10

15

20

25

30

35

FORVATI ON OF ORGANI C ELECTRO GRAFTED FI LMs ON THE
SURFACE OF ELECTRI CALLY CONDUCTI VE OR SEM - CONDUCTI VE
WOERRFACHES The present Invention is related to peiEEP20et/051924
of organic surface coatings, said coatings being in
the formof organic filnms on the surface. Mre
FORRRAGION caF! YorRGANIE S BLeCRROGRAFTEDE FUMS ODNSOIHE | SUBRFACE  OF

C R PR 5B R o e et ol and

el ectrochem cal grafting - or electro-grafting - on a

surf acﬁle%eséntn@feﬁﬁogns Rlatddqb tHeQRRY @Brgan@kUrﬂ(a@é?&)aMUsC&hld Soatings
bei ar e%%el ectri cal con uct ive 35 sem

T TR 88 e D Pt of cHEIRgao G o
soldiepo suitbig veladfted ih lordeohogaaafw the fsim phesardnergedusiblie dermgtioned otganic films
by QD& bR éa“%ofaﬂg a0SRESbI ga@tmgamnlaysu%ce%r G b&ssh &portions of a surface

precursor ecul es. rocess of for rratl on of a
whigh it{@raLeiesy 'Cé'é’ﬁPF‘i’LPU’@é’F P%WCWW%?M n coating", by
i nTTEf SThere a(re Gé\@raC@afﬁmdﬂ@s jn toe piny axt apadhiezathie @apdsitsp pain organic

fﬂma ol sug ra) S eacR ne Ha?yﬁgS?\I t%tegﬁéa ﬁ rj'%eclggglo?ﬁ!l&ﬁéor%&&gles The

nave a ar a
pros@ﬂwf foan@oopf @ maénse cenfrifiggiatia, or { s spekng”. Py Jemessiop ('gig oating’)

or W‘@Bl}%u&n@sﬁ@ &Qﬁr@")ﬂjo&hof héd¥statet thet tisdinblagms Helh@ deposited have
cohesi o to the cohe

o o L T BB e vt
obtpuosxtfﬂm e éterseridce, the cotesmnpf ehiglyis privgry tiulenth |thegcohe9rfpfb¢®égv of the
film ﬁ/hlb%ﬂ%\é‘?elhﬁbr%eéﬁﬁg’bés't ¥r¥atméﬁt fbrsexel‘ﬂﬁlé bPLBsd-IPkihG Gk 888 0 improve
e stabi | of the interface in these processes by
its ﬂ%‘?"ﬁb speci f| c nol ecul es whi ch can under go
sel f - asggvbiiple @nintleeseste fstabidity of ies atenfedecioithess mom@sses by using

spelérflt? }M&Ieicmest nﬂlﬁcéﬁéah%%%é& %é;ff:astsgwq%fwg{h% Fl'ga ck. 'ﬁ‘l@sé Holecules are known
in fhatprigdert e d19se @'vatr\satt% sel-eegrabipd "PP‘P'%fo ?fo%\MS (Ulman A, "Year

intrb@RGSAULY uBbBAIEYAnid |f|inf§5fr6rﬁ) L%ﬂg%uraslswémfyms td @ik assembly”, 1991,
Pr.ess

Bos?orf Eé?%ﬁ{nf glf?‘rﬁ%s?"ﬁ?rgllsa%suél rY o s?raf ré o\‘j’\r\//éa:r?] Pei‘aéx%yr?sh@%etwrggp self-assembly,
whigh peshintiatis dastiibsb |Ieyer@|@g@rambe@emﬂemmcemm@a@f waigh are in a more or
Ies@@&’@;?é@kﬁfb%@%eﬂ@n@%ﬁ st thd 'tﬁél"bv@l‘aﬂ dld&e@aéﬂéﬂ eiaﬁfr hb& & affinity

arrangenment, an
or GRpcmaETD TG EE DR AMRST SHACRR PATPT YYDt "pifeteo beer
obtainete witty mogo-swi rd-tuoeiondl nncrmges ecrenguides whish dlas @l eoeg affinity for the
sur%@&ﬁﬁg}o@g&%r@ﬁg Srd '@ n é%;&\e@éﬁsﬂmf%&&ﬁlewﬁhhhé’"é’%ce even if

ct |ona ECU es, one end wh
thesq melgeHiest availityjed '@terét' éeragiph 8% ASHE) aﬁ%ﬂ"%%%‘ﬂ@@ef&f’ &s self-
ass@%blﬂign%naﬁoubh gle Lﬂleér&mbyndaflam @@Ulhrﬁlﬁg N the Hermaitiorf e@anonolayer
is oefﬁe{eél g Pe gv%sc%rs]erm It e%ﬁ\sqgg altrlﬁrﬁnao{o c%egrg%«,ﬁ ésagAMs altra -thin layers —
possiblyfraanolandss i-ript amwat!mfeungqoﬁ hyrséongeding Ph erfitprgnpistigh density

of B&HRI9 WA {h@%uf‘f%e. thaef SANEL v ot Iaﬂerﬂpfﬂ@réﬂ&fs ipSint to little (if any)

o different he t cases,

Ao e S TTR. PHE gy B e ipgddp oS Baea ro 2
dip rop spriag jeemslationtdaathaer e defirtite @fféqp b&@trengd?eblyg Siterlolﬁgace via anchoring
poumgnghgg th&) Hon&%_ré%fs%faemoﬁ& bi githF’&iB%ltMol@éule@orédﬁn&ﬁant in this

e surface r
strqngihening: PR WY haysdp fenstdsr 1 tpfws?r %Cﬁﬂ’uﬂi‘nﬁsr YRl Bgrexamele.
sul$He carthiesg eplcailed fre knowretd ieve,a sifong effinitynfor gad, silver or copper, tri-
hal?%ang Y Q{e %}aémogg lIerC Qllhceas fggrﬁg%t&o e)%i;oqﬂaﬂc Hole2RESYor graphite or the

I on can
caréqrrr@ngtvmqug lrtq*iéhei Cﬁ‘ﬁ%sr fredemalion A fletiglies ﬁ@ a5BpGificehysico-chemical

inteRAclGIE Whie NN 1 Eh&thica abatticm betwedr aChart fobl iethél@dlar precursor (the
nol ecul es is inportant in this
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strengthening, one will have to consider the
precursor-surface couple as a whole. As an exanpl e,
wa@edoplesi3zont ai ni ng nol ecul es are known t o havRCHEP2007/051924
strong affinity for gold, sidd_ ver or copper,
tri hal ogeno silanes for oxides |ike silica or alumna,
pol yaromatic nol ecul es for graphite or the carbon
nanot ubes...etc. In all the cases, the formation of
filmreli es on a specific physico-cheni cal
suiphureataae ini e casghdf diolgriey expmaie) 2o eprfaiireqepige sjtesron the surface. One

capt@lgtﬁé\iﬁaﬂfa@orﬁﬂé tagf, tﬂtl"éQmFmJy@r@W: & nr’ﬁfe&@h&bi&ﬁﬂerﬁﬁeﬁﬂ@’é bpbpisy or dip.
atom |

"rec epggv?/e.ve% Isltncéesths ﬁoninﬂté)n SOE hfe é%tggacaggnd% ver¥3 {nugw reiiatera to both the
précansor @iol tee safses favalable gouiesrare agteally véry hm@eddp(}alna:ﬁt |deal situations.

Slle@' Lisk RS- @ynt%céﬁorﬂs \%&1 arEIRWBMIRY amSAdRE strongest in
ormation of the interface

chyipint 81 650K Ao TP ST T REP ST Thiol gve fse to
faifiyasteong boedscalgdie suraces, aatreadill ylescesyat|60tG breid & good|seivsit at room
ter%éeQ%an, orseﬁs%gr@%gégg%gge? d’Jr@Px V@ntg M&tn !E@ d trr%d‘ P\tc%ﬁtfaﬁﬁ'\s an ox1dant of

I'nt are pr oba anong
thesthfobgrg@@tAs, mwbtp{@,fh%pqssﬁlbmm tojuse self-#§praely gy%orrr@%ml pS,du—functlonaI

mJBédl’éQ koyah Qciodra@ﬂéféﬂc@ PRRIMAdtalE @nd/ét semicefiductigisalfacgiavevery limited.
Thl,s ésggveﬁ&of&%% vlyli/)ensst i Og%ﬁbogrg%emg ogtgllngd t%}Jsr fn ﬁ%dficp&ﬁwnigues such as

sputterieoraty phisicaber chersiesl aapos denpsiien, ?ﬁéy Sa'ﬂ éuifage ebtaingdis usually non
stae/bﬁ ané!né drfdlok 4 nmériaﬂi‘d%@ﬁbédutl&hng an oxi dant of the

rou t he possi bi | s, .to
seI f- a@%"éﬁg?'?fsa?f'&‘?” f?"‘ﬁ%ﬁ‘“ocas&? ah : ?ﬁ?flsfder ﬁaﬁhe?ﬁ) e‘é'H\ﬂUS% of spray
ant dipGiod edry vaysatitk, aghlieableric enosirtymes b safasesaamy feirly reproducible. However,
theﬁgocm %Qg%ﬁéng@aéﬁ%v@cb%n@mge béﬁ@éé’n JIIIIHFQHBQQG sJBQiraﬁe eﬁ)aﬁ\ﬁ%ﬂw a mere

S surfaces are bei ng o bt ai ned ?
physirebatspretiendaditn faisknese of e files i Ry fRyrolebigyn ﬁﬂ%@f gfhen uitra-
thi@ layelRedre aisd tan’kD(H 20 @pashdiéron Modvérh heStachdigaes bfagpdn coating allow

um? r%a%ﬁg)gﬂts r}(gg/ﬁg}} Ilh\énsr&gﬁ%ve ?(% Q{)é?&ﬂsr r a%f;‘/ plme ?%nch patent

ess avor
apclag@@ FR2B43767)c Hrestuglily etifims Kie &ams efcn?moqwgv #1d copfogyalify ghtained

bydﬁeos;ﬁ‘éyeco\é@ﬁgyarg %l&@d td HBe w@ﬂlﬁb bf @blsebdirateMyhe §Qt@,%8 ligiiid, since the
urtaces,

e b e
Thes) i targhvee polaperr therferaongeaeratiy enlypdniewi qg@nlcablgm{sp@hlqﬁq)gweéﬁ@factory
restunsemtté?hg k&R0l f bt e f\(‘)rhéﬂ‘énélﬁl ah@ﬁ\@lc}énf%titp of th@&laﬂmg | n

particular when ultrathin |ayers are the tar é
nanonePBesiFenigypeejematiqn gt ap QEQHWF ﬁ%?é’gg gt the 5t 088 \i FLH)QO” such
as ald masmaniebaition degaaisdd for examplewnthin atticies stUtdname M. dFie deposition by

p!ag%gttecgm @equ%%%éé%@lv%n%h %érer‘iﬁ %ﬁ %Pglg?é?f?‘é# At and Osada Y., "Plasma

(in terns
powwemmem@qsys a2 é&'?ha‘}m%t‘ifyafbb?faPWé@hwcﬁ' HRStigprayely on
smﬂl@ﬁbﬂlrﬁ@»leabﬁnerrzﬁé ah Q@Istwe Ubﬂlaw &fi eﬂ@reafrsdr heoleule S ftrat cifitty of the

sué%cgeﬁgr %\%’ﬁvor} i Fr‘ﬁgégn vgn ual tlQaeVa%dtterquI f%r a‘?grr gF sald surface. Plasma

debasiian diseaaldessceot genuirg eha;t,lthef Breeursorh have &eraam@]?rv@wmlcai property;
ph&Bla¥VBfion é&\ﬁ@@tt@rlﬁe SERRAARLHNiVE Pleburdork OWE SF @R 6f which is modified
sol vents able to give satisfactory results in terns of
undesifadisioht both the hormpgeneity and the conformality
of t heTiesattédhgiquest inerilyt leat i ctjwefs»rmﬁhonﬁ of mditarem finfis am the treated
sur?e};cgaé'fﬁ'h& #qal g&%raﬂ\?dlﬁx@ﬁt S#'Fn Q%lblé‘ %&H}Q%Pﬁlsh tﬁﬂ'\%hadﬁ&ton is due

I on or exa
to areraseiioincos Wutﬁep'qwca"y sipseth %ﬂ%‘ésth% PRI 5 19 1pihg Sipyal formation of
boﬁc@(‘alﬂfhbw@ﬁace bétl89%he fpranagrrsuNssel ag, Berl in, and of
Bi eder a Y.."I - pol [ ' -
pro Cesgwgs ectri g@%ln?éfa ;9015l mers is aEnB?rRBgQ %cpm(ff bzdgéd’ Mne formation of
a qolvoweD EhieTANCRbUrEER NVt !anrorﬁ & yathoef %?qwfspﬁrfatb?ﬁ then e @ pre-made
generate an unstabl e derivative of a precursor
nol ecule in the vicinity of the
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surface, the evolution of which eventually leads to

filmformation on said surface. Plasm deposition
waiswada3itdoes not require that the precursors PEI/EPRNY051924

particul ar chem cal property; phot o- acti vati on

requires the use of photosensitive precursors, the

structure of which is nodified under irradiation.

These techniques usually lead to the formati on of

adherent films on the treated surface, although it is
polymerelag $uyfach th e cedted is polarizae plgq;tsicqu €84 parees.asggolymerization initiator
th:h Sﬁrbﬁ)ﬂéﬁ §L|]Hdc§ Hol'}h%nz%@mwa%}oéa‘éaﬁﬂﬁecﬂa@l feabions 35! PakdiMGnd Al,

t
Wi tPBRr e GRS sNRe A TRETE PPk sBbpbfgonem.
2004 ¢0,f1468n and the surface. The el ectro-grafting of
pol ymepgadis; P%FES@A%( i€ YH%?-trhé Yé%cﬁo@aco? me%%n%%@ﬂac@r@wth |'M‘é first monomer

formation o er on_a surfac
s 3 5180 PG gEICH DO B B Ve BN SRS P Pt opasaton: the
pr3&i@e AR ek end loeths Wrdcasseis thus kediecaired or ©opdhtaf theediemical

bor\?djvevﬁ’%}{ é&%‘ !) wedds ﬁ%ra\(ﬁ?h A3, rod? ALRETd 6 Md RBctbR Hebhga%@% there

es surface yrrerl zat1on via propa
cariohbe? p@mr.ﬂtym an {he surfagp &éheﬂe g mel cxrge ff%f@ééfﬂﬁ témti go'%‘toawth the
f,rsbgegﬁne@l ect rogr af ti ng poI yrrers on conducting surfaces

is t ha@e?trﬁé pP%ra ct¥on o ?Iectu G 'e gezam%ge\/\gﬁts%é oh %ﬁ&s’ﬂﬁi ﬂg“*‘ma'
grdupriise acrginoiries, acsylwsst/'exbpycdleeﬁ i ?fg pam@h%maé%meqof@ﬁlas pReesk which

prdc§eotsm%rbnsatn%pxb|p?o€§gﬁet19ym5&%m9rﬁl ymeri Zat i on propagati on:
t he presence

t hus a' i "paktipn meg@psrarof FIS‘E}fOFﬁ"?fﬁTg was |{1 qul!tuél.ﬁaérﬁe%cgﬁ cgm ﬁhc? articles
of GfBurénues bls Machetolwedes, 11987, 80, 1383; &h Butcheamt. Datbelle, Journal of Surface

Anég?qgﬁgéd‘g ? Q56 h&y cF]%%FeTah Qpy ”F&H%ﬂbf&@hes‘icl?\eﬁ ®6CéH‘ Aot be a

mon the surface 1f th ere I's no cna
tr anst}e aendh BOIRR PO PSTEAYEONOSREEHVIR RRIOHG Pfgfeagﬁmﬁ‘d‘gﬁ%@d'c electro-
gréﬁln@ CIHSDQ’FO\MQ @ stoppedniyl pagiculardly edtdne sandiit. veas elb@eshiowg thanthe content of

pro ons cions m{tes {hle] drrqa?w Je@%ﬂlcﬂn&h rcgg %pp n;Jn{eif%rmatlon in solution; the

r at es, Vi ny
mfcp'm,athncqﬂtaquyn ﬁwga:gqgrgqj oft qynwpﬁlss lrppqgt@g@gthe M@p@hanﬂ rcairé@%@tlcs of the

volVa!rr@nc@an%%éH’r‘dé%i d@an%PlﬂQ @th@@lsr{&ééhﬁiﬁbrﬁmlar_ﬁ’ﬂbearf @Tﬂﬁﬂﬂi @dreau, Journal
el ec |ng was in particul ar
of g'egré’??%’@'&a'%e‘f‘ﬁgy 3%9 gfga Jof C. Bur eaﬂ et al.
Macr onwkiec idces,, and 9®7e ged@rallBRBile phtomyaf @entic aqaiyjpngs, constitute sources
of B% gh@lp E}Slcrepfértﬂégmgﬁc %Mhad? %ﬂwnyélb %hasﬂsgggth u6 ddtion 1R on the

reau et al ur nal of ‘Adhe
suriaye. ASTIRBCTHPB ALARISDH FRATROHS | Ibprisy PG AB AR tiokness o
theaeneotrmgmftpdi apagad paform thectdchodiatting lobdtyio goadrbérs gp. a Beth eontaining

at % Qtv%& ﬁgr% &t\ﬁﬂ%}egﬂé rheBrﬁ{ éé‘?g n?z{telfxoﬁ’d %QP% a'ﬂfg:lt ISt toV\@aﬁ/ in an

ven s e CO ot ons const ltutes
elesm}hélp bety cOREAINNG FPLCHS BYAR Wales ag ms plegtiplyier suppPrhre 'P%rﬁmfe This

uné@e&@d Hatshlp Boméshﬁonh HeOmErahdt Qo Qpbaionpslyrdtizativas auin empétition in
ele8t¥o grﬁ\ifﬁ’%z hg@ﬁﬁ@\r (tgh@euclzrhgégt?tggla P grg %n %rl‘%}?? Qr?{h@%ﬁr?arcesitel tﬁé growth
cofpgasiovithrineparaftingcitsielé(ii) tHeechain grqwtfereeﬂtmfroeuhfe@m\eﬂs&mqi #1e desorbed
radtal BiGEld. %F@Lﬁduﬁ%l of@]@d%&tar )2{ cal @8&3&%71%99 443’)3 430ahRrgrowth is

traces, and nore Yy | abil e protqns 0
caige it Okitis (EOTETLB. A SBEAG B SPBro P B S (e loca
coiidastragiom ofthe s@id potgnier ddrmet@ solitigmexceasts dth ficalghresiotdrpf selubility in the

vicﬁ‘\%l/ 811 {.hgr%a@ngm‘g&. tTnE film is, in general, not adherent and can be eliminated from
surface by simple rinsing with a good solvent of the polymer (in cases when the electro-grafting is
performed in a good solvent of the polymer, it usually is not even visible in the final surface, which
only bears the electro-grafted layer). The competition between these two reactions of

polymerization is in general kinetically in favor of the reaction in solution, which is a homogeneous
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surface. As described in patent FR2860523, it is

however preferable - to optim ze the thickness of the
web®@enyasyrafted filnms - to performthe PCT/EP2007/051924

el ectro-grafting of vinylic ononers in a bath

containing at | east 50 ppmof water, and ideally

approximately 1000 water ppm that is to say in an

el ectrolytic bath containing about as nuch water as

the electrolyte support, if not nore. This unexpected
reaci@u LompoIves trfersorfaqeheaomactwhtch@thetameﬂwéslnéhe vicinity of surface, the

meﬂ@wgﬁﬁdoz&rshémﬁ nh&mérs e%ﬁ@ HebARB of t'ﬂe polymenzatlon in solution, which
| ectro- %ra t|n

h
chgie (g PR oF TR Bt d S PP o e grotg gaded n e
reagtiEnvihdico bp wetr adiditon tineke girpmbsibie tp lintitstbis fimbglaricy by Higling” the major
reagpc%l p%QIEFOM driSstidh b Jbgjtl%ﬁ %ptﬁehl?engﬁt%?{hb%aﬁéc%ne&tloﬁ B maintaining

esor pe ical anion (C. Bur eau, Journa
thegloeat eorsaRfERtion iNCBNOTRE i 182 v'gﬁmtV1<é99rfaC&mheW§7” '”ttﬂ? fotal absence of
walHh OWsiindcBartien, hed s@ites thad“nsopé whttias betiericiapayhdathér cpuroér-intuitive for

an agﬁn%m{e’n al%opyme(r:lza n (? rﬁ/a%eg t%%gs:tfle tof éclcgﬁﬂ ler éaﬁl rb%sér@aﬁ@*s including the

cen
verpeeeollanmicse oI SORL® ‘69"-20A'i binpgesypf elpctiorggaing.

vi ci ni iticheQEr thrhemm id obsdrfeaCsily fa-rrktoﬁcefn!trlatﬁ'ﬁnls% protdns not exceeding a
ner nt and c n be el | nated

fevgmrpg %’oro?/ %gv ﬁ%'sgrﬁ(fs cﬂ PR én WRET a%ova St;ho g/ro s?a??m? from surface
itsqifab Wiftext ar(d there dss e eletiergrafted figh émngcborgfhafsprfm Ingpractice, It is almost
mo‘?@ﬁlf‘ﬁgultn@ G difkifa g&%n%\ée\mter%ntﬁrm%w@@ knarRS malntaldliﬁwm 4 Very low

I's not even vij sibl the final sur X
walpg prertiis ibisdq F%?ed?fa%@a'el“é{%ﬂ)e afﬁ*ﬁ’@e@tﬁ’ﬂ“p‘}éh ‘?‘T“i"%ﬂ? maintained in
col&dt waiefleshliyesepatedmndeealat dievas of pol ynerization is in

gener a)\ll ||ﬁ|ar' ex]; br?ealte]n%htljsﬂcaf n@ 9{ ch%%tctahl?onﬁg @F?tobmct‘inﬁ or semiconductor

eneousr eact 1 on, ared to
suwatreteg by plagtes gr@faraa of dﬁnouwe@wswg shepe ey SHEOGSOL St e remains
a dk&ItRitd Yot@h, tBAHKE aﬁtheset J@@ctﬁﬁglsum fils istip0y eomsdvedorisnthat would be
nononers e ause S
ea§yotp qupsrﬁ ané\/ﬁ? grﬁﬂa%% o t%e S S‘r1j1acgnt réa@ﬁ%nrglprlzwa E') %r%?éd Fxf%nfr%taon of the
anibn oare X deenoymaifetii pegsible to W0£§k Uﬁ@'u’@lﬁ@ GQfﬁ%@mQ ¥ é'trﬁm’d\ta@ﬁgome” s

added lilrlflll {\JW oﬁl?@&fs'o@grylﬂﬁgérh{m QMW&@&@épp&%@h bi Iuti6PHs @hid problem.
OSS| etlo

Th\,ﬁuaé rde§c§g%q fobﬁxan]ple m {Wg [Batle&r?é’f)'fcfiotnl %##80%&7%0‘% e?ectro -grafting of
prefcasort sachbasnafldibzonfunt sadis, svhichaeey e @agitiviewhargb,yis carned out thanks to a
rea[%rmf%‘egv%g HbBS b&ﬁ@LOfctﬁ Eﬁlgltu @givon réd"caWHtQWErchbm|C§I|9%bsorbed

Vi cClnit Surface han“in the total a
on gpriasay st 25T e HELHAR g'ﬁﬁtmvwf@fw € PABESt th%\feaG‘fPBrOz eleciro-grafing
of Wﬁ@ionﬁ@n it ts%lectro—tnhl@tlég bnd lahdas the Garmbiin-df bitemital baend§ ofrinterface.
Altsrgﬁtwe ﬁ(fo 91]53 elecg? PraRﬁger Vi a){h% gr%)égrgers W%gct}o qrﬂ‘f?ﬁgs(')fbalrﬁdlézgmum salts
dogre 00f| feauireVtbtt 21 FAI P TERCHDT B¢ wePladntor th@§éargﬁ éfﬁf‘%{?fr tgttgbilize the

chéfess BborSdfe §;§erc%s ObabldeNis ERMIBEIes IshhutrBDelectliclly. The electro-
bser veﬁ@onl or concent{satl ons or Orfac ?a%;%ndpwhuch is stable.

oralng £ A HiG 2o 7 (G s SO oRar Ray
It wagtsbown, abp:am:u\&h indiertch eaigntmmlicamﬂd’ﬁ%ﬂ@% r'ibﬁh anyldidzgpigm salts lead
to vgr? ethg éréan@ hibgduiagd ar‘éhcgn@udtl% BP el%j:tﬁ&ﬁ/ I nd chh e@n fthlsTyrow on

r ract
thegIopiveE Gee ths Qﬁ%ﬁw& ol 7 st %FUP*F'B:?%%“F{% °g ‘a%d'létnpélﬁf?f%ma electro-

clegVagen éH&aJiSotpﬂomfhmﬁlmlgnoWst byneltdtrosusteingd teawtionateera reaction in which
con t | |

morc? Bcgl %Qer ’fs n%a% f&: h\eh %F (‘r{&?e &ﬂr%gt f&)&g ttﬁ&%ﬁgtg&?l%@@g% Agéga re\?\ljltt rs]uch films

arefuse@llylngprwl@edtrt@aoml Bggrtigylarsisgegaeds hyinthigkpess. | i f one

can t hlUﬁfaé?éUs%Me@wf )CIZﬂéﬂgCa'ib Joomds Jthj}nélQ)ﬂdblmbd H’glymér Science, 73,

