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ELECTROCHEM CAL METHOD FOR MEASURI NG CHEM CAL REACTI ON
RATES Field of the Invention The present invention

relates to the nmeasurenent of the progress of a

chem cal reaction that generates an el ectroactive

reacti on product that is subsequently detected at an

el ectrode anperonetrically or coulonetrically. The 5

nmethod is useful in applications where it is desirable

to fol | owgd hepdiB@EASFTRID P%Rﬁﬂﬁ.ﬂ]s%'c lﬁﬁﬁfﬁsﬁﬁ‘rmu BATES
particularly I n sensor applications ere e progress
oﬁ&ll_lti@h_lmal@ﬂl on of an analyte can be useful in

det er

the | mr/rg ?iﬁrghrn%eag@a?le% {0?18 rr}n g@&.ﬁﬂw t% e;+ EQSS a%ﬂ%&&lgﬂﬁ% t%t generates an
aelpuraoiveeictio prdug dtat ivwbsempdntytdetycted htan elertrode mnperhmammﬂmg c@bometrically. The
E:Elﬁténg lr'fﬁ"?% I quaﬁ:hc%?nﬂs \Pn%retﬂﬁsgug%r thgfug%a& euprruz;re% of ) Bmmu:al rez{ctma, particularly in
ekepwt appicétiensi wherk thy pagrest bictheveattion are#ndﬁtb r.and:e usefuhin determining the analyte
comrJ"I:eﬁ)(rTFtry the current flowng at the electrode is

i ntegra "ed over tine to give a total anount of charge
passed which yiel ds a mBasawua of ibd Invitriien anount of

beesgrt trm(r?nﬁ%'nvﬁedﬁt erial reacted at the working

e urrent flow ng (or charge passed at any

ti me) latamfetometirl eectioehentdy ihs cutkep ﬁmi@rat thel pieetodt i be adedasQf measure of the

ter p%r:rt]a t?n oP eleiténa%e:s:%e%%t hél?ggr%a?:t:gdve‘gegm em%a %&%ﬁg@ﬁgo t&hé. r]ng coulometry the

ekt ﬂrmragr it nhnelempﬂes inte@atid Svestint tnaluemmllammm of abargdelpssed which yields a2 measure
tro n.electric hs l.ied to

t F]ﬁ [ neuré tnfr e% g)a S\{jz];n]amnaﬁeamfd a?\ ev%%ng%ierc{r)@ cgrae?ﬁ@wngtg&l’?rg% ;ﬁ%ed at any

_ehraad: Btrthl&elbttm@es_ ﬂ;pmbnt @mn the ratehbtrapdie oft mmheirumhmchn the working electrode.

:Mﬁfneﬁ 5 %&%?aﬁtl cglﬁén%ltl?nh %ectruacl?nlve Igggs g rs]l*tjl trg% Iussitv%e elelctrnge( alpd i}é\,glec?rmal potential is

whpgliee: tot e elecpiale evfficient | to appdcheﬂadallt catt e ciekteativeckeies & the electrode/solution

SF' tde o oStk athﬁheF ?)ﬁ&% w}il nSm 3{1 S%Hru?rrﬁﬁs‘n IWYIE tll%eo eI%r a% lsu?tﬁd electrode, where the

eftfectively I'n aneous arrivi

e potential wpghed Wrtk dettmdetis afisiént to reiﬁ Ihd Qiel:truaclmtpec\zeeftepmm iesantapousty upon

t he. f S| -t ent

BP0 e ALt Pl o e iy pecrn
Evyith éptiivorreurvedounrinthersg a¢ the BottiebEquatjena tiecaring: th this eusptiveth cuvat varies inversely
' HYhetEessﬁJar\é op Vgh{l%ecajleﬁs%% mﬁu&%&caﬂ wrt Jnrﬁ%rtg %’Hcénaéﬁveeépqus tﬁm reacts at

current roact
s e giéctsagle thqlm!s fepletedtcioseds the eldqvaﬂde#né @tt cimtecthveapeme@s thepakeb traguifurther and
c 0 el ectroactive speci es has
t E;'th%rﬁaa“k\}ﬁl FelFEth@LI Eer% ife pﬂ]ﬁ% éf urther away to reach the.
el ect rlbid eddigion tp rhﬁéecchhsgmésm of thef elactrpaciivichbecieson the glectriile the electroactive
I C

p@c‘;e% S %Pgegc]{a‘rfeg uesE tﬁﬁfghgﬁ@ g@J;:ng E\ﬁ c@Jénﬁﬁ %%19 i M f\{@ gﬁtﬁegcﬁﬂgﬁtsﬂmamu at the
g éw@dakewesepr@% Thepleptiyde ragesionctendgyto ddcreast lhb@@:ertvyﬂuaof@mmc@awemes close
F @Ak Wby elbctbte WAGdR B chtarnﬁl r@éd ioh %,rﬂfs b lmQr\MsJ‘ﬁe Hhcehtfdfon of the lectoactive.
el ectrode becones conpl e ectrode reaction te
t epecipaia thiszegien. (Thgime @Pﬂﬂ@ﬁﬁﬁhwﬂﬁ %th989ﬁ~°e10@a€99rfh#&tﬂte|Wénﬂsﬁa@tﬁ"@% w measure
CihPehEmicallréhctioiEnetHidfd thQuret Béuling ﬁ%ard@ﬂ%gegﬁﬁhé fRbrofnem cal
reaction tends to increase the concentration of the
el ect r@utE jraawn, |@%th[@|§:{ Jitpratyre, jthe rgtgsgqf Ghpmical gactipns pgs not generally measured

daRedasRRdy de@tﬁaltz@J aphiEkEHE us‘nﬂ‘@het@iiﬁ& ipneRt. tAh Slaffiedt %ucmz:ﬁﬁlpmem is
and it is difficul t o0 neasure chem cal reaction

k et ip thesarias pigieting é“ﬂ@ﬁfr*@ﬁ'ie Fnlsawarﬁtys ig en*v apiiablea rejgtvely iag yeagiipn kinetics
t B8 re@ir tot 1Rt RetroR Qe Bk mm?wn cﬁlﬁ'ﬁlﬁmate bith el @arRbRed Iﬁlt?oergdrudynamcs
literature, the rates of chem cal reactions are no

generally neasured electrochemcally except in

speci al i zed applications using specialized equi pnent.

