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WD 2005/ 033378 *159159* MaMn002449 - 1 METHCOD
FOR FORM NG A POLYMER FI MEI-ACE THAT CONDUCTS

OR SEM ELECTRI CI TY, BY. VEANS OF
EE&E&&%%@ SURFACES oé% NED AND APPTYERZPAL£002449

THEREOF 5 The present inventipn_relates to a process
for the formation of a polyner filmon an

el eQUETROD | FOR CFORMING '8 POLEMER CPTLM CON U SURFACE PyAT

el ubeABOc ey B SERAEMBRE xRl Al Mg op

CONJEGECTROGRAFBENG pmmmwm CBTAINED ANMD SAPPLICATIONS
enpl oying this process. $E%§#89aration of

el ectrically conducting or 15 conducting

surfaces covered with polynmer filnms is of great

| ARl e?res@n u”Flf\Qé‘ﬁtibﬁl dSs 1 4k Party CH' It‘cgv:%s? g%r the
manuf act ure of ectroni c conponents or integrate

optatAt igavi ceE, Por Rhe/Maepafalion of devi cedemhirérally
C%%ﬂﬁhdﬁ%ﬁb'dkti%hf&éﬁ@ﬁ%@@ﬂgféﬁfﬂa@é b? g@egtrﬁgraftlng

bi ot echnol ogi es , protejn chips,
||q{‘53e1°3f36‘r9 ?ﬁrbtee]ﬁ%*fpw COPH St m, llaﬁau%?gaﬁyBronsted
mechifd, cgtla:rmto tde stié aCGeDé@’Q@iBI:aESyOf ﬂghdh&t@ﬁg or
sen1con u r 5 It appear e.accepte
%m]t%enacpurcgcpargatl B e ra(?tfte%llrb%ﬁiy Finﬁ‘iowxg this
dnmanﬁﬁaftlng of actlvated Vi nyl nnnoners to
conducting surfaces proceeds by virtue of
electro-initiation of the polynerjzation reaction
st | BFSPREATIRE sOFf aebectbirahbd PRfiusingo ot semi-

”t&brfchﬂiﬁhihg WQGQHEEeBy dBAER . wIBB GION films is of

nmechani ctrografting ha descri bed,
ot AR ePRERFo pBRuchte A efqparticilar for
Vadreonoh el esyrd 967, e3@ct3IBPicC.cdupmantandor integrated

optical devices, for the preparation of devices which

can be used in the biomedical field or 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; cC. 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

MANGRTN

*G00002*



J. Del halle, Journal of Surface Analysis, 1999, 6(2),
35 159, and C. Bureau et al., Journal of Adhesion,
1996, 58, 101. By way of exanple, the reaction
mechani sm of the *@00002* ereétrograftlng of

Ionltrllg cat ho g pol ari zati on can be
?#éﬁﬁﬁﬁ%%? E%%gdanD o SGEMENiE Ry, i PY¥ahi clrathedic
gr;aflaftgzatemﬁl @anccxsé eSédeSeh@edStaﬂﬂﬁ)Mngl t@&\h@mEME 1
tﬁ? rowt h _takes e staré fron1 the surface
S8, 15 pFEeR: RR meia bHis SRRt WRPERESSonas  to
restdgs Naw. the mh@dﬂctmengrﬁwam tenkge af b Palce potyneing from
S e ch cti graf,tin

Y oty led, A o o8I BELB pagrierraapian fgaction
'Hﬁh{ﬁ@mﬁheéﬂltﬁe gmafﬂéﬁ(ﬂpm¢ﬁu¢¢m@ntakés phacengyafted
pus&l ym&hem cal pol ynerization, that is to say - 3

i ndependent|y of the polarjzation of the conducting
surface which has given ri e grafting. This

stage is therefore sensitive to (is in particular
interrupted by) the presence of chem cal inhibitors of

5 this gr h. In Schene 1 above, where the 1+
electﬁeg ting o4 acrylonitrifle un i@ cathodlc +
pol ari zati pn has been consi derfe "Tﬂ rowt 1 &f the
grafted chai es 18—ptace by ani oni L NCa*

pol ynmeri zagi on rowmh is | interrupted i

particul ar d it hgs been enongt r at ed
that the contedt of protons actjually ¢ Jtutes [the
maj or parateter which controls [the forgmtidon=pof
polymer in solution and the datla recove edl15 during
synthesis, in particular the codrse of the -

H
— C _

1. Surface chemical reaction, grafting

+
+
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2. Desorption, solution polymerization

The growth of the grafted chains thus takes place by

purely chemical ©polymerization, that 1is to say
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vol t amfmogr ans 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 objectives sought since-tBe-start of studies on

the electrografting of polynmers has been to obtain

t iRYeReRAMRRDYerffoud e | RRlagszabpenl i g viehe t RONdFEE 1ng

of shef e ARl drp hlk! YgImeRY M@ét ites 8Rd "Pi@fting. This
ob ects Thi s obj ectlve assunmed it was B6$S|ble to 25

29 bhS el R]TS %‘Peaf $eN g 1 W aftd yriet Affitigular
oflnmghupﬂé@cbwr tiwel gtesaafdeerof hehbasbaon ighivhabrs of
obtaln d in conventional macronol ecul ar
ché%%%t?? "SRt thus retained grom h of the chains. 30
As thls gromh is ionic, and in particular anionic

EEﬁeﬁEecerQ%gJérm)¢ﬁef@rrtﬁg o&ﬁe%@@%rraftlnf of

cathodlc golarlzatlon it was accepted that traces
wed@FylanHtribe e Yederal Fpthpeicabiplod agigadaonof has been

prebhsi 8orygnt Sth@n?&fwt@f 3FY €ABpoypdrPeRavViL @S & akes
Br opst ed Cld in 35 the Eeactlon medi um constitute

sobrdes o ﬂu%ﬁ?ﬂﬁp%%lcﬁc YPETRZARQR -t 0 tTHeS gr BWPHERF 1S
thEngéﬂfﬁpde@hakmapaﬁ%Etulsfntﬁsqﬁﬂ@ﬂéﬂsmbhh ket has been

un th ont ext as ani n the conpl ete

elgg ggg P e” ned#ﬁﬁglnEE ﬁopﬁgn elé%%réﬁp %u;q%§ually
ca¢<pmeu1buteandt1¢©rrpnammg pargeetécul@riam controls the
esgsphhal by H@'BB@&M@Q hthde@ibﬁ %ndNHHE‘Hé¥E recovered

permttivity to na ossible the dissolution of a
sa??rhﬂﬂ t%Y%F%%$H%'el%%trﬁ%%ﬂlc%%%ﬁuc¥h%n g of the

|I0|©Ilﬂa1ﬁ1h@§ﬁam§ S\tlfﬁpﬂfta@bembéﬁh/yt‘@hé Hyriddsisangdsee, in
optlo g d|t|%: (and_in p g in_the greseft £
ca@% watery: actp 89§n tﬁ%“?éﬁbtloﬂ urnatl o
neEhantsqanaiythealeChemIsgryftlag9of479pnyB nononer s

had been understood, 10 this obstructing technica

poi nt had been clearly identified by a person skilled

i n"Op@eosr theasbiestiveedsopghthe id@eaitihe gftante of studies

VabhOlﬁl pr@c@&&%p@ﬂ/ﬁ edr OB o 1R A $s 0be LRSS obt
ER PeéPg in Patéﬁ? Fbgﬁﬁbn FR—A—2e48O pbtain
h

IS0YT % Spr /137 PRBSALERE H@Faft%iengldea

of ofi npking 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 labile 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 1s <carried out and comprising 1in



10

15

20

25

30

35

nmononers which consists in preparing a solution having
a water content of at nost 10-3 nol/I and even
specify, in a favoured enbodinent, that this water
content has 20 to be at nost %5x 10-4 nol/l; - in

Pat ent , lication EP-A-0 618 276, the authors
neﬂ?FgﬁpﬁgﬁFoc%%s ¢oFCR A Ll ot WP ITSR oFlaukd) with a

”Uﬂﬂﬁfisleﬁp|prEGmamtaQﬁQwiCh&QiVGRﬁak85 :poB@&B?b the
Ap n EP-A.0 665 the authors al.so nentiaon
‘g#%ggig{?%%‘r‘ tRE el ct?aogq' af #g P VPRV 1dfon rical
enpbogunglapran(ihngamqu1QMphaues d nsupgdirti @ledth®lyte
desgr ve t S L Of . catian .. .
Spafi PRas AR gl RIAPLLrSL PR th B i
bathei Brppentransdg, | egserhan 10 SNI Thus, and before

the electrolysis, the electrolysis bath is degassed

by_bubbling with an inert gas conprising at nost 5
pphtoffafdt-er ©5RB P IRFA of %ny’@%?lc L1 | Reghipnd§mst apés the

Pa¢ batt Nogr@fﬂsﬁ)g 346, thhﬁjlau’ﬁ&%rﬁeic@ ehad Pbeeas S.lricdHr stood,
i sin

th elect 0 r za nnlecules conp
V|§9f suBé ? gg B& ﬁ§918F1 eR&npre h?ﬁey ﬁ@ﬁtl&ﬁearly
thedQSElﬁiedcbyoalperbenask&dﬂednhnamdespe¢|fmsﬂﬁﬁstlfled

lattt\teer??@% 119 be d{ﬂ vatﬁf]pﬁrep%%Ces% dua?v%gf)g?d on

per on ski In the Bctts B T8
cobibenpasist pé bheee @@mhoﬁ@dﬁ tens of ppmat nost; 5
in Patent US 5 578 188, the authors claima process

el Bt 1 obBl JABERE PR (AT G- %ot 1) dbhdusPRnguthors

sunéateon aca onpiauge £0 \ﬂmmhtaem Sleter SOAPLt Shdd:0A0 vinyl
(ShoRofib B LAYERTDORIRL U 2 PRIMIRILSy MO e Sk aving

a substance f orm
|n@eﬁééartGobéentn@ér@ﬂ%mQﬁt|1D€hmsl¢blynérew§m specify,

SUPROL fﬂ%ﬁﬂfé&yéﬁbéﬁgment, that this water content has
to be at most 5 x 107 mol/1;

