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If in addition to the electrochemical reaction of the electroactive species at the electmde-the electroactive
25  species is being generated close o the werking electrode by a chemical reaction, the form oi the current flowing at the
electrode becomes complex. The electrode reaction tends to decrease the concentration of electroactive species close

10 the working electrode whereas the chemical resction tends 1o increase the conceniration of the electroactive
species in this region. The time dependent behavior of these two processes therefore mix and it is difficult to measure

the chemical reaction kinetics from the current flowing {or charge passed) at the electrode.

30 For this reason, in the published literature, the rates of chemical reactions are not generally measured
" electrochemically except in specialized applications using specialized equipment. An example of such eguipment is
knowvn in the art as a rotating ringldisc electrode. This apparatus is only applicable to relatively fast reaction kinetics

and requires that the elecirode be rotated at a known controlled rate with well-characterized liquid hydrodynamics.
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counter/reference el ectrode. e electrochem cal cell nmay further include a

ref erence el ect r odenother aspect of this embodiment, the counter electrode is cepable of functioning as a combined
counter/reference electrode. The electrochemical cell may further include » reterence electrode.

In 2nother aspect of this embodiment, the working electrode funclions as an ancde, end may include

25 platinum, paliadium, carbon, carbon in combination with one or more inert binders, iridium, indium oxide, tin oxide,
indium. in corsbination with tin oxide, and mixtures thereof,

In another aspect of this embodiment, the working electrode functions 2s an cathode and may include
platinum, palladium, carbon, carbon in combination with one or more inent binders, ifdium, indium exide, tin oxide,
indium in combination with tin oxide, steel, stainless steel, copper, nicke), silver, chromivm, and mixiures thereof.

30 In another aspect of this embodiment, the counter electrode includes platinum, pafladium, sarben, carbon in
combination with inert hinders, iridism, indium exide, tin oxide, indium in combination with tin oxide, steel, stainless
steel, copper, nickel, chremium, sitver, and mixtures thereof. The ceunter electrode may also include silver coated with
a substantizily insoluble silver salt, such as silver chloride, silver hromide, sitver iodide, silver ferrocyanide, and silver

ferricyanide.
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- reacting with the ferricyanide redox mediater ta form ferrocyanide; applying a potential between the working electrode

and the counter electrode, wherein the patentiat is sufficient to-electrochemically react the ferrocyanide a1 the worling

25 electrode: and measuring the current produced by the electrochemical reaction of ferrocyanide at the working

electrode, wherein the measurement is indicative of the rate of the chemical reaction between glucose and POQ
dependent glucose dehydrogenase.

Brief Description of the Drawings

Figire 1 depicts an electrochemical cell wherein the reagent is situated on a wall of the cell facing the
30 working electrode.
Figure 2 depicts an electroghemical cell wherein the reagent is situated on the counter electrode.
Figure 3 shows current 2s a function of time for three whele blood samples for 2 reaction system inchuding
glucose, POQ dependent glucose dehydrogenase and potassium ferricyanide redox mediator. The three blood samples

contain haematocrit levels of 20%, 42%, and 65%, respactively, where the haemetocrit is the volume percent of red
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product{s) in ihe Yiguid medium. Since the current flowing at the electrode is proportional o the concentration gradient

of the electroactive speciels) at the electrode, the time course of this current will reflect the time course of the -

chemica) reaction occurring at the remote site. This allows the current measured at the electrode {or charge passed it
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place.

An example of a suitable method for ensuring that the chemical reaction is remote from the worling
electrode is 1o immobilize one or more of the reactien components on a solid surface remote from the electrode. The
reaction componentis) can be immobilized by incorporating them in a pelymeric matrix that is dried on or otherwise

30 ettached io the solid surface. The reaction componentis) can also be tethered directly to the solid surface either by
chemical or physical bonding. Alternatively one or more of the reaction components can simply be dried onto the solid
surface without special immobilization means. In this situation one or more of the reaction components is sufficiently
low in mobility, in the liquid matrix filling the electrochemica! cell, that it does not migrate substantially from the

position where it was dried during the time period that the electrochemical current can be usefully monitored to
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reaction Comfﬂﬂ%meém%ﬁs 1§Hefugéd Gd aedalthr!dythenl iDtifioR to TR Hadedial I¥ted dbbue bii@ suitbbUta@iamab i X
filling the el'ectrochemcal cell, that it does not migrate substantially

f r om t he 20 posie, ptemesyirel @roprt nidigh SVARTEERP™MBr i ng the tinme period that the

el ectrochem cal cyLkROL ﬁﬁﬂralp%mﬂdﬁeefuukﬂe)ﬁﬂrﬁﬁﬂél&ﬂiﬂﬁde tpratmur# paMrﬂlﬁM?&ﬁon in

