1 BIOSENSOR [0001] The present invention relates to sensors, in
particul ar sensors for determining the presence of analytes in a
test sanple. The.. invention also 5lrelates to nanoparti cul ate
menbranes. The invention further relates to water- sol ubl e redox

pol ymers and processes for prepaBIQ§ENSORol yners. BACKGROUND OF THE
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conj ugat ed con olyners, redox polymers are by far nost widely
used in biosensing applications. [0003] ducose sensing, an area in

bi osensi ng whi ch has be aefa) G H=E i research in
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conjugated conducting polymers, redox polymers are by far most widely used in

biosensing applications. _
[0003]Glucose sensing, an area in biosensing which has been
20  undergoing significant research in recent years, refies on electron mediation of
enzymatic oxidation of glucose to gluconic acid by giucose oxidase is required.
é The electron mediating function of redox polymers has been widely siudied and
h applied to many amperometric glucose biosensors.
[0004]16 its natural enzymatic reaction, co-enzyme flavin adenine
25  dinucleotide (FAD) is an electron carrier present in glucose oxidase is reduced
to FADH, (reduced form of FAD) and oxidized back to FAD by molecular
oxygen. O; is then reduced to He02, This cyclic oxidation and reduction enables
FAD to act as an electron acceptor. Since neither glucose nor gluconic acid is
electro-active within the working potential window from —0.5 to 1.0 V, either the
30 increase in H.O» concentration or the decrease In O, concentration is being
measured to quantify the glucose concentration.




measur enent of H2O2 and 02 is conprom sed because firstly, the

partia

pressure of atnospheric 02 affects anperonetric response,

and secondly, the quantitative neasyenent of 02 at high glucose
concentration is difficult 5 because 02 is used up as the sensing
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biosensing applications of ferrocenyt materials, both monomeric and polymeric.
For example, polyferrocenyl compounds have been used as redox indicators in
molecular recognition [J.E. Kinston, et al, J. Chem. Soc., Dalton. Trans (1 999)
251.], as mediators in biosensors [S. Koide, et al, J. Electroanal. Chem.,
468(1999) 193.] and as coating to modified elecirode surface [S. Niate, et al,
Chem. Commun., (2000) 417.]. However, most of the known ferrocenyi
matetials are only soluble in non-polar media, only few ferrocenyl and
polyferrocenyl materials are water-soluble [O. Hatozaki, et al, J. Phys. Chem.,
199 (1996) 8448.]. Water-soluble ferrocenyl materials are of particular interest
as redox mediators in biosensing. By co-polymerizing alkene substituted
ferrocenes, such as vinylferrocene, with an appropriate water-soluble polymer, it
Is possible to prepare ferrocenyl maierials that are readily soluble in water. But
it has been shown that the free radical initiated polymetrization of vinylferrocene




*as support matrix In

3 is unusual [A. J. Tinker, et al, J. PolymSci., Polym Chem Ed.,
13 (1975) 2133; MH GCeorge, et al, J. PolymSol., Polym Chem Ed.,
14 (1975) 475.]. Co- polynerization of vinylferrocene is known to be
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20  Surfaces, 186 (2001) 221], vinylferrocene co-polymers were synthesized, but
minute loading of ferrocene and lack of cross-linkable groups in these polymers

:‘) restrict their use in biosensors.

- [0010] Commercially available biosensors include those manufactured

by Therasense Inc. (cf.,, for example US Patent 6,338,790), Inverness Medical

25 Technology (cf., for example US Patent 6,241,862) and Matsushita Eleciric (cf.,
for example, US Patent 6,547,954).

f0011] Therefore, there remains the need for vinylferrocene-based

polymeric ~mediators having superior performance  characteristics.

Consequently, it is a goal of the present invention to develop new methods of

30  synthesis for new vinylferrocene-based polymeric mediators. it is also a goal of

this invention io provide biosensors with enhanced performance, and which




this invention to provide biosensors with enhanced perfornmance, and

whi ch 4

woul d i npose m nimal inconvenience to the end user of the

bi osensor as nuch as possible. [0012] These goals are solved by the
various aspects of the present invention, nanely the sensors,
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dulfe inatAbfan@n provides a water soluble redox polyner
he inve s an elecirical
conductive, nanoparticulate membrane comprising nanoparticles of ai ieast one
inorganic oxide of an element selected from Group 1A, HA, 1A, VA, 1B, lIB, HIB,
IVAB, VB, VIB, VIIB or VIIB of the Periodic Tabie, and wherein an
oxidoreductase enzyme and electrochemical activator are diffusibly dispersed in
said nanoparticulate membrane.

[0015]In a further aspect the invention provides a process for producing
an electrically non-condugctive, nanoparticulate membrane comprising mixing an
elecirochemical redox mediator with an oxidoreductase enzyme and
nanoparticles of an oxide of an element selected from Group IA, 1A, llIA, IVA,
1B, IiB, B, IVAB, VB, VIB, VIIB or VIIB to form a nanocomposite ink; and
applying said nanocomposite ink onto a substrate.

[0016] In yet another aspect, the invention provides a water soluble
redox polymer comprising:

a first monomer unit comprising a polymerisable ferrocene derivative;

and



5 a second nononer unit conprising an acrylic acid derivative having
a (termnal) primary acid or base acid or base functional group
capable of acquiring a net charge. §0017] In one enbodi nent, the
acrylic acid derivative in this nem/mater 5 sol ubl e redox polymer is

q .
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optlonall stituted, and wherein n is an integer fromO to 12.
[ 0018] "F\ “Qaﬁéﬁﬁ@lﬁa‘g@pect the invention provides a process for
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pol yneri si ng MOROMEr URit "conpfising a pol ynmerisa
f er r @ ensolublerredax pulymar i rapresarmed byrbhm genemahfarmedard) i si ng an

acrylic acid derivative having an acid or base functional group
capable of acquiring a net charge, wherein said polynerization is
carried out in an aqueous al coholigHyedium 30 BRI EF DESCRI PTI ON OF
THE DRAW NGS [0019] The invention Will be better understood with
reference to the 35 detail ed desctliption when considered in
conjunction with the non-limting ¢ggxanples and the draw ngs, in
whi ch: [0020] Figure 1 is an exploded isonetric drawing of a
bi o sor according to an embodi ngnt_of the invention. 6
[QO Figure 2A is a drawi ng showi §fg anm end vi ew of the biosensor in
@ure 1, as seen in the directionjof an arrow Ain Figure 1. [0022]
Fgure ZB is a drawi ng showi ng anofher end view of the biosensor
20 .
wherein R is selected from the group consisting of GaHan-NHz, CiHen-COOH,
NH-CrH2:-PO:H and NH-ChH2, -SO3H, wherein the alkyl chain can be optionally
substituted, and wherein n is an integer from G to 12.
[0018] In yet another aspect, the invention provides a process for
25 preparing a water soluble, redox polymer, said process comprising:
polymerising a first monomer unit comprising a polymerisable ferrocene
derivative with a second monomer unit comprising an acrylic acid derivative
having an acid or base functional group capable of acquiring a net charge,
@ . wherein said polymerization is carried out in an aqueous alcohotic medium.

30
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention will be better understood with reference to the
35 detailed description when considered in conjunction with the non-limiting

examples and the drawings, in which:
[0020]Figure 1 is an exploded isometric drawing of a biosensor

according to an embodiment of the invention.




in Figure 1, as seen in the direction of an arrow B in Figure 1. 5
[0023] Figure 3 is an exploded isonetric drawing of a biosensor
accordi ng to anot her enbodi nent of the invention. [0024] Figure 4
shows a schenmatic di agram of the cou% i ng redox reaction which takes

places in a redox polymer nediated bi osensor. [0025] Fld;%ure
i | lustrates a [0021kfigure 24 ia BdrBWiNG: ShipWingoRn @nﬂavlew efdhgupigsarsosin

cross-1li I e figure shows a
repeati naﬁgﬁleﬁ ’f u%é(?'{l 'Hqﬁe%ﬁ%@ﬁ?wz}w ﬁgr ocgne and an acrylic
acid derivat ijoe22]Fig#e] I8 B grfiviag shoting amtgenenellweveaf:theohosensor

equation in the co- polynerization reaction ofoe( ferrocene and an
acrylic dpiFdgwert, @stsees. in ihe digelien ofagareow Bip 1-'-our| er Transform

Infra Red (FT f X r V, n

pans. Ve pr oad00a HAEE RGNS o LOGpIGED isRRE Breiify F & "Biosensor
[ 0028] Fi gagoerding foasother binbbdiméritlof thd Idventios. bl e spect ra of Fc, PAA,
PAAS and t he co- Egllﬁ%mers obt ai ned from copd*gmerl z l.on Wt
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[0029] Fi gure 409RGLEGWRCH Shows t anpRIAE greid X0 y‘%/r@'-@lilr‘ﬂ redox

vari ous Aot he

pot ent i aﬁ%g@ﬁ&%@h@ﬁg&%bﬁggyl 5&%55 I?\élk'g'%trméd\}éﬁ%tﬁ gar%?mgrggrs was 100
mv/'s. [0030] HooR5HFidgGresth diusiratestd struciyed mﬂwbaammgirmwmar-s@dbba
pol ymer PAA- VFc tﬁz is cross-linked with g_w g Oﬁ(_‘l ?se boyi ne
ser urhCal LR Preesoinkable molymer (of K19 gspsent| dvep iguire” shows a

oros: ToPHBI SERARE I cHpBfmaTer VIIGRRERTE! sl At o
shows an ijatxde.d view of a di sposabl e glucose bi osensor used in
tnglnzp\gﬂ |kcul a?@%&gﬁ}&zq ntql%sﬂh R aﬁc'l?éféh;/%lﬁqgo'@ b% 'Hteqﬁe co-
wms 100 iy oGz tealiots O fny 'Ff@*‘g“’é"*@h““%‘é‘f%"n’%ﬁ ?‘é""‘?’??"aﬁ‘i‘zsaﬁf 'tpe
bi osdrisor in FAPB82ebTigaent abowa R M%ﬂ’dﬂl@@m Infradied (FJi- E@O%CWHEO
poi sed poﬁw%r?tedgx poﬂﬁnérquM-ich and PAAS-VFc produced according io a process
of the invention. '
[0028] Figure 8 shows an Ulira Violet (UV)-visible spectra of Fo, PAA,
PAAS and the co-polymers obtained from copolymerization with VFc.
20 [0029]Figure 9 shows cyclic voltammograms of redox polymers in
- various systems. Phosphate-buifered saline was used, and the potential scan |
rate applied in obtaining the voltammograms was 100 mV/s.
[0030]Figure 10 shows another cyclic voltammogram'of a redox polymer
PAA-VFc that is cross-linked with glucose oxidase-bovine serum atbumin (GOx-
25 BSA) film on gold electrode. Phosphate-buffered saline was used, and the
potential scan rate applied in obtaining the voltammograms was 50 mV/s.
[0031]Figure 11 shows an exploded view of a disposable glucose
biosensor used in this work. _
[0032] Figure 12 shows a cyclic voltammograms of the nanoparticulate
30 printing ink () without and (b} with the addition of 100 mg/dl glucose. Potential

scan rate which was applied was 100 mV/s.




. increases o0

0.30 V. [0034] Figure 14 shows dependence of anperonetric peak current
of 5 300 ng/dl glucose on (a) PVFCcCAA concentration, (b) GOX
concentration, (c) poise potential d (d) the nanoparticul ate
menbrane thickness. [0035] Figure 15 shows anperonetric responses of
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glucose in"PBS and (b) I brat1on curves at
di fferent0.30Mpling tines. The poised potential applied was 0.30 V.
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with a persulfate~salt as ﬁgdi cal inrtrator. met hod
pr epar at i poisalpbtential pnd (d)dhe nanoparticulats memtirahe diickiesaunf avor abl e 20

energetics of rizati,on reactions.involving feryocen
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mononer i cpoiential applied vaBAB0Mer r ocene | oadi ng. Such a |evel of

o o e b >hobalRR K s, 260, SRRl die Faliinog e s Aidya
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) polymers with useful properties for biosensing applications and
ot her net s&yoplingimescthe peifedpotantigbappliiadonas N-3hYl yt es. [0038] The
ferrocene centers in redox polyners of the invention are able 30 to

provide |l ocalized electroactivity and thus the ability to engage in

redox reactions wthout bripDETALEDDESERIPTIQNNI zation of intra
nol ecul ar bonds in the polymer. Furthernore, redox polynmers of the
i nvent? on conprise side chains 8 with functional groups that

facilitate cropyairikiidadhddt, fid'BrestPt HRdnfdn s ihsed on the finding that
water-solubie and cross-linkable redox polymers can be readily prepared in a
mixture of ethano! and water with a persulfate sait as radical initiator. This
method of preparation allowed problems faced eatlier such as the unfavorable
20 energetics of copolymerization reactions involving ferrocene molecules to be
overcome. Tests showed that the molecular weight of vinylferrocene-co-
@ acrylamide copolymers obtained from this method was in the range of 2000 1o
4000 Daltons, corresponding to about 400 monomeric units with 3-14%
ferrocene loading. Such a level of ferrocene loading was previously achievable
25 using free radical polymerization techniques (see for example N. Kuramoto et
al). By overcoming this limitation, the present invention has given rise to new
polymers with useful properties for biosensing applications and other methods
of electrochemical detection of analytes.
[0038] The ferrocene centers in redox polymers of the invention are able
30 io provide localized electroactivity and thus ihe ability to engage in redox
reactions without bringing about a reorganization of intra molecular bonds in the
polymer. Furthermore, redox polymers of the invention comprisé side chains




sui tabl e functional groups. This allows the polyner to be attached to
a wde variety of nolecules as well. Conbining these two —
characteristics, these polyners are well adapted for use in
applications requiring el ectron nedi &ion, 5 such as enzyme

el ectrodes used in biosensors and biofuel cells, as well as
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20 [0040] Due to the small volume of test sample that is required for
performing a diagnostic test, minimal inconvenience is imposed on the end
user. For example, for diabetics that require continuous blood glucose
assessment, withdrawal of a blood sample at a sub-microlitre level would
impose minimal pain and disturbance to the patient.

25 [0041] In general, a sensor of the present invention makes use of an
nanoparticulate membrane which Is described herein in detail. In addiiion to the
fact that it is suitable for testing of blood sample at a sub-microlitre level, such a
membrane has the' advantage that is can be produced at low cost, and is stable

even under prolonged periods of storage.

30 [0042] The membrane can incorporate an electrochemical activator and
a substrate-specific enzyme, both diffusibly dispersed in 2 membrane deposited
onto an electrode of the sensor where glucose is oxidised. The term



9 "electrochem cal activator” as used herein refers to any conpound
that is capable of activating the enzyne that transfers el ectrons
bet ween gl ucose and the working (detgection) el ectrode of the sensor.
The el ectrochem cal activator can b€ a polyneric redox nedi ator.

Al ternatively, nononeric electrochemcal 5 activators can al so be
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at 1 adhi ngnBR i, AT e o SonpoP caisfEir B cob AT ok ytarium
by)el ect o or mbtteresahencefy, the redox nedi ator can be inmobilized

providing a binder having countercharge eci es.or specjes having
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COITpI‘ISES a redox species coval ent attached to al‘fgﬁ ITEI‘IC
conpound Stragiierwhisk prevenis: er tsypskaatlaljy sedueesaifis diftisions nleselof the

conmpound
aroups i 2eu8k $pekiB BubgRtp Belbd Brieipick (63 oBRid 10 3R] AENAR, The
its own mifjusionalntossnof the mde(xt muetiaioy ecan st&fredﬂgedrplbsesrenﬁenm sthe
type are | yvi.nyl ferro n
ISy AR el hSERF ot AedSi R 1SRRG pigpipaisdy the
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medi ators I ncl ude a char ﬁp L nmer led.to a,fn %ppods tele¥| %ha{c(,:;ed
r edox example, by covalen aching or Bico Jugatlon of the redox mediator
20  polymer on an electrode. Alternatively, the redox mediator can be immobilized
by providing a binder having countercharge species or species having high
g affinity for the redox mediator. In one embodiment of the invention, one type of
-~ non-releasable polymeric redox mediator comprises a redox species covalently
attached to a polymeric compound. Such redox polymers typically are transition
25 metal compounds, wherein a redox-active transition metal-based pendant group
is covalently bound to a suitable polymer backbone, which on its own may or
may not be electroactive itself, Examples of this type are poly(vinyl ferrocene)
and poly(vinyl ferrocene co-acrylamide). Aliternatively, the polymeric redox
mediator may comprise an ionically-bound redox species. Typically, these
30 mediators include a charged polymer coupled to an oppositeiy charged redox
species. Examples of this type include a negatively charged polymer such as
Nafion® (Dupont) coupled to a positively charged redox species such as an
osmium or ruthenium polypyridyl cation or vice versa a positively charged



speci es. Exanples of this type include a negatively charged pol yner
such as Nafion(r) (Dupont) coupled to a positively charged redox
speci es such as an osm um or ruthenium polypyridyl cation or vice
versa a positively charged 10 pol ymdP such as pol y(1-vi nyl

i m dazol e) coupled to a negatively charged redox species such as
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20 [0046] One embodiment of the sensor, comprises a chamber for holding
the test sample, whereby the chamber is bounded at least between a working
area on a working elecirode and a working area on a reference electrode. Also
in this embodiment, the oxidoreductase enzyme and water soluble redox
polymer is coated on the working area of the working electrode.