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

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 wuse of acetonitrile as
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15 (d) an aprotic solvent, having argued in the
descriptive part on the need to have recourse to
nononers, support electrolytes, doping agents and

sol vents which observe the eodstraints of aproticity
necessary for the reaction; 20 and, finally, in
Pasehvents ad32speaif undhats Bh€751882tler t hesautchobe dried

depeEbbE RIRGESIRScHOr £ aft igug Y§E£§%58 in the art,
car bopaceous ‘substrates or to particl es

el EBf1BpbFyAeFPohtrdA wﬁt9rn9pnﬁ6ﬁ6n@ﬁsth25qmﬁeﬁgoéna few

el eehko6pNgpPGt 4O gnEEXF Ure conprising: (a) at |east one
nononer capable of formng a polyner on the

substrate, (b) an aprotic solvent and (c) an
el ectroliyt ePvent nciBasbn§78heasel, ectthiecalautddrs claim a

co it f .the The |nplenentat|o
exggggéégré%dft1%§be§£ﬁ€%ﬁaﬁon Puat?ong TRe ﬁhp%h ﬁ%ﬁ? by
cofbeabroppl vherhzatiqui donr eact astleatnictaldre usediucting

ha§uP§§BePU£bé6§@1néntop@ﬁléﬁuéaﬁlQYugéSEbﬁb§£§99gor
by | eaving over powerf ul drying agents, so as’to

r erﬁaér ?hé’rﬁé’é“lr&ﬁlram‘%‘??‘&er Tﬁ’é ver POl JieRAFe MasIaneites ing
reqU|reﬁobyméhp el ectrografting of vinyl nononers are

[ t d, di fo the teaching of
oS boctinEHPE 8P et ng CTBR G TP pFRBHE arfiteBeFfnge be
or befo;ecohporsy@dh33|SblspoSﬁmeg;ng with dry inert
gagef ni 41 0g8N0r  ALOOD: (BN LIgpLii ke), the water

content o & order of a few ppm indeed
evéfl) by2RarPyPhiC o8Pl YRt 5 el ectrol yses in cl osed

chpabens efrgube dirovenBoxdadiapt IRIACEArENdR #he need to
cogtrol ed at nos here of argon or of " nitrogen. For

nAP8GobE PREEBNSCoMOREREESY | SHEPORE Ediftdro lottesyo doping
soagerss ofanal osohsentist hairtacbbsarvedithge eBh¥traints of

e B SR e B P e e b8 RS compr ce
functional groups having acid functions (wth the
Bronsteghgens®iddlhhe in  Ppatents 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 vinyl 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 liquid
reactants which are used 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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study sol vent, have been proposed for producing 15

el ectrografted organic filns. In practice, the water
content of these solvents is |owered at the expense

of a lengthy and tedious preparation, for exanple via

| eavi ng over dehydrati 20 compounds, such as
prﬁ)%pﬁg?usaq%ﬁn@ﬂtd@r(@gogylobr apter dundingc parbefeyes the
(fopnerasps e, ﬁMéibﬁh%Fhﬂ§'%YtHfd afgst¢ OgRL (%h%rogen,

distillation under ced pressuré of ineft rare

gaeEOni BR8gERe drigsn,, dAtF t1REeY kegnkent vph ghich is of

cotthé netden of taheae psptnhodﬁdelea eyehhby C%Qrgeﬁ rded the
- Pat f%%égpllc ons, FR- A-2 480 14 and é

LR SUORSRs TR hbhasdleFe-hax type,
ambaq:edongmarc solamittrotliech domssphtrgi wef aaggda &SP of

r j ith the nononer used; in Patent Application
TS

275, apart from the fact of nentioning the
use of aprotic solvents, the authors offer in a

vard et arfi Qs the sBRRoNBE FR>rtd MO LS MBI b if@thte  of
be used and _specify that the possible protic

f UTRET ST Ofr BEBECBF tRethBndRertdPn mSRdNEY s ORAVe apgotic

bessbskets befrd eh@idbmers/ whRcpr a&iécebhédi‘éialwmé&ﬁ:otlc,
USE d for eéectrosyg% §|§8are distilled

& 155 r BRovaYva dPPity ESTPEAFS Eeogaﬁagroups

so- A t o5
rxﬁgwmmgzaCndnfmmhmbpmsrﬂwmhhxtﬁw Bf@ﬁsﬂ@@uéeﬁbﬁreﬁn the

tg?@ﬁ iz vie Produet apd, %3 S 1 Efrot roducing

izing in the bottle un storage cORdi t Fons.
| t& ??r%%rﬁﬁﬁ%@ %ﬁg?n%ﬁafl¥%fent Application EP-A-0
665 275 nentlons the use of specific inhibitors 10 in
er to bIe o |ntroduce noveIHﬁg |onaI|t|es
né!

?h@ﬁ&? %ﬁe%h Sr&ﬁ pGPYIERTC SBGwetRtVeREs 1is
habonmmddeabnsthatedxpensparbfcubarlengthq panar B¥dious
.19 ¢§@ t e 4 t hat g

ng%%ﬁ §¥tf% pgprwégg% %skgﬁ €%R’gur gt s dphydrating
necRRANy, anbchi @s @flr@apthqrsmpmﬂmtmﬂctdqawzpbe, or over
molecular sieves (for example, with a porosity of
4 angstrdms), 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 variety of forms the monomer
structures which can be used and specify that the
possible protic functional groups of the monomer or

monomers have to be masked beforehand.
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radi cal inhibitors introduced by the authors are found
inthe filmat the end of the synthesis because they

are adsorbed and/or reduced on the surface of the

el ectrode (they are general Fy7el-ectroacti ve) and not

20 because they interrupt the growmh of the chains, as

i ndncREGEtLAEPatbAt MABEMEESt UGS IEREOL B 1688 wagnthesis are

fa@lstﬁmléﬁebéfégéaﬂbé e@HSa%e%@tﬁémdﬂéF¥Hf1#?gfgddlﬂhves
ter enelt% ave been obtained in

el 88 rdﬂ?aP?FgécB#a(MB@%#@ﬁ?bZ%%%%ms1@¢%§%ﬁ%F%@aéde by

t hehel emtahagéathreg start sablingamet heheUIHIsRRIOt ifhd  to
solutlon der conhrolled atnns her s However ,

mhgfgvgp thé b| FPBgr REAYESL3GA08s, € 3(°Qdif t ander

r epboragal gonditadbhsn electrografted fllns, typically
with a thickness of between a few nanonetres and a

few tens of nanonmetres at best. It is inportant to

st #&ss wiHd f abe t Wetteachi sondrcertimatt hi ERhesses Agplication

f'EFBAmb|GbSaQ¢5th%h%l%h%cqﬁﬁgrﬁgéegft% EQQngffﬁﬁibltors

35.that is to say of filnms resulting fron1stag

of 1N SPrERE fodé%ecr"i‘kb]e‘?j SPovBErPRECEOINASL ffd%rrfv‘éatqrrﬁlltles

sohtt ithe, eaﬁ:COdSﬂI nget @rmag@ I\kcolﬁn@f thhsnschemevand it
n the surface, dur

whj n osi ted
elé% r%%@n ns?gab%%eréfﬁyp%5%+T§l?5nﬁ9e&jH§ paper by
rlﬁS|Bgrehe s@tfatb,MAﬂ@9& sdmeamuonédth&bsaeﬂ, that the

PHEORER BRL YR | pditfl: L LAZRRH on IERERS di%ace  is

ctrografted I s thP’S treat ms
Ev@ﬁcﬁﬁsﬁﬁééﬁ t ANERNES s réﬁéeslarelalr@awwable that the

adﬂéﬂlégﬁoﬂﬁhlﬁQEoﬁgrH@ﬂ}dﬂﬂﬂédxﬁyoﬁﬁe QuEﬁ@Esn@?é'fbund
obser ne tipe, to.i rovet esgnt etic

d,
coﬁ8|¥ﬁﬁhngH“ BFdé %(FW%CPSaéé“%h%Y?ﬁ?%%h%s gsause they
aceessi dllsodmeld oraridy oror d@rddo@cbbbau nthettehir£QB8&r abf the

10 0 flne t hi.cknesses,
?ﬂg%)g?%%% ﬂ’h\%[v’ g.ltlg c%ér#éa%ae ctrﬁ?cﬁc&] d ina not
pnPegaadse ste”@:mdanteyrupb atdmssgrpwé@e ¢hi doeesshains, as

ranﬁ&§c&té8 1§yP£B§ﬁtCA%QD9bSt98§ weLgboaggs| 895

drastic than those use date, in order to be able
to be industrially 15 applicable.
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 wultrathin 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 thicknesses 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 Dbe deposited on the surface during

electrosynthesis, is generally easily removed by
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Patent US 3 759 797 reports the preparation of polynmer
films on electrically conducting surfaces on the basis

of formulations conprising in particular vinyl

mononmers 20 and additives of 8hort-chain thiol or

al coho] type (and_in particular ethanol) or quinones.
Thel et Mbrishef serface | wikht RoAckERRL oAt KhE BRAdSe polymer,

Eﬁﬁﬁﬁidﬁé&?@k@n@érp@%ﬁ%@b@unﬁg khﬂkéa&h@hedelﬁctrﬂgrafted
po rizatjon in solutjon and, correspondingly, to
re‘?%% ¥H ?téao&‘i? ol ¥ of PR YURHE 25 starting from

the surface. Wiile the inplenentational exanples of

t hi at en W, duction in_the_.amount _of
oot 5B F of RERCL LBk EREn oRRey " abonat TRAKY. afivantageous
posr brertainssepd itded lipetravi ourealnnpact i tal abservhd, at
r dshfie! HiGlNess, o EB@ep%ﬂér§¥§¥H%§¥k°8 hBet$0ns in
surtrace, since no C aragt erl zation of the syr?ace or )

an9rdeastp edBfregpet Hihekndskclie3srs coatengibbeapnédor in

! Sor%?}f ri e‘ﬂtOOUt .odth Bddi t%}@ﬁltekhed_t&ﬁ*lt { Hlidla|f dé‘ltxé al §etter
insufficient.to assess_actual conditions of water
CORERR St P b b mEhes Ty B CERES SHoentor SaTkiEuLar
f ouhdhimat thiee | nahgisi obetfveeshorie chai naaldcohdl sm( andnd,
in ' r of,_ et [ t he far.mylation of the .