22@52%%233}1% tggelrﬁc %rleiucg boYutler} cgo?n aér}m a%na%rg/lg%?oumm salt and a vinylic
manbreerecanepad fstha fdmaflwrcgﬂ @ woivmer@bfulral o1, the Baif KroneH et ﬁféé’@ surface
reactions, such filns starting from soI utions that

woul d be easy to prepare and control, because the
subj acent reactional mechani sns (polymnerization of the
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anion type) do not nmake it possible to work in
solutions containing arbitrary water contents. Until
wmowy/0emBy salts of aryl di azonium al |l owed an apEr/BPIN7/051924
of solution to this problem. Thus, as described for
exanple in French patent application FR2804973, the
el ectro-grafting of precursors such as aryl di azoni um
salts, which carry a positive charge, is carried out
thanks to a reaction of cleavage after reduction of
pravivied ¢ait the maid palyrggriseingplubedin thelsolwerit ebedi fer thh elpstioarnthipsis. One of the

ad@RSRED 80knE hixdied &Cﬁyldlé%ﬁbmaa‘hd'vfﬂ\ fchBoromeR, 8 clbiiRd in this article, is

B G R G T T
voledges tayoirddno tichddve dheam@btrbeaiﬂ!stlm@f the einf/lermartomen itad sufficient to obtain
the U&%ﬁlof %n%!dggon:gtm §5Ifsa%rch ’%Iré @gé@aﬁwEN s liQtidtdt€ of a radical type

ectro- viny [ic mononer t he
pog{né@ztap@. ghag\gtqt ﬁ]g (qggcnté,nyjp%q obsgive Ut gyépa(rré/mg Qukpglggization at constant
pofeRGHI{- roes \t/lsaE) i | aﬁ BeuBoaasolutiea cdritiinge aypdipioamt salt bieeconcentration

of gt;]o%{ ‘%92 mol 5]nsdf ryl?rﬁl%e %F%Jt o%%t Btggrvg th%%rﬁw% clnyofgafﬂrrh t@)ﬁ qhe surface

Specl es, erseceS|sne
of eIS@f}t eduper Ibyt abphéarérf%ﬁtroagaf &fROIYAG" & soltign- dingy BYAMRIAY this data by

ar ﬁ\'gt Hatl M&%cr‘yl@ﬁ\% |§tvﬁeﬁ’érg§bttfoléf \wBhvkaelyt ihe@ dbesria et ay Warrying out
articu

po IQPZé’F%'h aﬁa‘f"@ﬂ?”taﬁﬁ?m'@at(l on%ggﬂ@" FHEees 'SR bflaining an
arm:;zbniuraaem uancemkbtsatibe atiatiogt §.49 Y mplHiand of garikterefdf [agaylonitrile and
&ch@érﬁat@%ﬂ%rﬂée\ﬁﬁatgﬁs f 64 Eh& b%bf ’mdﬂn ‘#es\ﬁ@étx@&ly Qﬁé]/ observe the

row on hensel ves: once r af tl n
forglan cg 2 |V\.1mt|§hsfllra@p érfer%xgaeenoftaﬁ@n? qteel qupg %e ée\ﬂ‘?f" 8 a very tthk film.
Aftel 8 ininoeb @ viagelysis Cthe thicaegstdf dim istdséméted o g dwecriyyeter, which is

ygﬁ#ﬁ?a%l / %rg%P%EQW%dcaﬁ eb@Cchh Q\Q?g Hg e?ectr@grra §U’ fe nlnel}]e \’/myll‘é tPnonomers

rent
Th?lh m:u@ht thiserenyitelont mélaemgAgatath? &smeq corolyps' £ |t'Perr§th§PJée of which is

ideviriealol, Marfﬁﬁfeféngbfréﬂe&hbh tabPptoA MHiraRY spédirogddpy | i€ dbrapletaly insoluble in
eLr %hl ckness. It was observed (cf: X Zhang

wagegac\{]dss Lh tate
RS PRSPt %’hsr 87 of Applied Pol ymer Science, 73,
2265, lreee)resultmretameeaéh@e‘qr iy eigllad pesan who avishes ta PRIFIN polymeric

fdn%o&jr' @\bﬁlh@ gutﬁﬁ‘at@i W&Je@%rombugéoﬁﬁ bf ?Qﬂn@or"étﬁ)ﬁé IbEndTRABAIBHR, which
1 oNn

an
coR PR Shibe T ES i kel 50 Rt i R dPihd Sappears
un¢ie [tyen@reratisg covsltibndetecied Hylbasmétat nivhaigtdain ffer fotnfagion of the film by
preelpﬁ&%ﬁgﬁmfg[}ga%s One of the advantages of the
m xtures of aryl di azoni um and vinylic nmononers, as
claimed in this article, is that the polyner can be
obt ai e fyseal aedntion Eeyeémes loperstiohilatiddetiawihied) it i pagiie/to easily
cob 502 S AP S0P A28 of S iy bRCAEOL Bk ae cce
to grapdre sidgentraldn pasticuian thanks te: eductl on of the
aryl di @z0piotbadlSatldbslicalihi ShheeRctb38 poleh@i wkhiforcéd tikQesction of
f a radical type polynerization. Zhang et al.
9®¥8. cit.) indeed observe that by carrying out
pol ar i @pthe ose eftancabevsblgivt meiinewhictals 2t leag, 6390¢,d$@@)anbf>f thgformed
BUALE QU es 2 Litd BRe®APhakhl BdyAL aryl di azoniumsalt at a
po?@ncent?atlbon Sofeabout 1 2ym)I/I and of acryl am de,
they do not observe the formation of any filmon the
surf acmeoébjeatn&tce élis meeHiomjs tb ptopadeumn dandss fepaliag itheneletrografting,

on %ﬁ) gfﬁﬁ&lﬂ%} rclr %e% éﬁ%h@c%n%/ng‘éé(%éJ‘&%%fécho |o€@{ éccm(posute surface, of

org@wmﬁ@r% andyin pﬁﬁleyardv@ymeve heyjag 2 Byckpessaping dropthe nanometer to a few
miB sl ZRébARy Rbm GRINAE BNkanBAERAL &midon. 1, 0 V/ SCE) of an
aqueous sol ution containing an aryldiazoniumsalt at a
concentration of about 5.10 3 nol/l and of a m xture
of acrylonitrile and nethyl nethacrylate with
concentrations of 0.24 and 0.36 nol/I, respectively,
t hey observe the formation of a whitish filmon the
surface of a simlar steel coupon, which reveals a
very thick film
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After 30 mnutes of electrolysis, the thickness of

filmis estimated to be 1 microneter, which is
wa@egnioddisant |y | arger than what can be achi eveRCDEP2007/051924

el ectro-grafting of the msr§ vinylic nononers. They

interpret this result by indicating that the forned

copol ynmer - the structure of which is identified by

vari abl e-angl e refl ection absorption infrared

spectroscopy - is conpletely insoluble in water and

has pr&ehprdaaicéthsoman bausedd eltheT frs deir frddngictpeopgities, or as underlayers

or ﬁuﬂar:)f%@é s foP(hetﬁQtﬁg §kﬁ]l|’ﬂll& %a@ﬁ BIS ONnadBQ Ml 5868y hY afdthatinteans like
nmeric Ims on netallic substrates. However, the

po
d‘prcé?é r%ﬂﬁayﬁa‘ﬁ\gﬁfﬁ"hb"alﬁ'?g strong bond formation, which

const i Asitleadriben én itert RB2&IGTSR, agdodigingdicansot o rad%ioo of afunctional
Iayteﬂeforr%ﬁ\ 0§ ¢ %gto5@1n95 Eﬁgnk@g) g%rﬁé@%% dﬂ\ﬂg%er - and in

tin con t1ons sel ected al . g
pagiBlef ROVIIRE | BPATRE? eI B Cr“qS?nab‘ﬁaﬁs PRt % PO T G hundred
naﬁdh&et&b”tfﬁlﬁréﬁgth 'Ehﬂ! tHeroB®R bl thé Radil bf @iative vitad Siajarty of known polymers,

so@’% ana ltm(c)i(é{l]aaygrn bein 8ta th Pkn éi ealsttthlg ?’epgtﬂ%sthgf'&cglg ﬁfﬁéérlt Yo allow for the

a
mtgwautanpmgf the @n%vrpfere@umes@ﬂ@owlaypr @wsthwaaw arrd@r'@/séyetfs aliow the

forMa It Gt @QQ of® Wob ot polynier Rthe ifGrHetidHal fafkaMitBin b grifted WAderlayer. In

sh%h olté %ge?nleﬁ, g%tgb%?rﬁeéj ﬁ\gt; 8? t?eét(ﬁ)rf %iheé\pglf (iea%t tgeoggtaug oc} WﬁF\ tﬁ‘n to L]gltra-thln
undmiagdre povidddytheycarergaiiterhorvihvirfede, b cantparasids reladiveiobigk !ayers like those

de&fp@é‘{q‘ﬁ% ggrgﬂhe formed polyner, or even a good sol vent
e sal pol yner. The gﬁ)]aect ve of this inpventi

s to B bcisE AR BRI o e At BUar PP et
graftad adlyme GinduHidhrage ot viey I(lpalyerlrdlemég'lmg REEh soly(aimethylsitoxare) PDMS...
etc?1 n(%? n%?o%%%i&é %mﬁ’%reanoq %ﬁgﬂ? S gex?ﬂa{ﬁé %?(ﬁemSOfADW gé‘t@ Gr of macro-

havi n ness
obigete N@'Cf' ROk ﬁ@crﬁ@ﬁ‘éﬁﬁséﬁaﬂoﬁ’bas ‘PféW beng rﬂélﬁ@gesa ﬁ%pregates inorganic...

etd§’rﬁiceesfz:1ﬁ*éI \Nnyf b@ﬂ&r&fr@@@%ol@ d@ﬁiﬁﬂé‘(fhafaﬁent BRA83T84X e BUGdRd in the

be use he [

preSF%dg\feP lOé!S aR%Pn gnll dﬁaer} FJ lthea} gollc:))vgs [he tgr';r\( thr%r{oanflag%xr li ?&ﬁ nfonomer
withdne aﬁcdlbqnnlg)reﬁ810ﬁ1ubftlﬁgelmdﬁl'atoe¢ fhat e afofeniﬁétﬁé@é gropomer can be selected
arRAS 31l AL ¥pkor BRRLBSE aFBRAY Astdd ik Batelit FROOSHBING, SPr ay

coating or spin coating. As described in patent

FR2843757, a good reinforcenent of adhesion of a

f unct i Dreapreseny ewentboreliex anphe fast ahwoen camn apries bt timaxtegendent
eletcbc?dyi)%t ﬁ‘\{‘?al @r ca%rggd&r tgﬁ%g pM%@@rclo@%ﬁg cath&iﬁdexbﬁ}smns at potentials

ter as a t
whigh 7re arwera%uta aer?wfr%ﬁﬁe'dow'tfb@” IR Q'Bp‘?ﬁ’aﬁoﬂbte@?té"sry“c bath
coﬁwbﬂts‘i:‘ngbﬂélitﬁ digzoMilim tAeararatirtst@he tloeoniaadhersonefcagyistait i gfter rinsing

h
‘t*lj?,{afg'raf ITZ B%heYen?%olyfmteWﬂlrrP& t%rg%rdsmon%ﬁ’\ent at an

st this length is
t heor emftt%Iqbyectsgff friecinvantiont i &I"I‘Qfmdf foF gfaffisg an organic film onto an

el dbieiuERE bPRnontiReyPRYEERTy effctré-RRIuétidn6td DNibn, lcayiprising the
into the grafted underlayer, i.e. to allowthe

O'?WPﬂﬁ‘FP%n of at |east one |loop of polymer of the .
a) brepatiicondla domyi@r containrignet ideet gneadidzecium rsdié pihcagnermorjomer bearing at

Ieagng‘nretchalb Eol%ﬁ@rfﬁ%@ﬁhﬁ@hél %Fb@? thed? @Fe ;ﬁedﬁ%ﬁs@ff sﬁﬂ&@&h@ﬁ]mc an

tal he tra-thin underl a »
b) ﬂp@{pjyalggj sqtqﬁg&puﬂap iy a@reéﬂctrgxflwil g5jng the éonda%tmg 8%5‘%?(@8&{08@ surface
to el @hated edsy wbiing keldcaydd and iak écabth oise colesgeledirede, i sv ahédo result, by

ap&irc!at%rn § rat\ least one protocole consisting of an electrical polarization of the surface by
applying a variable potential over at least a range of values which are more cathodic that the
reduction or peak potential of all diazonium salts in said solution, in a grafted coating of said

organic film on said surface.
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As it is described in patent FR2837842, it can be
interesting to even obtain electrografted pol yner

wo pdomwooabi ch are not vinyl (polyethyl enegl ycol PCER2007/051924
pol y(di net hyl si | oxane) PDMS... etc), of macronol ecul es
whi ch are not polynmers (dextrane, proteins, ADN..
etc), or of macroobjects which are not macronol ecul es
(nanot ubes of carbons, fu"erenes, aggregates

inorganic... etc). The same V|nyI precursors as those
descr i Atdebst onegadtesH is BRZBBIEEURlY @aplied én eyslisdvoltginnidiy scanning (CVS)
mdakesent i nvention, and one will use in all that

ol | ows the term of mpnomer or vin
addi t i Bt 'e3pterop Sratsol: Bé?fﬁa‘emm%ssfgo
su@dcer enenti oned nononer can be sel ected anong all the

types BlooPiGHaYaeANBALY, hh Biohtheth §BbRln bearing o least one

FR283 esent 1 nvention relies on t
ch@lhmolmwb&q@nawph gvuR TharPolBeesraEnerowr é’é‘f‘r‘iﬁ’&@'” a variety of

poﬂﬁbﬁéblb é\{odﬁés@&&ﬁ ak dOLMeCBUnd@ dydidsapolirhériatpn dl op@ling of the cycle), or

RN A A B R £ 6 v
preﬂeerwpembpmmam toé en@t\frmﬁrwa rolyieriEabiecyplicicempgy netsupEasdCtepes

d' aZ onTMN%é“otd A& BhsidePAvhH inAREpraBMPRREntior! B €18 réduetiod@Btential of
- after rinsing - the formati on of an adherent

tmﬁ%ﬂﬁﬁ%@T%@Tﬂm%ﬁ%WmQhe said mononer. A first object of
t he i nAeintdetalied is eganmidsietbwf ar adnesnt filmgpf aoly-bydyerétoyl methacrylate
(A fil)nc 5! lf‘ec tftén?«—fi‘il dpbn GOREHAGTC! s\égnrﬁ’f{g §%&@E]éj(é€éﬁdléé§ steel, TiN thin
e Dy

sur ectro-reducti on of fQ COfT'p % ng
filrg, H\gttr\pk)pq éwplﬁﬁnnﬁo@ﬁgungét)-mtﬁp%g]egtagwnbfetra lg)fﬂb ozﬁ 1 ol/l and
HEMMNt & rﬁbl/ﬂ@olﬂént Eaastiwaed odéraaZ;mltBnumrsr@letof and WEES wohdvgECS at a
%r}n%ra Ira fa’{ 00 me\ﬁss tP IQI‘:EI\?A %@%@ I'g/g éwcfloé/@%gﬁhl{::ﬁjg ?\Ph@ @é\bble in water:

fPhat "are precur sor
etegtr@bem@aiyrzpwgn@aﬁpect@écpqu (538 dote BavoRheiss P'aﬂw‘e?’iéhec@‘x -HEMA layer

obfé?nle!ti‘ By tﬂhzepr&%@g dethk %s@rﬁt u&ﬁémldhor@ﬁ‘\blﬁl‘ lftﬂlg swblleh &9 evated abe allows for
oa

lor](lf:d‘ltj’ﬂ<$ dpcg]s glalf {)wg péese 8ft ev@snclegh 3 f}IS fler %gs Ilttlﬁ crpgsshnklnﬂ if a]py and that
its athesioa st therserfape it eellef owéormalmgmthfth‘awdetlwm@t@aﬁor this reason,

we bRk s'eQ)'f‘th%fteanr@ec‘t:rH rgfaﬁfﬁ@ oPie %BIPran HteafterV é‘\fehﬂbugﬁ\ it now refers
potential over

1o hFEG {ehio QPianeha E RE-HEBHETTOH TP PRLR U BRI jomer tha
ca@lihdetfoaeapabation shdit sattion sad of sddashiumrsaltitne latteybaihy erferably at low
Co&%g&klg of said organic filmon said surface. At |east
protocol i s advant ageously applied in cyclic
voI t anmiitiy § s¥ezth fﬁswbof( @/gjes%d@ven qp thatgthe |s%r§§tproaﬁs§ can also be

apﬂfe@tt@ﬁ@ﬁoméﬂs N‘\@f us@ﬁﬂy&mw@kbmgﬂl@g}'bmrﬁlm¢§ extlgrely, ageoashynomers

thz{fl %%H?C?ef%’ rlqghcéoe%% 8 m\émerlzS ?0310%% Qgtlcj;r\] Cf %Jég raQ %gp?rglgiztone or lactides
sugnas ladtiaionglpolio/agidsi These amonemess hmam C‘QWDQIDWM‘TW“CS that they undergo

per%éﬁUﬁ'&ha@@@a@tlogr MPmEARUS B HCRbeY Asabhat yoly@rﬁenzable monomers but
neri zabl e nDIetlg@ such_as ubl ond

un 'ﬁé WM"?SZ@FY ol chg)N 8 moheg— potte% USé\S? | e[jrone b amgnlc grgwth
functi oNaWertgeleasps is obsergedpinaafuppn ecltaeniebdispaning pelrization of a 316L
stawr%ggﬁgl doﬁpd'?'n ﬁ'aWeJtér%olm%ﬁt‘émme rﬁthpﬂé@ﬁ&aﬁﬁﬁf\nqwaﬁdoroborate at

noner is a polymnerizab cli
108 a1epfcnAd; e 243 5\l 6153 PPIFEHA FATG8 T 8 e o~ 28 VIECS, at 2
scm.rmglrﬁs ol OOOrHV/b,na fileor polgisiatacid RN withna thickbdse of close to 1.1 um, is

formegI on hleosﬂrf ce o‘?ﬂ\ c%tljpo?\.f The film withstands rinsing in water, even under sonication,

which indicates that a strong adhesion through grafting could be obtained. This type of film is of

wi t hout .
nt?qgfgusly applied to the

high interest in the biomed as PLA is a biodegradable fiim.
Thus, one may consider that the present invention relies on the fact that when one

applies a time-dependent electrode potential protocol, provided that this protocol contains
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the aryl diazoniumin the solution. As is detailed in
exanpl es bel ow, an adherent film of poly-hydroxyet hyl
woreiohaeryt at e (pol y- HEMA) can be obt ai ned uponPCT/EP2007/051924
vol tametric scanning of a sgrface (stainless steel,
TiINthin film Ntinol) in sol ution contai ning
4-ni t obenzenedi azoni umtetrafl uoroborate at 10 2 nol /|
and HEMA at 2 nol /| (solvent = DMF/ water), over a
potential range of - 0.1 VVECSto - 1 .2 V/ECS at a
cathedic) Bkaaggionatae patbntdBOVhiW @e hizheiEkEn ﬁsceaa!véfﬂf?ShO'd with an electrode
d:pgf\(éj Fn%hénﬁ trGlyﬁol})éflﬂTE(nggfn& Bt legist @foMiusdatiRhe at @aé‘!@h@ Imonomeric

ectrochem ca ance . s ectrosco(% E 23 tional
COMRRIET L 5 P SRACHRDIPE ﬁ%mp%féb%&r‘?/ aHeRM gy aF" ﬂ{’&?fﬁ%‘ae fypctiona
grdup &th@it @228 obfaint -heiteriramg Athei forwetidn dranraghaem polymeiio/fim based on
th S\/é%lnl‘o% Q wat er and allows for ionic conduction. Th| S
bri a piece of evidence that this filmhas lit

cr ossl i hiRg BrgMPles Aplgw '“&W@tetth%walmagvagﬁﬂgggprgpphéﬂbquhtév theuse of the

provdsfAg@ ptesem ;rrva,stu,ht of bond formation with the
under | yj e
S ST Pty M g A g
suacensutb ag B16Listaindess steblegabalt @‘lr@tmgm @f'QVﬁﬁ@awqﬁafurfﬁge t|tan|um nitride...
obt ai neg by ﬁr&&s@!al%ﬁ& rf&'tﬁ@@’éﬂéatﬂeoﬁo&:fcncﬁ & Glohbpdliner layers with on
cont al ni

n t C er agation
oS B oL B T, A DS IR IS0 e
hydrephobic [ayers eita BUMAZbutyl owtheomleehay the monomdrt is a strong
resul t @T) tﬁ&éro@% Zagmi/s bR VIR dr et &Q&ucﬁdﬁeof%%ly%pw&§ with on

can als nononer s that usual ?yﬁyun er

e ARKTPRET e PP B T BSU TR G479 YD SCrRomEEs Shafea o of BUMA
and et (z-aiéthumllew@@emyl PEosPP@LRGne) b Yeeidnameison, e. g.
lactone vr)Schg eall&%pfr rolhg%%rggtﬁe odi«ﬁ‘igr‘i bﬂﬁgarﬁéjféper?\snade of non

| actic ic acl
vingismpolsmedst PG n(yapw«ez@ertelgb(@om Wéypiaﬂﬁeﬁ@éy(dﬂﬁ%}b\éﬂa’ﬁnéh layers _ from
méﬁﬂ@r‘y@teﬁ&@éﬁeh&rﬂonoﬁﬁ% dmzetahwsobls descri bed as "chain

pol yrrer k/\/ﬁ%l egcefsr% Pl ws f?r tpeh 25?rsa'?tll ?roducp rl (\)/fl pn 'eP§temtn?h%yfrom ring

are kno
oparngipe @r paltneriztiew eaft ¢velice swnomers |sslcf®ka§elp9t@da<ﬂ<h aglyagfrofcid, €

tric scanning pol ar| zat| on of a 3 16L
akd t@r}@'e .
Cgtaln es ution ontal

s steel co%%r)n in gLS‘ ! m NYrace. as
4- ni t r oy HAMRATOESH PR THAE @?tF%{igfal}S‘PS PEOEMSL a‘ff)oﬁ s ’
is iMmBltrated Bye Eactihat ymdy-dEVAtay€.obtaimet Abcordingge the ppeseetritveation is fully
sw?l%? %9 g%{eia%ﬁﬁéﬁg{naﬁr%l? cross%nk%d \%Fﬁ"éﬂu@é orﬁr"thé Q@&Eb "ectrochemical

morﬁ %actlc aci d %&?
impeidenreSpeeirosrIpy $EIShnersusgens shaw thahtke e'ieg"%er%% dgneg of a TiN
suSate fireCRa@imddlid i€ Garpiile mddifedibly larmogvhin pelyEILBA Inyen sbtaiged by electro-
grq\gfnfgg\& 'chgsgwﬁ\gg Fxsﬁlggl?]?ugr%nﬁﬁro?%%we W‘% Ig Qtl” agﬂ)ecﬁdgtﬁzgtt&a;}glyﬁ\er layer is
pemhaiasleBy@éoe@ﬁ\OfQOhmtut%amrﬁsqmb@fbarfm @V‘é’é@ wlar t he bi oned as

PLA i's n)t’(hé)gr%gés@‘éws%rfthé fUﬂmaTBlU&f,thlﬁ)@l%\ftéﬂib/olﬁﬂéﬁi&yégﬁvhlch can be
t hat the present inve

s PR LSBT e B ek YR AR LB RS b dRtigyn @ 150
nPIpoly-BLMA, 1qyero elediedgrbiteait on i S19ir otaintesk  Yesht @upEe ar'tidhidlgninates
del%?ﬁ%ﬂ’ o%' o??% l}ﬂ'\t PL%QéféPgérQ%e% o\’)Q'lt%eﬁ'Eh% cBh&Jﬂesf plﬁl@@ﬁ)aﬂ

certaln an el ectrod
el ect r of Wi the Preeess JBWpIr edgmation %‘&éﬁﬂeg '%Fréfé?ﬁnﬂ‘ﬂlry gapposed of
theaéliﬂJgﬁtt pdly&ﬁa‘ﬁt CéHr@rynio nhdTexpeCtat@] the Neectrb-redluctin nad | e dibzanium and

ord 5p BRI REALL 19 Rl RS 080 b Nl Y STRF 144 fion o

en one can o ter rinsing
polymerivatifngeaationsat thefmegamadher ent pol ynmeric fil m based on

Bribf s $lich JTRRAEres:

Figure 1: first (black line) and last (dotted line) cyclic voltammogram of the solution; demonstrating

thin film formation.
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The exanpl es below illustrate the main advant ages
brought about by the use of the process of the present
WO pwenedien: (i) the process can be applied to BET/EP2007/051924
el ectrically conductive and,sen conducti ve surfaces
such as 3 16L stainless st egl cobalt chrom um al | oys,
titanium surface, titanium nltri de...; (ii) the
process allows for the versatile production of
honopol ymer | ayers with on demand properties:
F:du;edtzopﬂncldness leeojdios ofi filtms HEEXASNe(dh §rom obdlyét agd 4- n'tmbe”ze”ed'azomum

tet%ﬁjﬁ/A i& Z%]P@ og?)g%hntm’@fr%ﬂ@a@é Gnl QMBS \Aﬂeélhcoupons
e o el L

thlékﬁesl.ﬁ(bk‘yﬁﬁin (Aayers with on demand properties:
dr.ophi to I ohi e K | (DNO
ot UM SRS e o0 Bl v
COfpﬂQOté?@h@)iSypcﬁ‘QV') ne) as the mononers. ..; (iv) the
FngfeOAQ: esmoahés@vw pfBUMA hien veBsaLt 4d @ fipe@e us toatindio fend ipgtantiat (DNO,
%t g & non vinylic polyners: PEG
Cor(cﬁ ﬁ}'grfﬁl nB8%col) or PDMS (pol y(di met hyl si | oxane) »
Fidueey® (€=@Y (W@ éRhae pyiingtien efclathetie et peipHiak 2 GPNgepiegtion is 10
mognd PDMVB. .., (v) the process allows for the versatile

