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*159159* WD 2005/ 033378 PCT/ FR2004/ 002449 - 1 METHOD
FOR FORM NG A POLYMER memwmﬁwmmmwmﬁACE THAT CONDUCTS
OR SEM CONDUCTS ELECTR

SURFACES OBisAkINED AND T
Eﬁggggﬁggéigéggiesent i nvention rel ates é&éﬁ%ﬁ%c 5302443
for the formation of a pol-ymer- filmon an
el ectrically conducting or sem conducting surface by
el e METEHODa FIGRN FORMENCOW MPLAMER FILMOION iAc SSIRFANQRD THAT
| ncl udbReuérS’ GRSsLMT bl ﬁﬂﬂ$i§1éf@%eﬁfcﬁghﬁélb¥
conducting or semcon uctlng surfaces tal ne
enplEHCTR %%@T%cé‘é@“ﬂ?@ (SERED M%fAPPLICATIONS
el ectrically conducting org®Eor 15 conducting
surfaces covered with polynmer filnms is of great
interest in nunmerous fields, in particular for the
nahef aetewenof ialwattrion c redapesents of ipricegisat eflor the

opbLgal. devi aes, Lor e prepaialy onoof devi copeubieharry

used in theé ¢al field 8F i
brondehhdhggioas S(emmcmqimlqg ctuifaaships, elamtrcb@raftlng

lb%ﬁioy&ﬂ@ QBQEQ%H6¥6ﬂyUy@(§HTﬂ¥T '1ﬁH¥LJngE§WBronsted
fication to the surface propertles of netals or

séﬁfilémnduélpérs t25 | tthgppeftlettr i@ et epterndistfaing  or
t BatitBadpeepagat it fefcesyr ddred e YB3 fedgFoPing this

electrograftlng of activated vinyl nononmers to
cBR8GEPPNg surfaces proceeds by virtue of
electro-initiation of the polynerization reaction

S‘rﬁé“ggeéé%"c&gﬁ S&{)f aecleectfx‘?ﬂé Qﬁg %Ym%h%%'}‘xg%og semi -

Yy nono reacti o
meenghics Anef %Méf:w@grafpﬁfueﬁgdhasltbteemdw@rr bédlpy is of

Ng%%bﬁ“'ﬂ{téfbé@elﬁaQ@ﬁrﬁePdué: £Bian gau einalpa’rtlcular for
cronol ecul es, 1997 , 3. C Bureau and J

DEPRaIMEEULAS RS of ShPFLERNARaCPEPSNeN§Sg O%( Sptegrated

optical devices, for the preparation of devices which
can be used in the biomedical field 9or in
biotechnologies (DNA chips, protein chips, and the
like), for protection from corrosion, and for any
modification to the surface properties of metals or

semiconductors.

It appears to be accepted today that the preparation of
grafted polymer films by electrografting of activated
vinyl monomers to conducting surfaces proceeds by
virtue of electro-initiation of the polymerization
reaction starting from the surface, followed by growth
of the chains, monomer by monomer. The reaction
mechanism of electrografting has been described in
particular in the papers by C. Bureau et al.,
Macromolecules, 1997, 30, 333; C. Bureau and
J. Delhalle, Journal of Surface Analysis, 1999, 6(2),
159, and C. Bureau et al., Journal of Adhesion, 1996,
58, 101.

By way of example, the reaction mechanism of the
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35 159, and C. Bureau et al., Journal of Adhesion,
1996, 58, 101. By way of exanple, the reaction
nmechani sm of the i ~mmm-nom-u *co0002* - 2

el ectrografting of acrylonitrile by cathodic

pol ari zati on can be represén@ed according to SCHEME 1

b j Leh the afti r I orr onds .
oLt Et g O B AP R Soe BT rgthodic
f PohpBlEpbigDr foRde; bet agPrREent efei gL er@ingi fosi YFHEME 1
rgagbiyon inwhiyBAchesitld SqkBftRBgPRAMII D 8br@Bsponds to
ungrafted Eol%ger: SCHEME 1 E H 1. Surface chem. ca

r 8588FoNO - glaf VPRYS theeprowthotakgsophergnstagtifgohrom
pghgn@u’lfzfat:ielqn éiﬂab@'é‘leNg[ O}M h:eﬁffng hﬁll@r alatiﬁd it NBeaction
t akes ce by purely chem cal polynmerization
tﬁgicks gsggssindébeﬁ:éﬁtIQrggu?ﬁ%OBol3%iz§¥1oﬁu%ﬁrafted
thelywaducti ng surface which has given rise to the
grafting. This stage is gRgg@koie sensitive to (is in
particular interrupted byy—ttre—ppresence of chem ca
inhibitors of 5 this growh. In Schene 1 above, where
the electrografting of acrylopitrile under cathadic

pol ari zjgid on has been considefed, the growth of fHe
grafted Ichai ns tdkes 10 pl ace by_anﬁq

pol ymeri zgtion. 3 Jhis grawth is|f interr

particul a ns and it hps been trated
that the nt otons actually utes|the
maj or par whi chsgontrol sfthe fo n of

pol yner i@ solution and the dafja recovered %%

1. Surface chemical reaction, grafting

— _+ — —
+ _|®

2. Desorption, solution polymerization

The growth of the grafted chains thus takes place by

purely chemical polymerization, that is to say

...ete...



10

15

20

25

30

35

15 during synthesis, in particular the course of the
vol t ammograns whi ch acconpany the synthesis (see, in
particul ar, the paper by C. Bureau, Journal of

El ectroanal ytical Chem stry, ;1999, 479, 43). 20 One of
t he objectlves sought since the start of studies on

E g&ﬁ@%gftbf‘géﬂ %'&i%‘%ﬁsza'@% 98@ t9h8bt<%5£‘d%c%ing

geneous ns, SO appeal ing was t '
oﬁuﬁéaﬁg arich o as | glwﬁﬂryrw%lstucz:s thed gsafting. This

obEggks. lshl §h@9é§6EéVesé§§U€@‘Qe' tr¥as(pessil edpr Pdular
ed polyner chaj ns of

obt ai n, ctro aftln raf
hﬁﬁﬁeﬁb’}l@gﬁsa?’ P%? ?h@%f§§ﬁfr‘6ﬁa&f IHERIRRrs of

obhasngﬂownhconventlonal macr onol ecul ar chem stry, and
thus retained growh of the chains. 30 As this growth

is ionic, and in particular anionic when the

efact Sefpentt i g i sbeweri egheye ubder cdtdwdiagrafting of

pQE@&léﬁEt?ﬂle'tuﬂ@%raCQ%R%%éﬂéuﬂ JAGEH Afoali®ls  been
and “nore aenera y the labile rotons of protic

sBPREAEETSENd/ BRe of SEWE R oRfoudeheABRf hgdaschains  takes

Bpmaateed BEi daniBnB8 t%l@@r@&tﬂz@&l@ﬂl unTeo8st |gtr*d>tv@:h is
ces 0

to_t
REtEFRBLaBL i nBat et pl! R i oties “ang BEOHS Feen
uddapstoodted t ihsatcotthext castemtaniafy tgwotonpl edetually

eESEEEgEMEE% ”gﬂleu”hbﬁ‘oiém'ﬁ'&réﬂgaefl e&ﬁ{é‘ﬂra&%ﬁgoié the

carried out cul ar
e§§émﬁFappy0énP@@Mm@édMﬁ(ﬁﬂhﬁﬁmqnw%Pdsﬁhqliﬁ%mtrecovered

p@ﬁﬂhhblbeﬁth@sﬁBke @ﬁsspgkgléﬁﬁard'§§8|U&b@fséf 8f the
provi de el ectfrical conduction in the

an _
| iva&rtamﬁﬁagéma whihplor cgospany] ytae s sintdiggis gigee, in
opkirefialladdi t i vies (@a@e’rn Pyt i aul auréam t hgopresent of

EURSREERE by o he LSBT PEGYar LPRG of 19 ng monomer s

had been understood, 10 thls obstructing technica

PeLat %a@h%e%%@c%%@é déo@@%t' DY R0 SKI Lt 6dies

astestif
vQFll d?d”@ p@b%@%g@gr@lévw@p@é @PLlymer Halkas Sﬁ‘eflhé‘éé obtain

CEAReUNdsid homogeneous films, so appealing was the idea
of being able to fully marry plastics and metal
objects. This objective assumed it was possible to
obtain, by electrografting, grafted polymer chains of
high molecular weight, after the fashion of what was
obtained in conventional macromolecular chemistry, and

thus retained growth of the chains.

As this growth is ionic, and in particular anionic when
the electrografting is carried out under cathodic
polarization, it was accepted that traces of water, and
more generally the 1labile protons of protic solvents
and/or of any compound behaving as a Bronsted acid, in
the reaction medium constitute sources of protons which
are harmful to the growth of the grafted chains. The
term “solvent” will be understood in this context as
meaning the complete electrolytic medium in which the

electrografting is carried out and comprising in
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15 - in Patent Application FR-A-2 480 314, the authors
mention a process for the electrografting of vinyl
nononer s whi ch consists in preparing a solution having
a water content of at nost 10-3 nol/| and even
specify, in a favoured enbod! ment, that this water

SR 4SBT, Byl i o
nﬁﬁiléﬁlénﬁrocéﬁimkﬁt#vwixﬂect@ograﬁkﬁng(ﬁOSﬁkhme the

MAQERNEteBRl 0¥Mg An 8P et gndol Nl ipsy1ad N EebEPkical
Application EP-A-0 665 275, the authors al so nention

a CHPEEEEE Oorin hEhE| dd( gt #439]y of AURRCT thoRbREFECLYEE

eopl @Hlg apidtopt bogahi addotyeass.(ahd iaddbdtoiculde, in
[ part, of this prior 30 application

d riptiv
s%%%i ggge tafafﬁé Watgr content of the electrolysis

bath is preferably I ess than 10-3M Thus, and before
118, Cr8CE ! Olklrs. pbBE-el Gald Okeake byl hnééhaﬁf&ﬁésgck the

by bubbl i ng w an_inert gas conprising
ppreStrRratting 1F ppimvt BrPgeArs3bad hesn ednderekeod,

P@hqalt Iksktbst&ula&ar@G ttédrml&;alhorgfalu&{e a4y ocessnf Oklearly
el e rap neril zatli on .o ecul. es COITpI‘IS
RS Sel B SSRP g L R e TRDY fanteenified

tlhn@' uslee oﬁeﬂaeﬂsmd;fl theasvasulomtpaodespesl fdeudiadped on
el RLEST, has chadae Af8indasl or e use, which, for a

per son Skitl I°ed feéfl ects a residual water
content of the order of a few tens of ppmat nost; 5

in Pat gpl ddR ehtd "BpdBBeat 16n AFRDALS Glsdl W&, PERCCSSthors
for the deposition of a conp 05|te film by

eMEREASFol FePTREEF8N oY athsq e fe.ceaqu at,f&H’lSHct Phg vinyl
s uroﬁa@&@,rsa@&olrcm Ngoh®i i Cina piielshbi &gC GPEd BhthPon 1Raving

recur sor of Lyneri ¢ nonconducting .
L3 i T Per b raE iR ) S oaRet sBdcity,
|nmendeﬂaVoubed embodiment, that this water content has
to be at most 5 x 10™* mol/l;

- in Patent Application EP-A-0 618 276, the authors
mention a process for the electrografting of wvinyl

monomers employing an aprotic solvent;

- in Patent Application EP-A-0 665 275, the authors
also mention a process for the electrografting of vinyl
monomers employing aprotic organic solvents. In
addition, the descriptive  part of this prior
application specifies that the water content of the
electrolysis bath is preferably less than 107°M. Thus,
and before the electrolysis, the electrolysis bath is
degassed by bubbling with an inert gas comprising at
most 5 ppm of water and 10 ppm of oxygen;

- in United States Patent No. 6 180 346, the authors
use a process for the electropolymerization of
molecules comprising vinyl substituents. By way of

example, they mention the use of acetonitrile as
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incorporated in this polyner, (c) a support

el ectrolyte and 15 (d) an aprotic solvent, having
argued in the descriptive part on the need to have
recourse to nononers, support_electrolytes, doping
agents and solvents whi ch observe the constraints of

t actjon
PEETURAE VRS O ol 0 o e ariec
tﬁ@f%@hdﬁ%edey@rluc@e pfocessesefoon gkdfltlieny pol yoher sart,
th@@éQQEaﬁeQ%%fﬂﬂ¥¥'ﬁgﬂg%‘Hbﬁﬂ%nﬂxgé'éﬂg ofder of a few

electro ﬁnerlzatlon of vinyl nononers 5 usi ng an
eltE0Er 8 oﬁ BcPtngOofitxt ure conprising: (a) at |east one
nonomner capable of formng a polymer on the

substrg n apy ot oIv d (c
electro ytg %lncreaéigb He élegﬂ} %Uékﬁf claim a
c@ﬁ@G§ﬁﬁV|ﬁ9rofthﬁe ¢erxeetteiomheofi npl enempasumaalfllm by

eé@@@k%%pb@@%@%l%é@@%h”e | aﬁ“téfgé%gﬁéég%#m ggn%hgtlng

combi_nat I on the I'iquid reactants .
hEYTHEER péFFPFangl §O pRAChcal BLXbirei somprasiog :or

by ah eawi ngraersOWRbhiher3Ar ¥i RB134RMHIS 8On@Sndlcting
render tEe nedlun1aprot|c The very l'ow water contents

requi r BE-Efthe electrografting of vinyl nonomers are
gébérablpubnﬂaﬂcﬂrﬁﬂtmfﬁgxmda@glhg bhenteacitidi@edf to be

d t, d
or et S 2orpe=Sksh ot PRUETBRLLRERS Mo W th ary“imert

gds) (nit pogPRrt aﬂgGhrOéMMethedllke) t he wat er

cqRy enbnobpwhieh 519kntt he order of a few ppm indeed
even by carrying out the 5 electrolyses in closed

chawbeps aausk bPO\‘Fé"ebo@(e@th‘ﬁF aPagturiferthe need to
ChaV60hb66uﬁbﬁD$ﬂhQk%dﬁéﬂggQﬁmﬁbﬁﬁ eIBéﬂfEE?te@brdoplng
anal ogous_reaso contr t he caontent of
S3aPBE8 i T BROReRr " Tl ot PRetVRed thn CoRRFTaints of
appubtécsolyvertesandynfioenehe wehebiane thensel ves
aprotic,

- and, finally, in Patents Us 6 325 911 and
Us 6 375 821, the authors describe processes for
grafting polymers to carbonaceous substrates or to
particles by electropolymerization of wvinyl monomers
using an electroconducting mixture comprising:

(a) at least one monomer capable of forming a polymer
on the substrate,

(b) an aprotic solvent and

(c) an electrolyte for increasing the electrical
conductivity of the mixture.

