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I nvention The present invention relates to a device and nethod for
measuring the level of an oxidant or antioxidant analyte in a flui@ffg Jip
sanpl e. The_device conprises a di sposable el ectrochem cal cell containing a
reagent capRM%¥é 5 directly undergoing a redox reacti orpowiisdife

anal yte. Background of the Invention An oxidation reaction, broadly
defined, involves the transfer of one or nore electrons fromone nol ecul e
or atom (the reduci ng agent or reddRHCMANTSENSRAOt her (the oxidi zi ng agent
or oxidant). Oxidation reactions occHg!M ﬂvenglrooad range of systens, e.g.,
food products, living organi sns, and ter, and may be detri nental
or beneficial. Fobeprasent joveptidu clates tepoieshl metho Xy gedsuingtio VAIChE 5Ol Mdr Glibidk®

degradation,am | tel. ' e atian o ndesi rable flavors and odors,
the destruction gta t’*’gﬂgl t’%ﬁ%&v@%ﬁ?ﬁg'wgﬁ@e g?&“éﬁﬁ"l“il“"f%“ﬂ“&"“ 8 £epey capaltieeptt he
product i oh ofectihuniegoioiagedexdemttiorowith thepaect s. Benefi ci al oxi dation reactions
in food products include those betwe n najural or synthetic antioxidants
and oxidants, whereby the oxidant M@b&#@ﬂ@f rom participating in a
detrinmental oxi danioxidation ezaationi Ipeadly debines; jrvalvbs theStrafbee bifomtk Morb Mectifis Al dRe dRallERASUT €
oxi dant or aﬂH' xriﬁéint Itev%lﬁ | ﬂgl igglti%%“ﬁarrpl es in many fields. For IS
example, it 18 dedl PyAfeL of suctagt fane NG AgeTHOF 9iganth Dxidation reastippn ogtyt in lisoade | |
as heal th momiel o, i) iRdbuetspivbyadsny @ @ling Rio B kPl ok Wlhert, Fiod 1 U1
di oxi de hp W f the | evel of ascorbic acid in fruit, vegetables,

od
bever ages, M Y6, PYYgen may uprergr.oxidatyp degradation, wesplsing i the Geperation; of endesirable, Bavascindi e 5

in water. Mufdrs, o asseittirot Faysolubld@Sifinst A6 bsSentdl ) &5k, ADNe ﬁ%ﬁioﬁ 8 1 ﬁ&sﬁ}[ra@ﬁgn be
anenable to fiel d?eg% wel | as | aboratory use. i sting nethods Por asuring

t hese. conporfSAFYS- Readtitial prdation feqrtions ip Jopdnendiiots dnclyda fhase hietsen nagursbos svathelic antipxidsits and e d

29 oper at or Sxidants, Whelddy thé dklant i RevERY h%aﬁiﬂmhﬁin'd%ﬁﬂmﬁbl%ﬁﬁ%ﬂe%%}" For exanpl e,
a sensor for detg_‘%i_ng ar];iai oxi dant agents in oil is disclosed in US.
5,518, 590. Howeveps titfeda AHRE 3l tp Geapiiproxidsalor afieridant lewels iniligvid swplexth mapp i fer use
and  doesISNOtexahif; it @ desirdd WterfOu? Mbnufadtdring qBaiidy & bObef a2t l’n@@ﬁrﬁ fh Rleagﬁevtﬁu[ vel 3 1S OT
desi gned for si ng]ﬁe, di sposabl e use that can detect oxi ant o TEmTex! dant
level's in f PR @Sy figsise i wingar elethelprelent proufinack dclyisvesetaBirhomeges,aiid t he
I nvention 2%igicdlanibsCahd B Kvel O ERAR of parolieY Wil ImbsP Eon W{n&@&n&’%ﬁé gﬁ% 274

anti oxi dant anal yzes with a di sgosabl e sensing elenment,. surtable for a
singl e use, “Fabe ameablpto fipldqs well g labotafopymsea neter to give a robust, fast, and

. | : el |
easy to use test tmethbdS 1R RBARRY thesd tQmJuﬁeﬂL Qqﬁém e genngigerléh?r?%g%% engﬁu a,[]

particular, a nethod of using an el ectrochem cal s
utilizesMa PEEFRE nome it the method fobeysedsucpgssiuly. tForaxampleh senser forfdetectipentioxdant bgentpin dlduc e

an el ect r oc hambgalil is. 4S10Rh. ApwereS | ; imﬁgﬁ ice for
detecting a presence or ?ﬁbabserﬁgggéloémbdgg%@&r' g'ac f|'1ve anlglus?;ta@ed?{gﬁmgﬁ“a
aqueous 30 "SH At Miistherpfors dpsirebly to havea sentoy designed Torcsingle iisposableusetha canratadn etint o
cel | havi ng aftiofil Bield 6 IROBAIE froud o ik s hGGj0de, 2 second el ectrode, an
aperture for admtting the sanple into the Sensing chanber, and a reagent

ets gtp

contai ned within the sensing Summary of the Invention
25 A device and method is provided for measuring oxidant and antioxidant analytes with a disposable sensing

element, suitable for a single use, that can be combined with a meter to give a robust, fast, and easy to use test that
ts amenable to field as well as laboratory use, In particular, a method of using an electrochemical sensor is provided
that utilizes a redox agent that reacts with the analyte of interest to produce an electrochemically detectable signal,
I one embodiment, a device for detecting a presence or an absence of a redox reactive analyte in an aqueous
30 sample is provided, the device including an electrochemical cell having 2 sensing chamber, a first electrade, a second
electrods, 50 aperture for admitting the sample into the sensing chamber, and 2 reagent contained within the sensing
chamber, wherein the electrochemical cell is designed to be disposed of after use in a single experiment, and wherein
the reagent is capable of undergoing a redox reaction directly with the analyte to generate an electrical signat
indicative of the presence or absence of the analyte.



chanber, wherein the electrochemcal cell is designed to be di sposed of
after use in a single experinment, and wherein the reagent is capable of
under goi ng a redox reaction di rect| y with the analyte to generate anjffj 2[[[]5
el ectrical signal indicative of the presence or absence of the analyte.

- 3 E E B 20896892/ 06806 PCT/ US01/ 21961 In one aspect ofpcrishigisppdi nent,
the first electrode is a sensing electrode that may consist of platinunt

pal | adi um carbon, indiumoxide, tin oxide, gold, iridium copper, steel,

or mixtures ther clapne aspegs ofthis wthodmhﬁctherfwdeum isal sensing dbetrodd ﬂhat%y consiREof fplatingrh,

el ectrode mﬂwp such utter| r coating,
screen printi ng ﬁﬁur ma g@‘é’l"gﬁ"a ldq'%m' i“PPRE" s'g% Hﬁ’f"fﬁs “ﬁ Ulelf 'is&?ﬁﬁ?*’é“” also
spraying, slseole ﬂ’m@p}eﬂgdmwhdnnmﬂ |hm mung]uemd: ab spt:thsﬁrﬂr ﬁﬂﬂhﬂéatm@ screh [RMAY, thernal
aspect of t he seconﬂ el ectrode.is a counter electrode. The

second el ectr rhay | nc ué’é""‘ﬁ"’r‘?é‘f‘“a “FW"'E'@W@F"‘W“PW'HWWE‘& al salt, for
exanpl e, Berer i nnmammmmmh@mdﬁmsmw%mm ﬂ@i&(ﬁ@&wﬁ‘ﬂd&ﬂy
silver brom "FH/ gﬁho#lﬁag th sliver iodide, nercury in contact
wi th nmercurous cah t?Py WFH’%E&“"‘%‘Y‘!‘P‘WN@#”@W&M@ The
second el ect shechenmive yivelsontiaEwith siveliddie m&ﬁrﬁl c@thcl Rihmerchrils BAGR Hﬁaﬁﬁ?&hm?f
this enbodi ”E@Hb the 3|f§?'rr oché?r‘? cal cell further includes a thir

su

el ectr ode, feode rmqy alsa bp pyfgterencaigtradsyi r d el ect r ode nay

i ncl ude a net al Ilrfhnﬁtﬁilﬁsﬁﬁtnf‘ﬂisteﬂﬂhnﬁmd’ﬁﬁhﬁblecﬁﬁhémcal§él|%f‘lhé?§lch§lﬁ'srdaelﬁrd eld rﬁﬂ,%é?l%a
wi th silyer chloride lver in contact with silver brom de, ver 1n
cont act H'C'WF&F" cslr'o‘&'d elgstipde (e, ingludle 2Tpntal 1B Gantagtivith a matdrsamm saymimnmm
“and mercury with sitg aiilonde] sivet ih Eonfa® WA SR Sontid, sl conthcl w a;glf
enbodi nent, the reagent is capable of oxidizing an ana yte |n ng an

ant i oxi dant .™CHHS PsPercpryi coniaet withreercpraus ulfetg ani de sal ts, dichromate salts,
per manganat e sal innothéd3Rel ot A} SbddH@H, the el elatals) 0 um
bi pyri di ne corrpl exes, dqu nones. h%otﬁ%&lpgspecmo%ﬂ@%m %m(f”%ht
the reagent ' "EgRk iR 'B"f"d"ré@i}ﬁ'l’f’g dﬁ Aiehimyte esats, chenrioangtea salto X vatialion . oxidéhe

r eagent uayadﬂuadm.d R biphrigiRCtbfxes 3hdlgRnonds €7 F OCYani de sal ts, ferrocene,
Cu(NH3) 42+ salts Co(NH3) 83+ salts. In another aspect of thIS

enbodi ment, the W%%M“ﬂwt e Feagent i capdblesof aedising frcanalgoinduling e dhidaittt hi n
the sensi nmuqaaam inchul€Wgiink) WiddRd saltsSterrG/afife sijng of
phosphat es, carbonatpes a1 a'| rfsgtsa sal tgsaﬁi)i r&%g]cﬁemi gaﬂg%ggl ’l"’ ﬁia’al kal i
metal salts of ciapqther asperteaf this ambsdipents the Sea%pelmmbeomnhenn@dasmhniﬂr evtsited withinethe

devi ce furt 3@uingichimbed I bitted 1€ RledtddTrof 1 tit Jeaffongtos ,nel ude
an el ectrical I"? resistive heatli ngr 'S m"s' Hg: ecrasriﬁmgms%aﬁf'% of
cont ai néd wmeiie acid; apdalkalimelq ﬁ@s%ﬁ'ahmr such as aI um num chI oride, lithium

chloride, |ithi umakibsdd of thit bidbdiith! MOdeRE further inBicks W 1R H i suﬁgg?ﬁ'%'%w&

chloride, nagnesium brom de, nmagnesium i odide, nagnes

m xtures t h@pdtsiude azmwwtméwvr amexnmmbmmmwmnmmﬁm
chamber i nc kgl S ainarh BiRAde! it shame%bmmdp A8 R A RS BB

may include mesh, nonwoven sheet R T
si ntered pommﬁﬁﬂd&'@mlﬂﬂ msesltlmﬂa@;&)ﬁndmIM3tm:mfboth of the reagent and

buffer @By he cop %&h&%ﬁw&f"h{ttﬁé &bﬂﬁmﬁ,"fﬁg%ﬁﬁ%ﬂ@ mI:hQE'. a Hda&ocruﬁtamed within the sensing
chamber. Supports may include mesh, nonwaven sheet, fibrous filler, macroparcus membrane, sintered powder, and
combinations thereof. One ar both of the reagent and buffer may be contained within or supported on the support.
In another aspect of this embodiment, the second electrode is mounted in apposing relationship a distance of
less than about 500 microns from the first electrode, less than about 150 micrans from the first electrode, ot less than
30 about 150 microns and greater than about 50 microns from the first electrode.
In anather aspect of this embodiment, the device further includes an interface for communication with 2
meter. The interface may communicate a voltage or a current.
In another aspect of this embodiment, the electrochemical cell includes a thin layer electrochemical cel,
In a second embodiment, a method for detecting a presence or an absence of a redox reactive analyte in an
35 aqueous sample is provided which includes providing a device for detecting the presence or absence of an analyte in an
2-