PCT/ US01/ 21334 performthe required neasur con

substanti al FAFERaLEY VIR inpraties. ripu. ingippoxide, UWéEet m‘i‘rﬂ'r’/l’fh'a‘”’ﬁ 6'}%?) F?‘édﬁtsmé FEYEE P& f or

the chenmi cal ccrpﬁaﬁﬁidelqlﬂrmﬁﬁ?lpgrﬁ@%@ﬁer elaes@th s@aatighindoiobi sher svm&laﬂgveeihm}ie sivele
that Cottrell letion Kkinetics begln to effect the tinme course of

t he current P'Pfﬂa//ﬁ g ‘%{’tde fijyes Tepekapige ﬂﬁf’efe’r‘cya”'d

25 The site of the chemical reaction can be localized on a bare wall o7 on the counter electrode, remote from the
warking electrode. The site of the chemical reaction can be on the same plane as the working electrode or more
preferably in a plane facing and substantiaily paralle! 10 the waorking electroge.

Figure 1 depicts an apparatus suitable for use with one embodiment. n Figure 1, a working electrode 2 and
3 counter electrode 3 are disposed on an electrically insulating substrate 1. On a second substrate 5 is disposed a

30 layer of themical reactants 4, where at least one of the reactants is substantially immaobilized on the substrate 5, In
use, the space between walts 1 and 5 is filled with & liquid centaining a substance which is capable of reacting with
the reagents 8 to produce at least one electroactive species. The products of the chemical reaction diffuse towards

the working electrode 2 where the electroactive speciels) are electrochemically reacted 1o produce 2 current. The

magnitude of the current or the charge passed at a particular time, or the time course of the current or charge passed




The range of separation distance between the chemi cal reaction site and the
working electrode in preferred 5 enbodinments is desirably |ess thahfFebi{d§
1 cm preferably less than 5 mm nore preferably between 5, 10, 50, 100,
200, 500 mcrons and 5 mm nore preferably between 5, 10, 50, 100, 200 and
500 m cron¥0 ®78%pst preferably between 5, 10, 50, 100 PARES2BYT3H crons.
As well as the working electrode, at | east a counter electrode in contact
with the liquid sanple is provided to conplete the el ectrochem cal

circuit. Opt czanieheysed febtarumiset of ¢l ator spiehe ofata chefitaivediioo troadig 3t theceabantiaye 4.
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di ndi i d f i d
wor ki ng. db et Cogtapllof bt et b N e Bl el 1T b ¥ o
mat eri al | i ste@etymdonotcuit fvefactsglicdsabdiceuldvestied. i Feroraritle & an Bk trait®e bppcies t2ad S0 lc@ds:
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um  Exanpl es of materi al. Lt abl
For the. oponpupaf saesraia e RRTeE R bR % ePion 7% Wikl Bt Tl
conbi nati on WAn npehdwmhcuhldﬁlﬂkmmsasel ¥or diaeumctumntdétumehmbmse dnd atohmkdetﬂ;erpgermtexﬁaur e
~of indiumand ti.n | ess st eel ni ck om um
~silver and sgﬂ Y5y Ot ””qa%’é' e“"a‘é{’slcf'ﬁ Srant "‘anf“'”’" P "ﬁtﬁg'p"fc!?"]e\/er Gy Te{m"gsuch as

silver chboride, ¥ lreasion of huceserinchbyle tinod Manhmemﬂ{ledm be sm valging dpar ¥ bﬂmmesdego to
silver ferri Cn?(nalmmgemsn %Ee hm?mﬂab%m‘@rft of ¢ ehlngphs Sl B AR rba%[ﬂ; CRR n2Gad RGN 26
renoL e fromthe —workl ng

an a bare wall™ counter e
el ectrode. ThHed sitteeolurk friche ovighiasis pale m@vamm seplec la thislsempin art disstrochamics! pi axepalinp s

the working gl FRfib 5%?Tnﬁ§{mm g snluﬂﬂn%f)rﬁ;"%? nym f g@gﬁh’ 89% Jﬂé&lﬂiﬂge"%ﬁde and 50 mM

substantially parall he wor ki ng el ec . Frgure 1 depicts an
appar at us subutizis! i 6i50vas dgppsitedintiia caypier eleqtrpyie ajid rhemter rempyedp lgayp @ drigd reagtaniagyek j lnigis

el ectrodgg2 agbsme @nnﬁ:fawg%mﬁh RGL sffaaﬁew%mm.ﬁem ﬁp&mﬁm@@ndmmﬂaseﬁsfm.ﬁﬁldé Mo

