WO 00/ 03230 PCT/ CA99/ 00642 PHOTOLUM NESCENT SEM CONDUCTOR MATERI ALS FI ELD
OF THE I NVENTI ON The present invention relates to materials for

phot odet ection and identification of target 5 analytes, in particular, to
material s WAPRYPi ght-emitting properties and, nore parti @GIT&HA9)/00643
phot ol um nescent sem conductor materials for phot odet ecti on and

identification of targetHooaUNINESCENBAERONDIL IR MEFERIAVENT! ON Por ous

silicon (PSi) has been extensively studied for a nunber of sem conductor
appl i catigns nce it was discovered in the late 1950's. Mre recently,
PSi has bEE’TDQfoWF 'P'ME@Z'RP'bl t strong visible |uninescence (Canham App!
Phys Lett 57: 1m‘aaqresle9t96)/)ennosmggesblmfa@nptémb:w?dtdtgtea@ﬁlah&aédtnﬂébsod dF térget i CcON-

based OP! onhachbalur 16 4LEAIe IS BRI EALLIAMEL Bl JRLE 81 S such as

gal I ium ar seni de, for exa aI”Esser ext ent
(Schnuki Bf° %ﬂm’iﬁiﬁqm BHyongk %’"*P?“i‘ %Ph%@gﬁytlone@denﬁ%&a&ﬂofmtar@'vess 415
and 5,453,624 (Sailor et al) describe a nethod for detection of 15

chen cal sBRgk&RBENS IOM EAN®EGHORY Oof PSi phot ol um nescence and a device for
detection of o PSi E hot ol um nescence, respectively. A

silicon waf er '\%\%%”s@ﬁ'g@t(?%'ePl?rﬁeﬁ’é%/’f“if‘sﬁ?' Riugied foramimbsea’ sesmisondiGtes aap'swws%)
et han¥l / hsieredwag distaversd indhe Ieie)198@d. IMdre recemly (RSbithsbeerashBSh tovaxhibit stroWi@isible he
PSi waf er Iumsdehdeuﬂhﬁh%h%prﬁ/BLék 575‘1%% 1bécd QE%% Bgﬁoﬂlﬂﬁtaiaﬁlc oﬁ?ﬁ%ﬁi@o rof an

organic ¢ | ahydr of ur an met hyl e
chioride %%%?é'eé ﬁvéces 8&‘?’ p«?ﬁ’é‘s S@P'ﬁ%m&ﬂ‘f or "Qés%taﬁ&‘ﬁ'&m FRARe) for t he
i nher ent ?’@‘ﬁ?’\‘?e’?&eﬁ"éo %ﬁ?hgwﬁleﬁwlaw%ﬁrsmew (SEhniukisst BSippiiiys Lt 0B a09d).y

decreased (i.@s, PattmN&heta@émaﬂssqe@ém@&@p&%@d&fcnSehaeméi’%d fmteqﬁm?hed)
solution of ferrocene (I.e

Al so, (goali t hat
di cyc]sgpeéntg Ea'f ?gﬁg{e\@gb'? F'I’ﬁnfg?%% { ’g'l?t Y 'ées&‘??ﬁ?ﬁ'\gtaé’el’ BRfer dsfectign fpigaRiz ence.
Gener al | ySOVSBIF PYPSiphefelumingscenrst eﬁWQ“Vd@g Asticarfwafpn eac¢ieatrgchiemicalyestched

phot ol ugl (assitatidn) witLa 50° &ﬁiﬂ@ﬂ&lﬁ:ydraﬁzoﬁd &Q&QﬁF)"éo’idﬂorﬁb ﬁrogudggl FGSn Wode r‘l@heﬁfthet he
conpounds such an
evglp uat i oﬁlﬁzwgg Pﬁ%ﬁﬂxg '@gegﬂﬁq yngmsss? YR Sﬂée Qr?sgpcgﬁ’g g'gm??'f"‘b‘?%‘(??‘éf’ nSrRAR s
bet ween cEFHRr 38 O i diethy, UneiRylenpishierideMeGla i thiugnef akliepe tethapolgardst  how
such 20 nenétbahooBieDH), thesiheregLiiminedzeit wRRRion tn‘t’éﬂsn? lof tA®PSI &Qﬁﬁﬂhﬁéﬂﬁy deenbad

compost 1 e R cReertindll il iy Ehdon et BB iRV pieR 2,

MeOH and bﬁﬁﬁsguf'mh%{ée"?@enfedrﬁ H@&‘E@ﬁt‘taﬁjﬁf@hw'hgesld'm|"‘(%C°0fple@bm§t0f0 1 or |ess.
Consequentrhigescedirere is only a snmall difference in the PL response curves

produced by leetﬂerQﬁy tsgﬁﬁﬁggé%@ﬁ)é{%%egr 'oF ueﬁ;c(ﬂ %tl? oucrimr;[ 2 F @’; rafpgpj s es

charagterize eif're ve res.

a reversiBEEY v@ ‘{é‘?‘? ’PFP"EG"S@)t hegqmpeungs e‘é‘b@@f’ A@Q’“W&'Md?ﬁ?ﬁ é‘r“gle{ sHepest heter r )
m, fr omSQVanWﬁYﬁfUQIIOGB{thnne camisgip 2Sessitise @ittparedin tipold Momertte bwgmasksn t hat
t he ot herorﬁn@%ﬂmﬁouﬁmwg@ S%V@lféﬂggo%@ggéspm%crr ?Mgtﬁfdné%bﬁ dgﬁ %mﬂ%ee but

fails tob%lg,gmst t hat cé Boerved for
THE. However,  On°qreuf é‘é‘””q §milzhiecle @ompas. buggthepyisq @Wﬁf@@@mﬁeﬁ@w that the X
shifts arempesionsrfor eWamplesin ig. £:338 41 5p8gjlor dsereedatnal MACT, 40 HOEd THF alllhkd Or gani ¢
COrrp(andSumlﬂééaérlﬂaﬁéﬁ%mﬁﬁﬁbQHiéﬂagtl o4 ortIQESCgr%e Wgr% snc[)g/;/é sq%ﬁ afenRiENpat

limted w r}gs% ar @ co Y I scrrm unknown
conpounds. ‘é’nse qstgeep agh %lﬂl?§%ﬁ‘§6‘?°“'ﬁf§s‘€é’tﬂ°hc?ﬁ“'g H?M??S(FP ‘a&ﬁ%qhéﬁ@tﬁ'hze
shifts i r‘hﬁ!fﬁeSpF%t'_b? ghemrﬂtrpcttmremg‘la& Bailor difcidsbea keivasiblk @alele@bth (1.9Tkhit of dvait
spect r umaoharbrieltrd\nfnl fF° byl #dM o b 6867rh SIHRR P&i8eB8y 1 PHIGLCRE LeskIRA) -
the other organic compounds evaluated produce reversible quenching, but fails to suggest that the A
35 shift is similar to the A shift observed for THF. However, on its face, it appears that Sailor is suggesting
that the A shifts are substantially simitar in magnitude and direction for ail organic compounds

evaluated. Accordingly, this 30 nm range provides a somewhat limited window for spectroscopically
discriminating between unknown compounds.
Lin et al describe a biosensor based on.induced wavelength shifts in the Fabry-Perot fringes in
40  the visible light reflection spectrum of a thin fiat film of PS; (Science 278:840; 31 October 1997).



