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CONVER NI LI NE FROM AN | NSULATI NG STATE TO A CONDUCTI NG STATE
Field m‘m‘lmﬁmnm i on Th® r@Li Z@vlnfiodrelates to a method of
preparing elggirically 5 conductive- polyneric materi al 9?(#555% BhaW th a
viol ogen salt under UV-light irradiation and to electrically conductive
polynmeric articles fornmed thereby. Description of related art In recent
years el ePMOFOINDUWCEDICONNVERSION QFP HYANHANE HROMJIADECcause of
their potential inportant commercial applications. Such polynmers 10 include
pol ypyrrol e andN$ ldAﬂ'llNﬁiS’EATeEJ@oRy@QNDl&CJdNGtSTAéF vatives. The
aniline famly of polynmers is an exanple of one of the nost w dely studied
el ectroactive polynmers because of the ease of synthesis and the unusual
nat ur e Fbld 66tied Rbddntiold conductivity which can be varied over a w de
range. Polyaniline (PANT) in its insulating base formis readily soluble in
N 15 net hyl pyrrolidinone and can be cast into filnms or coated on different

substrates. THie preshetihpentidi Nctadsbe caNYRsthed bP pledafingdetddti&alfyor m by
the foll ow na nmet hods: (1 Treatment with aqueous protoni ¢ aci ds PANT in

t he &negomidgicive (Biymenic dnatedpl thysteatent witema idlaged salt Hnder phblighti ¢

conductitol yBM i teaEfoRNFEFAICER nRaNBHE B fordie BRI g sol uti on.
For exanpl e, when aqueous HCl is used at pH greater than 4, the PANT

r emai nj&’?ﬁ“ﬁ%ﬁfﬁ?‘g%tﬁél%i nsul ati ng non-protonated form whereas at pH-O

(i.e. nductivity increases by 10 orders of magnitude
(J. C Chiang and A. 25 G MacDiarmd, Synth. Met. 13) 193 (1986)). In the

~latt g.the im its. t he .PANT t ted to.qi N /N
Jatio of abd0iregenl vears ﬂlregtsr\‘%;%‘%?ﬁdlié%‘{%3569%(54104@ Figen Ruslgy “stidiede
number KdcaRlsBCbF QRsirl gofehﬁaipﬁNEoﬂBﬁi Remmercidl BBRiEIBhs 2@thT ppyrhast i cal

conductivity of the PANT treated with protonic acids depends not” only on
t hel®H ipeludpobyridle adiitsglertatives and polyanilineoand i{e dexivatiteson st at es of
the PANT. For exanple, PANT in the |eucoeneral dine (100% reduced) state
shows only a small increase in conductivity when treated with protonic

acids (J. CTs: enilmegfamity of palymersDisaani ejargglet of onetof the moss widews) ) .

cmer ol gD Bc ot BUAHHEBeER 8 B bisff SYhffteBr SBT B, TalEWetor gani o
_el ect r amatace efft ivs sclecteibal sohdlctaityl ahicho-dagnbequanedeowitda wide range.
2, 3di chl oro-5, 6-di.cyano- p-benzoqui none in acetonitrile (S. H Khor) K G

Neon arfePlygnitne T (PREy, ing itsppipsulaipgy hassciformo)is 2 gaadily; geyble AR iNrcr ease
I N ¢ eGhbhflyrfdtiathdne ¥hd ¥ahSb8Case g MMd dh&odtBE b Uftferoht ShiSstrates.
conductivity is dependent on the type of organic acceptors and acceptor
concent The iinsulatithg: fommarcan beaceivartadtetbe t¢canductive forml by ke Halbawingt h t he
organi c_el.ectron acceptor is analogous to that of protonation by HCl) with
t he hydf‘Sg'lQﬁ’tsatorrs inthe latter replaced by the 15 partially dehal ogenat ed
-‘hal obenzoqui none rings. The maxi mum conductivity achieved is at |east an

~order of, . nmagpi tude | ower than that achievyable in protonic
' (f1) reatment w\%ah aqueous protonic acigs P

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

20 protonic acids shows an increase in electrical conductivity. The resulting
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.

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

AR
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~acid doping of eneral dine base. PANT in the |eucoeneral di ne state undergoes
oxi dati on doping by organic el ectron acceptors in acetonitrile solution

whi ch involves first the oxidation of the 20 am ne nitrogen and al so the
formation of the imne structure through hydrogen transfe§ fLgnhdH@oan ne
nitrogen to the acceptor. The so-prodluced inmne nitrogen'is thenin turn
doped by the acceptor, as described above for PANT in the eneral dine state
(E. T. KandhekeleGtrichboandactivity ofdhe PANHtrertest withrerotonic acidsmdepends

obt =i i ooty 58 e it 2Btk eaHNBtaline SHufRE Y e Phube PRI EE eTPL) nea
f rom RREPHNIC FBF edadPRé, TIART inctierielisherferdidine! (T0BRAeEdGCRd) dthteshiRos!s

sol utions of viologens Applicants have recently shown that PANT base in the |
f or m afnly reecmathiiargase |im coudiatingy ovhepvideatedawitbe PEARDIE BEESE 6)-t e doped

state n osyke . he . ous vi ol ogen sol ution

un r‘Qﬁ%P@%ﬁaé§#§1y%@ﬁﬁgﬁﬁﬁtéﬁ?ﬁﬁéﬁﬁ?ggtﬁ%ﬁéﬁﬁgéﬁ review). The reactions

i nvolve the transfer of electrons from PANT to the viol ogen dications
resul ti,ng i the fornati. Vi ' | cal the transfer of
Some. gVt nEharR Ae8OET RfbBeuh MR E g Re Aihctfon BRBpRIS 00 16" he PN,
This formb5 of oxidative doping of PANT offers the advantage of the use of
near - neutr gueous nedi,um rat her, than r i di ' organic
sol vent as 'di S ' p 1.