S RROAAELLEY, O e 8l NS | gt BN Do Fndel vith
doegntloet hakeondipbessbiaisht taste tkess odiast baséhahe those
thigkaesseudte M1 1B c0Ra N&J BE &@1eCoNY Bk til?l‘%mstgﬂ.ally

the contrary, it is observed that the thicknesses

t @PP+17PbBt ai ned are increasingly thin as the
concentration of ethanol increases, whichis in 5

acgor danc it he_ “conventional " interpretation of

R PPEChor 1581 07 e RS (i chE Seh T Rsiol §Zoolymer
anfohihg pol pRecitzaciadd yr eagtduntsing tsuisfddwes ebor ¢hien basis
orgder : [0 ksad g
S e R S
poRYderddithven ah ehestrrbainythéghdast pAgobel type (and

sefh cpaguctingr set hagg1YWbehqikesest TRASSURN® SN of this
paiﬁbgg fént8egggg£othQethgggkgggitggegh%ake it possible
to limit the polymerization in solution 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
surface, since no characterization of the surface or
any measurement of thickness of the coating obtained is
carried out. In 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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films obtained which is easy to inplenent froman 15
i ndustrial viewpoint that the inventors have devel oped
that which constitutes the subject-matter of the
invention The inventors have9n6m1developed

rmul ations _of the, 20 reaction bath used for

eI bfé‘EF%@?%fcha byNFKREESBE wALch IEHEY makbtgdned or to

obtahtirel echengr aht atheOr@titifary, | 16 08 ebeekkkeaalkihkt the
duc or s

PR eEa Sy, BE LR R enbsadBeR fes krsAsiagdy thin

i nagcébsi dloaceat rialte ons wHl @tmmhdlongcr25s€bntwaﬁyhtas in
th§c§5§&9ﬁ859R$QH§ % foﬂggnbgngggg Pn tfﬁéeré}é%atlon of

ormul ati ons  of the invention a
sotihee fff gsitot 8As RrIsien ﬁrﬂdmtwﬁpouh@sclv\huacm atkanol) on

Brgﬂ%ﬁgcaﬁbﬂymwlm@lsﬁefééewghg sol ution, such as
30 water in particular, in proportions sel ect ed

between 50 and 100 000 ppmw th respect to the other

const iilsuetiere ffrd h@nf eaddont balRe ridmeC Wi cetfbsth@ajor
ce ,of rotons the selgctlgn of their

coﬁ%%ﬂ?Y%?? e?aﬁﬁb ﬁ t RECYLHEt i T7F b&t nPRARESSt for the
pofsrbhaeiom admtian1pol$ﬁestnﬂnmw comt r ah thﬂectrlcally

th [ [ qQntJ ol es vel .
fo?sﬁaﬁ ﬁﬁg Q?P %%thf:o%r?zlscgtes gl(;f sur@ %ter Elga ok 1t
anecpeipbe Pﬁaﬁaﬁﬁapué@ée§sqtﬂ@ﬁﬁrplatherthnbyness of the

anhy tik 8 Usowied A8 f QfnWH 1 atshi Bakiyl Mo (fndPef@e £ an

A flrst subject-matter of the présent invention is
t ht8 u%ﬁﬁ%%tegéeVBPlpﬁeQHﬁQWﬁW%nlﬁVeatﬁéﬁyﬁéWethﬁQ%?PEd
anthet ecwhiieal | yceenducitiosg othsensaphduetnagtsedr f age the

by. grafting, characterized in that it
coﬁ%?éﬁgigg in preparing an electrolytic solution

conpri si ng one or nore electropolynerlzable nononer s

anfhat iph@agl@nenSeur %%upfdQ{rQngé dl%ﬁ%%en%f the
from conpounds which are Bronsted aci In e sa

el BERFBI9R | O utsEA, ok %%Wr@eﬁoﬁn%r §Yonginue of
bewhgchr esesy  inadgamint He et weene &r&f¥hfted organic

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
strictly 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 ultrathin films
(< 10 nm).
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100 000 ppmwi th respect to the total amount of the
constituents of the said electrolytic solution; and

b) in electrolysing the said solution in an 15

el ectrolysis cell by using-he conducting or

sem conducting surface to be covered as working '
el®kct¥ oot anpiactreastevnef cbhat preseast Apgention is thus

resuptrocRsel £61 r ehedued irgt An ebecty opeﬁn‘ﬁlék' ¥ 1nPfon an
t he, sai d solutlon in the formati on of an
el &t ot aRt &Y pfawé'ftlmq nP&n ﬁﬁ@lganaugmmacesurface by

Wéhéart t bgraeenngg @rﬁaté@t@f%@@t ih nmee@t I DB, cdheides m
"Bronsted aci d" I.s unders % gaﬂﬁ?n subst ance

Wt on. S RETEATATE ot 1 Bt Ot 080 LD O e Forp T ing
accor daame wirt fma e pﬂecESSpdéfymeedzabmee mammErssesnd at

at leapl,0 eoB%mgd é?o%ﬁhryuﬁiéﬁ i¢ 8Bognﬁ from

| abil e "profon (or a Bi I |sotope
as deut@nrpownds twhltdmn}irandBMmsheds goaids alhy theealsaid

aci d) og1corpbelely Qélﬁ@ﬂgnac%ﬁb'éHH&egequQeSg Pt ons

30 dissociated,”in the said solution to give t
conj uga‘?%ln%as%r%?ertthe idonpSundlgHata 36l \%%ﬁ‘éi??ﬁ otxth and
(respecto®ed90 gewt erithm psspecti Wy . the Walen, @mount of

conpoun |s eas] | y. mar ked out as Bronst.ed aci.d
its aC|d|ty %%%%%%%? SNt pKAL tH %onﬁ%ﬁﬁg 5%¥§%ytlc
const i tsekut henacaudf or m of pairs having a pKa of | ess

than 14;are @E&éﬁ%%‘ﬁ t(tthée agLdy be%@ﬁu%% an

(partially dissociat ais between 0O and
14 and ei¢eRECLEBHPI et:@H/ dbyso@san@d) the t gendugkdngs or

negat i vgémléanaac@m@nIscar%@déent;oh% n&o%e%astéé UGfrking
- 11 nolecule,co r|S|ng%grotons (respectively

deut er i GhPoOFEOEFi AREMAT [ teARY PR Rt R doL gt rade, to
conpoundessla, Bywnsledtackddubtibs pia igdlddtir®-oxidation

sol vent _ ks S opr Qt .ol ysSi roduct of
t he solc\)/fentéﬁié— éaﬂ;(@ Stbli%tg%gt |s¥1|| B tra?rnéa&ll%nthe an
articl eebﬁcgowéﬁfb@demowmer 1998, OUOUh©a$aD¢ surface.
Electroanalytlcal Chem stry, 451, 145, that

utenenl rile is a weak Bronsted acid in
thin 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 1s partially (weak
acid) or completely (strong acid) ionized, indeed even
dissociated, in the said solution to give the conjugate
base 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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acetonitrile. In sone favourable cases, theoretica
nodel s make it possible to establish a correspondence
10 between the pKa scales in water and their
eqU|vaIents in a given orgaﬁﬂc Sol vent, which makes
le to _take advantage of t he Ilterature dat a,
SIHEEE TR pRATPTAF BB B GG ol A SRRROLFRISY | Rk gHun o

arErHNBmmﬁblet nmﬁﬁybeThﬁ@T§id@ﬁédn&@ghs @g%¥m¥¥@@@pdls a
1 str SQ e It possi e
canl?cul ﬁg é 4 thSyeE?I? i ﬁnggl a%[gl trs1§nYess than

va¢m©u@us@¢HQMQbysas psoduttusfrahedsomvbhe paper ekpmple,
G j{epsayehstbateq( M ﬁtE9Q§QNﬁgﬁ¥ﬁ% N bog:au et gl

electrolytic soFu tron nDrecu es, such
asl99%r XaRpie oh §b9§9596ﬂﬁ1§Fé@ﬁﬂop9?@l§try, 451, 145

elmaﬂfODQLMﬁEéhéﬁptﬁln@noqers,a apehit NeplbK@redit L8id in
prefera e to resort to the nmeasurenent, direct or

REFERL TG he Wbnisalte off 3 RWEHS wihiadiesys theoretical

gemmd@lsdmakea itespibds Dh1é heo 1d8TASMUCH 08 icdlr@ elsB@ndence
Bronst ed .25 aC| This can  be

f
z2§%¢%§o %H% %ggiéggﬁréhehP G&t5g & %oﬁaﬁﬁflﬁgPéWalents
( easar gnean oﬁgaheccmmmyenuw whnmhumaheiylbfpbhelble to

SOl Attd oghvgﬁtggéarclf FLREher; ey JQJC§ g 5 %gsegnst e 4PKa

way wh it possible to eter mne 't he
acTA ¥R ucd oRUBCEBHPOLFRIMRINRAS oliventat 8D g ngvailable

Ot Ak Ar Sﬁééiétﬁ&bDOtmﬁﬁépélSb@ﬂlﬁr0t98§edNEBB'Oﬁuantum

e rticul arl t he Bronsted
A e B Ll ek 5 1 Rt P AR oy G dpBte ‘the pa
pnmﬁesertalaca@nddbaeampinﬁmelnnweﬁhbm@ sﬂlv&ﬁﬁﬁ,ﬁag is
35, Whl h e Br t ed CIdS |n mater su
aglfmea acT ds, lgucﬂ&%s ggiegxa e, Shy&Fogen ot
fl(mﬁmﬁkpnaénn@hpwﬁifluWhaMa th&roaéeatrdlynntecubéstlon

ca&ér&wﬂsewr&%@ i ﬁlo%b@ll%oupéu&ﬁucgs as P&xet' Qi ?@J)% a
citric acl am no aci ds an protelns and t he

orSUPROCt o RERTERLYAR nBT R4S <k TRRAM Bie Hivakle gRensgers,
anghd hechd i Keikegnd ist r dng E@iﬁdﬁ‘er(a&:ll@ a, fr@sg@tam&'oe, the
id, |tr|c acid gen ride a
peréﬂﬁgrlcxﬁgbl %} eculeshgé¥ ?hg %ﬁ éhﬁl(?o ot of
s phieri e owh;ﬁho|1s generated as result of the
introduction into the medium of the presumed Bronsted

14

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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5 groups, and the |like. According to this process, the

el ectropol yneri zabl e nononers are preferably chosen
fromactivated vinyl nononers and fromcyclic

mol ecul es cl eavabl e by 10 nucleophilic attack
correspondi ng respectively to the follow ng fornul ae

(1 3MBAPLER} ) AamANE,  pY¥ FIRn (of —Oheoel @iyowps H2end the

(11ika, W@h@hstgoﬁé acAdsB.(sBtnhand, R%oﬁ“@ %@ sulphurlc
|dent|cal or diffeérent, represent a hydrogén atom

c12exdal Kt groupcigs nPNFFpéeﬁroﬁbloéhd@r (:perChlorlC
f uaewpnafnogéeumeeh@aemyflhgmsutlbﬁu&@lcl O\ylurlgmfotﬁri%t inalhiol
gr Qups ydr % n% -NH,, with x =1 or 2,
t h?o upSCa?Bg § PclabFd, ester, amide: 20 -C (=0 NHy
|n mhlch y =1 or 2, |n1de inidoester acid halide:
whi ch pr oge 1.9 hosen
KO LR vhah XL Epr SR, 2 N LOSN ALY RSN abic
anR9apPINgEs ixei)RxﬁﬁﬂEath1:ﬁhpéensu€c©M|rﬁ@kﬂvated vinyl
phﬁbﬂbh@kge,ah%OCY§ﬁé&e c@eq&bdeunéiééB%EEB c%b%g5%¥e by

in 25 which is an integér between 1 and I ncl usive;
beﬂESaaPHBh%lccéVﬁﬁﬁ91dFPﬁfeaaeveln@ae@ﬂeﬂqnaﬂely to the
sufphbayingpasamol aeophenyhdchipy of ormate, ethylenic
and vinyl, aromatic and in particul ar tol uene,

benzene, hal obenzene, pyridine, pyrimdine, styrene
or 30 hal ostyreng and their su valents; a
functiongl, whi ch,can do nBﬁ@&Fﬁgﬁﬁbﬁg8 ab R, "
particul ar?Catinns of reducilole metals, such as, for (1
exanpl e, copper, gi ron and nickel—notecut-ar—struectures
subst | u ed and/ or functionalized starting fromthese
35 P ukBFBhal groups: groups which can be cleaved by -

