; ghe3eMI\ 46T3;) 5 COctober 2004 ELECTRI CALLY CONDUCTI VE POLYMERS The
.present invention relates to a nethod of preparing el ectrica Oytobaiodti ve
polynmeric material by treatnent with a viologen salt and to electrically 5
conductive polyneric articles formed thereby. Description of rel I
recent years electrically conductive polynmers have been w dely ﬂ@&lm%ﬂwwuum“
because of their potential inportant-temercial applications. S S

i ncl ude pol ypyrrole and_i té derivatives and ﬁol aniline and its *166166*

derivatives. 10 THRLEGTRICALLY GCONDNCH QOLYMERSpI e of one of the .
nost wi dely studied el ectroactive polyners because of the ease o i
and the unusual nature of its electrical conductivity which can mwmmmmﬂmmmmm
over a Fiettbof tnginventiorani [ ine (PANT) in its insulating base formi s,y -
readily soluble in Nnethyl pyrrolidinone and can be cast into filns or

coated on different substrates. 15 The insulating formcan be converted to
the conduct iTee f presehy inkenfian | miateg tet Hodsethdd bf Tpreparingt efddtficaifyot oni c

aci ds PANT icggt he, ener al dine (50% oxi dated) base state when treated with

pr ot oni ©ONscH¥e PRRReris, material e tregtraertwith @ayiologgasalt and o etertricalyul ting
20 gondikidudtity pbf/nie f j the pH of the equilibrating

sol ution. Iyor' egaﬁpl e@aﬁg%safgﬂg%ﬂ%%ﬁyi s used at pH greater than 4, the
PANT remai ns as the essentially insulating non-protonated form whereas at
pH-O (i »e ark N€ conductivity increases by 10 orders of
mgnitu%gs?%{'gp%&meam%baarﬁ% A G MacDiarmid, Synth. Met. 13, 193 (1986)).
In the latter case, the imne units of the 25 PANT are protonated to give a

N+IN ratio ol ' ' re h in the
nunber of eﬂfgcﬁ&%ﬂg ylgﬁét ﬁ'&ag}lﬁﬁé{?@?’ﬁwe 8@%&%&2@%{3’%@%& %pg%tdri cal
conduct begauseobf ttheir PpdiEntiak amedrtant ltopimemialc applicitiodspeSuth polymedsy on
the pH of the ui li brating, solution hut also on the oxidation states of

t he PAN'P?'UﬁSrpcgﬂ%Wfﬂl%,anﬁA'ﬁ'ldquaf'H%s Pﬂa@@éﬁé‘lﬂﬂﬂeﬁ%'“ﬁ detvgtivesuced) state
shows only a small increase in conductivity when treated with protonic
acids (J. C_Chiang 5 and A, G MicD armd, Synfh. Met. 13, 193 (1986)).
(2)!0char ge t FRd@ndineg famiy of iRplyetshisoAg sexamplecet poa efcthepmast Wdsly in t he
ener al dinQ; C 1 fer | act ] rgani c
ol et r o GiedeBood et A HRTE Pa8aFRr 5P e bR0S chioxbiteSlinay e tnlud

di chl ormatbreés-afi ity agleepicbe mpaductintye whichaazinobiet vatied (SverHa Widy ,ralige G Neoh
and E. 10, T...Kan . pl., Pol . Sci,. 40,2015 (1990)). An increase in
el ectri 03|IyaE'JJH8ung\f/\{')c ?ﬁ‘i s'tsacﬁ‘isé{;é'agarg?sphefoﬁﬁgdﬁt lﬁﬁ%&Q $9{ebleo{BudY-i vity

i s depem@deiip@atoliditorie/ BRd Yan0b8 adisE irﬁécfﬁr%%rsc@ét@daﬁr?%ﬁfé?ﬁn(?QGG&FEtéé.t' on.
The charge transfer interaction of eneraldine base with the organic

el 46t r ohhedagyabing ifermnear deusonvertathto ghe peanduetive darmybyithe fallowinghe
hydrogep,l Hoye inthe latter replaced by the 15 partially dehal ogenat ed
hal obenqui noné rings. The maxi mum conductivity achieved is at |east an
order of magnitude |ower than that achievable in protonic acid doping of
ener al djne e. PANT in the l.eucoeneral di ne state undergoes oxidative
dopi ng {)@ o%ﬁ%twe& &'{?gﬁog%&%:ﬁ% in acetonitrile solution which

i nvol ves first the oxidation of the

.