o e e MR Bl BB S Pt
si gni fy@RndrganicaBRrRtion bbembls isuch a8t fttchlorscbanzoquinbne! asdra gal |y
conducti ve 8ok¥anlllne mat eri al could be provided which would function 10

i r r espdichlove56-dicano:p-benzasiinang in acetanitrilp(§aht. IKhar, K.tGubdigoh ard o '
- f h I agplfi t [ . h if h ' whi ch
ORAE. % RSO i, oS (T S0 St

such acormfuetioity israditeved and thelmagnitudé idfithé cohdectivithviariependehhenaine i f t he
| evel of conductivity achi eved, woul d, be enhanced an articul a{rl ﬁggf t he
conductPOi Pl FERRICC FSCBRION% FH RFAPIAE OBCERIAYRN ¢ r{"éﬁ"t' ge | yapgier

accor Ghpgh¥tic oP Bhidthidite bgﬁ% WiRee! oﬂd&h%‘blé&ﬁohoa&éﬁftﬁp@énélbgé&s kgast

all eviate, one or nore of t Ifficulties and.defiC| encies related to the
pri or that of pootonatiornbyt HEI, i witte the bydragsey diangs yn the lattér replacesbby thef t he

I ' h [ i_ded. . el i call. i Ve.
o5 nebartially { deffalogeia e halibanspoiioBhe” TineS: ; The. BiamuRtr Cfialfiny ng
el ect r 4@abvédP RIHCIa%t v ordeP Bf RdgHiRIdECoWRIr ehaAlthehtldievapidengstotonic

electrically conductive by treatment
acid doping of emeraldine base.

PANi in the leucoemeraldine state undergoes oxidation 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.
(3) Interaction with aqueous solutions of viologens

Applicants have recently shown that PANi base in the form of freestanding

film, coating or powder can be converted to the doped state upon exposure to the



~with a source of electromagnetic radiation, e.g. W or near W irradiation,
in the presence of a viologen salt. 25 It has surprisingly been found that
the electrically conductive polyneric article formed according to this
aspect of the present invention exhibits a high |evel ofyehegdkiesabos
~conductivity. For exanple, electricaBly conductive polyaniline may be
prepared with resistances (Rs) decreasing from approximately 10" to
appr oxdquebebyvibRiged2lsstytion batdemwambiest peoditioaso(Patest Applicaliom wdeat e of

t he 4 29 enber ,.2004 | yani |l i ne. material . Pol yanjl,i.ne terial may be
-t haoYEWothBRtoR B Rt pBRreT ol e Bsong BatbPANAS BBoikitnd  on
St at e)disitRIrRSredulting RMhPTdriRitioPNoBYiBIGICEARS rAdiBSI AN td GafSfer owr t her,
it will be understdod that a conducti vi ttédﬁath may preferably be 5

const raamedf the balids mnsdoitiadly assaciated witbdthpyiolngen daitihe PNt Thistfomemt

pattern. appl es aof po i C terials c I f being.rendere

el tr&cﬁf‘?? "é%rfi‘tﬁ!‘efﬂv%a y Y %ﬁ@emﬁﬁ‘ﬁarﬁgggoﬁ%&% Saqg)fi rﬁ%?rd'&%uq%l ymers
der i veshfdoRid Al Fathap @Raf us Nstesngiyi ddidie ardiiurhs ol @rjaniti ¥@igemngds f rom
heterocyclic bases such as pyrrole and its derivatives. Qher polyners

whi ch diggussedis dd) aag (Beraspestivelyect ed from the group of substituted and
unsubstituted pol yanilines, polyparaphenyl envinyles, substituted and
unsubsti tut ed pol yt hi ophenes substituted and unsubstituted poly-p-phenyl ene

su: fides, Jumnuldhea sanjficand advancabier fheueedifpdIpeiodopk srepaiing: am ut ed
Pon: relerBRaRY Fond B souphiiE mifelabeolRbe Brolibeg i hatid ungtion o, o

pol oy mefrespaEtives ichl thef @xidationustats bh theepplyanitieei c larwoaldedeoh further
_-_"_:__)i nvention include polyaniline and its derivatives and polypyrrole and its
“deri vatigifeantrativange inheaad ihanethedsauldhe prgvided, whigh, digr natdpyeive
poly L Lals. I L cad L i y be
For mod e UeRref ol igielalasly hitio br BRRSHE SoKErR P e actlonifE £
pol ymewouldabe iz Iséilinfaythiee advanice @0tHeoam dfthe fevieinof ecanduativitye ackiesedi ng

film a filmcoating,, e.q. a.thin filmcoatjng..or powder .. L.n referred
aspect WOHCDs SiANGRd Aaf cparteuipry 4 sl oatty Rt} Petaired Byt al
supst redisctivEestrisitr ate may be a fabric, polynmeric matrix filmor other
construct. A polyethylene substrate, e.g. a |l ow density 25 pol yet hyl ene

(LDPE) substrate may be used. The viologen salt utilised as a dopant for

~the pol ynmerj ¢s BBEGHiIdly BRY objecPbf Y pratdrtiheritid?fto M&cBERS) oF@tlcastuch as
a dihalide salt of a'viologen (1,1 disubstituted 4,4'-bipyridiniun have

been falaviateocone opaerecef theldjffisuitieatand deficiencies selpted wothe prias aslubst i t uent s

on the bipyridiniumnolecule my be selected fromal kyl or aryl groups. The

al kyl groups nmay be substituted or unsubstituted C1 to C4 al kyl groups. The

al kyl Fuouparyraftheinventiogmt or branched chains. Substituents for the alkyl

groups may be selected froma w de range of substituents including 5

hal ogen, phenyl and substituted phenyl. Phenyl methyl (benzyl) groups are
“t he pref er rAdcardingly,sioba tfirstuaspect oftbeaprgisegt inventionytheee éupeavided aa or

ungybstitut ed aryl, or. heteroaryl ... Vol n salts may. be_pr.ovided as.free
 conflouniatticdfty aeteublie BoRimaly aryele RadHEer s Plufbtie SalLRb RASHRFR hs®
and || éxhibiting-eléttiibaNori@uctivity™ ~ ~ x 1 ~o () - .(R N~ ~ Nx ~x n {Il)
' the polymeric material being rendered electrically conductive by treatment
with a source of electromagnetic radiation, e.g. UV or near UV irradiation, in the

presence of a viologen salt.

