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ELECTROCHEM LUM NESCENCE FLOW CELL AND FLOW CELL COVP@RENESmbBeedeed

Applicati tent application clains benefit fromUnited States
Pr ovi 31 onap E{ﬂﬁé}é&@ 5 Application No. 60/390,816, entitPE{US2003/019651

"El ectrochem | um nescence Flow Cell and _ Fl ow Cel|l Conponents"™, filed June

20, 2002. Field of the Invention The prelsent invention relates generally to

the field of el ectro% gl "|=\scence ECL t o ECL-based devi ces and,
more particularly, to ENGEFLOS GEED rel ates to
systens, apparatus, assay CWQQW%LMMNEHT& ncor por at e ECL

el ectrodes and to nmethods for conducting ECL-based neasurenents and
assays. TheRiep¥eAbplicaiciO0 rel ates to el ectrochem cal assay systens that

i ncorporate an apparatus, assay cell, flow cell or electrode of the present
invention, as well, as to assay net hods utilizing same. 15 Background of the
| nvention Many E@Smﬁéﬁapp&mahmbémﬁuﬁmdﬂﬁitedl&a’ws@k&gsx@ﬁdl ragagys and

Cystom Sect ppistiph R 6sRENIE Bineas HicnehomBimisane Bowditia ow col | s

are affect eﬂobf)Cémﬂymigaﬁdr@’Sﬁleﬁljﬁﬁm REgo.for exanpl e, background signal
noi se, signal drift, el ectrode etchi Ag and 20 carryover. The presence of

backgr ound Eielhefithednwentionduces t he neasurement sensitivity of an
ECL- based flow cell. The devel opnent of ECL neasurenent signal drift over

‘time d t I f ts. Th
dia'[rgri g(r:;'??zﬁ'sof é_rg&ﬁﬁ)gt%ﬁt?lnr%%éé%%&é@%%tﬁegfﬂgdgggg tshe e?fi ci ency of

ECL gener alemchérmummmmé'(ﬁrdlg t@CEGerHés'éH'd@ﬁCQJ anfd® oxﬂe;&?alrﬁmjg%{; he flow
cell fr %éfﬁ&’? asurements, reduces the reliabl

measur oV 88 Ivestiprasq refgtes b Ispsterog lapparetup,ansayt celiaped flewded to
provide i nRIOMELiHR ase rational efime for
ECL- based appar at us%ggit%ggﬁ%%ﬂg%%%g 498 o3P R Ton ucting e based
measurements and assays. The invention also relates to electrochemical assay
systems that incorporate an apparatus, assay cell, flow cell or electrode of the present
invention, as well as to assay methods utilizing same.

15 Backeround of lthe Invention

Many ECL-based instruments for conducting biological assays and medical
tests utilize a reusable flow cell. For an example of such a system, see U.S. Patent

No. 6,200,53 1. The performance of such flow cells are affected by many factors
including, for example, background signal noise, signal drift, electrode etching and

20 carryover. The presence of background signal noise reduces the measurement -

- sensitivity of an ECL-based flow cell. The development of ECL measurement signal
drift over time decreases the reproducibility of assay measurements. The -
deterioration of ECL electrodes due to etching reduces the efficiency of ECL -
generation. “Carryover,” the accumulation of residuals in the flow cell from pnor

25  measurements, reduces the reliability of ECL measurements. '
An improved flow cell and flow cell components are needed to provide

improved performance and increased operational lifetime for ECL-based apparatus.




-2 Summary of the Invention An assay apparatus, assay cell or flow cell for
conducting electrochem cal or ECL assays includes at trode.
In an ECL device, the electrode is capable of partici pa??%ﬁé}ﬁﬁer o6
generation of ECL. The ECL device may conprise working and count er

el ectrodes capabl e of inducing ECL from Ru(bpy)3 in the presence of
tripropylam ne (TPA). The working and/or counter el ectrodes may be nmade of
materials other than pure platinumor jgure gold; preferably one or nore of
the electrodes are made of a platinumalloy, rhodium a rhodium all oy,

i ridium or SammaryidithIndehigh El ectrodes made of such materi aI s have
demonstrated inproved properties as conpared to conventi onal

el ectrodes. An el ectrode nm |nco i el d extendi na@a_uemant to

provi de addi ti onaf 254¥ APRATAUS gFsay lr‘ér °W6elk1{36W@B?tm&%F6

gener at i on BOO a@R incladdsanleadt oft Sedfddeah aﬁ@@maeméd HOelelitBc B & f&ﬂ@des may
be operated so that the el ectrode closest to the i ght detecto

mai nt ai ned YPagicinagng indhe sensration PAEChr The EGL ﬁ@Ylemmaﬁbompme wagkiognst ant
o B Bhes B AR O R MBI Aol JI° 1 5¢) 020

i nprovenent s exanpl e |nv on may i ncrease
appar at us dpprogylaming (TPA). élthierverkiag dnd/oroonter qﬂeat:fodemapclme iaddudft h ECL™ and

el ectroche tions, ..The nvention.al.so rel ates assay systens
t hat .i ncor %&%Jtlae@&ﬁgeljtg% l}rgpﬁ”gnmggggvegg\t p Prgferd @YBW%&P‘PIG(?% he present

i nvention aaha‘sbubd)esassmﬁdémﬂfhﬂatﬁluhhaloyyﬂlbﬂﬂuﬁ@ atlRliah BRGR irithum, @shay cel | or

flow cell af. . the ent | nve obj ect of exanpl e enbodi nents
of the pr edufium ﬂg’éfné 6695046 E?lué‘]é q’é‘ﬂﬁé?‘&?@%m@ﬁdmﬁ@f’ﬁ@)dol ogi es for
over com ng grbjerte@fak 6hRpatER coﬁf/elﬁlhﬁ'alm ElRbtré¥e}. Aﬂéledh%d@ﬂxa?%c%géorﬁéaexa”pl e

enbodi nents_ of the present invention to provide apparatus
el ect r ocherfickhextensingalemgnt thprayide addidonabpathwaysi foncurreot ledlomdfor oper at i onal

B L R TR N
i mproved manarheaipsratedrsodhat diterahatasdé closekiGh tlaqdp@nt détector ik mairgaiged atiat her obj ect
o T SRR bR R BT
© photodetector., Advantageously, the disclosed 1mprovements of example '
- embodiments of the present invention may increase apparatus operational lifetime
- and improve performance in both ECL and electrochemical applications. The
invention also relates to assay systems that incorporate the apparatus, assay cell or
flow cell of the present invention and to assay methods that utilize the apparatus,
assay cell or flow cell of the present invention.
It is an object of example embodiments of the present invention to
. provide assay apparatus and methodologies for overcoming the deficiencies
of the prior art. ' -
It is an object of example embodiments of the preéent invention to provide
apparatus for ECL or electrochemical assays which are more robust with increased
operational lifetime and improved performance as compared to the prior art. '
" Itis another object of example embodiments of the present invention to
provide impfoved materials for electrodes for ECL apparatus.
Itis a further object of example embodiments of the present invention to
- provide electrode configurations for improving the application of electrical energy to

an assay sample.




‘a) a working e

an assay sanple. 20 Decenber 2006 -3 It is still a further object of
exanpl e enmboedi nents of the present invention to prOVId%Q{ﬂ§%nﬁﬂg58&ies for
conducti ng assays using electrode nmaterials and el ectrode contiglrati ons of
the present invention. It is still further an object of exanple

enbodi nents of the present invention to provide apparatus and

nmet hodol ogi es for operation of an ECL apparatus to i nprove ECL detection
sensitivity and ECL nmeasurenent accugacy. In accordance with one aspect of
the present invention, there is provided an electrochem | um nescence cel

conprising: a) a rki el ectrode and.a.counter el ectrode, erein at
| east one of said¥gﬁ@3%g@8€ “ﬁg%ﬁ?ﬂ%ﬁ?mgmﬂgﬁ¥#ﬁﬁﬂ#ﬁﬁﬂﬁ?m@HﬁBF¥@%ng: a first
predet er m nadhod8ogks for PREGER asfs Wih@élédirbdemaansls ad SB&RM oA bithd1ed wei ght

percent of an el enent other than platinum wherein said first
predet er nmi AEFWEYGHT™ percent is greater than zero and wherein said second

predeter m ned wej @Rk BRLSMbjek 3t Sdufifle folitemtOfine BREENDIveidnkBRbvidlet ect or

and/or a transparent portion of said ceil in optical registration with said
wor ki ng el eérnefeand msthgdolagicsifenereratintofandBd eappamdusasipwone BEL deteetiopr esent

i hvention, gggﬁﬁggﬁfgig%g Acutl.ect rochem | um nescence cell conprising:
ectro

e and a counter electrode, wherein at |east one of

sai d el ect r odes 1£260Mah&S%th bRQGIcH BT B praserdt BRGkibH AL IsQovRQIMRr i sing. a first
predeterm ned weight percent greater than zero of rhodium and optionally,

a second prekasiefitimiaecdnt cebdompiizCe Atwogi@letfodt AR cdBkepelekro@) €l enment
other than rhodium and b) a |light detector and/or a transparent portion

of sai d celwWhetein ablpdst anabf spid glestoda toramisevatphatism dloypoinirikige: elfisct r ode. I n
accordance with a third aspect of the present invention, there is provided
an el ect r geHdmvingdwasbnesent of plodiuin; ad aprcimdipredeterminedavoigbteicengofeh deanbde and a
counter electrode, wherein at |east one of said el ectrodes conprise an
i ridi um al 198" s rftinuay Wepreinsaidifrss predsicapintdoreight Reeponiis avater hanegeoand  of i ndi um
and a secon redet erm ned wei ght, percent of an el enent other than iridium
20 Decenbe r‘”%?%%mg §ea°%ﬁr§5?§?fwm§(gmglft prreqatis fam dyede 7t Nalighicieser cent i s
greater than,zero an erein said second . pr.edetern ned i ght percent is
from5%to a'gjé%r/oa aﬁare%fov%_ml O?ﬁaﬁtcéﬁg?%‘_ﬁ"? &?%‘3{?‘8&1 S%’lé ?’?rgﬂ%%%?%'t portion of
sai d cell n 0Pl ef‘c@érdefn@m { &8 Qsp\%ttolf't]:é ﬁllegenmwﬁh&g th%llquﬁraﬁﬁie%'an
' - electrochemiluminescence cell comprising;: a) a working electrode and a counter electrode, wherein at

least one of said electrodes comprises rhodium or a thodium alloy comprising; a first predetermined

weight percent greater than zero of thodium; and optionally, a second predetermined weight

percent greater than zero of an element other than rhodium: and b) alight detector and/or a

'transparent portion of said cell in optical registration with said working electrode.

In accordance with a third aspect of the present invention, there is provided an -
electrochemiluminescence cell comprising: a) a working electrode and a counter clectrode, wherein

‘at least one of said electrodes comprise an iridium alloy comprising; a first predetermined weight

percent of indium; and a second predetermined weight percent of an element other than iridium;



In a fourth aspect of the present invention, there is provided an

el ectrochem'l um nescence cell conprising: a) a working g getd Qe -6gpabl e of
i nduci ng an el ectrochem | um nescence-active species to

el ectrochem | um nescence; b) a counter electrode conprising a materi al
chosen from (i) a platinumalloy, wherein the alloying material other than
platinumis from5%to 50% by wei ght and said alloying material is chosen
fromN, Pd, Co, Fe, Ru, Gs, Cr, Ma- Zn, Nb, It, Rh and W (ii) rhodium
(iii) a rhodiumalloy, wherein the alloying material other than rhodiumis
from 1% t o Be%Hn njd fine predeternaned weiglit gerednl ingreatir thaatzerp argllwhersin ediseend f r om Ni, Pd,
Co, Fe, Ru, G5, O, Mo, Zn, No, It, Pt, and W and (iv) an iridiumall oy,
wher ei n t h@edstereippdpighenerss i from SYoips0% wdh) ¢ lightrletgripriand/ar p BRASEOEDENISN Y, by

wei ght and said alloyed material .is chosen fromN, Pd, Co, Fe, Ru, OGs,
Cr, M, angﬁgdePﬁ’ FgﬁﬁﬁmWF%§Wh“@?“ iﬁFﬂﬁt detector and/or a transparent
portion of said I ical registration wth.said working el ectrode.
In a fifth aspe(I:]% Q%Hﬂ% %Eecg&edée rﬁ%sellltrllvglﬁt oinbn?refsllféorwede‘il%n provi ded an

el ect r ocheFiddéHeMPSHREE . 6RlcbmprSAFRY d wirlkdll @R cilah oSh&lhf Afle; a counter
el ectrode having a field extending el enment, wherein the counter electrode

is not a nekbrekenblfmdedencenHvespsdikRBOddorochptilinginabdnit; Bl tamkededddesai d count er

el ectrode, having a transparent portion in optical registration with said

wor ki ng el ectproog ;a naitdal vieen Eom (is@pldindm alog wherkih tha allopigg bteriabtier thaé | Nt er posed

bet ween said transparent portion of said support and sai d worKking

el ect r ode. Pliiugisfiog 11 wSpe by wagh adeaipaliogesmatariphischeserofom NihRd €o,Fs Rur ovi ded an

electrocheg%l m nescence assay.. apparatus conprising a working el ectrode; a
1

Counter el SE(GTOVR 20 NI BhFRY: (D5hIoBHHD ymhadhvm s driersin ey BE

| trode, i t tl i t] |. registrati, ith id
wor ki ng. of SuE g olyh iHI5HER GRbaR i ie aefed g el B P oo 0
N 6l oger | FgRaitor 1AL N G 1OV S04 B 1 RULHAROSRE 00, RRGRIT 2000

-5 closer to sald counter ctro an sal g and a

source of @h&aah irifith isFHR5TWo SO eBH and QidSRdyeh BRI ARG STorRBPRES Of
mai ntai ning said counter electrode at a constant potential or at. a

potenti al Ft RatOsftedo, Fit NGRS RY, ahdWodnt] V)R: gl délecRP4ne/t d tdhsp@ént otiofl of shig ht
detector. In a seventh aspect of the present invention, there is provided a
met hod of edineptital mgstration with @eitwoddigeleittoderi nescence assay conprising the step
of inducing el ectrochem | um nescence in an el ectrochem | um nescence cel
conprising; a) Hafihpesipl b present riention derais providrden clecsichemiwigescengdvell ei n - at
| east one of said el ectrodes conprises a platinumalloy conprising a first
pr edet er mi REPONRE HHKpESecde: ageunist dicrodgbavng wipldprepting sempt. sdeeR bRi ned wei ght

. percent of

oBter etectrode is not a mesh o screen; and a support, optionally attached to said counter electrode,
having a tranéparent portion in optical regislrétion with said worlcihg electrode; and wherein said field
extending element is interposed between said transparent portion of said support and said working
electrqde.

In a sixth aspect of the present invention, there is provided an electrochemiluminescence assay
apparatus comprising; a working electrode; a counter electrode; a support, optionally attached to said
counter electrode, having a transparent portion in optical registration with said working electr_bdé; a

light detector in optical registration with said working electrode, said light detector being positioned



el ement ot her than platnum wherein said first predetern ned wei ght percent

is greater than zero and wherein said second predetermnned i 2 er cent
is from5%to 50% and b) alight detector and/or a trgﬁg%%F%ﬁFQ é? i on of

said cell in optical registration with said worlang electrode. In an

ei ghth aspect of the present invention, there is provided a nethod of

conducting an el echnchem | um nescence assay conprising the step of

i nduci ng el ectrochem | um nescence irms.an el ectrocheni | um nescence cel

conprising a) a working el ectrode and a counter el ectrode, wherein at

| east one of said electrodes conprises rhodiumor a rhodium all oy

conprising: a first predeterm ned weight percent of rhodium and

opt i onal | y,clager psaidentintericloeiotashanisabworkied detody endaeniceof elatica brerggrbupbtther  t han

rhodi um wherejn said first predeterm ned wei ght percent and said second

pr edet er mi rTRFAGHFEHs Brable effpaniginingspid equaier clepiade abaqopstantpaigntighor ot appptesial det ect or

and/or tr ar ent rtion of .sajd. cell in optical registration with said

wor ki ng eI3%§&§ﬂ§fm?%&ﬁ§?8ﬁﬁg?méﬁb%M%ggng “a ninth aspect of the present

pvention, LNl g d vl Qb8 the Brellifl ol there FARUE o8t conduci

el ectrochem | um nescence assay conprisi'ng e step or [ nduci

- el ect r oche i biefFohesik B RerlcBasy oot ﬁ&é&%@%&dﬁ%&&ﬁ&ﬁéﬁﬁmﬁﬁ%@@mri sing. a)
a working electrode and a counter el ectrode, erein at | east one of said

- el-ect r odes in mehporlseiunsresdende dillwom@lsingry) veaing ekitoge anda fouiitgt  pr edet er m ned

wei ght percent of iridium and a second predeterm ned wei ght percent of an

el enent ot I§ptofe, wherdinyaf leasipng of widkalestradessarnptisgsia plsinumpllaydernsising: a it wei ght

percent is _greater thgg zero d wherein said second predeterm ned weight

percent i s PRFSHESA VY B%&maﬁﬁﬁwymaﬂﬁﬁaﬁﬂﬂa RREPIne WelEpESFt & 40 r anspar ent
portion of ' P ' : [ ion wi.th saj. rking el ectrode.
In a tenthegggggFgg%Agﬁe ggéégﬁ%m%ﬁg@%%%%%#g¥ﬁﬁg%p?%%%g%%gﬁéﬁia nmet hod of
conduct i ng zahandhesih EARKRAA ol iR ROERpASH o3 VAR S0%; and b) alight

. el ectrochem | um nescence cell conprising: a) formng a conposition

conpri si ng detevtopingiot a taosparenit banivin &sid edlidsopli@bredist-ation wilisaid working '

~el ectrochem | um nescence coreactant; b) positioning said conposition at a
wor ki ng el ettirdsde; c) applying electrical energy to said working el ectrode

and a counter electrode to.induce_ said gleptrqcheniluninescence | abel to
el ect r ocheni | unt*fBSEREA aperpr i privent Eypofionytherris gaviged @ grethod of conducting an

el ectrochem i nescence: wherei.n said el ectraochem | um nescence cel
conprises:@ gmﬁgﬁﬁ eFé%?%%FPEHE%FEﬁ%ﬁFgFﬁgggmﬁ%ﬂgﬁgﬁﬂﬂ%ﬂ%g%n from (i) a

plati num akla¥ohedfiELcthed cgﬁooﬁlphs%él e{fgwmlggléc@&de %dQ%unIepe%@u'(ﬁé, %értgllij n is from

5%to 50%

least one of said electrodes comprises thodium or a thodium alloy comprising; a first predetermined
weight percent of thodium; and optionally, a second predetermined weight percent of an element other
- than rhodium; wherein said first predetermined weight percent and said second

-predl_etermined weight percent are greater than zero; and b) a light detecfor and/or

transparent portion of said cell in optical registration with said working electrode.



by wei ght and said alloying material is chosen fromN, Pd, Co, Fe, Ru, Gs,
Cr, M, Zn, ‘Nb, Ir, Rh and W (ii) rhodium (iii) a rhosj erein
the alloying material other than rhodiumis from1 %%ggéﬂéeqﬁgﬁjggmht and
said alloyed material is chosen fromN, Pd, Co, Fe, Ru, Gs, C, M, Zn,
Nb, Ir, Pt, and W and (iv) an iridiumalloy, wherein the alloying
material other than iridiumis from5%to 50% by wei ght and said all oyed
material is chosen fromN, Pd, Co,.f&e, Ru, GCs, Cr, M, Zn, Nb, Pt, Rh,
and W and (2) a light detector and/or transparent portion of said cell in
optical registrdtronthspdat ofstieghraamt lovergion lileed is pdeideOndded @ber 2006 -5b In
an el eventh aspect of the present invention, there is provided a nethod of
conduct i ng WAluctEp eslecedherlumipdseraceasiay commsing theatepof wiuvipgt he st eps of a)
formng a cqng_o%i tjon conprij si rég an el ectrochem | um nescence | abel and an
nt T°URS

el ectroche Fralyipeseenegin g elpciiorheppupescence cellOMBNE@h? nescence assay
appar at us L SLDg: . | r ki electraode; 1i) .a.cqunter electrode

havi ng a fﬁgﬁﬁ%@?é&%ﬁf An“)S a% uenrr%ﬁl ?ﬂl%fi?’i“%ergmgg%%)(t)?%e)%[S)at“f%%cgf’%ﬁ adj acent to

sai d .count &jompfles & #i@RE alBAMInEsife: b HRANRRBERRHed NG bt oA m%'l g alight

det ect or V\,hergi n said fiael d ext Sélﬁ%li ng el enent iéshttl nt e_Ppose \'%etween sai d
wor ki ng el ecsdondieedarchireaivelgtt padsipbineiined ohériiRn rdantwhdiersad fisseach of sai d

| ight detector and said transparent portion are in optical registration
with said viediimigediveght perd is dodpter thap pdryand ghedireaid sicodlpredatranigyd t 0 sai d wor ki ng
el ectrode and said counter el ectrode to induce said

“el ect r ochentdgiiaeiess Epm %o e andp) elightdeted orradipn amepsaeteortion afpaid) measuri ng

an emtted el ectrochem | um nescence. In a twelfth aspect of the present
i'nventi on, cflﬁlgf’%uc?léegﬁ?ag?ﬂ‘ﬁ@dm‘g“’?f@{% %98 conducting an

el ectrochem | um Z%éé : i Sl h S, of formng a
conposition corrp%ﬁ%?ln aﬂm ect?n 8%@%%‘%1%%%‘%%%%%@05 Ofoé’ﬁ%u?angﬁnd an

el ect r ochergeldstieARSHRBE e SRR R M ocHeRiRnesEhE ClILARIERE hugiigscence assay

- apparatus conprising: i) a wrking electrode; 11) a counter “electrode; and

iii) a |ightmsbeit@ebirsinyheliotheSiinthe@EHIOLIRT an@hrRfdFdokkhilinfindd@8det | ONed cl oser
to said light detector than said working electrode is; b) applying

el ectri cal cersstagyb) positeainglsaidopkposigonet evedritintectardel ©) spplyihgeledtithlenergitect r ode to
i nduce said el ectrochem | um nescence | abel to el ectrochem | um nesce  while
sai d count &#d workipg glestiesdc pngt agpuntr dastneste teritdugseaidekcirechengimiescencqddeldnt i al  t hat
does ‘not vary relative to a potential of said |ight detector and c)
measuring & wnegneded O JRRRRRE A Aelkclearockemilymingsienber 2006 - 6

Lo

wherein said electrochemiluminescence cell comprises: (1) a counter electrode comprising a material
. chosen from (i) a platinum alloy, wherein the alloying material other than platinum is from 5% to 50%
by weight and said alloying material is chosen from Ni, Pd, Co, Fe, Ru, Os, Cr, Mo, Zn, Nb, Ir, Rh
-and W; (ii) rhodium (iii) a rhodium alloy, wherein the alloying material other than rhodium is from 1
- % to 80% bv weight and said alloyed material is chosen from Ni, Pd, Co, Fe, Ru, Os, Cr, Mo, Zn, Nb,
| I, Pt, and W; and (iv) an iridium alloy, wherem the alloying material other than iridium is from 5% to
50% by weight and said alloyed material is chosen from Ni, Pd, Cb, F e, Ru, Os, Cr, Mo, Zn, Nb, Pt,
. Rh, gnd W;and (2) alight detector and/or transparent portion of said cell in optical _‘ B |

registration with said working electrode.