|nsulat|ng substr second substrate 5 is disposed | ayer of
chenical reati&pe grer!v thrwal@rl@e Bgid I"@ﬁs't‘w@?h?@’cﬁﬁe"tﬁé”@@ﬁtﬂm‘%ﬁ‘"‘f%ﬂﬂ@wb@t whtial |y

| mobi |1 zed pRenldl SHPRE itbdieR -applidd bbtREn the Qﬁk.@%&ﬁo‘de%‘& W Eolhiateibchrve L iy » 1S
filled with a li1quid containing a substance which is capable of reacting

with the redurstid o +308 gV ismestierefared for pridigrgtferapianios fthe @etntish s tipsiably Sgsmeep &40 m¥rane

products of B /WhRmErBRbetbetAGH M@ Bnd dishol SHd hairredly bebd@ WOE ki RO+ R0RGLIK Aele 2
where the el ectroactive specie(s) are el ectrochemcally reacted to produce
a current?d TEpd the working electrode cansisted of 2 layer of gold sputtered onto 2 polyester substrate and the counter lectrode

consisted of a layer of palladium sputtered onto a polyester substrate.

The current traces recorded for blood samples of different haematocrits, showing a faster rate of reaction in
lower haematocrit blood, are given in Figure 3. The number at the end of each line is the percent haematocrit of the
blood sample used, i.e.. 20%, 42%, and 65%, respectively. The plucose level in each blood sample is approximately

30  the same, namely 5.4 mM for the 65% haematocrit sample, 5.5 mM for the 42% haematocrit sample, and 6.0 mM for
the 20% haematocrit sample.

The current shown in Figure 3 can be approximately given by the equation:

i = -FADG/L

where | is the current, F is Faraday's constant {96486.7 Clmole), A is the electrode area, D is the diffusion coefficient



magni tude of the current or the charge passed at a particular line, or the
. lime course of the current or charge passed .5. - 3 FEB 2005 WO 0210;?&% 2005
PCT/ US01/ 21314 can then be used to obtain a neasure of the rate or extent
of the chemi cal reaction occurring at the reactant |ayer 4. Figure 2

depi cts anot her enbodi nent. The nunbering of the conponents in Figure 2
correspond to the conponents in Figure 1. In Figure 2 the reactants 4 are
di sposed on the counter electrode 3 which is disposed on an electrically
resistive lthetergeyenids in thisample. & ie the euibarisaiion of Hesropyaniderat e geagsfon sitsragd k ig ftei distancsf

t he counter, el [ t ts
of the.r eadrsfidte; B Sidhfind i, The ARudiAE AT 1) oPigOl IR FOTHERGR
and reacti ghedthat i s SU|tabIe for use in a preferred enbodlnent is
measuring glucose in whole blood u5| EEMﬁﬂﬁyne PQQ dependent gl ucose
dehydr ogenase (GDHpqg) and a redox at this reaction glucose in

the bl ogd rreaRd iBaciiné Jmp.mpl@retaommam Al @ ilisToraRd 0%, 42% dhEEHHERBRA sariples tBUG
in the enzyne is reduced. A nediator, such as@got assium ferricyani de, then

oxi di zes t reerqueRydt wastie ?eHzaMZawawﬁ%"ﬂf Py vely a AieitusioncroeHigients atAgriogyapids forh e
oxi di zed T qfq CAifled 06025 G6E, M‘ { Postahlf H‘?ﬁo%ﬂ&%ﬁ 20 Neyns s%%frﬁé?ﬁamﬁ}ft shrileS
reaction is to produce two 'ferrocyani de nolecules for each gl ucose

nol ecul e r aespacidly. Frerelessogesandaches 0.8238 nmiednd b wasoldB micipes. Jpese values yiekirepctio ratess!t be
oxi di zed at I e bl e enzynes for
this react I1O.':‘;f]1 éi?] Qg%fwbsgc%% fErQhegg%%ﬂ% MM\E&%RMS%Q? Feﬂ%wv% ﬁgl UCOSe

dehydr agenase. Fowe nmmlfdedesunmaa@hammsf bel thﬂlenﬂaﬁtgmrmgmlamealamhml kno b@inple, the
dehydr ogenas sed. CI r suita dox nmedi.at o

ferroci ni uff® %gﬂ%&ﬁ’fl%$ 'I“@?(“@gg e °b‘i‘"BV|tBi’"6ﬁ i SApes 1, %?5{5%?1?)"%%% fanypygdant

reaction ofyr grl.mmmahmrbxmm deusbfhlwoebremtametrmermmym aNsaigle. S BAibkidahta kian Gayul
to a few mnutes to go npl etion. Al so, the higher the haematocrit of