An exanmpl e of such equipnent is known in the art as a
rotating ring/disc electrode. his apparatus is only
applicable to relatively fast reaction kinetics
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and requires that the el ectrode be rotated at a known
controlled rate with well-characterized |iquid
hydrodynanmi cs. -1 Sunmary of the Invention The nethod
provi ded allows for the extraction of chem cal reaction
rate information using a sinple electrochem cal nethod
and apparatus. In a first aspect, a nethod is provided
for neasuring a rate of a chem cal reaction between a
conmponent of a 5 liquid SR &1 d a reagent, the
of the Inventi
reaction producing an el et@p'%[cxth—vg—%em es, including
pr ovi diTheymethed gphovided phveh dnitte aehiractioh bf chivsisgl Bt e inkolmaGon using a simple
el ectrode, and at | east one wall;
%%%}%'ﬁ%'arﬁ%ﬁﬁ%nﬂéﬁuﬂ zing the reagent in the
eI ectr dt:ﬁi!@rlrﬂsceni anﬂinil is ﬂmwdeli @ mbadurigyfa réle 0Th EleritalVeadioR beBWR6E component of a
frl de erei.n the djstance is
(IR s M Sk R n B0 1 st ol e pachenicalcl

t Heving ja W@rkmq‘ﬂletth@ )0 Eig:trﬁib @mitat Ratonk ﬁta!ﬂtuﬁsﬁaﬂﬁ%l!ﬂﬁrmhlﬁzmg the reagent in the

t h d
I ——
c Cratsfec ¢f theiekdrodetive spemgemﬂre sith fvathev@rkiol Blgtrdab E@Hﬁs@ﬂ@nvoﬂ’eﬂ%aé{g the liguid

oL o LR G i LB ok o
a thepmntnn elwmdd&' b&attmgem cofnf@ent\BIKiheGageh QLCrdiq6 Ehe A odelVE species; applying a

¢ Bl oefieich i MITLE, b RuRE SRY0E i, 3% chiebrige soffcien o
atefe@th@mhkaan dhe elhceoattwosﬂa]es and wﬁfﬁ@&%ﬂﬁﬂoﬁ@nﬁ rhlﬁsuﬁdd EhE uftEnt produced by the

el ectr reacti on a
gH&glgcélPéété{uA:agt 8 w?fkmg el%:? qatlle néalr},raélggselrle gj ﬂgfatetoﬁé] l]h%{'cé’ rraftmn
t h e ch d!'rmwﬁeﬂmémls bmbodiment] the waildng alegprae tindQtfe chubterSelectrode are sutficiently: spaced

e ma{@ ng electrode and the, co er )
elqrse%ct r odrmd Ei Eéfq’g & rIScEf!m TR (S O gt a}fg"”gtﬁ’cﬁ"f“[” a‘{““a{m reach the working
p relertyods twhity fthe auwrent Isgedswraic filgrvodiag claciedeCind DECoRE bléctiddeGaydé sphddPapart at a
c t he rk| e] ectrode

o PP S HE6E oy BRI he e PRTRG  BraBeeatot 1
adutZimm. Cesuprkiarelegiode@bdrtipdenteralyciie mwpaomﬂedapm samegtaned
di stan r 0 etween a .
500 i oy el At Wil e g SRR g B R o i
aFigence rnaingirom pboet 10iciis tqpbet Britimataefraratout Henicmauin e 500 microns; or from
elaﬁ@.tmm§onpmbum@m. desat ed on the sane plane. In another
aspect of This enb ment, the site and the working
el ectr Bd’éﬂﬂlﬁ'f ?59%'6‘[53'?'5&!‘7@@'"19'9- e evimer iwentrode 20cephbls bhin@doning as a combined
I 80tbsbrehde QBB &R O eredtRcHIiG! N Fug?sﬂaﬁ&bta reEI’ererrﬂele c&rmﬂ ers,
from about 50 mcronstoaou? S, o1 om
about 'TGTPtheq wpegired thisenbtdisent. UROGoring @lewiods . funl:tmnsaaa ob Iarwde and may include
apRfAEs, pAidivh aSon SRR ﬁﬁﬁlﬁtmnmﬁaung QR qﬁen %’n&&t lﬁtfﬂrr elemﬁl nxtde Im oxide,

capabl e of functioning a |ne counter

el ‘E’t‘?ﬁ‘ﬂ’é“a"“FWé"‘@P@e'taFW@ﬁih@@F cel | may further ‘incl ude

30

a ref enenas Bl iR Ssodihdtc, R UofB] i@SRE Shctidh af gﬁ' c§thode and may include
lE)‘%odl ment, the working el ectrode functions as

. pallgglym. Farhon; carBon i yeambingiipn Witk ne pr e ps binds i, lm!arnmm tin’ pxide,
C il RcombinatiuR WIRH ¢ Sslick, Q12el,\Mahiks ﬂﬁbﬁcuﬂfer mél gljvér N behiunt? b Fi5HGrSs thereof.

|r|d|um|nd|umOX|de, tin oxide, lumin
conbi nBETHE asrect ¢f this epbogienty dhe coypiey EIPFFTWP inpheles platinum,cpefidivml sarbon, carbon in

afbﬁcbiﬁhﬁb’n vikh RACHind @S rilinfa], ﬁdnﬁmﬂbdhmﬁbt mdn]irh@cnmﬁﬁahdn'lﬂht oxide, steel, stainless
e trode functions as an cat hode and may 1 ncl d’

PORRS ekl Shromiy silyet: ang Bixtuasiherepfa Tis opumter lecrarispwalse indyde shiercheted with
Omﬂ;bswmldmﬁsﬁuhle@ﬁ&tsaltbiufhcia@ Kilfer cHiofide Qﬁlv‘érrﬁlmmldé" vy %h:&xéﬂﬁ?lerruh’aﬂde and silver
ide, indiumin conbination Wwth tin oxide,
eﬁ'F"ﬁ'?‘%ss steel , copper, nickel, silver, chrom um and
m xtures thereof. 30 In anot her aspect of this
enbodi nent, the counter el ectrode includes platinum
pal | adi um carbon, carbon in



e

conmbination with inert binders, iridium indium oxide,

tin oxide, indiumin conbination with tin oxide, steel,

stainless steel, copper, nickel, chromum silver, and

m xtures thereof. The counter electrode nay al so

include silver coated with a substantially insoluble

silver salt, such as silver chloride, silver brom de,

silver iodide, silver ferrocyani de, and silver

ferri cyahidSspes o tﬁ.&mﬁdﬁ&w %{e st SR Gled Eﬁf o cBllnir gmﬁ’edulr [JTRFEE all. The site

the site is situated on the counter e fectrode or  on the

weahd) the wprisg electrase meyiel sities ophe kame glane braicd plepel Eicivgeapd fubstantially parailel to the

SighAl ®bpfn the same plane or in a plane facing and

substantlafly parallel to the working electrode. In

anothehaueweemm@fmﬁhwwm@wb&dnﬂ@mﬁswmhedwewgammmmsmmmanmmdwa
5 su %gngﬁ%ﬁé%%@lmglc@b cﬁ%ngn Eﬁkhgra gsrmll'fe])ée |ﬁa¥he ge%ﬁn%%mmg feﬁl )f pf?ysmaliy tethered
- t éndperfaeein thedatrashemitabesth o indritdets @ Isefede nrnhnlwmomeducamll dnd exhilsits svfficiently

o TR e e B o B o i gt g o g

el ect r eiwthen asmmit oictd émbedivent chemhelhod fsrthsruricfmileca eelihtx Impdiatdr. OTkie redox mediator