WO 00/ 03230 PCT/ CA99/00642 Optically flat thin filnms of PSi, prepared by
el ectrochem cal etching with a 98% et hanol : 49% aqueous HF solution, are
suf fici entwp domaassparent to di splay Fabry-Perot fringes in gddigdtLoonpészcal
reflection spectrum A recognition elenent is immbilized on the flat PSi
film Subsequent binding of an analyte to the recognition elenent

t her ef or eOptislyl flasthinrtiings ot REINETEpdrat ByleRclrethemial elfind \nndfd<98®/I ethdH: 5’93}0 a&de'o&ﬁ]a”d

5 det " t
| it orf or e an tﬁ"}ﬁ? HMIRRARACHEA B Usbly bl 0ol o (e Bviep gt an
t

i nterf er ePREE" EFPEntiPheeRe 'S\Aﬁ@ﬁb"ﬁm’ P {9e 8atPSf firac Bibseeentbingimgbear dnglgte  ar e
di rect ed todherechoaitigodierhéntintieBre reqiite I’nfa&&@ng%ﬁdth@reﬁ&ttl‘/@#lhé& o‘Flhle'P%Pﬁim iapg g f ace.

Pr oducg n gd@é%d@lar&)ﬁ‘ééﬂbr{%g shift ﬁlrthé/ méégécrfggccef gyecrrl? Ia'{he |nt<?r4e{eo %8@ d%%y%gdg?yégﬁs e

air/ PSi arréﬂeclt:;%l ) hﬁ E%Iél con_inter
and accur at & 1 Rt erf8F BrbINiae nigsisranrepatter esiead whey multin @fleqyerh?mf vbite ligst
limted t@ediecadidwarha sauisn/Rbienefaeasnd DPSIBOK Silicos Mediatd. W@du&H?Shdﬂrﬁamtamm

vi brat i onmeatlﬁmét@tdelraﬁa aeﬁes%marpm@%hﬁs%éﬁ é&lﬁ%&l@t@ﬁntg 2668 i3 ctal %gt Lgl for

Janshof f &, L%m %re rﬁhem 0C 12108-1

bi osensor appfJ att o CE}F??I”WF\'Q"‘S”'EH‘?GPF|CFP“aeqP%ﬂS'Wh'P@P'mIQUﬁna limifed foat t er n,
creat B bappiiRatiens yiherereafitopmerita nenddibns duchias iadted teritrdtere biitinogRerid Hasad dah PSI

| ayer ancbd:b‘iedugalylckmﬁ,uéd con |nterface as a rreans for detecting nol ecular 15
interactions o c nwth imo i zed |igands as receptors.
Janshof f et aljan%%ﬁe{aﬁﬁ]é{m Cﬁ%g 1%8?%1%1@116 1998}3'51954‘5?@'%8@6@@0'%?#&0&on as an
optical i3PPligefiens giiging ashiftincs@hdterdt Sinp@patelinustatéd vy nitpR réfecivk b il@snatdae

geonet ri oetite $§1ﬂbreth@falrlbbﬂay{épér%$§ﬂyull@§|$29§ lnfég‘actehfs LSRR gé”}g&xn& Rﬁ%@c S i ng

par angt er. i con were

el ec{?’ ocﬁit(reﬁaétgjps éffsé%@s k ?OEJ“%'} Yl @8‘08%8839%&%%5%9@& r’a”SU%fF gtuarfgatqa Fhé?nﬂ@ to 10
nm a uniTYPHILef HS'”QGH?dDUé gilidon@s ke edtica lrdgrierowietrib biasenady s0tb wilijest e 6E waar ea of
about 20 B.tHe deomBtriddd stide biake &ﬁé@g%ﬁo&ﬁf %%pbr%r@teaet&mg %r@ﬁet)erspﬁ)t ?{)5 09

|
of  sansharl e osRedQfefiade il elSHrel e SRR e saReErstRg g  oal

phenonendAY N ARBI3y0 10 & aumifeimeeptbfant icyintricalspagewdith di hbsiuensurtdeainesof BSout
prodwze & ﬂor®t1émf2afreﬁtﬁﬂeméhb@fnf&a bd:n@jféﬂ:ﬁgf snlﬁyrstE@'(Q@%SlC@!)&fbﬁng{foﬁm bt i n t he

interfer ng@taﬂ@;o;%@,og&s Fs%oégt tecting the presenc an anal y
are typically very sensi |ve Fi bration, tenperature and at rmspherl C

pressure c hang?éga“s?:lﬂ]?e{fﬂé?‘ﬁ'ﬂ? fgchnicyes explolt e ohysicel ppérmtesoro harhdhe rdfledtance of lignaf er
i .e. the baitwd FBirentipieiness ieprbtfsicé bruhiérfét‘ehdef{z@ﬁerh rbto@éris&%?ﬁeméﬂéﬁhg RR AL iRHee! -

otherw s i nterference patter an occur.
Typi ggl I %:%F&ié@@%@%?,avﬁegh{ggggec "%gqi’%%’ei?g?e il ﬁﬁ'%@%?fe aicgly gty sgrsitive i 25 A

(2.5 FTERttR A aﬁl“gfﬁhqf ie peepsug chapgese Etrthemmoaran theaeflebiive plates otthe filhe PSi
waf er or of whfen, i.e. FieralPiSyandferPSypiik seah Peshess TRRESs pafrehnel 6tﬁér@gé ah ﬁ!rQie%]ll'eght

