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Patent File 110. 03020201 PRRS VI RUSES, | NFECTI QUS
CLONES, MJTANTS THEREOF, AND METHODS OF USE CONTI NUI NG

WRRBZO@AT ON DATA This application clainms the Penesione/024435

of U S. Provisional Application Serial No. 60/694, 021,
filed June 24, 2005, which is incorporated by
reference herein. BACKGROUND Porci ne reproductive and
respiratory syndrone virus (PRRSV) is the causative
agent of a di
di sorders in@%ﬂigljg%}%%@%e ro u @/gbral I ure in
sows (Benfield @F NANOSTRWeTUREDAGOMPONENES |
4:127-133 (1992); Collins et al., J. Vet. D agn.
I nvest, 4:117-126 (1992); Wensvoort et al., Vet. Q,
13:121-130 (1991)) and is now endem c in nost
SIAHMEGS REBF@Q@IWFEDERWE@Y EPONSOREDRESEAR@H GR
sterk//1 sw ne disease"” in the United States in 1987
BENdcovered in Europe in 1990. The two

pr ot ot yperpd jh@dntidh R/\%'s%nc(e'd% pai &g t@ﬂaﬂé‘?ra?@&%céjﬂ-'&fn@létlon

i n nucl eoti de _sequenc prox;i mately 40% a
ungpr I@lg@p,EPtS@@chrg@q I-}P&O@éﬁ%é) Unitegt %tl)a;e&gotvgrngéent has certain

eUfORein(&donr Type 1, Lel yst ad Meul enberg et al.
i rol ogy, 192:62-72 (1993)) and North Anmerican (NA or
Type 2, VR-2332; Nelsen et al., J. Virol, 73:270-80

EAGSEARDUND oF sHE ReVENEDNl ., Virus Res., 100: 229- 235
2004); Mardassi et al., J. Gen. Virol, 75:681-5

M@wt al ., Arch. Virol, 140:745-55 (1995);

SQODD et ﬁl' he prléseﬁ('n’fv@:htloﬁﬁ c@r@&éd%@ﬁ&aﬂ%\a@q@nbtecﬁhdogy and, more
i sease has, al sp been referred

Reyiauisry. 10 3tvae ebsitace FadificaEon %rpsf Bathods W%uénu{acturé and

do%ﬁlpg'i bPPlo¥tre Vet @Bmposditsie Pl ague, porcine epidem c

abortion and respiratory syndrone, blue abortion
di sease, blue ear disease, abortus blau, and

Q@éﬁbWtﬁ@Reﬁm{ﬁbort der schwei ne. The di sease is

char act er| zed rep oduct ive failure in nant SOWS
and r espi Pa¢d Wg/rﬁltqg@ RAROS rHctBreasm jHiding paaﬁtgs PRRowIres, -
r%n%mearhbﬁﬁarﬂns ek ﬁa\ﬁ‘eaéttraétéaabmsidbramaﬂbnm it ltree ﬁaﬂtdecade
I ndust r 0Sj tjve-sense

dnateéh%%w%ﬁrgl%apm@af?%?g ﬁaws 55 e PlobicH GRS i sensors,

dﬁ@@éctr‘@n%févfo’éb%d(&ayaémhj ca‘N‘l@’@ IWitereds, of téalizmg9: 633

(1997)). Thews geno var i afg I %@?215. 1-15.5 kb " the

rreaqbec nRlag:haRsdPRehe Hpe of RAMoRalkyipls. frpPrEhary SSqussys are
/§ﬁﬁsy$ﬁhe@|ze Jlarde q\fhfithies of Bar%ﬁﬁht&ﬁhlé Wﬁ& QhTormTﬁrepémesand

75% of the qome encog,g‘ t he rer[% E roet eazghgevedfor

iR BpSAgHo proces dbese e G TRle B Bréhs

haMdphAICIBE 2B & a 36 é)@eﬁtﬁmoms)-lMeaelaﬂté ddme tdrmibot be said

B g e b AT AArCE e oS SEBbaF caPice SBSprings
rdpbiddd a YRIE lesthéd 9@%)3)101 sTrhnaars/tadsoweaépqﬂanstfer ss)zand sic

ded’ b | d
FeroRpts. METTEY th AGPng e fraa b A0 BhEh RS Bs 7o 1540
XM@RMNanégveldrﬂnNemg;L €2003INanoVietio| ®§y7. ¥Hand D, Akhateeb A, Han

feigbinape Paeeaalssy 203 et - 3gPdn GansEienyline dbbeiopment

éfandtethiRais@sdased ohl rnksshingy |§50ura!mdy Aot \nam r dosadgiitdal problem

regions of 189 and 151 nucleatid res

kST TR BRSS 35 590 28 MRS Re 5 g GPRER LAY e alority o

fhersyhtheéis ipfstessarplitt curgabosrmicosdLtto dritedriated eialik tezhnologies.
al., Cell, 69:101 1-1020 (1992)), the ability of PRRSV
to const | t utively produce def get i ve subgenom ¢ RNA
species termed heteroolites {latin: uncommon forns)
(Yuan et al., Virology, 275:158-169 (2000)); Yuan et

al ., Virus Research, 105:75-87(2004)), and its growh
properties in vitro as well as in vivo (Mirtaugh et

al ., Vet. Immunol. | munopatholL, 102:105-349 (2004)).

In addition, an infectious clone of this 15.4 kb NA
PRRSV genone has been produced and exam ned for |ts
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ei ther unstable and quickly reverted back to wild-type

sequence, or grew very poorly or not at all (Lee et
W@Pboo7/oM36D! ., 331:47-62 (2005); Choi et al., JPCNUSMING6/024435

80: 723-736 (2006); Lee et al., Virolog., 346:238-250

(2005)). Thus, in conparison of nucleotide sequences

of European (Type 1 genotype) and VR-2332 (Type 2

Thennajgpity Jof naieEspeang procassesedquite growth tempBraR B8 inNSegss of 900°C.

etaiee PtasDdhos bl i odBka L ARSH Gic S ks \meghanisay which
refuireevihd upeo2a BB catialysts € Mah synifiesi3idthpeesiare rhakes it difficult to

Palie 8 elis? Ler Suitn et hBerS: TARBLR FitE s 1004 Aol

Plegi dettbatse dclingpl, Alkhatectnd] Zrang Dl -AB1ch BalargtA and Norton M G

BRT F s R eBha N R8s pol Ynuct ot i de. havi ng

a nucl eot After the qarewieswir nAnasprihgsabaved8kni syethiesizgd,ttioey have
f. at. | t 3 '
RtebiTdasrebrut A ha R Bled SE s g eaRAHbkeon.
i | at sg\de rlfa ec nggsSEEEbeEla Imﬁd ttbi lOdoelh ﬁ?vqlﬁn bnoac” Eag? :mge
e
apRerhie af b bt Cps Bt gt Bt ey N At U2,
@Moﬁhdgioft pr@naleht ca'a\{vbatastof ggrre:m tesoboiguiey esediol pgodjuuqeemetal NPs
t r |
SgieRanotine e SFeph: B8 Dehll tFbER ERigRua oy

Fukeslenét aln r@uvestr@rsubsﬁnatamnatsrml & leelleftiin the npacttancdobution for 24

BEEENFebAG. Gebiay Sl SR hioBR: O BBl N Spots. S

lopgakh BIN. IEhikdveal 2004t hdatel Cheml e4t75Qe Th@lmdaemmal mdectlon process

R BB Aol a0 e R a0 B e Bgganem Ao,

Sablonttebel,iMinMeesy, De GhadbajerandM.My Bettaheasiickat Nanopartlcles

e . | I :
SSREYoh L RS 85 B R 0
- QatelytmPraperticlse Ghdd/eLethn84,ar18 (20R2) exnethe iY/D process reported by
I i de.
ATnE S B0 SFRETY ofEAGS Ml R ARER drfious bt T, Zhang, ¥
lanNi $drgtand Jo alhun @dadioy Dﬁ@alﬂnamNagiob,lea wlitbJiungsten by PhySIcaI

M th 0
G ERERtht "l 53t M SO 357 IR Bl of et
MNPe toctne echesmia! ecapd gfavdhtevhoiqee museb@ 08 that can produce NPs
Yy RALE 5 704 Ao PR 4 Bty e b pavare
matedslspar ti cl es V\,hen i nt roduced into a cell. A'so
ded t i de.

Pl cot | i iR R gLt LR bioH) it peo opeiabe
teChriiuesifar -adufacturne@eanay\m@s@eu @en@sprmgs as \Meéagta rgligble, Speedy,

AR5 UL R N R venir

polidesitis and dther agvdntagessasavit bp destibed in thedeliawdngdetailed
. i duced into a cell. The
é(éscﬁét &3’( %}?ﬁﬁgﬁﬂgﬁ g@’&%{;y be present in a vector, in

an |solated virus particle, present in a cell, or a
| NA
SR BRI HOR e e e RAE SRS OSSR RIRS
pol ynucl eEigunbe1 ISWQCansmgal@ttrOpmwn@a@qp@dSEﬂfB image pfa mat of
g?#&nggg géﬁ pol ynucl eotide may include 2 or nore
et1ons, ach del etion may be independently at
37 consecut|ve nucl eoti des. The isol ated
A 1827659 7901
%of ruci"@oti de may further include an exogenous
polynucleotlde present in thedeletion, and the
exogenous pol ynucl eoti de may encode a pol ypepti de,
such as a detectable marker. The present invention
further provides an infectious clone having a
pol ynucl eotide with a nucl eoti de sequence havi ng at
Ieast 88 ledentlty to SEQ ID NO'l and at Ieast one.

I o, . oy ~ N o T o g,
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SEQID NO 7, SEQID NO8, SEQID NG9, SEQ ID NO 10,
SEQID NO1 1, SEQ ID NO 12, or SEQ ID NO 13. The

W@ 200m®0236¢onpri ses” and variations thereof do nPCT/DS2066/624435
limting neaning where these terns appear in the
description and clainms. Unless otherw se specified,
"a," "an," "the," and "at | east one" are used

i nt er charRigab 12yara SEMriezages wésiica manosptingsrusingediff@BhtEfeposition

DESCRI PT HE .F] Lgur Leatjde

SRR 228G B REP T Grioor G La e Bhgttet panel
VR- V7 ( alHgure efikustratésGrdyghetoelextroive etitBagpy dd.a silica

Nucl eoti de sequence (SEQ ID NO 2) of infectious
”ﬁ‘BP%‘G@I"&%ti de VR-V5. C. Nucl eotide sequence (SEQ ID

NO 3) of Higdrectiiletiatgsaisualappeatandes vRan/asgrbivnanDspring mats

B0 G O sl e
shu&tﬁz t@f]d (¥)etdrigahs spfacemeemeot i de MNI 84A. F.
uc

sequence (.S | 1 6) of. infectio .
pol ynucl €488 |m|gré{gﬁ%a?ml\lﬁeéﬁl?ca@%%%e&&ﬁggﬁ?rggér Ng5
gNéw7 dn a6, 30)faad BOous Ap chtplystiogat iTthe sheptPurD828i043um iHncluded as
Nucl eoti de sequence (SEQ I D NG 8) of infectious
PEIHUE eoti de Nsp2 D324-523. 1. Nucl eotide sequence
(SEQ | D Ney@e 606 ai SEM drhagrisf silich yancspeiogs deovisith a 30 nm Au

CBIABL PRt TP B e 06 AL st 3 oo P Bbatings: The

ined senmeaghifitsloh Bf MiE Au datalgét. i nf ecti ous pol ynucl eoti de

Nsp2 D543-726._ L. Nugcl i d S .
of it et B8 T8 FRER R HEmETYT BS s TigrdspPETEMD images
diltied eicferethetypes|ubsiten raBbpringsNG) addjb)afe corfvectioralitypes of

B 55 sl B e, e S5 iy

rgeltisiemanasiresopl i fied in four sections (I - V) that

oresent. 1oy 4t o bl BT iodt it gl igs from
ganelsRBRDM @emudgoe 7at the 5 and 3' ends by insertion

nmut agenesi.s hl, re i Ve - .

ol yior acOBFoh R PSR e REE e S ot & icananogprings
withl(al si tagnification dadigthmagnifiedtiosequence. The pOKI 2

vector (24 . i.f 0 i j .
nepat t1 o B D TlssrE e hileR i Bn3pbaresEh Fudl oe 2 function
dfdnytrogén 50sarpiidreftthel siiconRpyande23at rSomdemperatusé and at low

nucl eot | nges of infectious clones or sw ne
tﬁ?‘d?afe%f%f??%?og’g?am of the PRRSV genone organi zation is

pr esent edFigoer1 ishai flolvchare ililistratingemmvendewpbprosessss for the

Put atj ve nonstruct pra rotei n cl eavages,.ar epi ct ed
Sblels SRePaoSatir st Mals e SuRe S el BRI ST s,
Si gnat ur eFigote fSareMEM theagesfaf 8liiNPe] @)\oORAIOE rem 8iQDNW, (inset)

. g i hdi , t hei | . .
A T g M N G L
dift@Bron HxEM;;(c)oors2R4M lemp&i% Ms?g(c)l(ﬁ)%)togramrsjhnwlr@(barﬁcle size
r S CP): pol ynerase :
@?/tg{’@?)ﬂjpéi&g@?ﬁi %e Pi c% (CH; helicase (Hel); Xenopus
| aevi s hoRigLiegt Pitilistiatds BEd dnbges efritt NRsb (a)wol 2éEem SiO2 NW,

Xe . Lvanov, et al. . .Progc. | Acad, [, - :
(s Tbten THRG0% B showig £y Pilce %5 cZglya dfitg si0e nw,
@hskt)@ffFadtith (o801 )d).onuss eat3i0e NUV;f()ehistagresn strawing particle size
represente vertical bars. 1. w strain VR 2332
?‘E}%[?%@E‘)r}torcg"lﬁéf'ed to VR-2332 derived vaccine
%In el vac(r) MV or RespPRRS, ,AF066183). 2. wt strain

RITEnared to pVR VBG7475A. 3. pVRVS conpared to
in vivo passaged V5-1-P3 (Sw612). 4. wt strain VR 2332
conpared to Sw6l2. Detail ed nucl eoti de changes are
listed in Tables 4 and 5. Figure 4. Seroconversion of
swine after PRRSV infection. Gowi ng swine were
infected with native w strain VR-2332 (D),

I ngel vac(r) MV (X), V5-1 P3 (O orrenai ned uni nfected

o
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si mul t aneously exam ned for one step growh kinetics
as outlined in Exanple 1. wt strain VR 2332 and Sw612

woizouroessep epl i cat ed to approxi mately 10-fol d hPginaiS2006/024435

titers at all time points. pVR-V6G/475A, with no am no
acid changes from native virus or vaccine, produced
virus that replicated to a higher titer at all tine

poi nt s t Hegural1k ilatshretesi i tnages ©f Audifes: |(n agen§0 nMHHO, NW,

(e sk srrBY Sn 8 P BROXM [ Pn' SyeobR 57 Y.

of di fferlﬁgmrenﬁolgstmtqseﬂreweesam tqmﬂmmtm;NW@zle (a) NP

eSO, AR S0 P Blet e’ Lo RO B o
amietdgeg:ertmm sizdaNd siméarmaprog ba&stapwafrtb allidata mmlst:sage
However, Sl%rllll ra{él\l'll\-lFi'FE)ﬁ\)l qugg% &%u ﬁlgélt(% @n&%éﬁér particle

det ect abI e teroc ecl es
eliahm)gmgnmmmple cnye’qat éwemha,t(lnsat) éfnnn hmgllémtelg:ert@im (b) 3 nm

ol
Bhhe 18 L PloB 18y JACE B0l e i e
ffarrgﬁfstnm showing hwltmhacnyelehdoﬁmnesj Pled backgRitind cantiadt s from the
eir placenent in the PRRSV genone
p"asﬁljﬁ?bgrgﬂé#cystel ne protease a and b (PLI); cysteine
pr ot ease Kiguwe)17 ibustrates/c8Cept \witegs 8-\)3CN)Ees opduyweowécles

SR AR L o E50RA T 000 5. Sne

2000; | va'ﬁgureeItB nwstrgtez@anM@magab’éa@ NiVs aroducecd)bys]he flow
di agram of the conparison of ORFl protein
f e %ln%g@éygof MN184A and MNI 84B and putative
pr oceSS| niggurehiédiiptnatasacHENIdmage of Sihanegsirings prsticedby the
W&&%@B?ééhﬁ Ne. C. Schematic diagram of the conparison
e| ns of MN184A and MN184B. Figure 10.
ORF5 am no acid sequence alignnent of divergent PRRSV.