Bri ef Description of the Draw ngs Figures 1A and 1B show views of a flow
cell for conducting ECL neasurenments. Figures 2A-2J ilbspbidhsoreppedi ment s
of counter electrodes according to enbodinments of the invention. Figure 3
is a diagramof a systemfor conducting ECL neasurenents. Figures 4A-4F are
phot ographs of electrodes fromECL flow cells illustrating the effects of
el ectrode etching. Figure 5 is a graph showi ng ECL signal drift in a flow
cell having a Pt-10%r electrode. Figure 6 is a graph showi ng ECL signal
drift in a flowcell having a Pt el ectrode. 20 Decenber 2006 WO

2004/ 001380 PCT/ US2003/019691 -7 FH3ures 7A and 7B are graphs showi ng ECL
signal drift that resulted from repeated decontam nation of ECL flow cells
with a 25% sol utPpanclasnthespest obhepresptinvenionsther i providedd tethod of corgluetingn- 1004 r

el ectrode (Figure.7A) and in a flow cell having a Pt el ectrode (Figure
7B). 5 Fi gueff’égﬁgﬁ%n@“ﬁ%%wm@@rsrﬂg B‘Bf‘%ﬁ?g 3 W&m@au%ﬁ?mman@neam ng
procedures J | s (havi r Lr .counter electrodes. Figure 9 is a
graph show %%ﬂcg&ﬂ%%lﬁﬂ%&b%ﬁd}%ﬁ&g% o&vun%[éelsﬁencﬁﬁ?ﬁaﬁ%“%glabt wor ki ng

el ectrode %&Mlﬁmﬁ&%&&ﬁwf%}gﬁt%s ﬂsﬁ%z G-I Forlille iS4 BHeGHARPunted WHI Ch

el ectrochem cal current is p as a function 10 of ‘the el ectrocheni cal

. potenti al . afectiddeharp K fidlQexh@llefO®; idNhusfdR Waichdle atiidehtéeRRoRler €l ectrode
conposition on the oxidation of water at a pH o 6.8. Figure 11 is a graph

-~ in whi ch elesgtrade himengiadabspapent pogtivh; andivipd light dedcta@svhereih saitifleid @ending elénivat

el ectrochem cal potential at the working el ectrode and shows the influence

of el ect r dtelepesAdhsEee soid werking dlestresiz andlatidl amspafentipertioys ad yharwis sach of FRA)

Oxidi zing potentials 15 were applied at netal electrodes in the presence

of a phospﬁlﬁlﬁ‘éQ‘?fa’é@’d%aP@?f@tm rgedn oppeal registration avithy pajglyypskingrelegtiofde; Bnt  densi ty

vs. electrode.potential and..ilJustrate the influence of Ir content on the

Abi 17ty of Pl “1“68%*}“%?“3@7( P SO BE SSeT o 24 S PR S OSIRPREP B vt or . TPA

and Ru(ll) Qmm&em%ﬂﬁe&ugchﬁuﬁﬂe&glﬁc) measuring an emitted

electrochemiluminescence.

- In atwelfth aspect of the present invention, there is provided a method of conducting an |
electrochemiluminescence assay comprising the steps of: a) forming a composition comprising an
 electrochemiluminescence label and an electrochemiluminescence coreactant in an
- electrochemiluminescence assay apparatus comprising; i) a working electrode; ii) a counter
electrode; and iii) a light detector; wherein said counter electrode is positioned closer to said light
detector than said working electrode is; b) aﬁplyin'g electrical energy to said working electrode and
-said counter electrode_ to induce said elech‘qchemiluminescence label to electrochemiluminesce '
~while said counter electrode is at a constant ﬁotenﬁal or at a potential that does not vary relative to é

.j:otential of said light detector; and ) measuring an emitted electrochemiluminescence.



Results are shown for platinum (Figure 12A), Pt-10%r (Figure 12B) and
Pt-30%r 20 (Figure 12C) el ectrodes. Figures 13A-13D @szgﬁﬁcurrent
density vs. electrode potential and illustrate the influence of cont ent
on the ability of Pt alloy electrodes to oxidize phosphate-buffered water,
TPA and Ru(l1)(bpy)3. Results are shown for Pt-10%Rh (Figure 13A),
Pt-209%n (Figure 13B), Pt-30%h (Figure 13C) and Rh (Figure 13D) 25

el ectrodes. Figure 14 is a graph of current density vs. el ectrode potenti al
and illustrates the ability of a Pt-8%Valloy electrode to oxidize
phosphat e- buffered water, TPA and RA(I1)(bPY)3 Figure 15 is a graph

show ng Eagﬁgmri@ﬂgfﬁggga‘idﬁg;\ Ru(bpy)3 in TPA 30 Assay Buffer as a
function of e appl1ed electirochem cal potential at el ectrodes of

di fferent conpositions. 20 Decenber 2006 WO 2004/001380 PCT/ US2003/019691
-8 Figures 16 i sFigiesilAgndiipsbew dewselh lapplfercomsiuetiog 5€Mi ng to an enbodi nent
of the invgption. . Detailed Description All.values of electrochem cal
potentials are relative to the Ag/AgCl reference 5 unless otherw se

i ndi cat ed. An asBgyesapqailladras pmindiagyts 6Rbhnted eledrbdesacatihg foor conducti ng

el ectrochem gal. or CL assays according to the present invention includes
at | east on@RHEEISYHEMVEHE" o| ect rode may conprise a material other than
pure platinum orgigkd His 9@hdhnt SradlsysiHEBRRSdut @ @R L Wehduteh¥nid N €l ectrocheni cal or
ECL assays. In addition, or alternatively, 10 an el ectrode nmay incorporate
one or nore fi elféveestaARpphosicaphsief dectredepiray Edeflovaetls itlisbatiak thp affdetsay s f or
current to plitating the inproved application of electrical

energy. Al sdg%@%%hog@egh{engtrode may be operated so that it is maintained at a
const ant pot ent iFigureGris sdrapa slpeing L aigndl Biétt in b Sow el Sbhvaita P-EoE EltBode0 @ Vol t age
of a light detector .in o near the apparatus. The di scl osed inprovenents

i ncrease appar at i3 6452 Sonme&kisiens! fiag madlow Gefl hawips wRislectofar at us

per f or mance.




The invention includes inproved el ectrodes for conducting ECL neasurenents
. that "have inproved properties (including resistance to & Déidhther P0u6
carryovery, mﬁﬂ-ﬁ&ﬁséoifeti me, |ower currents, etc.) than conventional Pt

el ectrodes whil'e, " preferably, producing conparabl e per PETHRHRS/0149ECL
assays. The invention also 20 relates to_ECL assay cells (and in particul ar
ECL flow cells) that conprise these inp?oved el ectrodes. An ECL assay cell -
i ncl udes at | east..one z{l‘&ectrode, and preferably both a working el ectrode

and a counter el d0E¥EY a0d 7B, e erapheshGingECL siznabdef et SestiBed from

el ect r ochembpkitddQRESH LEReP.q the ECL as cel|l provides one or nore
~optical 25 gal'ﬁi for z;[fn:nghv&\]iﬁglgbf gﬂrﬂé)s ??Iéwmé&&%ﬁ@lﬁﬁpnpﬁméwe@hmght

detect or. THEVopsll heaingraPRE0% IradecRodS(Fi b8 AN 2D, | g3l detection
W ndows in tﬁg‘% E%L(]@assa)s ;el | . Also, (HE%IE aszay ceﬁ%%gh?ﬁ}ééégg:
reference el eCHPSHEIETE/Bicilitate control of the worki ng electrode with a
potentioStat; a FaaEREE idLy . ta reversi bl ol ] ect magnetizabl e
particles (i nterchangeébl gfa glg}gr&aﬁf %nglags}{p%%wg naéc Procedesgi®) at 30

‘the surfaceﬂQPV@H%hmnxif’hgrklcemwmodés. an integrated |ight detector and

associ ated opti f,.%lgreéerrentéé}& nd filters for collecting, processing, and .
detecting ECL sigirals’ “rbsh 18 56beiznpinf dna Qow3sll HRGHEEIR003/ 019691

-9 In an ECwoding €lectrade @H%tﬁ&gﬁt&%&%&g | e of participating in the
generation of ECL. Preferably, an evi ce conprises working and counter

el ect rodes capabFié_urEb}Q iSﬁcﬁn@hﬁgvﬂﬁhélem&tﬁi&@b@.ﬁrehﬂistﬂy&téara«gsd%lgc%gf TPA,
at | easm On@ftﬂgefé’tﬁn%@g' S ar11ot @de of pure platinumor pure gold.
Preferably one or G Prientig! gt the Grpaking etecodmatsl shiowa e iaflinencaodl | oy,
rhodi um a elbetideomipbeiion b kil dAaL8 fef b loy. In  addition, or
alternatively, an el Ect_r ode my&gaﬁcoégg@%{eéh%ﬁgfhﬁext endi ng el ement to -
provi de addi t i onEguLSaklrifvagsaphdn whinhradettrotherficalwutent iQ%idﬂeH?Eﬁfﬁﬂéﬁélﬁ’ved ECL
generation i licatjon of .electrical enéergy for other ECL
- device oper%f??gﬁgé%&?l g@?ta?&ﬁ‘ém@l?@!c@? SqEdngalectindend showsl thednflimace ofe
el ectrode. al¢tatmds tompoditien or BBloxRBESS b0k ﬂaQni{]@' ined .at a consfant
- potenti §I or at g. potential that is conspaoﬁ)ly re atﬁ@‘[@‘ng;%ﬁogﬁ‘gafsof t he
light d t ecYDF 2PRsC mrefal sleetipdugiimthetpsssehcechfoahobliatd-basdabagted by a |ight
detector at a  Figures 12A-12C are graphs of current density vs. electrode potential and |
- illustrate the influence of Ir content on the ability of Pt alloy electrodes to oxidize
phosphate-buffered water, TPA and Ru(Il)(bpy); where bpy is 2,2 “-bipyridine.
Results are shown for platinum (Figure 12A), Pt-10%Ir (Figure 12B) and Pt-30%Ir
20 (Figure 12C) electrodes. :

Figures 13A-13D are graphs of current density vs. elecirode potential and
“1llustrate the inﬂu_ence of Rh content on the ability of Pt alloy ‘electrodes to oxidize
. phpsphate-buffered water, TPA and Ru(il}(bpy)s. Results are shown for Pt-10%Rh
(Figure 13A), Pt-20%Rh (Figure 13B), Pt-30%Rh (Figure 13C) and Rh (Figure 13D)
25 electrodes. B |
Figure 14isa graph of current density vs. electrode potential and illustrateés
~the ability of a Pt-8%W alloy electrode to oxidize phosphate-buffered water, TPA and
Ru(ID(bpy)s. o |
~ Figure 15isa graph showing ECL signal generated from Ru(bpy); in TPA -

30  Assay Buffer as a function of the applied electrochemical potential at electrodes of
different compositions. | L




di étance, t hrough one or nore intervening layers of material. Such |
. intervening layers constitute optical w ndows through sy Rmtayehengt hs of

i ght of | I y 15 substantially pass. Al so, such |ayers may be
el ectri camﬁggﬁéﬂ@?i ve to shield the light detector friRSHEEEBAIPNe noi se

generated at the electrodes or el sewhere. Field extending elenents of the
el ectrode of the present invention nmay eftend in part or entirely across
such optical w ndl_ﬁvvs. ;[ge ig,vention also relates to assay systens that

i ncorporate the apparattds adigeranpobandiyl epparatos acootdingviccal émiddithbye ofr esent
i nvention. Suekvexsdens preferably further include reagant-handling

appar at us, .assa)i reagant s, sanpl e- handl i ng apparatus, assay sanples and
the Iike. 1

the present invention denonstrate inproved performance. ECL assay cells
configured as flo |ls..rneferred to herein as ECL flow cells, 25 are
particul arly usef‘%yl1 958?3 %‘Eﬁé‘?cgﬁﬁﬂef‘ﬂ‘é‘lﬂ Roksatinks are slpivo te e g/AgEhiefaehdes. U. S. .
Patent No. umle20Bthedlisalingfdappges exanpl es of ECL flow cells and ECL
apparatus incorporating such flowcells, and the entirety of said patent

i s hereby incor pdHbAssey anpatstys, Waycdfarmeellfdﬂcbﬁdiﬁcitiﬁgb%troéﬂeﬁﬁéa??r 3A, 3B
and 4A-4D a t&gﬁca%g pan iglge&descriptions in the text). It should be
noted that Wil S PR HaRE/R TR} Byediogringlpdes3 lesseensmiedtmdenThon Wi | |

be descri bedleptrddemniy Yormpridehtm t hei 1, i.opl ementatiop in ECL flow
cells, such elect rodj(;s. rrgl;/ be ?lgg%%er?ﬂrfﬁ@?rréehkagg&inr?r'%fe&ql@ﬂm&ssay cells
that do not dFagRstgtesikiy intelestrgbhiensicaifor BATodskays, 12 QdBE6RHRANRIOR Ly WO

2004/ 001880 ,PGEL Qﬁa"f%%gfm -10 Fi (%ur |Aand IBillustrate eQBI oded
“and cross-sectional Vi‘ens PPEELEs oraaety feldgxtending elpmantsémprosidean ECL f | ow

cel | 120. Fhaditioal path@QycRrBiir&s o ﬁowifgaﬁmgg%ﬁllcegﬁ{gq‘%z %B@?%égtg L.cal filter

w ndow 124, an electrica openi ng

123, a conducti.v

125, a ref e}%ﬁsﬁeeﬁéﬁn@r@m dHeo, firesledtrode thay depipemnsl sbaBatantd mdgminad ael |
conponent  5¢gk3 | ' .cal cdetection w . ndow 127, a counter electrode
136 havi ng :Ian ﬁ%ﬁ@%%ﬁ%l %@%t%ngﬁﬂ’# ’ff@n&ﬂt Felaiveiganvaligea offa lightt  defi nes a
portion of ddtentordeior nearhberiygirabdd, THa MRIdskN G, and a cell base
142. Cp#g onal | sﬂgl,d 126, and w ndow 124 @@%‘gé’ﬁg%}%&%‘f‘ﬁ%@%om I guous
piece o ~rra?Pé?F%{7:9F1'f‘ Yipe and improve apparatus performance. o

The invention includes improved electrodes for conducting ECL

measurements that have improved properties (including resistance to etching, low
carryover, longer lifetime, lower currents, etc.) than cohventional Pt electrodes while,
preferably, producing comparable performance in ECL assays. The invention also
20  relates to ECL assay cells (and in particular ECL flow cells) that comprise these
improved electrodes. T | '
| An ECL assay cell includes at least one electrode, and pieferably‘both a
-working ¢lectrode and a counter electrode, for inducing ECL-active materials to*
electrochemiluminesce. In addition, the ECL assay cell provides one or moré optical
25  paths for allowing the resultant ECL signal to reach a light detector. The optical paths
may pass through one or more optical detection windows in the ECL assay céll. Also,
'ECL assay cells may include: reference electrodes to facilitate control of the working
'elecu'odg with a potentiostat; a magnet device operable to reversibly collect
magnetizable particles (interchangeably referred to throughout as magnetic beads) at
.30 the surface of the working electrode; or an integrated light. detector and associated

optical elements and filters for collecting, processing, and detecting ECL signals,

gptigm | i zi ng t he apparatus, assay cell or flow cell of -~ :



conmponent 134 receives fluid into the flowcell via fluid couplings 130 an
13r2rP‘Base 10 142 has an opening 145, to accommodate NagpieckifePBody Vot arm
. 144, and a magnet ~detector 147. Light detector 122 may be inplenmented as a
phot odi od®? 28¥4%#he phot odi ode, charge coupl ed devi cECTONEB3LBSLT , ,
photonul tiplier tube, film or the Ilike. Alternatively, light detector 12
may conprise an array of |ight detecti n99-15. devices, e.g., a photodi ode
array, a CCD array, a CMOS canera, or the like. Preferably, |ight detector

122 includes a pﬂ@m&i&idéavidégmeld&@eﬁ@c@ﬁbﬁ@%%?}ﬁg {I%ﬁggg?ﬁ%%rﬁﬁ’ﬁgl y

i nvention, E r at i.ncl udes an ECL c

hg}li ned by ft &-%Pf%%ﬂgy,&nméﬁgamses Wfdﬂ?@%ﬂ@ouﬁrgflgft@eggtamu ;)ggl,
: f UBSEAn , _

pat vy between t he ot roRu Rt REFRSORE SR 1rd efat SuF b hizhisiior he Lo

, surfaces faé®dea€purgmiainun or puse goldf Brafadbliylvat o Rrebf (e b0 43 SUPPOT

' de, is
t t. | .SECo electrode, preferably the counter electrode,
att ached i naREF R RRE R PRuE apiadRiraaloy. ridiam, ar rekHum eopriood ment

additi [ | - 1e.S ont structure
and (o prof orabiy hal o ebsatiechelc Ha B Rl mditibde and
the support Pﬁvﬂ?@@di‘i@nﬂlpﬂéhmcfmbmhﬁoﬂmh ® myt?@mﬁr@b@@@%%gﬁag?@#o L

[ ' t ure, Vvia
bpeni ngs,  ans rbi R BRE I, RAlHiRel erevdfr oiher Fikeiovinp oprmsaevallsa, | he
“second el ectheetietrbdesthANbOaERREd §Sihsk the Ble bﬁg(ﬁ{nse?t!t?ﬁ]lgé’ ﬁgngg”,%dter of i ndium
tin oxi antinony tin oxide, or of a thin neta Irm PP Bhi n enough
(typi caf‘fy manpingd atasonstanposmbiel arat abteytialrthatdpeoranib) refdive bk vélhgesecond
el ectrode gﬁyﬁrdel&é&?%transpar ent portion of the structure surface

- without interferfrng wth its ability to transnt relevant wavel engths of

ight. 20 Decentierceafiftmbigiaand aAtasACPGTuLSa0ns) o i%.ﬁ‘?%ﬁ}ecﬁjat Jhe

' h at
transparent .portign of the structure is in optical tration with
| east IOa po‘?‘?tﬁ%“r% OYgheone r magre idgrverting lapetsiofi guaddriat.t Sodheinteoventiptiafieh

e e A A PR PSS A 1Bk S T
porti ontof sbstpuiadlytpads34Akbatck kivenaayHe@eon AUWoldH 0 to shield the light
o ~ detector from capacitive noise generated at the electrodes or elsewhere. Field
extendjng'eleme‘nts of the electrode of the present invention may extend in part or
entirely across such optical windows. |
The invention also relates to assay systems that incorporate the apparatus; an
20  assay cell or a flow cell of f.he present invention. Such systems preferabiy‘ﬁlrther
include reagant-handling apparatus, assay reagants, sample-handling apparatus, assay-
samples and the like. Assay methods utilizing the appératus, assay cell or flow cell of
the present invention demonstrate improved performance. ' |
ECL assay cells conﬁgufed as flow cells, referred to herein as ECL flow cells,
25 are particularly useful for systems that.requiré reusable ECL assay cells. U.S. Patent
No. 6,200,531 discloses examples of ECL flow cells and ECL apparatus incorporating
such flow cells, and the entirety of said patentiis hereby incorporated hereiﬂ-’ by
- reference (in particular, Figures 3A, 3B and 4A-4D and the accompanying -
descriptions in tﬁe text). It should be noted that while the improved electrodes of the
30 present invention will be described pﬁmarily in the-. context of their implementation in
" ECL flow cells, such electrodes may be readily implemented in “static” assay cells

that do not have a “flow-through” configuration.