?'e][ Fgf: teld shifl Bglth@mp SPérer{l:dg gr dﬁ% ca}ﬁ%t:&fr ?@ch%the Hefl?%éﬁggwgﬁe}l@%%@ust be parallel
per pendi Xciﬁ d'%’ &[ " &his F'%‘H”é%i‘ ?'/'9% e at Regfeciipt e canufheiurk nttee PSiveresor fyat t er n of

the PSi Fineln for optit@ipedodiatdagheiradisteAnhredieeky obthé ﬁgxtfllm bewddrisRoupfeal ned from

such 3bi opepseRi c‘éiar tbtthe%t:tg/etpggg ef\%% r{gﬁ pgogens vs(JhlscE tr{eﬁ‘ég}fﬁ’?@f%"% H?rng?{glglgrlbtg ltJhseef ul

for det ectl q& 'a?gﬂie oun
propert i elegive pig Ctstﬁ‘?r'f“@ﬁ‘ﬁﬁ'ifétpatﬁer?’rﬁtﬂéﬁﬂ?saf'@ or Wefeeanddrerefsaatived®iyratitar i al
coul d bequltﬁqbtamdfmmpmom\blod@somcreased sensitivity to guantitatively

det ect | owit Gamn i fio L ! ! ound SUMVARY OF
THE | NVEAT] g“u“J p‘gz;f*e@: (RS o PR ST 6 b o TG BB e |«
f

provi ded 5 %8 C&‘?fﬁd’i?@?'a?s of porous semlconductor materials. Moreover, such
35  material could be modified to provide increased sensitivity to quantitatively detecting low concentrations
of predetermined target compounds.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided a modified semiconductor

40  composition comprising: (a) at least one a semiconductor material having a porous texture and (b) at
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Figure 8 is an epi-fluorescence micrograph at 200X magnification which shows binding of
30  antibody to PSi not treated with glycine buffer, discussed in Example 16;
Figure 9 is an epi-fluorescence micrograph at 200X magnification which demonstrates the
reduction in binding of antibody of PSi treated with glycine buffer, discussed in Example 16;
Figure 10 is an epi-fluorescent micrograph at 200X magnification which shows binding activity
of antibody in Fig. 9 is not adversely affected by glycine buffer, discussed in Example 16;
35 Figure 11 is a graphical representation of photoluminescence intensity of porous silicon
particles discussed in Example 17;
Figure 12 is a graphical representation of photoluminescence intensity of porous silicon
particles having a recognition element attached thereto discussed in Example 17; and
Figure 13 is a graphical representation of photoluminescence intensity of porous silicon
40  particles having a target analyte attached to a recognition element discussed in Example 17.
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particles having a recognition elenment attached thereto discussed in
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By “porous” or “porous texture” we mean any perturbation, such as depressions, protrusions or
combinations thereof, in or on the semiconductor material that contributes to the total surface area of
the semiconductor material. Examples of depressions include, without limitation, pores, pits, cavities,

35  craters, trenches, furrows and combinations thereof. Examples of protrusions include, without
limitation, ridges, bumps, bulges, domes, spikes, mounds, mounts and combinations thereof. For
example, without limitation, such perturbations can be in the form of an ordered honeycomb pore

structure comprised of cylindrical or polygonal shaped pores or a more random pore structure that is
coral-like or sponge-like.
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40  preferably, the 3-D PSc structures have an average diameter or other largest average dimension in the
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35  coating. Examples of suitable core materials include, without limitation, glass, plastic, ceramics,
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be selected, for example, to impart a desired buoyant density for a particular application. Such a core
is likely to be more suitable when the structures have a larger diameter. In the case of a single

semiconductor coating, preferably such a coating should be sufficiently thick to produce the desired
40  porous texture.
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35 Examples of inorganic moieties that may be used as recognition elements are, without
limitation, doped or un-doped crystalline inorganic compounds, for exampie, linear allotropes of carbon,
including carbynes and diamond crystals.

Examples of organic moieties tha_t‘ may be used as recognition elements are, without limitation,
intrinsically conductive polymers ("ICP"), such as polyaniline, and polymer electrolytes, such as

40  polylethylene oxide], advantageously with a lithium triflate dopant.
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StabifizdBARGalibR B £3 SRy
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Electrochem Soc 140:1393;1993, Duvault-Herrera et al Colloids Surf 50:197:1990, Yamana et al J
Electrochem Soc 137:2925;1990, Li et al App! Phys Lett 62:3192;1993), and ozone oxidation processes
35  (Janshoff et al J Am Chem Soc 120:12108;1998). These processes generate reactive hydroxy! groups.

Chemical oxidation can be achieved, for example using peroxide, dimethylsulfoxide (DMSO) or iodine
chips.
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In order to pronote stable and efficient nodification of the PSc structure
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procedure is oxidation using, for exanple, without limtation, thernmal
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si | ane. /Mkynegxarrpl e of a suitable substituted silane 1s, wthout

limtation, dtlye?h% %QJ% ggéétrlrretho si lane. This primary |inker
provides a direct TrnrR"G BTt Ry TPk grPuRs bihp exidited RGc exd athinegtoRSof
st r uct ur dheATPIBiforRIENaNt Witk beyanpaenb thase sitiegitid o ltahledmmaerst&d‘tﬁét aSiHkdr abl e

primary Imaykesseddo Fé%étrv@tﬁ'alfl)ﬁlcﬁntnglcbr&)lpk&ﬁ@%aﬁﬁﬁjamﬁe r]pesf Q her linkers

whi chzar roxyl grou e 0xT - 2ad PERORNA YR

gr ouag %tﬁe‘?ﬂe%drn%%n V\‘Iﬁm??tg"ﬁd@@m& W'Pqe Wenvdisbear @*Tt/df@fé ot ¢aoxxsy! gloubd. dwil n t he
art. |t ®RISPPe pederstngd by thowscskilérsin tha artitirdk ether linmys, RRicH gk RRLRA Witk nbRRloxiM th a

funct i ongtougy (@tbﬁuce@b%@tﬁertﬁ%@taﬁnﬂza%ﬂ tQﬂmgﬁJnggndl tﬁ% uﬁ%mga(for%m E[Jélpeyﬁe elct?ecrins nt. 25

Q her r e;&g@ ol enen onal
it hgfgmg % Gsd]
car bohydrate or CarBoxy ytbars fo rlti"“ 9 e aFRcs6uchee under st ood by t hose
skilled in the art that other linkers, which are reactive wth non-hydroxyl
y y
groupg ( primdeycsesedavidary Dmker8SC St abi | i zation techni ques) and the functional
roup of the . . ,
g p o ﬁ%lngtﬁér%geferred embodiment, a primary linker is attached to hydroxyl groups arising from
oxidation of the PSc and then a secondary linker is attached to the primary linker. One example of a
primary linker that may be used in combination with a secondary linker is a substituted silane. An
example of such a suitable substituted silane is, without limitation, aminopropyltriethoxysitane.
35  Examples of suitable secondary linkers are, without limitation, homo- and/or hetero-bifunctional cross-

linking agent.s and hydrosilylated alkenes and alkynes.
Because secondary linkers typically cannot bind directly to the PSc, the primary linker provides
a direct interaction between the PSc structure and a reactive group of the secondary linker.

