

are shown in FIG 6A
were mgliipjednteronnpetinnis dbangles aldidistanges notironkisteniowitls todssHapedsano-

a8, B Sl ] e
comporAR 5t thee! AppBisatilisiabd\@fdwihnGn Ff&n.ﬁffr%ch d&%@c %%pelbrﬂeﬁfé:s‘ RELT

or enzyme active sites. The er an exity of

availabledaying a darge nhmbenekdiffagng ¢tvemectivngraints bf dirgimprispast yst al

| tg -1 he ont ai n_ji.ngreases...The nunper .gnd,
PG oy e RSB S £ 201y arad e aAgig point
extensicii if SiRfwaidt. 60204 EVD BRI cERAPHRAE R PowB P 663,351 Bhpddne

di anpndoi ds_tetramantane and higher. In FIG 6B ]%he
compongptfis ghos attady amry” shagedeomponantys shavae M5 a CT ekaped

companklls "3R4 B ERBTEhADE eEAIP PL Sk g
other shas b blscapdseiblehed @t Shapb- %p}é@iﬁ%"ﬁ?ﬁli@‘ftiohﬁes&ﬁé of liess

nmenbers are shown fromtwo differen per spectives at

 componggate Aighly sysmetrinad shewmganty, onsatiichvealformyrthatds,ythey are
i g ' 9. .The 609 si
i, AT AR IPSE, o BB, B0l °°

I one etweén-t .
Othexenpiohests afy ¢hiRBENiRORAREdHsS, 8B4ty shOwheGWAlAhffiieric
c,agbons and fwo tertiary carbons within thé ]

forms which aisresseparimpaseile Ruirphimpges of edch @thar o Exampeswye shown in

FIG. 6A SRR 574 a0t lic LR SORBMABS AR AL b pslchres
with greaisirestival sssificiy particylarl A ithpatme it biside®l agplicatidhs, Sich as

.. Six, to the "X' shaped, [1(2)3(1)2] hexanantane
hybrid nangstrstuss designertio Jniaiast it odlrecogtono0enZImS 40t Ve sites. The

number A ol E6RE IR rBaR o nelluofhefb! EnBbT sl Poge

units thepéontain gitreaseq t he " X' shaped, [1(2)3(1)2] hexanantane
orientation are shown at 611

Tﬁorrlgﬁ ent havi ng axj al ati . .
Symbsr 2nd .fY@‘e%fg%mahlpelﬂw hending sitessiaries ampng diffeent|
di dEIi ' : ty. 61 614 || F#gqgﬁq

amont 5 SR RSNl B il i
. 6B the diffenent tertidvy end sécohil@aly achdlemnetitedioni the r‘xf’@hamspl(@)?,m@]

ei %ht correspondi n@é&m al secondary attachnmen sites
hexamanigpe Gpmpgneg| showma Gddn Fig 64, argdiivn. SThesfounteréary carben
' i hvat t sSites to the ..

atachmelt BofitE o AR ok X" SR PREDRco R v Bt iffeem
perspectivitisiat 6084 BilgapBd Two separate, co-linear tertiary attachment sites are shown
at 609. The 609 sites are positioned between the “X”’ cross members. Because these sites
are each bonded directly to a quatemary 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

>

-y
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St

conmponent is useful for attaching square shaped
objects. FIGS. 6C and 6D show similar infornattidanvagy 2007

the "Y" shaped bracket shown at 603 and the "Z" shaped
woRoatwes2shown at 607 in FIG 6A. Screws The pgfiiadd268l022628
possi bl e di anond-structured screws exist in two

hawng%&ﬁﬂ bfeRtaMEed hl%tshgv?‘n 226 I bh %regd?l'iimﬁ) Cf&t%gli%gel% sﬂes atotal of

havi ‘&%” axes of rotation that are perpe
eight, tgjthg phapsd,dil €031 L] heyahaitai eaesponbhtEGSvingAxia ofbntation are

oA Al o
613 and 614 &1 FitY bH. "Beceadapp idc %Q;‘i %t%iﬁrﬁtﬁﬂ?régp{hg%%v@ b

the six points of ah octa nbnao
equatorsd] eygniafipsin ERtiaysiip thesdightsotrhgporiiimpariil Qdcy)ﬁda'}f ap@bnient

sites Shg% a?%l i:Lﬁl s%?cgar}gﬁazl?qg gitéslezgﬁ 12?%& %ﬁégé 112%1@&%@5? :g;aﬁ]pxﬁgqit

ramewor
sites to GiRy durespor@ing &dbod ﬁo&hﬁv@%@i’l%ﬁeﬁﬁt{oﬂy HIRE Y 5IR
poi nt i s_shown at . The carbon atom poi nt at 02 S

compoq;ghgége% fq;'rqtt;chmggsquetmpmlb oots.afiaiss 6Crantihed shoarmnﬂlar
ol 320 S A RSN TS S aE

car bons
607 in FiGndAd to either three or four other carbon atons,

that is, they are either tertiary or quaternary,
respectively. In FIG 7B an exanple of a tertiary
carbon atomis shown at 703 and an exanple of a
quaternary carbon atomis shown at 704. One serl es of

'H‘&mmﬁleet pabibbdiadbiBAhEba YGkWE @ﬁsﬁﬁr’fﬁ% I?‘JI etles

|ns Secondary car bon atons eqU|va en
showingg cxgnbpiiches angbaviag axes ofeotationithof are perpandisulef to chfferent

diamond el Bee, AL TAIRTRARP b o e ot iga sorow, nd

al ni ng

FIGS. 7G&ndé’ifbrdutatmthes. Raf@mgom HIGe 7825t09 Qﬁ@@&b@@ﬁ%mwork
.attice_jndjcated by 705. The" carbon atons i ndicated

surroundige GpRokkE sxowmis af #hectahedral dissnad onﬂtd is shosw. H@n’§3 again

h tHe 0 o W St

shows e\ Eofi SOBEHR I A B GUS I 5 SE G

frameworlk hhetecsasi®gsesni [eFIG Wﬂlﬁe té3aiihal darbbA Blom 8Aflisdhe octahedral
| eft- handed 30- car bon atom screw can be traced w thi

diamond crystal ppuytis showem at Q%seW@? garbgm atonepainte4 702 és handed to only o

other carb&f! Eﬁﬁﬁngﬁkﬁ%ﬁﬂgﬁd er e@l{oi[ 3 ae?{))xgq%qéat om sh mofgtle 9@1§

at one en

carbons shpwniwithianhm7ol agaaa lath€x &@%ﬁﬁ@@&%@m@ﬁﬂé&i&%ﬁ? SReCAPbon

It d of it f t at Th
stoms, e, Bk AADEG PRy SEAnAAID A sepestineits TaF G amestmple of
h
@ tertary A oo i 707 B AEPLb s St OAR Al R

shown at r7|0§h Oneasered eff ﬂaﬂh&ﬂdﬁﬁiz&ﬁ |di£iihoﬂ@§tfﬂét|ﬁéd 56%€ al9s contains
di appnd-crystal |attice cage, 30-carbon atom

X<
secondary parbom aans, egpivaleni do fheyne shpwn at F9Xzat cithenked of ithaxis of
rotation. REFEFREALRin to FIG. 7B, a screw containing six diamond-crystal lattice cages

and 30—ca_:rbon atoms is shown by the dark carbon bond lattice indicated by 705. The'
carbon atoms indicated at 702 and 706 are the two ends of this screw along its axis of
rotation. The screw structure shown by the da:rkeﬁed carbon framework at 705 in FIG. 7B
has a right-handed spiral shape. Both aright- and a lefi-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 cazbon atom, shown at 707,

Screws
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di anond | attice carbon framework surrounding the
screws' carbon frameworks have been renoved. IiJ&Euay 2007

7C the right-handed screw is shown at 708 and the
wo bekieesanded one is shown at 710. The spiral pstrassvoyr2628
709 indicts the right-handed groove in the screw shown
at the opposii@@nd afils e of @tdtioha MR JeAHANE
703 cﬂ;own by the spiral at 711. The o%&%?@és&%& C%Iﬁ?]ﬁsat
anq {Qd, tWhskas the right-bondst damnshowodydhedirkened drdnsowak dntcated