The implementational examples report experimental
situations in which the combination of the 1liquid
reactants which are wused has been purified, in
particular by distillation or by leaving over powerful

drying agents, so as to render the medium aprotic.

The very low water contents required by the
electrografting of vinyl monomers are generally

maintained, according to the teaching of the documents
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that is to say, which do not conprise functiona
groups having acid functions (wth the Bronsted
sense) in the study solvent, have been proposed for
produci ng 15 electrograftqdep[ganic films. In
practice, the water content of these solvents is

| gpered .aébcgwp%ngﬁ(@f&?%i oiarilokre%gcl&y c%@iﬁ&dl)%ugjeftore the
preparation, for exanple“via |eaving over-dehydrating
20Y8bhp8lAds, visucarasd phes pichusifeni b te gaR2 O6) it vegen,

o¥egonDhegultde Si g¥es, (R §X88P! BonWehlh RPULIH Vis of
of "4 angstrans), via distil]atjon under reduced

) .
pFBEsErEeToPti ferfeY RN gddwieqdhiqvidydy, W@igoninanut the
tbeeﬁtkelyﬁés mmagﬂﬁ%ﬁﬂﬂéﬁﬁhﬁ@r@fth%&%lﬁﬂdﬁﬁkboittype,
is.thu 25.recqrded; . in, Patent i cations FR-A-2
B33 ARRERY oanEtL R A SR RY, #roon “or of
regbmrerd.t he use of an aprotic organic solvent which
does not give a side 30 reaction with the nononer

used; in Patent Application EP-A-0 665 275, apart from
t BT RRABPIPRAL iTARSRPR hefuserntrapl by c W vepnsent of

t Beuraebheis paidtend N i irdactford RdBLUNE SRDPMBprotic
35 trugtures whi ch can be _ used and SEﬁCI%é that the

SBSLVERES  Bhfc TORTS BhalMHkeUpEt6r LRETRBASREr @protic,
mbhanens haveayq whidskid rhef aeianice | fupeatéher, groups
tﬁ?vﬁﬁgo@@fal%ﬁﬁ%{fﬁn&h@&{{ﬁSXHEh%%b% %rg é@ﬁgéﬂlf%ithe
betore use, SO as ore ve varl ous a SIFIVGS and Tn

p&tudyul #olpnter i havieon haem bi pvesoaeded fior throducing

meetachyartkd SkaRhkikzeibhg product and to 5 prevent
it frompolynmerizing in the bottle under storage

conditions. It will be noted only that Patent

Agpl is8dd O ce FPthel #86e27Tdmidtonsft hthatse® @blvents is
3ﬁe0|f|§ i nhi bitors 10 in orde Eg pf able to
i e t

PF84GEe Abvelt FunETiRGHAS ¢t W Fndhetedious
gpoepagapabprerfahaerampbewexier , leavihgs dveen dehydrating

CEUIBSLERLE ey ML RN Te  DEPADECDL ) PLEE v

t Relgebyaesr ehaves ornfoie supmpde.iswith a porosity of
4 4ngstrdms), via distillation under reduced pressure
of inert rare gases (nitrogen, argon, and the like) or
via a combination of these methods. It is thus
recorded:

- in Patent Applications FR-A-2 480 314 and
EP-A-0 618 276, that the authors recommend the use of
an aprotic organic solvent which does not give a side

reaction with the monomer used;

- in Patent Application EP-A-0 665 275, apart from
the fact of mentioning the use of aprotic solvents, the
authors offer in a wvariety of forms the wmonomer
structures which can be used and specify that the
possible protic functional groups of the wmonomer or

monomers have to be masked beforehand.
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15 necessarily anionic, and it is probable that the
radi cal inhibitors introduced by the authors are found
inthe filmat the end of the synthesis because they
are adsorbed and/or reduced the surface of the

el ectrode (they are generally el ectroactive) and not

Zan§9§@§§cbheiﬂéﬂﬁgﬂaﬂgfé'H%éﬂ“%gf]éﬁeégfb .ﬂ@siésare
I ca Pat ent Application EP-A-0 665 2
f B&Ftliﬁﬁfir §oa&mgé&§sr dQUITHOY R L el %ﬁldltphves

t ends if Ipﬁmgemﬂlfatcy LlthYIﬁebEEﬂthﬁlallﬁgﬁblrtdfkﬁ 4dded by
elgetr [ p ner.s.t.q .neta y ca I.ng ou
tb-i el g%%;ﬂ%tac@g 1 ol ER rlozne1 t K ‘if{%/\ it ot‘?“&c]i to

rogra ng star 5
soraveshs atd drder miwr@lmezd,rm nusphexl'&s Bipveler , under

wgabexge tBeakihbihagraphic sources, these 30 results
report only ultrathin electrografted films, typically

with a thickness of between a feM/nanonetres and a
fewt e/ﬂ]Sl]Df banomedt&e$ abnbest.thdt i S phERet anAp%)IQcatlon

ess t hat .t his concerns thicknes
PEPERSQ PER' 295 MR s SRRt ol p et iy Palbbi tors
35ntbaﬁaH5QQ)Q@yableftbﬁBHKGQ@MCbn@dvﬁﬁnSmmg61®balit1es
ofe SHEMRA gsswebegmmygge LFnP0L ¥HBE nLO! MR d ey 4
sol ution, according to stade . 'S schene,
mﬁ?éhkﬁﬁﬁlb@eB@BSEFPEGdonJﬂheP§EF¥§%%aHuﬂththe Paper bY
etecbuesyt hesi sali s gews al(mentasnleys r apeved ,bytha the

rinsi th rface th a solvent of the_said ,

naPSHER 95 e Rt e PR ERbunan WRdRondtTace i
ehecEsegraﬂyedanpamyner\dmﬂmuandasﬂuprdb&hmenﬂuhaﬁ the
ggalbgltq%%ﬁb @d¥§“¥ﬁif hors are found

vant ageous or certain a |ca |ons a real” need
ob@ert\}”@al fhim gfe té'sﬁreetlﬂrr@ ttehe nprovheshe danavas cthey

cardi t 5888rb8d 048&Jot 0 Fdti&ase drhethldi cknesses of the
accessible and/or in order to_obtain better contro

aRdSBEEPER 16500 GdGei BEREEFLLY (HEFHIRAGHI tne §88s, not
i bepaubeCcWltey \dintthirirupte tﬁ@g@x&aﬂtmaeefl&mn @hdlhsm as

i cBSEBRER, bobsnk pPBIE Rk on B Bo8oar 40810 ¢ han

t hose
In fact, entirely advantageous results, in particular
in terms of homogeneity, have been obtained in the
electrografting of polymers to metals by carrying out
the electrografting starting from thoroughly aprotic
solutions and under controlled atmospheres.

However, whatever the bibliographic sources, these
results report only ultrathin electrografted films,
typically with a thickness of between a few nanometres
and a few tens of nanometres at best. It is important
to stress the fact that this concerns thicknessgses of
films which are truly electrografted to the surface,
that is to say of films resulting from stage No. 1 of
SCHEME 1 described above. The polymer formed in
solution, according to stage No. 2 of this scheme, and
which can be deposited on the surface during
electrosynthesis, is generally easily removed Dby
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used to date, in order to be able to be industrially
15 applicable. Patent US 3 759 797 reports the
preparation of polymer filnms on electrically
conducting surfaces on the bagsis of fornulations
conprising in particular vinyl nononmers 20 and

a@@hgw@s £k %ﬁ@ftac%h%w hi do1¥ert! NQIhd YPLi 4 30 ymer,
gartlgilar et ano%&_ ui nones. The authors o
 RPELOPAY it HoReTotl it I A T R Pakecg¥atted
ppsiihke whehbktAntist haipokysaemzation in solution and,
correspondingly, to reinforce the reactions for growh

25 starting fromthe surface. Wile the
i Bpeameft dhiegealthickangsserasfgashiarea lareadghoadvdmet ageous

r?@ECHéytdﬂht£§ﬁ}§@§@f&n8f QmﬁQ§¥ fE@EQS'%bserv%g at

so| ution possi bl e to assess
bERSviHTE ‘F%f“%arFPCLH"éFrr%ec hthfP e§HRALEE 1hicRKEdslonst in

t bedpar tto eﬂ&tﬁ&&@e othé heh30kadebage aceie®@@d Y1@ and/or in
characterlzatlon t he iyrface or Q%% asur nt of

tﬁfrgﬁness & th8b§8éfﬂ ng St hed T8 ri ed }P'ﬁtter
adeéptrodncibhéitgclnfi cathe dafineatdicknegbiisci ant p@rtlcular

%g‘éﬁ-?tna“ coadill OnSe Qfe MRt €h o GANt ELH 4 Of nd,

35 wever,” the 1 nventors have found théﬁ th
i fecasrenidy . sﬁ@rta@ﬁasﬁ atkefel stiihpEneasparanggpfarwith

okyatharek) dohdithedLorwl @& | P 0f ekhe d&%@%tllcortm hthose
used to carry out, the electrg%=1e ft{ng does not

i #968sdiDI @26t he 1FdeD tPp % hECt eckh%@‘é%'érb?lly
fabpﬁlobbaened or to control them On the contrary,

it is observed that the thicknesses of the filns
obtained are increasingly thin as the concentration
ofPagensndlsS inchaskes] wperts stha prepeseddere af tholymer

the1ns 0'?3\{'?@1%1céﬁ§?r96§&§&t9 oburirheesf iRt id basis
protlc addi tives (such as ethanol) on _anionjc

p&l yr#é’ﬂ?"‘t’éﬁtdﬁnrseé?a“mﬁwlsglq& it R OYar | WRY Hepopgmers
OwREC ade idlilvelshese - chledltﬁﬁl.dﬂaF&ﬁg@Bccﬂﬁkﬂl t@ype (and

PrOViS 10013, P0GesS )00t MR, LIRS | O OTa R ROLYTBE enis
invention mention that these additives make it possible
to limit the polymerization in golution and,
correspondingly, to reinforce the reactions for growth
starting from the surface. While the implementational
examples of this patent show the reduction in the
amount of polymer formed in solution, they do not make
it possible to assess the behaviour, in particular with
regard to thickness, of the part remaining on the
gurface, since no characterization of the surface or
any measurement of thickness of the coating obtained is
carried out. 1In addition, the technical data are
insufficient to assess actual conditions of water

content of the medium.

However, the inventors have found that the inclusion of
short-chain alcohols (and in particular of ethanol) in
the formulation of the reaction bath used to carry out

the electrografting does not make it possible either to
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conducting or sem conducting surface which makes it
possible in particular to control the thickness of the
films obtained which is easy to inplenent froman 15

i ndustrial viewpoint that the inventors have devel oped
that which constitutes the sS%ject-natter of the

i @%@?FBQE- Ihe i f&ﬁﬁ@k‘%fe%é&wdpwfjﬁﬁ% Ot ained or to
formulations of the 20 reaction bath used for
eceatiredr &g By Vet Genbraski chtt Aéy GRifgEed othat the

obhaichnekeekr egr aHee &k angANik a friddita 0 ehecddastagly thin

conducgti ng or senm conductin surfaces wth . .

C RPCIbs SR R L Thaiit  HOBE™0bt APGEGS SGider Mgty 18 in
| pacoesianblee wotht hehels taloroendiiicnals. 26t€opreaeyivca of
”%%eprSEPﬁQ&fePtdfong bE'EOFaFch%@ixﬂeaée(Fﬂchh'és dt¥latol) on
the fornmulrati ons f pﬁe invention all conprise a
seioaief POLOTE@NS. Zalid £ reeghi®s¥pounds which are
Bronsted acids in the electrolytic solution, such as

30 water |n particular, in proportions selecte .
bdtweth, 5BSTBAGYS00D0BT B Wi OVESHRE 3 it HPeheFaTor
c distaidviaentagyesof ahlle teagdnoondeat fiorThe ghassof fidre the

S QU S tqfon prgf ong arb%lt rsel ffﬂ'\ono f tJ}?i relectrically
concen ra_tlon range I|nt e reactlon at h make It )
pes¥idics ing aedi t PenicondscEingctIyrfagr r gihife makes it

t hjdgddienses; 0bh al-0edu1 4Ri 8oCeBhERL] MY ashidkies 0¥l the
for "thick"” filns (thicknesses of t:greater tha% 1%r%H? an

arfd 198t t OPLARRES h¥Pi5Bced€i bFRSY n B JRI&NS!
anmaliss e di iepeintl| that hichef idlmeent{crslOhaw . devéQoped

A first subj.ect-nmatte f the,present. invention is
tﬁh?tzaéﬁié ssC?BFEfESQFgrng "on 0 %f%%ﬂ%h%ﬁ i | BFonthe
annwergciari.cal | y conducti ng or sem conducting surface

by electrografting, characterized in that it

consists: 5 a) in preparing_an electralytic sqlution
cOs | NHENLBRE dravbr BOW| cYirshefPFabLetABRSe?s the
andk a4t i dreaght@neysedr cf epeetengrafiictdhg sbghosiertue of

froqm c [ [ [ [ .
w% ich ° %oelil/n d Srna%a{g%h e %‘B%QS:L%G d eﬁ%lcgﬁ:o'grx]- atfri]:% a2 Ioq:ganl c
films on electrically conducting or semiconducting
surfaces with thicknesses greater than those obtained

under, and inaccessible to, the usual conditions.