25 [0047] Referring 1o the figures, a sensor of the invention is described as
follows. Figure 1 shows an exploded isometric view of a tip-filling biosensor 2
according to an embodiment of the present invention. The biosensor 2 includes
a stack made up of several layers. The stack includes, from boitom to iop
according to Figures 1 and 2, a substraie layer 4, a working elecirode 6, a

30 spacer 8, a counter electrode 10, and a top layer 12. The spacer 8 spaces apart
the working electrode 6 and counter electrode 10 to thereby electrically insulate
them. A recess 14, formed between two legs of a bi-furcated end of the spacer

8, defines a sample chamber 14 (see Figure 2A) between the working electrode

“y



a stack made up of several |ayers. The stack includes, frombottomto
top according to Figures 1 and 2, a substrate |ayer 4, a working

el ectrode 6, a 30 spacer 8, a counter, electrode 10, and a top | ayer
12. The spacer 8 spaces apart the mdﬁking el ectrode 6 and counter
electrode 10 to thereby electrically insulate them A recess 14,
fornmed beBv@ikh thevsoLplps electrods 1Pudt dhisdmanaesfinensample shamper 14 is

. elect roaeb T of BBREY ofinp 365 Sttt o BngSHE el Hifideat the
sanpl e chesdnger diécirsde Howr R Morkingi dlectrous 6 hespamtivelys ahdiohah kites
opposite facing surfaces of the counter electrode 10 and the working

. el ect r odeby sids¥yrdistihe appcenBdOpe side of tihr sample shaehar| 14 BrRxPHSEE &S

S. One.si : |8 . | : S ' | qur.e
> it soediit ERGRR BrEebasE ohihe RO ¥eRie e tiutel o e
wor ki ng swoflhae. sirfaessi Ag seheifigst chemitrgr irndteriedy r cariersusiichesas a
nanoconposite nenbrane 18, is disposed in the sanple chanber 14. _This

menbr ane BENGEOMBPSHRYICEMTaBR At&ds FEROSathE ke §ameplel erambere18. Thie

agont | “sufeTES 1 R BRaLbRuBEE I ahE Mot Dokl OdR B Th bRl
redox nedcidmistrgndairiads préferabin idkgde aenelectrpn nirarsterlagent, | sucheas a
described jin detail later. A vent hole 16 js_ fornmed in the top | ayer

12 arﬂepb t heiifiaigla epda Bdigige (@@Nnakr §HOWS) + e serpKemediaipn,and jofher
ID 55" 0 Hodiding SASMSHP RS R bg udofiobd A HRtd BHER A el nori6 RS

e: ect r odeforthgd lif the&oﬂ()) doé%erazﬁmdames?ouritﬁt eldectrpdertd ﬂ'uoufgbttalﬂheé sampéen
el ectronic circuit. 4 The sa chanber 14 is confi

shaped socﬁﬂa{’er\ﬂﬂén@e §H$§Taéecff _ag’ﬁa‘?'ﬁ BR @5 ol d%& TWEIF%%E %H_&ﬁ‘[)t@?t
14, the apafivh§ 20528 ru(—;@h?&ésypf/%qm ae%&aé% &t the EBLNSY dibBitode

el ectrode 6 and the counter electrode Is electrolytic contact
al | ovis5 an1@ ke left @xplosedsodhal they drecennesiabledo aroelrcienicairedit. 20 to

fl ow between t rod 6,..10 t if |
(el ectrooxi dat ‘bg]ﬁgi)ﬁ%teeﬁﬁﬁ@ﬁﬁh@ﬂﬂw ﬁéﬁbs %q%ﬁgﬁtgéhg%b%ébaﬁ?emﬁgw& na
medi at or SmﬁEIeGQr gh&lgty epevided! in thaadiemhiseroi4,mhlecandione i int dlectrolytic
anal yte which ‘may not be suited for direct el ectrochen‘éal reactl on
on the woPKIAG Withqtiz daegvoridng gleriiare & apddngaunier elesipde 104 This
be bet veegilirdiytic bonilet AR af Eidtriodt |cURRAL, 3hEdBESP LY ¥5E rétidk mediator,
20 to flow between the electrodes 6, 10 to effect electrolysis (electrooxidation or
N eleciroreduction) of the analyte. The redox mediator enables electrochemical
?) analysis of molecules of the analyte which may not be suited for direct

electrochemical reaction on the working electrode 6. The volume of the sample

chamber 14 can be between 0.1-1 y, although other volumes are also possible.
25 A region of the sample chamber 14, referred to as a measurement zone,
contains only the portion of the analyte that is interrogated during the analyte
assay. In the biosensor 2 in Figure 1, the measurement zone has a volume that
is approximately equal o the volume of the sample chamber 14. However, it
should be noted that a smaller measurement zone, such as 80% or 90% of the

30 size of the sample chamber 14 is also possible.
[0049] The height of the sample chamber 14, as defined by the
thickness of spacer 8 is preferably small to promote rapid elecirolysis of the



25 A region of the sanple chanber 14, referred to as a neasurenent
zone, <contains only the portion of the analyte that is interrogated
during the analyte assay. In the biosensor 2 in Figure 1, the
nmeasurenent zone has a volune that (I8 approxinmately equal to the
vol ume of the sanple chanber 14. However, it should be noted that a
smal | er neasnie BRI YhofPBEthe ey ta wilBBE0ie ol withishieiacdd of tneeletirbdes
sanpl e chanber 14 is al so possible. [0049] The height of the sanple
chanber 18, 18sfon&f giviery apglyteneolumes. dr meidilions asgrioRle ehanbey t4 of apinall

the. anal y BT ToIBE T TeBURF et Trom oS 6t ARRRY o 7 fRlis-gzeq
for a givenespément zonaiom btheadshirtior of the aaniple chamber 1 dofing the
smal |l height helps to reduce errors fromdiffusion of analréte into a

Sﬂa'm') eb - sianalyte pesaYhesause dfusiontisne i3 lnng feltivedadhe Meagireigpt Ume.
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Corati ve 1P P HicRn@Rrodthe SRR B 98 rl bl U GbTR 0.2, 0

sanpl e chiygRirablg, the thieksesseithe kemipl@ chamber iPnemorelithrn dboeat 0.1 mm
t hi ckness of the sanple chamber is no nore than about, 0.1 nm_an

. d,
more pr ef @dompre preierabis ke thicksvessial the saMple Aaampber isabmy L%O%."E% Ohm

or |ess. #g [ 0050] The substrate 4 and the top |ayer 12 may be
formed fr(g an inert non-conducting material, such as pol yester.

%AI terpat i ?/gl )cgl [mh?]%f ; %um@té4@ﬂtthbﬁ$ﬁﬂmrlwkmayb%| fmagxeugrdmuanédert‘
roma nol ded carbon fiber conposite. e rking.electro

pr ef er abl AOREPNFUEENG MMajania), Fuh SSRRIYEHET- ‘&E%rﬂgp‘g?!ﬁeﬁﬁnﬁup@a?e 4 and
typically h ' [ ' e

bi osensor %?%é%e!)%@?& t ?‘%r}caﬁ@%?t a eEI @Igﬁﬂbﬁoﬁb?g%n‘%)sﬁﬁewe
wor ki ng elvearkingdsle@irode 6 yweferaibid  hasca rblativelyl lowi eleoiricaliresistroes and is

EccoconT Sl Sbustenniai e syes 4 potemsghiahoel ot diing
fromWwR éﬁe?étﬁm%ﬂhﬁﬂbé matald forMefing theswoBlihg @fectRidees include gold,

non-corroding nmaterials known to those skilled in the art. The
counter 2Taghar; tplaiinumorsksniumsdoxides peladiunsiang eeRduntiverrRades, such

TPt o bR bRk, QP UCRIAE B30t SoBhiRteRds Bonflionke iy
surfaces @odting Gvaiiabletford WIR. ttractoGompany, Wobum, Mass.), as well as
other non-corroding materials known fo those skilled in the art. The counter
20 electrode 10 may also be formed using any of these materials suitable for
forming the working electrode 6. The working elecirode 6 and the counter
electrode 10 may be deposited on the surfaces of the substrate 4 and the fop

layer 12 by any suitable methods, for example by vapor deposition or printing.
[0051] The spacer 8 is typically constructed from an inert non-conducting
25 material such as pressure-sensitive adhesive, polyester, Mylar®, Keviar®, or
any other strong, thin polymer film, or, alternatively, a thin polymer film such as
a Teflon® film, chosen for its chemical inertness. Other spacers include layers
of adhesive and double-sided adhesive tape {e.g., a carrier film with adhesive

on opposing sides of the film).

30 [0052] In one specific embodiment, the substrate 4 and the top layer 12
are polyester films, the working elecirode 6 is a screen-printed carbon layer, the



| ayer 12 by any suitable nmethods, for exanple by vapor deposition or
printing. [0051] The spacer 8 is typically constructed froman inert
non-conducting 25 material such as ﬁressure-sensitive adhesi ve,

pol yester, Mylar(r) Keviar(r), or a ? ot her strong, thin polyner
film or, alternatively, a thin polyner filmsuch as a Teflon(r)
film chodamtepelectrodeHdhiscalscrassrprirded AgAgS! layssandsthenspagsr 8 i§ar s

of adhesi d. doubl.e- si adhesive tape (e.g., a carrier filmwth
. adhesive a@fﬁ%%ﬁ)u %@1953?‘}(?358& the film. 30 [0052] In one specific
enbodi nent, t hposBPBUriAhcusk ahthet biestAsor By e éxXposteside! yfethicesample
films, the working electrode 6 is a screen-printed carbon |ayer, _the
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tine. Sinjddex niediate? idithd Hidnibrane redexy st dissuivé antthenelifuseniatclthe
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the redomeaﬁhﬂ:hg)the Qi é]coh?emmﬂg!nctomjbw fm_rlula‘fus:mx‘l (500 ozmededﬁmmadiamr.
structure and construction of  a biosen | imted to that .
descri bed abovi? 5&5 %Otﬂﬂ\pler@@FH@a%ﬁ%&gtﬁm‘é‘ﬂ?@_@dﬁﬂﬁém‘:’[‘m of
const r Uctg diSbRgor0 14 AR 46 SHRF Aol B8RS Didersbit Mifhving MtHer
one such Dbi osensor 24 according to another enbodi nent of the ~

i nveds onstradturesband eossiruced usingcbthies progassesnareoalsohpossibige frigire 2

in Figure,l i ncl ude he | ayer.s, 4 .10,..1 t [ 1 f
the bi osews 29“? VbILO’SE{Iﬁ ég'aﬁéPg?‘ﬁ‘a E%@%%Q%WFﬁgﬁfdﬁeoa
first spagQentied.tTias bioseRSor2d, Whish a8 ROvan@sedf therdibsensdB 2ipFigated,
by a gap 26 therebetween. This g"‘ai 26 defines a sanple ch%{(r)ber 14

when t he iBphisles thei laystndwibe il e rRgethe membrane 18 of the biosensor 2.
' However, the spacer 8 in this embodiment includes a first spacer portion 8A

20 and a second spacer poriion 8B separated by a gap 26 therebetween. This gap

26 defines a sample chamber 14 when the spacer 8 is sandwiched between the

@ working electrode 6 and the counter electrode 10. Two opposing sides of the
sample chamber 14 are exposed. Therefore, no vent hole is necessary in the

biosensor 20,

25 [0055] Some other biosensors are disclosed in U.S. patent 6,338,790,
Feldman et al., entitled “Small Volume in vitro analyte sensor with diffusible or
non-leachable redox mediator.” Some of these biosensors include more than
one counter electrode 6.

[0056] A large variety of oxidoreductases can be employed in a sensor

30 of the present invention. One function of the enzymes in a sensor is to catalyse
the oxidation or reduction of the enzyme substrate by the removal or addition of
electrons. For example, where the substrate or analyte to be detecied is



wor ki ng el ectrode 6 and the counter electrode 10. Two opposing sides
of the sanple chanber 14 are exposed. Therefore, no vent hole is
necessary in the biosensor 20. 25 [0055] Sone ot her biosensors are
disclosed in U S. patent 6,338,790, 1Aeldnman et al., entitled "Small
Volume in vitro analyte sensor with diffusible or non-I|eachable

redox med P&tc@ée," giSiense @ikiddiesnapibesessbic oxitite ghicose dntohgliconiveacid.
counter electrode 6. [0056] A large variety of oxidor educ:&s%s can, be
enpl oyed Afheugiciismay bepthsrmodwnanisalyn feasiiedor &g ogdation At glderss: o

t he enzy R4 S€ I A t L datd r € t f
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exanpl e, wRidbfeduetass. beipsatcee actelersat ythe oxidhtioneeactiany fherally allowing

0 e B T R Vel 18 B e 6, kel B
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oxi dati on reacjdosT]Ir erehemtddments 6f dne vireemtion, viney oxidoraduttaseais
Chean! y aRBloRRATOm o0 Fonsiing G abapse WITe, PYETGURL AP Ehe
oxi dor edu&?gsr%gadiéh Sk’%o%%éf ipe Og[glﬁsgﬁ, CORBIESibtdld oRida8b Y GRfdRogen

oxi dase, gen peroxi orsera per oxi dase, xant hi ne
oxi das@, tipdiogehass) |acthtéasiehyiogenass) glidoper dghydiogenaset and NADH

dehydr ogenase | ucose dehydrogenase and, NADH, dehydr.ogenas

sar cosi ne d@?@y‘ﬂi@g@[‘%%c?%lpeg'ﬁﬁ i ‘%ﬁ@%‘ie’ alﬁ&@ﬂ% I o’ﬂ%qﬁ?d r%@@ﬁﬂscé&y%rggenase,

hydr oxybu rog er ol ro fogehakei t Olsorbitol
hgg@}&t#‘ghﬁg%ie ﬁmg%a{éé%, ° qlfé&mﬂ QRIAgERY sorbito

dehydr ogen e de nase, galactose de?a/dr ogenase, nul ate
oxi dase, gehyirogsnassi deiaie dehydiogenassy galapiess clehydregrnasexi malaie

chol ine 15 pxi dase, xanthi.ne oxidase | Y, Y, e
Gohydr ogeRuCEse. SelectaP i sentiie, AERLgiRaESe AR i3 fasd ot
gl ut agEt e olRANE! QARIMHREE oxidabs! andiine @xmiieRenass, neyravaidadehydrogiiase,
oxi dase, urate oxidase, cytochrone C oxidase, ach{%:hol xj dase and

m xtures PHENEEF OXiDeespRElRiedXistaseD hilijulia Sxidassy SAIAHALE dghydragenase,
labeling of g Sxise, amine oxidase, NADPH oxidase, urate oxidase, cytochrome

C oxidase, actechol oxidase and mixiures thereof.
[0058] Three commonly used conventions for the labeling of groups in
20 the Periodic Table are, namely, the new IUPAC convention, the old IUPAC
convention, {also known as the European convention), as well as the CAS
group labeling convention (also known as the American convention). The CAS
convention is used in the present application. In the CAS convention, Groups
IA, HA, IIA and IVA refer to the main group elements of Group 1 {Li, Na, K,
25 ete), 2 (Be, Mg, Ca, etc), 3 (B, Al, Ga, etc) and 4 (C, Si, Ge, eic),
respectively, while Groups IB, 1IB, 1IIB, IVAB, VB, VIB, VIIB and VIIIB refer to
the transition elements. Groups IA, lIA, 1A and IVA under the CAS convention
are equivalent to Groups IA, IIA, HIB, and VB, respectively, under the old
|UPAC convention, and equivalent to Groups 1, 2, 13, and 14, respeciively,
30 under the new [UPAGC convention. Groups IB, 1B, IlIB, IVAB, VB, VIB, VIIB and
VIIIB under the CAS convention are equivalent io Groups 1A, A, IIIA, IVA, VA,
VIA, VIIA and VIiA, respectively, under the old IUPAC convention, and

w;



20 the Periodic Table are, nanely, the new | UPAC convention, the old
| UPAC convention, (also known as the European convention), as well
as the CAS group | abeling convention (also known as the Anmerican
convention). The CAS convention is I8ed in the present application.
In the CAS convention, Goups IA IIA ILIAand IVArefer to the

mai n gr omWaiaﬁrtDﬁt@ﬂp@GoépSl&(Li&-1 (I}Ja1,1,le,nd2E,e'esp$c;ﬁveiy( BoadeiMie r@w

etc.), etc.) and 4 (C, Si, Ge, etc.), respectively,
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convest i o VI of U Parideie [ Fiie. Tokonatapdiible oy BRle, A suigble
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convent i ugthwayl fmstheeglucose emlectdesat@dugstrajsportaq ingo the mmb:anf.lto and
12, resp ctively ger t he ntlo

Nanoper | igkalon Viedtl 46" the C shihea, | o " SGBGS kebiiisL, Fyptnggmore,
el ement Shppk i GRATOMR nfenidtvear b forbior hB ot s THPavdigS

or VIIIB of the Periodic Table. The nanog;'irtlcle may
have 18ny sizg wddhe iiorganic canaparticlespusedidn |thagmembrase ef theahnvention
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surface ofogohemoindhiding Iroph @buPdes id-ubbiEs0D ranonEta) U tdboiue 200sted
in the invention can be porous or non-porqus. The ave‘%ge 10 si.ze of

the i nor GNut 3ArANOMStelss Thessige Phnanepariaiss 478 e selestadhaesariipg to
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Lot 1dnB RS RRIRRR (5r BRI N inuenBT hB b BONE it dnd
abl()uuszgq)attnn:aylawmeaﬂanemmeﬁ (rjardalé“dnecl) giliee tiod Wr&n adresity cafrihiee
ecte CCO e |.ntended,a cat1 o or a
Pt | uencSNTEkIAg: i UseciRG iR RERUARIT i tneraiaps ot Tie Meftiol”
above), or al 90066]Bldnles it o‘!dd%fs%hi aré)éu.fimé by ugé in iiee nierHbianel Gk

that is used foor the preparation of nbrane of the invention.
[0060] Exhepirventon oin ,t bk amenehulm’iﬂde porlithisen | ManganesHREER

of “‘magnesium oxide, zinc oxide, cobalt oxide, yitrium oxide, niobium oxide,
20 calcium oxide, lanthanum oxide, cerium oxide, aluminium oxide, silicon dioxide

. and mixtures thereof.

9 [0061] In some embodiments, the membrane incorporates nanopatrticles
of aluminium, silicon, magnesium or zinc oxide(s). The present inventors found
that incorporation of such oxides e.g. alumina or silica into the membrane

25 facliitates the preparation of membranes as well as impart good mechanical
strength to the membrane, such that it does not crack, even after long periods
of use.

- {6062] With respect 1o silica particles, any suitable kind of silica particles
(for example, fumed silica or colloidal silica) can be used in the invention. Silica

30 particles as every cther particles of an inorganic oxide as defined herein can be
selected based on a variety of factors, such as its diameter, aspect ratio,
average pore size, or shape. These parameters can be chosen for achieving a



the invention include, but are not limted to, |ithium mnganese

oxi de, "magnesi um oxi de, zinc oxide, cobalt oxide, yttrium oxide,

ni obi um oxi de, 20 cal ci um oxi de, | ant hanum oxi de, ceri um oxi de,

al um ni um oxi de, silicon dioxide and6nixtures thereof. [0061] In
sone enbodi ments, the menbrane incorporates nanoparticles of

al um ni ungiesiicd ttpsportapaeRteHBtierin 2zhe Ganapatticalate FemiranseThe ichuieatadr s
found that incorporation of such oxides e.g., alum.na or..siliga.into
the menbrigbiespardeiesicentalso badepeagarien e grolng b C8RASHER te@MiouR:
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deposi L1 08nhafehe '(“h%?ﬁ ChemfId B rkde? ShEAadi e NYECOL@Mrém ©

about 000~ hanonmnet er I om about to about 1000 nm
i ncl udi ngNfacohNemotschhbgtes, dmut 500 5 nanoneters, or about 200 to

b . Sili i cl ; hesi ' .
"abor atory or \OBa] tHissthiess dhbechaoret i, BERKIERG o dne ok eion
for exa”p.la@g(a%%m 5840 066 hitclomaldGim Y& roth 18D toST0DARAESE padfenably

avai |l abl e om many suppliers. For exanple, it is sold under the
trade nanfromS2EMve 500 uni.r The thiskaessOnbinecaiesnyang iay depend i seyaiak

NYACOL f 0 I h ' , '
o Che. nalRSITe o e AR ESf e BTEREEE e o 56 oabRivehi dbe e Braf o
1000 19 cr grahsles ithay be ebnirdited BPehd ehaite afthe depositibe tedbinjque (screc?b0

to 500 pm The thickness of the nenbrane nay depend on sever al
factors sPUming @Bsﬁ@ﬂi@gepéo‘mlﬁdﬁo%u%,too'ﬂa%ﬁeac%imﬁeﬁf’gt%‘? ¢hihe

ﬁg;ﬁ??bﬂéﬁ‘&%ﬁ?ﬁﬁgwﬁé@rﬁgﬁ TR RcSAEd bEthdnK BRng # ¢asefscrédh
printing is used for deposition of the ink slurty from which the membrane is
made, the thickness of the membrane can be controlled inter alia via the mesh

20 sizeofthescreen.