@t 712 and 714. The opposite ends of the

by 705, siaem
left- %anded screw shown by 710 are the carbons atons

Thorightatnd Bfithandel! spial fOFRR oTERYEYS ﬁsaymmﬁ&ndmg t‘?ﬁ% t1i6e0

non su er inposable mrror inmages of

re
cage, 30rparbon Eeeic moreradiy spendy FiGie) Guhirerselotirasewor k
di &t he nmol gcul ar. struc
ey B b, LA S e

removed: Onj FiGa 7Cihenglpdapéadiscpety oy sHoWn' dt $081éﬁc§th@ fleﬁ-ﬁ&@ééd%e is

rotatiaon of the screw shown by 71

shown aj ﬁ%af : Of h"&’ﬁd))&w igdictscthe tighighanded gwomend&d stnaw shown
ot 706, il Wﬂeﬁ%ﬂ&@%‘ﬁ%‘fﬁ?’&féﬁ'ﬁ@ b Rl il o P SFposice

circular arr

ends of therigbshandad sarew Shwwi by 708 ere tH6 cabon BtothsGhO®K 29 BLand 714.
f th| ht - handed, 30-carbon atom

The oppdfig &ﬁ%ﬁ@%éﬂg@ﬁ{ ot shows byl as; the gerkonsatoins shown at
715 and 719 The fobdws sﬁanEh?O@%c?7an 8‘5 0 611;[]18%%{1 P : Sg%’érﬁl\éy&g@&f

shown by the dot at 7

eaChOttho screwit into a material is shovvn by the circul ar

c or %s%‘d‘ﬂ Slclrfléwn Fﬁ?"f(‘%‘ ﬁgﬂ%ﬁlﬁ%ﬂ%@ﬂ %%FIH%'H}OQI? té'll %glldlsl\ﬁ_IG&B, and
by the melbset draBurliibhiny Hiscisie 76 figaéa@g LA s i3 Bk 70 in a

di apond-cryst al ttice cage

view perpegdicaler éxlitbyxiyalrotationl Ghe ACis cﬁ’ﬁﬁaﬂd)rﬁ@f thb enBwahsAniby 716 is
7D a the | eft-handed screw

EIG
shown at 742 andal Pesfof ot s ageSd orcrivsithe 7 rsirew poramaterinids.

per’pen

shown bﬂh@cﬁéﬁll& dow &t 85h PYGID, 116 thf gérg Eew It?tt‘.u%l%ngg the

and the direction of tw st nee
serew in 3glede-wise dirgctionywh vtp;w ofhisriight dlandeda B0-@uwrboh afbdd sérBw shown

parallel to 1&9@(\;\?&&%@‘1@1&% grlb E‘E@ O'{};; ei, OQ}?I; g%' Fqﬁ;}olljl;fgll\ytntgs/\)tng% is

shown by tiid dotlagf20, aﬁ@dﬁsbuoa%fws*eﬁ&dees}%&é& i AL RAL b Eh

toits axis of rotation is at
by the cirqyjaragrom at JR1 it BIG.7Bi Agaimwotesthatthiscobysponds tofundihg ﬁi’eﬁ

of twi st needed to screw the screw into

n
Screwma%%kt%g%‘e&? Ushown by the circular arrow at 727 in

eri

Sl vidws oABB IdR-hiHAEE, dif ﬁ{mﬂcﬁklsb\ﬂrs‘fﬁrl%tﬁffcpg 536 Ear%ﬁ%{;m%

the screwin a counter clock rec

screw indigaipd By ¢ 19 00FIG. VG, m@asmmmmwmzwpmmzﬂ) latvishr bE
the art, that the views of

the left-haitfod KOk el o s Finol roGominshona o &4, Faaiaor

er
rotation ofs%f ;ﬁj(l)?‘gﬁ sg%ﬁm'd@ 783, Gnd the dBERMA oPBVRL héthed B IIEL &t iB%ES
material is shown by the circular arrow at 724 in FIG.7D. Note that this corresponds to
turning the screw in a counter clock-wise direction. A view of this left-handed, 30-carbon
atom screw shown paralle! to its axis of Totation 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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equi valent to |ooking into the (100) dianond crystal

pl ane of these higher dianondoid nolecules. AlZéanuas 2007

of four right-handed, nanoneter-sized,
WQR0AHHHA22st ruct ured screws is shown in FIG PET/UNE3/022628

smal | est possible screw of this series is shown in

A Gill BEneded B3®né Biled ﬁﬂh@ﬁfﬂ, thEOHE MRS offg{er%gh + 3R screw at
The hydrogéen atons

fill CPK t
719 aﬂéﬁ%@ﬁ%m{w @atlu@% i EiGo?%,gi?mwmaraﬂemgh@ma}Eb@f rolgion, is
eqmvatéﬁf ﬂ)%olgaﬂg 11%8 Y}ﬁr(l ﬁ@%@a@{,] %%t rlgnV% (?f&p%g?%gvh@ﬁ apaglogémd

dar kene
moleculescati on of the groove with in the CPK structure. The

gfllcal roove present in this series of screws is
EHep Hﬁ ﬁ?gﬂ ded, nanempierized dimmaend-stooiired fer@ys if Shown

i IGL7, S A A L

728 and 729
carbondraamrmdb fcdmafbhmi:aj 729 knspate-AllingtCRI Fsraik, a0k Wdrbgeg atoms

t he _Bal aban nonencl at ure ('Bal aban,
shown T?%g ﬁlgﬁéf %, cturp 729 Bnif i Gy (fEdarder therlower Sadge of the screw’s

d .
oo k08 0ty RSO U
the CPK sfrugfioran The halial goor ﬁres&fm ifﬁlﬁse‘iﬁﬁ 6P6cEeNS aftbo indiddfied by

: 729 FI has .one full turn of the helical
the Spnagtsﬁ‘& o“é‘rF?ﬁ 'Z fon dehidapdad ssrew.nBhesasew stragtursghown by
e R

structures of
tetramangai ‘élﬁl a¢%163¢ﬂi\m3]l by the Balabth abmé@athes (Baludas aroge), and witha
h

" confRRHIE DiaPg 2hnsid atpfanmqr SHoH R A toh R b

o a‘”‘?ﬁ%‘fﬁﬁ%‘?ﬁ‘“ﬁ“&“ BRI Ty B

728 and (73% g \Mﬁdw@gs ﬁthtyrmnﬁthahelhcaﬁ bireugng dRfiniak thidsates@f
P-[.123412] - hept ani ant ane)

nanomets! S 8f dndr ity B REl Sy es“éﬁ?%sﬁ%’fw%%kéﬁﬁcmﬁf’&@ the
- longer ngﬁtﬁimu%ineﬁibfeﬁrbf tHe @itk e ho%ﬂﬂxﬁ Fﬁ% e Q[WBE)I}S er o ‘%t 2 he

at 742 in FIG 7E, shown for t gest rre

possessingguesand;amiariar rhsf thsskrov heh:e@uﬁbgﬁoﬁd@@@@!’ [Q23%}- nm
d| aneters of

pentamafinidl 2352 581 ik Ao SoRtaping pe s 4 BALE s afthe el
(conespcﬂ:umgcto P-pryst ]ﬂiexhlﬁhﬁt’aﬁ% %ﬂg% fggfah% &%&Eé&g E%é‘h@%d

| so shown

three-qu&ﬂ%uwﬁfée helsctcemespiondingite Ph2341 23 hegiaMantané). Gull offike
68 run_and, t he | ongest

members 33 ¥hi sérﬁ g%ﬁ gﬁ:r%&r's_- r%ldg‘géc?g%ltc%h ddepiichjgdicated byt

SCrew s

brackets dt. 742 AFIG T, sh&k:€ fir 18€1dn g§st %{enﬂie? HPE‘I@ ééﬁéﬁ%@;{é%ﬁﬁg 1?14 is

nanonet er - S|zed Screws i own I n
equal to abpyg 0.37 nmy. Alse,@l1 of Ghet $reews lyive idmtidaldiiaméters of about 0.72 nm

| nmb f
as sbown P R R Wmop i @B castothrcabor aiom s el i

‘at 708 in FEG.tHhand aﬂmqhmzesms TREhdRfest’s %?.?c ht Em?»ﬁ&
k 745 and 746 in Fig 7G are pergen%“(,:u % e axi s o
7E has 2 lepgth of apprawimagelp 08 nm and the longest screw shown in FIG. 78 at 723
has a length of about 1.1 nm.
A different series of 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 lefi-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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WD 2004/ 009492 PCT/ US2003/ 022628 rotati on of the
screws. The axis of rotation of the screw is sh@wmuaty 2007
747, and the direction of tw st needed to screw it
WO RsHO0HIat eri al is shown by the circul ar arr per/as2008/822628
in FIG7G Note that this corresponds to turning the
rotationSEtRNsdrBwd ThOSKs ¥ DEutidh bF ! ! . irecti
. right-handed, 30-car boln gtomsgm@vssh%%%ﬁgﬁ?g}e (%%ectmn
of twistinegdegitp scrstv it brtes invweriad ischo®a byithe Bir@lar afiGw FiVe8adn I4G.7G.
f ion.for. this,viewi.s shown by the dot, af 752 .
Noto thet ths 2??"3583&"618%%&‘% bp sorwdp &P By dipction yley o s
right-haBéd B0 alartion 2810 WEreWIshbRA Fﬁfa!l_E}Jﬂofi{s B do@liod 231791 in FIG.
FIG7G Again, note that this corresponds to turning
7G. The peis 9 Fataiiomion this view-iswlnsvby Shetdobat B2pindadiredtions tist
s - ed. .Sl x-di anmond-crystal -1attice .
needed Bl o HARIAT, S uie cituit froncit 137 BEIENG aheain
note thavihisrcotfespdirds tehimina Atadre OV CIBEF-ReRdifligs L0 its