%ﬁbg%’%%ﬁéﬁ’ﬂ%%ﬁﬁ% Ri/eRTasno acid conservation

and 19 residues are identical),
medi um grAyeWre0ostrustures swface coatind and eethwde forar eduction thereof

904 58b e 831 Aol BBl By prvesin

r@noefsiaiures ontoea vatiehit dfcabjtrajex using aélnw. fﬂly\apcégeg;hmque is descnbed

he?%\ CrRé ggﬁtﬁgé ?té?@:eréﬁt]:% &%ﬁﬂ; %DI %0"@ %I‘ﬁ@ﬁ % 0 tlble with
ative uence oxe regions i dent
ddnenpmtqgcaiedi cnrmnedmmtuganmd mgwdesforarvwmqmewasuwa&

{ t
BERAS: GOk el S Eehur fle BREleHies Eibelgtbioyed o make
paditemedfnamdstructlkred thatg. aThess. naﬁhsirummse medsihavestesy high surface

%g%% g:b"ﬁolt@@%) Hﬁﬂ)f) F:&gég&igglytﬂ‘?esegn‘e%@ghgms III? n!aﬁk{%t%tuﬁseynthems
¢pen tbedsarfuetielp usain men\emkrpirgstpthatdlegies Mllhe§ ahigh surface area

S ERL haPolite WAl ANABREPURIE Te0) on. 1

alns trarn/iso SpPeci cosylation sites
(NXS/'T) . Tﬂadltrboalllmmo@ f@eti‘Bayhth’eaIISIof hamegphingegnbnawavires

R IRE G0 TR oS Bty Wil iq s Bghtfor =

fRifac WtARICAEBYIR) matSial( Alypigailyl this caalytic harsiallie 3umetaHi metal

R F I E B i e

qraé4 B4 15o)at SDPRRSIG r-drqdets AlEatB N thEsHbFFRIRS\ANd as a result

ST AL AR coveen

99- 3584 (DQB06879),. Figure 11. Nspl
%&ﬁ%g%é@% sequence al i gnnent of di ver gent PRRSV The
figure derivation and col or schenme was described in
the Figure 10 | egend. The two conpl etely conserved
putative catalytic residues are identified by stars
and the boxed ami no acids identify MN 84 sequence
conservation with Type 1 isolates and EAV. The
proposed cleavage S|te S |dent|f|ed by the domnmard

o A~ T~ .
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pol ynucl eoti de. Wen transcribed in vitro to yield an
RNA pol ynucl eoti de and i ntroduced into a perm ssive
wa@edoz/oox3he | nfecti ous pol ynucl eoti de replicat eBCT/HS20861024435

RNA) and produces infectious virus particles. Thus, an

i nfectious polunucl eotide can be present in a vector

as a DNA, as an RNA in a virus particle, or as an

Oreeltiag dbpBisrarerdepbiitedTinto thermateial ltyenprettesstédiebstrateds beated in
tc‘?\a b@PlN}fﬁgFécﬁ sopbgﬂddﬁru&ﬂﬁal dﬂﬁgfengﬁst gft?rﬂgé(ra Lf?é‘gﬁﬁ‘]clent to

er Pinénucl s ot deoxynuct
guenenatﬂj@sus:tainhd umdmlpeessambfsh\mlrleeurgor matmalsmmwaHW RR8A°C).
I t j I

TH RSB RIS gibEito MAPLKESPALLEEUNTS HHIES cbientration
iswaphetahwhish tismedbe gravgh ebthedanostruchees beging

det er m ne‘dr}eb[y oﬂloﬂgfrﬁ&'ﬂrﬁ%lo&;kl%llll'nltba i} llﬁgn)ﬂ:ésgeés First, the

pol ynucl eot e nucl eoti de se nces havi ng

ndhésteictmes énin thmwbereﬂh@ methl deppled has heem peposiied ang since the
t
AEMEARE B0 ong MR, AERENTES ] bGP o1
rpobsytm;cmres)om the stbatrige sofacs. rfe&'i:Odﬁ,rfb§tSIP9rSferCtﬁHI|@Jtl¢atI$JalaO
résg}éh%glenfg% QI@ o‘?bglﬁ’@srt@?tu\é%% &na%g'ﬁl (?fng% e catalyst covers only
spullypatts oéthei sdle‘a@@andawelsuﬁ‘@medofap@r pressuse 0f ﬁheuomrsygwatenals
rée@%’ to/fURL %ﬂﬁﬂe%ﬁaﬁlﬁgr RGch anfer%?ﬂ@ws?ed) a RRE! the rI’ugﬂ’\fteﬁ‘lperature
such as an expression or cloning vector,

a(ssqgatemmth lgenerating alshificientoyaper n@sswewémﬂﬂr@wé@r ra@terI@(S) limits
tﬁé E%I?E&ehﬁé? ls@f)ﬁ%te FFB{ ialdl el*h%&é‘? tﬂbut 51‘ tﬁé %8’nveﬁﬂonal

oun suc as a nuc
rpeihw;écpgw aﬂ:@staohalwlnutsthp abilitydp eltlhzest @seenan@atrucvtgres in practical
? & and discrete fromits natural environment. A
Eurl i ed" conpound is one that is at |east 60%free,
pr ef er abl vwame@efmeryenmmcmtsepﬁen%thg%fqr thypproevetiontol elgss
Ol YiohohaR hehB énli%)’f@réﬁud“&&&éf &l é; YALQs, Z1O;),

sSoci oun such™'as nucl eoti d

"qdmwpi@l;imgde% Alhgt Ga} @r emj@nmiéqtoe(ﬁ @i gaN ﬁéAé,rlanhnélbrﬂampspring
ik Iﬂ ho\Ge H\@f&’@@l’lécﬁvé?)? Féférreoetogwerexﬁ BE MG SEHG DRS8N

reco I nant are considered to be isolated and
“panqstruetarq)mawwhﬁrem @rsubsiraie enaterés) pietreatad fhrpugdt g gigposition
df3 tRin '?lﬁ'f: uf @étalzfﬁ’ #n%féﬁgpéﬂd HbsENAMRY BeDed McombiRSidrOMEh gaseous,
pol ynucl eot | he present "I nvention includes the
liguideangdias g glihoanpstiutus: Rreeurse-mete(ialsforiappatod of tlmvm:\ewslowly
doBicR e §E§ﬁsrt§rq ot LS dYoBM MAGEHINE. AJdiRfaiRdd BRPEw of

ect 1 ous ynuc eot | des of present i nvention
thig grengss mrvzid@dsecyw fiowjohart of ElE!J'VS@M?SA (SEQ I D
NG 3), antha/ «%(8\@‘56&%31&%“%3%@ bé as W5Q3g@8§ﬂgf fepending on

that while S
thié presursoc natriatie anam&:fwn 808°GH11600°6s Shetbicknass of the

B RERIRR i miat=Bas AR T ol TRPERR (e thal Pehge from

mmirmtmt cBepteh&lhg @h, th@ﬁemhlmat(fmble’fess rfrecprocess also allows for

| f th .
ORI T S M T TN TR W
ihéxp2nsieé, elOE)ﬂ’&&apmdqulﬁ; baotreadily sRedlde.ence

pol ynucl egti des include SEO | r 1 I . EQ .
D N0 5, - B ssRATaR Sraalamsdees sussBae s do palTeauire a
dindedp A3 wilpbe tiedcyibed #t graater détaPREIBWY theusmnokielopgteadnd
(CGenbank accessi on nunber M26262; SEQ ID NO 14), and
the North Anerican prototype strain of PRRS virus,
%%%gg%ﬁﬂ&g§nbank accessi on nugber U87392; SEQ | D NO;

e simlarity is referred to as "percent
identity" and is determ ned by aligning the residues
of the two pol ynucl eotides (i.e., the nucleotide
sequence of a candi date infectious pol ynucl eoti de and
the nucl eotide sequence of the reference
pol ynucl eotide) to optim ze the nunber of identica
nucleotldes along the Iengths of thelr sequences; gaps

e S o o a2
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i ncludi ng scoring matrix = NewsgapDNA. cnp, gap wei ght

= 50, length weight = 3, average match = 10, average
wor@mos = 0. I n the conmparison of two nucl eoPCTES2006/024435

sequences using the GAP search algorithm structural

simlarity is referred to as "percent identity."

Preferably, a polynucleotide has structural simlarity

nahodirueture hetemeay updérgo adlithwripdecess tabe beatsd wiB ngtallia, metal

90 % at least 9 1 % at |east 92
ﬁ)ﬁgr:m?éas{i;cngéoé; % ‘least 94 % at |east 95 % at
| east 96 Phe retnoberingt matexdibita excallast stg@coerage. athat isathe

ngg?s(;{?rrhgﬁ@%ctaé Ibyb%pﬂet» te{p llrrlcg{g 'éﬁ‘ér %%1 Qﬁ& WI rjeadlly follow the

spfhgancmit@os. Eh@ures1 asaisodreing eiastrthipmscb@@(SEI\é) iowgelofa mat of

] t
SRS RS F I RS BB oM alSs g suce
qontfoetstofdlusstphsltrytwcl eotide in vit ro, transf ecting a

perm ssi Vg, s‘ﬂblstr%%tém &hi?suéaﬁoag% cﬁ%%b& ihy S narflucture

det ecti ng r}'gogeny vVIT
gnawtheoodipsnsis ppnitempiatedjby é‘@tlm\reg\tlomf Emtus) dike piesert techniques can

BB SL g ALYy POGE o R G o o

nanostarcture gravehaiTygicallydhe sukstrate matesishwill ba juslicidusalyyehosen by the

s e B P PR R RO (S Gl

Specidit exaraplee inclOR; b@sra gat NIGA1Y plasadetst, eatahadoys pgganic
PG s SOTEARLEAT G BB B Y L8R be o
flas miatariatiit atag Icpn@invinpelpgiashfedturespiotsispeavitiesiangfaiichannels.
pr oot er SS;?ércﬁlc ul?l?f%%e‘i'l%tong %WQ@ g‘ré‘ﬂ#@ﬁ%@&ﬁé‘trﬁ ‘e BA through
ransc

| evel s of t1ron, suc mMer ase
depositinga suiffage Iey@rmllrefllmmfmmawmmx&e QSEQHHBI eganetal alloy

f I a n _
afgeédﬁg bu{ F&ollﬁ{\{oéfi@? I%JT?‘ hg:é ﬁ é%%eg?agﬁsﬁ ¥hd Bre-treatment
lp\cdl\;asw@bmm ihesubstrsite matsrial with theesatalgtin mptetiplgsing a number of

\;

SRR oD 88 b TR Bty o e catac
qoetumg can bendonkesilablk meailates. Jn cpoirast mwtgadlilqnail oetheds drform
It al?l]ltfoglof 'c%’tlgglbf &dh ﬁer @{b%%ﬁé At ﬂw@é%@ thfbaht%ﬁés umform

I 1nstan sSsage chi ne, avalla

growﬂm okmshosituchues dmthemxyfaceptibe Subﬁtmw r Singe Hies@ewit s on
My'uﬁf@ﬁ‘rﬁ bhdtheSirRBe " PG, Qz‘?c %9&1@8% h&®datructures is
g 1o tTanst ect a perm ssive cel anpl es

fp@meml @his gentigebussfigld i r@fﬁéredft@ hefeirsesia &ean fQ'Pd(’Wf')c Hhis

@ée%g%%%wg gﬂ%pﬁgh&uer&gfofggh@n% ﬁwa’PEHéQHf&khééI%)rgf the catalytic

omating maly rb@|vanq<3getz¢/p¢n bemd(2009®).) Thedhicknesh @§th§| caiaiic thm film
ARSIy BBl BRKoBRe oA or v
reeliiting namsua@tumabse of

I, 2-di m’rA§h¥ﬂe BHBLL N un?’oé?l'oFB&tEMﬂIJFY&fhﬁ?ﬁYleﬂd?léhrface

ammoni um br om de and chol est er ol
weteatmenhhia film dgpqﬂt@n) agl ae/abahb@m:@r@ Slﬁﬂteéfl@mﬁry including but
fVRnfedto 'M%ttlh Ushehfal %é} drlep&dition, &fa@ﬁ%‘c&ﬁhhtﬁ% Henf1®H1 Yapor
por cl ne élveo ar macrophages are known to the art
c(eraoe@on Bhermall evamrat@ng@O@pular beanyiepiiaxy, elggigersbeamguaporation,
(2000)). Cenerally, 2 to 3 micrograns of RNA can be
used for trasnfection, but |ower and higher anounts
y ed. After a SU|tabIe6per|od of tinme, the
%?ég%ﬁ&“”‘? progeny viral RNA can be detected by, for
i nstance, reverse transcriptase-pol ynmerase chain
reaction (RT-PCR). Likew se, progeny viral
nucl eocapsid protein can be detected by, for instance,
nucl eocapsi d specific antibody. Further, whether the
virus particles produced by cells transfected with a
candldate |nfect|ous polynucleotlde mnll |nfect

oy I T 1 Y T |
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acid 1197 in VR-2332. In alignnent of all avail able
PRRSV sequences, there are several conpletely
woanme@mosesgd G y| Ay doublets within this protei RCTAR2006/024435
may al so be the nsp2 C term nal cleavage site of the
pol yprotein (am no acids 646, 980, 1116, 1196, 1197,in
VR-2332. The |l ocations of the Gy|A@y doublets in the
potskddaser demamoansjoutuaﬁegamd)wcmm sputtetimgpandieariotiacotmbinations
tl dgnftlfl ed by conparison to the sequences of nsp2 and
G y|dy doublets disclosed in Figure 12. Present
st udi es sArgadditionahpdrti¢uharasivamtagd ef lattllzﬂngasihlnﬁllmloéaavtabet is that

t'ﬁﬁbﬁ%@ﬁ%&%@ egrgz%lﬂg@% 5fghéa{a:'ﬂl erlggtae?%%rwﬁ iloGdepOSItlon

of tresamtal gt thimyfirot M mse’acnhthheke rests tringnaf tpe eereNmHmTal n

r%bgsgﬂteﬂrgg H}a%ZT réél{r;)]sﬁhtgcwe?s |II33?1%/ % 5@/ aMﬂerg H%uéa?alggt has been

depesitede asking ninise achiewedbytselectvalecovening thsf subebate with a

e oY OrhsBhgt FRRCATORANGHRRD Hsuelpuiht e
rmnbﬂ)uctu?y sinthésiy., Thieswidces maly belattaneddinoude s rmdlfmtlmg
(S0P, B 35 B B g g cpiion o
tpotatalytic materide therelty praventieg Inaoesteicture pmv\rth sélterpatively, s

ol ORS00 S i
ngthodssdpplied nebaedeentdd eyntbesiobf the eaecmtnupelramau dmraperifier

: f

|r%bierr% attggss %ﬁﬂ%ﬁ&rﬁjm%% BQ? %d@%g%@i E’e aggﬁeture growth.
pr ot ease @ocedtha sarfecewpreﬂmtm@ré@numfltrrodqmw@fhavezbwn

‘%@%éﬂ@%'gégtg@gﬁr@ E)%r#g @%@% Qrejrgtgrﬁin ced \e{l(?talg§§§gus form, to

thel B@terial. 1 TigMgasfeous pm:sms(mmsanﬂo the bewid fromfilmuanskence a critical
f

c%ﬂéﬁg@.gn i a&f?e‘ﬁqklltkﬁ’fﬁth% ca?ﬁ %%fﬁgtélfr%( gﬁt%b#gg@?? S%ﬁki‘?b@@ns
PRRS vir u!gésaddlanalbmpiammantrbheﬂwetiygimamatgresweerenﬁeﬁﬁsary to
%&E%té S%H&gﬁgg Q/g?%ﬂﬁeé&‘)@oﬂﬂe ReBidoRE 1R Pl‘aegemﬁmﬁlementatlon

Viru am no aCI sequence a gnme
rodlsculasarclemerttalqueairaars thah datdeally exishang gam pelew boiling point
rﬁ%‘é @%tal’éj 158@ CRQ? %Uptsfhe n%%fa‘?lf're rQﬁ ictlonB Felt ¥k

sin e tyster'n rot ease onaln
té{lnpenanae iat whigh thentirgfitinraatalyst be@@mﬁea] d@d,gnditep temperature at
\@ﬂ Fﬁ‘%é&l?a? McufddP QEc n%%eg'|r{tb'ﬁ§§oﬁs"i’|¥hethﬁc6rqﬁ(5ﬁénfté ed
I'gnin e am no acl d sequence 0 e ns
poI ypept i H@e iotrodndian lof/the WQ}’ inraierials mypﬁeuramswence orin
t

B RMEAED Rloll Be PRGBS ASRIYBIP HOR eoRlfaton

\metlcmmaad thecthingtione enmwetoévgmtwguwdr mrec'qrﬁg\matemﬁlé can be
t
@%f@smgfﬁi}gﬂ%a%g%w% %% ﬁé@s@/ Ig? g%g%é@fé@fn ﬁé]aﬁbstructured mat.
accessi onManyrpetentiss yadations &Tdhﬁt@ﬁf?é*ﬂ(ﬁ@n ARursor(s) exist, a
ble 1.
R o o e R by PR #rP pIAR R thidm
domai ns. The | ocation of the transnmenbrane domains in
IHb‘f‘eme:”L ft1.de sequence of other PRRS viruses can be
rdentrrred by aligning the amno aci-d sequence of the
nsp2 popl Wepnpla@eeh@@aj@@mwea thgrgnting afi @ gAseers ¢rdow boiling
[ n

J“@%?@J%(%?ﬂg B el RS QR EOMER, S
K 8276399 f hg%ltssl i ne up Wi th the transnenbrane donains.
Bﬂerﬁa vely, the location of the transnenbrane
domai ns can be identified wwth a conputer algorithm
such as the PredictProtein algorithmas described by
Rost et al. {Nucleic Acids Res., 32(Wb Server
i ssue): WB21- 326 (2004), or the TMHW al gorithm as
descri bed by Krogh et al. (J. Mdl. Biol. , 305:567-5
80 (2001)) and avai | abl e through the W.‘)rl d W de Web.

o o, oy Y L Y
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aspects, the deletion can be at |east 267 nucl eoti des,

at | east 276 nucl eotides, or at |east 285 nucl eoti des.
wonowmeseaspect s the deletion is no greater thaaTA8206/024435
nucl eoti des, no greater than 459, no greater than 429,

or no greater than 402 nucl eotides. An infectious

pol ynucl eoti de nmay have nore than one deletion in the
SHSHR)4r EgHarGeEx Binhl:eAl(RE (RAhpdrocarbsn)) of glemehtab{d.@de€, Si, Ga,

HIE R/ B, &AMy IR) Won QA0 bR HsBRinG: dfdHdr 8Bninfhg a pre-treated

spbétsetel olatoial thos tedgeraterd sufficiant/R-gehe(BES subtali@dMapor-pressure of

o Gl LS55 R g PR e Pt Bptan
tierouglsout 8@ BRBsniictiregPowtheratEiset ed. **pl aque si ze is
relative to plaques produced by w | dtype VR 2332. An

i nfectious pol ynucl eotide containing a deletion can
Implemed&atian 2exogenous pol ynucl eotide inserted in place

f the d '.' . '
Lo a for o irmiendRpiTOREIRNS indieatiy et SLI Ll
reaostactiee (gt G, Si, 63, Bodl, Eallhyprpctﬁserin ai ahagbPREStFININg S pre-
t%g e%nsdggfégtg%oé;gﬁal % 8 'Ele%oﬁé? i é]ﬁ é@ é%%%sustamed vapor

can, S encod
ppeﬁs;ar:eemthej pandtruttals Heewegreetemsntraﬂdwmmgam temperature relatively

|
c&oglgré'tu %%fnge(sﬂﬁggcismrﬂeﬁa Hﬁgb%t\'ftaﬁ? !frgrﬁ%d fr?r)e Qliged&@mg a flow,
frEEngrttpe e‘mmb&rltmdetatlbwsesreé the s,mpryqbepmqbrggtu(@prgcursor ina

SeirHBLaNY 4140, @ NOACLUPTER RS BHFLSLTEL Ny 0.

ot her nol ecul es (such as c-nyc, flag, bxhis, H sd@n

JRliR ,: 3br ndi ng peptide, and V5 epitope) detectable
orescence, enzymatic activity or

| mrunol ogTrualmmempleiatlmreeqmm’ﬁds ﬁ?eehet%hpg ohi isglid,glemgntal
rtﬁjc%rggre?c%récf? é@gé%% X! Eﬁﬁ a chafitlel g&?gmrng a pre- |

I SSuU een renove roman

’ tmtecb&ubs@ﬂ&enatemi g@a@mpgetuy@talﬁfl@@ttrt@ gsnergteta sustaiped vapor

ﬁg?isglréa{) Pé?gﬁgstr%@ %bnregurQB{' Qﬁ\%%h(ﬁ ﬁr%?t@ﬁtp@béture relatively

r-en I'es, such as cells an
denplaptibraighobit the neestfentosgiovtly Paeesot | de results in
an i nfectious pol ynucl eotide that expresses foreign
anti gens. Exanpl es of exogenous nucl eoti de sequences
Immtgnuetdationes e encodi ng protei ns expressed by
at hogensy
P 9 erﬁBISﬁt@maﬁorP&gﬁbrKé/y%cgﬁ hagsg %'f atH&RbBScontaining a

porC|ne Cl rcovi rus asna yopneunoni ae

Jubstyate materigbisa mrdp@alarmfcﬁtéeassm 1%, Wﬁﬂﬁ?)ﬁ aunelardar |
W?t%t!t&e é;{?e:{u'f‘&cﬁl {e%rﬂglieﬁ ttetr‘ﬁ nSlnSifedt8 W?%(CHa)s,
ro ar 5

p el ns rac e ORF5 of ditferen

SiCkaBifSHoi, GRRSBeChnablst AKR oFcrdsoasikaen) (€0g GO, NO2, N,

%28' D RE-Qdsced tl‘i’rfou% 'alé ﬁO\)/ to t E%aﬂﬁggdlﬁ’rﬂt@/tﬁg PELEHYy f88ess and
eplrt opes an ec be 1 nminogeni c.