13 thernal or photon activation, such as di azoni um
salts, ppegoxide n tro (i 0X n1nec833g

in partfc%fa? 2§5d k ?ghe E 1Pe8%58¥§dlﬁyl erent,
(TERPOpSent  a hydrogen atom; a C;-C4 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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benzophenone and its derivatives, dithioesters, 5

di t hi ocarbamates or trithiocarbonates; electroactive
groups and in particular the precursors of conducting

pol ymers, such as aniline, thibphene, nethylthiophene,

bi st hi ophene, Eyrrole et hyl enedi oxyt hi ophene ( EDOT)
anth@mad bgaes Phafkene lasttivgdl iepuabseclyr oapsliagesh uas sed ts,

di gZpsk 1ie s2l tSm@HbQSQﬁiPH&iéé' ts, a@ﬁl%%%ﬁ&h%@ sahhy  in
and |odon|un1 alts; and the m xtures of

abiB¥erEfitiagne %D@lo%?%t%fdwdu&splp%ldﬁfpaﬁ@xﬁ (TEMPO) ,

whbehz @ mmmtl cahdor dtkf er a@tr,lv@rte_.velsié |ntcﬁ9&f1$3esters,
betmeen 0 and 20 i ncl usi above not at.i on,

and* R+ A3 RFHURES whPEh ﬁﬁ}“ﬁ8cﬁlr§’°&é &fd or?la%ﬁrr?&‘&lve
i ¢gnotps ndndatied) partibelag MMBMnHEéUEwmtm oTNCbnductlng

th ct hn
FBESTREER | PEpLA o I COREAAIAED SRR e,
t helsthiephere of PHEreyel i cethwﬂ@@@lde@xo'rchn@pmm (EDOT)

(|ér)1d thatl dgudd Sandt h@&et:eﬁocm@ta%b% (%5’@52) fich  as
2@ oyed, does not refer to the getltlo of "t he sane
(

?85?@5“Tnn%a%ﬁﬁ téuéﬁ€°25u§Uc§é EPon REOYPRRRIPEIHf salts

(Calﬁcﬁel) Moﬁmme whene st;he RhdandthB2 O0nowpsréor m@@rt the
of he above in artlcular be made,

annn%v??ﬁn?{ﬁRﬁ Wﬁp0£%ﬁ%Uﬁg§o?r? Sictivated vinyl

nononer s of fornula (1) 30 above which can conpl ex

Cal|0n5m of, a Qﬂfgﬂw%r canbRpylsy ?r%9%¥%§eﬁQd are
S

carboxylates ph sp I nes, pho I ne oxi

t hiPeeHRFS, befiuesmhi cad 20 ehiac @%vm et hers

aza- cr own conpounds t hi a- crown conpounds, cryptands,
S gulcrates podand por phyrins, 35 cali xarenes,

Jr i Uihesb N pPPLALRER! ofi ncilheds are grodps which
orimplmstrmwhre@eme ocanpawndimdéw@pht hghstr indicated), i

e T T e
i anaﬁlﬂFiCLﬂzar gaéunﬁdecarammg factvareddivifeylentronbnem s one
of (E@I‘i{‘ﬂﬂg@ (¢a %%\t@mer‘)f iacryhOnididd®ure of the cyclic
HEth Xi nlt%l %or Ehyl n%tha%%%katis %&pygay that the
notation (C(R;)Rz)n employed does not refer to the
repetition of the same (C(R;)R;) wunit but to the
succession of groups of (C(R;)R;) type where the R; 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, quinolines,
ortho-phenanthroline compounds, naphthols,
isonaphthols, thioureas, siderophores, antibiotics,

ethylene glycol and cyclodextrins.
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nmet hacryl ate, butyl nethacrylate, propyl nethacryl ate,
5 hydroxyet hyl nethacryl ate, hydroxypropyl

nmet hacryl ate, glycidyl nethacrylate, acrylan des and
in parti cuI ar met hacr yI anides? of am' noet hyl ,

ro am nobut m no ent and ani nohex
S ALY el il oBRYEAeudaty FdRes ARG BCF tvated
t iy y| abasmerst bifmetdraailg at Bys aﬁ@vé pt baa@urcsﬂyatomtcrrlle,

tet ranet hacryl (such_a entaerythrito
té?‘?%ﬁ%?ﬂzﬁ?%g f " acr yf“le%hé& ‘Pr%?lﬁ%ﬁ){/i?t:eaci d, sthyl
styatEmecantatie s deltly\latme)tslrmcmlate,chpoopmyme),acrylate,

pqﬂ%é%é%grld Yr%@%ba@l&ﬁ%&%eér%gb£g92§¥o%%} g@thaﬁgylate,
a@W@WYhalmﬁe‘@CHﬁta’F&r y Beyly Lealiidgss, andlviity| pewtdmmlar

( Qﬂ@)h@@ﬂyl@h?d&@ngf abhy n¥kB¥k 16T AgghbpiEbpg 1208 S Hut v,
crosslinkin based on acryl at e

a
AT S5, Rhae Ry Lo nerrsy T e ske Gy Lates
ey i mmﬁhmﬂraﬂ% mﬂdQaa@ﬁl‘@mgt@se%’ﬁb!thmé)t(Halcﬁ*ylates,

| [ des,
Iac?ecﬁu%%esﬁg% {' partl EIU|)8. gg%&% 38?%2)8( ?gs (such as

s-papra¢agtibonetahd i tetdemevhbcvedatebacti caaeydic acid,

ge/&@fkaer?ﬂé ca;ho{ angey apd their gxt&éffvg&dvége' bara-

derivatil ves. é con entrat 1 ONn
el @t Bpot yhere zaren twhomrestywens n  the islvdetyraloltidene,

fﬁdwiwlﬁygpaﬂh@g tozt-][a;qnyrl S8idd) accg{;?ygngtn%o;ﬂagpdes,

e invention_can var rom me

HO%%%OY% 21¢68Sent eafthao?rﬁﬂsoygréggﬁﬁsﬁy Pt Rgngene

an(tbuB) nmahdl rmmlerrge&epabiy}f atilny 1 b@tdﬁl&rﬂ;ﬂn@ndgénts or
' ' I_nent

'n%f$sszﬁQ{%gngg%gF%aBnga {ﬁ %h %q w% % qﬁgcrylate,

process 1n nce w [ nvehtl on,

eland rot ytheisoflerivat teds additional |y conprise at

| east one essentially uninvolved (that is to say, not
participating in the el ectropol ynerization reactiaon)

adBr bl MFYuild (PerFdRtLant BRdeBaEY didiIVe Algavable
15cyel eet me@AyIRis zabl €orananer (or) MMRY,S ¥hi Ghoxides,

[ . i gh e . in
ﬁgfg?dge |nsog%%le OHJiny %LE%QEL a%O|Ubbutyra¥%é%ones,
€-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 1in 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/1l.

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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to allow themto nove in order to conme into contact.
However, it is nevertheless inportant to note that the

5 presence of such a liquid is not always necessary as

it is possible to envisage &% uati ons where the

nmonomer or nononers used are used pure, or else where

S CFivee B L ARl YRSHIHART LS JROROTIG Kt OF eN@RORBEB mEhs ChcWosdd be

solygstub ¢ ol sa1yhese gHd1¢ Ngo1BNOERAS Qfaties) XIHT 8rder
of nonomers .10 aré in mscible proportions.. Wen they

ar‘iao u8edOovt HdER s’ vBATS dre ‘b?%@ér Bl yFOmhosBROT (CoMEact .

dlH@ﬁ@\yéf,or.nrﬁrmgene@telﬂlhea@@tsatlenpox&@eitonﬁd rhb€e that the
tetraq%grofu |ch£oroeéhane a eneraII% it

tor € 15 g _
cH o At e d’ o?‘\h/%lﬁ T8t Pr teB8Ti A-YBESr BEFEE SR Eh 2
t hies | pvesnt b e EdhehviSagéh31adHEMb358wbérﬁakhﬂgmonomer or

PASSIALE-d NEs T 86L USE 0T, Lhess °i§’eerk5r§e tholt Lk the
? % 35 then1 ¥%

belng necessary to subjec O a prelrmnary
dimenomers opfi @ orHEEUr® PEnMUVRNONdes WaACEr i eseihvent or

t her &4 nyREerbo St i €44 Y neliedls the a“@h%&d%gﬂgﬁtngkomers
t he at ppsphere above the reaction nedium For th

r SN S PR REIRPEck P ance with the |nvent|on
can be easily inplenmented on an 25 industrial scale.

the sane wa accordi ng,t o anot her enbodi nent_ of
th ro@ées% i%feacc%sredgncgd\/ﬁs(% 35 eﬁ&esnt 25§ Pf&ferably
el©m¢$©mytidnnmLnidmmeahyafsnmammﬁadezneﬁh¥$t oreed@te,
S%%%%énfﬁffié0|¥E€r§ﬁyﬁ%o&8rgﬁowd%% :ql&gﬁgctro nd. more

rove t assage O e currént in ytic
so‘Jl%@*P?é?]llYFh‘éhlfélélI@t%d stpbeeRt®| ectrol yte is,
however, not essential, for exanple in the case where
t electropolynerlzable nnnonegb ted itself

T i BESCEES| dilt A GrotPRN e Ut r 1BYSRpraD Gdibits
anmtm@l wdvantdaaye defofmahinn@h@qummamh)el atierewhi clise of

th@rpe§%18lé ?LvethQ%t &P@h&@{” gtdfgglg{, ﬁ%%e%lﬁ%%yl Egl gubject

circui mai nt al ned a
Wieremhép & etxsskbidninaey Sgpp'éﬂ-ﬂ-léFé@ﬂr dinyteedey eto remove

Preféer alloe rchosede {t ORmawal gr N Y+ 8MEMY WP 1SRl ESnt 8HEDN the
water content of the atmosphere 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 1is

maintained at an acceptable value.
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as quaternary ammoni um perchl orates, tosylates,
tetrafl uoroborates, hexafl uorophosphates or hali des,
5 sodiumnitrate and sodi um chl oride. Mention may in
particul ar be made, anong théese = quaternary ammoni um
way of exag‘gl es, of tetraethyl ammoni um

t b
;2#Q%Wor Y (TEM®) , UFBHr ablil'§l 2BPRA¥DNI GHEFEFORVEREL eare
(@ﬁ%ﬁerdﬁﬂya@hosyhaﬁﬁnmlqnaﬂkﬂﬁﬁﬂyﬂémﬁbﬁﬁﬂ$Pka@ts, such

b [t ammonium _perchl or at
A A A AT L PR 0, PRI ERNRS, crmitpadates.
15t@mmﬁﬁku¢npbqraMQsprohessfluoacpboﬂphaéemﬁthrth&alldes,
PrES@Nm | S OBV Eod iy dipdAedd ve feature of

ron

conprising a proportion ed acid of between
50 and 100 000 ppmw th respect to the total anount

ofmdeioconshit uanf s Qhrtheusal d ghect{ QY li Camong  these
sol ution. The 20 choice of the concentrati ‘on of