5 c;r t hrough, opening 133 is substantially transparent and chanber 139 is
.partially defined by a portion of the surface of compopgBécehifer 2bbght

det ect or [ S, ptical registration with the portion of working
el ectrodeaﬁbd@g#liqﬁée)d by opening 125 and opening 133. $iT1652803/8196%1he

i ght detector may be integrated into cell 120 or remain external thereto.

As a further option, a surface of the |i-dAt- detector itself may define 10

part of the ECL cih‘.anber. Aci)referred assay apparatus for conducting ECL

nmeasur ement s wi t hFEEAA an Hiillstrateiemploded androfsGecid Wi 8k res cHbdy Cce of
a

el ectrical e : |yl electrli “energy to the el ectrodes,
“fluidic syst gﬁ{)ﬁ?ﬁ?{ﬁt rg@lﬂ%‘ %%%‘aﬁ%‘f’&gﬁ gﬁé] F IPE’&'@ﬁdtZQ coptises aflighidetettby and
el ectroni ¢ ol2%empptien fitten1 29k lcehiducior wiRlHwW 214 gﬁlgle{:@@%ﬂsg%eﬁgﬁg%}ggg% o
: e

measuri ng and amalg%zsi nggECL signal s and providing a u

source of el SETFI&H: BFdpighes decirode |28 ginid couplings 23 EaHd BZEa@élPé&ﬁpmﬁ:nf

pot enti ost at 134 hd: arl d . 1 di c tem may i ncl ude conventiona )
punps, val ves, prvtli)%es, ﬂrigglgéeg%%ug%g{lﬁo&f%naGPWEGWIR@OCIE@(;hmal:us of the
present i nvedRenmg kBdea paskbelighlith adapinath 157 thaWeReA g‘“ﬂige {r@asur ECL from
el ectrochem’(_J(h Lnescent o}ré%anorret allic conpl exes, rore pre ?‘58?@

pol ypyri dyl é%gr, P ByYIrEna elegterepldnand hrdl base 142n0piionally) sheglambexes in
particul ar chdRvindsW 185 ni er abl from ECL species and | abel s
that conprise Ru(l ng(ébpy%"'g{r%é?g% g%??c{?ggx‘?%é?eé’&fo. mairatsl.deeli vat i ves can

i ncl ude sulSompPonendd 38 rgervest Fnidsintost P 86 Wl Widhpd bhd t

subst it yped 1%%'35 %ﬁmct L. O ‘{ﬁ 25 groups thate a%e ‘Egé’ggél@gﬂ.gg%%gﬁ@a%bel

to bi ondl ecul &s. 8?%'?“?21 » 0 gEOmEI9dpigimAgne LI it 1 Sottanmi 14d g AigogEpasur e
ECL using adgteatopiiypbl e techni ques to induce ECL from pol ypyri dyl _
conpl exes of Ru and Gs, for exanple, annihilation and coreactant- based

t echni ques. Pr ef éigiiidglecBOl22mppbatmpleaesedds AghsBaile aﬁﬁﬁﬁﬁ{%t I nvention
t

nmeasures E . | ced at .oxidi zing electrodes fromthe preferred ECL
“label's int ]é"%g‘é’éig’g%‘af%f’o‘éﬂe‘f fievice, SPQE semsor, photefmitipHey tbeBihe uki t hat i s
oxi di zed t olike.odlieRativedy, TRAOIHEIMC pre preferabl. tertiary amne,
nor e prg%ergqbl_y a tri al-jl;y%gm ne, ala rﬁms% ISBQBQFFB%PHZéﬁgemV@&OOM 001380
PCT/ US2003/ 8396%1¢-8- 2 phofodiode array, a CCD array, a CMOS camera, or the like.,

Preferably, ﬁght detector 122 includes a photodiode.

According to an embodiment of the present invention, an ECL apparatus
includes an ECL chamber at least partially defined by the surface of an electrode,
preferably the working electrode, and the surface of a substantially transparent

20 structure in the optical pathway between the electrode and the light detector.
Preferably, the two surfaces face each other. Tt is preferred that the structure be a
- support structure to which a second electrode, preferably the counter electrode, is
- attached in proximity to the first electrode. ‘In ‘-an'aItéfﬂativé"-émbodimeiiﬂ'the counter
electrode is not directly attached to the support structuré and is preferably heldina
25 location between the working electrode and the support structuré. The sSecond |
electrode may partially define a perimeter of the transparent portion of the structﬁfé, |
Via.one or more openings, apertures, slots, infoldments, or the like. Altémativeiy, the -
second electrode is transparent (e.g., 2 counter electrode made of indium tin oxide,
antimony tin.oxide, or of a thin metal film that is thin enough (typically <20 nm) to
30 be substantially transparent) so that the second electrode may cover the transparent

portion of the structure surface without interfering with its ability to transmit relevant -~
-wavelengths of light. B '



S ' [ ‘ i sed of

ferably tripropylam ne (TPA). The coreactant is preferably conprised
gLeECL agsay Buf Pgr whi ch may al so include a pH bufferzbrt%cggg]gpmg.a
) Especi al | & %f red ECL assay buffers conprise TPA (prefera s ’9631 a
concentraﬁ’i o{?ﬂﬁééﬁ(’er than or equal to 100 mM, and ph&eflizze ﬁ)s p Ll
buf fering conponent (preferably, at a 5 concentration greater than or eq
to 100 mM and at a pH of 6.5-8.0). Optiohladly, a surfactant (e.g., a
“non-ionic surfactant such as Triton X-100, Tmpen .20 or Th.e5|t.), a
preservative (e. g'f.he tegnsprsent partionoefithe gioloture issiv optias registration with at least a

5 ohl of o- 2. ATl it R iogf el bpadisoands softat B aemorad stdhas swticas

) . G 1ii50di um chloride) may be
o oAt C> 1 bkl Shsbuta ik .l A MBS IS

é&% Ir IolmZ ES(&FWE%%E%&@@ theqroatieiof@impoacnt 134 thpecieads BomaKindowilngto,
| 3 d ' f EI%T oreactants is helieved to involve: (i)
gl(?g;'[ ?oﬁso;&%ﬁ%%ﬁ %g{l]%c%eﬂg gect aen(s\txa.ilg atg%c%;gbg; F¥Qismertiafiyt i ve .
) 5l oot ran a e er frqatmealonondid 108 OBEFadeb PR HERNEN""
(i l ectron 15 trapnsfer fromthe str [ ctan _
EEL[;cfiSe-Sﬁﬂﬁﬁgeni'mdL%P@ﬁpyoféﬁ@hg&@k@mxbdéommmmdkmc@@mugmmaﬁﬂs t he

: . vy : ) . = ed
ECL-active spagh€83F Vhiichalty -+ Nk % goauo 'e'Steatte hut |n1 an excla. _
el ectronic s?at e€ and i(ﬂ{m\?) & jsisig(.)n o%b 5%&1 dRtegigteddpioreli2g oF Fgn mroposed
ECL- acti ve Splemiabthereto.i Asa Gnritgi ﬁpﬂmlgla@gﬁﬁ@rufqhe(%higgtg%tga;@%w{ ?%% opos
RC1 1) oy P BFORECLStBieLe prin, ) o0 o PraN-—cHe Ru(111) (bPY) 3 +
R Copyf V. _.ePr'tgggN”” | LYM(bPY)3 Ru(11)(bpy)3 + Iight
| :DrZN' ;r ;?;?rsg(ghélffgteﬁﬁwggfais@r%ﬁe Cg%&#ﬁ@%ﬁﬁﬁ%@u@a trevitibat FEE and an
na ! . .

inglude; R iLpto an ECL

L ooreavt i LIy chm BELATy nabasouit of kol bl abaahng! © o

- . CL € ; . .
&7 pre- oper e EE SR, B9 cleptpeqia it i for ot irsemplesand Sarpl
referapy betuson ooy oot ad Shornfl o 8GmBu onfNies e otioiEdPe i 5 ¢ hen
- tween -0. g . : :
el TR b e, woescio aod snherife QL cidnglonp IYéviding® BEGRRGEe, 2AR6 VIO
2004/ 00 1380508@'0?&%9@1%/310&13%%%5 a voltage source, a current source, a potentiostat or the

like. The fluidic System may include conventional pumps, valves, probes, reagent
bottles and the like.

ECL apparatus of the presént invention are preferably adapted to induce and
20  measure ECL from electrochemiluminescent organometallic complexes, more
o preferably polypyridyl (e.g., bipyridine and phenanthroline-containing) complexes in
particular of Ru and Os and, most preferably, from ECL species and labels that
~-comprise Ru(I)(bpy)s and derivatives thereof Such 'derivaﬁves can include
-substituted bipyridines, especially bipyridines that are substituied with functional _
| 25 - groups that are used for linking the label to biomoleciles. Preferably, the apparatus
-operates to induce and measure ECL using any available techniques to'induce ECL
from polypyridyl complexes of Ru and Os, for example, annihilation and coreactant-
based techniques. N '
Preferably, ECL apparatus according to the present invention measures ECL
- 30 - induced at oxidizing electrodes from the preferred ECL labels in the presence of an
ECL coreactant, preferably a molecule that is oxidized to produce a strong reductant,

more preferably a tertiary amine, more preferably a trialkylamine, and most



-13 an electrical potential across the working and counter electrodes in

. the ECL assay cell, using a potentiostat to achieve a RfBe&iidr2066

el ectroch cal otentlal at the working electrode relative to a reference
el ect r ode}V 4 YH/ %ﬁ?e the ECL-active species to el ectroddif2olioats8te. The
appl i ed potential oxidizes the ECL-active species and 5 the coreactant at
‘the el ectrode but avoids substantial oxil@ati on of water (especially
preferred ECL excitation potentials range from1.0 - 1.8 V, nore preferably
from1l.1 - plefsrakrlyetnﬂrdpp]amqm €T RN chredetantlis Bre¥eriisty 08 ofap/EQRri ety
of different tl?ff[ Lwavforms may_be used to generaetheE
excitation [oPERPHE] W ﬁ‘ﬁ &%) @dncm%épgrweéﬂéc@lﬂé@eut Emaﬂmpmﬁm@; or

nmbi nat d
corbi mat o EINESAPhuTd B SSHON (ML, BEE ol IRRRH Pt b
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advant ageous for cleaning to use oxidizing or uc’l ng
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pref err &9 cpwﬂﬁ@ﬂwr%fegsﬁwb lredu0| ng and oxi di zing potentials
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fl ushed out of the assay cell by introducting ECL assay 5 series
- of "prepare %Bﬂéﬁt(! &K aﬁﬂ%OﬁﬁqglEC‘eIdaQtUetsp@n@Iteprodud@mdmﬂmgﬂﬂn-&tﬁéocess

" Prepare” i e_al nat| ng s ent i | ess
magni t ude tﬁ%ﬁg‘;’f fgﬁ &lﬁaaoﬁll (#gﬁ%% rg%ctt proguc% L“@Eg g‘?dt?i" 26581%9‘1%3 of nore
than 0.5 V, tramsfee ﬁmneﬁhe sabhg/redagRiay ﬂ[@d}@&ﬁec@E@ﬁ-a&w@é})@me@Mh otentials
of at least -0.3 V, preferably apglgom mately -0.5V. 30 Accor g to some

embodi ment sCTGFEHR ESaction et fsaenesatsntis E4 caciadpesiesdo its original OXIda’flon
' ' state but in an excited electronic state; and (iv) emission of a photon to regenerate the

ECL-active species to its original electronic (ground) state. This proposed mechanism
is illustrated for Ru(I)(bpy)s and TPA below:

Ru(ll)(bpy),

Ru(l)(bpy),

. g ‘-

| .Pr_-,_N\/\CHa — Per\/-\CHa PN~ cﬁa
Pra__- X N |

- Ruliihbpy)s + TN Nep, ——— Rulipy), + TN

*
20 Ru()(bpy); ——— Ru({lh(bpy), + light

In a preferred operation, a sample comprising an ECL-active species and an
ECL coreactant (e.g., in an ECL assay buffer) are introduced into an ECL assay cell,
preferably an ECL flow cell. The working electrode is held at a pre-operative -
potential (POP) during the introduction of the sample (preferred POPs being between
25 -0.82nd 0.8V vs. Ag/AgCl, more preferably between —0.6 and 0.6 V). An
electrochemical potential is then applied to the working eiectrode (e.g., by applying



~utilizing magneti zabl e particles as solid phase supports for ECL assay

. constituents. Such neasurenents may invol ve the neasur &enﬂfer%ﬁ emtted
by | abels_bound to 20 Decenber 2006 WD 2004/001380 PCT/ US2003/019691 -14
the surfa®® ¥PMBOsarticles, e.g., ECL-1abel ed bi onol e®airams2e0am196ar e bound
t hrough biospecific interactions to binding reagents on the surface of the
particles. When conducting neasurenmentd43for assays enpl oyi ng magneti zabl e
particles, a magnetic field is applied near the surface of the working

el ectrode pepelectrivalqrotettial agossithe Fotlihg fAULHhRPIR LIS ﬁﬁfé@[(ﬁ, 558#0' I ect
t he matgnet_i{zsgF Iugipgarticl_es on the surface of the working electrode. For

exanpl e, wi FfrEREAGRIRRtIpHaoRchiers a predefermined dlactravhemidal pateftial sthpi vot ed
to raise maghekin r | ectr .. he col ted particles
are, optionall y,éﬁggshe rﬁ%ﬁ?%gév?rﬁgérﬁ%% egegggéeﬁg%ﬂdgee ﬁﬁ#@ﬁ"@ﬁ“@ﬁ@e‘%‘q’%w cell .
ECL i s thentd eleuitoeheraibtmimesceu The apsliciastntibiaskisbov@e E@;—E&ﬁfe%ﬁ@c@%s?én%lt he

" magneticcfigld is removed .prior.to cl eaning and preparing the ce or
g 5 ;

~anot her ‘rea rcgfﬁ?ﬂf“}t %I%’c‘?l Sepde it Boids sybstintiahoxidatiomaof wate(espraialiEL fl ow
cell incor pﬁeﬁﬂeﬂ%d@éﬁtﬁﬂo@?&eﬁ@ﬂﬂaﬁée ﬁ%ﬁﬁ%zﬁﬁ%&% Eﬁ’llg ﬁn@lﬁtl num

(Pt), both electrodes nmay deteriorate®signi eto

et ching of tA& apbmest mefcfabdys.20f 1.8 NevieAgAdCITlea vaSeghofelighiesng i s a major
limting faﬁga{icagﬁvon %?he %*)eratlo al lifetine of a flowcell. Flowcells
have al so been opServEsS a5 be FeRsgietag Eehsxcitaticnasimtial; prefavedaar d

S ariftin deweadfathsaldsiop by ARl & CohBindAGKINGUNR HINBLGOVSE the

lifetinme of the flow cel|l. Under certain circuns rd drift
in signdl hBSLbuaeessredevitte lipht detects. nuch as 10% 20 of the initial signal

| evel s over the se of roxijmately 2900 neasurenents. Applicants ‘
" hypot hesi ze that%%gé%w %%}@ggﬂlegﬁqoptanqigwm%% of ECGlHgomtthwamplpthcess. To
conpensat e dsgdy @lpfdratily cRAnd dand Sttt e bkithe e yecalibrated,
have its measurenents nor_grrral i zed ovﬂeﬁﬁtﬁﬁle f]%n}%%ulklhg%g%q‘{%%p??'o &Il or have
the el ect r¥dinensya gleaning sqlntions(iypicably adisic solutian combesiugkJetedonfi@st data

~indicates tha ' | on. of e.electrode is. th rjimry cause of = etching
and it is pos%(liﬂ%g(% %g}% %zg]teg(a)fggaﬂw pRghials e é%ﬁ’hegggt f@,qs hege fapddhatéde et ching
_ 15 | especially advantageous for cleaning to use oxidizing or reducing potentials that are

sufficient to generate oxygen or hydrogen gas on the electrode surfaces. Preferred

cleaning potentials include oxidizing potentials of at least 1.5 V, more preferably at

least 2.0 V, and most preferably approximately 2.0 V; or reducing potentials'of at
least 1.0 V, more preferably at least—1.5 V, and most preferably approximately -1.5
20 V. .Inaparticularly preferred cleaning process, the reducing and oxidizing potentials
described above are alternated, It may alse be desirable to introduce bubbles of air
during the cleaning process. -
Ina preferred cleaning operation, prior to infroduction of the sample, the
cleaning solution is flushed out of the assay cell by introducing ECL assay buffer. A
25 | series of “prepare” potentials are applied to the electrodes during this process.
“Prepare” potentials may include alternating step potentials of less magnitude than the
cleaning potentials, e.g., oxidizing potentials of more than 0.5 V, more preferably
approximately 0.75 V, and reducing potentials of at least -0.3 V, preferably
approximately -0.5V. ’
30 According to some embodiments of the invention, assays are conducted
utilizing magnetizable particles as solid phase supports for ECL assay constituents,

- Such measurements may involve the measurement of ECL emitted by labels bound to
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observed occurs during the processes of cleaning and regenerating the

. el ectrodes -between measurements. In particular, in insyspaESGhSe b6

conductin netic bead- based assays, high electric potentials are used
to clean 'tg‘ffg?agé[gﬁgsqwomthe surface of 30 the working elREE20e3/01949¢
application of high potentials during a cleaning cycle causes platinum

oxi des to formon the surface of the el eéftrodes. These plati num 20 Decenber
2006 WD 2004/.00 80%{}§T/ US2003/ 019691 -15 oxides are | oosely bound to the
surface and SF&"HES WVagPiEcks e} Bebdebelatt iomoleatleothat artbonasteshganay by

cl eani ng r eagBlecHiY iy . | i ng. cycle. Mregver, it has been observed
Char i he pr o SoBectit iy y&‘g% g’a‘?ﬁ@%gg%&‘gn%% £¢ of the partisleat When

ot herwi se depodieting mbasostmennsfonhésayderhdl8vi : 3.0, the platinum
oxi des col | egtjat | ?Cﬁt ions in_the j(;pt iI(t:Iaf1 %atf‘gr et M/leem%%&ﬁﬁ}aﬁf‘%&
el ectrode an flﬁseaﬂplﬁ e daeribice ofthg working elestrogt pri@l towir Aggvs the T educt i on

in I'ight 5 cohiregidtien oftifel &i lt s, |i.cants, hypot hesi ze that such . °
deposition is one 1of % he Sﬁ??%és&g?&gamg%ﬁﬁ?ﬁm’ﬁlﬁks p8thewrfeed of the ow cel |

based ECL i n¥erkingesiecitodepFomexaatplqvitiretdics kSRR 1 10, ,aft ECL
measurement ope% nor.e | %t a‘?t t han_ t hecmas%renbﬁ%%%p%4%$§ﬁ Ij][?or
ensuring rept bagcipt LEEagnet 166 spasraking slestrbdali4fent s t hat enpl oy

magnet i zabl e beadshe doll&t&d FARLRY LY

ferab houl d_renove_ al | "used"
- beads fromthe working electrode t%@ﬁgﬁ ’ewa{sﬁﬁ%fﬁ%\y@g Chassay huffstover " of

si.gnal fromtrugh tedlow eall. tBEL iethtn inlibcolcaailé36rcl 3s QS HEEANN0 PT OCess,
t he vol tl@geP?éf?ﬂai;ﬁrd taQ the.\/\ﬁréféng el ectrode i s pul sé et ween” a reduci ng
vol t age and an OXI d#ﬁeilﬂ@gn\?tﬂ? S's Temesed pisr 1p, cleaning arelchreparing\thd ¢eliger i S | ow

enough t o r enkthér Medsarenicgs Cr eat e hydrogen gas and the oxidizing voltage is
high enough_to oxidize platinumand oxidize water to create oxygen gas. In
a particul aMM@EEﬂECL- based flow cell cleaning sequence, the 20

reducing voltage is -1.5 V and the oxidizing voltage is 2 V (vs. Ag/Agd).