25 It has surprisingly been found that the electrically conductive polymeric
article formed 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

approximately 10° /sq or below, irrespective of the oxidation state of the



6 --~-CHCH~n R,N x 00 x 29 Decenber 2004 ' (IIl) where: Rand R are
i ndependently chosen from al kyl or aryl groups as indicated above; 5 X is
an anion, preferably a halide ion; and n is an integer greater than or
equal to 2. In a preferred aspect of the present '”Ve”t'ﬁ‘laé&ﬂlﬂ%%d&?” C
material may be directly treated wit# a viologen salt in e presence of
UV-irradiation to render it electrically conductive. 10 Accordingly) in a
pr ef erpeiganitipe ahatgial. hePpIyas'dane inalenali mayt berio the Iﬂh@(bed"@daldineel(@l%d for

preparing an electricall ve .pol yneri.c, a thod

el uceadaiy Rlate o “SorlaiiRpctii ordrial L HeEa 1 Bhi P BRRE  ca
conducgtbfg btwedtithbae awbigthtegen salt placing the polynmeric material and
viol ogen salt in contact to forma pre-doped naterial; and subjecting the
pre-doped material to a source of electromagnetic r adi ation) e.g. W or
near W irragiadd, g0 wilp b'éeuﬁeérstcrtﬁj m%tyaafdrﬁueﬁw Ipath W\eﬁﬁbféf@?dﬂly’ be 29
Decenber 2004 conductive. Although not w shing bound by theory it is
bel 6 eveshdthmtednea setesterb pgttem dictaded by dhe redltaheratreatmﬁntrpettemol ogen salt,
and subjected to el ectromagnetic radiation) the polyneric nmateri al

under goes oxi dative doping and the halide anions 5 are incorporated into
the pol ymer Exdinplese oh qeblymyprib ematerifls tcapabielef beibgerendecediigledrisaltyr above,

. at o bov omte ture.iin the pres e of, air ref blLy the
rret hodc‘?'% ‘t‘%ﬁﬁugi’egeﬁw rﬂp& ePatifio %ﬂtt H‘C‘i‘ﬁ%‘? RAIWREE fes ES ﬁ 'Er%e
pr eseng@yrRitidbhsed Reht ¢ anfiReChnd'ifd! 88tivativels dend froad Wc@éncousm c
sol vents may be avoided. 10 Applicants have surprisingly di scovered t hat

util i ssueh aspyrale@ndoits deavativesenOtherpelymers wiich ey basedonay the

.'-\ f

gl beBelR HfbL) 1B olul o8 SpRyRRP L A "UrRbstiudeh LpByARIReE. oy o
1 hour palyphesghenflenvirg/led, t lseibatitded t handar eJrrmbsmuM@ct pdlytiiopheras near - WV
irradiation will not decrease. 15 The rate of action i dependent on

t he ea§%b$$ftu'teﬁ|ea‘ﬁ@dhr@t¢§wu¥ﬁd paby- mpbpag'eﬁes%ﬂﬁéese gybsfituied, Pehdwradesal i de,

and th Fgg;a%(e oped
and coﬁ%ﬁétﬁl ve ol?h&@@eﬂ%h%gﬁt%g“ C naterérg{dec h pry‘bﬁégdﬁn% r@gfj

i nvol veslublepecposars ecarhbinatiops khyereof and bteyeis thorgad sith ather palytriess.f or m of
thin filmcoatings to UV-irradi ation at anbient 20 conditions. Under such
conditions, the increase in conductivity can be rapidly achieved. The rate

~of 16he r eacPreferres pkaipmediermatenaméolemmsmn irhéhe pdlymerinadiclashef theol ogen
di cati pn and th ransfer, of t n|o t JS,iS in turn
T oct BeRlion s RBeryingrandfis BRaReS, i pBRRY TS an i dididiivets

vi ol ogpR)\a llfneuér%jpaggyﬁhlé arenputichiBrpréfarieae dihéria shtefiglsogen are in

contact. "Preferabl the reactions are carried out by the UV-irradiation
of a conposition of pol ymer and vi ol ogen salt which are in close contact.
The reacti Oﬂﬁe%lééﬁi&ﬁﬁ&f kﬁoﬁ@@éﬁvb polymeriehitiaBtial béeiMedah 4y slatablke dopi ng
of the polyner. The pol yner-viol ogén conposition nmay be in the form of

bl ends manrieniand mam taket angsuﬁablwsfsapeat dheTpelymesict artigle may kit thiue for a

i %o ° érfnl\ % a'h m e. gDer Fnee stan R nqt l'ﬁjlm coating, e.g. a thin film coating, or a

powder.

In a preferred aspect, the polymeric material may be deposited or
supported on a suitable substrate. The substrate may be a fabric, polymeric
matrix film or other construct. A polyethylene substrate, e.g. a low density

25 polyethylene (LDPE) substrate may be used.

The viologen salt utilised as a dopant for the polymeric material may be of
any suitable type. Viologen salts such as a dihalide salt of a viologen (1,1'-
disubstituted 4,4'-bipyridinium) have been found to be particularly suitable.



~ 29 'Decenber 2004 degree of oxidative doping of the polyneric material to be
achi eved. Preferably the rate of conversion of the polyneric material to a
conducting state is varied by varying one or nore of the type and
concentration of the viologen salt, tenperature and int hinaf2004

wavel ength of W irradiation and 5 périod of exposure to Irradration.
The viologen salt may be selected fromany suitable materials as di scussed
above. A vi Thegubstifuenits da the pipwidiniued mdlbeulel miayden sekeictedrfipnballtgbnoneri c

P le'fo cr biapy! 9TS. 1hecalléh Stoue ey bt SURSTEeS %téﬁ%%@@;?ﬁfp @ G4re) 10
sel ect ?ﬁ(l){]; bﬁﬂﬂﬁs l‘jlﬁe kagfﬁﬂﬂﬂs ﬁég'(—)tfé;l;trﬁlbh? o brhHEfed RABRRT SubdtitdBit§od O

contac aces) ~of 'the meri'c material with the viol ogen salt
may vafar thiedalkyl, groepsmiay dpecseletted Sram e wide nangs lof subsitugateiriciidiagd t he

met hod, sel ected for the reactiqns. In e e I rent he viol ggen salt is
depgsi f‘@g’gﬁﬁ' P "iy[ 5‘5'Bes‘ét3§@ftf’§t gheny, %ngﬁé‘ggfﬁiﬁwht ﬁ%ou\ﬂsoggegglﬁesal t is
graft ﬁgr&eh@daaaﬁwé‘%time?@sm@bm WrolipS ity Behistingd @r dAéubsdtired
treatnment. The viologen salt may, in a further preferred enbodi nent, be

gr af t eardior hiederoantabl e substrate utilising a heat and/or UV-induced
treatnent. In one enbodi nent, the viologen is then partially or
substantially conpletely 20 coated with the polyneric material. Preferably)
a pol yneri c Vielagemgalts nidy be providesd % frggecarapawids, ishownsbelewnasil,iar igi t u.