PANi in the emeraldine (50% oxidated) base state when treated with

protonic acids shows an increase in electrical conductivity. The resulting

20  conductivity is a strong function of the pH of the equilibrating solution. For

example, when aqueous HCI is used at pH greater than 4, the PANi remains as

the essentially insulating non-protonated form whereas at pH~0 (i.e. with 1 M HCI),

the conductivity increases by 10 orders of magnitude (J. C. Chiang and A. G.

MacDiarmid, Synth. Met. 13, 193 (1986)). In the latter case, the imine units of the

25  PAN:i are protonated to give a N*/N ratio of about 0.5. In this form of doping, there
is no change in the number of electrons in the PANi chains.



20 amine nitrogen and also the formation of the imne structure through
-hydrogen transfer fromthe am ne nitrogen to the acceptor. ThOcwbeptdduced
imne nitrogen is then in turn doped by the acceptor, as described above
for PANT in the eneraldine state (E. T. Kang, K G Neoh, T. C. Tan, S. H
Khor, and K. L. Tan, Macronol ecul es. 23, 2918 (1990)). The maxi num

el ectrical conductivity obtained 25 i-g2-al so about an order of nagnitude

| ower than that Obtained from protonic acid doping of eneraldine. It would
be a signifi Eageleaitieal @ondactivity af thel PANI teated with protgrie iasigisadepends

Funct 1 ofich oty ST b S B, Atlaalify ShBoh vt G4 fa s RdaeR walbg "
pol yani {henRANRSFornedamiplal PANI hdRuBoEHRFAIING @094 redLfides istdtt stdws

pol yaniline. It would be a further significant 5 Cctober 2004 -3 advance
i n the anly a $mall iparease boeondustivity wiheddteaied withdpratarie acidedyye. Ehiangse of

aci @ or ,o4 A2 Gus&biy E)cf‘i A h ,@gt_q%qugi(q%%é)ﬁ.ealt I s accordingly an object

of the present 1 nventi overcome, or st alleviate, one or nore of
the difficulties and deficiencies related to the prior art. 5 Summary of

the | vl hghah Shiarabliof vith BhadiReSlechlon dcdippent | nvention there

IS prov Ically conductiv ymeric artircre including a
polymeric material capable of exhibiting electrical conductivity; the

olyneric ng i ' nde trical onduct i ve treatnent 10
Do Ta v ol oo BN B 8 eRfbrRBIRERASe Sath der BideroPaithos iaRft ErabER o7,
conduct with pjaniterelectedri igdceplis o5l Gist eetfdtinforasiiBEhzauifidvee RS o8-

i nvention exhibits a high | evel of electrical conductivi té" ngor exanpl e,
e

h
el ect r i ighlajoSbrgicyaner-penzeaHinene imasetpaitie dpaHe har .t Gebleshandds. ( Rs)
d irn m ;a [ ' 0 ' l S71 s . | ow,
e T HARGTUDROA PBUELY SIP ° SNSRI TAF e SH fedtiche! o
Pol yani tomductiziteis athiewgd hadithe nagritadeasfrthe zbddoetivit)%s depdatentrorstrat ) or
ener al dj ne 0% oxi dati on, st at eél st at eis or in &ggooxi glat [ %n state tget ween

t hese t WHCs t@@anﬁﬁﬁﬂe&oréf 8| FREFR'ET RANCPNHA Ragas ENBrIG a5 #lender ed
el ectri rdlaktisl of epsktealding blagetvoiﬁam@mqawé @Ie%g\bhoé Plor! RSy RR Ter S

derived from aromat'i ¢ bases such as aniTine and its rivatives and from
het er octhatiaf pratoaationdly HEI pwith dhe hydiogers attems wathey adter Peplaaed dypthieyrer i ¢

ial.s.far ipelusjon.in the.palymeric arti f _the inventjopn .includ
ol ant Piril FeetbtePied, hoBoRRRiTRaRy fidso d FEndnakeiybr | Hiduglaly 55
Pol yani httievedds ROled¥ rarobricrof maghitudd RiWer tREEtRAT S6hiBPAMIEENR ipfotdRicer i al s.
acid doping of emeraldine base.