R result ng. 11 onnes IR BeAREL Boatie St menons i dmatts 1o ne
vor ki ng el eclbotules miarle of pire Pt Both 1k SAY By AGBISM, S RLETEED1Y a0
US1 59! §Ver fime due to eftching of the exposed surfaces of the electrodes. Such 'etching. isa
| major limiting factor upon the operational lifetime of a flow cell. Flow cells have also =
been observed, in some configurations, to exhibit a downward drift in detected ECL
signal and a rise in background signal over the lifetime of the flow cell. Under certain
circumstances, the downward drift in signal has been observed to be as much as 10%

of the initial s_ignal levels over the course of approxixﬁately 2900 measuréments,

20
' Applicants hypothesize that this downward drift is related to the etching process.
| To compensate for such drift, an ECL instrument will need to be recalibrated,
have its measurements normalized over the lifetime of the flow cell or have the
electrode(s) or flow cell replaced at regular intervals, ~ s
.' 25 Test data indicates that oxidation of the electrode is fhe' primary cause of -
| ~-etching and it is postulated that a significant percentage of the electrode étching "
-observed occurs during the processes of cleaning and regenerating the electrodes
between measurements. In particular, in instruments for conducting magnetic bead- |
-based assays, high eIectrip potentials are used to clean the beads from the surface of
the working electrode. The application of high potentials during a cleaning cycle

causes platinum oxides to form on the surface of the electrodes. These platinum

230




‘mat eri al that ,has acﬂ i nc ealisqed oxi dation resistance an
he f

~water. | n another e

~optionally, theAcaudihgto sheet &dss,3Re L QMY: I jses a netal
A@€kepro€dss ahe Wikagk |ag1¥he?ﬁl§tthe§?5%1ﬂgs

conprising a detergent and, optionally, a base such as a hydroxide salt -

.e.g., an alkali 25 netal hydroxide such as sodi um-hydpgxxifden@er pPeiassi um

hydr oxi de_- aving a basic pH, preferably greater or equal to 10) may
be flomed“f%g‘@?{&ﬂ%%e flowcell to flush any solid suppREITVES20€8/039691
magnet i zabl e beads, fromthe surface of the working electrode. To enhance
cl eaning effectiveness, air may be introfsced during the cleaning cycle,
e.g., by introducing bubbles. 30 In one preferred enbodi nent, one or both

of the wor kig¥idesree loosely boundsloahd s1HES ad fe bolived 3 68redlasding) sﬁ:ﬁl!it{o de
g 15, thererore,

| ess prone R EY ay Eregrazah dudng ercloaningopelat i onal 20 Decenber
2006 WD 2004/ 00]1@6@09&?& Q&i/o%gg_@&lthaftﬁgpté%gogwﬁ%y%g he el ectrode(s),

reduce signal drift and reduce carryover. CRIEYsui t abl e for

~use as the ViBbseAeNtl ascumuhite drotienwisEde e dehitMsGaltin %FW&?F'%@KM bi't
Y,

el ectroc ics simlar to platinum Specifica

gem'_ Egallaf;har aQta%”éﬁ | _
preferred nmaterraralxiogs stlepby logHong inghe ymticat pash betmvermtits wirkingar e | ower

‘than the 5 phiesdid ald e hﬁfet&ﬁ d@. [ f er. at that el ectrode (nost
preferably, this conditi §n el ng %@Fﬁ:ﬂpﬁ%&%@qyg arfgé\l%@nb‘ﬁhg ues

bet ween 6. 5caliRstign effiiensy desulfst ApplicmtstiygobsitdBasies aeﬁos%tibﬁ%sﬁé?&th@” ECL
Ru or ,

| abel (pref l.um pescent organonetal lic conplex o nor e
preferably, @%?%%Q%Lg}gngf]&a@“ vative thereof) is induced to '

el ectrochem | um PFese&taifibw .careaectant (preferably,
a t_erti?éy am ne,_nost pref SSEBW%A@L%%H%T%?&%&%%ﬁ Pﬁe&hﬁgtst;pa '

wor k .t ng*ei e ?r@aeﬁcm@ne?ﬁm?ﬁb?nuﬁm?gamh}fﬁtm@d@a@ﬁgtne@efeg%a%! _yj' t h_ed .
counter e ecliroae otner an ure or u, 11 sal
potential i gﬁtsf“’ué g |%I§%It%dg%§%£ﬁdpf§“fq%e%}}nleﬁﬁéﬁh@%éﬁ thleermd®Y cor eact ant ;
and (iii) tmegagizhblebendy dRicleahingRyae ReteralySHowg ?ér&g\?ég%io f%eép{ %@@% ggl y at

coreactant that 'is at |east equa

oxidation of th
- least two t %‘stﬁ ¢ woddng gleatrdedp epaus thatthetedano “Eartyon®? ,of €)¢84l fFih 8ne

preferably ﬁ%aﬁﬁ%ﬁéﬁ%;g times) the current density fromthe oxidation of
odi rent of the present invention, the working and,

or netal allo other. than pure platinumor go

" el ect r ochenffie{ods &t BHsqddetyseny redupingvoliage aplom oxidizing voltage. Preferably,

the reducing voltage is low enough to reduce water to create hydrogen gas and the
oxidizing voltage is high enough to oxidize platinum and oxidize water to create
oxygen gas. In a particularly preferred ECI-based flow cell cleaning sequence, the
20  reducing voltage is -1.5 V and the oxidizing voltage is 2 V (vs. Ag/AgCl). It is
-believed that both the generation of such gases and the oxidation of Pt resulting from
-such a cleaning cycle assist in removing beads from the working electrode;
In a cleaning cycle, a cleaning reag'ent (preferably an aqueous s‘olﬁtion
comprising a detergent and, optionally, a base such as ahydroxide salt —e.g., an alkali
25 metal hydroxide such as sodium hydroxide or potassium hjdroxide —and having a
basic pH, preferably greater or equal to 10) may be flowed through the flow cell to-
flush any solid supports, e.g., magnetizable beads, from the surface of the working
electrode. To enhance cleaning effectiveness, air may be introduced during the
| cleaning cycle, €.g., by introducing bubbles. |
30 In one preferred embodiment, one or both of the working and counter
electrodes are fabricated of an electrode material that has an increased oxidation-

resistanc¢ and is, therefore, less prone to etching, to increase the effective operational
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In another embodiment of the present invention, the working and, optionally,
the counter eIectrode,. of an ECL flow celi comprises a-metal or metal alloy, other
than pure platinum or gold, that at an electrochemical potential of 1.3 'V vs. Ag/AgCl-

20 - approximately the oxidatibn potential of Ru(ID(bpy)s - exhibits a current density
- during the oxidation of water of less than 5 mA/cm? ; preferably in water comprising
“electrolytes at a pH of 6.5-8, more preferably in a phosphate-buffered aqueous
solution having a pH of 6.5-8.0; and most preferabljr' in a solution comprising 200-400
~mM KHpPO4, 50-200 mM NaCl, surfactant and sufﬁclent KOH to ad;ust thepH to
25 . 6.6-6.8. ' ‘ : _
In another embodiment of the present invention, the working and, dptioﬁally,
.- the counter electrode, of an ECL flow celi comprises a metal or metal alloy, other
‘than pure platinum or gold, that oxidizes TPA more readily than water. Preferably,
this condition is met at an electrochemjcal potential at which Ru(Il)(bpy)s is omdlzed
. 30  most preferably 1.3 V. In one preferred embodiment, the ratio of the electrochemlcal
currents measured at the electrode at a potential of 1.3 V for 150 mM TPA in
phosphate buffer at 2 pH of 6.5-8.0 (most preferably, 150 mM TPA, 50-200 mM



Pt with Ni, Pd, Co, Fe, Ru, Gs, Cr, M, Zr, Nb, Ir, Rh, or W nore

preferably,-alloys of Pt with Ir, Rh or W and, nost ppefRbaBby200dl | 0ys O.f

i erred enbodinent, an ECL electrode is formed of a
Ett-\IMrtgl : - é‘&ﬂ%%ﬁﬁrﬂe wei ght percent of iridiumin th’e?ws:qus/amwlBlSO%
nore preferably 5-50% 20 nore preferably 10-50% even nore prefer? y 4
10-30% and even nore preferably approxildately 10% |n anot her preferre ot

ClL electrode is formed of a Pt-Rh alloy wherein the weig
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'r- and TB),Staxﬂ,rlﬁJ @,&?A é(bl l,E ?13[ ccording to another embodinent of ’thfaI
in{/ention, t he cosuﬁter:f e eac{cra% of an ECL assay cell conprises an alloy

of Pt and a tr anﬂdcbﬂh@o%ﬁﬁboiﬁ@n%&ﬁﬂrgseﬂ?%ﬂ@&gge@%gﬂglgiyrs gg%% ti 3\;1) |

[ ferably, 1-99% nore pre erably _ _
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g:rg]:)gir ﬁgh%/ aﬁﬂ@?ﬂrﬁﬁ’? {EYEHE’UEQ Ricvhasrsett én EGLgiewcps. leTIE![sahdéx;ee,nitdsge?rg%ug bf%r&g?n hg r o
’ ' . e rki ng el ectr o i
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Rh. . AC 1Y ) hl
counter el egﬁ?s’g&gmgflscaﬁi °°11_§’1 WHE 45cond Hansition clemedt bt iapratitayat hat -
conpri ses, oeipht SdrSerRBRYIFULSL YmBie gRNsisd,s  of Pt a@d ll()rB'OfVThed\ABI g
pe;n(::)ent e of Ir is, preferably, f—%gf‘r%a %f’g 6"|’ BYOEs BstSyayy 10-30%, an
£5° most preferably approximately 10%. Suitable alloys for ECL electrodes are alloys of
Ptwith Ni, Pd, Co, Fe, Ru, Os, Cr, Mo, Zt, Nb, Ir, Rh, or W; more preferably, alloys

of Pt with Ir, Rh or W; and, most preferably, alloys of Pt with Ir.

In one preferred embodiment, an ECL electrode is formed of a Pt-Ir alloy
wherein the weight percent of iridium in the alloy is 1-50%, more preferably 5-50%,
20 more preferably 10-50%, even more preferably 10-30%, and even miore preferably
-approximately 10%. | o ' _
| In another preferred embodiment, an ECL electrode is formed of a Pt—Ril”alloy -
~wherein the weight percent of thodium in the alloy is 1-50%, more preﬁ_srdbly 5-50%,
‘more preferably 10-50%, even more preferably 10-30%, and even more preferably
25  approximately 20%. R '
According to another embodiment of the invéntibn, an electrodé of an ECL
assay cell comprises, consists essentially of ot consists of a transition elen:ient other
‘than pure Pt or Ay, preferably Ni, Pd, Co, Fe, Ru, Os, Cr, Mo, Zr, Nb, Ir, Rhor W;
more preferably, Rh or Ir; and most preferably, Ir. | -
30 According to another embodiment of the invention, the counter electrode of an
ECL assay cell cbmprises an alloy of Pt and a transition element, the weight

. percentage of the transition element being, preferably, 1-99%, more preferably 5-



50% nore preferably 5-30% and nost preferably 10-30% In one preferred

. enbodi nent, ‘the working electrode is Au or, preferably,odhacehibefDodder
preferred _enbodi nent, the working electrode is, forned of a Pt 15 all oy,

pr ef er abl Wh2084/0413805 | oy (npst preferably, the sane al | BCEESDEGMERGEES t he

counter electrode). In another preferred enbodi nent, the working el ectrode

Is a pure transition elenent other thanl$t or An, e.g., Rh. According to

anot her enbodi nent of the invention, the counter electrode of an ECL assay

cel | conpri sébeanom preferaifly 530%;) dnduobBisietdhB1 @GN Nihe ¢ x?%g@%io?%e 20
per cent age o;nthe t]fr}'%n@tlon el ement. being, ‘preferably, 1- 5 nore
preferably 52 5d88Y RotWsiaptallt Byt mapoolude an additional cempondit ys WoH.308 The

remai nder oftrdd3Rion@dR t L akly L or i y. 1 ncl ude an .
addi ti onal corrpolr'(lnelnt a‘?shtﬁrleffé iﬁem’t@g%ﬁ%‘?’&?’ gs’e{;%h%"»%,lﬂiigf&khﬁqvmi, Pd,
Co, Fe, Ru, e peyferably, Rirqr Ivtand Riosapefenibly, Tr. th@dlfeﬁ{a?@%t%fe?ﬁreﬁf erred
enbodi ”e%t’»énl‘ﬂ; dvvorktlﬁ?g el .ctrPde Is, An or, preferably, . I'n 25 anot her
al ternaté préferred e cleckede ndvaarnpretaratdy s Rid dn amothernalicimater om a- Pt
al | oy, pref eirefoiryd amBbdiltdent! al t ex nat e, pr.ef erred. enbodi nent
the ~wor ki nqj el ectrode isenadbﬁ%rkér%aﬁéﬁopg% 1%?%8 %?aitﬁ\g?yﬂtﬂﬁ%iﬁr Y bt Au,
e.g., Rh. |dralion Infanethiealtexhiteproiriedentotipaintent sworﬁihgené@&éﬁerigaghx%ﬁ rode

of an ECL 3ssa | conprises_ an alloy of Jr or Rh and a transition

el ement, the mﬁ%ﬁ?iegﬁnggﬁﬁreﬁﬁ%@eoro‘g‘%% Rl-ansition el enent being,
preferably, 1-99%ccoRlig: R RbeEA [gn-q@ 9 r ef.er abl -30% and nost
pr ef eraal y éo- 30%CC20 | cenbglﬁ3 SZ}%%% %ﬁ%%&%%ﬁ%ﬁ%@@fgg% -19
Accor di 1Y’ t SFArenkeclkishomedmiian afloy thet samyerises,consibhesseatullyest, & @aliEQde of

an ECL ass [¢.C .S an alloy..of Rh_and a transition el enent, the
wei ght per ?gﬁfﬁlgekoiﬂwglg?’? BYS 1 snRrsterahly.nlg99%y mprar prbfeyably15-09% nor e

ferably 50%50%re pRf f B Bsh, prefera 0-30% The
preferably 50%5ffre prfealily SER0ARLY m%sa%e/ferﬁi‘g 1@%@ be. %tonﬁgﬁf-%%ql 0

~renmai nder of t{he 5 alloy may be substantia ude an o
~additional EORAYERERD thesworking eladteode is Awei, prafarablyePent is preferably Ni, Pd,

- Co, Fe, Ru, Os, 1, or nost referably, Ir. In an
“alternate prefer%?ogfs%g |fﬁ%%b?m?9@nﬁﬂr¥éﬁ@r§%€?¢gﬂ@ sdompedpnfaPt
pr ef er ab} y, alRiy, plefierablyta RirIr alléyefmiskt preRi &1L the glarggrggg) ﬂ%iﬂprfs&%hg‘m ki ng

electrode is_a
counter electrode). In another preferred embodiment, the working electrode is a pure

transition element other than Pt or Au, eg., Rh.
According to another embodiment of the invention, the counter electrode of an
ECL assay cell comprises an alloy of Ir and a transition element, the weight
20  percentage of the transition element being, preferably, 1-99%, more preferably 5-
50%, more preferably 5-30%, and most prefcfably 10-30%. The remainder of the
alloy may be substantially Ir or it may include an additional component as well. The
- transition element is preferably Ni, Pd, Co, Fe, Ru, Os, Cr, Mo, Zr, Nb, Rhand W. In
-an alternate preferred embodiment, the working electrode is-Au or, preferably, Pt. In
‘25 - another alternate preferred embodiment, the working electrode is a made from a Pt
alloy, preferably a Pi-Ir alloy. In another alternate preferred embodiment, the
working electrode is a pure transition element other than Pt or Ay, e.g., Rh.
In still further alternative embodiments, the working electrode of an ECL
| -assay cell comprises an alloy of Ir or Rh and a transition element, the weight
_' 30 percentage of th¢ transition element being, preferably, 1-99%, more preferably 5-
50%, more preferably 5-30%, and most preferably 10-30%.



made froma Pt alloy, preferably a Pt-Ir alloy. In another alternate
.preferred 10 enbodi nent, the working electrode is a purg phiahsid -ghs el ement
ot her thaﬁ%{? or Au e.g., Rh. Advantageously, the counter el ectrg%e in an
ECL cel | 2084/0413%bt entials for the oxidation and/ or rrecvis2basI9fo1 WAt er
that are less than that of Pt (preferably, by 50 nV or nore, nore _
preferably by 100 nV or nore, nost prefet@bly by 200 nV or 15 nore). Such

reductions in over-potential will be directly translated into | ower cell
potential s duri ngAcerilinglte amithe eniBodinveat T 18 RRRHIGH AL Edunfel SRLLBHESE 2 ©
of “aPFF EFER0IS s

preferably s y. Rl anar. and t ake a variety

i ncl udi ng CREACA aké’?ﬂgﬂ‘é‘BF%%SaP&H?%#%ﬁ@%pﬁm@m@mgmgﬁbm&@r the like.
the manut actgr e of o LEuL T Do G A W SPORTEb FORe s pytealy -
deposi tion PHBOIEPrefeushlysS-3 @ stmdahest pefe RBBNIAL 8% 0T he %ﬁﬁ&@kf{@por |
deposi tign, allg?'ﬁ%ﬁe\'% 5 sc:ref-i-.@1 (g‘r,i nting, electrodeposition, electroless
deposition and’t g Stagially éf‘F‘%B@%ﬁﬂtﬂédMnﬂ@nn@dnemamWenurf(hé or

gi ven a spedransition bRERnOTs HERABL N ther deposi tion, nplding,

l'i t hogr aphy, r}ﬁ}f%gkni n&,@ elfect rofyg?“my%g‘?"’f*g%féﬁ Q%ﬁ%ﬁ@n?réﬂv, E%EW X‘F;rﬁ’é%ﬁ%
etching (e. §TRBYe N Ja an gliersate piafeyed amisbdifent, tHeavoriing eRbSId i@%ﬁfo f the
i nvention r f al.-or .a netal, allqgy. In alternate enbodrfnents
of the in@ﬁl@%ﬁ@?ﬁe@ a&&% rc%%‘? ngfwﬁéambgﬂsnmdhe working electrodedt al  or
metal al | oy madEifent 4 Btiglldse proBsradly APER i enbodi nent of the -
inventi.ﬁg, t%ﬁg ount er eclgg(_:trgdeyi s %{)g%:%fl%lgﬂ(?@g%ﬂ?m Bf%nmore field

e

ext endi neny, dheyworkingaleqtiode ispr mire tinsition elbmaii otRorRmdbti dtaq, OF
across the @_gg’ilggl path of the light detector but |eave openings of 20
Decenber 2006° WO 2004/001380 PCT/ US2003/019691 -20 substantially

transparent ar eaddiatigeousiothé sunedr eldei0ds; lch light.is,
- transm ttedth Th,eqs‘?% fi echd eét endi ng reI enent lsnfd]{)]gégg?ﬂe«ﬂnécﬁoﬁﬁr"? BHigls forcr oss
~ the optical “CREITOR AHEL Tergtion o iter dhat dedemcthasthihel R BreRkaLY, Hyl gt

o o apt Pk ot Al AERRR A R e e S Shovi
~ advant aib’ieougpgt). fagh reductions fihover-potenlid Will el direB P Radliaid hBUb LR 3f
potentials during cell cleaning, ' o
The working and counter electrodes are preferably generally planar and may
~ take a variety of different forms including thin films, sheets, foils, wires, screens,
meshes, or the like. Thin films may be made by conventional methods including
20  those used in the manufacture of circuit boards and microelectronics, e.g., by
deposition of the film on a substrate via evaporation, chenical vapor deposition,
sputtering, screen printing, electrodeposition, electroless deposition and the like.” The
~electrodes may be patterned, con_ﬁgured or given a specific shape or geometry via
- -patterned dep.osition, molding, lithography, machining, electroforming, laser ablation, -
25 - patterned etching (e.g., reactive jon etching), and the like. The electrodes of the -
- invention may be made of metal or a metal alloy. In alternate embodiments of the

- invention, they are composite materials that comprise a metal or metal alloy.
- Electrode Geometry |

According to an embodiment of the invention, the counter elecirode is
30 | configured with one or more field extending elements (e.g., electrode projections) that -

| extend into or across the optical path of the light detector but leave openings or




current across the working electrode (e.g., during an ECL neasurenent. or
.cleaning cycle) by decreasing the distance that currengg AU mb 86

t hrough s [ C ef erably, the nmaxi mum di stance between a polnt on the
surface 01%#%@9@%1?5{ ng electrode that is in optical redtGUUstodmouogdit h the

| i ght detector and the point on the 10 surface of the counter el ectrode
closest thereto is less than 4 times the Zfistance between the working

el ectrode and i he g@}g ter electrode, hereinafter the "height of the cell,”
more preferably 18 Asparentareasanghe bmniﬂalegmm@gth}gwghq)g%hﬁ yen more

preferably | eassntifial 2 ' hei ght of the cell" preferably
less than 1.5 _times t h%ehﬂg%%&té’ﬁng ﬁ@‘%@étﬁ:lb.y eRifndingantomriagross HRrdp@ealt O

herein as t hiath@fithedight daitttondapest i 0. "~ For. purposes of illustration,. -
B ?%éséﬁéﬁ%toé lightinBidentupea dbe bghtdawkier 136

t he height o 150.in Fiq.