[0064]In yet an(;mer embodiment of the sensor, the nanoparticulate
membrane of the invention can further comprise a polymeric binder. Any
suiiable polymeric binder can be used in the membrane, including
elecirostatically inert polymers, ionic polymers, polymers capable of acquiring

25 net charge, polymers capable of providing biconjugation, and proteins.
Polyurethane, cellulose or elastomeric polymers are examples of polymers
which are electrostatically inert. Examples of polymers that are capable of
acquiring a net charge, thereby becoming either positively or negatively
charged, are nitrogen-containing heterocycles such as pyridine or imidazole.

30 Glycoproteins are a class of proteins useful in the present application. Specific
examples include avidin, biotin and streptavidin, which can -conjugate with
electrochemical activators present in the membrane to form a suitable polymeric

(Y



printing, dip coating or spin coating to nane a few), the content of
the nanoparticulate material or the concentration of the ink slurry.
In case screen printing is used for deposition of the ink slurry
from which the menbrane is nmade, thd7thi ckness of the menbrane can
be controlled inter alia via the mesh 20 size of the screen. [0064]

I n yet anpihter fornimszdinniet preberthiavestivi rUsdftiebindespas wealludsteethods for
nmenbr ane of ,the i nyention can further congrise a polyneric binder.
Any sui t BeiTSYpiesiatedascrbed Ity HatenthNe. 6.492145 P84 ncl udi ng
" electrostatic OIOEF er pyﬁﬁq% Oy | Shi V@RS foRA f
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G ycopr ot monerrere seletiet sheigroupis viryl yyetine. iA binderpderbed from these

application. Specific exanpl i nclude avidin, bjotin and . .
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ool LODRel e sns opbodteal S DT o0 e S LI
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acrylonitrile and acry r e and acrylic acid nononer units. A

speci fi c heaspeengirinteccaponrsurfasen Mediates, ngnzymes rod analytes saght ke

roup is yi.n ridine A hinder .deriyed,f . el i It S
e sui t cuetfie B fel tole HeEHE yuitil RO e beGRR, PG shelRe:
for exanphiectbas agd diedd bélfs dstthining okygenatéd Hamogiobinrateanxdiyded #0m
regulating in the nenbrane. By incorporati n? a bjnder such as

vi nyl - pyreiefag thatmembeant: g dReclectie Satin rapidsiane &NRNIC HSCRROIG Rakh
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Medi at or soxygenyinis tha taapphnicelstes mugmbrane is largely minimized owing to the
highly hydrophilic nature of this layer.

20 [0066] The invention is also directed to a process for producing a non-

. conductive, nanoparticulate membrane. The preparation of a nanocomposite,

—9 slurry ink comprising an electrochemical activitator such as a redox polymer, an

enzyme and nanoparticles can be carried out in a commercially available mixer,

blender or stirrer, depending on the quantity, viscosity and homogeneity of the

25  slurry. The slurry can be prepared in any sultable liquid or dispersion medium,

for example, polar solvents, aqueous solutions, PBS buiffer, and organic

compounds or solvents (e.g. alcohol) which can facilitate the processing of the

nanoparticulate membrane.

[0067] Suitable proportions of components which are used 1o form the

30 slumry ink vary. For example, the composition may be varied according to the

application, or on the enzyme used, or the deposition technique that is empioyed

for depositing the slurry ink and the amounts used for each component can be



gl ucose can then nove freely within this |ayer, whereas interfering
species, 15 such as red blood cells containing oxygenated henogl obin
are excluded from entering the nenbrane due to electro static

repul sion. Anionic ascorbic acid and8uric acid are expelled by the
ani oni ¢ binder, and the partition of dissolved oxygen into the
nanopart i defetrinedesrpidcdlyi Fot exgaphe asuiiablezesnpositian fay  dlerry ikghbyis
hydrophilic nature of this |ayer. 0066] . The invention is also
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each conponent,.can be 18 determ ned enpi,ri, | y. For exanple. ;
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10-300 nmy/md . _ln.his anpl e 0 di i kS T |
the st ur £ gk sBehSe, dncluGiB Bubner ol Bkl it (i poafit, <
prepagmt i g@mﬁ-@girg(ie:!rpﬁmmq1_gndrgyrebﬁ\mnﬁﬁg,st and for a suitable period
of time before being applied onto a suitable substrate, _Irg%%not her

i

speci fi c exanplQ068] As reepatiened aARovajhe sapseniatigh ff askedex gior in the
pol y( VFc- ¢@- ) ' ' ' '
DO i ng. P meft VAR ¥8r GRARPH. dich 8303 mENRl I S Ranyfe MRScitbéd
parts. A beldaxwhete aminyiferrobene-coetrylamide redosdmedizion wasempioyethet@
‘s honPogfg 'msgﬁr%l of % ,%-,Q&a%}-z\%%e added 1 ﬁ%télgrlrf%k".i?rg one embodiment, the
20 concentration of the redox mediator in the nanocomposite ink is about 15
mg/mi.

[0069] The concentration of enzyme in the slurry ink may also vary. A

1

typical range is from 0.1 to 1 mg/ml. In one embodiment, the concentration of.
enzyme in the hanocomposite ink is about 0.2 mg/mil.
25 [0070]The formulation of the nanocomposite ink can be vared as
follows. Since the catalytic reaction occurs between the mediator and enzyme,
the conceniration of the mediator must be high enough to have a high sensitivity
and linear relationship between the catalytic oxidation current and glucose J
concentration. if the amount of mediator is limited, the amperomeitic response
30 of the sensor will plateau off even with increasing glucose concentrations in the
sample. When this happens, the amount of mediator becomes a bottleneck, and
the sensor reading becomes instead dependent on the amount of mediator in



wat er. Thereafter, the honogeni zed m xture is applied on any suitable
substrate. A variety of deposition techniques can be enployed to
deposit the nenbrane onto a surface, including, but not limted to,
sprayi ng, painting, dip coating, spifd9 15 coating, inkjet printing
and screen printing. [0068] As nentioned above, the concentration of
a redox nikeiragmbrane, rataer Han glycosskconpeniration inf the saxpipl Eor the @pebifico
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[0073] Ferrocene derivatives can be used as diffusional electron transfer
mediators in homogeneous systems. lt shouid be noted that diffusional
20 mediators are typically low in molecular weight and can leach out of the
_ slectrode and be lost in the sample that Is being measured. For this reason,
5 sensors based on diffusional mediators are suitable as disposable sensors
which are used once and disposed immediately thereafter.
10074] Ferroczne derivatives can also be used as mediators that are
25 immobilised on an electrode surface and then attached to a protein molecule,
such as an enzyme or an antigen, via crosslinking between crosslinkable
functional groups found both in the enzyme and in a side chain of the redox
polymer.
[0075] Suitable polymerisable ferrocene derivatives that can be used as
30 a first monomer to form a redox polymer should possess a side chain unit
having an unsaturaied bond, such as a C-C double or triple bond, or a N-N

double bond or a S-S double bond. Examples of such side chain units include



10 with great difficulty, the inventors have found that redox

pol ymers containing ( ferrocene can be elegantly and readily
prepared using an al coholic nedium prepared from for instance, a
m xture of ethanol and water, togethe20with a persulfate salt as
radical initiator. [0072] Wil st any organonetallic redox species can

be used agj@nyGiRtps LepFRBnRiPhy e GonBid GnMeE FE-CL0- CRa HbasRnd

ferrocene-basegsredox medi ators”™ are preferred, for exanple due to
t he suit abae heeltsrigsbakany postieni alengfthensarben cbaind Aromatisf grodps &s@ne

to f i i.on. 73] _E derj ' b
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nol ecul ar wei ght and can | each out of the el ectrode and be lost in
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an el ectrode surface and then attach to a protein nolecule, such

as an enzyne of00¥6] k2 ptefarred iemhndiment.ihe Pgivmarizable ermeenedesvaive

redox polsy REBLREGHGH theBloli BoniFy LAY TP Ebtrdsind. HekRuEich e
that can bgretseforaftend@nd dthyiehe BRiRARIrdcenéor m a redox pol yner
shoul d possess_a side chain unit having an unsaturated bond, suchld';\s

a C C doubl e of0Q77]Bhe presancecel an NnRatLiaiesl konsbidihese Lasivatives may
P e ] b G e Rty 20paRinkar Kok e
| ocat ed atopasilymetisatiorowitiaaaotharspeciestimavirghalso at asteheurgaturpteddC4@
Phe " pol y Aeblbaa) Bl BERdc h aNal ek ocsan i oybls hogigvia ree
onvockSo TRILAM ARt 1 101 12, F CLLIS, DTS o o)
hydr ogen at ons[Q0783Eobibe second monarher unit thas is meed inccopnlymprisation with
i ncl ude aﬂwealpk n éris%%‘fle %epr}aéeurll h&e‘%ﬁ/a%(lg,u%ny suitable acrylic acid derivative
having a primary acid or base functional group capable of acquiring a net
charge can be used. This means that the invention provides for positively as
20 well as negatively charged polymers and thus ensure that conducting bilayers
as explained above can be formed, irrespective of the net charge of the
complex formed between capture molecules and analyte molecules. In general,
there are two requirements for selecting a suitable acrylic acid derivative for use
as a monomer. In order for it to copolymerise with the ferrocene derivative, it
25 should possess of at least one unsaturated bond, which can be provided by a
C-C double or triple bond, or a N-N double bond or a S-S double bond for
example. Secondly, the acrylic acid derivative should be able to function as a
Bronsted-Lowry acid or base by producing H' ions or by accepting H ions,
respectively. Examples of functional groups which can provide a Bronsted-
30 Lowry acid or base function include primary amine groups which can accept H*
ions to form charged amine groups, or carboxyl groups, or sulfate which can

donate H* ions when the acid functionalities dissociates to release H' ions. In

Y



[0076] In a preferred enbodi ment, the pol ynerisable ferrocene
derivative is selected fromthe group consisting of vinyl-ferrocene,
acetyl ene-ferrocene, 10 styrene-ferrocene and et hyl ene

oxi de-ferrocene. [0077] The presence of1an unsaturated bond in these
derivatives would allow the ferrocene nolecule to be attached to a
pol ymer balcisbspevt, &t is oot thai akhough e fusanol ipgimaryeainie igaoips is
al so at Ieaa@fone upsaturated C-C douybl e or %{iﬁle goad or %]N-N
_doubl e boRfetsfres in-tae PRRRSNE apBNERTOR, i 15 puigent for the Skilled person that also
pol ymeri s
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as explain ove' can i'rrespective of the net charge of
t he conle(prbeenE'iﬂvlmEf'mshMWOﬁbbﬁdﬂ ghaimsid anal yte nol ecul es.

In general, two re |rene Is f.or, sel ng. a suitaple
acrylic acid dZS @ {13y sy ‘gﬁj@l""a YP bﬁg\gﬁg %Pcﬁ)‘)‘f pase
copol YIer st gtdi dafiie? B BERE \H]iéféreé%tmts mbks fHat 0 Wsdd BRIAE Sa0BHA
at | east one unsa can e provided by a G C doub

or triple nmmmnenm ared%dx phﬂwtmbe obthelpreseat SrHatds lalneawhmaeidrdenvatwe
eﬁﬁnple Second rylhe aci d Serlvatlve shoul d be able to
functi on SEPESE m %'E“"H (S base by producing H+ ions or by
accepting H+ ions, respectlvely Exanpl es of functional groups which
can provide a Bronsted 30 Lowy acid or base function include primary
am ne groups which can accept H+ ions to form charged am ne groups,
or carboxyl groups, or sulfate which can donate H+ ions when the
acid functionalities dissociates to release H+ ions. In 21 this
respect, it is noted that although the use of primary am ne groups is
preferred in the present application, it is evident for the skilled
person that also secondary or tertiary am ne groups present in the
acrylic acid derivative can be wused in order to generate a

positively charged redox polyner. In this respect, it 5is also noted
that the acid or base functionality, although it is a primary one,



does not need to be a term nal group, but in case of a branched side
chain can be present "within" the shorter one of the side chains.

[ 0079] Whi | e any suitable acrylic acid derivative having an acid or
base functional group can be used, @2ferred nononers that are used
as the second 10 nonomer in a redox polynmer of the present sensor is
an acrylic acid derivative represented by the general formula (I):
22 | IH2 CH H 5, Cco R wherein Ris selected fromthe group
consisting of C' H2"NH2, C'H2,-COON,_ ,B 10 NH C'H2"- SC3H, and

NH- C'H2n- POSH, wherein the al kyl ch fa is optionally substituted,
and wherein n is an integer fromO 12, preferably O to 8. The

al kyl group can thus be straight chiaj ned or branched, and can al so
conprise double or triple bonds or cyclic structure such as

cycl ohéxyl. Exanples of suitable aljiphatic noieties within the
substituent R are nethyl, ethyl, pr@s=s0isopropyl, 15 butyl

| sobutyl, pentyl, isopentyl, hexyl, |cycl ohexyl, or octyl to nane a
few The aliphatic group can furth be substituted by an aromatic
group such as phenyl, a hal ogen at a further base or acid group,
or an O al kyl group, for exanple. Exenplary aromatic groups that can

b . i | h T

nal ogon avTen oS et sBnT i afoin, pohESHRY o RibE R Ebes SORM
Examphes &fH-SHLAS08H 0-anldk NH-CF 94RO £ wisrSpXihe elkyP thairp i psptionally
but oxy, whereas the n-al kyl group is selected from-NHWe, -N(M)?2, %
_N( Et hyl ) subgiituies, and sheréin n iseuenieges EomAded2, preferably:@ itg B; dha gl :

derivativ ' J : LI ' |
nucl eophi HTRULeAEin B Bt fainfi B bithed: SBaREr L8 confisg ot
reaction ot tiple Bomdsi ovah dyolic gtraviarsvisubhaas syclbiadtyh: Examplesedf suifabie
derivative _ of an acid or_hase conpqund ??vin%1aﬁ alﬁyl chaip_as
defi ned h&liphatic moieties within the substituent R are methyl, ellyl, propyl, isopropyl,
15  butyl, isobutyl, pentyl, isopentyl, hexyl, cyclohexyl, or octyl io name a few. The
aliphatic group can further be substituted by an aromatic group such as phenyl,
a halogen atom, a further base or acid group, or an O-alkyl group, for example.

Exemplary aromatic groups that can be present as substituents are phenyl,

toluoyt or naphthyl. The halogen atom can be selected from fluoride, chloride or
20 bromide. Examples of suitable o-alkyl groups‘are methoxy, ethoxy, propoxy or
butoxy, whereas the n-alkyl group is selected from —NHMe, -N(Me)z, -N(Ethyl)2

or -N(Propyl)z. .
{0080] The monomer of the acrylic acid derivative, if not commercially

available, can be made starting via nucleophilic substitution from acryl amide,

25 for example, by reaction of its terminal NHx-group with an suitable activated
derivative of an acid or base compound having an akky! chain as defined here.
For example, acryl amid may be reacted with 4-bromobutanoic acid or a ester
derivate thereof, yielding the respective acryl amid monomer. An analogous
procedure can be used for the sulfonic or phosphoric acid derivatives.

30 [0081] Typically, for biological samples, the pH can be between about
8.5 to 7.5. Under such a pH range, acrylamide units in the redox polymer can
acquire & positive charge i.e. become cationic. This positive charge brings the



For exanple, acryl am'd nay be reacted with 4-bronobutanoic acid or a
ester derivate thereof, yielding the respective acryl am d nononer.
An anal ogous procedure can be used for the sulfonic or phosphoric
acid derivatives. 30 [0081] Typicall®3 for biological sanples, the pH
can be between about 6.5 to 7.5. Under such a pH range, acryl am de
uni ts i n fetrecersdmoigiigisyintiie polymercviai glecitogqiaiic interacitdratge imueh disepne
cationic._ This posjitive charge brings the 23 ferrocene noieties in
the pol eré?>,<mW§0 I FRICHRERNSTE O AIURsR PHESS GVhermalicosesBdRase 1S the
proxi mt : e | 05 R 0%
oxi dase ?és?‘ étb;[\éedqe%)gﬁg%tag g’%i gg%@ﬁ?)gt ase e%z?%@%eéﬁ@gégggué%géﬁvew
oxi dase ichargaghi.svahipnice imeihigepH range. anionic, in this pHrange. 5
[ 0082]. I n one 6@@? of the presené i nvention, the oxidoreductase
enzyn® i s covAPURAI PRGIRRNOE ¢ihdNe cRESSERL| PERTIR, He, BXidoreRHgase
The redo Vi ' | 5l [ TN '
oxi dor edunr e 8Xcaentl WP HF B AEeBoliher by CERPIITkRS. Sielbt
i nt egr al (polymersoondlthe piaventimf dahebel eotimpeisbilizedi mithbithe satideredattase
enzynme and_nedi at or cg_{} &?\éa hi eveckjgé ‘_1|0 | abel i ng, t he enzyne V\gath
the r edoXTREIPAIAN eieEirpdREHriase, dnglgng the enzymeian injegral{ungiionafhpart
el ectrod ' ;

of T EREfrodé) EBMIABbIMNSALH 612@%3&@??118%&{]%@5%@ R achieved by

i mmobi |'i zed on the el ectrode surfac and e enzyme 1S
i moBol i dakelingn thee ereyme pwithndhe Iredox ahsdiaipos sidibevedo Hymehizyree

pat h d r.ed [ trix f f ducti
e YB3 1B oot et A et el el el a9
oxi dor ed @pirRbRizeANtY e SIBErb&SISHTRGS YFR! aAd theh iﬁ‘egéha}ryeg? ﬁﬁﬁfo&ﬁ&ea n

a nanoparticul ate mnenbrane conprising nanoparticles "o east one
i nor gani § @ wrdws palymes! & is atsospossidledof immeliza.boihaenzyme and redox

| VA, 1B, [l ] | B,V . VII|B of the Periodic
Tabl e. 285[)&%'4%1|%%n§h¥ﬁ§gng§ﬁgg}gopﬂgb&@éowe{,mrS operate as a
di ffasional (E0B3jlorahoturt &érigdd diethes pResting dhvations Uhé agdoreadciate
test sanple. A nanoparticul ate nenbrane which incorporates a redox

pol ymer RBEYBRI fndprepxdeohanec arendifiegibly | igpersae: @ manopartigylate
Do ng”" IARS, EOERRARALI08e, 5F & BUET e FiaHE okbe bt an
element selected from Group IA, 1A, HIA, IVA, IB, IIB, llIB, IVAB, VB, VIB, VIIB

or VIIIB of the Periodic Table.
20 [0084]In such a sensor, the redox polymers operate as a diffusional
‘ mediators shutiling between elecirode surfaces and the test sample. A
% nanoparticulate membrane which incorporates a redox polymer not only
provides electron mediating function, but also provides analyte filtering function
fo prevent electrodes from coming into contact with other electrochemically
25 active materials in the sample. The nanoparticles in the membrane provide
microchannels in which analyte molecules can diffuse into in order to reach the

oxidizing electrode in the sensor.