Fxgggeo%gg;(lﬂ)zpﬁl@gflﬁb ﬁg/ g‘f? gs}cg] (ir}m a{t}gﬁlf t o#n gotgnB %Ihgglg)nlcg ekééRBn is 10°

mafici d, glycolic acid, e- caprolactone...; (vi) the

qugreoﬁga'ﬁva%%[]él&rtmlcﬁrgﬁt actual grafting of the pol yrrer

e surface, as is illustrated brY P ted with
F‘Qtlﬁfafi Campaisgo pEMReJeRgRModohR hag TALEXPRN 19448 ?ﬁ%“p"” coated wi
a IW’eE&‘&[EMA/ﬂm&BﬁHeﬁﬂdmzﬁmﬁmltét;eﬂfmnﬂdra&@ aby tovbdtef thaisaeme soated coupon
I I | . Ordinate:
a7 B B oY SEHART e p BB DOQE, Poibrkl Bty Oramate:
mqqielas@rren@ﬁt s show that the el ectrochem cal inpedance

iddfe & CBnMaﬁééﬁfoaﬁﬁiasb Qan@esN@Q b&re diiNIBaUpSn Yethyt df iat dolipon coated with a

Iaygr %d{lﬁlj@gz} 8¥9$W639 @\ﬁ?im("fﬁ tg%agluor'c\)/? rallt ya%(r(; r%c:)) g\taghfrr}rﬁg SQ’XG coated coupon

afterhargiog) for t24e = 30168 Ledes trédubedaprebspes. P@ﬁQiSS?hE\'leqﬁt'Qﬁ‘éy dgrizherdinate:
phés@gg{;,el(o% gRey neabl e and does not constltute an

bl e barrier layer to ter [ 0
PG DigoTies, TarUPIer SO P cHongh i e NGORONpSERe; win anc
with@ er SowBUMA elattrdag@aitesiechdadayad Westiona: piuk nasfrgméiin; Ardimte: true
yers sprayed over them this is illustrated
Strgm/?tﬁégg I\T!é% nm pol y- BUVA | ayer electro-grafted on a 3
16L st/éﬁcmd@sstOSth@ewr%eéﬁp@ﬁ mopemers eligidlf fpatts present “invention are
pré#&bméwdd%@b tie &nmd’hﬁyl Indyiemers @hdl)‘hﬁcbydiceﬂoledule\ak@mavable by
Y t he process
"U%{?‘TPBH%L&%BFh?ng r?sgfﬁt’a? %r? f%fnurasg %Adéh)l ayers essentially
conposed of the sought polynmer. Contrary to the
expect ations, the electro-reduction of the diazonium
and growt h on £he nittophe el(es,;)R@h(Q(#@r@e(-\iké—dvoes
not prel e over ('5 he i iyth ation"of polYmeri Batilon ()
reactions of t mononer. Brief description of the
figures : Figure 1. first (black line) and | ast
(dotted line) cyclic voltamopgram of the sol ution;
denonsit Maiching
- A, B, Ry and R,, identical or different, represent a hydrogen atom; a C1-C4alkyl

group; a nitrile group; a selected organic function among the functions hydroxyl, amine: - NHx with
x = 1 or 2, ammonium, thiol, carboxylic acids and their salts, ester, amide: C(=O)NHy in which y =
1 or 2, imide, imido-ester, acid halide: C(=0)X in which X represents an halogen atom chosen
among fluorine, chlorine, bromine and iodine, acid anhydride: -C(=0)OC(=0), amino-acids,

phosphonic acids and their salts, phosphoric acids and their salts, phosphonyl choline and its
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thin filmformation. Figure 2: thickness evolution of

films obtained from MVA and 4-nitrobenzenedi azoni um
W edoradd1emr oborate in the presence of pentaer yre¥/EPWN7/051924

tetraacrylate on stainless eel coupons according to

t he nunber of el ectrochemc cycl es. Absci ssa: nunber

of cycles; Odinate: thickness of the film (A) Figure

3: : Thickness of p-BUMA filmon 3 16L as a function

of cathodic end potential (DNO2 concentration is 10 2
denmativds) sulfehigLeciels 4and : th@ihisallsn esiiriofacigs Bulhein saitsonitre, Bgecinimide,

ph@lglmﬂdg IéB‘c‘JahéIQ e%I)x;FQIomn{) CS|PI-IIZ RURALIid wﬁ@@nber rangmg between

ncentrati on gure 5:
1 77 ﬁ)‘”%wa‘yfh?ﬁ@qP‘B?PeoFafE%&yh‘B‘&I“@Z‘éﬁd’aﬁ‘d‘?‘%“rIIe <gphorjyeganiropheny
chlﬁt‘bﬂﬁrﬁﬁfe[ a&thyleRe iagd MhyR gromatic. afd gupatidilar (tQ=€de/ (behN@R, halogeno-

ber(ze epra@dlﬁ fpg/nr%%Inogté%% %?%P@Qén'&} gﬂg I%E%En‘ Q.Ibsﬁltagp%quwalents a

. ul va
fur@tl@@t grpypaiyeingi ableyp porppl%qaeélorgp ar@drhﬁgpqu% ﬁadgcflblfa ﬁﬁt@a%l Rlgetals such
as n@FI H)Idmp(éf c&pplalin -gthnE:Qél PAfledur shadtured substatag and/erofabaidnalized

I
R R s
diagonipo rsalss, tperoxidesy infgnésn raziRigd nitrosgEidesn dikexyerngs ¢pd in particular
2,28, @I%%Hrﬁ@t &]"I‘Qﬁfeh&%xy F(II'EQII:’@SI C%nééﬂ‘ﬁéﬁo%)& aan@@ ﬂ@tv@twes dithioesters,
et TINCBRIE: EBLREDoToR O RaaT cir WD goume

prdcaiges dike HEINEA - th|bpﬂanphen9thmhaammeumls thiophene, pyrrole, ethylene

dloI«?tIl BSI’Ieng?IFBB?I Pf anﬁ@eg Oajt \IJ@II 3:9 IeEtIFI?c@a@Qﬁe %‘P&Ip@qlke diazonium,

O0C under reduced
suliﬂn@g’s whesphohse ragcgg OWI@(TEI?(]@? V\(eméﬁstn%tureboa MQgpraers ﬁﬂg@@ng the
afoddi@drBor(ed@eupg) Figure 10: corrected stral n/ stress

respons the otfan thIIllne%I;)Ig) rII III IIe%erItm wi th

and Wlt Oil - LII/"’IA I CtI‘O rat erIaa er.

Absci ssa: mtandJ@ dlemticdn%ttqifiﬁﬁem Qreli 9IP @UmP‘?faéa“gmg Between 0 and 20
incRisk&, Wn%rﬁf%s'&ox(swaﬁa} nAGGRd Qbﬁégwoizﬁ tleltiame PO OESS, the

nonomne el i sent i n r
pr ef eréE‘FﬂlCIéc‘I e&’,IesaﬁI? bI)ehgy Jug ?CII’a eat"\‘/‘;?n’i) Y %ISO Delied For
examygle, ttieemanyonder camisd aemlrcetsmtpb@mma@mbwn ﬁmme@@éhr a1 %,*m'de Such as
aIéIIteIn\?ﬁ:k havi ng respectivel y the fornmul as (I) and (I I)
ich: - A Rl and R2, entic ﬁ
r epr es@rie %PIQI'%?%% RiAgiRe 26 @UPEZI’QICEQ?F’GQF’ HI]IEI'C' Ron Ve index i not
ndh’UateBJ il En@baigsn Margien. abisekpesganhecfabiune thieoR @midRigoroupe can be in

fact Ic‘IlQigrent on% ( OIXFIIOm th IEII'I@ in the QI tuIIII,I (Iif heX cIlclmGIEcu%s of formula (11},
t A

leeth mtatlan@@)Rz)@(ngg)anq:rﬁI) %@ﬁg?tlss’pn?o? Te@pr%lg rmqnh(‘Cé%)Rz) but to the
suéc@kﬁ@\ &?@(RI’)RZ)%I; @roh@é wthere F(;(aﬁQQ(arb hclvbiédCib the lisiepbesent s

br om n&% tﬁ?g fﬁOé\aIS §§Yp§ngﬁﬁey 8ctwa ed vxg&r&% @I(sno%formula (1) above
beiagiable-tacordgex cations, one can in particular quote amides, ethers, carbonyls carboxyls
and carboxylate, phosphines, phosphines oxides, thioethers, disulphides, ureas, ether-crowns,
aza-crowns, thio-crowns, cryptands, sepulcrats, podands, porphyrins, calixarenes, bipyridines and
terpyridines, quinolines, orthophenantroline compounds, naphthols, iso-naphthols, thioureas,
siderophores, antibiotics, ethyleneglycol and cyclodextrins.

Among the activated vinyl monomers of formula (1) above, one can in particular quote
acrylonitrile, methacrylonitrile, methyl ethyl, propyl and butyl methacrylate, hydroxyethyle
hydroxypropyle glycidyle methacrylate, acrylamides and in particular amino-ethyl, propyl, butyl,
pentyle and hexyl methacrylamides, cyanoacrylates, di-acrylates or di-methacrylates, tri-acrylates
or tri-methacrylates, tetra-acrylates or tétra-methacrylates (such as pentaerythritol
tetramethacrylate), acrylic and methacrylic acid, styrene and his deri\)atives, parachlorostyrene,

pentafluoro-styrene, N-vinyl pyrrolidone, 2-vinyl pyridine, vinyl acryloyle, méthacryloyle halides,
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phosphoni c acids and their salts, phosphoric acids and

their salts, phosphonyl choline and itsderivatives,
w@eiof7o9m1a7 aci ds and their salts, sulfuric aci dBCEHRP2007/051924

their salts, nitrile, succi inide, pht hal i m de,

I socyanate, epoxy, siloxane: - Si(OH)Z in which z is a

whol e nunber rangi ng between 1 and 3 inclusively,

benzoqui none, carbonyl-diim dazol e, para-tol uene

sul phonyl , para-nitrophenyl chloroformate, ethylene
di-gingbenkengl (DVaY), anatmace gertbralipn agents retialiating tviryuemkssed on methacrylate

ac&%{%gmhe,p@g”gg%gobenzene pyridi ne, pyri m' din, styr ene
eno-styrene and their substitu ui val en
af unc{\m@%}he Q#e@yﬁpleo@icwgmaﬁptéest o feraw& él B%Ygl 8rﬁascaé\nxa parhcular
qubta erpa>|ré§, eMdiloass sreidil phrbdutar datyiokined, theed-cpelasiood asds his denvatives,
Xa ] o | | r
BRI FcGEERGs o S0eDERAE o IBL SR AT v g,
f unct i drrdlper nggg)tp(g the peeniian |Wa @}etf}gﬁd@ro@ﬁfg@ﬁ erépqgﬁmc film onto an

elé’é{rﬁﬁw%@hcﬁxc@/@%ﬂE’&ml:dnh@:tndé aFRbd bmlé&biréductﬂﬁro@wsdet&n wherein the
renes, ni t,ry o0so anl

Sopﬁorbﬁ?”f"?r eed 3# qefStzo%e 8'%%?%&%% an? dl%d'c eri gl nyﬁ/ﬁmﬁl Waergoes
polyhElf2@)n by endenphibh ettrek aotrdivades oﬁ@;mnyat(ﬁl)vgge polymer is”in particular

chgﬁeﬁw B, R85 @‘&37 Coqélétm% Qﬁgt,rtlp @Emtg?y%ohctafza'd R Q%M@E es;

ectroac roups and particul ar conduc g
pol yne{knqg?eéélﬂnj@bﬁ@q @rggnhﬁyqrﬁn%ls atnpﬁtr@ﬂgr? ﬁtéachmg ma ro-objects to an
eleféﬁltcé’lbﬂ (Iohd@ﬂrhb‘v‘ﬁe serﬂb@ndh&iin@[ﬁnﬁﬁlﬁ byp glettalgenftingt Ryrl taepurpose of the

prees|e%t |P¥en |oap eavaerTf macr obh&g |9r]1% g%’%smgac'n W [.I)% )?f?érlc or nonpolymeric

I azoni
masrrsipdieon fupaicanlited eydfo Al gt s>a¢ e@up et gl lPe Buolyer g 9%@%988?“ chain

reém&%”% %e@ﬁ@ﬁ@!oﬂh@&nﬁl!ﬂ 8f @hyIE QRRPY brodT &fbagHbRUASlc molédiies such as

i G apelfiont. 161 B bd SRl SR B ey, by anlosy
witities ahbiolpelymernivbile sronemegs deschieedvabeve. 0 and 20

i ncl USIthﬁls me&ﬂg&ﬁ 4B e@trd?mesiﬂlehthﬁtls B meﬂ‘?o@'ﬂﬁi gRAiftAb %n BRYanic film
at the sane time Jh

. er cyclic nol ecules cl eay
on@yarh G@F@@ﬁyh i qop@c%ﬁet qc%nﬁwd%ﬂ% sw@cg 2&( oelec?_rB dg‘%ﬁﬁpﬁf a solution,
<mmbﬁmmummmmwmymmbe a cyclic compound contai ni ng an

a) pre a tlo%nq/ g&ut%ﬂc ) ﬁﬁ a hor%sdiéazo}\i@xﬁts d.dnB n*a@r%—ob;ects that are
P ove, an%l V\E%

S, are groups ch depend
pr¢onr§p'i8cﬂf§a!q/0r@@ﬂ'0a‘ﬁ“4 ndex i not indicated, i lying
b) @I@Etﬁ%mg Qai@B8lutidn inTdM efecR¥IPpdi£SH @SIng the cf)r&mbtlnb lasentidvadiiing surface

Itf
to %eo?ﬂa{arqgr gfmﬁi(p eﬁ c{t)rﬁ%el EP% ﬁgﬁ%age el ?%Rergggrogqgl)a&a result, by
appiizhinudfetsleadt dnerpmeibele tanpisting, ef, ar hl@ctmﬂ @plp@q@thr@my Fufface by

apPiQf ar\%‘;lam@f)ﬁéntﬁapokh 6t le8R6f lah§dbr \Féfue‘é. RRich @i midRe ¢dthodic that the

AN e G T S
or@lam\nen ofsaingurfedee f uncti onal groups of the activated

VI nyl g%rﬁﬁr Qiani o HW Bodsli Ake@%?“@ncﬁﬁklmge@pdlﬁnetr %nctlonahzed at

Iexctlons e can in part I cul ar quot e ?
thq;@qqieqf §r alwx@&ﬁ?p Sor e@gfnoqf,g(sﬂ rgmngﬁane@a?r@ax%t%ly ar part;ally uhctionalized
mé&&ﬁﬂlﬁhl@e& an[oBRSEHN nASnelki il @Bcrorhétliostd@rgseater, the surface of which it

I ) [-C

haf mesn ?ﬁ%ﬁ to guncfaotnah S‘D%S%tp%? oﬁ %91 gglﬂv)ég?éable group capable of
ungerg@ihg i gﬂgtmgola.iolvgqime@] ggrfacp mptﬁqqu&ygpnéqﬁlgn fe@cqusd?eﬁ dhe present
invaHiignol | Res ort hophenantrol i ne conpounds, naphthols,

i so-naphthols, thio [ea si derophores, antibigfics

ethyl e éigﬁcgpc%q‘ecgﬁ Of &pg %H@X&r?ﬁeﬂg'g Rh%n r‘na)f h%' eggrﬁ{)le %oh%{st of any
cros'slmyl_ad oromopessiniedl polymeufuactiohylizedbatvtbe emhef Q@ @¥pnp rits chain, or else in
cr(%@\’nwng u)oﬁés, %V%? totally or partially functionalized macromolecule, or an object of
nanometric or micrometric size or greater, the surface of which it has been possible to

functionalize with vinyl groups activated with electro-withdrawing groups, such as, for example,
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acrylonitrile, nmethacrylonitrile, nethyl ethyl, propyl

and butyl nethacryl ate, hydroxyethyl e hydroxypropyl e
wa@bopcioghibe net hacryl ate, acryl am des and i n paPCT/EP10ar/051924

am no-et hyl, propyl, butyl, 1éij()entyle and hexyl

nmet hacryl am des, cyanoacryl acryl ates or

di -nmethacryl ates, tri-acrylates or tri-nethacryl ates,

tetra-acrylates or tetra-methacryl ates (such as

pentaerythritol tetramethacrylate), acrylic and
thengbupacmythaatylae iadrylags yimenleor'&iﬁdad}il@itrdermqlwry@@'grile 4-vinylpyridine, 2-
vmg@?rﬂiﬂgl @rvfﬁ?IH/rFoﬁ%e (fl@ n&r@ée%fh%y&fcﬂr&ﬁ@ suH‘i %é BMxy groups or, more

2-vin di ne, "vinyl acryl oyl e,
Qeﬁ‘iéP‘Ha‘?B‘r’f?’l‘eéﬂ BCRRAS; 36%3%“039‘°H§?‘P5%nz ene (DVB), and nore
gener attey uggenthese efatrowbjatts mgakes fityposeible hta subthiroplectrografted fiims

cor'w'{e rtnrn% ﬁljr’ey lm%%?str%%truya? ?Brﬁm a\'rﬁg Lﬁ‘z;e}@go FQ%r ;!)Ié(c,%t &}ée@ theAgRe@ane on the

nol ec or mul
magrpétrmahpﬁrtrp@,q ;r@lﬂleg;rogﬁru@pren@!gewrlwroqpat:%r@ﬁ:égesglgéoupﬂ are linked
to @ Habr%kitl‘@furé? H&r}(érp bl@&fo@ﬂa&&g ot thi€ perticragrt®ihastirtoe isahdinhd. S

deri Vﬁ‘t' Ve%dé? y%%cé)awhlc cagﬁﬂ’ ult% ingalceYongAncg wﬂﬂh@ presant irR/ention due

oxira m Xt ures
to the presade\oétheir Arrit inymegigbisdtnatienal teun(pveantaitasr spye gemselves as a

mJEEFnBPQnd‘ BE RS bﬂaﬂ&j e Qrgraﬁﬂard frhd»rf&n‘émlﬁ Re cases, the molecular
e or On uctive.s

electrically conducti urface . b
SEAE (Y AlRETPOIP B SoGaPUPFOROCMISIT CRECIaPE (e chan
poly@BiMable @ouas alecmpbtenies. thepdonoturavs ahqugampbiitydy b¢ pgually the sole
aclSRNG TR prﬁfﬂg\%{‘bnu%%fr@?]@% ?fItMéTEeng %%ﬂﬁ%je@%oﬁﬁ@éﬁ@@ihbm& to the

attack ¢
eleswgna@ng Fier RSk Re PPERTATIE C@F%‘iﬁﬁ e R ﬁ@rg?tt?ﬂ of tgg fegro-obiect
witACédihe Qhﬁl(é@' r’n@noaiér d- andeampepanl diticdneinyldnotohener such as butyl

meZlﬁcJa/ Caﬁt o r e%&ﬂ%c&r{?é’ en{o' 9(?1 e'vé the gﬁw@&aﬁrﬁ on the surface,

6b) &c ectric con uctrng
acijeves elmirc @ma@qnpm gang Vil a@@Mbyar@r e@@w@"bfpﬁmgﬁte REyPughh e chain
poRMERRBR ggicuptof'lﬁe Fh%@'%%ﬁﬁecth nve{m on, the term
macr 0-0bj ec ded to mean .an :
nonpolyﬁ%b?%oﬁgﬁa%gﬁr U A i e ¥ @gg%ﬂ% u?g%%Mamm\mm
thd ieamtiorome prgfecabfy chbsen froannhd:)@)manIs‘@éfdeﬁed}e@p/agat i on

chain geactions, i.e. belonging to the famly of
vrnylrc géoups or of cleavable cyclic nolecules such
as |isfEP above. In what follows, such groups wll be

referre@d)to as "chain polynerizable", by anal ogy with
t he chgj )polynerizable nononers descri bed above. In
thi s enbodi nent, an object of the invention is a
nethodAﬂW@)graftlng an organic filmonto an

eIectrA@@d ¥Cconduct|ve or seniconductive surface by
el ectr é# tlon of a solution, conprising the
follo a) preparation of a solution

contathHmﬂabCleast one di azonium salt and one
inWﬁ o objects that are precursors of sald or gani c
electrol zing said solution i |
e| ect r glasmerépsit &tgrier&ljro%eﬁ rogroﬁra;aar ohaorg?nrc oligomers and polymers,
potsamscmﬁmm by golgenfi@ceation oof bmecwame® megents; kokgioxanes, poly(ortho-
es% SCtp%)@&E)s%gesat paLﬁe%ﬁt al esugf}km&?rﬁrﬁ&{erb%% polm@s, t®@nducting

I'cation o east one protocol e

pOb’@jﬁ@ §[rgog§otrgeps anf aroteinsy necigic 5@# anqlesyles. oqplyaﬁccf\ﬁgjes substituted or

unSubkfitaee damham@l nggtuad VI dralidsetufeot ittaloalaninge polgherk darsied from

i 98 o mearalu hf hﬁ)(g\lr Cthé h&t bwée repolymers,
su?sérgr?e mgrhomerrs or ﬁ' %)gt t@c{ F\ g?rrnglﬁgu?él o e, Saa DI poly
metcroewemprdtesenam rmsed ion the @pm%amtmwwecgiar Hom e st above,
coRi B Gnd/brl Mix@RbsSAich SHArdc©Rned from these polymers, from their constituent
monomers or from the macromolecules above, which may or may not be substituted;

macrostructures which are not polymeric and not strictly macromolecular, such as, for example,
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It may be, for exanple, any crosslinked or

noncrossl i nked pol yner functionalized at the end of or
W@bk@ngeitss chain, or else in crosslinking zoneBCT/BP20aTIH51924

totally or partially functigpalized macronol ecul e, or

an obj ect of nanonetric or cronetric size or

greater, the surface of which it has been possible to

functionalize with at | east one chain polynerizable

group capabl e of undergoing or getting involved in a
thaselobtained bnerbssitidnt ol tywoeer trae-diensiest netaprkgfor jpatpngetabber, etc.,
mnperrﬁsa%@te Al %Bﬁ' WRicled SU&\CQSOTFQJ%@Q arﬂ)cﬁl%d#de@gaﬂid)h\ﬁrﬁ;ecells objects

esent "1 nventi on may | g q
coBPEGIR RB A UG BRGSO B P LT G T pagive roup
an@in pahieul&@nad ekktragraf@blerypupt s chain, or else in

cr oss| (Iu)r}h% ggmﬁf%@#&%t@rﬁhé%@e&&‘@' l y or part ' al Iy

functional i zed~“nacronol ecul e, or an obje
nanonelil Mds greopstiyepimerommer 4nitel ts St@P‘é% é’f typ? ﬁé’eg'ﬂ?fjfaz?%e when
san@fstru&ljr@sfhrétapblaﬁerbeen possible to functionalize with

Vi ny| g@ a%t bV 1c m%P (%(%ﬁéaq VY |f¥elpegﬁ aX\Jﬁn&os n from chain

grou IOS acr
pob{melyzlaue @roups ﬁylpct@th frgrmvdyhc g[@mﬂ Brii qay@qlq;cycllc molecules Ilke Iactones
lacmsh%ﬁyésoﬂ' Era'nh () be4ngV||nR‘éﬂ BY ebieRE ionid-or \dativgl Hoyidd, @t Kie hydrogen

S e e

| act onesorguithpagness defipedioabt nerdion Mg inpseticolfr henmade of crosslinked
or nﬁo%[:rgss‘ﬂmegctlﬁg n'?glfrﬁer%t sQ@s Sk bl teQarﬁ’@& aipBlymers  of acrylomtrlle of

['ectro contalnln he macr.ostruct
megseionile. Pherelianehary daicb syl Heereae 1 v 'B‘F*E%Cévll?é% of buty!
métmacrtyla% %Wd&ﬁ(@/étbb@ﬁleth@drqum rdf ingdroxypfoplyinethatmrgleter ofptviahdacrylates, of
acrt?/( ic GC loF %B!Pu k% a%{do Hipﬁyrer% %eoftng %\%ﬁvag\;e%uglsN @i%ﬁp)}n'om%ﬁg of vinyl

e “nElcr ost ruc lectro ng
halideb. Sﬁné(ﬁp‘b’?ﬁ%ﬁar@ﬁ‘ﬁ) pelyfaers Gi’ ‘ﬁ%@el o W"‘QP @ropsﬂﬁ@a of ethylene oxide,

of Hﬁ%&@esoéan%ﬁﬁrﬁg é/\fﬂlbé?\ﬂblﬁal’r\g bRickl8€ theioReAGAO rrdﬁd’ﬁmﬁla\f\lt-hhprd_slhlﬁone, of
o) o B e D UG PLFEE e Shhlieb g figeder
polymmdzwes as a nonorer and be eI ect ro-grafted |ike a

" st andghéhg tﬂ@@&ﬁﬁ&mg IpGlyt%Q(Emm&ﬁ&eﬁlay H}ﬁart\'ﬁ@iaﬁﬁéﬂnaﬂe of those based
structure \Nhl chis att

ongPiipe" BRI 6N PP BEEAR oY RES LIRS SOV YRErq Sa 2 cge o on

thegfsObytititedrderivatiyest ent, i.e. they do not have enough

mobi | ',&%{or{?ﬁhgﬁat@ﬁgqﬁé tion an)?m?)Q tnﬁaléf?'%‘é%a%e%f arkiféhs, enz%lmes growth

pr opaga att achnent sai d macro-obj ec
factdie agtippeiagandidqlagras-t o the el ectro-grafting. Then it

miy beArﬁ@r@&S@ Alideid gbmcmmsctwiaermém;en aay & goticular be mbdd ofgingle- and

o L1 nmonomer - for
d°@%&%ﬁ£ﬁ”$‘g’a‘§”§f3 P %m@e ang douq?el %%%e%rﬁer such as butyl
met hackyérattee mlyaaytdmm@,semwtpn ey inerartistiat. &y way gf @@fipleyike made
of ChRiI0SE @Rd rsgbﬁfuﬁafdt sN@ofRB, tiiBsapbllhaGapstiatdd evVRn&idAdlided chitosans,

agat
e T
macr o- /_Nbspr@dhes minEhe aggregates obgréion sawini rEticolanbdwadsedeads of silica
an@ G528 dbiarly Qo td)Gied %@8986 ﬂarﬂa%&@&g JNGRY %{uha tr3Robeads, nanotubes,

I nvention are pre y chosen fromthe conpounds of
fulegreruplie bel ow.. A-P A-P-B P(A)n
Among the objects having at least one surface which can be functionalized with at

least one electroactive group, mention may be made of non-liquid and non-gaseous objects
having at least one electrically conducting, semiconducting or insulating surface, chosen from
metal, organic or mineral surfaces, such as wood, glass, plastic, plant fibers, keratin materials,

organic or mineral gels, composites thereof or mixtures thereof.
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[MA)JIn A-[MB)Jn A-[MB)Jn-C A-P-[MB)Jn A-P-[MB)]-C

in which: (i) Pis a macrostructure chosen from
wW@e@anya3opr inorganic oligoners and pol yners, POI/ERP®0T051924

obt ai ned by polycondensatiOf of one or nore reagents,

pol ysi | oxanes, poly(orthoesters), polyphosphates,

paryl ene and substituted paryl ene-based pol yners,

conducting polymers, oligopeptides and proteins,

nucl ei ¢ acid nol ecul es, polysaccharides, substituted

or unsumsmaxmwed\umcerpwlwh A, bes defised faitreld not critical according to the

inveRRH R4 Hép‘éﬁ@sdorp(hé h@%&‘?)ﬂﬂﬂhd’ﬁ@ns PEeMBRItSe hadrbEdctlifaPBrtion that are

substi tuted rom suhsti t ut ed
capaE % H‘fﬂ‘%@ﬁ‘?“@%"‘“?%"ﬂﬁ‘tcﬁ%'" PPRETEEANS €U epol yrrer s,

macr onehisfuoctiobaizatioh ewhaycf@r beewtk. bn coied avirorRxplgitiag e geaction of
thégg% §%| & V\%F% A thfrﬁ& &Hlo?&ie?@ Eso é§>Q9%erﬁ$€tl$ac?W<géQérs which

Can or ned omt ners, m
wil fnféqdw%wgwrxl@ﬁr Cﬁﬂﬁ aﬂmﬂ%“zal?'e T PEHP t’"Ff’eth?’n’E'@?%ﬁ%'Ft@@u?'édsw | allow
it te oM Ectroviaftel att@ytirgrto thaynettat! irbecardlst wituthe ghresent invention.

