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el ectroacti ve pol The process cal g, f,er thernally or
| i ght induced graft copol ynerization of-the el ect roactl ve polyner's surface
with a hydrophobic nonomer with or without the presence of a

phot oi ni t i aSTABIUATY EWNCEMENWF HLECTRONCTESE POL VNEERS W3A0f the
nodi fied el ectroactive poll\{rrers o wth concomtant | oss of counterions

and decr SHRFALFGCBAFT COP QLYMERIZATIONOF H X PROPHOBIGMONQGMIERS of

Rel ated Art . El ectroactive polynmers such as polyaniline and pol ypyrroie
have hi gh conductivity and are relatively easy to synthesize. However,
these polyners upon 15 immersion in water readily undergo undoping when the

counterions mgrate out BiACHKEROUNDEOF THE INVENEONdOpi ng of the polyners
results in the electrical conductivity decreasing by a few orders of

magni t ude. Various met hods have been enployed to i mobilize the counterions
in the ppl ymegieléf thé Invéitfm et hods and sone of the rel ated drawbacks are
summari zed below. 20 (i) Treatnment with fumng sulfuric acid In this

met hodl, pol yani | i n€hianinvsoligipyielatise tar 2 metad efproienhangn fthei sighibiyl fafiri ¢

acid WhICh reuts n sulfonic acid (903 [ s cbej bstl t into
the aniline of C?JWF%YC p?lyﬁlbe§s (“j W ue Ti rz)?éﬁ ﬁ)kf‘%i {h&?rS [jt&y ledr]épst ein
and A G MacDOnda#ddd grakt ABpsIN@etiza008. of [tHe3 eleatr&tbﬁvé J;Q%her sEsIrfadéaro«gth K G
Neoh, Y.L. 25 Wo and K L. Tan, Polym Comun. 32, 412 (1991)). The

i mobi | i zed ghysipehabis wrongees grith er mﬂ@us thet Prespes e Phefeimitiators, dpogel f
doped pol ymi‘rﬁnrﬂ&glomﬁ%a?&”ﬁt%}dc\é%& ,ng fm%%db%é elg&%%&l %&{gﬁey Jed

(about an order magni t ude Fess con e pol yner

as a ipowder awithcamnchmite@slosasf fclohmsnmm snib gearedse Sin belécttided cfantiumlvlnacis
mechani cal trenﬁ%(p 2"d May 2003 -2 (ii) Copolynerization of aniline and

metani | ic aci ¥R oxi dati ve copol ymeri zation of aniline and netanilic acid

can be achieved in aqueous acid solutions (K. G Neoh, E. T. Kang and K L.

Tan, Syn%h. t. 60, 13‘e‘é 193# The use of a 1:1 ratio of aniline and

met ani | i & aci ef"ﬁ‘ﬂtﬁ%‘? lrted A xture 5 results in about 20% of the

ani | ine rings havipohbguRRY Aoty shandedory3ifing! iPBoly ISR BERURSH
together with the external counterions (fromthe acid ution) account for

a prot onat i oncérsluetivifnandareNelativelp easyf tocdyoesice Ho®eveFhibese polymers upon

15 immersion in water readily undergo undoping when the counterions migrate out of

the polymer matrix. The undoping of the polymers results in the electrical

conductivity decreasing by a few orders of magnitude. Various methods have been

employed to immobilize the counterions in the polymer matrix. These methods and

some of the related drawbacks are summarized below:

20 (1) Treatment with fuming sulfuric acid
In this method, polyaniline and polypyrrole are treated with ~30% fuming sulfuric
acid which results in sulfonic acid (-SO3") groups being substituted into the aniline
or pyrrole rings (J. Yue, ZH. Wang, K.R. Cromack, A.J. Epstein and A.G.
MacDiarmid, J Am Chem. Soc., 113, 2,665 (1991); E.T. Kang, K.G. Neoh, Y.L.

