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El ectrically conducting pol yners Technical Field The
present invention relates to electrically conducting

w@oeiogosrist and to their use in sensors. Backgr opemS6£006/000282

the Invention Conductivity-based sensory devices built
on electrically conducting polynmers (ECPs) offer great
prom se for the detection of a wide variety of
anal ytes. They provide a greater current output
conpared to the traditional anperonetry-based devi ces.

Tradi tional ly, iHectricalycoofdeidtingpolyraelymers can
be increased or reduced by a variety of nol ecul ar

mechani snms upon anal yte bi ndi ng, i ncludi ng
anal yt e-i nduced reducti od€ShRIcEhFialdati on | engt h and

e oy pey e ST LR OB PTG R Bt G o their se in

tenporsal ECP between its non-conductive and conductive
states is commonly 4-5 orders of magnitude. Therefore,

t he conductinetric gesponse is, very attractive for

sensor applicati ons.baﬁl?ﬂ'ioé‘&&v%fnﬁ'ﬁg%“’%t'ﬁﬂny

conv ' g ' at,_t.hey e SO at,,.unst abl e

ComERA RIS FEER Lt el S WA o FRUEI 38 e pomrs
@10R's) offemegreall promisdifos tha detedticnof 4 Wigle viagistya@Sanalytes. They provide a

relatively,. high onset potential and.narrow conductive .

%eﬁtaamf“@é%t pput t“r?é%?é’? o ks ytr%fﬂtl dBRPPRPeFy-based - devices.

Tiald{tRimeNy entridkic ¢8h@whivap 9f BHNRENGRI beARBleh&aldr @8duced by a variety
wever, these differences are not always suffici entl@g

plamglechlar merkanisay upan: snabie bindinge inrduding pealytedngused reductions in
; : : ) _ . . _
OBV 1A bl PEmES] PRLEE mBLnib IRy RIATRAL from adjacent redox
20e istiesat Bheodisferancerbr eondiictivity efrotypicd] EEBVmWesyaiss non-conductive
2R t nvent i on | f.irst aspgct of. the

| nven?l | %Cﬁfvte hgfaéési S}?p%%n\}linaléfgf 21“ oloyr/éﬁﬁ‘ ggrma%tqdﬁ Therefore, - the
cletdectimetgc oesponseris véryiaticactine forabnsbe appiieetielsy exposure

of the,.paql r to the analyte (s _capable-of causing a .
shi fg 41%3?%55%?0&3‘%?%@%@4 ECES gh gt Koy 3§ Samewgat unstable in
e, Cadp&dekallyt Hawef liged BALHIERN to IArddRRAtal RRhERL&! Also, they
i s defined as the potential at which the pol ynmer

PRSESTEElALKAHY il 9eeqt Rptitiak nd wattPgeonHketiysowaden. ayther, these
?@P§?€9§ hecoﬂﬁu&%ﬁﬁtdiﬁgre{é% ?)ﬁfede¥e%{ioﬁso %g?la%lﬁ)zi%&%& However,

I3
orm_whereby exposure ) Irst form
thesoydifierenesstarenctndvysssufficiawlydirge tofllaye fendtrisagsitive detection.
t hesecond form of the polyner, wherein the onset

potential for conduct b‘ﬂiééf &Fthe Invention
It is the object of the present invention to substantially overcome or at least

ameliorate one or more of the above disadvantages.

Summary of the Invention

In a first aspect of the invention there is provided a polymer for use in detecting or
quantifying an analyte, whereby exposure of the polymer to the énalyte is capable of
causing a shift in the onset potential for conductivity or semiconductivity of said polymer.
The onset potential is defined as the potential at which the polymer becomes
semiconducting or conducting.

The polymer may be capable of existing in a first form and a second form, whereby

exposure of the first form of the polymer to the analyte is capable of generating the
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sem conductivity of the first formof the polymer is
different to the onset potential for conductivity or

waeossosmaucti vity of the second form of the poPgNEG2006/000282

will be understood that in this case the present

i nvention enconpasses both the2first and the second
formof the polymer. In some enbodiments, either the
first or the second formof the polynmer is a formin

secbud fdnm ui]] ylmerpdl)&nérp Uwhﬁémt @hé hensaD a;')df&ﬁlafmﬁ)rt Q@nductlvrcy or
ther .I.he condformo the pol

?eén 150 PrYllt)ﬁ {;\H{ Sﬁr St %@”’p%ﬁe ko theerolymenist differept éxjthemnsetepotentlal for

mﬂhWﬁW eI ISARAT Wrehd é@c&ﬁ@fo@:ﬂaclf@eg%ﬁgmg{] Et L8 understood

f pol ymer in which it 1s not coup
tg‘ﬁfa “ytgles Gag® thet present mgmqrn@cgmpmes bothlthe¢ Grdt and hie: second form of

ﬂﬁ@ lp)zﬂ%{ert 1B MR rﬁ%ﬁ% gﬂ!m%?etﬁ I‘I]' gﬁq)?{ @9' %éﬁ%}detllgynw} the polymer is a

he pol ymer 1s coup
f@ﬁarigl ich filee pmls(etel m&ot@xpﬂech’to ﬂleran@@mluﬁd thél §tHerObf the first and the

nbodi t
SRACRRANG b Lot ' R toite RoTidner iBpcapuplns the analyte,
wherelss gqrdinedo tiee inadytélof fierenh o?@ﬁkc&ﬂ%m@lt fnosph Eﬁ‘?qgiopéoupled to
he naI The anal yte nmay be for exa
‘h% ‘éﬂg‘ise‘ﬁfofl ing ?ﬁ the tanplptter torihe Pph’emqmdb gmatexhs fam of the
pdllyn’:lexf iy ShidhOfh p diﬁiﬂéﬂq%e@mfg;lé'ds{o ﬁﬁsﬁ{atlﬁg t t%re]: g edélgﬂ%}ng the onset

In a second pH range mer exi sts 1n
ROkl f%VPIPFBJCHV@e@WI@nEIQGU\pm@nm polymEnr example, if

ﬁgﬁgﬂeﬂ ?:i‘hep 5 19, nijq thretor %gfgl%zl g@%{; 4 &%ygte éls %%‘Rﬁ]ongt]dpotentlals
opngsr@gdmgdoftmrﬂlfthmnbeor&emmtoﬁmahgéi dfoh8andiMeS THBYnAGte may be

fglp%(u pgﬁg gﬁ 3 . %&ﬂowé%{zy i ;sl E] agﬁg{egqog}tmgr?éills% in a first form,

haviapgsd fiisoengdt potential, bhdin B'ﬂeéﬁiﬂv Wi ehnt 8lgmélrie§isit in a second
thegfl [ st ranpg and bel ow whi ch Ilﬁil | sg‘él n ? seconoté1

f?ﬁq} Ravime %Ié?ﬁ—?ﬁ opsetinotential Jios e@@mphelfﬁbt )ﬁnﬁrpH range is more basic
i the Betohd pPahfe ek B8 fm EIB{F& ébt)(wongﬁ?(\ﬁl\g o%lg(iwgicond form

the polyner. The 'transition
maybesbpigtonpted formpbBhigemy tritbetast 1ﬁtlrds blymér @ntprB8es dcidic or basic

2,4 d. 12, d 12
ﬁﬂ% %Cﬁéﬁég 3%‘2%% fVanjlg’lﬁ’ﬁ(Zj §Jf r?&leltga%sﬁmén@? {8 fe. sthginpkl above
vsguc}b‘thanpéﬂ 8,in Zheafimit ﬁngéa@d]blelé’w Wh1alﬁ1£i 1§i|n thé s&:o@xﬂgﬁg »will depend on
t}% gatu%b 8$tt}%e pgl%fn§h50pt§>naay 5)n naltgre5of 1};9 ﬁglgug,n@rgrg@s on the
po]lymmyleetraﬁl@iibn@Im&y Belbétakte alEBﬂt 1Mhg '&b&ﬁq ZD«S’II lyquéerf about 1 and
du y be hi ghly conducti ng,
1 ]2 ‘ié %HLJétl % 6, ¥r78d go Pynd A 2nhgndy 62,2 m@rlzxﬁtandeuw and 12,2

l g, | yf \ I phene
mﬂ%f‘g?ﬁ?ﬂd F‘éﬁﬁé‘?‘g%{pﬁ?‘%@he an?% ?aﬂa%b%aaﬁ/%h%@ 730d 9, e.g.

Al 11 > 2.k i BS 6 o6,665,6 T1%, BB 508, WE.0LY 10, 5,11,11.5 or
1SR SRl othr SR it ed pyrrole, furan,

When the polymer is conducting, it may be highly conducting, or may be weakly

conducting.

The polymer may be a derivative of N-substituted polypyrrole, polyfuran,
polythiophene or poly(ethylenedioxythiophene). It may be a copolymer of any two or
more monomers selected from the group consisting of N-substituted pyrrole, furan,
thiophene, ethylenedioxythiophene and derivatives of these. The shift in the onset
potential may be due to interaction between the polymer and the analyte, optionally

coupling of the analyte to the polymer. The coupling may comprise bonding, e.g. covalent
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t hi ophene, ethyl enedi oxyt hi ophene and derivatives of
these. The shift in the onset potential may be due to

WO niogn3asi on between t he pol ymer and the anal yP&r/SG2006/000282
optionally coupling of the analyte to the polyner. The
coupling may conprise bondingz e.g. covalentor ionic
bondi ng, or electrostatic coupling, conplexing,
chel ating or some other form of coupllng The pol yner

SRR SRR PSRBT, Sl PFAEE B om of

c%bplﬁﬁg | Thet bslyﬁ{’w ahap@bmpmalgrglpsmhmh arﬁl chpplleyofe interacting (e.g.
t

oBBD R ZOR el i h16r SRATRGD Gioh Lo i A B dy hich said

ﬁ&;trﬁér bhSorsdiAHRIREAST &Y seMicoAERHng 1tHa,e cRfpY "Rhy be capable of

backbone. The pol ynmer may conprise one or nore

mtcpmo@ng meith the angly: tWréelh’@nféteé thenehangss density éarroundmgn%e polymer
ackb {?é ol Hf& fha lcol?ng)ul.gé Hh&Br EH 1?10 %ﬁn’lﬂg'tﬁﬁ afd £ 5-thiophene

unsu stitute
(B'll‘ﬁ)-subsltlltlttecﬂ?_ ﬂﬂm«ﬂu bmts ow?, 5 dnrameanits omjs Mél@hdp@ upsibstitpted, singly

b
el o bt bRl Yin SRYRTRRERY FPins¥ oD shostinuted -
Xroterandentloyip§Xopfiondi®y hakéngl oNﬂoréMh&ﬂi en&ubstlmedne)«; tvhdre X and Y

3212 (I’z‘}rgetpg‘?e®gé§ (grﬁaosr;};h‘iggﬁ ,ovag%g S@iﬁ@%d&{rj oSt J@% g{?blg consisting of
??ﬁnél‘l’)b Stubbtitutedn 2081 egl;cﬁ'l% (?ptﬁ)hﬁﬁl‘}b Oﬁiwmwar a;zl C'_glroups The

pyrrole units or furan units or on the -

S(Dmtlt‘omorg ) @ptbem’da;z Zothiepheae £ g oOYIToIRiwsis 08 26 Baw) anigy or on the
LELERSHLAD 0 BBl SOHEE f b i it e

aml}dmtnt dange thie shifhincthe doset pmgntwit iaéw@rohuspldrmvyme lwapabs eonducting

of interacting.with the naI r to..alter
SR ThE o uLay B8 s ol g Rt i Analyi€in order to
Aedithd OmaLd Mensith suheusdisg ﬂi&c pdyBrepPadkbbee. Udditonalljeivethe case of
shoul d be substitution on the rin nltro en atom

Syl Mnitsnthsre should bogpbstititio on Tt Hhe RESPERR alom- TH Substitation
911?3{0'11{ Hia?%eaéﬂ‘élﬂtlcﬂlﬁﬁy' @u&"tmﬁéﬁ QI eRAblat an optionally

%stltute ary group or nay be sone ot her group,
wbgtltusad agygroey oumay ha sethi o3hgr groynpe-Branasyhespupy@p alkoxy group or

8RRy ok T BRI B poly(ctiylenediprubiopbengy o
IS pincan ehelsbdampt them s provided @ dolyroatfecrudeny dotectmg or quantifying an
e ronlerefh FRpii o e pEREEE I (B BRTE G Ringbli oG sopping a sttt in

he dﬂ@@t pore@ial [Foi esdduativitbr @@ﬁﬁ:dﬁ&udﬁlvtty ofrsaid polymer, said polymer
sem conductivity of sai polyner sai d pol ymer

CURPFTIRG MG of sirpesrl, >structure |, | wherein: -

A, X and Y are |ndependentI§ sel gct ed fromthe gr oup
consisting of O S, Se, TeCGa where R is selected

from the group consisting ofXopt X onaIIy substituted
al kyl 7\
éi,\fﬁ

I

wherein:

— A, X and Y are independently selected from the group consisting of O, S, Se, Te and
NR, where R is selected from the group consisting of optionally substituted alkyl
groups and optionally substituted aryl groups,

— Gis a group capable of interacting with the analyte, and



10

15

20

25

30

groups and optionally substituted aryl groups, - Gis
a group capable of interacting with the anal yte, and-

wW@2008ap18nd Gc are i ndependently sel ected fronP€T8G2006/000282

group consi sting of hydrogen, optionally substituted
al kyl groups and optionally sybstituted aryl groups.
The shift in the onset potential for conductivity or
sem conductivity may be due to interaction between the

po 6 . and.d he I T j i Bt .

Pobtne 2Pty S8 RAReth Gty et Rbul e B8uBRGkting pf hydrogen,
pobytigellyBybstiestetlislkylozbins dntitoptiandllysmbitiugd abdreoups. or
o o G GRS s e
ihReRGoR M ivAicnethe SEMAAETRIY $he Sialyteb TROGHIEE inalye bsdt.pofential for

may conprise a group G wherein G is capable of | )
doneeatity | ergsamipondugBvish &f yhe polynesrdaey ths dusude the Eprpetion (e.g.
& i 0 I iments, both X and Y
LSy RSP EEG,  JROBANEL bttty b X o
dre Gbth Qvand & is 1. Th sheae ki kiher gmbodimentsp&y, @ ot GSmazbg H. G may

suitable gro capabl e, of |inki ng. t .
SRR rcatbmy T BRREE” il P iradiiel Wi ths pualyto in order to
dasdLEMeeR the okt pbrutialXor asralistivity beswgiibonductivigy obsaid polymer.
derived froma hydr ox}\l/%e,t . gr.o ri se

G appy. hpvegsipigpue LGl igal g}&g}qtugrﬁymg}(f) comprise gny suitable

: %Wa@e%%g & fPYe REyRenBAiBUPMTMPRESR Mofedy Bf thePoBfmer. It may

th the anal yte increases negative charge density
twubstweend il napdt #houp 80 \atems addogtndt ey dergyedriranyg bydroxymethyl

t he anal yt Jler, eaf.nraj or gl : - en
Paryi g? %4151? g? ﬁpgllsén% m%érga?i O%‘%g}" cta%%r cca(;rnlrﬂ?}lesrgsG@I@OCH2 o
GH OCEFE@ LBy mer backbone. Coupling of Gwith the

anal yte alter .the nobilit f. char carri .
DT SRR Revena kpatiee o yh A SR8 gkt fdiive charge
SRl surfoui@ihgiBe 6lyeedadkbone. L duplin®beGukith the amalyte may alter, e.g.
conprise a nucl eotide fragnment. The nucleqtide ) e
Fr B el el OB E R A7 oiet BIHAPLPL e camiers within the
bBnd. ; HieA1 R GnaAC hlebr SR HRIBERY [BBYhe charge
SEEIEELA WAL R0 Uyot et yeng e char
coriprs ivg thimtheaobionst| bagldomel Grmay@omprise 60 gcidic grorR ¢ Ry be dertived

' i . Th leotide fr t
B8 FAEALOUR AT ol FORRRE pey, he o fgmen
inagl épeoaeplehyniaey the secteicasidsegichtenerthe tapalgie. Behghnucleic acid
may i ndepepdent|y be t a S differe 0 .
SEHERSE TRRERF F ACEIBA DY iy an Ry 08¢ RERAA  SEREY comprise o
Y4868l N(COOR! idig GUO‘Z apgbugr otipmoid Mhiheorenabigh egroup. G may be
i ncreases negative c ?r e en&h%y surroundi ng the
EoRORERCOHIE IR AL OCRE %%F y have a nol ecul ar
vei gt GMLO6e MY, hel WeePerBRMY be tHOQnRIU or different to G. Each may
independently be the same as or different to each other. Each independently may or may
not be a group wherein coupling of said group with the analyte increases negative charge
density surrounding the polymer backbone.