I n anot her aspect of this enbodi ment, the second electrode is nmounted in
opposi ng rel ationship a distance of |ess than about 500 m crons fromthe
first electrode, |ess than about 150 microns fromthe first el ectroders Gils
| ess than é%& bout 150 microns and greater than about 50 microns fromthe
first elect dﬁ@“?ﬁ anot her aspect of this enbodi nent, thecrawenseburt her
I ncl udes an interface for communication with a neter. The interface nay
communi cate a voltage or a,current. In another aspect of this enbodi nent,
the el ect r ocHPEmsSawie. thy device inchiding an elegtrochemigel pel having @ sepsing cromtier rifictblect@as, b sechnd 2

second enboddieatrid, an aperte tob Rkt | r an _absence of  a
redox reactive anal yte i nﬂgurt] @%"%ggﬁ'ﬁg‘gthgggﬂ‘ﬁg{“@@ﬁmg#egﬂ'}?*&%'&'”%ﬁ"@ﬁ‘!’ Y% des
provi di ng a FREPErberpin e elestroshemicah epl is desionsd todevispesedof afatrsein @ singlafexperimed b Wheini N

an . 2. -3 FER gevis Heid s AERHG ﬁ%ﬂ myﬂgﬂma aolﬁls saner the device

e
i ncl uding_ an el ectrochem cal ‘cell having a Sensi ng ehaibperate,an: gepiacal sinal
el ectrode® cmisgiveshthe prespescor pbesiies of thesnalyeeanvidingsan bopeouscaalmiplet Aldwing the Euehpis @ W Srodgh t O
the sensing w\AGHE e i : Lhed. Within the sensing chanber,
wherein the el ect r_och.g%g'cgf&@el l |'§&gg’;§tﬁlg'°ne ' %“g'g'ﬁfug‘&@dﬁﬂ'f g’ﬁf’?‘%‘?‘"ﬂlﬁ%e in
a singl e exprestoshemicel meastrementingicativatf the insencepeaent of asalyegpehlimheaimpender goi ng a

redox reaction di ':ﬁ‘h E | yt.e .ta generate. an el ectrical signal 5
i ndi cative of thglrogér:els'enac?ﬂe or @%@"@%ee\é‘gfuwgpﬁﬁﬁ'{%fs a0, P PIERRTYS (Peasven®efu® ouss

sanpl e; al | coipatigmetritmeasizeropit, @ caulomeiric owasdrémea o quantitatve dRGFsbE.e and i nto t he
sensi ng fhanber, t . hhe sensi h rod ubstantially filled; and
obt ai ni ng] an el 8¢ (rﬁgrc em'"(f:g'f W%@%ﬁﬁiﬁﬁ@%‘&?ﬁ%“&“bwwmm
absence of dhedbafitgestep pemdem theistp tfhitaisi@ e ekctrothBmiNRRMRRAE t AGhatidyl So RERAGLyTENt |
the el ectroghenical. repent .S an anperopetrjc neasurement. a
potentionetric ﬁ@%&%@%ﬁi‘ﬁ?,“@ﬁ“&ﬁ%ﬂ% ¥ reﬂé&i’ﬁ?‘@%ﬁf’& follows thg stgp, &5 ebiainiag pr e
neasur enent .eledrachimivalaeasiaesnt; asipbedaited fobtiitig @ RETROSkcHTRRncal inBRurdieit Rt 6 ties

the further of heating,t sanpl wherein the heating step precedes
the step of PEBTAMNHE ﬁ?"ﬂq@%ﬁ?p&&ﬁ@?ﬁg‘tﬁm"masur enent. Alternatively, the

met hod iy i ncl indethirtasper olctis smbaimbnt, e SaSing @hambee Ritier HbudeD Sbuft Vi efempl\iodpihd t DE
heating st e[&mfeol On\é\‘ﬁ%we élt%ga&o& obf ai nlzg‘g an el ectrochem cal neasurenent,;
and t her eaf Corr" BBf Bepikal etal st of et aqid, g0 slkal petal saht pfsitte e nent i ndi cat i ve of
the presence or maliie eaipdindt, 8 metia oo cheadiding P IBFIE RANhmpledst Whis SHRE B sl | N
anot her asp%‘% f. this_enb diglewft, t he. sensi ng chanber further i1ncludes a
buffer, for '@ %S‘f‘“e“,ﬂ"’ﬁﬁ"&f!ﬁét" ﬁfﬁ'f“f'glf"'?ﬂ APl 8y Jlergoing 3 rredex reaction with ¢ reppet.dbe sal t
of melliti credmirectioretaengad rkaatioh kinatiésAkhein lthe methodGrickilek the s JF providinga Sehie! il device,
enbodi mégt,. math%%mfor. F‘*g uring sulfur dioxide in a sanple of wne iIs
provi ded, tﬁ@"%?"f dﬂ’f'ﬁi WL PO shaphen @ first pipriradecp sscomioRisetepds; e sertrecforbei ng
capabl e at wimiting geisagle dntd helsising Bdiitel, 81 a\Whahddt @pabie ingLa Yiilox feftfkm twith ?@f&t Ion
havi ng a re%%i‘peﬁ%s, _\é\(gcee@,ei n_the method includes the steps o
provi ding a Waca i is desianedl {9 e Agpossthof @ftes wte it vingla pxpetimens plaging iy i ng
-~ a sensing clhmpibeiwine i tHeiskdbcharicRi HalRy nBatRdvrBfix @Jcﬁiﬁpﬂﬁhiﬁ?irﬁmg%lf or
pabl'e o

admtting the sa into the sensjng chamber, and a reagent ca f
under goi gg Mgﬁ%ﬁﬁpi“ﬁﬁﬂ%ffwgﬂﬁi (7 frea form. )
25 In one aspect of this embodiment, the method further includes the steps of heating the sample of wine for a

period of time sufficient for sulfur dioxide in bound form to react with the reagent, wherein the heating step is
conducted after the step of obtaining a first electrochemical measurement; and thereafter obtaining a second
electrochemical measurement indicative of the level sulfur dioxide in free form and in bound form combined.
Aternatively, the method may inchide the further steps of obtaining a second electrochemical measurement indicative
30 of the kinetics of reaction of the sulfur dioxide in bound form with the reagent, wherein the second electrochemical
measurement is obiained after the step of obtaining a first electrachemical measurement; and calculating the level of

bound sutfur dioxide using the kinetics of reaction.
In a fourth embediment, a method of manufacture of a device for detecting the presence or absence of a
redox reactive analyte in an aqueous sample is provided, the device including an electrochemical cell having a sensing
35  chamber, a first electrode, a second electrode, an apertura for admitting the sample inte the sensing chamber, and a
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di oxi de, wherein the electrochemcal cell is designed to be di sposed of
after use in a single experinent; placing the sanple of wne in the

el ectrochemi cal cell, thereby initiating the redox reaction; and oltmpmg
a first el eﬁ)r hem cal neasurenent indicative of the level of sulfur

di oxi de in P& m 25 In one aspect of this enbodi nent raisenebod
further includes the steps of heating the sanple of wne for a period of

time sufficient for. sulfur dioxide in bound formto react with the reagent,
wherein the ﬁ@ﬁi‘?ﬂ'@"é%‘w‘ ensip RS tubieseintherelagtrochenical caltisasiantd to betdimjossd niefter ufei r St

el ect r ocheni i abingRRperihed SR Wherdin fle fedpBik 1 2dn4bR ot tﬁmgﬁ&rﬁi rfﬂg(srgalc?oﬁ @8@9 with %anfalﬂe B ce

el ectrochem cal neasurenent indicative of the Teve I OXI1
form and i n BHEEE™ Sigigrdicative of thamesepee, artabsgesh of thet dnalyterdlte Imettiodrimipdidg ity t he

further stepgesf il thH ] ' urement. i ndi cative
30 of the ki netig‘gmb';ih t?ggg?iﬁgﬁaog tﬂh@leﬁﬁ:}e}[rﬁ?ﬁﬂ%fﬁ&% eg?%s FUHE WPILY 1R SPFN ¢ he

r eagent , S SRR popptingsafies hoer baviaa: fir) elertyete tncal first ideced the ehea raid extendingDdveitie pbriad, t €1

the step of pRiam i chambes ] r nt; and. cal cul ating
the level of _botﬁg@gﬂ'lﬁfur d%%&?ﬁ%ﬁﬁ@“&ﬁ%ﬁ%@q@wwm
fourth enmbodPe isecond electrpda de wéont wide off thecshest apd extending dew ihe apedtube defibiaj & Sdcinid Sndin ©

presence or g/hse : 4 J nal yte i1n an uequs sanple. is
provi ded, the deefia g'gﬂlﬁ %Mgf ﬁgﬁ'%'&gf“té"é“t“rﬁ%@ﬁg’ﬁ] el thecsg'i”?d ‘ﬁg(ﬁ ﬁ'“&a'% g 35
chamber, a fof the shest |whereby thel eheet and dapsrsoinral et durmiyche apeddure iRME SthpLtb PerhiOdntrd Fsdmple NY

the sanpjege i; SEhs r.and,a.4 .- J FEB 2005 WD 02/ 06806

PCT/ USO 1i/°§ 1 J18 B IeeJai&gii;%nt cb%ﬁﬁ@‘%ﬁ‘?‘ﬁi“ﬂ‘%{eﬁé“’%ﬂ@? ?16“8"6 FRRGYrectty, It the apolyte, o

el ect r ocheniwhertn theybagent iscooteiee withindhetsasidpehaatbes posed of after use in a single
experiment, and yherei e i apabl e of undeygojng a redox.
reaction directly w%ﬁt%gﬁ%@ﬁ%{;%@hégﬁ@% WW@%‘?‘I’P’M vegS;iyeytrip to

i ndi cative o#mit et gotiiaed fom tirisadnciaminf wixnamaTns 11§ Sasing Bemti R fufie!sdgli Ng
form ng an ;aper . ' 1 hrough sheet of electrically resistive
material, the aperi&ragé%g&%'{g%émgugqgg?"&éqtpe%? the sensing 5 chanber;
mount i ngt®a fi r st Inladuyther aspert/if ihiy esbodimentsthe gpdndie is b tahgdiardrokd.sbetibn. Si de of the
sheet and ext endj r the . .aperture defining a first sensing chanter
end wal |, the fi o el Shpect I"ﬁ'ﬁ'“fﬁaé'q"f?fsfl'f“’g?"a@slﬂ?'”dfsﬁé‘“ for phayTRet | ng
a second | ayaadivmipatiumcpnbsiee doleait ik o tie BletelestoRy B sRfeobtaimdSl dbsitt MR sRd¥eR! and
extending o t erture defini a second sensing chanber end wag in
subst ant i al Yr%{/léerapn%aﬁg tIE"’e tf‘f’ﬁfafn@?‘lg‘a?"twmmé" P} & peal agliated adbesive, grazsisy, spnsitive

el ectrode f atbisivg hdatreredlieeintharically cured bihishe hos RdRlhesivalatHoERRW adhbfe Sheet  and

sarpi e 2 1nto « ek PR ARERRRRER sk oun bt e spe gttt anpeae
under goi ng sbstaxckox buffe aantainal withh the iisiny chidbier priftg thaRabkay brdutter WEHEK Bistond R4 3{ thergent
I ment,

is contained within the sensing chanber. |In one aspect of this enbo
t he met hod %tﬁ%’é@’r ﬁfé‘“’?’ﬁﬂrw@% ??E“ﬁ mg fBWNﬁ'E‘h TG oRgroysembrang, sinfgied powrer, and: o
permt escapwbigdhionshereot toptaited eithirf tieGNsitgltRamber: "Thé redgent May DR hpoNdd 8o Sridined it the' S

t he sensing_chanber. Another further step includes nounting an
electrically'resistive heating elenent to the strip. 15 In a further aspect

of this 28nbodi el furthdn esp@pe ntiisLbimbodingt, Off leadt theQhideun SiéloPfie BYeR ISR AlaInBMacthrd 2
further aspect. fm ! hi s.enbodi ms\r_lti,ml a,t| I eait one of the el ectrodes 1ncludes
a nobl e net oy g %ml s ,a polymeric matesial s from the group consisting of palyester, polystyrene,

polycarbonate, polyolefin, and mixtures thereof. Altematively, at Jeast the sheet or one of the layers is polyathylene
terephthalate.
In a further aspect of this embodiment, the second electrode is mounted in opposing relationship a distance
38 of less than about 500 microns from the first electrode; less than about 150 microns from the first electrode: of less
than about 150 microns and greater than abowt 50 microns from the first electrode.
Brief Description of the Drawings
FIG. 1 shows a plan view of an electrochemical cell.

FIG. 2 shows a cross-section view an line 10-10 of FIG. 1.
kL1 FIG. 3 shows an end-section view on ling 11-11 of FIG. 1.
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pal | adi um pl ati num and silver. At |east one of the electrodes may be a
sputter coated netal deposit. The el ectrodes mnmay be adhered to the sheet,
for exanple, by an adhesive such as a heat activated adhesive, presjsp,%em%
sensitive \?gt}}% I ve, heat cured adhesive, chem cally cured adhesive, but
nmel t adhesi Ve, ot flow adhesive. 20 In a further aspe®CTafSoi/tive:
enbodi nent, the nmethod includes further steps such as providing an
exothermi c substgnce or buffer contained within the sensing chanber,
printing the r eag@nf shgws sghematieally ieated elagtroghespicsk celgmacryst sebtionfaken vagitudialip thioo) the
chanber; or mamwi@dag a support such as mesh, fibrous filler, macroporous
menbrane, sintered powder, and conbinations thereof contained within the
sensi ng chanber. The reagent pionef the Prefded Embodimegisnt ai ned wit hin the
support. 25 In a thi¥oloRiR] detifibihd i BB Rboti l.east t.he _sheet or
one of the IayersTHcJ)ft the device ér%aﬁui g@{aﬁegg’ accgy'gia’%gt'ﬁcgmfaﬁté"vm‘["ﬁb‘ﬁ""'s a
pol ymeri & nels pfskill in the artwilb eecopnize thattthees 23 mumersuscvariatians dnil magificdtions of thicindesion that are

pol ystyrene,mmwwﬁpg&@t | L xtur.es thereof )
Alternatively, at |east t h%ws é%ﬂﬁ(lg%&#gﬂgu%%ﬁag%f/m&'?@ "Hg'f deerpe) i o, he

t er epht hal atsespe of the presgntimveption. aspect of this enbodi ment, the second el ectrode
I S nount ed iﬁ%@éel ationship a distance 30 of |ess than about 500
mcrons fromthe T1 | ectrode; |ess than about 150 mcrons fromthe
first electrode; Ingreferredmbodinimgna pedttodiand deit: fovinessaring ol orGhtRAdaMevild I lidkiples 50
m crons {qr org.the fir. (o} ._Brief scription of the Brawngs FIG 1
shows a {!I ari%\}?" g#'ofﬁéan eﬁ ea‘g[ ?%%h%mn?pglﬁfbbcélaw °’ET"@°’ g that, exispsja @ wseldly  on
vi ew on | i neepe@ntitie whcerdhtdn in‘h fhid Bdple- AGioxidants (ha\viay 1 Anay el indid6; Fdr Bampil SNk Bskidd | Ne
11-11 of FI - F WO 02/ 06506 PCT/ USO (21961 FI G 4 shows
schenat i cal %" %ascnﬁ'éaﬂc'%d%g egtotg%é'ﬂ'e% &3y c@fllld"'iflf'f ByamperoEHonng. ugming jpdine, jperpyides,

| ongi t udi nalhypychicrive, endgiand. Mater insobibld axidants for dntiideat Inlay aldoadk @vialy8dtit BA:Gsabus Ik 6 bedf

the Preferr ' ts. The. follow ng descripti apd exanples illustrate
L or ot ar rcq el 80 i R b o oo L s sl sgvrnose of
skill irl5the art Myhdd$ and devices thur Eltaininf) eidctricib@ica? messiPenidtid FGY SamMa lale AlsduAEISHrEI Gh
rmdificatiorgﬁﬁ{ IS Jnyentio e enc assed by its scope.
Accordi ngly, Jdééqga?:%aﬁ 'fag% “?)@’Bi\élﬁﬁ'ﬁ?"r"% e &l“ﬂ%‘ﬂ"ﬁ!‘ﬂ?&m“-nm Udeened
to limt thegatentapgioaiondo 19)6¢5,510,ciiee at Juiy 14,2000, @ititled FREMOBEUEIY SENSTRD aff\@pedding LSD
preferred e | ment s an | ce far suring oxi dant or
ant i oxi dant P eve r"]lgaa"?"n"h P%llgggbg@%ﬂ @'g' lg'%bua?@'egr%&l? HEMIEAL MEFROD FBRMEASERINGC v i ce
are appl i caBHEMIGADREARTIONBATES:ebch airwhialris inodesersl@Mbreir U fereos inSth Stidery. @ useful |y
represenpative cgncentration in a fluid s | e,. Antioxi dants that nay be
angl yie(rjﬁ’i nlcrudeﬂeﬁ%'ﬁagiw @?yb%'ﬁfdf"ﬁlga'ﬂi rr*g‘@tm““ sa""‘"’w"i“hi‘f"'”a“d""ﬁd”’@);”e

of solubilizing the redox reagent to a sufficient extent. Typical samples include beverages such as fruit and vegetable

juice, carbonated beverages, drinking water, beer, wine, and spirits. However, it is not intended that the method be

fimited to comestible samples. |f the sample is not in tluid form or is not capable of solubitizing the redox reagent to a