Al ternativel a coating of pol s material 1s deposited on a

sui tabl?}?-:e g‘ﬂﬂi?fr%‘B'&f.“efs-?&"ﬂé‘c‘i%ﬁ‘gra%gﬁame vi ol ogen salt nay then be
deposited on the pol yner ed subs In a particularly preferred
~form the nmethod furthe g a vinyl alkyl halide grafted

10 X 0



4, 4" -bi pyridine; contacting the grafted filmsubstrate with the
4,4 -bipyridine for atine sufficient to permt reaction therebetween; and
subsequently contacting the nodified grafted filmsubstrate with the 10
alkyl halide for a tine sufficient to permt the formatiog,of a viaqlogen
grafted film The nethod may further include the prelininﬁ?gkg?ﬁwﬂgp8g
-providing a | ow density pol yethyl ene 5i|n1substraue; a solution of aniline
or pyrrole; 15 ammoni um persulfate; and a vinyl alkyl halide inmrersing the
pol yet hyl ene film sub oy e solution of aniline or pyrrole and
ammoni um persul fate for alperiod dufficient to forma polyneric coating on
the substrate) 20 contactisng the coated substrate with the vinyl alkyl
hal i de, subjecting the niﬁ?ure to UV or near W irradiation for a tine
sufficient to forma vinyll alkyl halide grafted substrate. One sinple and
preferred method invol vesNqe %}afting of vinyl alkyl (or substituted
al kyl ) halides onto ar on:jla ma pretreated LDPE (|l ow density 25

pol yet hyl ene) filnms, rga gi{the films with 4,4"-bipyridine followed by a
second al kyl (or subst|t | kyl') halide to form viol ogen noieties, and
finally coating a thin Iline filmonto the viologen grafted surfaces.
Preferred conditions for ar UV-light induced solution grafting of the
vinyl al kyl halides onto grgon plasma pretreated LDPE fil nms include a
nonomer concentration of ween 5 vol %to 10 30 vol % using ethanol or
propanol as solvent) a . regction time of 1 to 2 hours. Another preferred

nmet hod i nvol ves placin noner on the surfaces of the 10 29 Decenber
2004 pl asna-treated LDPE , sandwi ching the filns between two pieces of-
-quartz plates and exposi assenbly to near UV-irradiation for a period
~bf 15 to 60 minutes at ro t erature. The grafted filnms are subjected to
prol onged washing with dinethyl-formam de (DMF) to renove unreacted nononer
and 5 honopol yner. The gr&ting of viol ogen onto the filnwlvia reaction of
the films with excess 4,4'-bipyridine and further reaction wi th excess
al kyl or benzyl halides is preferably carried out at between 40C and 70C
for 10 h to WRerde: each) using DMF as sol vent. The viol ogen-grafted filns are
washed in DVF to renove unreacted reactants before they are inmersed in a
reacting nixR@nd 8? aggiinderendantyxehrgen from atkyhepasyl droHpsrasaindigateaNT
coatin 0 the substrate. The polyner coated filnms in the base or
insulating state (in the formof eneral dine or 50% oxi dati on state) may be
‘expoSed to néds ab\aniongulieferably adalideiorRG@rnd n to 120 min in the presence of
air. The rate, of d? igﬁ of tﬁg t hi n PAl Eilns depends on the type and
amount of vi'bISRRH 59 Fgeate g equal fR 2 the 15 ease of reduction of the
viologen salt and intensity of the |ight source. The change

In a preferred aspect of the present invention the polymeric material may be
directly treated with a viologen salt in the presence of UV-irradiation to render it
electrically conductive. '

10 Accordingly, in a preferred aspect of the present invention there is provided
a method for preparing an electrically conductive polymeric article, which method

includes
providing
a polymeric material capable of exhibiting electrical conductivity; and
16 a viologen salt

placing the polymeric material and viologen salt in contact to form
a pre-doped material; and
subjecting the pre-doped material to a source of electromagnetic radiation,

e.g. UV or near UV irradiation to render the polymeric material electrically



~of PANT thin filmfromthe insulating base state (blue in colour) to the
conductive state {green in colour) is visibly obvious) and is confirned by
sheet resistance (Rs) nmeasurenments and UV-vi si bl e absorption spectroscopy.
EXAMPLES 20 The follow ng specific exanples are provide e this
invention and the manner in which it 7fray be carried outdmipe&£##§%b@1

- under st ood, however, that the specific details given in each exanple have
been sgbg@@ﬂ&etor t he pur pose of illustration, and are not to be construed
as being limtations on the scope of the invention. 25 EXAVPLE 1 Vi nyl
benzyl chloride grafted filmwas synthesized by imrersing an argon pl asma

pretreated piRHBUfh! Mot Wishig U6 das bedndom teEoryoit i ibelievéd Shatowhén uheng
et hanol as solvent) and exposing the setup to near UWV-irradiation for 2h.

The gr BPlYERETG matm ig ma&c{ withiayviglagesh Rt aRdHibiRrtad do efgatromagielici t was

reacte g]dem,é i ter

bat h a?a d)S%o?oreﬂ%% ﬁ% ﬁggﬁn#@?/l genzy rﬁbgrﬁ%amég%ﬁ%w%agmﬁter

bat B atre tecdrpora?éd intBahk po@sruer offthetrapthodemay dzer coredlicted vasiengnibidntas

solvent. The fil m was vvashag W t h DVF after bot h reacti on ste{gs to renove
I

unr eacCRAAIEYE 1AnPROVerLE 93| YRS SPematamperaliye ini ther PiesenceRfialed into

a reac t 0 i psul fate
' 0.5 PPy e S AR kL GPH AR iRy of of K0 R ety G ) s
undopeéh ithe (brébbhbé]tbff@r IThus s hse o pdstonit aeidsveart aqueous purgrganidr y

under refluc? essure The base fil mwas exposed to near UV-light emtted

from aS® RS aVaid8dfor 1 h. The sheet resistance of the film
decreased from 10 10' S?Jsq. (before irradiation) to 1055?Jsq. (after