Br &Rt ey d JUUNOTLI MR oSt S detdt mWee ©f examples, of
extpeetrrarmtm;a]lérmoraﬁnﬁ hi e caiicerdtat | qrmaner al k¥trabutyl-

the _ch cal natu f the .
%@Fr op&l(]y |za§Tg L5 Somer @?A%UnorreF§t&§§’6,°py&ﬁHWﬂ§1um
na@%ﬁ@bﬁraﬂﬁe cond@®AiPig or seni cobenelilng i thylbanenium
oy ey f e el@ﬁﬁ]ﬁlﬁ grafting is carried out, on the
I

nature of the possible support electrolyte, on the
possi bl e uninvolved liquid and on the relative

CQM§eﬂﬁd£&a@@dOébéhéﬁetMérbQéétQ@ﬂP@!Bd§oHﬂtEBﬁs employed
reaCtlo n1xtu gOOd Startlng g0|nt can consi st
&' he Brog 2

i " TEkd PypelofChPbanareiypi ERF Pgpsent
eliau:sterUgmrfthmge tbar diext iowtt iivie afesprd | 6f NedinpAising a

Seré/ér@le&?uéf tB*}%nsltréV LS bav e%%%% ahl e 504 3g0 000

in an ent Lihexpec Sur pri
vva@lpmt hat thhe J€¢1$1@¢‘(®|'ésset§ of the he teitedt r ogmahited faf nsthe

Ok&%é\@&dé&iﬁ,s@ I%%CGQHESS eP&éJhdoPﬁtfé g i Ga] Y The

gr at er In esence of g er water contents. ) )
A9y, © E‘ﬁl aﬁ%%‘ftfré‘&wrﬁ s YvenBBIRErSRd, 2GiEh 1s
tfpréﬁﬁmdﬁlyhatd@h@ﬂmﬂﬁed l7experimentally, as this

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 various 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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procedures devel oped under aprotic conditions can be

used and their ability to produce filns with high and
controlled thickness can be further inproved by virtue

of an optim zation of the watlet tontent. 5 In a very
partlcularly preferred way, this content of Bronsted
acPECFedpEe Seslevisd-ongd 10n06D ok ocdndg tiionshecan be

i nyeadi afd tthe el epdfitd) | ¥oC ?Q@W@HéﬂfliH%CW1th high, and
sen1condﬁft|ngpsurface i's preferab a surface made of

st GPRFEQLLed ebPicEngas, capoke ¢ %ﬁernF@RéPVGdcéﬁaWﬂrtue

ni obi & opt Ll P4t | OFf petid | wat 8F ¥bepent.is freshly
brushed), silver, titanium silicon (doped or

undoped), titaniumnitride, tungsten, tungsten

ni Ini de,vely tpattalcmlarly aprafemredt madg othis nebheent of

"o EonSULA 45614 COSELL AL 90 Saa PLET OB g1 1 UM OF

iridium platinum surfaces; gold surface ei ng
particularly preferred according to the invention. 20

Thecpsp8Ess t6 arE0LdaBRe: WAt hthhe él@\e%%lc%m?,a%o%uctmg
used in Eartlcul ar to roduce grafted pol yner °f

wi th et FBRHnglESnFPGﬁﬁéﬁ\M%iPEﬁ%%ﬁan%u?aéyrface made

eI@ﬁtregaaﬁlédsflbm&eare(ﬁthI¥H ﬂﬁ&ﬂﬂta@@pparthenlckel
ure o ps. because

|n€r|n5|capﬁf s “%Ie%{?miﬁﬂuwnsdfbt8¥§tl?ﬂl?ﬁew@§§e it is
whéreshheybaushesied gioletnt,achivbhganyiclsidtiaes, (dbged or

hYQﬁaééé&4'0919£nMGT Pltk§dént%ﬂ98gt%g ?%u %%%56%1Q%1de,

ical route uor escéence t hi'’ckness "has
tot%%t%Jo‘Ht‘r BF| ERPEALYN gt idecaracy: nq>kt>leha@et@l bsugfface

th@h@i&erf@émSQoa@pr plhﬁﬂh@ﬂny arhundpedrt @ radhieW platinum
undr d nanonetres be adjusted with an

R h RSP RT T oF SRS SRR G Hal Ca Byt preferred
opttroradindeto eclowetryvaditide. fl uorescence intensity

and to mnimze the optical absorption by the

substrate. Electrografted filns can 35 al so be used as
nofRR ulPgoCcess ci" dastondeacat t wéhhenthe ofinvieintken can be

| ayess wird )zSaEtQH§15¥peLSo° Lends §§3'f§€3m9£515 ela films
‘reservoir" of ned|C|naI nnlecu es in order

cafty" ouf c&ﬁﬁF&WQQ§IWSQQ£ﬁ9R¥%ﬁ 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 wvia various types of bonds:
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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exanple, with regard to vascular inplants or stents),

- 18 attachnent of layers, in particular mneral

| ayers, by chem cal or electrochemcal |layering (in
particular for the mneraltzeion of surfaces of

inpl ants, such as bony inplants, or alternatively

st seehmert| PEzaByerss jim nperbbretar oninsralnleyers, by

pr@ﬁéﬁlt@ﬂ et §§€gtké¥ﬁéﬁlc59rlEQ%rQQGHQEQn%aQE@%E¥%r for
copper |nterconnect| on), attachment of

Ia ¢ s TS Falsiy 06 aﬁurgﬁ%ﬁrd&aﬂ{‘@éap‘ﬁ?er feeh as

tf%bhthm@ﬂmﬂﬁﬁL”@rb®ﬂ$dﬂhaﬂﬂﬁd¥¥YBEfﬁa&@ MR 191, zat ion
and the Li ‘it hese case 10 the chem ca

r eact f"\}lctr)‘?e eﬁgroﬁtlgrgdl git aﬁ’%n BESAGET16n Yhesgpdssavers
t réosi tthen diampmatejr proapsti taff ecoppespeacidetrelonnddidion),

attgﬁ %nw a§€I ‘régaoligﬂgraf (isé(si) e E gbtg ks olgqgg to an

f agtectpoarafte@dsdaappl i éé@rortéue ekawptempeﬁ@tmhesémndlng
Pas ANBLE L MeRLe P& At &0, MEEH EW%tfHﬁ¥nef§ Qﬁesgh%ases,

electro fafted film acting ‘vel cro” and achi ev
advAnit 8888&§a&a|r@é§tflérﬂtfyr| r%h%a%nhar%lgh%kh%@slength or

typheal | ygbdsgr eateraridian di00 nrﬁen%%:ﬁﬁﬁ.&réj' ng dondtheute,

h,th t
o EER St b aEyr AR Bttt oA peiE thnpgasible to
ca@lpt@dnomocmy pactltaluhz@imtonvuadegl_ep'ote@raﬁséat|f:1hﬁs. In
ra?fﬂQSQﬁ¥'% Ee't@H¥Etﬁ! tﬁggg'tégﬁfk 'Jlgﬁ examples,

ting and the'growth o T A¢E on
ca’f%%%i% Q@réé@ﬁeé§ % pepeAelareds Wgrtélat@'re thickness of

absigé Ubecwakdgrathan EﬁqmﬂéﬁﬂfﬂgeQ§CtVQDcPQbeBBHmadH1eve
t he el ectropolynerizabl e nononer- or nonopers used

A IHFREFINBEE er VBLUBRe fPdsertiifRent?Bings a tthkneSS
furypiecable dhegedacéricladh ylCoOngwct i ng or

sem conducti ng surfaces obtained by enploying the
processes descri bed above, at |east one face of which
35AF8OoEGdYRY edt @i t Bhen @inmstesoyr ainm edapobydencéi| mith the

invention, the electrolysis of the electrolytic
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
semiconducting 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 is
demonstrated in the examples below, these thicknesses
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Generally, this coating has a thickness of between 10
nmand 10 pm Very surprisingly, and as is

denmonstrated in the exanpl es bel ow, these thicknesses

- 19 are significantly great®® than that of the

el ectrografted filns obtained by enploying the sane

el @€er opSigmafiizabltd ynonamaatecorthay tothat  of  the

el sgé&epeg¥%£éaatf91}n§r%rf@&rlb@d e Féug%g the same
tic or an rous conditi ons Acco

pr%i@FFéap@ﬁﬁEﬁFh%ﬁP gt tfﬂPW?ﬂﬁﬁﬁl(MwaCQQ¥d§n@bat|ﬁ@ an

ex8lbctsopol hinekneasioh bebweer AR rARGARMht khd¥e dfrotic
nto the ecedlng provi sions, the invention

I n_addi
al 86 88h§$F88§ 8?ﬂ8 pPBYi si ons which will emerge from

the description which will follow, which refers to an

ex t for LR ryI n| rile

i Teofathe' fRe 2, PRar8tsPl, RINERIIE Yhte e (Hwention,
prébéﬁcéoétlnqlﬁﬁéﬂémtSc@n@@nKﬂ@Eﬁ@nQﬁﬁbamn&ﬂn|kOO nm and
compapison With a process not in accordance with the

invention and enploying an electrolytic solution
i ncludi ng ethanol, to a second exanple of the

f oI matiden tabna thHy.li‘@t Prefeachy! 9&bb&isli@nfsi,l Bt ihention
sur ectrode .in re enciéof wat er

to a%g %Wﬁfégagsc%qﬁﬁufﬁ?¥gs%ﬁ?%cv OFNt We LdofiehaSof rom
nmethecdglsomiiptiiloa monorter 8idh fioid owhi okinists oéféhelto an
f t f . ! €.
;é%??%?%gg? %He Egrﬂ%ﬁi%ﬁC%%g Wﬁﬁgﬁg%gé%fghé?gyﬂ) films
coﬁFeﬁPed@Hﬁﬁ?QQMﬁ anﬂﬁLﬂwQﬁeQ¥r0de in the presence of

poayﬁeébaﬁtylc@ﬁbtewtlrgtflloln@ aif t@@téﬁﬂiﬁC%o%aélg%d with a
el ectrode in the presence wat er an exanpl e

r ePEPFRYSt hBOES f &bt BFCPﬁéa@Gﬁceert&h Fhreof Js‘l}iﬁj'ﬁ%]ton and
el empioyyhe tanm t bkethrokpess ofolpadiwret haelybonAyt rddieancl,