Contrary to the preconceptions in force to date in this
field, the formulations of the invention all comprise a
source of protons chosen from compounds which are
Bronsted acids in the electrolytic solution, such as
water in particular, in proportions selected between 50
and 100 000 ppm with respect to the other constituents
of the reaction bath. The choice of the source of
protons and the selection of their concentration range
in the reaction bath make it possible in addition to
gstrictly control the thicknesses obtained: this control
proves to be novel for “thick” films (thicknesses of
greater than 10 nm) and better than that accessible in
a strictly anhydrous medium for wultrathin films
(¢ 10 nm) .
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el ectrolytic solution, the said source of protons 10
bei ng present in an anount of between 50 and 100 000
ppmw th respect to the total anobunt of the
constituents of the said elegérglytic sol ution; and
b) in electrolysing the said Solution in an 15

eke%‘i"r%'&y%u r?'cé%]tl— s ngbté}ﬁa d NG PLncion is thus
sem conduct g surtrace to e cover e asS WOr kKl n .
eke@resandont thasfosmatéeontalr el gl £a4lm on an

resubkrib¥iehectEAngdEshonn P RPN 9R] | elirfake by
tgg sai d sol_ut,i on, t he r , f a
. !

in the fq ti.on 20 )
ECEGEEPEEG ol SRBT SCEEmIGRS: 8 S8RG dbr Fegsists:
V&Y hi n inhepnepant ingg ofart heleeesehyt i aveatlivaiort heomprising
" Bronst Ldr ; c
ahi oh. S8 e Pﬁ%ﬁeﬁiﬁﬁéﬁﬁo&e’@eoﬁ%%ﬁ%%ﬁ%@%%@i i
accor dagestwiqne t feupeeceds piedtons wWhook, icorghesey from

at | eaghnpergidsunghi BRal 2 L O @il Ndcalis| east tORE said
| abile _proton (or at |east one Iabng I sot ope, Euch

as deGECEFALT UG i I WRE cRAtE FAMNA 19 (REgkons
aci d) eeicepbekekyt(stihongnacambuntonicfied bdthndesd 6wvenand

30 dis iated, in the sajd solution tao gj he
conj uggl;@ %gg)s?pg} thhcgﬁﬁgﬁﬁ& aif‘l(g atl—‘hseol %é?%% par“b?%rht of
(r espediievel yorddguttevengm or offri t the) . Paidat eplegtrolytic

conpoungd 1t i€3Si Ighdrer ked out as a Bronsted acid by

its acidity_constant, or pKa: the conpounds which 35
coisti it e BRECREPAYEIRM of EHEI r ST i nFA YLD 1Hss an
than 141 gnsted @aids K heusibhgls bieé ngecvrakcting or
(partiag%ﬁ_dis 0 Lated% i% their pga i s between 0O andk.
14 and SPSRI QRIS BP5TAPSs 0t abBd) SPTSTRAT P pKACFE LR
negat i edectrdadeanand gani cleadtveane havungex colhstitrodat to
- 11 e nmpLi Si r ect| e ;
deut er (ot £ PP Erge R e et oy der e {hag gdation
conpourf | $hge BpéAst 8alukianif iRs e ifpumgtsion of an

sol venteliexd 4ty g8t annet Ay e M Euface.

the solvent. For exanple, 5 it is illustrated, in the
article by G Deniau et al.,
Within the meaning of the present invention, the term

“Bronsted acid” is understood to mean any substance
which, within the electrolytic solution employed in
accordance with the process defined above, comprises at
least one functional group carrying at least one labile
proton (or at least one labile isotope, such as
deuterium or tritium) and which i1is partially (weak
acid) or completely (strong acid) ionized, indeed even
dissociated, in the said solution to give the conjugate
bage of the compound and a solvated proton
(respectively: deuterium or tritium). In water, a
compound is easily marked out as a Bronsted acid by its
acidity constant, or pKa: the compounds which
constitute the acid form of pairs having a pKa of less
than 14 are Bronsted acids (the acids being weak
(partially dissociated) if their pKa is between 0 and
14 and strong (completely dissociated) if their pKa is

negative). In an organic solvent having a constituent
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1998, Journal of Electroanal ytical Chem stry, 451
145, that 2-butenenitrile is a weak Bronsted acid in
acetonitrile. In sone favourable cases, theoretica
nodel s make it possible to_establish a correspondence
10 between the pKa scales in"water and their

e t I

TSLEELER] Sorglk b S O 000 (P apEERLvell
stHdE1tRe  pKeL Wéwué§30F0ﬁ§ esgd dé#ﬁbuﬁdsc@mpﬁbﬁérJJB a
aseoa\gaeaatach toflayts Thear efd cahi J0deh $eagaiil, RasPdthan

T G R LA
vatlouslﬁdu&ruatedw i thélastnaﬂedbyncthaqnmuu dy al.
39%”' Muehadl of HRLiNed ARQLE) Ch‘mﬁl 0 251 Jh45,
e er nol ec s, suc

ectrolytic solution conprises ot _ .
a§haFor%ﬂhﬂﬁﬂﬂ?n¥inyiﬁnu&ﬁntaelEéﬁkolﬁﬂ@n@ted acid in

eb@@tbﬁ@@&iﬁér|ZQB'esgﬁgonﬁéﬁeuréﬁﬁeth@aéége thebBetical
pre able to resort t the neasugingﬂt direct or

PRBAELEL e 1 e SGRECRL o0 pFBLORL LGN @n FetresBondence
gbaewabaduheepxasubhlebtﬂnawéﬂérodnduuhemﬁnéqﬁhealents

vetrl1 P%a%%k’é‘ego?\’/%?t e%h%@ha&'a‘iiesﬂltf sk sPS1e o

carrle r emen condu
( ﬁf§§§uraéhﬁntiiﬁe t RE dﬂ'mwgéltﬁra'é‘éndudat\ﬂ,t yS@;ﬂCeh(,the pKa

solamhegn)o@r rﬁn@raufl %%h\?ﬁuﬁ@\é' Cen wHUeY | 8,8l S@vRi1able
y which nmakes it possib e to eternlne t he Bronsted

aEPQaMatur@e8Fe§1€@%poﬁm§q a 8 ient PaEtha®hg guantum
Wﬁh%&\lils@fryst raicddlr gaRet 1‘&0rﬁb”s!§1kﬂlga pESt eas culeriel Gihe pKa

articul ., anmong. t he .
Dot SR AR adeq B o ot (UREAOUR | AOLRETS) as is
paddassrlaneslccoxmamt@e\m tibapde | byent® onDeniawat &t andl.,

3§m‘é%ﬁ%@€is WG jar e ﬁ’ﬁ%‘?St %ﬂeac'&%iﬁﬁ@ c SHS&Dution

weak aci ds such as exa
fICEPB‘PFfGéeS aﬁﬁbﬁrunm@l%ﬂ%l%r rﬁtt%u@%c. éornD?§éE‘Pé§r a

Calpyol &ebO¥¥liceadds @&@@I&&ob&@!?ﬁe&& za®Rkl CméfibMers,
am nQ _aci,ds and and the_ like)

C|tr|c achﬁﬁ #
d ,5he Kum hnmi A8, Bﬁ? Eﬁ1oF°phEﬁ8Pr5roEBs the
améabheembnke, dhidestr ong anmﬂﬁrdémphcﬂS ther ewmanphe, of

SB&%@BBEC which 1is generated as a result of the
introduction into the medium of the presumed Bronsted
acid. This can be carried out by a measurement using a
conductimeter (measurement of the change in
conductivity of the solution) or a Karl-Fischer device.
This is also a way which makes it possible to determine
the Bronsted acid nature of a compound in a solvent

having a molecular structure not comprising protons.

Mention may very particularly be made, among the
Bronsted acids which can be used in accordance with the
process in accordance with the invention, of water and
compounds which are Bronsted acids in water, such as
weak acids, such as, for example, hydrogen fluoride,
ammonium fluoride, nitrous acid, molecules carrying
carboxylic acid groups (such as acetic acid, citric
acid, amino acids and proteins, and the 1like) or
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acid, nitric acid, hydrogen chloride and perchloric
acid), nolecules carrying sul phuric, sul phonic or

thiol 5 groups, and the like. According to this

process, the electropolynegif?bLe nononers are
preferably chosen fromactivated vinyl nononers and
 BRRLAYGin, ¢ JRLREU] S5 ShPAYAR B OYhUCLEBNRE) | Gnd the
attack correspondi ng respectively to the 0 OMAng .
f o-KkBl a8n@ PRI 1FOids HEgch 3€ B fay gxample, sulphuric
) B2id( (AR r O - (adXd, Phytdodeh Wahabride -aAd Boefdhloric
and.R?2, which are i denti.cal or different r epr esent & o1
h§ar8hen ™SS 8 ScEAEF YA S YRS S RIS Grdupt o
agrongani enflubbei énkk.group chosen from the foll ow ng
functional groups: hydroxyl, amne: -NH,, wthx =1

or 2, thiol, carboxylic acid, ester, amde: 20 -C (=0
NBFCPRAWABChtY =thifr profepge, Fhe doekeetropelygnerizable
habhéfersC(Ed X pie i £61 X I@RIRSENFFom NakegeRtaliokinyl
chosen from fl uorine, chl or.i.ne, brfninf and i,odi n
aBPECRARTdr i - EF2®) 0SS ni TP FeULSRccictismvable by
phukhakbphdéici socyarat eprepepoading | oxspect i G WHED the
| Bo29 WhaN £p k8188 IRYeder hetyeen 1 and 3 inclusive;
benzoqui none, carbonyl'di ' m dazol e, para-tol uene-

sul phonyl , para-nitrophenyl chloroformate, ethylenic

and vinyl, aromgtic and in particul ar tol uene,
benzene, hal obénzene, pyri prMERPFIHRTIRY,

or 30 haH ne and® heir| substituted equival ents;| a ()
functional grouj which can & | '
particular cations of reducible netals, such as, for
exanphécheopper, iron and nickel; nolecul ar structures
substituted and/or functionalized starting fromthese

35 functional_groups; groups which can be cl eaved by
- A, B, Ry and R,;, which are identical or different,

represent a hydrogen atom; a C;-C, alkyl group; a
nitrile group; an organic functional group chosen from
the following functional groups: hydroxyl, amine: -NH,
with x = 1 or 2, thiol, carboxylic acid, ester, amide:
-C(=0)NHy in which y = 1 or 2, imide, imidoester, acid
halide: -C(=0)X in which X represents a halogen atom
chosen from fluorine, chlorine, bromine and iodine,
acid anhydride: -C(=0)0C(=0), nitrile, succinimide,
phthalimide, isocyanate, epoxide, siloxane: -Si(OH), in
which z 1is an integer between 1 and 3 inclusive;
benzoquinone, carbonyldiimidazole, para-toluene-
sulphonyl, para-nitrophenyl chloroformate, ethylenic
and vinyl, aromatic and in particular toluene, benzene,
halobenzene, pyridine, pyrimidine, styrene or
halostyrene and their substituted equivalents; a
functional group which can complex cations and in
particular cations of reducible metals, such as, for
example, copper, iron and nickel; molecular structures
substituted and/or functionalized starting from these

functional groups; groups which can be cleaved by
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- 13 thermal or photon activation, such as di azoni um
salts, peroxides, nitrosoanilides, alkoxyam nes and
in particular 2,2,6,6-tetramethyl-I-piperidinyl oxy
(TEMPO), Dbenzophenone and_i derivati ves,

di thi oesters, 5 dithiocarbanmates or trithiocarbonates;

el gelh éctdf/ h&i?’r‘ﬂpécé‘ﬂgatﬂoﬁar%h%w s t&ﬁam@ﬁ&msga&s,

con UCtIn ners such as ani | |ne thlophene .
n@@ﬁymﬁe@phenéltnﬂw%ﬁ%, pyryamines” and  in

lteea%exyi B ephkeret-EREThy1 aﬁobixs@&ﬂgu@a,o@nd (TEMPO) ,
e ectro eavable ups,, such,as, 10 di azoni u
[5‘l7r6’ﬁ' MOS& t s, grkﬁﬁosp]hto% unF St YRR ERR od(gaﬁﬁfﬁ)eaers’
sa]lln:ﬁloaactbialmtmsxt wres tof itisocatiowentest i onetlectroactive
.S 0 d
gg@gﬁﬂgfser%ﬁg ROUREE soubadh &) re%ﬁ:%gr%r%f gBhhigat ing

|ntegers et ween
i Pelysiers. |wq1heaab@@élﬁ@teat |t<¥hl<>£me%d mtayétbﬂe%@ner

WH i@k hil |éd@ t'%n@ﬁﬂﬁﬂﬁ Oneﬁﬁyléﬂﬁﬂhéx tiiophene (EDOT)

i ndi cate between 0 and

{ REF agbsRabieghe. S0 Rie Lot T8 RO Sad 1ot hkor SHEr oo
didifamgoyitunf r gailose G PRAPRPYMT Gs gy hephorspﬂ'nlmellum salts
str tur e LG. f f Il
therllt%c ggééhn} %8#1& %I?(?I oﬁa'té) Iﬁes’fan'pl)ooyed the
d@é@mtentemed mqmeneermd grempsti t he sane

(C(R1)R2) unit but to the 25 succession of groups of

(C(Rl) R2) type where the R1 apd R2 t
Of { he TababeANTSP:  RBRERoR iyt J4T ] of i bEeRBRE:  are

anbitedds aidana argl @upsimflddiereact i vat ed vi nyl
nmononers of formula (1) 30 above which can conpl ex
cations, of am des, ethers, carbonyls, carboxyls and
caTnbox:y)leat ebovephnsepht henoxiRes anghi Bet leares, groups  which
r3S z r ou ;
cry tlgLnrH gq%/sepu#%r%gt ecs)ﬁ S%rga%\g@eggg@ca%r elwgﬁ% '
blkiﬁﬂrﬂgjll?%éﬂeqrér%y?‘-ﬂ‘%hIﬁesThl%rF%Brﬁﬂ%ﬁﬁnt:ﬁ?offlaﬁé that the

O&MSRZ | gebapdt halrs, ihhi pdeape sideFepbptestrom one
etpe/JRelneRz ytcoOI a%.rc]attj:hc).[rCI oxqe)gl{el nsstructure of the cyclic
molecules of formula (II), that is to say that the
notation (C(Ri)Rz)n employed does not refer to the
repetition of the same (C(R;)R;) wunit but to the
succession of groups of (C(R1)R;) type where the Ry and

R, groups form part of the above list.