Accordingly, the primary and secondary linkers combined provide an indirect interaction between the
40 PSc and the recognition element.



recognition elenments, nmay be selected for bonding to a PSc structure. 30
Primary & Secondary Linkers In another preferred enbodi ment, a primary
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alsobe,lég%% %/ 2’?"? hose ski |
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The PSc structures of the present invention may be exposed to a sample containing a target
analyte in a number of different applications, examples of which are provided below. In some
applications, it may be desirable to suspend the PSc/RE in a suitable carrier to allow for increased
Interaction of the PSc/RE with the target analyte. Using contacting means that will be apparent to those
skilled in the art, the carrier/PSc/RE mixture can then enhance the extent of contact between an

35

unknown composition or organism, whether plant or animal, containing the target analyte as well as

40  non-target compounds. Such a carrier may include an agent to reduce the carrier's surface tension,
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el ement. Also, using a recognition elenent that facilitates a
characteristic nodulation in the PL response of the PSc/ RE when the target
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of the present invention nay be exposed to a sanple containing a target 35
anal yt & i hinkenTaedmentof di fferent applications, exanples of which are
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treat t &o f G i - interaction between the |1 nker an
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t arget anamih&fobuikbiddingf } F i et n,the |inker and the
recogniti u%eref%)ggnt rrad;? pﬁ%&ﬁ@%gﬂg{g\tﬁéﬁ%@%& %’.dr{%zmé'{‘? BGerS a8t i on
bet ween the rec g"ﬁi tion elenent and the |inker and/or by orienting the

recogffl tion el enent for better interaction with a target analyte.

| nt er act i Immune§OB@M BIRGIRS PFdtéth $Ratnlnker S and non-target conpounds and/ or
target anal yt s % Q.e I nhi bi ted by bl ocking reactive groups of
unassoci at ed |'l AKeT S OAREY Biegtachedie fiPRg stustureyaay kedteated with abimmuoeginbuint
unassoci Rinsknglprotite¢igBR) rtep.e4 Proteired, Phasin Gror Bofeinni)t YoBFMas @ seQMBaKRAY bt
present ideiedted por@Rilor aRAbYdy&nSTRAN fd Rhai =it exanpl es of such
linkegs treatnents, di Fbcgss&eydnrmr e full éngg:\lg\?vnéegégghy( ??Ea“?en%H@QF'S%'ﬂﬁan
bi ndi'ng proterns, (o) 2 bie6I O BB W Pedrettially AHeragt 3)th [9BBc Rhengjors ovhehi ons,
e.g. ami rie aneady egcognition eleomest.is @Dtaktenwitro e wBE!tieateBiinkei avgcHRe @ 19é Psdt@almENt
I'n"one erthort dvRalnof Ik Bkbsy REIARIESeHS AreR . e treated with
an i1 nmunogl Obléle% i Ri @Pﬁ rggt q?_i n él gBP"?é‘,; V?Fé.fhg.%,éﬂt%gg%%ﬁ%ﬁeﬁ A Protein G
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30  compounds and analytes have no Fc domain, of course. Another advantage of IgBP linker treatment is
that the antibody recognition elements are properly oriented for antigen target analyte interaction.
Specifically, the Fc domain of the antibody recognition element binds to the IgBP, while the Fab

domains of the antibody remain available for antigen interaction.

35  Biotin Reactive Agent Treatment
In another embodiment, linkers attached to a PS¢ structure may be treated with a biotin
reactive agent ("BRA"), which has an affinity for biotin. Non-limiting examples of biotin reactive agents
are streptavidin, neutravidin and avidin. In this case, the desired recognition elements are treated with
biotin to produce a biotinylated recognition element. Accordingly, when the biotinylated recognition
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| i ght pad®Egon dfthewaing 36 is controlied by a computer 40 to separate different spectral components of

an output slit 33 of the monochromator 30. Intensities of spectral components A, A,, Az and A4 are

recorded by a photodiode 38. The signals are amplified by an amplifier in the photodiode 38 and the

35  ampiifier 42 and acquired by the computer 40. All measurement processes are controlled by the
computer 40.
Quantifying the concentration of a target analyte may be determined using a calibration curve

of PL intensity for known concentrations of target analyte or using different concentrations of a
recognition element.
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etching method. The silicon particles were suspended in an acidic solution of 70% nitric acid, 50%
hydrofluoric acid and water in a 1:4:1 ratio for 60 seconds at room temperature. The reaction produced

hydrogen gas and caused violent mixing of the solution, so that no additional mixing was required to

35  keep the particles in suspension. The etching reaction was stopped by dilution of the acidic solution

with water.

The resultant PSi particles were analyzed using Scanning Electron Microscopy (SEM), BET
and BJH (Barett-Joyner-Halenda) anaiysis.

Figs. 2 and 3 are SEM micrographs of porous silicon (PSi) particles produced by the method of
40 this example.
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Results of the BJH desorption pore distribution analysis are listed below in Table 2.
156 TABLE 2
Pore Diameter | Average | Incremental Cumuiative Incremental | Cumulative
Range Diameter | Pore Volume | Pore Volume Pore Area Pore Area
(nm) (nm) (cm®/g) (cm’lg) (m?/g) (mfq)
278.56 - 294.91 | 286.27 0.001155 0.001155 0.016 0.016
87.25 - 278.56 103.77 0.000504 0.001659 0.019 0.036
62.76 -87.25 71.02 0.000040 0.001700 0.002 0.038
35.37 -62.76 41.80 0.000065 0.001765 0.006 0.044
2452 - 35.37 27.97 0.000050 0.001815 0.007 0.051
20.20 - 24.52 21.93 0.000033 0.001849 0.006 0.057
16.09 - 20.20 17.66 0.000038 0.001887 0.009 0.066
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cm /g The BJH cumulative adsorption surface area of pores having a pore diameter between 1.7 and
300 nm was 2.2636 m?/g, while the BJH cumulative desorption surface area was 2.1889 m?/g.

Based on the total pore volume as determined by BJH divided by pore volume as determined
by BJH, the average adsorption and desorption pore diameters were determined to be 6.71859 nm and
6.69407 nm, respectively.

10 The differences in surface area and pore diameter values between BET and BJH analyses
appear to be due to the calculation method used for BJH analysis, which assumes that the pores are a
bundle of cylinders. However, the SEM micrographs produced show that the porous texture of the
particles cannot properly be characterized as a bundle of cylinders. Accordingly, the BET surface area
analysis is probably a more accurate determination of the surface area.

15
Example 2 - Production of PSi particles

PSi particles were prepared as in Example 1, except that the silicon particles were suspended
in the acidic solution for 30 seconds. The resultant PSi particles were analyzed by BET analysis.