qrro:eltlurs chambsgr hag reachad @fiﬁ @mdrteraﬁerﬁélﬁe aSPoLpelegelar

¢a?10§’?§@&191regﬂe&936r?§% drﬁcpléé‘m@tﬂ 'HWB% RASRRBE o EM. SBI(CHa)s,

orel |ona exa | es of exogenous

P6lLy BlicHeat Gelds Gehdi §bkja,tﬁrh®e(l%nm@tﬂ¢¢?gbcm)o¢@grc‘c%l NO, NO, N2,
%%? S ?S\Wgﬁ Eﬁré@gr Iﬁtn'e__%H&jﬂ gﬁrthrfe%e ?éh%h eﬂ?gt)%(r re rg E\E{stt%nsia'ﬁt\l‘

poI ynucl edbe trsuitisginasestiustirechmaterials raay ke fUstier wgdifiad through

REYREGRN diimétdl drrrnétéraérsy Mo fifesafi Heabes bi e

encoalng nsrP a and , and nore than one

exogghegglgolynucleotlde can %e inserted in tandem

For’PRst"ance, nucl eoti de sequences encoding three

c-myc epitopes can be present. The total size of the

i nfectious pol ynucl eoti de contai ning an exogenous

pol ynucl eotide inserted in the place of the deletion

is typically no greater than 16,000 bases, no greater

t han 15, 800 based, no greater than 15,600 bases, no

greater than 15 400 bases or no greater than 15 200

o - F .
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conmbi nation of infectious polynucl eotide and vector is

referred to as an infectious clone, which is nmade
wOhowuwgtsey ever se genetics. A vector is a repli eariusgno6/024435

pol ynucl eoti de, such as a plasm d, phage, or cosmd,

to whi ch anot her pol ynucl eoti de nmay be attached so as

to bring about the replication of the attached
napbstrittirent Tiienarcpagicles Gitthcheddd tivesdrossuctorst raaybe enetallic with

sﬁ@po%ﬁlqugﬁ% it)%%ﬁ‘%% g{?tﬂ?ﬁ ,H}\égtg%l@n ?ﬁ%lg{q%tic i%r}%%%@{gges For the sake

of cehvenBacd rtaede \afrioas corvbbrentd will belrefeirad to Kerembasr rrenopagrticles

([N AR N L SN A I

hefeii.he pol ynucl eotide), i.e., a cloning vector, or for

et on. 11t NP8 B KRR RleH ol AR i ot sl o b

niohiirnieeaf to chbmidaksyntivesist iarsolution (rdéuctiob of adueeous prédundar)e dhemical

to | asm d_vegct or vir ve r cosm '

iBor erBRbA el BBt et dnst NP o B RS TR By pfdcnment
of aptviel aheniicat epibiblogicalarompouaddexcnelesdf the stetallization process are

i nstance E. .coli. . Preferably the vector is a plasmd.
dga?fébc? i'%ﬁreﬁeré’letﬁé'&egoryv'depends upon a variety of

desi red dMerroatruetuiestnatsrials ptovielernighud urfacg aceansitbstrates, that have

h | i i ' ' :
<h{Ee4 o ol 8o bt ARINS from fElcEen SfHfadet o P4 51 Bmggpring
npety to apfticalr{eign fsedfaceershankted Bamsan bedponse frbimre manostructore coated

PR RHET 8 B ST Rl Papgh R St A Fefeey B chemical

(elgoappendig the preta pariigles véthvedecular reevgritionaal@ments such as a DNA

SERRULREE oS BE o S Pnp RSP ogt. g sy oo

fGui hadbfuaciproravided by tHenubtedals ant awtadsalesstiiledd hesein facilitates

ramn Lve.,. i £ ar . ' .
BB RS LB AR B EitRTRe Rate. ERehpfy fses incude
buh aient éiited) to, Ayidrogen (drainpotigr anermicél storages cathlytie pepcessing

. f , .
(§hEsprp 3 horen e 1S s AP 15 ool B RN e, Reclronic
sepsing ldgmitonduetbr pencnstlrltlelciurﬁfsémrjtioai§ep§ihg,ranvirer_am?mtel mamitering,
55T L RPN tREFEHclEH & Bl R RebIELARIE) B Bvices
per mi t t i nfy nahestiuctiré gasensar comprisiio: ainanematstrusiureenetal or

r " i " . .
ALY BEECksRERUERES g na fRl Rltuld IR peliBicharing particle
siteeand pariide pistribetion on theotanamastrudiure; andha pesdliphofelectriesl
c%ﬂ?dﬁ‘%q#e?&ivgp dofipRaH %%q%nUﬁ%?%ir&?tﬂg 't§ bé’r‘?rﬁt GrBat iloRage or
Wi e regdl at Bry Sequence. Typically, a promnoter is
awrent betwveen ovesdefshé plurdlityydf coptacisfin det gregenseiofig ags. dhe sensor
. s @l j e T7, SP6,
ARd @gé X%%‘?%gl qu\ % azt%g%o&n{)é)grghﬁiﬁg%wéﬁd i mredi ately
upst r eam Afhanésiructure ppiinat sensor cemprisingh @ nanpeet stoipture; metal or
I ' r j,So-
e
appeaded wube puifyaeuditheomieti partiples.oabn gxpasyreiodhe regepypition target
ect 0 [ hepatitis delta virus
érrllasodb\zﬁg%@ {%%%a;‘:%f? ggér}n{g%f&t%H% po}oy A region. The vector
opt i onal | & nasestrystusé eroldsiular semsor gowprieings 2onanepteg structure; metal
rker C
G Eal 120 R e BRI ol Sl ok e fon
detected by a conpound in the,growh nedium For
EXHABIE™ e i ncl usion of a sélection marker sequence
can render the transforned cell resistant to an
antibiotic, or it can confer conpound-specific

—

nmet abolismon the transfornmed cell. Exanples of a
sel ecti on nmarker sequence are sequences that confer
resi stance to kananycin, anpicillin, chloranphenicol,

tetracycline, and neonycin. Wien producing a del etion

o g, o o o
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93% at |least 94% at |east 95% at |east 96% at

| east 97% at |east 98% or at least 99% A
weoaborrmozdeeot i de having structural simlarity tecBEQRI0B024435

NO5 or SEQID NO 6 is considered to be an infectious

pol ynucl eotide if, when present in a virus particle

and exposed to perm ssive cells, the pol ynucl eotide
emmﬂn'ts:aﬂsm\dbd td the spa‘am sfthe mewlpbalcmsd Upoa dxpesure to the

i nf ect ru present invention also
rgeq?@p@ gargg ”&Oﬁe&"p@ gh%gﬁ ll?ré As used herein, the
terns VIA nangsiuttud ie/drege stmagade\pe& cdm;br&flnmaélosed

BPRSRTT ArbriedRotaeR stetr oy R Bivarispb Rasly

npascdtictieesnf the present invention can, when added t o a

{) ﬁgmpfzh\ﬁﬁ:rgc% g?tu%o?azéli// ic cq%oﬁlg?%'pdoh%?ig%gté) SI(? Sr%’gntosfnrﬂcture and
NiRtr gariidles attchbe tggthewanbyapsissage, the NIRtvpnarbcIes ha\ﬂm & selected

S TP o2 0GR R ALLSs BB somang

stted for catiatysise i ncl udes exposing cultured cells to the

cond t | orfs UL EER At el efrbBa g fifostucyre: and
npetaldhacticlesoatmchied tosthp anhornbtetrucrevberzbl the mdiel mutideicais to
ized or transforned cell line
C@%Idé'caw??go%iFﬁ%gg{rrg&ﬁ%@‘gabI e to divide indefinitely).
Pr ef er abl A/ panpostmmiuye gaialgiicenaerneaioaprisigr tpitstyesturs; and metal

I ( :

FBBRRaoRgE S P ks P FABRA e Bhotc b

appendeel tb iz surfesreed the metal parmider ed i ncapabl e of
repr oduci
i nact i Vat%ﬁh@ﬁéb‘é&g&%‘? gbr&ﬂ{iéd ﬁ%leﬂgﬁqlllaé}@'hpﬁyac‘nopére not
intasdexhtodimit the atomendf tiod maemtlonm vasios wdificdtionkevill become
i nvention W t ard chem cal inactivating agent
agagrﬁng OQﬁV%ﬁllggm%gaérﬁgagent i ncluding formalin,

- acet al dehyde and the like; reactive acidic alcohols

i ncl udin , phenol and the like; acids such as
benzoi c g L]nzene sul fonic acid and the like;
| act ones. Naimmetureegrawm opi ol act one and caprol act one;
and acti v t dc@%@'ﬁe yqakodi i m des and

car bonyl S Gar oni At ¢ conmpounds such as car bong ]
di i ni daz oTha catalystdss gold ¢hu)sanstis aputigredonip thexsurpiogtsubsisate in the

t@l?riﬂl;%s r%@eg@‘ ﬂu dg@% sﬁ)luﬁ%l REcHaR By Iscb leRASH hf’&’e@sdr@ 8f 60

present |nvention
raT ¢re randtteel Auidepssiticar tatecis @b oy 10®m/mm rmeg dem&hgw a constant Oz

f@%?eeg n‘?ﬁﬁtgfln@{ fhe ggﬁ{ﬁ&t %hﬁ a%f Y mirfehies. SII‘I"o?(i’er to

I sease i n an at t enuat ed

deinrarstraterthé hﬂhegrals;‘ey bappbilities mecsdbaﬁratg vm raasked pEeEle sputtering of
0 I

e A aftiss AU deDhiRf vRiSremdVe] Sr nabsblifd By fthedel e

pwlerndwere lihesiapproximatalyed0Q smmége.oduce, and t hen

har vest ed r until the ,

vi rul enceB olg%%é'%v@r%@? Ih%le%?ﬁ%ﬁ%%cr eased. For

i nst ance, Thé&ali nanewmemar‘eegrmls peagfialv filonadenwkere @ aesdmic boat

ture I

TS Beaf 8 nHE heRa o psB 168 hes iy bouiRafBRR Bty
105p€(¢.t Bdringntvarnh4up tleensysiem isspyrgebwije ditragemdal.t i onal 10
times in cell culture. This process is repeated until
virulence is decreased. In general, virulence is
: red by inocul ation of pi with virus, and
%@5?@%&7% the presence of clinical synptons and/or
LD50O (see, for instance, Hal bur et al, J. Vet. D agn.
I nvest, 8:11-20 (1996), Hal bur et al, Vet. Pathol,
32: 200- 204 (1995), and Park et al., Am J. Vet. Res.,
57:320-323 (1996)). Preferably, virulence is decreased
so the attenuated virus does not cause the death of
anlnals and preferably does not cause cllnlca

. Y I T L
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are viable. Also included in the present invention are

ant i bodi es, i ncludi ng nonocl onal and pol ycl ona
wanvi7wozices, that specifically bind a pol ypept PA€/US2006/024435

encoded by the nsp2 coding regions present in the

pol ynucl eoti des disclosed in Table 2. The term

"anti body," unless specified to the contrary, includes

f ragment Ugmhn r\ébéﬂnﬁg gfipebadiedise wiiogbn gast Blsjrnut dinwrf and ammonia is

tl?%ig rb@g:egsrﬁtlo %ovy PLgﬁ%ceF 51%“?6051 r]afedg Yalie rorgs &n%ggard liters
pet AgHute @A) Frant thisqwdirt sn (twc prroaéhbsmdaefmdl The dirst is that the

sSfeimie sty e 8 s EBPa A rS Bhp Yol Do R P pleGeeb e

abpaghd g @fosklvpigas Neluand extietissi.et, Beslithe afrnadey wnth a static

anti body, or interact tructurall
REeL 50 GPOTRA AR EIP PR g TP ff 18T igs. n botn
caped, epreodl ddwn the deimadrieisatpimed pffi artieniteogedigas tthen flowed until

ract wt pitope even in the presence of a
r%‘?"oz Frapgrotugg '%8?%]%& al binding targets. As used

herei n, tdeNdroispriigGHontke dtipteenematidnet)y conpl ex" refers

ggef:,hf i ga eysu[y@ﬁ{;%gtﬁ él%igﬁfgls’vg)@\ggn?osagmsml'hggggtwg thlckness can be

1@nml srdhigHeer Thé substramr:meztampﬁm ®, maintaéma kdnobratofe hlbber than
t t t .
B PSS Aot B 5008 B Sy g e

pRavRdres 3&3”0\18 12309, (ad dhighef¢ dbsirdd. ducagsvasm upuariheli00 sim flow of

tgme%y%l@ﬁ is L{)ﬁpmglpc%dg%tbg%% 84&1%%€3Jé§ by ?e%ggf ﬁ! h?&%mﬁ{es and

théen tiena3iBatt. Unedjatbly afteethe ZiirabthilFSikehe dlow, is ﬂ,lrn@éoff pure oxygen is

e B et oS AT EPAGF Are

témbél’raudeead okygdme‘loprfemnnﬁ to B0 eninitesn can be prepared

o T DRI Bl LA v v

IQ bp@r@fadm atraospheria prssuriee Thp gepg@ppriraiplésofithis rfumecet &re known

|Q g{meprg %% Calmgge[ &poagé&tés% a%hg%ﬂ?s iQ %isﬁﬂ?s%td'uqﬁ%tﬁh%ﬁ(ﬂwlroy D,

Akiepestad | 2iangfD, patoreDpidatcy dnandoditasMi G 2084 U. RhpsanCondens.

o] ycl ant i hodi es. e.n I.Z] o
aterets B S BTSSP e o5 U S of 181800 for
dgiRatranosiegynthegis. chi ckens, rabbits, mce, hansters,
gui nea pigs and rats as well as transgeni c animals
such as transgeni c sheep, cows, goats or pigs, wth an
I mmunogengxdmglerzesul ting ant| bodi es may be isol ated
from ot he r ot ei an affinity colum having
an Fc Di n&?& gg:t?’ﬁr%é r’éﬂ protein A or the like.
Monocl on aTh@némdspdngamaesanerbe;hatncmrized bipgcarmingoelsctron

SRR R ] ARG S o bbbsrn mrnor

@ESEM)tt a8 kivamia iadigiduanmanbdspringe ty trapsmissiby elegtrbn siiaascopy

Tt T T e

AT Pigg cHembioslabapysikoresthe Gah@bpﬁpgs ngs Hateroined g w-Myr K,

e

\Kiﬂ%ﬂgas& pﬁe@ﬁubr@fdf 5x? m“’smrrgeo@mmd :Cvmhrths Mdt K emigsidnditig (1253 eV)
can e reco I nant Yy ro UQ or exa
s hapispherspl epsray et i ey feﬁﬂﬁgfa* ﬂ%féqé\g ahe XPS

conbi natori al nethods can be ed to isolate

Fe Syt HAh? ant i bodi es t hat bwﬁd to a pol ypeptide
descri bed herein, or a biologically active subunit or
anal og thereof (see, for exanple, Ladner et al., U S
Pat. No. 5,223,409). Such nethods can be used to
generate human nonocl onal anti bodi es. The present

i nvention al so provides conpositions including an
|nfect|ous polynucleotlde PRRS polynucleotlde Vi rus

- o a1 o
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chloride ion, potassiumion, calciumion, and
magnesi umion, and agents for the adjustnent of

woami7mozdgo such as sodi um chl ori de or dextrose. POHUS206/024435

be adjusted with acids or bases, such as hydrochloric
acid or sodi um hydroxi de. A conposition can be

encl osed i n anpoul es, disposable syringes or nultiple
nmbmaremeadt$wmmd®rfofmgdi as samespphgssupport&b opas3isibstsate abBuring

LRI A0SR B S LS MBI g o

edx bearp of aleetmns iproegeataeiiroinatefspsitieus ¢hargosb atthesample. If electron
nght?ﬁﬁgﬁ’éno&sch? ﬁgﬂé}os:gﬂbé Qﬂmtlﬁ%&aplnﬁb’@ er s (%féfik?% gore level

carriers rnc ol'ogica
steeeas la@esarptheY werd olvger(e8AShe dp@c@irgﬂmhwy gngctya of the silica

n?ﬁ%%iﬁ?ﬁatg %Eeﬁ%gg&ﬁ%& h\%ﬁ%gr\)&%ﬁ %@fj%%&%stcbﬁe e'll@fs%meter (J.A.

I nj ecta
WieaiansGoaulnd) with filspeciral cangeef 820-4iA0 nimat easy

syri ngabig Igg%y%hﬁ@é? btaresg/ﬁgbfj?@ﬂ iRha H‘éﬂg&;rlr{?hﬁats grown

condi tions 0 ure orage an preser
ah §20°Qs 650Ceamdb hADAC véthi awgoldacatlatyat leyermif 80 mor. g &iguserd

Bifolafiien o Ralelids A srnV B 0irhp Fip o Hiodatyes with no
oha¢reable ehtrageslin theol geometriasror eizasp Figureg2 (@ israoinagnified image of

RS tp A B0 PR OBA REL L YRl A0y

tieg nariuspaeds exibit  FigareodisgarK23ref @aandserna@maég@dvmgn a Si

BB EE] BTSSP 85l ARABHDy, 1R s

ane Biland Oj which sied the amain torapondags off the AsgyovoRsE®Spiingswilt is worth

BTog ! APk a5l B P T ph DL IO Weftes
Thedé ghost lstabes ale alwayishat |aembosirtg energiéd wdlalivg delthe actual core level

SRS btbrfipc Mk &) ARl PoREFBRS! 4 OBB 6T fbdihng qunto

| nc OSI I on an
nebiralizedié aysatlmgn ofdhe samplesmefaqm eThalblmmmnergy of the Si2p

RT3 e B 1S G i
(8817 iev) and ISﬁ‘ f ﬁ@z)(m&B ev).i Gagoer RIS TW-Rayg Phbtoetestron

eFhemepk PSP 0hetd, PR Ve LB i e
nangsehige e soneswhese aemeat@dve4 doerd s coredeveﬂ ba$ e\hmﬁllrtgyenergy
o deliadsl

OB'rSé% gpggh.«gb g#@@g@gg@g ﬁ%e{g\re/%vbémhﬂ meﬁaf%.@ns\/\ﬁapﬁerc NIST

active conpound
X6Ray iPhetoetsistren §pemscbpx:@¢ﬂ8d|ﬂﬁatm86a§ his S@lggw iaba greater

CWE L{FQ 3frtoE1eSirt8 ‘a?‘fof' ?’%eé?l chg\%\ng%fn?g' r@'éh\?e to\r/\%er shﬁé Binding
emleegypcrfé}m i8t280 re\Vo vhiphds inl the bindingtenieray r@og@oi ngrbideheShen D,
A5 ¥ dg m 5098 fzh%gg,aio%ts' OHerf PG5 H 779 TRRC

eeze- vi e e active
1mmgatesitmnthemudgcaatplcawmamymﬁ éhe RENOBPIEY ls SifPedi-ewiere Xden
a%t&hﬂéd%{ﬁ%&énﬁfaﬂ&é L&l 3l fdid Bﬁ(lﬁg rexfdt Tﬁé‘atroﬂ'ﬁcf @&Tcen@\tﬁ;n of each
conposi t 1’ohs il ude an i nert uent or an
sdethédtds é&&riﬂe? % fB0%i, ﬂhé inlﬁ Pofe Qofandral7 + AeraferfE.i Ehe above

B G o G558, SRR e capsgptons o0

t'?'}?@ terhain corstgftethe rélétl\m‘imméﬁt&tloe .of| C, capelaayt withio aﬁwme and
ese co osit]o to a po or
s fente BB Bample” i io0%u5 Rt o C s e SBRY LFne

£%w7wgs g&?/or sol utions can Bf added to ani mal feed
Y81 *ani mal s’ dri nki ng water. These conpositions

can be suitably sweetened or flavored by various known

agents to pronote the uptake of the vaccine orally by

the pigThe active conpounds can al so be adm ni stered

by any nethod suitable for adm nistration of

pol ynucl eoti de agents, e.g., using gene guns, bio

i njectors, and skin patches as well as needle-free
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for determning the LD50 (the dose lethal to 50% of

t he popul ation) and the ED50 (the dose therapeutically
wehbemn2dse i n 50% of the popul ation). The dosePCatiSe006/024435
bet ween toxic and therapeutic effects is the

therapeutic index and it can be expressed as the ratio
LD50/ ED50. Conpounds whi ch exhi bit high therapeutic
nandspriags,cascopposédiorsasurfdve. dataadiohaionkicrigirate remlthe

e [ n
ot B RS AR o el B @bt atRE, | o
The dosadeispayeslio tﬁgmerpm nbotbgreshspofareasamoylnwanhsmmg mat on

S0 B TR S s
andt(b)i alonghihe suefagenmmmdanﬂﬁ glgnaimpandés(Finsade)y tbe mat looks diffuse
T AR S R LSRRI o o
isimgndiwenh eTre reftectiontin Figsirepd(b) isdhdt,of thecouediaag flcascent lights.