Mention may in particular be made, among the functional
groups of the activated vinyl monomers of formula (I)
above which can complex cations, of amides, ethers,
carbonyls, carboxyls and carboxylates, phosphines,

phosphine oxides, thioethers, disulphides, ureas, crown

ethers, aza-crown compounds, thia-crown compounds,
cryptands, sepulcrates, podands, porphyrins,
calixarenes, bipyridines, terpyridines, qgquinolines,
ortho-phenanthroline compounds, naphthols,
isonaphthols, thioureas, siderophores, antibiotics,

ethylene glycol and cyclodextrins.
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phosphi nes, ureas, crown conmpounds, porphyrins,

gui nol i nes, naphthols, antibiotics, - 14 Mention may
in particular be nmade, anong activated vinyl nononers
of formula (1) above, of acrylonitrile,

met hacrylonitrile, methyl ﬁacryl ate, ethyl

ryl a b I at I cr
Eﬁ%ﬁgﬁgﬁye{“ﬁ% Pﬁ%’r%%% faY:_l te 8@’ EI%BIEI@ YbaiBated
nmethadr ylanamersy| 9| ﬁ?Fmﬁé@hdéxylaéloéfe ,acq§/| AfTYesnihyile,
'ﬁe@ﬁ%ﬁﬁqbﬁrltr@tehacrylrﬁ&ﬁﬁﬁ of IcPRREWlate, ethyl
am ng}ﬁl ., am_nobut vyl amn gentyl and _am noﬂex¥
RN OBCRates. T LT Y BaCTET B P A aPBehacTylate,

t miy&mylyetaylorméthmeﬂnﬁatgl a&wromrpreipyaacmythhesybate,
tetr L,
%Py%ﬁ?&ﬁac%gkﬁ%S?yﬁggg aécr %%ﬁf th£ﬂ§o garalcular

hacr acr net hacryl i
smt@ﬁ@ryrl@mud@Sde?ﬂ Vafe m%thspla.r AMEORYeRY 1 epminobutyl,

P& %%E@%I%ﬁﬁPanfh&ﬁéW9Pyréﬁ%ﬁ@@@ﬁ lates, dlacrylates
4-vin pyrldlne VInIpyrldlne vinyl halid

a®ty| 8ym HBPFHX%atﬁﬁt hatc?%%‘ibf HeFS d@ér EIFIrI“ﬁWBE’n’k’%FIEeS'
(B\éﬁ)ﬁaaﬁﬁm%@enebgl I ydwewémﬁmyMé@ agerhglor as
crosslinkin nts base t on .
gt}%l%%gnd on ae‘?e?trh gé:ﬁ%laafac ﬁes 2?)cf7é %CI:OI‘I acid,
rrmetlhaqgazrhuocuaandbe sidesneaanmeng cleavalgw vapicidss para-
'“yHT896§§¥£§ﬂg3rgg%ﬂx%&hho§g%¥9reﬂg epRX, 4891 pyrrolidone,

| acton ticular butyrol actones
6-cAPTOIRGRE NEnd it 3" HéFYIrBYFIr@éneIact idragh g, halides,

glaxcqqﬂlldgzla%ﬂll@ésr apREha’dfg lohai rham ek eSdQﬂdnS/hLBbhzene
25 derl vat L ves. concentrati o
R I TEingl, Prossidrisiag (a9sRTR oF

S @ntid=ni ricicey dent= bamed procassylataccondartbamcyhate,
t he d rg)veq_{l,lh%rk GAlN. ) \é?a{y J‘_;som 30 one nononer to another.

Fbmever IS conc ration is

Mention may in particular be made, among cleavable
cyclic molecules of formula (II) above, of epoxides,
lactones and in particular butyrolactones,
g-caprolactone and its derivatives, lactic acid,
glycolic acid, oxiranes, and their mixtures and their

derivatives.

The concentration of electropolymerizable monomers
within the electrolytic solution according to the
process in accordance with the invention can vary from
one monomer to another. However, this concentration is
preferably between 0.1 and 10 mol/l and more preferably
between 0.1 and 5 mol/l.

According to a specific embodiment of the process in
accordance with the invention, the electrolytic
solution can additionally comprise at least one
essentially uninvolved (that is to say, not
participating in the electropolymerization reaction)
additional 1liquid (solvent) intended to dissolve the
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preferably between 0.1 and 10 nol/1 and nore
preferably between 0.1 and 5 nol/|. According to a
speci fic enbodi mrent of the process in 35 accordance
w th the invention, the eIecE%oLytic sol ution can
additional Iy conprise at |eaSt one essentially

Uré'l%%%'r ga%l%rlé% Aab 10 b Plor g@:ﬁgiér&élp@ v'v}lqgcﬂl ”géﬂfd be

electro I zat1 on _reacti on) I onal
( S&ISPdRd)L & rﬁnéneéaw@lmgggdm,sqh@le 15n water, in order

e't%Cta{PI&IJ Y EBEMZ 3k emma@oqar &rdémn@aee%m\@hlmcwebﬁtact
htly soluble in water

i nsol ubl.e or onl kﬁg
oﬁ&’é’re"etro A9 ot t REWFPEBRROTES] ﬁmBP'd‘E«PnFo t@ori%o%tBhat the
C pricachce dnveerh atli@uﬂ@Vﬁgtmm&essway@onéaébshﬁy as it
ncltse totlxégll:}l%e t50 péx%?i 'vgkliléngel tc'thFnonomer or

(0)
al ways necessary as I glOsstpjb eto envi sag
s MoR@Iedvs Wik eaifeheuﬁ@@omzreor Orrr@rl@lﬁer‘@let}s&adsw% of the

umomérx%, of @l seiwheFe §8MucRfonide ABNORRr Ss&fvént, or
ture of nosgqeqﬁiact as solvent, or ., else where al

¢ e Sorithere St BPBOBFY fromme? s Mixguzee ¢ monomers
mMas@ dire ndfeeidltd mispoteorishey are used, these

solvents are preferably chosen from

di met hyl f ormam de, ethyl acetate, acetonitrile,

t étheghy dhefvur are divsleldor oshkare andveabte aBegeneedklkpbly

Chirydeiat eds$ghvent $; mddie, P OLESS: dd), accgtq@qce WotBeate,
the inventign exhibits e advant ag e of maki

pGSEHHNG Ll i r%%'fr%]%lédﬁ?fu-'F%":,ed%SN@ﬁP@‘:WOLRn‘?t more

bejeng 2 dss sl riitatdy exdlvdhddemto a prelimnary
distillation in order to renove the water present
therein or to strictly control the water content of

t Mheat pospdes e iabaecdidaneacvion timedi inmverforon heghibits

r O”ad‘{rgﬁt%gce@? el 1 r%%‘%%%g@" | nghéhei SOULQL of

can e easli | ement e n-an ustrial scale.
| rehege sa%vways Feddratithgit o keigicheReeaBaarferiio ofubject

t ft@lenpr@@eas pPrit 1866 AaNCe1 ¥¢ £ N 4 ek NY BN tHE remove

trolytic solution €an also include at heast one 30
Lfg'ﬁo %T—Ecﬁr&%ﬁ”é: SHSEStR ProviYe SEERChAY/ groRtgrol the

water content of the atmogphere above the reaction
medium. For this reason, the process in accordance with
the invention can be easily implemented on an
industrial scale.

In the same way, according to another embodiment of the
process in accordance with the invention, the
electrolytic solution can also include at least one
support electrolyte so as to provide for and/or to
improve the passage of the current in the electrolytic
solution. The use of a support electrolyte is, however,
not essential, for example in the case where the
electropolymerizable monomer used itself comprises
ionic groups (such as, for example, the ammonium
chloride of aminohexyl methacrylate) which then ensure
that the ohmic drop of the electrical circuit is

maintained at an acceptable value.
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I nprove the passage of the current in the electrolytic
sol ution. The use of a support electrolyte is,

however, not essential, for exanple in the case where
the electropolynerizable nononmer used itself
conprises 35 ionic groups (such as, for exanple, the

apmReRi umy,Ghl Qride M nghexy, cr |
t hen ensureg/h that t éadghrri c dr oépu%gﬁﬁe ééjfé%fe}r?%g*gg are
cPredprapdy fdiaftedt nEerat Jaat aERapY aBrEcRdluge. saltysg such

Vaen t@@%t&&&dﬁyﬂﬁ éﬂMbﬁﬂ%MK”tpéﬁéﬂldﬁéﬁg§§ ?:Qosylates,
preter cnosen rom quater nar a nLumsalts,, SUC
a§e%6§?gPﬁ£P§°§ﬁﬁ8ﬁrunl qﬂ%ﬁﬁ&égaﬁﬁﬁﬁ%neﬂf haflges'

t ebdatihuoisclrateat end sedaumuchdpirasighat es or hal i des,
5 sodiumnitrate and sodiumchloride. Mention may in
parti cul ar be made, anobng these quaternary ammoni um

s¥ensiopy RBY of iBxaRArEscudRr t ¢ aeMAPammmHiQUE these
Peuekkenat (TRABhiuket babukyl B0 apEDNI UM pPexshboeat e of

(TRAP), tetrapropyl anmoni u erchl orate (TPAP) or
RSy R R R B0 LBEEOBLERAbEat o (BRRAD)  hgLrabutyl-
i adimoatiach aboperchheratect r AMBAPY ,sol ut &onapeopy dyationium
1 r.di to t cess jn ac | .

p ggé% Ogﬁggntion %@%Pthe éthing$%€g9$€5¥%%gh%?§mmonlum
cospchdiomgte (BIYPEYt-i on of Bronsted acid of between

50 and 100 000 ppmw th respect to the total anount
of the _constituents of the said electrolytic

s&PutIGH CafiRdl ZPMoi ddro eIt toneett ravtehiers employed
Bh@&&&@dngcﬁéiﬂheKﬁﬁ?dﬁéﬂﬂih(hﬁéﬁfddﬁﬁb witthhe present
experi ment a t hi;s ,concentration_genera .

depISHS TGN CHE'% RENT AP ShARGF &V of epgare Of corprising a
e lpeopoapdloyner zBbbeshedomeridorofhrheteesnusdd,andnldhe000
n e he i ng.or i C tin urface

o%bw]i C‘ﬁitt: 1{%‘?&@%&@ o0F SRIM cepdugt i ng, Zon s the

e electrografting 1s carried out, on the

n&eweE isuerke pessi bhe r elacéaalytjce, seAutpen. The
PR$DiRlee WH Nvghyedcbhaehdrandofn bife mdcHdee® acid is
concentration of these vgrio%gcgggﬁggﬂgglin theaS this
r DXELCFA Yt ur getermine P Y.
concentration generally depends on the chemical nature
of the electropolymerizable monomer or monomers used,
on the nature of the conducting or semiconducting
surface on which the electrografting is carried out, on
the nature of the possible support electrolyte, on the
possible uninvolved liquid and on the relative
concentration of these wvarious compounds in the

reaction mixture.

A good starting point can consist in taking as a basis
a type of procedure typical for electrograftings
carried out in an aprotic medium. This is because the
inventors have been able to observe, in an entirely
unexpected and surprising way, that the thicknesses of
the electrografted films obtained from such procedures
could be significantly greater in the presence of
higher water contents. Generally, a cumulative effect

is even observed, with the result that the best
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30 A good starting point can consist in taking as a
basis a type of procedure typical for

el ectrograftings carried out in an aprotic medi um
This is because the inventors have been able to
observe, in an entirely 35 unexpected and surprising

ockliRlebNead e PEPEas ey  ERFPLECUSMU AL T IdatF pe

obt ai ned from such_procedures ou be_significantly

gMe&Ferdth tRelpr 8BdRdEYofto EPICHaf i mBomiddt high and

Genartably eda tHimKdds/ec£h f BEt fuirs heven nighissraetoy Wrt Brue

tg r%sulg.%P%t t.he %%sghj 17, procedures devel oped
ePPaPPStE 285460 Pons PEaNAFET GELE SR t hei r

ability to produce films with high and controlled

t&h@@%ér§a5a%ifc'ﬁrltar}qé/r | R Qs Py %(%ftalﬁ?eirsgfc&&ent of

o§t|nlzat|on,of.the wat cContent. 5"
pEFOFEERSr P 16y dBePeéWeRay 50t B dOnP&Rt PBM- Bronst ed
acid is between 50 and 10 000 ppm According to the

igventi.on, the electrically caonductjn 10 .