{0085]In an embodiment of a sensor of the invention, the redox polymers
of formula (I) have a molecular weight of between about 1000 and 5000
30 Daltons, or preferably between about 2000 and 4000 Daltons.
[0086]In another embodiment of the invention, the redox polymer of
formula (1) has ferrocene loading between about 2% to 17%, or 3% and 14%.



25 active materials in the sanple. The nanoparticles in the nenbrane
provide mcrochannels in which analyte nolecules can diffuse into in
order to reach the oxidizing electrode in the sensor. [0085] In an
enbodi ment of a sensor of the inventidh, the redox polymers of
formula (1) have a nol ecul ar wei ght of between about 1000 and 5000

30 Dal t on$lighvieveisbefatdoenkdbagdiag, prafotabROal ey bR Bl bengesirable.
I ment. of the inyvention, the redox mer of

0086] | t nbqd |
1[ or rm} an( I aﬁ‘i)gr‘? Z?Wg%‘éﬂéﬁlf@ﬁ'ﬁp@@e irading: woslld impose tﬂ)”mﬁ&?’ %e alY6eERd

14% 24 & ' I I

395 are aCoREBhIR cartld REEREOLEE Bambl WHEA dfudtise (ASENERMF
i npose a s much thighdrdhan theorediatingosapaciy obthe fertoceas rheletaies presknt,
For exarrphleé[i wher e gl ucose concentr.ation s, nmuch higher .than the

medi at P ng "Ea FRTITEIIG FRSAOBEEOkER S raanesaieds e §EnfiMited ¢ e the small
anper omet hUﬁTgé?s Bpn ﬁfedié’tﬁﬁ? ! I%rr%@?ﬁé aliffedids D erekhg%peqn by Wﬁaéém%x{ee

nunber of nediating tTerrocene nolecu es‘,3 resul ting Pn an Tnaccura
nmeasur enemeasiiremerioThsraigregbyp emplmgdng the resitsoparheresifontuhqfhaving
(1) bhavi ng .ahhi %Pe[) g?vel of ferrocene Ioadiigﬁf %he upper limt,  of
gl ucose cBritger BVELRE ferfapanecioading. e wppenliniit ohglucass poncentraions
and t hus ﬂfﬁbb.ﬁrbevlgkfé@ev?iﬂi’fqesééﬂ%? is %?sécf&&ﬁ B SIBQIP&?JOIJr%? bf S&fle
invention I's also directed to a process for preparing a water

sol ubl@, rasuinedpol yner. The process essentially involves pol ynerising

Second " mononolOB] i hegirase i RYETonda A0 ATeRed QI8 ArossS or PERINGS o
primary, Wairesonsiar beddk gcﬂyﬁabﬁrmégfoee@@ét%egii@ppg%%? mf@e&éyﬁ :

The acrylic acid derivative possesSes an aci ase ona
group capfitst enenomeruinit 9§ a polynedsablgecfertaspoet detivativer mdth a second

pol ynmeri zgtl e i I s..carried o ln.a QuS | cohaql i c.
Podl i 1 el S8k @tppsifid] R Aol AdlyoBsHER S 'S elimary.
of t hes nopesordanait fertidry adoryiagfide bR pPEHRY iaedop&igmerX FTB! geryiid dofd
possible to.m x the first and _second nononer in alcoholic_medi um
and then HedvailNe poRsessaANtacid s baset fupctionalgroup ganable of apquidng @

2 net charge. Impoitantly, the polymerization reaction is carried out in an aqueous
alcoholic medium in the presence of an initiator.
[0088) The addition sequence of the monomers and initiator can be
20 varied. For example, it is possible to mix the first and second monomer in
alcoholic medium, and then add the initiator to the initiate the reaction. It is also
possible to dissolve one of the monomers in agueous alcoholic medium first,
and then add the initiator 1o it, before adding the other monomer to the mixture,
10088]An alcoholic medium can be prepared with any organic alcohol,
25 for example, aliphatic alcohols such as ethanol, or aromatic alcohols such as
phenols. The volumetric ratio is usually within the range of ca 5:1 to 1:1
(alcoholfwater). In some embediments, it is about 3:1.
[0090]In an embodiment of the process according fo the invention,
polymerisation is carried out using an aqueous alcoholic solvent comprising
30 ethanol and water in a volumetric ratio of between about 2:1 and 3:1.
[0091] Athough polymerisation may proceed without the addition of an
initiator, it is desirable to add a radical initiator which attacks the electron-rich

>
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possi bl e to dissolve one of the nononers in aqueous al coholic nedium
first, and then add the initiator to it, before adding the other
nononmer to the mxture. [0089]An al coholic nmedium can be prepared
with any organic alcohol, 25 for ex&bple, aliphatic alcohols such as
et hanol, or aromatic al cohols such as phenols. The volunetric ratio

i s usual Igervn'esﬂfmunmat rthegmsaftumeecﬁ ‘bbntie ih the (rmodresrhers/ \mwralmglw in
sone enbod%qr;rﬁnts I s about  3:1, [0090] [n an_enbodi nent of th

process aBRSPEN #g P@W%Ofmpelﬁwreiwn pabﬂnw&a’ﬂgaﬂs ibitiaies byaeding afee
usi ng an geExe oholic solvent conprising 30 ethanol and water
in a volunetri gﬁt}agélfo of between about 2:1 and 3:1. [0091] Al t hough

pol yner i sat i or{0082}Amofree dadiicalninitiitdr lvanasks used.rExdmples inalide diarganict

" is desirable to,add a di cal |n|t| or which attacks the
ol ect ron. TRISSUk ag parsulaty sells a&tweﬁ%@smamrmlmﬁo@mhﬁ Renzoyl

MONOMEr S. nAGSRAEIbPY, ¥.addd aﬁ%ﬁﬁdi‘ﬁglnﬁﬁféo%ﬁgf ﬁhﬁ Inﬁ"’tbogroduce

polyrrerlzatlonlsmlt ate Ing af |ca

[ 0092] Anyreiicat fragtierds cafied ilnitiator dragmients,s edch Braﬂﬁbﬁﬂwasnomeldmpanred
|norgan|c 5 salts such ﬁ;s ersulfa e salts, as wel| as organic

conpounds®'SGEeN Y BARy TUNGHRR A8 @e rSP radjcal Which attackoia Jingatvrated) e
(AIBN), Vs [ﬁrtﬁ?ﬂwn n.i]é? Jieduce radical fragnments called initiator

fragnents, eac has one unpaired electron which can

f unctlifon as a [DD838]Inaatinea lemibadimentst diod fraee radisaitinitiatords sedactedi forinhe
onmer Its 093 sone enbodipents, the free radical

?Z’ﬂt i at oﬁﬂ?&'@%ﬁ’ 88‘{'%%*"?&)‘?‘4@'“{'1%"%?&?{19% i RORSHUD:PelsWEAe sodium

persul f atgyrsipediassi um persul fate and sodium persul fate. [0094] In

one enbodi nent of the invention, the weight ratio of free radical

i nitiator adde[&ti%]llb@nmb@dament abthmgnvmmm rﬂtgﬁwelght rajicnof foee radical

nonomner \VA s ha h unt of radical

o t1 at orNgor g Befliert 3G 48 Pt lo'3b 108 3P Wi B it The
radi qal iinvéntesohavs mmnﬁlmaﬂme/am@dm:aﬂ ram@élwﬁmatowﬂe@fedeme dbgrReyof
resul ting |n redox pol ymers having | ower nol ecul ar i ght. This al so

meant t haROlyreeHzatpa; v High « penouses caf  radicakt Bitialers ﬁﬁ@'ﬁ@%ﬂﬂlfh feruced
Bg: ;g:: ﬁ_){@%nﬂtfbﬁeéﬁicieﬁewF’és%ﬂinboin“%d@ pbiyfifers 3V Tower molecular
weight. This also meant that relatively liitle radical initiator was needed in the
polymerization process, compared io normal free radical polymerization

20  reactions. Apart from the quaniity of fr‘ee radical initiator used, the addition
sequence of reactants (see below in relation to a process of the invention), also

affected polymerization efficiency.

0)

@)

[0095] The process according to the invention can be carried out at
standard conditions of room temperature and pressure. However, in order 1o
25 accelerate the reaction, it is generally preferred to carry out the reaction mixture
under reflux. Care must aiso be taken not to use an excessively high
temperature which might lead to the decomposition of the polymer or the
reactants. Thus, a suitable upper limit is generally below 100 °C. In a preferred
embodiment of the process, polymerization is carried out under reflux at a

30 temperature of between about 60 °C to 80 °C.,



20 reactions. Apart fromthe quantity of free radical initiator used,
the addition sequence of reactants (see belowin relation to a
process of the invention), also affected polynerization efficiency.
[ 0095] The process according to the imgntion can be carried out at
standard conditions of roomtenperature and pressure. However, in
order to 25 a | [ A K AT

carry out the | oaert s urief o, polymersdBR i LaioR it rioE rotlac
not to usk am et absospheye.niwinert etwpespiare canhbe proviged by edidogen ghs,

deconposi tion. of the polyner or.the reactants. Thus, a suitable
uppe?pl i #EQQ%SF}%P&B@W%W@% n a preferred enbodi nent of
t he process, ' ' hiS 3 i -ad; ;

{ompor ot ur e’ of DOSTRTAE AR, bR AR MACKS Ui for Boltferarifn cih be
embodi rendepensieptipos dhé temparaturerised and thendmounk6f imktistor atdeéchir the
at nosphere. _An i,nert atnosphere can bhe provided b I trogen_gas, .. or
nel 1 um gateasfon SIgH. SRR, HeBrdetonbiso skl Ol doh soPenpAzot Hiere
s T equi T Betvieeh ROIVATPAOS! Afipfegraly fo aBBOPSARBLLPON e

tenperature used and the anoun It1ator to the reaction
brot h. Typi cal [0p98pohe rembaditient ofstheainvieativeprotess furfiesri campfises e

bet ween 1 A0 hours nd preferably for about. 24 hqurs, [0098] On
enbodi nengrogﬁcpﬁeaim9gﬁ§&%‘ BT'%EE%?”P rtPk@?[y%%mgsﬁ@gaﬁrsb@bgu§$4ﬂf'cg
pre- rlQﬁCtMHoﬁ‘iefé,_tﬁoﬁ-;ﬁﬂsirfgﬁ to polynerizing said first and second 10

mononers, conprising: dissolving the acrylic acid derivative nononer
unit in an aqu#igsaving| thenh@lcndicnediduderivaiive godnomer hgnit rin ean agijdsous

initiator :Eﬁﬂ- t ‘ | t he pol yneri sabl e ferrocene derivative
nononer U%]I 'c?'ﬂﬁ@'ua'ggﬂ'%?xt ure. [0099] In a further enbodi nent of
t he above procadiing tHeefrée aatiickd inifdtoe, arfd thaer yl ic acid derivative to
pol yneri sabl e ferrocene derivative in the pre-reaction mxture that

falls between 2@ theopalymerisableoferrpeeng dgrvative FpRBABET ddfbdo the
pr ef graabl gpipireOr der to obtain a redox polyner having a suitable
mol ecul ar )

[0099] In a further embodiment of the above process, the feeding ratio of
acrylic acid derivative to polymerisable ferrocene derivative in the pre-reaction
mixture that falls between about 5 % and 15 % of the weight of monomer added
is preferable in order to obtain a redox polymer having a suitable molecular

20  weight and viscosity. '

[00100] In yet a furthér embodiment, the polymerisable ferrocene
derivative monomer unit is dissolved in an agueous alcoholic medium prior 1o
being added to the reaction mixture.

[00101] In an embodiment of the process of the invention, the redox

25  polymer is precipitated in an organic solvent. Organic solvents that can be used
to dissolve monomers involved in polymerization inciude ether, ketone and
alcohol for example.

EXAMPLES
30

Example 1: Gonstfruction of a diffusional mediator biosensor

Oy



20 wei ght and viscosity. [00100] In yet a further enbodi nent, the
pol ynmeri sabl e ferrocene derivative nononer unit is dissolved in an
aqueous al coholic nediumprior to being added to the reaction

m xture. [00101] in an enbodi ment of gshe process of the invention,
the redox 25 polyner is precipitated in an organic solvent. Oganic

sol vent s t hat faH useﬁ?utré) 1d5ﬁ§\%\% ggﬂgﬁgé ﬁﬁﬂgﬂgﬁ&m I %tip-’fl"l!’lg

pol yneri zation i ncl dde e ket one an or exa
EXAMPLES bigseRsan? eac]t:ordfu@nstor ant embodimentli dif the qJTe*semtemmrQDn The
" bi osensor 2’B$%30102 Fi 1 shoms an exgl ‘ed | onetrlc view of a

tip-fillif@ HHG ro§e | BS?%SOJH"! @ ® SPefiEiC simbndiment
. inventi onis Agg dé%ﬂﬂédi%#ﬁlg "éh BEFSSedthoh f&%&&fe%néaéh %S%Céié&;%d °

the specific enb nment next an array o
car borb el éESSSdavallm firoas AcheEbe cColiaidg 604206&rmya®al&btniaf UohoA.,

h i f d
" ou ¢ abl B1eGl isifd 2p Sibatle dnarf| A SApROYAEEr T ey ﬁé&%w&’%& e
i's then dgilsslratb 13 theBRb @tdfrétém 7 %?&Hd;go@: Roee eﬁr%&&%

period of tinme, for exa etvvent #our ours erea a dou
si ded tap@eriw o tifv, dar examplprtwenw fouf drouesl Theneafter, @dombieexldeﬂltapkea

ted t 10 Th | | d t th
ecesses YIRS worptsystormed. Haiel i) Planbth oo aaniser evbsiateo
22. A ni These holsy Rald bﬁéﬂtﬁé%%ﬁﬁéam% é@s&@@ﬁé%ﬁﬁ%epgbéﬁiﬁgs for

ng a suitable mask, on the rking surtaces car
e@ct r ode@XRRsing e e!qdmdﬁ;ptyltiuns 20, l2ﬂ Aotﬂnrﬁbmmdma(rmMeaﬂembrane

aci ) 15 AR Rafored i Siand, Bk PbiWe Wandng Sufeds ot the

st ruct ur ecarbohhefectioiies! with an pat QIEJﬁ'yOf‘rnﬁ" BINPVERRA ’Ipl%gared as
controll eg enyi ronnent. The thickness of “the nanoparticul'at

nmenbr ane rigefle i Example Znbelom) e EBY, ) naly(vinylpyrdinereo-acryio nacid)

L on 0 YEVPAGE o EE 38 o AR BBl B0Bb i G O e,

screen i rat a temperature of around 37°C in a conirolled environment. The thickness of

the nanoparticulate membrane may generally be controlled by adjusting the

total content in the ink while keeping a constant volume applied on the working

area, and is manipulated for example by adjusting the mesh size of a screen in

20  a screen printer or by adjusting the content of nanoparticulate materials, or the
‘concentration’ of the printing siurry.

W

[00103] While the above-described structure is being formed, an

array of Ag/AgCl or carbon counter electrodes is similarly screen-printed on a
second polyester film using a suitable mask and dried. This second polyester

25 fiim is then positioned over the adhesive tape stch that the counter electrodes
are aligned with their corresponding working electrodes. Thereafier, the

siructure is singulated to produce muitiple biosensor 2, one of which is shown in
Figure 1.

30 Example 2 Svnthesis of poly(vinviisrrocene-co-acrylamide),

poly({vinylferrocene-co-acrylic acid) and _poly(vinyiferrocene-co-acrylamido-
sulphonic acid) copolymers




20 a screen printer or by adjusting the content of nanoparticul ate
materials, or the “concentration' of the printing slurry. [00103]

Wi | e the above-described structure is being fornmed, an array of

Ag/ AgCl or carbon counter electrodes 28 simlarly screen-printed on a
second polyester filmusing a suitable mask and dried. This second

pol yest er @GRichsé bxidasé fqammcm i PBed fONE Aspaﬁgrimggﬁ@bvq §1a8ﬁts7(An‘@:)‘ v&é?t

the counter electrodes are aligned with espondi ng
el ect rode?urcfﬁéeéaﬂpm Fiuka (Ql-i-%mréucbsm Byitzerlani): oFerockree (Fc

L e RS A BTSSR 0] 2538 SRR

pol v(vi nyt{mopaesseliotic a6ittat n@CQQ)EYQn“hcrylamldo-s Ifonic aFid“ or AAZ) and
pol y(vi nyl ferrocene-co-acryl am do- suré)honl c acid 3‘ copolyners
I

a uco/s53 oReiealate salis wete puncl'@sedkffom igmeehlgirich (St. ni.lga,r Mo,ls)wsg.). All
47 ' :
For r oceneCt L pBiGHesE b5 Mklont, Atjancl il ahbsRbataRro s saline usech

(AC), 2-aweyd aiicdfiifigd nariatical
28,273, "acgryl am do- sul fonlcé1 chﬂeoQ?PgoﬁrﬂbﬁgEhﬁSﬁ%iggg?@tggeeng%ﬁeP%red

wer e purcWﬁBé’@‘WZﬁﬂ\@’@ﬁa Aldrich (St. Luis, MO, USA.). Al other
chem cal s such eto hos ate buffered sali

used were of er i edrtm W 4)? BS&H@?S ,Hr ‘é?ﬁqu'? it e?‘ﬂﬁf'"\ﬁ@?é"as
used Mer epwf@m@@ndwetcbrdbﬁ oM aRdAgRGHT a4$@QJO4&subM §;9@%P :Hetgr
pol ymer s &r% ed in the experinment was 10 perforned an cor on

an Agi | en riveights weee sigbermiagh ovithat Eeyo Saslee bighaperiimanae gel e ®

Chr ot ochatedton ctéhabiEnhl IH itk 3t BERAIFY poREI B ice) and
pol y( et hyp@ybt@lmglycmlpforcrmnbmml,on 15 i) Synthesis of poly

(vinyl ferrocene-co-acryl am de) polyners [00105] Three sanples
containing 1.0 g acryl am de dissolved in 10 m of m xture solvent of

et hangl / wat er jf 3gpathsistdt ordl aliquot
of 0.10 g/m oxxﬁgen- 0 each

sampl e after H@ %beoxﬂ'@maatsamrﬂm camtamlmgmeﬂsg mnylawdmdlssblvedfm 10
mi of mixture solvent of ethanol/water (3 parts to 1 part) were prepared. A 0.30
ml aliquot of 0.10 g/ml oxygen-free persulfate solution was added to each
sample afier being deoxygenated for 10 minutes. Three amounts of
20  vinyiferrocene ranging from 0.05 g fo 0.16 g were dissolved in degassed
ethanol to form three vinylferrocene solution samples, the amount of ferrocene
that is added for each sample being calculated to obtain acrylamide-io-
vinylferrocene feeding ratios (w/w) of 95:5, 90:10 and 85:15, 'fespectively. Each
vinylferrocene sample was then added to an acrylamide-initiaior mixture.
25 Reaction mixiures were refluxed at 70 °C for 24 hours in nitrogen atmosphere.
After cooling, the reaction mixiures were, separately, added drop-wisely to
rapidly stirred acetone in order fo precipitate a redox polymer. The precipitated
redox polymer was washed with acetone and purified by muiltiple water-
dissolving acetone-precipitating cycles. The purified product was then dried

30 under vacuum at 50°C.