25 Woo and K.L. Tan, Polym. Commun. 32, 412 (1991)). The immobilized groups
serve as counterions in the polymer matrix. Such self-doped polymers are less
conductive than the externally doped polymers (about an order of magnitude less
conductive). The polymer is synthesized as a powder and can be cast as films on

substrates but the films lack mechanical strength.



f

polymer,' s electrical conductivity is an order of magnitude | ower than that
of externally protonated polyaniline. It has been verified that water
treatment for 20h 10 has no effect on the inmobilized -S03 grzou'ﬁéylggp?’

al nost all the external counterions are |lost, and the conductivity
decreases drastically. (iii) Use of organic and pol yneric anions
Polyaniline salt filnms cast from sal t-2sol utions when treated with water
retain anions better if organic anions such as sulfosalicylic acid rather
t han th@i)smad)ﬁa mRArA N oF ahBinf ahd nfnARSaced € used (K. G Neoh, MY. Pun,
E.T. Kang and E Tan, Synth. Met. 73, 209 (1995)). Such as-cast salt
filnms are subbe axidative ponalvkenization drindiiel and meanilicacishern b hehieveltior

reprotonatio | At e i iyl p { Sj in
haber: 1t ety b8 soBiiof (e REAAE L R R L TS PRE R A
conducti ng pol99pr Thetuse xf watll @tio @f ahidineasd hgtanilRtacihi@rnhé Facied miRirel S
imersed 20 in water, However there. are other problens. Doged po_:’gani l'ine
filmd prepar &5y ithabeli 2G° i Paranikingeringy havpg the cpyalentlyabondedi 5GP have

the probl em gfsougg’.nuﬁhés%f %‘Bfggég)t%g}ﬂ%éﬁi&itﬁ%e domhg éo%n&rio%‘f(ﬁoﬂﬂ%é*a&]d Lee,

Macr onol ecul 8, 2858 e synthesis of polyaniline in polyneric

aci ds | ead | solgtidbny) acsosut {oblacprotandtion devek (@iomohratid). af cliksmtp Qr%d Khis. Tan,
J. Phys Chem j01,,726 25 . ( 1997))., The el ectrochem, cal K synthesis of

pol yoyrrol o PRVASEyrdrrEealcsaiopeblio: 5 FBEETRRRNG e RaD e evel
and conduct i ¢kiehhaBl9 PRGtbRsled Poly 1RGSR hak BEen\RMIBRH YR Rt afer dfchfindr® falSElh.  The
pol ynmeric anions do not seemto be fully incorporated within the

pol yByrrol e fhas moxeffeet amribe immabalided £5@ Brawps buidalinost akbnthie| exteraplgmui r
7,558 (1991 Lol B Mool G KARR DM, BpbodO i £, Chem 101, 30

726 ( 1997)). resent i nvention us an approac ntirely different
fromthe nethods described 2"d May 2003 -3 above to enhance the stability
of el ectrQactive.pol r fi i ter. The present nethod invol ves the
nodi fi cz{"ﬁon%s Otfﬁégaég‘raaflgé)gl}rgser#ﬁn@st 0 i ncorporate hydrophobic groups via

graft copol ymeltaaiineQalt Gilmt bast &oAT S JohitRnsvhemeested Aithevit@eRin adiéns
literature yields no simlar cases. Other patents related to the stability

enhancement ~ SFU@) i eraeBiecAaNs spelt yneiosalicylie acidraen thaw thsemaller Wargagicent
4499007 di SC'a@ﬁ%i&lgrﬁ% had @.GSN@&&,'M?I.P%‘, pat 6’?@&1@%&% LA l&ghih‘!wet.

pol yacetyl ene in a deaerated aqueous sol ution by Pntroducing sour ce of
chl ori de i on¥3i 2D(1988&))s Sluch hncast salpfilms xte substintially Weakieo meclhantetlyrtbari on of

> 0.5M US Patent 4692225 discloses a,netho f stabilizing electrically
conducti ve pdl s TGS (BehdBUPEERR b oSy i e S BY FFEsD b

conductive pQhyERgioNirt Watdr. SHichRBE expeRfedthat oBfnedrRnYord incPEbtitel @it Ahe US
Pat ent 5456862 relates to conpositions of thermally stable electrically

conduct i ve s9sductingdelysnat ngigtpould natde cpsily/les whandthe apkymsr tsoinysersedy| f oni ¢

aci d,dopant, . (o] n i.ve artii fir it . 15
05 pafane " 55d Bt FRRMSHE el arobef iR e AR ARTROSIO
conducti vi ty iéndigp Giettanilimec aad ipals (atiglic aid)oiny WMPOhgveothanipedtdems ot phi de
on a substrate such as fi bgfr gl ass by jincorporati n% in the con ugg ve

coating a polBpsHBitm apd meffiigntdoging{e.A-(dapaAnd .- 15 §gs 1Mgcipmolgenles 128 t he

el ati on by adex ng Lher Lol it AReot PIREARE ih botier iR S RBLR0G from
soluble products (K.G. Neoh, E.T. Kang and K.L. Tan, J. Phys. Chem. 101, 726
25 (1997)). The electrochemical synthesis of polypyrrole in polymeric acid results in
substantially lower doping level and conductivity compared to the case when non-
polymeric acid is used. The polymeric anions do not seem to be fully incorporated
within the polypyrrole matrix (R. Yang, K. Naoi, D.F. Evans and W.H. Smyrl,
Langmuir 7, 556 (1991), K.G. Neoh, E.T. Kang and K.L. Tan, J. Phys. Chem. 101,

30 726 (1997)).