the bl ood <aH¥eLnchs, fs’qa'a%ﬁ"'ftlwx'ﬂl’eaa'&?SF%W acit BGRats i R PRobRES (e 14 550

the vol ume d6afett:dihe Maing, §&loxbs hydochibritt, RR1 00430 Watd! iROEbISANBhEer ahtbxiidtds Snay also be
exanpl e, an el ectrochem cal cell accordi ng to Figure 2 was constructed. A

sol uti df comhaphi 2B fagn pan bamprged; £.0.00Y 9SG afBiEraess fo@reparaamemugial il the wapdnseleblery
buffer at helnbobieras;
Femmved t o Tebia HAAE ARG ) BB nRlopnRh Rl Rfls SRl

| ar ge enough to Be abkd desriptioe ﬂisclﬂﬁmbﬂllmeww aedrmatdnels @fdtmtfe,spm dnvestiqny dbiginvention is
wher eas the f I 0 t e
ol cct r ochortsaoedy liTuRaR s Relfol BpEmGUEE o b LOUSIIRHE il F chleh kit i
potenti al cuiph@60 Sﬁd{nion‘ifltm(bhatubheyonapmhmreab theé Meinn theat erkunmgeretioecftthlmi@luand
the couypter el ectrode tenti nost prete
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+600 nV, précii aftoimeiIREREY MR, bRthaBim thver 2I0Ruditbdtiona Bl alBdFative odifng Wl the the soogen
+200 nV and +400 nV.. In the 25 cell, the working el ectrode consisted of a

| ayer of gdM¥isrifhpfhedpentongs eppodied e Atashedclollisnst rat e and the counter

el ectrode consisted of a |layer of palladiumsputtered onto a pol yester
substrate.




The ‘current traces recorded for blood sanples of different haematocrits,

showing a faster rate of reaction in |ower heenmatocrit blood, are gi yep?ﬂp?
Figure 3. The nunber at the end of each line is the percent haenat ocrit 6
the blood sanple used, i.e., 20% 42% and 65% respectively. The gl ucose
| evel in each blood sanple is approximately 30 the sane, nanely 5.4 nM for
the 65% haenmatocrit sanple, 5.5 nMfor the 42% haenatocrit sanple, and 6.0
mM for t héVba@os blaemetbisocrit sanple. The current shown in Figure 3 can be
approximately given by the equation: i a -FADC/L where i is the current, F
is Faraday's constant (96486.7 C nole), Ais the electrode area, Dis the
di f fusi on coeffilci entA nfdthod¥oFFRatOREQ raik drARnERIEORYANHR St De sample, C
is the concentration of ferrocyanide at the reaction site and L is the

di stance Ilsempesentoha liguislample aridiareagamt tthereattannt prodecing irecleetanaciion r at e,

gi ven by t . at f.change of Cwth tinme is therefore given by: dCdt -
- (LI FAD) di Fﬁ?&&\%g‘l"—rﬁwsﬁﬁé reactions depicted in Figure 3, between 6 and 8
seconds for the pz&%inga%ew&doaﬁ%im‘@mh@ﬁﬁ'ghm&ﬁﬁﬂk%&ctr&d{@acauﬁtelage di / dt
was 3.82, 2.14 and 1.32 nicroanps/ second, respectively. The diffusion
coef fi ci entelectpds, apd aelpasiione Wi t hese sanples were 2.0 x 10-6, 1.7 x 10'6
and 1.4 x 106 c . g . 420 9 it _samples
respectively. T%{’% elgp (Ii) é.l%;gqrhezé gﬁ%girggﬁq%ﬁ&g%gﬁ{mlv%gw féaﬁlit% Piohs.
These val uesininineh distawe fiobnthe a@Bingleledtrfde, wherkin theditd iO9watddsonaad for the
20% 42% and 65% haematocrjt sanples, respectively. 10 The net hod

descri bed &BURIEr legfrode. wheainthe ﬂlggﬁW ’§1§P@}h§‘%ﬁ§}s€f‘é@f thardegtoastive st em  For

exanpl e, ! RfecidBid thd Bt BT WElid oS W difttsig LeARNRAO!T ant ! oxidants i

fluid sanp i's appliTcable to any oxi br anti oxi dant that
exi sts in a usefpldcing the finedesamatd ineheelaamehemaichbeell such tHalt tedigiddpl e.