The polymer may have a molecular weight (Mn or Mw) between about 2,000 and
2,000,000. It may be a linear polymer, a branched polymer or a crosslinked polymer. It
may be a homopolymer (i.e. consist only of the monomer units of structure I together with
end groups as appropriate), or it may be a copolymer. Thus in some embodiments the
polymer backbone comprises monomer units of structure I together with one or more

other monomer units (optionally other ethylenedioxythiophene units or 2,5-thiophene
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2,000,000. It may be a linear polyner, a branched
pol ynmer or a crosslinked polyner. It may be a

whormspsdiyner (i.e. consist only of the nonomerPCMSGH06H00282

structure | together with end groups as appropriate),
or it may be a copolyner. ThusSin sone enbodi nents the
pol ynmer backbone conpri ses nononer units of structure
| together with one or nore other nmonomer units

{0s RsPeired thet exposere o Henedymenyts MhopRBAC s LabSle 8F causing a shift in
%e%hga:p%@ﬁﬁiﬁfb?%&? cPhovided that exposure of the

pol yrr}t; £0 The: Shafuriyty er sehyseduciyity. of i mglyaneshfithe polymer is
3 reopplynens @t npyt data dlodkOlco Bt & iahdor" :
cc,og)g] oenductivi&ké of the polg(qnglg. | f theorgo(fo)POIr Sty @ alternating
CopOlyHSF Some ofligy bipe of copolaRete opol ymer, a random
copdlhenenalyen by esedrbidds CQRO! sQue. other type. .

of .copol yner . Th}é an?lryt e 3% bt}eﬁggé%st%%n%oqﬂ 18 .P(’trh8°1¥£1°tl"lty or
SHndpgtatytofdhe polymsnmanchanget in respossioChanisial ¥ o some other
i6hictspeci®O oy iek .in response to changi ng pH),

or sgm; ot her f%?%‘%lﬁggfggi%lleogr’lolg?uﬁgte.%pr@mrq E@)U%e: an enzyme, a
Wﬁnﬁqf%@upé,fr@t@nt,aaxprmm Strar@dl PE Edgdfnt, 2R RIREYHE  0rfsome other
ot pand or fragment, an RNA strand or fragnent, a

hor nrone "or sone ot her bionol ecule. In another

enbdulianether ¢rhisodiRbiBE poBneer i 1 - :
I1:)ol y( et hyl enedi oxyt hi 0|c1)3h£yne)r lso? pgtylr(%tg¥lﬁ?%dl?)fw%81?e&e}lOﬁstmcmre
’s a group capable of interacting with an anal yte and

nis the degree of polynerisati®n of the

pol y( et hyl enedi oxyt hi ophene /.‘éxposure of the
pol y( et hyl enedi oxyt hi ophen
of causing a shift in th pqotential for

conductivity or senicondg n§f sai d

pol y( et hyl enedi oxyt hi ophéne).™ n Y be between about

10 and about 10, 000. The shifff in the onset potenti al

. C uctivity or semiconductivity of the
“ﬁﬁgﬁreifn( gg%/f‘e%’f%ﬁ SRAB 821 HelFErtipgyvithe a0 wealyte tid n is the degree of
polpterisetionon ¢ff OfRUP $3 WtV . G
o ol e e Blpog) of  the

0 rhse a carboxyl group, "or nore
P@V lengdioxythiphgae)i ipetie fanelniea ish capableeafubsising. 4 shif in the onset

dteretia® @y i be for . |.e OCH2 CO2H
P o O P bRy bt B megron haophenc)
| VBRIV AI® dteren aboupr Ovindedbont 1,000 Shef Bt FRMehsdl potential for
a

’ ' r s rising el ectraqopol ynerising

CO%E{E%{@ ngcsg}s’? roﬁgﬁﬁﬁét%l ‘i%ﬁﬁg Eﬁg’ @t%(leneéemyrhwm@ee)@my be due to the

ngergséionof gufupt @ evitiothy rlklyted GRai @éin?ﬁ% ) f%at%@?ﬁbérguﬁ for more than
n or

' shift in the onset potential
OH%%& Rt %PPE/ ‘%Fnaéfg?ﬁ g domh piprasileayidd, ¢.gelnpientidafidgment. G
m foir ' ted f
h example CH. 2‘c(%queg @ﬁsﬁgg_f@ﬁ@gzglﬁ%@b%_ ed from

tg?’the analyte is capabl e

th% group 8on3| Sti ngl I .
n-a second aspect of the invention there is provided a process for making a

polymer, said process comprising electropolymerising a monomer of structure II:

G® G
GC%—QGE’
X Y

2/ \;
A
mI
wherein exposure of the polymer to an analyte is capable of causing a shift in the onset

potential for conductivity or semiconductivity of said polymer, and wherein:
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NR, where R is selected fromthe group consisting of
optionally substituted al kyl groups and optionally

wag@adpsosqiat ed aryl groups, - Gis a group capabPer/e62006/000282

interacting with the analyte, and - Ga, Gb and Gc are

i ndependently selected fromthe group consisting of

hydr ogen, optionally substituted al kyl groups and

optionally substituted aryl groups. The polyner may be

SUN; Abdrel Y are ingepdndentbt etdctodgfrom thelgroup fephdigringhef O, S, Se, Te and

. The.shift t he onset potentia
R ottiont R isomidsted Bammthe: wore yoBtiSmigeot opyaRely fupstijaied alkyl
du Gwith the analyte. In
so%%) g%b%ﬁﬁghﬁgﬁ%s?@t&farﬂdﬁ g]gl%s X and Y are bgth o
Th@ is p @rquPmBpAblerBf inkiraniingayitic Bapnalgis, ashopol yrer i si ng
Or (38 0FP |y AR E‘zlenigd%ﬁ gde?{tllrylué:etléﬁrte%.l_trléh h(é‘ 9?;% s1§’cﬂ% of hydrogen,

GGrrEiy be as descri Ier YIer 15s1 ng
nayptumaby Behstitybeal qlkyiggraupseahd opuomlb'wubﬂnutedarybgm\@s

ot vl Pl 8 e sty S5 fRu el o ublivirg e Ratyte. The

shifnimitie dﬂgéﬂ’lpdtélﬁlallmmvmmﬁuﬁtwﬂﬁt d>10§é:|mla'dlﬁlu]§t|1\ﬁ@ft dSiOtﬂleSdeIﬁﬁer may be
s .substrates on t he polyner forns,
dylﬁ;ﬁ%ﬁl%ﬁefa&aene BioNB G a:tici%mwte omfn&@dsa@%eﬁqls S and both
2hovt Do o rbout 2 'V, or between about 0.5 and about
1.5V. The lower voltage of the cycling voltage may be
bet videreledipelymesisigaivey tcompyise domspplueenisiagourt copolnerising. In
V.
HIRPRE G g &F il bERPUGLubAL GG, 16} WEERodclnerising may
chnpride afgdying Rh/,eleomcbmtmmmdsmrmﬂomdomﬁomtlt 2My chmrise cycling

t %anﬁr %;%6\8{:@;13&%}%%} Zcfg]l@{;t?%%a ykﬂ?ﬁ%r ggéo\ﬁgaeﬂga&g@te monomer
s@Efrh@id cmed efe@ﬁodb@tmgﬁactai@mmbstﬂ@@ & Svhadiothe (Fbmﬁw formb. The upper

ri se between about and about 10 ol t age

V@}tegeegf tisEclinghiiiage swyle W@%ﬁﬂu& and 2k Obbetween about
58 LtFanue1 bl Thé‘ﬁgvép%lté’éét dﬂH@@éﬁn@Q/@Rﬁé&ﬁﬁa@B@b%@@@ hout 0 and

addi t1onal nononers (e

a@phtyﬂéfnm.b@mem @phbfﬂe@ and abmnerl 5%hitshentege diffarenms, between the
JgL SHDR iot\%tresr t%% ehttxa‘él %) %@‘R@e%keabgﬁt an{i abopt 3V, or between
Pec r SN W ?1 S rucPure

ocopol € Nmonomer
abbiit. 1 &rd alebalit ﬂVoﬁhd: s e sheavcﬂtqge eyeinig, méhby bethverh dbout 10 and

th I bl e t t
e LRyt SRS HBrricide 6w Crdped o b0E Ay 10s and
a@@ﬁtemmﬁl It iy coameise bétwicbly alsut 3 @ aBREUOD veitige Gtlesai d
0 y‘g’g@ The additional pononer(s) should be_such that
t e

ARG SORHIORfloBBISeE 8 AaRRonick OT sHugigcHE jand may optwnally
c%Hf @@tme PR ORDRRTRSnad Al dhbhRRs (XY oBfr REL1IBEHIR i hénes or other

i n nononer or, in the event that nore
tbnq»phermmfmns,l N-spbsituind pyirolesgich capaideref el@ﬂrcrqqpoldmhsmg with the

A of StIlli]&llre II1. If additional monomers are present, they should be such that the

polymer is capable of interacting with an analyte in order to cause a shift in the onset

potential for conductivity or semiconductivity of said polymer. The additional
monomer(s) should be such that the polymer is capable of conducting an electric current.
The monomer solution may be between about 1 and 50mM in monomer or, in the
event that more than one monomer is present, in each monomer or in total monomer. The
monomer solution may comprise a solvent capable of dissolving the monomer(s). It may
comprise an organic solvent. It may comprise a polar solvent. It may comprise one or

more separate solvents. The monomer solution should also comprise an electrolyte. The
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nmonomer sol ution may conprise a sol vent capabl e of

di ssol ving the nononer(s). It may conprise an organic
w@Eiosesis1 |t nmay conprise a polar solvent. |t PEESG2006/000282

conprise one or nore separate solvents. The nonomer

solution should al so conprisé&/ an el ectrol yte.

Theel ectrol yte should be at | east partially soluble in

t he nononer solution. It may be an ionic electrol yte.

eledtrdly sheuldbe laeRadt paaially 3bhuleSAlbdhendhe oL R{oRaRinkay be an ionic
solvent, The el ectrolyte may be present in the nonomer

elegialyte ottt Recdircash Butialln selible 1o gmerganicsolvank The electrolyte may
bERRRA irbhe oty Sl AMbdE Fatloti PS A ARAnAPY OCESS
for maki ng a pol ymer conprising: - electropol ymerising
a nisreothind aspeds wof thet inventioy there finprovideg remracse forpmhling a, polymer
cJ@?r ein G' is capable of coupling with a sensing
conpound to generate the pol yner, whereby exposure of
sai Oelpatopobimdrizirgra mordiyérefistuctaRdll © fofm & preungr polymer,
shift in the onset potential for conductivity or
sem conductivity of said polynmer, A X and Y are
i ndependent |y sel ected fropfgthe %r@up consi sting of Q
S, Se, Te and NR, where R Ps75eRe€ted fromthe gr oup
consi sting of optionally su titlt ed al kyl groups and
optionally substituted aryl oups, and Ga, Gb and &
are i ndependently selected fr the group consisting
of hydrogen, optionally substituted al kyl groups and
optionally substituted aryl gf¥ups; and - coupling the
sensj opRoyN t L' of  t:h recu [
pol yweﬂ%e&G@nféy&g %@Br [ s%&gﬁg%?ﬁg‘ uf ogxeif/1 élﬁg ccfg’nm%%‘lé@ ¥ generate the
gr oupolyifkhe vaendiyngrpoanp ofisdd malynize te apabdligted cambl déhgiusing a

with the analyte. The sensi caoppound .nmay, be . .

i a0 e RO et PRER S cngs SEN PP G bHgtviGef said polymmer,
sensANY @@ thdependb@laslamddRoh URE bicRPoh@sithg of O, S, Se, Te
ollgodeﬁxynucleotlde, a nucl eotide (e.g. a short .
nucl @t NEeyhemnR s eplggiad rom thesgranm consissiapiat eetionallyovpbstituted
ot hegbi e I NP b c
o e SRS 1 o gRAGY SB AR THYORRIRs JRLTER g G are
and Gdepraglesly ssledied ¢ fiope dhe agrbine r conFistng odfy mydrogey, loetionally

sui t afle %gallglrﬁ %Ed ggﬁﬁ S}S‘ttécingg}l gﬁbsﬁ@%% éx&gérﬁgpg rQ\Sd

anal yte. e or rOpo ey be as
des crouplinig the stimingemopuind spthetgrafpstGitofi thy pretingog pobiabr.

t he,.£xception tha roup Gis replaced.b roup G'.

Th? EE B BB BT bRy el & pdREc TR Gaopua may be
ca@ibIMuf coeslitgenitiaieiinalid) dheabtkiny ORRp&ARHA.- may béBMmikFutional. It

| i near .pol yner, a branched, polymer or a crosslinked- - .
g CORBRSS iR %g@é‘?aT © RONSEIS, FRIMDOUSE MRy R yanipenigo-functionalized

olRRaWBEleotldi S hikI&AE (8EPAUHBRNRIdIER P ACHDBlY, a protein, a

pol ymeér backbone
peptide or some other biomolecule containing an NH, group. In some embodiments, A is
Sand X and Y are both O. G, G%, G and G° may be as described earlier.

The polymer may be suitable for use in detecting or quantifying the analyte. The

process for electropolymerising may be as described in the second aspect of the invention,
with the exception that group G is replaced by group G”. The precursor polymer may
have a molecular weight (Mn or Mw) between about 2,000 and 2,000,000. It may be a
linear polymer, a branched polymer or a crosslinked polymer. It may be a homopolymer,
or it may be a copolymer. Thus in some embodiments the precursor polymer backbone

comprises ethylenedioxythiophene monomer units bearing group G” together with one or
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conpri ses et hyl enedi oxyt hi ophene nonomer units bearing
group G' together with one ornore other nononmer units
w@ opsioamal | y ot her et hyl enedi oxyt hi ophene nonOPET/SGIN06/800282
or other thiophene units), provided that exposure of a
pol ymer obtained by coupling tghe precursor polyner to
t he sensing conpound is capable of causing a shift in
the onset potential for conductivity or
sem conduct i Vi X . :
O, BRCHEhhel X (e ) S pubtonIBRABER dhonomer units or
sthadihiopheno uyi®r previded! thetr agdasmg aOp olymer abtaisahby coupling the

ot her type of cgpolyner. The inpventi SO _provides.
Berym Bired radl otk sopiped & Beblre Sk Stsfia % i inthe onset
Pt ftRBGHuctivity dr kéHicbAdRERRS bf e folEmérNIfERE bRRursor polymer is
there is provided sensor for an analyte conprjsing a

9 :
P FoppRymerwite Py n be xi Plerke cBPOLYIRET, pd| PRIGM { gpplygner,” an alternating

' f a shift in the onset
@?gﬁeﬁgﬁ?lggg%gk%gtofglﬁ yﬂrg%'sem conductivity of said
pol yimerinvdntionnlserirodidaeapolynies wshynade lyotp mireesss of the second or

tgo orrertunits of structure | as defined earlier. In
HOPRE  “enbodi ment the polymer is a

pol Y etfbwtieapdetofhdinepittmeaherefis slovidet yergsot foran analyte comprising

S BOARRaTReth Shor b o h ™ 1a a S i it

Be 65 BRIt HhhEorRIAsPNE @sehiliohBudReGE safl pblyner.

invention. In a fifth aspect of the invention there is

pr oJnd@a emhodimentothe pohangimaamrises meromanwitcel fuace fas defined
ory..f I r sur

R dn Ao B PBodifory e FSYmEE RO o1 T BB K ERDene) of

ginsatre pbaedefimd ¢anlierc Fhe wotyinwrtajobe sewirdiogdodhd Gist yspect of the
sai d

Bl 80 gL BB BB B Sy R rcnion.

CONIhizs Eifth HPLUNET thef inséntloat theee sl prdsiddethe neel ofar bolymer for the

It may be a pol ymer according to the first aspect of .
EREUIAHES T AT 85 OB SN W BRIERY BPOHE 0L thechity B (0 the analyte is

tdpabd FREGhe Af shifh$n HRVERET fitenttd) far Sdpilitiag§P&CIenionductivity of
the invention there is provided a nethod of analysin

sadd pelymenalhetnelymeraman eompriseonprameriggits of sixyssye Ags defined earlier.
ensor yfS [

BoPSnashekl s, AL oo haFe e oo SAMRALSNID. R pay be o polymer

awoctinog tostheyfirsr aspecti afcthel inteintion, yoraf palpingr wetly e rthe second or third

mhereqihexeo ure of the polynmer to the analyte is

BRI EDEVELPy ng a shift in the onset potential for

conducd kit ¥speét sefhicdanshiiohi thére)is @kovddédda padtyodeof addigsing for an

pol ymer may,be such that exposure of the polynmer to

KBV tE bR JRAETY ORI e of

— exposing a sensor to the matrix, said sensor comprising a polymer; and
— determining the onset potential for conductivity or semiconductivity of said
polymer;
whereby exposure of the polymer to the analyte is capable of causing a shift in the onset
potential for conductivity or semiconductivity of said polymer.

The polymer may be such that exposure of the polymer to the analyte is capable of
causing a shift in the onset potential for conductivity or semiconductivity of said polymer.
The polymer may comprise monomer units of structure I as defined earlier. It may be a
polymer of structure I as defined earlier. It may be a polymer according to the first aspect

of the invention, or a polymer made by the second or third aspect of the invention. The
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causing a shift in the onset potential for
conductivity or sem conductivity of said polynmer. The

wW@eiogosr1Snay conpri se nonomer units of struct UPET/BGH®6/000282

defined earlier. It may be a polymer of structure |
as defined earlier. It may be @ polyner according to
the first aspect of the invention, or a polyner nade
by the second or third aspect of the invention.