Jetailed Bescrig

sufficient extent, the analyte contained within the sample may be extracted into a suitable fhid using extraction
25  techniques well known in the art. The sample may be pre-treated prior fo its introduction into the electrochemical col.
For example, pH may be adjusted to a desired level by means of a buffer or neutralizing agent, or a substance that
renders interfering oxidants or antioxidants nonreactive may be added. The sample may also be preheated hefore
introduction into the cell so as to accelerate the rate at which the redox reaction takes place.
The Electrochemical Cell
K| The efectrochemical cell of preferred embodiments is disposable and designed for use in a single experiment.
In a preferred embodiment, the electrochemical layer is a thin layer sensor such as that disclosed in U.S. 5,942,102
{incorporated herein by reference in its entirety). A preferred embodiment of such an electrochemical cell is Mustrated
in FIBS. 1,2, and 3. The cefl iustrated in FIGS. 1, 2, and 3 includes a polyester core 4 having a circular apesture 8.
Apesture 8 defines a cylindrical cell side wall 12 Adhered to one side of core 4 is a polyester sheet 1 having a sputter
35  coating of palladium 2. The sheet is adhered by means of an adhesive 3 to core 4 with pallediam 2 adjacent core 4
-5



and ascorbic acid. Oxidants that may be anal yzed include, for exanple,
chlorine, brom ne iodine, peroxides, hypochlorite, and ozone. \Vater rETB 2005
i nsol ubl e oxi dants or antioxidants nay al so be analyzed if an aqueous orm
can be pr .g., by using a detergent to prepare an enul sion of the
wat er insolu I redox reactive analyte. 15 Methods and dePCFasof/zn61

obt ai ning el ectrochem cal measurenments of fluid sanples are discussed
further in endi ng U_S. patent appl i_cation no 091616, 433, filed on July
14, 2000, enﬁ? ”‘?‘M?/BN&% &858 & hying, @ seepndssputtar, soptine of pallagiont &ia edbesed bpo

091616, 512, MM&MS%M&Q@QBM%&&J@HM kaNgﬁngﬁ@%o

copendi ng U S a EW{] appl i catlon no 091616, | e
entitled " EL‘E@’?% @ P errRaliotiumanstel A6 T@HEHMMREA@'IH ONORATES, "
each of whi Cyiutiof taibd SRFtROTohesl ohﬁm@mn%n&.ﬁaru?&gﬁwa@mhhﬁmemw&ﬁ e

device and nethod nay be used with any ana ontarnin

fluid and M%Wﬁaﬁm W%Mmmzmgnmmmmwmmammmmm
sufficient axdamhymkibeal sanpl es include beverages such as font and
vegetabl e juice, carbonated beverages, drinking water, beer, w ne, and
spirits. However ‘Such @ thindayprslectsorheraioalselds pranased by fiet formindapdipeiare extendimtrmhhta@lm of

GOt Y D0 SRHRMR Suivih bl 8 Takie fidy ) b ol bt adeDlc 2l ch ihe GERAR) © ©

sol ubi I'i zi ng the redox reagent to a suf ent ex
cont ai ned wirtsisivematesials. yubiehynas desed inthe Shee’tanamm@tmmttm srnsumet!a/u’smuielcelj mt:luutsfong

extractign Zpmpe

pre-treated pri Oﬁ&ﬁfﬁé“ﬁi * %’%E‘@W&"ﬁp?"hw“ 'F{?E P%MO Pogynﬁgﬁ @’aﬁ{m@ﬂf‘ mixtuses;
exanpl e, pH ey ] H@@ﬂmdmnheeuémlrewbbshhny:smtanumar,dibw@erbuﬁritﬁp"es @b.
neutral i zi NQ ARl be i afweiUPSt @ance that renders interfering oxidants or

anti oxi dants nonr actlve may be added. The sanple may al so be preheated
before intr oducﬂﬂmﬂlﬂlame fisfermesed Firststhin alsctrode lape dsciher muntedtoh @ner silit 6f B4 shidnbic h

the redox r t.rpchen ca | ., 39 The

el ect rochem ca| EF&T{[ é re?ﬁ%@ygﬁﬂb@%ﬁ'ﬁf@mq?ﬁ%ﬁb&ﬁ?“&mﬁﬁﬂ‘dﬂ%@i“’g‘%d
for use ¥n ashesi hgﬂlmbxmemmm adhesive, &ntpiieaﬂles’medcmm@iamheat Eobﬁted adhesives,

el ectrocherr)pgglgl e bA¥6 L QSO SUG .osed |n U S
5,942, 102 I ncor porgaﬁ%"%er’g{l Hmhf/ém?se e(rghenc s"é?‘l[}'? 'géi F"é’rred
enbodi ment @dhesiyescind the liks| dhetelecimdvdayer dseprepated by coaﬁilg ingJ, wmmcﬁdung)h&eﬁlﬁcm&w 2,
and 3. The ggld, |al,!y and 3 includes a pol yester core
4 having a circular g’%’!aaras 'ﬁg%'he@a‘ ﬁr%@“’t"ﬂ'?@"% defines a cylindrical cell side
wal | 12. Adheredﬂmmwhwmdmmmmdmthenpmteyﬂéam d&h%ﬂimﬂmﬁhma@

Anos v s AR IR 0 ol 8% Wiyt 5 o316 e e pliomt v s B

02106806 Pcmnmwﬁamup mﬁmmngleamn ihhut & milimeté, msw,rnis mlammhu&beet 7

havi ng a se h N s adher means of
cont act adhg@%a%%%tﬁe% '%'EPWH@%Z’)*‘" hﬁ”@nﬁ My ’E’B"\?@ ’éB’@\"‘P‘H‘r

There is t hé!iﬂe'mudmtiré preielably Iesaahahlﬁﬂaummgand st pretealably Geteess 250140, 51 do aﬂd&ﬁﬁﬁ&ﬂﬂ' on
each end by to provide

2, 6. The.assenbly is notched at
for a solution %%%rp' 1%955 t g tf"ﬁ@"“i‘éﬁ"ferr%“ré[‘ SU% 8" npress H"’WWWWHQ or
capi | | a2y aoutdhelpnganecdge of tizldbviowuwhich nxtehd: tl'ﬁﬂglﬂhﬁlecﬂﬂﬂﬂhyﬁs di®dperuref THe BMctrele laforsAfe€
connected w | I | ec rlc ns_or fOfﬁBtIOﬂS wher eby
pot enti al SW%%%H%% aﬁ" "’F"é?ﬁ F "h@ggﬁf"é"a‘“"ﬂ circut.

Chemicals for use in the cell, such as redox reagents, buffers, and other substances, may be supported on the

cell electrodes or walls, on one or more independant supports contained within cell, or may be self supporting, if the
chemicals are to be supported on the cell electrodes or walls, the chemicals may be applied by use of application

30 techniques well known in the art, such as ink jet printing, screen printing, lithography, ultrasenic spraying, slot coating,
gravwre printing, and the like. Suitable independent supports may include, but are not limited to, meshs, nonwaven
sheets, fibrous fillers, macroperous membranes, and sintered powders. The chemicals for use in the cel may be
supported on or contained within a support.



Such a thin layer electrochemcal cell is prepared by first form ng an

aperture extending through a sheet of electrically resistive material, the
aperture defining a side wall of the electrochenmi cal cell. Sui t abkigtl 2005

el ectricallq‘, 0 Istive materials, which nay be used in the sheet

cont ai ni ng R4 ture, or in other layers in the cell, iPa¢luser2196tor 10

exanpl e, materials such as pol yesters, polystyrenes, polycarbonates,
pol yol ef i ns, e . terephthal ate, mxtures thereof, and the like.

pol yet hyl e , m
In a preferred e%%ﬁ%‘ﬁ’@ﬂﬂ“%_"&ﬂ@ﬂﬂiﬁ@d Within theccells welk as the matesiglt wsercto boastruct the
however ot heds) a4 Weform amatlh to mas€okoiesith, 3t the BB thiHReikS S84 ﬁ"i’?ﬁe'aﬂa rﬁ@egn S gl%psgrﬂlg

aperture is forned, ? first thin electrode layer 1s en nou
side of the Swimeptthepdisppspdals i cally resistive material, extending over the

heet. T axanpl e ry e RReREbatmilty SRl oty FHIBREE bbb ot

sheet, for exanple, by neans of an adhesive
for exanpl e, Seapicalyatenjable sbe userhany foumsingle tsyte Sesendly thetcthesilt iay exmestintysohly eused foe ot

cured adhesi v toﬁ.h%ﬂnﬁ% Vs rc,ﬁ,gnq,g%,f; LV, sives, hot flow
adhesi ves, ansga? he Iike. h‘é&gl ectrode ;}%w&ga&gg%%&a?n@@*}%w ea'm%'ﬂg'.k g.,
by sputter cdestsbpigken to poprssbe cefiiaftes b sinple e doerprifep it suitablpifes & subsequenedser i al with a
suitable netal, fggﬁm&mgaéﬁ . ' thin electrode | gyer is

t hen nounted on the opposi tIéb'é)%l:eﬂﬁ(g#%etééﬁg%%%gﬂfé}ﬂ}e&qﬁg{rﬁe\}?t &El

al so 20 extthersermerpyorentes han theccowt lbthe el to purehase auml usep the call narghass erizo beilg 6206y édokt.of | N a
preferreg e | s are upted.in .opposin

rel ati onship a.i a st %?’e 0 Q.f %@@%‘%ﬁﬂgbélﬂfﬂaw awﬁ*’ﬁ”ﬁ‘rﬂ'ﬂ’é‘?“?”%‘@@i#é& 1% ess
t han about Seativelyiiow matesals costy pnd sichples fabrinddon/précesses. Fdn atampld) a telediold matrials pf B ealb!

| ess than a .C b | ess t hap about. 300 to 150

ni crons, m%&eé@rahﬁ%gﬁﬁ%@h&\&&@%&@ﬁ WEI,F‘“"&W sWﬁg'Pt s spaletlymay b \\een
25, 40, 50, veO0Sceetipristg cator proiiver. ink i\a greraltaligidr fonting elebtrodes W§thaadtivalySnekpaBive
provi ded f Oh,dtqUi € A - Such an_ingress can be provided by
formng a 25 not'ch&gfegggﬂ{)%'ggsg%%@ ﬁ%"ﬁg\s/llcgﬁs ‘\%ﬁ"‘"&'ﬁa'ﬁ@{"bgﬁy '("ﬁ"F’blﬂ@Wd% he
el ectrod@ | ajtehetser antdriabytileation sech asTsuaterdl @erapmdies vagmy @bty alk hore RUitatisi a6l el nédy itk
connecti on i ors.to be placed in_a nmeasuring circuit.
Cheni cal s for uéeﬂ'ﬂr} E&Mh@gsggspﬁa ?ngﬁi@#n%‘%w ’rgs@?:fg@? cﬁgﬁ'ﬁglfﬂ"ée,ﬂ”aﬂ'&f"?’w g'ﬂ'ﬂ’%?%er
subst ances, sutkeipeosive fsdaist acipolymert bueh ascmlyvinyletilogids pobyihis, fONesiBbnll Soatel Paperd GndO!