"_Jrradlatlon) he change in Rs respect .to irradi |ont| i s shown in
| ERnpbcants o M9|sqseﬁ§lgwlvc5r eeeﬂf;rﬂa@tt uilising Médheed as
descrl t I h ar

m xt ur?‘?g?éﬁ}f,@-%g%ﬁr%& ;r%ﬁsatﬁ & (?gtr{(éylﬁ&r%e drilchi orlﬁgé (%’. b%ﬁl?ﬁ % derg h

r eact approximatelyad do 6avidess oTOﬁagm’(ud@hyitmmalg)dﬁué af B bouenor I film
SO obt ai S t, dei oni sed tep t e ve t horm | ymer s
and coﬂ%@r@\?\qahwﬁﬁpy%rﬁqrﬂd] Qg 'a%léchf l!fé?f i %Eﬁp&e{hf Bﬁ’é i stance
of the s bjentétees wsﬂnéémvlﬂa&‘at@ﬁ will ot @éerels@. upon exposure to near
W-irradiation for 30 mn. The change in Rs with respect to tinme 20 is

shown in Figure 1. The change in UV-visible absorption spectrumfromthat

~of ggrer al di mhebpste éfOthtehﬁatac%n w@e@@f\a@,ﬁt bMethéaéésel &f the Péddcf@fbﬁ%ﬂ theFi gure
2. Before irradiation, the spectrum shows two absorption bands in the 300nm

r egi on Vielagen wbneg. thevielpgen dihatideernd theatranstari of the cinienwrtalthene base

Ater Sars HHtefal @oBE Rhatr i conklEuR Gkt REMbHhe TR e Pase

intensity tail extending into the near IR region are characteristic of the

(emer al di noy! 5h RIBRERL ek (e g, ERBBSIHE ., B $2rb Ppiossa

- pr et r edontpdstidng iihnmhentford ofahin dilmmicohtings oo W\Aiddiation at ambient

| 20 conditions. Under such conditions, the increase in conductivity can be rapidly
achieved. The rate of the reaction is dependent on the ease of the reduction of the
viologen dication and the transfer of the anion to the polymer. This is in turn
affected by the intensity of the irradiation, the type and amount of viologen salt
used and the manner in which the PANi and viologen are in contact. Preferably

25 the reactions are carried out by the UV-irradiation of a composition of polymer and
viologen salt which are in close contact. The reactions preferably result in a
substantial degree of oxidative doping of the polymer. The polymer-viologen

composition may be in the form of blends or thin film coatings on substrates

The reactions may continue for a time sufficient to permit a substantial



12 29 Decenber 2004 aniline and 0.025M amoni um persul fate in 0.5M HC104
for 2 h. The green polyaniline coated fil mwas undoped as described in

Exanple 1. The filmwas then placed in a degassed sol ution of vinyl benzyl

chloride (0.03 vol. %in ethanol) and exposed to near Whd pragiiatbemy for

2h. The filmso obtained was washed Wdth a 5 sol vent mixture containi ng DVF

and chloroformto renove the gom)pol ynmers as well as unreacted vinyl benzyl

chl or i ddegrétef gxidativel doping efdbe podyrnetc wiaterial to' bevaghyievelidlne and benzyl

chl oride as described in Exanple 1) and then dried under reduced pressure.

The filmhas a Rs of 10' S?Jsq. before irradiation which.subsequently

decr eased t d2reSablygtheurate of xpoeension of theapoliidricr mdterialdo & oconddctiy m n.

EXAMPLE 4 Vinyl Db | chlorid fted fi.l t h
bot h 5P &5 VBSd DY \GEWNG ASetTomers e U dveeiand, Conesrtaiometluiien ¢wo

pi eces QblogeAr $ait, MeRiftatule HRP aitBhyit) @nae%yéién?m ast BV Readiffior? R 1 0d of
45 mnutes at The grafted filmwas reacted wth 4, 4'-bipyridine and benzyl
c coat epenad of expopdre ta WY ireg@tiandi ne state) as described in Ex~ the film
decreased from 10' S?I sq. to 105s2/sqg. upon exposure 10 m nutes. 20 EXAMPLE
5 Polyaniline (eneral dine) was synthesized via the oxida of aniline using
anmoni um per Big vislagennsait sy Hesseie¢teddronsamytsuitable mederialgms(diserssed The

pol yani | ne powde oR T wder bl ended with 20
e 5 onbo oRITBGHRR i iR AebRenia. AT SRUSQRR AR AV heroRBRiack am: ol y
10 wt . gbighelit@i Aatuie NATRbNTe shviclBLbAIsaRs dNBuseline Rs of from 10 S2I sq.
t0l0' S?1 sq. upon irradiation with near UV-light foi by placing the d LDPE
film nd exposing the omtenperature. hide) and further ple 1. The Rs of
near  WV-1 i ghpreférably, VeheP A, ¥iRibsBftien§8) NGrC hér Vibfbgin &hole%@@?sf%n%é cess
‘mononeri ¢ benzyl m'was cast using the film decreased 2h. 29 Decenber
20040 pselreted femvialybge hepzyd Orewps, ior @ mixturetherrefi zed as described in
Exanple 2. The filmso obtained was inmersed into a reaction m xture
contai ning 0.08M pyrrole and 0.025M ammoni um persul fate in 0.15M

hydr ochl ori cTheimethed of lconterating dhe surfaskeés) off thenpaelpmedicdoptatial with e NaOH

mhe re UPRERE o ey Ry ANIGRRE R bisSn e st et i PRl FiRepE T o ©
UV- i r r agh@thieometttod s&lebied. foFtHeaddagtiomnd. i s t o be understood that various

alterations, nodifications and/or additions may be made w thout departing
fromthe spirit of the present invention 10 as outlined herein. 29

Decenber 200 dife 6inBblifmdnt, te blogehisaitlis Yepositet bheswiedblesubstrard. i cl e
exhi bi ti ng enhanced conductivity conprising a polyneric material;

'_\

15 More preferably, the viologen salt is grafted onto a suitable substrate
utilising a heat and/or UV-induced treatment.

The viologen salt may, in a further preferred embodiment, be grafted onto a
suitable substrate utilising a heat and/or UV-induced treatment.

In one embodiment, the viologen is then partially or substantially completely

20 coated with the polymeric material.

Preferably, a polymeric coating or film of the polymeric material is formed in
situ.

Alternatively, a coating of the polymeric material is deposited on a suitable
substrate.