CErl or e St Sod"l Cadiofs AL Y1 UIRLIEC @0 Gkne witn giycidy

strict SucC exanpl e hose
metﬁ’lﬂcaflat%d plege & rtf@smthm’qybch@r'd% t vvo or
three- ﬂ\\em%ﬁsdf eldrkulBeivier kan dble dsnhed @RedBpaurch agtdisacyanates,

I
eppharomadgg 8!%8 a%egngr’allv ﬁ)@g@eﬁogzﬁ eogecag th ou%gr tL Iogtgt?ﬁ%@f%{mation of
a taalstt bme tetwdeace vinli obnaon e o mﬁ@fpi;twntam Z?é'd alﬁpttw gansidered.

Thle e&ﬁ&en%\%n%feﬁé rQREbINR GEQSBrie@NA thd) eR@fdiji& WomtiorAR preferably
| ect rogr af tabI e group; (ii) nis an integer greater

bei?"ﬁﬁw(bra”@(ﬁlﬁ%q ‘to 1; (iii) Mis a constituent nononer
unit ofhet lhenceitratict um echainf palympeizédle efdupe doralmovengtherp within  the

ele%f%lﬂlb sto(uh'&wt b'(gcgr%lmgrtg the Pr%t:é/sgelﬁ ’cor(fbr%ty 'Qnth I3hé@‘§?1Qer§’(\1on ‘M‘\/&Bble of a

ferent are chosen fromc
m%emyrn@rqnztam é'og?\ﬁuﬁgs sEPatERy Fff?féi?w.“ﬁi/ Peteeqt b ﬁ@d gf moit and
evéil rﬂ&\nﬁ@kﬂf@erﬁnﬁl@ﬁﬂe&ve@ﬁbe%uh emali ke | actones, iactides,

8)r(| (rjgt | \S; ob%%lgatlon in cd]a?or%nﬁg agl \mﬁ%ggw\é' 3&098%@' s%mﬁon h&@*d’%g to the

pravass oty thegmertisn FERbIY Hes hrbkRsiErad 190malbndyven more

é%é?@r?@ﬂ}d&%e@ﬁwﬂ?ﬁo@lod%fduﬂed for P, mention may in
parti

vi nyl C)Sl Py PyliEga pgﬁ‘é@arﬁg’bo‘?@?m@g&ﬁﬁ?oeré’esnsqrgl%9 m'ty WF*‘ fhe invention

thea elegtiotyti¢ tsolitiop, canf inchedehmoregveo it tleds en additiamel lwlld (solvent) primarily

spg@’?étﬂa(?é yrho@nrﬁervé# ng .Wé e@@t‘?&b@@ﬁ%h E(ﬁw re@tioR) PRVled to solubilize the

acr nmet hacr ey of
ch@w @plwey’g@lﬂ? mq@?rﬁgé r\/\sl;chtm@uld dwt be or not very water soluble in order to enable
thelnytdrbewxbeprt@myétnmmérr it Isahportaaf to ayta treate pleatres of aifch a liquid is not

alwal():/s Xed:g sa \)/ctiegausg ong?grﬂi%ﬁg é{ér sft"uaﬂgﬂs% %fthékx}éms @slréq aﬂi used pure,

rrol one vin
or here @e@e ofgthel MpBtTyere Pi3 ei\nettmag m?s@mwﬁaf%uw aP%'pﬁ‘?’é»rfé whege all the

md%r'ﬂ&ls%m%, miRiurePEORNHoRHRES ar@fm ﬂﬁé&}dee[ﬂ@pcﬁﬂ@ndaNh@"f they are used, these
ecul e

sof gy GeEe N “ERO B TP R ey B d utoride, e ey

acetate, the acetonitrile, the tefrahydrofuranne, the propylene carbonate and other solvents
usually used in electrochemistry, dichloroethane and more generally chlorinated solvents. The
solvent can also be chosen from the group consisting of water and alcohols. The process in
conformity with the Invention having the advantage of allowing the direct use of these solvents
without having to subject them to prior distillation in order to eliminate water which they contain,
nor to carry out a rigorous control of the water content of the atmosphere above the reaction
medium. So the process in conformity with the Invention can easily be implemented on an

industrial scale.
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lactides..., of glycolic acid, of ethylene glycol,

pol yam des, pol yurethanes, poly(orthoesters) and
wWeoliyaspar t ates. Anong the conducting pol yner SPCTYEPL00D051924

may in particular be made of.those based on aniline,

on t hi ophene or on ethyl enedi oxyt hi ophene (EDOT), on

pyrrole, on their analogs or on their substituted

derivatives. Anong the proteins, nmention may in

particul ar be nade of antigens, enzymes, growth

f act or s, a amtfehaticasodmentcol thegmmentionnte geledelyirueplajas includes
dinfshyH rm%in%galloﬁéor rﬂ?éﬂdv;%é@%r Hlﬁeﬁﬁlgﬁlfoﬁibﬂ- ar be rmde of

sl ng e | e- stranded N

oubl et TP RN E TR BT SR PEge n conforty it
theBvdnti@) tfﬁ&&ectrmytpasbltmcml,daalalso lyntaiapt ledst @ xenppitiog elpetratitedia order to
engufr%géﬁ(!i/%rutl 8’0\%”@ Eﬂ%ﬁg {h@% tllﬁjlhg%%%trolﬁ@'sblgﬁﬁn$ hé0&k of an

I ze t osans, dextrans

nd
clog gt FURROBAS BPVeVETal FOREAPTY " @@ﬁtpleah%‘e B3y |P8‘§'8§”Zag‘e monomer
usBE 6brhpBes RécHT iBMc @Ftﬁpil@@afot Rxarfpi®Nig bhi@ohekylenahacrylate ammonium

chl{ﬁ&% %‘%@} mseur}«ta th%nmgrq nanf:? BP{h% e%%l@'élrclaﬁ oﬁrrgg%lr&)f at téﬁ@a@éeptable

nore genera
vainaVgiedny tb;eyt@e @sfedathg sqq:m)pn[yn@el@ﬁm@a@@refef@gwéplgg@%among quaternary

andrbhnluf SRS sucht & perchbRRE, idigiaRb) Qﬂ!‘t‘rﬁﬁjom{dﬂa@g atxafle@sghosphates,
one surface V\,hl

oS S St S0 AR PR St B 183
ammaniubi glts oneaced im partiqyéies goals by bipe of examale itgigethylameayym ahlorate
(T@AF%%E 'te‘%r%hﬁ}’iarﬁm&%ﬁ ‘bler'&ﬂoraf%e(ﬁflsﬁﬁﬁ %ﬁrb%nﬂﬁonitﬂsp@réﬁdrﬁg (TPAP),

rom met a grgani c or ner al
thes‘iﬂ"?ﬁﬂ'@gthy‘%@ﬂ“%p‘\’v(ﬂ&?iateé -EM‘%P plastic, plant fibers,
ker at | The@dctbliial ssl,utlcm@&Iﬁhrﬁwemom:sreareégegte’brsmpmm'n@tb@ihblesgeneity

Of&,g?{%éfsag?ctaﬁ}g dstu?,q es %%Q% eof . The maxi mum nunber whi ch

I's not critical according to the
i nvent Aeardigde deplerrigon ihe plactiGaty spndggtive Bh'é%niugm\guctwe surface is

prddéras @tsuﬁ’ ol I tIARGE @Bkl UeBatraal it GNdys Gfor bXemipleaCe-Cr-Mo, Co-Cr-W),

tltaﬁbxﬁymg IJtF E',E{‘E{f gorge?%ru%nﬁﬁ.lmg nﬁ#] & efjeln%}n% a?mgz;%%c[}larly I”Jgareferr?d according to
theslneampdrein tHeebiaaadr ircadcappier, tigkek xigbigint dlwgingrh &n P%‘ch"{qf Whe'b'f is freshly

bn}sn@o%eoflqéfldéro&Véong(HGHéQSOrWof) hsiffah RAmide! exhiurk Mitedd, dﬁlgétMﬁ\Qltrlde of
form meth acrl%(ml c e

RN Gy I e R

iridiae pRgtum gbldkefaceld will allow it to be
el ectr t% L& a@&?@ﬁgd e Il .'Bﬁ‘ tﬂ@%\@&@iy’st@ 0@9\%@&@5\9{% solution

wWith the esent 1 nventi on. 'fwe sane of react
cag 8¢ carfigqt O@)@&@@I&@Z&U%Ofé?ﬁ,ﬁlgfaeﬁ togbaygaaled gjln% val%mmetnc COﬂQI?OﬂS as
weﬂ%& b@%y b&brﬂlal- or @Jrr@ﬁt&:oﬁtﬁollé&l ﬁromeblhawmw by botetliﬂab(rrﬂesdethe current) is

tungl(g cfégtOfTEQD é)ﬁeesgs fyen WPH &so fagﬁsth M one appges a time-

SOCy an drin
depedentgisateecg] lotentiah prptogplf Mﬁ‘c@qddh%t |th!smrpte@m p@tamswa&oa'é exqugsions at

poféma@é Pnithsref HgHaRILAR @ftaid tl@r@éfﬂdemth boBdcthat \WepBd @ an electrolytic
Vi ny nononer an a hac agtSt U n al,s

bag\oqu]pa%]?%at leggl @ UAg0R WAL § qngn ?asf ﬁ énoZﬁcglg tbregnrﬁ; ?t least one chain
polymeriablebjreqy, them ¢rieecanl @xtdim ol aftee rissigut th@nfonnsatlm ef ér@b«f}?ﬂc film

coRS.WS Gl sl‘:n% &’Olﬂ{] E?Lhé th@hélh -under consideration in the present invention is at least
the reduction potential of the diazonium in the solution: it is necessary that over at least a part of
the potential (or current) protocol applied to the substrate, the potential of the surface be higher
than that of the highest diazonium salt present in the solution

In a preferred emboditient, the threshold under consideration in the present invention
is at least the reduction potential of the aryl diazonium in the solution: it is necessary that over at
least a part of the potential (or current) protocol applied to the substrate, the potential of the
surface be higher than that of the highest aryl diazonium salt present in the solution. Without
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The concentration in chain polynerizable groups or in
mononers within the electrolytic solution according to
W0 b@7p09a8ess in conformty with the Invention PGI/EP2007/051924
vari abl e of a nononer to an@ih However this
concentration preferably I|i betmeen 0.1 and 10 nol /|
and even nore preferentially between 0.1 and 5 nol/I.
The concentration in diazoniumsalt within the
el ectrolytic solution according to the process in
wiltr@nth e riotinyd by théory, likgs thougin thab thisperebles tiel agtubi esaftingeef\ikseary! group

om% tﬂg%u 54anplhé|su?%lgue¢ﬁ’%ﬂadml%ﬁt RIRS SHIGHEA t@'tné/ sRLYRRNsaid aryl

Accord |nrg SﬁFartIC ’rSl Id be f q
oresRp Banfrn e refca HEMplcuBRP, IR o e would be forme
thdnlaé/&ﬁémh@rfbordeh@n efasel botheimisorieo lagt ralitals awmlch neulddet as initiators, or
some o ?z{d:cglts %ﬁﬁg 98 t?oqrqllhtel rgm&lorl 6f%‘6tgns( Qfa}oy ?rgrtn)the solvent itself.

I nterveni n
Pr@‘{arg@t r%p‘éﬂ“ﬁﬁﬁ‘@f i @padif 'Qfﬁ r”@ﬂt‘é?l (5‘?1') eix?ﬁ'@?ldé’ﬂg?r@mgo|p9]8”zfaf'% under
voﬁdﬂﬁn&%oﬂdt%k%ﬁfﬂﬁﬁe&@ﬂh@p&@ﬁt@fﬁﬂfﬁa sobdtate invelsoiutvdt be or

not ve I‘ so| in _or en t
driv enll;{%/fsmﬂ% ? ex%a\gve . one no es thap the %Q{ ;%oyr]n%ﬂ% fﬂn{igessentlally
combesep ptbe pagnesf withohcaatent i lq meaonngn)m obéatmy@r M erpsyiy cathodic

at RRGAHS BoteRel r‘éﬁgﬁa f&qwaeélﬁﬁnoﬁbftth@hbmr Wher e the monomers
used are use

mi xt ur E"e5F r‘??H\tFt)‘iileéﬁ‘oé‘StéﬁIeethﬁ%é?ft %'Y'E%’l f{/Esnt""e og)?a"WHe 8°tem|a% which
ard dreateminantess ob fheaeduition of the olfazorimo el e fet preniipea the @azonium
sal&ré} ck%gbr]ogbialm &M ob dé?g%né}rp‘?oéé%e%r tﬂe@éﬁro%@fﬁﬁ@% PolFhé& layers, the

prefe y selecte di net hyl f or mam de, .t he
begfivpatintgnosantiioe dquich free e, cipseiihese qf e reductlon of the substituent

groip ©f MBdfabdriey arddne oft ted madynehr adelir anne, the propyl ene
car bonRt e rdiid Ot h er‘? c{ \é%%??rﬁé'rﬁ“me %ppﬂg‘oegmfeﬂtlal ha IexcurSIons in

el ect roccﬁem S% or oet nane an ener
potehtiabrangas exhios cﬂw dret @ostm@oélm npiantial @&?Psalp@d'v%@ R o%’éﬁ“" window

befof? et iLcHEP %Iv@ﬂn\ﬁéIISt TH s@fentalagris aBehiqlidptieldSveryl Bssily in the

rocess | n onform vention haV|
vol %@V%ﬁ?f ?CQéTeF%C(RAd?]é t?%%(’t%{h%eaéwﬂu%%vew ste ?Peréséa S OF)QO%? galue) of
thamlednmmerdmcun@nt io oBaghjedcwvell dbomg the npaxinoim ofi tee rurfeat pesk stemming

frohMth@ ikro- Fé?iu@(loh e Rt GaRIRT séﬂ‘(h 'Tﬁg' nEthPey ofCR8 te%cfﬂoch@rﬁkalt r@actions
carry out a gor ous contr ol wat er conte

he
acwwwaw%&%%tﬁ@ TG ErGe Eledh GHITLATY G PREPIER: fom one
eleptrévbemBall medionf tor arothygr, vibut hustidiig dmvsmhd do toamedviatininl yf bither the

su%pgtmgn?&‘ir?l e 00 ﬁ@ solongSBrr bi Qéoiéﬁ ?Ei (ﬂ e Q[afef @ﬁénegater is not the

nventi on ectrolytic solutio
solivent). oickdlspf memstoagiwowﬁﬂiva@caqd@a@ e CPRBRET R ISREROlUalS i the

mv@ﬁtloqlnﬁ@tﬂayé é‘a&éhrfs@m Gt - ot-hev/saske Y&ty ,m oBeE thei divigpré cathodic than
of the process in conformty wth

nt .
the't'ﬁ “cf?Pv‘é??Fbgtﬁ ?‘108'“@ ectrolytic solution can al so
cont ai Whan the eelwdnt ia vatep pogoniaing wetes dhe iligd Bersan kgpyeihatthe applied

of%ﬂt%%%st%@%%thtaﬁ’th'ew&wr@ddch&m Raseage of the current in
eelectrol tic solutla‘?né( use of an el ect

supporT q gh vtg? PRSP ﬁlagtnbe}y l?e £ oc(ltl%%( é?ﬁ!)lll e o q‘?he%/ Rrooess (see

exé}h;aewmldymarl zabl e nononer used conprises itself
i oni ¢ gr oups. (aS e hinf %P'tr% Fnl?é’nué'ﬁ“ tﬂ@hﬁn(w, obtained by successwe

nmet hacwy?Labpe ammoni um cﬁ lorid h then ensure
apptigplipneplasryerabprolagels srleeted |”<‘,d38?’id€&tfyt %R rﬁf?,iOCd’PoB'”htva%ﬂ‘?'e applied
oﬂ@rﬁ‘gﬁfb‘eﬁahﬂ:l%n& protéols Wemrbheyp@bewu&md currdng eacpototal heing applied

to tgv r&le{c;ge)hc tt:x(;c;fsvfzr‘?l (rj\??atp %Ia? s?&anx E‘) o? ?lﬁ&gntWQFat gptﬂ& S(h@rad'ré/tocols

S SucC as per C ora
t et r af Theormisotoat ds adﬁlé@(af diper @i%@épmg@@glg electncally conductive or

semiconductive areas of a surface coated with an electro-grafted film as described above. In
general, these coatings have a thickness between 10 nm and 10 um, and preferably between 10

nm and 1 pm.
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quat ernary ammoni uns hal i des, sodiumnitrate and

sodi um chl ori de. Anpbng these quaternary anmonium salts
woeer®7ogm3in particul ar quote by way of exanpl ePCT/EP2007/051924

tetraet hyl ammoni um perchl orase (TEAP), the

t et rabut yl ammoni um perchl orate (TBAP),

t et rapropyl ammoni um perchl orate (TPAP), the

benzyl tri nmet hyl anmoni um perchl orate (BTMAP). The

el ectrolytic solution can further conprise an agent

f or i npreosibzvgiutnheaithio e \salbfor & veixtfiiel ¢f djagonium salts of generic
forF\Waf _RChpaty., ; F]\S\M!ﬁ ﬁsc&lteyr%e&fel or M6EO4EhAR firfd(sh RBd/or one or more

nvent i on, ectrically conductive or
ungaiiRiet BGURE) 979 S A QERST. preferably a surface of
st a| nl ngreﬁaﬁj corfyised tan adighnict sr ahrien@rsq@lfposeleotmﬁbre the group
con3|stlrr1r%|o ooﬁuocjg é%\lmq, %ho '.Aﬂ%‘ ﬁ\ aigtat% @ulg%Yes s(llEPJnate sulphonium

miterla el n articularly
salts; ehasphasel paewbpraﬁtm@hmhqw Faitﬁeqmoalhmﬁ% % RBINS; %ﬁ?@%l“um alcohol,

aldeﬁﬁfé; k&@rﬁho%rbofvlléi lé@ih, eiﬁérobﬂnldim nitilel/ Féhﬁudimje( Iamdpl&?dhﬂe cildyRralkenyl,

alkésrl)y?reé)tl )napgtm'l i %@Hyl Cpg{;rpsl a&% pglg/ér?rger\]tic d;rr]g])u\lég E)f hx er 'd%q‘jge %?@Wﬁgem the
alkyii ke atkfynyluarg's bahithyk antheyl, wemry! reind rpp'd@romﬁt'q grars| qﬁﬂwgb?r degree

|ncﬁ1d90§|g$ou'brelgé\‘ecteﬁufr&ﬁctﬁe Q§%n§?§fm9|@t hﬂ@ kitidr6ll BHBMOY chioro, iodo,
irid atin

r
thiegyaridl Srﬁ‘ﬁ’ht"‘tﬁ P'H%holnﬂ efif'? H'“mt ﬁaitsef’leoéf"i’%‘f y@]og,pcnc?f' ast? highosphonium
saled, eﬁetzbrﬂdnyts:alts soding, | apmabaim, egcobalr eldgfydeuketdng, carboxylic acid, ester,
am[?aoer %[rlllezglliﬂlygrrheogndt 8 rSief ace to be coated under

t anmet tions, as well as via any potgnt ial -
or curfemtdngoit # @Felf%f@dp'f‘?ﬁeo%fo?Chieﬁe'Wﬂtc?’i‘etfﬁ%ceﬁ%to fiej gyention is
chérb&8ed tnBat@ny di ﬁﬁﬁlbijSSIt'élaﬁErydﬁmmdml%bli pldi@alpy efSamula ArN," X, in
whggpﬁ' rggreger% ﬁg &Fo?naltlcgén({ag a]n e)% ! detseﬁtgaat'x QMB%” oggﬁageou?ly selected

otent! al
ampng\hatdgenst hrarhatesi @Oﬁmateecﬂﬁ Ch@tﬁﬁ‘tsaFeﬁ'ﬁﬂL@ﬁ?(bﬁ@éﬁschexaﬂuomphosPhates
anG¥&HESaRES at potential s whi ch are higher than a

certain thresho rode d

el ect r 6183 Oﬁﬁi’ﬁaémf‘hﬁ”?'g egﬁy gt Ip %zaosrlflpﬁgﬂatse Jreup one
obtind aaambkipistic eolevoleeitanl cembesdnuiatipzatiuvhealst one chai n

P?Lgrﬁﬁ'\ez Q@h\%‘ltl(g%rgbjgp car} G&ﬁau‘?%ﬁe %@%o@%@hﬁtlc gl%ﬁésefnked together or

SRR g é b 4 moccmot al r r?lg"nct:onal
fusefelt £ap d’eg? S 1 4THEM B @@'ﬁ%i Bosg e esy ESﬁ?fi’ G¥ORE 6r{"? f
subdtifiefts @6 & Réterlodromatid raviety Savirtg floeas to tatonmse derstblyenbstituted by one or

(9 tfuenrgz{'onal stit[.lgn(:f‘s déo ﬁgljlgu Hﬂmé lar H?)?e ﬁ&%&a’bﬁl@ se\e‘bteh Semong oxygen,