The present invention uses an approach entirely different from the methods described



20 .t he. group consisting of hindered amne |ight stabilizers, polyneric

am nes and di al kyl am nes. US Patent 5716893 di scl oses a net h%Id @f ?[@Bsnm ng
the stability of conductive polyner filns deposited on a text ay
substrate by the oxidative polynerization of a pyrrole conpound in the
presence of a dopant anion and a stabilizing agent. The stabilizing agent
25 is selected fromthe groups consistdi-ng of benzophenone,

di hydr oxybenzophenone and tetrahydroxy benzophenone. Japanese Patent

J szé 18%bowh ts@ﬂnﬁ?ﬁ:‘é tlﬁ?edmm@(beﬂielctrﬁ@cEtbﬁélﬁﬂglrﬁdﬁfﬁhﬂk aciaRehene pebend Iil(tﬁlﬁ)“d [ Ies
4 2"d May 2003, of conducting pol ymer chem cal sensor ting the, polyner
with a ARGSHBSneodkeafien of\the suifacs follmsyg @Forsgrat%'évq\f Og‘fc gnNes Mees. ~ The

t hi cknegs, fpfzoﬁohfm %@%@*ﬂ{ec JJ pf fatPBRFH&EL, BY vty SPIHR 1608t O JiclRIRPd s

2um The type esi ve and the thickness of the coating and
adhesi veithiareasear Othet pasgeciclatedito BoMubiRY OhatedmanNyENEEIBNCTive pplyesent

i nve%| on rel at esd 28 nmet hod of enhancing the stability of el ectroactive
pol yrer SEGMHPHLZCABGIWich as filns, in the presence of water or nildly
basi ¢ sol ut| on via surface graft poI ymerization w th hydrophobic nmononers.

Th f dI ol l.ud bst it uted and substituted
der i vat i Bl | clofss) 3 ieads S Gt tREHES "EaRteR e of ©
free-stap (Q)cfyile‘ée fid b HEaeré%éd E@@B%&&l@tﬁd Bmtr@audmgﬁalmw st @torafrdosdiass i t ut ed

deri vatl VES pol ypyrrol e, polyaniline or P i ophene and nylon 6. The
pr ef er r ébe sduthrdtogirowide # ableride thinfdopeantration ef ¥ DEM.her mal | y or near-UV-1ight
i nduced surface graft copolynerization of the filmsurfaces wth functional
20 nononers. For filns which require pre-activation of the surfaces, the
pr ef er r ddS Patenbd€92226 dischases ermcpih@ct crﬁstabléammlﬂctrlcaﬂe candushine $)0f>tmer$ b

surface ft co rnization e ect d.fro nononer s
whi ot dBhye) efARBmET e BhoeRndiR AR EREC S ITNhg e il s B
par t i cul séfeyablyt ficepsorly dedininct i onal rmnoners are selected fromthe famly of

hydr ophobi ¢ nononers such as but not limted to the styrene based nononers,
pent af | uor ostyrene and styrene nononmers. Pursuant to the present invention,

the surfiag epadiht 43686 anaxky 1B IcoApbiifbnd 6f E@ihbigd sQble B¥cERalAcbhdigtivde
surfaces of the electroactive polyner fil msogure activated, if necessary)

with t hesubstijuied anddnaprhshiviedrpalyagitines gad p-topacgeswhipnroagd dopant, and to

conductive articles formed from such compositions.

15 US Patent 5393610 discloses a method for stabilizing the shelf life conductivity of
conductive coatings such as polypyrrole or nickel sulphide on a substrate such as fiberglass

by incorporating in the conductive coating a polyphenol or a polysiloxane.

US Patent 5583169 relates to the stabilizations of non-conductive polyaniline in NMP
solution against gelation by admixing the solutions with stabilizing additives selected from
20 the group consisting of hindered amine light stabilizers, polymeric amines and

dialkylamines.