~wherein the said polyneric material is capable of exhibiting electrical

* conductivity by treatnent with a source of electronmagnetic radiation in the
presence of a viologen salt. 2. An electrically conductive polyneric
article wherein the source of el ectromagnetic radiation igngceé%e%O@@ar uw
source. 3. An electrically conductiveS9polyneric article according to Caim
2 wherein the polyngeric material is chosen frompolyaniline and its

deri vat i ves.Tht viglogeinezalt inayl thgn bendiepasited ol thegralymer toated substmaté.ng t o
Claim 2 wherein the polynmeric material is chosen from polypyrrole and its
derivatives. 5. An electrically conductive polyneric article according to
Cl ai m 3 wherlaiapartieulavlyyprefarcechiora, ittt methpdifydhet inckides. An el ectrically
conductive polymeric article according to Claim4 wherein the polyneric
material is p§8¥'§ﬁkgrrol e. 7. An electrically conductive polyneric article

according to O aigWipyl ARGN RAlRie draftaal paidn @thyléfr@ﬁ IE&\Y
oxi dati on state bet vvgen ?_he Ieu@?erreral di neﬁ? %Zta e) arlﬁi? e r(3:3@rré\;r al di ne
(50% oxi dat i on stat alkyl Balides agidect ri cal |y conductive polyneric article

according to d aim.l,. rein the polynmeric material is in the formof a
film filmcoatirffg;),‘l%'f)m@'vr\%er. 29 Decenber 2004 15 9. An electrically

conducti ve pniaating tise tgreftedafip®rslibetrate Wit thed 4,4Map@idiné hRr RPItier i C
material is deposited on a suitable substrate. 10. An electrically
conductSuficiart toparmit reactien dherebeiweed to G aim 1, wherein the viol ogen

salt is a vi i i : I k4 Cal cl,i | viyerl ¢
article accoé“éf %gﬂ‘?%ﬁ@r{aqygﬁggl%%\t/{ﬂéﬁg:én %ftqéﬁ%fgk%%ée(gq@ﬁhg’%g@%@ﬁéﬁ? n the
nmontoreralkyl dralide ffgma tinte Sufficient fo parmititiee forntatidnyofa viblodeéry graf@dy/fimy. i C '
~sarticle according to Claim5, wherein the resistance of the polyneric base
~“material, Rs) is reduced by approximately 3 to 6 orders of nmagnitude. 13.
An el ectri calheymetinotd aiayfarihel jnotude they pretinginapcstegiofy to d aim 1,
exhibiting a predeterm ned pattern of selectively non-electrically

conducti ve s%gi"p!ﬂﬂs and el ectrically conductive sections. 14. A nmethod for

preparing an el ecf ”"‘Paé{‘éﬁ%?‘?"g@ﬁ‘éﬁéﬁe mﬁJ_. ggﬁé@r&earti cl e, which nethod

i ncl udes providing a po erila a viologen salt, wherein the
sai d pol yneri c net solution iof aciipeldrepyofolexhi biting el ectrical conductivity by
tregtment with a source of eleI trprraé*;netic radiation in the presence of a
vi ol dgen salt; pl%?‘r‘?@"frﬂ@eﬁﬁﬂ’fﬂ{'ﬁr?‘& mat erial and viol ogen salt in contact
‘to forma pre-dopedinyRalRyl Wdlideand subj ecting the pre-doped material to a
source of electromgnetic radiation to render the polyneric nateri al

el ectri cal | ymERpiging the pobypiBylenerfingiqubstrate gnioe thariselutimoaf apginesor A
met hod rfdié AP dRmGnidT Eyérsuvfgfér R0 & rE)Peri%)(au':s.ﬁf?‘lcﬂafnt to form a polymeric

coating on the substrate,
20 contacting the coated substrate with the vinyl alkyl halide,
) subjecting the mixture to UV or near UV irradiation for a time sufficient to
- form a vinyl alkyl halide grafted substrate.

One simple and preferred method involves the grafting of vinyl alkyl (or
substituted alkyl) halides onto argon plasma pretreated LDPE (low density

25 polyethylene) films, reacting the films with 4,4'-bipyridine followed by a second
alkyl (or substituted alkyl) halide to form viologen moieties, and finally coating a

thin polyaniline film onto the viologen grafted surfaces. Preferred conditions for
near UV-light induced solution grafting of the vinyl alkyl halides onto argon plasma
pretreated LDPE films include a monomer concentration of between 5 vol % to 10

30 vol % using ethanol or propanol as solvent, and a reaction time of 1 to 2 hours.

Another preferred method involves placing the monomer on the surfaces of the



~electromagnetic radiation is a UV or near UV source. 16. A nethod according
to Caim114, wherein the viologen salt is deposited on a suitable
substrate. 17. A nethod according to Caim 16, wherein the viologen salt is
grafted onto a suitable substrate utilising a heat and/

treatment. 18. A nethod according to 1@ aim 17, wherein t eH\é//?ecr)er%ggﬁ&salt IS
‘formed in situ. 19. A nmethod according to Cla|m16) wherein a surface of

t he vi cﬁlamﬁahmedlg_mﬁsﬂlmt gahdwjuiing dhe Yilms tsatvetantwa piecesaifpdedred v
coated with the polynmerjc material. 20. A nethod accord| ng to Claim14

wher ei PlafepARhEXPRSIRGADE AFSEMBlY tonnsar (- irRdiakianifer Auperiadpf i1§ P&%red in
situ. . dreithpehAC 0 | | ymeric
mat er i g\]’mlﬁéde o@ﬁ edfég{‘l aﬂggjurlbfa @ifb&ég}“gﬁ@ éjg sgﬂ tc%«ﬁgJB cor ng to

d ai m Mashm@rmth dineethyldfloomamidal (DME) depoanbed omretaheed)ohgmmneccmtded

sub

t hod ding to d 4. wh t t f
ooy deraaalires TAAGrBHG S VidlbaeR onid iiifitns Vi teadtion o Badids iy

1,1 - Sléb@;bbé uppthipyri@inet Aivd YiPhEORACEBH agith @xtess alig) Or tsa{zgchaﬁdégwﬂ al kyl
or benzyl groups, or a mxture thereof. SUBSTI TUTE SHEET 9 Decenber 2004

17 25. prefesablyctasded odit afbetweasined 01C andt7€)€i for 1B ta 20 dyeacts aising l§MF
nonomnmeric_Qr lynmeric i n nat 26. A netho ing to Claim

wher o 175 VNI Y yidageh-BEMES gt a6k iR 56 DM Lo AemaeoHAERER i ng ¢ o
G aim Jréa&ﬂ%ﬁt@béfdr@@hé?ékéhﬁr’h@?séﬁ iﬁ@%@&lw@mﬁra@f Qﬁmﬁé aﬁa dﬁdérﬁ%‘nﬁed by
appr oxi mat el to 6 orders of magnitude wthin a period hours or

| es) z:iapomtmcbfcmtmoﬁﬁfﬂmmtmg aptaithe subsirater ei n t he net hod i s conduct ed
at a tenperature of OC to approximtely 80C in the presence of air. 29. A