» ' agent
e et el s S BB N el B0
10 neasur bdnatherespan ot tliewnhuisrpmmhe aarhpletrm sicheleriyimbli hlmhtme doi@nent may include
: g@%:?%?w% %gtﬁ@ §1£yi 'A,%Q‘ﬁ h@gﬁ?ee srﬂ?h gglfhﬁl)éﬁygmﬁen Ogsugn(s)t{ dehv;l; enaFe Igl@)%ependem glecose
Witehi¥rolingse; pliicaie pisipse, hetate dehdmgeoaseand aleabhl :felammgezta;eanl de. .10 In ‘
?Eglt Egé ar\%@ g:terkt) |9{) tg%@%@ﬁgﬂgge {gﬁ@ns pretfera%Iy ﬁe"ilw SdTay +500 mY, and more
gWﬁ@d@@MWﬁﬂmm%agent -may |nclude an enzyne such as POO
15 de pen dﬁ Qgem% Hrﬁ:%?m Q%Q%Ebr i ?u?m iuNﬁo‘ra) reﬁ’eeo? § ﬁg@% rea%lM %Qﬁeen glucose
dehydr ogenase, ucose o dase
aprd PEM denstrient glerese W@g}ms‘ehﬂle plppd aﬂ{dmrﬂlmpémoctﬁmw heill savmu & working
eg&%ﬁl& %E\Lmer Jieprﬁ:daogtléiﬁtuhe%all astedw :?tEreﬁmu naggﬁﬁ'ﬁmqgﬁ" &Qtar@aﬁ thm the

nV, and nore preferab
s E%W@MMH@W Behugienc ARG dem?ﬂéemrﬂﬂm rtgeérnupr@se Trersagent baing suhstantially

I ReknBbilied inFhe GG BoRRAEb) cell SACsHd £9 n\mmcegﬂurﬁﬁl?tﬁﬁkinﬁwrnf e Hacing the whole

dependent gl ucose dehydrogenase in wh

20 i bleod srEPg 1B plesirecbrmis?) cel preliethas de samelihia imiceniact veth e reageqti thegredgx mediator, the
V\/ﬂﬁrmg@@maﬁ' Rt CRAEr ele@rofeOredRfing the @11(:%9 hivRfteran aépenheﬁiagﬁnt:us@d@lﬁrdmgenase to

a redox nediator including ferri éad de and
paent

cHPﬂ‘“&lfﬁq'é‘EF RAQ dappndent; yeose devdreseragsciipruee PO glprgse ehydrogenase in turn

I RAGYMHith ihkiehidyshidN@doDfdePRR IR Bdyandl; h{ﬁlﬁﬁgﬁi pEteRY %\%ﬁmﬂung electrode
t he reg%ent bei ng. substanti al ized in the

|
o P PR el g el wi ¥%P'9°§°°Pﬁ"%?"hi§?ﬁ ¢ ferosreide 2t the working

25 T aenidd: e MRsukigne: GRRCHIGESEDy i a&hdaemweeamphferer%%ame@%e working
gnFIe in the electrochem cal cell such that the sa
[

npl e
&, {gin, g megsufement i dndipative b Hip ratey of dhe cherisyl regtign bepwspn slugasgoand POO
Wahdtden@lu@ieReldigsigte. and the counter el ectrode; reacting . ..

the glucose with the P&@ degendent gl ucose
dehydr ogenase to prod ependent gl ucose

dehydr mgenasRis zh Betrdcthids o8l WiEX HeRRE B Rtua@d BICOKS of the cell facing the
deh% %%gpase inturn reacting with the ferricyani de
Pator to formferrocyani de; applying a

pot ent figare 2 Bpittv\neectboidnicuod hdngs 1R |re@g’éﬁt isQEk@ted AR cduit@ electrode.

counter el ectrode, er.e nt ufficient .
CoUnT Chare o St i § ool et g b i rtns Bt g Sovem o
\A@zrclésa rrg% &Een@htgmore;m@jmg@ad arﬂﬁﬂ&i&lufnlmﬂydmhﬁedﬁuﬁdham The three biood samples
produce t he e m cal. reaction of

f SRR o vl "f%ﬁe&\%o*l"ig resPerl ey e haeipRLopTi fsfhe vpfme percent of red
neasurenent is indicative of the rate of the chem ca

reacti on between gl ucose and epo dependent gl ucose
dehydr ogenase.

3o
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Brief Description of the Drawings Figure 1 depicts an

el ectrochem cal cell wherein the reagent is situated on

a wall of the cell facing the 30 working el ectrode.

Figure 2 depicts an el ectrochem cal cell wherein the

reagent is situated on the counter el ectrode. Figure 3

shows current as a function of tinme for three whole

bl ood sanples for a reaction systemincluding glucose,

P@Ghd dpPSMERMHe. 9l ucose dehydrogenase and potassi um

ferricyani de redox nediator. The t hree bl ood sanpl es

cont ai n haemat ocr i ©etpiled Oescrptipnrot thePreleredfmbadimephd 65%

I €S PECti Yowihng doMRRIE ﬁmm PR OE ddidod hndit @gg,rs?m

percent Eo rg @D i ;ha@ WQ b gd ”@a ﬁlﬁnm iygytion in detal
D&kpgerof gilinge aw'"tr&mmpﬁlef em e@umqywmmmnd Tpréficaftions lotbis wgntlun that are

A8 k<Rl byt sBRT AGH AR thestedchiokidhdt § i

errbogf rren"? cs)fﬁkt ﬁe g‘ggstent mli' r{vent'?%nedae"&g@&ﬁh};mnf]ﬁdeemm to fmit the

ofcoRslRy theiprepent iveyEnar t wi | | recogni ze that there are

NUNET OpSordifd fol1id eem%aﬁﬂ,,gmx Gty huftal | |

t hat ar en_ nent<':lllo asse t's s@é@mﬁ%gtgﬁlﬁﬂgﬁ%@%k@eﬁs at least

d &g Eleqtrpacive prodyet cgp l}grﬂ@ﬁ"@ﬁ ﬂ%‘ﬂ 2 Fitsteshemenh £ell oh ensirioh thad tthelsbemical reaction is

d ﬁ&ﬁﬁgt 1Qe Jen'mﬁ@ ftomttl@ Blectroiit ARt Qﬂcctr&nﬂﬁmﬂ r&%tﬁﬂateleétrla%ﬁﬁwoa% sy,