_ . T :
T O st b ed ich el BBleos age ana- <

ti m ng r ethe nedectivily sfdfctratof n@qsptln@matafos gbldeatalyst thicknesses of

gn% 5% Bd np%re%f?st Iér)}eg]ﬁ Eg 5, t H"ﬁe %Vs(:ﬁrri’af:g p@%mtonsr‘s observed at

i 22858 8N T SOr de ous treatments, e gener aIN
548aim for Mmmmwgecadmystﬂm/esub jisetbe absorgtion hfdhe Ausedgessplasmon
tR%t @tthé\’Ré ﬁﬁg n‘\%lfsetﬂe 'F?Jbt.s@rag%éﬂml RS ErinMdt o@@ WIth resbpect to
ective anD can i1 nclu

Rigwe deBiberol, ClmreIDeTatg ly QlearY anscZhatng 2@ C@@noPhys Lett.
e R TR O SRS o FE At i
of ke plasreon alosorptivnl lind ead metigbtdshift orshorteavavelenaties. offhe overall

5 DR u MR TE PGl D) B v a0
e tételysi laygria esrpdismionastbem natalyst leydrect i ve anmount of a

t |
ﬁg\'}?g;' olr Fat c{beof?ﬁ{sc’i%'&f thg%\gl'yg?é?%é %Mptrl?g'ﬁglégg g?% nanospnngs
isgicgenthat th’e ammgerfsu quertmm@ecrqaseamﬁmecmsmg catalyst

I@’e?t ﬂr’&é’p§ Syl‘ﬁg%%gfeaéf‘asﬂﬁcg %aﬁé(éﬁ%g t§’ roWﬁklfH'? 36 Wh'&u catalyst

actic or); rnati ve can
layeris displdyesd indrigure 6. J@e&ngmﬁmts Qfﬁ traﬁ A gatalysts @Wﬁa@@h%sof the

%%Fé@ﬁ '?‘gl\eq@lgg e BRY Stndrs &%ﬁoﬁs‘ﬁraf@ thﬁﬁ/tﬁgrsm% nbSdrifgd Grow via

cein a su of nystery sw ne
thé ¥Ye&eechgpispt. ofhe %&M@@lp@gt&whﬁnhﬁm heen dajgrpdne the average
[ ap f
é%\'teﬁfﬁﬁgeaﬁg rfaa\‘nlf"{r?qfl):t]ée Qfaéfth% sE%HQ?itbsﬂgg%t‘é?tsaérs asymmetric
(sez Ingelien &igyire b‘b n;;ordh@P@ nimecatalesi éayer thetavaragp, dimensions of the
/
BB o i 09 S5y o .47 o
the 30 mpmalyst ISYQE éhermmragawmeneom oithe pa@tyrsts are dﬂ7 nm (15 nm)
gf@lt ﬁ\ﬂg’? 8Or;)rﬂ ét\ﬁltﬂtﬁdasgﬁ'fn%trg/ oy 13441b1 eEdr tﬂ@% hRséatalyst layer the

condi tron caused é:fl virus, is
avefa@ercbmensjomﬁecpféhm catslysiseue AR AM om @uﬁém (#ﬂétnm)s with an

tsﬁhnﬁétry%f_l’loi% f 9\%55& 4di5e esiﬁﬂ%ecé? lyStY6THRLQ BBnsistent with the

ereo glca , n ani na r's i's an ani mal
ghasge it the 0 nohﬂﬂe@ampm@gmﬁtﬁﬁles qw%hyft feshorer wakelergihgef the Au

T SIPHRh HEGEEGHg BRMGL8R:. DASAPS %Pld mﬂnﬂf L bSod UKapy. Phys.

e exposed to a PRRS virus. Accordin

%Ydl*ﬂfhl Baiagt iDbancbiaging a8 AapbnPliven Lisé. %gﬂfzgaﬁE@thlnnerAu
before, during, or after the occurrence of the

condi tions described herein. Treatnent initiated after
;pgﬂggxgkggnent of a condltlonsnay result in

ecreasing the severity of the synptons of one of the
conditions, or conpletely renoving the synptons. In
sonme aspects, the nmethods typically include
adm nistering to an animal a conposition including an
ef fective annunt of a virus particle of the present
invention. An "effective anmobunt™ is an anount

effectlve to prevent the rranlfest atl on of synptorrs of

oy
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nsp2 as relative to truncated nsp2. EXAMPLES Exanple 1
Ful'l -1 ength cDNA cl ones of North Anmerican porcine

WO eq7oodict i ve and respiratory syndrome virus (RRREY006/024435
prototype VR-2332 strain were devel oped, with each
progressi ve versi on possessing | ess nucl eoti de changes
than prior versions when conpared to w strain

cMBRly2Bager resudigémihinrer nanasiprisgotats, mfhattin durs leddsrie smalier catalyst

o SR A RSB P SR e SRR
Pr ogeny fTihasptbe demsrﬂy@nfhammrucﬂumseomtbafsubstaue rsobq@lated by the

thé%%ggg §ﬁhé ?l’ﬁh 'fllﬁﬂcéatélgﬁtga% EB&SI@H %ﬁz'i‘héagl.?bestr%o @rhop \éwth of the

I'es at
nanastysiusesofif thheatalyst layer ip rth(eme Barestrucivies lagel Vemabnsely

oSS PABAEB s SR AT Bl e R RE AL 153 e
digtanoebstweGortbe mdénttuahmrtdshfuctumm a;ama*ly@teéy ohma At the other

SR80 % 1% B B L AN b s o

Vi T Uus’on
aee yirtadliylisolaied frothesfchlothdr e Nghbsteuctlré epagingcoulé b&Bggreat as 5 pm

. species seen in in vivo infection.
m{yegﬁhpee&]g&kﬁgﬁcids Cells and viral strains. MA-104
cel I s or Thedenpils obthd @anotRDrdsiGarcaltd be YARTC ITRkample

bR AR Ayt iy |

Vet . Di agimandmissien eleBr@vamicgdscoppday jevealed éraiitwe Hipﬁééf
oBPesERLS B PR S SRR ST B R pdbBbings o formeo
franda §ibgtefrenawirg mimitar ts canonts CABK) anchBiC3Tapoapritgss %diciiyoy D,

|
ARSI Bl § D1 AERE PATERE T BNy g
Wang8l0 2063 Manadetfy 3 ﬁRRSZhaﬂQrQ mlmmﬁgbo&d-im ldt Melkypeod H and

I\mlgc@}ri@eg\l%r%?t% % é ¥é"’c%("1&)t¥dg-o\f\/h|@¥ ?uap@é;di‘mgs are formed

previ ous uan et

- frogn 8lipl20dtgriRGaEd, )1an®tnre§| EXARPESSY the Wiestypes @‘q@mwtmﬁ are -

e SR i P Bty o
nahosprihgs Gemsistiug ob b singlkonaywBLire 3@h¢redisenanoviies d@m%tgrs are 72 nm
ol kLA AR b LAy T Stns
forareddisme chuipledzgnowings ste dipplayad iofriquses 7(F) amd 7@). The nanospring
shg\WRYﬁlgefe #6) ik WrHedHoR | éép P)\aft imafe 5 hfah@més%trﬁén é\?er%?@

sSuper nat ants wer er ed onto a 2
ohametes@‘ 1c8ush,|\lﬂveraﬁ1ﬁ dameter pﬁ@@@aapsmagwm&n@ Witya pitch of 136

r{i‘@ 'ﬁ?eo {%%P%nqﬁ&%ﬁﬂ\?@ lé)féﬁm grgrg)lrs ﬁﬂﬁ?ﬁﬁﬁqgﬁhﬁlés With an
ayepgeiamasor ofPdi nm.ovhease trmmamgtep pbtheingagepringds 15500 with a
di tamf@l Ehrh. @'fnc?ﬁa(? gﬁeno%él%' hav@ B@eﬂ%@érv@é fdrré‘éjm{dv\ﬁ\’@s using Au

was extract several times wth acid phenol and
r]@hemtl¢l@$1 po EfRlyBim Qliainate éirarwrl‘é@ssglskaT el@sp rﬁuﬁooﬁtﬂw fhase
| rand
@%H‘é 42 Pphd ﬁhﬁﬁ!é@g’@erﬁggéﬂ}rﬂﬁ% E% c?ﬁ%l((:l%%b‘l&slﬁw #fdiamete
mtnﬂvthalnmnownms dgrmeddrom asisglesnanoging CHowgHar ff@cd'araﬁte&f of the
rTaHl:wr%?ﬁgfﬁr 'th@#nuﬁﬂ%ovﬁr@'ﬂén ﬁ15§§+e3tv085%§ trﬂéé“tl%%%aner For
ance Avi an HS RT-PCR (S gma,  HSRT-100).
tethyypePoRngnoppings theaanawvics fW@r@ tﬁ@é@npawmsﬁﬁm ?mPERh‘PUS
c%}é%% eﬁp\mwgar?%psﬁ@@ Wé?\5§prﬁ@“fsfnhé'i@ntl\m§lrﬁpﬁpilﬁ D/Bnd Kranov
genome (Figure 2 e cycling condi'tions were
m nutes, then 35 cygl es of 940C for 15
35%1326699&1679°1§§C for 4-5 seconds, followed by 68C for 5
m nutes. Each PCR fragnent was purified with the Q AEX
Il Gel Extraction Kit (Q agen) and cloned into
PCR(r)2.1-TOPQ(r) vector with TOPO TA doning(r) Kit
(I'nvitrogen K450001). Pl asm ds representing each
fragnent were submitted for nucl eotide sequence
anal ysi S. The fragrrents WI t h the m ni nmm nucl eot| de

Y Y. Y. Y.
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(Table 3), followed by fusion PCR hi the full-length
cDNA cl ones, viral genom c sequence was preceded by

w0 b@707238NA pol ynerase pronoter, 1 or 2 G resiPUBEESANE024435
a T residue, and followed by a pol yadenylic acid tail
of 50 nucl eotides. Assenbl ed cl ones were propagated in
the DH5a strain of Eschericia coli and then submtted

Yf 2001f Apdl.- BBy neetin 7Ol €540i dghamgdiéllarey € @ntliVWareg IL, 2003 dNdne Lett.

a pgonuc! ept i ri, [Yer,s L thi
ST et B ARk B T EoMARGRaL i e Rgfberens RROReE o
o88siNcirdbyD, Alkexteels A, AhaneD sAstoie Dp Meecwyde dnd oeors MaG 2004 J.
nserted restrictj zyme sites are shown in
Aﬁﬁfﬁeppp {8 ﬁ‘%’%ﬁ%@%ﬁﬁ?m Genome Position* Sequence
Cl oni ng: |h'all A&FEEEEhelEET growth, such as carbon nanotubes or hanosprings, a

A S A ST dRom. e

cA6d 6 S priigs COGEAGHACEATAHETSGTh O GERRRdWINECH isliBg existence of

c?gé%s%gﬁﬁs\%léﬁfo%;gcﬂgg 8&%9%%&Wn %T%ﬁgléatalyst

At I RAT CATAE G MBEGEET ALAIBGADCZKSED bbd KGrdy)Y B0017408/ Phys.
A CCCT N

;%29@%@%% RO AT g ftos .

.. B0Aderk] M&tct 196 R4G5 - GFEACEACHEEBACBANTWGANAIBEQIMGS in

'J\!ﬂ?&%#%%f g@b%l%éggtsgésﬁ}éh%gﬁg%ﬁl&w\n% a'smﬁaé%c;r rowth. An

diiernatrel RidE-d Hvt{-Saridwireaanps priigifaidiAtioRanusk ke 282 agequnt that

GRS R DTG iyt kR SRl sdyersfse provoses

tBat-tECOSARLESTT ASAMAMIGERIATRDAUE a(BEQeli M@t@gen the nanowires
e easrerorc iR e Rsted Pati TSRS Rgrovies

I BEEhe/ nand S ingdtiectielbitoos hdEPEnGIrERADATEEGSDIARTIEasM them

SRR B sy oo

chiHEaRGlitH de58rdH&Sar Si and O contained within the catalyst. As a

q%g;?cﬁdélﬁﬁé gﬁbﬁfg—% %ﬁ%-@é%g%ﬁgﬁ%ggg gg% Eggéer[@om rates relative

15 'otHBCAGHTIGEQARTONS TBOCHIFINGATEACHEATIRES TTOm opv8E@teoetween the

Bl PR pPRe R R SRS R ARSI (1 pigevces the

He0r 8 3pjeGamp nEurfiesinbies the contetition may Geh@waks BwdHEe eoherent

R SRR S BUADER AR, Wy o r i

Fapure-7/[¥)r ect ed Mut agenesis Kit (Stratagene) was used to

) L A0 O BB o,

whitnillustesdes thetdifferéntidegresss of caferdnasristween thewnanewides forming the

. ; tor. nucl .
b e TPbAShS Pl oyt 0 eIde Bup ahp v gagpance
réferre8do ae aceheiieht mulirmanowire narespripyRT e narevwgaghn this nanospring
ﬁ%ﬁfa}@ﬁ@ﬁ% @Sof%b%reﬁée Wihetd @RshaRbwhed faddd evéﬁ'o%%?%s

ITS Ccorr SpOH Ing a enuat eg vaccl ne stral n, r]ng evacC
dyipvusectodnigkriniig. Theerafip pbnariosperg dismetes topitchdgs 1.34. From

Jpton ;515 Bbhe B SRR, S 155 P SBofineiangliros are

imervBedzemi-coodehty aMdit iseoeskiated that the 1agk-oflwell defined coherence

BTt OO i 8 dhtirprtnen

Cnly gositions where nucl eoti gde di fferences were noted
Kt &7ERWA* Nucl eoti des that are represented in strain
VR- 2332 are shown i n unshaded boxes. Light shaded
boxes represent nucleotide differences that are uni que
to the infectious clone, nmedi um shaded boxes hi ghli ght
those nucl eotides that are al so seen in Ingervac(r)
M.V, and boxes that are shaded bl ack indicate sw ne
uni que nucl eoti des. Regions that were not sequenced

o o s - R A——=t 17NN 7" R AAR I IF A 7~~NT1 IFNF AR 1IN
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due to their potential applications in fields such as
bi ol ogi cal and chem cal sensors, optoel ectronic
walewroesed and drug delivery carriers. |n ternsPOF/US2006/024435
real i zi ng nanot echnol ogy based on the use of
nanomaterials, the primary requirenents are the
ability to synthesize |arge quantities of
naaospmager Farl the wahdspring froFiguner&iple tHis exdio a0l 70 hitdsiglspacted that in

7S BT o RS AR Do e

tefteeremifrmohe@nbmanospringfowever , t he sane cannot be said

Syt hos RO BRpaReiE s bt BErrRR e PhiBdh fishfiguipi nanonies

forivedrain af singhs satblysin Aripassibblesexpldratiory isehaksat ey formation

SFRRH B D P8 3 RIRBE d 1 lBge soe

alb dingefdre fadetgd Guinerd indhngudl na2ddi:sNamo oh edspectB/eFddets. If it is

<S8 ey k65 o= @lalls SRRTER =0 ARV Hirer

nahowiad gitoadihbelbede batsettt tempoeature [(8637G3 wilsoocur wieert thg catalyst

STl i 0R5H 29% BAER T O B RS s Digrams

4 hc Sinpetthd Al ichialyef istdepositedarsi fily onfo thheubstratdi# ¢ difficult to

rocesses W th current .sem,conductor .i ntegrate .
Bl el < AT BAecoonBS AT G (B ASHGUBT pine substrate s
bpslepasthest the gatalyet beingvMrnthe dgmid stdtelr Eise facetingeafdlse Al particles at

9000C., .Because .nangspri ngs -qr ow.vi a nmodi f.i, ed .

13 5 1 PR BE SO oeT SR T f SRR ERMSETRR puldepgp.of the
cagtysbbeiag irethalsotidipladsgsiuring Inendspging sormtatiers sisce recrystallization

t enper at ur e kes it difficgult to confine

cof PR peerediiee g wibicm etk oSl E 06 g e,

and Ellis W1964 Appl. Phys. Lett. 4 89. Mllroy D

Al khat ee%Ag @gng D, Aston D, Marcy A and Norton MG
2004 J. - ndens. Matter. 16 R415. After the
nanow r esSwfacegatismirigngs have been synt hesi zed, they

Choni bal TRenBted T e 3 SEM PEe oPRAIRnG B fnospipgmats.
Figure S() i gfsarmapprivdémbizlyl $00a0m widdiatehof sreai dfinanasptings, Other

BARA8 AR CRE LSBT, 6% REntSE BB o pon

siEstwere evqliredtpridr @vbksettion offthe patternéd swbsihategniesthe flewl furoace.