PAN;i in the leucoemeraldine state undergoes oxidative doping by organic

electron acceptors in acetonitrile solution which involves first the oxidation of the

20 amine nitrogen and also the formation of the imine structure through hydrogen

transfer from the amine nitrogen to the acceptor. The so-produced imine nitrogen

is then in turn doped by the acceptor, as described above for PANi in the

emeraldine state (E. T. Kang, K. G. Neoh, T. C. Tan, S. H. Khor, and K. L. Tan,

Macromolecules. 23, 2918 (1990)). The maximum electrical conductivity obtained

25 is also about an order of magnitude lower than that obtained from protonic acid
doping of emeraldine.

It would be a significant advance in the art if a method of preparing an
electrically conductive polyaniline material could be provided which would function
irrespective of the oxidation state of the polyaniline. The polyaniline base material

30 may be a substituted or unsubstituted polyaniline. It would be a further significant



The el ectrically conductive polyneric material may be formed in any

.sui tabl e manner and may take any suitabl e shape. The pol yners§ Octobyr 1094i n

t he 5 Cctober 2004 -4 formof a film e.g. a free standing film a film
coating, e.g. athin filmcoating, or a powder. In a preferred aspect the
polymeric material may be deposited or supported on a suitable substrate.
The substrate nay be a fabric, polynesi-c matrix filmor 5 other construct.
A pol yét hyl ene substrate) e.g. a |ow density pol yethylene (LDPE) substrate
may be ad¥ancerifethei it dgemethpd cguid be dovidedayiich Hid pol invelviectheaiser ofal may

be of - S U s such as a dihalide salt of a
v?o?oggﬁ&gs#l,&fa-g'hﬁssf?‘b«&ﬁﬁ g{‘%gggﬁe&%{'dﬂ Fi gi ni um di hal i de) have been found
to be particularly suitable: 10 The substituents on the b: Eylri di ni um .

I I | d.f K or_aryl.groups, The a r.oups, may be
Subst 1 ¢ ut ed b5 GRERREGY ALl ShinePraell reBlIBE o AHErg oA ORRS! mmy b
strai ghtllgviate! aneve insreadfitRe difibdties HRAHRfitRhcleBYeRItdy to BiebiRs diRy be

selected froma w de range of substituents including hal ogen, phenyl and
substituted phenyl. Exanples of preferred al kyl groups include nmethyl, 15

ethyd , BuPmlary oftié ifvehtienyl net hyl (benzyl). The aryl groups nay be
substituted or unsubstituted aryl or heteroaryl. Viologen salts nay be

_provided as free conpounds, shown below as |, or in the formof polynmers,

shown bel ow Agchidingieinca firstaashedt o@rtﬁeid?ggé}ﬂlniﬂﬁﬁﬂdh Hrs g8 pfré\ﬂgéé‘l | or

aryl groups as indicated 20 above;, RZ Is an a ene group, preferably a CZ
to C4 ablegtrigadly ranductive polyragriaaitiole innludieg &bpelymerial inateriabcapable of i s an

i nt r n.or.egual..to 2. Particularly preferred viol ogens
: EcIegSreegﬁ'@sﬁsﬁ%&@ﬁ@ﬁc‘?ﬂc@ﬁﬁw*de, benzyl 25 viol ogen dichloride and
pol y(butyl vt p@@méi‘id)ﬁ@f@ﬁtﬂ)bein%5e@ér@69éle8@i@é"y eondudtivebNtreatmentt R X-

X52+ ~+ R)X~~~~X_n(Il) 10 In a preferred aspect of  the present
i nviht i Withthwogaiepsait.c naterial nay be

It has surprisingly been found that the electrically conductive polymeric
article according to this aspect of the present invention exhibits a high level of
electrical conductivity. For example, electrically conductive polyaniline may be
prepared with resistances (Rs) decreasing from approximately 10" to

15  approximately 10° Q/sq or below, irrespective of the oxidation state of the
polyaniline material. Polyaniline material may be in the leucoemeraldine (0%
oxidation state) or emeraldine (50% oxidation state) states or in any oxidation
state between these two states.