Accordi ng resent 1 nvention, 1 nformation

rel ati Mfghﬂtise"dt themr At cbtoiejfy electeophemitabyehsurereste of floid santpleg areydiseswds further in

LopdnBShs. pRBE aﬁlm%ﬁ PQQ? '5%@ ﬂlﬁnﬁﬂ%fy ﬁafhuﬂi’eemﬂtgnt Bdwﬂﬁﬂmm SENSOR,”

u5| ng an el ectrochem ca ensurin
ng 4S. pateaicapplieation; ng U9fﬁ’c§@éﬂv ‘f"ﬁie@ Sy 14 2600¢ @“thé rHEMBGLPRIY GENSOR,” and

t Fbfenig O&! d’a@nqupﬁ%ﬁﬁﬁjnutﬂglﬁfﬁl-‘ﬁ?hl@ﬁﬁmg@éd Hidef AturoDSy OFI each of which
el ectroactive product(s). 10 and devi ces
oB ineppprptetferein ly cderepre idipengial. measur ements of fluid sanpl es .
are digeie serk chdtich RBtiod IQSUﬁEI%‘FEIanngch§E[EBQ@E @M Ihat the mass transfer of
application no 09J615, 691, fi

E?? ?’*Hfﬂé‘amﬁmlf@d"mwa@w to the glepsedp Fﬁ‘*ﬁ@e*vlgﬂfgﬂls ﬁbml@ﬂtﬂﬂmﬂ at the
a@éﬁirdd@ﬁtathlﬁze nﬂns%ﬁn@cﬁn@n erbdes 3 sht’sl‘é‘iﬁlaﬂ Fheal lél'eo‘t’rual:ﬁm S[%QQ Qoncentration gradient
entitled "HEMOGLOBI N SENSOR, ' and copendi ng U.

pEr R TR earinity ALt %@cmqﬂp"@athwctmaw spegies is maintained at

Zgﬁﬁmelyﬁﬁi at ttle Q6krodh Mmﬁm, react@P@iing Bibce YWErb.Chhe tiheSourse of the magnitude
Cor Orated er el fy rence Inits entlret 1

5
P i B P e M EBB e it e akfor of e conenaion

r &mﬂa‘ﬁl&ﬁuaﬁﬁuﬁmcteblat @l ﬁﬁrﬁuﬁ]ﬁdﬁmﬁiﬂ@ bnd th Mus’ﬁﬂ'h@efﬁﬁﬁﬁtﬁ} nf thedhettoBdtive reaction
egtrpac es fromthe chem c

e e
r%?i‘&ﬁ“fgtﬂﬁ"e Eq" e et e Gt e B Tecksps wvgﬂ%meawgewaﬁe gradient
Céfrilie@Ritrodctiv \bhetldls) &t thd dierrode ke Gilnd QGHE: oRthisaitbentt ilTRHect Tt e course of the -

arrangenent ensures a suhst [1y |inear )
PRI ocpEinLa) DE PG S 06 APFLEh e graRirIah o st o tproe pased
t thecuadnaifihtepdtedy teiRGluie0 5k abrivaied Mebsilrd v thelaR GdreREhe of tiklRRmical reaction taking
cqncentratl on of the el ectroactive species is

‘At ai ned at effectivel y zero at the electrode by the

el ect rinclesnie oicd suitabla aihainfort mi(mng ghap iha«‘.IEmitdn &bBion i emotk ifrBfe the working

gt?egtgn%e is ﬁ) unmanI’ze l{n?](g mase é’ifqlg 'ﬁ&'"&ﬂﬁ%’?egtﬁ{”] a ﬁq%§urégtr%qn%?r%&e electrode. The

owadctjon bmﬁnhﬂs]ﬁ:anmmmmnesey iadorpdrdviny tﬁeﬁﬂlcemymaib matrx thafis diidden or otherwise

UG SO BB o 5 oL B, R s s
I ehengdal uqmysmp hmﬂmcnl‘(esétmelm:n{ dneoré df che reﬁi:mniednpmmts & $imply b dhied onto the solid
g%ﬁ&? hout fpgt}% lmlgnh?zatmn m%ans In?(ﬁ% s:]tuoa 101 une 0 ore ?15 Fe}ac?@ﬁg@]:ngrttssl suificiently

entra el'ectroactrve
albw fnhwebily, mdherlunﬂenatrb: Hillingt thenaiectochemigbceld that ihiloss rmumi:;raﬂkubmnhdny from the
L@%Jborﬁ?uher P%?std{ %%ur%g H1r %:%e ge];u{dttg?xlhﬁ elec?rp‘l'nﬁmmal cur{eﬁ nctﬁruFeéLﬂy( monitored to
nmeasured at the el ect r ode (or charge passed if

4
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25 the current is integrated) to be a used as a
conveni ent nmeasure of the rate and extent of the
chem cal reaction taking place. An exanple of a
suitable method for ensuring that the chenmical reaction
is renote fromthe working electrode is to i mobilize
one or nore of the reaction conponents on a solid
surface. renote fromthe el ectrode. The reaction
cq:mﬂmm ed frgbsurdpent m%a 0 !

errer?%ce mat rrl xn that 1 éx ri e'g g{ rllgﬂig‘irB "{géﬁ {%LI tﬂq"“‘%gﬁ"m&m’]“"em
at’?qH Bgthe eherpigqlreasiion jBriroashes tlesehe enoabh & theewogking dﬂ:trode that Cottrell type depletion
CQRRR e th §aect9'@gmeachu$sgnfqﬁ clnBht ﬁﬁﬁng%tﬂlelgc?r dgl y to the solid
surface either hem cal ysi cal "bondi ng.
Al t er ndheirangd Oysemfﬁéﬂwﬁmhﬂéﬂmmetctmul eation s@m%dmmmhe ilkcsrode in preferred
C bodndR isedd el Rt ur f WLt hout
Speculﬁia i gllqu:ééztat Iatgﬁ TI%me %@raﬁflleés mrﬁ {sferabﬁ,}rrl)g %eng 10, 50, 106,
ek 5'@9fm’lt"|ﬂ€9"ﬁ & ot indesrprefeobip betvesert 55 10, §0, Sﬂ[f. ﬂlﬂmnmﬂ brigrans) aDi\mibs preferably
"H8hnich 8 Yo, 5b. Ao ofifzob i 0 matrix fi111ng the
el ectrocherical ‘cell, that it does not migrate
subst aAtwel by the workiogelectrode, at jpart # tointenelanimge ipcontbct \mahedmnjideainple is provided to
ggﬁrﬁpgg ﬂ%ge grﬁﬂh#ﬁal Qﬁ:[x{. tlﬂ‘]ﬂ?{hoﬁﬂ_ S&cﬁ % l%a?nﬁly%tg'u] aggcnm ined :ﬁtﬁmgrirefermce
melggtere ern?emarafelmﬁerwm Bbctredymr@ﬂnm@ubsm amterrad Bﬂmdglem.tthmrkmg electrode and
TRERS clo¥3te ole1Girably REF bpat 143G ot Ed
the chem 35 rgzaﬁ%n pg'{prgp}\réggcﬁg@%ﬁ)ﬂ%gﬁv %’ﬁg‘{j" Ji8 %9”%81 a distance
RS Hign alowt 509 mitanst g prefisably rat b Idistengp Eetvabeibest |5U.hmicruns and 10 mm, more
K bferbtiyGPa SRt Bethridn Rfuk S trichRGnd1 TRl
f IPOWI rlf]aisaat tllhe e%éct ﬁfg |cFoE% P rgﬁggoag rﬁn@lé%ge;agr{ ﬁatween Tmmamd 2,5, 10
di™® ance between the chem cal reaction site and the