%\g]ijs of rotation is shown at 746. The axis of rotation
lereicws & e lett-daedad, six-diaraondaenystahlattiagionge t30erarlesin atom
' edadyt g: SRy rial is sho .

screw stobSh FRGETG: T Riedfs Eihdsbof B orPpelil st Rpncin et i e
axis of retatioishooa at D46, UTHY D8k 101516 @il beRvERWAbRA at 749, and the
directio cl ck-vvl%F direction. A view of this |eft-handed, )

ectionf TWist BeFicd 19 AereW ibRteshmaterighis shown by éhe eirculariagrowt at 750 in
FIG.7G. 195208 Ml in FJ T xi.s_ qf .rotati.on.

G76. IR0@ I, Polfspartdoliinie Ty K I8 Sl Aot diion
A view dfithie &fi-bandedf 30-ovrbdn stomdetbvt sShor pRalldl @ RS abWof Ritatich is at

. igl is shown by the circular arrow at 756 in |
754 in PR, 8, b G rotos Yenihe vart &2 ommasybndet g 36ual dirpetion

_ s = 3 . : N
of i SOV B 8GO LRI Mol B R L4
FIG.7G. tAgein, ingte thhithitedrsgpoads ft tumddbtl@ndrewhia d @fubitdd alidedvise
directionSC" W at 746 in FIG 7G shown parallel to their axes
HeCHO0Gt rotation, is equivalent to | ooking into the (111)
R SHBBR B By f i palthe!
RS 1 e HRPABA o

745 and thaleditsmded sirewdf 746 ARG 76, shostnpasile ¢s thatr @des of rotation, is
bout 0. 63

. i St [ ] [ itch of . ey

equivalenf B Rine o e Ui13 Lo Snial phRo ok Siesehishe’ Srmondeidas
H - E| . S | .

molealed M3 4 P s S SR (BIRhih REEnl
exists, all havimgagitch pf tldut Va3t rim,eonsigerably Tumenitag tha wdic @fies bf s
_ hnew.Sﬁiée_]Eof scre sho at 745 in FIG 7G has a
sorews ShpRH Y A1 St "R3Bt e semewhatsmeticedigmetor ot anpsermatgly 964 mra. The
ight-h. i Al '
it hand 958 8l o TR SRS o W LS

screws shewnp rb%4 i Gy 76chas wilergtnof #mudi Anmnd  crystral
ded screw shown jn carbon

| Th%f%t&tﬁi%ﬁﬁpﬁa&gro}}mle 0 spids $§ﬁ%@dlam®doéd SHBWR SRS BLidesS.
7A to 7F, bad FIGRL 7GR TRIFPEIRE bY aiprbBindhly swilRR ol 50058

atons shown at 758 thro Struc

crystral laftice,  7H border the | ower edge of the screw s groove
enlarged, to indicate the

THp oL 2 G e S R castion drgnciork format at 743 tn FIG
7G is shown in space filling, CPK format at 757 in FIG. 7. 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 serew structures shown by 757 and 764 in FIG. 7H corresponds to the

D
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CPK structure. The screw structures shown by 757 and
764 in FIG 7H corresponds to the -24 17 Januady Jaoar 2007

WO 2004/ 009492 PCT/ US2003/ 022628 hi gher di anondoi d
WOP6e#8 known at hexamant ane with sequence [PTABZEDO3DY2628
t he Bal aban nonencl ature (Bal aban, 1978), and with a
higher dighondend mglﬂcalemnnwnﬁu heiaﬁdntimmd&ﬁbeﬁwﬂ&b szm? by S Balaban

nomencqll E?IFQﬁV\ﬁl&aé]d 1%’2{}4}0?{& e&o)ag g r X eé@:ﬁa@mde@rf@n:a £ the

screWIMB%Qev@dmt;qcpeﬂenantl orrerl c (ch| raI) forms of the
sane basi c hi gher di anondoid structure.
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forms. One nethod for perfaormng
- higher dsa@mda@ seTewErAte Brpareast ﬁ)r@pphmatxgm reqmmng eithexhhe dighit or lefi-

handed &PJV? Fh%%%ﬁ%ﬁ%rpg i fgl & o 152&3131{? al aftriu@? s of

nan

right and hﬁ-ﬂan@étt schanstestirey is ieMpliEedhy %h%t
at 728 and 729 of Flla 7E. Separ at |Son and ana qaég?agagam

[123] tetramantanes. Tlaehﬂrqctlgﬁ of fhentshi-handed(B) Him[[12H]tetramantane is

o BRI Sl B o

forms of ¢ 03] abtrdaRnine i OB BN FIS:, 61 Mz%%{(i . &
Varian, Inc) at a 0.25 filmthickness was“use &M th

(
chromatqgsaphigeademp centaiging tie thizal TP ﬁim:lnDex B 2,h6r Mostanidriaey phase
| umm i nj or and FI D det ect or

(Varian, {jgy 2 %‘?8—3” RS pRaenised WG hve Jamir 9% @ haabénin. t
perform ﬂiB @e hoI d in nrgcolpi%%{%eigﬁ%nd ?H?&ét?cﬁ br e %t ﬁ*’hgsa%tnﬁg

oven nperat

was dlssqjvefgma;ydbh@{aaé The Sl i 0. m@r)ln?a%gew at 12 aC \fviﬂi‘ all 00 min.
d t| ma of 60 m n. Then ei ght successive "bla

hold tlme.s @Vﬁngﬁnmwa/progmmhgmmommmomw@dmma
 hod
final holﬂ‘ﬁggf%@ﬁmfaﬁeae SUSTB  l Thee R WY | on of

cyclohexadeavéremﬁplefada@ﬁfg thébdiRe o¢réiﬁte %,gegxlaogﬂk&xggic}ig}n i g ?a%t at

ven tenperature progranmm ng
a temperatqar@ lgve enoughite preventiglufion dithe tﬂmamantaﬁw A figrohe kizhtnblank

run, & o/ Berl Bl Blont il teflod e i ey onopsancs

from the dolthf.- Pire cﬂm?l@ﬁe}é&h& K@ b O34 ?{'ﬁ € wit £%.00'minCRoid tine,

Under these conditions the I rst tetramnt ane
followed byoyriemperature pro g:lammmgat 10[0(2¥@n. k1 75EwithAginakHold

chir t et r amant ane havi only one structure, no
time of 20035 ﬁﬂdslf thesgconditions the firsk tpirgmantage pompensut astha mixture,

1672 8 Bt R AR B b s oo
kind, eluteipiald2 imitwtes ad g singlelpeabeThiggealdRaafdiobbd bmtﬁéltve@ The
élﬁ)gaks bet vveen 49 and 50 m nutes show the
enantmmeé’éﬁ iietEeantanes slytingas tuip @qualﬂit@nsnié(mél@ bﬂiwmzn 49 and 51
minutes. 'i“%eo—l?{g rge%{(é BUARREAAS and 56 nliRlEN Sk &S sggart ¥ ¢1Re haﬁfg Ind
lefi-handed forms of [123] tetramantane The intensities of the two [123] tetramantane
peaks are equal, showing mat two [123] tetramantanes are present in a racemic mixture.
Similar High Performance Liquid Chromatographic methods employing cyclodextran
_ statioxzary phases could be used for this separation. These methods can be used to analyze

and separate mixtures of the right- and lefi-handed higher diamondoid screws.

m
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peaks are equal, showi ng that two [123] tetramantanes

are present in a racemic mxture. Simlar H gh7January 2007

Per f ormance Li quid Chromat ographi ¢ net hods enpl oyi ng
wogegeHoogext ran stati onary phases coul d be usedci@s24d0Bios2628

separation. These nethods can be used to anal yze and

separate m xtures of the right- and | eft-handed hi gher

di anondoi d screws. -25 17 January 2007 WD 2004/009492

Gears. potors. aad ompeldr9 628 Gears, rotors, and inpellers Rods,
rews are attractive nponents for
oS SEkcRots MR IO s Rl dolfmones Haapocais hoaRemion. A

fourth dlass bﬂct&ﬁpcgﬁﬁfsin@lﬁdesgg&aﬁraﬁd é¥orst NG theRe é{rt (%f thfslig?e $fys[L:|Fncture

. . S ct is a disc-shaped di anpn
isa dlscd?@ﬁ%@é@@ﬂ%? Wherg élaer diamondnd oy bbmuvamm(mzmmouahzed)

o provBE A LA L DD o AL o Rl

gear or the
an embmﬂ]mbm@fmeqaemt intvestién, @b [ 129E2] (1234 PhexbRlaBt=AE (also called
loh examant ane (al so cal I ed cycl ohexamant ane, or
cyclo % @mmom&mwmmwm agthetdvtreldise sthucture.