Examples of polymeric materials capable of being rendered electrically
20 conductive by treatment with a viologen include polymers derived from aromatic
bases such as aniline and its derivatives and from heterocyclic bases such as

pyrrole and its derivatives.

Prepared polymeric materials for inclusion in the polymeric articles of the
invention include polyaniline and its derivatives and polypyrrole and its derivatives.

25 Polyaniline and polypyrrole are particularly preferred polymeric materials.

The electrically conductive polymeric material may be formed in any

suitable manner and may take any suitable shape. The polymeric may be in the



directly treated with a viologen to render it electrically conductive.
-Accordingly, in a preferred aspect of the present invention i 8®etobei 204
provi ded a nmethod of preparing an electrically conductive polyneric
article, which nmethod 15 includes providing a polyneric material capable of
exhibiting electrical conductivity; and a viologen; contacting a surface of
the polyneric material with the viologen for a time sufficient to pernit

t he pol ri terial_to be rendered ectrically conductive., 20 Although
ot i st of 80 s Vs TARERY HeR. p BB aidabBaeitn 2 M Bk RRRDI b ¢
mat er i alpowelelr eated with a viologen salt that the polyneric naterial

under goes oxi dative doping and the halide anions are incorporated into the
pol ymer. Surprisingly the method nmay be conducted at or above room

tenperature i atfrefdtras a8sectthe Polynierit Riaedrd %%Wbétdekabﬁté@ oﬁggéﬂ%’rféﬂ;fgam c

solution of 25 the viologen salt. "Thus the use of protonic aci
sol vent $Masuiiabley silkiitate ThEhe substpatetmay .hecadabie palymeperndetrix fiim bhe ease

Cr art ety Rl o AU RUEAE Ry Rudte, > o880 BRubini Bl Sy Gk i) 1

form a dopettatentag®edusdd.ve form of the polymeric material. Pursuant to the
present invention, the reactions may be carried out by contacting the
surface of the polyneric nmaterial with an aqueous sol ution of viologen

salt. The regtel oidfogy ss®NtiiBeE thodope thepofhdric inPatbrisP Bk lofla
substanti al degree of oxidative doping of the polyneric matérial to ‘be

achi evegUitable type Vigiagesssaltsrauchtas 8 dihalideaitralm dalpgeai(l Abdisubstittédhl s as
di dy A Vo] ' ' ' ferred. The.nethod of tacti
the. sur b aapyfuinint UBRDRE Al Bt ol BIHE EHEEDIngy SEERBlRRy vary i del y, -
depending on the state of the polyneric material and 10 the nethod sel ected
f h t i npl f t hod ,i I ' ' th
pol rer i ¢ et i sosierts B ufie BBl v ohGRe T Y o5 SgerteR i SLPE: ai y
a vi ol ogeyl giobpbi TR atoy gyronss evBbby SUBSEXERS Br unr'smssmm@aemgsgcwtai@n- The
n

preferred concentration of the solution is between 0.01 M a .5 M The

met hod BEGURe Tinalyt e®ups Ay bestiaighteor: kapehed Ghainse Sybstiueatsifor the
tenper atphg R NERTEY bABGe BRI PRIV raH i or SURRHIRNIE thdB¥ing Ralogen,

phenyl and substituted phenyl. Examples of preferred alkyl groups include methyl,

15 ethyl, propyl, butyl and phenylmethyl (benzyl). The aryl groups may be substituted
or unsubstituted aryl or heteroaryl.

Viologen salts may be provided as free compounds, shown below as |, or in
the form of polymers, shown below as Ii, where:

R and R'are independently chosen from atkyl or aryl groups as indicated

20 above;
R?is an alkylene group, preferably a C,to C, alkylene group;
X is an anion, preferably a halide ion; and
n is an integer greater than or equal to 2.