S BB AT 57 S BT Phor GIRLT IF S SHTPhEE FRRguGHing
sai reasiscastdraltirgt estrfaconiscoppéerabilykeal , suxhded t pade
ni@bi - 1 i u LN pagtieul ar . nit..i reshl
bpgsh;%a,ﬁlslg v%;r,g%%ghilufg’n%%?l’i col\r%%?ldqpecdé%?eli’ HL'Xke},
ukebpdd), Biekhwmm milumigdum utRt @ertigvdarenwhen it is
Nickbisthey Ioriamd@ Umsenvhant al iWaMid | d8i 0k c8nNoRldbed or
nﬁ%gl surface chosen fronwgold,gg%ftlnun1 iridiumor,

| EPGPRRED! atiRARL Bl MCORe ol iPdaid e s BgR TR DitTide,
parnitaldar lor ptehealed ndceddd g ta hadlienvesidbnsuzBace
T r.oc ' ceor ce Wth the invention.can b .
uggge’ie% g%r%tnll gjaléfr’ tpgl broduce lg}rlacfltue”a ol Ykt rT Prgatlnum
wistiy facelsi;ckgess cowmrfatée=sd beimy gpeat igsudardyy: preferred

eg%gb&gghgfggdtﬂé 528 1ok, great advantage in the
manuf act ure of DNA chi ps because they are

intrinsically 25 electrical insulators. In the case

wheee pheyedse iisedccb@dahtachviii genecl eebéfiesont R&n be

H('lbrelgglt %%g:ﬁ)%]%tg{%t\{\ﬂllrch tc>I Splrgésggedg%aoftbeed d%toﬁgftm%% b¥i1ms

with a thickness controlled with great accuracy:
electrografted films are of great advantage in the
manufacture of DNA chips because they are intrinsically
electrical insulators. In the case where they are used
to attach oligonucleotides, the hybridization of which
is intended to be detected by the optical route
(fluorescence), their thickness has to be controlled
with great accuracy: it has to be of the order of
approximately a hundred to a few hundred nanometres and
has to be adjusted with an accuracy of plus or minus
5 nanometres, so as to optimize the recovery of the
fluorescence intensity and to minimize the optical
absorption by the substrate. Electrografted films can
also be used as molecular “velcro” for the attachment
of thicker layers via various types of Dbonds:
attachment of a “reservoir” layer of medicinal
molecules in order to carry out controlled release (for

example, with regard to vascular implants or stents),
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(fluorescence), their thickness has to be controlled
Wi th great accuracy: it has to be of the order of 30
approximately a hundred to a few hundred nanonetres
and has to be adjusted w th,gn_accuracy of plus or
mnus 5 nanonetres, so as to optim ze the recovery of

tE%tat:hl"h@h%s“cﬁncfa}LéH;@nsiﬁpr?'g1Egl%n'nmn%%atlhe.l.ayer , by
opti cal _absorption ﬁ e substrate Electrografte

fPPﬁg\leaA 9% fl&sHe NRYEEHNE  tireIRapEigetar for

t haeat hagdhRDi za i oh h | &ﬁe@ukayaeé% VoA Viaip it d ypesicef as
achment se er_ of

d
e AT Pt o B PSR eIV b n e s nFRRbEL B2t son
(ﬁormxn@nqﬂegtmwninseganduhe\@mmdm@ulmmpbémﬁeaﬂ layers

Stf%[?:t Z(%h? adéﬁasé&hécm Cscélf %rfyecr méié&{:’hﬁéct ion)

m ner yers el t r ocC
| #FERChEetn ESrtP@M"ﬁ?rf oFaYeRe rﬁmerhmtzatfu(@ﬁnar to an

S llsl:ttl.fa@%&&gﬁﬁlf*t@@ aIP&)‘Ber S L(;flélrflst hf)o rlbwlS -fRhpRir&t e bonding
al tern lve sSurt a a | 1 oNn I n

oG B ST 8. LAY pAL TNl DkCeedd 1 RIS Cases,
fmhethémwanﬁéceneaptnwesﬁ,otheopp&endﬂgmﬁaﬂuuﬂnlemgch or
att‘h%Chneg fs PO' ¥Eh ?@XSES bytgrﬁ?érgf'ﬁf@g tog Hsticuce,

el ectro%é a er erature
offegpey W§1tYo rr%tean%a)rawbelf%ewrwb mﬁhet Hésepeagiele to

1QpktRenc hEabaal at €achhant Y, vide él@c‘%&@g&*atf%tédm Fhenath n

or t he as tranS|t|O erature_constitu
Boh | GE Lyt At Sa abt or ISR cREPRE AL oBgde] BraTPhes

ohtheise @mmhmﬁﬁémmnaﬁé‘ﬁdiﬁékﬂﬂﬁbgﬁﬁﬁhedh@|ﬂhicHﬂEss of

f I I
PO Bled e A oL eogepnal | ol Rl A ke

ﬁdVQMé@gﬁ@glﬁaf teal yes m feri nfidms" vdlagriaty aml athiekpess

agyaN-ada9uS rv et Ot Halnl MPohayi.Ng a thi ckness
typically of greater than 100 nm 20 According to the

process in accordance with the invention, the
ehecoraliys s «f tthl@e el pebeekyt i dn sawdmrccam b@ith the

carried,out by o arization, under tentiostatic,o

AR O 5B AT SOLERES T i, SThe BleBeRhryeic
solution can be carried out by polarization under
potentiostatic or galvanostatic voltammetric

conditions.

The grafting and the growth of the film take place on
the cathode as soon as its potential is greater, in
absolute value, than the electroreduction potential of

the electropolymerizable monomer or monomers used.

A subject-matter of the present invention is
furthermore the electrically conducting or
gsemiconducting surfaces obtained by employing the
processes described above, at least one face of which
is covered with an electrografted polymer film.

Generally, this coating has a thickness of between
10 nm and 10 um. Very surprisingly, and as 1is
demonstrated in the examples below, these thicknesses
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25 The grafting and the growth of the filmtake place
on the cathode as soon as its potential is greater,
in absolute value, than the el ectroreduction
potential of the electropolﬁgerlzable nonomner or
nononers used. 30 A subject tter of the present

SURTL) M1 i o el ecL el Lpggnducsd 0o o

semc I'n al ne y enp oyl ng
pleé@€§§@§réé§@|d| bé#laBovebtaine@adly oREPleyd ner ﬁhechsame

3515&&%@&9%%&%@@ el epbhogénst ed Padaw@ind i | Meo an
g é S cogtlng has a thickness of betgeen 10 .,
R ooy MO A7 AL PBY FEARGAR, ST LAD (Gt LndEE aprotic
dewoaahydred5|nomuetenawples bel ow, these thicknesses
- 19 are significantly greater than that of the
el ectrografted filns obtai ned by enploying the sane

ePeEPrgpdbty i | 2afine iesirederenkedbrenthgofo te invention,

ek 8skr eRRlY Ry iAaLia PrPaas G dd QSF WL W 100 nm and
aprotic 5 or anhydrous conditions. According to a

pﬂQf&F?ed enbodi nent of the invention, this coating
exhlblts a thi ckness of between 100 nmand 10 m 10

A0 04 NELD! 8620000 QUR)UNSnd NEALY ERLLER, on
So conpri ses FOVi ST ons Jwhi ch Wil
t hésaemnmmaﬁﬁ vt leer Wbk bvi gl bogy, witiicth wzdﬂer@met:eg@nfrom

e@m@eéérltg&&waﬁ&ben“afupoéaar?svhacwheﬂl tzrelée%s to an
films 15 t he surface of old el'ectrode in the

pEESERLE @f tchefffé?ré?ﬁtJtﬁhc%%tP%%Y%%h%‘FrV\?a?]é%chle films

CaMtpailies O8uif 4Be Ao EPrOCHRSE] N@l et frég€ OndantR Widsdi®e of
eml | ectrol ytic solution

| AR R e tinne e TSP o nFEERE e G SOh with a
f@IIWlGIS(Sﬂ afota aoiyrm@mhramylmnrltt}eeflinvantihe and
F’r%qggll?l%p 8390l %tgc‘btla&q% éB%\?E‘foHr rﬁW@EﬁgPOl

Xa descri bin ect o e co
népha@rﬁngqq|géamgh@néﬁg Bhe formatlon of a polymeth-
acrylonitrile film at the surface of a gold electrode
in the presence of water, to an example describing the
effect of the content of methacrylonitrile monomers on
the thickness of the films formed in the presence of
water, to an example describing the study of the
influence of water content during the formation of a
polymethacrylonitrile film at the surface of a gold
electrode in the presence of water, to an example
relating the effect of the concentration of support
electrolyte to the thickness of polymethacrylonitrile
films obtained on a gold electrode in the presence of

water, and to the appended figures, in which:

- Figure 1 represents the arrangement used to cover
a gold electrode with a polymethacrylonitrile film in
the presence of water. This arrangement comprises a
leaktight electrolysis cell (1), equipped with a 1lid
(2) through which a vent (3) passes, which includes an
electrolytic solution (4) and a gold working electrode
(5), an Ag'/Ag reference electrode (6) and a platinum
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the thickness of the filns fornmed in the presence of
water, to an exanpl e describing the study of the 25

i nfluence of water content during the formation of a
pol ynmet hacrylonitrile filn1a5 the surface of a gold

el ectrode in the presence of “fafer, to an exanple

r loﬁ%xitg% the SE{cﬁﬁé of,f he ﬁ%c%ﬂ%%ﬁgo%ﬁzt%fc SHBR?&& n is
el"'ectrolyte £6 e t hi ckhess of polymethacryl oni rife
3eubjert edbtt@ neanbhnuoys| @pelradncodel tih alaopr egbncehich

obaswaker , pabdrtRahle appended, fi guney, | RoWhi Chomprising
Figure 1 represents the ?rhgngenent used_to cover " a
gsﬁa%%’&wc}&e Wn%thtﬂaorbm& t BRG yPOREERLPE HiSHSSH 4B1) .

t haepreasencruanfd wat €61 £ Thesngr cabgererd caEpSeSivg with
I .0 el.egtrolysis cell (1), equipped with a lid
(SPSEROe 2o

r ough i'ch a vent (3) passes, which includes an
el ectrolytic solution (4) and a gol d working el ectrode

(9), apifateAd2r eh&s Sl & eehie0den{EknaBded PIALT RHY of

- 20 counter _electrqode (7) ._The electrolytic
sEPGYPER RS TYdoRiédtid® t o contiht®us spac§itign&id h by
aeger tdpollymelrizpaises def neehasdyilohotaigeamtbriders on

conpri si.ng. el ectrolytic solution.(10) and | ecul ar
SEE, Y ahed o5 A coF L et Sheiy Wi ecraeents
tdigpapging with argon (12,13); - Figure 2 represents
the thicknesses (in nnm) of polynethacrylonitrile

films obtained by 10 el ectropol ynerizati on of

net hac FHOUHE B IXERRATGRTS ©Bif GoInPeissin asin %) of the

fF _lilihcftﬂaQ’gedOf a@ﬂsb&@:t%h \N@Eaaa cefit ephs ﬁhagmmg; tflﬁnctignal
igure 3 represents the transmssion (d, 0 e

| SREHPE (hor Bot SR bARGL SIORNEL At 6r i £ Wenc qganed by
gredeps ropoigmeratdzadion onf t mekkatriyiendbtraileedndrypmers on
el ro kzatign of yl ani Lyl lﬁﬁnggfr
gg%gtdeléé%ér(%%éegégs a% f%nggﬁggi‘%}a t(ﬂ{]e é{lﬁaﬁeo con e%?ﬁgent
(idnp@@n);; 20 - Figure 4 represents the thickness (in
angstrons)

- Figure 4 represents the thickness (in &ngstrodms)
of polymethacrylonitrile films obtained by
electropolymerization on gold strips at different
concentrations of methacrylonitrile monomers (diamonds:
0.1 mol/l; squares: 1 mol/l; triangles: 2.5 mol/l and
circles: 9.54 mol/l) as a function of the water content
(in ppm) ;

- Figure 5 represents the thickness (in &ngstroéms)
of polymethacrylonitrile films obtained by
electropolymerization on gold strips for different
concentrations of support electrolytes (TEAP) in the
electrolysis solution as a function of water content

(in ppm) .