4 X Lyi SRyl gas
SRR P el bl 1OGT R e o S AR S Py @ solid or
eanybingitoro of rmyetwmf ot mewe . of Theseankley snalypimpyndyebe analysing for the

FRALE' 09 ek S eIRANE 9 ABSEARS. Ol LS 30%hkifing for e

caestidtioat bdrthef aﬂal}&e ainathet endtrix tdre nimgt be Xarmlysﬁm/ fire a particular
anal ysing for, a rticular co tio

E%WE%‘F& Ho, ‘?rotﬁl%‘fﬂﬁ'ﬂ’hﬁ‘émﬁ?f&f"\}% 0 ﬁeﬁ% ﬁh gk]’éﬂgs%&‘y also comprise
ESAPArinsethe QERAiRd sdiet ek wigd a%fe@énc@ Qlafifel bphwit 4 Ralibration
a reference value, or wth a calibration curve in

gite in pilcade deigrmmetthe Ppsessrreabsencsfdhe analytetipdhe matrix, or the
&SRk Richof fife BRI In BE hARKCAGRBINEAR! Blhifdlin' Béhcentration (ie.
analyte int matTi x or ether a mini

thoesbeldlt qoatérdratipn) &f the Amadyth ad ptesamncent r at [ on) of the

analyte is present. Detail ed Description of the

e o b Ettiod LR iy 7
wher gpg ?éé@ﬁslﬂ{lﬁltﬁﬁl &fﬁ%‘espt‘al £ Eﬁl?nfe?’ prﬁseaﬁaﬁéféc%ng%r ({uantlfymg an

capabl e of causi ng he onset potenti al
owalyih, \ghﬁtrdlnpﬁpym ob@g (pnbfgnea: dmtheomalyie 1@|capable of causing a shift in the

81%@[ g;%?%tﬂ% a?gw 1cﬂ ] tsﬂog)?%?‘r ’beé%ntl{by RofidRhs ! E&ﬁ]f:onductlng In

oncen ration exposur
pzirecmiai ysmﬁhunt 0] paﬂmeuhn ahnydeeofC amm:er_rtral(mb | dft the ranslyte] exposure of the

t t Th h ft. b t .
BN e T s, s R i bt oS SibBal s shift my e due to an

Mterf@amUbidtReent the psiintdr ahd the¥aBAS ethu by trhesioh gyie rShlﬂ i the onset
be possible to determ ne the presence or absenc

%ﬁﬁ CRPAYING, dthaay BR dwRtiPlsttp slsterpine; the Diprsnsa & diseidse Optionally the
R&ReRRGRNOTof! 1R Qrféﬁ‘ﬂlt)ft@r BEC bor Eaééelweegﬁttﬁé %Qgﬁ over a predetermined

concentrafion. The pol yner y conprise ch
gensapsationi chheapelymgsamlag efmprisee chasnicalg grapg . whlch are capable of

SEUTL 0 LRI B 1 BB Bt e
pnﬁeylim:enthzé agghfgmglgq;mjg?ﬁ@wg?gfmmmﬂn s?ﬁnco'ﬁklactlng The groups
i o il 5 cabRetite Qhith JhSRBAYE T Ldef dbiieh ot tbfree density

patotiEinghae bb@ﬂ%r ballebomBaTIgEcangt Nethehvhbfbe dasis) édases a change in
causes a change in_the resistance to the f]ow through .

fheerefsétm?etp the ﬂ@ﬁ’a‘ihgélg@ath‘? pelyger pf ghagg camigss, fipreby causing a shift
ﬁﬂ’h@: bnid? gEﬁﬁuél% Shidhe gBl‘yﬁler BEC&MESQ:Gn&Jb%nB Ok ¥&FRiconducting.

becones ond uctlng or sem conduct I Ng. When paSS|n
t hr olgtentraesing Swpuglo thenerisal pétewatial £rdnyw lowmnmdtwtwmstate to a high

gé‘ﬁ#ufeité\t”%’o?t %:é% ncgc%ﬁlﬂﬁtﬁl \allé%e 1}[10 J;ozf}thﬁer %ﬁ? 1(;‘%@%? Gq‘}l' y 'f:%c\tlor of at least
about 100, or at least about 500, 1,000, 5,000, 10,000, 50,000 or 100,000 (or the
resistivity may reduce by a factor of at least about 100, or at least about 500, 1000, 5000,
10000, 50000 or 100000). The conductivity may increase (or the resistivity decrease) by
between about 10% and 10%, or between about 10° and 10%, 10* and 10%, 10° and 10°, 10?
and 10°, 10> and 10*, 10 and 10°, 10® and 10° or 10® and 10°, e.g. by about 100, 500,

1,000, 5,000, 10,000, 50,000, 100,000, 500,000 or 1,000,000. When passing through the
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about 100, or at |east about 500, 1,000, 5,000,
10, 000, 50,000 or 100,000 (or the resistivity may

wo e@sos91by a factor of at |east about 100, or BECT/E€@Z®6/000282

about 500, 1000, 5000, 10000, 50000 or 100000). The
conductivity may increase (or 1phe resistivity
decrease) by between about 102 and 106, or between
about 103 and 106, 104 and 106, 105 and 106, 102 and

é]i%ét p%%tl@ln ?roﬁpglllﬁ %@%xoﬁﬂlg%%g%icy g)sg%e %dg%:gﬁ)v? rcoﬁ@@ttl@ﬁg state, the

@mdgctmtylm@y OB05as8 (0, tb@@sxshvny D0®ag0 0y a\Mmrialp@stgr ng

thr \V;

1 LR SURERTS, LB SRl FATAD Sl R e sty
meypethderte a$ etheo bomdmtrawm sdfi Whet yanalyte. e&seﬂnsb}COﬁtext substantlally
siym | gr fact or [

1[“8131]’35}1 & d0rBt Tefr @te o' I i %Qg gﬁtq{]q%g 15 Ve rco}xgentratlon of the

Aatee ensiesh chindehst 1@@%@{1 mscﬁit 1109% Bf the f&snmwy %f tHenpolymer in its
this context, "substantially independ

fullyjconduqtiya state, @ lesh than\ahewt:d, B, 6.9, 14hé, %dn@éﬁrr(ht%oﬁhus at any
%
?Jmé & %ﬂﬁgﬁét EortlcBHE&AD tlﬁhtﬁ@ Qﬁe;/tgi%(r Ifﬁ)ﬁ]ﬂ%ﬂ;w %&H{xerlgs Y%mmersed,

e conductivity of
mvpmgt theevdtagt ehetween| elsglttdtmde alooiprrisihg ﬁl,e oly@er Bnd 4 reference
0.5.0r 1%

sttt e a bl AP ot B R Sl Al Bl chane

turrent.sAad,a ﬁvmlgamltﬁige,tﬂhe podyhag en?etaweeﬁ:r@lnoﬁl aﬁl‘aiha@\ﬁty, optionally
CO rISI t he polyner. an a reference el ectroae
l{naF 2R a&ﬁ‘@ﬁ?thwiyh torfctioliees Shighnds p3) ﬁfﬁeﬁm of the

@cﬁl@eﬁtﬁiﬂ&)ﬁ JF thd aidifte] the Wohl&Mvity Abillastdrt k6 IncYeakd, %@ wﬂlnﬁ)ntlnue to
pol ymer will have” ver Iom;conduct|V|gé@»o pt i onal

BejspexaTie évp&ta&eelp ¢wephudthe penduciiyity e\mlbtna@jereaches a non-zero
%{Qfeﬁﬁ] Vlaﬁle B'\Q)ntagé Itlie?&\)l\fxl(ﬂﬁlc@ r{’ﬁdepe'a Q vd Bits fulHI conductive

e CondUCt t O 1 Nncrease,
stite It 0$)t111$ platat value ©f eesductsity Het mﬂyﬂmgmbsmnlsalblphdependent of the

until. the duct i vi of. the po eac -a : .
iR AR The Syt rBR Y G e ER By fpay comprise
hemen fond o e@dnisdobénhancihg Soddilctivitgonducti ve state. It

ist t eau Va|Uﬁ of conduct|V|ty that may be

|
subs %P?%%PV Ph WORE T QORPTise ScRAYIARNERE BY ap Rsubstituted
PoIgpttdte of APoRFhAIDacKBYie PELAFOIVREPRAY cBﬁipYﬁ@ bne b &8 monomer

conprise no net al ions or atons for enhanCi

witrdihet iate 2yp-thippbensaek Bosrbstifutadhd, Soirsphe or @gﬁ@mws gvhich are
&sBB%t}fﬁt]%H ?@!&@;ﬁ&%{i’ﬁ s%ﬂ%%thbﬁb&f’éfﬂﬁe %@Qleﬂﬂﬁ%)?%fngﬁl SubBfirufd, or doubly

pol yfuran bone
srdvs‘etutndn ondor Qﬁl—]t}sr(ﬂﬁamtsal’prlz sﬁbditftutmih"ﬁlu’@mdlsumhon may be in the 3

LI t t ed 5-f ts whi
<BteE bt Re fesHuledt TR FotRlinfinR el B7 g i, &y b8 tffforent, or
m)iljkf) ﬁ:ﬂnt%a fiﬁg tfizsed wiithge 2, SSt&lhfi)hbﬁlebIeZiS _p?frolﬂa:bﬂﬂ,?/ Lfuran. The substitution
supstityte role un S r .
S ermbiiiea- RIS oy e ik EMbY st idepgndantly O, S,

$8STd bPNRfwidE R isn&?ecte-ﬁhﬁoﬁumétgrbﬁi? RbSifRY (ﬁeoﬂtf&ﬁally substituted
same or may be different, or may forma ring fused

slkylh cromes 2ng- enicaphe rrabsgiuted 2FQipe. 6 nEmy5b¢ (i grpup capable of
H8actitBShithUld Qfalyte in order to shift the onset potential for conductivity or

semiconductivity of the polymer. G° G® and G° may be independently selected from the
group consisting of hydrogen and optionally substituted alkyl or aryl groups, which may
be the same as or different to R, but selected from the same group. The alkyl group may
be a Cl1 to C6 alkyl group (i.e. having 1, 2, 3, 4, 5 or 6 carbon atoms). It may be straight
chain, branched chain (for C3 or greater) or cyclic (for C3 or greater). The aryl group may
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may conprise -X-C(GQ (G a)C(Gb) (Cc)-Y- groups, where X

and Y are independently O S, Se, Te or NR, where Ris
w@ 20080896l from t he group consisting of opti onaPdTSG2006/000282

substituted al kyl groups and optionally substituted

aryl groups. G may be a groupirapable of interacting

with an analyte in order to shift the onset potenti al

for conducti vi ty or semniconductivity of the pol yner.

¢
b@ahete gn3| ot (? & ﬁlgf BPERYSRE hXVeS&{ee&'trﬁgre i hdiiBatoms), and

group ¢ ogen”and- opt 1 onal
maybspﬂcmaliye te alﬂa;dd apyl gpy;b ”@mcmbmtum o thegalkyeortand group may be

%E}blagr-rgtrgl %#%{Herlg%ﬁt i )fu%cltllogalér%ﬁé d fd’aﬂ@nltyih?kﬁ A% bonylaryl,

aﬂbltox@ aﬂy@dédr}]'n @ptlonally sﬁbstﬁutre]é gﬁﬁncﬁ amh?d)a‘letat The ﬁubstltutm)on the ring
e straight chain anched c or . C3 reat er
1BrogepAR ne%yoge enﬂqaa[l@ P%‘%ﬁt@ti‘y aﬁ% eyt ] @r% Hﬁ@ﬂ I group. In

DS dihes, BONTRI GL | 'areehydi‘@geno Suftible RRIupd FVECBNE®, G° and R
or nore ring heteroatons), and nay optionally be a

includel f@n 9xang11@ dpydrogee (exdsat ifqruR) oretl. taeylapropyls dFOPIOP}’l butyl,

J%It tyl. onal u@?yh%%magll@h k%ﬁgen%f @;E{t/}}ﬂ,r gg%hy@%’/yil)? 3@ or 4-tolyl,

cmlldtomythyh Rydhdorpethgh hce{hyulabénzyls blszayl, wedwxgethylestc.

al dehyde et The substitutio n,the ring nitroge .
at orih e ST G A LR aES P APRYi edlgpridpE Phgnomer unit
c@%n@hﬂayé ). 1arstrattke BI® w@aplanle&mmtemtiﬁgl wmrmanaa:ﬁc itGhrder to shift
and Gc are hydrogen. Suitable group

the j oRsEL d’éterﬂE?l §9<raﬁﬂlll®cﬁyléh‘ dGeFFIpiER W‘f% H%%’H}‘?F In some

o r t f
o e i e 10 oty ot

Iy
mterarbtmg |ngth the mn@lmq@t gy, beplindierl e degt pRlymerba inker group L. X and

RO Hn LU AL b fn POt 0.5, o
NRnwheml Rgs sadcuteefromrthe grovp consistdigiofoptionklly substipitesr gkyl groups
bR A L AT g, v

Bevhfeumthiryits m@fmagh@ OQIn¥ Befespdclivalon® apdridodspeetivay, both S, O
G conprises a gr

G t.h t
¥ 36| ’@SB‘?CtHVﬁlb’erS&cﬁWhgovﬁeﬁwclflg%lyalglsa&l@ee a%es:}?ée ‘%LVOUIQR and Se
Jekégéﬁge ?r Oorl d3EheRRAN TBMmbRMtian b OKST S rRURd INR X and Y of

ctu are 1 ndependently. selected fromthe grou .
cons@sfor rfg) ehayChe Sapadle; off eouphigg NRth \nneqnélm fos ingeqages; g negative

al}ag%ei 8%1r%b %gﬁlg 1 dﬁgth%gin &9118]‘ ba(agf)%r%tn 3#1% ar y Ilglg 'rhg%ﬁﬂ/e charge may

alred the mnb[lity olrﬂ ahdrchérgm darh{emrmﬂhmtthe Oplyater rbaclgimnﬁmlsloiﬂmreby shift

R open bRyt REYolReaPly G SP8eShhERRET bR Pt Bpcing may

S8 I@l@é%ﬂs%ﬁ{ydfent@l B letReri 85¢E Of 1i Ml dbouiNR/ 2t beigcen about 0.1 and 0.5,
respective one ot her conbi natdoqg of O S

00 QN1 5 B2, 2 posely ORedaip ] @it S 0B 06k 3K 4 s e about 0.1
8sanal yse d? da’SCbexaaag @beo aemto y€.obarge density

surtoundi g t’he "pol yner bone. The increase jn
negal.imay bhany @uﬁdﬁe hnker group It may be between 1 and about 20 atoms in

length, or between 1 and 10, 1 and 5, 1 and 3, 2 and 20, 5 and 20, 10 and 20, 2 and 10 or 2
and 5 atoms in length, e.g. 1,2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or
20 atoms in length. It may comprise ether linkages. It may optionally comprise side
chains, carbonyl groups or other functional groups. It may be a hydrophilic side chain. It
may be derived from a hydroxymethyl group. It may comprise CHOCH,. It may
comprise CH,OC(=0)CH,CHo,.
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alter the nobility of the charge carriers within the
pol ynmer backbone, and thereby shift the onset

w@odoensdiadl for conductivity or sem conducti vi t BCD$G200€000282

pol ynmer. The binding may shift the onset potential by
bet ween about 0.1 and about |V¥2 or between about 0.1
and 0.5, 0.1 and 0.3, 0.1 and 0.2, 0.2 and 1, 0.5 and
1, 0.2 and 0.5 or 0.2 and 0.4V, e.g. about 0.1, 0.15,

0. 2, GQr 28, m&y Somprisd® g ca&bfg’of ‘thcﬁng Qel6etivily’ w1tﬁ aft aillalyte Gor

9 or IV. L may, he any suitab i nker group.
ge DT SREYHISE a&rﬁfPlch% GIRUP2YY %b@ﬁi% gravp dhgy ﬂina}’o‘POIm@l&@/ef@n example a

éar@cﬁ{g'hg %éndl &?Jl% 2 Jﬁ% %cﬁécﬁ gfo%ﬁgt ﬁdﬁﬁgca%)oi(y‘hg a%%fj group, a

p|hos5hon@c agid group, alsﬁ,llfomjc aci@ gra®, d4ulfibky, adlﬂ grﬂ)ﬁp, é.&ulfurlc acid

33002 g 0B Py SO B0S] 1 st o
smuebtﬂhgrl acifiio gmap,owr atntdftﬁhe (dmchalgﬂﬁbn@f (ﬁldi)%lkyﬂ br f@Y dBstituted) or

R St g f’fia? PRI o e IEHROB of iyt an onic
aﬁﬁ[’f@é i Hem@yim Céﬂ?e@h@)l&l fouglBy HERRAS Sﬁog, qk %u Bi-, tri- or

with an ari al'yt

capabl e of bin sel eCtive
ff?ﬁ &rﬁa@nﬁpﬂg -dgeivest grogp G T ris aﬂtyépysélagnmptramg acid, and
9 RYpdH 15)81:1 d?or@baaf Y| 58m %1% Pexl ¢ group. G or
I Cc a eECTa

t hi oca group [ ocar
@t m@y) be alepmﬂsﬁvbmra b:lomoledu]gr Guq:r G’amay chmprlse anude@rd&lfcagment an