i@j

i) Synthesis of poly(vinyl ferrocene-co-acrylic acid) polvmers




20 vinylferrocene ranging from0.05 g to 0.16 g were dissolved in
degassed ethanol to formthree vinylferrocene solution sanples, the
anmount of ferrocene that is added for each sanpl e being cal cul at ed
to obtain acrylam de-to- vinylferroc2Be feeding ratios (ww of 95:5,
90: 10 and 85: 15, respectively. Each vinylferrocene sanple was then

added to an adqopliee] de- Mhrde Qér%le@eﬁn!énﬂngﬁO@éérﬁyh@acl@diéé;tﬁ@édW?'l@
refluxed at 70.C for 24 hours in nitrogen atnosphere. After cooling,

the reactMbal mixtrersolvans 0f sthanekiwgies 3 pattidied! ad) ware @r@parsd AdpBaly

oreci pi t oo, 8P o ofY i ek pEefiraBC o NIBR, aoRf: in.e%6)
nul ti pl e ssmhgle- afies sbeingngleasgdsritaedr €6 Pio amnmﬂesyct‘m'ée Hraomts! fofed
product was then dried 30 under vacuum at 50C. |3|§ nt hesi s of

pol y( vi nyinylieroseas gapeingcfrom .0 id)topdi1Gnsr werm jin Tdegsassed

ol vent Sinamia Pty A VibliferRiishe” SRMOA Sefibg, Mhed anfbibies oh
M ali quoﬂnylferl@;céﬂe othet Texaddut fioeecast Saniple ebsiplgUchiRlaNeS wwamo
each ;H)qrﬁﬁafter bei ng deoxygenated for 10 m nutes. Three anounts

of 5 vin ridesivingfeiTasgner \Deatios dwhvh of PHBr 901G and, 8815

aron oreSuPl, UG RRY B 66°RR0 URATE AL Rlandd
cal cubat enitiator anbdure. Reaciibrmhikeurts- wery réfuxeec an 70 e€dioraR4 HAwSs in
w) of 95: 5 90: 10 and 85: 15, respectively. Each vinylferrocene

| e wAUregRMn, eﬁahqrs AVies Ganling: dee 1r@ap’sm MBI Weis: eSenasa@ely, on
m xtures ftn?jnl-\HléS ;?%Ig %Fecf”ac'é?dﬁes i Ordér B ?r@&éffate re)gox

at m)spher e. cooli ng, reaction m X ures wer
added dr mlwmele I'I'yletprempmatédyedmx polymarcmasnmshed @w’dheacettm@ andipurfiet e

a redox The i tated redox ner_. wa vvashe i th

acet one g&d%ﬁ'q cﬁ‘ﬂF’ %%P@C'Effsg@éwq\%s ¢ purrgeémproduct
acet gpe- m@:tmht@bqu,d@y%@mm'gbgop@rlfled product 15 was then dried
under vacuum at 50C. ii) Preparation of polyvinyl

ferrocene-co-acryrlam do-sul phonic acid) pol yrrers [00107] Three
Ten: AR ColiBodfls ol ot
[001 07] Three samples contamlng 109 acryhc acid dlssolved in10
ml of mixiure solvent of ethanol/water (3 paris to 1 part) were prepared. A 0.30
20 ml aliquot of 0.10 g/ml oxygen-free persulfaie solution was added to each
_ sample after being deoxygenated for 10 minutes. Three amounts of
% vinylferrocene ranging from 0.05 g to 0.16 g were dissolved in degassed
gthanol fo form three vinylferrocene solution samples, the amount of
vinylferrocene that is added for each sample being calculated to obtain
25 acrylamide-to-vinyiferrocene feeding ratios (w/w) of 95:5, 90:10 and 85:15,
respectively. Each vinyiferrocene sample was then added to an acrylamide-
initiator mixture. Reaction mixtures were refluxed at 70 °C for 24 hours in
nitrogen atmosphere. After cooling, the reaction mbdures were, separately,
added drop-wisely to rapidly stirred acetone in order to precipitate a redox
30 polymer. The precipitated redox polymer was washed with acetone and purified
by multiple water-dissolving acetone-precipitating cycles. The purified product

was then dried under vacuum at 50°C.




20 M aliquot of 0.10 g/m oxygen-free persulfate solution was added
to each sanple after being deoxygenated for 10 m nutes. Three
amounts of vinylferrocene ranging from0.05 g to 0.16 g were

di ssolved in degassed ethanol to forgpthree vinylferrocene solution
sanpl es, the anbunt of vinylferrocene that is added for each sanple
bei ng cal cul ated to obtain 25 acryl am de-to-vinyl ferrocene feeding
ratios (ww of 95:5 90:10 and 85: 15, respectively. Each

vi nyl f er r flesaltssand Discagsidhen added to an acryl am de- initiator

m xture. Reacton m xtures re refluxed.at. 70 C for...24 S iny.
ni trogen at mosEAA8] Af té?‘ grizgtion W@é@fﬁ%ﬁ"%"&’&%?@g%ﬁéﬁ"d its

separat el YeriyAHAR0 it p%a\gflq%@n;qmt BasdP! St YooRbbriiidhal aRiicil Spélfmefigkkiort ©

precipitate are e precipitated redox polyner was
washedswi réadiioat The generapredction @qubiioms degittedwafiguréiBssol vi ng

inder vabuum IOBUSE SoHORBNEN h SAen 30, SURSRSTL GZrbolTeris *the
Co- pol yrerd 2ajh e gf'ea‘f'ggiéllaticﬁ{ g@gﬁ@‘eﬂ“td ’Ehe?‘ferrh‘ﬁ:ﬁ‘imgeefﬁé& df:vﬁ'tylferrocene

derivatives were tarri on conventi onal radica

pol yner i z#t e systene & inentionlk ingthecinilodustian sectiarguanylieracenedisuatied

i Fi 6. 00109]. Ho e d , f | - i
Lhe | onodblssas Gole! ssevander I e.So-gbaneTiztSR Syt Bl By ek e,
vinyl§grr 35@}@ Girddil %ﬁﬁét%ﬂ 13 AR ERAHtIaRP 98sé Ahdththdsel hedded iig mormal

section, errocene usua acts as’radical scavenger in the
co- pol ymepohmérimatiopsysiems. Highar droouistofaadicaldnitiater-sianiicatly redieed

o ST A G TSI R oesos v

signi fi Ca%blﬁoh%dﬁréﬁce BRbyRbiszRbi pyabfizaticeresticiendy.t he nol ecul ar
wei ght of the product. Besides, thepm%ddi ti on sequence al so affechgn

the pol yneri zaf@@HQdf f i clesw than 082%o1ofpalymergatiomowgs observed W
poly i zaty -~ i t | £ i ca
ot ¥ Ebor A, 4R SIS ptiGe nifidich e M RRARAL T iiferfciepbnd
probabl y kepdamils. hEhisolsnptobablyobetausecthsi iomiationhef ferraceniom in the
m xture which, resulted in the retardation of .pol rizati

much ear | yEREIARN FHKLER which H%S'-ﬁg@ﬂy'ﬁe&‘ec %@#@Bﬂﬁ%Bbﬂ%éﬁO@E@%ﬁ
in Tabl @ pych early termination of the polymer chain growth process. As shown in Table

1, under optimal conditions, relative high yields were obtained.

20



1, under optinmal conditions, relative high yields were obtained. 20
31 Table 1. Co-polynerization of vinylferrocene, acrylamde, and its
derivatives Feeding ratio Yield (%9 W content Mlecular (wWw (%
wei ght  AA/VFc 95:5 80 4% 3600 AANFg{90: 10 72 9% 3100 AA/ VFc 85: 15
56 11% 2400 O ACNFc 95:5 75 3% 2800 ACNFc 90: 10 55 7% 2500 ACNFc

ans Nec oS BooitshEGetL T BRI EEte, 2t TR, SIS goayeies™ ™D

decreased with increasing vinyl ferrocene feeding ratio, which

i ndi cat eteIL rhe T e ffect a 5P digat 1 on
still exi s%és@hgvenr ﬁ%ugh'aglr en:g{ are 1;’;",‘% ?2 ;‘tbeen%n ?n t he
_ pol ynerizs#/fiwyn process. If was also fp(@) that m nut =w¢lgshtds wer e

obt ai ned—opce—thereaction—m xtre-beecare—blue—wh was—ede—t-o—tHe
formati on‘\@fVFC‘cony derablje amount of ferroceniumin he
pol ymer i .kon sol ution. Fgtrocene ing varied ff to 14%
whi ch is| al'ways | ess than @arrocene CJ%'?%nt in the 8500

AA/NVFc

90:10 72 9% 3100

AANFG

85:15 56 11% 2400
) AC/NFc

95:5 75 3% 2800

ACNFc

90:10 55 7% 2500

AC/VFe

85:15 ) 45 6% 2000

AAS NFc

955 85 6% 4000

AAS NFc

90:10 75 9% 3500 -
. AAS NFg
. 85:15 62 14% 3000

[00111] However, the polymer yields decreased wiih increasing

vinylferrocene feeding ratio, which indicated that the terminating effect in radical
5 polymerization still exists, even though great care has already been taken in the
polymerization process. it was also found that minute yields were obtained once
the reaction mixture became blue, which was due to the formation of
considerable amount of ferrocenium in the polymerization solution. Ferrocene
loading varied from 3 o 14%, which is always less than ferrocene content in the

10  monomer feedings. '



10 nononer feedings. 32 [00112] Ferrocene |l oading in the redox

pol ymer was determ ned. fromel enental analysis. Energy Dispersive
X-ray Analysis (EDX) was used for this purpose. The energy of

el ectron beam used on sanples of the 3&dox produced is 120 keV. The
X-rays generated by the sanple was subject to 5 analysis by a

lithiumdriftef@il2jcon Hetrecérme loddiyl 18lthd edor! solwner wes gbterniingde
redox pol ¥mer was determ ned_ by

) el perneation chromatography.
Gener al | y oPhelemanial amlysier Eneyay AlsRaISIVRI X ApRYISIS (IR wae YyseddPhg
rati o had k; e Welets rl._%%gﬁr .RC '
di stri but it%%wg%'aﬁ%taég}%g% o%[ace)?o'?he syn%%egbgeﬁglﬁgﬁ\ggbggﬁ eyr';eecriosx
[0%14] Tipeoca;oeltihissﬂzieclte&bp"ﬁlhe' r)_(iragjsw@er]?erb’;@byyﬁilel sample mv@sutt:z)ject to
powdery materi al s. . ecu] ar jghts of the copolyners are in between
2000 gnd a@é&@'slﬁﬂ@mm&mﬁﬂ@%g&dﬁ%@% (see Figure 7) clearly
showed the 15 et e di | | i
suggesti ng thamt:ﬁ acrgémagéelﬂgﬁﬁe@ﬁﬁ%?ﬁ%%gg@ég%ess ?ﬁq y
pol ymeri zéy geldperneeatienuthrongatograghy. Geherally, itlse abdbx giolymerst prepared

of nononers., Further evidence can be, found in the 1000-1300 c
regi on. EMI%EEBW errerRnex iRssling iralip hadolowah malpculsy ‘efewéﬁmsin@%pef

1126 cm  ind) Eﬁﬁﬁ- e of ferrocenyl units in the 20 redox
pol yrer ar?y?ﬁgé@re@ﬁgdg sorlgﬁi on at 1218 cm suggested am de groups
in the&opol ymer. UV experinents, again, confirmed the successful co-
pol ymeri zaf.i 02 of , v'_n¥'! ferroce ea.nd acryl am de. The minute shoul der

at 300 nAzharagierization; of ynfhesiged &
co-pol ynmer (seepdiqpre 8 ' r ' IGRT Bslgded, C
fodtes’ e Sihe SpthedzEe" EGSAMMEIR WIoRIRAL9EIGE

acid noieties 25 rendered them wth
dual - f unctpowdery suderialis: Moleculdroveightscot the aerppiwmiers) asedn bebveen 2000

Feedi ng’ r &P H000 VYo Frdbn Sxihehiss ferec Figife 37 GBARY  Fhowt the
propou i oofipldier diseppydrafibe ebly viryl tibsokptior edoxed®| sugyestingiotay doth

varying the anmounts of vinylferrocene also,affected t hg apol%rrer .
yi el d. acrylamide and vinyifefrocene were successiully polymerized and the resulting

redox polymer is of high purity, free of monomers. Further evidence can be
found in the 1000-1300 cm™* region. Exiremely strong adsorption accompanying
by a weak one at 1126 cm™ indicates the presence of ferrocenyl units in the

20 redox polymer and the strong absorplion at 1218 cm’’ suggested amide groups
in the polymer. UV experiments, again, confirmed the successful co-
polymerization of vinylferrocene and acrylamide. The minute shoulder af 300
nm is a clear indicative of ferrocene moiety in the co-polymer (see Figure 8).
Having ferrocenyl and amine or carboxylic acid moieties in the redox polymer

25 rendered them with dual-function: redox activity for electron-mediating and
chemical activity for cross-linking with proteins.

[00115] Increasing the feeding ratio of vinyiferrocene was intended
to increase the proportion of ferrocenyl moiety within the redox polymer.
However, varying the amounts of vinylferrocene also aifected the polymer yield.

30 The highest yield obtained was when the vinylferrocene feeding ratio was the
lowest, which is in good agreement with the unusual behavior of ferrocenyl
compounds in radical polymerization. As indicated in Table 1, although the

(L



30 The hi ghest yield obtained was when the vinylferrocene feeding
ratio was the |owest, which is in good agreenent with the unusual
behavi or of ferrocenyl conpounds in radical polynerization. As
indicated in Table 1, although the 333 content of ferrocenyl noiety
in the polyner increased with increasing vinylferrocene feeding

ratio, Dbibynidnti o biérﬂ‘o%énflo‘m&l ah %ﬁe abblymer  Witfedsuth dwith aincréasing

bi osensi ng purpose, a vin ocene eedl ng ratio of 10%is

s lﬁlf fici ervinyiwmcane {geding @ugd butit usaEv fay nainigeaoat dhdt yaadowad)mﬁor
T I t1 at t
cbmoast Bisaind, buShy 4 RuhchAeBrbY T8, 10%, B ATORDE it

redox polw@d@md@%@m@hdﬁ@ﬁu tgb@d igtbhbMy OThe amauritiuf mmamgesecﬂ
20-40 ng “per gram of nohoners. anple 3: btaining

cl i
Vol t afmogn & polymefaaﬁ@m aBsOp@‘fwed somposiionend vieldoRt (%@ RAOX PORERES.

or esence Moivap 1B AeFaod s poiiMel et Spta R e iia s jndtie
[00117] %ﬁ§§ bPQb—Ql@‘rﬁg‘gFPg%ﬁ oMichopssrsor med with an Autolab

pot enti ost at/ gal vanos unni ng under the general purpose

el ectrochem cal 15 system (GPES) manager version 4.9. A 3-electrode
system cel | )
(Ag/ AgCl Y=AErE

an Aygwor ki ng gbﬁ)g]r odep@agyf %@W@avﬁre7pﬁa¢mﬁ@d in [;ﬂﬂisb&]atd—buﬁered
coptrast to vi n\éIS errocene, e redox poI§ rs tha% 8 e‘Fd zed
@e hi grsalioe (BBS) tsplutionsdn élnemsm ¢ha 8l kb GOX.n1 Ordigt Q’é

sol vent s. ic renders the redox polyners ideal for
uses as g‘ég aipc@hﬁb@ﬁéi%ny ng, particularly in enzyme-|inked

bi osensi ng si fopiTPst Ettrowhentital tewtk Wereaqpeefouaedemth apoe\mmqab
Figure 9 shows typical ségl I ¢ vol t anmmo am; of In (g@al Eé[ng
only t he RAiadHoSHaANANS: h@rwmgmﬁi@@ FFBQ%‘S%W .RLEB%‘? ﬁ? i
revensi bl € RN Mt abasedin a
0. 181§ (v%s%ﬁgﬁ%) h?ﬁ%é@g*)gmrﬁrjog%gar# Eglbg?{?d%\gggn limted sha ne

t he magmFEa:aeaphagaemeaaeunrodmwwar(eqmg%g@a‘etﬁnqeeﬂecir@de,r@p@aﬁw

E EEOPE? :(C%reg ﬁgP gfecﬁtgr'ic%lﬂngta / atoH% Ag ee?ec@%d@/(suﬁﬁ&é( afL 567 At

{00118} In contrast to vinylferrocene, the redox polymers that were

'synthesized have high solubility in water bui are insoluble in most organic
20 solvents. This characteristic renders the redox polymers ideal for uses as -
mediators in biosensing, particularly in enzyme-linked biosensing since most

f‘-\‘\
)

enzymes only work in aqueous media.
[00119] Figure 9 shows typical cyclic voltammograms of the In PBS
containing only the redox polymers, the voltammograms exhibited highly
25  reversible solution electrochemistry: the redox waves centered at ~ 0.18 V (vs.
Ag/AgCI), the voltammogram has diffusion-limited shape, the magniiude of the
anodic and cathodic peak current is the same, the peak-to-peak potential
separation is 60 mV, very close io the theoretical value of 52 mV at 25°C. These
redox waves can be assigned to the oxidation and reduction of ferrocenyl
30 moieties in the redox polymers, which indicate excellent redox activity of the
polymer. The voltammetric experiments, again, demonsirated that
vinyiferrocene was successfully co-polymerized with acrylamide and its



redox waves can be assigned to the oxidation and reduction of
ferrocenyl 30 noieties in the redox polyners, which indicate
excel l ent redox activity of the polyner. The voltametric
experinments, again, denonstrated thag4 vinylferrocene was
successfully co-polynerized with acrylam de and its 34 derivatives
and the f I e I Sl [

el ectroac Ifélrf\%[%ég a&ﬁe%%d?&ﬁ%o H{Hi&% I Z‘?‘g W}dl%gfs sgeletﬁltnl otrl? eir
formw t helécie@actﬁlriti‘efsuih@ medompblgmaus m BIEEkareg int read sgblmm fonnvwrﬂh free

i Lﬁszﬁg”@%ﬁéén&m A, P ko Bl Wi yaies amaLbie of SPalh ol vyt
ober ved URBIoARS Ktanaporh ARl 8‘?7“’&%”@%@*‘%2&‘?23'32@% Yrer e

sol utigon. oﬂfﬂ@ncm of tghmosenbys thy reflox fpolymears! aiong. Swrihiermsare,a3o obvious
practical | the sane as t

d ol I I
e 10 nafegdesosere sbsspiedcwhen aesa SeN (RsRotCot R In e etox
Ox1 dat | 0o $EREEnTHE BledicRfigRfiRry! B iy fiutiy shiLmh vEepIedoxly

centers i mere conver en the el ectrode
pot ent i al theasame asrthd redox poigmer afone solution.i Moweven, mbanetid mM glucose

| f f
D e (BS Gepd sihis SoHBen. Jbe SrayEde PXeRto L iRk B G PR Hocssds
[edoﬁcﬁm ﬁ\rA‘,{eHreatBRmfuon FR% ré@b% déﬁté?@x ' aoﬁ BADveHs coﬁGéMItb FAabHgh

an the rrocene ferrocem um coupl e, th
f er r oceni Whemthetslectrode pdiential evas $qarmedlmﬂﬂ1&)kedﬂxzﬂ0tﬁﬂt@&f ithe sedop,

o gl ESI PSR HONIGRE. POUN D J8TDRE SRR B TegbR RaHet fuds'®

cycl e, ok:l:llz%@(f ‘férﬁndeﬂuﬁh MB the edifodet Beffacer The @onop@tentlal of

oxi dati on di ated by the redox pol yner.. 0120
t hedcat al FAD:{FABHQUIII cﬁDbySH{b% éﬂd&s pOOMASEH) dﬂ@ﬁhl‘? mB‘F’LS PVES
i quris o erdgrhephdedyiip3Btls e FAREMinSER 1 heictt “’f'F“D”z

redox DOI:MEII:@ ia belcle ke FAD, dmdeihe fefroceriuyn frecieties br the mmxrnomner are
ferroceniumnoieties are Froduced durin electrochenlcggoﬁﬁ Id@ﬂc

and they Fdsicedfothe ﬁngmab eirapeps rpgigtigsre HgACtRf

reason fop ;?eaﬂm&r i Hig ﬁI‘éCAI' ln%théﬁ‘%rd’é glti€sseraatition byi GOKds,

as conpare In t e gl ucose- free
mediated by the redox polymer.