[Feast a part pot ent 1 al
mtr(o@wn @utph@mr)phpmwe oTheaiTB'I“P@dng‘éP PRE f%B@iQ’%\P@“p’isﬁé’“e or more
suﬁéﬁtu%ﬂt% bl@(ldseﬁ)frorﬁh%g‘ﬁ&fpfc@t%tlbgiofhl gher Lhan lthat of the
g hest | al t resent. Int e t ;
prefert eda @Wg%d?{? hne F]arméfé o rcan unjg 0 Qrgorl r:!\to?ns possibly
compiiETigeeadr roeTe idaulsié er pm@s@nﬂ pasvibly tshientitites! it caraxytradipats, NO.,
prd't&]‘éééc 4id BBitROS &Y héos@stitfee a’?‘ﬁlb@ gz @}%'nbl MaidZBnitif ealkoxy contamlng

tion: It 1's necessar a} er at agt azp arbon atoms,
frophd  Hot¥nCrapn (@M u?'kBH ‘ty"‘)'boﬁ)f%t‘ii’é‘f?l'”"gpfff)l e hé&
all@!d@ﬁbri’y&ikﬁ coithiging @b@nt ka0 ofrbbrhetosisy passibly Fmotmiatgderinyt hapllyl, the
?aht s t he hi ghest aryl diazonium salt present i n t he
Lt on. Wthoutwilling to be bound by theorg [
thought tracigalst HY's pessikly so8stiuR Rycedisls @%f%%‘?n’ﬁ ‘bf’yal”ﬂe lazonium,
alk@f()yborﬂi‘ rth{Pfr&ﬂHOtothQ:aﬁddﬁfaaﬁr& amoMjcdrbenyeudosapingritom 1 to 20 carbon

atoai; a\gg li}]Oé\HlQ@/ (foggamp ing gy { tﬁ) éal?:?onsaltjgnﬁsagg?s\ﬂlfﬂ@ﬁﬁa‘?eda\ﬁr}ﬂ or allyl,

aronatic su I tut
theshaidgematwplhene, the pol yrrer woul d be formed thanks to

\?\,Iht hﬁr SQﬁcaﬁ}p{brﬂfx% tr&?z Qﬂ’ote‘é{eﬁrﬂs‘é@sﬁlm afoybsub&liténhrbino groups
|1 C Wou ac as I nitlat
amiqos RYANRgdigZogumy F%PHOPH@'P&%MH‘P. %‘ﬁoxkﬁforgeg'{]%ﬁgmgn djo C%I'b%n atoms,

fromthe solvent itself.
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Preferred experinental conditions include, for

exanpl e, perform ng pol ari zati on under voltamretric
w@omndiogdisns fromthe resting potential of the BCEPIUAT/E€51924

in the solution Referring t@sexanpl e 15, one notes

that the best polyneric fil (essentially conposed of

the polyner, with |low content in diazoniun) are

obt ai ned for an excursion in cathodic at about the

potential range for the reduction of the nononer.
alkdtyesgonylesiohtaiming dromn's tor 29t arbioh atomisealkylqadiopyiety contpifieg pe 1 to 20
caB AbRE Bl PRIGHAI WinGBgd oy cat er than those of

ducti on of I azoni u salts ﬁ f h ti i
event h?‘ﬁﬁ@‘ﬁ‘”@ He & Po”i’%rﬁp PS8 a7t ehigyemaph, ihe r?r%‘ﬁ?sa?’ Rgnghtion s
ch@@@éraéd a et theraemesis gfoop cdnipeisesl ape or meorgrsabgtituagts tiely to react directly

with 9 rg\éﬁgaﬁq ygﬁ)ﬁ)glc%lnﬁol&%%rs qﬁ%ﬁul&l ‘e@rgr'c%?leﬁﬁgeag%\"l@hor one or

ose se O e reduction
mosg) @rgpqrsgqmembs@fp@%wblph taHer ttﬂnafgwﬁtr%aéﬁquemto &gact With organic resins,
biolHRRQ MRdledules e&tfemloéplﬁﬁlédjldégar tsequster ef &genedTienbeeisaemtsubstituents

Ilkeiﬁya\qd%%PWﬂcg;hvelg} éorl]t Ie?sI aslcaC )a([f ﬁglgé &P %o{e@ul?@tlrﬁﬂta{e@the substituents
of the Gemwitib lgwupifiked on thla @u@av;weﬁhawm@wv%mw@sﬂ'w to react with the

chec'rrqce@ AlnkfAs canby W&thé’i@\dleculeg Rine eﬁé?llx;)(&rﬁf réttive flritishslaliey by the
dentified ver I ans

aro‘g&tl? %rgbtbafa éheta(ljyltoh éln¥58¥%cﬁ yfe&c%ﬁ]lctu{m,latgnﬁ ogens. flcoﬁols E‘)or example of
typk i (@Hz)(HOHzalbs tleldaowydit aes, B exdnelesdf doe HEEROrAQQH. the anhydrides or
haltidt bR, 1 n ése[h\é%cy ok, (RO Rest Q@e%ﬂe"@# Wp@f(CHDﬁ-NHz n being

current’ peak stenm ng romt eefectro reduction "
2 wifie DRBBAORVISOSET O FH. RAPIINE s G BMBELFoBNBRIRElg 20ds or
phéspAcated nb‘hél@(pﬁamamypré@rstoh bubstti@epwhioie raiass garisforrbdtien, are likely to

reaé;fjl w]]} goynhe(ﬁsu rc¥1 lcal né?%lo}ég{cgl rﬁcpece{]g Hﬁ&%ah&ns%bgtrtm&ﬂﬁch after one or

e ca Iy
mage trensépoaiPns @ret H@Iyrteda@ﬁ M@ih pelyMeTst FraMitahar BRIoFER tTgiRpules. The
ore2li86rY kM s¥tubnts Ahich, ReStRInyBMtatior) raredlkas;tﬁi react ava e rexa(mpme NO,, N,

B I T s

N(Rnho@iHee AY=P' aBpPiRd thbemgupmtes:twengrpm hﬁv'émaw@ﬁ'ermmbef varying
f ma‘}/?o X CHHeShHRAScyHBulbRng! Aloi® or e UcEGSciliorRle id ekdingl2r & amines
o g \ r?od}e calt hO%I gythgr; the reduction peak of the
proéﬁcéi‘ée(ﬂﬁ?tlﬁ’ﬁﬂ When the solvent is water or contains

wat er , THehgrosdss chredorpp?rse @nfuktinen wept di appliying aappler @dating. This outer

cozﬁ%{; %Qri Bea%ppﬂ#cﬁtt)y Q ct 0%& ]gt{on %rnb} gl‘ﬁ)th%l: RaR Irkg ‘é‘ﬁcctob spray coating

ice of the potential value a
orwrrctqatm feature of the process (see exanpl es 12 and
13). In a preferred enbodi nent of the invention, the
filmi t ai ne I S (gea}]
pr ot oc gef’é%‘iqésdgn 838{: ?ﬂlézﬂtqug&g 4 S%chgp %Ug{'jvle Slfalehaving an
orgagic figu |g@fta<p tHleredel obleinkd ng trponr@cmsat apcomm ﬁQrtb% rvention mws to the

pro\ééé's: c@mg%\éﬁtﬁHn' @l@k‘é@éﬂﬁb@& oFah @M carBrRCdbtdieat l@@eﬁi belgdisétged in the
e o R oot
ang) D Eeamis 3 sidves thatwdrehiacmgssilinkirgdadett i nsedathppgerdllrgs)cagtbe obtained.
ThQ Pa%& 'f@rg h§4 e'?é @la{a:ltﬁfckﬁ A4 Gehwétn qrnrﬁ' SRl GONAY Ghdrd Breferably of

oat e W|th an electro-grafted film
bef&@efdé%@ﬁ' P@féﬂ“'ﬁbove In general, these coatings have a
t hi ckmaessuratameedh a:&:tmmmcjadﬂvmd sancicqrledtiee abfage. The surface

carp %E\Q’;?%ng'&ar stainless steel, steel or a cobalt-chromium alloy. Therefore, the present
process allows the coating with an organic film (in particular vinylic polymer) of all conductive and

semiconductive surfaces.
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nmand 1 nm The di azoniumsalt is a diazoniumsalt or

a mxture of diazoniumsalts of generic fornula
WORL00RA913X , in which R contains one or nore aPOIEP1007/051924

ring(s) and/or one or nore saturated group(s), and X

is a counterion. R preferandly conprises an organic or

m neral group selected fromthe group consisting of:

nitro, fluoro, brono, chloro, iodo, thiocyanato,

sul phat e, sul phonate, sul phonium salts, phosphate,

phos phtieairganicpiio sph baiawmysabdigner dr agmhimemis artigllar poly-BUMA,
pogmé(w gaW/MA ahé BH? II\APC%I@%MgﬁMAkﬁt:QBr%ferr@@%p\QBdﬁlnérﬁ the

rile, I de, acid |
or@pn@;l{m is appémdabl§|pRlyrﬁ9q in pggﬂ(]‘tplar %’%’Hﬁ?ﬂﬁ?}?ﬁor‘gﬁf A
pyrryli aa}dbepatsmé@ iadhk Goligwiny psandleshthathibe odegic ey cqmuiises the

c;hé/\r'inqier gtr nctutrelr]c?f thae J%Xrlm’ & ekt Q%lne md &XQ% vari@{@/ rln n tan(y ‘1:1 moiety of
RER P na of " h

yaronma rou
thqj@@p@@m |saft;(|vvlh@rearaarglrd@§pnu§@ s é‘f?fdf S Y rn@etg @L%esent in the organic

ﬂlnf%‘éélf&idsﬁ&e@xamfilbtﬂo fluoro, brono, chI oro, iodo,

i ocyanat t honat e hani :
ph ospH%t% WBWO%%B% 1$eth hgtéop%ra{%ed LPO yme 991 %I Elétin%h]togeneous in a
direcdibrt sgrpemdicuiar, to drenuirfacentloss te dieohetallid swe‘hgﬂd ﬁne filoxis gigleer in diazonium

an§ & g&ﬁ%l ek Rt tprgo%t:tg FwhilgRrier frd?r'\ th%'sb:%ceatﬂg e ik Giher @ sblymer.
acl de. Accor

Thgcﬁqaévsérﬁgwp ofgrp%fllﬁur|6@g§|%ter8ftlng H%suf &tﬁh%zﬁmylg salts are more easily
grattbisis @0t @niwet on sérhiabnduetngdsataces tiem sednbmers. dnthargase of vinylic

o\%hrﬁérgn Enaeﬁé’ueh ’thart’ rtlﬁs[: %r@ekag%eqxnyﬁc%ra{wlr@iuégd'\l% rﬁdlél embﬁ’s which are

aromati c group Xr resents

e
priggpritareipelied é’d\ﬂéﬁwfn&@%k‘iﬂé)l %P’aé'é?de%l‘fé‘éﬁ iRy a'erfafl"t?ae ing their electro-
redebioR N es ,theiﬁ]&‘ﬁrm@@‘t% of peyliehis arpabmsnenon with very low yield with respect

to i‘?ier %%%){J girr%c?:cgllat gma%lecgrﬁ %]:r:alaftﬁn%r é}prggrzoqga?{ € &t v;réy ics, hIS difficult on
commyh sgrfasap ¢specialy amsineresidual | opide navees @r@ogrﬁsené n%tmoflfﬁ“élan gractical
staggﬁo?ﬂm%zgﬁgb'oscrislat?‘al'eeﬁuidlleerehcﬁ]@ rblééﬁatgfaft& N@thagredt &5MPlidABe, on usual
|.C o an contaln
suracsﬂa}hpcpr%sﬁahlﬁgenltl?rh%@a l%r{%a%%(ts H%rmong? g%ojab%i ¥|:q918sn t%ee coampllance
ob&hre@llithathe Nidzogiummdalis. yorposs | thé \elestibgrefting toé diapgniusm galsy is little
serqgﬂ{(/g tof Hﬂ&t do%ﬁé a%é’a@&& 'thHﬁrht SosBive@inhfd StreQ@Ht @N&Iti’oﬁ whlle the direct

Ty aving from4 at ons, H
e'eetgp A AR A rYE\“D’“Cé uBSEMt ﬁ?Eﬂft@ o 8%‘??{5 EpRer g bﬁs layers
ob@hediaethd el OELIING of GbanuedsHETiIrg moxy gawne thrint thaagesbtained with

mofnomgrﬁ vin Pcsé aﬂg %R&S H%Xce-m\? cWa%ﬂm:an GvEl @ Hﬂthtde ayers as soon as

se one or re substituents chosen
they rasenat Hﬁ@stgssmﬁown@iesthuagaﬁeﬂdmgaa opefaeleetror Geflingaprd adhesion of a

polbﬂn@r@%on@ﬁior&aﬁmf\ibl@fmefdfrébﬁbllctfocgra’ﬁlwg(?@hbﬁf}néti (ngl,lcspﬂ@ﬁd fail.y
conpr n triple bon ossi bl
subst i ﬁl‘?t 295’ J "&%t?tﬂ%gj?yq?eapd?scegfpmem pr ot ect gd d

di substituted ammwubsﬁbietfut\,ed am no groups, cyano,

di azoni um al kexVheCHdRkdtnBmerom 1 to 20 car bon
atons, al koxycar bon%/l e contai nin m1l to 20 carbon

atons,” al kyl caf 8‘f§fr"@b?ﬂnﬁ'1“ﬁ'f”g&'°?‘?rg‘?ﬁ 1 to 20 carbon
at ons,- possi bl yarflﬁaueellectactawlmwmmb poperééd. y| , t he

hal ogeﬁfuﬂh&%ject of the invention is an electrolytic composition comprising at least one
diazonium salt, one monomer bearing at least one chain polymerizable functional group and one
supporting electrolyte. The diazonium salt, the monomer and the supporting electrolyte have the
same definition as above. In a particular embodiment, the monomer is chosen from the group
consisting of butylmethacrylate, hydroxyethylmethacrylate, lactic acid, glycolic acid and e-
caprolactone. The composition adavantageously further comprises a solvent (as defined above)

andlor a surfactant (glycerol). The electrolytic composition advantageously comprises the
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radicals aryls possibly substituted by radicals
carboxyls, NO2, cyano, diazonium al koxy contai ni ng
wo e@m02918D 20 car bon at ons, al koxycarbonyl e coPCHEPI0NT051924
from1l to 20 carbon atons, kyl car bonyl oxy cont ai ni ng
from1l to 20 carbon atons, ssibly fluorinated vinyl
or allyl, the hal ogen atons radicals carboxyls, NOZ2,
protected disubstituted, nonosubstituted am no groups
am do, cyano, diazonium sul phonic, phosphonic, alkoxy
mapomercat Ricorgeeftration df 1t5do 20nathtreaipzertiomsalia nge@trab@mf |5g10™ to 107
mo‘F/PWe%hﬁHoﬂﬂg%ﬁa&F&ﬂe e c@Pceﬁ@étBQBf APWB10hy| car bonyl oxy

contal ni n 20 carbon atons, Do

f1 uor i Hﬁ‘%‘@”\ﬂ“r‘ﬁﬁ"so Q‘Vﬁ@eﬁﬁ’l PFEstrolytisermp Rg%?ﬁ“%@m? 0 a

pr ef-err efbreonde @bsacHraev etrentgroubheorpistioe s diutynieghacrylate  and

|nv terized in that the aromatic group
%Pérmg)gthgﬁ]e&gg{”%%re substituents likely to react

d| re@tlp@stchhazewgraﬁﬁ'b resins, biological nolecules,

chemaGappormb eetttoBEe, @id conpl exi ng agents, or one or

nore _precursory substituents which, after

tran§f58P’?Pgt| on, are likely to react with organic

resi nsThebledﬂcm@jvt@alcommSéIeml e@am@w%acomﬁﬁﬁ%wheesmmomer at a

co%ﬂﬁ%ﬁﬁﬁ 8f k B Qgﬁ‘ﬁ/t $he J%nt@?ﬁ%a@%$b%ﬁnceﬁtbﬂﬁ§rﬁ bt 5180t ® 107 mol/l, the
kely to react direct ﬁf E‘SA%”‘F chem cal or
S“‘Eﬁ"&!”%ﬁﬁeﬁtﬁ'yt%la&'ﬂﬁe@%a“op i a\?lré substituents of

t he ar lampatticwargthe dipzdniuxeshlt@nart drg dpeerivac salta i syandring electrolyte is

adp%?a%;%u‘éﬁ cﬁwy&ﬁtﬂ'o%&ﬁ%bﬂoh@ l:ynsfsﬁ’nq' cﬁq\féNOW'aﬁJ‘TE/nf F%h@\@lecé’dlymers the

carrie ecul es. The exanpl es of
use afactovert eRpEly ONE 6‘8\‘ bs wEepyetdRe ar orrat ic group are
t he palikngr oiféct v tﬁellhve@n[lorae et gleetrulytic Eammpotitionemptisiey
hal ogens, .al c or, .e f
Cl—%’tﬁlmémfcr ”ioli’bm&a%tt?oeé {%lr%gg °E|* é’[%?z orpo”éxarrpl e of
{ ype gwqmtﬁﬁmfaﬁph@f %ﬂﬁydm%s or halides of acid,

t][]e -Birkdthyl BSmailig ab &@%wamt es, the amines, for exanpl e
? r om gntc(OBtg CI-IZ(} agamw&%ra%uo&o@o%% %Ia contientﬁalﬁgx)?fr 5. %arty @gmol Nl

phospﬂ@o«nmmltatﬂ (¥sN©B) growpteomatiosof 10T H@5 é&pﬂ“e@y on

"precursor substituents whi ch after transfornmation,

are likely to react with ynmers, chem cal or .

bi o188 RVEMIRAIc (Faks 10 e&f}gﬁé‘gf EFSB%”t”PtaUE)HP%'atWHif8rhe'e‘3t°graﬂ'ng
coraf)rtisefg tlﬁmfencmngrmccesetnrea;t@fsor mations are likely to react

a) Bre el Oyggg @5].? r biological nolecules. The

cursory ich, after transfor mat i on,
are- |butklmevla@rwaﬁe§a>@9marr@ta qopsenisgionsf &5 apol N+,
( CH2)gr9céE<Btl(5% GHRY Pta %e)(éﬁbﬁ)ﬁﬁbenmbf 0.(rto beialy a
prot ctl rou%taa K Sﬂké -NHP R, (CH2)n - N(P r)2,
? pESEYe R pei ng protective groups,
n belsorguranmmel(léeNﬁmtﬁéﬂ conseytratign fr1§Tiol5 16 M/ The

b) Fé'a&nﬁ%l sa‘?dJ L:thwé)(tl)n ChHoPltd d6e, U-nitrdiPeRE Rla¥bnii lt@FafGRotiofate, at a
| es_ of _am esolgr otective groups. The process can

COQQS’H‘&"P%@f%wf W iherodt ep of applying an outer coating.
Thi s\ forttie bbjem at theigvardion b enagpdtiobtic @ynposition comprising

el e%g&@@ﬂgﬁ%wﬂat;@ 'Fnohé{mé\'natar},%ﬁcem?ﬁfdﬁ of 1. 5% Shé

coating or spin coating. A further
Obj e@bfcefr@ %ﬁ‘ Cé'I‘C@B‘H"“Pﬁaﬁqgﬂ teér‘l‘iﬂﬂ:t i ve or seniconductive
Surf-@ﬁﬁetm}%rﬁ@mai@ aorgaoiventf i | mgrafted thereto

obt al n ?pe%/r]){!tJ] azorp 51% ?e?r%ﬁ‘lfo??%ﬁ%'{edétr'l\g:oﬁc%n{rggn htné/ tb Q6" mol /1

Tha coati ngs
of oragalnmmltlfaiel (h‘ﬁf&@ﬁ) @ congeniralion of 19° te 40 h@Odbser ved i n

the The invention also relates to a method for preparing a formulation for electografting
comprising the following successive steps

a) preparation of a composition comprising



foll owi ng exanples that organic filnms of 300 nmcan be

obt ai ned (see, for instance, exanples 1 and 9).
wex@mpda3B shows that when a cross-|inki ng agePCT/EB2007/051924

used, thicker filnms can be %ft ained. The grafted film

has preferably a thickness between 1 nm and 10 nm

nore preferably of between 10 nmand 1 mm The surface

is an electrically conductive and sem conducti ve

surface. The surface can be in particular stainless

st eelhydretyettlimethacylae behemerhat@rcoonentatiboyf. 1.5Me@medl/or e,

the BrSéranéta%&%m.o@bﬁmoﬁ%vpoatI ng with an organic
film particul ar vi ng ic polyner) of all conductive

and %‘%ﬁ?ﬂ]‘@{“id@ésg‘ﬁrsf’ @®s. The organic filmcan be a
Vi nyl dodiupoiitiateNaid3)catpaloysupiration of 10arte 5.40if mol /pol y- BUVA,
43
5 o B R I S 0 AU AR
COMGGE@QF atfat) do pd W?fé'r in particular a
PPheyRAPLiH RAKDNEateE toda Plobessldf ceaing Betdbait sedettro-drafed layer of

sthat t ni,& . filmconprises the

poéf%l%(ﬂ‘io@fﬂq%g‘f ?flfg{g'breecoﬁnfm(' tne fof?o rrrr"ggrét éi t her one nononer

of vaCieanisg witthoetenge)t wiiin b!itra-smw Bekyizppwertp%dpralfdmPUHM;
10  salt RMIRGwARDARYEr WAinAZPNEINE BRHE pdwer UEA thr 16 R0aY,
noi etiéR is present in the organic film-see for
i hst af&@%xanpl e 1) As shown in exanple 16, the
el ect Contgetaf tredtepolithmethiode ¢fid ppwessupply, honbgeneous in a
dir eCPlp?n\gﬁf I&%Ql%c%ldlu%n Jfglaﬁrhﬁi with! Jr&ﬁ%ubkﬁlhé’ﬁestd)zdrhtﬁ

ace, Imis richer in |azton|u5 G{H}hf

|t s e|Pe@ﬂrf"a9st@twata|%ﬂ‘cwg;“aa%edfu@f@covmq“@w BEYWRRY #%m imes
15 t he frObr 6@@&Ircmuhﬁ)tént:bln‘l}ol—s3r\V/CEe(CEI  cpoteyetentrodel i the anode) at a
“dual " str eresting result
as: SE"‘"}”'"& ’%%ﬁ{ogm%awﬁa'fﬁb* mbbﬁlgaaggllsh? Yy graftable on
conduEtr$tmigsing in HMwith GraeD SRR BUP PZ206¥™t han nononers.
Iﬂ th@eé‘cﬁﬁ@in&rﬁg .meyérlg@n tﬁUbBﬁ}@m'WdforE)thZS e |d eve;:l t hat
this is bec are reduced to radical anions
whi ch R{PEY a[?@g?t fgf% t%geinl' ed by the (negatively)
20 pol ar Drérd lsMaCfuame)vasatﬂhé&] @rrebafoionddo 18minng t hei r

el ectroreducti on: hence, the electro-grafting of

vinylics is a phenonenon wth ver I?w Leld with

géep@&qntq?rbfut't% r@ﬁtfs? 93 propgss A ©© a‘ilpg )"7],3 etnhétth an electro-grafted layer of
pogiBaginiahgryafd congrigfg thefodoengstepsot abl y vinylics, is

diffi eﬁéakmgw.t g@@&tm Uﬁr‘é%%mf §§gecpb@erlgmo/ow®m b 88 nffuial

oxi de resent roma practic

25 st and&ﬂswe witly Ph‘é’étﬁi Wi Wigr-saicaiokHappwer PR dpr(ig to & min

el ect pgyigg afted, with great conpliance, on usual
surfaces t ntion transfers to
rmnorr@P%t""Ct'rI?S?"gbﬁen%'lphncakhlt)}cfes0ft oéveco#%h ance observed
with Dh@mguradmtrp!m sgupqrsof ch Spyidrargantpebbling for 5 to 20 min;

el ect trPQI'agflfgf §térﬂtgla%fcyglct@§@iﬂﬁrh'éﬁy%téo‘él b&xhlhé bét@een 5 and 75 times
sensitive to water conte ure

30 obsérpg\e%oeprplrrf%tepo&ng@ dR IP %“)/é(ﬂ% ((g[ﬁl %?tfargleftﬁode & thecﬁnode) at a

el ectarmingrraté i Em)gn\dﬁ witb agoe behblimpat 8dyn; vi nyl i cs, is

very %ﬁ%‘?‘lhé Illdllﬁ vY‘@ta?d'on %%Hhﬁ for 5 (o'io)mlﬁ he | ayers

obt ai ned vi a ctro- di azonium salts
ar e rT§P@°”€é‘ﬂ%@g 'f‘Wé*harﬂbe%‘é’ g@%%"ﬁ"'ﬁonorrers
(Vi nyRire®y in IWUat@cff(ﬁr(thZGlmrexcel | ent coval ent |ink even
with thin e at | east
3B Jom - DOHBURTRGE PHELSQTT R R R AR

el ectro-grafting and adhesion of a polyner in
ExPeRINENTNRS I N which the direct electro-grafting of

m)nome}:\l? ctge\{r%igaYsl \I/vgrg)ob%)n%ld Qrofmahlldﬁch Chemical Company or Acros, and were
used as received. TiN thin films were obtained by MOCVD on SiO,/Si substrates.
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The organic fil mobtained by the present process: can

be a bioconpatible film can be an adhesion priner; -
w@2am7kgoas7 el ectrical conduction properties; caPCTER®07/051924

electrically insulating pr rties. A further object

of the invention is an el ecffol ytic conposition

conprising at | east one diazoniumsalt, one nonomer

bearing at | east one chain pol yneri zabl e functi onal

group and one supporting el ectrol yte. The di azoni um

sal t, Theetypiosieoeronasim wive?suppoilhé rigctadpelishedbipinieshaigel (316L),

coﬁzﬂechgﬁm% ﬁ\ﬁﬁééﬂﬁ) CLRNbIRRERAWER sy @asﬁb@rtﬁérﬁm &lbstrates were cleaned

he mononer 1s chosen fr
for9rraingtes H@debpitrawws[@tqqa(‘cm a?!gétlon of Dorex 2/0 thgn n (P stilled water and

driy arrexily Bt iy breatd a0y bdfere UsacThecTiblSiQLSi gulystreles chaamiedk used as
ey fom HRAALAS LBGriont smsémos' Lion adavantageously

er conpris vent (as defined above) and/
a_sur fAdruater T(egwy 2EF oNTET raoio B Iigter SPRTPECEBIRSIS) RTPPd with 2
SeﬂQRQD&rQQ,@@é)%béésé‘@mF AR mehfiesdniiess 1Bbd @ dhenctenertiat ¢ooposition

of g\gﬁ:egtmgragtal rs%r?ug?n gf %6”‘ dfh%ztggmfss ﬁr%% (Ne?et rﬂgasured bc\; carvma a sharp

fureivetbtaugh yheefilat with & enitse rand amqa@wmefthq@)&@htot)t@ fwow with a Step 1Q

prdgﬁg{gteg g&h t@(ngﬁ*Cégé& 'ﬁ@tvblganﬁil\e‘ir% S lofel Bfle BSheAdent potential experiments
oSsI 11 noner

wefq B?H‘)ffﬁeéiy od ,Botggtwgﬁegq ﬁ@os 'i’ﬁs%? T G Thelimens Ug‘ég A% hich the

pofeyitht @K yret wyrking teleatoudg | (Bteesubstrage td basoaterds dnpngh witlmrespect to a

cal§r§1!elt refer?ri%eséfmgaé é@@S)elLﬁngsé ek ise @leled aaﬁs Pbiéals Irtée:mphcmy

SItlon a vanta eousl Y. nmpri s g
'“df?éWérYétF r%%pe%* te 8}@&&% fefrensm Peentipl @ %“c?xQefm”?St Thec’z S SpeC”a were
ob@indd @Ri AIFBEALAB &G RL comeguipmert i(aurcef AB.eher@y:41480.6 1401 ToF-SIMS
sofff g Ut GOS0 SR P G oA S8 gL ccston
tlmsa\rals 7ps arghthe BRECtralvere GRIUTAY Q‘éﬂf £n arpR&f LS HRIMI -Rjectra were obtained

with tIRCAS §HchteQ25 ﬁe\@@}ﬂ&%@gﬁ@h@h YashRs@ioh ke t Beh Gk @uglitive and the
conS| stin I\QE and TEAP. For these polyners, the

'éeﬁqecga‘g‘?ffﬁv"ecﬁfd especial |y DVF, may be recommended.
A f urTheegleashjreqicabfmpeti@ce rPpeiioReonY jexpetiments gare @ejfermed using a

thrgé) RSl %CQSUWQMCQ' &e@ wutiblét MJ’Q@%[Q@GI‘])’#O@%@ cﬂ@rﬂ&naéstroaé and a

concentration of
Ag@@ﬁb EHRreNse i elsstrese- 6hq)§ISt @eitrWFrplcollecﬁ%ﬁépﬁﬁ mii‘g‘i?‘ﬁ%'}%' %tentlostat
VMESI/t WRicts @lev edtitrplled Bl aicomppbrewil Ediabz enfivare The measurements were

pellfoer‘tnr é‘f { Mg ! EQP&I%E:F m& it Q-Eq% @b 'L@ Roi@fonDvdiDs fle @ncjyrQarilge from

a concentration of
10° o~} Yz miith 5" mewred/freqqus i H%é?ﬁ%d% g | 1989V Repk iR 88qKpsing wave

amPRLAOHgHa0r preparl ng a formulation for electografting
conpri 'F enrgesen? mvenklon Wh hgremgf‘t: %gsélleél ?béc'ot %E’r% specifically by the following

Examples. It should, however, be borne in mind that the present invention is by no means limited

to the following Examples.