30 il My gql.d ec rode.i.n_t he prese _
tg e{ﬁsgggﬁg %Q(%ﬁgﬂépggn fkaapgglo P “% rE&meth
F|QQFElQnFépFégeﬁﬂéﬂtH@iathan@@wéﬁpeus@ﬁ aogcdvbrel@ctrode

gokd eheciyredenwd b pot yFEt PACEY @Rati1le ddddPiding 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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35 the presence of water. This arrangenent conprises a

| eaktight electrolysis cell (1), equipped with a lid

(2) through which a vent (3) passes, which includes an

el ectrol ytic solution (4) and®% ol d wor ki ng el ectrode
(5) an Ag+/ Ag reference el ectrode (6) and a plati num

- tuntedr eI odd ) (-7) Thq’hee%ﬁ*%’@f?b}”%?c suitish is
issu btegd elot @ ERNMdUBIRYSs SPAG Dh§ I wiichh HGH (8) which

whi ch asses_beforehand into a guard (9) conprisin
elle%ﬁﬁ‘%ﬁpyti?? QA: ( 1t° andarml%'t’:"t‘r’r"‘gr sitves CeTPFising

5 ¢ hectseo Dyglar @ollhj&&loﬁ beitng anb) mﬂ@i:dlcarspatgveg (11),
n ure 2 re rese
il nSe 2o obaga s R EROFERT ol Bprpige with

obtegered( by, 19) el ect r opol yneri zat i on of

nmet hacrylonitrile nononers on gold strips as a

function of different water contents (in ppm; Fi gure

3 Tepr BEIMESt He FPRESAEBEPONTHS n thyi cdnasses 1%in nm) of

Irgsé f%@y%?ﬁﬂrpﬁfd o{ tlrfelﬂrstrl I ebzw@é%@%@ by
S (0] me acrl onitri (0] al ne

r&a%%h Bf Oﬁetfrﬁjﬁﬁro\ﬁs%%l%nfa pRegs on

godr@llcel etrrripdeSaSaSa afuiupectiban odf diefetdanolvacent eantents

(i @p%%‘s 20 - Figure 4 represents the thickness (in
gstr )5 of polynethacrylonitrile filns obtained by
eI ectropol yneri zation on gold strips at different

CODCG'“f@éﬁ?@%%eﬁ%@éﬁw' QHétEEBi%sHEQQEBBS (in %) of the
(di aponds? 25 quar es: [; tria

n
2. sn%«rrq_daﬁbser%re% *@arsir ol /Ifaheas raltfrerilﬁu e%mértlonal
th@r@@per e@nt e;rttlyn{etrhmmonllﬂ@qree 5fm@£eseatelhee by

t hi 0 f t
{1 THACOReE hEBC by LRt Fpdl ST DR i QorghonSrs on

stgopd fdecdirofdersends eontenttrixin on§ dfhesuppbanol content
el ecirobyfes (TEAP) in the electrolysis solution as a
functlon of wat er cont ent

- Figure 4 represents the thickness (in angstroms)
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 Aangstroéms)
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) .
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(in ppm. 35 - 21 EXAMPLE 1: FORMATI ON OF
POLYMETHACRYLONI TRI LE (PMAN)  FILMS I N THE PRESENCE OF
DI FFERENT CONCENTRATI ONS OF WATER - COWPARI SON WTH A
PROCESS EMPLOYI NG ETHANOL 5 i s~ exanple illustrates

t he rearatlon of eI ectrografted fllrrs Wi t h a

‘_J‘- 15 A % N P 4. . HA .~

50r1IMe t:hanrumdgknsgﬁbmd rws mmwmﬁnm OF
r aratlt on or T naV| NnQg a 1 n| CKneSS Of 4UU
DWATER - GOMPARISON WITH 7 D oG BT

is i naccessi bl e under anhydrous condltlons It is
0, shovvn tha{; this, = odi ment kes it poOSSi bI e to £
eatTy sCtAPIPFY the' Jt“é & su lh(?undl RPFTACHHL ©
pr@mm@mfs&mceﬁtm fwilths &f tdregireaserthiexaeglse for

I
L s T
di I ¥4 d w3 napndet { OW) andl stidn etheinpeepargolon of films
conm¥isd nd 10ri-wmddd gf E@‘bo ﬁﬁd oo HOh/dr Qf &thent of

nmet hacryl onitrile distilled under argon,

wir e e f8Pkiemg elr%@g R (yhdehi plScaw?ﬁ:ﬁ@S%nﬂgJo? dunder
|aa/r€11iyd)ﬂhm necomyi sPsey ggwnt 0sa QE.QSS shbw}a) tBat this
nym goun electro e a a referen el ectro
ba%éﬂ)dp éj kg-rﬁe toup gs&?)gel nher 952 Egve?ﬂf‘p]fstey the
sytmcrierszecsalar eucapnnd@lngat ftrar thag fregandte cgames atd, the
V“ffﬂ$§Q§@t€ﬁeoﬁf@é@ﬂtoéxgﬁgl%egke'BbSEQ§%dt8utsiﬁe glove
i ntroduce new strips t e coat ed. ter eac
eSis, a sanple of the electrolytic solution is
vvithdravvn the water content of which will be
ma sured usij neq a Karl 30 Fis her devi ce. The initial
TR ORYRTICHTS (RES SIRThedi SUboPGAFGANAs EgMpsRLut ions
th1x$ admelthpifa\anaanldebei thFhat dasudaleyd puadent iamgon,
e T a ge ed t
rf‘;&?ﬁ“ o 1En ndE | OF SrEAROPTEI UL (Ror/1 or
frerRer Vi iyt ter 1le | n(MAN ks, Sdisgmléeda uedﬁn ghrgesl| in

|%ﬂ@iﬁ”ﬁh@"‘ﬂd&h@ﬁ(d°é¥éb€rode (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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sol ution and conprising the working el ectrode
(Wbrking), the reference el ectrode (Ag+/Ag ref.) and
the platinumcounter electrode (Pt counter) is

subj ected to continuous spardging with argon which - 22
passes be orehagg?into a guard copprising 4 angstrom

milAEEifishr P8 RYERaRAnHy DS ABHG eFOBRET §hREd 4 angstrom
befodreahidlngk by teavésg f qandReireeek | naylinen at a8b9¢ated

5.6 gold strips which have not been i.n contact w.t o
o SR D SRR F ol oK 0P Abiaven Bt 3bec.
preparation are successively introduced. |ntroduction

t gke a peni [ f cel | .
g??p ?gh %§ﬁ§¥§fr§€i§?tEggebr%%ng%ggcﬂﬁg gﬁg¥8§ttﬁgﬁjl a
r €Aoingled t hatmespheeeh opér at icomdlastion  of  their

ARt rRL Y 3@ eSESRBMSs 51 Pl NA MM deRE aFgPPRoduction
bubhl'ing i s nat interrupted. e water content of the

elEHTDIRATTE K RRYH-RhahyR st 14 r o BBe ppti &t PHegripping
begiennsbgipf wibh experddmitld oc1bp 1606 pRM@Hd®r reclosing

experinenti for_approxi npte two_ hours.. Th

oyl | 2o he SERGERN DPASHY  arRregtipte1y S0 seconds,
v alurainme twh icchs vigep s rggonl G/ indoeitswveert timcerrupted.

equi librium 20 potential of the electrolytic solution

and -2.8 V/I(Ag+/Ag). The strip is renoved fromthe

cdite watesedonteRt waterthore ol rrisi ungrekution changes

uliraas owsd ppil akthephdi the LR ORG fOf 2n@ NUkBeridle®® to
u ul t rasound and then dried under a stream of
agggﬁ?gﬁﬁ’r §9H KRR HRCR NG | | FRT | sARRBSRHIRRELY  two
méagsursed by profilonetry. The results obtained are

given in the appended 30 Figure 2, which shows the

t hi cknesses of the filns obtained (in nn) as a

f et i oayothehésdi fifser enarwaedr @unt ebys (@erfppming 10
T s r C j [ [T P
N T 1 ore T b The aethi e cdtop Briam
AR YR Gt He 1 ePlect | BRCI nf raf etk St um ofolnd ion g and

obtaied/ (Ag*/Ag). The strip is removed from the cell,
rinsed with water 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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shows that a spectrumin every respect in accordance

with PVMAN i s i ndeed obtained), whereas this cannot be
obtai ned only by varying the paranmeters of the - 23
synthetic protocol other traré3he water content, such

as the concentration of nononer, the el ectrode
pof¥ntRef1ct REOkORRer Vtheiul BanothendvabeepcPatent, such

Thege oitrhegr @@ﬁ@gﬁteéﬁlﬁhgh}?ﬁerh@:‘n6hﬁéﬁt henﬁﬁéve%ltkéﬁct&ode
rea ust e in r ti ona Yy to urt her nprove e
t tlcil i §u b?

t hPRkARES3 but S&rvel tMAtSThe Ofdj GhEneRteRp rate.

t hEhewat ertheont putamakemposisg}btt e ceh‘rytalltrﬂ@i f tRbmB€lvas be
t

TUEDaTRLEa 8! SUAL LIDLNBTSL ol ERNRY Shogoyg the

th‘éhmm%@fbtlhelél det pblsytrweds@hattl direbeidig s tmepitaced the
by aeéka%ﬁt@mum&é%f ypbeus glhanale it N gt
Vrva/ in an %/ rous Dl\ﬁé‘%‘nﬁ%ﬁg prgsenceelw% ngh@io_zmuch
m)’I“SDFe Fu}?@A@ Fae BRECQYEMERE- et hanol used 15 were
dehydr at ed beforehand by | eaving for a |engthy period
OVEéﬂ mol ecul ar _sieves with_a pore di aneter of
[

tedned bEFBYhETA by tﬂ@at%ar%e i ARATLUERT atw ‘3535{5’6 ried
f ooutl week, tfha |wakeer bpfditdtd | €hécOnolptee soadided belng

j | T
o SOLTLESEUGE BN SRR TR FERUMEEIS L i
usMAY atKadl mpil¢dhein d@nhmsr carse QMFppmfd;lhet hBr@M?nce of

ang x|§§91ﬂ%¥Vﬂoo@mﬁéE¥ t@ﬁee“ﬂﬂﬂohndngh@a@ghbﬂgl used
op erations were carried out In g ove boxes under dr

arﬁ%ﬁe WdhE e et ocsheas BY thRA Gt b s FIdT 2 sleZBJthY
| eperiban oberpphio 1dbel £t e@tlléazle)ssaslwr@ Cob ¥ é edlamteter of