Wor ki ng el eccprr%gllgb]fllgy s ﬁ}ﬂﬁ%rme/% maoxe grefera@lytias thdn) 2584 "aﬁhﬁ‘&lt?;efé gﬁi 20 aha
s in opfticlhbs thegl®k) Bl Aatash uosﬁ},eni ng 133 of counter electrodd d36 and
|ight detector 122 and (IQCIFS ac"ht ga &Y seghda substantiallyvea sty aRAQE t ©
count er el ect¥§Beact®s thadorkaig ectiidsi(BLe dhin guggf: detector 122. In magnetic
bead based & I@zg %che ccg)theation of = magnetT za E%%F?I,eeqeggomgemg

advant ageousl’y ShiT AR nEshe fistange ﬂiabb@remagﬁumﬂepﬂ@d@grsoi‘ﬁiﬁnn*&xi m ze

col l ection (ﬂreﬁ@blﬁwm&ﬁﬁuﬂﬁéigﬂaﬁ&e?. During -operations such as ECL

measur enent and tfl ectrode cleaning THALS IR\ he euficglof ther werkinglensi ti es,
the currents @0 f’rf@a'c'lﬁiﬂsbpﬂaalregﬁgiaﬁaneimtm%?g{egﬁ gzluf trode is |ess than

t he curpggnt 5 "hjdden" region. The T erenc Pt entthadensi ti es
is due to tﬁ{éﬁ?ctg%ggfe c&%{eé%ﬁuo%eﬁ%éﬁh@mw is basntien 4ahRed hOdRARY the

"vi si bl e" r befiwemn thelvadr d&L ~hidden” region and the correspondi ng
differences,in fhe vol {d!élge dpﬁggﬁc{r%h%ﬁﬂu?tﬁreégﬁodﬁ@ﬁemﬁm&m“heig‘]ﬁoﬁounter

and wor ki ngt8i5 t'%@ﬁ?ﬁfmdéwmﬂﬁﬁwmgﬁo?%% ct%aﬂgx?vegzwg%t es a

measur enent 5@ . eaning, a cell pot |
- current at It:_’hfew%bg}l' f‘e\% {shlg‘g‘lie(fn?‘%‘ilhﬁgle’e%@fﬂls celhand pidseprefcrA¥ly 480 @13t 49 ECL
or cl eani ngiunéssthe height ottBe BaY it the "hidden" region nuch higher
currentg t accel er?it e eﬁﬁ%ﬁggﬁnﬁgﬁ’ﬁﬁ%ﬁl pothe Geunéns pethespecade.

._ 7 _ hai. g;aPn )
Ad J&f’ | TOB pHERoseshigHustation, 1tR6 o .2006
20\62? ngggqhﬁgéargsyg%%ﬁétqjg%69§ - g? nogflgliﬁedg%wﬁ? ﬁé)?[fg%?%ﬁ 2 W\g/fg%l enment s

so as to establish frore éven distributions of
Working electrode 140 in Figures 1A and 1B has @) a “visibl

e . ’ ‘ e” region that is
plcal registration with opening 133 of counter electrode 136 and light detector
122 and (ii) a \

= ‘ hidden™ regiqn that is directly opposite counter electrode 136 and not
visible to light detector 122. In magnetic bead based assay’s, the collection- of
magnetizable particl_es 18 advantageously 6onﬁned to the “visible™

20

shetatleparicl . ed to region in order to
imize co lectlop of ECL from the particles. During operations such as ECL

-neasurement and electrode cleaning that may require hi gh current densities the-

current to the “visible” region of the working electrode is less than the current to the
25  “hidden

Er] . .
re - - . .. .- } -. :
gion. The difference in current densities is due to the longer distance

between the counter electrode and the “visible” region relative to the “hiddeh”‘region

-and the corresponding differences in the voltage drop through the solution between

the counter and working electrodes. Therefofe, duriﬁg operations such as ECL
‘neasurement and electrode cleaning,

= a cell potential that generates a current at the
30  “visible”

region that is appropriate for generating ECL or ¢leani

ng the electrode may
generate at the :

hidden” region much hi gher currents that can accelerate etching and
degradation of the electrode, Advantageously.

counter electrode 136 may be




current across the working electrode. Preferably, the counter el ectrode

. defines the perineter of a windowin the optical path r ki ng
el ectrodeﬁf the |ight detector or, alternatively, a 5 ci osetﬁr?g(r)%ue) may

be define PHMH3¥he counter electrode material that c el es2ed3yo19e91 r ounds

the wi ndow region. Alternatively, the windowregion is not conpletely

surrounded by the counter electrode. In-2hether alternate enbodi nent, the

wi ndow region i.s defined by the region between two or nore counter

el ect r odes. W@W’éﬁ@ﬂﬁé’tﬁ%@bﬂmmso&Wcﬁ@sﬁnﬁé%@fﬂ%ﬁﬁt‘? s are

er pr

proj ections Eﬁ@émag[gssft%n&%iggfe%@égi tated array. In anot prefterred

enbodi nent, at |east sone %nding el ements extend conpl etely

-across the opti caPrefiatlbly, e eb@iabiYotrol . or _nmore openings whose
perimeter is co 1I_sllﬂqufgly defined by tﬁegg%fg{rﬁ’%@%pgbeﬁrﬁg_m 13 thg| ¢

ext endi ng el T Fwese theaverkingsletdds aal thé lighcHegRR Rt AlnBlivihe, count er
ot ol oot oy EErabbFEL ABH 138 e - Sullerecg de masmad ot oo ont | Bl o
osay el 1 comprlsing g couneare el BN MU AR RRRRRE! cront
may be subst Sé’%pt% P’é?qd;}g'rtgﬁ gRwrerplectiofp alnentother alfpima¢ efBdEneRE ltﬁeSWmPQQS
Ot ondi ng t heEp FaREd by B bR R R v Py Chumer slepabaing pot ent | a

applied 20 to thdnwoe kiehgre ceatioiadent ohe ﬁ@ld’%gengiln%\églﬁér{t%%%\éifﬁg%ﬁpgF et on

el ect roq% wgéﬁ?f l el d.. extending_el enents accor

during a cl Fi@“’é?@’lgétaﬁe aray- &t enether profiarred enitodinaritat 10MF ®ni £E6T abl y, no
great er tharxkn8iny elchicgiy counter el ectrode 200 that is anal ogous
to counter el ectrgcdglsé3 1%6&6 c%Pfﬁjﬁ%a‘(‘f&? f,800ta Rath; prgfesably, do forth @i3) .

Count er el e®F FoHROIEDMgd sfhonseperimeted cORBIRLAN. | perjneter 204
. éﬁgd&%%&%@%&%@?qg%g#‘ggeed curve

that is co def.i ned by counter electrode
206 (repr eg?rl}g tggid%%?geé’d%sq(ﬂ%ng Y cxtand the elrefricabfield penautetiaf the@b@aby ode 200

- that conpl etkebiyodedhtoahd &5 AP unter. el ectrode 200 has an
~ ECL- act'i%/‘e regi on 208, ?%2 rgégqlgtgra%&?%ﬁl%‘eﬁfnﬁre\ﬁb’?’kﬁﬁ & of elgetricalot

'shown) , LandCufrnt eyesdhe ¢ntize wodtingeleceddeamt paRriilsaty ERNMClRuBlFR! ! C2l
energy to Eﬁdﬁ&c}?ﬁ:ﬂgr‘r}@%‘%% 30, 208 and _provides a | ocation tor etloect rical
cont act . QJEdI onal Ty, ¢ Vakingslrctrodoin avgysaysel wompesingmn coudits ant i al 'y
al tered i n sbatpee tvdth HH eRteAline L.ans _f. | ecirical contact.
| nportantly, .counter el ectrode gg%%gggégigé g‘%ﬁ‘%f‘%%@'%?%{l?%{qfcompamdto
, . "pror assay cells, thus reducing the etching of the electrodes, reducing ECL signal '
drift and extending the lifetime of the cell. Preferably, the oxidizing potential applied

20  to the working electrode of an ECL flow cell having a counter electrode with field

extending elements according to the presént invention during a cleaning cycle is no
- greater than 1.75 V and, more preferably, no greater than 1.5 V
.- Figure 2A shows counter electrode 200 that is analogous to counter electrode
136 of cell 120 (as shown in Figures 1A and 1B). Counter electrode 200 defines an
25 opening 202, having a perimeter 204 that is completely definéd by counter electrode
200, e.g., aclosed curve 206 (represented by a dashed line) may be defined in counter
- electrode 200 that completely surrounds opening 204° Counter electrode 200- has an
‘ECL-active region 208, for registration with a working electrode (not shown), and an
electrical contact element 209 that conducts electrical energy to ECL-active region
3Q 208 and provides a location for electrical contact. Qptionally, contact element 209
may be omitted or substantially altered in shape to provide alternate locations for

electrical contact. Importantly, counter electrode 200 does not include a field



20 Decenber 2006 WD 2004/001380 PCTI US2003/019691 -22 extendi ng el enent

. that extends across the .optical path between the worKki Bg RlembbPsifyg and the
| i ght det Q{égg Accordi ng to enbodi nents of the present invention, counter
el ectrode G4Y138%1 | 120 can be repl aced wi th a count ePCEURMDI/Mde91havi ng
a configuration with field 5 extending elenents as illustrated in Figures
2B-2J. In alternate enbodinments, electr@es with field extending el enents
of the present_ invention are advantageously inplenented in assay cells,

el ectrocheni &% eﬂ@@s&iﬁw fhet ext@idsasmay the @iptisal pa&ﬂ&@&é&%ﬁ@ﬂ%ﬂ@ﬁ BB tus
and ECL appa@%-l%iﬁ&é&ogB shows counter el ectrode 210 tha HEFTH a

w ndow regi on 212 aving a perineter 214 that is conpletely-defined by

my be dof {ned 14y countor ol eetrade S1 Thsrt BRGRRT cotyeLurtounaso i ndow

may be defi ng% Hbeco nter el ectrode

region 212. tohiithsan eééﬁlﬂ%ﬁgémﬂlﬁcmeteEWpdéE@@gﬁb@dignﬂﬁnﬁ%h{'ﬁ 1§ ements
219 t hat fﬁxtéﬂ%ﬂiﬁﬁam‘%ﬂg%‘é"ﬂ{}feﬁi on.212 and, thus,” preferably, 1Thto the
optical pat E@betqv;g"en the wor ke Rgeet grsa eBaHe In Bliemptglvmbdeingaitgr . 15

Fi gure 2C shdegradesinithifield eatidciee] def.ines _a.wi ndow region 222
having a perineter 224 that is con%lagr{tgépgihggﬁsﬁé}dng‘?‘u%&m@V"”étﬁ%ituﬁ]&de 220.
A closed cufVEeRBIY dstayseHs slechychmendeal hedylobile EQTRAssBEcAR! | ned in

counter el ecdléd@Bhadg@alt el y surrounds w ndowregion 222. Counter
el ectrode 220 al SE? coﬁp@??ggg%gfpm PRH ng el ements 229 configured as an
i nt erdi gi t at ed - arFigyre 2Bashoens cemter ddrodd 2\ [ on 222 and,_thus,
pref er ally, hif}}t‘o t he o?t-i cal path bet \X/ee%w'gﬁlng\%ﬁr‘q%?ﬁé’”n EEGBel Zand t he
|i ght detector "ER RIS B 14 hahis compictely defined byocand3Qldchate ﬁm'c#%%e@

by counter

‘Wi ndow r egi @arw34¢6 | r;lpeter that i artially define
el ectrode 230. Courg{égir/ésg%ﬁggfrggé%%ggﬁe)dp%b% fldw sovtrites| electrotie R thet

el ements 239ompletel sarenuhds midow regw 735 rEQiQn thus, peferably,
into the Ophieﬁ‘.faéxt%%t h het Weeg t hegwor ki ng- e| gééltef%ﬁggggwdalﬁ%%‘)qlﬁﬁqf
detector. Figuré ZENSforReny m@ﬁt%ﬁ@dtmmmnﬁdxﬂrégiaﬁzimﬁﬂdgﬁﬁé, w ndow r egi on

242 with apfafabilyemk [ S18AL24% that .extends across w ndow region
242 to { 5or mp yEiicRe 'oﬂﬂca?._b g{Ween € working elecirode and the light detector.

F igure 2C shows counter electrode 220 that defines a window region 222
having a perimeter 224 that is completely defined by counter electrode 220. A closed
curve 226 (represented by a dashed line) may be defined in counter electrode 220 that |
completely surrounds window region 222, Counter electrode 220 also comprises
field extgnding elements 229 configured as an interdigitated array that extend into

20 . window region 222 and, thys, preferably, into the optical path between :thé working
electrode and the light detector. S S
Figure 2D shows counter electrode 230 that includes a WindoW'regioﬁ 232"
‘having a perimeter that is partially defined by Counter electrode 230. Counter
-electrode 230 also comprises field extending élements 239 that extend into window
25 .1egion 232 and, thus, preferably, into the optidalijnat'h'. between the working electrode
- and the light detector. o |
Figure 2F shows counter electrode 240 that includes window region 242 ‘with.
a field extending element 249 that extends across window re gion 242 to form

openings 245 that have perimeters that are completely defined by counter electrode

240. A closed curve 246 (represented by a dashed line) may be defined in counter

electrode 240 that completely surrounds window region 242. Itis preferred that field

30



openi ngs 245 that have perineters that are conpletely defined by counter
. electrode 30 240. A closed curve 246 (represented by aog efhpbt may be
defined in counter electrode 240 that conpletely surrounds w ndow regi on
242. 1t iWOBPYAIHBRd that field 20 December 2006 WO 20BGTUS208B019691
PCTI US2003/ 019691 -23 extendi ng el ement 249 extends across the optical
pat h between the working el ectrode and23he |ight detector. Figure 2F shows
- counter electrode 250 that includes w ndow region 252 with field extending
el enent s 25%xtehding elcnemt 249 LREAIMCRAO el LA paBDRerlvBerl MF WRRED bRffode 250
t hat have perineters . that are conpletely defi'ned by counter efectrode 250.
A cl osed cur® H%@E¢%ﬁ@5@@§ented by a dashed line) nmay be defined in counter

el ectrode 250 t r i.ndaw .regi on .252. It_js preferred

that field ext engﬁﬁggg?%@nﬁﬁégﬁnﬁgfeggg%ﬁ%ﬁﬁﬁ? Joghn %ew’ﬁﬂ?\"é%ﬂlmbg%wﬁgt ween

- the working ldeﬁtxttﬂndi;t@Giﬂdenthé59mag&tﬁermacﬁ%b%ndcﬁ{!%‘g‘idrpﬁﬁsmg&%[}%&gn ount er
ext'endihg

fig
el ectrode 2 havi ng ane or nore non_ 10 intersecting fiel
el enent sgt hggs g’fﬁ% ‘@%E‘P&%m thajpos sempleiady definadebyr estuster elgctrode 256r 6i n as
"l adder" el epksdoieee 254 er._el.ect r.ode. 260 th i ngl udes -
wi ndow regi on 262 with @ﬁf?%@g%%%%ﬁgei%aﬁtbf C%gge‘fﬁl GOHBIE BPEUHE a gri d
that ext end2ifheteomploigbusureyndnwind6d regiof 0520 RREPleRERdIRR AtBxla
peri meters. ok

Xt
compl etel y defined by counter 15 el ectrode 260.” A
cl osed curv& DEES ?E gﬁ?‘tgggﬁ?%’ﬁs OBHYTEB‘HEE‘?WW@&WW@E eledtiodednd the count er
el ectrode 2B6ghtidBREtog ORR: I [ ' on 262. It is preferred
that fi ﬁd d _e% endi nq el eﬁgﬁ%%s%%ggg%ag%cf%é%gg‘év%g@%gggﬁo%gfm[?éet]PP Het ween

“the wor ki ngnt@sesing Held exitrndingeelématit thelisdxearidoicrossiaah@ow rSEONG réroHad er

el ectrode hat«i pel udes a. wi ndow region 272, 20 having field

ext endi ng gﬁg%%@gé 2‘7@&%%‘?‘3 %e&nd across wi ndow region 272 to form

openi ngs 275 t hafigh®\6 Seivwy@utes olhald Lo am%ﬁ ..defi.ned
s SALELE ol B A

by counter @I ectrode 270. It is preferre exte nts
279 ext end g4 gxtending elegpmisc29 ip dretfotre vfie grid e exend hoigseiindbwedgoand t he

l'i ght detecjgr | : counter el ectrode 280 conpri sing conducti ng
el ement s 281@%5‘?%%#5%%gﬁgfweeﬁ’eéﬂqt%ﬁglaﬁ% %@%H?ﬁ@gdgﬁw%@bwuné@i on 282
bet wee ri5q orefentiodad60. A closed curve 266 (represented by a dashed line) may be defined in

counter electrode 260 that completely surrounds window region 262. Itis preferred
: that field extending elements 269 extend across the optical path between the working
electrode and the light detector.
‘Figure 2H shows counter electrode 270, that includes a window regibn 272,
20 ' having field extending elenients 279 that extend across window region 272 to form
- openings 275 that have perimeters that aré completely or partially defined by counter
electrode 270. It is preferred that field extending elements 279 extend across the
- optical path between the working electrode and the 1i ght detector.
Figure 21 shows counter electrode 280 comprising conducting elements 281
25 and 283. Counter electrode 280 defines a window region 282 between conducting
elements 281 and 283 with field extending elements 287 and 288 that extend between
-conducting elements 281 and 283 to form multiple openings 285 that have perimeters
that are completely or partially defined by counter electrode 280. Counter electrode
280 also comprises field extending clements 289 that extend into window region 282.
30 Optionally, any of elements 287, 288 and 289 may be omitted. It is preferred that one
or more of field extending elements 287, 288 and 289 extend into or across the optical
- path between the working electrode and the light detector.
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ECL cell, t f. el nding el ements of the counter eléectro may
"si gni fi cant Im;ldrtg ngeg%%‘}gelgﬁ@{ggﬁﬁlga%% wiipld; ertending eldmeergand,ace of the

wor ki ng el edtantgreoustysédepbsif 64 ARl ' ' ical reqgisfration with
the 1ight det fctor dsﬂir;i ngdpzo anﬁgamﬁ.gggéﬁga%%o?géﬁ@%ﬁrﬁ%gs ¢ fleWount er

el ectrote. BY exanple, the optical path my extend fromthe. working
|l ectrode th | ' e counter :
? ectrode thr OURNERAEFANAR AL of S SN Tectrode configurations of the present

Invention is that in an ECL cell, the field extending elements of the counter electrode

may significantly reduce the distance between points on the surface of the working
electrode,‘ most preferably, points in optical registration with the light detector during
20 an ECL measurement, and points on the counter electrode. For example, the optical
path may extend from the working electrode through openings in the counter
'elgctrode', the transparent portion of the opposing cell wall, and any additional optical
- elements (mirrors, lenses, filters, prisms, etc.) to the light detector.
According to an embodiment of the present invention, an ECL apparatus
25  includes an ECL chamber at least partially defined by the surface of an electrode,
‘preferably a working electrode, e.g., working electrode 140 of flow cell 120, the -
surface of a substantially transparent structure in the optical pathway between the
electrode and the light detector (e.g., optical detection window 127 of flow cell 120),
and the field extending elements of a counter electrode. Preferably, the surface of the
30 first electrode faces the other two surfaces. It is preferred that the structure be a
support structure to which a second electrode, preferably, the counter electrode, is

attached in proximity to the first electrode (e.g., counter electrode 136 of cell 120




- distance b
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eight 0 e ce i o o

,optica_II Sefa?@h%lis | ess, than 4 times the™ t he
e o ihap f diss thejksighted thycelli(e. guiiddistane letwsadbe pRges he
counter el egdinedlgy th - B ss than 2.5 tines the height of the
cell, -even nore p% efe(ra%argjfng © g%ég adnébg Pﬁu‘{t?rré%ctrf)ﬁ& morgprefespbly less than |
. 2.5 times the height of the cell, even more preferably less than 2.0 times the height of
the cell and most preferably less than 1.5 times the height of the cell.

Application of Electrical Potentials to Electrodes

20 - The generation of ECL in an ECL cell generally involves the application of an
electrical potential across at least two electrodes. In a preferred embodiment of the
-invention, an ECL instrament is configured so that the closést of the electrodes to the
~light 'dete;:tor- (preferably a counter electrode) is held, during the induction and
-measurement of ECL, at a constant potential, most preferably at the grbund pbtential.
25 - In another preferred embodiment, an ECL instrument is confi gured so that the closest
-of the electrodes to the light detector (preferably a counter electrode) is held at the
- same potential as a voltage of the light detector (preferably a photodiode), most
prefer’ably at ground. In another preferred embodiment, an ECL instrument is
| configured so that the closest of the electrodes to the light detector (preferably a
30  counter electrode) is at 2 potential that does not vary relative to a voltage of the light
detector (preferably a photodiode). Altematively, the closest of the electrodes fo the




the cell and nost preferably less than 1.5 times the height of the cell. ,
- Application of Electrical Potentials to Electrodes 20 Thepgesshatiopg of ECL
in an ECLywgphdosmsngy @l |y invol ves the application of an _electrical
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(and by ext | L.red. vo e 10 difference between the working
el ectrode aﬁgét’ﬂgb 8Fa %?%hé@gg?%tﬁ%ﬁ)l@%% Vﬁgﬁ%fﬁta# tetwarkingandi t may be

adapt ed to wikrencelclatbleemdaugnis 2 083% A0 L Rgs upded count er
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subt r act’ onP&PPEGHRLs ptibese to qlenyedes. ¢ Potintiagtetsis @bnrideeedio td digma b
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- adjusts the potential at the working electrode until the output of the voltage

subtraction circuit reaches a desired value.