Example 1: deposition of BUMA thin films on stainless steel in the presence of 4-
nitrodiazonium tetrafluoroborate.

Poly-BUMA films are known to be biocompatible coatings which are important to be
deposited as films on biocompatible substrates used for prostheses such as stainless steel,
titanium (example 4), CoCr (example 5). Such films are obtained as follows: In 50 mL of
undistilled DMF (dimethylformamide), containing 574 mg of TEAP
(tetraethylammoniumperchlorate, 2.5 102 M as a supporting electrolyte) one introduces 50 mL of
butylmethacrylate (3.5M) and 236 mg of 4-nitrobenzenediazonium tetrafluoroborate (10’2M). This

solution is introduced in a two electrodes cell, the working electrode being a coupon of polished
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a) preparation of a conposition conprising -
but yl met hacryl ate nononer, at a concentration of 1.5

Wwa 0020987 | - glycerol (5% of the total vol uneRCT/EP2087/051924
concentration of 0.01 to 1 [/1 - Dimethyl Formam de
as the solvent, - sodiumniTrate (NaNO3) at a

concentration of 10 3 to 5.10"2 nol /1. b) addition to
sai d conposition, prior to use, 4-nitrophenyl
di azonium tetrafl uoroborate, at a concentration of

stelinleb6 stgelt amd 1B dountst elegtrod@ afpifce labearky REEET- dhe pgiential of the stainless

stdel4BRLE RRchrme@ PR tiRbLFIt DI 10C3.6 U B FhtE bPTOOGIIDWitlSAGeN bubbling
hydr, oxyet hyl met hacryl at e nononer, at a concentration

(2bPin): 5 to 2 nol /I - glycerol, at a concentration of
0 01 Ib 6gute fuhd first-(blBikrtiee Fapd loBO(HotEdilioe cagic vol@mewbne it the solution

are re el o&%%ﬂé’t atlrgg# tﬂé‘hm H)Fﬂ‘étﬁﬁ raf | uor Obor at e at a

centration to 10 1 nol m.
n| t r d&pneth FW wljichyis ét&q(géﬁftpl\éfmsgﬂ EB\@F mteg afx%ang iedds present a
3008 thidk, h&htfgehme ndréedi3h flls i thelRadpeatrumoofahenfitrh Hoelcafrtminyl vibration of
thc{) h@%&’#&hacw a(t)er %uébs% v%] T l{ 8€!>r§ Ctaf?(g rtﬁaef Mong/nﬁ%m&r én?i' a}ﬂsymetnc

ccessive s prepar ation of a
vibeatinrod |the|miwpmmﬂi>lm a’qQSZOHB;ﬁéﬁgi@f@t higsPRAitRACr vyl at e
NONOIEe sh@l‘} n@i\c@ Hace Bél?-@UMﬂﬂay@f |s l)bémte@ edendugh pely-BUMA is readily
SOI%’%&{WF %@g%ﬁg&/ﬁf‘%% g horou rcz)n]émtgg d?)M%Der\]/?é urzadtege ultrasounds
for(2NMaitN®B) at a concentratlon of 10 3 to 5.1 0 2 nol /1.

b) addition to said conposition, prior to use

4-ni trophenyl diazoniumtetrafluorohorate
ExamRicchitdeapiion 6f PEVFYIMA tin s op.stalnless el n@%ﬁ{‘i‘se"“ of 4-
nittadidzb eiunT tefrafluesotopata with okss $rainfpatedial. ng a stent with

an el ié nﬁ’ng ?t%ﬁtfa% %zﬁyb%r %E as for example, 1 or pulse train potential as it is

dr ox acry ate conprising the follow ng
deSCtﬂé?Qsm t*@l"@@Wlnﬂgxwf‘tTﬁm@é‘t"é‘@@‘éﬁt with Utra-sonic 35kHz

power %Wgaﬁ'férpr&e@dﬁr@ a2 hangiven in exBimpRi NgasrnigoyBli eXdéptainan the pulse

traﬁrw{éﬂ&al 2 @ g’glﬂﬁrﬁ?}g €|Z X éntrs (9 9 ; ga %% é\ta\(r)e ?e%n %%\’/{% ;r)lace of the

scarg| pptentil pidiersgar nureltee wies 806 o t’?ﬁ)P‘@thQﬁ wHieh s tﬁ?%ﬁ%u"y rinsed
Dl\)\f)’i gzgtae@%:rgigﬁ JgH@leké’égntfanOO ﬁmttl‘ﬂ(t:kz Rorfddeinedd8] qédn®h filh. St ent
vol ot ocol
OB T oy Bk TR 1S DTGB
obfdDkedat ¢TaAsrUNErapk et tvo dpnmettihanceamtislo)etrintvibeatigesaef Wiermirapheny! group

at ?§2033991§Mw é\n&tl gon bubbling at 8 I/min; First

rinsing in argon bubbling for 5 to 20 mn;
Second rinsing in wth argon bubbling DM for 5 to 20
Ex@inPle 3: Cross linking agent (pentaerythritol tetraacrylate) effect on the film thickness

obtained from methylmethacrylate and 4-nitrobenzenediazonium tetrafluoroborate on
stainless steel.

Typically, the thicknesses of films obtained by the vinylic/diazo copolymerisation are
about several hundreds of nm. One can obtain thicker films by adding cross linking agent such as
pentaerythritol tetraacrylate in the film deposition bath as described in the following procedure.

In 50 mL of undistilled DMF, containing 210 mg of NaNO; (2.5 10M as a supporting
electrolyte) one introduces 50 mL of methylmethacrylate (5M), 236 mg of 4-
nitrobenzenediazonium tetrafluoroborate (10'2M) and with or without 1mL of pentaerythritol
tetraacrylate (1.2 10°M). This solution is introduced in a two electrodes cell, the working electrode
being a coupon of polished stainless steel and the counter electrode a piece of carbon paper.

The potential of the stainless steel cathode is scanned 100 times from -0.17 V to -2.8
V at a rate of 50 mV/s with Argon bubbling (2 Lmin™).
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Rinsing in D Water for 5 to 20 mn; - Drying in
Vacuum oven at 40 "C, 10 nbars for 30 to 180 mn. The
w0 pooef9d1dn further relates to a process of coaPCTBPH07/051924
stent with an electro-graft | ayer of
pol y- But yl met hacryl ate con‘pf sing the follow ng steps:
Cleaning with Detergent with Utra-sonic 35kHz power
90% for 10 to 20 min; - Rinsing with DI Water with
U tra-sonic 35kHz power 90% for 10 to 90 mn; Drying;
Cont aodn thy etehieodstvenith isvhtdn careftilyotieecoPMB, yrtstend singrirdys present a

hom) E uig[heﬁilsﬁcf?rﬁoww Beﬁégrﬁ“rftdpntrﬂf filr] lidkhes3 Wi 10 um. Without

argon \?E?e mn; Polarizing stent via a
PeRigREYIe! thtEReeTy t‘lsy}‘mﬁi?‘b‘t’éé%f‘m scanni ng between 5 and 75
times [k I’s@ﬂ‘é\'&@ﬁé}(pémrﬁé}ﬁﬂ withpeheatyihatol teaacry@iein WeGEmEeCBnditions but

thﬁ{ﬁ%géc ve%{ ﬁf and r{)oganﬁ){])sca%g qgﬁgeéﬁll ﬁﬂtc%@%@ér@%b{aﬂe@ th%( thégwess is

mn Irst rinsing
lin@ivEcopiding taihg @pmlpﬁg @blmpﬁ@dfcmlesgpf yQtamgely as itisgessyipfigure !
rinsi nggdrd) W t hickh@RN dwididni n@‘ Divis f @btalet 0 fd@ NUMA and  4-

nltr@gnSI n geoéwrrhttetgﬁéuw@o(g%%q tt §r?sence38f tpg;t{%ggnt& tetraacrylate on
stalEXBEREAENTANS Abctorotmetmtrmamlmwbmvfeemtﬁoc&\en?@al PelemARpEsR Ghimber of

cycgl &dﬁ@e t@emggﬂﬁgfmﬁ%)os and were used as received.

['ms were obt

substr 3{%&% thegaraony! V@Eﬁj%?{ tlgq %og ESEAN ?E)($rv%€§ 7R gm’ ' and the
twekpgahétapahd shisgmstiaividtatioss sft telnit(@lidly) groopleal1620 and 1350 cm™
res%Q{hQ@ um (MP35N) sand bl asted and non sand bl ast ed
Pfanm um substrates were cleaned for 30 mnutes under
ul trasounds at 500C in a solution of Dorex 2% then in
Exﬂrinﬁlbid |oﬁ§o§lﬁ$r€bf pOKg-BUM/ thid filloslloni sandrblastenamt ndHGA@ blasted

d
tltaé1éur? glgbéslyrateea lrf Iﬁrﬁ%n%\%éébe%gg?etdfa%%ﬁié tgggéﬂ uW?Jb%réfé e
Br uck efheEams procqurEes tiakbgivary in ﬁ*ﬁ@rm*w W3 jugRdRKCept “hat sand blasted

and E’&Fstaﬁ@ﬂ?gt&f titrfiun !s&trzﬂé@\ﬂérg asbdwh blbcetof SRR Ssteel.

L e ) 2S5 ke e RO B i o P o
polyiasyrhethacopatof obsarvadiat 1748t 'Heind kedwes s;fmrhqztgc Mra@tlsymetnc vibrations
of l’k@ﬁlﬁb’ﬁh%gyl ?%uﬁ 3(1\"5'25] And AP, rgéﬂe[‘,@\é{yt hrough the film

ter and neasuri h of this
W th 2 Sicor of B P GRAET: 4 BHF RISHPREBSE, DARENTCHScrophobi
chatadtéranie kiifaee afist t:@tatheht tiwaer dep eordan tingdoingnasea from near 0° before

treaeltx en ré gle n%tsgomgfq flﬂwecq t{gﬂ( %@gg om (EI—? very hydrophobic poly-BUMA film

oten at/ gal vanos I nst’runent s,
Ob@@iﬁq bW'WtW@raétwgt he potential of the wor ki ng el ect r ode
(the substrate to be coated) is inposed with respect

to a calonel. referen LT de {E My :

: Cr (MP35R)° substrates in the
EXS'PR'&\%W depositien; ?fegﬂ'y%g“ﬁg eﬁ a %Q'?ré n’pﬁ ’3. ??y
préseoéecitdgutrobenkenedippevumiterafiyerobosdte.ef er ence potenti al

in all,e¥RRrds 'Eﬁ&]étﬁed EW? %ﬁémﬁn@@% Ry dﬁﬂ%ﬁo@@t@ otchsQNsudporting
ESCALAB VG XL 220 e UI t1 é%? ﬁ 3%}\? gQ/
elegtyadvde)g qg_\\g:) intrpggces) utylmet acrylate ( ) “and 236 mg of
4-nitrobenzenediazonium tetrafluoroborate (10 M). This solution is introduced in a two electrodes
cell, the working electrode being a coupon of the electropolished CoCr substrate (MP35N) and the
counter electrode a piece of carbon paper. The potential of the stainless steel cathode is scanned
20 times from -0.3 V to -3.5 V at a rate of 100 mV/s with Argon bubbling (2 Lmin™).
On the electrode which is then carefully rinsed DMF, water and air dried is present a
300 nm thick, homogeneous, greenish film. In the IR spectrum of the film, the carbonyl vibration of

the polybutylmethacrylate is observed at 1728 cm™.
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spectra were obtained on a ToF-SIMS IV (1 ON-TOF GrbH,
M nster, Germany). The acquisition tinme was 75s and
W0 b@7epEast ra were acquired over an area of 150rABOPIVR7/051924
Spectra were obtained wth e Au source (25 keV)
operated in a high mass re ution node. Both the
positive and the negative spectra were recorded. The
el ectrochem cal i npedance spectroscopy experinents
were performed using a three el ectrodes
Exahplete: defusitionalf poytBYMAHifh filnd e GeCplLa@5) substfatés indke presence

of %_%HQE?%eﬁL(ﬁﬂornWteﬂgﬁucﬁ?tﬁg'élégCI reference el ectrode.

spectra were co ted using a multichann (%I _ 8
pot ent TRESPEE CoNEs 19U RIS SEEEGHE Fotd gxpepythgj substrate is a 1
mr§ Qm&cﬂbélt-&%r&rhiurﬁ(ﬂoaiﬁaﬁﬁdnwm compesitive af tHeest@trbigtiorsrigion is the

foIIEwu@ %_?Tdetﬁaa]tcg{ate ﬁ%?e@r 5@)? 4~ mt%%rﬁ@ﬁéd%lzoﬂ L?’? tté'ir%ﬂLg}yi]cg’Ei'orate (10°

equenc ran e
M);Lr@ar\ipsr@ 50T M), Slyeermb@Gheety eighguRME (@S fpyefve'@é)c&?i%e"é?@ss by weight

in referMcPRBKnE Qta{D@&bht%f e cmw%mampl i tude signal. The

presen I nventi o reLn e

speci f If@éﬂegrwar{] [N ﬂ}eositefngv\sd Wée({ix %M T %nsod grle f&r%drr g&gse at 40°C
undrep\wetembar byecuvior. iIBeforentherieledtradnedtingt ﬁentpspé@@m trgatede by p@glutlon of
NH§4@X a9 W@snhb it rﬁgh(;cpthé Qﬁalf\éa do@Wg@ﬂckﬁé@ﬂPé&%t 150 nm.

E'engft'ngnpéfﬁgeetffg?@@ig ofrrE et sersi Bl © 4SCE win
ardo@ biitiblihdu@n. o0y, Scen nurey 6BkbdAs f9ckmingante: $0MOME. t 0 be
TO}%I S‘?Iag ';Bé”‘ lsbAnetPg ? Lt s'ﬂgﬁsbwg gggs%ﬁgrgftgﬁg% Efq{‘éUMR AR same spectra

ns on e substrates used
a|8f> @Y'd%ﬂ%ﬁlelﬁé‘éeé‘?se SﬁP@ﬁkSﬁa@tﬁaﬂsﬁfF glglyeertbel , titani um
(exanple 4), CoCr (exanple 5). Such fi Ims are obtai ned

faql l gl 0 L . .
exEiph3: Pt Bl S AL L SR e prsece o o
nit(cbetzenedingdnivmtatiafingyeberateor ate, 2.5 10 2 M as a

SUppOfﬁdlﬁQElﬂAQ&%ﬁ&héﬂ&hma@%ﬂdﬂb:ﬁ&ﬂ%ﬂﬁe 50yhdr. Gihile poly-BUMA is
but %/I nmet hacr

conpee HRATENEAR GOSEDNS VEL PP CRYCBBIPaP opi e Fyore heroshiic
pol¥iérs ApolywtEMINfiling carniter adaiseichni stairdess week Mdcthindithe éexewplp 7). Nitinol

i 4PhthiRhEcbrada, el ng 3 coupon of

stal nl éss steel and the counterofdlﬁectr
t

pi ece 'Bfa reixikEso 1B aed undipfdled, BMEANA 9P Mt oftdrRIOWEes Vi’ﬁteés‘éonta'”mg
145t @gl ofc aldonde.5i 192mc anneds@Potingredediroipte) - cﬁheZ infotlgces 329 mL  of

hydrO)iyﬁthff‘mef’a Ergla% (Hg:'ﬁg %%PX\A(Z%(?mg ogg:ﬂl#g g(értgunk’?rgﬂuuoborate
aaq Mmeyhxa:yrdmtion iy Gleeuea gt anihiee dastodss| gt fBﬁ working electrode being a
con%ﬁfotp%ﬁ’ehe@ eSS rAdel, NGe tcburﬂlerf éléd??oﬁé)bn’;ﬁédeoﬁf cdont paper and the

efgﬁaceeﬂnﬁg&q\ggaec?@d% T@g 8&?”%’ (%élae sﬁ%,r]ﬂ?s[;? ?ei(egcat%\él: & |5V§5rﬁ'\red 100 times

frogr-eeNits H.2V kin raferof § ¢femY/Rwitp écgon vhbiifg @i ). m t he
car bonyl i Rr %Jehmn o tﬁebfﬁlnpoih);‘ bé&aéhﬁ%rma%yc@w vibBations of the

observed at cm1l %nﬂg% iively. The t
polyfpydioxyatmrpgteaciial &9 SH?W ’f‘thé7%ﬁ fp " gFGSB%C Y- The o
vibAtiakd chtnd nik@DEngInordup areeispay tétaudble. Che shall notice

that a poly-BUVA | ayer is obtained even though

poly-BUVA is readily soluble in DVF. Mreagver, this
Examplg @i tDepesities ehaobudiMA; tin ﬁ@lmﬁnomwﬁ'”e\l@n“\&nd’é%se"ce of 4

nitkbbhARBHBEEhium tetrafluoroborate

The same procedure as that given in example 7 was employed except that
TiN/SiO,/Si substrates were used in place of polish stainless steel. The FT-IR of the obtained film
shows the carbonyl and the C-OH vibrations of the polyhydroxyethylmethacrylate at 1704 and

1152 cm™ respectively.
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for 2 mnutes. Exanple 2: deposition of poly-BUVA thin

films on stainless steel in the presence of 4-
wopdoroghiiazoni um tetraf | uoroborate with pul se tPEI/RP2007/051924

potential. Scanning potentifés can be used as for

exanple 1 or pulse train potential as it is described

in the follow ng experinental procedure. The sane

procedure as that given in exanple 1 was enpl oyed

except than the pulse train potential (g = -0. 5V
Exéltipieng Degsitian bf Eioly=HEBAQthM filnsi org NOTi INEinohdw dhé eeasence of 4-
it Rz RaBk G QhrailiGroBGaRNT N9 potential . The scan

el ectrode which is theF
car ef ulnaympuppsE @4OME, of REIPRIFCIWRISTa P AINIR-5 B9 SF dlalh {0 1M as 2
su&%m@ m&%uﬁ& onb @ifb@EBS oML of heedxyathyifietharylate I(HEM J0R in volume)

angg%? Elg & -(r%l r{)t%,]emgen{;atljxg rgmumhtgtr%lﬁwa&ﬂ%fk Qﬁ”@; is%elu n i h\?rocg]uced ina

e IS serve
twe mctwﬁmeﬂuth@wamg gletrosly being b coupon PEN] @héhedaou'etﬁreelectmde a piece

of @ér&Jn%B@rnYtl\e &[éﬁhm ofthe NRRS) cahchelSS&fAngd® 100 times from -0.7V to -2,5V at a
Cr.oss i nking agent

rateﬁgﬁmywmrqog u 'P?g%ﬂ?/l Jate) effect on the film
t hi ckniestheolft spentean faf ofre rfist.hienesrtvarr yidathe grdH vibrations of the

po@ﬁﬁﬁx?&%ﬁrﬂ&ﬁ&%’t@ zpAi o%%r&&it bk %QLIP QR @4 &N rébatitdie Sthe two

I cal the thicknpesses obt
vibggiigns, anﬁﬂe i 'EVQﬂ’f‘%@’b IR A ﬁérrdlys‘get“fcﬁﬂl?'ea M ge én‘% %% r© gqmbé/graﬂed
subktagrenlgiraphilic) B3 séanee evater oloblai shapdhi cker fil ns by addi ng
cross linking agent such as pentaerythritol
tetraacrylate in the fil mdeposition bath as descri

Examplent: ﬂgpqsﬁwnmj qg}yd@@@l@,U@ﬂA ¢qpolymeg thin fiims, g istainless ﬁeg in the
prédifice 6Qhitbhdn2hediddoiimabtrdfbkdbotale 5 10 2M as a

fnl;tp ﬁ;){ %qﬁgi‘%\%ﬁlg{ gtf{?gw%(mg Qégcl)nr(])'@nre%quilﬁ\%ssoégonné'onﬁ)gsmon with variable

quantity olvénz2metiaaarixyetnt-et Raf IM@?@W@W@W‘H@*‘MS%@ (or  2-
méMJc@lo?l’bx;}@'tHyMU&phéMeh&ﬁwe pesgyaer ythritol tetraacrylate (

1. This solution is introduced in a two

electrodes cell, the working el ectrode being a coupon

of poli s%t(fal nless "ét eel and the counter el ectrode

a piece f bori pa +—CThe~pptential of the

stainl ess st éel cathode is scannéd 100 tinmes from

-0.17 Vto -2 8 Vat arate of 50 nW/s with Argon

bubbl i n t h

car ef uﬂg &P?%eé avawthetlzet\cp as (?estg'%eg %dlghlt\{gg%ki lSJédgartQ\gﬂaba ashi N.
Pdwnﬁg@@%é&s?ﬁ-gﬁlbem sh film Wth pentaerythri toI t he

I Ielt Fna;?ﬂ}lg chr%%nérﬁs iaas%d rﬁma W&MW@@DBﬁ@fd}éthgCﬂMF containing 640
mgagf FB‘@NP@HI{I a cofistant WMeacg Ibytlylme gla?‘et (gyplg\}igqpy?xg?%g}/ %5"‘/3 and with an

incBeigiag C amdirtt i oinMALLIt (see t thble e8P E caridv @Ry nRO oan@nllrgbenzenedlazomum
tet{%ﬂ&cﬁ&%@'ﬁﬁ lé?(?zfﬂigsThé k}blnrqgrsofu'h&rm/\fag]'n%ﬁﬁﬁe% ¥\te!§(ﬁ) Qh_t gihResblution is

't near according to the nunb E
intfoeyeg del adye Plestrages ¢l f@m«eé%'?aje'sgmgf o5150 3 £GHPOTP! PPIRF Stanless
stedl, thel cguiter esctrddei a0kdte D5 caebadl pabéroThegiotehiidl pth@bthialepesieel cathode is
| t

i e L T

tetraacryl ate on stalnless st eel coupons according to

the nunber of electrochem cal cycles. Abscissa: nunber

of
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cycles; Ordinate: thickness of the film (A In IR

spectra, the carbonyl vibration of the polyester is
wWo@b®enyaa? at 1740 cm 1 and the two symmetric aPdI/EP2007/051924

antisynmetric vibrations of %?e nitrophenyl group at

1520 and 1350 cm' 1, respectively. Exanple 4 :

deposition of poly-BUMA thin filnms on sand bl asted and

non sand bl asted titanium substrates in the presence

of 4-nitrobenzenedi azoni um tetrafl uoroborate. The sane

procedure as that gi ven in exan‘pl e 1 was used except

L &{MqHéT hsed

et —«all l_i‘ Pt .
;were used in p'l ace of st ainl éss st eel
| R spectrum of the 300 nmthick fil ~W‘HBPMAT‘?"“°<~~

1 the cqupt@pﬂ %G Vi br at | ommeoqcmh ybutyl rre‘blﬁesmslem%e |sv

observed at 1728-cm-1 Lt
uuuuu LA™ t \ALY OyIIIICL
2 ant] 531/\’ r?t r|48 Vi brati on@u%f?’sq ﬁ% rHntrophen)?(i gr oup at

1520 |and 1350 cm 1 , |nespeotogesly. | n t héR:dd%e of the

Sara , "‘Et@e GG Of TN Xps: 6%
s hydrcwhp?| cf%ydroph ic character of the surface after
treafment: a water drlofNc¥ACERPYSINgl e i ndFekes from

4 near [@WPded,ege treat nemte, Beo-adavest 90° anIPSrs%r [ m
deposi tion, stenm ng ffromthe very hydroph
pol y-{BUVA fil m obtained by el ectro-grafti %%

5: deposition of poly-BUVA thin films onT é’M%

5 SUDSUTTHEESS d:ﬂ the presgmee aboot N I OReRZRNed! azonr um
tetrafl uoroborate In 50 nL of undistillied DM,

containing 215 ng of |NAKEEST¥S5 10 2M as a supporting

Tabl€h e@ipalissh Bptwasie thie Btar g Letse Bododhtinyl compodiioh sbintiinhamd itiyd MPE/BUMA

ratio n%r% t%N%Ptngd t%r% %n ggrn%%%étﬁ%bsws%i ghZzen edi azoni um

uor oborate IS solution is introduced
in a tWe enset leegeasarement oedifsentiygrsdpaRRlG b aephigreals an

.n&ea@ragraﬂne@,fdrdphemecltrera;reopol i shed CoCr substrate (MP35N)

and counter el ectrode. a pi

pOtEﬂtI‘%ﬂ‘ st B SIP A ORPE TR 5 tﬁ posg%wggpe |d§t‘§g§ﬁ%'gaﬂ-%r ratio,

thet sunfece dneanof De Bbtyngdim3. 5 V at arate of 100 nV/s with
Argon bubbling (2 Lmin 1) . On the electrode which is

then carefully rinse , 1f dried
e lh S8 St o LRSI PGl e s on
stdiflesd dted et pusende dfdenifrobampertedimzerini detydfluoidboeate on of

the DOWQ%%@@?E@ BGIdr LR a|5§ be QEB%’I;\\/ﬁ@tgsh s rg-ﬁlgﬁra%@ b]y the following

. deposition of Iy s CoCr
exm@ggy 18 @Hs?fr'-ﬁ'@@@eij MM &oriRiag At 90t NaN03 (2 5'10°M 25 2 supporting
eledtréitbY BRe RO aZMBiIhEEYIbRdxyehy ughosiroryaheline TIMPCs avBM), dodecyl

meghe\” setypyRs thay Mﬁg ng@ggolxﬁrépgh’?etﬁé%@gte excﬂﬂ:‘MA hat g 4u)

Gte 15a 18 mm om um cor ohar
trinsetieytetlylprobuimetbappdaie t(TMAPMA. OHeMe|asdt236] Yo & %a'rratqnétr‘ep'é'zomum

tetFah@orI)dblrdt@W 0F8i). Puid BbinRinhRChddat® (S%rey eirgel )cell, the working
el%dn@bl ; re?rg;esgggu%grq I@fz ol%e;{n %trglFags? f%t[e/rg,g o\kl)cgtﬁn %rte)'léc%%a 2%’,% of carbon
pabwyf amdlttﬁ]te)‘ererme rapey/safk sldotyodee Tgshpotemtrar off the siaintesyister! cathode is
scérl?\gd b@Lidks # Bltv BT 2 506 5 pIDGS1ob b wnﬁfﬂr&fn bubbling (2 Lmin’ g

ectro-graftin the stent is rinsed DMF and dri e
for 6OB?ﬁeﬂlﬂ’e‘§ tge mgeoeg vibrations charactenstrcs of each monomer, and of the

mixture the composition of obtained film is as follows: MPC = 25%, DMA =10 %, TMSPMA = 21

%, HPMA not estimated, 4-nitrophenylene not estimated.