nor e indepemrd_supports contained within cell, or nmay be self supporting.
If the chemcals are to be supported on the cell electrodes or walls, the

chenical s nmay beCelpysbriblydnethyds as greiohbhaspable aut rinepralG1isne EThese hdtholy VRiMe folicaiitge
2Ly Sl S B B B el S
i ndependent farisgioowtos theashs srnpiducelibon a bestinudug @reb1@hich isi sibisdggbtly lsaparatBIRE Sdvid R IRV €N
chor oal s  SAt Fisise ainds SRR ARy 30 SR L i T RO RO
support. . 6aorwhei stitfcel MSrBCABGS( 49 & bPEI. LT o Q6 e hidt Sitdle Vb theSftwn web
O e G B A e v heoe b ane
the cel 128 t henseThy eavesntsingleuse myuiestherit tor theafispisdbia cdll @ db3Babld SoetRht £ arPnoBtesiiitd & try
experi nent U?&Qx tlg ook Bl%%?sghlvogbtain an inaccurate test resuft. The single use reguirement for the celfl may be stated in
: uses instructions accompanying the ceil. More preferably, the cell may also be fabricated such that using the cefl more
than once is difficult or not possible. This may be accomplished, for examyie, by including reagents that are washed
away or consumed during the first test and so are not functional in a second test. Alternatively, the signaf of the test
30  may be examined for indications that reagents in the cell have already reacted, such as an abnormally high initial
signal, and the test aborted. Another method includes providing a means for breaking electrical connections in the cell
after the first test in a cell has been completed,
Cells for measuring antioxidants in the prior art do not satisfy these requiraments for disposability. The cef
disclosed by Richard J. Price et al. in Analyst, November 1991, Vol. 116, pages 1121~1123 uses a siver wire, a
35  platinum wire and a platinum disc as the electrodes for a cell measuring antioxidants in of. Platinum wires are too
-



According to the preferred enbodi nents a di sposable cell is one that is

i nexpensi ve enough to produce that it 5 is economcally acceptable tqg
used only fora single test. Secondly, that the cell may conveni entlyﬂ dﬁb@%
be used for a sine test. Inconveniently in this context means that steps
such as wasWPAF™#e/ or rel oading of reagents woul d need tpeThSoi/sken t O
process the cell after a single use to render it suitable for a subsequent
use. Economi cally acceptable in this context means that the perceived val ue
of the resul ®Peasve tolieuseddng singleuse device inslis-appligationt dnéthe airie dmmgbzeanlmmushhﬁm A@acost
of the cell r hase r|c bei se t he
cost of 10 ésngki)%l{y'ﬁEg%&]ﬂﬁggwgﬁaﬁleaﬂsgsgwm ‘“%'a{'ﬁ“&'ﬂg?"% "Et’"é’[?%@'f’ fi‘ﬁ' usgE o
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be used i5n gwsiiabitaton arid gtomgesibeito thermen it contain thetiquidiesiporents) Rusdibly\brr 103 beédibds ik gy  De
used. Screegl%éng carbon or silver ink is a process suitable for
formng ele with relatively inexpensive mterials. However, if it

is desired to usdt usemrhmdmmmﬁdmlsuehsm&lea}um oA s mleétaailsummqphﬂ or
utj i atlon such as sputtering or

I ridium metmgl bet t te

evaporati ve vapor coatmid%ga?""ta? e Wgaga"gﬁf"‘t"éﬁ‘ ized i fhegxident age. ethe Gagrphe v

t hi P filmns. m«mmammmmnadl of tﬁgx@nsiﬁmﬂecﬂdsemﬁmﬁf € letePof l%ﬁaﬁ:e%le?eﬂt a
preferahlyy inexpensi v such i nexpensive materials are

pol ymerls)II suc %ﬁﬁ“ﬁ?ﬁﬁ%& e“%ﬂW%‘EHQYFMFW%MW'coat ed papers
and cardboard. ﬁahelun&‘sﬂrdhbejwrﬂﬁﬁ de&empﬁﬁmrea&mé cAERMERfcStivE O P of
producti on. a'ﬁ,&ese nmet hod ncI de f @bl‘l cating 20 multiple cabs an cards

and separat i B 5 Preset sy high functinge, 3 g sater elegiroderie complétethe
assenbly st erpmalam m:xecoiiﬁabmamw R0 fuldidla€a btBhc ke, aﬁeﬁm%PQ%ﬁsle 8irdde

cont i nuous webh u ent|y separated into individual strips.

Card procesZRFedim, h‘?‘ﬁ}é‘{"’"gfﬁ '?‘5?9& "Wﬁjén cl ose spatial regi stratlon of
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for the cel rmmohamdeamﬁhaﬂmmﬁmehaﬁoarfmﬁrﬂm SERWPRAPYY boRihg, lsBion SRl

Mor e pr erg%lg% t he cell W al so be fabrlcated such that using t el |
nor e 3800 thogrpety- 1 prefpged epbrdiopnts; the mapgpl & %9’%“&@UUWIWM f or
exanpl e byebcnﬂhuﬂtmg. reagents that are washed away or consumed during the
first test and S@"{* pre not functlonal in a second test. Alternatively, the

signal of the teZ 5 Aapoescof materils suitsbla for "%eﬁuthwteremq@'em@tmcwargwmm t he
cel | have abysiemGyth bsametiesdatacs Wit ilva Shight, aﬁnmnimbﬂsvvemdﬂbadd% cont§élb9|9@.{< and
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the test abqrted. Another method includes provid a neans ftor I ng

el ectrical FOMAY RIS suffgte. (Thrsmetaliyay be dé[f"%"é@"’l‘@'ﬁé"“ﬁb"’r'@i ot} aadsthen bygugh lltt!eﬂﬂmchuﬂl been
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satisfy thes e%l r ntiﬁ}or di sposabl lity. The dosecf y RcC ard J.
Price at al ‘“ﬁ?tﬂ" 'ﬁ SISt Provgey !"""’\P@W‘“aflc![’@“‘ “pugetchzmasnm methotds a -
Silver Wir etando sigle mathiRbripbhesyefe IndpRieRed Bt lithedt! TR FlitsiFerd SarlelBrodls g&ﬁ%ﬂ%&sf or.

.a. cell maasurl anfioxidants in oil. Platinumwres are too
sepg erenca electrode in an ampermetric sensor.

[=H

The Redox Reagent

E | Suitable redox reagents include those which are capable of undergoing a redex reaction with the analyte of
interest. Examples of redox reagents suitable for use in analyzing antioxident analytes inchude, but are not Kmited, to
salts of ferricyanide, dichromate, osmium bipyridine complexes, vanadium exides, and permanganate. Organic redox
reagents such as dichlorophenolindophenol, and quinones are also svitable. In a preferred embodiment, the redox
reagent for analyzing an antioxidant is ferricyanide, Examples of reagents suitable for use in analyzing oxidant
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WO 02/ 06806 PCT/ US01/ 21961 expensive to be used in a single use device in

this application, and the cell is designed for continuous nDnitoring not a
single test. In U S patent 5,518,590, Fang discloses another ceII F?g“%ﬁ
measuring antioxidants in oil. This cell also uses platinumwre a

el ectrode a¥@9%/688¢ so desi gned for continuous use, nanelypcefdsegimsel v
conducti ng nultlple tests over tine. This cell also requires a liquid or
gel layer containi a polar solvent. Such a device is not conducive to 5
mass fabri catplpes k gfing) and gits @il tafiodids, feimeyanidee birrdoeve, OB BT, rand DegNHL) 0 Uh @ preferred
conponents, mﬁ'ﬁ"ﬁ“ rior o use. The El ectrodes At
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perform the f.unct ce electrode. 15 Materials suitable for
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chem cal ly 10 g or any other substance present in the
cell. Exanpl ' at erials include, but are not |limted to,

pl ati num pal I adumm:unﬁarbmmgenmﬂu ume@mid.emstahdas Ry 88 be frs® it @l LRI e
i ridiumand m xtures thereof. These materials nay be

d | |
e 30 SitBlets s e Prae e PR 0 SO o e i ety
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salt systens such as silver in contact with silver | oride
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mer cur ous smfﬁue;gg&mimomwpe deposited by any suitable nmethod and
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el ectrode SYRUANE AhRnthidiid senf? 1R rexfiiigr ﬁ%g’ Jéﬁieﬂuerﬂﬁcgd f o?tll're?ﬂ& Mﬁ‘c"’%de

anperonetric sensor The Redox Rean%ent e redox reage
t hose whi ch PmEl of 8 5995 elogtrodgintivedes rrgferance eedtende. Tispotehtialis mtumammhmae of

I Nt er estzs Exget8s othe iy @S Ui t abl e for use in analyzing
anti oxi dant anal ytes i ncl ude, but are not bruited, to salts of

ferricyani de, di Hrmﬂeﬂfﬂﬂmdh sotsipy ol i anerstesionnah evversmetric aenali Acordiog el and
per manganat gubofitiettd MeCreduEd Q3 oxidized) redox reagent formed by reaction with the analytes of choice is

electrochemically oxidized {or reduced) at the sensing electrede. The current resulting from this- electrochemical

reaction is then used to measure the concentration of analytes originally in the sample. In other embodiments, the
30 sensor is operated in potentiometric or coulomatric mode.

The ceil’s electrodes are used to produce an electrical signal, i.e., a valtage or current, readable by an
attached meter. In a preferred embodiment, an interface for connecting the cell to the meter is provided. The meter

mey display the measurement in 2 visuai, audio or other form, or may store the measurement in electronic form.



reagents such as di chl orophenol i ndophenol, and qui nones are al so suitable.
In a preferred embodi ment, the redox reagent for analyzing an antioxFgpeg,
is ferricyani de. Exanples of reagents suitable for use in anal yzi ng oxi dant
4 -3 FEB 2Q&5 x&%g%/06806 PCT/ US01/ 21961 anal ytes include iodine and salts
of triiodide, cyani de, ferrocene, Cu(NH3)42+, and Co(PKHB)S8821961 n a
preferred enbodi nent, the redox reagent for neasuring an oxidant is

ferrocyani de!{! Thﬁ Euffer Optionally, a buffer may be present along with the

redox reage formin the electrochemcal cell. If 5 a buffer is
used, it is presegutaid ofidaor AXEIEN anBHSBre AL reb | S

sui tabl e fora’?&fustl ng .t he oxi dlaznl ﬁg C Mgeﬁﬁgﬁﬁﬁ%ﬁh}r ent aﬁce(? a?“t'eﬁgmp'édox
reagent to MWWW@'&P“‘WW@%WW@?MW@M hegted. tireepreerved epogitenn &

| Nt er est DUt for hebin 86 sshE i il i islolah Sl SlsbBilick © St ect . The

buffer is present_in_a sufficient anmount so as to Subst antlally mai ntai n
the pH of®the sarifme"ldl!emofa@ymrﬂeaenpremmmuwsﬁasenwmm hEﬁm]rdmeQf‘ns

buffers sui tafkg. WodoE5ES dkddSds &ﬁgpﬁi n tes aIkaI
salts of nmellitic acid, and aIk I neta ﬁ?f" 98 gﬁ@ﬁg?ce
of buffer 1C*WeR 'weradpveﬁ&e omceptrationdbthe pnatete M—ispec'ﬁheprma'n&ruf ith® aﬁaﬁieﬁﬁhﬁﬁrﬁ&t as
not to reactyhdined are preferred for use
in conjunction wt h car Egﬁ‘gatcﬂeog | E v@?fé'éle%%edd%'mr" %'? JRER "Tﬂf'bi"s'érﬂmw hin
The Cel | | n erperptep WMXM em@arw se leaval eiﬁafhﬁ!&'rlotheﬁﬁ(hﬁ:mﬁ prodated BosnaERY
al so be fy eSPht saifub Wina @ﬂg ances Iude or exanpl e,
vi scosity enhancers and |;!m\r/velg qﬁ ﬂ“HVﬂYBHW?Fi a burnt
subst ances rﬂiﬁdtﬂlwmaswmm&dcew thin the cel I such as pol yet hyl ene
glycol, pol yacrylgiC .2 & nd surfact ant t hose mar ket ed
by Rohm & Haas Codr'Fpany of WJ %@fbpa'al B TRREUPP | \?&"i\'f"a""j“'ﬂ?n'ﬂéﬂ“ dleqtachemical rall ane
Triton(tm cmmym praiey-heat pr@uatact withabe safiple)\bbamglen 6fts@h reagané lﬁdWs@lts wiiINigVe ol Rét
trade nane ﬁﬂﬁﬁ S han i1l rate of the
cell, provi de a rmmroten' gﬁl% e rre%gt%‘geheﬁ"yhag@d% ﬁﬁ‘f"ﬂlste'ifalfv%%ﬁ? Paide spits aethg |
vol une s Imegmesiumisuifple dThe wagentbrasagents mgd tAhIll’ﬂty' heat :ﬁ‘emaem&sw;tarf&nthmmhﬂ ofBécier | NY
an anti oxi dggie r e the sanple is
i ntroduced into tne sgﬁg%lrﬁ&%ﬁ',gﬂﬁ %gu "i"ﬁ%“’é‘%ﬁf’ﬂf’@ thy; agalyin 9 3% toyaffect gy i eq
reagent s pr ¢asporse, onadvetsmnm}:hduwnﬂ'hlerreaauhsmresfemagent t hen r eacts with any
anti oxi dants or ' f sent Ny th le to formthe
reduced or oxi di %@ggﬂeﬂ e %e&ga?epg fﬂriﬁ&&lﬂ’ e o R9uinoed with an,electrically
pot ent i onet W‘smmﬁ tisimws eprefbred agndlnﬂtt lnban@t&ctr&:l&énﬁihl%ﬁnﬁbr htefctied i WHlogj4esss Of
the redgy r “@!ﬁgF 0 a nsing el ectrode relative to
the refer engg ect rode. &?ﬁmm’? o’f’% &l g‘l ygfﬁ@ﬁgﬁg@ﬂ 4,2 sspangionlaysy B lgrmitane
25 concent r mm 30pencled at ytné defines g icirealde el wall30t YR fiRsBaliRtrele 22 Riids & Bl 6i the d
enbodi nment , rat ed, as eronetrlc sensor.
Accor di ng t6 r}ﬁ n%ohiﬁléirrem“ln?' ! t’ﬁg”ﬁﬁ'&ﬁﬂ’& By %‘@?‘m‘g' it Seo0g) negsonducting Jeyprt
formed by r@adtnesHollyer2s, pivddesatetioat carsacrtd a editio®igd 29 fonfdd MAfelsR6M AdbboRlthylayer
oxidized (Ohs | GHERIY1ayA 27 oo RIR0R Sk et 659 Do 1 et 11508 26, s aporwe 2is ' "
25  formed in insulating layer 27 to allow access for electrical connection to foil 26.
In preferred embodiments, resistive elements may be prepared by mpregnating one or more of the
nonconducting layers carrying an electrode layer with a substance such as carbon particles. The nonconducting layers
may inchude such materials as plastic or rubber. The impregnated rubber or plastic layer forms a resistive bridge
between the electrode of the alectrochemical cell and the metal foil layer. When a potential is applied across the
30 resistive element, heat is generated in the impregnated rubber or plastic layer, which in turn heats the sample in the
electrochemical cell. Alternatively, at least two low resistance tracks joined by a high resistance track can be formed
on an external face of the sensor. In such an embodiment, the low resistance tracks serve to make contact with the
meter and the high resistance track forms the electrically resistive element.
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reaction is then used to measure the concentration of analytes originally
in the sanple. In other enbodinents, the 30 sensor is operated in
potentionmetric or coulonetric node. The cell's el ectrodes are used- Itraf 700
pr oduce an‘ﬁéﬁg rical signal, i.e., a voltage or current, readable by an
attached a preferred enbodi nent, an interface f®CTasnEGs ng t he
eel to the neter is provided. The neter nmay display the neasurenent in a

vi sual , audiﬁ OL !ag her form or nmay store the neasurenent in electronic
form 9. ,3 02/ 06806 PCT/ US01/ 21961 Heating the Sanple Certain
oxi dant or anti OXichrih siatmsyit Asy b@rdélra'ﬁie %Jaﬁrerrﬁﬁ%an%atﬂm%pﬁ aﬁtﬁgﬂtﬁ C}@e[glﬁmt