G 3Tk OB v L PR TRAOSSh gy, i

asptbﬁn fragraeht, a)pelﬂmlmésyﬂtl’fbﬁb o@ﬁaﬁteﬂ) ﬂfl@ﬁ@ym@ fan AGtiBEH gment (e g.
onal J no- or di-a { -ar}é substltute

é’bﬂiﬁ l OBgDP’bS‘lj’F%ﬁ er ]@0’6’1" egulepdhe Qye gay rfemjiample have

@ﬁ{b@éﬂuﬁr Q{'elglhtnﬁét%eﬂVchthtaPDO' a0 ﬁb&lﬂaioVG(ﬁ} olrtbe'f@%/en about 100 and

rise | exi ng gro a chel ating’ group

1t9 68% PP anérS 900, A8 emdal. @9 60§, angn 1,085 (e rid, 660, gf}Qﬂde 20,000,
1@&%%& 0 ?édﬂs' ey @zwbbé‘%ﬁ%g@@%dﬁ ars%”ﬂ) bo°0S 500 and 5,000

capabl donpl exi ng
at 1540 alldrﬁpq)(&( iergg alouw U0, 2000 B0EG 4005005062700 800 9GN] 00, 1,500,

PR So06 50k 50070513 B Co BV T3 E oy 9,000, 10,000,

ldcﬁ(}ﬁ)oﬂlm)om 05,800,014, 000] 30000 Ab®00] d2000,21HVOE,€19)00R or 20,000 or
r ot nfrat) ri a peptide (synthetic or natural), an

g Is ﬁ?gﬁY?B%dy fragnent (e.g. Fab Fc), a

nUC|"IQfétpdﬂﬁn&f mﬁﬁﬁﬁveo:i Hﬁﬂeclﬂla? W@ﬁt{k\/ﬁl oTN'ﬁv é?@@érf;%ﬁgu@.’z 000 and

xanpl e have a nol ecul ar vvelgﬁt bet ween

akeet aRQOQB%uw betwsen abept Bedvand 199600 121@0aml§1 $00G909 2000 and
00025 0300100109, 309 o, g 19 28th, o0

apd 20000001 0 00WD0zmd 20000 ,1 06QD amch HOWDO00D005AAIADG000 or 100000
apiq 08, s X3 mBRmBO0 S 46835 bod Wgg o8, 9000, 10000,

1206@20060,013000,3 0600, 35600040004, £5000, 506100 60600060000, 80000, 90000,

1608(90 2080(900%00800 4(())00(}0 5%8000 600000, 700000, 800000, 900000, 1000000,

1500000 or 2000000, or some other suitable molecular weight. It may have a degree of
polymerisation n of between about 10 and about 10000, or between about 10 and 1000, 10
and 500, 10 and 200, 10 and 100, 10 and 50, 10 and 20, 20 and 10000, 50 and 10000, 100
and 10000, 1000 and 10000, 5000 and 10000, 50 and 5000, 50 and 1000, 50 and 500, 50
and 100, 100 and 1000, 100 and 500 or 500 and 1000, e.g. about 10, 15, 20, 25, 30, 35,
40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800,
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11, 000, 12,000, 13,000, 14, 000, 15,000, 16, 000,
17, 000, 18, 000, 19,000 or 20,000 or sone other

wa@eiosabiiel val ue. The pol yner nay have a nol ecuP@r/SG2006/000282

wei ght (h or Mw) between about 2,000 and about

2,000, 000, or between about 2080 and 1000000, 2000 and
500000, 2000 and 100000, 2000 and 50000, 2000 and

10000, 2000 and 5000, 10000 and 2000000, 100000 and

390008, 200000, 40ch, 20006600, 10000500l 900940180000y have a
and 100000 or 100000 ‘and 1000000, for exanpl e about

2a00v 3duerd potrgulasPEisht é@@dmtlmob maogrye opdydisngsiboof between

2080 = aB08: 1% otdedign: | 300! “fodons Toggan: 10 1 nd Sor

2@0000¢.g440000, 1. 5000003, 16H0G00,6, TGO(DBOl 98D MNEG, 3.5, 4,4.5,5,5.5, 6,
0] 0000Q,. 1500000 oy 2000 or sone ot her

ggﬁ(’)? 2Pegl%0$g 81 ok ﬁ&E?rng?yﬂqxp e alhélQ/e a degree of

pol ymagi & dy 8 a hein b, cdfsiatnshipbptte Qof structure I

or betméﬁgmgbodﬁf10aandw€%g%' g%gandm500 10 aﬁ%@@%O SHUEHE

fegeths t%oen d oups s gppropatgh AT Agnay,pe a fePolypeRn In &Homqgolymer or

%Iggggﬁo%%glb %@91 ﬁ%ﬁgﬁfr 4P 9138 '}gln}éﬂé}gg qnt'égﬁg ngﬁid %1118 Qg%gwr in one of

4w otign@tionnd hars;dfos @@Oﬂrengfbasednmonm uretScheamdmnellml,ay comprise

%E%o%’%ﬁgffﬁ%%é@wﬁ%dﬁ%a%gﬁo 558 000, 700,

G
800, 900 1000, 2 0, 500 '\ 60 /0
8000, 9000 or 1@ ﬁa'g? ve a% &/ brodd
mol ecul ar wei ght ‘i \fitl. It ma h
pol ydi spersity ‘ outE 1 ; Oy, or
bet ween about s 2 a 0,

1.5 and 5 or 2 and ,’e.g. about I 5 1.1, 1.2, 1.3,
1.4, 1.5, 1.6, 1.7, 1(5b8 1922533b5445
5 5.5, 6, 6.5, .G 7.8°c85 &5, 9, 96 OIGlG oG° may
be nore than 106*Fhelptdymeé-atay beay 08}y ece

(e.g. consist onlx ofYthe givoups of 9¢ru uKe IY

together with end ups ap ropriat or may be
a copol yner. In§ g —az gg%ﬂ—y ach
nononmer unit may po$yner|§% into the growi ng P olyner

in one of two orientations. Thus, for thiophene-based

O MO Gy et Sl AP Bl ! o SRHTHS! S CARY. QY G, asymmetic

nore of the ow ng diad struc i
Gerieasgnayolk priesant inpthe pehynzsrrandphatdhei uxyfsnt@n (m/;lsa&s alhef the possible
es b in the polyner,
lalb?ﬁ%f’nst%ecolgﬁg t |%Snfogﬁl§is%§% CaFC of t he possible
c orrbrnhatpodmﬁerolﬁackbcnfel 1By @binprise fmnombxosmtso@ﬁ starkure I together with

AP <t “Bpres PIFGE CRAR e (Ut RBF SUPSHIAOND) H DRl Do be such tht

RRPESRS of ihd Polyhite tBttherankRtd Ciikts ithe %@eﬁ%‘terﬁﬁp Yo cORluctivity or
such that exposure of the polyner to the analyte

seimfoodydqiizitynsof pheentolmeror Wieblect jofhery gpits  include  other
ethylenedioxythiophene groups, other substituted 2,5-thiophenediyl units, optionally

substituted at the 3 and/or 4 positions of the thiophene ring, 2,5-furan units etc. The
monomer unit of structure I may represent at least about 5% by weight or mole of the
total monomer units of the polymer, or at least about 10, 15, 20, 30, 40, 50, 60, 70, 80, 90
or 95% of the total monomer units of the polymer, and may be about 5,10, 15, 20, 30, 40,
50, 60, 70, 80, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.1, 99.2, 99.3, 99.4, 99.5, 99.6,
99.7, 99.8 or 99.9% of the total monomer units of the polymer or may represent 100%
thereof.
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sem conductivity of the polyner. Suitable other units
i ncl ude ot her ethyl enedi oxyt hi ophene groups, other

waasostet ed 2, 5-t hi ophenedi yl units, optional PgT/SG2006/000282

substituted at the 3 and/or 4 positions of the

t hi ophene ring, 2,5-furan unitjg etc. The nononer unit
of structure | may represent at |east about 5% by
wei ght or nole of the total nonomer units of the

| 1 )
50, Y JB¢ anvicthay $83oRg o il et bt Hs 86 g the onset
patkytird for eonductinityber sbuendsethdty dfihe POlynR0 madOchahgl in response to

G g9 58 P 2 r B Do, ..
HPr&einoh pebtidd,ai atclemitie)e mutRblide Shohb®, BOleMBhe,  DXBY strand or
ﬁe r esent O%ﬁ}qﬁer ggf . The %nal yte may be protons,  so
e@h%h%ﬁ%gst PEHG8EY- & hermpgngerispme pEhep higatolecule.

POt eThé Yolyri¥r FRAPIMCE ¥bdolyher EGAbGIREUGH! ¥ hYor@TdifPRnt sensing
pol yner nmmy change in response to changing pH, or nay

Benewpe Wt avhergdyy the ghifferent sensingj momuyercamisr sesse different analytes.

' esul : ' ascl eot i de .

PRERY SatRle F oy bl B o o BRI g H§ RGO RSer units of
ftrugtpre it whern aRbiét mon@mel wmit dongoivens carbokylfenaite gip S0 nsing pH
other bionol ecule. The gol mer. my be a copol yner ..
Ubnpfi sPRYPG wWiBPMFhr &0 £ FORRERES sénsTRB o comprising  an

oligodsoxymeleeti¥e tgheupdifd:f ety 8 ESMBRcHRNAIBfte U 8is example, by
sense. different analytes. Thus for exanple it may be a
ngpiernafitiernh steri chgngangn gprdustizity. the mersance nfi absense of more than
Siief d#alyi Bial be WBRERIRAS | rSt nmonomer unit conprises a

car boxylic acid group for sensing pH and a second

nonohks pahimerc i presend inmersionr mapi he omdprbysichgtrapolymerising a

' i de.,ar . sensjng.a pi | ecul e
SLAARBEOMVEREQTE S2a000u, Lafco 50 Sy ) 70 Selof, vt of
otesagieg  withcanduoaytevirt yrdek e ghif sthacemsef padesdl Chr Aonductivity or

sg?x{i? { ugliri]‘éi 2&& s‘ela?cﬂbél%gaieg?ﬂﬂ_g@ar%ﬁ%{%énérq‘g%énge%%yf) 8|, g,msaer, Te and NR,

whaetR apelacrsdr fréhnle ardRRBiEtY oSéftiéahly Sublstitut@Balkyl groups and

descr be%ﬁearl jer. In structure 111, Gis a gr.ou(f i

Al s tiubarsb e HEs. 6i't 5 A1, 286148 Bawve bioen dacdabed asrlier

shi f apt n AV .

S e SRROpSlmRORR. i (REpERnaiig ! &y Mt current across

nAREpEfelony Thg thg voktege begweandwhRleoodeseat fedst partially immersed in
I : p S{.StJ f optionall

B8 @6heiler. SMiob gl BURRIAILCDP ol pRE| B8 Mgy voltage. The

degttodgs maysactGs, sublstrate€c oaneshibh hy @obeest fdass mhidathy be shaped as

ear.l ier. .The el ectropaqlynerising,my conpprise, | yi
b 8 S B e BOA b SRR o o
e beofol agembRt WesFatéd\eyiin@fiédl 08Rsid aplah&agircBRL,{ d@bdeY triangular,
i mersed in ﬁhe nopnoner sol ution may be cycl ed ‘bet ween

et & onrRfher pelkdpdrgb cicayeacioplas, or some ‘other required shape. The

electrode may be a button electrode or may comprise interdigitated microelectrodes. It

may be a suitable shape such that, when the polymer has formed thereon, the electrode is
suitable for use as a sensing electrode for the analyte to which the polymer responds.

The upper voltage of the cycling voltage may be between about 0 and about 2 V, or
between about 0 and 1.5, 0 and 1, 0 and 0.5, 0.5and 2, 1 and 2, 1.5 and 2, 0.5 and 1.5, 1
and 1.5, 1 and 1.3 or 1.1 and 1.3V, e.g. about 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1,
1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 or 2V. The lower voltage of the cycling voltage
may be between about 0 and about -2V, or between about 0 and -1.5, 0 and -1, 0 and -0.5,
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el ectrodes may act as substrates on which the pol ynmer
forms and may be shaped as required for the desired

W@ bape3usl t he pol yner. The el ectrode on whi ch PEESG2006/000282

pol ymer fornms may be for exanpl e el ongated,
cylindrical, ovoid, planar (ciiscul ar, square,
triangul ar, rectangular or other pol yhedral etc.),

aci cul ar, or some other required shape. The el ectrode

Y ae-22 . Phid @n €5 ard fzod@s%dﬂw -@%Ht1§eozand-o 8b|03and 0.7 or

i nt erdi gltate m croel éctrodes. be a suit

sﬂq‘ép@i AW epaboutthed 1t N6, p@;By-r@é’( %és—%ﬁ;r@rﬁd—&&ae@ 8o, -1.1,-1.2, -

T

fozep epcing idiagepipeay by (bbttV\éBgﬂ abdutt Inendcabolut BY, sobdtevgen sryt 1 and 2,

e t ween t. 0 bt2,or ween, ab 0

25099, 155003505 a1 G 0 &r Po g BV EE OB 512.13,14,

andi 35 19, 58agd % 281 2(1)2 am] 214 2.5, 2. @Qd’ 1 832@ror13vl Tcltle@can rate of the
abou ,

@olgage@yél?ngmax be beyween @ogt 14 and a&mg ZOQmé/ /s,lorjoet\geegl about 10 and
r T M5Vt | I

%%(3 107 and 00 1 ah @ YE 50V A2 100 m&c{‘z}(\)/ﬂ%b 41 260) 1R0fad 150, 50 and

@5%‘@ an.‘d R0 or 9hdnd 1]010Vne.a @bayt-10, 2023 402 505 QO, fi1e 80 90, 100,

1428 DGR 750518 378,505 T 206 TR g may be
eéhdlcted GoZbetwlen3abou®14and 4bot 1 hOudor b&w@en alibuB 1s afil B0 minutes, 1s
-1, . -1.1, -1.2, - .3,.=-1.4, -1.5, -1.6,_-1.7,.-1.8,
and § mpjputesy, anér?’&sw@ pRd, 0s: &6%' @é& éﬁe@nﬂ@we%ﬁn@hlenﬁ%@rlo and 30s,
Qﬂéjaﬂcpwﬁbuﬁl/%lhﬁ‘tg aylehtl@(ﬁﬁsa OrEﬁihuE% a‘%@tl\’\ﬁtﬁﬂ abitutds a1 hour, 30s
about 3V, or between about and 2, 2 d3, 1.5 and

and5 30 mimutesg 1 2nd 305 mitHes] . lgaqg} 1q nginyigs) 310 gagongds gnd 10 minutes, 30
300U dna 2 oyl Ge 3 s gl st gl 1 53,019,789 10,
70,8305 48 o1 fAserondls, oheballt 8§e2. T3, B3, Apd.S bl BHEs §es 00, 15, 20, 25,
0%, 4 430000, o160 e 1 ol TBEG, BB Rgdopnd about 100
&51®agar1d>gc13%5br b]:ﬁ)@aeamﬂodﬁpancﬁﬂ) amﬂldfg)@l Zg@ lg,nDl add® 8, Hand0, 10 and
i Vs

300, ozmdudl; > pm S04 5550 bar 2 08 10 Eaes P et 21 ol 5. 6. 7.5,
1@0150Q024@W/355 4045, Sb%’U "709811 YORY 160 BEclERY be

conducted for Detween about |s and about 1 hour, or
bet wébe masemer soltign ysabiogimakieg the) podyraergmay ¢pmpties a monomer of

ST, s Mg cafls, AREmA0, FBHOHARP combilscie dr pore additional

fr®npinerst casalain of toprdymeridoe withdbesoaommed ofstimciur8liE. Hiede additional

30 m nut es and 30 nmnute

ERnghet Fy b RimcrebtsbSlaelnasthaiind! ibiasdos s optionally
substitead adihlylenddickytlie@Sphe@eq. oBIMgubstitutédd Pyrrales E(Dpﬁona'ﬂy also C-
gubsghgél :rg)r %gragg Q%e?%nzgfr aggubgt?t%o% \glth 8{16 gggl%geléarb%?lc acid groups,
3%1039&0%%110 48d eupsSQY: difRo@bARSiB R gﬁ)ulpét piB¥honic acid groups,

conpri se between about 1 and about 100 voltage cycles,
mlfqm fRidreravisy sulfinierié @roupsasfipi, acid spmoggiers] amm@nium groups

g or y’ glg b Od}ggxg gaﬂ&p or 51911 1%1%9@25} %ﬂgr 4:509%10 %@lﬂg, or amines
&pt@pally mono-, di- or trl—alkyl or aryl substltuted) or other basic groups. They may
comprise groups capable of binding with an ionic analyte. They may comprise
complexing groups, chelating groups (e.g. bi-, tri- or tetradentate) e.g. EDTA-derived
groups, or other complexing groups. They may be derived from a biomolecule. If one or

more additional monomers are present, they should be such that exposure of the polymer
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10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90 or
100 cycl es. The nononer sol ution used for nmeking the

w@eiogosrisnay conprise a nonomer of structure |PET/S@H06/000282

descri bed earlier, and may optionally conprise one or
nore addi ti onal nononmers capabge of copol yneri sing
with the nononer of structure Ill. These additi onal
nnnoners may be for exanple optionally substituted

i PRRAPRSIs @pfble U dATRL ! & sRAPRT tHeUsREt potential for conductivity or
ethylenedloxyphlo henes, “or N—substltuted pyrrol es

feopedndnelivity off sad @@bmsqu The adyitionalf mpmmer(mﬁéyulﬁlabe pech that the
ﬁ%?ﬁ&l 1ts % % ev%ft &nﬁ@&m ran'@éc?ncc @[\%&%ﬁf yfﬂe rg)rf %&R%Jream should

arb |c acl |ocar oxy
I aiulpast abbﬂsﬂhchyl We@h’[ dr g’(cxbej pﬁ thestokdl mmrmnmlodn‘@nb ap the monomer

S BRI I 66 S0 IO o g g e

ﬁbﬂém&%‘ﬁféﬂiwtﬁg}n&bmlr Ekﬁtm@n: laﬂfl ﬁnagrteta%ut 110,33, DEB0, 40, 50, 60,
-a

éﬁptlonal I
30 PR el T i H19653% 45 GPoUDY. ITheD k9 4 SAFH9% 997, 99.8

QI Jyga3 ¢ ﬁfeacgl!aﬁm%flellﬂle%n%t Wk 2 n?&holnfé? sSluasd! yte. They
nay conpri se conpl exi ng groups, ating groups (e.g.