US Patent 5716893 discloses a method of enhancing the stability of conductive polymer
films deposited on a textile fabric substrate by the oxidative polymerization of a pyrrole
compound in the presence of a dopant anion and a stabilizing agent. The stabilizing agent
25 is selected from the groups consisting of benzophenone, dihydroxybenzophenone and

tetrahydroxy benzophenone.

Japanese Patent JP2221851 discloses a method of improving the electrochemical properties



4a exposing. the surfaces to heat or near-WIlight. The best advantages of
the present invention are obtained when the near-W-Ilight induced surface
graft. copol ynerization is carried out at tenperatures higherzt AY
tenperature. 5 If necessary, a snmall anount of photoinitiator such as

benzophenpne be added to the hydrophobic noner.. The objecis and
advant ag%€ %?rﬁ‘%%tﬁ%s%?l YRV R TBHC fe?%’&%?lé{}gﬁ Wﬁa‘?‘?“iﬁﬁet%%rﬁ%]tc er

modi fi cayion agydesphéSici Pobydedst 2at spdn dedist ing Qbr tHe twdraphabE c graft
copolyner, as 10 manifested in a S|gn| ficant increase in the water contact
angl e ofadbrsijres t edTher tatekesas @hatherhydreophehia tkayenrpreparahe
hydrophabi c_graft.layer’'s thickness, is estimgted to be_|egss than O 4 um
AVENDED S £8e 5Bin ?rt}z'é%s‘“@'ghﬁs‘tﬁzl%ﬁ“_i‘o\l THEP PREF FfBoDI MENTS
Pur suantyg&q t g PERS B0k 1 EINERE | OF, thdecddt Phg SIAP Mnddpvdr dfel0
provide a sufficiently active surface on the el ectroactive polyners or
conposi trat fepecifiede graft copol ynerization. Surface pretreatnent nethods
include treatnment with plasnma, ozone 5 and corona di scharge. These net hods
generate a surface coverag Ugélng I Xl a yl peroxyl species which
are subsequently decorrpose% t her ﬁalgﬁyq.g‘;ﬂ g;&vﬁiggr&B light to initiate
surface graft copolynerization reactions in the presence of the nononer.
The choi ce of surf{Eoe preserat imvenbdmodelntées beo depestderd ofi the film
used. An anple of, a filmwhich does not require surface acjpivation prior
o surf SR EIEHIS IS BT Thit b5 oo F GRLPECERISIITS RLEHET 77T EASRT ol ned by
the {@prohomadd Oﬂiﬂﬁ?\foiﬂa@hé'ﬁfegéﬁ@eféf €SS toF i @1 ¢ obakion of

pol yani | i ne base in met hyl pyrrolidi none). The preferred application and

t he bestsebwaivagesaofurfiecepresafit PolVEReT brakien obith nedfepinobic

el ectroac(t)rilgtg f_)ol yNEr S °£eE8”P§§‘éfs {:Pothgij,ormf)f éslt\eet S The nononers
for graflfl cop% ?herl Yt PoR Gsed” i i TRTECTRvent i on Ar'e %e’r%c]f"é from15 the
fam |y ofindylblsophabéd andoshbst OO0t &d Ndedivatide §rofinsol aei bimié aces of the
el ectroactjve pol ynmers/ conposites are rendered hydrophobic through graft
copol ynePPrERYEReLE t AR neohy bR bppeene Honbher Sormiet nefeE e act i ng

the syrfacem®l &PecEhy 8&£9§CEi1/tﬁspcﬁfy\fiﬁéélésﬁ%ﬁﬁ’@é&t%dv‘éﬁ@sé%@é@rOphObi ¢

nononers nmay vary wdely. One sinple and preferred nethod in ves pl aci ng
t he |i quierhyatopesbdt polypyvnele prpohyanitine esr gfolnechbphenoazndve

pol ymer/copposjite fJjlns_apd sandwiching the fil s between two pieces of
e s GVELRS 6 n”SERE BT SRR MR P ARG bpRsbl & ORGTE L Re OBEL B ovi ded ¢ o
ensure ceiRl ehern@veyage féatbevsuidReesn@icédeseteats 0geafve _

film conposite. The surface graft copol ynerization reactions nmay be induced

t her mal | oRPLlYperizagiaeaet khei fhim; pubfrees owltirhBunesiongant ages of the
t ] ' 25. ' NYVAN ' f
present (ONSRLEON kS ?ﬁ’%%ﬂf%ﬁgﬁ?&%ﬁe g@%&éﬁ&%@'&é%ﬁé’ surface