To illus&hts t 2 e miEny
o ltusiiE et SERMAE sharkd SHRIIF o B Shed e gt
structurg Qﬁ@clohemmwﬂdfe&ieﬁnhéﬂ% ﬁhﬂ%ﬁﬂaﬁlﬂ ane wi |l be

ed jn further detail. A_-perspective view of the

A Fefrsiva ria ot the Wﬁm@@@@m%mgm@mﬂmdss shovin ases “line figure”
in FIG. A 906 turd ﬂseﬁhﬁﬁl %@c?{s%n Angaftgltﬁls %f

di scussi on, eac e c¢ar
cyclohexegshtahe haredreen nambance, dtpngh ltﬁﬁﬂfb%%ots'ﬂ' BMH%Fmﬁean%e art
that the

he notedb t ho skljledinthe art
that the qHFIHEARE fohetmansed heregssmet Gifviish igonypationatly gied by TUPAC.

Another GiéﬂerﬁTiﬁé %Fb?dﬂex §%9% 24 %gl id is éﬁﬁ%{n 'FH&F% W%Tﬁ B carbon-

cycl ohexdmant ane
carbon bwtdé@ee menﬁmahdimﬂm‘fshoh hheu’fdﬁ‘Fw €8 A hindk@iert By perdRctive is
stick. of FIG., 8A and where t he

shown mﬂ]é?rg 5 £8ﬂd\9‘ émf"% @ﬁ%%erﬁﬁ?cﬁﬁ? BlegrofFIG; 84. FGwSBhanbedre
drawn to RRDRRELL th¥ Bic¥Ish eﬁffeffln@ﬁ %1@3 gf’m?’?gﬂ%fs been drawn

t o enphasi ze th dire

Agpeira rsm@tmh feahme oﬂme:yctoabmtanm héwn gedrili @ acf0(t BFIG.
at 800 in FIG 8Ais

st BB T Sttt o
801 is in 844102 85T AR Ui Rihe ildndnTofglnBnh 9P P@Ggé,gg%%e

carbon atons in
carbon at@a‘m 802 ksein ac@otiom layestB &0 2Each dMheae chidoh arbtha8®r, 80822
bon_atons 801, 802 are quaternary

.quatemﬁrf QME%I%L t ey arcde gpy q%%ﬂwyﬂa%a@mmﬁh@mmleatm
are seven catbbALeaBh B6tsSadh IR e %E{éﬁ%’ﬂ%‘fﬁ%? r{i ﬂ)y*e%? §§g tte

adhering the top layer
six of thosgrhends fogime esicentts eingansmdfihs conaaLOREEIEEE E4iBSh atoms
n carbon atons 801,

Qund th nt [ é bD twee
801, 802. 58kt Bo i st b Borelermons nuaois) 86hin fresalearios

ofthedlam@m{ﬁéhogﬁﬁnlpj{@t QB side view of the dianondoid shown

in
Refernng agam to FIG. 8A, within the top layer 851 of carbon atoms is an inner

apnulus comprising three atoms 805, 809, 813. Each of these carbons are tertiary carbons.

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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Referring again to FIG 8A wthin the top | ayer 851
of carbon atons is an inner annulus conprisindg7¢mear 2007
atons 805, 809, 813. Each of these carbons are
WO2804/008#32 carbons. The anal agous ring that c&FBAISAE022628
an inner annulus within the bottomlayer 852 are the
807, 8 darliernsrtBAicarbotfs.in &k buta il gdd Fhdop 2R aRf SOUNSFE 588 WTH, 812,
tertiary garbons. An outer annul'us of car bon at ons

and 81§, The §pp g5 b P%@Pés oliys cerbeps indbe otrerieg @lﬁmn@@saas seg@uizry,
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of .c bon torrs nt bott.om | ayer 852 conprises the
secondayy, § fortiagy  grganygtegiarg alom o3, 824, and

it S 0

terti ar
crystallogsapliie p}/atlh ef ﬂl@tdmmandmg'uotma isehdwpin FIGEC. the c&hﬁmlﬁposmon
. e outer r e botto rlng alternate as
is showé&:ceéaﬁaygﬁ?d é‘?%éb&r é& fhese pugrthe twe guateraarcarqons of ey

‘molecult£Thé &%y inn@Pfn %}%’oarﬂo%& tafc?:{l% 1ﬁ 280 a2 HR Bomd 805,
he ato o

o ection of of the cyc examant ane
825, 80 3eami182)1 Bhéﬂﬁﬂﬂlﬁ sevey &t sholvabatapini of fHeanemobf thhe

In a, central

FI G, 8C.
inmer rin oﬁ ¥e§ %gﬁ R%mg%vl%?é*g‘%% of syas %D@apnsmzfile {pesEng
of the 1oazreﬁb@mntlmr 2SRt BN B0V l6eRRE %0 gfus&!&% th ﬁ& ot fie s@a%dary

two inner rings of tertiary carbons are
atoms offhe guter Hag of theapgedlayer$3s ,(atamﬁ 23081807, 8113 pregledt cﬂﬂd Secandhry

toms o 3 Bpg SR bR AP P 15, 25, TR Sh "

Inner r

tertiary 3685 bf SiRDus: nag%m lgér%ltg?geb%% tekliddY atdtfis $f6e

| ower bottom | ayer | so serves to
outer ring pof therhoffom lapert85ao ﬁreoﬂ:ﬁr Wheisswcomaay yarben 804 of)ﬁlettdi];elayer

: fond 8 803,
projects Gt Shutiolinl 22 BE SRRt 1 atpr5 808 peieies e afom By 808
projects eiito 826; bm;srajws@mwm% 814 ot §te 8181d sﬁa%hge&’e bhid 820.

all of the tertiary atons of the outer ring

Newpibat thegtomig 9931]@91@ afdhe caban atems ioarthe dipmond Mtuceh@fthe
hexamanfifb %FLS "Ha99180h 4 oeﬁg : tbp % eer&ﬁ ggé&ec;nnthgfs s, B)EA@‘ gﬁsf:awll

secon ary car

be describat. barthitcoteds thettsidelreo iRt HREINANShalag Bﬁgﬁmg%g) regers to the

projects onto atom 824; 808 projects onto
portion Oéa Gf%wbgredh@ breslle@d @t be. dfunctional igraups bty bzem:tta%heﬂ to either

e o, S} FORPUELERS, Mot Rl 15 R R B8 s o

disc theyh@yammrme thalf et AN RO Thlassddsd 89'& nsttaﬁ B bRARERNT

points on the sides of the disc wl be described. In
illustrate 95&@8@:%&0@% of the@resehidpwention, didgsards ef:CEKrspatue—ﬁﬂmlgamﬂﬁs

of cyclohBRMGliand &L Skl 2 FIBSSD-E, where FIG. 8D shows a side view, and FIG.