Particularly preferred viologens include ethyl viologen dichloride, benzyl

25  viologen dichloride and poly(butyl viologen dibromide).



conducted in the presence of air and under ordinary roomlighting. The
.met hod" may be carried out for a period of tine which is depeh@etobeaiz00dhe
formof the polymeric material (coating, thick filmor powder), type of
vi ol ogen salt and concentration. For exanple, for a thin PANT coating and a
nmononeric 20 viol ogen dichloride at a concentration of 0.1 M the reaction
is rapid and the filmturns conductive&-within 5 mns. For thick PANT fil ns)
and using a simlar viologen type and concentration, the period of the
experinment is extended to 1 day to ensure conpletion. After conpletion of
the reaction, the polyneric material may, for exanple, 25 be blotted dry
between filter paper to rennvp<:z§>igiszged vi ol ogen salt. The change of
the PANT fromthe insul ati ng-base te (Nrpwn and bl ue for eneral di ne
freestanding film and coatin?T pecti y) to the conductive state (blue
and green for freestanding fi n1and coatiflg, respectively) is visually
apparent, and may be 5 Cct ober g@ confirmed by sheet resistance (Rs)
nmeasurenent, X-ray photoel ectron spectroscopy or UV-visible absorption
spestroscopy Figure 1 shows the sheet resistance (Rs in ~Isq.) of

al di ne base free standing filmtreated in 0.24 M benzyl vi ol ogen
dichloride. Figure 2 showsthe UV-visibIe absorpti on spectra of 5 PANT
coating on LDPE filmtreated in 0.0 quIV|oIogen di brom de.
EXAMPLES The fol | owi ng ‘ R dtoillustrate this
i nvention and the manner y ggrled out. It wll be
under st ood, however, that {he specific detail s*gilven in each exanpl e have
been selected for the purpose of 10 illustration, @And are not to be
construed as being limtations on tijk) scope of the invention. EXAMPLE 1
Polﬁaniline (in the eneral dine or 50% oxi dation state) was synthesized via
t hdVoxi dat i ve pol yneri zation of aniline using amoni um persulfate in 0.5 M
HzS04 15 (A.G MacDiarnid et al. Synfh. Met. 18 285 (1987)). The

pol yani | i ne ovvder undoped usi ng excess 5 M NaCH and t he pol )F/aanl l'ine
(ener al di ne)! lf"aBE‘a %(SﬁééspﬁﬁEOfdh@ﬁP%H 'FY?WPR;HO'WW%maii?ﬂ@)‘rféaY

F I b 8% Wt [
Nlr\/gei)f(?}ﬁdg tféi@aqgltlhﬂ%végbsg%m 4engast elddtRdijeoral¥@m.! | ne base { ) in

Accordingly, in a preferred aspect of the present invention there is provided
a method of preparing an electrically conductive polymeric article, which method
15  includes providing
a polymeric material capable of exhibiting electrical conductivity; and
a viologen;
contacting a surface of the polymeric material with the viologen for a time
sufficient to permit the polymeric material to be rendered electrically conductive.

20 Although not wishing to be bound by theory it is believed that when the
polymeric material is treated with a viologen salt that the polymeric material
undergoes oxidative doping and the halide anions are incorporated into the
polymer.  Surprisingly the method may be conducted at or above room
temperature in the presence of air and preferably utilising an aqueous solution of

25 the viologen salt. Thus the use of protonic acids or organic solvents may be

avoided.

The rate of the reaction is dependent on the ease of the reduction of the

viologen, e.g. a viologen dication, and the transfer of the anions to the polymeric



imrersed in a 0.24 Msolution of benzyl viologen dichloride + ~ ~ -~ + CHzZ-
~~NCHZ C - CC 20 in water. The pH of the solution was bef @embeS2(dd 6
and the experinent was carried out at 25 Cin an open test tube. A sharp
decrease in Rs was observed within the first hour. The change in Rs with
time of treatnent is shown in Figure 1. The doping |level as given by the
N'/Nratio obtained is 0.4 after 24 h6-25 EXAMPLE 2 5 Cctober 2004 g A
coating of polyaniline (in the eneral dine state) on | ow density