graft copolynerization I's carrie for a period of 10
mn to 3funfaced, sthé| paabantedf mehbodds nate adovonsuch phaseazophenone (2 w %

to 5 wt% of hydrophobj ¢ nononer be added to the_hydrophobi c nmononer
prior totﬁ?%ﬁ‘ﬁ‘ﬁ'%? o%h?hﬁoﬂ??%?ﬁéeg‘g% the surace %lfaﬂhg el gct rloacti ve

pol ymer sé6p8PgRe L E8at P6n Wrbi 881 ebPEUCELAT AT EakPPP! ¥FBYiAGL T ON.
monomers which readily undergo free-radical initiated
25 polymerization. More particularly, the said functional
monomers are selected from the family of hydrophobic
monomers such as but not limited to the styrene based

monomers, pentafluorostyrene and styrene monomers.

Pursuant to the present invention, the surface
30 graft copolymerization is carried out by contacting the
surfaces of the electroactive polymer films (pre-activated,

if necessary) with the liquid hydrophobic monomer, and

SUBSTITUTE SHEET



30 After the conpletion of the graft copolynerization, the el ectroactive
pol.ymer/conposite is subjected to prol onged washing with chhggﬂ&orgbag
- renove the 2"d May 2003 -6 unreacted nmonomer and honopol ymér . '3h
t hi ckness of the hydrophobic graft layer is estinmated (fromthe XPS
results) to be less than O A p.m EXAVPLES The foll ow ng specific exanples
are provided to illustrate this inventi*n and the 5 manner in which it may
be carried out It will be understood, however, that_ the specific details
gi ven in egthoakaaprieehgvefpeen se| berbdororeahieUBut pabe- of Thel Bsskati on,
and are no NSEr 1ngyLim o] o] o] f e
invention.ggﬁgﬁgf%gg %Igggiﬁ?ﬁggagsiég%%%gé#zggev?%£$§3é§xggggiSég
pol yneri zahéan-0¥-anght néndscad dordavenguatpecspbl gineripatidn( AsG
MacDiarm d et al. Sénth. Met. 69, 285 (1987))., The pol yaniline powder was
undoped usFRAF*E%EeSYt 025N RERREARUT ER AN nFP?ﬂerga@etﬁamaEﬁtﬁag-
di ssolved g NefBEBYL-vPYAT Shhdi naReunbIVBY - phbesiat angdisg LhbAsaQf 10- 20pm
was cast fromthe polyaniline in NMP solution. The base filns were
r epr ot onat kdnpgphenprE104yf be addedThe thsuhyidngpbabicfinbnemesre The
el ectrical |l y.copducti.ve W t resisgivity of 5_the order_of 103 S2/sq.
Surface. gr BPISEBRof PerrYarr8ae5r Shekbdr Plisf5aty FRtenr ArS) o588 ¢ he
pol yani | i nechakireli Whenasheastr€dceumodsfioht ova: hRESrapataed wasadr opped
onto the polyaniline_filmsurfaces until conpl ete coverage was ensured. The
filmwas s&H ﬁFéHEaaBegﬁééhtiﬁquQFtQYBFQPEQbéﬁd9§§§BS§8P96YW§EP-8? | i ght
irradi ghi o : wreadiati QR en i-e O mn
Wi e the Barekere Rear Saow ThoRBr SevErsE el HRE BALPrEoPP Pt uas then
washed wi t Bngopi ofisthaogmaftefl ehikbmrotopmetrothetoeé thy ungrzacted nononer
and honopol r, and,_the rie nder dypam ¢ _vacuum. The water contact
angl o of ¢ RUTERERT | nah8abupRBAPLGoarasE  Navstosol i ekRE=Eo Bhout 80 af t er
surface gr . YRRri.zat| A F&q, he grafting density determ ned
from XPS a%%%&@?gggngBZEée§%§§s§%%Ba§'?ﬁgmhunber of noles of PFS per
mononmer unit of polyaniline is 1.0. The stability enhancenment of the
polyaniline filmafter graft copolynerization with PFS is readily
illustrated by conparing the electrical resistivity and ani on concentration
of 2"d May 2003 _ '7 _ the ungrafted and PFS-grafted filns after
prol onged imersion in water. The results are as follows: | mmersion
TimeUngrafted FilnGrafted Filmn
WAt er Resi stivityClO4%NResi sti vityCl04--/NS2/sqS2/ sq02X 10' 0. 452x
10Y0. 42| h8x1060. 325x1040. 4024h1 x 10' 0. 278x 104 ~0.39 Thus, even though the
conductivity of the filmdecreased by 1 order of magnitude after the