Advantageously, maintaining the electrode closest to the light detector at
20 constant potential (or at a potential that does not vary relative to a voltage of the light
detector) reduces the noise component of ‘the' signal produced by the light detector
-during-an ECL measurement that results from é'apacitiVe coupling of the electrodés 0
‘the light detector. The capacitive coupling is minimized by maximizing the distance
- -between the light detector and the electrode that varies in potential. Also, the
‘25 capacitive coupling is further minimized because the grounded electrode acts to shield
the light detector from the other electrode. Preferably, no additional shielding device ,..
is required in the optical path between the working electrode and the light detector.
According to an embodiment of the present invention, an ECL apparatus
| includes-an ECL chamber at least partially defined by the surface of an electrode,
30  preferably the working electrode, e.g., working electrode 140 of flow cell 120, of a
substantially transparent structure in the optical pathway between the electrode and

the light detector (e.g., optical detection window 127 of flow cell 120). Preferably,
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PCT/ US2093/ 01969 - 2.7 - the two surfaces face each other. It is preferred
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optical regApparaths 400 vériptisat a beREL suBLRULLI rface of the first
el ectr_(;l??e st hat [ECL geIE]r(laratgd at ?ﬂgt sh??%ségétﬁ!%&t@%;flpgﬁgﬁéﬁ%ﬁethrough
spa -Pla’d’(}Pqu%ﬁeﬂpaél\ﬁsﬁemlﬁ{!}téikmmcmttcéfena[‘ti,lhieﬂbﬂﬂﬁh@gﬁﬂér (e.g.,
l'ight det'ecdm fidweecRh1 ‘ 10, ,Figure 16 il]usirates an assay -
appar at us 400" accor di n%’qitl%jgnéﬁ&%?cg %r%gtlgagnet controller 252: and temperature
- controller 424. Preferably, a potentiostat according to the present invention is

included in main controller 414,

In. operation, the apparatus is adapted to keep the counter electrode ata
20 constant potential, preferabiy ground, or, alternatively, maintain it at a"poténﬁal that
does not vary relative to a voltage of the li ght detector. Preferably, the apparatus
-further comprises a reference electrode and the potential at the working electrode is
- controlled using a potentiostat connected to the counter electrode, the working |
electrode and the reference electrode_.» Most preferably; the apparatus controls the
25 potential difference between the working electrode and the reference electrode by
-adjusting the voltage applied to the working electrode.”
-Examples ‘ '

Buffer Compositions: “TPA Assay Buffer” refers to a TPA containing buffer
consisting of 0.15 M TPA in a buffer of potassium phosphate, salt and surfactant at a
30 pH of approximately 6.8 (ORI-GLOW® Plus, IGEN International) that provides an

appropriate environment for the generation of ECL from Ru(Il)(bpy); and derivatives.




eni)odi,rrent of the present invention. Apparatus 400, which al one may
. conprise an  ECL system or forma conponent of a Iarger%@&cm%bai S

anal ogous,,| ) ure and function to the apparatus shown I n Figure 5 of
U.S. Pat quﬂfg’wﬂg&éoo, 531. Apparatus 400 conprises a pS&EUSIWFBIN102, a

host interface 404, input fluid source 15 408, main interface 410, waste
out put 412, main controller 414, heater-26, anplifier 418, flow cell 419,
magnet - det ect Qr 420, nagnet controller 422, and tenperature controller:
424. Pref er abH§AnIng JUVER irefrsio sawbuioni(Ag MK OHE0.pS 86 BIACT kAVENYd TitohP

i ncluded in g t . 414, | n .opergtion, the apparatus is adapted to
keep. t he count egbfg%gpglg}ggl&n elé"%&c%ﬁ& mstsumentiand to Famedver abl y gr ound,

or, al t er natrhagaktizabledrjagdniedntti@bels POL S -] vary.relative -
to a voltage of the ]ight degtnect 0?. g?e@e%%%%lg?%gng %%P%g{ﬁesm F%‘?ﬂtfﬁ%r
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t he wor ki ng @] PeiEReRts deseribplbelow. Thepositive calibratdTensibadaay 2BuUf f er
refers to a ATE 1t £ er si sting, of, 0,15 TPA,in a buffer of
pot assi um pﬁgggﬁgfgflﬁégg%r t g‘ncfu%%re ?%Sgg%rﬂe 3?at%i%hﬁﬁy8’f'° feicleheledl v 6. 8
(ORI - GLOW r ywithi QRI-TAGENNHS Baten QIGEN abtbrmbfiaHal Hﬁ@.?/,ia%ﬁv e @Qﬁmngpf

I )(bp\(?trglv an ves. 20

envi rongent f.oy. the. generation of EC_:LfromIiu erv
Décerrbéﬁ208€"5%1%84ﬁ1§?)€@§@om@82@@@30@ (appra3@mitelyes00,000 bSadslihi on”
refers to aaS0hyt kfp1é0- 1 M KOH, 0.15 MNad and 0.4% Triton) wused to
cl ean the worki ng el’'ectrode in an ECL instrunent and to renove

magnet i zabl e or pPechodgmeteiialstRiadetrotaoneiicbalited RRATS randiRafMaonet i c
beads are bp&%{?cpa%@%%?j% referred to t hro%out) fromthe surface of the
wor ki ng el eCtTode. PReTaYAn e vastons IL)ORrastegtrodes uBd). 0058 thipk mabi t i ve
cal i brator £B0).98esPt IRAVAR efcRBIid [ d Assay Buf fer was
“used as_a negative control ( NC_)c osrdv%é & %@fdﬁ?ﬁgﬁ*f’ﬂéﬁﬁg%&ﬁ?%% bel ow.
The postd iv SRy Bt dhedesignationPtet%RI B used herein to refer to a platinum alloy
‘that includes X% of metal M. A typical material composition was 50 ppm Cu, 75 |
- ppm Au, 10% Ir, 250 ppm Fe, < 100 ppm Ni, < 50 ppm Si, 100 ppm Ag, balance Pt.

The Ir electrodes are 0.005 thick foils from Alfa Aesar (Pittsburgh, PA).

Example I. ECL Measurements

20 ECL measurements were conducted using a flow cell from an ORIGEN® M8
- Analyzer (IGEN International, Inc.). The flow cell was configured analogously to the
- flow cell pictured in Figures 1A and 1B, The working and/or counter electrodes were
either platinum or replaced with alternate materials as described below. The -
-electrochemical potential between the working él’ecttode and an Ag/AgCl reference
25 - electrode was controlled using a potentiostat. - All values of electrochemical potentials
«axe relative to the Ag/AgCl reference unless otherwise indicated. |
The system fluidic diagram is shown in Figure 3. Systelﬁ 300 comprises inlet
manifold 310, flow cell 320, probe 330, valve 340, pump 350, poppet valve assembly
360, waste receptacle 370, and sample container 380. Iulet manifold 310 comprises

30  valve 312 connected to a source of TPA Assay Buffer, valve 314 connectedtoa -




grﬁ Dynal superparanagneti c beads that are coated with a layer of protein
. labeled wth ORI -TAGr) NHS Ester (1GEN International,>df&emnbef 20681 vative

of ruthenj A tris-bipyridine. The bead concentration is 33 pg/m
(appr oxi %ﬁ%}"@b@?ooo beads in a 200 | sanple). El ect PEHUSHAPRYPH s: Pt

el ectrodes were obtained fromD. F. Goldsmth Chem cal and Metal _
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Pt. Pt-10%I1r_ el ectrodes were obtained from Goodfell ow Corporation 15
(Berwyn, - PA)SOUFRET fdesniag Solwionpyalxe®l 6 sormseted ter siurcetof deiinied tviitad, aldat i num

al l oy that {J.pglay % .af al A typical material conposition was 50

ppm Cu, 75 ﬂ%ﬂﬁﬁ%@eﬁ@%‘%ﬁmg% ‘e, < 100 ppm N, < 50 ppm Si, 100 ppm

Ag, bal ance Pt. FHid vias aglieedd Mh%@&ﬂﬁbﬂfg&%&jﬁ ﬂfﬁ&sﬁf@e’a‘l fa Aesar
meds
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electrode was held at a pre-operative potential (POP) during this process; a POP of 0
V was used for these experiments), The beads were washed by passing TPA Assay
Buifer through flow cell 320 so as to reduce non-specific binding to the electrode.
Next, the excitation potential (1.26 V) was applied and the emitted ECL was
20  measured by a photodiode (see Figure 1A) using a transimpedance amplifier circuit.
Cleaning Solution and intermittent air bubbles were then introduced into flow
~cell 320 while cleaning potentials were applied (with the magnet moved away from
- the electrode) to remove beads from and clean the working electrode (the cleaning
potentials comprised a series of step potential puléeé'altemating between ~1.5 Viand 2 -
25 V). Finally, TPA Assay Buffer was passed through flow cell 320 to remove the
‘Cleaning Solution and a “prepare” potential was applied to the worﬁng electrode
- (comprising a series of step potential pulses alternating between 0.75 V and —0.5 V)to
prepare flow cell 320 for the next measurement. Ptior to the introduction of the next:
sample, the working electrode potential was adjusted to the pre-operative potential.
30 It is important to note that the experiments described in Examples I and I
below were designed to evaluate the relative performance of different electrode

materials. The absolute values of some of the parameters that were measured (e.g.,
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measured background signal associated with incomplete removal of positive '
calibrator beads following a measurement of positive calibrator). The plate had four
columns ,Of wells containing negative control (NC) followed by alternating columns
‘ -of wells containing positive control (PC) and negative controls (see schematic below).
20 Each column contains eight wells. Next, seven blank plates were run with air as the -
L sample. -‘These seven plates were equivalent to running seven plates of the negative
- .. control since the flow cell was washed with TPA Assay Buffer prior to each
attempted inducement of ECL. One flow cell could run a total of 16 plates (1536
-wells) in one day with this protocol.
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Additional tests were run on a M-SERIES® M8 Analyzer (GEN

International, Inc.) that ran 8 flow cells in parallel: four flow cells having Pt
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15 phase. The PSA assay was run analogously to the Elecsys protocol detailed in the
- kit’s product insert.

Finally, an accelerated decontamination test was run that consisted of
decontaminating the flow cells with a 25% solution of 5.25% sodium hypochlorite
after every carryover plate.

720 - B. Electrode Perfoi‘mance: ‘The average ECL signal obtained with PC beads
“on the Ir electrode was only about 3 times the background signal. Presumably, the
“low signal resulted from the very small separation in the oxidation potentials for TPA
~and-water on the Ir electrode.  Applicants hypothesize that oxygen or another product
-of water oxidation may interfere with the generation of ECL. Despite the presence of

25 Irinthe metal alloy, Pt-10%Ir electrodes performed similarly to Pt electrodes in terms
of signal and signal to background (the mean signal obtained using PC beads was
-about 10% higher with Pt-10% Ir but there was overlap between the distributions of
the measured signals). The electrochemical currents measured during sample
excitation were éomparable for the two materials.

30 ~ The two materials each showed identical decreases in si gnal when the
electrodes were exposed to serum or DMSO; the signal suppression corresponded to

lower currents during the sample excitation. The signals and detection limits
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for the two m‘%%%i“%hs. 30 The two materials each showed identical decreases
grell,

I n signal when el ectrodes were exposed to serumor DVBGO the signal

- suppressi on corr Cep@adRm dfhe photographs reveal that the etching was much more severe

on the counter electrodes than on the working electrodes. The etching on the working
electrodes was most severe in the regions under the counter electrode. It is believed
20  that such disparity in etchihg is due to non-uniformity in the current distribution
during the cleaning cycle. | |
' ‘Waste solution from the cleaning cycle was collected and the levels of Pt land
- Ir were measured by atomic absorbance (AA). The Pt and Ir concentrations for the
flow cell with the Pt-Ir electrodes were 60 ppb and 0.2 ppb respectively. Previous
25 - work has shown that the Pt concentration from Pt flow cells is in the 200-300 ppb
range, confirming that the Pt electrode was etched to a greater extent (by a factor of 3
~to 5) than the Pt~10%lIr electrode. By way of confirmation, profilometry studies have
also shown that Pt electrodes show both greater loss of material as well as higher root
‘mean square (RMS) roughness afier the measurement of 12,000 samples.

30 D. The Effect of Electrode Composition on ECL Sicnal Drift: Figures 5 and 6

show, respectively, the drift in average ECL signal for positive control measured in -

the 100 plate study of Pt-Ir and Pt electrodes (the points represent average positive
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‘range, confirm ng rfal ( inl to a greater extent (by
a factor of 3 tO yOFRROZLQR OB Sloha: QArLyaVeEs SEBHK i r mat i on,

~ profil ofet r sargbuelireferdidvbe increase in background signal in a measurement that results

from the incomplete removal of ECL labels from previous runs. It generally results |

- because of trapped beads in the fluidics upstream of the flow cell or because of
incomplete cleaning of beads on the working électrodefrom the previous sample. It-
reduces the dynamic range pf an assay and can also result in false positives in a

20 clinical setting.
Carryover was measured using the “carryover plate” format. Carryover was -
-calculated in parts per million (ppm), by subtracting the mean negative control signal
in the absence of carryover (i.e., the average of the signal from columns 2-4 of the -
carryover plate) from the negative control signal in the presence of carryover (i.e.,ina
25 negative control well measured directly after a positive contro.l WBH,. e.g., columns 6,
8, 10 or 12 of the carryover plate), dividing the difference by the positive control
signal, and multiplying by a million. For example, the carryover for a well in column
6 is COs = NCg-NCynean)PCs*1€6.
The average carryover that was observed under the experimental conditions
3.0 described earlier was about a factor of 2 lower with Pi-Ir electrodes (approximately
250 ppm) when compared to Pt electrodes (approximately 500 ppm). The carryover

also increased gradually for the Pt electrodes over time. The observed result is
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mllion (ppmasldy aﬁfﬁ&bdﬁ?ﬁﬁiﬂﬂe&ﬁ&lﬂiﬁéﬁn%@? e control signal in the

- absence of carryover (i.e., the average o e signal fromcolums 2-4 of
‘the 15 | Exgmple IIl. Comparison of ECL Measurements Using Pt and Ir Counter
Electrodes -

A. Methods: A study was conducted to evaluate flow cells having platinum
working electrodes and iridium counter electrodes. The ECL measurements were
conducted analogously to those described in Example T. The performance of the

20  counter electrode was compared to fhat observed for Pt and Pt-Ir electrddes in the

- experiments of Example II.

B. Counter Electrode Performance: The mean ECL ‘signals observed for the

PC and NC samples with an Ir counter electrode were comparable to those with a Pt
counter electrode (within 10% of each other). Figure 8 shows the cell pdtentials (i.e‘l.,
25  the applied voltage across the working and counter electrodes) during the cleaning
. cycle under conditions where water oxidation to either hydrogen or oxygen occurs on
the electrodes. In this figure, a positive potential reflects an oxidizing potential at the
counter electrode, '
In the cells with the Ir counter electrodes, the cell potential was lower by about
30 1V during positive potentials and by about 0.3 V during negative potentials than the

cell potential observed in ceils with a platinum counter electrode,
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hi gher root - qean-sr uar e ( RVB) % ougﬁﬁ%{sag%ﬁaf ter %Iﬁgvg?ﬂ?lif)a?%t%%%%ﬁsa‘é?“@é?r odes
(1.4 m vs. T @F%?%E%Leéﬂwmopdyswh@n thateematetigh meased forgdamaR! € to

t he bead sdi o t_that the upeven. surface could cause _
addi ti onal aégiéé H’? ’?gg’gf %orlllln \?ﬁﬁ%&%@ea%"ée%ﬂﬂ @acﬁﬂ PPEeatinls praphtsinedhduringer eased
carryover tHhe claasing cpdls deseeibled FhoveS ﬁﬁg&@h%ﬂﬁﬂ%ﬂi&&@éﬂﬂ‘ﬁ% Rfr ocedure:

The decont am nat%i 01'2 rocedure 1S a mainténance procedure use CF% cl ean and
sterilize tFEUFREE eiqhing apddncreaued elegbodmlifetineat i on procedure was |

carried out betwgenrgagh,R! . of the _accelerated
arlcgo e B P (I‘ﬁ%ﬂ%P%& S,gwdnqape@qhi gure 10

decont am nati on study

7B) el ect r odiepth feathe Ipciunter Ietepﬁe@eewﬁ§m@§hu?é(ﬁ6%%eﬂ\;ee%zﬁa?.gb&%édtfo}/ﬁt.
cali braltlﬁr Ibfg sur nts obtained using 3-5 flow cells (i.e., poi nts per
flow ce pe1 /‘ﬁf?ﬂ t coupiep plegtiddss when gprmalized to the appanembertdfplatéd @ed- Was - a

much great e &link - 19 . o] apout .a factor of five) than

wth Ptolr elsg%%’%(}\gs%’%i ?aﬁ% BRE RAMTIouBROSS 08 e Bl eestadb s |

af fected by abeitd. Heedhisarivedt conpapatie atthbEobsdf e R TR Pt-%ﬂcgﬁ%ﬂ/ié}ééﬁogl@ of ECL
ods:

l\/ls\as-urerrentgn r{lg Rt can Ilr Coglnt r Electrodes A Met study was
~ conduct ed t 8ETHUALLE9N G lewer Gam faithe Pirauntenelestrads: ki ng el ect r odes and

iridiumcounter #®. %M@Of@%t%e@ml@r%&hsmmrggmq Figure
TpPr e A T "

anal 0goijsl y to those describéd Inm Exanp
J 7 9 shows the drift of the ECL signal from positive control beads over a 64 96-well

' plate study uti_lizing an Ir counter electrode. The signal for a positive control sample‘
is plotted as a function of the number of 96-well plates analyzed by the flow cell. The |
-slight upward drift observed is not statistically significant. This low driftis a
signiﬁcant improvement over the use of a Pt counter electrode and is consistent with
20 - the reduced etching of the Ir electrodes observed. In addition, it may be that Ir oxides
 formed at the counter electrode remain in sohution and do not deposit on the optical
window, resulting in less ECL signal drift. Alternatively, the Ir oxides may be more
- tightly bound to the metal surface than Pt oxides and less likely to come off.

Example IV. Electrochemical Characteristics of Different Electrodes

25 A. Materials and Methods: ‘Wire electrodes of different metals and alloys
were obtained from Alfa Aesar (Zr, Mo, Rh, W, Re, I, Pt, Pt-10%Rh, Pt-20%Rh, Pt-
30%Rh) and Goodfellow Corporation (Pt-8%W, Nb). All the wires were 0.01” in
diameter except for the Pt and Pt-8%W wires which were 0.02” in diameter. Pt-
10%Ir and Pt-30%lr electrodes were made from 0.005” thick foils from Goodfellow

30  Corporation. The electrodes were cleaned with acetone prior to use. The electrodes

were covered with Parafilm so as to expose only the central region of the electrodes.