10

15

20

25

30

35

of polymethacrylonitrile filns obtained by

el ectropol yneri zation on gold strips at different
concentrations of nethacrylonitrile nononers

(di anonds: 25 0.1 nol/1; squares: 1 nmol/l; triangles:
2.5 nmol/1 and circles: 9.54 rml/l) as a functlon of

ttmcmmm-i 4QNt PORMATEONPRSY _ pOTYMHTSIARRYRIAESIYTE  NeMan)

aégesﬁiUlﬁEth SENE 30 OTFJUI netndblliuutéiéﬁg oF

f m'nﬂn‘ -0 [GOMPARTSUN MTTH |20 (R OTE S5 [HMETIO I NEE HIHANGES

(TEAP) in the electrolysis solution as a functron of

water content (in ppm). 35 - 21 EXAWMPLE 1: FORMATI ON

OTTREL YVEFHATRYE ONI 'IiFlllLLEt(IHW‘S) FtheB | N RRESENCE of
k t&NCENTRATI OF

N s ey e NGQE%HANO_V\?¥$Eterexa (s, for

i MATSY ateR YR Sor &far STegh st tEpsct ﬁ@gpﬁfnt ed thippns under

V\nah*lhyairgﬂ@tcﬁfndiﬁmséndf @ben\/v&h%r AP LESIN of films

er than 50 th der drous conditions
2’ véh T he é%%l’ggtl%ﬁ #%fl?% “fravit nY25SFhi CRMeE of
oﬂoezl:(‘)@emm o0 anﬂatmommmntwhicﬂolbetm@%m@ under
1000, By i Ghhd & i parcessi bl a@ﬁﬂ%ﬂ%wéh?t this

condltlons It 1s also shown t at
Gimends shpkest ¢ tgr eaeFyLe mﬂq fgreﬁélw acimldely the

Sw&mmmﬂﬁdmﬁsu@foﬁﬁ@1@§§D&Uﬁ|&Kb §k€§§rbﬁ§oﬂ“|§¥hég the

t res t exa e obt ned out si de

pnale" Hioas el SiRnile red OhteSedtc Paget englove
s@lomasons | n di met hyI formam de (DVF), distilled under
argon, conprising 10-2 nol/l of TEAP and 2.5 nol/| of

20 nethacrylonitrile (MAN), distilled under argon, in
wiiheise: reyridadany atecanted et répacaing| figom goldtions
| ayer Bhieact @y i NeHwat 0 adﬂels@?fléctir : ‘Fl)ldef‘ argon,

pl ati nym count er_,el ectr ode and a reference ectrod
bgggﬁ’r&ﬁlf‘ﬁe AR AgTOduipl e o e T%%rsé&d St aImOl/1 of

methacrylonitrile (MAN), distilled wunder argon, in

which the working electrode (a strip carrying a gold
layer obtained by spraying onto a glass strip), a
platinum counter electrode and a reference electrode
based on the Ag'/Ag couple are immersed. Several
syntheses are carried out starting from the same bath,
with repeated opening of the cell in order to introduce
the new strips to be coated. After each synthesis, a
sample of the electrolytic solution is withdrawn, the
water content of which will be measured using a Karl-
Fischer device. The initial water content of the
synthesis solution is 35 ppm; this amount of water
being that naturally present in the commercial DMF
used. The arrangement used to carry out the syntheses
is represented in the appended Figure 1. In this
figure, a leaktight cell including the electrolytic
solution and comprising the working electrode
(Working), the reference electrode (Ag*/Ag ref.) and
the ©platinum counter electrode (Pt counter) is

subjected to continuous sparging with argon which
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25 syntheses are carried out starting fromthe sane
bath, wth repeated opening of the cell in order to
introduce the new strips to be coated. After each
synthesis, a sanple of the ? ectrolytic solution is
wi t hdrawn, the water conten of which will be

Meageed B@f@ﬂeﬁatﬁ:r |1n%Q> e dde(yé r1I k %' y téﬁéstrom

wat er cont ent of synt i's solution
t AP eqidant ofSigifes béﬁﬁéYtiﬁa’flSnat mhgﬁedr esem:t iwated

t e foeerana &y DMaviugedorTbRecaiveaRIerERh Wsae @ 350°C.
carry out the syntheses is represented in the

appended Figure 1. In this 35 figure, a |eaktight cel
i aclgmfichgstimepel edtiait yhave switut beananich coaptastngvith a

t'&%n‘é@%‘i'l%@ el %Cérﬁc?%?n%l(é"“ kbﬁ‘g)’ cbﬁ‘élh% gg.lenceof their

el ectrode (Ag+/ Ag atlnuntcou
ePEEPREAE 10P ééﬁnt%QSCQSﬁlYﬁﬂﬁ’eéﬂééoﬁﬁcédnt|ﬁGéU@ductlon

sraakelsn@wdeh oy gﬁ:l’érl/ﬂi'lg3 Rehe 224 Rlaesa?se b@épi eh@pdgwt)emg
conprisin r.om ecul.a
P PeLFh 8 G o[ cRBraky thetareRkosing
f mheorled/x/eeﬁladm apeateioat] SH0C. afpfoxinhat s1y i ps wbbohds,
h%‘é‘%ﬁ% e i '?1 %%‘H Pl 18 GANHLR! Led 3 TDs| re

on conclusion o prepara on are successtve
i ntroduced. Introductlon takes pl ace by opening the

| irfl eOfydths Cebhteldy gf'Eﬁbn%léég%dﬂyﬂﬂ%\%5ihéﬁon changes

crocodile clip and t hen recIOS|23%10 the I1d. Each
o5&P8Yt i 8R PH@tsaEpp?%&nrﬁﬁ%ﬂ%P%ﬁgs nd§e @¥PpEgment to

whieolo e alagae b uliparg nentioly | NE@F I b eeox Thet 8By er two

cont ent of the electrolytic solution changes from 35
pn1a§ t he begi nning of the experinment to 15 1600 ppm

after experinmenting for approximately two hours. The

Vgﬁkheséf?ﬁﬁegfér'%% ou&aPyﬁ%fs %hE'ngb}ohgerforming 10

I ¢ sweeps at bet ween” t

eY@LERBPEtHLZ0 SRt iafl 0 tHY eIketvesyt Fle sepui il dhrium

a@)iélten% i81V/ ( A@f{ ﬁ\g)trtlér h ef %lrééﬁ r*oiy{tﬁ@Ved sbnemithe  and

ce Se wat er Qr m Nnut es

ul” tzrgséf/rtggazﬁé% t her S tsﬁréEetJ(ﬁterFB‘P"’@%m ﬁﬁ?‘es thy ggell,

urdesed twasloumdter for 5 minutes under ultrasound and
then with acetone for 5 minutes, also under ultrasound,

and then dried under a stream of argon.

The thickness of the films is subsequently measured by
profilometry.

The results obtained are given in the appended
Figure 2, which shows the thicknesses of the films
obtained (in nm) as a function of the different water

contents (in ppm) .

These results demonstrate that success is achieved in
obtaining PMAN films on gold with a thickness of 400 nm
(the reflection infrared spectrum of the films obtained
shows that a spectrum in every respect in accordance
with PMAN is indeed obtained), whereas this cannot be

obtained only by varying the parameters of the
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and then dried under a stream of argon. 25 The
thickness of the filns is subsequently neasured by
profilonetry. The results obtained are given in the
appended 30 Figure 2, which_shows the thicknesses of
the filnms obtained (in nm a8 a function of the

dis%%%reticw%]ﬁato&&pt 8Phar( itrhaﬁpr@he Tt&sﬁsgg%eﬁt‘ ng®uch

defronstrate that success is achieved in
PREN fFies SPRFERFSARIPH t B ck MERRORET 400 the (t éectrode

r glcesitiian , i nthar esumpeet dm ghitbe fék nembt ahled rate.
S ?%@ that., a spectrun1|n ever¥ reggect,l accor dance

Wit SBMARFRET | RN nBdPRtwereithy s Vgg be
obeadijested yimyovdeyi rmyptimagddiyanesd efsrohetrheimp@3re the

SX%H%%BEQSDQQ&Q%@ £§tﬁ%séévghtéﬁ§¢ﬁ§§§6%§$%§g$en§“89 the

as the concentration nnnoner .
pYRERLT Aontent nuakes FPssilbdes Ay t heseheplomes. @ much

These eubetPrrialetigipsovetlthtcertai nly thensel ves be 5
readjusted in order optionally to further inprove the

thickness but it is observed that the adjustnent of
t By wet eof canimpalrinekes flossshhe, elypeirtisent atanecasdried
m&%lg wiie E’#{ES% te'ralof npflgv%q%@fro& tE15¥: ll?{ion Reing
compar1'son, e sane experinment was carrie out™ W't
t Fephaced dfy trrirleke r ampunesseolfutardiydmiugy ethphatedith

byay@r s able emount 8 nof o aRPYASQY'S mihangl whd h gr‘!é%'!n%te of
4 mol /1 _jn an?Xdrous DME 1n_the ﬁresence of X 10-2

mol X 18f" TERE/ L TIRE DVEABNd Hife BYRafid uske Bfhaned used
deeydr azlﬂeﬂydlaeéaéahamifa@;ye}lﬁmd/i ot'g f@eaaihgngﬁcgny jpiﬂéﬁdthy
over_.nol ecul ar si.eves with, a pore.djaneter_ of _.

R PR et D e rRr e aiathy R gL PR BouR siferiaige of
far Al eeeditiohédwdsk imratiastd | bat ilertunder inr eglbicedren  at
angenR Pregzure | ve he. res ' WAt e

cg%:b er?{tO s in tﬁle Bﬁ%}g'nd ?‘%i_(ﬁ%e%t ﬁ%%ol%ﬂ%r{éggh%gﬁ% {mc.ier
USSR CEKRTIP s FHES IR cdl &leve3 bprefor Thfe DRFulting

an@ t ere shoritit sL 01 ppané obMihenat hanalhe ToEnARRY) | RBasured
using a Karl-Fischer device, are 33 ppm for the DMF and
less than 10 ppm for the ethanol. The handling
operations were carried out in glove boxes under dry
argon, where the water content of the atmosphere is
less than 15 ppm. The electrolyses were carried out
under voltammetric conditions via 10 sweeps at 100 mV/s
from the equilibrium potential (in the region of
-0.7 V/(prg*/Ag)) to -2.6 V/(Ag*/Ag). The strips were
subsequently rinsed with acetone and then dried under a
stream of argon before analysis.

For each ethanol content, the percentage of
transmission of the infrared absorption band of the
nitrile functional groups at approximately 2270 cm™® is
measured. The results obtained are given in Figure 3,
in which the transmission (in %) is expressed as a
function of the ethanol content (in ppm).
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operations were carried out in glove boxes under dry
argon, where the water content of the atnosphere is 25
| ess than 15 ppm The el ectrolyses were carried out
under voltammetric conditions via 10 sweeps at 100
nv/s fromthe eqU|I|br|un1potent|aI (in the region of

- ched (Pas(Ag)) él?ow t(ﬁa\él(ég”é%%)e tThSna% §§SV\B{% that

subse rinsed with acetone an t hén under
%ﬁ?q‘s erdfeaﬁlﬁ%ft]é?géﬁdﬁjé#@ﬂe ofnatatsins . tFotheaehectrolytic

etslmeimnjlccmntc&rﬁs tie: pesLest ager pd éflé{‘@%ﬁs' aB O]:athanol

fr r ab t|on band of_t nptril
functl onalggr oug PPEREFBSFmitiel %zeybe@ﬁ;;qgrgfggd £ilm,
MEYSEr &¢. 1Pwe qoemgntsradiitcaisned are given in Figure 3,
in which the transmission (in % is expressed as a

tion the et hanol content (in ppm. - 24 These
r é@!elrs §E‘8W EhaEChn eff ckle arpddi t ®fi hatater to the

oleerived foorsuher pelthd i eprebcWakek i@ tdissBhRM MOL YLl Cehe

t, st: the addition of ethanol
?g?% %r%oe%&%%&ﬁb‘? arke IS hefadtect ol afvaberi | e a
5Bapasted | anidoncenthat ireast ididefed temef fTAféQ:teIO]t ?éfi@ents
f 0 a surprising e
?ggﬁﬁhggggse%gghh hgt heggng Srscgg E 85 tB‘a}%ﬁe it
f ROESELRAE Wik ePTPEOse] (1w opsepdrat;udnu mf heleeacdyparted

medilmen WEER é}orﬁﬁﬁﬁerf%rhlfcr}@f@%or Qb a6, aEHoQ@hYQEE’ét'fned
cgggltloaps ke it ble to pronmpte
prepar ator of€ ePéct W CPP@hﬁlRPFh éngréat?‘ér it is

t bbsknwed t hemat h0$é1eobt aléeﬂrogﬁdﬁte%pr gﬂllcm Og ttef?dts to

; f act obseryve a
?Egggpggt roqi:kg#teg{]?l M entE $o cafléﬁﬁﬁﬁar ifpragepydance
hWgRhwethat céﬁt HIOWN | hnad;(h@r dhiceratiitd. WTale | Sukppiwing
| gflfa@tl | Her atdff:, Thee SLEON aéggﬁaggggct t\?\)/nt Eﬁtﬁ%s

fore decre S|ng, the curve In
Eé IPRPcRne S I { BEVER| fRhgs @Wﬁ%ﬁﬁ:t p6n tdte t felm as a

vvﬁtlactd:Oﬂt efit thpassker HAEhta PRdJBNNtHugh aximum

t ent The resul ts presente I'n
FEoE SRELEhEg ehE, maRE “PrBtents

The results presented in Figure 3 also show that the
effect of the addition of additives of short-chain
alcohol or thiol type, such as, for example, described
in Patent US 3 759 797, is not identical to that
described according to the present invention, since the
effect obtained in Figure 3 is strictly the reverse of
that described in Patent US 3 759 797. Without having
available all the necessary information and without
wishing to be committed to any one theory, the
inventors of the present invention believe that the
characteristics of the reaction medium used in Patent
US 3 759 797 are 1likely to promote the formation of
polymer by radical polymerization and that the
additives considered are probably good active site
transfer agents and can contribute to crosslinking of
the polymer formed and/or to promoting the termination
reactions.