Antioxidants that. my be _analyzed ipclude, for exanp|e, sul fur dioxide and
ascor bi c aéFIBP{é@(}'b%’i'faé:t Y"I"thtg‘héﬁg% tﬁﬁ&”lo ’é%le]ie??&?‘ﬁ?d%‘?&%tco'é%%’rpl e,
chlorine, RleFhde io0di ne, peroxides, hypochlorite, and ozone. Water

i nsol ubl e oxidanfs_or antioxidants may also he 15 analyzed if an aqueous
form can be pr epeacting the. qpmpobyntyeitnthe scagentdo gentuce themlegpmactivarspesied; si on  of

the water insoluble redox . reactive. analyte. The nmethod nay al so he applied
o ant | body! ant FERNEG Rl Ba Pt MR ST PE SIS AL RE comer o

descri pt i ovheieis tHR§R%entiaVRsafficie RpslsctritHeiRUBY tAbSthe blebfi8adpive SFstles
invention. This invention is susceptible to nodifications in the nethods

and mat er i af de woskiglelecradeilanér ati ons in the fabrication methods and
equi pnent. Such {"39!{ iLons wll beco arent. to those skilled in the
art froma consigera I{lggtﬁé Slflrr?rﬁip§°&d'|°%‘§$)6gﬂ§Fgégg'ac}gpnﬁq’lé%?cluc%35 ®t he invention
di scl osed hailghg cleCRodL@udNiih X mdaburk Sf tHelrate b @RAR@midddteactibls | Nvention be
limted to the
2. The method according to claim 1, wherein the working electrode and
the counter electrode are sufficiently spaced such that a product of an electrochemical
reaction occurring at the counter electrode does not reach the working electrode

while the current is measured.

3. The method according to claim 2, wherein the working electrode and

the counter electrode are spaced apart at a distance greater than about 500 microns.

4, The method according to claim 3, wherein the distance is between

about 500 microns and about 5 mm.



specific enbodi nents disclosed herein, but that it cover all nodifications
and alternatives comng within the true scope and spirit of the invention
as enbodied in the attached clains. -7 What is clained is: 1. A nethod for
measuring a rate of a chenical reaction between a conponent of al I‘rtquwﬂd
sanpl e and a reagent, the reaction producing an el ectroactive species,
conprising: providing an electrochem cal cell having a working el ectrode, a
counter el ectrdde, raethpd aerording todaim 4,svhesein the distaycd isbobyveenzi ng t he
r eagent i”a’i;E‘u]?t F{l‘uﬁ?%{cpfo\%ﬁ%%1 cell at a site at a mninmumdistance from
t he wor ki ng el ectrode, erern the site is situated on the counter

el ectrode, wherein the distance is such that transfer of the electroactive
species fromthe site to the working electrode is diffusion controll ed;

placing the 1iqd®d sathsimethed aecerdingioslgendivheasin ghg wokingeletepde@nd | i qui d
sample is 'tﬁ'eQd?ﬁge?%iec%&é‘aﬁeQﬁus&@@@ﬁﬁfesa&@?ﬂaﬁ‘@r ki ng el ectrode, and the
counter electrode; reacting the conponent wth the reagent to produce the
el ectroactive species; applying a potential between the working el ectrode
and the counter el ectfrode, erej.n th?%ig_loéenti al is sufficient to

el ect rocheni cal Iy r edde Mo pccerdingiog peheras thegiterand thgwriking

el ect r ode; } o1V , cal
reaction at@ﬁg@%lﬁﬁ?dﬁgﬁpgéw ggﬁﬂ%gﬁgﬁ?g?ﬁgéﬁnﬁe%@%pg&tgy I?ﬁg&rgg%e of the
cheni cal r ahoutiSomillideteFhe nmet hod according to claim1, wherein the working
el ectrode and the counter electrode are sufficiently spaced such that a
product of an el ectrochem cal reaction occurring at the counter el ectrode
does not reach tghe worHeim@h&d Scebidfietodlihe7, WiRr&H iHeeinimSm Bsasdeed. 3. The
met hod according to claim2, wherein the working el ectrode and the counter
el ectrode a&r@esg’a@eitboabé@ migrongtodibovt{¥anigrast er t han about 500 microns. 4.
The met hod according to claim 3, wherein the distance is between about 500
m crons and about 5 mm

9. The method according to claim 8, wherein the minimum distance

ranges from about 100 microns to about 200 microns.

10.  The method of claim 1, wherein the counter electrode is capable of

functioning as a combined counter/reference electrode.

11. The method of claim 1, wherein the electrochemical cell further

comprises a reference electrode.

12. The method according to claim 1, wherein the working electrode

functions as an anode.

13, The method according to claim 12, wherein the working electrode
comprises a material selected from the group consisting of platinum, palladium,
carbon, carbon in combination with one or more inert binders, iridium, indium oxide,

tin oxide, indium in combination with tin oxide, and mixtures thereof.

14.  The method according to claim 1, wherein the working electrode

functions as a cathode.