8E shows a top view,
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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portion of a tire where the tire tread woul d be.
Functional groups may be attached to either theéJampry 2007

bottom or sides of the disc. Wen functional groups
wozxoet/@piached to the sides of the disc they payUs2003/022628
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t atta ts may _extend out at a tangent to

- ﬁi'iﬁs C. g¥ hnén | :
curve as echae[ng Tom; f({:]g]qﬂugr@gge bavingagleskwiseias. | s shown in
ASERARRI0Gr is SRR I FIG! 68, b tSriphd b siesBhal Sidbs 871 872,

acetyl ene functional groups

873, 874,858, mgiﬁ%gggm ?ghmmiighergtz dg&he ayﬂ@ﬁbxain@ﬁ‘ﬂlaﬁ@ ai;tr:] b&mprise

. . , respecti VQ Y. e
thiol ('Sfﬁarfﬁ’f‘%t’eoné} SRS e'?lé’tsblﬁﬁ% Tashion.ithma t padntrfireroten hlade$ 71
isthe t 4D j ' | ' 16 8YS Sfac]
s th o BotioP Bl 2 Wty ARSI 9, B St Bl
carbon 808hblade 824 gttanhes foumarion @il 6} bladO8TS atkzhedlo csfHodl8 10Ublalls 876

L he,di inastrictly radial fashion; they curve as
aﬁaCheSt?ﬁ%rbggi?gﬂ'd fromthe disc, the curvature having a

. : ; 13 Log ih FlG S
obnas by L LT ol o

‘been attached to GpTarbenat@ positiera SRE0I06) 826£8 1HE BLphadR14fthéferould
rise thiol (-SH) functional

have exteéc?e%i'u%é‘ﬁ ﬁ% % S %Hf"%ﬁéé Eg‘éﬁ_g acpenigr-claeknse biagoilhis if or
oo of oA iy P USSR oA G ACRRRI b

_ It will also be understood by those skilled in the art that functional groups attaching
to secondary: groups of the outer rings of the upper and lower layers 851, 852 will be the
“teeth of a gear” that stick radially out, and that the functional groups that attach to the
téftiary 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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e

carbon 808, bl ade 874 attaches to carbon 816, bl ade
875 attaches to carbon 812, blade 876 attached7tanuary 2007
carbon 820. It will be understood by those skilled in
WO He4/00492t hat had the functional groups have REJE$2003/022628
attached to the carbon atom positions 822, 806, 826,
g, anguler ,hcml@atm ofMmyteatbuifd oylaexatih R gthrlarofich Bt two
1.SC th a curvature having a cqunter-clockw se bias.
eyclohahfemiich kofts it LI osh il Sectndinareaisiodermg of ¢ he
cycloh®x@ahhaing e add ddpesBin M AGBNER Ly i it
al so be tEﬁderst oégd by t%lrlmse ski ng'gqiahagﬁévgﬁmwggt“mh

that ong gert farligaent te rbetber incamamplatpd to bawetho Bbidity togt-fes 2 8ftary
gs of the upper and | ower |ayers 851, 852

t L)
forcctovﬁﬂ\gﬁgj{éé&{tﬁgw"teeth of a gear" that stick radially

Ul geandedchidbd bbsethdReicb@NAbd HEGH %&%ﬁﬁ]}é&ﬁﬁc\aﬁa@,ﬂédg@ fhe
gs of t P

. teﬂr%ésaary carbons of the outer rin per an
periphepypgidhe disg e s agslternaive embioimenttthe iettl afftths geaninay doatppisd
dditi clackw se or..countercl ockwi se as
additioral Blarf i SEbbIR a5 08 S0es 3 ey Sty isoy1 coure,

it will b2 00ddrI08d 87 tiR(EE/skiBED B30 3AGRS ohbSarRiMiiHtical adamantane subunit
figuration of the teeth of a cycl ohexamantane gear

. con
15 aﬁachﬁ&éo Gclohgramaptane syl patiethedigmendoidiemones n hepthinentte;

: g tric.-precision., . cycl ohexamant an
with Wdégg‘{r&?%%e epl ctséigl&ll{r% 7 dgmond ;ﬁgcqfﬁl%a‘?—?t%@t%qed%“ 50 on.

Gréagsyrotorss bl rdchety dfat hiabeth REmPHishg adHiG6AA hdbRaRtA her
d to have the ability to transfer a

i t enpl. at
sub “m*SIrﬂg? %ﬁ%g@ P?Eﬁ?% 8 He Agprdeosed gslohepPhmntpa 80 having an
: .made f. f unct i.onal
oSS 80515 LAY 00 LR Qs o,

the top of Eicegaaa) in FiGe &h oThismiainontibid waed ber0é ad Dep P MithBRY tooth,” or
conprise additional adamantane subunits fused to the

oL gides of the cycl ohexamant ane disc. O course, it
sihid; bd | ed i h t th
A Sk ST EP R Aol e a2 80 iers Sackd? ek e

two teeti instead of aleeoatinizshoen IDFIC.UIE ThedidhorBed ks HEGATESSA
with two attached adanmant ane subunits

i .
o B A ek A oched ademn afe Subi (s
subunits fR8 F¥sed tQ IR stde Gk i @g}{tﬁ%% ﬁ%i?ég” g?v 5 i r%lf?%tg egé)oeqn‘gfqlnfﬁfg%re

addi ti onal adanmant ane
tread on gy, Itgg perhaps easiestan vixlalizecthe pegtiiFuTiRMRv SRRV Ny
nt ane subunit 881 on the side of the disc is

d
adamantaR s Py describing ihema i torige T g ombarmets, andreara ppsitienstcen

- benzene 9837 10 RicCtnctls sl SRR, S5,k bl ndgn

"gear wth one tooth,

the two adpsmantanssubnnige8t; 883 yredh (HSBeta PHSifion A6 fve bddrh@sfe

have . two teeth instead of one tooth, is shown

subunits 43 BRG ek thorgidhoosiiong dinglise aveyde siaw thesoBRfignmfioneis to

- note that $h8®83NY Sﬁé%aam%n%gs X@u@gﬁ SRBY NG 180 8&re@ bl s S

disc wt adanman

- 883, 885 are 120 degrees apart; and the 883, 886 subunits are 60 degrees apart, when

viewed from above in a plan view.

Finally, a condensed cyclomantane having a hexamantane core and threc
adamantane subunits face fused to its peripheral sides is shown generaily 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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subunits face fused to the side of the disc (where
"side," again, neans the position of a tire tdédaary 2007

atire). It is perhaps easiest to visualize the
WOpgeiipeMas of the two "extra" adamant ane unit $CWS2003/022628
describing themin ternms of the ortho, neta, and para

SubassBEBldd iforfihPoncldf M iatloRoid Bnioffei; Lhe w0 -
adamantane subunits 3, para position;
henendoid dampeneatscos udelin intsos8A8 coRGRicaoehive HohehaEat a

. Wtion: the two amant.an subunits 883, 886 are in
discussf TR g R B APt SEi5: ) s dext, sxemplary
subasschbliel GorinpfibiaRdné Sr hbre ﬁﬁﬁﬁl@ﬁ@éoﬁg&leg%]l% iven. These

adamant ane subunits are positione egrees apart;

- subassepiblies inslideratomBdarce gderossope 1ip8, melgrelestadpandters andsiphe

3 ybunits are.60 degrees .apart, when, viewed
wavefofff dendiB0uS RS Rt S anblinesslulr mepyirinepdres and ragnels
cycl omant ane havi ng a hexamant ane core and three

adamant ang subunits face fused to its peripheral sides
g E z $Op@BPE in FIG 8L. This di anondoid

Iy g oS0 AOBBI OB DG AR AR Loctn 208,

atomic farcewmidrdsbep i T u@dbﬁmﬁ@d@%@ﬁﬁ&&b@oﬁ@m Pieral,

e, such _that the each of the teeth are positioned

core,
also callgg@ Sefgingcregpicroscaprghasbega disgnssed by F.A\FeRe dul 4 0oL

st RS BRRL S PR BURES T E8 ETRAB 8 hc

ed. (ButteseorilnHearammns) Stogdani, MK 1990),12703 NAW REKR force microscope
These conponents include rods, brackets,

dj. scussed,
measm%ﬂ’fﬁéuws’ie HecGeemmplogipoe exdenghap probetipdhaidsivionated on a
: i 4 b an i.d.comonent.s.,.,w | | e
conclov 8988 543 8 oy bR TRACBAA) S SHRRTSR T o o
thus the tip basiodwmbl¢ topsithstmbeaisttain sbamie BEERESaneAlwsid ¢ course, the

veform generators, and self-assenbling cellular
amount q3yeaF i 1%&? apatflepeniisahen the foroe dbas Aeimiatitaing batweancthe

A 8, G S B8 S IR 8L P

Diamo

i nventio
constant thet sebrircamedenpsf mdgaituddloever et Gle 19pical Hhing chBStER between
m croscope (AFM in general, also called a scanning

two atomg., oo pyj croscope, has been discussed by F.A Stevie in

. i Bl . {0 E ! di
- e e L SRS I FHLCRRL 3
microscopeprobeyr asdtustrai in #ENSA. $he dizhamidolpicthBRi%h FIG. 9X98an