pol yet hmaéﬂ’éa'(tﬁlﬁp@? aﬁ%ﬁ@%%cm@%weaam@fﬁgﬁ paiyEesiciyater@” pl asma
pretreated LDPE filminto a reaction m xture containing 0.10 M aniline and
0. 025 M ammoni um persul fate in 0.5 M HZS04 for 2 h. The green polyaniline
coat ed LDPE Bursyantvigsthen @spranti inventiony tRgoreacien maynke tqasriededifeldy wi t h

del on! 2E8y ARG FRSQHERE i WANRGeAe HEPLAES M CaalBB R B

imrersed in a l'oge romd

Br Br nviotdgen ealti n Tes aeactiches nodiydi cohtipue ofom & i tirhéei sgfficiehe tohpegeitian t he
UV-vj sible 10 absorpti ?n spectrum fromthat of ,emaral,d]i ne base to a

conduct Sybstantial degree qi oxidativa doping giuthe PRlYRKIGMateraligBeachieyRd.
freestandi ng (eneral dine) base filmwas synthesized as descri bed in Exanple

1. Leucoeneral dine was prepared by treating the 15 eneral dine base film
wi th 10% hydl&gividogep saf ay Retssiegted fompAny suitable materiglsas disgussed i | m

(pal e b%‘BWOé-m%ﬁ ?igﬁgf&ﬁédip/élmﬁ)qqefgr@dogen di chloride at 25 C and under

ordi nary roo for 2 the filmhas turned blue and Rs decreased
from 10" to 6x105 S?Jsq. EXAMPLE 4 20 Pol yaniline freestandi ng (eneral di ne)

b fil ' ib i : _ fil
wth 012 M ooR et EESoR R e iradesco Y BofmelcERidiEA Gt 5, 11
under owiblogery maorahy gidelpgdepdralify ombthe state whsh& pblim&c supteriabakidt ober

2004 -9 EXAMPLE 5 Pol iline freestandin ener al di ne) base fil mwas
syni%esit'i"e@%tboﬁé@&qt%ggoﬁ Wees@aﬁg%s-ﬁnensﬁraéwf preferigdimethodi ipMolyes 2 v
benzyl vi i i ; i i~fr0 hyid sence
of 17 gniPERERE He” BoBimelt. Hathaltitiah agfitoss) sliorobr Hle vioBobR L Aba T
f r eest apdéfiegably | anvicdsgen elihalideh endreapteferaphit ireekeess, i witta properc agibatiament

|1 i 0.1.M | .1 -t I | i i i tonitril
Cont al mihe regioRy chititralich Sfiehe OlBRGs Behveia %l B AddSTne: (v of 10 10
Coulonb cm2 at 0~5 C (X. Zhang) E. T. Kang, K G Neoh, K L. Tan, D. Y.
Ki d C Y_Ki ) | .. Pol i. 60, 1996, . 625). T PPY fil
then- undoped THF MellpreREY; Reocaiiuated; atort Aiiabls ie%Pﬁegte"ﬁw?sr 13h Bae
| M S edafbefatdf MARRAUDS SHmBRIFY hotico] 09np el iy g 241

St iBPr
at 25C unl‘dn@r ordinary roomlighti ﬁg The | mturned dark blue and Rs
decr easanduotedlio'the pragehcesofdisand under ordinary room lighting.

The method may be carried out for a period of time which is dependent on
the form of the polymeric material (coating, thick film or powder), :type of viologen
salt and concentration. For example, for a thin PANi coating and a monomeric

20 viologen dichloride at a concentration of 0.1 M, the reaction is rapid and the film
turns conductive within 5 mins. For thick PANi films, and using a similar viologen
type and concentration, the period of the experiment is extended to 1 day to

ensure completion.