To accelerate the reaction, and thus reduce the tinme require
the measur ente WV%W By ugiRg ey ef qwo qufaﬂim@ﬁwa{eatls @ isoiiidveed  Each

eans for e doifhs'o o Sl fr B Y bl alﬂarﬁégﬁmﬁg%ﬂ&%%leeh%l ik b shem oa!

sensor device. 5 Two-suitable nmeans of heatin cell "are
W9914658% (MM%&rmfr@m%iﬂ mw@mlwensm a anaynt tel!serlaype uswaaam6585

di scl oses a dRimid@the tondentifin Gl ki “mg“%mp"'ﬁ%ﬁ@”%g%" @sef bo lendnal |In at .

sanpl e wherein the sanple Is heat ncentration o
(or species mmﬁw&hwwﬂmﬁhwmﬂfmfﬂmasured at a predeterm ned

poi Nt on a1 €2t ikl f 151 AP e Al EhAbHBARAL B o0 HEZEL O

vari abl e to another)’ t enperature endent MEANS
heat ed ei t helestiod aheve @Rwlh@ fabticate p dexic liaviny n]nltlnjdunsmuicluﬂmm aniGefetteades b&@lmn‘g oiah.e

sanpl e Wt N RreShided sagant t he e.h
electrically b?’mﬁ%o a cur'?@ﬁ{ém%ﬁ'? Ztgﬁ’ gmregg%gﬁvgtgaé’r%w@e “"‘*
associ at ed mmmm directin to enrb vtheo of tod seszuppgt mdtmaisnmbtﬁelwtm oEniddd AR fa#N C
reaction i nyali&Siode e ent_ that

| i berates heat on cont act b rf-L e%eﬁ!%tnfafl% %ﬁﬁ&mﬁfﬁéﬂéﬁqgéﬁmm

i ncl ude sal teppliation.d., aghalyes l!iatarrlhletamanmrml\dtlp!ﬂahnlms atiditferent férmns ofIGneatalytal ArBlysRlsM
chloride, |igh J] ha(%e salts, lithiumsul fate, magnesi um halide salts and

15 magnesi um Su he reagent or reagents used to |iberate heat does
not adveBsely af ﬂ@@tﬂmlﬂhd af gnalgsisivdereinoif is bsele! tobstattie sarmptetis tMEMEBtURRENS Sulfutiokidken

col | Such, S ong GLARE VAR NBLRS W R YTlBl 1 A pn ERE RO i e anEl Y e

so as to affect 1ts response versey
present. Whdpt fpre Qurhpdfennusmtemmt#& oh@adlnaheeddaasauehmaihé sensort thed is@he@fiind OGN @Y Cal

cel T D il 8t bl e bS] e BT S e s "
V‘l)9_9148585 heatirg meginss u@ddmmmmam@mmemmm isPced il kh8 kahsi Cavitylwhele@ay | NG
punchod 2t Tk e prfls SSALBI e WS i otV oy i el o B2
def i nes one #diin bt is dpelied to the simple viln the teating meaex dn DPifsvgd erbdiman chedtig i§ Sppied RN d
oL et e, | P T i e b0 S B o SR S Yo S 2
formed int Hwtgb@mmmmm wfini dmgdel reagis with B redodeapents ubﬁyl pR8ucihiy Stond sensor
pertur o 265" Pl edlial Ut BE Rl ety o0 5B eyt af i on e Sprpae
el ectri @l etdanedzand thusabytdiferbnod, bre 6free and bound form concentrations obtained. While this two-step method is
beneficial for obtaining the concentration of the free and bound forms of sulfur diaxide in wine, other uses for such a
method are also contemplated. For example, a twa (or more) step mathad may be used for analyzing suitable samples
containing an analyte having two or more forms with different reaction kinetics, or samples containing twe or more
diferent analytes each having different reaction kinetics.
30 Obtaining Flestrochemical Measursments Using the Antioxidant or Oxidant Sensor
In certain embodiments, information relating to the rate of a chemical reaction that yields at least one
electroactive product can he obtained using the sensor by ensuring that the chemical reaction is localized at @ site
remote from the electrode used to electrochemically react the electroactive productls).
The site of the chemical reaction is sufficiently removed from the elestrode such that the mass transfer of
35  the electroactive species frem the chemica) reaction site to the electrode effectively controls the current flowing at the

11
f



In preferred enbodi nents, resistive elenents nmay be prepared by

| npregnati ng one or nore of the nonconducting |ayers carrying an el ectrode
| ayer with a substance such as carbon particles. The nonconducti ng- } ayeps;
may inC|Ud§5§%$ terials as plastic or rubber. The inpregnated rubber or
plastic |ay a resistive bridge between the el ect POTASON2IDdIC

el ectrochem cal cell and the netal foil layer. Wen a potential is applied
across the %ggf S|st|ve ﬁ%ﬁnent heat is generated in the inpregnated
rubber or pl [TROBEmE, ensyis 4 syietaitially finews elggimastive shepiestcbngentration gradient

| ect h lﬁt&ban I:Hem t
el ect r 0CherTi btivben &8 bHemicafecfn i anAf) ddero TegatehiditiRt oMt BENCHRACEdhAET

j oi ned by as"H si stance track can be forned on an ext
sensor. E‘ﬂ“ﬁ “éﬂ‘rgbmh'iv the slpeiroghagtical reacsiprstaking elece ther,cThe timesowss o the swagritaie

el ectri c?ﬂ |y Rl s it D &b AR i e o Mol sty
Cel | Devidc et P slectopctiv speciglp) il fha chegveal reagtion siigapd thexdiffiision coeffisient(skobthendentsuactien reaction
than one oXipddeds)iihe R indish. S s iR af e TP be-forihld o Tobenfn oot

acconpl i shed by using an arr% of two or nore e em ca
descri bed alfbie tecipetive specials) 2t therplegiiofes the tipecoduse of this gurrest wilieflegtithd tive cosse obrihé h

O ot e e Rl 0 e, ST e Sl Bl o B B GURR RS P

wi sh buffers or heating neans, require |cu

Such an ar r 3k et sdiegratediyo e a uagtvéd comyspientirvaspretnbihe rde'a!ﬂlemnnﬁ thte foi@micad reactigattakiag | on
of knownyganghyt es of interest, but may also be used to screen a sanple of
unknown anal yte conposition for t he presence or absence of a Variety of
anal yzes. Varl ouén meaye wéthod ez @ishring: thatatpe eheraicat mactiennip rembte drom ki waig

enbodi nment , des d aboye u
fabricate a deV| ce Haw ng t| pﬁ’gﬂgcgﬁs g'i"é a Ei. ﬁﬁ"ﬂ%‘b%@"%‘b&f‘
sharing one reagtion mmmisbcan W@n@ﬂd hvumnm‘a’em itherg wmmmainatnxl that &ifdd RL6r otherwise
enbodi nment I e cr

e eq ¢ oga b Bfee T Sufte® Fe! AP o5 ) o8 criifich S fin SALEoeE i b
mat eri alts Arhemiahe pliysicsl hyndmn vwernamemmer roelof the reastion cheamatsbm:tmab u/dtied obbl the solid
cont ai ning. ek Ghl's ftmn Hﬁme_ﬁ.‘s‘tﬁa%% tb?hgacgu:ngnéna st Sty ©

for use in a particular Bl
cont ai ni ng M!I'tmblﬁm "aﬂialilwiﬂ evstnx)ﬁllmnilfﬁ ﬁ!a:trshamcilmellnmatdtfdoahm rﬁi@ifemﬁdfa’rlﬁa]yzﬁomﬂle

Anal ysi s of I e e of nal ysis wherein
it is usefu '&Hgt %'qu san%alr\gev}lﬁl"g Fﬁimgr?e}ges té" ;(;a! 8?’“@&*!"?”& ﬁo‘%’f"&@d %
w ne. Sul fuparfermmrmred mwmﬂmmmnmnsuhammmumm thatithe spWEt ndving doidosent | Y
present sjN [l mﬂ“"’ﬁfg’ ey E‘ for m The free formis
nore qui ckly OXI I ze q‘?&w&g&ox r%%g mr% gﬁ’gﬂ# “‘Lah(g’?f"’{i i} und
form It i shﬂn@mmegmtl@simamseofﬂeumﬂnUWmMWurme free and bound forns of
sul fur di oxide if a . heatin ns.i.s included
in the el ectrochem ca:af ﬁf’iﬁ% SaND | Eeil or‘:ﬁefr'r?riﬂrseil HGieng @B‘F ﬁﬁ""{" #si ng
“cavity, whembedests i2 desiahlp leys dld 2bout éagenaiemhiwlesmtﬁ maﬁrbﬁrefqnuhﬂktwmw MBGHBE free
sul fur di oxbggesgh |-gn I s anal yze and
then heat is app&cm(;f%?d‘l g?‘ﬂ%ﬁimﬁy Vi a t e E A?Or 2@%@%“”0{'%3"5%&‘( BFp e g
enbodi néht , betweenS Hg50 Hlﬂapﬁﬂomdnnw th a sl ow rise in terrper ature so as to
avoi d excessive Qfscohe fter u1 t eriod of tine
at el evated ten%\é@g%urym?&n ougﬁs%"fﬂ b@f"ﬂ?"ﬂ' "‘W‘?’W“t“w@ viged 190 x
reagent, t hesmphte/thexlegiehgkemiog cimuits Sptiomdy theoasiar electrode can functlnn as a combined countes/reference
electrode or a Separate reference electrode can be provided. In a preferred embodiment, the working electrode and
counter electrode are desirably spaced apart at a distance greater than about 300 microns, preferatly at a distance
30 greater than about 500 microns, more preferably at a distance between ebout 500 microns and 10 mm, more
preferably at a distance between about 500 microns and 1, 2, 5 mm, and mest preferably between 1 mm and 2, 510
mm.
The working electrode is constructed of materials that do not react chemically with any component with
which it will come into contact during use to an extent that interferes with the current response of the electrode. if
35  the working electrode is to be used as an anude then examples of suitable materials are platinum, palladium, carbon,
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signal. Fromthese two signals the free concentration and total
concentration of sulfur dioxide in the sanple are 25 obtained, and thus, by
difference, are the free and bound form concentrations obtained. Wiifté i s
two-step nethod is beneficial for obtaining the concentration of the free
and bound 8PP sul fur dioxide in wine, other uses for pewasereissret hod
are al so contenpl ated. For exanple, a two (or nore} step nethod may be used
for anal yzing suitabl e sanples containing an anal yte having two or nore
forms with dffedp eypinationyithinert binder dridiurg, dndivp pxide,tinides mictwrest dhindiinnapd timaddar i wer e

di fferent acgdmid ' i : Lon. kinetics 38 Obtaining

El ect rocheni cal @%??&ﬁ%ﬂ&cﬁ%&ﬁ@%&ﬂ?f@% h@%{ahfgﬁ & ggemugggﬁglg}ag PR
certai n embodehiales stepl conger.pigkel, sver andéheaeiomg t o the rate of a chenical |

reaction that vyi eﬁ,p,gmag hefeRad | ve_product n be obt ai ned
using the sensor by’ e_nsfurl ng t %fs f?rﬁééeeguh'g%%wergggﬂ"% pf"gsl"f"b&?i'f"ﬁz‘@'g"“a'? a
site rerfbt ecomiEnglon withnegt|binders, itidéie, miive dride.din elids,otixtmecdh axincanl tit/oxide Red, stilies steel,

el ectroactiy r Chlrdmion. s; ' . em.cgl, reaction is sufficiently
renoved frorﬁ?ﬁ'e el ect 1 ode suc%%é@% ;;&r?gagt'sawt"}’gmf@?’ fih g o, stver

el ectroact i \hesmige sitvir ipdidef sheefertotyenide hilverifepimyanidecact i on site to the el ectrode
effectively contr {1 ow at .the -11r - J FEB 2005 WD