. . An.atqmc force mcroscope neasures the force between
illustration of ﬁl@}% H&‘l‘:ﬂ %@@Smdélrfa% obpefementgne.nat i s nount ed
| RéGuig 6316 YRYEyHEAM - LSENG 4 dhe ti
. is h_eg ldin q%’nt gct W t ﬁﬁ#ﬁg H%%dgffgoﬁ%&qﬁﬁ{?g félhlgetaf’ %"
atomic foryganictosbepeatip is shownigbitatliyngt 90C AHeawd ragioHyéf ifportance of
this AFM'TE, hani ﬁﬁll V\SSL course, the anount of wear is at
§ AV PERG AP fheplap g étachgent site 903 cEharabe ¢ngl of the device
901 compHBésH RIfEY cRBoNSEin e hydrogen attached to it, the carbon being
capable of a chemical modification wherein various fiunctional groups may be attached 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 Cgp fullerene as the tip of an
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- geometryafihic @CtinosiR@fea enzy ey ii1feh as Ehems Ralte bRz fh

AFM t i p and the sanple. Typically, the cantil ever beam
hol ding the AFM tip has a spring constant thatl7iJguary 2007

about an order of nmgnitude |ower that the typical
WOI4B094%0onst ant between two atonms. | n one erPSRIRNH022628
[1(2,3)4] pentanmantane may be used as an atom c force
AFM probe; teampeatieobthe tianéds dsdt hain@sh lafgelhimb@ AL atbi®s are located
t ih di anondoid pictured in FIG 9Ais an illustration of
atthe tp. opk mpdel of this pyram dal form of pentamantane.
' : i.dal h i ampndoi.d. ..
e R A e R e

with vagipps ¢lensibadwnoigibmselesighed @tmS6H theTAEM: flicticagli Bossex@fnple, it is
901 and the

[ .of. thig AFM be the ti 01 |
contemlggfeggth%‘gaﬁt&og ,fq.qgtlgllgé _gromeae %Igedgé Séﬁwogﬁl Qci@%fegé\(g ingrobinpg or
manenveSiR bbAAR nfetdi G dnh A otdoP Q&mnlﬂ%ésr}gagg%}%l dé}ﬂgt;eglgﬁﬁogical

attached to it, the carbon bei

device.cheni cal nodi ficati on wherein various functional
i nprove and nmodify the

hed
BRI S O i e bt e o
coupling Gl pel@undankdhe000 (5O HEM Fofle 3 &%’Eﬁﬂble? LAHP, 2
h e. It wll be understood

carboxylic acid, and the |ik
Bramples ef desivatization ofi[ (?8)4 pentahsmtanb dortsppciatizet ARM

applicaifin %@ggf\(ﬁaﬁﬁte@&%@%ﬁ Bseinb bgpﬁgqr%éii}g S stdau s Sbema
9C. In HIG. 9BORK AT b Reshdsmivieh & hitrify maéigy-éiﬁ alslhelé%gﬂhx device.
22628 AEM proobe, the

2007 WD 2004/ 009492 PCT/ US20037 0
In FIG. Qs apad EMeptobe isrshown withensilvet tmeitn 96 ehthie sipgdthendavine:

J,qcat e af the tip. The site 901 on th
Tl REBPR pfi e Bl nsBlspinfine 48 am OO BB g g 1B FIG
9D. RefdfrirignatiiGedD, fut PertBhAifs rﬁaﬁﬂﬁlﬁﬁboﬂ@b@,@(ﬁs99@§ﬂe%ﬁ§ﬁoned
to. match the AFM functions. For exanmple, it is
around asghsteatp melesyle $09tas asseibidr atwe d 2,6hahd ¢y wepectivelyhin o

cnneduF o1y LR 5 AR08 RS Sy

certaln
¢ 902

conprises a seven to 10 atomattachnment site capable
chymotrysin eateliyrasthe hyfsolysis oé theresten sulstigte @%n AFM pr obe or

assenbl er arm Exanples of derivatization of [1(2,3)4]

pent amant ane for specialized AFM applications and for

Tachometan ahd silgnsil veiieforhn @as@des er applications is shown in
FIG, 9B and_ 9C. In FI 9B, an AFM probe i s shown
Agperding tpiembofimenizeofithe pEsend snvention, et mone didmpndeid
] -an; AFM probe, j s .sho with a silver it
comsponcf b A5t AN RSB SNt tosShacl B oo
combinafirr cfd disd (anb@p gehrPaTH SFFRIN @ RANAEd AHASS R &f tha Bl¥cioSure.

shown in FIG 9D. Referring to FIG 9D, four )
Such a copplinafipnis seriemplated p devouBity 956 tadomets0d:fmed herein as a

means foP&%hﬁﬁﬁ@%ﬂe rotational speed of an object, and an extension of such a device,

- which may be described as an electrical signal waveform generator.

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 diaandoid disc 1002. Tt will be noted that in this example, the additional
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around a substrate nol ecul e 909 as assenbler arns 1,
2, 3, and 4, respectively. In one enbodi nent &F Jatvary 2007

present invention, the assenbler arms 905, 906, 907,
WOGHY M2 the geonetry of the active site oPCAAIS2003/022628

enzynme such as chynotrypsin, where the enzyne
adamanipneAybyi) qompaisitigthe prativsinyd0B s @ic) atifichiclieo dstiep of the
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t he {ot ational speed of an object, and an extension o
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that it miakés sat angleewiitls theqla@id ofahd gisc 100X ESused MAthin of 4jhdthbio the
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clbow isgawﬁglgah g&%ﬁyﬁ l'éqlﬁtﬁgﬂaf%@sm@z stepel Boprthe probe 404 6031
ssociatf et B0E st BHA R Se o NR) Bt RIBMSEC

subunit f
1006 of thegmeiredebent ihto sanmiledrposivhoditiEbiver HdtEoR 1006 BFiheProbe

003 ma e a .substituent or functional group
1004, whig ﬁ%ﬂ@ﬁéﬁ? POgifiAR éxthewrnis Hlfve 10B.aFemuisnal saneretor 4098 degs not

i g DO B OB

17 January

shown irldi&dAAane subunit(s) conprising the protrusion 1003
and not to

isératﬁqeﬁe att%::?hedto he tqop of the disc, [
Iy Rperaiife thyrtaghpmeterarorks as fllogse The seneriged 1908 rotgies i

. i . i i . i E
clockwisRiBctidd, hliEsif&SEE k11902 ﬁ%ﬁfﬁﬁﬁ?ﬂ%&%ﬂo&h&%fﬁt&o Jdoar, the

Posi tioned adj acent to t

disc 1002 enweotates with thipsupportacd 1001 inheclockivise di6@8oni A rparbitabe
of the probe

. h 004.. In th i dd]
starting pRiS 1695 T BIG LA, Whits e mrotrsmem b0 b hs 1ok aidsroa e
dingrem (e weRN Podlioh RIep Gl 1 b8 BointiUh confha)) o e 1003
turns in apﬂqqk@nmo ‘g@nﬁhmpror;msipﬂrlﬂo& lﬂaa]nestt%% tgiph?" tli)e;dfmvi@éb (wikieh

i 1 , t _t.he wer ion 1 of the probe

may also %B%effﬂelfr%cpéé'ﬂ Aé‘e'fﬂtég’ @ﬁﬁ%’ﬁwntlﬁgi& b %OBrake_s an angl g wi t h
- TROoangl 003 S hituch WenortiBERion st e, Rifilles
contact with dksslewespertion gfithe rfroberl 806 and défiectGRid Idwreramrtion of the
probe 10 Rk 3 1ReE PO e i Sredapsmiions WisalBpEmmin F1G.