AMENDED SHEET



grafting process, the grafted films conductivity decreased by | ess than 1
order of 5 magnitude after 24h inmersion in water conpared tgt“"tlpe é 8%ders
of magni tude decrease observed for the ungrafted films. The dectéh a
conductivity is due to the mgration of the anions (Cl04 anions) out of the
filminto the water as seen fromthe decrease in the Cl04--/Nratio in
Table 1. The Cl04-IN nole ratio givend’is the bulk ratio and the ratio in
the surface region of the filmis expected to be significantly | ower,

giving rise to tDESORDVFEONOF THEPREFERRED EMBOIMMENTS ty of the
ungrafted film EXAMPLE 2 Free standing polyaniline salt filns obtained via
the reprotonation of the base filnms by HCL04 were prepared according to the

procedure i nPsaimlte the presch@afedii@, tthe aRe ool 28¢ ipedtesy isSty HRIVGdNAS
carried out, using.2 wm % of benzophenone in styrene 15 according to the
pr oceduPWlipignity apfyeesurfacqaiqp %P&Ctreﬁﬁ‘i‘t"ﬁd{o%@@F &t sAmPpesites ok siudagesgrlli ty of

the gra r I

copol ymeyoapt Ay SRt pRirch AR RS s M@ plasm, orons

i ncr sasendfcotdme djsefatged flihesa afetlerds ZgHmelrate wastefacmvérags of hgemoxidoradr of
magnltueco ared.to 4 ers of smagni tude for t aft d fil fter
STt ar NEGR RN Do eich G SARBTEYY KEroraistd Beoio AT 85 e

films wepg t%ylmtfa&sg&ﬁee Paft mpoiﬁhér%fu&grmrm thY pRRerfee fdfl th® mfa%ﬁxeﬁoaked
in aniline for and then w ped %andtransferredto 2M HCI 2nd May

2003 _gThe phoise rﬂfnglrf)w@mt(qﬂlrm9r282 od afillebe depamidentt ere the filmvwagedr eAwved,

soaked in vat er by H a and. punped.dry under
dynami c VAL ﬁrﬁ)f %hﬁf Y\Bﬁr:l]c}\l/vadso ¢ ne?nsre l?lreentsurafn a&evéﬁor( v%llo?:ﬁto Surtf%cg graﬁ

char act espdiyineri2dibalis pélyaoniiedd e mhman by tHeerep@ldnatioSur balgenitih@bise
copol yneri zation with PFS with 2 w % benzophenone was carried out as 5

descri b&ém; (Fasbikamppeohutionipd nolapilirease spbemeiipyirotiisorps Hheapredured
pol yani Ekﬂ%a 0¥k 28y &e%gmg@il{g?e@tﬁ fle tp?e”sQn u%h QR: d ad’l‘@& £bm! eﬁ?c%ﬂog&d@er to

t hat of pristine Tilm he o visibl'e spectra of
t he ungpalyireds godopgisitésne teyfoon of slketposi te after 24h imersion in

The monomers for graft copolymerization used in this invention are selected from

15 the family of hydrophobic monomers containing vinyl groups. The surfaces of the
electroactive  polymers/composites are rendered hydrophobic through  graft
copolymerization with the hydrophobic monomers. The method of contacting the surface

of the electroactive polymers/ composites with the hydrophobic monomers may vary
widely. One simple and preferred method involves placing the liquid hydrophobic

20 monomer on the surfaces of the electroactive polymer/composite films and sandwiching
the films between two pieces of quartz plates. A suitable amount of hydrophobic monomer
must be provided to ensure complete coverage of the surfaces of the electroactive
film/composite. The surface graft copolymerization reactions may be induced thermally of

by using near-UV light irradiation. The best advantages of the present invention are

25 obtained when the near-UV light induced surface graft copolymerization is carried out
between 50°C to 70°C for a period of 10 min to 30 min. A small amount of photoinitiator
such as benzophenone (2 wt% to 5 wt% of hydrophobic monomer) may be added to the
hydrophobic monomer prior to placement of the mixture on the surface of the electroactive

polymers/composites for UV-light induced graft copolymerization.