, Ther monmnen mlmtaummajafoe)bebv@n 4DIAL ded abed Pdvips monomer, or
th f
@Jt\g‘?’% Fouf LRy 50! NPT OYPSa o PSR 18580 Pehd SR T dhd 20 or 5

nMoONoOer s ar é
rdean, e.ghﬁmush,oz4|3d4b£ GUcd 9,18 1eX1pos3INd, DS, 1t6l;1e7 18 19, 20, 25,

? Ole%nﬁr t 35 ané@?@fl gresp%fe %E%g%?e@;a}tfpgufn ‘Hl% event thatn more than one

S8R AN ‘;b?ésbﬁ‘t' s 8dncSRtkdioRGhdBE the-&ﬁc@l@ﬁtlbﬂ 8N&dch monomer in the
nononer (s) shoul d be such that the polymer is capabl e

BPeIBeId selptiony ognmay et Hec taiqlr pensentration ﬁ%mﬁ?@m%fm the monomer
%)g‘]'itgcﬁlt Uit Ho!noﬁllaf WhRiBE @by lc%ﬁg;ns@bc? %]h a\%‘éj 8PqiQblving the

the total nononer cont
mohmtlenﬁs), It anayatonhpess tan apgratic sdyent.df nR2@, coﬁﬁmsﬂ@ ,poB’@ solvent. It may

70, 80, 90 95% of th | 0f -
e osar aieUierdRe Sy Bl RRRE e h0] sy Rie, acetone,
ROnethOlpyaolidde, dithethB0sul@Rided llécéﬂtgemggmslagigoﬁﬁené)ﬁarbonate, N,N-

7, 9 99, . 99. 99.2, 9 , , )
3@1@3’3@ 9@ aa]ﬂ WHE> PoPE aﬁsms%%s '€ 3RY E¥iP opiiore ef these (provided
ﬂi@@@fﬁi’itul%@ éﬂ!@\h@éﬂ a 5@l PRRsBslvest Iﬁbdtﬁ@% a8enbm ghet ﬂﬁ&ﬁtﬂue of the
about bout 50vM 1 n_ nononer et ween about

mﬁaorzer(s)l etgndlieo mopopsy solutmna Aepusd, 2150 CARPIiSy, anzeleaﬁalyte The
r
ggc‘rrfﬁyig %H%&iﬁ ]eg at ﬁfﬁ%ﬁ%l@i&nﬁ%@ﬂfi})&oﬂﬁg gohit‘gbn % méy be an ionic
Qleetrcﬂﬂe B@naﬂﬁe at4egst partisly saiedn ag enganat $pdvent. Sultable electrolytes
ent Lon. .lnt n non r.
FEGE Ul Phlepiall I, HERE B PHE ol R BRAF T sals
pﬁﬁlﬁlefaltd‘ ahlitn ntephfl@achoraRNIBY etich lmlaeelemm;ftermapl Tt ipPesent in the
may be the total ntralon f noner in the
FRSRGRET S POTCanr APt Gt badi LT0BHMnGE betyrt gt 40 and 500,
$OENE160,a8RAR! 50, 9D a6 3600, \alooganaheomr@fd(mbo 5@ aﬁ@SOO or 50 and
conpri se an organic solvent. It y pol a
20mMi .2 phouid, 20, 30, 40, 50, 60, 70 80,90, 10 110 120 130, 140 150, 200,
250, 300, 350, 400, 450, 500, 600, 700, 800, 900 or 1000mM.
Another process for making a polymer according to the present invention comprises
electropolymerising a monomer of structure IV to form a precursor polymer, and then
coupling a sensing compound to the groups G” of the precursor polymer. G” is capable of

coupling with the sensing compound to generate the polymer. G” may comprise an N-

hydroxysuccinimide group, or some other group capable of coupling to an amine. The
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conprise one or nore separate solvents. Suitable

sol vents include acetonitrile, acetone,
woRweOsMEpyrrol i done, dinethyl sulfoxide, PCT/SG2006/000282

di chl or onet hane, propyl ene carbonate,

NSNdi net hyl f or mam de and watef7 as well as m xtures of

any two or nore of these (provided those m xtures

provi ded a single phase solvent m xture) depending on

E gBH){pS ait] On_geoé%m&}orﬁh ed, 02 FRNERE ARindItARionalized

rise an electrolyte. The electrolyte
cﬂi@deaxyhecla@tldeeast partially soluble in the monomer

|
P ondte Biseea HeehpdlmeRihg sy A lotihedidho VB Xuilf 1 exception
that drad € iekgtdoed byteesup G| Tistepradusydraputymmsr(Virsad Msv) between about

S FGOR 0B by i, BT ep L B, 0@ ek lRoo. 2000 ana

ﬁio@@@) rzﬁonta%drmmo@ezaot)%a%oooﬂ 20*0@ aﬁﬂ@@ﬂ@fl(ﬁmb ahé QOOOOOO 100000
bet ween about 10 ‘and about t ween about

Ak P09G000. 100090 02 000B0BG050 and s 0GHRPOT B g0l b0 or 100000

&@%00(?(89 fwa%:%%o%)gﬁp%(g@d 8@‘%)?860 gs‘go@,g%bo%%bcpﬂ 380099000, 10000,
15000, 200, 23000, AEMO, 26000, 26600, 26000, 38000, 60000, 479000 50000, 90000,

fiBon A ogt ShaoPBa ool SEFERD. ARBUIC iR EiDadagg00. 10000oo,

IIE\Q/)(FDO(D ]CSESO@}(R)OE bOfsThy bkt SthithleamoTeaolae weiht.Sit maythuve a degree of
to orma precursor cou n
wpwtleawé RigveeB w&pléraggeﬁ%%%g?&m cfjieet gpg1d and 1000, 10
era' 30@3910 afd 206 192RA106 mmmmlloaﬁd%tiu 4:{we1 990 S307¢hd 10000, 100
u gener ate t’he CO[TpI‘I se an
"&oesa,yw@cqnm 000 00 305 0P8 SResnd s 5 ol G By 500, 50
fla fdb“? ngﬁd 480N ggnﬁ%oon}%%%flﬁlh%oﬁ OIp O TBY1990, 25, 30, 35,

am no- i onal’ for exa

407145050 U6, t 700186 9Q,e11)00|16@,02ﬁ§)o)2<j®|,u3ﬂ03660,d@0 The, 10 6e8s700, 800,

{0 L BTEHBl o 2, 585, LGS TRYR, g mey ve

ﬁrrova' BE bial GhisIs il adRbighedistdtion. IWﬁayklﬁqumlﬁﬁspﬁm@ of between

000 and 2, OOO 000, or betwee bout
oD a0b40acPoBETS E D08 SrchAiToe08 1Dotghip. 15 and S o
§Q9@9 é%@u@m 1190093 2000 sand HOO(R, 19000 and3 5 4, 4.5,5,5.5,6,
00000CH 100000 and’ 2000000, 1000000 and 20060006
@éoﬁd 518 8 508,005 05 14,00 myAremasdboolGr 100000 and

000 Hrgee HERFLAsE, PHondby rrbdid ™ s3onctngagghmen 1t may be

QMMPOWC‘E 4 0F0be 450 P0}ynsR000ns 60600 eng®ddnents the precursor
Koo 08060t DY LS80 Bk B s beerne srowp 6

b28MePRitRlone Q@Qﬂ)@@oth@f n®asReOtier (optibriallplctharetigtatedioxythiophene
weight. It may have a degree aof 0cil ynerj sati

o be 22
BOPaREH VB UProTSed Tt aaaErs ob dobolshen ebiaien b%lPL&% groups G

af hoUk @rﬂgoél@% the afAl eZQﬁ)ﬁ e anet ﬂ&@ntlalcfoﬂﬁ&lductlw or
50, 10 anlri]% and 100009t 50 and 10000, v
semiconductivity of the polymer. If the precursor polymer is a copolymer it may be a

block copolymer, a random copolymer, an alternating copolymer or some other type of
copolymer.

Coupling of the sensing compound to the precursor polymer may comprise exposing
the polymer to the sensing compound, optionally to a solution of the sensing compound.
The coupling may be conducted at room temperature or at some other temperature which

does not degrade the sensing compound or the precursor polymer. Suitable temperatures
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and 10000, 1000 and 10000s 5000 and 100006 50 and
5000, 50 and 10005 50 and 500, 50 s and 100, 100 and

wao®e/3di®dn and 500 or 500 and 1000, e.g. aboutPdDSG086/000282

20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 906 100 150,
200, 2506 3006 350, 400, 450,1%00, 600, 700, 800, 900,
1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 9000
or 10000. It may have a narrow or broad nol ecul ar

é.’r!@'c&'ﬂinoﬂ ftsewv&%flt 40t 1d ndEB6ub AT, @r Betweh asaftaotand gb 10 and 20,
tween about 1 and about 10, or between about an

29 ard 4(h302nd 20407 @0%md H0Cang dout 10,5530 2. 6P, 3)5 or %19163 however

N e

réadjvit§,of8h& serBingommund @o tler preaysdrepaipmer. Tharinidforithe coupling

b I b h
T ab8nd bR ook O e, By SRR Y R BrGy pobgy. on e
t@ﬁl Brafi?® @hd B8 Ithe -Ebh&ntratl&DBEt}%nibﬂdihg%h@ohﬂe np feCsblsiivn thereof.
mer backbone caonpri ses ethylenegloxyth ene
ﬁlm%mmqu%e%emw t 42gd g4dours, op Belpisen 2 &l and 12, 1

4RI B, 9LAGD4RNARES4, 491ahg 24 008 AR, |1yanat5h@rand2 2 and 10 5 and 10, 2
et hyl enedi okyt hi ophene nonomer unltsié!BrOVI t hat

exigoeud end$ hauxp,cﬂwlrmay obebaintddl By2.odd. By 4gt éu@ss %8,9,10, 11,
i(/?ﬁtslgt EI’%?[ i a’{:q?g?%gu %f 2t3hoq‘ ﬁnﬁéuﬁ ®r arf etssotlﬁk‘teother suitable

I’Vi'ty ‘or sericon
tihel e ap@pics@ttativiel pltohessp laemlmtmr (qmio;mtk}r ansa@neous solutlon) of the

copolyner, it ym e .a
OBGE, frobousl) & Ve, K IRPRTe I G SBHETERARL et giscourages
@sfa BrafioR YEVBE lsolveRt BF HIRG stlutib eF&egﬁdnﬁlﬂe cmt@ Watkeho is water, the
se exposi_ng

the precursor polynmer
YPBlEpRment Bay h@/egggg Ioﬁ'@f’]@%\?‘pﬁ% %, dpingihy The SpBltlgl’l may then be left
ﬁionl;(g'ﬁéc? i tﬁehgol%%tgls 19 GRTRAY Mne, HHE QY I%éﬂ“ ge RR¥%h&Eto remove

conduct ed at enperature or at sone ot
mamgﬁnh@nmegmﬂmp@mmbes not degrade the senS|ng

d h : ..
C ot Phud] BBLTRNRS' aRnsh o ot WVE  ompriipe @ polymer

AsThrisigy nibﬁbmlenmadooﬂﬁtnidﬂuraridasi%dbﬁn]sﬂ carlibr 20he 2éhsanchay be an ion
40, 30 d 40 or .20 a 30Cs e. ut, 10, .15 81;1
Sf@sorse pHssentr, 3 dimolfgie S@KOr e St ﬁaf {5R oh &<t g sensor may

mprike anesohidde Eﬂﬂﬁ?ﬂﬁ%o@ﬁﬂeﬂ dﬂ)@teﬁrcﬁlcdﬂ N&Sf a ?@tl}bﬁ&lﬁere@'@he sensor
he reactivity of the sensing_conpound tao

&err@@ﬂe oplprisizg @ mRRIGTEI sl ops- g 1§ nggesyary modifying
%pl%glﬂtlﬁ)% Ipfogf?nerre%cﬁéc\ébsfa%yn &fr #NRay %B gﬂge GO TRRH Bgmtaﬂy coating the

the prec the tenp ture and on

clectomiet with rtlnmpcdfymteh Sl hseatsleany p@ﬁmﬂiammtmg] mabfecomnr@@ |1mmersmg the
there e 0
LS B e E AR i 8 BB, o
Ay cbhpaizd idvnerside algl eRdtrodB immdet Alted pobyand, arill thed @lowing the
2 and 10, g and 10, 2 and 5 or 3 and 5 hours, and nay
pelvasbiAsolidify. 5 "2’ 2.5 3 3.5 4, 4.5 5, 6, 7, 8,

9, Ifhe skhsor@nakZbe dsdd fdr habmingl®r ai dnal¥ in B9matdi, Abitable method
22, 23 or 24 hours, or may be sone other suitable
for said analysing comprises exposing the sensor to the matrix, and determlmng the onset

potential for conductivity or semiconductivity of the polymer. The step of determining the
onset potential may comprise changing (optionally sweeping) the potential applied to the
sensor through a voltage range. The method may include determining whether the onset
potential of the polymer occurs within the voltage range, and thereby determining the
concentration of the analyte, or determining if the analyte is present at or above a

threshold concentration. The voltage range should include the onset potential of at least
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time, hi a representative process, a solution

(optionally an aqueous solution) of the sensing
we@eovposmel i s applied to the polynmer in an envi PORB&IIN6/000282

t hat di scourages evaporation of the solvent of the

solution. For exanple, if thejgolvent is water, the

envi ronnent may have high, optionally 90-100%

hum dity. The solution may then be left s in contact

ﬂet(ﬁ t%&fon’ﬂgl éaotlﬁlﬁer asdd éfn@ﬁ’ b &kt rﬁle s@z@% gﬁy bk REMURRd at a rate

O fenov eact ed sensing
dffbetmecnarbost ha:ncbahnut HeGm¥/ss e:nb&tweémaboalh 1 anél59,t ]eand 20, 1 and 10, 1

S Do eho” St T, ol 0P PO FE LT S0 8 8 20, and 12 0r 9

alrﬂhmmwl/%,oég :?boi&Hl SE@@%E}, & Rigpopl@cul, gz,slagsagligrl@d)mm 19, 20,
ot her type of sensor senso conpri se an . .
1. 88; 5D o TR0 A $96P0 wEAOBBY o hgrinalq BaL pe i solution, or, in
‘ﬂf d ERPodiReh8 Ok mall6e R&NSPHe ABNIxPRAaPBESn e form of a liquid, a gel, a
ymerising a nmononer on the electrode, and if

m@ewhugy wodlid gr ngomﬂ?elatlee of enntveer ees olidese. The analysing may

ag]tl ng{g{ 1(Ezaf{eel %:Ster ode Wi °'e%ﬁé@aﬁa§ﬁ% 1ﬁl%ﬁeakat’ eagltbe analysing

Ifma the cainlcg/ntmah |om” ghmmal;ct@ [rpthle seatrinve nwyriy doakysieigde desduine if the

in a soluti he o and .t h [ 1o t

e uTon ! Seris & Ry¢oF beofng iR LR ek BE gor anatysing
fob ehetd oR6értREen b tHeh@al ithle mﬁmmmwmmgmts e.g. it
the polyner to solidify. The sensor be used for

maepalyryfar it &ie- atwér%e ioth CROeAERTIR) DRMEGER DG4 And about 7, or
D& bR 45£{ddalﬁﬁ@|5}/§ﬂ>&ﬂ 5081@530%% &P H@nli BBout 7. The matrix

sensor to trix, and deternining the onset
;iwukhlva al elfecirlcaibfrmdmtmgtryatnx, anshit o dhgaiepsssary topdd pe electrolyte

%yns%[ tJ % I% £ b%%org% &%ﬂég.aﬁ%y&{b%d%le%ﬂfﬁ& 2 ﬁg)tuﬁf]ﬁétaéontam the

1} 58 c angi ng swee
poleat |mhera4rtp}eﬂ3edﬂabo nhdtkods emapr cbmpnsag he@omgt dlgre sensor and a

range., The |ncI de deter whet her the
%@gﬁfdﬁﬁf‘éﬁn?%lt Sfmta B p'i‘}PIi;WB% BcX?} ™ t %8 scrisor and the
YétntRdEcttRGAd deReminies Bl scufieﬁteﬂm fhrbl@ht the matrix. The voltage should
concentration of the analy or, determining if

bnarlgeted ite berledwegn atfigly valisgand 4 KRR, Whrll the fist and
§8RBhAE Q’Bft?é&%%?e fh-g@qsglollélé@@s fRABE P§E'9{élr% K Cﬁrbtd&ldthﬁeond forms, as

onset poten lal of at |l eastone o forms of
definedesarlicas It pasd, brdeteanininghwhether therpplyper is in a conductive or

FORoEayClopd, REARITE RRENFARARON pdy BOGBRRNLL |
10, Thaitvehtiobadditiorll§, praidesna cdlDeor azalyamg f008n asytariul 2 matrix.

ig lg and 50,. 5 and 20, 7 and 12 or 9 and |1l nWV s,
celbggycomptiss’ 3 4 5 6 78 9 10 11, 12, 13,

14 45,a wrkinklelectfde fihctid) comprisiB®theJolyrid, of 4R, pr5&nt invention;
60, 70, 80, 90 or 100mV/s. The analyte may be in

sol uti dreougter elegtradsne enbodi nents, it may be neat. The
Matriyx NRyabe s?di‘cé B?tﬁr?ﬂl@“a@zanﬁblle'vgl%h% so%r&ez!md a paste,

a slurry, a’so a combi nati on any two or nore
of tmesecuriBhtmasskipg daviceray

The working electrode and the counterelectrode may be at least partially immersed
in an electrolyte.