After completion of the reaction, the polymeric material may, for example,

25  be blotted dry between filter paper to remove the unreacted viologen salt. The
change of the PANi from the insulating base state (brown and blue for emeraldine
freestanding film and coating, respectively) to the conductive state (blue and green

for freestanding film and coating, respectively) is visually apparent, and may be



Finally, it is to be understood that various alterations, nodifications

.and/ or’ additions may be nmade wi t hout departing fromthe spi§Ottobér 2004

present invention as outlined herein. 5 Cctober 2004 -10 CLAIMS 1. An

el ectrically conductive polyneric article conprising a polyneric materi al

conprising aromati c bases andl or heterocyclic bases, said material being

rendered electrically conductive by trleatnment with a viologen salt. 2. The

el ectrically conductive polyneric article according to claim1 wherein the

pol yner cenfified | By cohgati sesistansganiRehe maasusemaniierXvay i whotgelectron

pol yani Lj Th Gk W d ' |y ' riyl rding to
Eb\g@tros%oply &r Ell\llegltsfdlé:%lb%{&ﬁxlrﬁ #ﬁédt?’o‘%cgé%.s rf—ﬁé{fe 3 élﬁ(ﬂé& éﬁ%%ﬁpgg

claim1l erein the polyneric nmaterial’ conpri ypyrro

deri vat rasistahc® (RePIr QEE) oft enBialdite bhsé dald YtahadUfilim R alksd yireraapprti cle
according to claim2 wherein the Ir%gerl c material is polyaniline. 5. The

A . I L po J
el ect r i BENEYIViskganc: dichtorigs y fnigure 2showsethec y-visie edserptiom spegier of n t he
pol ri dal |y DVs i B i 4 ive polyneric
artﬁ?e@c%%?'h Otnolfogi%ﬁégééjé%%?énghgffgl%tglg%ﬁé%e&ﬁg@“ g‘?' oxi dati on
state between 0% and 50% oxi di zed. 7. The electrically conductive polyneric

article according to Caima1, m;wmﬁggolyrreric material is in the form
of afilm filmcoating, or powderi™es: el ectrically conductive

polynmeric article according to Claim?7, wherein the polyneric naterial is
deposited on_a suitable substrate. 9. The electrically conductive polyneric
article accor@iedgllewing speqific exgraplasrarerHyovideddgdiusieate this inventionograh

cl o m o e Bl S idy b, e B AL TBRGFos B, fifalfroiarhdd '

subst i t spetific adethie givary lin diavhusxamples Bbes tisserf selEctdie f@r € pLdpsdes bf ng of
sub titihgd al kyl groups, unsubstituted al kyl groups, substituted aryl

gr obes rgHennL8nd e dwptdp e Gerpsinded as beifig ligikadiops QN the seerriof the

pol yneriir’?veﬁﬁigh?' e according to claim 10 wherein the substituted and
unsubstituted al kyl groups are Cl1 to C4 al kyl groups optionally substituted
with at | east one hal ogen) aryl or substituted aryl group. 12. The

electrically conductive pol yneri AN cording to claim 11 wherein the
GRAMELE

substituted and unsubstituted al are chosen fromCl to ¢4 al kyl
and benzyl. 13. The electrically conductive polyneric article according to

(he o ouncofifaing B 8 shrui b e ARach B s S5 o
the oxidative polymerization of aniline using ammonium persulfate in 0.5 M H,SO,
15 (A.G. MacDiarmid et al. Synth. Met. 18, 285 (1987)). The polyaniline powder was
undoped using excess 0.5 M NaOH and the polyaniline (emeraldine) base powder
was dissolved in N-methyl pyrrolidinone (NMP). Freestanding film of 10-20 um
was cast from the polyaniline base (8% wt) in NMP solution. This film was
immersed in a 0.24 M solution of benzyl viologen dichloride

7\ =\ +
—CH,— \ NCH:
or \= 7 or

in water. The pH of the solution was between 5 and 6 and the experiment was

20

carried out at 25 °C in an open test tube. A sharp decrease in Rs was observed
within the first hour. The change in Rs with time of treatment is shown in Figure 1.
The doping level as given by the N*/N ratio obtained is 0.4 after 24 h.

25 EXAMPLE 2
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el ectrically conductive polyneric article according to Claim1l, wherein the
viologen salt is present in a polynmeric form 16. The electrically
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EXAMPLE 4

20 Polyaniline freestanding (emeraldine) base film was synthesized as
described in Example 1. Treatment of the film with 0.12 M benzyl viologen
dichloride at 5 °C was carried out for 24 h under ordinary room lighting. The Rs

obtained was 3x10° Q/sq.
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Polyaniline freestanding (emeraldine) base film was synthesized as
described in Example 1. Treatment of the film with 0.12 M benzyl viologen
dichloride at 25 °C was carried out for 24 h in the absence of light. The Rs
obtained was 4x10° Q/sq.