LSS S o AR M) e R I s e

depositi@tlisi doafinddne tistibrehrsatdedmitie AualA rhagrified SEM image bithe edge

reaction solutjon.for 24 hour . Fukuoka, H. Araki
o dardp Mk snBisd ot THeE8EhBen St 2
r_?_ﬂ@ﬂ%ﬁé o&hb’}edbégﬁ drean@, or@dt @4 15 um, Wi(ijcﬁﬁs Ii@pg}coﬁéinaﬂ&?of the rms
e cheni cal reducti process use oudj ahem et
ravghrea ol feders bR Brsting o ez g frahRise e arBlun of
3P SHritiye MT A Gritial Sest Mas demehstratedihalMiieaimplBst IkiAMsHyaechniques
ettahar. N ckel articl pported on

and MM no u

BihecHliere DaRRST aRSsNES Methy BRtsH SsP B tSegRT and
t?&lﬁge@ﬂﬁe%abyﬁ b€ abHiORRI WitrEthis rodets é~$(ﬁ1°t:?1, nBiflimal bleeding of the
(2002) Even the PVD process reported by Zhang et al.

astalyst wilkepeur. deprabyallovdniios grgatas contrelifprielech aearipwth. The next
rﬂ&@@cgf Mhogr%h;zé@%ﬁmeﬁs utilte FYARY iRBEraphy Alidks fop abial@t

ll

ar bon not ubes wi th Tungsten by Physi cal Vapor .
madisBENG insrderdp dptgrmingtiee eAtATHealure sizgs pbienghls)aspg junction of
th§29r8gg&tion of nmetal NPs tgp be economcal a rapid
%ﬁb H teéﬁnique nmust be used that can produce NPs
with small sizes and a narrow particle size
di stribution on a range of substrate materials.
Therefore, it can be appreciated that there is a
significant need for reliable techniques for
manuf act uri ng nanowi res and nanosprings as well as a
reliable, speedy, and cost-effective technique for

o, o o g,

o o oy
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Figure 6 is a SEMinmage of silica nanosprings grown
with a 30 nm Au catal yst |ayer. The bright spots are
wao @736t al yst at the tips of the nanospri ngBCT/TR06/024435
inset is a magnification of the Au catalyst. Figure 7
are bright-field transm ssion electron m croscope
(TEM imges of two different types of silica
catah@s hidkngss. The) infondatidn) glesireddomy these shaliestwilb elpdd define the

nanospr.i no C
PR RERL BN kFet A Thar e bRt PR Ml @REsprngs.
vﬂiicguineura willlppstidead ewaburghof ﬂmgmntémtraaimmt diEMsipnexpses oofemerging
n%ﬁnﬁglg&gg@s frompanels (c) and (d) in Figure 7.

81 re SEM i mages of selective area growh of
silica nanosprings with (a) |ow magnification (b) high
magni ficatjon, Figure 10 illustrates X-ray
phot oel eglégg'ﬂi%‘gect roscopy data as a function of
hydr ogen fysogept intenaaiibnt he silicon 2p and 2s at room
tenper at %—Eaﬂhdoltﬁleétn%w %S&Po% g]w"(ﬁﬁa %ggqgrﬂtlon o\‘ Hgt{rggésnl

is aflo ustralng an OVEr vi ew o roc
ddeorptitreobthatshiesn 8p efid Baabmbmue mpeturesind a&lm\l temperature are

rrglalg g Fé NSTEIH@ !:H%ﬁ;:él%ﬂlﬁs\k Ergécregél épq%/@{oqﬁngsl%ates that the

baRd EMvthiermegespingsiis t9Prhe Bositasgn{thd sdrfadezndi is physlisonetion, as

07 N\N (| nset) diffraction pattern;
%}?}S%O%SZ%GJ&&SQE (d) histogram show ng
particle Mulhﬁeatnpltemebtatlomwforme syinthelis.of RageatrictL@es has been

SRRPRRETS. TRNAIBRSTRln e s of B il procth
Haabstrupturps aaaesbee(rmﬁombw Tnenofi e E@sNwpoftanisaegs for metal NPs is
iﬁj'cgt{ar Qﬁtﬂegg%s%aéfttﬁéiﬂhcr{egg ooghrl%cég ;% &\Wtréo‘ﬂ onal thin film
hi's ggrams OW ng partic e Sl ze ?lon 5t

rhiftstial SEhidI8 2B 60N M@ T ISHcte s SBes. g'[W@mElBIS’r thiatikaveshass stueligd for

tb%ﬁ%g%ﬁ OQMICN{D @ealje%ck%y(l\@ a?h%l q%kﬁhﬁi‘% Wﬁ@s have gotentlal

B8 |rmthe$x(®tmrv\bf Fidyogasbas, carbqsmoawge Famlsrs@thencan ﬂllckel NPs are

I BB el i i
aldghyds egductiore aadéheag%topmoﬁltloh of ydragineand si mi | ar er r or
bars appl doﬁtﬂ)ll?ul hé ﬁéﬂ\cl@%’i{é % neé:ésgé'?g%llrﬁaw &éiél&ét?"cc?énable

HRTEM i mages 0 met er ‘part
|@r>gh|8brfa¢€ngeﬁ§| and f:ﬂ Rrodvgesambptimatalizador qataiyzing a parigylar reaction.
%)@Hhﬁw fcaéctl{?iﬁflg linf‘ctlloﬁ%} é”rtla@sfz‘ébq’% begr @‘zéﬂ"aha Support-

ear o ved { planes; (c) several
Dmndam@i in @13 (aatelym@ qf Cotd. scgaln rﬁoﬁlﬁb\/\ﬁ@@ 19971 eFor example,
18 ¥Rbtorf R m iR 69 2 RTAPS et iB R eiRe cart
roetat IaQ@Kdesquwms\mtldﬁs 0 narwpetets (oM ¢ dismeted. Bhnjocatalytic

RS clol BSHG AR FIEBBRLN E KA meSEorient win gaice
cpamaf@t%@r e@ppthenatela\ﬁ G oinn Aasequsniy.duUrecorieg e important to be
| [
e el SofrF el ToaRe Ny FRTRT SRS DELu R SRE yin 2
sal@ted\amﬂtraf@lmatemiwﬂhar@wﬁ mpdnveefniancy éo aceatalysigysiam.
met hods g ﬁﬂ%}?ﬂiﬁpéf é)%puttotﬁeénﬁﬁécé 6 m&ﬂ"@@% é@i’eﬁ‘été‘d inthe first
new chem c eposition (CVD)
fgrmoinetes fat gﬂm%mzm i mu;nrumga@nd)lﬁtacﬂl@ct/@rsuléoﬁfth@ﬂnactlwty of the
ﬁlﬂ%ﬁ{ PRLEPYU USAdag At SWhdIbl A28 K. t@é}hﬁﬁe@lue . STHSAGHE 58 in
ynthesis tenperature can be as | ow as
whi ch | S conpati bI e w gw current integrated
SEA\'Et??J?fmto €&hnol ogy, and provides for a wide range of
substrate materials. Furthernore, we denonstrate that
techni ques can be enpl oyed to nake patterned
nanostructured mats. These nanostructured mats have
very high surface areas (~500-1000 n2/g). Collectively
t hese devel opnents in nanostructure synthesis open the
door for thelr use in nmany energlng technologles

o o o - r o o o . Y
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denonstrate a reduced nelting point relative to a bulk

materi al of identical conposition. SEA 1827699vl
WGI®000B8 40nce the dropl ets are deposited ontBCT/H82006/024435

material the pre-treated substrate is heated in a

chanmber with precursor nanostructure materials to a

tenperature sufficient to generate a sustained vapor
Nanegarticle Gold Chtalypise Srietioe 306t 234i (2064)( t A pbssible goluti@0® the

Iirg&g%%qngg‘f%%ﬁed%feﬁtﬂg%tsapfs? mg*efrlfafsﬁﬁtte{us%t&f %\% Bdsga' 'cgtalysts In

its bulkHierd) gald isnrere hnreactivet lowgvenmineo fthe mgmeter of gold particles is

<ﬁ‘|6‘,§19ﬁﬁ§etgt"éfér§;% ar%e&l&ﬁwt Tﬁb"cg e%h} %tﬂﬂ‘m §e1?19ﬁi9% kingAu

espec St ructures
nendpariiplesNise ueefulhe mmva;atatwlo mmtlonas Heewa, Me Sizs aed support-

' I al S r anot her
R BLBT b B o Bl R T o T et ur s
on the sutdwsries ssawh et diffgeand adbstratdssare peeded for effective

cgtjaﬁ&fs ﬁ%'ﬂ?%‘? ng{)i%aéfp?%’ %Bﬁt'g@t? Riaaéno% z} MM ﬁtogt é#ectlve when

Str St cov
CosDyisusat ks e suppoft (Hawtas1997a.c Eonlhd dteh@ﬂsmttom qt@ltpxm Fea0; is

p¥é'?€r‘?ec% ﬁé ﬁéﬁva?O@ﬁﬁ{&%l {j’-fa‘?&‘a{rz‘ﬁaﬁ) Ji e%r:hlahé tH%\‘F%dcao‘ane of

h - nat
pﬂ’dGUDKﬂIg.NFfSeomdlﬁtrenmtrateg:tjéa agg@gyamdsawlv woyldrherait ¢ffigjent
afd %u&tdn?%a %att@m pﬁ;dsérﬁgrcsta% tiRerigcur sor

otential substrate
mat eri al As arfnweqmrtoeudﬁtheegcr@ase istecesi oAt Nflsaiumerous
t&8h QQ haey ?e?‘éﬁqﬁ\'}ésﬂéétgb kot thélﬁﬂodﬁaﬁma@abl el sdn‘?m'élﬁ%hés' th€

ese nanostructure In prac appl I catil ons
majerieat tepm@mﬂa that heyepees eepostedhia prdueaAuiNiig. In some of the

agkl%ggﬁ% /QLéN %% %gég %9%@)6 gﬂ(lstgfb% ogeF@ﬁ&Wc(tyﬂe% d n)ano?‘:tn@ctures
whiile @ﬁmsapro(:lgcej depgpitiong on Qjan@egubgtratgg mhese PLskerge variation in

d% ?Qtlo %ﬁ“&% tebiHR ués% dhgﬁ%@?féedqnﬂ%@ﬂgjd? sydianai Sthdies
Hamaheet pre@emta@@ 0 @ mﬁenmtttmmmg ihedatinlessize.wioststiar, M.J., J.E.

v%.ttaater @pet Ealyaie R e ar et W/I'Ru@ha 5hﬁDd@_BR§dr¥o' ary,

m'of catalytic matérial and subsequent l)ﬁ
Gream,ekl. |$iOl§Qﬁrl§?t RatVieralwGlh ghshe B, PortguiNiDafyAdy. and R.W.

I\I?L?tdty A(‘t?dr}%ﬁﬁélé‘tl% oeclﬂstSPMBI%QulesTﬁﬁtﬁ b diarhersfrAB M@ 5.2 nm:
ime t S cool ed under a constant f]ow of

Gpae and rrmehwewpmrﬁwa%a funciemet eare s&g. 9@gruiElf.of7 (1998).
ddi‘hr?a?ﬂfn‘?ggsﬁﬁl Ssd IQVOd%ghQ dect bﬁtﬂeﬁa‘agilntﬁésnf b O@((:)OCI:IOIds

osi'tion tenperatures may be as | ow as
baraser @bk@@%lﬁi@lobﬁ'k@mﬁes%lﬂf&ﬂﬁr JoMaiett d79sal19, 2A88/(2P8Mge
from 300C-1 0000C. The thickness of the nanostructured
mat may range_from lmmto 100mm The growth tinme nmay
range from 30-60 ni nut dartideendi ng on the desijred mat
t hi ckness Theg al al l ows f sel ecti Ve growth
of the nanosprﬁ}%gﬁﬁ%{%a §Q predeter2$ﬁed pattern. The
process is ihexpenslve @0096reprodu0|ble and readily
scal abl e. Thg
substrate and de will be
described in gdfréablwtlodet aigl beJ.QHgg aﬁd"GaBQOQ§”UCtUT es
and SEA 1827699v1 67901- 68 5nanostructure matg nay
undergo a furfther processito bBarigehiet ali2fd natal | i c,
netal alloy gr nmagnetic nanopar | es nanospri ng
mat exhi bits |excellent steéep coJ%W g t%ﬁg@3 t he
nanospri ng mat can be deposited on a non- pIanar
gu&%g&&gagd will readily follgw the surface contours.
E?gure s a scanni ng el ectron mcroscope (SEM inage
of a mat of silicon oxide nanosprings. As seen in
Figure 1, the nanospring mat follows the surface
contours of the substrate. Any substrate material that
i s capabl e of withstanding the nanostructure growh
conditions is contenplated by the invention. That is,
the present technlques can use any substrate that has

e
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grow h of nanostructures on the surface of the
substrate. Since the growh is substantially uniform

w@bwavoxske surface, a mat, or contiguous fi el dPOF/US2006/024435

nanostructures is forned (this contiguous field is
referred to herein as a "nanostructured mat'). This
process also allows for another |evel of control in
that the thidkness of the-atalSthingpfepationg may be
vari ed betwee i t he
catal ytic thin,\;‘&% i 11 2rodul at'den B sP8her tiles

(e.g., nanospgring nz!movm 1@ densiiahg dihi ¢gggess) of the
resul ti ng nanodssemblyre mat. As not ed above nunber

of potential [techniques fld ﬁuwrﬁ%wmge%traéé? nt (thin
filmdepositi QQﬁoc%ﬁ'nc%Ya' tabtre e pag skddTediin the
art, including but not limted to, plating, chem cal
vapor depositlﬁiectrqwllasrm enhanced cheni cal vapor
deposi tion, ther {5' evap drhti on, Maft&tabr beam
epi taxy, el edt rdorh dam evaporation, SEA 1827699vl
67901- 68 6puli{sed lbaser deposition, sputtering{and
reactive sputter hn?%and ¥4Pi ous GusAkst#h2Shs t her eof .
An addi tional ar advant age of utilizing a thin
filmof catal )Cﬁrbci@ddmt this nethod allows far
maski ng or patterni ng of 1€Ae suUbanavaetak@0dri gl pri or
to deposition &®Wecatalytic thin film This
facilitates a pagt®oll Ng f t aghusdcrce aviddp &
nanostructured mat  The nanostructurers will gnly grow
where the catlal y§tVEhas b&eh de@KQWéﬁjatMQ% nd may be
achi eved by setectivety covering thesubstrate with a
renovabl e material or substance that can be renoved
prior or TaldsdqSenmary ofidarimisriechnineessysrdchiodiroducefeold NPs
surfaces
(cher ool AE SHdE RRLHE ol Mo AR oiBl ) oL SBescribed herein
wodges meﬂaewelv hiatforpr disteihutianegf osstali panticles arnibe canestiucture and
{NS rfér%e oM 8P¥?r?5|8 H%mété}g I\mﬁQlﬁf‘étiroH Ok Héﬁos@{letgﬁé% involves the _
ernatively erni ng the nanostructure
foeying lof meted namx:@mﬂlessdmtbe tShtfmegtb‘n martqwgmpw@ugl@tmmowwes
{
rﬁgf bt ?gnts pec téﬁ%h%@% ?sfb'g%g&’tfa blee tl‘ﬂ%@ %ﬁﬁléd’ﬁ'a tl‘)lé &H will
appneniatd thal mma@ﬂzamn mamtdeaembﬁddwegqalo\mav be@moéscatri@to any

oERGGuRN \?I[’lé{gglaél rﬂﬂé’sni&i’ t{}l the lté@hﬂ%@% Héécﬁ’lﬁea ?1¥|9em For
een Cconp e na ostructure precursor materials
nlmtSn@ M@Wera MOQU@alsme@snna:amarlcgd ph@ﬂwak\eappaﬁeposmon
(Hﬁl%mﬁgqg&nm’uﬁg Rh&Ph h bfaftusﬁ'\d LB, DR, Mk g)d g&éﬁg, and

once critical concent étlon isre
MiG.hNarterh eGrosittialegd cloarapiierization of Bareastarbige iNasnoyiresv i Mater.

?cgglgt?ertshg éiﬁgbbé)onmcllﬂogﬂb Wt 2haIR.MheIREAN). Wharton, Y.

re ‘necess generaté a sustal ned
Galpmﬂ\/l B d¥wioneGofDe Hiasior B Lﬁs‘ﬂlb@ftsl- Perfatthel.ihr 8Yeiffi B. Broocks, and

30 urgfal%‘ EbAfonid R aRc Qligs gg%?}Bﬁ"carFB\’c%%n%Wréstbﬁ}s Rev.

exli st as a ‘gas or ol nt
BE0 4374 (§9%&)e Tha BiCAYs wete arqwmn aSis tr@tﬁ gnd have diameters

r%ﬁgﬂﬁ it lzu.é ﬁﬁﬁ"lecﬁ)t _§ A}@ﬁhonﬁé $ilakAd b‘éNtI{]W é%@ﬁé@%’?@pr@ﬁuced by
n filmcat st “becones a urd

2 ﬁmé:raawtecmlqwusm a kn@wre@maiatusr ezmngo Fd&ﬁ’irp‘é’@@é E.C.

I?ﬁéko ahd B-< %B%égﬁmaf}é’ BRAPRr R atioH) Sndl Ridnffitioh @ h&ical Sio2

e’ precursor occur I'n sequence or in
panosblieds, Nanonfeft. Saby7 (Zﬂ@éiIV'EhEDNW prodecadiherein were grown on a
N@E%h}%&?bk ¥lfbs%{ qu{bvgrdlé?ﬁé{&%%ﬁ%ﬁ? %lé’@frbrﬁt%m 'nm. Thus,
exposur e ntroduced
%?ggﬁ?é%WI%aterlals can be ut| i zed to nodul ate the
properties (e.g., thickness) of the resultant
nanostructured mat. Many potential variations for the
i ntroduction of the precursor(s) exist, a brief
description of some potential inplenmentations are
provi ded bel ow. Inplementation 1. This inplenentation
conprlses the heatlng of ~a gaseous or Iom1b0|I|ng

o - o o "
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gaseous nol ecul ar (e.g., CO2, CO NO NOXR2) or

el emental form(e.g., @2, N2, d2) . Inplenentation 3.
wakiog/ooaspd enent ati on conpri ses the heating of BCEHUF1006/024435

el emental nanostructure precursor (e.g., C Si, Ga, B,

Al, Zr, In) in a chanber containing a pretreated

substrate material to a tenperature sufficient to
tiggemetatiizatian [sros¢ssi desdribeidmareip isegpplicableto &4 NYV produced by traditional

AR BT LB R PG b B R, o
nanostr uc‘lthermetghzadtNPanneqms@oed frpé eataﬂelallate P EC VD bivamber

ogg%tltecngtnl%aéé ﬂﬁzbgﬂ? cbgﬁﬁeul\;gﬁ.l @tdg%%@%atglgcll?ﬁ’nbﬁ{e O:%arallel

Ing a Su nmat er a rat
plaesarel(h digmetdnandilrb” apenl Acwizze pmtn@les fraot the eenter of the

SOSEHH SRy LIRS 0P Aol P iy Bt
haldeRnaateRserigsiasibargoamyd, plaap Argod, gai®asNGRdNe, botpthe@agjer and
A0 FHERAHESS, SHERA oLt AN A ARl ircer

Tie quieduesaricosgotmcpyes delmecuogb@depbsmh@bamaer by heating to 343° K

B ERR M Qe B B PR e
oBeiBbdr, prebsie calld ReYa(i:ahy thegenghexplored®as 1Td» 6RBa.