02/ 06806 PCT/ Uso#ﬁbﬁﬁsgﬁﬁ%['?‘%& e“a&?"v'\ga“"‘n%%" prabae W’wrﬂg]ﬂawrrmww@s a
subst ant i al |working pltarde. e The siterob the tiamiea! izt icanche 00 HE Sk pidvie i the FhriakY cRfiode PRIEEN
t he chenjgcal ! s a .he el ectrode. The concentration of the

el ect rogicotci v"ézfsp %%@%?@E’E%’i n%‘%"’ﬁéﬁralﬁ“’h@w'@%ﬁ”é‘?’y zero at the el ectrode
by the el ect r ochdrssrisa alitablectoraise with cirtain iemigdiTn® Geiuded e héking HodtrodeiahiEs GEMM Suddd t he
magni t ude -4 hi rati.on gradient wll therefore be substantially
det er m ned %dg%éw%&teaﬁ ?‘%e“%?&[ﬁ‘%@‘“‘sf“bﬁw& %ﬁé"éﬂ‘ﬁ' Fubistraty is dispqsqd & kyer of chemical

el eﬂ roact i vectansewhiere ¢tdéast are ot thegsactimeys satatantioly awobiNael ngihi ﬁlzs&d)ﬂd rﬁmhheléplté bkt A l
coefficient . troactive.reaction oduct in the |iqui

medi um  Si né‘éﬂ st“ﬁrehﬂ %%?’r%ﬁ@fﬁhﬁf dlg“'ﬁ?"'“?ﬁé"thﬂ?"é%‘f”%éféaﬂ"@e %F”@'B'ﬁ“r‘ﬂ"?hd'ﬂ‘dﬁﬁné ¢ he
concent riét i orduckeat tleast wibe deltmanivecspdien alhé prodcts pewid Evbrfidel redctioh IRFuR | tAsalds B8 Svorkibg€
time course n&w urrencﬁ. win.reflect th tﬁii"?eg course of the chem cal

; foaciive spopels) arp plegtrochamcally {rofucea curent Jie magpitute ok they ot

reacti on ocCUrring a
the el ect r ocwrert orthacharge gaseiats parttutirfime, btk ikl oSt the urrbndbr AR/ cah BendEysit USEd

as a conveni . re. of th e and, extent of the chem cal reaction
taking is ptﬂeog{g"é. %n é’g‘a“n%%'°§?J°2E%W°3Bﬁé“°m%“#ﬁfea%§wi ng that the
chemi cal reacti o amthereatiitnent df tho Sandol) the rbttalits B dispbieddhlilio Qélker ofictlod® whith B RiptshiZ ©
one or re e yeaction. co nents on a solid surface renpte fromthe
el ect rogg. ‘?’ﬁ%‘ EI"'!rhewg\nr(‘.!t' ESiEe ?E‘Hﬂ% ﬁgﬁ'{s C’%“E"B"ﬁtntwtﬁ"ﬂhﬂﬁ?"ﬁf“?@ﬂ“fﬁv CPURiEHeptstee ng
themin a pabryamadtio withny bbthetclbnertsof 0l letBimOdispted cath@dkcidgee attached to the
solid surface. The reaction. conponent. % can also be tethered directly to
the solid surf acﬁse"'leﬁ'ﬁé’i °hga§'"ﬁ§'n¥??8§?'6é\s resmant described ahovs pTaY becpppliod)te any ely
one or or e elesfrochdmizal Ky, trickding GraiORHEND £ biilart ySterds. IR ExmpROS 1K he@dd 2 RfpRd khiGypRg! 1 d
surface wit q%tmnsaﬁsﬂa%le'i m]\ggi Li zation neans. In this situation one or nore
of the reacf FOn OO eTEtee . Wimdl 'f:'fwéﬂ‘["lg?“wf"d‘f/\)‘"l“h h'FI‘HH?"Wi“W‘_}W"F‘W“@ fraendentq Ui d
matrix 26| | phwgse tdpirogdngse (GDKpad) Bridia codx ndiatar., in thid@sactiok ghiQE M 1t} Blood Tals MikHEDHpo to
substanti al }o}{nfrom t.lpq . . .
ghicomic acid. In the process, the POO in the enzyme is reduced. A mediator, such as potassium ferricyanide,
then oxidizes the PQQ in the enzyme and forms ferrocyanide. The enzyme in the oxidized form can then react with
further ghucose. The net effect of this reaction is to produce two ferrocyanide molecutes for sach ghicose mokecule
reacted. Fesrocyanide is an electroactive species, and so can be oxidized at an electrode to produce a current. Dther
30 suitable enzymes for this reaction are glucose oxidase (G0D) or NAD dependent glucose dehydrogenase. For other
reactions, lactate dehydrogenase and alcohol dehydrogenase may be used. Other suitable redox mediators include
ferrocinium, osmium complexes with bipyridine, and benzophenane.
The reaction of glucose in whole blood with the enzyme can be slow, taking up to a few minutes to go to
completion. Also, the higher the haematocrii of the blood sample, the slower the reaction. The haematocrit ef the
35 blood is the volume fraction of red cells in the whole blood sample. For example, a solution containing 50 mg/mi
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position where it was dried during the tinme period that the el ectrochem cal
current can be usefully nmonitored to performthe required neasuregrgptigpsl n
this context substantial mgration nmeans that the sl owest noving conponent
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a preferred enbodi nent. the working el ectrode ectro
desirably s palpsably between.+ 290 wY ar ¢ 00V ¢ lathe cell; thewprkiot elestrod @it afradys pf gold

preferably adutfreslint! ARGRteSRhsGitAME e m@ma%naﬁﬁefgggrﬁf%@ ,,aggg.r. £ ol lef),1I,ef erably

at a di stance between about 500 m crons an e >9m%1f a
di stance betPE s#s¥R 500 nicrons and 1, 2, 5 nm and nost preferably

bet ween fg "M and GrentSrade® werk oo R | .mggi ' nstruct ed of terials
that do not react chem cal Iy Wt hhﬁ;%gscﬁ'g%nen Ha%mmﬁlﬁm' %ﬁ'@ﬁgﬁsfe’wpﬁwﬁtﬂﬁe
i nt o cont actH e paegptagetdlopdyi.eq R0% 43% and 65% heematoutitair toad. cEbe ylichsa levehie eazhibidot Biinple
response of JgukiiRfdy thiGme, hdmeiy 5.4 [niSor R dbd Lrode i 0, be.used as an
anode t hen exaerrpgﬁes of suitfable mat e‘r’rwagldsg%g%gﬁlﬁﬁﬁgﬂnﬁeﬂﬁﬁa ";ﬁ)“aflt‘"ltg“dﬁﬁﬂ?”ﬁ‘ﬁ?“bon,
-12 -3 FEB 280 apgs-Gmid ot bemiteodGame1 961 carbon in combination with inert
- binders, iridi umpmddaRhtHeashsd SiGe anbd I | es of indiumand tin
oxide. If the working el ectrodaephllﬂgm%b'gmgbyt}?e%ﬁ%é‘ a cathode then in
addition®o the material |isted above otfABCllsuitable materials are steel,
stai nl ess Styhgh is theLRRAL F i n,ra' &y | bo4ge .o Exgopl of terials
suitable for the counter e ec?lﬁmosé@{ e '%%%’ﬁ%rﬁ'%mﬁcgrﬁeg |'§%Qh°(§§'l"5’8f‘|’?ﬁ}'ﬂ% bon
in 5 conbi white Briccyapierin e, sample, |iistheconsentrition ofi femovyanide oli thenreaptioh ciex,and I 8 the Mikthea
m xture of ingehel'fid Rdtfonsiteindiie efdGrodeS : Ll t eel opper,. nickel,
chromium silver and silver coatdead*h\?mﬁ%w"?tgh'ﬂegF"Zﬁetmﬁ%'ﬁ%ﬁ“? H?ﬁﬁ‘gﬁ'r”é’ Wer
salt such a®®brver chloride, saver bronide, silver iodide, saver
ferrocyagi de, silver ferricyanide. Jpg ES'MEJH?J" t he chem cal reaction can be

| ocalized on a bare wall or on the counter ectrode, rewote fromthe
wor ki ng el e thedactiony discussed;above, betweereS ah B srcunds forthe 20%,140%, aniB5% hasmetdcrit Saspks AR
|

bt ant i al o ot oo 20l a8l il gt el o ki el B o
with certai fe@reks weh?8 xi10%1.4dd0° i Wox RV gied fc20kO4Rs%, o G5% hamatbiesamples,
Second subst et TR RS e U2 in el s 12T R ibinbl mSOREPE AL cast
one of the /8204008 mMispoand dan the 2084 2Padnd §5% haematiodrit sampesl, rdpectivie substrata. | n use,
the space betWeefhg method as descrited above for measuring the reaction of glucese in blood may be suitably medified to
apply to other electrochemical systems, including oxidant or antioxidant systems, such as sutfur dioxide in wine, as will
be appreciated by one skifled in the art. .
The above description discloses several mathods and matesials of the present invention. This invention is
30 susceptible to n'mliﬁcétiuns in the methods and materials, as well as alterations in the fabrication methods and
eqeipment. Such modifications will become apparent to these skilied in the art from a consideration of this drsclosore
or practice of the invention disclosed herein. Consequently, it is nat intended that this invention be Emited to the
specific embodiments disclosed herein, but that it cover all modifications and alternatives coming within the true scope
and spirit of the invention as embadied i the attached claims.
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wal s of the sensor is filled with a liquid containing a substance which is
capabl e of reacting with the reagents to 15 produce at | east one

el ectroactive species. The products of the chem cal reaction diffuse
towards the working electrode where the el ectroactive specie(s) are

el ectrochem cally reacted to produce a current. The magnitude o_f.j E#Eg-ﬂ%
current or the charge passed at a particular tinme, or the tine collr é f

t he currentwtﬁ?ﬁ{irﬁgdgassed can then be used to obtain a nmeasure of the
rate or extent O heni cal reaction occurri ng at the reactant layer. In
anot her enbodi nent of the sensor, the reactants are di sposed on the counter
el ectrode which js disposed 20 on an electrically resistive substrate. In
this enbodi nent khe rAdeyicarer dstectings prasedeon anhbsehee ebairdlox rekted r ode are

inert tor e aRANY i t onpanent.s_of the reactants_ di sposed on
the electro g&%eﬂr?étnﬁ% 58'?' B%ebp'gi‘%ivﬁg CaNPEpRe i BEHté?ﬁ 51“’%21%8?‘@%%
descri bed olonsing cleymbee, 2t élecirdde, atobditleaBdd wiRdr8a hOSREM aeéucﬁnégé em

i ncludi ng anti oxjdant and oxidant systens. An exanple of the nethod as

appl i ed to ™° R Apposigg Flptionshin-ahstanseiof dess thas| abeut Wrmoivras| fray theem i s

measuring HChSErol I %jnhli' n POD depgendent 25 gl ucose
dehydr ogenase (%ﬂgg’qg ghﬁu}a% ﬂrglce) oxﬁ?#gPéaF%?. eﬁlﬁg‘;}hﬁ ssenﬁlgggﬁ?%dﬁer se in

t he bl ood mrrezgenscontdimedGRithigqhd sensingchargbetcwhéreinahie dlectrécHehficdlcicess, the
Pap in the enzynme is redyced. A nedjator, such as potassiumferricyanide,
then oxi di £8RAIHE %@BIW%EIPF&C@W&H@&W fop PRYY arsingle expeninepat, andevherety me i n
t he oxi di Zggk feREdRt CPALEBIEBF IEAS boild T ef fect of
this reaction iés to prp(_)duce tméoflgég%dfg#& ggfﬁgﬁg"&:{ﬁﬁhgh&%g%%mgl ucose
nol ecul e  geacraiedn clstricat signildedicativanf dleguresenectdi abseixpefitlasanaie 50 can be
oxi di zed aty.a | ectrode .t.o0 Elilg uce.a current. er. 30, suitable enzynes

o
for this reac n? ot sT &OTPPUYBE [ngFlemencperein thedesatiag sleansht Isqtucose

dehydr ogenasethensie s@shiice coamed Within haskiify dahwer ogenase and al cohol
dehydrogenase may be used. Qther suitable redox nediators include

ferroci nium osm um conpl exes with bipyridine, and benzophenone. The
reaction of glugose i ole bl.ood.-wiih t n can be slow, taking up
to a few m nut eg'to élgle}[ﬁgwc%gﬁ%fu& ilb‘ﬁf.lerﬂ’lngg? ﬁfsl’zwgfgﬁtir SOHECHA e 8cri t of
t he bl ood skowbds. t he sl ower the reaction. The haematocrit of the 35 blood
is the volunme fraction of red cells in the whole blood sanple. For exanple,
a solution containing 50 ng/M -13 -3 FEB 2005 WD 02/ 06906 PCT/ US01/ 21961

GDHpgq, 0.9 M pat assi ' ' uffer at pH 6.5 was

deposi t ed on thg' cou#g]rdg‘gﬁe%f%i%ﬁ&eg’g‘ﬁ@%ﬁe ef\}l\%/tglfwoec{?oc\?gli’p”tsﬁs‘l‘g’&v&ah dried
react ant | aglested fromtthé groupyensistieg dHpHRmam, pallligs, @RH thdidnReik! figcti vel y
i mobi li zed Ifi(F)Pp {!Sﬁggﬁunter el ectrode,. whereas the ferricyani de can m x

nore evenl §* m, KEPRSTifed and migRires thenepocheni cal ~ cox. The bl ood
sanple was introduced into the cell and a potential of +300 nV i medi ately
applied between the 5 working el ectrode and the counter el ectrode. Although
a potential of 4300 fke deviowsfclpimef evhereln tlor fiskilditzide@onipeisésivani de, the
potential is desirably between +40 nV and +600 nV, preferably between +50
nv and +500 nmV, and nore preferably between +200 nV and +400 M 1In the

cell, the vorkipg el #ht aodee 6P 1, Shedlin thd MEEeOlodd% frmafyl e ed onto a

pol yester substrate and the counter el ectrode consisted o ayer of
pal | adi um @5@119@# gedectask fjom the group consisting of sputtering, vapor coating, screen

printing, thermal evaporation, ink jet printing, ultrasonic spraying, slot coating,

gravure printing and lithography.