30 After the completion of the graft copolymerization, the electroactive

polymer/composite is subjected to prolonged washing with chloroform to remove the



wat er shows the characteristics of undoped and nonconductive pol yaniline
base. 1 o EXAMPLE 4 Free-standing polypyrrole filns were synkmj i z g

el ectrochemcally (J.H Lee and J.J. Chung, Synth. Met. 53,2 59'?1‘93 9‘7)‘
Surface graft copolynerization with PFS was carried out as described in
Exanple 1. After surface grafting with PFS, the water contact angle
increases from36 to 92. After 24h infrersion in water, the anion (-S03 )/N
nolar 15 rati o decreases by 5% conpared to a decrease of 36% observed when

as- synt igsact@mdabmBy AiPh&mbpdlimeR ! The YRkRE:SAf U hRoSIABR frafdhy&ds i n
wat er. EXAMPLE 5 Surface graft cogol ynmeri zation of PFS with polyaniline

sal t fi ¢ymeded @ronr the KRfUresults) debelespiban DQ@1ERanpl e 1. The PFS grafted film
was i mersed in 0.001M NaCH for I h. 20 The conductivity of the film
decreases by 2 orders of nmagnitude but is still 10 times higher than that
of an ungrafted polyaniline salt EXAMBLESect to the sane treatnent in
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stability of the surface of an el ectroactive polyner selected fromthe
group cinld eanstigedoss bgmadimitations ed thargopupkthe inveslorder i vati ves of 5
pol yani |l i nes, pol ypyrroles and pol yt hi ophenes for use in an aqueous
envi ronnment, which nethod conprises graft copol ynmerization of one or nore
hydr ophobi ¢, vinyl groupcontai ni n§ BhErk onto said surface, wherein the
surface graft polymerization is induced thermally or via near-UV 10 |ight
irradiation or by a conbination thereof.

Polyaniline was synthesized via the oxidative polymerization of aniline using

10 ammonium persulfate in HCl (A.G. MacDiarmid et al. Synth. Met. 69, 285 (1987)). The
polyaniline powder was undoped using excess 0.5M NaOH and the polyaniline base
powder was dissolved in N-methyl pyrrolidinone (NMP). Free-standing films of 10-20pm
was cast from the polyaniline in NMP solution. The base films were reprotonated by 1M
HCIO,4 for 24h. The resulting salt films were electrically conductive with a resistivity of

15 the order of 10° Q/sq.

Surface graft copolymerization of pentafluorostyrene (PFS) on the polyaniline salt
film was carried out as follows: PFS monomer was dropped onto the polyaniline film
surfaces until complete coverage was ensured. The film was sandwiched between two
quartz plates and exposed to near-UV light irradiation. Light irradiation on all surfaces

20 was carried for 20min while the plates were heated with hot air at 60°C. The grafted film
was then washed with copious amounts of chloroform to remove any unreacted monomer
and homopolymer, and then dried under dynamic vacuum. The water contact angle of the
film increased from about 25° before grafting to about 80° after surface graft
copolymerization with PFS. The grafting density determined from XPS analysis and

25 expressed as the number of moles of PFS per monomer unit of polyaniline is 1.0.

The stability enhancement of the polyaniline film after graft copolymerization with

PFS is readily illustrated by comparing the electrical resistivity and anion concentration of
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preactivated prior to surface graft copol ynerizati on.

to claim3, wherein the surface pretreatnent

4. A method according
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to 4, wherein a photoinitiator is used during the WIlight induced graft
copol ymehid wrarafosd. and.PES -grefteibfilnacafer gtolgngded immersimeinovatet. i lesredultsard as
wherein %ltge el ectroactive polyner is in the formof a 25 conposite. 7. A
met hod AHVYSi ng to claim6 wherein the el ectroactive polyner is in the
formof a conposite with nylon 6. suesmu~ sty 2"d May 2003 10 8. A nethod
according to any one of clains 1 to 7 wherei the electroactive polyner is
doped Hymaession Tiwe¢ dopant ¥ngmfted Filgt hod accpr di ng t Cwfisd Hilg: wherei n t he
said 5 ar e irmoranic o oroani —mrds’ j ' '
conbi neﬁ?@ﬁﬂ{xﬁereof. 1§é§§tIMhoj ag(glodr"‘dl ng tp any Sotneyof
whereif the hydrophgbic mpseners|for graft copol ynmeydqgzatio

lains ‘1 to 9
is sel ected

fromviinyl monomersicontaining the appropriate 10 functional groups. 11§ A
net hod [of nod?fyi ng [t he 26lFace of anOdldj ect for s¥dBilizihg th842urfack
for usq in an,aqueoys en [ {pnment con%ijslti ng pf a y

l.ect ropct i Vg 4Bol y e
tuted and supstituted 15
8x10* 0.39

selectqgd fromthe grioup consisting of "Unsubst
deri vat|i ves p4h pol yani | i mes)’ pol ypyrr @25 and