The cell may comprise:

e aworking electrode junction comprising the polymer of the present invention;

e acounter electrode,

e areference electrode,
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be anal ysing for the presence or absence of the
analyte in the matrix, or may be anal ysing for the

w@emsestisat i on of the analyte in the matri x or POHYGIN6/000282

analysing to determine if the concentration of the

anal yte is above or below a tBbPeshold value. It may be

for analysing for the concentration of the analyte in

the matrix between two predetermned limts, e.g. it

may ‘anapyieatiometep For(dongolling dhopetontiad betRE 8RS HatIAN ectrode and
bet wee e@Q%chg pnd%§bou 7, or between about 4 and

about 5, "abou gegfﬁ “aB%lt 6 or about 6 and about 7.

The emag purxert hosabehidpededfeee! ectrical Iy conducting

mat hx, agf it may be necessary to add an electrolyte

(e. E © grrking) elecirodg dupgtion; theetferencenplattyadenand Heecounterelectrode
ek elaachdoh Suabioul f Aiedgifiai 0 the anal yte.

Al'ternatively t'he nmethod may comnpri se exposing the
senSbPoth e the dwivacells treleatidyte andyhentain thexanatpe) ainBe cell may

b8 W4ed B ARt DEENCE L oh 0GRS %rff %%n%l&?eocl?g ﬁ(r)] Eq%rée%lfpmfce: fr}%jperesence or

and determ ning the current .
atpyeacy of theganatiiteuirdiohietapiiecifate boalp@ 1BOkdeANatdr dbbSe a threshold

a a second vol tage, wherein the first and
Célgéggﬁ%?%no&ﬁ%@%ﬁg% t he onset voltages for the polyner
inits first and second forns, as defined earlier. In

this case, by detBrigfiDéswiptti bthd BRaRge™®r is in a
conductive or non-conductive form an analyte

conéemﬁfemed@mhodhg?t rmﬁyhetmlefzba% emhﬂimﬂwﬂ_lrh@wifbe\d@mrib@&, by way of
! - Rrovi des ce or anal ysing for_an
a‘iﬁ%‘ﬁﬁlg B.ﬁf# ’ gmﬁé?f\réure%f’e b agjamnagying gewherginior ki ng

Figuert stodes thesirtdters o0mpsd 15i1y@Hy e fidkylRIphGfes); e
unter el ectrode, ” a vol tage

t i tion;
FREE 2 dhoviihe svthesss of GaBPAB 6 Rl ey €+ ENOECOGHT - a
Fi slio WA LAk ' ' t
(b‘f%% oy a8 s et RpS B L E S Rbor-coon,
; é@‘ + HOHn 204 0 BUPTHQH atfhsvap edte ofd§0 ndifgct se:  a
! & . il I .
IRt v £OMRHGIy AL PGS el GnER of 15 poly(ci-EDOT-

COEDr &) pel CeEDPBREOGH ané () ipohEEPOT-0H)cont r ol | i ng

Fi ' hetween the ki ng. el ectrode and the
iplie PR E Bt AR ehigpn ol he oPRdHet Etic FevpRpse o Acealy (BDOT-
COREDwortcil igrestigitttiedsectiods ¢ kslBtiort Bson i R £RES
F’Sl %cgr %de and .t he counterel ectraode

igur shows~cyclic' voltammograms of (a) poly(C4-EDOT-COOH), (b) poly(Cyp-
EDOT-COOH), and (c) poly(EDOT-OH) on Pt button electrode in 10 mM of pPH 4 (—),
pH 7 (--), and pH 10 () buffer solution;
Figure 7 shows AFM images of (a) poly(C4-EDOT-COOH), (b) poly(C,-EDOT-COOH),

and (c) poly(EDOT-OH) on 5-pm interdigitated microelectrodes;

Figure 8 shows curves of dynamic current measurement of poly(C4-EDOT-COOH) on
microelectrodes with applied potentials (2) -0.60 V and (b) -0.65 V;

Figure 9 shows the synthesis of EDOT-NHS;

Figure 10 shows the synthesis of oligodeoxynucleotide (ODN)-grafted polyEDOT; and
Figure 11 shows curves showing drain current measurement of poly(C,-EDOT-NHS)
(—), poly(C.-EDOT-ODN) (--), and poly(C2-EDOT-ODN) hybridized with
complementary targets ().
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may be at least partially imrersed in an electrolyte.
In both of the above cells, the electrolyte may

w@ovBasast he anal yte, and the cell nmay be usedP@DSG2006/000282

determ ne a concentration of the analyte, or to
determ ne the presence or absé@ice of the analyte, or
to determne if the analyte is present at or above a
t hreshol d concentration of the analyte. Brief

Descri ption Détdild DEokptibh 6f BIFRbRIrF&S ERTBRAIERRL Of
the present invention will now be described, by way of

an elaampembodiment, \ﬂnet preset énentien tejatéhe) aeﬁmiﬁ&ﬁmétrﬁgresponse from

1 h t t
ik ARGt ey B PHE i SRS Solbhst e U CeIRT-COOH) and
pdle(GyEDOTFsEO OFf) (@Pg E%@@doﬁ&ﬂztﬁé R a6 AebateWhbfse density

sho vol tage/ curr Qt curves for )
&%gotﬁ ?){1'12%& Bgﬁ Qe I(agﬁes e epeogy Graoier fop )efficient migration of
ﬁ&ltﬁ@% iegnd (c) EDOT-CH at a scan rate of 100
nV/ sec; gure 4 shows conductivity curves of drain
cur r B nmsmrr@mhnve@me camopwoftheolEpdngadrntdges:b)

gogggzna% C represen?cg&lﬂé(ﬁg B%tsya(% %@3@2 ﬁgli’?’ﬂ%te env1ronmentally

r Ies pons gesmsftar& amlnll POSEROISEDIdhset @g&hﬁﬁﬂ anﬂgargdt @rﬂa&tﬁ% window than
el ectrode in..so ut| on, pH changes; Figure 6 shows
cyclic vEHYe élHﬂBadrcﬁ Hflg 9'%!:?6? y( CA- EDOT- COOH), (b)

pol y(Z2 ThE@Waﬁ@ﬂ@tﬂlz@Jl&laﬂfg‘é &ﬁirﬁzﬂtm @ébpo%grt matrix to alter the
button el ectrode in_10 mM of and

pH 10 ( SongigHy Ry progil %?f‘&ﬂd‘lﬁl@m@@hom AFM i rmges
of (&, %Eﬁﬁ%tf%mﬁum cordilti 9\!&6(% %%Bsg%patedaby the side-

(c) poly(E on 5-mminter |g|t
m cr oel é‘b@ln@ﬁé@i uﬁlwr’@y&%shows curves of dynam c

current
m cr 0£I ggtg ?CZ) S% &21%1 gl |0§guccgl&ge?1 yogeLd Y] nOtOC}Ban‘?/ substantially.
and ( b) Instea@5the; cohilgttingetSc sdspvssetiBdetiysd et the Q;fnft in conductivity

EDOT- NHS; Figure 10 shows the synthesis of
oli godeSWﬁud eotide (ODN)-grafted pol yEDOT; and

Fi gur® The é‘ﬂﬂﬁimldétt&id@ﬂyiﬁgo_r 'ﬁgfeﬁﬁ?ﬁ tha5Ubd idely applied to biosensor

measur enent of  po E
pol y( C2¢ W@%}) gationy  and pol y(C2 EDOT- ODN)
hy br@&idﬁ@ﬁhgf\ﬂﬂohyrﬁé%ﬁfp&&ﬂ%&t ﬁ%ﬁ}(}ot?:aéf gﬁk%n%dlz)fé)%foghén%d (EDOT) have

Descrjption of "a Preferred odi
rentidereble priersenidué nive thdio rstaballitzs dﬂgh otr:msparency, moderate

fromithe.shift
c%g{ﬁgcﬁt Etg{@f 151&# ft‘)a Q%E Séﬁam célgpglé@tlgg,l Wa%blhty
Elxraﬁﬁﬂﬁ’s COOH) and
EDOT-OH as shown in Fig. 2 was synthesized according to a literature method.

Carboxylic acid functionalized EDOT derivatives were subsequently synthesized through
either an ester linkage (C4-EDOT-COOH) or an ether linkage (C,-EDOT-COOH).
Conditions in Fig. 2 were: (i) succinic anhydride, triethylamine, DMAP, methylene
chloride; (ii) sodium hydride, methyl 2-bromoacetate, sodium iodide, tetrahydrofuran.
Electropolymerization of all three monomers was performed in CH;CN solution
containing 10 mM of monomer and 0.1 M of tetrabutylammonium hexafluorophosphate
(nBuNPFg) as supporting electrolyte by repeated cycling between -0.8 and 0.9 V
(referred to as saturated calomel electrode) at a scan rate of 100 mV/sec. Negative shifts
in the oxidation current onset after the initial scan and new broad redox waves grew in

subsequent scans, indicating polymer growth on the electrode surface as shown in Fig. 3.
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Pol y(C - EDOT- COOH) (Fig. 1), becone conductive.

I ncreased negative charge density 5 surrounding the
woologersbackbone raises the energy barrier foPCT/SG2006/000282

efficient mgration of positive charge carrier. The

i nvention may have one or nor22of the follow ng

advant ages: 1. Pol y(3, 4-ethyl enedi oxyt hi ophene)s are

stable in water, nore environnmentally resistant, and

Higs3 ehows owees dNsahiino tRofkoblynadatioh gﬁr(a): QH@MT ‘CQ)OH (b) C,-

EY&@@%@%&&”VS%@&Z'%%%?#%%Haa D e Eissitgpriymerizaton
Wit pérforbedald 1 Mo ARANGHH ?“@llliI}CI‘@rs%flﬁt o 86 t& @H%e%' B8 of the

pol ymers. 3. The invention illustrates con
rﬁﬁme%\sepmﬁg@nerm ti éﬂefhw@wlddﬁdlam fecHabalized polymbrs:ﬂlspglyed similar

AT 1 RORSh b e 51 D01 B based on i
s¢poududtiviy nheasnespasn EBS cefiey Qlef"r)o nittig &}cﬁéwértl}ylhthat all three
t.ivit rve. The es underlying the
Ee TR L e o g SR o B 9D g s e
The cbohaitiviigtan@relecRoCkupstegt p rB%:rﬁé’sJ MRS fedd@EAYGS af-téxofﬁ‘ore than 100
4- et hyl enedi oxyt hi ophene ( have attracted

3
¥Jfsi derabl e i nterest due to thelr stability, high

t I aRRBRCBIE %Sln}{lzriﬁiigﬂ%lgf g)telﬂgéﬁ ocﬁH)eZiJo ﬁ}&p(abtz t}%}({)ﬂcoom and

si de-chain ter %
Pl OdsOHDORs @oas oshiamm mtercﬁgxgatedz mmehymdeeft)]zﬁﬂasurement of

cPERRIHCRR, Iuhor bl RES abF B35 msP o L8R pe edifton. Appiying

189 my'Vi @EffszEUetWhemugdn S€tk toh@forﬁmg %éc%décslz ﬂ%&rent that passed through

péﬁ%—%ﬁ%@%v%%ﬁé?%fon% :Ssglk’fggé%mre@%why@ thegeolymer film was
aplblieﬂtxm& apbestial MR thRE veeneEghl i bde b é“fe'r §F1§°@|} Wiicating that

de, methyl 2-bronpacetate, sodiumio
t}%"'eP? RF8 rRSPHPArFonENEer eyl 9wéﬁiil\2°aﬁppmgoflgl 4 shhweedrain current

S
oA 98 SO LRAST L CRRTL RGO, ma o
phlefkfélpoffo@ﬂp; oo Spiart intefdigBuddRicr6}leetsodes bptween i 4 and pH 10 in 10

O St b VBTG 37 oBL DR Ao P B Prneftofpin. lhgpoan roe
wast 0 omVI@e mifhsec.10Begut iofets befweni the RRo0Xedabl ORterdigitated
nﬁ%{cjélg %\%(%gg %b? g%thfga h}‘lg 1endllcrs]:1|’cetdI tﬁe Efn(s:e?\?vhgrre] q[henﬁill\lll lk;er:carrge conductive at
pH 4 and pH 10. The current reached a plateau at -0.41 V. Upon exposure to the
electrolyte solution at pH 6, Eoye shifted to a more positive value of -0.68 V. Egnet
shifted further to -0.58 V at pH 10 and the current reached a maximum at -0.19 V. FEonset
shifted back to the original value with an identical current profile when the polymer film
was re-exposed to an aqueous medium at pH 4. Poly(C2-EDOT-COOH) film showed a
similar trend with a smaller shift of Eopse: from -0.91 V at pH 4 to -0.76 at pH 10. In
contrast, poly(EDOT-OH)’s current profile remained unchanged upon exposure to
electrolyte solutions at different pH’s. It was noteworthy that the current profiles always
reached a plateau at the same level. This showed that the intrinsic conductivity of
polymer films remained identical at different pH’s.

This proton-controlled conductivity responses showed significantly different
characteristics compared to the previously reported cases for polyanilines, polypyrroles,

and polythiophenes. In these classical cases, deprotonation of the conducting polymer
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subsequent scans, indicating polynmer growth on the
el ectrode surface as shown in Fig. 3.Fig. 3 shows

W@ 08039151 | ustrati ng el ectropol yneri zati on of ¥@)/SG2006/000282

CA- EDOT- COOH, (b) C - EDOT-COOH, and (c) EDOT-CH at a
scan rate of 100 nV/ sec. El ectBopol ynerization was
performed in 0.1 Mof B UANPF 6ZCH3CN sol ution

contai ning 10 nM of the respective nonomers. AU three

BaditBofididigtheht! Résuited ah i re@keR OleYsiRinse SiadRiANES oFi ! @brge carriers.
intrinsic conductivities as el ectropol ynerized )
poergioencihy intunsic pondresingty fsty pelymerssidegreased.  Fig. 5 showed a

SOPALE! HLUTESRUSRBRAL B BT RO P ) by, et
spuistwationd @ be r cacluptirectpiol yepongei lofs then ig@ERGT-COOH)-coated

La. .JThe,conductiyity and ctrochem cal pr.oper.t.i
PRHRal BIrERPA B solliob g Bl bR 05 Ty Srsa BT BESTEDST-coom),
quﬁaegcidée[)%f_?_ﬂiey eyt giﬂeﬂil‘haf(n(é%ﬁéﬁ_@éecﬁw néde¥ivd .charge 5density in the

- - nd po - was. grown on 5-mm
FﬁyﬁamgM%mumog%%@g e pdyeer ?@Wmé\éw@m ofghe positive charge
ERAEN Gh IFTE (1h8ichlEGRBAS SnPBRaREMR) HeASHHRAL 189 HBBEtically favorable.
oxi dation and reduction. Applying 100 mV offset

Blis wrtiomalofpassedsossupportgst iy thg fadt élaﬂ?i theo@urent profitaipagen to shift at pH 5
%%P&%%ﬁ@g BE‘%}gigg%&gP?éﬁ%t%ét fgﬁ%geﬁo%gﬂ\ége%eeﬁy%ﬁiclvr%ltammograms

junctrons star crease
sasheapplyned filnish(BBigp6) ehowed inereaeérpeakacurredt 86d Marger difference

t H.4 f.f Fig. .4), .indjcati that th
TR T G G I LT AT -
éarililél?\l\cliwdg%%_rhfbr@ UIdc@lﬁﬁeg;TQiﬁalulkﬁiczéﬁBiElgo%fe&Q%}isd. Fi%. 6 shows cyclic

- - , Q - - , .and (¢
fmiomrot O Bt RDOTAGOMY d) Mo beFLl PSRRI, and (©
' faqr j.OR,
B PP R T o o Pt - eP apg 100
bffan soltienwerath 101 Mljof d4ClRt 45 the FOppariing tlesizolytseatveesman rate of 50

f ol ALt ' . T
V3sckr” ERRLSef el St o, SRLR S R phlfacr backbone
conthedtidergicat asphatdinanctuphl gdlymEhmatris. r"ﬁm sahmamlml d{jct‘ﬁvity could still
B R e ChavE G ALY T eap P G Ri ore positive

patbniial Ofas appled. V. Eonset shifted further to -0.58 V at

pH 10 and the current reached a maxi rumat -0.19 V.
ons et IOSHE £ 108 BHEIOSEWYt WA i igragas of athgerepackivapolymer films on

IndeMliamal fidfdeRRiro® ofik! ¢) WRRRJ & E@WDQG)'TL@DMB packed most

re-exposed to an aqueous nedi um at

drsrsly op-tEperfgeakihd ¢lpetraskoliigd 7 showsAFM irpages of @)tpolyCs-EDOT-
cO0 B P - a0 s
méwesl e den cChap@ReEDOTRCOVPD sisoatisdayel eld smbgthest surface. This was
AU PGl Pl Pl B RLBANY sty poce
Sfuturt Mipht ekplatn showaderd MR tAET i0Tt pAIREL,EDOT-COOH). A larger
r?e%gggg ct:ﬂarv,clget Xengifty surrounding individual polymer chain has resulted from the more
well-packed polymer matrix. However, the molecule-induced microenvironmental
difference around the polymer chain was more dominant compared to the bulk material
morphology. This was supported by thé different pH response from poly(C,-EDOT-
COOH) and poly(EDOT-OH), which displayed a similar surface morphology.