wor Ki Nee %Juﬁﬁ& dieifh@e it Ehnﬁﬁr.@‘d &f rﬁa@ﬂals tﬁal @{'R %Fﬁl@fﬁw \I?{h any cofgpanent with

desirably | ess than about cm
nm-ncw}bcmm iglf Optagy pwn%atmergtharp@rferwnh 1r@ Qurrent EOnse G(ﬂ@ electrode. If

ke Wtk eRAfdeDs tm usdlBY £ aRithed bARY onﬁEMﬁ%&rnﬁs re]ﬂpagnuéowﬂadmm carbon,

100, 200 and 500 m crons, and nost preferab
5 Carbpyin “!5'1’9"'3“1'0‘@*“3'?%1 binlerey IR RS oXdatingmede) rma'geswh indigoanik Kimeyide. 1 the

e weriitigleRéldde ib be u?@%i a cRthROHERLERdrRh B GHe FREHRI B a@tﬂr@ 517 Luitable fnReriots are
t he |I@UId sanple is provided to conplete

e Pest $1piTlRsHtaah conppr. ricke) sy #nd cheggonal |y t he count er

eI ect r BsieS 3NmiAE bilitthR B tha c&ﬂﬂbéle&%% HO9RtnGE, | RIRHS! SRR carbon in
H@etroeor a, eparate ref erence eleCtroecanb

pF“ i‘%‘@d""“ oegt hgnde& ré gy |pdé151 "@‘ffbtﬁdi"%mm"’ of pdiumyand 14 qapge steel, stainless steel,

e bo@}(kt, fighel ehraviiih, SR Slver QEtBIGHth © ElBstAfiaRy ikRsble SIRE kit sTRAGRE chioride, silver
% u:idI!St nce % iater t han about 300 m crons,
r@f' T vﬁ'l‘a Paf"’ﬁéeﬁqc??' PO YIS or t han about 500

m cr o} n'Eha snﬂ’ﬂfrt& clpiiedl eic&b le3h belbealBeddi Siiard ABET SAGH\VRRE: RO remote from the
nor e gér eferably at a distance

S rurn
be?rl\wg & ﬁ{:tl’ JF %‘bé ﬂ}ﬁ c@eplﬁﬂ éea%md:alﬁ_ 02 the & neghgue Wpykigg electrode or more
pmaérmwmlpynemwuamhsfbmmpamd todhe uﬁmng]eﬁmmm 15 The

wor Ki ctro uct of materials_ that

ot <\ BB B oot PR oLk S el ) i ek Gecate 2 and

Wi tolintes elevbrode Ao dlqmad @Gib eldtllf:dlhn[j;;ulbt&@subsﬂatall &nxd sedahd .\illl'ﬂ@dte 5 is disposed a
the ele

' Inw}eﬂ{f 5 V\ErFal\iMants 4, WF Ei? t’gjaa{iugp %f §he %ggﬁgigggynﬂlg Irl’glﬁbllléqﬁ Brb(ge substrate 5. In

t dse nhe spaceriptivess wﬁil& 1 snsiﬁtus&ﬂﬁédevrthmiqﬁl‘ tosthitting alSlﬂ!smkaﬁticﬁl Hﬁ’épable of reacting with

p r.bon in.co

DRI e e PP OB e iy v s o
i thejwnjmgaladrndelmm thel @ectrdattivi ha:le(s)vwdettmglerﬂdal&ﬁaﬁté\ﬁﬁ ploduce eDcurrem. The
el B BT R G pr . a1 P e T e s s
stalnless steel, copper, nickel, silver and chrom um
Exanpl es of material s suitabl for t he counter

el ectrode are platinum palladium carbon, carbon in
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conmbination with inert binders, iridium indium oxide,

tin oxide, mxture of indiumand tin oxide, steel,
stainless steel, copper, nickel, chromum silver and
silver coated with a substantially insoluble silver

salt such as silver chloride, silver bromde, silver

i odi de, silver ferrocyanide, silver ferricyanide. 25

The site of the chem cal reaction can be |ocalized on a
bateethgndt ysedde sbisin a méaeurepbibeThte or extdnit the ehesical rda@iBisoRrifi 201Ra rbdant layer 4,

wor Ki n The .site.of the em cal reaction
can be 9n t§ ﬁ cggﬁlttewp aH@e"gsTh?r%&W‘ﬁF&ﬁgf@P% 'Fg'&lée Horrespond to the
noAeeponapis iafFigurels | In/Figire 2 the mhctonte 4 fradisposel oa rhel caRmidd SikoRit B ahikhis disposed on an

Agigttlidafly rasitfe Log. el . Fi 1 depi ct
gpparatus su#?§g¥g&b%ggﬂ§g%§nrﬁg%ﬂéﬂéﬁ%%%ﬂH@%?ghﬁ%augmh3Nﬂhﬂ

5 Fi 19 teection with apy ofthe kimpugents|obti reactehts A2jispvesd on the elohodat3er

el ectr [ SDO ~electrically insulating
SUbst o S HPYL SRS Hocil, ' Sy orns e bl et e
| colpeose imwhole [hieadiusing|the rewyes (PEG degendént ghidoe dehydpdgenkse EBMpo® Bl aGddox mediator. In

t ' tantial |y, i hil t h
G e R e e o e e ol R gt 5 s g i o e
f iredpicedy Avheliptorasubhi as| pritasisivmdenticgeinide, then oRidi G ROBNCRe 8iYing dhd Fofins ferrocyanide.