BET analysis was made using a MICROMERITICS ASAP 2000™ instrument (Norcross,

20 Georgia, USA), using the procedure described above. Volume absorbed points were taken from 0.05
to 0.3 relative pressure.

The BET surface area of the particles, based on a 5-point BET surface area analysis, was
determined to be 0.6858 + 0.0039 m?/g with a correlation coefficient of 0.999834. Accordingly, the
surface area of the particles was increased by approximately 4 times using the above-described etching

25  technique.

Figs. 4 and 5 are SEM micrographs of PSi particles produced by the method of this example.
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Example 7 - Attachment of Primary and Secondary Sulfo-SMCC Linkers

Oxidized particles prepared in Example 3 were immersed in a 10% (v/v) solution of
aminopropyitriethoxysilane, a primary linker, in water for 4 hours at 75°C, followed by annealing at
110°C overnight to form a covalent bond between the aminopropyltriethoxysilane and the hydroxyl

30  groups on the PSi surface.

The particles were then immersed in a solution of sulfosuccinimidyl 4-(N-maleimidomethy!)-
cyclohexane-1-carboxylate (sulfo-SMCC), a heterobifunctional secondary linker, containing 10 mg
sulfo-SMCC per m! of water, for 1 hour at room temperature to form covalent bonds between the

primary linker and the secondary linker. After incubation with the sulfo-SMCC solution, the particles
35  were washed with water.

Example 8 - Attachment of Primary and Secondary Glutaraidehyde Linkers
Oxidized particles prepared in Example 3 were immersed in a 10% (viv) solution of
aminopropyltriethoxysilane, a primary linker, in water for 4 hours at 75°C, followed by annealing at

40 11C°C overnight to form a covalent bond between the aminopropyltriethoxysilane and the hydroxyl
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minutes at room temperature. The formation, by affinity binding, of the complex mouse IgG/anti-mouse

IgG F(ab'), fragment was examined by epi-fluorescence microscopy and quantified by fluorometry. Fig.

6 is an epi-fluorescence micrograph (Nikon Diaphot 300 microscope) at 200 X magnification, showing
30  the interaction of antigen to PSi particles modified with IgG antibody.

Example 11 - Attachment of Antibody Recognition Element
Purified mouse immunoglobulin G (IgG) obtained from Sigma-Aldrich Canada Ltd. (Oakville,
Ontario, Canada) was partially reduced with Tris (2-carboxyethyl) phosphine hydrochloride (TCEP), at
35  room temperature for 25 minutes, to expose the immunoglobulin sulfhydryl groups. The reduced IgG
was attached, via the sulfhydryl reactive groups, to the secondary linker (sulfo-SMCC) of the particles
produced in Example 7 by incubation of the reduced IgG, in a phosphate buffered saline solution, at
37°C for 90 minutes.
For visualization (microscopy) and quantitative determination (fluorometry) of antibody
40  attachment, a specific anti-mouse IgG F(ab"); fragment, conjugated with Cy3 fluorescent marker, was
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mar ker, was 18 WO 00/ 03230 PCT/ CA99/ 00642 contacted with the particles
havi ng t RAMRAEIantreaiment with RroteirtA, Aftachméntof Moy G wntibdyl ed ant i - mouse | gG
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particles were washed with a phosphate buffered solution.
Purified mouse IgG antibody (obtained from Sigma-Aldrich Canada Ltd.) was attached to the

Protein A treated particles by incubating the particles in a phosphate buffered saline solution of 1gG for
35 90 minutes at 37°C.

For visualization (microscopy) and quantitative determination (fluorometry) of IgG attachment, a
specific anti-mouse IgG F(ab'), fragment, conjugated with Cy3 fluorescent marker, was contacted with
the particles having the 1gG antibody attached. The fluorescently-labeled anti-mouse IgG F(ab'),
fragment, in a phosphate buffered saline solution, was incubated in the presence of the particles having

40  the IgG attached for 30 minutes at room temperature. The formation, by affinity binding, of the compiex
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fluorometry showed no significant non-specific binding of biomolecules other than immunoglobulins with
intact Fc domain.

Example 16 - Treatment with Blocking Solution

35 - Minimization of non-specific binding by using a blocking solution was tested on the particles
produced in Examples 6, 8 and 9. The particles were treated with a glycine buffer (either 50 mM or 200
mM at either pH 8.6 or pH 10) for 30 and 60 minutes at room temperature. After incubation of the
particles in glycine buffer, mouse IgG (used here as a test substance having amine reactive groups)
conjugated with Cy3 fluorescent marker was incubated with the particles at 37°C for 90 minutes. After

40  protein incubation, the particles were washed with a phosphate buffered saline solution. Determination
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F(ab') 2 facagmnelemethud @ali®Rinhide bidding @F fHGSLL cgrgpdfuﬁé)stéﬂgﬂ@’t% taﬁ—?u}( £l TG,

e i gnas

t
green fl ce). fluorescent narker, obtain rom €h Ccanada
Ltd., magp‘%g%@g%tsghacﬁorﬁeﬁ & particles having the anti body attached. The

f 1 uor escent | yInosdee loa@rity et the alyinsebufferGaf- (@dtetirinfar eyt tthe dbilitydordE® BRMtahE
buf f er edwaiaén atige0h BpdcABanttRsusé RSURA S flad ' i the particles
havi pg tﬁ@or%@érjt p_%&x ] \gtstag%e@eid of rrifa g)in_udtnglegE gl?‘w %)tgfn\ﬁ'& Cefﬁrrﬁr%%%efnd%gh'oo . "ee’lte
formation, by  affrnty indt ﬁgg, 8F 2 P hBINHiB (NSePaties) 3t spgEtiemRerature. The binding

ant i body AN o teku Pllowirgingubation Jnivcing Guftentwas asspbse bywers-fibeseXaBIN@sEcHY and

epi - f | uofiesaemy eNTTHENHSED Bifectdl theQ@Rb bitePth thé(stEéngr%ﬁihﬁyybind gtat:]tivit of lG

epi -fl uogvgssgbgg,?gd'm croscopy and fluoronetry showed good ‘coverage )éncﬁg
distribution of antibody recognition elements on PSi particles. The

anal yt es conj tigaPdrnarthioteseent migveesis atr200Xmegrificationshieh stows binsigl adtivity of

det e2dri nantivbriytimiy. 9ié ot allfefeR iafleofedly @FLIRE R Ni M zed non-speci fic bi nding
of bionolecules to the Protein A-treated PSi 30 surface, other than through

the i rrrrulgo | obul i n attached above. Both epi-fluorescence m croscopy and
fl uor one ’ﬁ%‘%ﬁyvxéa‘afﬂ?t%Fﬁfﬂ“quBhﬁP'um#Ssmi fic binding of bionolecules

other than i rTherapgaratbsidepiied W id) 1 wabLsdtto Fande prdkdlmikesasiel & cfjrﬁlm'bgr-rgfeat ment
I ng

wi th Bl oghi i im zatiqn_of non-specific bindi y using a
bl ocki ng ch)zﬂﬁ pﬁg!ﬁ&%@n? %%{%%X%gw e% hé‘?%é‘ﬂ"i‘gci ‘@%"e'egq”b%fﬁéﬁﬂmi“ﬁs piestidiabses, 8

and @ TIEPFart'f 8Resl@ jrepiivity obthe eptagiadn was igltyeaange oblgdnf atou(420tnhets alidt MMl or