Thus, even though the conductivity of the film decreased by 1 order of magnitude after the
grafting process, the grafted film’s conductivity decreased by less than 1 order of
5 magnitude after 24h immersion in water compared to the 4 orders of magnitude decrease
observed for the ungrafted films. The decrease in conductivity is due to the migration of
the anions (ClO, anions) out of the film into the water as seen from the decrease in the
ClO4 /N ratio in Table 1. The ClO4 /N moie ratio given is the bulk ratio and the ratio in
the surface region of the film is expected to be significantly lower, giving rise to the

10 observed large decrease in conductivity of the ungrafted film.
EXAMPLE 2

Free standing polyaniline salt films obtained via the reprotonation of the base films

by HCIO4 were prepared according to the procedure in Example 1. Surface graft
copolymerization of styrene was carried out using 2 wt% of benzophenone in styrene

15 according to the procedure in Example 1. The water contact angle and surface resistivity
of the grafted film were similar to those obtained after graft copolymerization with PFS
(described in Example 1). The resistivity increase of the grafted film after 24h in water

was less than 1 order of magnitude compared to 4 orders of magnitude for the ungrafted

{ilm after similar treatment in water.
20 EXAMPLE 3

Polyaniline-nylon 6 composite films were synthesized in the following manner:

Nylon 6 films were soaked in aniline for 1h and then wiped dry and transferred to 2ZM HCl
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Surface graft copolymerization of PFS with polyaniline salt film was carried out as
described in Example 1. The PFS grafted film was immersed in 0.001M NaOH for 1h.
20 The conductivity of the film decreases by 2 orders of magnitude but is still 10 times higher

than that of an ungrafted polyaniline salt film subject to the same treatment in 0.001M
NaOH.

To those skilled in the art to which this invention relates, many changes in
construction and widely different embodiments and applications of the invention will

25 suggest themselves without departing from the spirit and scope of the invention. The
disclosures and descriptions herein are purely illustrative and are not intended to be in any

sense limiting.
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] _@s10%& ()- 10 p method of enhancing the stability of the surface

of an electroactive polymer selected from the group
consisting of unsubstituted and substituted derivatives of
5 polyanilines, polypyrroles and polythiophenes for use in an
aqueous environment, which method comprises graft
copolymerization of one or more hydrophobic, vinyl group-
containing monomers onto said surface, wherein the surface
graft polymerization is induced thermally or via near-UV

10 light irradiation or by a combination thereof.

2. A method according to claim 1, wherein the monomer
is selected from styrene-based monomers, pentafluorostyrene

and styrene monomers.

3. A method according to claim 1 or 2, wherein the
15 surface of the polymer is preactivated prior to surface

graft copolymerization.

4. A method according to claim 3, wherein the surface
pretreatment is achieved with gas plasma, ozone or corona

discharge.

20 5. A method according to any one of claims 1 to 4,
wherein a photoinitiator is used during the UV-light induced

graft copolymerization.

6. A method according to any one of claims 1 to 5,
wherein the electroactive polymer is in the form of a

25 composite.

7. A method according to claim 6 wherein the
electroactive polymer is in the form of a composite with

nylon 6.
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% ()- 10. A method according to any one of claims 1 to 9,
wherein the hydrophobic monomers for graft copolymerization
is selected from vinyl monomers containing the appropriate

y 10 functional groups.

11. A method of modifying the surface of an object for
stabilizing the surface for use in an aqueous environment
consisting of an electroactive polymer selected from the
group consisting of unsubstituted and substituted

15 derivatives of polyanilines, polypyrroles and
polythiophenes, said method comprising graft
copolymerization of one or more hydrophobic, vinyl group-
containing monomers onto said surface, wherein the surface
graft polymerization is induced thermally or via near-UV

20 1light irradiation or by a combination thereof.

12. A method for stabilizing the surface of an
electroactive polymer selected from the group consisting of
unsubstituted and substituted derivatives of polyanilines,
polypyrroles and polythiophenes for use in an aqueous

25 environment, comprising graft copolymerization of one or
more hydrophobic vinyl group-containing monomers onto said
surface, wherein the surface graft polymerization is induced
thermally or via near-UV light irradiation or by a

combination thereof.

30 13. An article comprising a non-electrically

conductive portion and an electrically conductive portion
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