The poly(C4-EDOT-COOH)-coated electrodes were applied as resistive sensors for

real-time measurements of the solution pH value. For all measurements, the polymer
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pol ymer filnms remained identical at different pH s.
This proton-controlled conductivity responses showed

war@siosdisant |y different characteristics conpar@€USGm06/000282

the previously reported cases for polyanilines,

pol ypyrrol es, and pol yt hi ophe2ds. I n these cl assical
cases, deprotonation of the conducting

pol ynmer backbone/ segnment resulted in reduced resonance

flnabiveiezppli@nwiih atdieencitadginl wathlal WOV UFREE b, 8($)ha§1d 8(b) show
Lntrinsic gonductivity of the polymers decreased. "Fig.
theg FF@\?\éHlea WErenat I rHERERE| Espensehe f?ﬁﬁ@‘ﬁb’ﬁb’honln the “turn-on”

8§ 6MeRE Ihd pENhRY i W;H‘Rﬁcé& mSQ?)r | W6 78RR ealg(%lylpﬁ -0.6 V. We

répresentation of the conductine C respon
@@Fv@e@@nmmrewd:yenoneﬁhm Yigds withinh 19 sec pawitheiaddition of acetic

y?E%%‘t]H@%gPé)‘!g hﬁp%te %ﬁ%% Q%I'Elge%) ag-hfbﬁ lgll?g?ame conductive due to

%IB & ns@ Ishiifinto mlom&apeténttiie Inegatrasy ehe batr g pdgmg thoubi electrodes by

SRRt o 0055 Db st A S Bedlrseerdhemihe pH of

tEQHHﬁlﬁa’iﬁthﬁﬂuﬁ‘(ﬂi thihged Tebdli £ & 11 0NGith ttl'ilae Qd(ﬁﬁ@ﬁ“@ Aqﬁééus ammonia
energetically favorable. This rationale was al so

B¥rted by the fact that the current profile began
to sfif Hor 419 a c
9 t%ﬁ % g}aﬁ)%é L ?és onSé\Fea ncbgnductmg

deprotonate toformcar oxy ate I"i'c
@nvah@dmﬂlX(ﬁérethylbn@u(xyﬂgopl&)de)s haithehghrthe éasnsc petacklctmty of the

er, dlff r wee odi.c an
S e R b R S5 RS g et v
thh éoss/ealigecmarttrdaf eharg%amem@llit?%m #@¢indHe negative charge density

etically restrajned._ Fi 6.sho cyclic
F? B?IIPFBﬁF 15 If'glﬁ)ls &rﬁ%@m@ i yg sqcb)sensmg principle, which

dﬁii'b)é(aﬁé’hcﬁggﬁom%iorﬁ(ﬂgcﬂéhe@&i (EDOT O") on Pt button
el ectrode in 10 nM of 4 (-), pH7 (--) and pH 10 (

) buktesamegrigeipkas dmsmbe@ in thel paper ¢ag) bomppkied foe nucleic acids (DNA,
rﬁRNElXO rﬁﬂcﬂﬂ@@)\e&tc 4wt @Ak J%l}faﬁﬁ)'ﬁgcr &lifa Qéns?g JPURRS ei¢ acids. Fig. 9

However, the res nance st i 6N StruUctUre o
1Bb$t§ﬁﬁft§rthb&&mbw@ of EMORAHS. denthwal imBig athd carboxylic acid group

DRSPS R PR A PRDCK b GBHR pomms
rooneThaA g ef&brdpblymeé\igedgln lrg’rdgﬁs)%gulﬁﬂ%ﬂdll\g/(ﬁl @ot M‘bfazBuXNPFg/CHgCN

lied. Ato r rragles of the
PBRign el § R o in S sher AR Ve FIE 10 Shows the synthesis of
dligodaglyaedliearie (GN)-grhried NMaEDONat TRE! %@5 dg@]jb 3
paggkedlyrmst den(selﬁ)gn tehe surfglg:[i1 of et%é%ﬁlect T-NHS)

Vﬁsggraﬁe% W&memﬁmﬁ@@é}h@fl qligpdeaxyppdactooTODDR) 3s ¢apjure probes

ingt elr@dl b g &Qr%ﬁ%r oe ect rou qﬁégx@%&%ﬁ%& (%(@PT'NHS) s

mﬂﬂ&-@%{j—%@) {-ko, mcbpbllyé@Z-Eﬂﬂ)’]f é)dﬁ\l) H'ihrﬁhMSwimS:bhtplementary
t t e e t

R U505 MBI BRSPSkt PR Sl oy oon
'EH&scdiIaragﬁEWaED(h f6l/seehivith a A00ROV WEed-FeBEn @ e sés of 1nterd1g1tated
mlcro%Fectrode Eonset and the conductivity curve shifted to more positive potential upon

the formation of ODN-grafted polyEDOT (poly(EDOT-ODN)) as shown in Fig. 11. This

finding is in agreement with our hypothesis that the increased negative charge density in

the polymer matrix in which the migration of the positive charge carriers (radical cations
and dications) became less energetically favorable.  After hybridization with
complementary targets, the conductivity curve shifted to more positive potential because

of the additional negative charge introduced by the hybridized targets. This phenomenon
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woradosis91sHowever, the nol ecul e-i nduced

negative charge density surroundi ng individual polyner

chain has resulted fromthe nore well -packed pol yner
PCT/SG2006/000282

m croenvironnmental difference around the polymer chain

was nore doni nant conpared to 25he bul k nateri al

nmor phol ogy. This was supported by the different pH

%ﬁﬁs onse from pol y(C2- EDOTCOOH) and pol y( EDOT- OH),

U8ita gpalycte ssagienprineiple fof aueleirtigihdb@etion $PSther polyanionic
PielnideftesDOT- COOH) - coat ed el ectrodes were applied as
resistive sensors for real-tine neasurenents of the
ExpenimentabH val ue. For all neasurenents, the

| i lied wth [ tenti al ith
2”100 HPT <EBOTE B o gy ok st kbt (365 ms, 2.3 mmo), 4-
digmthylamipopyridife oDMAamd17 3 Yhe- @15 Iﬁtﬁgﬁgéﬁl?,e&iieﬁlglaﬁgpg (BpN) (0.25

"turn-on" experi

res tively. In_the
IP]E1 E; > S}%d@aloil)rﬂngplﬂﬂlly (481} was bydedpivbyisg to @.s6ludon of 2,3-
OB, . bl b hap .7 fol-
! A7 o i DA e Ve PRI oty R e rhds mmol) in
V%%? 2 (153 Bﬂaﬂ“‘jﬁf Fyred fﬁfb@?ﬁerﬁpéﬂaﬁréb\tf]@#ﬁt@h% hehd ? If8on was washed
Q. onset shi Qo a | ower
pgfgg?’i %@gﬁﬁgﬁ?%@? MK SE‘BHZ% vafps e imes ngsaturated NaCl
aghewss solitien ndaipietl YMe$ 0n). LIEDOTALO O (2@%1 @piﬁ%’?% gbtained as a

90% wi t hi 10 wh t
SR Bl R oSt L1

I nmer se

A00ILHODOTL COMERyS 2 TGRSR odfl SR W8, o stir bar,

zga%{%gq%ﬂgnstrat ed a real-time pHresponsiV
ji)e;n Vet %Y&P_lB@ﬁ-éﬂkﬂﬁglpﬁ-ﬁn?magaycm?carmﬁs61 Mgt BOUEOI), Nal
1 nt i t t t he pol r. S not

(chang’e‘,l @trﬂgiogoﬁfgﬁ%ﬁ\;lb?% %‘rsrg P1°8 lflgmgﬁﬁgff”é’dg‘\% g, 6.0 mmol), and

hep ppse tap dreekiilled withearpon tihiéoel 0%} anhi@yaesaAh QMHF, 20 mL) was

g the negative

: |.£ hility fromyvaryin ¢ ¢
11%%3?8%‘ o e {‘/ls A Sioﬁew%oﬁ“ﬁ“rg}f%gwa andrppaded i an ice bath. Methyl

beoxzoapétetedd.50tmL] @.DDG, 6.0GAMSE RFds MR HRGIWRE i n_.
ﬂ?sﬁ*ﬁ@&i caﬁé B tjcsqr\gar gs bi ormllgecjl e %?@gwgh@#@%?%gﬁén mixture
pr i Nci plﬁt)ér 5 TdeSEr PRIGHLY Af (RE wapeamaved with apptaiyedvdporator; the
cmde Ipeoduca Giad Sprahthedr HiRNEen W %ﬁ?‘% tc.) . .due to the
tvi%ol a{leiré}gi c i%ar acteri st i.cn ofa&%uc elﬂéﬁa%cle!?&’ aﬁdgi_.%r%‘er exiracted
(Mf;gé%ndt E‘;CFF?&;;J#? [esibinedf OrEDOT 1B whee S84 il brine, dried
X Yihi.C QUP._Was i vated w
I\%hyﬁr oxysuggﬁ[ﬂ m ?g °t %rﬁ(?/éf g’F‘g{‘lﬁﬁ%‘?S I‘Ef%%}t:?ér‘i"@étai Eﬂga gel column
(hexse/etd apeatemey: nvas el ectropol ynerized in the sinilar

condil.ig & of F ol uti on containing

. éfy)r(ﬁdj o?ﬁt’ 'g &égﬁie&%gﬁb(ﬁémd%n& 249 ypel\svashdissolved in
g8L} inh H0-gbdeusineaboihe PG

T Tha Sy neaseg o 1L Lo 8, bR, apugus Naor

Wi A hA? PP asoaided., Jéleéllllﬂé@@l SR yhived sgpiasly (EDi)e starting
maisrialaphsl cemple@ddP Tohdtinged B0 )hinH ﬂ%@%‘“’s drg

cH{rrent measurenents of IOgl VIFEISgED%JIIQS ra(p'hy’(aﬂL%) G B. The
mixture was acidified to pH < 3, and then extracted with ethyl acetate (5x). The
combined organic layers were washed with water until neutral, dried (MgSO,), and
evaporated. C,-EDOT-COOH (480 mg, 83%) was obtained as a thick, colorless oil that
solidified upon standing overnight.

Electrochemistry. All electrochemical measurements were made with an

Autolab PGSTAT 30 potentiostat (Metrohm) under ambient conditions. Normally, the
experiments were performed in a one-chamber, three-electrode configuration consisting

of a Pt button electrode (BioAnalytical Systems or CH Instrument) or a 5-um
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pol y(C2- EDOT-ODN) (---), and pol y( C2- EDOT- ODN)
hybri di zed with conplenentary targets ( ) on 5-mm

WO niogoskilgi t at ed m croel ectrodes in 0.1 M aqueoRGI/AGHI06d00282

solution. The scan rate was 10 nmV/sec with a 100-nmv

of fset between the two sets of26i nterdigitated _

m croel ectrode. onset d the conductivity curve shifted

to nore positive potential upon the formation of

iopndigitaibd eniicmale;cEBHEI'(IM]EI KoBOBcahi): 186) %E'QIM‘Woﬂqﬁg @ectrode, a

e b AmbRicSuistont AEVES SRanersediaddimyl SBALNG: in CHCN wih
(M)lMl’ﬁiTnBEﬁNﬂ)Fg() tefer&ﬁﬂecé]edtfb%e Mh6H- @gﬂleg&ﬂs %lu&lg@nﬁlg)g s&ﬂuya?ed calomel

arge carriers éradl cal cations di cat
E“é%“cé f¢ L) (amnedisavlwionpfandra Bymﬂ/maslacmterwldctrode All

élé}!mxlcﬁé}ﬁﬁﬁfif)é’teﬁt% YedsSre 51%% @oﬁ]éﬁ%ﬂe\/s egvl’\}rg\é gjlo tﬁe supporting

to nore pos tive poten ecause 0
Peciralyte évash@ﬁngalllyrﬁ t d‘dumfenlBﬂmNRBaefohy;bmaqué'@é %ﬁﬂ@ﬁt@d 0.1 M of

110y R BRI RIGE, BulBeiclofOR et iomyah b wetae GH 40-60),

pjiosphaltea@ml 26-8. Waxmﬁama{n@ﬂ@qu A sol ution of
[ dride (283 83 muol ),

3?% ftgm’ﬂ%wmaﬁ% (Emmal EXPeriggnts owm emeductednavith 0.1 M

3 5 i
PSP Ty ok € TOR A W3 g B repcive

IBonpMEs. PO BRd| [ims| Veredoxidgtively] golymierizal by nqidamdqbotennal sweeps
e ag e G (U B s iehstarteriii aged i of 100 mvis.

stirred at room
Retentinhwhsapplied Imv&tO% eyplescens 2 t¥dlessfot Hirh @RovitM ogeRt button electrodes

aggl 1u¥ér&1gga ffg{%‘{ qutr(o%%edé pe%‘ggelégokﬂlat v N%(C)l rg@l'ise?rlej Smnsed in
rﬁ(ﬁ%nenﬁ’ﬂee (ﬂHﬁjNﬁ sslvés, andysrl-d9od Sidr t@fﬁiﬁ{er ?&laéiﬁ'@lhents

r enmov. under reduced pressure.
100- rfzyclls u‘ﬁ’j tagyRetEy, f Pelzmenddme o é’é dauwpn rel%ch@ties Werer soaked in

Varé%:b_s?_b%‘!iléi”sefﬂh%ﬁQ l:({)lﬁalﬁlrf%](ﬁ h M](HL Ilqu %s' b @Eé&gﬁl%’m ej;trolyte for 10
nHHdDGKﬁF-I ﬂ(iﬁsol?@%@p@tﬁswﬁnpérfprmed énal Fa;racﬂa,y @@e tidizin§,. Sandard three-

el&gb%eest dﬂ% folﬂﬂﬁig)?]ljfo(g\e%ﬁs @%}%kégblfxrla@]g é)m F&’& 83@# r@%,fg%o mV/s.

t he desn@vm (viasmstcurlrem) fon¢astberiénts.an Cd:dia@ﬂ&tﬁ@ |pBlyﬁ{brs were

eiem%w?%@s %%‘ @‘5&?@ etlg’tnglﬁgﬂeg?se@%ﬁSbnTh? %FY}P% Wag §oaked in

thet buffes dofution L8niainidhe. 1Me 6F LICYOPhs THaFsupBsrting TRGHI Y hg 10 min.
evapor at or; "I"liﬁfhe crude product was partitione

Thetes e G wara Y RieHUY Tuat SEen witiof &b me i eaklen offct

zgg}egﬁ \}\g\ésfhxg%%vdi‘l%ﬁh ge?ﬁxgﬁ%dr ?f'gl‘é‘ 1{1&%% &f&dﬁ%}g@t&a 03r giﬁebae calculated

dhe falloaving eqnasion.wasere i 1sfth@dram current, S istle offtet potential, and 7
is3Ré PO mer thickness, with a 5- -um gap (D), n =99 gaps, and a 0.5-cm electrode length
(L). We also corrected the value with poly(EDOT) as 100 S cm™.

ip D
= —e

Vo n.T.L
Real-time current response. Poly(C4-EDOT-COOH) grown on IME was placed

in a glass cell with 1.5 ml of electrolyte solution under ambient conditions. The real-time
current output from a 100-mV offset potential applied between the two working
electrodes was measured over a period of 600 sec. An equal volume of either aqueous

solution containing 10 mM acetic acid/0.1 M LiClO, or aqueous solution containing 10
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(hexane/ et hyl acetate = 5:1). C2- EDOT- COOH.
C2- EDOT- COOCH3 (610 ng, 2.5 mmol) was dissolved in THF

W@ 1®808915i n a 100-nlL round-bottom fl ask, and fPerb:3006/000282

prepared aqueous NaCH solution (2 M 10 nlL) was added.