8 -3 FEB 2005 5. The nethod according to claim4, wherein the distance is
bet ween about 1 nmm and about 2 mm 6. The nethod according to claim2,
wherein the working el ectrode and the counter electrode are situatddonm:i
the sane plane. 7. The method according to claim1, wherein the site and
the working electrode are separated by a m ni num di stance rangi ng from
about 10 mcrons to about 5 mllinmeters. 8. The nethod according to claim
7, wherein the mninmmdistance ranges fromabout 50 m crons to about 500

m crons. 9. The th i . | ai.m ei,n the.mni di st ance
ranges from aboultrg"3 108ﬂ}ﬁ%§§’t§§\% a{%r%lﬁ%ﬁot&?Bbi%rﬁw\(l:ylrégeﬁg{thel%?r eq?ﬁjo%d of claim

1, wherei n dohspricesininateriel ftdctddeon sheegrpaptensiiting bopatihgil pgladfung combi ned
counter/reference electrode. |t. The nethod of claim.@1, wherein the
el ect r ocherfREbn, ¢asben in gopphanatiop iy ongeas more inest kipdars.dridivny, dediumioxiderhe

met hod acc | gL 0y ] . L : LN j.ons as an
anode. 13. q[Pﬂde"r‘]‘?%eé:"ﬁ%'?"Zdé%‘?’BP\ﬁg% g’“@l%&%ﬁ%%%ﬁﬁﬁg%ﬁgﬂ\?\% e?’%&gﬁect r ode
conpri ses ailvat elroaliurepdrelohexturts therdofie gr oup consi sting of platinum

pal I adium carbon, carbon in conbination with one or nore inert binders,
iridium indiumoxide, tin oxide, indiumin conmbination with tin oxide,

and mi xtures thejgeof .ThtAmethb adBtdiRgiAQSRT Hgvﬂga{égﬂ i aédumelele giei n the

wor ki ng el ectrode functions as a cathode. : net hod according to
clai m 14, wompeises 4 matenal selavtpddiarn theogieup cossting efplatimanepalktliveel ect ed from

the group consisting of platinum. . palladi,um..carbon, carhon.in.conbination
it thoone” o atpecatidh i oA n i e Rindeiriiongiunt S8 tin e
indium in combination with tin oxide, steel, stainless steel, copper, nickel, chromium,

silver, and mixtures thereof.

17. The method according to claim 1, wherein the counter electrode

comprises silver coated with a substantially insolubie silver salt.
18. The method according to claim 17, wherein the silver salt is selected
from the group consisting of silver chloride, silver bromide, silver iodide, silver

ferrocyanide, and silver ferricyanide.

19. The method according to claim 1, wherein the site is situated on the

wall.

20.  The method according to claim 1, wherein the site is situated in a

plane facing and substantially parallel to the working electrode.

21.  The method according to claim 1, wherein the reagent is contained

within a polymeric matrix attached to a surface in the electrochemical cell.

22 The method according to claim 1, wherein the reagent is chemically

tethered to a surface in the electrochemical cell.
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tin ‘oxide, indiumin conbination with tin oxide, steel, stainless steel,
copper, nickel, silver, chromum and m xtures thereof. 16. The net hod
according to claim1l, wherein the counter electrode conprises a-@gaterig@l
selected fromthe group consisting of platinum palladium carbon, carbon
in conbination with inert binders, iridium indiumoxide, tin oxide,
indiumin conbination with tin oxide, steel, stainless steel, copper,

ni ckel, chrom um3. siTheapethed acoerding foedaith brvelisirein the rEagentnin phodicalde or di ng to

claiml, V\/qgﬂ_lg]@eg td Fg%ﬁ&téqlt.ﬁ{e e%c‘?r%ﬁ&ﬁi%%l_c%ﬁl”p” ses silver coated with a

substantial Ty i nsolubl'e silver sa he nmet hod according to claim17,
wherein the silver salt is selected fromthe group consisting of silver

chloride, silver  brom.de, silver iodide, silver  ferrocyanide, and silver
ferricyanide. 1% Thelheahstbod agcorting incleis bivehasein theysagant is drigd ate @ i s

situated o : I gt ' t.D:the site
i's situat eg mltfgh&alm%l[ gﬁé&cgﬁﬁapﬁgﬁgu%%%%@%@g B‘gﬂrﬁgiep}elgr 1?%%@‘@3% ki ng

el ectrode. tRdliquitieamplelsoch thatthe deaggntt dves hat subdtantwiilgrmigratédhileelgent i s
contained wthi.n a polynmeric matrix attached to a surface in the