0. The device of claim 1, wherein the second electrode comprises a

counter electrode.

7. The device of claim 6, the electrochemical cell further comprising a
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pol yester substrate. 10 Current traces were recorded for blood sanples of
different haematocrits, showing a faster rate of reaction in |ower
haematocrit blood, i.e., 20% 42% and 65% haematocrit in bl ood._ 3Tﬁ‘ﬁ U4

gl ucose |l evel in each blood sanple was approxinmately the sane, namely 5.4
mM for the 65% haematocrit sanple, 5.5 mMfor the 42% haematocrit sanple,
and 6.0 nMfor the 20% haematocrit sanple. The current neasured can be
appr oxi mat ethi’fdgie\éﬁg epy the equation: 15 i --FADC/L where i is the current,
F is Faraday's consctlént (96486.7 Cnole), Ais the electrode area, 0 is the
diffusion coefficient of the ferrocyanide in the sanple, Cis the
concentration of_ ferrocyanide at the reaction site and L is the distance
bet ween the reacti on Biadevigeelclnmel abereiyde thinbeleetrasieicompriatsss  gi ven by
the rate of with time is therefore to by: 20 dCdt =
(L/FAD) di / ffep%ca)?glteﬁlgo%éacti ons di scussed above, between 6 and 8 seconds
for the 20% 42% and 65% haematocrit sanples, the average di/dt was 3.82,
2.14 and 1.32 mcroa s/cieecorg’g,gl respectively. The diffusion coefficients of

ferrocyani de for th XH5104 §lajja Be Whergin the thigl electiode copprisesa metal x 10"

cm' sec for iR@%atadtden fRAiH3M haematocrit sanples, respectively. The

el ectrode area was 0.1238 cmand L was 125 m crons. These val ues yield
reaction rates of 2.0, 25 1.3, and 0.99 nmM second for the 20% 42% and
65% haemat ocrit sanpl.gs,, respectivel The net hod as descri bed above for
measuring the re@cti o'ﬁle VﬁFlﬁ’?S Hngn%BFrSB’thﬁ'H}Pt an sQMRct Y iih themetalsalt ¢ o

apply to otib@]e&é@ﬁ&h(iﬁél%{&ﬁ_%bns‘iéf&‘g%ilvér%l: .'dligvig&iﬁémhleﬁdé@gkgéﬁ gﬁgt

systenms, such as sulfur dioxide in"wne, as w e appreciate
ski |l ed i nconactawith siltes bedoide, silvsciniqoniactwvidh sitve sebdes everewurly imedtiads and

materials Qf..th [ invention. This inveption is susceptible to
nodi fi cat i &Htsh Iimﬁmgi hog@ﬁgtng&San AR &7 Pftect Wi megrcprons S'il??t%r ations in the
fabrication nethods and equi pnent. Such nodifications will beconme apparent

to those skilled in the art froma consideration of this disclosure or
practice of the lilnverdihessvige Erlaird, whersinthe @snnd gigetnedeconiprisesa not

i nt ended t%ﬁtiﬁk@th&\(ﬁmjl%@fﬁgalki ted to the specific a invents disclosed
at 1 a

herein, but 't cover nodi fications and alternatives comng within
the true scope and spirit of the invention as enbodied in the attached
clains. -14 -3 FEB 2005 What is clainmed is: 1. A device for detecting a
presence or an aBsend@€devige pEelgim | bavhareia themata) inecantachwithquaetaksallanpl e,

t he device; j 454 . I G C I Q. i ng,chanber, a
first el ect1 fo e?édzﬁds?gcon% {éﬁ?gﬁs?sg@g% lgeé%ﬁé({%%%gdé@%ﬁl eret?%gécl?dreo% verg

mount ed i ncompasyittysihvet btandde, fsilpercin dbstaetneieh sifvel katide, hfcuad didon®® i crons
fromthe first electrode, an.,aperture for admtting the sanple into the
sensi ng ch ercuroKs ahlorlde, and mercury in contact with mercurous sulfate.

13.  The device of claim 1, wherein the second electrode comprises a

reference electrode.

14.  The device of claim 1, wherein the reagent is capable of oxidizing an

analyte comprising an antioxidant.
15.  The device of claim 14, wherein the reagent is selected from the group
consisting of ferricyanide salts, dichromate salts, permanganate salts, vanadium

oxides, dichlorophenolindophenol, osmium bipyridine complexes, and quinones.

16.  The device of claim 1, wherein the reagent is capable of reducing an
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reagent contained within the sensing chanber, wherein the el ectrochemrhcai;
cell contains a quantity of the reagent sufficient for only a single
.experinment, and wherein the reagent is capable of undergoing a redox
reaction directly with the analyte to generate an electrical signa

i ndi cative of the presence or absence of the analyte, the device further
conprising a heating elenent, wherein the heating elenent is an exothermc
subst ance c B?ined Wi. t hi n Lae sensi ng chanber. 2. The device of claim1,
wherei n t hem FIrsto BEdE Bu¥ e8Hpri ses a sensing el ectrode. 3. The device
of claim1, wherein the first electrode conprises a material selected from
the group consisting of platinum palladium carbon, indiumoxide, tin

oxi de, gold, irildiumT tae, of slaém| 16, wherein the oragenttih eeleméd frdm thgrodpvi ce of

claim 1 wierayhd oot G IS IErSOMR e e ByrokShe, chipwPh Bl cct oo

from the graadCogNEs)Stsaltg of sputtering, vapor coating, screen printing,
thermal evaporation, ink jet printing, ultrasonic spraying, slot coating,
gravure printing and |ithography. 6. The device of claim1l, wherein the
second el ectrodeggco [SES: t,e Lee de., 7 he devi.ce of claim®6
the el ect rochem’qc?al ce el(ﬁgﬂ:?toﬁggﬂﬂghéhfﬁgﬁ%é%%r @@eﬁgﬁnﬁﬁ%g?hi rd

el ectrode. Wffefivehetsn tteechbudfer ¢d intained witlgin elidsehkiag tharhserel ect rode conpri ses
a reference electrode. 9. The device of claim8, wherein the third

el ectrode conprises a netal in contact wwth a netal salt. 10. The device
of claim9, whergin t lofL12: t i . i | ected
fromthe group clghsi s%ndggeo ogib {/Igﬁﬁi ‘%ﬁ%glnwttféég?ﬁlgm&tlﬂgégt{t?/@rﬁh%ﬁfl%%Oglg, sil ver
i N cont actcomsistingsifiphesphatesGarkenateis) alleali inatat subts @€ nellitidacid, lavié alkatidi de,
mercury in cqqt t w{th rcurous chloride, and mercury in contact with
Mer cur ous #laplis ofitnengid. joyi ce of claim 1, wherein the second el ectrode
conprises a netal in contact with a nmetal salt. 12. The device of claim
11, wherein the nmetal in contact with a netal salt is selected fromthe
group consi stingQof dihevdgriceof claim dcfurther ¢onsprising ancaddgidndbheatingver i n

clement, the additional heating element comprising an electrically resistive heating

element.

21. The device of claim 1, wherein the exothermic substance is selected
from the group consisting of aluminum chloride, lithium chloride, lithium bromide,
lithium iodide, lithium sulfate, magnesium chloride, magnesium bromide,

magnesium iodide, magnesium sulfate, and mixtures thereof.

22, The device of claim 1, the sensing chamber further comprising a

support, the support contained within the sensing chamber.
23.  The device of claim 22, wherein the support is a material selected
from the group consisting of mesh, nonwoven sheet, fibrous filler, macroporous

membrane, sintered powder, and combinations thereof,

24. The device of claim 22, wherein the reagent is contained within or

supported on the support.
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contact with silver bromde, silver in contact with silver iodide, nercury
in contact wth nercurous chloride, and nercury in contact w th nercurous
sul fate. 13. The device of claim1l, wherein the second el ectrode_¢ gprd ises
a reference electrode. 14. The device of claim1l1l, wherein the reag nt
capabl e of oxidizing an analyte conprising an antioxidant. 15. The devi ce
of claim 14, wherein the reagent is selected fromthe group consisting of
ferricyani de sal ch onat al t er ma te salts, ~vanadi um oxides,
di chl or ophenol i nid?(s)ph HE &evb‘?rﬂ M lrgl%}zvﬁaqe%tﬂggﬁﬁ‘ Ids 6Qntaiiiad withinomes 16,

The devi ce supparteion the sifppiei N the reagent is capable of reducing an -16 -3
FEB 2005 anal yte conprising an oxidant. |IT The device of claim 16, wherein
the reagent is selected fromthe group consisting of iodine, triiodide
salts, ferrocyanjde ! & I e 42+ .S and NH3) 63+
salts. 18. The ?6& czﬂ{c?f Ce%fc%ﬁgtrlh‘évhgénnglﬂsé Sﬁgéﬁr"%iﬁt‘ﬂ%}n%ﬂpn sing a
buf fer, whemppbsing Mathlmfslﬁlpra distaceniif dés8 ethn\aibbin 150thR rdit Tedn theatitgber . 19. The
device of claim18, wherein the buffer is selected fromthe group

consi sting eé‘?“ﬁﬂ"osphat es, carbonates, alkali metal salts of nellitic acid,
and alkali netal salts of citric acid. 20. The device of claim 1, further
conprising an additional heating elenent, the additional heating el enent
conprising an elXctr iﬁaldeyiceaeécsﬂiingeo blaan il Pghereinethe sécond tlecitbde idevi ce of

claim1l1, wherein the exot m c,_substance is selected fromthe group
consi sting nﬂﬁuné‘?%dﬁloﬁﬂﬂﬁlﬁweg‘?t}%éhlp ﬁiﬂ%oé kss thapabowt k5RimisTams gt de,

| i Um i Okdlfer thir dHoti SO HiidrBhLHoNARDRR R Qe0r  de, magnesi um brori de,

magnesi um i"odi de, magnesium sul fate, and m xtures thereof. 22. The device
of claim1, the sensing chanber further conprising a support, the support

cont ai ned Wi t hi gst he e g ghﬁnbefr 3. The.device of claim?22, wherein
the support is ev’§ PeEPEY i SPTHIRAR IE'Eﬁli’Ié’F%fqrng of nesh,
nonwoven smgﬁnmﬁdahﬁgusthfdlhlg@f_, macr oporous nenbrane, sintered povvder and

conbi nati ons thereof. 24. The device of claim 22, wherein the reagent is
contained wthin or

29, The device of claim 28, wherein the interface communicates a voltage

Or a current,

30.  The device of claim 1, wherein the electrochemical cell comprises a

thin layer electrochemical cell.

31. A method for detecting a presence or an absence of a redox reactive
analyte in an aqueous sample, the methoed comprising:

providing a device for detecting the presence or absence of an analyte in an
aqueous sample, the device comprising an electrochemical cell having a sensing
chamber, a first electrode, a second electrode wherein the second electrode is
mounted in opposing relationship a distance of less than about 500 microns from the
first electrode, an aperture for admitting the sample into the sensing chamber, and a
reagent contained within the sensing chamber, wherein the electrochemical cell
contains a quantity of the reagent sufficient for only a single experiment, and wherein
the reagent is capable of undergoing a redox reaction directly with the analyte to

generate an electrical signal indicative of the presence or absence of the analyte;
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supported on the support. -3 FEB 2005 25. The device of claim 22, wherein
the buffer is contained within or supported on the support. 26. The device
of claiml, wherein the second electrode is nmounted in opposing -3 FER B0
rel ati onship a distance of |ess than about 150 m crons fromthe first

el ectrode. 27. The device according to claim1, wherein the second

el ectrode is nounted in opposing relationship a distance of | ess than

about 150 m Ui .than about 50 microns fromthe first
el ectrode. rBng.l ea?l uf(g'[eses%%j%(iﬁ’ai m 1, further conprising an interface for

comuni cati on widllowdngrhicaampR9o flohetheigheke ffertalin® AR, thub&iskigh t he
interface c?]gggni ca:i eg a _vol tage orhgr_current. 30. The device of claim1,
r]

wher ei n t he*M@mags ¢ A4 the pensig chamhey is sebstantialiy filed;apdr el ect r ocheni cal
cell. 31. A net : i : o) . ab ce _of a redox
(i o S ol B S O En o R RO FrefingB b v i ng o

reactive analyte In an aqueous sanp od co
device for aitedmcbfmgtlﬁhq;_rqxpﬁéﬂlﬂ@ﬂaﬁfpleabsence of an analyte in an aqueous

sanpl e, the devihce.coErrrHBrl Si pg gn el cgr ochem cal cell having a sensing
chanber, a firsttaYRE{eSaRPle, VaEEBH e g siipdolimes Biersteprel obeaining 28| ect r ode

s mount eidctoaRRfsifedsilofich0Bal i) St ance of | ess than about 500
mcrons fromthe first electrdde, an aperture for admitting the sanple

into the sensi ngbtdieingesccanddtl@trockrmjesitmasweaieneindivhtive of thb eresantsiong
chanber, wherein {,he el gctrocherri cal cell _contains a quantity of the
reagent sufPPErBAl 2 fPnd Analyls PLysani e thssumlsrent , and wherein the reagent
is capabl e of undergoing a redox reaction directly wwth the analyte to
generate an electrical signal indicative of the presence or absence of the
anal yte; -3 FEB32005 Theausthodhef daimadladescin thepilectroahdmisiingedsheensanisl e t o
fl ow throu rfure and into the sensing chanber, such that the
sensi ng chgnnbaé&%fog%gﬂ%s ea?ﬁrFrgFrfty filled; and obtaining an el ectrochem cal
measur enent indicative of the presence or absence of analyte present in

t he sanple; heating the sanple, wherein the heating step follows the step
of obtaining an33. The method of claim 31, wherein the electrochemical measurement is

a potentiometric measurement,

34, The method of claim 31, wherein the electrochemical measurement is

a coulometric measurement.