RSk VOLLATELAE, BRRALLERNS, M7 BRI AR i e o
- 0330W( AgetAg)) week2. 6f‘¢/l(lAzgfe/dAg)by Thesi st rJ Joest iwer e under
SUPéSGH@Qt Iasegrdmssﬁe%%g acgt Oﬁﬁo@@d ﬁéxg@sr dr 'rﬁ@ UWdel ¢ ing

a stream™of argon ore a SIS each
et HQF\SF E6REERES tlﬁetﬁ@rc@ﬁlfa@’édo#n thenhinsdicddn dgreasured
t hesingrar gdrabsospheendbandeof airke 33nidonl I®r the DMF and

fugcggon%kagrO%Q§ %hngpp£OX|n§Belye% anoin+1fhe 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/(Ag"/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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35 neasured. The results obtained are given in Figure
3, in which the transmssion (in % is expressed as a
function of the ethanol content (in ppm. - 24 These
results show that an effect™ &falogous to that

o erved for the ddi ti n of water to the electrolytic
$OnT§584 5ot S a@?Vstt dtheaBd 5T oft N8 SF?QF?BF to that
r&mﬁéfwem ﬁodlsaﬁpeﬁkﬁmmbmﬁoﬂfwaféﬁctboghéfEﬂ@cﬁﬂdﬁytlc

5 even at_|ow concentrations. er t f.fect of th
adth 11 oodf Rter P8tt hg*! dlu I@% ?inngogffgggaml
i sredwst ®bser vedidrppeatamce nM@ntbeseéEtmkbgteftedtEalnh
fag&eﬁrgg F@&eéohéeﬁtggt$1%95ted acid in the reaction

medi um Water contents ar fromaprotic and anhydrous
conditions make it possible to pronote the

prgmas At i1k ofe redegat r @gr athed aB&h.E‘EoW thra Wh€at elto  the
thlc ness than thgse Obt§#£§F under aprotic or

Ylrs BoRYFPEIRLNI| S| Shys pBsEFyed phagh the
thﬁnfémmdr@grattﬁﬂbﬁtén1tendshéo fdbsapnﬁat faateeryis a

h er caontents accordance t 1s known
BRoB 0 o PRI e R e SEEREAPAS ® meliohy " Bop 2, MRt
befar e ﬂmeamr@tlct h@rcilr\aeihydrd%sgurcwrﬁilw*qr@ gpa\kzes it
h[(?oé@ik?f@e\?% Prdhioed | ltmea %'8? U1 ddtGografted

er content, ‘passes throu ﬁHXIﬁum
i nfeHRRdivEte wat egregheant shigkeepesuthan pr‘é?s‘éﬁ‘rﬂ e@btgined

F:j@rhkﬂ@r 3a@|rf8><t1$‘hocv\ttB@hyﬁ&@uslef&cfhﬁ‘clhtoiforzé"he ?ﬁ?iﬂd&n ot is
a tlves 0 ain cohol _or iql. type,

Se5eY or tzfgcn‘pl n €des 9N entt 108 3 FeRds  to
79d’1rsap;pemt |fde:ntve::a5k hmghhaﬂatedemmttmdt@,ccdmdlar@dr@iance
tf@a{ge fyeﬂko%ﬂ %&”EﬁetW%t aﬁﬁ Ob&ﬁln ﬁ?r151ng

|gure |s S t Hie' r ever se of deseri '
Pag EfgctUS 38759*1?:19&7 Wafmng hdecrepsSnawai thel ecakve in

tf@h@@@@s§ar%hh@ﬂ”j@ﬁé@ntﬁgdﬂMﬂJHHgssV%§h%W@tf&ﬁﬁ as a
coopmtted to an%ﬁone eor the inventors of the

predRntiPRveht F B@FFéVEO%hSPtthQaS€ﬁ§r§@F€P9§tPc§ﬁﬁﬂmum

t hEor enict ¢ onededt envased conBehest US 3 759 797 are

likely to pronote the formation of
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.
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35 polynmer by radical polynerization and that the

addi tives considered are probably good active site

transfer agents and can contribute to crosslinking of

the polyner formed and/ or F %ﬁwnnnlng the term nation
. IO O

\A@Tﬁmammmmrm-mws the fact that it is

5 possible, tor a given nononmer concentration and a
gi ven procedure, to target a thickness range by
adixmtply the abwter ctbhbtenhtavést hehaedfaot |theay bhe is

h
o B S YL 1 P P boh PARTBhSanf g, g ven
r eesGreedire o thetanget rasébscmgsmmng@ohweﬁﬁj@ﬁange the

Uﬂné@eft§o§€EHEatdf0nthé/alnB§1be a fte%g@,n%esaodéa that an
Exa |ve above, par% %gargon ehydr at ed

iy i#es a®x .lalcoﬁpr% Hgton of DMF
zuﬂis%ﬂribmnhﬁdufaargbﬁv&&|g1dwd%6bxé@iute@mpo$@a0to the

| ect t 15
e Ehd ThE BRI 88067 SISt B19T HEP - it BF ScaRtaatIon
tovaltln@urm bn féae pmasﬁrﬁs exdnpl 8xampéenol equilvemn above,

%g%?égﬁgf?#ﬁ5ﬁ0d %ﬁg?géégﬁtLXf ggﬁahﬁ by Rassing into a

i S s own' t
r e‘i}tﬁ i Gl@m@ﬁ“ltsﬁ@gwa%%‘Fl‘&tﬁﬁ@nﬂml@muélaﬁedsi%V%$ f é&t | ¥e DMF

bys®repash NY EHEOSVF&HéGSIeSIeé@&c&EH&ﬁh_Scéjl resdly frawes it
the co rC|aI without distillation

detiyt gfggngpeFéﬁlrﬁf%ﬂﬁﬁﬁlpfongdjﬁﬁﬁm?ﬂ£ of the

pavatenlmntétet sy 2 hesuss pr ocedures and sol uti ons,

are the sane as for Exanple 1 above, except that none

of the reactants is distilled. The water contents of

t KN cor®r chaeseVF apgamplet hethenomed egrdaeasiedgsat are

150, pPoR @B 0%l rakehy. #1330 Eﬁepeélééu%gfaﬂmﬁrr{aﬂ cell. It
no| ecul ar si eves, preactlvated at 200CTor 1 week

with SHWEkieSd ofhgppFeIRkatéPy ofcnihe iwRbddussatent
i ndcd heedl ecbr oelfgicedlveceldy pobpaveslgbythbe synthesis

SyQ&fg i§n§0|%hk%%tly negggrengpt Ofcommercial 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 angstrdm molecular sieves, preactivated at
200°C for 1 week, with a thickness of approximately
2 cm 1is 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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the water content, carried out on a sanple w thdrawn

35 after a few mnutes, gives a water content of 30

ppm The solution is stirred with a nagnetic bar

t hroughout the period of thé&6syntheses. - 26 A

sanple withdrawn after 4 hours reveals a water

cdht erRMIYe 328 thsthavwmn alféetr odr abeadsPVRRVERLE | @ water

presicatt afdrer 3Qbegbﬁlol yAhNGef&dt Aodtuifteed t MAN  film is
Ilmoptajned_is 7125 nm in

thi ckpess. of the ood .
R FE D S IRe TR S G bTer n‘édh?’ﬁrﬁxaﬁﬁgetﬁ?}‘:kness
Jusf @lsei Pilixabphéndéd AG StAUcinyr aln d@cﬁ@dlt afjBeement with

erved in RRAS pectru of t N filmthus .
OB netieo By eb5A ar8hy 1o crier iyt | HE in
Cﬂkﬂ&mﬂléJQAWANo 16 tWONCONERS CﬂbbetFCf&ﬂ¥ﬂh3¢nﬂédA RMANthe
Fl 1A T %EJ}:Q;( DﬁﬁT | Sy exanpl e
isto él\llf ust rat e the fact E]{:iﬂ?ﬁcemjt“ﬂ gin%g{sgdr anges

whi ch can be achi eved by varying 15 the water content
almmmng OBTUDY it $RE GFFEUINOE' PHRUICONTENT OF MAN
‘h_—""f—t_f_—t‘h___

t ava : a
prnxﬂ:smbmrmﬁemzﬂnasane 20 oper at| ng cond| tions as

those set out above in Exanple 2 but with an initial
concentration of nononers of 5 nol/1 and a TEAP
coenainf of £hie- 2xapiple il tthe 1DMstHEtee Waher fact that

C%@”Eﬁlékﬁeégl lﬂ'%tn%@st Rirsi dd "Banb¥e af4]itdR0y % varglng

distil water to t ereactlonrrE|um to 25 30
an@qoo‘ﬁ)aﬁo%?n qert et nsa hfe tﬂ@ﬁe’@@od%edtb? $9ntent of

VQhdRdmet § | Cbﬁ’i\BelﬁﬁaQt, 1%a°eélvsarbetﬁ/ﬁen t¢BBcentration of
equi | i brium entlalt_ﬂé{@the regi on . of -1 V/(Ag+/ Ag))
antPRES Ry (A TP AN THLITHREY are
rinsed under the sane conditions as above. 30 The
S r I n d
LEEREESE R 21 R L] QTELEER G sane
ar@ﬁ@wgn FapHpétionsl ov@cs 3sthose set out above in
Example 2 but with an initial concentration of monomers
of 5 mol/l and a TEAP content of 5 x 107° 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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- 27 TABLE | Water content Thickness of the filnms (nm
(ppm According to Exanple 1 According to Exanple 2
(MAN: 2.5 nmol/1)(MAN: 5 nol /1) 300100569 500175612
100036037 By way of conparisdV, -the PMAN fil ns

obt ai ned under the 5 same operating conditions but in
an anhydrous nedi um have aZ ess of the order of
20 to 50 nm approxi mately. EXAMPLE 4: STUDY OF THE

| NFCUENCE OF THE WATER CONTENT 10 DURING THE

Fofaen crrtenty pvaN FI | Ifhiickngss, of the filmsfnm s to

i1 ust pphg t he| Acdrdifg! to tEMGmpieY €5 ABbrAtng & Example 2
t hi ckness as a functlon of the water content are

cf ' W um 15 (MANH S moldl)

of whi @eobeyond the maxiimem is slow| This thgggneans,

on the Be hand} that the additron ¢f water nmmkes 1t

o The B2

C‘C‘I h

rease—th vimimt hicknass wRiEéh - can
AA ", T vy Crre TTLA7YT TTOATT L LA TINT T OO LA LEE] AL ] A4 L)

oS

be obt aoonad fo a gi ven 3moocedure ampd a given 37
concentration and, on the other hand, that better 20
control of the thickness of electrografted filns is
obByiwey ©f compapisent htheg@MaNt fifle whternednuester the
'S’sarf'f'eﬂr 'bb%q:a@ih tc&x‘i’(‘i‘f@ SHAT QRS gfeater %Hgﬁ/ﬁﬁ}?t &fdium

maxi mum I's, electrografte
ar%aiﬁodéce&héﬁkqﬁﬂﬁjsﬂﬁlpghgndéﬁdﬁﬁe sfire %%erﬁplnéo nm

cossh b oNtBatdS1y I hose set out above in Exanple No. 2,
apart fromthe fact that 3 voltammetric sweeps are
carried out at 200 nV/s between -0.7 V/(Ag+/ Ag) and
- ZEZXAMPLE\04/ A§TUDI0 OFheTHEat ENFLUENGE t OF S THR| WATER {CONTENT