200 M HOOemt her pH 8.6 or pH 10) for 30 and 60 minutes at room

tenperature. Abbgstoll ' . rtickes in glycine buffer, nouse
| gG (used here tgs tgh'?@%tgeicﬁ%&ﬂ%@%&%sapﬁ%ﬁédd ‘E’rﬁaé“p}ee1a‘g1§|/"’\?@’yiﬁdéﬂ%§’? PL

conj ugat "S8"SY Ei9rap)isally repesededasta fratineef phiien ¢netoubad wabelshgth intFe 1paThe RU es at
37C for igensity meximem wa bimut 628 apitetyainis dtsbudalien, the particles were washed

\IIDMCEI';BgZI\Q SZSSEZ@E BhdisiichiRéseches 8f P Barﬁé?és%alliﬂg' an a'%%o%@ Egcgg%t!og Qlem%r?t a\t/t\g%hgg /03230

ereto, produced in Example 8, was then analyzed. The PL intensity is graphically represented as a
function of photon energy and wavelength in Fig. 12. The PL intensity maximum was about 1000
arbitrary units at about 2.24 eV.
The photoluminescence of PSi particles having an antibody recognition element attached
35  thereto, produced in Example 8, and an anti-mouse l9G target analyte attached to the recognition
element was then analyzed. The PL intensity is graphically represented as a function of photon energy
and wavelength in Fig. 13. The PL intensity maximum was about 1900 arbitrary units at about 2.27 eV.
The photoluminescence patterns discussed above show significant, distinct and reproducible
PL pattern modulations. The expected luminescent signal, of lower energy in the orange-red region of

40  the visible spectrum, emitted by the PSi particle of Example 1 show an increase in energy, in the yellow
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of the blocking effect of the glycine buffer, i.e. the ability of the
buffer to inhibit binding of protein on the Iinkers, was done by
assessnent wif oorddzsof | uor escent | y-| abel ed 1 gG bi ndi ng on the pafEhéddss Both
epi - fluorescence mcroscopy and fluoronmetry showed a significantly
reduced, >70% binding of antibodies on the treated PSi particles. Simlar

resul t s wepgien ofbiicadpaetinf. o atﬁﬁﬁrﬁér@bf@%eﬁgﬁiﬂ&fiﬁéﬂné.nﬂan@wg%c@ﬁigﬁer ,eﬁer%naﬁn 9

Fig. 8is om e m raph._at 200X magni fi1cati on whi ch shows
bi i ng. o et ioBons HERRERAFEl-g Ay S R B feEo | o an
epi - f | uor SLEEhcHeRNRPHYinassRNcEemESDX MepseRd fsingdid apnamatys ofFigld mestsibadabes, t he
reduct i onsintenks ardiresgiilpdistagdisnanid gy ofe. BSthetel R RehgWisible Iiﬁtht)éﬁ\iis@@n,bm fer. In
practisce, recognition elenments would be attacheg to the PSc particles prior
to treatnent vgtﬁ 10 the bl ocking solution. The bl ocking sol ution woul d
not interfere WFEFEASMAMRGNS P! the Rrayeginveating havacbeaen desetibedy Bedigriundeastocdl enent |
3ut V\D:.I| dhatithrei é@g@gbs’s iakitraye ofily ammtaitr@eémﬁdamm&%d@aﬁiﬂéﬂati&ﬂﬁ%aﬁ 9{] Qﬁﬂl?y@@al yte
irectly ¢ifolthe P . . to verify that the glycine
buf fer has no d%ﬁlbfrfrrgﬁ?%eﬁrug% egto%%m% %é'gi e%fgrfbf g'nft%ergoqoé'@gt%'"i‘snt eract wth
an antigen, a specific anti-nmouse 1gG F(ab')2 fragnent, conjugated with
f 1 uor'®scdNRUSTRIALABBLISABILETY 15 f| uor escent marker was added to the 1gG for
a 30 minute inedbayRERtudIMY : B Qe Dgg@std vty of 19G
follomjnqogyc§pgtion iﬂ@%& Qiné%%%?%%?%qﬁg§9%§§g§ggg4%@mggﬁyffﬂ%Vﬁiﬁﬁﬁce
m croscopy 4Rd " 2 FFIEYS %}?Wﬁd”ﬁ%"ﬂgi YEREIMitgtion digtechnolqg esugh geckiosensosfférer on
t he subsébpfat enyirgrimeintal; induswitl argl detensevartplicatidns ¢ chemical eriasslogRdl wara-agdf 1S
an epi - f |deRERBRAficHHOR) BEHoARE, I FoRadd ' hows Bi ndi ng
STy S e o GRS SRR A R i
buffer. Exanple 17 TCeHYPYE & FalsiSofCof Phot ol uni nescence The appar at us
depicted in Fig. 1 was used to anal yze phot ol um nescence of a nunber of
sanpl es produced in the above Exanples. Light having a wavel ength of 488 nm
was directed at the 25 sanple. The spectral sensitivity of the photodi ode
was in the range of from about 420 nmto about 1100 nm The
phot ol um nescence of PSi particles produced in Exanple 1 was anal yzed and
the PL intensity is graphically represented as a function of photon energy
and wavelength in Fig. 11. The PL intensity maxi num was about 625
arbitrary units at about 1.94 eV. 30 The photol um nescence of PSi particles
havi ng an anti body recognition el enent attached thereto, produced in
Exanpl e 8, was then analyzed. The PL intensity is graphically represented
as a function of photon energy and wavelength in Fig. 12. The PL intensity
maxi rum was about 1000 arbitrary units at about 2.24 eV. The
phot ol um nescence of PSi particles having an anti body recognition el enent
attached 35 thereto, produced in Exanple 8, and an anti-nouse |gG target
anal yte attached to the recognition elenment was then analyzed. The PL
intensity is graphically represented as a function of photon energy and
wavel ength in Fig. 13. The PL intensity maxi num was about 1900 arbitrary
units at about 2.27 eV. The photol um nescence patterns di scussed above
show significant, distinct and reproducible PL pattern nodul ations. The
expected | um nescent signal, of |lower energy in the orange-red region of 40
the visible spectrum emtted by the PSi particle of Exanple 1 show an
increase in energy, in the yellow
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21 WO 00/ 03230 PCT/ CA99/ 00642 region of the spectrum on attachnent of a
recognition elenment and a distinct higher energy signal in the green