20 counter el ectrode was conpared to that observed for Pt and Pt-Ir

el ectrodes in the experinents of Exanple I1. B. Count _ r
Perforna[}ﬁﬁgmz({ais [)nsan ECL signal s observed for the P%roa[%f%ﬁ%egg&) es with
an It countél B0t ode were conparable to those with aPPI/US29@1%6PL

el ectrode (wthin 10% of each other). Figure 8 shows the cell potentials
(i.e., 25 the applied voltage across the @vor ki ng and counter el ectrodes)

during the ct%e}gi ng . cycl e under conditions where water oxidation to either
hydrogen or - mengens fdhe erposerbregioacwers duesuredwithiascalibgun ealcalapahé t i ve

potential T eﬁdn%ﬁ%lssu?fgce%égifﬁ ea%o‘éaglréhitbﬁém%tggbgﬁ%géﬁgfr el ectrode. In the

cells with the I'r counter electrod “was | ower by about
30 1 V during posCydliceohmhmiptr V) @d%ﬁbxb&e%&@ié&o@tﬁryoﬂl{&hﬁ&aﬁﬁ?@% %@ ,
potentials t .n%lae 8%%6““& observed in cells wth a platithum
counter el ecribifodelsy plabgpia BAS melyticd ot SOHHRORY ddBaeoaleotekol - 35 .
It is belsi evgdcofdaah gt C1 Ln.gell potentials is because Jr has

| ower over po%entiae?eﬁééﬁdmgifﬁeerkﬁ%ﬁ%g r?é‘r%n@%%%%éee‘aﬁ%mﬁ%a Sal so has

I ower over pw/dgli elfgendeclccatieplacsd clatd hé gba@tddetmider 5t qzlg skah fg¥Pect ed
to show sim] ar Ben@its as a counter electrode for ECL. Advantageously,
when these MEOPARY/seh A tptakpfioican Ricleswerearcosded, withribeifst uiiast scamint er

Cycro desct ipan here CARREe] ARELOE, DR By Bulitort i Bvouabd it or

- cycl e described above.” Thi s 1 nprovenen nt er

el ectrode etfethtabaplaiiods. iBlentmdpecthet weterusedinchiie DI38L pHesplReshgtangpaof the
t he mean etch " depth for the Ir

El ectrodgs to Etghin - After 64 plates, t, )

count er qgl e P SCoRid fhssay BB&B%(%%]M@EMYIH&@@@@@@E@& @mtddning10 109% r
and Pt couniles sagleRohspEas Qz[%ﬁit h upber of es
(Pt-1r: 8.8g i 13.8m Pt 170%%}%%‘leﬁ e%‘%%ﬁ%&gﬁmgtﬁ a?]ﬂﬂgﬁJP ount er
el ect rode wasd frap deg (1BMEn(bryiGl, wmphissphate baffnat 8 LmiepHt hatpabsegyed for

the Pt-1r c r el ectrode . and about a factor of 5 |lower than for the Pt
counter electrode. D. The Effect of Counter Electrode Conposition on ECL

~ Signal Drift: Fi Bur®ateldOxRaShoNSH B idhd . b bLQmLposi tive
~control beads over a 96- wel prate Abetnee ' hgﬁg%%ﬁp S@Sﬂg}l&r
el ect robe. msBlistogmater pridatiopimsCentiad Aseayt Bulfers @mpdieing potentials were

-applied to pure metal electrodes in the presence of a phosphate-buffered TPA solution

at roughly neutral pH. Mo, Re and Ir have significant current densities due to water

oxidation at potentials < 1.3 V (the approximate potential for oxidation of
ruthenium(IT)-tris-bipyridine). In fact, Mo dissolves into solution and Re appears
20  severely pitted. Rh, Pt, Zr, Nb and W have an electrochemical window that is 1vrvidec
- enough for Ru(I)(bpy)s oxidation (i.e., the potential for water oxidation is
- significantly higher than the potential for ruthenium-tris-bipyridine). Zr, Nb and W
-apparently form self-passivating oxides; and the formation of oxides accounts for the
very low current densities observed in Figure 10. _ .
25 C. TPA Oxidation: Figure 11 shows the cyclic voltammetry of TPA
~oxidation for metals that have water oxidation at potentials > 1.2V, The plots in
Figure 11 were obtained by subtraction of the currents observed for the Control Asséy
Buffer (i.e., in the absence of TPA) from the currents observed for TPA Assay Buffer.
The figure shows that Pt was able to okidize TPA and has an electrochemical window
30 at approximately 1.3 V where TPA is oxidized to a greater extent than water.
' Applicants hypothesize these properties explain the excellent performance of Pt

electrodes in generating ECL. Ir does not have such an electrochemical window. Rh



|

. flowcell. The slight upward drift observed is not Staﬁdlﬁé&e?r?delr%mﬁ
e us

is plotted as a function of the nunber of 96-well plates analyzed by the

significant. This lowdrift is a significant inprovenent over t e of a
Pt count eVOSPHIBAe and is consistent with 20 the reduPEHUSEWRBIOHEIOf t he
Ir electrodes observed. In addition, it nay be that Ir oxides forned at
the counter electrode remain in solutiondand do not deposit on the optical
w ndow, resulting in |less ECL signal drift. Alternatively, the Ir oxides
may be nor e hasisgriangelasgoekemicnl phepentigsdb Ps ond merpdctednto Blsobeivdefl fnd | ess

likely to co . ample | V. El chenmical racteristics of
Different El®er I?%h%?%ﬁ%%@%ﬁ%&?éﬁﬂ%@éﬁg&lﬁ 8 e greseresef THA.
di fferent al s | 0 were obtained fromAl fa Aesar (Zr, M, Rh, W
Re,Ir, Pt, X%Bﬁhrw ﬁeﬁ%e nicah Chaysoferistiss of Rifteaent| AlbaysCor por at i on
(Pt-8%V Nb). Al the wires were 0.01" in dianmeter except for the Pt and

PL-8YW wi res whi comideith BPYakd, 1 ATRY Rumriho B GAI0WALAI M LBLECt T 0des

were made from 0. 005" thic orT's Trom Good -
el ect r odes - vidade ofiBion RérInd Hoysa Faguesel 34l D€ show dsevoldencttyaetil@dBsthe Wer €

CPect rodes. PR kLR A% b8 EB03m ity Chbobo hbedire W rme

di mensi ons ahd PA0SSLAERAN: 120] GECHRES TIRASHIAE: Jihduifyt Zgn{&%%fi‘vﬁf%u' ate

the nom nal. surface area. The areas vari ed bet clic
vol t ammret ry It (g I-Veaweesier koth svater end 3BA. liet batwesn the opeessfithe pisi gald as CH

Model 600A i and ical cell with a Pt. te
el egt rode gﬂg‘?{ﬂgdcﬁ%g?e%éﬁtgﬂ%ngﬁsmﬁlgﬁoy% a’fq lgrg %?%gﬁléﬁlq%%uogengajéct rode
mode usildy apBAgpriakidiily 16" e oeeereelvmeie e ibaGA 6lad3Eul iR ghect r ode

under test. The scan rate was 100 nmV/sec. Ato scan cycles were
recorded, wifaFrs mdicpiing thatthe Pt-fraalloys aith andr cdrgenteghigh e 30%odrb oaikab)e

di rection. : . t s, are, shown an ed for
- cal cul ation?&%?%%?&o#‘?ﬁ%@??%t%?&fﬁg@dni %Prﬁﬁeélc?)‘?g'[#fgphosphate buf fer,
TPA 10 Assay Buf BerQxifativnrafl Wass P ABuid Ra0@psRl(TA G Bn VRN ERSyaRRFE PH
~and cont ai ni ng he sane _concentration of phosphate and salt as TPA Assay

Buf fer but EeRRiChGDA arlloyse Figmses | Rishowyhedebavion fpe<dobebe buf f er
at the same @bt@d 35/ PRBAN (Rt 958), Pr-30%Rh (Figure 13C) and Rh (Figure 13D)
electrodes. TPA oxidation for the Rh alloys appeared similar to Pt and higher than

pure Rh. All the alloys displayed a window of oxidizing potentials up to
approximately 1.6 V or greater where the current from TPA oxidation Wasl greater
| than the current from water oxidatiqn. The window for the Rh electrode extended up
20 to 1.4 V. Thus, all the Pt-Rh and Rh electrodes that Were tested are suitable
' electrodes fqr generating ECL from Ru(bpy)g in the presence of TPA.
-G Ogxidation of Water, TPA and Ru(ID(bpy)s (TAG) on Working Electrodes
‘Made of _.Pt-W Alloys: Figure 14 shows the voltametric data for Pt-8%W. The alloy
‘behavior is very similar to Pt for TPA and ‘water oxidation and the alloy should also

25  be suitable for ECL measurements.
D. ECL Measurements: The ability of Pt-20%Rh, Pt-10%Ir and Pt-30%lr to
-act as working electrodes for ECL generation was confirmed by measuring the ECL
induced at these electrodes iﬁ the presence of a2 5 nM solution of free Ru(Il)(bpy)s in
TPA Assay Buffer. Figure 15 shows the measured ECL as a fimction of the working
30 electrode potential. Both alloys gave ECL intensities that were close to or better than
those of pure Pt despite.the high concentrations of Rh and Ir in the alloys. Figure 15




B. Vter Oxidation at pH 6.8 in the Absence of TPA: Figure 10 shows the 15
results for ‘water oxidation in Control Assay Buffer. OdgdhZdchfheP9b&iti al s

were appli re metal electrodes in the presence of a

phosphat gwgﬁigyié@)é%ldTPA solution at roughly neutral pH. PHB/USRO3AR¥ ¢ have
significant current densities due to water oxidation at potentials < 1.3 V
(the ‘approxi mate potential for oxidati on3df ' _ '
rutheniunm(I1)-tris-bipyridine). In fact, M dissolves into solution and Re
appears 20 SEYuFhens thatiassypeqted, Riy wasalso nisfid ns avelkaivaledor gérectiing @i cal

w ndow t hat . 4 i o} [ | 3 oxidation (i.e t.he potenti al

for water -oxe%lglgt onepgi isﬁ?%lﬁ{t%g ﬁéﬁoﬁe&’ﬁ%ﬁ wefﬁ?ﬂ%‘?f& oﬁé‘?"@"rﬁ fox therqsher

rut heni um t mhstetialpy Thellome) ECIr intdhbitia8 thal\be AP &S 08 I dwerlcBERS Bhicrhass] vating
he wvery | ow current

oxi des; andt}g{;e‘sf or({na}i of oxides accounts for t

densities obS:FGEEPdEH qfﬁ%&é“@@?@@m)a oppdetioniad sellon thedower potattiadhows the
cyclic valt gpifiRYr jdation for metals that have water oxidation -
at potenti al gdl> 1%{/9&_?%568?&8@8 in Figure 11 were obtained by subtraction

of the currents dimquesedt ifvoentionds fstd be linfgday scopeblyehe deciic, 10 the
absence of TPAE?Q fromﬂsﬁge,c rents _opserved for TPA Assay Buffer. The
figure showS™Muediments deseribad hersin, Fidegd. Mariopamadidications of thel isventionieni cal

w ndow 30 atadaisish X tHeed &ds¥ri Whe ' I, dli t great er extent
than water. Applicants ﬁy%%?ﬂ‘eeg?ze p%gg[grﬁ%?@ﬁggrgtt?deégg&%mﬁ%ﬁﬂpﬁeeargxcel | ent
per f or mance fgin the forgeing desteiption agd aeoatpanginE Glgurek! SO AT catidarsuUCch an

el ectroghem.cal ., wi.n . 0 Decenfher, 2006 WD 2004/ 001380
PCT/ USZBQSI oHERY to?égwﬁgéh‘té??ﬁ"%f" CdBY§IHEHReni cal properties to Pt and is
expected to al so be useful for generating ECL, and in particular ECL from
ORI - TAG | abel s in the presence of TPA. Exanple V. Electrochem cal
Characteristics of Different Alloys A Oxidation of Water, TPA and
Ru(l111 (bpy)3 TAG on Wrking Electrodes 5 Made of Pt or Pt-Ir Alloys:
Figures 12A-12C show the voltammetry results for the oxidation of water,
TPA and Ru(ll)(bpy)3 on Pt (Figure 12A), Pt-10%r (Figure 12B) and
Pt-30%r (Figure 12C) el ectrodes. The behavior of the alloys is in between
Pt and Ir (the |-V curves for both water and TPA he between the curves of
the pure netals as shown in Figures 10 and 11). Simlar to Pt, there is a
wi ndow of oxidizing potentials '




- TPA and
for %tﬁﬂ,gr?%ﬁgr‘%}\;v?n' The present invention is not to be limted in scope by

10 up to approximately 1.6 V or greater where TPA is oxidized to a greater

extent than- water, indicating that the Pt-Ir alloys w ent as
high as 30% are suitable electrodes for inducing ECL f%%%‘?‘%u"ﬁ%%?@gl n the

presence of TPA. B. xidation of Water, TPA and Ru(l1)(byy)3 (TAG on
Working El ectrodes Made of Rh and Pt-Rh Alloys: Figures 13A-13D show the
behavior for Pt-109%h 15 (Figure 13A), Pt-20%h (Figure 13B), Pt-30%h
(Figure 13C) and Rh (Figure 13D) el ectrodes. TPA oxidation for the Rh

all oys appeared simlar to Pt and higherggthan pure Rn. All the alloys

di spl ayed a w ndow of oxidizing potenti aﬁ S up to approximately 1.6 V or
great er wheWeddm: current from TPA oxidation was greater than the current
fromwater oxidation. The wi ndow for the Rh el ectrode extended up 20 to 1.4
V. Thus, al -t hén pleciRhemidmRbscehecdell oslaprsingat Were tested are suitable

el ectrodes for generating ECL from Ru(bpy)3 in the presence of TPA C.

Oxi dation & Watporkinpelegtrade Rud 4 ountepeetrddBAMerein aMsdtbidofEL@Ct r 0des  Made
of Pt- oys: Fi %lr%rqe[\ 14 shows the voltanetric data for Pt-8%W\V The all oy

| | ;
behaviexv "paes pRmpri alipup gligyicomprisimPA and wat er oxi dation and the all oy

shoul d al s sui table for ECL neasurenments. D. ECL Measurenents: The
ability of %ﬂégﬁgﬁﬁ@"ﬁdW@sﬁWﬁ‘f@fm@%ﬂd to act as working el ectrodes

for ECL gengkadi . i [ by measuring the ECL induced at these
el ectrodes i n tdﬁg pr eggﬁég;el’r’éég{hpgeq "ﬁ‘ﬂﬁaggﬁiﬂ'{eﬂf(}%h%fhan PlE@UR(11) (bpY)3 in TPA
Assay Buf f @hereln said - : r ECL as function of the working
30 el ectrode potent ?igsﬁnregg% A g’;‘?@ﬁg%’gﬂdﬁ qr???%rntg?'% 78R IKavheteinesald ose t o
or bese¢mnd pledaterrhinedbweighit pRtbft idfFtont SHRb G6y,t hi gh concentrations of Rh and’
Ir in the alloys. Figure 15 20 Decenber 20 WD 2004/ 001380
PCT/ US2003P-01968 light ded@:tan bisdior s rakgpatehBlortion of @iREFh BicgRh Was al so useful as
an el ectrode for generating ECL although the ECL Tntensities were sonmewhat
| over "ePIREROR Wit gai ihgelectbds. t he other materials. The | ower ECL .
intensiti may..be due to the |lower currents observed on Rh el ectrodes for
RE?(S 1) %’Eﬁﬁ'@f §Rimflawhesein aaid eleinent dsschbsen floowilrPdp0b,#%a! R&IOSSCF, RV T ed

t he spéci
' 3._ The cell of claim 1, wherein said element is a transition element.
4, The cell of claim 2, wherein said second predetermined weight percent is
from 10% to 30%.
' 5. The cell of claim 4, wherein at a pH in the range 6.5 to 8.0 at said
- electrode, tripropyiamine is oxidized at a lower potential than water.
"6 The cell of claim 5, wherein at 1.3 v (vs. Ag/AgCi) the cufrent density at
| said elecirode for the oxidation of tripropylamine is at least twice as large as the current
~ density at said electrode for the oxidation of water.
7. The cell of claim 4 wherein said electrode is a counter electrode.

8. The cell of claim 6, wherein said elecirode is a working electrode for

generating electrochemiluminescence.




enbodi nents descri bed herein. Indeed, various nodifications of the
invention in- addition to those described herein wll b%agg RPRaLeRt to
those skilled in the art fromthe foregoing description ana accaorpanyi ng
figures. Such nodifications are 10 intended to fall within the scope of
the invention. 20 Decenber 2006 -39 W claim 1. An el ect
rochem | um nescence cell conprising: a. a working el ectrode and a counter
el ectrode, wherein at |east one of said electrodes conprises a platinum
alloy conprising: a first predeterm ngghweight percent of platinum and a
second predeterm ned wei ght percent of an el enent other than platinum
wher ei n sai®¥ fi ride cgobdam@rfotteesbmpiisight percent is greater than zero and
wherein said second predeterm ned wei ght percent is from5%to 50% and b.
a light detaét?t‘@?reéﬁﬂﬂ?fgrané transparent portion of said cell in optical
registratiaon \A@é&? ai.d working electrode. 2. The cell of claim1, wherein
sai d el emeff'°P M‘W’F@Hﬁ’%@c@@ﬂisﬁﬁonﬂéhsmWomge@md%, Zn, Nb, Ir, Rh
~and W 3. 'll'ge cq.hé ffcfl.a%}&:"&#xmhe[ein said elenent is a transition
el enent. 4. The ceft ot g P RELOMpEiNge; n sai d second predeterm ned wei ght
per cent isac&ﬁr@éﬁef&@t})@d@aﬁg% 5. The cell of claim4, wherein at a pHin the
range 6.5 to 8.0 at sai el ectrade, tripropylamne is oxidized at a | ower -

potenti al &happoMataichedto $HE Bt &écgﬁé [ erein.at 1.3 V (vs.
Ag/ AgCl) the current density at — sai e%e@?%@%'ﬁ?a'?'ﬂé’oﬁ'ﬁ??dfhppéﬁfof
t ri pregisraion with s=id Wérkihg@sdrodeM ce as | arge as the current density at said
el ectrode for the oxidation of water. 7. The cell of claim4 wherein said

el ectrode 11s a Theealtaclaial cwhapslesaiBoourtiarelsc@blie SmpRscdiafkft Wher ei n said
el ectrode is a working electrode for generating electrochem | um nescence.

20 DOPefgidextenging elemeptinterposed between said transparent portion and said
working electrode.

12 The cell of daim 11 wherein said working electrode is capable of inducing
a ruthenium-fris-bipyridine moiety to electrochemiluminesce in fhe presence of
tripropylamine. |
13. The cell of claim 12, further comprising a magnet adjacent said working
electrode to collect magnetizable particles thereon.
- 14 The cell of daim 13, wherein said cell is a flow cell.
15. The cell of claim 14, further comprising a reference électrode.

16. The cell of claim 15, further comprising a fight detector for detecting

... ¢electrochemiluminescence generated in said cell.

17. The cell of claim 16, wherein said light detector is a photodiode.

| 18. The call of dlaim 17, further comprising a source of electrical energy
coupled fo said electrodes.

19.  The electrochemiluminescence celi of claim 18, wherein said source of

“electrical energy is a potentiostat.




9. The cell of daim@8, further conprising a counter electrode and an
optical detection windowin optical registration wth sgfg.n0) .r%OG

el ectrode, 10. The cell of claim8, further conprising a counter

el ectrode; and a support, attached to said counter electrode, having a
transparent portion in optical registration with said working el ectrode.
11. The cell of claim 10, wherein said counter el ectrode conprises at |east
one field extending el enent interposed between said transparent portion and
said working electrode. 12. The cell of 4¢laim 11 wherein said working

el ectrode is capable of inducing a rutheniumhis bipyridine noiety to

el ect r ocherd® um Aredesrochentiraingscame@6lEcoRprisibg: | Pr opy! am ne. 13. The cel | of
claim 12, further conprising a magnet adjacent said working electrode to
col | ect maghet i ZaMIrEngeletrpdd and atchieter elactrolld, whbh 2t Rhdt of of ki@l M 13, wherei n
sai d cgll s aflowcell. 15 The cell of claim 14, further conprising a
ref er & 4?!58%’{‘?'58%!“ iy orgybodign alloy poraprisings 15, further conprising a |ight

detector f i 0 el ect rochem | um nescence generated in said cell.
~17. The ce?:hrsgléiEacﬁ?%fnm%‘ié'?'gﬁﬁ?@%ﬁ‘tﬁm@ﬁﬂ‘aﬂF%fﬁpffb@dimtaod ioptianalyhat odi ode. 18.

The ¢ e ; rising,a source of electrical ener
coupl g%:ldo'? gf)rsegc%t%eé&e P@%&&ﬁﬁ%?%?e?ﬁ‘é"é?@%f%%ﬂmﬁtpwtmwm agd| | of g%:/I ai m

18, wherei . sai dj i is. a tentiostat. 20
Decenber 2006 -4§Lmg%t.g&%%h%l?%cﬁt%ﬁ%E@%mﬁﬁns{n%@cogﬂe8"'@%I conprising: a a

- wor Ki registrition vt s wirtling cleeitogé er el ectrode, wherein at | east one of said
el ectrodes conprises rhodiumor a rhodiumalloy conprising: a first

pr edet er i Aed whaytell ofxiair 20, wherenabidlehidars &@séh of rhodi um and optionally,
a second predeterm ned wei ght percent greater than zero of an el enent

ot hermE4Ni B Goufr, Rairf@s, Cr, Mo, Zn, Nb, Ir, and W.