CORGRING i RO PRONCSR & B Z¢Pfl PP 1DI S Del ng
t s of nononers:
0.1, 1, 2.5 and 9.54 nol/I.
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 1is
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 mV/s between -0.7 V/(Ag*'/Ag) and -2.6 V/(Ag'/Ag).
The water content 1is 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/l.
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- 28 The results obtained are given in the appended
Figure 4, in which the thickness obtained (in

angstrons) for each concentration of nononer

(diamonds: 0.1 nol/l; squared -1 nol/l; triangles:

2.5 nmol /1 and 5 circles: 9.54 nol/1) is expressed as a

f UbRe i ohesflthe okftadmesbntape (GAVEPN) .1Mhetker esppended
shevyuid 4 | (heif?eswhtll%ﬁ extREencen PExfe s Yol ILGAH&KN  (in

of , great er than 50 ppm for which the 10 thickness

oRBFHEEPTS) gFeht eRChhaANERRETaEéeBsPH| BONGREGEr (diamonds:

anhydr ags /¢oNdHu RS : II m§1ah$0tqa5ae{g\4%%tfmt5 hB8/1 and

sl opes. of t urv i n _absol ute val u

SODE o BOREomPRZa s, RAPISRAS 39 7 STRREFoPDr T the
wiwdateontootent {iwe pyater content above this 15
concentration, and not below, that it is possible to

achi eve good control with regard to the thicknesses of

t HEh¢s$¢ nyegbtliisneghowiheisamd lexprs¢ senthearasiict ange onf a
n'ﬁé“@érSUdrfb%rJteaga? A 44Q o h%h%%WES@b%\Ir&égkbgnswhlch the
EXAMPLE 5: STUDY OF THE EFFECT OF T ON OF
THE SUBERRE ERECTRER Y TE SON TG B OkNiESs G asvaR coeswg ble

25uerT@r aiaMhgfdridtiss exmdPt fons. t i |iSlSTa'1%toe bBeet9E8 that

0Si_ti Qn of the maxi mum o

e SPRaT BF RS SRS Chh aPSSLEEBeNA LR t over
prasevee thfisa conppottatei@ct tolayt ebahdwon iitt sisonthentefore
' n,{ *pﬁ GA 8‘&11{1(1 yti (f SQ&I’%' OWaterJ: paE?}hEg gr ékgoxyéc' this
obServed 3 at tRis maximumi aced t owar ds
hlweﬂ\btétloﬁonta@ﬁit snc\‘/%ehetlh&cd?h%fnt i6f ls%pp@ﬁﬁlble to
el £611ObYt §oolNToBRIBI. WwERinS 1ERKES] | toPOASI Rhe ckPesses of
enV|sa £ better ,control of the water content, and
th LimR O?E?%?ﬁ%sses of films, by producing
fornulatlons with a 35 greater concentration of
S%HRQrEaﬁEe%%y%Eﬁh%Pt cé%yfgd ﬂn§£egsgﬁeinstrhgs leads
hygr oscopl ci as | wat ér eni  decreases
chosehhe ganencksareatiols. support el ectrolyte, the
wat er content of the nedium can be adjusted to the
val ue of the maxi num_ of 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. In 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 1in 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 wvalue of the maximum of the
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- 29 thickness/water content curves and it is thus
possi ble to have avail abl e sol utions which decrease
in hygroscopicity, and thus |ncrease in stability, as
this water content increases’ 5'Electrografted PMAN

filns ar uced on_gold usin .5 nmol [l sol utions
o NS 9T cag o BV PRaiAH 1100} TP P@tsible
ustesl aSuﬂuppoawaeﬂabﬂeolykelufhenssolwhi©ms afe’crease  in
Fe hy 0 ont ent
R e A VAR o B bEa 1 kT €T 35, ot
adthteorcoitenstindrekseger. Different el ectrograft ed

films are produced for TEAP contents of between 5 Xx

10-3 and 5 x_10-1 nol/l_and for 15 water contents of
beft iRt a®r aHer 246 A pr 1 e ami cReeddesd go@ gold using

evaJI %at Rd1f1omsbhatiBhensidsy Qiax hetlﬁ]ﬁl}hlé@pﬂ%agawﬁed DMF
res are |ven in e appen

{‘ﬁ%t Jmﬂ?%h rﬁ%éskﬁtg efopSegURPPEAPELectrolyte. The

com;hnttxmts orzrd heriepiackaessrofn t Agh{tkoss oblr}mmedar{d Nthe

2 t S n 0] t he wat e tent

gl CATPIn D AL HIR A e Bho A KHR s R he SER PR s Yie 1

t(ﬁdlﬁﬁtQﬁnh&aiﬁﬂ%ﬁxﬁﬁiQ¢t¢n%¢ﬂ$¥ﬁddww@@ntratlon of 5

x 10-3 nol/l, the solid squares to a concentratlon of
1 x 10-2 nDI/I the solid triangles to

carebiR TRt oflectEnosaiteg of il alt%epﬁeplp@wdsq%lf eJEAP
bet@wd ot ofopeenteat isox oo™l xnd051xmalo1 mpd/thend for

I t I to_a concentratjon of 5 -1
ngﬂ"")‘?g\”fv&)‘lz‘g’gg%%%ss?g pEF) r‘i’ﬁ%’om]o‘%zﬁf@d gé&gaﬂf’% The
1. tiPrccesssdpratheevelmatiedn fofora fiod yietedsiny oafanhe CN
SIRO0L] CALLYL FOING! IR AY, SEAL CORAUGLINGBHTEATE, DYry the

ectrografting, "characterized in
a)aEPlPierﬁﬁ%C%arFlrﬂjlraﬂw SlrecWhdLht | EeBBERAENBA, cof'@ﬂ?l s&énfgjl TEAP

meﬁEeﬁE&étf&&Ctth@thiGth%@mdfrEK@“FI§m§”@b@E1ned (in
I%g%ésgggn§ouggeaOEuggggggso %2 b%t%roi%gtgagw%in ppm) .
In this figure, the solid diamonds correspond to the
curve obtained with a TEAP concentration of 5 x 107°
mol/l, the solid squares to a concentration of 1 x 1072
mol/l, the solid triangles to a concentration of
5 x 10 mol/l, the hollow squares below to a
concentration of 1 x 107! mol/l and the hollow triangles

to a concentration of 5 x 107! mol/1l.
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conmpounds which are Bronsted acids in the said 10

el ectrolytic solution, the said source of protons

bei ng present in an anmount of between 50 and 100
phﬂ?mﬁgﬂ 5/@33378 (o the total anount of HQﬂJFR2°°4/°°2449
constituents of the said elecjgolytic solution; and

15 b) in electrolysing the sald solution in an

el ectrolysis cell Dby using éhengenducting or

sem conducting surface to be covered as working

el ectrode and at | east one counter electrode, to

resul t, pbycebectper edhectiimari o ast r@ @Mglﬁétoalm &hn an
the,sajd soL tion, in the formation of

ol SLEChGi SRELY iRt TR i PRELSaPdOGhingcesuptace By
PrebeGSragcafding,tohﬁkacﬂei;zehatﬂctbatzfﬂ tonsibas:

t he, Bropnst re_chose Qm.wat er dro

fl %%)rl dgg Z’ i rﬁ%fl ggr % e;cq:r lryoneulsC a?:?%iujex %cfmeprlsmg
carryi ngneamoww@ &died tgopepymer izatvopi umnqmm and at
pyri di nj ugyor ome%m@é@ueﬁ BT L B dig Nl , Erom
aci d; hydrogen chlori de; loric acid and ecu

carryi n§°BRPPREFi whiggh pﬁ‘é”ﬁfl cBepnshedl agtisimps ln:%Otl?;e “aid

ProceSSea@@@fmpgl&osellaﬂtrxloh Ot &4 asbBEE&eG s igkotons
that the electro nerjzable nDnonE 5 re chosen
0

fron1acP?%89edlvgﬁ o méts 3RS ycPfgween 50 and
nol ecul &80 OD@apQMIeuhyxnuebpephlHkn ahtadlotal amount of

COTTeSpQHf'ngco%§E{f§Qﬁ%%'ve$§> QSﬁQ %%é&wwrgﬁectrolytic

formul ae

) R2) ( C( &% qyiou>)and2 B - in mhlch A, B, Rl and

R2p) whi ¢h ar@lé@'@f@l%ﬁl n! Ohrfef ereatiq repigeedh @ in  an
hydrogen atom _a C1 group; a 5 nitrile group;

an orgaﬁ?%cFﬁﬂEYFbﬁalCﬁﬂ&upbého§éﬁnﬂroﬁhe conducting or

semiconducting surface to be covered as working
electrode and at least one counter electrode, to
result, 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 electfopolymerizable 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:< m [ CRIRIHCED)-O)(-0)

B

(1N
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the follow ng functional groups: hydroxyl, amne: -NH
wth x =1 or 2, thiol, carboxylic acid, ester, am de:
-C(=O NHy in whichy =1 or 2, imde, imdoester, acid
halide: -C(=0) X in which X-réid{esents a hal ogen at om

10, chgsen from fluorine, chlorine, brom ne and i odi ne,
aci™ Whifftri de: - (=0 OC(=0), nitrile, succininide,

pht hal i m de, i socyanat e, epoxide, siloxane: - ISi (O—|) Z

in which i ger. bet vveen 1 and, 3 |nclusiv
benzoqdindtre, ’caar 'dl"Y}H(gh %PElFéiueﬁediéferent

suiemmmdnt par a-hyidroogine Nyl omh| oeolf QE-FKB,I e,alEktylyl gtbtp; a
t in ul ar_t ol

O GG U S0 PULI S S NS, copern £rom

orthqwaf@klwen@ énnctb,@nlalSlQMuptsn edydgokya} emtngnea -NHy

f ypctd opal grgup mhigh gan & %éﬁ?lf@twﬂé QBESE“' 8hide:

20 structures substituted a unctironali ze
star THGHY e ihiede Yunctll &rfal2 gr bpde, gioigeeaheth acid

C&ﬂalb.LQ:le <l e@‘(ed Ry itrhegRBEn Ok PROS PBsAKEL VAL 'IQ:E‘logen atom
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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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acrylate, on nmethacrylate, and on their derivatives. 5

5. Process according to Claim3, characterized in

that the cl eavable cyclic nolecules of formula (I1)
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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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under potentiostatic or gal vanostatic voltametric 5
conditions. 12. Electrically conducting or

sem conducting surface, characterized in that it is
capabl e of being obtained +y3%nploying the process as
defined in any one of 10 Clains 1 to 11 and has at _
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in _that the polymer filmhas a thickness of between
108 hectislvhy ]iyqﬁﬂtlon is carried out by polarization

under potentiostatic or galvanostatic voltammetric
conditions.

12. Electrically conducting or semiconducting surface,
characterized in that it is capable of being obtained
by employing the process as defined in any 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 pm.