Table 2: ToF SIMS of the poly-MPC/DMA/HPMA/TMSPMA copolymer thin films on stainless

steel
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under a 10 nbar vacuum Before the el ectrografting,
stent surface is treated by a solution of NH4F 40% f or

waov7/e187 Using that nethod the obtai ned coatPCEP2007/051924

t hi ckness i s about 150 nm ectrografting paraneters:

Cyclic voltametry fromopen-circuit potential to
-3,5VVCE wth argon bubbling (2 |.mn" 1) . Scan
nunber: 50 scans. Scanning rate: 50 nV/s. TOF-SI M

anal ysis on the stent shows the peaks characteristic
of p-BUMA. The sane spectra al so evidence the absence

of peaks charactern\'ggata/em‘nsgl ycerol Exanpl e 7.
Deposi ti on [ef—peh i prs—on—stai ntess—st eel
in the pr eségr?ce of Hzf-t cH(thé?O((—:nQenedl azoni um

tetraf | uor giidr at e. G?’bNgﬁl'HEMA i's another exanple of a
bi oconpat i btg3pot \“( - 'S consideted
as hydroph hi c, Tl |\I HF/& with jits h\/r‘lrnvul group is
seen as a noteé hydrBPNA Euelyfer . A pol y- HEMA 11 s
can be obt dizzeds®n m(b&IAmhecSls steel, TiNthin film
(exanpl e 7)§ .’\!iti.Lt5 8) |i"|thG|U||UV\nllg
conditions.| In a nie Vee'org’f 10 rrL of undistilled

and 66 nlL gf4ldesi gri.ge@Hi@kler, contai ning 145 ny of
NaCl (2.5. 1G2Mag SERE) et ectrolyte) one
intrO((juces 24 m qaf l—fl%vdrr1>u/$a3¥-[r$%| mat nr“r\/lj;:‘_t_e)_(_HEm 2
M and 236 8§ of 4-ThFECRHGENSERRi*aZoni um

tetrafl uorabprate (51(@02% Th| s sol ut| on is introduced
in a three \eleetrqg ..c wotrktng—electrode

bei ng a coup@ﬁ of jq’%ﬁi%'gmﬁ?él nl ess s?eel t he
count er el gct7bode @@%@@H@ﬂOeﬁﬁbon paper and t he

ref erence AoT-AgG CE _qeulluue The potential_of {he
stainless steel c \t?ﬂ g€'is scanned 100 tinmes from-0.1
Vto -1 .2 \224t a |[rREHIPOLSHMCENi t h Ar gon bubbl i ng
(2 Lmin 1 )27 N t@eLRgpectrumof the film the

car bonyl and-the C-OH-vibratiens—ef—the

pol yhydr oxythgﬁyI rretwyﬁ;}l éte are observed at 1728]and

1164 cm 1 respectlvely The two vibrations of the

ni t rophenyl ucglre%" H‘.e%@ﬁ/gﬁﬁﬂbrlé ffﬁ%?% @%ﬁ‘rrm@(mFﬁSlﬁS analysis as

Deposition 0 TIN 1n the
givsp drsehiee2 ghe 4o ﬁthSr SASEHB METRIES ORE BIFPESE PMP GO HB G TAISPMA
mJé'l@s FOHB cPFMERE abtainas filtn APV Méidtics rare maregpdificult tovastect as it is the

t hat . Ti /
e e o R et a8 it MR E HFErlines
obtai ned fil mshovvs the carbonyl and the C OH

Ex\éhgfeiitfggﬁ&r&fraﬁahg oP® beMﬂﬁl%MﬁEﬂlYAtHWDthml? |ﬁtheltfi’8§ence of
an cm1l res . ositiron o
o A S e T

in the presence
of 4- T rfodetiarerédiilmzooi wiazo/einylafsl wor dibdedtte. then 4aitrobenzene

tetrgﬂff&r orat %{An%%gr Bl AGLAACHVIRNRR wa$ RBlA s ticBEUMBisescribed

M as a supporting electrolyte) one
beIC’Wtroduces 60 nL of hydroxyethyl netacryl ate (HEMA, 20%
in vol e n&nﬂ)lullé#wﬁg pr@pardd from r50 bein PBIFE dimathglftrmaamide) and 50 mL

BL}N?A{ rétiaL{tyl(,l\rﬁgtF\?c ey‘? té‘gggé ¥ Mm% EP'I\E‘:\N%Ol(Eé 'rﬁf&‘)e%rtﬁdr gé‘gfrﬁ?&%ﬁﬂl) of 4

n
duaao@mmmqucmotdu RO méra&@mhpr@te 8l @g%hee qiainipsp |S€8‘ep‘atg carefully

cleaned as previously described was introduced ion the electrochemical cell altogether with a
piece of carbon paper as the counter electrode and a SCE reference electrode. The potential of
the stainless steel cathode was scanned 50 times between open circuit potential and -3V and
back at 100 mV/s. The coupon was rinsed with water and then acetone and dried.

A grey film is easily observed on the coupon, it cannot be rubbed out with a finger

once dried. lts height is 87 + 5 nm as measured by profilometry.



of carbon paper. The potential of the N tinol cathode

is scanned 100 tinmes from-QJV to -2,5V at a rate of
waQ@mu¥eE3m t h Argon bubbling (2 Lmin 1). In theCT/RP2007/051924

spectrumof the film the bonyl and the C OH

vi brations of the pol yhydr g%et hyl met hacryl ate are

observed at 1728 and 1164 cm 1 respectively. The two

vi brations of the nitrophenyl group are hardly

detectable. The surface of the electro-grafted

subst r HtedRispedryniophinarized imFakiedhspanipgihalthejphspibaqce of the C=0
ba%@'@MﬁéﬁW@b@O&avg SRS Heﬁg@ﬂ it pRlpke- tyRCHNRIBMat the film contains

. or@%al nl ess steel in the
apb’P’é@%‘ﬁ@éoé‘fDQPW ?’Pdo@e(h% di azoni um t et raf | uor obor at e

W have eval uated the m xing of nononers in the
Ta§@|3u Lrﬂr]R%F rﬁ'oFépﬂyb\MyFn'ath}éémbt@kﬁlne quantity of
acrv oxyet
trimethyl ﬁwlﬂﬁgtbﬁwm hyl phos pHaAssigpgents”
met hacr yIpyloxyet hyl phosphory(t@d)lekma:@oH)lVPC) Thi s
nononer Mas-—sypthetized—as—deseri shi-hara—¥K,
Ueda T, E%B%%ﬁashl N. Pol ym Jdi gf)tCh'rigztBu 385- 360. Thi s
conpositizamsi s based on a m xt@tﬂzestretfchlm(ﬁum@) of
undi st i |‘|‘% DME—containing 64 —d'&re‘tl:'hm@%\ﬂfﬁja)w th a
const ant vofums of butylnmetacrylate
appr oxi nel7aé shogyes and wi th an ¢8R ?t%I”ﬁéD%%ﬂ)nt of| MPC
(see tabi@y§-1) and 72 g of [dci t &g en@limag oroum
tetrafl yoroborate (10 2M. The, vol une [ On was
mai ntai ned at 300 nlL. This solﬁqrgﬁt'qnéﬁgr)#%duced n a
two el ecgtirnagles cell, the wor ki@@%’eEUit\m@dle\abei ng a
coupon gf7zggiggshed—staintess bArsmbt‘CSlﬂecﬁounfoﬁ{ d
el ectrode a plece of carbon paper The potential of
the stai|nl ess steel cathode |sp%’t?ﬁ?ﬁ%%ﬁ)50 times frpm
-0.5 Vto -3 ZVvat arate of 50 nvV/s with Argon

Dg#gptbﬁﬁ% (%{“éﬁqn{f% gh)gfd{aiz?]mun& %a ¥ Eyglhldé o\%&?ﬁ)‘iﬂ"ﬁ@ B%ﬁ/l Rﬁthacrylate.

? ByR@h Bk wmth@spentra)ofnohlebtmmahmdatelpp@pbhargt REPPEss
steel substrates The contact angl e nmeasurenment on
di fferent Iayers sa 1, 3 and 5) reveals an
The AeirAESE SRRFIYT 'Stﬁﬁ‘g‘ EH)‘E?%}?O%I c character. The interest
Taﬂé4thF$lM$)lpmmnmnia(pmm,@uuylmetﬂaerylptemmﬂl iftty to adj ust

nrB-are e

’_‘W_t h—the—renorer—+atio,—the hﬁl&‘l’f‘t ENneT gy of —the
™8bt ai ned film Exanpl e 11: dQeDgSI tion of

41pol y- MPC/ DV HPMAY TVBPMA colpfedi@tumahi n i | ms on

ssStaimtess steel TN The preseree=cHCH, CH; or isomer (Buma)
4-njitrobenzenediazoniumtet rﬁt—l—ugr—g(ﬁ%@pe—.%me—eenﬁgi—%—

T1co- pol ymer can al so be obt aj WG4 Ri's 78N FAPLt ed

73by the follow ng exan‘pl e. | noBO (mae)‘ undi still ed DV,

2.1 Af Na NN N C..aNn
contatrmhRg—2—1—rg—ot—NaNCS \ umd pUllI ng
85e| ectrol yte) one introduces ?ﬁ&“ﬁéz@&i ioqunxv)::f hy|
18phosphoryl chol i ne (MPC, 0. 1WH2C&@M@§10 Gyl Guga)

564 DMA— 0 1M~ —hydroxypropy! Q&Q@}’Eﬁh@ (HPIVA 0.IM
trimethylsilyl propylmethacry %%%W
76236 nyg of 4-nitrobenzenedi az&ﬁ'i"u )af | uor obor at e

12610 2ZM). This sol ut| on i s I g ledomsd (DEO@HY hr ee

Qlaﬂfrndne

fheré?or; both spectra conﬁr the presence of polybutylmethacrylate and

phenylcarboxylic groups on the film surface.

Example 13 : Electrografting of a polybutylmethacrylate (Buma) film in the presence of 4-
diazophenylcarboxylic acid (DCOOH) tetrafluoroborate with a potential limit at -1V.
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el ectrode being a coupon of polished stainless steel,
the counter electrode a piece of carbon paper and the
wo edoeende an Ag/ AgCl el ectrode. The potenti al POf/EP1967/051924
stainl ess steel cathode is anned 20 times from-0.0
Vito -2.5V at arate of 10q8fm\//s wi th Argon bubbling
(2 Lmn 1 ). Based on of the infra-red vibrations
characteristics of each nononmer, and of the m xture
the conposition of obtained filmis as follows: MPC =
25% DA sath® placedikbiMAatgi@n In &kampleNR westemeyédencerd that the final
potéP]tm Mﬁqm‘nﬂé %mﬂgpwt\ﬁltﬁggé&e J@ﬁ% %312 be J&EN@J’ B@th@fsurface its

MSPVA copol yner thin filnms on
he'Q‘P‘&PWﬂf’é m?ﬁsé@ﬁ‘h@“&)r ucture of the conplex nature of
the filmis confirnmed by ToF-SIMS anal ysis as given in

ale lﬁ/ﬁézD%ﬁ%E\Sen g o{_ﬁggﬁ@(ﬂggst éf%dlﬁmﬁrﬂgtﬂ§cryFaFée(an%§ﬁﬂ\C& 316L

nol et i €s e copol y
stafessisteetiad p functipppitcathaidiogRatentiak e nore difficult to

det ectTHaSaib deSicd SRUpGRIRat Ab&HOIn feﬂé’mpﬂe Nivkg empleyyl Eieconcentration
of E%ﬁ%%ggqs%ﬁ;ml at grtﬁléggr\léﬁrtltra ion m r%?c% ﬁ ]dfé\zgn%r# rigfluoroborate

rogra
wap expjdvert amm%anhram yhadt, eespedively. BunBypefinems wwewﬁ@eﬁp@s@ﬁ% as the

solPdnt, 4 2ZQREEA Wo&R AR ‘Pé(a\éL:v’\tQ W@I"é'déec( Med w1thout purification nor even

tetrafl uoroborate. The f

walgr sodeny pm;rlol l%eﬁzﬁ;atequrmepb a Eeah ?ﬂﬁé sﬁalﬂ?s(sn‘g%?gﬁ%gﬂré was dipped into
thet @éatralllicuanaibor axidethe Aleottdue rpotemmm\}ae sofinndi &P dinthe rtietween e open

cm% B&Qnt%dt e()sé eq S‘Lg: ¢ §S Szfé% gl é @Sé@%@gdegt%%&bﬁ{e‘%%poﬁs were then

ut1on was pre pare fromb

ringed }ﬁgmm &Mﬁa#ﬂ%) ultsghspunds. r&le(BUmu’( W%%smﬁa@fem%ﬁa@ured by
profiod M. Th@k@ulﬁ&rﬁunﬁ@m it 2 FigMesardd 23. 6 ng (1mV) of

Adl g|gP h 2 dyllh{cﬁnes B%Nﬁ%c Ilfq cfnmr eﬁﬁw PF lb?rcgtp&f cater% potential

S a|n stee cleaned as
(menmgﬁwn@e@cr’ﬁWéd was i ntroduced ion the

el eﬁg[u‘éczhenﬂhféﬁrlwesg %“ b-paMogRt dhes16Wids b RIn@tiod @F cthodi@&kOpbtential
the caunter electrode and a SCE reference

(D'\E‘? {‘9688%“0”1?111@ ntial of the stainless steel
cat hod&em&sdtsahm@ (thasﬁrtmd“vres piwtesditn (igpe flmewithcathickness which is

norpﬁ’ét yt pﬁ&ﬁjome’i)’ry ﬁx@%eps"i\ﬁfky &tthé;QQmJMt& asEhz%n B@H‘\@%Dpdﬁ@ﬁs ca.5

hen aceton
nmﬁ fS| fﬁﬁrq%i %I”P%/C%M&Wooofﬁ‘?t'?' th@dﬂmerqqetrga?msqrg%z}/s lower (in
abioldttb@he@ tHan Wi 1t WSaEf Wingreis sghiGently inere. cathbdic ten gt reflgti@vpotential

of tﬁe glazonluﬁw s&ﬂ?natﬁggﬁﬁ %dlﬁ(&%f \JVAI&\H?E OWE @%er@éJ t%ﬂténed both

or bance of
at t%@n@a@%mﬂl i Hliapuo. aw'mnﬁ'a%cyﬁ HecaseryriPyht , it
IS posg |p@ﬂtl&1|5r00r%5‘sbé§mbt€nrﬁﬂﬁtthd dr€erfof & revcrnti@t$6f nanometers, which

areSRBATY G U8t I Ry ghairg it W dpsr e e hes

exalesidny biptdntigsmbteecathiodie thain um\é‘,%ﬂ?& pol y- BUVA deri vi ng
fromthe butyl methacrylate. 2 By conparison with the

Exglgslgtggﬁ,éloéﬁ gclff?/q?ﬁctrl éﬂg%{éacrék‘% % i %p\dlit%l(s?frlilesghs?eel as a
funttidn bf Gltiddispaedtialm of a pol ybutyl net hacryl at e/ DCOCH

fil mbT'{h%{s%IntgE@w?@%&up%ﬂ%%&@co%%fth&@uggc?mm'xgrﬁﬁgqg wfe employed.

The po!ymeyr f¥ snvE;ere%(E\alyzed by IRRAS. The IR spectrum shows a C=0 band around 1720

cm™ attributable to the carbonyl group of the Buma polymer, and small NO, bands around 1345
and 1520 cm”™".

One can define a “quality parameter” of the film by estimating the ratio of intensities

between the C=0 peak and the NO, peak at 1345 cm™, (C=0)/( NO,). The higher the cathodic

potential, the larger the rate of electro-reduction of the diazonium salt, which has a reduction

potential much less cathodic that any other species in the bath. Thus, one may consider that the
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phenyl car boxylic groups on the filmsurface. Exanple
13 : Electrografting of a pol ybutyl nethacryl ate (Bung)
wo pdomo®Bn3t he presence of 4- di azophenyl car boxyPCTERZDT051924
(DCOOH) tetrafl uoroborate V\#h a potential limt at
-1V. The sane procedure as at given in exanple 12 was
enpl oyed except that the final potential was Iimted
to - 1V. After rinsing with acetone, no filmcan be
observed on the surface, its height cannot be neasured
corfterit @ mitry groupe amipk Elmlate aDedeaide e ofedfrihance lof bR slesiEo-rgfluction of
the df?a% Lpﬁnéﬁdnsrto%croy Il enn&caﬁréﬁ)lerfebl B QRendskfles, St thé Bfigation of

as a function of otentjal. The
oG-I ERIBNTE! P ATGSERNTRT- eSbisriame e ion s SR By e (C-ON
NOTvatic; ancasd godirieaa p-8limBitilveis souybtTer thahighd. the natid the pettehthe film is.

conc en‘fr{sargfl Qsljléovn[}n {Metﬂé&@ §5W CF» zg' aqa&%ﬁjgﬁt%e Cf(t)ho%lc en(li p/)(itennal

t et raf | uorobor at ore
r especkiguwe| 5. (CF%( &G riRent @ \fbé‘ﬁ‘é’”cafr cptaedic, Andj pPigHiR: DNO,
Co@gnttgﬁsn@b*%/mem_, under a classical hood. Al reagents

vt or GoRe i CERRL AP MRN8, Py BEA A Yo iyl oo,

corbstiratibmisiD@mel/lst eel coupon was di pped into the
el ect r-ela¥d fi r@soéﬂétvv' {5} thé Bkt th!?m@rkceﬁ%é od %aoggne@ﬁéfﬁhbd \WB&ve) are

scanned 50
obtgipgd for gn gxcurs:og?nscatt%tdl\geateabog -2 Q/%%E:L gﬁé grllje{!l%\o%qéﬁgﬂs corresponds to
ther fsqnieal trainge Ifgr .theTtedudtion pioths vingic endnbreers ithenseldes] Qhigirgsult also shows

tha% qldgigfﬁ er(%lf I@séc%%gé ’potgﬁtla%dandm@/' doort 4t hokd @ didBstentials.

en reas b by profilonetry. The results are
sunmarized in the Figures 3 and 4 : Figure 3! :
Exdmplel be sauiireof Bidviyblityimatbacriate GRuras) fidmfoursd 6l stainidss steel.

cr:na)llt ?lo;il’ hé enﬂr e\%(tifaesne‘idp.l%]s tg%ﬁ%d P&#FMBE %E ?ﬂf)l n? dlgh;concentratlon
of Bgma rrfommrw@ﬁ 3F meldt the gPrseBifRioh bt Rt ePAPNY Ebﬂewum ferafuoroborate

wab Qﬁ‘-tQ %ml'lllf Rhd %ehrﬁerﬂt@w&e QSBt‘néJi ))ut il bras @s [Hésddﬂvbﬁt giiema tibsical hood.
Vi rtua

All reagepts A e\}\'ﬁ? ﬂs ¥e§ep{%t$] w&@%u (?{"%B?t é)n I r e}/e\é\'I wte DieP c?ntent C?F]trol The
sulssgateivias ai 319L ethintebe stpelabitconit ves dlassedgntvéna infph“@ SO'UUOH and the

ele§t\‘bQiQ rﬁ)oféﬁ?él §/}g§ @can§ed']mlmé§ bdtRESTBRe WAt e otedtifl @Al C FVIECE. The

COL(qOﬁS Were &%f@sﬁﬂa‘lodé)? ll{ lﬁlg un(?e_[ ul\y)a%%@%é(\%%fre% %n tra-tﬁln ﬂfr)n ofr the order
of 85 gisfdbemat | whidznheblead though aralysis bherfacedusdulk@amposition of the film

by BOt (—:e pets!)h%d )GJS trh& H% Qﬁoo@* sl'gye%lgl Jr@&%n&% vﬁrl%g%ollectmg the electrons at

resul I S
clO@ﬁbtoaiOﬁ‘@ail ('l@o)tfﬁ‘d arezirg (60" hpnglont n prieptoromPpre; e %nea‘z‘@h?twmure of the

bulR b@ttwe egfdcbaf tﬁ@myrﬁéramcyes@éctmﬁ obser vati on.
partic one s e
Punar ole Ut RARLACTEIES Rt Tl ok @s@h?‘gﬁ“&(fﬁgcéo“g] anc
40%.& p¥érseniroing tr@p theanjtegen atame obydrekyisdner afinghgraunstagd from those of

nltr%%%lﬁk IW%S;{%E@%QQ@:E hl}@r% A & erFbsgr@Lti skpé @rfd)hgfﬂh@ béfﬂfeeresult of the

re%ﬁtloytﬂﬂ“ﬂﬂ Aie ﬁéﬁ’:‘Pﬁfleétf"@' ‘Z‘ﬁ{]&ﬁ) n@fzq%ﬁ%rgﬂmc‘g%@ﬁes&% ur?fjeé t_the electron
besrh @alingatie XPE Lanalysig)nTiad CtatdgiodisbovEoin epatticalér. a ¢'¢r@nbggqreat 286.2 eV

steg\%\{rlégcf?on? ?rg QBm@&?%aplgoW b%%ﬁrjlgsa ﬁ@ﬁ LhRAS GHRB! daddns e "églllt%talalﬁ to the

z nms were anal yzed
n'tmNF?ABQFOPH@ tPRe%b\éf@tjll‘QJﬁﬁ‘ fHesdazgniemerlband ar ound 1720

The comparison of XPS spectra at normal and grazing angles reveal that: (i) aromatic
carbons are mostly present at the interface, as their peak is much weaker at grazing angle (=
surface); (i) the overall signal in the N1s region is consistently much weaker at grazing than at
normal collection. The ratio between the 399.7 and 405.8 peaks, 1(399.7)/1(405.8), is also smaller
at grazing angle, indicating that there are comparatively less nitro groups in the vicinity of the
metallic surface as compared to the outer surface of the film. This latter result shows that the
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cm'l attributable to the carbonyl group of the Buma
pol yner, and small NO2 bands around 1345 and 1520 cm 1
WO 200ne9a3n define a "quality parameter” of theP¢T/EP200y051924
estimating the ratio of ints sities between the C=0
peak and the NO2 peak at 13 cml, (CO/( NO2) . The
hi gher the cathodic potential, the larger the rate of
el ectro-reduction of the diazoniumsalt, which has a
reduction potential nuch | ess cathodic that any other
hySpeytnéise b trhiee lyadups afkhest moteblyesfenoaing ifrder the ivery electrochemical
prfsclagsc QrY 6e dx rQ A at%oQthxéﬁbré h&y Edti‘\&ﬂca/\yh%h%l:bvoke the reduction of
cation o e predom nance of
th%’l“%%ﬂ’l%‘lsreductl on of the diazoni um and grow h of the
ni t r 0- pheryeRreHe ossulthefae bxaatle shew thHaetherleriragrated miymeric film

is H& thrnT?ggel(nZ tslng a drrgcﬂgrﬁrg%@%d%ﬁlag tﬁ?h%é‘r‘()@%rthe r;ll—gtblﬁc surface, the