10

15

20

25

30

35

effect of the addition of additives of short-chain 25
al cohol or thiol type, such as, for exanple, described
in Patent US 3 759 797, is not identical to that
described according to the prgsent invention, since
the effect obtained in Figuré 3 is strictly the

r arnMELEDf 2 : t RokmAlesON A A NPEBYRRTHASRPLIRPTED E (pMAN)
i val 1 abt e af I tie recessat
ﬂé%%“ghp;ﬂég?ﬁjﬁm'fOF HATERg to be conmi tted to
any one theory, the inventors of the_pr_esentf .
.@%Eﬁﬁﬂ eligve that,the characteristics o e | .
Leactlg%pngdidﬁ¥a§%d %%#$§ﬁ¥ﬁ]esLE$%e75 Ag97 Hpat it is
| iHeasble prismota gieed onomonen obndenpohyieh BMd a given
r [ ' e itives. .
c%ﬁkﬁﬁt¥gngE§{5%%%%b jggg%%ggé?%Qer%lgg b¥r3ﬁ§F8Flng the
a §‘éﬁ??ﬁﬁFc@ﬁtﬁhﬁn@e@bu@ro§§imﬁyngeoﬁougﬂathat an
p@rnyerofuer Nned landoar Egogr %@5@;{1 I 'E]Qlea t %on‘I'd'tqtdrPnof DMF
r I 3 - EXAMPLE, 2:
P%HE%ER\}E@%IFF@{%OT PM&I\&HEOT&‘FL OPFRSTHE FRIESEIRE e the
WATER sBeshpl tes Iwabevecphtastr ahesgehaf asd tthat sgt:u!rﬁt ion
5 i bkg, for o] no ne ration.and a
givsgﬁl%pr %@edéur ef,é%{ olm;igl%g{% 'anﬁ%i gﬁ%ﬁaeség? ar_iLgegBy.en above,
afPaseiRg Rt watahvdmtad heffqrehametitimpdssimy beto a

natiagdt hedmsi s Y @Y SaS Ut hOle &b PLr XA
sglytion of DM- distilled under argon in glove

d g%xé%)DvF

r 88xp53&8 't o IS 10588 stestreshamieplconeddt otmltre it
upoeeibfle sab ureattieand \taaleuepégiadfay\fmaragk%stglér{t dof the

e Lven _abgv spar gi ng argon, dehydrate
Eg?ggghgégggéﬁpggs?nngﬁFo a guard conprising
activated nol ecular sieves in a DVMF solution, into
tha ekeetr gal kes. ihle to
egt ndﬁ?heggggﬁgg oﬁgggFﬁg?neﬁ¥k%f%gﬁggﬁggﬁér %%%Y%%t are
tanngGHFgﬁ |G{+rt9rret3¢f edBhP Shenprlectregnefetugarcell. It

sisveshawe thdt oditeed lqiAGHbH Nbe t BBe water content
It 20 _is shown that the

e . afting cell . , .
rééﬁ%‘%ﬁgén of ? heete’%/%cite]rveconl?%nt PIEBRALREd itdief famthesis
bfopuepansng diheecylnt he§ircsm  the commercial products,
without distillation or dehydration.

The operating conditions, and in particular the
synthesis procedures and solutions, are the same as for
Example 1 above, except that none of the reactants is
distilled. The water contents of the commercial DMF and
of the monomer are measured at 150 ppm approximately. A
carpet of 5 angstrdém molecular sieves, preactivated at
200°C for 1 week, with a thickness of approximately
2 cm is introduced into the electrochemical cell,
followed by the synthesis solution. A measurement of
the water content, carried out on a sample withdrawn
after a few minutes, gives a water content of 30 ppm.
The solution is stirred with a magnetic bar throughout
the period of the syntheses.
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solutions directly fromthe commercial products,

W thout distillation or dehydration. 25 The operati ng
conditions, and in particular the synthesis
procedures and sol utions, a% he same as for Exanple

1 above, except that none of e reactants is

dizst iddngl.e TR tiRiRLwiCOY QS Qf th%%f%on%%laals DMV yater
and of the€0g ner are neasured

S SsaHat & 835PHr phP o?l%c%?%ﬁ%wgoIWarfilm is

fl}_ﬂ\l@.}cqﬁ %ﬁﬁeﬂaébdctafo}ﬂé)ﬂfgfﬂér 14 V\ﬁtéiirsW' Egea ttthkneSS
S a X e cmis, introduced into

rBfC 2 T EinBREAXRER £ lfzé Iné‘boed”byg??fg 8gRERBSPE with

ectrochem cal cel I
sdqhﬁu oFeS AL hBasgbsmenedof irt heExarmple cont.entJustar rhed in

OUx bl MR %EQQE@Wa%S &éf@é a I&Wc{ﬁg ved in the

a water content of he soluti1on
stﬁ%d SRR e dthee W té)irldugiﬁ’@lﬁ O]Cttfﬁelr@&l od of

t he synt heses. - 26 A sanple withdrawn after 4 hours

s 42 Shuneole g sRRCAP By Muk SRR 88

hAGNOMERS- {ON ¢ [THEs s FQRMAﬂ'rI@Nfl ol olt alpmm i ¥IL.85 aM THE

| PrREEMrcaT e epM th 5 the results obtained In
Exanpre I. Ju in Exanple 1, no structural defect

is observed in the |RRAS spectrumof the PVMAN film
t Mhe chivaiaedch EXAMRARp3e SEURY G 1R EREGH Q:fél_é'ﬁpﬁhat
OQE%E%O: VAN 10 I\/D\IOVI;GE ON THE, FORMVATI ON OF

RS PRESERERS W PWRPER 3thePSi ACHF eMeids % aMprEing
i $heo waltgst r atanttdre f acltsd hadepdr® tdn ckeless @@ﬁggﬁt of

b hi by ng 15.the wat er content

A O oA t he Bbhy oAV A & FatcEration o
WHREETEr sy h&heoBeewt tenidencées myeombesrvede sane
tendenci es are observed. Electrografted PMAN filns are

pﬁ du%ed under the sanme. _ 20 operating conditions as
858 LEPTEGL S Y nfEkBfplre e BRRdYFed undemi tthe same

copeentiati orcafdimiamer Ssasof thowl / ls@nd aufEARbove in
wat e

CEmERL"E Bk M B oty IS nomorers

of 5 mol/l and a TEAP content of 5 x 10™2 mol/l in the
DMF. The water contents are adjusted this time, by
addition of distilled water to the reaction medium, to
300, 500 and 1000 ppm. The films are then produced by
10 voltammetric sweeps at 100 mv/s between the
equilibrium potential (in the region of -1 V/ (Ag*/Ag))
and -3.2 V/(Ag*/Ag). The strips thus treated are rinsed
under the same conditions as above.

The thicknesses, measured on a profilometer and
compared with those of the films obtained above in

Example 1, are given in Table I below:
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addition of distilled water to the reaction nedium to
25 300, 500 and 1000 ppm The filns are then produced
by 10 voltanmmetric sweeps at 100 nV/s between the
equi librium potential (in theyegion of -1 V/(Ag+ Ag))
and -3.2 V/(Ag+/ Ag). The strips thus treated are
rinsed under the same congagigng as above. 30 The

thi cknesses, nmeasured on a profftoneter and conpared
it b those—of—the filns obtained abave in Exanple 1,

[ IIIU

Miatgiryeantentlabl e | beltawekiddss &7 tndABLEnd Miher

a
conte ckne of the 11 m nmyAccordimg to

Exa EEH Acco%cr?ﬁdf' ’5gE§<°a|#gﬁEa@£’g°(}\/ ﬁccﬁr%”fﬂ)ltf"l%(‘ﬁme 2
5 I/1) 3001 0569MBNO 1756 1@1¥0P036037 ByMarey 50fmol/1)
c
0
t

pnpar gen, the PMAN fil, obt ai ned under the__5 same
ngat Fg@ condi tTons—but guﬁu aft—atthygrous—red-brhave—a —
ickndB€ of the order 8520 to 50 hm approxénately.
EXAVPLEood.  STUDY OF THE3gNFLUENCE - THE MATEQ CONTENT

10 DURI NG THE FORVATI ONOF A PVANFHW IIIC armof—tAt+s
exanple is to illustrate the fact that the curves

gﬁmlwyﬁiuftdnmnaﬁﬁﬁbﬁﬁiEhéL@MANOﬂlpﬁstgﬁta%ﬁéérunder the

h 15
the%%ecr éolgae&#l¥ |°\émdl%elfp ass?ﬂgrﬁggl ﬁﬁm?rﬁ{ygws Thegium

h@¥emeahs, thhckhesene dfandt,hd hadbrddre addi tizan ofo 50 nm
xq%%%l . possible to increase the nmaxinmm
th| ckrr?ess vvhilyf:h can be obtained for a given procedure
and a given concentration and, on the other hand,

t EXAMPEE: a: 20rumnt op| Tak tIh@'LUh:N@E:n%‘iiGﬂfE WATER CONTENT

reb%t_[ m‘& s QP . ned

The aim of this example is to illustrate the fact that

the curves giving the thickness as a function of the
water content are curves which pass through a maximum,
the decrease of which beyond the maximum is slow. This
thus means, on the one hand, that the addition of water
makes it possible to increase the maximum thickness
which can be obtained for a given procedure and a given
concentration and, on the other hand, that better
control of the thickness of electrografted films is
obtained if control with regard to the water content is
carried out at concentrations greater than that of the
maximum,

To do this, electrografted PMAN films are produced on
gold strips under the same operating conditions as
those set out above in Example No. 2, apart from the
fact that 3 voltammetric sweeps are carried out at
200 mvV/s between -0.7 V/(Ag*/Ag) and -2.6 V/ (Ag*/Ag)
The water content is adjusted to contents varying
between 0 and 2200 ppm, this being the case for
different concentrations of monomers: 0.1, 1, 2.5 and
9.54 mol/1.
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carried out at concentrations greater than that of the
maxi mum 25 To do this, electrografted PVAN filnms are
produced on gold strips under the same operating
conditions as those set out ove in Exanple No. 2,
apart fromthe fact that 3 voltametric sweeps are

carhnd edreshl as %QQa'IWe%i bejyeengifed Vi (Iﬁg%ﬁ?) %tgg,ended
g+/A Tﬁg wat er content i s adj us
con]t%e\%s \/aryl BBLGBen BRaInd BYiotknRsR t Iekddaiasy  (in
t Rgsnfor fccirféalentton@memm%mﬁﬁ msna}ateewqegamonds
a e.results
gé%é]ﬁgggg?e B&ya%e?ﬁ gﬁe appehdgﬁlaﬁﬁéﬁﬁe £ -3 n9hf thand
t e HHieSknesShRal AbY L Bnexpmgseedne)s forfeachion of the

C ovateit fcatrit@mtof (ifppgywer. (di amonds: 0.1 nol /1]
squares: 1 nol/l; triangles: 2.5 nol/l and 5 circles:

9.54 nol/1) is expressed as a function of the water
cOleset Xésulipn) shBweseain esUlt $a3R@W, tKe ?Ebclt%%%‘ﬁégo of a
t S pf ek gont ent gr eat er

pgﬁt@gr %ﬁllqgﬁn hecgjflo\g?hE Renes%h%%tg helPls tpBafdiich the
t h&A CEREESac ebsgilbled uﬁdegranhydrouhanondh&tonaccéés1ble
| findle$0 &mﬁdf&ﬁist t&"i‘)'fndJ.tttl‘i)n%xl opgs Qfy the gury \f%ts r‘f’\lf:ﬁeed that

n,absal ute v | ower ove thls concentr
Itﬁ&ﬁ 3|°<Rﬁs iq |"sh% hEPEVBE eaTRi t HNcdadiutef takueat Bower

cabbesat t?sl.'ii)n?./ecbli’nlc%nl;&a(‘ré'_(.i?o&henﬁl’iéﬁI ®R10a0d pot l@e| ﬁl%refore
achi eve good contro

t it i bl
rgggPd t%ﬁ?ﬁgéfhlc es§@§ of WakfR f 9BVt ai ﬁé@YeThethls
seRBCeRpratient cardi adtoltelew nicket Strips kRaES 1120 to

t%EE%%Véa@%Ogb::”ggéﬁJﬁﬁ?ﬁ?%%gLEﬁg 8 g%;#giéﬁﬁ%sses of
EFBETROLYFECBRATREATHI CKNESS OF PMAN FI LMS 25 The ai m
of this exanple is to illustrate the fact that the

t| on of the .,oaxi mum of, t he t hi ckness/ wat er
ggﬁ RETELRTRS TS <5 Teish PR PRenprésdncs wifps leads
suppbhe shmwet obbgtreaandnen its content in the

EXAMPLE 5: STUDY OF THE EFFECT OF THE CONCENTRATION OF
THE SUPPORT ELECTROLYTE ON THE THICKNESS OF PMAN FILMS

The aim of this example is to illustrate the fact that
the position of the maximum of the thickness/water
content curves can also depend on the presence of a
support electrolyte and on its content in the
electrolytic solution. 1In particular, it is observed
that this maximum is displaced towards the higher water
contents when the content of support electrolyte
increases. This makes it possible to envisage better
control of the water content, and thus of the
thicknesses of films, by producing formulations with a
greater concentration of support electrolyte: a
solution increases in hygroscopicity as its water
content decreases. Having chosen a given content of
support electrolyte, the water content of the medium
can be adjusted to the value of the maximum of the
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electrolytic solution. In particular, it is observed
30 that this maximumis displaced towards the hi gher
wat er contents when the content of support

el ectrolyte increases. Thiséﬁpkes it possible to
envi sage better control of wat er content, and

trﬂlﬁ&{négﬁ/wat@f:kggﬁggﬁtoé grjvggs ntc)iyt ;?f%ﬁ{:ggs possible

f | ati ons wth rea er “coRcentr
or t*3¥Fect PYPYLBP1Y s%@h@tb@n$ncndasﬂs i flecrease  in

hyg/rgnsxanmgmdlytya,s and MRALLrin&pdd ot 1He§5§?§f§tymgl NBhis
éﬁ en g content of support electrolyte,

mater conteﬁ:(ﬁ HE IR um can be adjusted to the
val ue of the maxi num of the - t hi ckness/ wat er

e S e bl h
2?&??‘36] il Qﬁ%ﬁh%c?g‘%ﬁ?mf Qi BBe s t yoing
arfd 2t hi/cr eB3QEUF #0R% abPEi t PANAs turicsi stvidtlesd )conient DMF
i Munedsed 11245 .eatrpagriaf tiadk PMAN éﬁ;kﬁgr«?rélgégg{ﬂfgg?"”q*he

g I 2.5 nol /|l solutjons of undr s
% %l‘\"}gsio?‘unm §Fi | PERRAreEAR T | Sy QUfpp AP and  the
eM@@ﬁﬁob@méentheneaﬁuﬁednuhﬁﬂga4wxgﬁq£ﬂhééﬁg& device, is

aphydeeds AR e 10 g 1ggnt ent measur ed
us?ﬁg a KarEAEFgg%é%gdgélgg% itd Le84["856&d by addition

of distilled water. Different electrografted films are

ppadiieedntore T&AP-o 00t s (f t n
101 o/ L and Tol 15€§‘/éuef?1§%ﬁtéﬁtgs pg’?‘g%‘}t?é %Ofa TEAP
anan’éﬁﬁgo apﬁfé“’eetlhl 2KhesSes 2Rfe %eval Wat'eddl/dmand for
i Wabagi tycocm‘temltes O | a@@&wé@asuxed Brdl RBAD0 Th;?p The
r gi_yen ppended Fi gure 5, h
enuklacabes0bve dhiieo PRendef o 2L i,
t hrBRAe & asiurede Iy | EERABL alThed xdsulas A@g@t g@ﬂf&h a% ahe
fa thgagof teer t