The m xture was stirred vigor@ysly until the starting

materi al was conpletely consunmed by thin |ayer

chromat ography (TLC) (3 h). The m xture was acidified

M phhrsorda/0ANM LITRO, ¢4 hadddegiepbh s&¢ {bvéhaﬁg@ﬁ%gﬁ{ 6Pk electrolyte
The,.conbi ned organic | ayers were washed ter

SMPHPneut ral, dried (MySO ), and evapor at ed.

C2- ED%.%.—M 0 Wb B

colorless oil atomf*:,l'l ﬁ%ﬁll e uag%%&s and?‘%btﬂobmlyﬁ ﬁPOT'NHS)
Eilmeof QQH@@MT-WS) Vmseﬁlftqtmphb’meuabd n‘E(M; oM aBBENBFG as supporting

%%El?olg% rrfl 3&!"}}1 a%) n@%r?é gp gﬁ ﬁAgﬁ Hn;osnto?r;%s Polymer films

mmeomdﬁntely pelymeriesd by tepdated poteptigt ﬁ«b@@b‘béﬁween -0.5 and 1.2 V (vs.
lﬁ%%electr de conflﬁuratlon consi sti ng_ of

AL FQUR HRCTARIG grseanratepd 1 9Rgm¥{s. C&ﬁg washing the films
b@ﬁplewrse With CCHANS- 478 ARk %@t@?dmmrfetgﬁbﬁ&{ahgaf ODN aqueous

Abtech Scientific Inc.) as th

%‘?l‘été‘fri' Qe Lawagdragred ® eonpmthptsuriage S@‘énealmtm% Whe émmobilization

peTE=Te RspY e gel h
%ﬁﬁNPFG) ?EQQ%E%ce eIectrod%QTﬁgﬁgggﬁtgugng%fﬁgcﬁﬁ)dsngh was
thozangblyavasded aitbrdeionizetlovaerX 33 had thea deied SEE)r flByueous
solution), and a Pt coil/nmesh counter electrode. Al s
el ectrochem cal potential was reported to SCE unl ess
ot herwi se noted. The supporting el ectrolyte was
generally 0.1 M of Bu4NPF6 for non-aqueous sol ution
and 0.1 Mof LidO4 for aqueous buffers. Buffer
sol utions were prepared with acetate (pH 4.0-6.0),
phosphate (pH 7.0-8.0) and ammoni um (pH 9. 0- 10. 0).
El ectropol yneri zation. Typical experinents were
conducted wwth 0.1 Mo WBU4NPF6 as supporting-
el ectrolyte in CH3CN consisting of 10 mM of respectlve
nmononers. Polynmer films were oxidatively polynerized
by repeated potential sweeps between -0.5 and 1.2 V
(vs. Ag/Ag ) at roomtenperature, wth a scan rate of
100 nV/s. Potential was applied over 10 cycles and 2
cycles for filmgrowh on Pt button el ectrodes and
interdigitated mcroel ectrodes, respectively. The
pol ymer filnms were rinsed in s nononer-free CH3CN
solvent, and air-dried prior to further nmeasurenents.
Cyclic voltamretry. Polymer filns on Pt button
el ectrodes were soaked in various buffer solutions
containing 0.1 MO LIiAO4 as the supporting
el ectrolyte for 10 min before the neasurenent was
performed in a Faraday cage utilizing standard
t hr eeel ectrode
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setup. The vol tammograns were generally obtained at a
scan rate of 50 nv/s. 0 Conductivity (drain current)

woreassasent s. Conducting pol ymers were PCT/SG2006/000282

el ectropol ynerized on interdigitated m croel ectrodes

(1 MEs). The device was soakeddin the buffer solution

containing 0.1 MO LI O4 as the supporting

el ectrolyte for 10 min. These experinents were
Clajpscal |y run at a scan rate of 10 nv/s with a 100-nV
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emg in |n a first formand a second form whereb y
ungs 8 §f> t he first formof the polymer to the

anal yte i s capable of gen n§ the second form of
the pol ymer, wherein the® Stential for

wherein:

— A ,Xand Y are independently selected from the group consisting of O, S, Se, Te and
NR, where R is selected from the group consisting of optionally substituted alkyl
groups and optionally substituted aryl groups,

CONFIRMATION COPY



conductivity or sem conductivity of the first form of
the polyner is different to the onset potential for
we@owdstisvi ty or sem conductivity of the seconeCT/e6moehH00282
the polynmer 3. The polymer of claim2 wherein either
the first or the second form2% the polynmer is a form
in which the polynmer is coupled to the analyte and the
other of the first and the second form of the polymer
— SGds faogroup mwhidli, din at foem piol whieh it & vnbbwed up thedartatyté,he capable of
anal yte, whereby exposure to the analyte of the form
ofm{%aé’%ﬂglv‘ﬁ}ﬁ]etﬁewmgi it is not coupled to the
—ang! W&® an@ Bl 46 ihdbp@ﬂd&@'tl%r n@leefedt fémathal ytb®p tondifidg of hydrogen,
polymer to _generate the formof the polyner in which
t ePtioapNnabsiitted Al egpups ahhaptignally sabstityied gy groups.

s changi ng’h{e h%?ol?ﬂéletoffpﬂtﬁﬁﬂtdiaxlwhér@ﬁl QRNAHEE 1M1 1% Bhset potential for
sem conductivity of the polyner. 4. The pol ynmer of ‘any
comdictiVity bagemdcanduotiGtyvik dne tonintemaatiopdetwasn G sndthe analyte.
der ipvat i [ . [ € b ey
pol 3l§t hi gé%@ﬁfgng? %ggﬁ}? éﬁ%&é@g}dﬁ%ﬁ “ﬁdﬁo&éﬁﬁéﬁ HE H and X and
Yapobbghn®r of any two or nore nonomers sel ected from

the _gro consi st of pyrrol.e, furan, ,thio ne, ,

ot h9P endle GEEHofsh S oab Pl GG 110 do VBT SRS Biructure LG,
10 WIRRIPPLY FBnk& gréi)y adinG” Blcapdbdd SFinferdcting WwHHhE bRnljtae

anal yte conprises protons, and a change in pH of a

i quPd iThe dobimagrtofvinyhonenel glaimgme rtoj% Whgisib Cecqgnprises a carboxyl

gg@uz,gi ng a shift in the onset potential for

conductivity or sem conductivity of said polyner. 6.

The 1jpol Jirerpodymemegf eme ooé of| dains 4 to d5whemind Goad demived from a

bcqnnarilgi ng nononer units of structure I, | wherein: -

RO Md Y are i ndependently sel ected fromthe group

55 congpst Thg pofynfer oB.anpene o€ chiids by 1WhalieeeiR G somptiestaatlicleotide
fromthe group consisting of optionally substituted
RGNt gr oups and optional ly substituted aryl groups, -

Gigsa qnae?abelyﬁmr@hclairﬁ 93y HeRGALI ddnpised-CH,-0s, unbound
to the analyte, is capable of interacting wth the
anall¢t e Thapelymesof@nyme bclaims 6 ot ahgesin Gy isseHel@EHaCO2H or
t { sisting of hydrogen, optionally
(fs%?‘(gjg(i t ?ga@%%(?ﬁgr oups and optionally substituted
20 aryll5gr dhpspolymeThef poy yomsr off cleiras m Gowldr eiid tpolymer being a

shi.ft in the onset potentjalfor conductivity or
pggr(ﬁt%%lﬁ%%?}fy\t/}?l@hﬁng %#Jsgmf;{én? Hter action between G and
the analyte. 8. The polyner of claim6 or claim?7
wherein Ga, G and Gare all Ha@nd X and Y are both O

II
25 wherein n is the degree of polymerisation of the poly(ethylenedioxythiophene) and G is a
group capable of interacting with the analyte in order to cause a shift in the onset potential
for conductivity or semiconductivity of said polymer.
16. The polymer of claim 15 wherein G comprises a carboxyl group.
17. The polymer of claim 15 or claim 16 wherein G is a group capable of
30 interacting with H" or H;0" in order to cause a shift in the onset potential for

conductivity or semiconductivity of said polymer and the analyte is H or H;0".
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9. The polymer of any one of clains 6 to 8 wherein G
has structure L-G, wherein L is a linker group and G
w0 g008apHEbl e of interacting with the anal yte. 1PCT/SGE06/000282
pol yner of any one of clains 6 to 9 wherein G
conprises a carboxyl group. BP. The pol yner of any one
of clains 6 to 10 wherein Gis derived froma
bi onol ecul e. 12. The polynmer of any one of clainms 6 to
11 WBer dhae pAlyoempf iasp sna ofivlaineol 5 te 17 mbgrain G. is 13, OTCE,CO,H or
e ﬁﬁ?f wherein L conprises -CH 2-O. 14.
dﬁ%%{)?/(?r%? one of clainms 6 to 10 wherein Gis
Cmmmmﬁ?pblgmeﬁbﬁa&ﬁ% f&i@féhl?g@mi:ﬁ@a -ﬁo'glil & bRizhole®Ile, Of
any_one cl ai s to , said pol yner being a . )
pol gget II@? RbEnS 9k FRBR KNy climstd Sdetpin G Icomprises a nucleotide
fieb@esi n n is the degree of polymerisation of the
pol Ei}et héxl;nedi oxyt hi ophene) and Gis a group capable
of Eht erldetnohignei afielaime2wherginethe mueledidde fragroentide cemplementary
' 4.0 L i.al for conductivity or
t(ggir}l‘fléé%lrh]gﬁ@??%‘%??/g{gftﬁggﬁ%ﬁgbl ynmer. 16. The pol ynmer of
cl aBn 1Fhepelyaienofxlemnpi mdesimtheanbleiydcid saupncelid a sddence in a
g@ﬁr %ﬁzﬁ%‘aimis claim 16 wherein Gis a group
& UM BIEEI MY Wi th He or H30 in order to
caug® aAsfiotdss ifer ltnbﬁng rsgilyrRet @prading SectfopoBsdrisitigt ¥ monomer
r sem conductivity of said polynmer and the analyte is
Ogﬁm’é’mﬁé@. 18. The pol ymer of any one of claims 15 to
17 wherein Gis CH OCH CO H or CH20CO=0 CH2CH2CO H.
19. The pol yner of claim 182wheBein Gis derived from
a bi onol ecul e. 20. The poBY &% claim 15 or claim 19
wherein G conprises a nucleftidé 5 fragnent. 21. The
pol ynmer of claim 20 wherein nucl eoti de fragnment is
conpl enentary to a nucleic sequence in the
anal yte. 22. The polyner of cllaim2 1 wherein the
nucl ei c acid sequence is a sdfuence in a DNA,
NASNTRNA, or m croRNA. jo 23.- A process for making.a
G RERPUBITeS SRR EmeE i il GPAGe of FoHoRs SR n the onset
potential for conductivity or semiconductivity of said polymer and wherein:

— A, Xand Y are independently selected from the group consisting of O, S, Se, Te and
NR, where R is selected from the group consisting of optionally substituted alkyl
groups and optionally substituted aryl groups,

— G is a group capable of interacting with the analyte, and

— G* G and G° are independently selected from the group consisting of hydrogen,
optionally substituted alkyl groups and optionally substituted aryl groups.

24. The process of claim 23 wherein the electropolymerising comprises
homopolymerising the monomer of structure I11.
25. The process of claim 23 or 24 wherein A is S, G, G” and G° are all H and X

and Y are both O.

26. The process of any one of claims 23 to 25 wherein G comprises a carboxyl
group.

27. A process for making a polymer comprising:

— electropolymerising a monomer of structure IV to form a precursor polymer,
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of structure I1l: Il 15 whereby exposure of said
polyner to an anal yte is capable of causing a shift in

wo bh@sosEst potential for conductivity or PCT/SG2006/000282

sem conductivity of said polymer and wherein: - A X
and Y are independently select3dd fromthe group
consisting of 6 S, Se5Te and NR5 where R is selected
fromthe group consisting of optl onal ly substituted

al kyl groups and optional | % |gut ed aryl groups,
20 - Gis a group capable éf% nt ?’actlng with the

analyte, and - Ga 5 Gb and & arg i ndependent |y
sel ected fromthe group con&{{\gng of hydrogen,
optionally substituted al kyl ups and optionally
substituted aryl groups. he process of claim23
wherein the el ectropol ymerl SI AY conpri ses

hormpaliy Xerk $hasy %%@%ﬂy %\lﬁ&é({ HEHULE g#oég égl%s%&%lsg of O, S, Se,

The proces’s %Pc 'airm erern Al
and’ e@lldaNB atheretR dn del¥ctad droh dreegloop loMBistRe. of Thpgionally substituted

pr of any one of clains.23.to 25 erein ) )
ConpT 2usiog 3 eBOoAy sPh8Tea 3ot BO S Foreblieat snyoting with o
polssisiig canfoungditd Gendtte-the peKied) p@héi‘ﬁl@f é)ﬁédﬁﬁke%f@ﬁia%mymer to an
of structure IVtoforma Rr ecur sor O}/ pfIIthereln

A 2ndtyteqly oppable of fausag @eﬂxlftyn dhe ORIB P oh éefgicglaﬁblctlvlty for
Co%ﬁcﬁfctl’@ﬂy of s&M pelyneg; anPGaNE M3 G:'lﬁ[l% lifrd gh&en?l s@%t:l%g from the

fromthe group consisting of option
al 2Yqupgeenspsting nef bpdogeml ¢Bf109@ﬂbstsllbﬂllwdd atllyyll groupmpsnd optionally

G' Sﬁgsuﬁﬂ@(?%lg?%%lﬁlgg%ﬂgl ing with a sensing conmpound to

generate wher eby exposure of said pol ynmer

+ 0 cauplmgahy semsing ooa;pabhdatoahe grwps 0 od Th'é’prfaéumd’ﬂ pbh&aner

ons ential or onduct i vi bC Jct i v

of 2 & biofess S TR R S, e AR b Al Fand X and ¥
aebetht@d fromthe gr oup consisting of hydr ogen,

optij@nally substituted al kyl groups and optionally
substi t ut¥d BEOgesSgrfupdaimy gl - 0§0§§|I Wigreihe Genedmpyises an  N-

I%Qﬁ&g?}g{ﬂ&lﬁlgug@@og oups G' of the precursor polyner.
,Frocess of claim27 wherein Ais S, G, G and
G dPe a

he progesd of aayi @ny of ckims 2R t©29 wherein the sensing compound is
an amino-functionalized oligodeoxynucleotide.

31. A polymer made by a process comprising electropolymerising a monomer of
structure III as defined in claim 23.

32. A polymer made by a process comprising :

— electropolymerising a monomer of structure IV as defined in claim 27 to form a
precursor polymer, said precursor polymer comprising a plurality of G” groups; and
— coupling the sensing compound to the G groups of the precursor polymer.

33. A sensor for an analyte comprising a polymer, whereby exposure of said
polymer to the analyte is capable of causing a shift in the onset potential for conductivity
or semiconductivity of said polymer.

34.  The sensor of claim 33 wherein said polymer comprises monomer units of
structure I as defined in claim 3.

35. The sensor of claim 33 or claim 34 wherein the polymer is a
poly(ethylenedioxythiophene) of structure II as defined in claim 15.
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29. The process of claim27 or 28 wherein G' conprises
an Nhydr oxysucci ni m de group. 30. The process of any

wor®3089161 ai ns 27 to 29 wherein the sensing coP@DSGZN06/800282

an am no-functionalized ol i godeoxynucl eotide. 31. A

pol ymer nmade by a process com#ising

el ectropol yneri sing a nononer of structure Ill as

defined in claim23. 32. A polyner nmade by a process

conjf.i sUsg of & pelymet faptheymemnifastmg af amamaie rforofin analyte whereby
structyre. IV.as defjned.in.claim?27 to a . .
iR TRerts hERiP i titelle Foriies s Siflin tag onpeppotental
£l candbdititity of séﬁnc@x‘icﬁiéﬁﬁlty anshid plgHiek.i ng the sensing

co ound to the G roqu of the precursor polymner.

Ta séragthod gf anghysingaioy pia 2R s AR 3imRAiriy COBPLIFHAS:
mher
s e i S e A
conddeteinining e onset centeniial ifor twn@ictlszatv dop e¢ry1¢enducsmty of said
The 3%%; of claim33 wherein said polyner conprises
nono umits of structure | as defined in claim3.
whbreinl reposeresafrthe polyhek m 82 analyae m mpBHle\Mﬁ@:memmg 4 bkift in the onset

oo T P plronaica D LM GPOR TS yrror for { he

manuf acture of a sensor for an anal yte whereby
exposure of said polyner to the analyte is capabl e of
causing a shift in the onset potential for
conductivity or sem conductivity of said polynmer. 37.
A net hod of analysing for an analyte in a matrix
conprising: - exposing a sensor to the matrix, said
sensor conprising a polyner; and - determning the
onset potential for conductivity or sem conductivity
of said polyner; wherein exposure of the polyner to
the analyte is capable of causing a shift in the onset
potential for conductivity or sem conductivity of said
pol yner . — : o