regi on of Wwaosoopmsot r um generated by attachnent of the targgiciadowbét o the
recognition elenent. The photol um nescence em ssion, neasured using the
apparatus of Fig. 1 described above, is intense and readily

di sti ngui Wezkire: by eye, i.e. there was strong visible light em ssion. 5
Preferred enbodi ments of the present invention have been described. It wll
bremug_der st.oodm(;bdlﬁéﬁ s&h@oﬁd@é@%he&gkﬁcédw%rigiﬁg;(rjati yehonl ydand t hat ?t her )
enbodi nent s i cations n be enployed w thout departing fromthe
true scope O?Q)t tggﬁ%lrf\)/neer?tslef)nf?o%dg'gt(?rrT%@r@ﬁ%’f'”gﬁé?°rf’6‘°l PEWrRg% cl ai ns. 10

| NDUSTRI AL APPL #tdesst eneTacommidoneReeRE st ruct ures may be used al one or in

corrP! naz! on Wi t Whetesyivihen 34id aor?q@fiticfﬁé/i_hscﬁftgmimé leb& oﬁﬁ%{é’feﬁwgtﬁofjétééﬁ&ﬁég%&ic()f
applications, ipngludi. [ i on [ chnol ogy, such as

bi osensors for Eﬁ%%&ﬁﬁ'e r%&ﬁ%?ﬁ%ﬁn%’ﬁ?&b?w ﬁoﬁ?g?trﬂggqemﬁr?a'd&g%%‘ﬁg'%“ RpPeeAt i ons
(e.g. chemical 57190 Uptdypieasrenieespaarein hpsange otfetneatioub?P0inchen abdut 86atimon) |,
genom cs, diagnostics, and other nol ecul ar/cell biological areas, such as
cell 5 j sol@at| ing. m tructural cell analysi etc. 22 WD

00/ 0312%0 iPCT /%58%%@%@6&%@ Q@F%% si'g?%&g?{%' PF'F@ﬁ”tése#%ﬁﬂ%%frﬁrgr%%nposi tion
conprising: (CAY'SHRO pfPiostolesyiar mpiefierp@atieimeietss. inuganid redietihagndmgmaingtionus
texture and tierddb) at | east one recognition el ement, whereby when said
conposition is irradiated with at | east one wavel ength of el ectromagnetic
radiation in %‘he range of from about 100 nmto about 1000 nm said

conposi tibn ProIEestion of claigyg wheygia sgif piemolpewiar Reistydsiselacted fromdhe drowpt he r ange
of frBm aboutco®BingwintiorandGyithedie Proteims, nlibleid acids) 6ligsMTRERde || QD Earbdhgirdied .
wher ei n sai d gy&pRAhd i Rdk Sk eoRMatb sl pct ed fromthe group consisting of

bi onol ecul ar noieties, organic noieties, inorganic noieties and
conbi nations thereof. 3. The conposition of claim2, wherein said
bi onol ec ar Theswtppsition of elbiect fethef tamrisiigatgiaet tpe gt anpitsbih@uafa nat ural or

synthetic pr @érﬁgmuct&%g?ggo,ﬁ&jsggﬁ ol i gonucl eoti des, lectins,
carb drates, glycoproteins, |lipids and conbinations thereof. 4. The

conposition of claiml further conprising at | east one target analyte to
produce & séhd enmpdsitianar Llaimed wheesircmaiytargétianalyte is26lebted fFdre the @RI Sdnkisthg of f

clai m 4 wher gbfyasiaiofyahRAEbioRdlddult Snipsunye! ected from the group consisting
of inorganic, organic and bi onol ecular conpounds. 6. The conposition of

claim4 wherein at |east a portion of said target analyte interacts with
sai d 25 SrodiThe eampssitiined deioct whereiraatjeestiatponion of Baid Target 04RO BickdcRWith Eaig| ai m 4
wher eisn at | gestieddeRRbhdRRdr fmpsdiod t arget analyte interacts with said

7. The composition of claim 4 wherein at least a portion of said target analyte interacts with said
semiconductor material.

30 8 The composition of claim 4 wherein at least a portion of said target analyte interacts with said
recognition element.

9. The composition of claim 4 whereby when said semiconductor/analyte composition is irradiated
with at least one wavelength of electromagnetic radiation in the range of from about 100 nm to
35 about 1000 nm, said semiconductor/analyte composition produces at least one second
lumjnescent response in the range of from about 200 nm to about 800 nm.

10.  The composition of claim 9 wherein said at least one second luminescent response is modulated

with respect to at least intensity or wavelength versus said at least one first luminescent
40 response.
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sem conductor material. 30 8. The conposition of claim4 wherein at |east a
portion of said target analyte interacts with said recognition elenent. 9.
The conposwad m3zed cl ai m 4 whereby when said sem conduct or /@gRadNdoRo642
conposition is irradiated wth at |east one wavel ength of el ectromagnetic
radiation in the range of fromabout 100 nmto 35 about 1000 nm said

sem condudt oMhacmbppsigonord npiosi Whetsin e Bebieseseraje ditasion ONGiISREHRBLHULIM Nescent
response in ilagrkiddid thethndeloPRrRRRUE 108 AR 9 dBuPr AROUt 800 nm 10. The
conposition of claim9 wherein said at |east one second | um nescent
response is nodulated w th respect to at least intensity or wavel ength
versus sdi’d dhe tammpositiaproé clbiny swheraimianigsagnitiondlenieasip 66aRntlyb3nddD 103230