N2, N2, efglc%i)nngﬁkefcp WPQO%;EB@}%Q%@SSQ‘@W edirh Strem

the tenperature | cons eres
Crenvedls, dm)ured materials may be further nodifi ed

nanopar t{ APt BRTeybloREn @liefRle PN AR 1 826000,
67901- 68 Fﬂahnmt(trmmtlummethyrmlqpantap@nvlptalletsmé(tqfabkféldaCsH4)Pt]
to the naﬁgatél%%nge%a?\gcggn@pg‘dl(g Ivvlth single or

multiple Types o oy or magnetic
himzmpantthacslbaen determiried thatkistuafly saynmets wﬁb dgandsdhet has a vapor

p\{'@gslupé'lé% B tﬁ)e%%lhlg%loﬁ?r&fe"s gd to herein as

nanopar nt I nvention is not

limted to the particul ar exanpl es of NPs described
herein. TRegl\Pgsmay be deposited through any number of
nmeans, i but not limted to chem cal synthesis

in sol utiBme vgseeqflft&G\dh gesfatly ingeansss Preenged wiith whislemptedization is
%’oﬂ‘ﬂ)‘? e CPRS b%é gﬂq%ggpﬁrt@;g ;%?] 3okt %%reégég ?ﬁehN?ﬁe @ﬁbfaééearea

er nodi ment of active chem cal

FEnIIonlglm%talllwwpothlﬁa% nanestrpbieEesere uRefuhin alunibas of apphcatlons
%R%@?ﬁs %[ SqueRsskbh&ds | l@/dﬂfl)g%ﬁts ra%@étﬂ]dtur@@'c%‘t’élytlc converters, and

NSSCruCt ufes nmterl al surf'ace area
the hilsa. rlata@lshtnonmoumweofahffgr@ﬁmatdﬁ @eve)be%rpwqce%ww. ysgd for the
rﬁ@l‘é Eé‘tﬂ)nfcff%lmepe?/rﬁr Qﬂgé'irw%ﬂf?é 8s.( Spékificafly, Bi6F, SRNARPEENT

., surf’ace enhanced Raian response

rianoa’quaptwaa beve bmm&wcgwwlh@ymhshlzwgﬂa@ Peaehnigyesiflegsribed

é(lhr W?&?ﬁ(ﬁ'}g AY gaﬂﬁa%%r]%vg%eéﬁgbéce%ﬁfé&eﬁ:ﬁéd & Si0, and GaN

emca darticles wth
rmﬂoefcluﬂtlams r §c qnb Nhpafidaeand Pgn@hcla% haverpgrnsrucragsiully

%ﬁgH@@&eSIOa%E %l@ﬁéﬁos?rrucgﬁ&e T |s|«|lé@inﬁﬁé‘ be )Wllﬁﬁﬁﬁ@élﬁe that

versatil ity in both formand function provi
ather mﬁtla@raf‘dlcéh%fmnﬁ%tﬂh—‘@dgs ey alsodeessEesizads aci | i t at es

nanost " UCHRE EorHbihk o?%f'n‘i’&al'hfbt’@ﬁ'b‘értf%@@'atn'd%ﬁbstructure may be

i npl ement at 1 ons. enpl ary uses include but are not
salenteckfor pmowwam@@aﬂm@r 9h9xac5mM@rAttn%ﬁ$l9%@5€ Rartigulagly useful for
catal ytic processing (enzymatic or chemical), fue
cells, substrates for chenical separations, electronic

[ gsen1conductor nanostéyctures) optica
%@H?ﬁﬁg“gl%V|ronnental noni t of1 ng, spacers or
scaffolds for the production of m croel ectromechani ca
(MEM devices. A nanostructure gas sensor conprising:
a nanomat structure; netal or netal alloy particles
attached to the nanomat structure, netal particles
havi ng particle size and particle distribution on the
nanomat structure; and a plurallty of electrlca

e . N a T . N
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nanostructure mat. The hydrogen nol ecul es directly
interact with the Si Q2 nanostructures. A nanostructure

W@ 2008409236 converter conprising: a Si Q2 nanostPC/US2006/024435
and Ni Pt particles attached to the nanomat structure,
the NiPt particles having a selected particle size and
particle size distribution on the nanomat structure to
opemnon:l as baatlyiig converter f tihas hee fosing thad Anapaotidiesuat aiaN

S ing: a nanostructure; and
T'“%édég Lgﬁgyuiha{ acg{%{lérg t he nanomat structure

wher ei n tSrewmsh &igupzs t2(a)-() etet transmissiaraglgetianarhicgoscope (TEM)
lrﬁgge e(gf Ni ?\lﬁsafﬁr%%d &Pé%fgli\ll\ﬁs s'tﬁr]g @Wrﬂ Fflaﬁrrﬁgrzﬁ&qgltl 88 Whliff diameter
apdithe Ni depoatt Was Ipmﬂuced amtqﬁambambesmrewa p&17 Badwhile the

sﬁBétf fte! lNgE Pgé’cﬁa 6 xﬁtk CT ?5\2% Sé g@%%r?grefﬁlst cﬂep‘og?was found to be

ace O
2 an&EhlarﬁtmdMée\aat@nmf@\ﬁ red Thennaehofa@guremlz@)ﬁ%a ihighgresolution
f
ﬁn"w\i nt | o'ﬁ?g%d#é)?%gaﬁ@nﬁn%d%d | caq H&g ?&%e%gggﬁlge mo.nocrystallme
rappeaotiine padictn eTheldiP$ stbwmintfigurar@(b) Freerph everage size of 4 nm
h {ol
wl\‘{gtrhg éck’a% %\ﬁat?&d'u %‘1 rﬁan?Wer@En%&F{i(gdr % nggé?{d 6-5h£9a on a NW
vethlp&pw nmsdmseteat The dismr‘mta rings @fkh@wewfﬁr@éthspag@rmm Figquie 12(b)
c%ﬁlw fi} ﬁllg l\ﬁh Aué g g%taﬂ%%rﬁhqﬁatQEeypél'%? Hcfo?nlg%n ed on the

SDbeiatey s Fiduwe 12 @82&;%‘ve&§‘tn§mg%t?mqtgs ranging from 20-40
t |

e i e b

stbpladie kérparstutehef 830 resuliingdrsamaedede P NBrSlzled)f 6 nm with a

s?%?c?@é\ﬁ&loﬂfoftl t?'ﬁn AF'I Gr%t f’ﬂéég(?sého%'ar\gsttaer%ﬁho ML ¥BS

nt hesi s patterns
mms&lrémemS fmtpbh@sldmogte)d #0603 irand ajehansaermamwer@f 67 Pa. From

TR PRI O M P RND R0 U aroas

8B ra4g. The furnace is raised to a t enper at ure bet ween
8500C andg

with nitr oé%%ofg%gg s Hor g Y e %790??5%28gu§ggwgdb3trates

Treadsipiositjon epnsiitians derdhe NP sihows diehigyess13(3) wergta @mmbeaﬁfﬁssure

cf}”i‘?%l Rith 5 sbif@rakd'e Q%Pﬁﬁr% df%t7§ kh erhfe ||r%‘é’t Bﬂfl?%el 3(5’5h§a HRTEM
lowTrate is varied Trom1 st andard ers

imagetéa @ginmparticiexhibiing emng*@ C'Uﬁta! demaip w@é@the%,fr@aﬂs be

Jféﬁr%gp? fo tﬁe°‘£1 1 12%9?«]& fﬁhfeNPﬁ{ ﬁg\d#e&s@ \Dér@';i?&ﬂlcé& at 42 Pa

erat U m nut es.
aneCiR3K ap priv@lati 7D m diametpse The digiactringgobing l@@ﬁ gﬁgqctlon pattern

ik ngf.rre 1%@? r\cﬁctéf‘e fhid cﬂ%@eﬁﬁne"\’\dﬁﬂe%f fHeAbt NPéJr'ﬁ%Sd’é@smon shown in

eric or hi ammonia fo
FiBure0l S0 vaseRadd i Gt anh8Eh K pos by B i iamgter. Figure 13(c)

SHEIRY l‘ﬂsﬂoﬁgaﬁ“ﬁjfo? ggrtlefefsm%rmeé‘é&é &8 09 PENPS dbpiitel aPYEIIK at a

unt1l” roomtenperature i's reac C. Nanospri ng

chapweh pasapleciéR e i e awprmeomﬁlzgpéau the ;?rt éﬁawwns was
e 13 o, GRBLAAHAINg 0 GRS BkaldTigBliggs can be 15nm or
hlgher

strat e must t0 maj nt ain
t enper at uTEMimgaes ot vaNPsganed orree YV ééﬁﬁt@ée%ﬁfB@hP‘HF in Figure

t
J"face@‘?‘%d‘ nﬁé%)& thé mfeﬂ‘ éHfﬁ‘é%ﬁcﬁw eauérmnqqg@ramaga) iRdi€fe the

rom 3 00C, and higher if desired

owistalige nature efijhe NfsM@eﬁl% N\/\éﬁ/@refantqrmﬁé@rﬂﬂevgena%bsr the
t?;éfeﬁeéj HEGEL d’ﬁr@cﬁdﬁ%&n‘ﬁ‘é’ fiHe "c‘:l@[éﬁsﬂfld?f cokQitAs At@se NPs in Figure

ee m nutes and then turned . Inmredi ately after

tr lrpeo“gyl Silane flowis Ei” ned of f pure oxygen is

?El“m d ﬂ}rough the furnace at "a rate of 1-100 sIm The
systemis maintai ned at tenperature and oxygen flow
from15 to 60 m nutes. The synthesis apparatus
consi sts of a standard tubular flow furnace that is
operated at atnospheric pressure. The general
principles of this furnace are known in the art. An
exan‘pl e of a sw tabl e apparat us |s di scussed |n det all

I rur



10

15

20

25

30

(FESEM at 15 kV and indivi dual nanosprings by

transm ssion electron mcroscopy (TEM with a Philips
WER®OO03sANsmM ssi on el ectron nmicroscope (TEM PEEDS1006024435

at 200 kV. The chem cal conposition of the nanosprings

was determ ned by X-ray photoel ectron spectroscopy

(XPS). The XPS data was acquired in a vacuum chanber

Mi(d) horaa lndveel 3|0rrm$ mudiameter, 5&1@ ak0bdteate termeraﬂu&dofvﬁ?@ﬁ Kiviith a

QSR B Se 417 o TP gt B e TR BBP i Ghas dstermined

td be 5X% viihAa ét&ﬂ&éi@%lnamﬁl? 8. Thé iFessanoemen Figuret4b) are 7

e e GRS PAR A0 g b R 72

anelJ2rRd orz e \Wiapproainately ¢ 0@ noyin 0EDieterV)Figrerarti(d) shows a NW of 80

R BT edRifns WePPry JEHiQ fF Be BRUERG'R Lhartce

svmmis&)mm wifh avetandacd denhatlonz:éds nim. nCliosg inspestigy of tiefimges in

15 S35 b g VR e LB 9 A 581 e

N&N dﬁprshaﬁestaiaﬂldwrrmvaeamemge sizertd 2aanvidtgureddl(b) and 13 nm in

copic ellipsoneter (J.A Wollam Co., Inc)
\Xéj"frﬁgg&i'pectral range of 300-1750 nm Displayed in

Fi gur e 2 Hrecoveyal tosxlds SEMel prespeise afd tmnm;qtmemjfemstw particle size

T T N e e T

peatitldsizg nomases with beasgererraachingyd mtagimmen at (42Ba V\After thts

a

FORE 3 By B0 FRedebio M o BEBE Rt s Bt eeregsedn
partidssizat Alsotshewr it Figarel W (a)ris that as thel temakrature umreases there is

tha or i | i it . F ;
O RSB vl o TS RERE iRy B h i 9 15B) e
s'ﬁbws hat@s tmmtstrawdalkmemwe ntua@seb st éch ewozmpdindig increase in

"Bké)r peaks are Si and O, which are the main
pagrﬁ!)onents of the as-grown nanosprings. It is worth
not i ng t h3ltovemialAiguk d§tare HRREMhintageb €Ay &P sfdsposited af SiO;
NS abrad=r@Bfly > PAOFRrE (e SAGHES Au NIERRN Aftherd! & 5
e al ways a ower i hdi 2_:1 energies re atlve?o the

&nptmmhatetyr&anmelhelmset mage inad\uaNE 2arm irf diameteafromi neasby

l&?atl%) Pé ll é fa%gteﬁlA%ﬁllIB Wthf @%b@g Pf}é‘ Amt Orhe lattice

neu 05|t|ve charge O e sanpl e surface
frihge $~pa¢d19ng tremma;;,e veds mh@s@ed mba:@zé nrreverlresmng!mg tethe {111}

e 5078 RIS Pobn GO, Moyl g g 10
raw) Fowas]ermgmﬁcamﬁr@ctlmw FOOS @ecwsw‘ﬁcesplm rNﬁ@Bme surface
Sthg E}e gﬁ}atﬂg 35fe 1Y &}cﬁlegéﬁbﬁé Fnﬁf'% ﬁlhq_rugﬁ%sd ai(/IShr u.

nanos IS sone et ween
Rcbﬂ;an@rals Ac Bréckrevel. Rednila Hoi efmeipternandy. &Iatss@u@vorted gold

r@ﬁg@grh%@s G!Rl%@w Wt%‘{hﬁa&ggﬁag@g 3 ‘??Flléali‘i p ért I{i&;ﬁg%dggs‘i}on and

qxiREpn meabras eCatdhi "@d@ugge@r& €00Rat Fer gjample Cxharayes are

Are PSSl %&f&g@egf t{%gs@ é@@gé@%@g%@aﬂp&é Bfgted at comer

and, edymsnihs i $hé 8 nrhu blﬁﬁhowg i Figugy 19(Rhiogs e cubecaafnﬁdﬂ@ﬂ shape
B btegf gl o e Bl 3060 FANRZGR PPN e

rgtadxm frequascy pf @Horrtsm geamass(IPPhigee.edgeand (@ 1) ﬁm@ séeles 0.05,
itative analysis of XPS results.
q@%qgéféﬂiaggﬁgé%%#g? on of each elenent is 43.2- 1.3
Si, 44.4 0.6 %for O d 12.7 + 2.6 % for C
%ﬁgng%BV@lvalues lead to a x Value of 0.38 + 0.03.
However, while the relative concentrations of Oto S
remai n constant, the relative concentration of C can
vary within the sanple and fromsanple to sanple. This
suggests that the C resides at the surface of the SEA
1827699vl 67901- 68 12nanosprings, as opposed to
subsurface. The carbon could originate fromthe
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nm cat al yst layer to purplish for a 15 nm cat al yst
| ayer. Exam nation of the size of the Au catal yst at
wo b@7003369 of t he nanosprings indicates that thePCHUS086E24435
Au nanoparticle size decreases wi th decreasing
catal yst layer. A typical SEMinmage of silica
nanospring mats grown with a 30 nm Au catal yst |ayer
i s di spl ahhednetal daatpd rr@wirgs eambe finned firtd |qae@istdnd gas

SEieY RAS eauld)R PP hr8h RERRBIoelihs o dpFisd B¥Brbed onto

thy sufaces of the ndhSvinasc [Bamisingn caliitbe Shived eitlug itlaphgh Blavteical or

SB35 LOE AP ALSLE 45, ! Ykl el v
Tasgersatsorcwi(l beddeah e tchemickl spnsimg6n gas-or liquitker@@onmments. For

e%%%ﬂf%%\te%%n @%%rén ﬁ\?y %}% %l%g%ﬁ %t@%ks%\?in%o{ H}g\gjrt]&ﬂ&?nley&hgust

spstgmepenwatef safetd7: 1. For the 30 nm catal yst | ayer the

by 6 1 ninrCTana tudies oG, GBaHEleRe Rl Gan] gt Vs
seheprd bavenbesat @inglected.afbe gaheernmoecensistell ofensimpiesfour cartast
SBUNA oA LaFN e 8 o Ay Wikt ohe
applieal yolthgs i Tlee sansoorespsnsenwasnvinehsured reldtivede vacuunheDisplayed in
; i (i . i £t
8773 BTSSP IS BRI ofhor AL o S Shane
Nsi cheinge [bethe ¢ @ireenig obiaenvied for Ar2000blg gag\fiait shariy sot @gduce a

: Lt 7
S5nsS P nelc AR MEER) Bebsbngd b Bt tp RiRine Lo Hit e to
chayial sarsingt Ihersensdnikrespemcbiophs, whichenay bawiete the fact that the

. r aTo
bR Sl et RRb B thothas yH B 108, pected.
Thieusoceshés reéeersible) This meansdhatiibe aersor wouldmet bavsstorket refreshed

[ the thickness of the thin film

b@%%ﬂﬁ%ﬁ”ﬁ%@%ﬁeposi ted on the substrate prior to

gr owt h of Thettesprnse sangestioneg0%Ite 50haetadivaitotve veeyum. Dy-going

S e oo el 27 1! o Bl ARSI 5 bfitatt h b

atppespigee. whe abilith to sinsedhdeexeanele Maltakle tiiedgdadliural and water

BARRGfcdct ures is approximately 0 nm At the other

extrene, the thin file catalyst |ayer could be very

thin, resifietmhagr imitatiano¥thrhyetages daseriucheal! tophnolpgyiiy storage of
e

hb@%lggﬁ §hd pQé;gP%?Bo@ﬁé}%E%bewée %EEI:';‘ nggr?%%% PRGhEe s_qruﬁfg} flom low

grea mmin this exanp I nent.
hydregen releaseemparaiisrer URilen, ésCe &Malaneshé-AralPelggdahlnC.H.

et
N S BEROAL B I\tﬁél tﬂ)é%ﬁﬁf@_jﬁéé@&ﬁ%%ehg@gﬁégﬂ;egﬁﬂed carbon

appr oxi mately '1nm ransmni ssi on _

nenefubes ofgiurald-onded AB8d3 T AL o Chgpds, Bf YWiadod i PRgK.L. Tan.
BHE 9{)@?9 by Qlktah‘-PépéH ?5@ nandtdods! Undier A¥BRnPHresdlrk GAd

nanoSprings are formed froma single nanowre, simlar

npeslaraip demneerahiresC 20iencsi 285ndho¥9P).ngs. Ml lroy D, Zhang

é&r&pv\gxigé ﬁé‘é’éﬂag be80AroPBRLd. THY SrobleRiith KStod 8dide iih@N@reacts
' ng C and Wang L, 2003 Nano Lett. 3 577. Zhang D,

wilhiwiaiele siich, chapgesHhe pHRagsdbi, B-Anand ¥t doyor Giassiarrterials as a

3 f o it SPkL

e 3 TP P e LSS Re T T P00

(390 he two types of nanosprings are displayed in

Figure 7. In Figures 7(a) and 7(b) are the

conventional types of nanosprings consisting of a

si ngl e nanowi re, where the napowires di aneters are 72
S%Arﬁszggﬁgalsgﬁg%m and their pitches are 82 nmand 54 nm

respectively. The nanosprings fornmed fromnultiple
nanowi res are displayed in Figures 7(c) and 7(d). The
nanospring shown in Figure 7(c) is formed from
approximately 5 nanowires with an average di aneter of
18 nm where the dianeter of the nanospring is 182 nm
with a pitch of 136 nm The nanospring in Figure 7(d)

- r .
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mechani sm nust exi st that introduces an asymetry to
the gromh nechanism In the case of nanosprings

wo eoomeak3by om a si ngl e anor phous nanowi re, it iBCT/082006/024435

exi stence of contact angle anisotropy (CAA) at the
interface between the nanowire and the catal yst that
introduces the asymetry. Mllroy D, Zhang D and
Kr anov Y PEEIOappnowirsysoducee by throflave furnang terhnique may

K n . :
o oRRHRieh bR YR Mfichoflc RepBRASRHI yoies
SHggast m@éﬂ@ﬂ[ Rheus aaéasisls witfsa significant frastiah( of)iorio bordin represent
HeAbe I as Lri
o BB oS, & ol ” ST S gl R "llon.
Gasnmiateialnase hydreen ptomggdaedivm: Dhmltytﬂhm’tlnaai@adculamns Phys.
Rem & at ossubis'(2644)Y \Fve hfa9é Htaﬁ\oﬁéttét fhaY e 'Egﬁ ?)’d(y‘&%% stita

s therefore proposed he rrec ani’'sm b
n%’%%)’mﬁ?tt 3t hayeaewdmsetwtﬁt %tﬁfaﬁeﬁve@éraStdaewnahBr@uree‘sB Surface area
f ¥ iffipotakht
o R RO ISP P48 RO s
"'hlgrﬁ%ﬁ‘?q‘t'f@deffect i vely grow i ndependent I y, the

i nteract maAB shaEWREST thé‘ﬁmﬂ%&\}ﬂ'@ %afqﬁgué M Pudlsi 3 6ond
cat al Ef fecti vel he 1 ndi vi dua anowmres are in
f%aﬁﬁb%/llltq has akouhSYA éorachenamtelf o'ilhce is ahz@ agneteriakwitieligh

téM;ielﬁétUret QbR Al ¥SdhenfiSald sfa‘?ﬁbgl fhahéh' e?'lwrohl\r'{tﬁnts This

nEet It on, sSOone nanow res WI
C?fat’ aliqnaf prorpatiasgnay make ﬁlmmmrewtmwdﬁatmetenal for hydrogen

stBEH@@Sdﬂi‘phMlonJ heyetHahvE PR eRorsitadl Y4 Jnver &S Ry bers of

nanow res of the nanospri ng produce torques on

S'@%ﬁ RANPSPIiNGS: JMiS MoiPHPIRaY NGtRASES therryerall sucface area still further.
Tlﬁé SUrREeQirda eMtincBIAEATY RanddHping FSIVe ) ﬂgnmyesggggprommately

IPvc\jllat%s produce coherent | nteractions t
an grdeE 8" MAgRITUIR RéHaved inhigyis 1hige SEMtimage 9t>enamosprmg sample.