. T
105, TR g OS] 000 B 0
indicating thatrtheprotrusion 1063 bagyruddted dmeugli the ndAR Posities. not

As the disc 1002 continues to rotate in a clockwise direction, 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
Ionge; in the bent position, the signal generator 1008 stops transmitting a signal.
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transmt a signal when | ower portion 1006 of the probe
1004 is in the straight position, as shown inlFf@uary 2007
10A. In operation, the tachonmeter works as foll ows.
WO Mort rod 1001 rotates in a cl ockwi se PCI/US2003/022628
direction, and since the disc 1002 is fixedly attached
t &s theelisUfifad contimas 1O, thégrotrdiics 1000DiREs int b 8Suth
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causin§ g%%g%ef@gﬂg{) 5%1 . %ﬂg \R;f?s%.gpthﬁgﬁn% gepergior 109 %’M sy agether
signal, ‘oReY 4dam imdfb%ﬁﬁé‘ﬁiﬁﬂtﬂe‘])r&l‘ﬁionjiﬁgpa&&?ﬂﬁf) H;ﬂilé {118 h égﬁéon.

passes through the north positfon, and S so,
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e o 0 ST S e i i
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determijl “TRSYE BAHFIIIES JOR g MR el e
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, (top) position, and into the east position where it is
1020 is gitaghigd te thgiside afsliscsHiGinsteadporf Ge top Of theslisches vt farshosase

+ aepited BORIDYGR R0 S 1Rt OP i 1Bl G o e,
with a fpesinal porﬁoﬁilozpaﬁmdism\ﬁarﬁ@_ﬁru)ip(ﬂ‘pﬂ&@éai”&nwﬁn A62L o the
bent position, the signal generator 10 st ops

: in the
disc 10(5?2 alﬁ%?%lﬁt@l”n@em Gther awagDirany teadismt§022007 WO
/ 02 . .As the di 1002 .
RARHANIIE, Toc, APt RpaDilis i85 oBfroslion ehete frope
deflect thb proxiralpdrhion 1621 oftBs hidbe N00LHiSHBER doffi fhi&tiod: O, thiMent
t hen back to the starting_point where the  protrusion

configurption 2 sigual genesaige 5923 tmsmiss & sigpel twiswpirgbisivaipt o).
4B o U NAL Ry R e BRSCH A o o

protrusion
position( thepiheposihtpositionparebdien 1@ vidsEpdRitiae asl vl B FIEsd 1053
using the signal generator 1008 to transmt another

respecti‘gq%g naf thegueusion i 020 mayesaromd te Hae souttepgsitinn agsin another
. . a i t.ion,, | . j t
signal iR S3Ro BHORhGMBELP 195 W S ATROLLARL. .,

completéd ampilich esvolnttom,. conpl etes a full revolution of 360
degrees. The control systemincludes a neans for

| Arwgesipm gatigrpdhatimight bedrassmitiediydhe signak geacratord 025 ix

: ed si.t,t ed .si gnal th .
illustratc3 FRG U7 0 38R pAREIDOH Bl o BB Ted I i sigppgenerator
1023 dustopthepositiatlofhe prothmjondro2064 BIGH 10€H and Biise ub 8igheMk ce

in EFIGS. I OA-F is a tachoneter.
generated in FIGS. 10H-J, the waveform pattern is flat at 1025, 1026, and 1027. Another
squarewave pulse 1028 is generated at due to the configuration of the subassembly in FIG.
- 10K. Of course, it will be understood by those skilled in the art that any type of waveform
| pattem could be generated, including spikes, Gaussian-shaped pulses, negative pulses,

triangular pulses, and the like (FIG. 10L).
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A variation on this theme is shown in FIGS. 10G K,

except in this case a protrusion 1020 is at t adAdeantagy 2007

the side of disc 1002 instead of the top of the disc,
WOZ2004409483s for the case depicted in FIGS. 10RCEUSE03/622628

1004 may be configured in a substantially simlar
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Linker chemistries are optimized with regard to bond lengths, angles and strengths
to best fit the requirements of the specific desired nanostructure. Potential linker
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. ..synthetic waste materials and side
Again, its CRIIG 18 onentedem Fig 11B so that its (111) diamond crystal face is parallel

with the surface of the page. Pore structures of similar size could be cut from other
diamond prystal face surfaces. The outside diameter of the pore shown at 1105is 2.2t0 2.5
pm. The channel through the pore hasa 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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cut such a nanostructure froma dianond lattice, the

FIG. 11F jseshownet 4135 in 6k Hg Thisiistetconhebtingiffaynetois eomsisthof a
possible t¢H ABRI UL SP1THSS 1154 i FIcE, ‘15’19' Jn_riitgzl'cggﬁec%}clg atoms shown at
.1126, 1127, 1129, 1130 and 1 134 cor.ce_spond to secondary carbons, and atoms shown at

1125, 1128, 1131, 1132, 1132 and 1133 correspond to tertiary carbons. Interconmection 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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of the pore structure proposed in

THY P Bpiga sulfids fad pSeAdeulsegasi fon nano-

] ; yih¢ construction nano-scale
structures from higher diamondoids has important advantages. First, the applicants have
developed hydrocracking methods that allow the regeneration of higher diamondoids from
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

o disuifide nano-scale construction procedures. This means that even low-yielding
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Alternatwegg1 ﬁdﬁﬁ%&iﬁh&éﬁﬁ&é &35&3]}8@112 L &%9 ]uIlr I?I'QG l-ﬁyt }?‘Soﬂlﬁ 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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di sul fi de-nedi ated processes for nano-scal e 17 January 2007
ctlon are viabl e, because |oss of valuable
W%%Eﬁ@é’ di anondoi ds is minimzed. Disulfide ad&aHspep30p2628
a wel | -known bi ol ogi cal process for construction of
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cg% ons _ shown at 1126 and 1127 in IF. A view
property, Hé‘h‘ar e forie hiplogisal applipatiping,whide ath éhej tgtralgmm\mcbactamenc

product hip BRH 836 Rl lave? 4 kbt ipan Ty i o8 Bl

11D. structure is shown at 1149, corresponding to view 1147
in Fig 111 and at 1150 corresponding to view 1148 in
Fig 111. The inner di aneter of the pore is shown at
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above w;it wddity otcar t(hﬂno snikyllal in-thexamabéadingho e Miiidnis @ct
t.hat s only disulfide bonds, no thiols and has
construed ag “fg%#gﬁwmrﬁp@ msihads that &dlivhindhe sesipaoé herappanded
claims. the reaction mxture using size-exclusion
chromat ography to separate out the six-hexamant ane-
containing oligoneric¢ products of about 2400 Daltons
nol ecul ar weight. The thiols could then be renoved
fromthe fraction using chronmatography nethods that
selectively retain thiols relative to disulfides.
Finally, chromatographi c nmethods such as Hypercarb
Hi gh Performance Liquid Chromatography, which is
~highly shape sel ective, would provide the disc-shaped
product free fromisoneric side products. Hexamantane
could be recovered from hexamantane-contai ning waste
and si de products using hydrocracki ng procedures.
Furt her construction of channel -shaped nano structures
fromthe pore structure shown in FIG 111 and J woul d
be possible using the disotic properties of [ 12312]
hexamant ane, that is, nolecules with disk-Iike
structures show a strong stacking tendency.
Al ternatively, additional disulfide cross-1linking
shown in FIG 11K to N could be used to generate
tubul ar structures. FIG 11K at 1152 and 1153 shows a
hexamant ane building block with two additional thio
groups bound to its (111) dianond crystal face. These
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thiols are each attached through tertiary carbons that

are bonded directly to a quaternary carbon, ard Jamary2007

secondary carbons, provided a very rigid cross-|inked

product. FIG 11L -38 17 January 2007 WO 2004/009492

PCTI US2003/ 022628 shows the 1.7-ma-long dineric

tubul ar product at 1154 and 1155. FIG 11M shows the
CLAIMS: ‘nm|long tetrameric tubular product at 1156 and

1157. Finally, FIG 11N shows the 7.5-mu- |ong
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- whed 315 Qohdhititbe.catoh afddi e BRYj ébté?ﬁﬁlt@ fhet( 130)I AY@digraphic plane of
operty desirable for sone biol ogical ‘applications,
prd lgBias strietuteet r aneri ¢ and octaneric  products
conpletely span the bilayer. A transnenbrane channe
is showmn at 1163 in FIG |fD. Many nodifications of
t he exenpl ary enbodi ments 6f the invention disclosed
above will readily occur ﬁg{Lste skilled in the art.
Accordingly, the isn enti'*algffg.@e construed as
including all structurg Tethods that fall within
the scope of the appended clains. -39 17 January 2007
CLAI M5: 1. A nanoscat’e deyi’ce comprising at |east one
hi gher di anondoi d- based hent selected fromthe
group consi sting of rod brackets, screws, and gears.
2. A nanoscal e device ébnpr|5|ng at | east one
rod- shaped hi gher dianondoid for use as a structura

ne I ,
i aereir e ARBAAE fEp EOTUS MR 71l sE e PORRERL corbons:
s uﬁwrtwogtomﬂomnhqaéraly iofigy chehe tifad btojeut natopmbitienss 1\ ainc

tertisr SPORS. gt v aGPEATOT (RS BF ot RRG RN S Pee
projéets dHé tHeQosttiohs SiL 54;

the two atoms from the ends of a chain that project onto positions 52, 56 are

secondary 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 arc 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 higher diamondoid are substantially sp>~hybridized.
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56\ / 52 so\ 53 55/ \ 56 wherein the atons that
project onto positions 57 and 58 are secondary 17 January 2007
carbons; the two atons fromthe ends of a chain that
project onto positions 51, 54 are tertiary carbons,

and quaternary carbons if they are in the mddl e of

t he chal n that projects onto the positions 51,

4. thdh ?%@n%ﬁ@ﬁée‘fl%?ﬁ qlﬁ@l Hrivherein the length of theaed- ghameébtgher
[ I ti
B NES o 55 s R BSEQR AL Pt
m ddl e of the <chain that projects onto the positions