35. The method of claim 31, wherein the electrochemical measurement is

a quantitative measurement.

36.  The method of claim 31, further comprising an additional step of
heating the sample, wherein the additional heating step precedes the step of obtaining

the electrochemical measurement.

37. The method of claim 31, the sensing chamber further comprising a
buffer.

38. The method of claim 37, wherein the buffer is selected from the group
consisting of phosphate buffer, carbonate buffer, alkali metal salt of mellitic acid, and

alkali metal salt of citric acid.
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el ectrochem cal neasurenent; and thereafter obtaining a second

el ectrochem cal neasurenent indicative of the presence or absence of a
.second anal yte present in the sanple. 32. The nethod of claim 31, wherfel s
the el ectrochem cal neasurenent is an anperonetric neasurenent. 33. The
met hod of claim 31, wherein the el ectrochem cal nmeasurenent is a
potentionetric nmeasurenent. 34. The nethod of claim 31, wherein the

el ectrochem cal neasurenent is a coulonetric nmeasurenent. 35. The net hod
of claim 31, wherein the electrochem cal neasurenent is a quantitative

measurement. 36.39The Agidisl R nthairMedhifuf Mb4iABkn &?Mﬁﬂe%@f%@né%@&?ﬂu}i onal

step of heating the sanple, wherein the additional heating step precedes
the step ofdiggtahainga frepform and 3 bsimd foraandrecing capabletof uBdergding anet hod of

claim31, t ' fur r. copprising a buffer. 38. The nethod
of claim 37rg&°\5ﬁ‘§?§°ﬁq’t”ﬁlggg%§%"etr %Ftsrg‘g’é‘lrg%ctr@ﬂ haYIE AR ‘QPE‘W“"%&H?F?’M ng of
phosphat e khé fnethodecanipeisat: e buffer, alkali netal salt of nellitic acid, and

al kali netal salt of citric acid. -19 39. A method for neasuring sul fur

di oxi de in a sarfpPEdEs ageyice, thedevige emrpridng s electrephemisahedlt kaviiga m and a
bound for mgand. bai ' I ctiopn with a
reagent, thse re%%(aﬂ%gggtpf?}ginaﬁ(g%dgggggc%%@? ?tgoﬁi ek“lﬁ%g%ip élﬁe%eﬁ%%cf%lieﬁro At met hod
conpri ses: mowkidinmgpesingwlatmnshipe disaice®f tastHanabog S00 Bichsiisfash g cal

cell havi ng.gt %ﬁnai ng chanber, da fi rsg el ectrode, a second el ectrode
wher ei n t heTS&lSHGde AW APFIYE Tpisadmifing thesample i dherfgnsiag shambpsmng

di stance Ofredg%ﬁtsqag)ﬁlﬁg of Rfdrgcifl la'f@db&?@a%tit)ﬁ Wi < frur Eliiohﬁite Sh&eh! tgg:’ an

aperture for admitting the Sanple into the sensing chanber, "an r eagent
capabl e of clasttechpoiie) call centains aementity of thietrbagent fufificiehidisi oy awirglei n t he

el ectrochem cal cell contains a quantity of the reagent sufficient for only
a single é’%Beé'W nt; placing the sanple of wine in the el ectrochem cal

cel |, thereby i pidcirlthdarhpIe of WkkOM the AebttRRemPAfe Al sy ditAtihs BRt
el ectrochem cal measurenent indicative of the |evel of sdlfur
redox reaction; and

obtaining a first electrochemical measurement indicative of the level of sulfur

dioxide in free form.

40.  The method according to claim 39, further comprising the steps of:

heating the sample of wine for a period of time sufficient for sulfur dioxide in
bound form to react with the reagent, wherein the heating step is conducted after the
step of obtaining a first electrochemical measurement; and thereafter

obtaining a second electrochemical measurement indicative of the level sulfur

dioxide in free form and in bound form combined.

41.  The method according to claim 39, further comprising the steps of:

obtaining a second electrochemical measurement indicative of the kinetics of
reaction of the sulfur dioxide in bound form with the reagent, wherein the second,
electrochemical measurement is obtained after the step of obtaining a first
electrochemical measurement; and

calculating the level of bound sulfur dioxide using the kinetics of reaction.

42. A method of manufacture of a device for detecting the presence or
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digxide in free form 40. The nethod according to claim 39, further
conprising the steps of: heating the sanple of wne for a period of tine
sufficient for sulfur dioxide in bound formto react with the reagent,
wherein the heating step is conducted after the step of obtaining a:fjfst
el ectrochem cal neasurenent; and thereafter obtaining a second

el ectrochem cal neasurenent indicative of the level sulfur dioxide in free

formand i ned.. 41. The net hod .ac ordl ng to claim 39,

o T har corapReitBas b LB SRR Efanyie i o Ayl SRR S REUSC e orBertesrt o

measur enenteléondihanicalecelithating akdendhs Elfanter,femet d1odirddt, 4 fRondbikbroddi oxi de in
bound formw th the reagent, wherein the second el ect rocheni cal

measur ementWiseIgphesseq @F?téqdetlh@ogfl’@é inepRsisingirelationshirf 4 distance of less
el ect 1 oche T &lpdiPSFUMRIBHL froHe AR Gl @deth Sl PRl BOHd. S8l T

di oxi de using the etics of ‘reac of a

devi ce for 1dbtthc:Semnglgtchmnbexeamhc&:agentcaﬁ)també eithén tie s@ﬂ@ﬂiﬁn[&ac't Ive
rising el ectrochem cal

| yt the d
cott” havi ng S sfEn R ERp R sl Sonidns Kanaotbt e Saget owcert v cobe
wherein the $§q0 e?ilrr%‘fﬁ raﬂg%ﬂe&"??%%&t 3{ lgicr@ét%?eﬁ’ i dﬁ’%{éﬁé PRgbi P a distance

of less than about 500 m crons an aperture for
admitting trmtlgaldpb@ﬂy with dletatmalywamsgengatcmmbwtﬁcaasi@ﬂ indiagiertofalnt ai ned
wi thin the sensi harrbe the ieAectrocherri cal cell contains a
quantity off r‘?sﬁ’ece‘%é%@%eg }\‘elaBF drethod §Pmenng gl e experi ment, and

wherein the rea%ﬂﬁlngﬁnﬁﬁé}ﬂﬂb@xt@ﬁdlﬁgﬁ%ﬁ@i et 6%@'12@&5&&% directly

with the analyte to generate an electrical i ndicative of the
presence omaigridibe aparture defiming ¢ side watleoofriles steoeingohgnbm ng f or mi ng an

aperture extendi eet 0 ric v rial, the
aperture defini r?g(glélhs g%m lg)(er@fmpgg ﬁggﬁgqch ﬁaar%ﬁ SIE h’tesh‘@e ¢ st
| ayer havi rgteadinglosér tﬁb@pérhﬁéledeﬁﬁm% afm@tsgenﬁhgeha@ﬁbérféﬁdmgeihe%& ext endi ng
over the aperture defini n? first sensing chamber end wall, the first

el ectrode fleirade fapimgithe Srst sidgef te sheat; sheet: nounting a second | ayer
having a Second{f?du?lﬁﬁégqgco‘nﬂl e§ﬁ§89§a§éﬁ%ﬁ% Qcﬁedtoveaﬁef:oq n&'esﬁ%ilendl ng over

the aperture defining®a con Sensi Fanti al

over|ying skeitand etteratingbidy thmq;ei—mresaeﬂnmgasecbﬁws@eﬁgcdmﬁbe%ﬂoaﬂl ihaci ng
t he second S|de f t he sheet, whereby the sheet and |layers forma strip;

fornming an$ Qverbngegistration wish B@rﬁfﬁttlal@ﬁ{ thg segong eb?&%qi%fapmgdhq he

sensi ng second smle of the sheet, whereby the sheet and layers form a strip;
forming an aperture in the strip to permit entry of a sample into the sensing
chamber;
providing a reagent capable of undergoing a redox reaction directly with the
analyte, wherein the reagent is contained within the sensing chamber; and

providing an exothermic substance, the exothermic substance being contained

within the sensing chamber.

43.  The method according to claim 42, further comprising the step of

providing a vent in the strip to permit escape of air displaced from the sensing

chamber when sample fills the sensing chamber.

44, The methed according to claim 42, further comprising the step of

mounting an electrically resistive heating element to the strip.
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chanber; providing a reagent capable of undergoing a redox reaction
directly with the analyte, wherein the reagent is contained within the
-sensi ng chanber; and providing an exotherm ¢ substance, the exothetgfghz%b
substance being contained wthin the sensing chanber. 43. The netho&'b
according to claim42, further conprising the step of providing a vent in
the strip to permt escape of air displaced fromthe sensing chanber when

sanple fills thesensjng chamber. ..44 he t hod ,accordin claim42,
further conpri si4r153 tﬁiéhegf‘% O%T?CCOHBB%H @m’aﬁ& E?IPPEI(;%P?WH?@E} i ve heating
el ement t o dldverodés dopnprisesSa hibBle 204041, 45. The met hod according to claim42,

wherein at | east one of the electrodes conprises a noble netal. 46. The
met hod according to claim42, wherein the noble netal is selected fromthe

i sti f | adi ' . il 47, Th d
Secording 1o of st ag o RaraThodBidhe MiTigPEL wblrgiFie 1h61q G Papiecto

cr oss- sect ifoom théSrodpeonsizting df palladiugh, platinang bad Bivk2, Wherein at | east one
of the electrodes is a sputter coated netal deposit. 49. The net hod
according to claim42, wherein the electrodes are adhered to the sheet.

50. The net hod agcor ﬂﬁ%gnétHO@é%mfﬁ%to neg%lﬁ% fj}i’ N HeRSn ﬂeéa%%ﬁﬁ’%% of} e adhered

to the sheet by an a sive. according‘to clarm 50, wherein
t he adhesi vectangubelcest-sectiohr om t he group consi sting of heat activated
adhesi ve, pressure sensitive adhesive, heat cured adhesive, chemcally
cured adhesive, hot nelt adhesive, and hot flow adhesive. 52. The nethod

according to cl agm 425hefm@$$@5cc9§f%£osdmﬂl mmﬁeﬁ?@n%@f?astgﬁexf kng a buffer,

the buffer being contained wthi e sensing cha 3. The nethod
accor di ng telecapdgsiis B sputfancodted metaldepasitng t he step of printing the buffer
onto at |east one wall of the sensing chanber. 54. The method according to
claim42, further conprising the step of printing the reagent onto at

| east one wall @b, t hahsenghiDakBRIRE - claid 4ERheRPMPthe electrodes are adhered
to the sheet.

50. The method according to claim 49, wherein the electrodes are adhered

to the sheet by an adhesive.

51. The method according to claim 50, wherein the adhesive is selected
from the group consisting of heat activated adhesive, pressure sensitive adhesive,
heat cured adhesive, chemically cured adhesive, hot melt adhesive, and hot flow

adhesive.

52.  The method according to claim 42, further comprising the step of

providing a buffer, the buffer being contained within the sensing chamber.

53.  The method according to claim 52, further comprising the step of

printing the buffer onto at least one wall of the sensing chamber.

54.  The method according to claim 42, further comprising the step of

printing the reagent onto at least one wall of the sensing chamber.
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55., The nethod according to claim42, further conprising the step of
providing a support, the support contained within the sensing chanber. 56.
The met hod according to claimb55, wherein the support is selected - ftomlithe
group consisting of mesh, fibrous filler, macroporous nenbrane, sintered
powder, and conbi nations thereof. 57. The nethod according to claimb55,
wherein the reagent is supported on or contained within the support. 58.
The net hod accorgq ng ' : i t.the. sheet or one of the
| ayers conpri sesﬁé poT%n@%@gmﬁg%é?ll ?6 g“é‘ﬁ%?%’e%ﬁﬁér&%nm%m&ﬁgﬁf)teBBﬁsi sting of
pol yest er, povidgigya spport bt yempobtamvatainedpaithio ief densing khniibett ur es t her eof .

59. The nethod according to claim42, wherein at | east the sheet or one of
the | ayers conprises polyethylene terephthal ate. 60. The nethod accordi ng
to claim42, whesgi n Them ; [ ' '

rel ati onship a di stance o?ﬁlggggcoﬁllg%&%@gﬁ? S%S%H%Mgﬁlgﬁ%dp??lg?ﬁ?ﬁ%%ﬂ r
el ect r ode. n thehgrong consistiag of nushdittrousci ldr nma@ oparhes miembtdne, sigtefsdd
el ectrode isowdgounéed ibn ggﬁo inﬁ rel ati onship a di stance of |ess than
about 150 rRoYSShEnd SambyRagYPerRbn about 50 microns fromthe first

el ectrode.

st

57. The method according to claim 55, wherein the reagent is supported

on or contained within the support.

58. The method according to claim 42, wherein at least the sheet or one of
the layers comprises a polymeric material selected from the group consisting of

polyester, polystyrene, polycarbonate, polyolefin, and mixtures thereof,

59. The method according to claim 42, wherein at least the sheet or one of

the layers comprises polyethylene terephthalate.

60.  The method according to claim 42, wherein the second electrode is
mounted in opposing relationship a distance of less than about 150 microns from the

first electrode.

61.  The method according to claim 42, wherein the second electrode is
mounted in opposing relationship a distance of less than about 150 microns and

greater than about 50 microns from the first electrode.
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