el ect r ochefPEEI IR BIASWSD  The nethod according to claim 1, wherein the
reagent is chemcally tethered to a surface in the electrochem cal cell.
23. The nmethod according to claim1l1l, wherein the reagent is physically
tethered to a sibf acdherm¢ethed atcovtingtwhdaincd, vdetdin ti2daniplecomerizsesl accor di ng
to claim1, V\/neglein the reagent is dried onto a surface in the

el ect rocherﬁ’@éﬁ 88‘!11 , the reagent exhibiting sufficiently low nobility in
the liquid sanple such that the reagent does not substantially
mgrate-while the current is measured. 25. The nethod according to claim
24, wherein t he 29anplThequetped aesordingitsl adainl b awhepdn thEvempenemdonpeistsdi ng t o
claim 24, "éﬁ\ﬁ:%?é n the conponent conprises

27.  The method according to claim 26, wherein the reagent comprises an
enzyme selected from the group consisting of PQQ dependent glucose
dehydrogenase, NAD dependent glucose dehydrogenase, glucose oxidase, lactate
dehydrogenase, and alcohol dehydrogenase.

28.  The method according to claim 1, further comprising a redox

mediator.
29.  The method according to claim 1, wherein the redox mediator is
selected from the group consisting ferrocinium, osmium complexes with bipyridine,

and benzophenone.

30. The method according to claim 1, wherein the redox mediator

comprises ferricyanide.

31.  The method according to claim 30, wherein the potential is between
- about +50 mV and +500 mV.

-11-




gl ucose. 27. The nethod according to claim 26, wherein the reagent
conprises an enzyne selected fromthe group consisting of PQQ dependent
gl ucose dehydrogenase, NAD dependent glucose dehydrogenase, glucose 3
oxi dase, |l actate dehydrogenase, and al cohol dehydrogenase. 28. The method
according to claim1l1, further conprising a redox nediator 29. The net hod
according to clagjm 1, wherein the redox nediator selected fromthe
group consi sti ng”r er r O AP Pr‘ila%ﬁqlﬁgrf‘béﬁ‘ﬁ} %@eé&heﬁﬁlﬁﬁmd?%?mﬁaﬁlsr?@om and
benzophenongg3Qy. The nethod according to claim 1, wherein the redox

medi ator conprises ferricyanide. 31. The nethod according to claim 30,
wherein the potential is between about +50 nV and +500 nV. 32. The method

according to cl m30 ere nth otenti S ab . 0O mv. 33. A
met hod for neas rng ‘%n}mgtioé“l(? acrgqe "&lééb T?é?l\‘/%’gl?Ft‘é{ee“c%rrponent of
a |iquid saRipgnéi®fa ligBRURARD Jeﬁﬂ?ﬁafeﬁ@&ft'tﬁé‘rd%m%ﬂﬂclﬁ‘%aﬁkl%%éa‘aﬁ%' ve

speci es, conprising: providing an el ect rochem cal” cel |l having a working

el ect rode speien) APraprising ect r ode, and at | east one vvaI | ; substantially
i mobi | zing the re ent chemca t.asiteat a
m ni mum di st ancémi"Vl taﬂee g?eﬁlﬂc C(S P%%B%a“oa{‘é‘f‘& LF f}ﬂﬂ.e SHPEEhG t he

wor ki ng  elepgtroa€l@ndatlegétionatwadl; on the sane pI ane, wherein the distance is
such that transfer of the electroactive species fromthe site to the
wor ki ng el ect r odabstantilly fimmobizingthe reageeldn the %l@qtmgh@rn@al ¢ediata sifappr e in

el cot SRR BRI B0 e IS bR ROl 1
t he conponedctrobé hretsiteated ag e saive phdreduhereinte dlsemice mt‘.h Vet spegeas,
the electroactive species from the site to the working electrode is diffusion
controlled;

placing the liquid sample in the electrochemical cell such that the liquid
sample is in contact with the reagent, the working electrode, and the counter
electrode;

reacting the component with the reagent to produce the electroactive species;

applying a potential between the working electrode and the counter electrode,
wherein the potential is sufficient to electrochemically react the electroactive species
at the working electrode; and

measuring the current produced by the electrochemical reaction at the

working electrode to obtain a measure of the rate of the chemical reaction.