Jret hod according to Claim14) wherein the rate of conversion of the
: 'pol ymeric maThB ipolyrner sostedd films iy tbe dhasea or uasuletin@ystawr f(lnrﬂgleofwmoof nor e

of the t trat nof eV|oIo en salt
i nt en_sﬁ‘ii&?}l@ §En‘g(ﬁ%t Hx ‘g.)dln&?Y 091 a%oﬁgpl (t)%l g{}){ gtﬂcﬁéll%‘ w
i rradi ddtwaen3dtd noﬂnrtatmﬁnmwm pPesehcd of air1Phefrttd beaoﬁm@l SihR&thin
providing a vinyl alkyl halide grafted | ow density pola/ 'ene film
subst r aﬁ',gNl films depends on the type and amount of viologen grafte onto the films, the
16 ease of reduction of the viologen salt and intensity of the light source. The change
of PANi thin film from the insulating base state (blue in colour) to the conductive
state (green in colour) is visibly obvious, and is confirmed by sheet resistance (Rs)

measurements and UV-visible absorption spectroscopy.
EXAMPLES

) 20 The following specific examples are provided to illustrate this invention and
| the manner in which it may be carried out. It will be understood, however, that the
specific details given in each example have been selected for the purpose of
illustration, and are not to be construed as being limitations on the scope of the
invention.

25 EXAMPLE 1

Vinyl benzyl chloride grafted film was synthesized by immersing an argon
plasma pretreated LDPE film into a degassed monomer solution of 5 vol % using
ethanol as solvent, and exposing the setup to near UV-irradiation for 2h. The

grafted film was subjected to prolonged washing with DMF before it was reacted



an al kyl halide; and 4,4'-bipyridine; contacting the grafted filmsubstrate
"with thp 4,4 -bipyridine for a time sufficient to pernit reaction

t her ebet ween; and subsequently contacting the nodified grafted film
substrate with the al kyl halide for a tinme sufficient tq per m%é(gq
formation of a viologen grafted filmi131. A nethod accordilgfe “m 30,
further including the prelimnary step of 8UBSTI TUTE SHEET 29 Decenber
2004 18viir O2HMod 4'-bipyridinesin p pelerebatpl ahdOFC| for 2w tfollowed by §14Mi on of

the. portenayd, PRRB0E; ARG WATE! Paltbal FB° é&%?@ Béin &attioncstepS Syerbor o ang
ammoni ymep q%utf@é.ﬁgctngaaeeweenﬂ{é ?i!)r@]\&g% w.tnobmerdrgﬁ gﬁyah' ng on

t he subs con the coa the Vi nyl hal i de,
subj ectreagtldmetemsxbuemave whreactedaeactdits. rTlhednalogen grafted fitm maassfufdllyci ent
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el ectr i;ﬂégbwateqnwstmwcwmmm CTIE Eféér? 8AMKE T(.rpfh%oafr@@auarr@%tate/}g to
t he nethod according to d4im 14, SUBSTI T SHEET . As@. A
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7 ca] ca] ca] ca] cal ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca! 6M6667R
7X77778L8V88889 999: : k:

; <O<C=: >>} xsni d_Z]] ] ] ca] ca] ca] C%M%!-Ea?—ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! >>>! @QuaAA>BBB* CCC, DaDj DDEEFGG
RHH@ | 7Ji JsJJ Ki KLHI\/{ vpkfal\W]ca]c f]dca] ca] cal] ca] ca] ca] ca] ca ca caj ca] ca] ca]
ca] ca] cal] caYioyl enzy jchiarists) gwfled) film) was @M@&b@p@'@pm xample
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ca] 48] caylene dichloride &0 .024M of each reactant), in a water bath at 70°C for 20h, using
<Xt XX YZ2YBYI YI ZZ{[\\\\] ~crgrx*y~r " “accccecOdd} xr mheMY] ] ] cal ca] ca] ca]cal] c

a] ca] calPbH es]sdyent] J&\pcﬁmapc@lqtéu]e@a]vea]\@aqm w]\cfaqfcdqel@a]scd] wa]e@atpca] calc

2l cal ot e ARt ot b oy BRYCR N g ety G By
ca] ca] cuhe adtgBMesistance of the film decreased from 10'°Q/sq. to 10‘Q/sq upon

exposure to near UV-irradiation for 30 min. The change in Rs with respect to time

... 20 is shown in Figure 1. The change in UV-visible absorption spectrum from that of
) emeraldine base to that of the conductive salt is illustrated in Figure 2. Before
irradiation, the spectrum shows two absorption bands in the 300nm region and at
615nm, the first band being characteristic of emeraldine base and viologen, while
the second band is the exciton band of emeraldine base. After 20 min of near UV-
25 irradiation, the 420nm band and the high intensity tail extending into the near IR

region are characteristic of the polaron state of doped PANi.
EXAMPLE 3

A coating of polyaniline (emeraldine) on LDPE substrate was prepared by
immersing a O, plasma pretreated LDPE film into a reaction mixture of 0.10M



. no;

pPppphhhi Viiiiij_jjjkkl XIml~IImwnmhc”?Y]]]ca]ca]ca]ca]ca]calca]ca]calca]cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
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YlO%& ()-10f @#10983& ()-f @ #10%
, & ()-x)yGPH <Y( 10%& bé))-l$100/& ()-!1$10%& () -
109 (a)munemm 00250 s menfrEQperspifgter lrz[OzéM HCHXY for 2 h. The green

a1 ) ~ oo linel Bt s undned a8 isbibed W £3aftie 1l gl e oo,

(& () ptaced #U@'degasééﬂ Eof&h@ﬁ(t(df&m@lbeh@%&lbblde (0@5(‘&)!( Yo lri@ﬂﬁaﬁo())add
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) &10%EXRosRd to qqu&rr@1@mWQq )Thq,fﬁlrmm 9 a)me yorsy Wiashed with a

5 solvent mixture containing DMF and chloroform to remove the homopolymers as
well as unreacted vinyl benzyl chloride. The grafted film was reacted with 4,4'-
bipyridine and benzyl chloride as described in Example 1, and then dried under
reduced pressure. The film has a Rs of 10"Q/sq. before irradiation which
subsequently decreased to10°Q/sq. upon exposure to near UV-irradiation for 70

10 min.