EXAMPLE 6

Polypyrrole (PPY) freestanding film was electrochemically synthesized in a
one-compartment cell with 0.1 M pyrrole, 0.1 M p-toluenesulfonic acid in
acetonitrile containing 1% v/v water. The film was grown with a charge density of
10 Coulomb cm? at 0~5° C (X. Zhang, E. T. Kang, K. G. Neoh, K. L. Tan, D. Y.
Kim and C. Y. Kim, J. Appl. Polym. Sci. 60, 1996, 625). The PPthilm was then
undoped by treatment in 0.5M NaOH for 24h. This dried PPY film was immersed in
0.24 M aqueous solution of benzyl viologen dichloride for 24h at 25°C under

ordinary room lighting. The film turned dark blue and Rs decreased from 107 to 10*
0/sq.

Finally, it is to be understood that various alterations, modifications and/or
additions may be made without departing from the spirit of the present invention as
outlined herein.
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material comprising aromatic bases and/or heterocyclic bases,

said material being rendered electrically conductive by treatment with a

viologen salt.

2. The electrically conductive polymeric article according to claim 1
wherein the polymeric material comprises polyaniline and/or a derivative of

polyaniline.

3. The electrically conductive polymeric article according to claim 1

wherein the polymeric material comprises polypyrrole and/or a derivative of

polypyrrole.

4. The electrically conductive polymeric article according to claim 2

wherein the polymeric material is polyaniline.

5. The electrically conductive polymeric article according to claim 3

wherein the polymeric material is polypyrrole.

6. The electrically conductive polymeric article according to Claim 4,

wherein the polyaniline has an oxidation state between 0% and 50% oxidized.

7. The electrically conductive polymeric article according to Claim 1,

wherein the polymeric material is in the form of a film, film coating, or powder.

8. The electrically conductive polymeric article according to Claim 7,

wherein the polymeric material is deposited on a suitable substrate.

9. The electrically conductive polymeric article according to Claim 1,

wherein the viologen salt is a viologen dihalide.

10.  The electrically conductive polymeric article according to claim 9
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wherein the substituted and unsubstituted alkyl groups are C1 to C4 alkyl groups

optionally substituted with at least one halogen, aryl or substituted aryl group.

12. The electrically conductive polymeric article according to claim 11
wherein the substituted and unsubstituted alkyl groups are chosen from C1 to C4

alkyl and benzyl.

13. The electrically conductive polymeric article according to claim 9
wherein the halide ions of the viologen dihalide are selected from the group

consisting of chloride, bromide and iodide ions.

14. The electrically conductive polymeric article according to Claim 1,

wherein the viologen salt is present in a monomeric form.

15. The electrically conductive polymeric article according to Claim 1,

wherein the viologen salt is present in a polymeric form.

16. The electrically conductive polymeric article according to Claim 9,
wherein the viologen dihalide is benzyl viologen dichloride, poly(butylviologen

dibromide) or a mixture thereof.

17. The electrically conductive polymeric article according to Claim 4,

wherein the resistance of the polymeric material, Rs, is 10° Q/sq or less.

18. A method of preparing an electrically conductive polymeric article,
which method comprises:

i) providing a polymeric material comprising aromatic bases and/or
heterocyclic bases and capable of exhibiting electrical conductivity and a viologen

salt; and
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21.  The method according to Claim 18, wherein the viologen salt is a
viologen dihalide.

22.  The method according to Claim 21, wherein the viologen salt is

selected from viologen benzyl dichloride, poly(butylviologen dibromide) or a
mixture thereof.

23. The method according to Claim 21, wherein the viologen salt is

present in the form of an aqueous solution.

24.  The method according to Claim 23, wherein the method is conducted

at a temperature of approximately 0°C to approximately 100°C in the presence of
air.

25.  An electrically conductive polymeric article prepared according to the
method according to Claim 18.