22. An electrochemiluminescence cell comprising:

a. aworking elecirode and a counter electrode, wherein at least one of said electrodes

comprise an indium alloy comprising:
'  afirst predetermined weight percent of indium; and
a second predetermined weight percent of an element other than iridium:
wherein said first predetermined weight_ percent is greater than zero and wherein said second

~ predetermined weight percent is from 5% to 50%: and

b. a light detector and/or a transparent portion of said cell in optical registration with said
working elecirode. |

23. _ The cell of claim 22, wherein said element is chosen from P, Ni, Pd, Co, Fe, Ry, Os, Cr,
Mo, Zn, Nb, Rh, and W. |

24, An electrochemiluminescence cell comprising:

a.. a working electrode capable of inducing an electrochemiluminescence-

active species to electrochemiiuminesce;

b. - acounter electrode comprising a material chosen from -




b. a light detector and/or a transparent portion of said cell in optical
registrationnwith said wonting el ectrode. 21. The cell I erein
said elenent is chosen fromPt, N, Pd, Co, Fe, Ru, Q%Bgécgwegg%ogﬂb
lr, and W 22. An el ectrochem | um nescence cell conprising: a. a working

el ectrode and a counter electrode, wherein at |east one of said el ectrodes
conprise an indiumalloy conprising: a first predeterm ned wei ght percent

of indium and a second predeterm ned wei ght percent of an el ement other
than iridium wherein said first prgdeterm ned wei ght percent is greater
than zero and wherein said second "@r‘edet erm ned wei ght percent is from 5%
to 50% angabiatifun AP iwnde ; 4 nsparent .portion of said cell
in opti calr(qr?gi strat ?’on V\n}nﬁﬁé%%wg&qé\%ﬁ%?t%h@ ng?z{%ipgag_ﬁ%ﬁkq;%g@%l | of claim
22, Mmemmaomealg%@ﬁwmm'wt . osRe: . O,

Mb. Zn, Nb, Rh, and W 24. An el edrocheni'| um ﬁeg'c%hhgg%gélﬁ"rb@jn%r}dﬁi ng: a..
a wor ki ng (BlIrfedliunode capabl e of inducing an el ectrocheni | um nescence- active
_.species to_electrochem ium nesce; b. a counter electrode conprising a

mat eri al  dReTBedium gliay 2eherwin terialinying 0Gerial offer Hiah rdiiveis frsrinYsad 8% by Wher ei n

t he L Qyi erial qther than platinumis from5%to 50% by weight and
sai d%’q%g%%%aﬁaﬁ@%? fngerigl is %?ﬁ?e EpmiNiL&ich ¢ Fery, OsCr, e, ZnRib, Incit, ardW: Mo,  Zn,
Nb, Ighg Rh and W (ii) rhodium (iii) a rhodium alloy, wherein the alloying
material other than rhodiumis from1%to 80% by weight and said alloyed
mat eri al (i 26 MREEIGY, ARk theRfloyingMatdra! iuftlis frofPse L Pt and
W - and (iv) an iri c}i{um al | oy, 5 erae(%%ﬁot ethgﬁglgﬁ]sg rra?éﬁhgl%%&t%eégrhtthan

i ri diandisdidsalibyedmabdriatioctingdh fyn MEPE T, FRd, GR0H M 2R XBIPIRA, 8hd W agids chosen
fromNi, Pd, Co, Fe, Ru, Os _Cr, Mp, Zn, My, Pt, Rh, and W ahd c. a Iight
det ect or afd/ o2 light detestvs pad/aratirapspatentportioh ofsaiddelia bpticalteddbhiichalith 6881 St rat i on

with sajd working el ectrode.
working electrode.

25. An electrochemiluminescence cell comprising:
a working electrode;
a counter electrode having a field extending element, wherein the counter electrode is not
a mesh or screen; and
a _support, optionally attached to said counter elecirode, having a transparent portion in optical
registration with said working electrode; and wherein said field extending element is interposed between
said transparent portion of said support and said working electrode.
26.  The cell of dlaim 25, wherein said field extending element traverses said
- transparent portion. |
27.  The cell of claim 25, wherein said‘field extending element comprises a ladder electrode.
28.  The cell of claim 25, wherein said field extending
-element reduces the electrochemiluminescence incident upon said transparent portion
. bylessthan 50%.
29.  The cell of claim 28, wherein the current path aspect ratio is less than 2.5.
| 30. An eléctmmemiluminesoenoe assay apparatus comprising;
a working electrode; |

a counter electrode;



25. An el ectrochem | um nescence cell conprising: a working electrode; a
counter el ectrode having a field extending el enent, “hQﬂﬁbfﬁéﬁﬁér%Q&ﬁter
el ectrode is not a mesh or screen; and a support, optionally attached to
said counter el ectrode, having a transparent portion in optical
registration with said working el ectrode; and wherein said field extending
el enment is interposed between said transparent portion of said support and
said working el ectrode. 26. The cell of daim 25, wherein said field
extending el enent traverses said t&insparent portion. 27. The cell of

[

claim?25, wherein said field extend™g el ement conprises a | adder

el ectrode. 329 ; i erein said field extending el enment .
reduces the el g%ogiggpﬁgﬁli* aﬁmngcg{gregr?é?dgcquwgf depda, Bﬂ"%%itrﬁ"sp?'&ﬂ's??&oé?ﬂ portion
by | essptitahregiskdith wihisaid Weskirgdidctr&de; C! @i m 28, wherein the current path aspect
ratio is Ieslsh&dgan 2.5. 30. An eledrodiem|um nescence assay apparatus
conpri si ng;a fekionig opticaleédisd@Bon vithGaid Wo e%fi&{e i r 2006 -43
a support, optionally attgf:gk‘led to said cg(lijnr‘c{'(taeler e ’g%t%r'%@@?@ﬁ‘g%g a

t r ans PEFIOREd pieset o s#id Pauntepgledtiode tharsaidworking electalid; Bngai d wor ki ng el ectrode; a
“l'ight detector in optical registration with said working el ectrode, said

i ght det e@%?%&ﬁﬁ&"caﬂ)@@@% eveled & ssicksalectrarles, aiapiabtensf AfaihtairthgRid @dRert han sai d
wor Ki tr : .and g source of electrical energy, coupled to said 4
el ect 'l?:lo es?gtg ac%g%f"épog?”“%ﬂ Aaofntia) thatgogs eelvary mlativedb apoteotinbobsiddiglton st ant

- pot enjdi@ke0r at a potential that does not vary relative to a potential of
said light detector. 31. The apparatus of claim 30, wherein said source of

el ectri caby enefi@dmbasani tiostat. 32. The apparatys of claim 31,
further conprising a n&éﬂ%@@d}”@%‘%‘ﬂfm‘kﬁwﬁﬁ It ode to collect |

magnebtedivetae particles thereon. 33. The apparatus of claim32, wherein said
appar at us conprises an

32.  Theapparatus of claim 31, further comprising a magnet adjacent said working electrode
to collect magnetizable particles thereon. |

i
i

33.  Theapparatus of claim 32, thexein said apparatus comprises an
: elechnchenﬁluminesceﬁce flow cell,

34. The apparatus of claim 33, further comprising a reference electrode,

35.  Theapparatus of claim 34, wherein said light detector is a photodiode.

36.  Amethod of conducting an electrochemiluminescence assay comprising the step
of indgcing eieMani{uminesoenoe inan eleclrodqemiluminesoenoé cell comprising; |

a aworking electrode and a counter electroclé, wherein at least one of said

electrodes comprises a platinum alloy comprising:
| a first predetermined weighf percent of platinum; and
a second predetermined weight percent of an element other than
' platinum; | |
wherein said first predetermined weight percent is greater than zero and wherein said

second predetermined weight percent is from 5% to 50%; and

- b. a light detector and/or a transparent portion of said cell in optical
= _registration with said working electrode.




el ectrochem | um nescence flow cell. 34. The apparatus of claim 33, further
conprising a reference el ectrode, 35. The apparatus of J erein
said |ight detector is aphotodi ode. 36. A nethod of conzgﬁdg:%eﬁ%%ﬁ%ow

el ectrochem | um nescence assay conprising the step of inducing

el ectrochem | um nescence in an el ectrochem | um nescence cell conprising; a.
a working electrode and a counter el ectrode, wherein at | east one of said
el ectrodes conprises a platinumalloy conprising: a first predeterm ned

wei ght percent of platinum and a-gl@cond predeterm ned wei ght percent of an
el ement other than platinum wherein said first predeterm ned weight

per cent i S37gr eakhemethed of caim 87 avhereiisaidedemestis chosarefornmii, Pd, €defeeRojMred wei ght
perce tMi from%%to 50% and b. a light detector and/or a transparent
portidn M. & RR#NIWn optical registration with said working el ectrode.

20 Decenb 20 -44 37, . T thod, of clajm37, wherein said elenent is
.chosen fr(;%'r’% Ni %EmeﬁESP?q—aéT%w&Qsa'd@?m%‘§ai’ﬁ{‘s'tl‘aﬁ?'eme[‘t- Rh and W 38. The

met hod of gl ai ' id . nt Js transition el enent. 39. The
met hod of 3?1 ai m%%é-net “&ﬁ@’:“?i“ﬁgﬁg%ﬁ%’@%@%%’ﬁ?&%@%?‘ﬂ?iw%@fﬁ cent is

f r om10%38@0%. 30% 40. The nethod of claim40 wherein said electrode is a
counter electrode, 41. The nethod of claim 40, wherein said electrode is a
wor ki ng eMect r Gtembihiod oigiine AQivhérgin 64i¢ 6IbERAERE outbrihesedce. 42. The net hod
of claim42, further conprising the steps of: a. formng a conposition
conpri si ndlan dhewethottichin 4yivhersiossid elettdbieis aavtkingdfectrode for

el ectrocheni | um nescence coreactant; b. positioning said conposition at

sai d98MeERYpg gladrochemdpingscarpeel ect rical energy to said el ectrode to i nduce

- said elegjirochem | unm nescence | abel to el ectrochem | um nesce; and d.
measur| ng&ia\n gﬁ%%’&?déﬁ? g@'ﬁ“r‘@eﬂi'@?‘?f famaniagbe slees of:
a

. forming a composition comprising an electrochemiluminescence label and

an electrochemiluminescence coreactant;
b. ‘positioning said composition at said electrode;
c épplying electrical energy to said electrode to induce said
electmchemiluminesoenoé label to electrochemiluminesce; and
d. -measuring an emitted electrochemiluminescence.
43.  The method of dlaim 42, wherein said electrochemiluminescence label is
an organometallic complex. .
- 44, | The methbd of claim 43, wherein said organometallic complexisa
polypyridy! complex of Ru or Os. |
45.-  The method of claim 43, wherein said organometallic complex comprises
~ amthenium-tris-bipyridine moety, | |
| 46.  The method of claim 45, wherein said electrochemiluminescence
IGOre'actant isa 'molecule. capable of being oxidized to produce a strong reductant.
47. The méthod of dlaim 46, wherein said electrochemiluminescence
odreactant isa tertiafy amine.
- 48.  The method of claim 47, wherein said tertiary amine ié tripropylamfne.
49.  The method of claim 48, further comprising the step of collecting a




43. The nethod of claim42, wherein said elect ochem |'um nescence | abel is
an organonetallic conplex. 44. The nethod of claim 43, el n saj
organonetal lic conplex is a polypyridyl conplex of Ru gﬁﬁ&?mﬁ%&£
met hod of claim43, wherein said organonetal lic conpl ex conprises
rutheniumtris-bipyridine noiety. 46. The nethod of claim45, wherein said
el edrochem | um nescenoe coreactant is a nol ecul e capable of being oxidized
to produce a strong reductant. 47. The method of claim46, wherein said

el edrochem | um nescenoe coreactant is a tertiary amne. 48. The net hod of
claim47, wherein said tertiary amne is tripropylamne. 49. The nethod of
claim48, further conprising the st4gp of collecting a 20 Decenber 2006 -45
magneti zabl e particle on said working el ectrode. 50. The nmethod of claim
49, \iRkgelizable partidedressidvettingrdldctrodenescence | abel is  present on said

magneti zabl e particle. 51. The nmethod of claim50, further conprising the
step of cl®ani ngefethgd olgain A9 whereinsaid eléetrdohendippingscanceddbetis r i cal energy to
sai d r ki | ectrode. 52. The nmethod of claimb51, wherein

el ectp\rpéo%gﬁ‘]éﬁlgﬁﬁmaﬁ% RAMCle. i nduced within an el ectrocheni | umi nescence

fl Il .2453. ting. | ect hem | um
compr + <1 n T e The BEF6r i, SO RS bR tR p ol DR st ce. | an
el ecwoﬁ@dg@m'c{rwgwgﬁﬂiﬁ,ﬁbc&e&%ﬂenﬁ@ggga@i“mwa%ewr king el ectrode and a

- counter electrode, erein at one o “el ectrodes conprises

[ hodi um 062a T ethatmeah bh 53 0RRIdi P8 oo mldniikeodcE AgiAED ned vel ght per cent
of rhodium and optionally, a second predeterm ned welght percent of an
el enithin an elestrochdmilominesadinaerflowwlier ei n sai d first predetern ned wei ght
percent and said second predeterm ned weight percent are greater than
zero: and%h. o Metind oidendistingransletirahernivmirepanardsspcdohiptisingthe agi el cel | in
opti cal reg|i stration, )

inducing Electrochemiluminescence in an elecirochemiluminescence ceil comprising:

Re

a. a working electrode and a counter electrode, wherein at least one of said
electrodes comprises rhodium or a rhodiumn alloy comprising: '
a first predetermined weight percent of rhodium; and
optionally, é second predetermined weight percent of an element other
-than rhodium;
wherein said first predeterrnined weight percent and said second
predetermined weight percent are greater than zero: and .
b a light detéctor a_nd/or transparent portion of said cell in optical registration
| with said working electrode. | |
54.  The method of claim 54, wherein said element is chosen from Pt, Ni, Pd, Co, Fe, Ru Os
"~ Cr, Mo, Zn, Nb, Ir, and W.

55. A method of conducting an electrochemiluminescence assay comprising the step -

~ ofinducing electrochemiluminescence in an electrochemiluminescence cell comprising:

a.  aworking electrode and a counter electrode, wherein at least one of said electrodes
comprises an iridium alloy comprising: |

a first predetermined weight percent of iridium; and




wi th said working el ectrode. 54. The nethod of claimb54, wherein said
element is chosen fromPt, N, Pd, Co, Fe, Ru, O, C Qd@ece%%er%ﬂﬁ' r, and
W 55. A nmethod of conducting an el ectrocheni | um nescence assay conpri sing
the step of inducing el ectrochem | um nescence in an

el ectrochem | um nescence cell conprising: a. a working el ectrode and a
counter electrode, wherein at |east one of said electrodes conprises an
iridiumalloy conprising: a first predeterm ned wei ght percent of iridium
and { 20 Decenber 2006 -46 a secang.predeterm ned wei ght percent of an

el ement other than iridium wherein said first predeterm ned wei ght

percent is greatserondipveteaminedavelphtinacent of shalcthehBstn than REBMEt er M ned wei ght
perce% is from5/a to 50% and b. a |ight detector and/or a transparent
por t i WHe'gi said firgt Rreqetermined weight peroent ds greatartiicpzemiahdhwhesein shidwaedridng el ect r ode.

56. The thod of ,claim55, wherein said elenment is, chosen fromPt, N,
Pd, d@%@"ﬁg,we'gﬁg@'@ﬁ's%ﬁ'?592&25%?"%, ~and W 57. The method of claim 55,
wherein sajd e 0k | atinum 58. t hod of conducting an

el ectroc hePﬁ I uémﬁ‘drﬁgﬁsgé%dﬁoz8'%5%35'?”%"?‘]’63&0’@”5?@ o infrlicehegisatienvit cel |

conprgﬁamﬁn@e,gm_ng a conposition conprising an el ectrochem | um nescence
| abel and ah el ectrochem | um nescence coreactant; b. positioning said

conposi ti dib. at Ehewsthod 0pcl&nSs WiRAS: safdel {lga%%%ﬁwc% CBNEL Y, to said

wor ki ng el ectrode and a counter electrode To 1'nduce %al

el ect@nEhHd ZnyMbyRisaadve | abel to el ectrochem | um nesce; and d. neasuring
an emtted el ectrochem | um nescence; wherein said el ectrodhem | um nescence
cel I conpri%ses: Themettmdobeaimess, wheaehrsaidelsrmisighiii@na material chosen from

(i) a platinumalloy, wherein the alloying material other than platinumis
" from 5% £& 508msthodefcanducting en dedtrchintiiominaspenetassdyatari s chosen from Ni, Pd,

CO_’ tla':lgdtmglltjawl%?nes%ée olt\a/ltf) éomzprr]iéingl:\lb’ Ir. Rhand W :

a forming a composition comprising an electrochemiluminescence label and
an electrochemiluminescence coreactant:” |
b. posiﬁoning said composition at a working electrode:
C applying electrical energy to said working e_lectrode and a counter
eieglmde to induce said electrochemiluminescence label to electrochemiluminesce; and
d measuring an emitted electrochemiluminescence;
wherein said electrochemiluminescence cell comprises:
(1) acounter elecirode comprising a material chosen from
| | (i) & platinum alloy, wherein the alloying material other than‘
- platinum is from 5% to 50% by weight and said alloying material is chosen from Ni, Pd, Co, Fe, RQ, Os,
~ Cr,Mo, Zn, Nb, Ir, Rhand W;
(ii) rhodium
-(iif) a rhodium alloy, wherein the alloying material other than ’
:rhodium is from 1 % to 80% bv weight and said alloyed material is chosen from Ni, Pd, Co, Fe, Ru, Os,
~ Cr,Mo, Zn, Nb, Ir, Pt, and W; and
(iv} an iridium alloy, wherein the alldying material 6ther than iridium is from 5%

to 50% by weight and said alioyed material is chosen from Ni, Pd, Co, Fe, Ru, Os, Cr, Mo, Zn, Nb, Pt,




(it) rhodium (iii) a rhodiumalloy, wherein the alloying material other

than rhodiumis from1l %to 80% by weight and said all r'\% is
chosen fromN, Pd, Co, Fe, Ru, Gs, Cr, M, Zn, Nb, l?%tﬁfg?c%@ﬁab%a'z Gand

(iv) an iridiumalloy, wherein the alloying material other than iridiumis-
from5% to 50% by weight and said alloyed material is chosen fromN, Pd,
Co, Fe, Ru, Gs, C, Mo, Zn, Nb, Pt, 20 Decenber 2006 -47 Rh, and W and
(2) a light detector and/or transparent portion of said cell in optical
registration with said working el g&grode. 59. A nethod of conducting an

el edrocheni | um nescence assay conpri'sing the steps of a. formng a
CONMPOghldr@WGRAPr i Sing an el ectrocneni | um nescence | abel and an

el ectrochem | um nescence coreactant in an el ectrochem | um nescence assay

appar at us conpr{2§i nglight detecr HIdF irpSreRoRBR F saldicel i 0&%%&'3%}"3@@ .

having a field extending element; i1i. a support optiona nt to
sai d - sadwodingelestrddeode, having a transparent portion; and iv. a light
detector wherein said field extending elenent is interposed between said
wor ki ng el 88t r oeetipdiof cenduding praelegmcientiupineddene; assiydombingithie stspglar of  sai d

| ight detector,_and said transparent ortion are in optical registration
with said for KPS SrPesiiga comprising gn slesipcrsmiluminescancedabetapd ano sai d wor ki ng
el ect id counter electrode to induce said

el ectéri%gﬁedmié“ﬁ ﬂ@%ﬁ%@&@%@aﬁeﬁ?%?%@w%mﬂ%%ﬁﬁ%é@!@@mmpdsméasuri ng
an emtted electro 1.l um nescence. 60. A nethod of conducting an

el ect rocheni | uni ne%ﬁ%@%}%@'comri sing the steps O. a. formng a

. conposition copprigiig Gh&S Ly nescence | abel and an
el ectrochem | um n_escent_ggaecor eali{v@ﬁ{&%?fﬁ egtghéélqgeegﬁ’%egﬁem | um nescence assay
- apparat us Conpii. Si B8ipport oftiohSfy'HACrR oG B Rer electrode, having a transparent

portion; and
iv.  alight detector
- wherein said field extending element is inierpoéed between said working electrode énd
said transparent portionﬁ and wherein each of said light detector and said fransparent |
portion are ih optical registration with said working electrode;
b. applying_electrical energy to said working electrode and said counter
' electrode to induce said electrochemiluminescence label to electrochemiluminesce; and
| C fn'easuring an emitted electrochemiluminescence.
- 60. A method of conducting an electrochemiluminescence assay comprising the steps
of:
a forming a composition comprising an electrochemiluminescence label and
- an electrochemiluminescence coreactant in an electrochemiluminescence assay
- apparatus comprising:
i. a working electrode;
ii. ~ acounter electrode; and
iii. a light detector;

- wherein said counter electrode is positioned closer to said light detector than said working
 electrodeis; | '




ii. a counter electrode; and iii. a light detector; wherein said counter

el ectrode is positioned closer to said |light detector t i i ng

el ectrode is, i 20 Decenber 2006 -48 b. applying e|ect??2§?é2ﬁ%?%@gto sai d
wor ki ng el ectrode and said counter electrode to induce said

el ectrochem | um nescence | abel to el ectrochem | um nesce while said counter
el ectrode is at a constant potential or at a potential that does not vary
relative to a potential of said |ight detector, and c. neasuring an
emtted el ectrochem | um nescence. _,q_

b. applying electrical energy to said working electrode and said counter electrode
to induce said electrochemiluminescence fabel to electrochemiluminesce while said counter
elecirode is at a constant potential or at a potential that does not vary relative to a potential of

said light detector; and

e} measuring an emitted electrochemiluminescence.