20 [00120] Thus, the catalytic reaction by the redox polymer greatly
enhances the oxidation current in the solution containing glucose, as seen in
Figure 9 (light grey fraces). If the electron-exchange among FADH,, redox
polymer and electrode are alt very fast, large amount of ferrocenium moieties
are produced during elecirochemical oxidation, and they are, in tum, rapidly

25  consumed by FADH,. This is the reason for the much lower reduction current of
ferrocenium moleties, as compared to that obtained in the glucose—free
solution. These data suggests that the redox polymers function effectively as
redox mediators in enzymatic reactions, shuttling electrons from the redox
centers of enzyme to electrode surface.

30
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solution. These data suggests that the redox polyners function
effectively as redox nediators in enzymatic reactions, shuttling
el ectrons fromthe redox centers of enzyne to el ectrode surface. 30
35 Exanple 4: Synthesis of a nenbrag®s conprising vinyl ferrocene-co-
acrylam de cross-linked with glucose oxi dase-bovine serum al bum n
( GX- BSAseurhBfe! 4] sifitheSi® St bi fdmBraA CdmipriSing Viny1e $proBoha-Eer
with pr | udy € el ectrochem ca
propert i ecrylanide rceegsdinked withb rgineps@hoxislasedsovine warums @ i
" present e ...ad utaradehyde and poly (ethylene glycol) diglycidyl
ether (P A hosen as cross-linkers. Biological grade

gl ut ar al dehyde (50% i n water, product code 00867-1 EA) and 10 poly

(ethylene glycol) diglycidyl ether (PEGDE) (product code 03800) was
5 obt &i ned fr80E2tja- AThei crossHiKirRp] remiciien, of the redox polymer with

fepos! t oiPBIRES Hagariad Bk P gy s, SakBrarmiapraniy Bt heifgutting
crosslinkg &g@eﬁ@g WGE};‘M& UBed ' fild pleabhfexanplen Glitatatshyts a

15 term na uncti o group whi ch can provi de cross |inkage
with suiarabpelyf(ethyignenglycal) dighsidyh ether PhGbwere elosasdas cagss-linkers.

the | orPPIcais Orade gl-gnvaldeRydl Jp0uh e RiRte odft Mhfer Ale A 1EY Hhd
coval ot B e R rotact (ot 0o "as
- VFc- Gibiaipsed fifdn Rigma-Addriabved to dry. [00123] The crosslinked

anal yoi s 51 anfOb o Mk, S REGpetiipop Ctiiahie), Solipineg™ Tt ©
was appl i eehmplaOfl Z¢Hs @e ed Idhts zogsldeclepirbde. GOx-BBADgas madified WithEG

cross- 25 linked PAA-VFc with GOx and BSA on gold . elecirode in brg_gnk
PBS. As thel erosslinkess ita MP¥ideeCOX-Behe WithoaR -Fiphatie ¢ar ﬁ?@%‘fbi"’( a
exact| C iapl ivbl i bi i :
o3 o ErEFRS YChi, pcBhl ot i o 588 SSSbiate i
suitable functional groups on the immobilized mediator. Subsequently, the

modified GOx-BSA was deposited and reacted with the immobilized initiator.

The aldehyde group on the modified GOx-BSA reacted with the amine group on
the PAA-VFc¢ to form a covalent crossiinkages. After reaction was carried out,

20 the PAA-VFc-GOx-BSA film was allowed to dry.
[00123] The crosslinked PAA-VFc-GOx-BSA film on gold electrode
9 was subjected to voltammetric analysis. Blank PBS was used, and a potential

scan rate of 50 mV/s was applied.

100124} Figure 10 shows a cyclic voltammogram of the PEG cross-
25 linked PAA-VFc with GOx and BSA on gold elecirode in blank PBS. As
illustrated in Figure 10, the cross-linked film exhibited exactly as expected for a
highly reversible surface immobilized redox couple (A.J. Bard, L.R. Faulkner,
Elecirochemical Methods, John Wiley & Sons: New York, 2001.) with [itile
change after exhaustive washing with water and PBS, and after numerous
30 repetitive potential cycling between —0.2 V and +0.8V, revealing a highly stable
surface immobilized ferrocenyl film on gold electrode. At slow scan rates, <100
mV/s, a remarkably symmetrical signal was recorded as expected for a surface



El ectrochem cal Methods, John Wley & Sons: New York, 2001.) wth
little change after exhaustive washing with water and PBS, and after
nunmerous 30 repetitive potential cycling between -0.2 V and +0. 8V,
revealing a highly stable surface i ®8obilized ferrocenyl filmon
gold el ectrode. At slow scan rates, <100 nV/s, a remarkably

symret ri C@énfmear&.le M6 RGOS, hm DBRMIRIaN e Nothstrebdavior: The

confined one-el ectron redox system exhi biting an ideal Nenstian
behavi or : paaka Cuy@ak nauprcmlrtzarml pﬁooﬂlfr tpatertial t scamdait e |W|ak§§d?$ak

rate, the ot ent,i S

as obser v@ a(!gﬁ%n ] m‘d‘?q ?%&9 ﬁ%g\ %%eﬁ'gl\h%% %%'E q‘a ?: ggé &
Fi gure 9) drffﬁﬁ@nélh@ewa\%mmoéolm e F@Ur@@? Sahdlife nedth bbﬂ'@hcunrent at
around 90 W Such results ascertain that a

| of the ferrocen dox
cent ers ahalf-pealoigightois ﬁﬁlhnd H anéctSushe T%S!Htﬁaéﬁcﬁlﬁ%ln éd) t%‘

reversi bl g _het er,ogeneous ectron 0

gl ucose t%ﬁoﬁénﬂB%ac&ﬁ S g ﬂ#’\ggﬁ {0 3?@?0@9 g o%h%% and
curve was prdé@éﬁ ) @éverb@l@ﬁ@fero%@%dls%lééﬁ@ﬂ iraaster oUpbheaddirdp 0 pnMyoker
di sappeared 10 (Figure , grey trace? Thi s meant tEat t he

sensi ng | ghuepsavde t BoFr‘E@tﬁ?@ﬂﬁiOyl, @Wﬁl@ﬁ‘néﬂa yiict eleckeshipaigal CHe WASs

t he transf of

o e | o5, ORI, GRS She. Pyt e O QoBcted indfirndy Beibared
excel {@nt (F@@heatﬂmgl lt greg N trgke). hQ’hfsedﬁeaimOlthaErthethdnsgig layen avas
sensitivity (750 nA/ gl ucose) of the biosensors. 5%%00% 5 Basg_d on
these poshompgeneusly ﬂ!ﬁintﬁm%lérth%i%ﬁﬁﬂe@sﬁﬁf@r@’ thesrangdar gl elegtons from

i nvestiga n [ r

oo emer 2l RSO, RrlkAORIRs) THEL BRI thgorsbiang curen
co- di sper getécid indiced exeskstitdaediatimg mmmmpafr thiec redoxepolgmsr dhe higho
Exanpl e 5: Preparatlon of noparti CL%J% nbr ane whi ch

i ncor por afRECHSEASERY W&@@Fﬁ@gﬁ’&ﬁ%@ of the bioSensors.

pol y(¥$ nyl fe”gfcﬁ CO- aghYb A Plesc? PBsMHVE CRERIEX FalEsR- eﬁm REANERS
of poly(vinylf ne co-acryla ds redox_polymer D-(+)-glucose
and gl ucosaerriegli olats’@ reexiigae melpaforrn sorsjmoozmrﬁnr@&rredqm

A um na” n B R BE HHaSn RFMTEE 2 Yihiskihel Fhedeirp Mebereilwin,

wer e glucose oxidase in a nanoparticulate membrane.

20 Example 5: Preparation of a nanoparticulate membrane which

incorporates co-dispersed diffusional poly(v:nylferrocene-co-ac[ylamlde)
and glucose oxidase.

) Preparation of poly(vinyiferrocene-co-acrylamide) redox polymer
D-(+)-glucose and glucose oxidase {GOX, EC 1.1.3.4, from Aspergillus

25  niger, 191 units mg™") were puschased from Sigma-Aldrich (St Louis, MO, USA).
Alumina nanoparticles, with particle size ranging from 10 to 1000 nm, were
synthesized in house as follows. Aluminum nitrate (AI(NO3)3 9H:0, 88.30 g)
was dissolved in 471 ml of water, and then added dropwise 10 a base solution
prepared from 205.9 mi of concentrated ammoniurn hydroxide in 411.93 ml of

30 water. The resulting precipitate was stirred and aged at 25°C overnight,

andihen centrifuged for supematant removal. Afier washing, drying, and
grinding, the precipitate was calcinated at 700°C in air for 3 hours. The resuliing




synt hesi zed in house as follows. Aluminumnitrate (A (NG3)3 9H20,
88.30 g) was dissolved in 471 ml of water, and then added dropw se
to a base solution - prepared from 205.9 nml of concentrated amoni um
hydroxide in 411.93 m of 30 water. Bfe resulting precipitate was
stirred and aged at 25C overnight, and then centrifuged for

super nat aghmrREMAfina ﬁﬁhﬁérygtéﬁ; hgge He¥hipsliabf Sizedidngel Hetwekbheseveral

preci pitate was cal cinated 00Cin air for 3 hourS. The resulting

37 gammutanisiaondredsef ngaorietersave a control | abl e si ze range between
" several tens dre of nanoneters., [00126]..Th 0 - fer
sal i ne sol uti otl?%a_ ) ( epﬁ’heﬁpiﬁat%\'bgﬁerﬁ%'ﬁ%rseogjltf%&%%o@gﬂ@t gé’g% Bs
. (0.020 M P@gﬁré@%mmﬁeémfatél%aﬁg- %029 M) Eifd sbdium _chloride (0.15 M). The
fer | am de I d GOX sol

pol y(vi ny rocene-co-acry , glucose an sol utions were
prepar®d polyfvinyiferreeserooasrylamide) o giicese cndsGOX sekhitigas ware dwegates

Wt der ot dfe RS BLRRE oSihodsS RSk hifion obes BlpWoy It R, Rt
used in tté%spé%yegor@&%@pm swﬁﬁi%ngfwérérprrér;aréd witH@éivhized waepistainkd

[00127] Poly(vinylferrocene-co-acrylam de) (PVFCAA) redox polyner
was synt hirezdillipaee.ohltivihgr chemicals bsedi ihg preseaterample. waregf certified

vi nyl ferrocen nd 1.0 g acrylam de were dissolved in 10 m of
aqueous a?@@ﬁ@?a?gfa?leparts ethanol : 1 part water). To initiate

pol yreg i zat i onjgpd2P] 50 olghvirfiifetroéne-So-Hergamidg)xy 9qPVIECAA) ammeedoxm
sul fate 'sol ution” was added'to the reaction 15 mxture after_ 10
%ut es opolymsxyyasasynihesizad aceording \ias thef fallewing Jprogadyre: |@dér 9

acet one. VEWGToRRBARP 1,0 b Bt WhedkiR P 56 il o Biolid elconal
n vater @ganoiteinel ¢ At pag wettonToastiatespolyerization ia .52 ¢l HiuThof
synthest s _O

nanoconposi te nmenbyane [00128& The nanoc site .
menbr ane Q&9 Y61 SXVOHTRE SNDRARKIM DSISWIBIH SAIUHDD WRS %@%‘fﬂaﬁ&é&a@qﬂ
slurryz"i pks . , iy | nSHidiga ' bd)

( PVPA bmg %n%@%rﬁnﬁa%n%ﬁ%%%g# é?té@ -ﬁ%gﬂ aqueg’ﬁ%sﬁlgef%hég fiaflgd\/\%s
prepared bpden nitrogerVAfiév\casling, dparredontpxmb;enelzwascpcecypitated in a_cetone.
pol y (Vi ny|LoyEl di e wed BSiimsd 35y Hisddivihg Fne® crfidd Yiroul¥ Y Wil Sarkd-

precipitating in an acetone/water mixture.

20 [I) The synthesis of nanocomposite membrane

{00128} The nanocomposite membrane was screen-printed onto

carbon strip using an aqueous .slurry “ink” of PVFcAA, GOX, a
poly(vinylpyridine-co-acrylic acid) (PVPAC) binder and alumina nanoparticies.

The aqueous slurry ink was prepared by mixing PVFCAA as prepared above,

25 GOX, poly(vinylpyridine-co-acrylic acid) (PVPAC) or poly(vinylpyridine-co-
acrylamo-sulfonic acid (PVPPAS) binder and alumina nanoparticles into water
according to the following range of concentrations: Glucose oxidase: 0.20-0.50
mg/mi, mediator: 10-20 mg/ml, nanoparticies: 30-100 mg/mi, PVPPAC or
PVPPAS Binder: 40-150 mg/ml. The slurry ink can be stored or immediately

30 used. When it is desired o coat a sensor electrode with a membrane layer, the
slurry Ink is loaded into a deposition apparatus such as a screen printing

Iy



acryl anmo-sul fonic acid (PVPPAS) binder and al um na nanoparticles into

water according to the follow ng range of concentrations: G ucose
oxi dase: 0.20-0.50 ng/m, nediator: 10-20 ng/m, nanoparticles:
30-100 nmg/ m, PVPPAC or PVPPAS Bi nd88: 40-150 ng/m . The slurry ink
can be stored or imediately 30 used. Wien it is desired to coat a
sensor el gebhpde At Heﬁbé'téﬂtlﬁrﬁﬁethleaél%b’iro@életo R the mMdmbmnko &ied to
into a depositiobn apparatus such as a screen printing 38 nachine,
and deposasssinibiytrioagensbr doe nemipieneds firat Rlowed#R 8RE. Prior to

assenbly into a sensor, the menbrane is first allowed to dry. Exanple

6: Cyclic voltametry analysis of a glucose biosensor using a 5

di ffusi Onek%_ﬁa_gm <sJ'lecevémmetwmv&:gmida)qmedsetbiosenm us

oxi dase cO- persed in nanopartlcuTate merrbrane 0129 A sensor

Ag/ AgCL ref.e ence glectroe LN - u5| ng a sI urry
i Nk as prEHoSg-+htroHpre Ld 1N e sensor 10 was

anal ysed usi ng% \A}C VoAt rWasPAésemm Wﬂﬂhe{nscﬁéem\pﬂatatbnartIm
were carried th a nodel CH 660A el ectrochem cal workstati

ut .
(CH Inst woﬂe?mg eeomgeiamd wwAgGer@tﬂfen@w&%r edn thedipeent examp e,

vol tammetri.c sur |

oL e o SR B Bl AR ST RrEARMAEL PR sensor
workifg elyastarafisedsigiy@lic vehdamam. A!l%leﬁfoﬂhenuaaieheasmed\ents were
(Cypress Systens, Lawence, KS, USA) and a platinum wr

te
el ect r odecarmiedavasitd wiihe & pmesel n@l'ﬂf 66RA pﬁlP@FﬂPQR?m'ﬁﬁI b‘@?@ﬁﬁﬁn He (QH

The. car oiRuRRo AR, iR, B Qoo tepitiidure; | OVONES vaRahntid o

concent r afrie@iBurethsits eferenpéiiemnerk ,usingeahcmmionaletrmel-alentroder systerad

for each voltametric 20 test, l uco nmeasur eyent s

per f or med CPRSisling phe SWEeR-PHAtE ﬁar pﬂPT Iezeqliﬁ)é{ée g H‘gﬁ"%ﬁﬁg\&qlﬁgm

var| ! et KIYSBSA P and] 4 Platirien

pH of her%g@r{g,@f?l ‘fe @é)ero H@Ee)%g@}-l nents, the Pworkl s%

el ectr odemmscqmmtae@learoda Jo avqid she agreaging pf thesprigting ink beygnd the 2-

BEZ,C:ILS i'r Onm{L at? Aodter Wordie Bt VS ek fid ATHRGHRMC firh Rfad ¥ppiY to ’fhe
carbon elecirode. To avoid electrode fouling and possible concentration
changes in the ink, fresh electrode and ink were used for each voltammetric

20 test. All glucose measurements were performed in the PBS solution. In

experiments where the pH was varied, 1.0 M HCl and 1.0 M NaOH solutions
were used 1o adjust the pH of the PBS buffer. In amperometric experiments, the
working electrode was poised at 0.30 V (vs. Ag/AgCi ).

25 Rest lts and Discussion
[00130] A typical cyclic voltammogram of the PVFCAA mediator in @
plain nanccomposite ink is shown in Figure 12. The electrode exhibited
classical features of a diffusion-controlled kinetically fast redox couple. The
peak curtent increased linearly with the square root of potential scan rate, and
30 the difference between the reduction and oxidation peak potential remained
unchanged at 59 mV for scan rates up to 200 mV/s, showing that charge
transfer from the mediator to the electrode is rapid. Spiking ihis ink with giucose

o
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pl ai n nanoconposite ink is shown in Figure 12. The el ectrode
exhibited classical features of a diffusion-controlled kinetically
fast redox couple. The peak current increased linearly with the
square root of potential scan rate, 8Bd 30 the difference between the
reducti on and oxi dati on peak potentlal remai‘ned unchanged at 59 nv
for scan t f tHerbrignhd he
medi at or c{g 'ﬁ:]teaﬁ)?e% rode [ s ap dWi glélrﬂgh?ﬁﬁi@neﬁw\mﬁﬁ gl ucose 39
di d not cmmigm meiablontafngiugnmbattha medigtorcalopeg dasthermaers; Rradically s

0 oo AL P O e TLUERRE Ry, 2598, 10 Siieogd
_F 9‘”9 1 éﬁdee dtbh quf&ﬁ al'?\o‘i.lH% diremoceargu?glfrémr ento asoR0t mghhl,

ran rom 0. 5 i ndi that the enzyne does
not appr endmb’[ﬂyg ddtdbe emm éoes m@henpmqblbﬁ eshﬂleFelemr@Gh%a!éiw of

o ubose HBeTIES iedoR Sotipibdn Mo, Tk, HvikeRe al{Bfibn SR ek gl aroiint
di mi ni Shgff g% etléggﬂ Thisf k188 !téd:irgaﬁ%nh&héed ARoa’ddrfemt ands dtmmished

seen in tammogram was |ifted up towards the
anodi ¢ smia&hedlomntdranlhe{i-"ugat&»wbht lanaﬁi@tlon,oa%panﬂae GBeR da drigureyt2p, the

or ocoss (N ”ﬁé&%ﬁé%@é‘?&tﬁg% Wis FRE B Sl EteRhine Fod bofte,

the f0) | O¥f fh@ FrRARGP emfges Sleu friicative @Pa ehéthically coupled
‘ conol act one + GOX FADH2 15 GOX- FADH2+ 2 Fc+ -> GOX- FAD + %{FC
H ( 28lestode pracess (ele(cg'pc@maiﬁ)} TheuelecrpeataiyRisrory be desgrbed

t he GOX- netrating to the nenbrane (Eq. 1),

el ectrOnstﬁ“?‘él!&:ghg%g@g&%ﬁﬁgmeé 20 GOX-FADH2 to the Fct sites
(Eq. 2), and the electrons are then transferred through the Fct/Fc
sites of the polyneric nediator to the el ectrqde rface (Eq. 3).
The oxi daGiunesef+ GERX-BAPme2ibi-=t Ghisogp! W%@X‘W%ér’bon

el ectrode +th rent seen in Figure 1
2b. [%13@@%&@%+5?8n§f§§%’3@?%d%§8 %Hgﬁc reaction between Fe
25 and CI}XCCQ%*BQ.&Q%)I mated fromthe voltametric data obtained in

the presence of a l'arge excess of glucose to ensure that the enzyme
is conpletely reduced.