PCT/ CA99/ 0064&nicohductdhatganposi tion of claim 1l wherein the | argest average
di mensi on of said sem conductor material is in the range of from about 100
nmto about 1 nm 12. The conposition of claim1l wherein said recognition
el ement 13- cdbatemmpsiontpheieiend futhesernubrisifiy @ daaibteone dtircdrp inkertdeevdeAkaid 13. The
CONpOsi ti on efcoghitdh Blerheftishl BT schrMIBRIICEH Pgedd | €ast one primary |inker

bet ween said recognition elenent and said sem conductor material. 10 14.
The conposition of claim 13 further conprising at | east one secondary

| i nkéP béthwe&he epgipasition of eteimy! 3 fyrihkieomarisingsh ledst e segordaiydinkee bewasmtsaid15. The
conposi tion plm&y @iken ahd shibl Fdchgitios OBREALSI Ng a | inker treatnent conposition.
15 16. The conposition of claim 14 further conprising a |linker treatnent
conposition. 17. The conposition of claim15 wherein said |inker treatnent
conposi tilén ke Walragion@f ¢laips furtergrooisingadinksr seatmentobmpasiiomog| obul i n

bi nding proteins, biotin reactive agents, bl ocking solutions and

conbiqgat i,gns . 4, Fhe caonposition of claim16 wherein said

| i nke1rg tr1g'at }iér}t%kgg%gé??%%#i};ﬁes@ﬁ@ T84 af"%%gﬁ’i'@e'ﬁlc‘ﬂmﬁ?s't'%nsi sting of

i mmunogl obul i n bi nding proteins, biotin reactive agents, bl ocking solutions

and  conbv.naTheodompbdidh@odiaimA5 whérein THE likeNRaihdnt QmpafitichideiBetbd WHR iR arhup ai d

' duct . bal . f h i of I :
ST con car biaeergel FouhSadRl RS bk bR SHAeeafi Spae Sheaesiii co.

silicon gal Fci”lﬂﬂab?ﬁ’ééfﬁfﬁ%e, cadm um sel enium copper oxide and

conbikPat i ons thereof. 20. The conposition of claim1l further conprising a

dopant f Sad i erj.al 21 The conposition of claim20

wher ei n g%i dﬁtf%ogﬁ%g'tﬁggse %%g : %nﬁg)}ﬁ?b%g tgérgtcr)ntfﬁf ©oReIe! SﬁFeBth g?’Bg\‘J’r?{“p

bor on, phospfPEFETE Of IEEPpeob U E Brateinsy bigntreastivezagenta hiodkirg sobtionssndnd

conbi nat i onscanb@ets thered?. The conposition of claim 1l wherein said

sem conductor material further conprises a core 35 material as a support

for §€i d gem'[conduct,_or material . 23. The conposition of claim22 wherein

sai d“2or & mat EPTPOSEN gtqlaup { wherein SAF SPrRICYBRIPS Mmatigl issdiasted &dm the group
consisting of silicon, silicon carbide, silicon dioxide, germanium, gallium, gallium arsenide, silicon
gallium phosphide, cadmium, selenium, copper oxide and combinations thereof.

20. The composition of claim 1 further comprising a dopant for said semiconductor material.

30
21. The composition of claim 20 wherein said dopant is selected from the group consisting of erbium,
boron, phosphorous, copper, phosphors from the lanthanides series and combinations thereof.
22.  The composition of claim 1 wherein said semiconductor material further comprises a core
35 material as a support for said semiconductor material.

23.  The composition of claim 22 wherein said core material is selected from the group consisting of
glass, plastic, ceramics, zeolites, metals and combinations thereof.

40 24, The composition of claim 4 wherein said target analyte is in an organism.
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gl ass, plastic, ceramcs, zeolites, netals and conbi nations thereof. 40 24.

The conposition of claim4 wherein said target analyte is in an organi sm

24 WD 00/ 082Bb/08$30/ CA99/ 00642 25. The conposition of clai pdyekeiRsd said

target analyte is obtained froman organism 26. A nethod for producing a

| um nescent response, conprising: 5 (a) providing a nodified sem conductor

conposition conprising a sem conductor material having a porous texture

and at | east adi at | east said

Todi 11 e Semi SoequRE Ay ST FAER Ll il e S tiel %o R rarBRiem o

el ectromagnetic radiation in the range of from about 100 nmto about 1000

nmto proZfuce méthod fegsdducinga fuimingscehirsiparsc estprisigg ponse; and 10 (c¢)

nmeasurg ng at Le east _one first
g ng Ja) 6})?5v1d§n|a% ﬁd&kl@@%rﬁ%PQJchoWr%OEsﬂ%*&fng lﬁ @aa s%?éco?éu#% gtg??

| umi nescent response. ? ai ni ng
the presence of "3VP%? BREPUSATEHS e ApeastOnmresedndion pieBetni ti on el ement has an
affinity for (saiimpdiatingateastrsaidyosified Seenicvbtiutad cdnpobit@iwits anipast Srhd’%veléggtr( &)
contacting sai d iBRGlrd ﬁQIC$§{Ht!8rpI %Crgrge o?f?&ﬂ?QécJuHo%E\gm)%'Qbo%f"i 0 %rtggrtggl%gg‘gyt €

to produce a m_conduct or / ana te conposit

sai d seni conduct?ﬂsyc’é‘ﬁ (1S HRINGISRY S pP”SGrP'\ﬂnth at | east one vvavel ength of

el ect Yomagnet($)c measiiriag pioeast the inteesityangavetshgth bhaaida eadt odd@stmumideacedpout 1000
nmto produce aésph@st one second | um nescent response; 20 (c) neasuring
at least the intensity or wavelength of said at |east one second

| um nescent response; (d) conparing at |least the intensity or wavel ength
of said a7 | éasef tommethod of Claiam$ fererscattining tive presecent a tagepanty@syHeteirdeider m ne
the extent ofrecaiciedikalios m{g@ﬁ@alé%&t%:y eﬁé?netheé‘%nﬁérc%?r%ﬂng second

| um ngscent 2 spons? d 'g rtaini ng resence o d target
anal yte. 28. ?108'53 s@’fd "&‘1 i WL CoMReF TR "’l”éhsﬂ%far%éﬂ%%mlpé"di’?? Zn
organi sm 29. TheSW@WQW%’PWW@WM@?UWHe| n said target analyte is taken
from an orgag)sm iradigtindQt Iea_sh@aldlMi&ﬂd&iorﬁhéﬁt@&%o§@n%tﬁ Qflgfsi [@WJVXIE&;M |
cul ar

sel ected fromthe g Si S i_norgani c,
conpounds. 25 e%%)magngtlc ra atlorgm(?he range og?om about ?Oo%m to about 1000 nm to

produce at least one second luminescent response;

20 (c) measuring at least the intensity or wavelength of said at least one second luminescent
response;
(d) comparing at least the intensity or wavelength of said at least one first and second

luminescent responses to determine the extent of any modulation between said at least
one first and second luminescent responses; and
25 (e) ascertaining the presence of said target analyte.

28. The method of claim 27 wherein said target analyte is in an organism.
29. The method of claim 27 wherein said target analyte is taken from an organism.

30

30. The method of claim 27 said target analyte is selected from the group consisting of inorganic,
organic and biomolecular compounds.

25