52,.56; and the t ato fron1the ends of a chain,_ .
¢ e Brrsjsetle deieolnitm  ovhiere theggd:shaped Sigtin diampndeid is
seleét@d frbAthe e gfofh i rasﬂstign gloyr[]mq %&aﬁ{a&ata@e,y[lgﬁzmm&t&rﬁeynd
are in the chain that projects onto' the
UZlﬁé%IRQQmm@mayp 55. 3. The nanoscal e device of claim 2,
wherei n the carbon atons conprisng the rod- -shaped
~ higher dianondoid are substantially spa-hybridized.
6. - 40 dafiodARURice 20 Prisifig aillR@stHAB 8ST§Hap e(ﬂﬁ%hé“&hﬂﬁo&ioﬁi fBr use

2, wherein the length of the rod-shaped
as a UG AP IbErAS naRpsaalp constatien, avgdsheped higher diameadeid

e

nni 080 AR RIRIRL R oo B TR

whenlitauomnst titeht lcsrbos eloastaesipojeeradtidito tedUID) conaillsgiaphic@lane of
.121]. tetramant ane, [12121] hexamant ane, and

ﬂ“”% hlgtice §EYCiirent ane. 6. A nanoscal e devi ce
conprising at |east one rod-shaped hi gher dianondoid
for use as a structural nmenber in nanoscal e
construction, the rod-shageéd hi gher dianondoid having
an odd nunber of adanangﬁﬁe subunits, and displ ayi ng
the following pattern when its constitutent carbon
atonms are projected ont@fPheﬂ(11Q) crystal l ographic
pl ane of the i~arnnd “a;,e,st ucture: /57 51 56 52

50
S

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

55

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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53 55/ 54 58 wherein the atons that project onto

positions 57 and 58 are secondary carbons; thd7d@gnary 2007

atons fromthe ends of a chain that project onto

positions 51, 54 are tertiary carbons, and quaternary

carbons if they are in the mddle of the chain that

projects ontq the positions 51, 54; the two atons from

t he hgReroserle devipapiclpinyg. Wiessin dhe @rhas 35 eqmaprisimpthe sgl-

; : : s epdt carbons if they

Shapgg glglhﬁg?g@g?h&%gl‘é?%? &té]%téﬁ?%gi ﬁ%lﬁg%édbr ojects onto the

positions 52, 56; and the two atons fromthe ends of a

chain that ,proj.ect.onto sitiqns 53 ar )
8. codBhBary RBRBtROf St f.anier edsmabALteRod Rped igheh
dianidh@ofiHAE b agfrokiifuitE RALM WiltAh rRigel FabSut 09H0%0 118 8 nanometers.
positions , 55. -41"17 January 2007 7. The

nanoscal e device of claim6, wherein the carbon atons

' . h hi. ' i.d .
9 B hoPS RaLESE I BBCE et e rod BRI BB Bofropdaig i
seledéd frbmithe groupoeristitihgloie1d1eNgéaintideaint O 23BN @€ptamantane.

hi gher di anondoi d has an approximate length with in
range of about 0.940 to 1.218 nanoneters. 9. The

na ol ai hod- :

O Xy Pofrina et PRSI R 1 O doid

seledtahBom tthangroup christin of emt' Bietmpadheomyphent, 22Y2 kRiped

: hept amaptane. 10. A nanogsgale device conprisjng at

compiaf 48 s hineq SompuLd i @h%ﬁeﬂd’%’ﬁﬁﬁ%i and 3 Sbied

compdrefil. t he group consisting of an "L" shaped conponent,
a "Y' shaped conponent, an "X' shaped conponent, a
"+" shaped conponent, and a "Z" shaped conponent.

11.
Th | e device.of claim 1 inth b
11 BB SRS AT bR g5 el e
braclast-8haied $i gt ,aiaiﬂoyldesia&r&mgdaﬂdiam@bgii@bﬁcﬁb&i. nanoscal e

devi ce of claim 10, wherein the bracket-shaped hi gher
di anondoid conprises two enantioneric forns which are

n r.L o }L LG ] S anot.her . 13, .
2. TTRLBRIOAML TG0, PSRy o PO b
comyirisas ket ermhtimacihfogie iwhidtedre Adu@erimposable mirror images of one

another,

13.  The nanoscale device of claim 10, wherein the bracket-shaped higher diamondoid
comprises attachment points that are selected from the group consisting of secondary,

tertiary, and quaternary carbons.

14.  The nanoscale device of claim 10, wherein the bracket-shaped higher diamondoid
comprises a [1(2)3(1)2] hexamantane compoﬁent.

-

15. A nanoscale device having at least one screw-shaped higher.‘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,
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conprises attachnent points that are selected fromthe
group consisting of secondary, tertiary, and 17 January2007
qguat ernary carbons. 14. The nanoscal e device of claim
10, wherein the bracket-shaped hi gher di anondoid
conprises a [1(2)3(1)2] hexamantane conponent. 15. A
nanoscal e devi ce having at | east one screw shaped
hi gher di anondoid. 16. The nanoscal e devi ce of claim
17. 154 ¥hRE&IadAG REIE Wt %QQJ%? d?s’»c—as?gﬂdﬂ.i dr HianS GG 5 se as
fromthe group consisting of a [12324]%hexanant ane, a
a gefir] ’89r, peimpatien tlaendsc-sHap@BUiER¢r dimpbadoad diaplaying tick ilfolll&a'fh]g
entamant ane. -42 17 January 2007 . 17. A nanoscal e .
pat R DGR TR SOTPIaHt PR PIH PRI ba e (G RB e iallographic
plangoffHRMehshd RfticHs@uded gear, rotor, or inpeller, the
di. sc-shaped hi gher di anondoi d di spl ayi ng the foll ow ng
pattern when its constitutent carbon atons are
proj ected onto the (111) crystallographic plane of
the dianond lattiee strueisre: 803 804, 822 823 805
814, 820 -821 / i 8Q6.824 8(3 801,802 819 -825 -...
8§ 811 / - / 815 810, 816
nto positions 801, 802

- 806,

nanoscal e devi ce of

wherein the a&gng
are quaternary cay

Zn i nner annul us
and wherein the the
805, 809, 813 are
tertiary carbons; . ons that project onto
positions 821, 825, )& e an inner annul us
with a bottom | ayer of garbon atons, and wherein the
the atons that project onto positions 821, 825, 817
are tertiary carbons; wherein the atons that project
onto positions 803, 804, 806, 807, 808, 810, 811,

3L s ORI e L R Y51, 400 el ol Yol

posi ti ons 805,
with a top | ayer g
atons that ptafect

car

18.  The nanoscale device of cla,ifn 17, wherein the the carbon atoms comprising the
disc-shaped higher udiamondoid 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 projef:t 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;
wherejn 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 carbbns, and wherein
-the atoms that project onto positions 804, 806, 808, 810, 812, 814 are tertiary carbons;

and
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the atons that project onto positions 803, 807, 811

are secondary carbons, and wherein the atons tlfdanuary 2007
proj ect onto positions 804, 806, 808, 810, 812, 814

are tertiary carbons; and 43 17 January 2007 wherein
the atons that project onto positions 815, 816, 818,

819, 820, 822, 823, 824, 826 conprise an outer annul us

wi tPheseip Hierabomns thakprogset enlp Pevitionohe,; SHn g1 Pesdp, SZhS23,

824! % RhPIRe weﬁtepﬁlﬂuﬁﬁtwiﬁp%ﬁot 1 232&351?:}3%5&&&8 ?ﬂ% t%%erein

- are secondary carbons, an e atons
the {he ojcsut thatnrgjegomid pasitsond 865, BDSI2BA0 sed®d@gry 82dbond 26d

e oS LR G oot RO R a2k By

carbdhgc- shaped hi gher di anondoid are substantially
spa- hybri di zed. 20. The nanoscal e device of claim17,
wherei n the di sc-shaped hi gher dianondoid conprises

19. [ 17331 %lmocheﬁL: ﬂgﬁé@‘%&%ﬂﬁ, “Fh%?'ein the the carbon atoms comprisng the
disc-shaped higher diamondoid are substantially sp>-hybridized. |

20.  The nanoscale device of claim 17, wherein the disc-shaped higher diamondoid

comprises [12312] cyclohexamantane.
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