T M T

c Hestyensie molesulgs tiir eath ghicésh meleui¢ Lactd. Frrocyaliidd iR lelédtrtive species, and so can he

el ectro ive specie(s) are .
B el 150504 A 1§ 6 e s o0
i Hepandeet alyose; dehydregenase.c Frr otber regclins, daltate dpbydiReeSeld sldohoPdehydrogenase may

D ' L - kne..course of the current. or
D186 st il Wl ot i Wit AR oSy Sl it pnbencn.
15 of t heThezmetionnf ghcrse @rwholotflood ¥ith thelvarpriecean be 516w @dkdh to a few minutes to go to

' - 4. Fi 2 depj .
0 sl 'Wboihe g p RBIERR ot R st U ot et of
Fiblepd gshe yolume fractingtyerrells i the iwbolechlspisampien in shisi examphé, @ruleEtrodhemidalcelt according
Fi - ' h ter
L 2 ek QR A g o6 3805, D i s s
r Btert g wag tepositedenche Sounter alectrbre and theriyatel rermaved to ledvea diiedraxttindiyir. In this

i . . 6l 3 inert .5
28 e 0T o oo o o ) oy . St o

47 e eyenydhveyphot the ol e e plestieshenical eufh Tbectdouthdamplendas itroduced into the coll and 3
C eittioB éf T 00PR imineiRoly iafpiibd bit@den Wwﬁglgtagf?ﬂmﬁ abhe oginler eicdyode. Although a

preferred enbodi ment i s neasurl ucose’l
b st of i+ 0 Ve meshrefemed fpsCmidizhg frerervanide, the pateotisbie desirably between +40 m and

d e 500G QERABIF RiweATI0 Bifldnd 3508 nd, Jﬁﬁ%ﬂ’ﬁraﬁﬁﬂ{ tﬁﬁ@ﬁgﬁh mvtaldd S10 my. Inthe

TSECtiOH glucose in the bfrl reacts w gq to tor
pPeth 1 wprkingglertigde consistediqba layprcof gold sputtered entqOolyester sttistgatassnd theccounas slectrode

I @As@6 2 lafhr FRAlidii Qintercd biftdh pRARestBAfitRRI UM ferricyani de,
t hen Q@%dizes the POO in the enzyne and forns

f er r oc\PafFHtraces geoopdlordinedysaneles of ditfarat hagratadrits csiowing p faster zate of reaction in

el o v 46 3011 P ot 13 of ol 0 el nadolloBeof e

r@%ﬁtl nis to produce two ferrocyanide nolecules Tor .

e "&%ﬁ%’s‘& & e 65% Eespectivply. e kiaseeyjexeh ip desh blopd semple is approximately

30 cinexai, RACH 5.4/IM HORE5S TaemAdtat sHiple S M6 the@25, %‘ftﬂﬁt %2@% 6.0 mM for
elgﬁ%rode t.0 Eroduce a current. O her suitable enzynes

£ O enaty n are glucose oxi dase (G00) or NAB

dependmmn@isumﬁeigm@mﬁmwﬁgm%mﬁ: reactions,

| act at e dehydrogenase and al cohol dehydrogenase nmay he

used. Other suitable redox HeM¥tors include

f vihieas DE theriustsean, DS Pardddy's GoRstink 06987 Ondiel) A RiH2 Yibchrilh itfusi ;

benzophenone. 15 The reagtionmg%yglucoséa?ﬂﬁvggﬁgmgrgga“mmm

with the enzyne can be slow, taking up to a few nminutes

to go to conpletion. Also, tke higher the haematocrit

of the blood sanple, the slower the reaction. The

haematecrit of the blood is the volunme fraction of red

cells in the whole blood sanple. In this exanple, an

el ectrochem cal call according to Figure 2 was

constructed. A solution containing 50 nmyim GOHpgq, 0.9

A A e L e YO Y . | ™ /™ s w1
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15

20

buffer' at pH 6.5 was deposited an the counter

el ectrode and the water renoved to | eave a dried

reactant layer. In this 20 |layer the GDHpgq is |arge

enough to be effectively imobilized on the counter

el ectrode, whereas the ferricyanide can mx nore

evenly throughrout the liquid in the el ectrochem ca

cell. The bl ood sanple was introduced into the cell and

af ﬂp ddrmeeybriidalin tod sarhﬁQ(B if1\¥e hmehiuatcelfeméimeiaede hedtivesn aﬁdlels the distance
el ectrode apd t counter electrode. Althoug

6’8‘?“8??65%&?3‘3‘81’ s"$3%9dherf[§° 09,9 Eocip aieepyeR by thegpte ghahempennt ﬁgwth tie s threfore

fggen@cyani de, the potential is desirably between +40 nV

and + 600 nV, preferably between + 50 nmV and + 500 nv,

and nore preferably betweetfftt=2bBADididtand + 400 nVv. In

{ - t

SR e ORI liors i oS 1 808 2 ol o i sompe,

@mmue dildt wds §82.12dd end 133 mircempmsisecold, rapdcu-yle.r The iiffp<dun lcaeficiants of ferrocyanide for

ft‘r%geg .rEears% ed%eg‘{l %lg ] quqI7y eIZJt“ and ‘t:lp §m Jﬁac f&[ mﬁg%{ a%ﬁl tBS% haeratocrit samples,

hamﬁm@@ CThefelSctrodhh&W 15238 aﬁ'taﬁf L maﬂﬁ lﬂlf:rmfse Akd vaklesi yidld reaction rates of 2.0,
iven in Figure 3. The

I ower g Hn at oi‘}rﬁ
cindid P93 PMisprend g the 8?% é%ﬁ"ﬂl q5?‘!@“"i“§‘°‘i"ﬁ@"‘ﬂ§é‘r vy

hae Mat Qe fmbthod Wesclifa® abum rﬁ‘af?qae IRtk arHssﬁﬁjeble ele@rocherfiEhl Bysfom /‘?Fur example, the
and 65% respectivel | ucose | evel in each %

$rthpd reaﬁbsusatbgrrr@ﬁsuwutowayts ysmftﬂn@n@ irfid samplew| Tpe Methpd mwwhmhle to any oxidant

Il
ngg&%%ﬁlﬁ’a?@ggpﬁ &efﬁlﬁ?ﬁ%&gatﬁmﬁ?gmﬁl |n%9§%%ﬁne‘mgem%ntluxldaqts that may be
gmlypﬁdencluﬂléh@r q;ampieewtfur ghxu:lmand ascofBic gl;id' dix@antsathat lowy be analyzed include, for example,
%HB e, )EJH}%E %dlkleé {OXI (15. hy oc afea gﬁzoge éﬁlgaﬁ 1 t'"éﬂ'%bhi"S@ZBlgé”L ?nvl\flt;'x(%nets may also be
@Iﬁlwddd!)an aghedustoinivan il pﬁaﬁixd‘doﬁ,e biisinga defergest té bla:adlaﬁ ﬁrblﬁlo@bi the water insoluble
cie rr oC n t he

B e B e e R £RomB R Ty oo o opprobi sy

Site amelabovel dSsciiphieh dikcibdeiteeral mRRIIYVRE Mhafel® of @R Glebedinvetlof This invention is
and the electrode. The reaction rate, given by the rate

61"“‘%?%%@@“8?‘“@“9\#’% the Psthpds and magialse psowel @ gh%ﬁnsw the fabyigption methods and
'qupfnl?rlt Félh ﬂédhl@étmns%lﬁ@tfom@ %ﬁ‘arinﬁ@%ie@ﬂ!ﬁd AeRIaR G o 'c&?lsnEérﬂW of this disclosure
3, between 6 and seconds for the 20% 42% and 659

wa@?vﬁf@& qiéhewtver@mﬂmcl@sd herdife Conseaugniiyd iinof Gte"d%@a@hszwenﬂ@nlhﬂ limited to the
P AP RS0 B (HBERRGHH Bhnd il ch 3y he e sope
yand1s@iricnf the inyention 3-Vemibodmdid tht aHiached di@hs. cnRi sec f or 20% 42%

and 65% haernatocrit sanples, respectively. The

el ectrode area was 0.1238 cm 2 and L was 125 mi crons.