[00131] Thus, the GOX-FAD is reduced to the GOX-FADHz by the
glucose penetrating to the membrane (Eq. 1), electrons are transferred from the
20 GOX-FADH, to the Fc* sites (Eg. 2), and the electrons are then transferred
PN through the Fc*/Fe sites of the polymeric mediator fo the electrode surface (Eq.
9 3). The oxidation of ferrocene moieties at the underlying carbon electrode
accounts for the enhanced anodic current seen in Figure 12b.
f00132] The rate constant k of the catalytic reaciion betwsen Fc
25 and GOX can be estimated from the voltammetric data obtained in the presence
of a large excess of glucose to ensure that the enzyme is completely reduced.
Under such circumstances, the reaction between GOX and Fc (Eq. 2) is
practicaily pseudo-fi'rst-order. As shown by Nicholson and Shain, and Liaudet
and co-workers, the limiting current, I, due o the mediated redox process
30 between Fc and GOX can be described as follows:

. = NFACE:(2DrckCaox) @



Under such circunstances, the reaction between GOX and Fc (Eq. 2) is
practically pseudo-first-order. As shown by N chol son and Shain, and
Li audet and co-workers, the limting current, IL, due to the

medi at ed redox process 30 between F80and GOX can be described as
follows: IL = nFACFc(2DFckCaox)l m (4) 40 where CFc and CGEOX are the
concentrations of Fc and GOX, respectively. DFc is the diffusion

coefficient of Fc nd ot her synbol s have their | nmeanj.ngs.. As
anti ci pat‘@@erﬁr%ﬁ?ﬁf Caox giedhpiconeemigatians &c apd léﬁ%ef?éﬁ’&@h‘{eqﬁf[)?ﬁ 1S

M )
potenti aly gl‘iﬁp.lar% ééé;fg@gﬁfgfalfﬂ& ?Hﬁarﬁr}hér ﬁ)gﬁl‘ibfsaﬁa% méﬁ%s\ﬁ?ﬁr&%%nmgs. As

proportion square root o )
concentr gaantmrpatﬁémm &os &, \the ilimiting oatrent wdsuh@epemiamt o potential scan
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I | P =
XSKEZL‘L?&#F%Wﬁéﬁ’%ﬁ?ﬁﬁ‘f?@ﬁ?ﬁp@@s@%@ BSOS JeBhodtio oo of B & =

par amet erin dbterminieg ety réte deohstant nef dmel mediatéd - gluoos@doxldatiqrheBy

pur pose of get_erm' ing the rate constant .si.nce the el ec @H praocess
I &

of Fc/ FcSURRIpNG | angd & ineal cunghtyils G’él?f@ﬁsmﬁhé“r SWEPRNt

was 15 fc\m}@n{rﬁe’t ﬁe% r%aﬁw;«‘p |¥Sol:ff§1ned%%tibm§d from dat a obt ai ned

at slow scan rat¥€s I'n sol utions containing 0.50 nM Fc,
60 mdIgl ucose and 0-30 pM GOX. Such a rate constant suggests that

PVFCAA efficiently nediates the ,oxi EY excel nt
medi at or for coupling the enzynﬁ[PC‘ &ggﬁﬂ&ﬁ [P%%ﬂg%%g E]o 55
el ectr Odewﬁ*éﬁ fcaﬁ&mJ Bﬁ%él%éntﬁp parbfiteRPihat BRslelsy fd’lﬁéteﬁﬁlnémﬂrd xssweu-

significantly er than those of other ferrocene derivative-GOX
syst ens mwmdoimmt er ppposedol detenvining dhe date: copsieat tﬁ@%&%ﬂ%&r@@@

br  nge. t ralopess G FETC otk Bl I hVBRIRD. The Pile ooty

cent erss ofpuflo \bedabelie8 B o6t B hidl,| sdtimaieti ﬁmnsaiatamtﬁ@ﬁedaatasiowmoanat
this pH l%t?esE)éaS IrﬁVZS: Il‘f\ rsropl%grrlrse éc;rgtginrlﬁgs 05%81%IV(IDIR:,a 6@ lrnlﬁ% I(Jat';obsleof;\snecl1 8 %r
usi ng
M GOX. Such a rate constant suggests that PVFcAA efficiently mediates the
oxidation of GOX and is an excellent mediator for coupling the enzymatic
oxidation of glucose to an electrode surface. The rate constant obtained in this
20 work is significantly larger than those of other ferrocene derivative-GOX
systems previously reported. A possible cause could be the presence of
cationic acrylamide units in the redox polymer at pH 7.4, which brings the Fc
moieties i0 a much closer proximity of the redox centers of GOX via
electrostatic interaction since GOX is anionic at this pH.
25
Example 7: Amperometric response of a_glucose biosensor using
diffusional poly(vinylferrocene-co-acrylamide) mediator and glucose
oxidase co-dispersed in a nanoparticulate membrane
[00133] A sensor was assembled with a screen printed carbon
30 working electrode and a Ag/AgCL. reference electrode in the present example,
using a slurry ink as prepared in Example 5. A typical amperometric response of
glucose in an air-saturated PBS buffer at the biosensor is shown in Figure 13a.

@)



di ffusi onal poly(vinylferrocene-co-acrylam de) nedi ator and gl ucose
oxi dase co-di spersed in a nanoparticul ate menbrane [00133] A sensor
was assenbled with a screen printed carbon 30 working el ectrode and
a Ag/ AgCL reference el ectrode in the4dresent exanple, wusing a slurry
ink as prepared in Exanple 5. A typical anperonetric response of

gl ucose | ArpRr@hbtrRabsts AepsoridRatdd e thabidsBAs lﬁ’é@ﬂ&ﬁﬁid fespbRytime
Figure 13a. 41 Anmperonetric tests denonstrated that the biosensor
has a rap&ad r bigborsessitivie toarglueossh A&n8idl Wit yaftes gpildrs etheatglucass

hor eaced AR PRIbA I8 ARG GERATINGREbET aph)Rafiiof o St iin.
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current for a period of 20 s. catal ytic oxidation current was

obser ved B8%a0ihapeakrgrment fara patied of é@r&- iNeapatalybieroxidation current was

renor ane. OpoeTo g ek EES Butel el WEiial peiglfin PP BapAY 6 TiGure

consi der apspy), | fRothel pResefice! S0 the ranbbaticalatd avembrale [§ia1ktedse the
order to obtain a sati sfact or¥ performance of the biosensor, the
(]

f or mul at | backsrountk cuuenicangdtiaak areengiderallylang dime dpdreptigea minute
catal ytic R’% ction occurs between the nediator and GOX, the
concentra'tel of the nediator nust be high enough to have a high

sensitgvity anpboHBapar Iheloadéronshiobidiet aesatisfactopnt pesfbimarnee dft trom
i rent and glucose concentration. 15 Qtherw se the fr_actiokof
%i at ed i0S80SY, the tmulaiion of theenanpaompasie ink yas ortimized. RInGA et
of nedi at bt ANE . js
Tt was otRaERJPSetERAARE pehiRel o Rredider riiaRK, 8 RphET of
our purpotie anelizioe mpsi el highanought tohave 80Xighasehsiiiviy tand).lipear

ng/m, “taking,into consjderatjqn of, hoth sensitiyvi t& and bi osensor
econony (EI3URATBEIRBeWRRNARG G318 .'CW@ager'sCé" & giucpse Lopeeifation;,
af f eci 5 t heyadmgs, FIPNTY =TS | tion twillege t §raapf afid
exam’cinsed |9n t he %%f%mgﬁoeﬁgﬁgqgf)ed gu@@%wﬁ%ﬁgt rvgt edei n Figure
13c, the deperdentoaribetamount afioediatosdn e memiiasgs inRieadios &e glucose

Dot ent 12! BN HERRRSE wiaonhd Herh oY el 4TS BREG) s bost
posi tive idraur pufisbs¥ and the optimal concentration of GOX was found to 0.20 mg/ml,
“taking into consideration of both sensitivity and biosensor economy (Figures

20 14a and 14b). The poise potential is expecied to affect the amperometric
response of the biosensor; it was therefore examined in the range of 0.0 10 0.70

V. As illustrated in Figure 13c, the current sensitivity increased with increasing
poise potential and reached a plateau at 0.30 V. A slight decrease in sensitivity

was observed when the poise poteniial became more positive than 0.50 V,

Q

25 presumably due o an increased background current. Moreover, too high a
poise potential compromises the accuracy of glucose measurements owing to
complications from both the much increased background current and possible
direct oxidation of a number of electroactive species at the underlying elecirode.
For amperometric measurements of glucose, the potential of the biosensor was

30 therefore poised at 0.30 V.

[00135] The dependence of the catalytic oxidation current of
glucose on the thickness of ihe nanoparticulate membrane was also



25 presumably due to an increased background current. Moreover, too
hi gh a poi se potential conprom ses the accuracy of glucose
measurenments ow ng to conplications fromboth the nuch increased
background current and possible dird& oxidation of a nunber of

el ectroactive species at the underlying el ectrode. For anperonetric

measur emeffv@sijated tersigam 14d) AtRnbé abenfn Figurbi feisk tise catahytic Gadation
therefore poised at O.

30 V. [00135] The dependence of the catalytic
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| onger response tinmes were noted for thicker nenbranes. [00136]
Unl i ke t hGRIMBIE@NESzi ng surface-i nmobilized sensing 10 nenbrane, the
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offers great a ges over known di sposabl e ucose biosensors in
ternsL@f smdmaiotng] tihe utiizdtion’ ofmite yEt-eomductive sanspagichiab® r sensing
part of the el ectrode and ids I n direct cont a&

LW bl ood | es.
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electrode. Calalytic oxidation of glucose only iakes place at the
electrode/nancparticulate membrane interface. In other words, no electroactive

20  species exchanges electrons with the electrode unless it passes through the
nanoparticulate membrane fo reach that interface. Thus, the nanoparticulaie

membrane provides a barier to the passage of possible interferences of bulky

species in blood such as cells and proteins. When this formulation was used 1o

print the nanoparticulate membrane, the PVPAG binder serves a dual funciion

25  in the sensing membrane: binding and analyte regulating. On rehydration, the
membrane does not break up, but swells to form a gelied layer on the screen-

printed carbon surface. Reactants, such as glucose and mediators move freely

within this layer, whereas interfeting species, such as red blood cells containing

oxygenated hemoglobin are exciuded. Anionic ascorbic acid and uric acid are

30 expelled by the anionic PVAC polymer, and the partition of dissolved oxygen

into the nanoparticulate membrane is largely minimized owing to the highly

hydrophilic nature of this layer. This resulted in a sensing membrane whereby
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species in blood such as cells and proteins. Wen this fornul ation
was used to print the nanoparticul ate nenbrane, the PVPAC bi nder _
serves a dual function 25 in the sensing nenbrane: binding and

anal yte regul ating. On rehydrati on, 4he nenbrane does not break up,
but swells to forma gelled |ayer on the screen- printed carbon

surface. yReagidimt of cBHER §éndthitePREretRBNEBdb 2 Given Hhysost esrcentratiomi n
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concent r gt ! dk, SRE bhbd nsh & eth
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the 20 bigsfsiecs Highiy eelBetive anbthacsgaty bicsensen dpirodiuctionaobacrylit agidk
vas i ghlgnits inio the hydrophobic PVP resulted in a marked improvement of the
20 biosensor performance. The resulting nanoparticulate membrane was highly
hydrophilic, which improved the glucose/oxygen permeability ratio and
i optimized the accuracy and linearity of the biosensor resporise. The two
amperometric graphs for 200 mg/di glucose sclutions bubbled with nitrogen
(Figure 15a) and oxygen (Figure 15b) overlaid nicely with a difference of less
25 than 5% in peak curtent, showing that the biosensor was rather insensitive to

the oxygen content in the sampies.

Example 8: Analysis of characteristics of a glucose biosensor using a
diffusional polv(vinviferrocene-co-acrvlamide) mediator and glucogse

30 oxidase co-dispersed in a nanoparticulate membrane
[00138] A sensor was assembled with a screen printed carbon
working electrode and a Ag/AgCL reference electrode in the present example,




hydr ophi lic, which inproved the gl ucose/ oxygen perneability ratio and
optim zed the accuracy and linearity of the biosensor response. The
two anperonetric graphs for 200 ng/d] glucose solutions bubbled with
nitrogen (Figure 15a) and oxygen (Fiflure 15b) overlaid nicely with a
di fference of less 25 than 5%in peak current, show ng that the

bi osensor Ughg a slurst inkraseprepaieddnt bxample Xl gensitivishwasn-7theA/mg/d]

b1 osensor sl Hybaak diPRnt Mnafbast HenFhGadiis: bt 3. s80 nbtr Bs: srep n
nedi at or  @Figlirg He; @secatdftio vkidaseh earrdhiongs aRdciypoportisrztd theldlatese
menbrane [ 00138] A sensor was assenbled with a screen printed carbon
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of repetitive asurenenis. o . .gl ucose under tima

Sondi 1+ ond:€ fa/h ahieh & lraitst by the Shargifg conmant, oh e HiesereRe. More
chargi n i i t

cnmnLe oo ibSEtAng Dol SARERS Mlurkhiideddded &l Aidlsest Was Bbah,20 o
t he shal | 830 gnphe sodllest samplgsvoluire tamontist palb dbeedigposalsle glucose
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storage at roomtenperature, lost 10%of its initial sensitivity .
after 60 HPRSEVPoLNEtee firstd68 days alifieragsost wom tamperaiyrg, lost 10% of its

initial sensitivity after 60 min exposure at 50°C and about 50% of its initial

20 sensitivity after 60 min at 60°C. This may be due fo the loss of enzyme activity
in the biosensor. The proposed method was successfully applied to the
determination of glucose in whole blood (Table 2).

25 Table 2. Results of blood sugar analysis (average of 10 tests)
Sample Glucose Reference Value Recovery (%)
(mg/dl) (mgy/dl) * (+ 50 mg/dl glucose)
Whole Blood 1 80 84 96.3
(Healthy person) )
Whole Blood 2 110 115 99.2
{Healthy person)




20 sensitivity after 60 mn at 60C. This may be due to the | oss of
enzynme activity in the biosensor. The proposed nethod was
successfully applied to the determ nation of glucose in whole blood

(Table 2).
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reference values obtained with a yellow sptings blood sugar analyzer (YSI
Model 2300). The recoveries obtained were also good enough for practical use.

[00140] A series of water-soluble and cross-linkable ferrocenyl
redox polymers have been prepared by conventional radical polymerization of
vinylferrocene and acrylamide and its derivatives. The resulting redox polymers
produced a typical catalytic oxidation current for glucose in the presence of
GOx. The experimental results showed that the redox polymers retained their
fast electron transfer properties and the GOX retained its catalytic activity afier
they were introduced in PBS. The redox polymers having amine or carboxylic
acid moiety as one of the side chains allow them to be conveniently cross-linked
with proteins, such as enzymes and antibodies and antigens. Electrochemical
tests of the cross-linked redox polymer films showed excellent catalytic activity
towards the oxidation of substrate in solution, high sensitivity, good
reproducibility and stability, thus indicating that it is- suitable to be used as
sensing membrane in biosensors.

[00141] In separate experiments, it was also shown that glucose
oxidase and PVFcAA can be readily and homogeneously dispersed into ihe
nanoparticulate alumina together with ithe hydrophilic PYPAA binder, and the
resulting membrane produced a typical catalytic oxidation current for glucose.
The experimental results showed that the mediator retained its fast eleciron
transfer properties and the GOX retained its catalylic activity after they were
screen-printed onto the carbon elecirode. they also demonstrated that this



_ wWith proteins, such as enzynes and anti bodi es and anti gens.