Figure 7(l'ﬁé pré@bﬁtﬂil@df@é@tré Gelﬁbrgé#a?essar?étﬁo gﬁ'fiﬁysf\)eﬁs%tlle technique

[? % ur es 7§ %_ ‘trate '
WEPP & eﬁtvedQ reodRld 6F n@noseriRgse o This tegbaiauesen hansed tegrow SiO;

nérw'smlm Srart A QAP LRSS or Je8nfed Wdé&gthé BO¥Grdkdcan withstand
?é?éq{ls an exanpl e of what wl| referrecP
%Ceéﬁ Uil ti - nanowi re nanospri ng. The nanow res
l n this mn@@ﬁlﬁﬂylt@grdmﬁh@h el r‘t’aﬂ%bﬂ'%gﬁ?ﬂﬁﬁ@s f’?tfak thls  process

rence. where the nanow res track one anot
Vg B G e Ao Rasy IHRgratian go GeoiEanaAmYas astaii
cohvaners &F hydrogén §brdgs. T h@%angéﬁ?iﬁbgééﬁbg @deﬂﬂo@ﬁlafe@%at can be
i in Figure it can be seén the hanow res
S"%‘g@ E Fé%“%'ﬁ? ﬁé%efg%wgémeﬁlmwdyo%ﬁwwrﬁg? geyiers: (Begause they
aref hﬁbh}tdglﬁi b?ﬁgctgt]fth}tﬁ%k%%ﬁggép@ﬂr | E@P@?gﬁ}fgsr §t§>§@slte°tedtr‘?)p6tentlal
inf s oo Bt Miresth OB xaeatpen ool e rate of hydrogen

ddliv@nogpei Igﬁﬂ@th oFﬁénddéﬁtdb%r&ﬁﬁé is08addoffthe Hér?os%hh’as whhig give an
ected that in order

adgabisBtahiio divs im elpE 16k Gl it A8 SurBcah Jheraicalee

copibiireioniof butidratea hgRdstiugiurd méteriaPadd e Rhnd 2RI £i3khed to
s time there is no definitive

”‘%%tc‘)%ﬁré‘?{bg%ar&s&%e%?ﬁ%ﬂftthﬁ|ael°'h‘éH@w Ferexepoin, Pragalwic

coat/émérena‘m]iﬁ NPt parfi¥ies Bﬁ%%ﬁle%gé%%%;sbtpﬁtgy Eﬁé ?\g:n;elﬁ%/lst

| ow f. rrratlo eratures (300-
ngngparye ef»ﬂntaiéal}spgrgﬁsgugttugqe but renmains solid and
therefore faceted, where individual nanowi res form on
respective facets. If it is assuned that duri ng grow h
sed BBk atomleySt 1S essentially %n alloy of Au and Si,
t hen nanowire growth bel ow the eutectic terrperature
(3630C) will occur when the catalyst will indeed by
solid. Ckanpbto H and Massal ski T, 1983 Bull. All oy
Phase Diagrans 4 2. Since the Au catalyst is deposited
as filmonto the substrate it is difficult to
rationalize a mechani smwhereby the adhesion of the Au
cat aI yst and the substrate |s br oken wi t hout the

o, .. —— o, = Y
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nanosprings. This initial test has denonstrated that
the sinplest lithography techniques can be utilized to

wW@aaoveea36nanospri ngs mats. Because of the | ow PCT/US2006/024435

processing tenperatures that can be achieved with this
process (~300C), mnimal bleeding of the catal yst wl|
occur, thereby allowing for greater control for select

area gr owthe fomgeingedescinassembrdimenth dgpiaptiffereripeomnonatis
cOhtdindditvitriirt @r E&ﬁr{&‘,{ed' Wit} QAR Xth’éﬁﬁ&ﬁ g&ﬁ{n@ a! "i'.Jf ¥¥e understood

atterning in order to determne t I'es eatu

thatsush gppigied @mmte@tyreé areimerely axemplsmAang s pdfact many other

Hidnuks éan%ﬁm%ﬁéfﬁéntéd“&vﬁlm %Ehci]ev%f?u% s'aﬂfqu@fohglﬂ}/ Ina

gl eaned fromthese studies wl ‘he

CoBeRREYF isense @BY AlIrarganasT obcordmneo@stomhrevgme gaene functionality is

e@f@?tfsfe?W‘éE@&né%d"rkuﬁml'%t e JE%E’Q& mdcﬁ&?'ah%)'}@ bEhlel oﬁ@ﬁ%e any two

rovi de a neasure e potentl I nmpac
Cﬁm@e@gs bRreihearghined Waﬁ?bteevé lersriiayiar functionalily canthedisesners
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function of adsor ption of I con
0 architegtrgmor E‘X?I@\egt%ﬁ@“mntﬂ L%@Wlsenﬁm'rtwpmompan@nts SO
sy Gated Baﬂfbl% b8 vi'é@vedTJéeoéHbﬁ'EP&%lﬁ f%infwéct%'t BE"orb‘éFa%ﬁlsédﬁgled" to

exposure to i ndi cate nd t
eﬁﬁ'h@%’ﬁ”%@-‘é“ﬁ@ theydesieddunctippality.on the surface and is

phySI Sor pivhin arﬁ&ulé}%‘i’&ﬁﬂnérﬁ Bf‘fﬁg‘p?%r “n%htloMHa(/é BE@n shown

enent at i ons for the Sy eSI S nanostruct ur
aﬁﬁgeﬁ‘@"&@dd'éw&'rhec@w'%é@ tﬂnose ﬁklé\@mintth@ art thit based rupon the

téﬁ@ﬁlﬁ@%?\%réi’rﬁ dwaﬁge%péﬂd' ﬁ@élfié’cﬁiénﬂfna? %@%Mﬁﬂuyﬁéﬁg from this
have been, descri b e nost | mportant are
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eh%ﬁﬁ@&&ﬂtfﬁrﬂﬂn@ﬁ‘%@o@é Qﬁs&ﬁ'ﬂ%ﬁﬁ&% 4l rhb @ dibRe 8 aFehMﬂmn the true

IImpmaterials, which results in nore reaction sit

Sm%a'?ﬁsﬁ%ﬂ% of #is Invgifion ceurthermercel 1S torber Wderstead thatthajnvention
iSRRI definedbythe appérRl ddihg. angi %E%Hgﬂémo@@)those within the art

Pl at1 num NPs have potential use in oxi dat1 on

thahdR 9E8%Bb MY de&PBGﬁf% rodiegpecialiydn et anpspred Nﬁlmse(le g., bodies -
ol sppendetdiSi fﬂs? Mré’%érﬂel‘a?l? %téﬁhéa%z“%ﬁgn”rié‘ms"@eﬁ‘ &hé ¥tm
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bl nefilipite 69 glaval YAihee Birthar ynderstaed bw@’@e within the

a%tm&ﬁfi@'mﬁb@r 8Lan Mitrbduded c?aﬁh‘@&ia'tn@rﬁ‘ls%teﬁééd 's%f?an intent
and Support - en enc

WS PRIRAY ot he i ancip dy abssee b cmg@éyon mepuch intent
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"](aé((j%f ggg supp?rted al kal i ne ear et al OXI S

Nadsusaget tedatradicipry ghiawes &t deashae ddpamatmpre” to

|Hﬂbﬁbé§3@lhlﬁ* dcitationy driaaesvel tRS LS bffucH phiBeddndiis not be construed
st efficient when partic

ort e i 'S
tcbl' @}geé&@dgﬁ iShRIE Fpcitatign ﬁmth@@%@tﬁ*@@ﬁfﬂqkﬁﬁ "g' pr "an”
lilpRs anyepamams{r ¢Imdn@d1ﬁlné Qu@ﬁnﬂ@dllﬁ:ebl Qldith e&litetion fORYdBbns
ce NPs of a desired size. Tail or| ng NP size

rod

oG U Ghe G Sopi o Yerdheh i Sae pla BelLtes the

iNeYUCTHIN hirddes i"ems §r there" ar Glledsy Sie" aMatifiBfinild 8rtitRs @[ld:ﬁ ¥s "a"
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“drie ¢t nibregCthe ls@MmilHoldeftruelter thBagk io¥ bénnite farddiss L%'éﬂ rt@ [Mroduce
Pt- or Pd- based catal ysts bel ow 473 K Canpbel CT.
sehhErshGEhyYE Site in SEA 1827699vl 67901- 68
17Nanoparticle Gold Catal ysis. Science 306, 234
(2004). A possible solution to the [imtations
presented by existing catalyst materials is the use of
Au- based catalysts. Inits bulk formgold is very
unreactive. However, when the dianeter of gold
particles is <10.0 nmthe activity and selectivity
becorre very structur aI I y sen3|t|ve maki ng Au

o o g, Y 3 T 1




deposition quality anong techniques and only a limted
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récitatibbg ror theermm@a re@ivegisng)2004) . Particl e Techni que

Si ze Ref e [ r

precipit a@éd&?q@?ﬁﬂéln%%ﬂ%g '?Bagt IE@%& e%gé&%gb qhe Qé&)é@l%ﬁ
QOd4. 4 Taubert et al 2003 SEA 182 7699vl 67901-68
182-7 Schinmpf et al 2002 2-5 Han et al 2004 Ml ecul ar
12 Wang et al 1998 Assenbly 1-5 Gutierrez-Wng et al
1998 Sonochenmical 5 Pol et al 2003 El ectrodl ess 3-4 Ma
et al 2005 plating lon 5-10 Guczi et al 2003

i mpl antation Direct anodic 1-20 |Ivanova et al 2004
exchange Aerosol 20 Magnusson et al 1999 CVD 2-7
kunura et al 1998 Table 1. Summary of Vari ous

Techni ques Used to Produce Gold NPs As will be

descri bed bel ow, the netallization techniques

descri bed herein provides relatively uniform

di stribution of netal particles on the nanostructure
and allows for the control of particle dianeter.
Metal | i zati on of nanostructures involves the formng
of nmetal nanoparticles on the surface on nanow res.

Al t hough the nanowi res may be synthesi zed by the
techni ques descri bed above, those skilled in the art
wi Il appreciate that the netallization process

descri bed herein may be applicable to any
nanostructure, whether or not synthesized by the
techni ques descri bed herein. For exanple, SiC NW were
produced by pl asma-enhanced chemnmi cal vapor deposition
(PECVP) by techni ques known in the art. Zhang, D.

D.N. Mllroy, Y. Geng, and MG Norton. G owh and
characterization of Boron Carbide Nanow res. J. Mter.
Sci. Letters 18, 349 (1999). Mllroy, D.N., D. Zhang,
R M Cohen, J. Warton, Y. Geng, MG Norton, G De
Stasio, B. Glbert, L. Perfetti, J.H Streiff, B
Broocks, and J.L McHale. Electronic and dynam c
studi es of boron carbide nanowi res. Phys. Rev. B 60,
4874 (1999). The SiC NW were grown on a Si substrate
and have dianeters ranging in size from40-140 nm The
Si 2 and GaN NW substrates were produced by a flow
furnace techni que using a known apparatus. Zhang,

HF., CM Wng, E C Buck, and L-S. Wang. Synthesi s,
characterization, and mani pul ati on of helical S Q2
nanosprings. Nano Lett. 3, 577 (2003). The NW produced
therein were grown on a single crystal Si substrate
and have dianeters ranging in size from 30-180 nm
Thus, SEA 1827699vl 67901-68 19the netal lization
process described herein is applicable to a NW
produced by traditional techniques or by the catalytic
c i cess described hergin. The netalized NPs
%gg&wggﬁﬁggd in a parallel pI%%e PECVD chanber



10

15

20

25

30

operated at 13.56 MHz. The chanber volune is
approximately 1n8. The parallel plates are 3" in

wael@moss9 and 1.5" apart. A nozzle protrudes fPONUS1966/024435

center of the anode where the precursor/carrier gas

m xture is introduced and the sanpl e hol der/ heater
serves as the ground plate. Argon gas was used as both
the carrier and the background gas. The nanowi re

sanpl es were nounted on a %@g sanpl e hol der. The
precursor conpound was del i to the deposition
chanber bpheimedntiog claima&dlis: K i n an argon stream The
substrates were heated to tenperatures up to 873 K
The chanber pressure could be varied and the range
expl ored Wwas Nmétho(i?orl%anthéhemg obhastiuctyirgs enuiwisoy:

d bt d f t Lgal s,
Foys N cieafng p SRGctiue PeBRr i BRgeps! ERlaal Bhe™' ©
[N -( C5Hséx25b$rn§’ltrai ¢atalpst material to a first precursor material at a
%t A gﬁ@g%e&rc Gh seg]rtnqadrleﬁa]wrge{k%tdo%%%to its constituent
odrrrpehérytb tathetetyaeehid raas;eer) ey bitkhé Ipkdcurddo weaterials into frea®structures
b ' that virtuall tal with Ii d
Q(nﬁggc%gélggsrq/r%ggr at virtually any netal w i gands

pressure can be used for the
nmetal lization process. RESULTS The use of PECVD

» gr eatly i icr e‘ﬁ:ﬁznétﬁgd 3fpc(?aqr§ mneremo%nnﬁteaéulbhtfﬁe Ic8|[r]1prrses

is conpl eT’ed. use” of "nanospri ngs or

dontimeths essbsthate aith itheecataly stacatedal éma pFesieteymineyl thickness of the
J II| a_ltal on, these nanostructures are useful in a

7 ? appl i cations such as gas or aqueous sensors,
hydrogen storage structures, catalytic converters, and

the |i ke | I .

have been™ sucgggé‘f“%}ﬁﬁ/°ﬁcs'@é’r?‘§ﬁer§ Leé%me{“‘g I]%l zaFﬁ %t% cgs?wprrses

adefifigethe substeate siith died catalystyrpatsrial 8pe eprédetariingd dsin€y on the

s%bq %gd GaN nanostructures have been successfully

Aifesi zed usi ng the techni ques described herein. In

addition, Au particles have been successfully attached

to Si2 apd

particl esﬁan%mﬁﬁa éilucg% rnhFVQ\‘rherJeWr @o%ﬂh% h%nsu]bgﬁrate comprises

mhtrdbm@wmwraummebﬂhé catatyss matarialifosss athio $ibm skr Il ed

inthe art will appreciate that other netals and ot her

nanostructures may al so be synthesized. The

conbi nat i®n ofThewnathod obdlaiond, fiarther comsrisingimasking the substrate
rticular

;g%P %o%l'tﬂﬁ%H{e s@@%a@%wﬁﬁbé%t%@s{ Mbte Iﬂgrr ot ar

particul arly useful for SEA 1827699v| 67901-68 2

Ooper at i as 0 |

that A pirt; arSaierod b SpFEWBEISR il ' X850 EGR fefayst

rgatsrialds perfaroed bgeovaating nethngr sedecte| fagm @cgrowp ef coating methods

%ﬁ%@??ﬂbk&&ﬂghggﬁﬁﬁé &5@5? cfﬁi]agé W %lésé@@nl‘iaﬁ?%féhe%rc&"vgBOr

depositionitberatabevaporatiohemilecdlepbsamn epitaxypelociiareieRam eyaporation,
r;rﬁste% Q%%?grtrﬁgﬁggrﬁqg%aé@gr utt&ﬁg grlmgg BIHQ?irrsacngreof

deposrt was found to be 2 nmvvrth a standard devi ation

of 0.5 n : . _
hi gh-reso ut| on #E%ﬁ %&ﬁ%ﬁw ﬁ’Qé‘é @‘%‘G'S?’g&rate fgterjal has ameltrng

nding tgmparajure braakss traamlthe Hrenmrﬁtm qbwhirh thedirstaregusseifmaterial
Figure 12(b) have an
ﬂrgg?sg@o;ﬁdsrﬁ s ?-Bl?rgtrtuéﬁt G%Fﬁ ae'gttg andard deviation of 1 nm
wer e produced at 873 0K 67 Pa on a NWwith a
s%lsﬁﬁﬁvb"ﬂgﬁlr?éter The distinct Tings of the inset
diffraction pattern in Figure 12(b) confirmthat the
Ni NPs are crystalline and that they are randonly

"oriented on the substrate surface. Figure 12(c) shows

several NWs with diameters rangi ng from 20-40 nm
Deposition conditions in this case were a chanber
pressure of 42 Pa and a substrate tenperature of 873

AN " o
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shows a histogramfor particle size neasurenents of Pt
NPs deposited at 723 OK at a chanber pressure of 42

w@2007036aver age particle size of all the Pt PCT/US2006/024435

depositions was near 3 nm corresponding to a surface

area of 95 nR/g. TEMinages of Au NPs forned on the NW

substrates are shown in Figure 14. The distinct rings

of the inset diffraction pattern in Figure 14(a)

i ndi cate §he g t | ;

NW are aérmr phgéiﬁégéwegﬁec eﬁcﬁ‘gﬁ%rg thg Supd gah% @Bgﬁ‘ré!:'%glreded

fobind & igamtp afsubstratermateliads chamisingi glﬂssctmttal tmetakalfoys, arganic

§§@ 7 67901-68 2 114(a), on a

dg%érga’%r%i%g e?'rﬁ?on%%g%er e a substrate tenperature

of 573 OK with a total chanber pressure of 17 Pa. The

aver age Si f

5o ai 0 a Sreripe SR arns eimpRLi A ARk,

doncﬁitg’a‘oeotltdh(etil)st@nr@wsmmateﬂaﬂl ameter with a st andard

deviation of 2 nm These NPs were produced at 723 OK

and 42 Pa on a NWapproximately 100 nmin di aneter.