These val ues yield reaction rates of 2.0, 1. 3, a nd

0.99 mMsecond f or the 20 % 42 % and 65 % haernato

cr~ sanples, respectively. 10 The nethod descri bed

above may be used with any suitabl e el ectrochem ca

system For exanple, the nethod may be used for

measuring oxidants or antioxidants in fluid sanples.

The nmethod is applicable to any oxidant or antioxi dant

that exists in a usefully representative concentration

ina fluid sanple. Anlioxidants that may be analyzed

i nclude, for exanple, sulfur dioxide and ascorbic acid.

Oxi dants that may be anal yzed i nclude, for exanple,

chl orine, brom ne iodine, peroxides, hypochlorite, and

ozone. Water insoluble oxidants or anti Dxi dants may

al so be 15 analyzed if an aqueous form can be prepared,

e.g., by using a detergent to prepare an enul sion of |

he wat er insol uble
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redox reactive analyte. The nmethod may al so be applied
to anti bodyl anti gen reactions or to henogl obin

anal ysis. The above description discloses severa

nmet hods and materials of the present invention. This
invention is susceptible to nodifications in the

met hods and materials, as well as alterations in the
fabrication nethods and equi pnent. Such nodi fications
WilHAT B ELMMEB ISappar ent to those skilled in the art fron1a

consi derati I re 20 or. practice
i nvent ?on d?@% ose'%a"h""?% il uPa é%&?ﬁ“é’?ﬂ ee"f’f""'?‘g'mhﬁf* "q“"' sample and
i [areagentdhh rQattmnrmimamelwmtve spetmb-mbrism ted to the

ifi d h t that
igsglr IaICI ewgﬁons an e ere| P%@%B?ﬁ"%ﬁ"‘wdﬁﬁf‘r?‘mm

the trwd scope and spirit of the |nvent| on as errbodl ed

in the att Al | S 1.

net hod for asu"?’l ngugai'“'r W}MW éb%?‘?ﬁﬁ?mm
bet we etpretheparkpprieste, wliereuﬂb:ﬁqmms @il #anda of thedlebtRRGH Secies from the
t he reglg{oirg %\/g‘g mqm%%n?I ectroacti ve speci es,

conpri sing: pr I'ng an e ®ochenical cell havi ng a
wor ki ng el eﬂyumhbaudaamblmnheelméhemmﬁ&h tansl iddid JaMSy in contact with

one éﬁggﬂvg Fla%él{"g’gg I!'I{wlgnzd&ng the reagent in

t he eIecto t a m ni num
di st ance fmmwmmmmgemm@mmmﬁmpﬁm

di st ance i nsf er ,of the e troactive
speci es fr ';“Eﬁ %&"fﬂk orkip gy @ff‘ﬁ'?f fectrode, wherin the
di ffu snotmalwuftw t9 alackrocherhicatlyi reacy the Ida:trhalctquspd:uesaﬂphakmg mtedhbua; and

Cont act - wi 1Ry et Bl oot 3PP Bt 0 e

and t hiamegsoa pittheratesf thedhemirelegactioneact i ng t he conponent with

t he reagentyt 0.k rpact.i Y Gec cies;
yle%g a Tp}')%t ent | ai Eet%@eﬁhﬁe t%or"f(kmhg Eﬁ%&'lﬁ%&@'mﬁ'n%mm are
wgw@umcedr such| that o prorided of antelectrodhemicaliteactiop aaring tcthe doditer electrode does not

Siedeh ihEwdAEN eidcfodf &&L}%{m;ﬁ y react the el ectroactive
speci esm,ﬁ &ﬁ"e ‘L’v\'g&ﬁ ng el ectrode; and neasuring the
currerk pr dbarosthas 4scording, te Cbine?cwemmhh;motkmﬁ eleceaie bnd ohR caubitert dld@rede are

v\?&g Pgﬁ,{hgl tedd 5 a nmeasure of the rate
he chem ca eact@gln he nmet hod according to
cl ai m#, wibermethed agdawing io chdieh hgmremmrsmm&mmﬁum

eg,ﬁﬁtrode are sufficiently spaced such that a product
of an el ectrochenmi cal reaction occurring at the counter
el ect rflode Mthw@fmrdmmmmmmm distanes ischbtvesh ahoul & mviridialeut 2 mm.

the cuy r entmel spmPRSMRER cain-2 '%ﬁtula a4 ﬂ%%e&a slctrode are

claim 2, wherein the vvorklngeectroean count
pr e gamg plane. spaced apart at a distance greater

than about rRGRm sdo@iSto cidim 1, Wi J&Q%%%@@' %%msmdlwa

claim?2, wherein the di stance i s between

Ethabout ] icrens tigho "ﬁé@h@’@“accordl ng to claim

2, Whay el N Thafhingliofbe) G, ARISHR Buniibdoue rnfild Y ot 50 micrns
about 2 mm 6. The method accordi ng to cTng”l'?n ,r Erguln o
1R BRIy el ectrode and the counter el ectrode are

8. The methed according to claim 7, wherein the minimum distance ranges from about 100 micrens to
about 200 microns.

10, The methed of claim 1, wherein the counter electrode is capable of functioning as a combined
countes/reference electrode,

. The method of claim 1, wherein the electrochemica) cell further comprises a reference slectrode.
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30