153 ridgraat Ll a0t L ?eB%g%Fd tﬁgr 03?9% TEAP

ure, the solid. di‘amonds corfr spon
8’8??1%1‘%%1%% Fhep Wodemesatobntbe $itmp0-cdbtaimied |, (in

thagsoirbmlssqagr es fhﬁcm@ﬁn@ﬁntth%t Wt e® cbntel 2 m)
é/% i oI|d triang i 0 .a concentration of Eﬁi%? )
A m)IF “the ij(}S’IeI aPd8mpBAgw ¢ergespond to the
curve obtalned with a TEAP concentration of 5§ x 1073
mol/l, the solid squares to a concentration of 1 x 1072
mol/l, the solid triangles to a concentration of
5 x 1072 mol/1, the hollow squares below to a
concentration of 1 x 10" mol/l and the hollow triangles
to a concentration of 5 x 107! mol/1.
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concentration of 1 x 10-1 nol/1 and the holl ow
triangles to a concentration of 5 x 10-1 nol/I. WO
2005/ 033378 PCT/ FR2004/ 002449 - 30 CLAIM5S 1. Process

f(ﬂbtibb§/3§§§ﬁ§n of a polymer filmon a%°§%ﬁ?§98ﬁ§?°2449

electrically conducting or seniconducting _

5 electrografting, characteri3ea in that it consists:

a) in preparing an electrolytic solution conprising

one or nore el ectropol yneriCZ@dMS mononers and at

| east one source of protons which is chgsen faoqb

C ounds which_are Bronsted acids in the sai

eﬂggtrglgljrﬁqecsssoT?ﬁiBW? Eﬁémééilans@ér@e Rsfl et ofislm on an

besi ke tpriesdnity | moaduaninat @lf l@émﬁﬁfhcfﬁpc@ﬂqjgth A ARy
it t . to,the total amunt of the )

ConstCoaneraris, Sl e R A AT o it s

1%)p) il ePEEPRBLYSi AN t Aéeshidlgblat isarlitnian comprising

el ect 1 @hngsi &r CldrebYe Ust LI i@gmgﬁomers and at
sem conducting surface to be covered as working
el ect r 0§ SNt PBHEESoRE MRS evbéthods, thosen from

resul t composinelet r ehedhctd on @ropls@@ly 0ozexidation 2Q of ;4

t he sai Lution, in the fornation of an

el ectr ggreg tré&y%&lcyrrseorllf 'Wﬂ’og&f‘%eS?éPd SUEceR T 2protons

Pr oces®eddor Bragens Clai nad, afmrract erf zeﬁtg@enthag and
t i C ro r: 0ogen

the Branst edoagpds & €n F%%%%c& 0, VRt el toﬁ%;e%WF%gg: of

fluoride; ammonium fl uor ni'trous acid, ( .
carryi ﬁg‘ecar GeXyriEugsitd gr8fips theammsaidm ebeoerolytic
pyri di soumtabnphanal groups; sulphurlclgclda nlfrlc

agid; hydrogen chloride, perchloric acid and nolecul es
c%?ryi ﬁé suggﬁﬁf%?ygw%hon‘?}@ or ¥l §reypdon3o dn  an
Processlactordiysgst o clldi mbl orus2ngChaast efdad@eetify  or

t hat tg@m@ESﬁgﬁeEleﬁnﬁé&E@ég %%gogggrsﬁogr\gfgqqc 03" working

fromactivated vin nononer s an_ _
nol ecuPé8CtEPEgy it dYy Agelssopiid i coantack electrode, to

correspeBdify by electroreduction or electro-oxidation
of the said solution, in the formation of an

electrografted polymer film on the said surface.

2. Process according to Claim 1, characterized in
that the Bronsted acids are chosen from water; hydrogen
fluoride; ammonium fluoride; nitrous acid; molecules
carrying carboxylic acid groups or ammonium, amine,
pyridinium or phenol groups; sulphuric acid; nitric
acid; hydrogen chloride; perchloric acid and molecules
carrying sulphuric, sulphonic or thiol groups.

3. Process according to Claim 1 or 2, characterized
in that the electropolymerizable monomers are chosen
from activated vinyl monomers and from cyclic molecules
cleavable by nucleophilic attack corresponding
respectively to the following formulae (I) and (II):

A

H20:< ) _(C(R1)RZ)H(C('_'O)'OZE("O‘)E,_

B
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to the followi ng formulae (1) and
(11): H2C (I AR)R2)-((=0-On(-O) P - 31 in
which: - A B, Rl and R2, which are identical or
different, represent a hydnggn_atonl a Cl-C4 al kyl
group; a 5 nitrile group; an organic functional group
chaseshifdlom the follow ng functional groups:
hydroxyl, amne: -NH with x =1 or 2, thiol,
carboxylic acid, ester, amde: -C (=0) NHy |n_mh|ch y
=4 or &, BniRe,andiRoesieich agid ji%éhggélg%'fgérag)i%f'e'}ent,

i rese 3 Flo n_atom chosen -

Wu%%%e{rﬁogh%zr ?’ﬁ’? S A& M PodFreSt &dikyl group;  a
arfhydriltfe: 9XQR0) & sepandict Munet isuedi niFvEs, chosen from
phﬂhﬁlf@iﬂ@wiﬁ§0§MﬁG%E%na§p§?d¥?s§I%ﬁ%g§gy%'Sé Cg%% - NH,
in hich z is an integer between 1 : tl C
bgﬁqudfﬁan%,oEa@boﬁﬁ%ﬂhwﬁQﬁﬁhﬂﬁxl%ﬁuépx@luea9e15_amlde:
SulCHROI R, par avnictr opheny| oehior of @i i mPAEULEBLS acig
a iyl , Qo i¢._and in particul ar ,
bzl%zl\eir?%y,' h(grb(gz%zérﬁle,v%%/&? ditne; *RHittd na, halagsre atom
ofhoggrnosfyemnet hndr thej r Ghﬁﬁﬂiﬁ&ﬂedmﬁﬁukﬁﬁlQPHS;?g?ine,
f i 0 Whi ¢y Il ex ¢ tions; mol ecul ar
Zg&QHf g?ﬁ?ggggﬁ%stiﬁgﬁggqgﬁg/ y’fLﬁéﬁ¥% B | z8Yccinimide,
sPQE%?ﬁjmlﬁﬁom%ﬁﬂﬁ%@ﬁﬁhﬁniQﬂQﬂliﬁxnﬁwlogamups—g@KoH)z in
canibh el chyecady IMIdE! BetRDN 18CLEWALLON oy yg; e,
ehegtL gtive groups; . el ectrocl eavabl e groups; ~an
the nP%?uPS?eOf thga5889¥ ht MA@ HBnoner spana-toluene-
ot A o S I e O] fthylenic
difke g ar j.nt.eger et ween .0 an in : .
AnnrvERyL Setork B0 RR U RS il i e ; rpenzene,
thﬁ%oPﬁEZSE?PvatdﬂYWi@@mennnom&uindﬁiﬁmnnulaseykegée or

| oniat L | : oniitri.le ]
e I e B
VPTG 9REE 0 et i A et 7l Sy G poehy ol ecular
met hactytes e, substditaxygt Opyk/Bet haGhyt 868a1 9L¥E! Mlarting
nPfgﬂcryﬂéég’ functional groups; groups which can be

35 respectively
) (

cleaved by thermal or photon activation; electroactive
groups; electrocleavable groups; and the mixtures of
the abovementioned monomers and groups;

- n, m and p, which are identical or different, are
integers between 0 and 20 inclusive.

4, Process according to Claim 3, characterized in
that the activated vinyl monomers of formula (I) are
chosen from acrylonitrile, methacrylonitrile, methyl
methacrylate, ethyl methacrylate, butyl methacrylate,
propyl methacrylate, hydroxyethyl methacrylate,
hydroxypropyl methacrylate, glycidyl methacrylate,
acrylamides, cyanoacrylates, diacrylates or
dimethacrylates, triacrylates or trimethacrylates,
tetraacrylates or tetramethacrylates, acrylic acid,
methacrylic acid, styrene and its derivatives, para-
chlorostyrene, pentafluorostyrene, N-vinylpyrrolidone,
4-vinylpyridine, 2-vinylpyridine, vinyl halides,
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acryl am des, cyanoacryl ates, diacrylates or 35

di methacryl ates, triacrylates or trimethacrylates,
tetraacrylates or tetranethacrylates, acrylic acid,
met hacrylic acid, styrene an ts derivatives, para-
chl orostyrene, pentafl uorostyrene, N vinylpyrroli done

4-a@ﬁyadyﬁl(ﬂ|ﬂélﬁéé§ nylpm% %Bﬁg}ggfyl Vlnyf Ss, v1ny1

ryl o al i des, methacrylo
(% %rﬂfl" g&&eé“t@r @Fos@FPﬁﬁlh@kaggnt%gmts@d Ieed on
euaqﬂyﬁ&te(annﬁéﬁhdd&yﬁéteEﬂth”bﬁfEﬂélf“Héf@@éé@%és

5. Process according to Caim3, characterized In
that the cleavable cyclic nolecules of formula (I1)
are cHysEeds omcepoxdisges, tbactbabs, 3 actdhare@itbrized in

WQMHH|6hefﬁlé&véﬁiéa@ﬁéll@nﬂoiggufeg1é%u Sggﬁ g tg?ﬁeare

der.i vatlvg . Process according to an
pretsfithg re‘I“alelPémlé‘Pcfr'ac%%?‘FQ%%ISA nleggdct h@c1d glycolic

c@uieht r atixdrasfes el eclndopolcweBii zakl & rpagner gr%n t?gelr
eldee St sol ution is between 0.1 and 10

%ltrocess according to any one of the preceding
cI aims, characterized in that the electrolytic

SQ;I uti @}Oc@q,g t iaggglrldfnggonpgl sgg}éat | easf:)lct g?: so{o\égggdlng

en from dinethyl mam de
jﬁ&fﬂst'rl IcgaraE’Getrétzteéihydﬂof thah ahbechboncaatedtlon of

s@Ieem&$p08ynE&QQ@&ﬂfﬁCCﬁbﬂbﬂgrg0 afy onecof Emgctrolytlc
pregedi it cterjzed in that t he

el’ect ro;g’%t g’@l l‘ﬁq oﬁﬁ’ﬂ d8s Ml /lleast one support
electrolyte. 25 9. Process according tho anﬁ one :)f :he

di lsa cterized in_that the conten

o br oneres achacPEaRhBl ER &%unani 660 Fper Bocaeding
PFéééwra@@@rr@q’@@rmeawmnmaof tthee qaxmmbhgtlm le]ﬁtlon
caaaae&@hbaeg} ld@m&:lﬁtsetsh%te'leegée Gld ¥ dpfx%}&jt“cé Jer" from

g gg tln %rface is a_surface nm
ime orm mi thyl acetate, acetonitrile,

tetrahydrofuran and chlorinated solvents.

8. Process according to any one of the preceding
claims, characterized in that the electrolytic solution

comprises at least one support electrolyte.

9. Process according to any one of the preceding
claims, characterized in that the content of Bronsted
acid is between 50 and 10 000 ppm.

10. Process according to any one of the preceding
claims, characterized in that the electrically
conducting or semiconducting surface is a surface made
of stainless steel, steel, iron, copper, nickel,
cobalt, niobium, aluminium, silver, titanium, silicon,
titanium nitride, tungsten, tungsten nitride, tantalum,
tantalum nitride or a noble metal surface chosen from

gold, platinum, iridium or iridium platinum surfaces.
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of stainless steel, steel, iron, copper, nickel,

cobalt, niobium alumnium silver, titanium silicon

35 titaniumnitride, tungsten, tungsten nitride,

tantalum tantalumnitride a noble netal surface
chosen from gold, platinum TTridiumor iridium

Pl 8t | N S 8Cakoordihg Lo PRAGESSHACCOE il 9 ANaing
OHglof t he Brecedln cl/ai ns, characterized 1 n that

t

TRt 1 GPPEPCEEFIERE el cbbRbl PhEc SAGRTRMIES of the
carYe@tralyt by p;;aalla;rtiimt i 08 dmcieil(rjeorwbaet 1199t ¥J1Gx8zation
g anost gL tric_5 conditions, 6 12. ,
Eﬁ%ﬁtr;ca F§88§§8%§ g ofn%eng%g%@ﬁ%?gﬁﬁlgurPE@&meetrlc
chepnditekoned in that it is capable of being obtained
by enpl oyi ng the process as defined in any one of 10
d %%ns ;¥to 11 and has at | east one face covered with
a4 edtrYPrar TR o YRERCEing, o 3sewicpaducidaer durface,
t ccidwdaneld zehat ACtt@aitzetk | s daghatilke POl ¥8BhGT idIPained
h%%zae%Eh%kﬂﬁéf gkeb?éygggséi)égn d%%i%% 1Qnmany one of

Claims 1 to 11 and has at least one face covered with

an electrografted polymer film.

13. Surface according to Claim 12, characterized in
that the polymer film has a thickness of between 10 nm
and 10 um.