34. A method for measuring a rate of a chemical reaction between glucose
and PQQ dependent glucose dehydrogenase in whole blood comprising:

providing an electrochemical cell having a working electrode, a counter
electrode, at least one wall, a redox mediator comprising ferricyanide and contained
within the electrochemical cell, and a reagent comprising PQQ dependent glucose
dehydrogenase, the reagent being substantially immobilized in the electrochemical
cell at a site at a minimum distance from the working electrode, wherein the site is
situated on the counter electrode;

placing the whole blood sample in the electrochemical cell such that the
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applying a potential between the working el ectrode and the counter

el ectrode, wherein the potential is sufficient to electrochem cally react
the el ectroactive species at the working el ectrode; and measuring thenq:
current produced by the electrochem cal reaction at the working ‘el 'e"ct“wi)de
to obtain a nmeasure of the rate of the chem cal reaction. 34. A nethod for
nmeasuring a rate of a chemcal reaction between glucose, and PQQ dependent
gl ucose delympPl§deineoatachwithdheregebdhe mepx medinger, fieoveriingglegirode, and

el ect rochep c(?)lun&«;leie f8yd.-ng a working electrode, a counter electrode, at

| east one wall, a redox. fredi at or conprising ferricyani de and cont ai ned

wi thin the el ectr¢xthgtheqgiicoseiith thenBQQ depaient glnoogerdehidrggdi@ie tependent

gl ucose dehydrogenase he reagent bein ubstantially i ilized in the
el ect r oche®redyee _r‘@é‘F?d %Qédiegfli@%bgluﬁosﬁidﬁg@%e&?%ﬂt Q}?asd'XCFSﬁ&ﬁe wor ki ng
el ectrode, g}é@h@.@@fg}%@ge BbiyBrdgenast!ih aﬁ{]?&cﬁﬂgyﬁﬁtﬁ?feﬁq@ranﬂe%&rxode; pl aci ng

t he whol e In"the electrochemcal cell such that the -12 sanple
i s in contawliatertth foine fermeygands; t he redox nedi ator, the working el ectrode,

and the counter el ectrode;. cting the glucose with the POQ.d ndent
gl ucose dehydr od "’tQ?te‘HPLE &< gﬁ%%hgﬁéﬁcagﬁ% ttl?f’ca?’l}‘c%c%%&l%%e’
dehydr ogengagreif 2 potdita PR sREfRient RPaBRIthedll NP SR OB Yeh Rgamias gt the turn
reacting with the ferricyanide redox nediator to formferrocyani de;

appl yi ng avsskisgelestrodmanden t he working el ectrode and the counter
el ectrode,  whor gl 0, SNSnDRLEON ol S By I SIERInd BBl eRiagrem cal Ly react

the ferrocyanid neasuring the current

produced byertdigamideat the WeKing alectréds; tWhertidthe nhekiirefieanis dediadtivielog theor ki ng
el ectrode, wherein the neasurenent is indicative of the rate of the

cheni cal r &ieof tie dhemigabreagtioncaiwegmglumeeapd BRRYdspendant gbisese dehydr ogenase.
35. A net h% h)];cﬁ‘{i er;[iggesuri ng a rate of a chem cal reaction between a
conmponent of a %qw d sanple and a reagent, the reaction produci ng an

el ectroactive

35. A method for measuring a rate of a chemical reaction between a
component of a liquid sample and a reagent, the reaction producing an electroactive
species, comprising:

providing an electrochemical cell having a working electrode, a counter
electrode, and at least one wall,

substantially immobilizing the reagent in the electrochemical cell at a site at a
minimum distance from the working electrode, wherein the site and the working
electrode are situated on the same plane, and wherein the distance is such that
transfer of the electroactive species from the site to the working electrode is diffusion
controlled;

placing the liquid sample in the electrochemical cell such that the liquid
sample is in contact with the reagent, the working electrode, and the counter
electrode;

reacting the component with the reagent to produce the electroactive species;

applying a potential between the working electrode and the counter electrode,

wherein the potential is sufficient to electrochemically react the electroactive species

at the working electrode; and
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speci es, conprising: providing an el ectrochem cal cell having a working
el ectrode, a counter electrode, and at |east one wall; substantially
i mmobi lizing the reagent in the electrochemcal cell at a site at a
m ni num di stance fromthe working el ectrode, wherein the site addtf &
working electrode are situated on the same plane, and wherein the distance
is such that transfer of the electrpactiv cies fromthe,site to the

th FB(relechP 1

wor ki ng el ect r o3I the LTSN Prodyfe ELFASUPR LG sanpl e i n

the el ectr %&J?ﬁﬂ%%ﬁ:ku&&é fo obtiH a irhtaburt BE tHelriteiof theSBRNi @l kaclibh.cont act wi th
the reagent, the working electrode, and the counter electrode; reacting
the conponent with the reagent to produce the el ectroactive speci es;
applying a potential between the working el ectrode and the counter

el ectrode, wherein the potential is sufficient to electrochemcally react
the el ectroactive species at the working el ectrode; and neasuring the
current produced by the el ectrochem cal reaction at the working el ectrode
to obtain a neasure of the rate of the chem cal reaction
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