25 situated on the sanme plane. 7. The nethod according
to claiml1l, wherein the site and the working el ectrode
are separated by a mninmm distance ranging from about
10 microns to about 5 mllinmeters. 8 The nethod
according to claim?7, wherein the m ni num di stance
ranges from about 50 microns to about 500 microns. 30
9. The nethod according to claim?7, wherein the m ninmm
di standa r aﬁgwhﬂﬂ ReowHing kcelaitn 1,v@Ereintheworking eldctode faAGuAS as #dRbde,
mher I n the counter

ni cron
el ect rzde is capa%ﬁrm@qﬂ al'ﬂ]@ N eﬁ’l“?"& wgtkin %%‘f“ﬁ@'&“ a matenial slected
C dion the greup eonsistinget piatinum paliediumonaken, carfion in Eivdinamior wit dne@f mofaliner HiRders, iridiom,

wence ﬂ%o%'g o f"i%%g"“n%?ﬁ'd‘d”a he(rjl ﬁgn{)gi ile; ?n

1 whel®i n mmm&gm@hmm&arﬁmmmmm

13. Theg rretﬁ?qu%g to cI ai. erein the
wor ki ng el ec e‘co r| s B compyisas sivey ppated with a
tn@rgmmumwm ng of pl at| num pal I adi um car bon,

carbon n c i.ne i nders
i ni di urrd1 i ngl um ex EEW {m "["ﬂ"dq"’“‘th"”’“""m"f
C vty chipride; Sibnr broinidén silver mdexivei@nocmh, mi mwmﬁe/aﬁdher eof . 5 14,

The ne cl 1, Wherel n.the workin
el ectry&e func onsﬁ]"it%)g\la cgt the sijes situated on, the coupter electrode.
accord?ang tbemﬂuimo@nmhmemmmsmmmmeﬂaaﬁmrode

et B 2 METORL Wb 1Sl B Bk 'S S e

weRe g the silver salt is selected fromthe gr oup

cone .1, Pty BOLA1. Wty 502 g 5 e

silver terrecyani
1 wprolefto th werkinpesletvedd. accor di ng to claimi1, vvherel n the

site ig, si tyyahaid ter .e ect

met hodﬁaccoﬁl ng tgdce)m}c;:'p Sﬁﬁf‘ ren e hea ﬁ'@ﬁ"ﬁ”“”"mm

s?"t@&t'&ﬁswlﬂﬁedmhmwl@ The net hod accord| ng to claim

1, whegein The Hethsd i ng el.e ar e

situated on the %@’#@ﬁgfjﬁg“}‘%%ﬂ%@% % cﬁ%"&%&@&’ﬂ’r'ﬂ?“ﬁ&"m

t 192 arfage phthe eleciprhemisdl ppllt he site is situat ed | n a pl ane

f aci nggand Tﬁ%&ﬁ%ﬂﬁ@ il rki .

el ectrode. 21. The net oaa" a@'g@? I‘%gk “rﬁ“l vﬂ%%%‘i"ﬂd"'"

t%#MMMW@&WQWﬁm&MWI@Wmnmmm
@netishihdrace i n the el ectrochem cal call. 22.

The net hod_accordi ng to claim1, wherein the reagent is
chem i | y Thesrethesdopsardingto osim isfuithet coprising & tedsw wediatot, 0 &

surface in TﬁJir%thﬂ'aﬁ:GrﬁﬁgQr?ﬁhﬁm {uliblein 316 holiox n&%tof&?ulm?%?rmﬁ% %tﬁl{l gmstlng

according to claim1, wheréin the reagen

ofeTEogiphmy psEiD compleyes wish kinywiding, banzsphpnone) and f@'edv#md&t he r eagent
exhi bizi ng m%ﬂu%ﬁmglmvcaam%wgm dalike éuﬁbnlgl;.ﬁhnk highy

sanpl e_such that the reagent does not substanti aIIy
27. The method accerding to clalm1 wherein the component comprises ghicose.

28. The method according to claim 1, wherein the reagent comprises an enzyme selected from the
group consisting of PO dependent glucose dehydrogenase, NAD dependent glucose dehydrogenase, plucose midass,
lactate dehydrogenase, and alcohol dehydrogenase.

29, The method according to claim 1, wherein the potential is between about +50 mV and +500 mV.

30. The methed according to claim 1, wherein the potential is about +300 mV.

n. A method for measuring a rate of a chemical reaction between glucose and POQ dependent glucose
delrydrogenase in whole blood comprising:



mgrate while the current is m. 24. The net hod

according to claim1l, further conprising a redox

medi ator. 25. The nethod according to claim1, wherein

the redox medi ator is selected fromthe group

consisting 25 ferrocinium osm um conpl exes wth

bi pyri di ne, benzophenone, and ferricyanide. 26. The

nmet hod according to claim1l, wherein the sanple

conpri ses chemied

a1 it SOt o9 SRR S ety st onn v,
The mef ISR medistes reampriviy daicyanidsi and !lﬂntalmdewﬂbln lﬂletemuuhlmge:ﬂl; and a reagent

conpri i Sti
of Pocﬁﬁgpendent gIucoé@g%ﬁﬁm%ﬁ%ggﬁgggmg%&gaﬁg%&@ ﬁﬁ%’mtm
gl ucosé"”ﬂ%ﬁ%geﬁks@ Wméiﬂwfmlﬂbugmume.l actate

dehydrogen *M%§§H The
nmet hod accordl ng to (ﬁl m 1 erern ?%g pﬁ“’?%ﬁ%cmm

betvveePPMt‘" mewmaemmmmmmemmd

accordlng hout
+300 31 o Bl ey % ms;ﬁ%p@mpw ﬁ"? o {3 Dottt redveed POD
cheni CQPW&WGH‘YWM@H reghiced P6R @Mm 0@ ¢e Hehgidqpanasl iartdm reacting with

1 UCOS et odORIRD o ofh il VOOU COMPI i T G . O
provi ding an el ectrochem ca havi ng a wor ki ng

el ect rode, aAPhNG Brpotestial hetwesn r@d@rkmteletttreluald the sountex| electroden wherein the

redox gR mMmﬂmggywt eqmgagﬂfm B0 o g&%&%&

within the el ectrochem a reag e

conpri si ng Measng) te et preduest hycthes eleciehelimmpichl wy@matbmﬂMdn at the working
I eagengieciid, ﬂ%m%ﬁﬁlﬂﬁtmm tata it chihich (J ign betwesn glucase and
el ectrochem cal cal at a site at a mninimd stanes

f r om t F{id depgpeiegt ovepseieudiappnasde: 5 pl aci ng the whol e bl eed
sanple in the el ectrochem cal cell such that the sanple
is in contact wwth the reagent, the redox nedi ator,
the working el ectrode, and the counter el ectrode;
reacting the glucose with the POO dependent gl ucose
dehydr ogenase to produce reduced POO dependent gl ucose
dehydr ogenase, the reduced PQOO dependent gl ucose
dehydrogenase in turn reacting with the ferricyarride
redox medi ator to formferrocyani de; 10 applying a
potential between the working el ectrode and the counter
el ectrode, wherein the potential is sufficient to

el ectrochenic r react the ferrocyani de at the working
el ectrode; and neasuring the current produced by the

el ectrochem cal reaction of ferrocyanide at the working
el ectrode, wherein the neasurenent is indicative of the
rate of the chenical reaction between glucose and PQOO
dependent gl ucose dehydrogenase. -10.
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