El ectrochem cal tests of the cross-linked redox polyner filnms showed
excellent catalytic activity 15 towards the oxidation of substrate
in solution, high sensitivity, good #8producibility and stability,
thus indicating that it is suitable to be used as sensing nenbrane

i n bi osenbiossnsdratest ghod rsessifivitya tird alatslitynientidood sugears mandtorisd with a

t hat 9|UCB%P oxidFse ?nd PVFcAA. can be read'l¥hand honbgeneous| y,

di sper sed?PAECSRABIE YBIUME fars | e A% BROnhaThegeshe wFEsnmETing

hydrophi | {gehfid08é iR il fibricatith bithe tﬁ?é\éﬁé’cfrgeﬁ%i@é é@ﬁy BhAY9w&BsPmass
typical catalytic oxidation current for glucose. e experinenta
resul ts spodudtiorhafhaseebiveensorcharaiedisties ates pfoasisingl fac tdeveloprmeni sifer

ies.and the GOX retained.it tal yti tivity after th
e o Sor BUREYS dfioase RicgefsaS et i delvetielinney 4o

denonstrated that this 46 biosensor has good sensitivity and
stability for blood sugar nonitoring with a bl ood sanple vol une of
as little as 0.20 I. The use of screen-printing techniques in the
fabrication of the biosensor enables easy and | ow cost nass
production. These bi osensor characteristics are prom sing for

devel opnent of 5 mniature glucose biosensors of high comrerci al
values. 47 Wiat is clainmed is: 1. A sensor for determning the
presence of an analyte in a test sanple, said sensor conprising: 5 a
nanoparti cul ate nmenbrane conprising nanoparticles of at |east one

i norgani c oxide of an elenent selected fromGoup IA IIA TIIA
(VA, 1B, 1B, 111B, IVAB,. VB, VIB, VIIB or VIIIB of the Periodic
Tabl e, and wherei n an oxi doreductase and an el ectrochem cal

activator are diffusibly dispersed in said nanoparticul ate nenbrane.
10 2. The sensor according to Claim1l, wherein the oxidoreductase is
sel ected fromthe group consisting of glucose oxidase, hydrogen

per oxi dase, horseradi sh peroxi dase, xanthi ne oxi dase, chol esterol

@



- oxfdase, hydrogen hydrogenase, |actate dehydrogenase, glucose 15.
dehydr ogenase, NADH dehydrogenase, sarcosi ne--oxi dase, |actate
oxi dase, al cohol dehydrogenase, hydroxybutyrate dehydr ogenase,
~glycerol dehydrogenase, sorbitol dehydrogenase, mal ate

dehydr ogenase; gal act ose dehydrogeffase, nal ate oxi dase, gal actose
oxi dase ant hi ne dehydrogenase, al cohol oxidase, choline 20 oxidase,
xanthin@”é? &éﬁﬁ”“%ﬁiﬁylne dehydr ohenase, pyruvate dehydrogenase,
pyruvat e oxi dase, oxal ate oxidase, bilirubin oxi dase, glutamate
dehydrogenasi, | ut amat e oxi dase, am ne oxi.dase, NADPH oxi dase;
urat e oxi das g?%@i’ﬁ@ftﬁ&-‘f@m&lﬂﬂé@%?reﬁﬁﬂc%l@ﬁai‘tmlytematmteamﬁb 3. The
sensor of Clalqkﬁd ﬁ .el ectrochem cal activator is a

pol ymeric redox nealator ?e of transferring el ectrons between

t he anal yte and an almtopadmulateemrhbranetmmslmphanci};ﬁrﬁbies'rbﬁalienSOF
according to oreductase S covalently

linked to the 3?%:?@@'@0'9@6'8)9’9&?%%? ement gelgcted fionk Gup. 1A, Mended
Sheet | PEA AU 4fia, BrA,TiBe usewrw?@tqrsiim t\Rqu:IaVE]BloT E@epﬁ@lé

el enent sel ected from G oup A TIHTA TVA
VB, VIB, VIIB odrablg,| aBd owhereife ape oxisoreduttasee and sas c¢lecttastiemicain t he

R L s S o
ranges from 250 to 500 pm 7. The sensor according to C aim 6, .
?%e%ﬁ;”séﬂio’f? TReoreiont H0out i Lalthds EEHe e AR for T
conpri ses a polsEIEteIdCfrbmntlﬁ group consisting of glucose oxidase, hydrogen -
' peroxidase, horseradish peroxidase, xanthine oxidase, cholesterol
oxidase, hydrogen hydrogenase, lactate dehydrogenase, glucose
15 dehydrogeng'se.- NADH dehydrogenase. sarcosine oxidase, lactate
oxidase, alcohol dehydrogenase, hydroxybutyrate dehydrogenase,

o g‘lycero! dehydrogenase,  sorbifol dehydrogenase, malate
dehydrogenase; galactose dehydrogenase, malate oxidase,
galactose oxidase, xanthine dehydrogenase, alcohol oxidase, choling

20 : _ oxidase, xanthine oxidase, choline dehydrohenase, pyrdvate

dehydrogenase, pyruvate oxidase, oxalate oxidase, bilirubin oxidase,

glutamate dehydrogenésé glufamate oxidase, amine oxidase,

3 g NADPH oxidase, urate oxidase, cytochrome C oxldase, and actechol
' . oxidase.

25 _ ' . .
3. The sensor of Claim 1, wherein the electrochémical activator is a

polymeric redox mediator capable of transferriné electrons between
the analyte and an electrode present in the sensor.

30 4, The sensor according fo Claim 3, whereln the oxidoreductase Is
covalently finked fo the polymeric redox mediator by cross-linkages.

Amended Sheet
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15*9. The sensor according to Claim8, wherein the polyneric binder
is a polynmer or copolyner conprising nononer units selected fromthe
group consisting of vinyl pyridine, vinyl imdazole, acrylamde, .
acrylonitrile, -and acryl hydrazi de and acrylic acid. 20 10. The sensor
according to Claim1l, further conp#8sing: a chanber for holding the
test sanple, said chanber being bounded at |east between a working
area on a wobBki fhe skresoir mochrdimgdo £lainpt Jvingreiarfra elwment sefeetedfeen

el ectrode, whergin the,qxigdoredu d roghem 25 '
acti-vator is-co &II&H%%P %alﬁéggok‘}ﬁéfdﬁ%ﬁé%féﬁﬁ%e. 11.
The' sensor accot@ RerbdicClrab® 19, selbsiee! ﬂuthhévogrbh?goshQﬁtﬁgow
-conprises a material selected fromthe group consisting of gold; -

carbon, pl ati nuBMNKMesIcoR Mmagresium aMdi2ingi um  and conducti ve 30
epoxikes. 12. An electrically non-conductive, nanoparticul ate nembrane

. conprising a r - ] east onpe . o
el ement sel eg‘t 2‘8}? é"fsﬁe g%@%ﬁdﬁé 40I ?:Elml ?1 X}H%F{Viﬁﬂééh%%% %ﬁﬁ%
| VAB, VB, V113, miginbienerrahied ffomASOtdS00 fneet | PEA/ AU 49 of the
Periodi c Table, and wherein an oxi doreductase enzynme and an
el ectrochem gal activator are diffusibly dispersed in said
't

nanopar ti cul &t eThentingAe. 20500dng TiRe GigiFhr &n eig) Hfiemsze ohdbein the
el eggrochem calp hﬁ@fe@rraﬁg%s%rorﬁ(%bhﬁ?fd fuiedox nedi ator capabl e of
14.7 Th

transferring el ectfons. ) e menbrane of -claim 12, wherein the
;ea%errent selected fromGoup IA ILA IIIA VA IB, 11B, 111B, NAB,.
B, VI B, VII& orhe/sen®rafcconding ta Clgior ilo wherdiabthe membeinec furtdhef r om

t he group consi gt L iyme. silicon, magnesi um and zinc. 15.
The nenbrane of%@fgﬁg%gi%&%&eﬁﬁaﬁ%e t hi ckness. of the nenbrane _
ranges from 250 to 500 pm :

15 - 9. The sensor according fo Claim 8, wherein the .polyi'nen'c binder is a
' polymer or copolymer comprising monomer units selected from the b
group consisting of vinyl- pyridine, vinyl imidazole; acrylamide,
" acrylonitrile, and acrylhydrazide and acrylic acid. |

- 20 . 1o. The sensor aocording.to Claim 1, further comprising: _
a chamber for holding the test sample, said chamber being bounded
at least between a working area on ‘a working electrode and a
working area on a reference electrode, . l
wherein the oxidoreductase and the- electrochemical
25 : activator is coated on the working ére'a of the working electrode.

~

\
(N

e

11. The sensor according fo Claim 10, wherein the working electrode
| comprises a material selected from the group consisting of ‘gold,"
carbon, platinum, ruthenium dioxide, palladium, and conductive
30 epoxies. | |

12. An electrically non-conductive, nancparticulate membrane comprising
nanoparticles of at least one Inorganic oxide of an element selected
“from Group 1A, 1A, HIA, IVA, IB, IIB, UiB, IVAB, VB, VIB, VIIB or VIlIB -

Amended Sheet
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nanoparticles ranges from10 nmto 1 Nm 17. The nmenbrane of claim
12, wherein the nmenbrane further conprises 20 a polyneric binder.
18. The menbrane according to Claim 17, wherein the polyneric binder

15°16. The nenbrane of claim 12, wherein the size of the .

"is a. polynmer or copolymer conprisi4®g nonomer units selected from

t he group consisting of vinyl pyridine, vinyl imdazole, acrylam de,
25 acryl oni t ri | ef therReriadio Tabje ramzi whereincinamiddreductatecnzie afidpinocess:

for producing a - ti hanoparticul ate penbrane, said
process conpri SF%%E?H X gaan¥§qvggqarr ogﬁemﬁsﬁyedé{gﬂ?ﬁﬁ%at& waldh an
30 oxi dor educt asenapziicuate prntbrah@s of an. i norgani c oxide of an
elemrent fromGoup IAIIA ITI1A VA IB 11B tIB, IVAB, VB, VIB,

VIIB or VIII the Periodic Table to form a nanaconposite ink;
and aﬁ(;pl yi négs aﬁ!e memfrane sklaim {Akwinre the elastrochendcal astivatordd asheet .

I'PEA/ AU 50 20. hdiDRieRE AR ndfiathl %ﬁg#%&n%#gg%ﬁ¢£?lﬁ i ?anocorrposi te

ink is applied according to a pre The process
of claim 20, wherein said nanocanposite ink is applied 5 by
screen- pri nti#ngThe membrameofuiaineta, irreindha glehent balbsed hombrigi n t he

Cr Purih . [z I : fenk Seledted omh
enocamposi to i RGBS VAT 1, Tk, JuBo WAV, M Vi) an VWIBSOr teer i n
t he 1goncentr at i periddic trhBle B! RIdHSSE HOM &R i éﬁf’i‘fs%rtiné ’bfti?lﬁﬁigium

nanoconposite ink is about 15 ng/ M.  24. gTh process according to
thaim 19, wher e¥lifonnh@agpeidn@nd@ings of  enzyne in the nanoconposite
ik is about 0.2 ng/m . 15 25. A water sol uble redox pol yner

conpri si ng: 18. The membrane of claim 12, whereir the thickness of the membrane
ranges from 250 {0 500 pm. '

i5 ’ :
16. The membrane of claim 12, wherein the size of the nanobafﬁcles

ranges from 10 im to 1 um.

_ 17. The membrane of claim 12, wherein the membrane fuither comptises
20 - a polymeric binder. ' -

18. The membrane according to Claim 17,_whérein the palyinen‘c binder

| is a polymer or copolymer comprising monomer units selected from

.}q_ : ’ the group consisﬁng of vinyl pytidine, vinyl imidazole, acMamide,
w28 _ acrylonitrile, and acrylhydrazide and acrylic acid. S C

19. A process for producing a nen-conductive, nanoparticulate

" membrane, said process comprising |

mixing an eléctréi:hemil redox mediator with an

30 oxidoreductase and nanoparticles of an inorganic oxide of an element
‘ from Group-IA, IIA, IlIA, IVA, IB, IIB, {lIB, IVAB, VE, VIB, VIIB or Vi

of the Pgriodic Table to form a nanocomposite ink; and
applying said nanocomposite Ink onfo a substrate.
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a first: nononer unit conprising. a polynerisabie ferrocene
deri'vative; -.and a second nmononmer unit conprising an acrylic acid
derivative having 20 a primary acid functional ..group capable of
acquiring a net charge, wherein the acrylic acid derivative is .
represented by.the general .71) f&nula (1) ICCHZ C IH 30 1. C=O
35 Anended Sheet | PEAIAU 51 wherein Ris selected fromthe group
consi sti ng 2J. NieGbhigoeddQuitiaian 19, Nvhetkin-s2d n8aBidmpasite diknistdpplied kyl
chain can be optional l.y substituted, ,and wherein n is an integer
fromO to 12. @c%r_dlngﬁ.‘é R eﬁé’ﬁé&r@?ﬁ?ﬂ" claim25, wherein the

pol ynerisable ferrocene . derivative is selected fromthe group
consisting of vinyl-ferrocene, acetylene-ferrocene, . .
styrene- f erdocdhE RIABESS: ¢fy3laime20 Whrseinesaid papecomppsite ik iscappliedhol yner
of ckai m 26, ereknsthesierrocene derivative is -} 10 vinyl :
ferr%qene. 28. ﬁ%hggdgﬁméglyner of Claim 25, wherein the nol ecul ar
wei ght of the redox polyner is between about 1000 and 5000 Daltons.

15 29." The tedax polymer of d.ai m25,. ein the ferrocene l.oading
o The Tedh dheyRRERRE Seothilth Todum S cuflertl S o kG, Rt BES 1O,
preparing a watcampfisés@ing & pENINeAB biHERF int® thethaMoesmpSsitedAK! | i ng:

20 polynmerising a first nonomer unit conprising a-polynerisable
ferrocene derivative with a second nononer -unit conprising an

1o 23. The process according to claim 19, wherein the concentration of the
" 3 electrochemical activator in the nanocomposite ink is about 15 mg/ml.

24. The pmogés according to claim 1 9, wherein the concentration of
. enzyme inthe nanocombosite ink is about 0.2 mg/ml.
15 . o

25. A water soluble redox polymer comprising:
a first monomier unit comprising. a polymerisable ferrocene derivative;

and ‘ .
a second monomer unit comprising an acrylic acid derivative having
20 . a primary acid functional .grdup capable of acquiring a net charge,
- wherein the acryiic acid derivative is represented by the general
= - formuta (1) | |
| | CH,

|

CH

30 :
C=—0

R
35
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racrylic acid derivative having an acid or bhase functional group

capabl e of acquiring a net charge, 'wherein the acrylic acid

derivative is represented by the general 25 formula (1) 1I1H2 . CH .

- C=0 35 1R Anended Sheet | PEA/ AU iZ wherein Ris sel ected fron1the
group consisting of NHC'H2i PO3H g d NH C'H2"$OBH, wherein the al kyl

chain can be ona and wher.ein IS .ap integer
fromO to 12, 5 \ﬁRﬁ h}i\és%‘ﬁlﬂ?&?é)%'? ZQXPVBRO@SWr‘?f %@‘%Ei@" Eﬁ'g '
aqueous al cohol afd MR, -SOH, mr@ihom@sm@p%ﬁaﬂl eahtsé Ghasraly0.
wherei n the aqueous al coholi ¢ ~medi um conprises ethanol and water in

a vol unetric rafibstiitedandadiereinm isgpdtegerfram@ t812. 32. The process
“according to O aim30, wherein the pol erEI’I zation is initiated by
adding a free radical initiator. 15 33.' The process according to

G ai é1 32, wl@r efhe tedeox fpolyenerariotaiin 25 iwhensinrthe soiymhmﬁlederf‘amenet he

I Sti f | f at t hat d-
o tm per sl 1 HEENetE 5 RSGRERY thE ioup Rghoging I MAWBRRERS n 1 he
weight ratio Ofacfaf)&ﬁh -BRobérl, Ghlrendifdroséng aﬁdjéﬁﬁehé oREuBRestepBOUt 20

ng to 40 ng per 1 gramof nononer. 35. The proCess according to
Clai m 30, wherein polynerization is carried out under reflux at a

tenperat urexpf et NesD AR 8PS 96891h9reu%ﬁ1e ferrocene - derivative is
10 .  vinyl ferroeene.

28. The redox polymer of Claim 25, wherein the molecular weight of the
redox polymer is between about 1000 and 5000 Daltons.

15 29. The redox polyniefr of Claim 25, wherein the ferrocene loading in the’
' redox polymer is between about 3% and 14%. -

30. A process for preparing a water soluble, redox polymer, said process '
- comprising:-
20 . polymerising a frst monomer unit comprising a polymensabie
ferrocene denvatzve with ‘a - second monomer unit oompns:ng an
= ' - acrylic acid derivative having an acid or base functional group
j capable of acqumng anet charge, .
wherein the acrylic acid detivative is represented by the general
25 ~ formula () B

CHa

CH

—0

35 | - |
_R
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36: The process according to Claim 31, wherein polynerization is
“carried out in an inert gas atnosphere. 37. The process according to
C ai.m 30,. wherein polynerization is carried 30 out for about 24
hours. Amended Sheet | PEA/AU 53 38. The process according to Caim
30, further conprising fornming a pP8 reaction mxture prior to

pol ynmeri zing said first and second nononers, conprising: dissolving
the acrylic acid derijivative nononer unit in an aqueous 5 alcoholic

medi um then addin i LNLtLi r,_and. th ing the
pol yneri sabl e fe::rmg'ggn%l fcli-‘re?sleséll%&\% _'° o%r%ﬁ%-?o?%&lpgr%h@%gm "~
re-reaction mx . ahd B3H-CTHis-S04H, esdhessigothei atkyf chalmidin3®e
\R/nerei n the feedi n3 r tiso ﬁ‘fcqr-fglbi c_aci d. deri va'fklys/e to d@n e
Eoltwreri sgblfz fSePP@Oé@ﬂ)é Hﬁo ) i W@W@'E@-'“%@erﬂg;ﬁg@tl{re4ios_
et ween abou . 1o ht.. nomer added. . 40.
The_m%r ocess accor férl?g s%: @ @ Igll%%f'%',o W\E/\}'/h%% p Htgﬂp%rf ?H’é??‘ésaﬁllc%hghc

ferrocene deri vatadivm.nononmer unit is dissolved in an aqueous
al coholic nmediumprior to being added. 41. The process according to
Claim38,. further conprising precipitating 20 the redox nediator in

an or gani ¢ Sl VR pfbéesd BEcdHIfG A5 CRAF JliWberdi 1 aTRclf al}%ﬁ‘dn‘éi n the

organic.. solvent Is selected fromthe group consisting of an ether
and ket one. 25 mediumremprises ethapobant weterin & alumetric rafie o€ betwcea
senggr is. for b@ﬁ%f‘ﬁ?nﬁaﬁ:j{ on of glucose concentration. 44. The use
: 0

a water sol uabl e redox polymer as defined in any one of «clainms 25

‘: 29 as a redoxnedi at or for el ectrochemcally determ ni ng 30 the
presence ofzAn gRalyiesd Qc@or&fﬁgtmsa%ne%. wherein the polymerization is
' initiated by adding a free radical initiator.

15 33." The process according o Claim 32, wherein the free radical initiator is
‘selected form the group consisting of ammonium persulfate,
potassium persulphate and sodium persulfate,

34. The process according to Claim 32 wherein the wéight ratio of free
20 radical initiator added is between about 20 mg to 40 mg per 1 gram of .
monomer. ' '

"~_~) 35. The procéss according fo Claim 30, wherein pelymerization is carried
out under refiux at 2 temperature of between about 60 °C to 80 °C.
25 o
36. The process according to Claim 31, wherein polymerization is camried
out in an inert gas atmosphere. |

. 37. The process according to Claim 30, wherein polymerization is carried
30 © out _for about 24 hours. '
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The process acc:ording to Cfaim 30, further comprising forming a pre-
reaction mixture pnor to polymerizing sa:d ﬁrst and second
monomers, comprising:
dissolving the acrylic acid- derivative monomer unit in an aqueous
alcoholic medium, then ' |
adding the free radical Initiator, and then
adding the polymerisabie ferrocene derivative monomer unit to form -
the pre-reactlon mixture,

The process according to Claim 38, whereln the feeding ratio of
acrylic acid derivalive to polymerisable ferrocene defivative in the pre-
reaction mixture is between about 5§ % and 15 % of the weight of

~ monomer added.,

The process according to Claim 38, wherein the polymeﬁsable
ferrocene derivative monomer unit is dissolved in an aqueous
aicohonc rhedium prior to bemg added. '

The process according to Claim 38, fuﬁ:her COmprising preclpxtatmg
the redox mediator in an organic solvent. -

The process accofdihg to Claim 38, wherein the organfc..solvent is
selected from the group consisting of an ether and ketone.

The sensor according to claéim 1, wherein the semsor is. for
determination of glucose concentration,

. The use of & wa’te'r soluble redox polymer as defined in any one of . -

claims 25 - 29 as a redoxmediator for e!ectrochemlca[ly deten'mning
the presence-of an analyte in a test sample
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