EXAMPLE 4

Vinyl benzyl chloride grafted films were synthesized by placing the
monomer on both surfaces of an argon plasma pretreated LDPE film,
sandwiching the film between two pieces of quartz plates, and exposing the

15 assembly to near UV-irradiation for a period of 45 minutes at room temperature.
The grafted film was reacted with 4,4'-bipyridine and benzyl chloride, and further
caated with polyaniline (emeraldine state) as described in Example 1. The Rs of
thé film decreased from 10'°Q/sq. to 10°Q/sq. upon exposure to near UV-light for
10 minutes.

20 EXAMPLE 5

Polyaniline (emeraldine) was synthesized via the oxidative polymerization
of aniline using ammonium persulfate in 0.5M H,SO, (A.G. MacDiarmid et al.
Synth. Met. 69, 285 (1987)). The polyanilne powder was undoped using excess
0.5M NaOH. The base powder was blended with 20 wt. % of monomeric benzyl

25 viologen dichloride, and a freestanding film of approximately 10um was cast using
10 wt. % of blend in N-methyl pyrrolidinone (NMP). The Rs of the film decreased
from 10°Q/sq. to107Q/sq. upon irradiation with near UV-light for 2h.
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0.025M ammonium persulfate in 0.15M hydrochloric acid for 2h. The polypyrrole

gliom i containing 0 pyrrole and

5 film was undoped in 0.5M NaOH for 2h , washed with deionised water and
pumped dry under reduced pressure. The Rs of the film decreased from 10%Qy/sq.

to10°CQ)/sq. upon exposure to UV-irradiation for 75 min.

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

) 10 as outlined herein.
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- wherein the said polymeric material is capable of exhibiting electrical

conductivity by treatment with a source of electromagnetic radiation in the

presence of a viologen salt.

2. An electrically conductive polymeric article wherein the source of

electromagnetic radiation is a UV or near UV source.

3. An electrically conductive polymeric article according to Claim 2

wherein the polymeric material is chosen from polyaniline and its derivatives.

4, An electrically conductive polymeric article according to Claim 2

wherein the polymeric material is chosen from polypyrrole and its derivatives.

5. An electrically conductive polymeric article according to Claim 3

wherein the polymeric material is polyaniline.

x 6. An electrically conductive polymeric article according to Claim 4
wherein the polymeric material is polypyrrole.

7. An electrically conductive polymeric article according to Claim 5,
wherein the polyaniline base material has an oxidation state between the

leucoemeraldine (0% state) and the emeraldine (50% oxidation state).

8. An electrically conductive polymeric article according to Claim 1,

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

11.  An electrically conductive polymeric article according to Claim 10,

wherein the viologen dihalide may be in the monomeric or polymeric form.

12.  An electrically conductive polymeric article according to Claim 5,
wherein the resistance of the polymeric base material, Rs, is reduced by

approximately 3 to 6 orders of magnitude.

13.  An electrically conductive polymeric article according to Claim 1,
exhibiting a predetermined pattern of selectively non-electrically conductive

sections and electrically conductive sections.

14. A method for preparing an electrically conductive polymeric article,
which method includes
providing
a polymeric material; and
a viologen salt,
wherein the said polymeric material is capable of exhibiting
electrical conductivity by treatment with a source of electromagnetic
radiation in the presence of a viologen salt;
placing the polymeric material and viologen salt in contact to form
a pre-doped material; and
subjecting the pre-doped material to a source of electromagnetic radiation
to render the polymeric material electrically conductive.
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16. A method according to Claim 14, wherein the viologen salt is

deposited on a suitable substrate.

17. A method according to Claim 16, wherein the viologen salt is

grafted onto a suitable substrate utilising a heat and/or UV-induced treatment.

18. A method according to Claim 17, wherein the viologen salt is

formed in situ.

19. A method according to Claim 16, wherein a surface of the viologen-
bearing substrate is partially or substantially completely coated with the
polymeric material.

20. A method according to Claim 14 wherein a polymeric coating or film

of the polymeric material is formed in situ.

21. A method according to Claim 14 wherein a coating of the polymeric
material is deposited on a suitable substrate.

22. A method according to Claim 14, wherein the viologen salt is

depositéd on the polymer coated substrate.

23. A method according to Claim 14, wherein the a mixture of viologen

salts is used.

24. A method according to Claim 14 wherein the 1,1'-substituent(s) of
the Viologen molecule(s) is (are) selected from alkyl or benzyl groups, or a

mixture thereof.
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25. A method according to Claim 14 wherein the viologen salt is
monomeric or polymeric in nature.

26. A method according to Claim 25, wherein the viologen salt is a

viologen dihalide.

27. A method according to Claim 14 wherein the resistance of the
polymeric material Rs is reduced by approximately 3 to 6 orders of magnitude
e within a period of 3 hours or less.

28. A method according to Claim 14, wherein the method is conducted

at a temperature of 0°C to approximately 80°C in the presence of air.

29. A method according to Claim 14, wherein the rate of conversion of
the polymeric material to a conducting state is varied by varying one or more of
the type and concentration of the viologen salt, temperature and intensity and

wavelength of UV irradiation and period of exposure to UV irradiation.

30. A method according to Claim 16, further includihg
S providing
a vinyl alkyl halide grafted low density polyethylene film substrate;
an alkyl halide; and
4 4'-bipyridine;
contacting the grafted film substrate with the -4,4"-bipyridine for a time
sufficient to permit reaction therebetween; o
and subsequently contacting the modified gféfted film substrate with the

alkyl halide for a time sufficient to permit the formation of a viclogen grafted film.

31. A method according to Claim 30, further including the preliminary
step of
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immersing the polyethylene film substrate into the solution of aniline or
pyrrole and ammonium persulfate for a period sufficient to form a polymeric
coating on the substrate,
) contacting the coated substrate with the vinyl alkyl halide,
subjecting the mixture to UV or near UV irradiation for a time sufficient to

form a vinyl alkyl halide grafted substrate.

32. A method according to Claim 31 wherein the vinyl alkyl halide is
vinyl benzyl halide.

33. An electrically conductive polymeric article whenever prepared

according to the method according to Claim 14.

SUBSTITUTE SHEET