Figure 14(@) dJhewsethodladimsy furtheir sompeisieg eentrolling an exposure
[ e 873 OK and 17 Pa, resulting

Oq}ﬁé)@% c{afllrﬂfgk F@&}Qbﬂi %atgﬁ%lm with a standard devi ation

of 13 nm C ose inspection of the images in Fi-gure

14(b) andfig h%*é ;

di stinct Sll’tghgsn]regtﬁé?%g{: 'ﬁm ﬁ/h%ﬂ%ﬁ\stﬁéﬁ tFE% Hgotr IC [lal exists

nedwrellyass aigas age low, bejlingf pantmpateral Fi gur e 14( b) and 13 nm

in Figure 14(c). The overall trends of the pressure

and tenperature effects on particle size were o

det er mi netR.and’hemeetbbdaiclaim i yhereinitBe fitsh pricysoemesyria) is

delectrdif a?@% &gﬁEchQ@r RALGAS 'cqrﬂéhﬁﬁg S&H i@ﬁ‘@ﬁls W diB),,

pressure r a maxi mum at
&@dﬂm:ﬁel-h Gobki Ploidg Al(REr (RadwdragathoniCQ@h &b &O, NO, elemental
r USES HLERS nticle size. Also
(9 N? @lz,S\ ég Hq5§§ S Q Rhgtp agg Iltihe tenperature
|ncreases there is an overaII increase in particle
size. Thigytr :
ahi oh shoid 1 e TanB! 8P FALARR okBrihg Shfooldl b catalys
alerields esecord precyrsar weleriekhalriisiynatralie 48 @ gas or a low boiling
tt'{]"g 'ZFSI ze. Shown in Figure 16 are HRTEM i mages of
eposited on Sig 2 N\W at 723 OK-and 42 Pa.
Figure 16(a) shows a Au NP with a di aneter of
appr oxi ma;gl y 'I%erméth%@@ LBREY3 Wﬂé‘éﬁ'\ é oélné‘%é\?atglyﬁ'ﬁwétgnal to
di ameter from a near ocat| on. Figu
thaseeand precusonnatarial oepw&eu@e%@ntsowosmat eaqatalxsé material to
tf]élﬁpgggre%g%t tdrfy t his image was neasured to be 0.23
nm corresponding to the { 111} planes of Au. The
particles shown in Figure 16(c) have di aneters ranging :
from 15- 91§1m TH m&RSd 8f aélg'ﬁit/vﬁ@l@né Tp@Slhb% SitalgsiOnEterial to
occupy surtace sites. e surface sites are
thggaringd pieeurser materialnseimsivhile expesinghivie catalistpraterig] to th first
ﬁrlé&?é r hatef@hr, U. Rodemerck, A. Bruckner, J. Radnl k,
H. mei ster, and P. daus. Supported goI d
nanopart| cles: in-depth catal yst characterizati on and
applicatigs i nrﬁyrﬂémeeeaaéw Efﬂﬁhét@o%%lﬁ%_n{eﬁﬁ&fdg“‘tﬂé
Catal . Today 72, 6”2%(t For exa gr oups
faﬁf‘@sﬁtﬁéﬂ@rt&rﬂﬂaﬁhmg @lmﬁﬂtclﬁ? tgthe nqrm}rueutef aces and
C=C groups may be activated at corner and edge sites.
The 3 nm Au NP shown in Figure 16(b) has the
S%}\J]t% oct 1ahg%lol on shape characteri 8stl c of many of the
mar 1 est partlcl es seen in thi's study. For such a NP
the relative frequency of atonms on corner, (100) face,
edge, and (1 11) face sites is 0.05, 0.10, 0. 25 and
0. 60, respectively. SEA 182769qvl 67901-68 2 2The
net al coated nanowi res can be forned into aqueous and
gas sensors. The sensing is achieved through chem cal
react| ons of speC| es adsorbed onto the surfaces of t he

~ e
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nanowi res are GaN. The | argest response was to
nmet hane, which is to be expected. The process is
w0 eaeiosi3ld e! This neans that the sensor woul d POL/URENE024435
to be refreshed between neasurenents. The response
ranges from 20%to 50% rel ative to the vacuum
On-going studies are exploring the sensitivity of the
sensors afl t Maemethod oftgfaitol Gopiearainghé namosruetate is synthesized
at here. The ability.t0o sense.N2 i.s ext I .
44 SLBrenpyreriie A9 ristafiaPar SdRfiste ARoHa M i partiles to
tAd8idwmjambstridtireat i on wi t h hydr ogen based fuel cell
technol ogy is storage of hydrogen. The use of carbon
nanot ubes has been proposed but these suffer froml ow
hydr ogen t&| ease ntethqubofadaimel6 hérkianhe thetallizalfoiMcomprises

ones, .T. A... Bekkedahl . Kl a S. Bet hun a
Sp3irg afro R TEosihip S Rltie ot b fiagitlotures
coardhising EaSioL nbesstrublureiand § CahbieamosB8&ure377 (1997) .

Chen, P., X. Wi, J. Lin, and K L. Tan. H gh H2 uptake
by al kal i -doped carbon nanot ubes under anbi ent

pressure thd Mhdensthad dfesiger H wihersin e metadlezafi8b corBiprises

1999) .. Bor.on oxjde h n
AUPGHIEN RRERES 3 b relPulha srEFeo oRLEBe g MFnogtgires
ootripeibing lEeSi@e flahdetrusturd andd ISiC nShddtructand Y- K Kwon.
A assy materials as a hydrogen storage medi um Density

functional cal culations, Phys. Rev. B. 7 1, 035408
(2005) SEZ0.187Zhé%8ethoddRddim6t @h&Eingh&eallivationicomprises

A | f [
F680HG P oGS fa hengthRAEE sSEERR T e FRtp( PofEH Ay Fos
domgoois e i ecSil0, sancktestuseliged s iSiC hanmostmmotuphous mat eri al s
with a significant fraction of ionic bonding represent

the ideal case for attachnent and rel ease of hydrogen.
Jhi, S- H. 21.andhg-nkethsawinclaid tswlenainttbe immitalization uses chemical

hydr egen. ' [ Lan
BEPE RS BhaS AR RE Lt oeftRBe ¥ v GO ss) . ve
have denonstrated that we can produce silica nanow res
t _hat hav CayEr yl'fhle%egtﬁo& of &éimsﬂf \Rlﬁ&%in%gfrﬁetﬂﬁ’zasﬁgﬂwgeét dplasma
Figure 1877 'Surface area 1S an I nportant requirenen
dnbanedd ¢cheimdcal vapardegesitien toratigeh dredmetal particles td g nanostructure.
t housand n2/g are required. The structure of the
silica nanowi res is anorphous and the Si-O bond found
i n silica2has Antmetitod3a0syinthesizingmanastirustureScoinpasing
also a ma ] ' ' ability and is
cheni cal | @Sé@%ﬁ‘é’h?ﬁdﬁé %angtq&%g?ﬁﬁég?ﬁhbnvi ronnents.
Thi s conbcosding arsubstrate opderial with @ecataiyst evateral geing the masking
&ﬁ@ﬁy&$?s the ideal material for hydrogen storage
appli'cati ons. W have now denonstrated that we can
f or m | ar gexposingéhs caitlyst hatedaliaadis mreayssor Mhdterial at a

| i r. . ¥ i Ll
SRR B AE S piB 8 Bphal ey AP A dnlion
coplminents to permaihassiemidy ofsha precussoratarialsdntogragestrystures on the

o | .

GRS sHitEee R REHAKRLS i Hohiing b P WLl SRR P S pnomat
giniceranom cal , versatile technique with an effective
100% yi el d of nanosprings. This technique can be used
to grow Si @2 nanosprings on virtually any surface or
geonet ry ptoviAlsvicheomghisingat e can wit hstand the
process t enpgLiakdhSin nguﬁ#el bLy to grow high yield
nanospring sanples makes thi s process viable for
commerci alizati on and easy inﬁfgration i nto designs
EHBHOAE ¥ al ytic converters ©r hydrogen storage. The
nanosprings can be grown on plates that can be stacked
to produce extrenely high density hydrogen storage
devi ces. Because they are in physical contact with the
substrate control procedures such as el ectropotentia
i nduced desorption of hydrogen could be devel oped to
control the rate of hydrogen delivery. The growth of

. o o "
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effectively "associ ated" such that the desired
functionality is achieved. Hence, any two conponents

wegogioeedconbi ned to achi eve a particul ar functPONER1006024435

can be seen as "associated with" each other such that

the desired functionality is achieved, irrespective of
architectures or internedial conponents. Likew se, any
two conponderiselygmcied mat aft rethostaurctares goblingvthe wadaceswherein the

being * bl “ o " b led",
Bt BT S ok Renanlis, o Functonal 11y, i1

particul ar enbodi nents of the present invention have

ki 11 od 19t nd"arp b ot Saip 2a heioi e REEEHE bt Spiraity

dieulestraje nlagenigiss and nodi ficati ons may be made w t hout
departing fromthis invention and its broader aspects
and, therefore, the appended clains are to enconpass
within th2g.r Jbepeviaé lof saioch24 Waegésthasdbsivale surfadei ions
ar ithin the true spirit and scope of this
%ﬁﬁygﬂféﬁnﬁghgﬂrthernnre, it 1s to be understood that
the invention is solely defined by the appended
clainms. 14, w | .t 0 .
that, in ég7éner-IJ gﬁ?ﬁ%’ fég‘éﬁ&lé@ﬁ%ﬁ@%@ﬂ&é%ﬁ%@ééggﬁ% |§F\|Brr1]-planar.
t he appended clains (e.g., bodies of the appended
cl ai ms) g ral.l.y i - "
the et m 28 neniaaye’ o BeFEEEEnaRin A Fanableied fiafoms o
pattac thai cuyetsidt least alppriiohedthecsutfatdie t er m " havi ng”
shoul d be interpreted as "having at least," the term
"includes" should be interpreted as "includes but is
not |imt28 t dhe device of claim 24 Whetsin fhemahestrusctuted stabtsd
C iy " ) N
rRSnbAEE Beitlek ik e sdichelcBfifac unfheSPRiTehh § PHfidon Between the
firsttapd tseopnid cdndaak spifaceist [y recited in the claim and in
t he absence of such recitation no such intent is
present. For exanple, as an aid to understanding, the
f ol | owi ngBGippdeaigvick af alginmEs whergirihe nasagieuchire chemprises a
[y 0d.r ory phrases "at |east one" and "one or nore"
g{l%ts.n(?%?g%me claimrecitations. However, the use of
such phrases should not be construed to inply that the
i ntroduct4.pn [ | L ' IR
articles Ma)\ giheﬁdaeg‘pélomﬁﬁgbg%b%gh Flécr{ﬂhg?&%%gl r%Bh'\'}:)ﬁses 2
seoncandactogmatesial.i nt r oduced claimrecitation to
I nventions containing only one such recitation, even
when the sane claimincludes the introductory phrases
"one or n32.e" The dexicelofaleim dAwheeginitherngepstriatyre comprises a
ol ch as "a" or "an" (e.g., "a" and/or "an"
%%%h@éﬁﬁiﬁ¥bally be interpreted to nean "at | east one"
or "one or nore"); the sane holds true for the use of
definite tic o >
G701, 66 B el RE Y blink B4 W?ﬁﬁ%ﬁ"‘.’%ﬁ“ﬁi@%% 31 present on
the euifadecof fgrrnostitictdfesi nt r oduced claimrecitation is
explicitly recited, those skilled in the art wll
recogni ze that such recitation should typically be
i nterpretd t dheslenicatof claie 83 whereie Bietraefahis Mieansitien getal.
the bare recitation of "two recitations,” wthout
other nodifiers, typically neans at |east two

recitati od®, dhetdgyicerof plaine 33 adierain thermagtal partiele i arpepded with

[ [ g imted except as by the appended
4 el BBt et £ T 0T 65 5 BCLAINE The i nuont | on
clainmed is: 1. A nethod for Sy, t hesi zi ng
FARSEY T Ut%r es conpri si ng: coéfing a substrate
material with a catalyst material; and exposing the
catalyst material to a first precursor material at a
tenperature at which the first precursor nmateri al
breaks down into its constituent conmponents to thereby
permt assenbly of the precursor materials into
nanostructures on the catal yst surface. 2. The nethod

o I A I L I T o o
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conprising plating, chem cal vapor deposition, plasnma
enhanced chem cal vapor deposition, thernal

we@r@apoozsse on, nol ecul ar beam epi taxy, el ectr onP@EEN006/024435

evaporation, pulsed | aser deposition, sputtering,
reactive sputtering, and conbinations thereof. 7. The
met hod of claim1 wherein the substrate material has a
nmelting point tenperature greater than the tenperature

at which e first precurso terial bre d [

s constit verhe SBHBE REHFET S MR Bl e gginsrn i tart Blctuces 2
ph¥sicdllyelateitdinel clodngel iatha surfabe peipertics eipsn et etetimding.

material is selected froma group of substrate

mat erials conprising glass, netal, netal alloys,

organi c ¥ yn# devicessoanprising: and sem conductors. 9. The

nmet hod of _ cl,ai further conprising controlling a
concentrael'Fl&?trgquW@%ﬁqr@Pe’precursor material. 10. The

met hod ofa déraein dackéd nah ef nanosudtsies goating the lslibstptasurface

xpasure duration of the first precursor terial. 11.
RS i s Uitk e PeesPERgE oifETPIES ec ur sor

mat eri al resiashanopattictealdrgsent om thgesurface af thewiabostruchuges.

point material. 12. The nmethod of claim 11l wherein the
first precursor material is selected froma group of

pr ecur sor38rat dihealesice ofiplains BT grh&iehithe Siub$iCHS c8mp@sas] atplurality
c%'égt%c's 4 nlél4, GeCl 4, SbH3, AI(R)3 (R= hydrocarbon),

0SS MRS Noe, el emental ¢, N2, 2, d2, Si, Ga,
Hg, Ro, Cs, B, Al, Zr, and In. 13. The nethod of claim

1, furtheg, comprisi X | : t | al

Lo a secort proBuryss TEBETSLhneRT: FEPb¥te TREL €,

abs@anti@ly pdanaa | ow boi ling point material. 14. The

nmet hod of claim 13 wherein exposing the catal yst

material to the second precursor material occurs

subsequerd0.t o Thepesicagf tlhen 8awkerein thesubsirate stidacenie non-planar.

first precursor material. 15. The nmethod of claim 13

wher ei n exposing the catalyst material to the second

pr ecur sor4hat dinealevive ofi ceinBy Mdeesip thel negostctyad aap §arms a
ter) t I .St e terial. 16. The

@eﬁﬁ&g{o?g"%fsa%l‘ﬁ?%t afSp 8}1 %eorq%ezﬁrpﬁra:ggi ng nmetalizing the

nanostructure by attaching netal particles to the

nanost r ucjair e. : - : :

mot hod of '8 i HETR"bRG S PRI Bt oot [88 mat s

mositiohed betaeado firstand Seavad contagicsuniagesitodorme agonneadion patween

[ ' | , or Au particles to the Siq
égﬁs%gé?r%ﬁ%{ntgﬁcém#gsmﬁ%gnet hod of claim 16 wherein

the netallization conprises attaching Au particles to
the nanos%.um'l"”eede%?cleeoqtc%ﬂn %Z%?eim%n%tructure cog\prises a
nanostructires comprising a Si nanostructure and a
@hadé matevisk ructure. 19. The nethod of claim 16 wherein
the nmetallization conprises attaching Ni particles to
the nanostructure sel ected froma group of )
nanost r uc#trde dayigerdf siaing 34 vie@in thenranosiidstuiecoqpises a

' Sm[] e. 20. The nmethod of claim 16 wherein
%@Crreugﬁ’ﬁég '?J%'n conprises attaching Pt particles to
t he nanostructure selected froma group of

nanost r ucikr ricSj ' W ;
Si C nanos%?‘u-@%u@mgf?l.aﬂﬁﬁz “ﬁe’gﬁg o] c%ggﬁ%gcom@rs gsi%

tdremivenaterialzat i on uses chem cal vapor deposition to
attach the nmetal particles to the nanostructure. 22.
The method of claim 16 wherein the netallization uses
a pl asma enhanced chem cal vappr deposition to attach
FASt 1" Barticles to the nanostructure. 23. A nethod
for synthesizing nanostructures conprising: masking a
substrate to forma pattern thereon; coating a
substrate material with a catalyst material using the
maski ng pattern; and exposing the catalyst material to
a first precursor nmaterial at a tenperature at which
the first precursor material breaks down into its

oy o, T a . I I o "



a substrate having a surface; and SEA 1827699vI
67901-68 2 9a densely packed mat of nanostructures
weooarimzed he surface wherein the nanostruct ur eBCHIS2006/024435
nanosprings or nanow res. 25. The device of claim 24
wherein the substrate conprises a plurality of
substrate materials. 26. The device of claim?24
wher ei n t4é Thahisticabiclaiur 3Awberiet thalosdtalris & dlahyition suetal..
27. The device of claim 24 wherein the substrate
surface i s non-planar. 28. The device of claim?24
wher ei n t4¥e Thawesite ottlaimed’ wherefrohesnelalptrtioky is aphended with a
s .at t rtion of the surface. 29. The
nﬁ@%ﬁ@ r%?odpﬁg)?]rﬁ@ﬂgrﬁher ein the nanostructured mat is
5 positioned between first and second contact surfaces
to forma ti ) Lr
cont act o ngaevc8gr SFHERE b b &iogaBa SRHRE proguces »
phiysicalyrdeddatabde anangednhe seBca pripadies mpbe target. bidlidg. The
device of claim22 wherein the nanostructure conprises
a sem condyctor material. 32. The device of claim22
wherei n the nanostructure conprises a ceramc
material. 33. The device of claim 24 wherein netal
nanoparticles are present on the surface of the
nanostructures. 34. The device of claim 33 wherein the
nmetal is a transition nmetal. 35. The device of claim
33 wherein the netal particle is appended with a
nmol ecul ar recognition el ement. SEA 1827699vl 67901- 68
3 036. The device of claim35 wherein the recognition
el enent produces a physically detectable change in the
surface properties upon target binding. 37 A device
conprising: a substrate having surface; a densely
packed mat of nanostructures coating the substrate
surface wherein the nanostructures are nanosprings or
nanow res; and netal nanoparticles present on the
surface of the nanostructures. 38. The device of claim
37 wherein the substrate conprises a plurality of
substrate materials. 39. The device of claim 37
wherein the substrate surface is substantially planar.
40. The device of claim 37 wherein the substrate
surface is non-planar. 4 1. The device of claim 37
wherein the nanostructured mat forns a pattern that
covers at least a portion of the surface. 42. The
device of claim 37 wherein the nanostructured mat is
positi oned between to first and second cont act
surfaces to forma connection between the first and
second contact surfaces. 43. The device of claim37
wherei n the nanostructure conprises a glass material.
44. The device of claim 37 wherein the nanostructure
conprises a sem conductor material. 45. The device of
cl ai m 37 wherein the nanostructure conprises a ceramnc
materi al. SEA 1827699vl 67901-68 3 146. The devi ce of
claim 37 wherein the netal is a transition netal. 47.
The device of claim 37 wherein the netal particle is
appended with a nol ecul ar recognition elenent. 48. The
device of claim47 wherein the recognition el enent
produces a physically detectable change in the surface
properties upon target binding. SEA 1827699vl 67901- 68
32

SEA 1827699v1 67901-68 32