I on est
f'“@m;d'cb%f "amts@ﬂhywérﬂ%onpumrﬁtSfeiqcm fegu%*'@’ﬂl@ﬁf’mfj%ts WP'Wéarther from the
suhé&h ﬂ'fe ﬁlrhas rr@f‘iérQn tJag- EQJMA EThist fiRigédtd Mat the dibdu®-gratiiigotakes place

f ct
pl’lg]gfﬂh eslalt}&e %ﬁ%oﬁfﬁqtﬁ{%eq él?e c? ﬁoalﬂwgssg%e (o %#%ﬂ@f&?ﬁ @/ products of
whichfarmastuatystafingthe payhharizatiod repoticns i ey, cathidip potentials.
concentration is 10~2 nol /1. Fi gure 6: (C=O/( N®)
f ti t h
Ex(e@ﬁ e}aiif rdgp?%lﬂgq g? f583°'$rgfam ess—rﬂgé] dn tF& lhalreesgn%engaw c{dlazomum

tetrdfmolbetatool yneric filns (in the sense defined above)

are objal LA difletcRHRIPEGRIs78P QML Used

V/ SCE. I\%ﬁ&;@ﬂﬁ&ﬁ% p%g ég’?%?w% é corresponds(topt he used as an
ilusieatien of ngno-pRieryerafie®- t he reduction of the vinylic

NDNONETIS tsAREE plov@rre BRI that egweht indlesamgdonswashassed i dxaept  that

ooy B R FFEL B & PRS0l g0 ¥ hce o
buBtaliecwylate: of a pol ybut yl rret hacryl at e (Bunma) film on

316L SHAKH él’e%ﬁocﬁat\@rﬁéh is T3R cOrRfMY ARl DRFSRAtearasirtdiad is present a

sed in exanp S | oyed. The concentration of
30%0%“’%HW §]b§° W&W the concentration in

4- ni t r ppheiRydpedivazaihaiimt e carbonybangbiby GH2-Opdsatipgs of the PEG are
ob@rédl at 1796 ar?(?( PRA6 éﬁ?nte%pélc\fﬁ\?eey el'ﬁé M@Qbr@hﬂns'd@ tHdMitr ety Group are
vent, under a classical "hood reagents were
ha[f’é%’é@te&?b'?ecel ved wi thout purifi catl on nor even water
content control. The substrate was a 3 16L stainless

t t i
o 55 Bl b 59 LR B B Grpere o
nitrohepgenediazadym tdﬂ@ﬂgy@homq cuit potential and - 3

VI SCE. addwer %@k’sogﬂﬁod@?ﬁ@rst lg%fbdédrék%Q éb@/rﬁ'é}&amdhg%h many are of
under ul tra-sounds

napirg} gigin foul polyiaciones 6'51( %ﬂl)ﬁaé:ade g€ %a@ﬁlggﬁggongtlttg% mgoﬁrtant class
of aBaltiysit S bvtiegattabec epolynelou| IEilmempbisined ofromf etdaerofaciong bpnd  4-

mtr%gglzgné’dgﬁ%yrﬁ %tr?a(fﬁﬁrobgg?e N %e @ﬁgmgallﬁ tr%qgﬁut/vrn@ pﬂfc@dure

ectin e electrons at cl
nor mal In( 1% VLa?de’lj’fsﬁ'ﬂdnngﬁe@’)ta"a%Izé% mq Rf B'IaHQP (12% 10°M as a
suSIRRR &edibBtet AT |ﬁt?ﬂdu§ésr 584 Ukie opfe- cbblﬁla&drh& (30 & 236 mg of 4-

n|ts;so§ér{zggie%@ggrtuﬁé ?s}{é@ogog)gater J hﬂ gﬂlggélpe\i&oc){uceg in a !'\]NO el\gcﬁodes cell, the
woking gléclyode leeing caup@0y. p@hsaemstalclsssest@van%ﬂﬁé APHNIRY elegtende a piece of

canlaﬁ p%HeT' 7Q8 E&erﬁfa%e‘%ﬁanﬂé’s@ SR8V dafHEHER s84nn8d &I RHPS.15t0 -2.8 V
omthose of nitro %{) Es) respectively (the

atﬁma‘ﬁwmwhﬁgwwmg are thought to be the

r esul t Tiaf eldchiéde is then carefully rinsed and presents a thick, homogeneous, bluish film.
A blank experiment in absence of diazonium salt does not permit to obtain any film

formation.



10

15

20

25

reduction of the nitro groups, either during the

el ectrochem cal process or under the el ectron beam
waleoorngpishe XPS anal ysis). The Cls regi on showBCT/BP2007/051924

particular a contribution 286.2 eV stenmmi ng from an

aromati c carbon bearing a or NH2 group, and is

thus attributable to the nitrophenyl group obtained by

reducti on of the diazoniumsalt. The conparison of XPS

spectra at normal and grazing angles reveal that: (i)

ar omat incthes By dpensunapfetherdist, khe qarbesy ivibragion phibe peolyestef éscebserved at
179§’cr#1 h%%th@?@‘%’yhﬁew Ghu W %Fﬁér rtcaJlbr&roﬁszbfriﬂe rﬁt‘?l%k‘.@ny( group at 1522 and

ace over a in the Nls reg}aobn | S100 th
1340 AB; stearreiNphnfion (e dneisitnef @Pa&af‘?ﬁg PhHAA ST Pgfoout 0% the
anfoQhtl B B3Iy Obproldd@nt plebént akev@@n the 399.7 and 405. 8
peaks, 1(399.7)/1(405.8), is also smaller at grazing
angle, indicating that there are conparatively | ess
Exampteo199|dep:mthmoft edyladtidie thinyfilos anhwtaintesa steekinsthe fragsence of 4-

n.t?&eﬁma(af&.mtétmu&%&fatéurface of the film This
| atter resul shows that thehy é | am ne and
Ags

gr oupsFstse? bﬁﬁj’ﬁd TPOPTH BAYRG e AR ShRdiaz t{/nélt%n}luoroborate can
be@brinied mmhmfnﬂo@aig pprcodess, due to the excursion at

pot ent 1 al,gq ?"ﬂé ﬁﬁépﬁ%ﬁﬁ&ﬁ "¥0 Gt L‘S&\%’b Csdﬁmf ‘Enao%é)?]ﬁqg&dé N8s) cis-3,6-

reduction o

ou
dinggithyl Ridsiqxgm giptdionghdd/ ¥hat3% ine °é|4é}tffqb6f‘2§?%fi'?é%'um  Eihoroborate
(0.0 PRI thé§ Némdmoiossmmhémmg@rw@u&tme& gdbnred st @MV/s between -0.2

an@%#’ gqge S?Lflﬁlon Penpqﬁe%%yq‘fé%tﬁ@ §%a \%/Lagf(sb%bglg %hrﬁtrcg@ﬁ @L l1 ﬁ\amtamed in

er 1n nitro l'azon
theggpbitior duripg theteleordysig2 Lnon)- by - pr oduct s V\,hl le fart her

f r om tR‘?feIﬁ)W f'\é}ﬁ@genédﬁg lfldielsﬂérit Silrh ||§&S%Earvledﬂ afekent BhMArubbing with a

t ct ra kes pl ace
f'”?ﬁﬁ ﬁh'%eiﬁ ZthFHP 'él’“@@?“?r%de PLgTY %g%ﬁys P?ﬁeg Sazonl ums,
some o thd1iR eestim of thedinstanerpbbsrvesy betbcthe sighatyiRiof fheapaylactide
thrgtgg#ufmaléérb%h rﬁanal gathbss F?;QJ VERS bfz el Qﬂmép%%ﬁér@!éﬁe Qﬁroﬁ!@r e NO,

hodi ¢ potential s. JO? 'E
asYPEPiH BRkSYEIRANIC hands ﬁéeiﬂeéfg's'méé%ﬁn ibrcrodr2agh g, s
poéﬁﬂéﬁfebwm@bes%hmtéht of mi/iciidekatiledinpol yet hyI ene gl ycol

dimet hag . ale é%%%@ B) TSR 83 80yl WBlbral | on

nano- o rocedure as that

gl ven Tabl é'ﬁﬁ‘ls QSM§U’U§E%IPQM%C§E)? Phat

pol y(egjpyt eneglycol’) di methacryl at eadrBifon875, 50 ni

s—-used in pl ace—of but vl et ".awy.utc Or—th

eI ect rfle which is then caref E'Plgy rinsed DVF, water

]
o
Ic

and ai%5,d6i ed i s present a|300HGH:AGF@K, 1 hormgeneous,
—brewnt-sh-itm—tn—thetR-specramaithae,fi4m the
car bon?ﬂl’ %nd the CH2-O vi brat Po%“é‘ ol-"‘) t(;wp) PEG are

obser v&a8at 1729 and 1146 d¢m P-¢REEBLEFEPEPET The two

vibr a[gg)lfﬂ@() of the nit rophner y| Cg:rcggmmcﬁs)dj(aow(){ -1

det ectable l:ynrml e 18 ded

e- capr bPatklone on st ai nl esZ“’{%gH <P'ﬁ3)PF§>%rC$§‘8He) CEPI0 1

4- ni tzz:benzenedl azom umtetr aﬂgsmmbomeH(%M@@(e@)CH(CHs)O

ol Iy e

€+aSS otyretrs—+s—bigd 11 S dIToly
whi ch By are. of e ERREIT R

265, 267 NO,CsH,C(=0)CH(CH3)OC(=0 CH(CH;)O" * 1

358, 361 [O-CH (CH;)-C(=O)]s * 1

The ToF-SIMS spectrum indicates, both the presence of polylactide and that of 4-

nitrophenylene.
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natural origin, but polylactones and polyl acti des (see
exanpl e 19) constitutes an inportant class of
w@whetiBT bi odegradabl e pol ynmers. Fil ns obt ai PEHEP200T051924
e- caprol actone and 4- nitrobenzenedi azoni um
tetrafl uoroborate can be obtained in the foll ow ng
procedure. In 100 M. of undistilled DVF, containing
210 nmg of NaNC3 (2.5 10 2M as a supporting
el ectrolyte) one introduces 55.4 ml _ of e-caprol actone
Exémpe 2nEI@3Gchemiodl Ihpeddnce direntresrody 4EI8hmeasurements of a (water
soFu%‘e'S Bfﬂk{ WMW|&troJa?éf§edstm Hil SHowiiry thAlthOfHEiS waﬂbraby water.

éctrodes cell, the workin eIetr%ﬁg be| At the double
couponT‘?ﬁ EiSorperete iyeprRied &y sing & Siplgy 088% gt the doubles
layet @sidcitahee an et with tar haarispiwperesistie, pmtaeahllqnato dnfe electrolyte

res:sgaenfg f‘r! angdSeg %F g(%e eg%@grngéjgyf b &ﬁ@g?ﬁ%lé&glcgl'é@tﬁt $HoRMFigure 7,

whigigbB$ iisnilje (fecirefyia rqs)stancq-H%o is| t@%tpl‘)@ﬁ'ﬁ?t'?% rqSﬁ@Hcng the l§|a1n9le in the
eldcirdie D ANEk PheeR @h&e@ldﬂhﬂnt} Kis d%@ﬁm@teﬁrfﬁﬂﬁqaphiltalmcsho fiddomnt for the

b BB RR S PE FEpPLpAeYBRL R Bl 86P0e v
of simeelerttate obed Fre dxainple :t e Gebrieioprhnicpb Rerdriointisr Elegie Imp. Tech.
C%@&dﬁ?@ﬁf) tdh KPRALYEE REhrbbgRs F¥trdméH Divisie FakMBorough. Hampshire.
ric and antisynmetric vibrations of the
E”H'?'Eq"bphenyl group at 1522 and 1346 cm 1 ,
I es pecBati éle\charbeteristidstod thermbratamit pyase Bletiret dpd thgolatsption rgaistance

glvgsfrlid (g%rfoﬁ Ao IR th@oc%tﬂsﬁﬁ a?ﬁ‘?r%tiorﬁ’é cd?\@héflon are belng modified in the

actone presen
V'Ctﬂ*éb@‘éhft sugiACeafPop mf/n%wsﬁb@ 9GtrA- gf%ftF%'EMﬁr%F ai nI ess
W&ﬁzﬁ/@ kound itintvee @hesenc®e nadke 4his folidw ez andidy agw mudnihe polarisation
od <?tn§:a SI u%rﬂegoroar\]t ?afl:l | ms obtained from pol yl acti de and
CHIRCE PIvEhZened |gazoﬁ| umtetrafl uoroborate can be
obtal ned in the follow ng procedure. A solution is
prepar eghichr %btﬂepgwﬁé—th@%u!u@(@) &id prab@ahdi€las a function of sampling
éLIatlde § - dimethyl 1,4-dioxan
freguacyjarg giyen g Fioy % 6 mg of 4-nitrobenzene di azoni um
Fiduet 8: afomperisob of mpedE(nOe @di, of 2 bererfiN RaUNOB tq tDat@P 8 IgpupoTTigeated with

a 1%@%(”]1@@4@4 %Rr@ﬁ*enﬁ@gﬂ)ggﬁl tét?aflﬁ&@ﬁﬁ?ﬁé’ Al tdmdt o¥ine sBekWeREH coupon
he sol ution ?mé}c_i)ﬁdeox enat eg g\rpzsi S dinate:

aftwe%rwn%wb%hr@ 38f0 Hmef GRS BIRY el SN I T A

mdokyohmBmeluri ng the el ectrolysis (2 Lmin 1) . A

Figg Gelhé p@ﬁ%%‘? %ﬁ%%sanﬂi%g Leg EQ@%N chlpbMd ﬁatocgf%eéowsgw coated with a

under I nger . hi ckness o
layehef H‘lEM/Hﬁngromg@p@ﬂ|u5}>,te¥3qﬂgpr|opgﬂt§t qu&gi tg tha{ ofjthg sgme gogted coupon

aftéﬂ‘drﬁuh@ fdrR4ppR Coraih@k rédieed bleB3ur@scalsse Frgsench @lériz); Ordinate:
h he &g@%ﬁ%e of the polylactide through the carbonyl
PhEE cm 1 and of the 4-nitropol yphenyl ene

t hr ougFheshehipi@ghtatpinties rfaes efndoasipemtbe r T pufaes vith an HEMA/4-

mttroﬁﬁé?ﬁﬁfaké/rﬁlny térgﬁt%ro@&gte%eg 'iﬁyér onlfﬁéérﬁ El@hﬁlnﬁl&ﬁé‘d bsithe global
lmwpwedgtﬂ?eoeéeqtrﬁdq ??@e ]slpzfllrﬂo % tlgﬁ ?%"?:et ﬁ)re%trq tgav% Slﬁ? been r gc%rded after
drylraFthSkdateh dadtipgessfoa24hgat\BOTC ain7 ahbae rdducetaressuts. in a vacuum oven:
Flg-EPeE 8%% S\F%Etutn% %pg@arﬁ@l %rhéh% fdgrqlcél' é\meﬁaﬁ? e th@lswalmg of the

ctrum I ndi cat es resence of aCtI

H -pigaphegyldigzonium tetrafluoroborate fllms on the electrode is reversible.
To make this comparison quantitative, we have extracted the electrical parameters of
Figure 8 by performing a numerical non linear least square fit of the experimental data of Figure 9.

Typical results of spectra fitting are given in table 6.
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ni trophenyl ene. Exanpl e 20: El ectrochem cal | npedance
Spectroscopy (EI'S) neasurenents of a (water sol uble)
wWEioyAOYEBA fil melectro-grafted on Ti N, show nBCT/BB1007/051924
the filmis swollen by mate§ The EI S spectra are
interpreted by using a sinp % nodel consisting of the
doubl el ayer capacitance in parallel with the
pol ari sation resistance, in addition to the
el ectrol yte resistance. The nodel can be represented
by the equivalent electrical circuit shown Figure 7,
where Rs is the electrolyte resistance, Rp is the
pol ar i[SRkpRN resi stance of treﬁﬁammkmjxﬂmﬂma
electrn'"*ﬂ Q-s—the eenstafnty hase—eterment—it—s
used i%%{édﬁ of a capacitance tg account for the
non-i déil cépaci t HEWARegPohee Stlenmi ng from t he
preser ﬂﬂm&hféygmggmgggnol na in the vicinity off the
el ectrjode (see for exanple : |[C. Gabrielli. Techniga
ReportdeWﬁWPB Elect. Inp. Tedh. CSB/AOL (1990), Edt.

BT e T S HRT

characterlstlcs of the constant phase el enent and the

pol ar i $id Jefidnta§S b6 A Bf 1HE pbiAtbtantréditarks isfmeh BYCh
the diffusion and thus ioni conducti on are bein

nodi fied in Vi cpnit he surfagte at\i ng

it with ah=e laetm}é!iﬂﬁdl’ed—H 008y ex 1%@9@ unld)0 = 4.6%
it nmore conveni eRp, Lo makeathis follo up4y.10°

eval uati ng how nmuc the pol &ri sation resistance Is
nodi fi ed upon graftlng Typi cal spectra giving the

modul uAftef Zpoaiingl leadeéN aslgttmdaswith f amceleayigrefteds il iangHEMA/4-

nltt]&%%g@g%uﬂ{ @tr&’u&%gorbtg fiffh Qdé[)r%ﬁlggo @&e gregent Fn'vgﬂbﬁ tlee low polarisation
arison I npedance nodul

restxqt%pe Nery éhg:hg)uﬁgﬁs &reratttéea o%h? Harﬁ ﬁ‘“ﬁ@%‘POfbfT%‘S argument 1%) catesothat the
polyiiadiis dnof iah retepliies ihsdiagz ani that it &t pevihbabtr ©bibe adne, and edngeguently is
pe%ﬁ%&@ﬁﬁaﬁgymgggan)fgted coupon after drying for 24h at

uce ressure. Abscissa: Freq
( Her t zFvenchetighditie fu"mﬁwenee by cherpleshoivterthg HiEMAY4- Miibphenyldiazonium

tet@ARSH o HOMMUoe P PR SR s@Gih d&ted fwhich k8d goolil idiica06H0io favb@ of the strong
oated with a | ayer of

gmh@ﬁﬁyﬁa%ﬁw %ﬁ%ﬁ?ﬁa?E?Snlun1tetraf|uoroborate and to

that of the sanme coated coupon after drying for 24h at
Exglqgﬁ 2‘4 nq’ﬂﬁ gF%H?@F}m@F Ry&YcBn bAOSE &SAheSibE AHMBEGor much thicker
di na phase angl e (degree) These
'ayﬁfiﬁﬂr?@‘?tm’{*htgﬁmt he fact of coating the TiN surface
with an HEMA/ 4- nitrophenyl di azoni um tetrafl uoroborate

pol ymeg 7 LAY&EE x QMY Fl@aﬁgalsﬁéd gbd- bér@fshé‘p%'acﬁ 60 4Rinidsd ?teel coupon is

| obal edance o] ectrod One shall note

unifs @'Ys%??ds‘ﬁ@b?r@lyr%w Slesto-gralier Pé%’o?‘?f@ﬁ"”&f‘? {pe d’r‘%’?’:ﬁgg've” in
exérﬁ;ge & O Gifth l@s%ﬁlbm%ofﬂem nd4h at 300C at 700 nbar

reduce I e e A uu e e n

show tﬂ% dﬁ% hmnera é)ag é) (r%he rrgc}uﬁgn Q dcoa{egl'brn (’Ichegsvd?e d\gltth uén of PLA
(pctheticier dnist) Swenrhy. i grs@faohﬁeedmwmshm@tmﬁmwéﬁmm?@'ﬂ%ﬁﬂfdmd°9 -bone
shdgel rc%tugdgloafn@k%?h@%@ if with® s@txichh P@]‘\Gﬁ%ﬁl@l@&)ﬁn (8% wiw). The coupon is

rever si

e T My B P G ot v P

layer.

~—+

The coupon is then placed in an INSTRON (5 kN capacity, €' = 10 s™) machine and
pulled apart at the two edges. The deformation of the dots on the surface is followed by a video
camera which informs as to the deformation speed of the dots is identical to that imposed by the
INSTRON machine. In case it is not, then it means that some delamination is occurring within the

sandwich layer:
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Figure 8 by performng a nunerical non |linear |east

square fit of the experinental data of Figure 9.
wayprogd13Tesul ts of spectra fitting are gi ven POI/ERIDE051924

6. Table-6 Fitting results %ﬁ% the Ti N material sanples

The percentage of variatio of the polarisation

resistance is given by: After coating the Ti N

el ectrode with an electrografted with a HEMA 4-

ni t rophenyl di azoni um tetrafl uoroborate fil maccording

t 0 t heFigure s@ Bifowisnveedtiriectad sttdréstlessvepminae bt ta@non in the INSTRON

arl:ﬁﬁ\% ggdac%%ﬁar\ég[q/){h grldl vgé%ut% pgfyfé Aselécrtre '&Jﬁ'@@hnd&flaﬁeh &hd 35& curve

unent I cat es
is ngwtlp@tforaﬁ trigflse with p)b\an optrgqgtrapafteql fayer, @rﬁi{ﬁhowf thSelasy IC, melasﬂc and
brdéﬁih@@@h{ee of e Magllic emomfsélfmequmﬂeyted By the bieeatitd pm coating.

swol | :‘ﬂy Hélm%:ﬁrgd gjl)tggﬁ hec rve are |V0%3tn;ehoqmnnfbr¥na tich Jn}éh Ib§/the camera

swol | ect
whiKEBteBt isi being phEeTyedi a@ﬂ mrwre@%ﬂdwawaﬁw ebeattiee gamerA detects that

deggﬁémﬁggmghﬁgglve in water, which is a good indication

f
-|-| N ?lij%geegult tEE g}‘?‘p e[glto ngthg{rW&h"g‘P %{{ef:{écagrggefd unc!e %pttﬂetliq_% layer

delemmatee ouge@_ stsinlasthgigé! don npudenater sirefoandnsiin (pbmte l#é@ and 18 in figure
10J P heS ot Sﬁp 89&5%!5/ rteoérﬁeldﬁﬁ r7ate)§ dp %ntf?é riptF® of the metal, when an

el ectrop bone shaped
clegi PS50 F VAR 1251 A ecBA BT PP &' bRy LBIRRC 17 " foure
17@).ectro- grafted Iayer according to the protocol given
in ex eshc}ws T ht@np‘}f{ r@ve%'nf: l%@ﬁév%d OBy 11%0 efdBo-dr Beeq layer
mi ddl e (1 Ri'Mner g e coupon I s coated on one
acesirgig @i thén D@Sﬁfﬁh"tyﬁntPDAe\(epé‘F%}dB'aGt@ M@v A7 @5 copPasest iythe 5 um layer
WﬁEh@%(m&g@gh[eved by masking the two wider extremties
of the dog-bone shaped coupon and spraying it with a
solution of PLAin chloroform (3% ww. The coupon is
vacuumdried until constant mass. Four small dots are
drawmn with an ink pen on top of the PLA |ayer. The
coupon is then placed in an I NSTRON (5 kN capacity, e
= 10~3 s 1 ) machine and pulled apart at the two
edges. The defornmation of the dots on the surface is
foll owed by a video canera which inforns as to the
def ormati on speed of the dots is identical to that
i nposed by the I NSTRON machine. In case it is not,
then it neans that sone delam nation is occurring
within the sandw ch | ayer: Figure 10 shows the
corrected strain/stress response of the coupon in the
| NSTRON machi ne and conpares with and w thout a
pol y- BUVA el ectro-grafted underlayer. The bl ack curve
is identical for all trials, wth or wthout
el ectro-grafted | ayer, and shows the el astic,
i nel astic and breaking regines of the netallic coupon
itself, whichis little affected by the overall 5 mm
coating. The nunbered dots on the curve are indicative
of the information given by the canera while the test
is being perfornmed, and nore precisely indicative of
when the camera detects that delam nation is
occurring. The result of the test is that w thout
el ectro-grafted underl ayer, the PLA | ayer
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del am nates on 3 16L stainless steel for noderate

stress and strain (points #15 and 18 in figure 10),
wonio7eibe sandwi ch actual Iy never del am nat eSPCT/PP1007/051924

the rupture of the netal, n an el ectro-grafted

| ayer of BUVA is used as t under | ayer (points #11,

12, 13, 14, 16, 17 in figure 17-2). This shows the

significant inprovenent achieved by the

el ectro-grafted | ayer according to the present
claimyenti on, even though it is very thin as conpared to

the 5 mmlayer which sits on top of it.Cains: 1. A

met hod for grafting an organic filmonto an

1. 8 Imedop fos ArafjRo o ERFRCITIFRORSP 23 BRTIRGRHEROFIGHYS S feriforRT e surface
by @ie&ﬁ‘d—rb&:cﬁ@d&f@tsbmfbnoéona)r@ﬁé it Fllowing step: | Si ng t he

a) Brgﬂ?rgt}/\oﬁnn a so up ?n con{amﬁ'\r 4 %r Qttgng '?jiaggni@r ‘EQ i M8 monomer bearing at

I azoni um sa one nononer
lealyleane ichan mlynn@a@ttle fynationdh aloHP. st Griewracurap @f %quaww
b) QE&M@zmg% Sd sltiBn ProaRCIcesNst ol usi te dn@adiing oif dehwmondm):tmg surface

2|n sai d, spl ut aneetro C
to Egl‘i‘?@teg 'H%Cﬁ!qcﬂﬁooo?ndssmeg%n%ﬂ?cfoun Srelen %{dscbe taes L? result, by
apalivatioe cbf s Iaaetr wiengoetde torsidtnmeldar eleptaces polgrigtion of the surface by
ap&?ﬁt{'g QLR RO HQRS: ov%roat‘e@astt Q réﬁg%tﬁftvalugé’ whiBP laiecrﬂbrbcbﬁth@iﬁxc that the

east one protocole conS|st| n an el ect I‘]J ina of said
redygfjoq qr P5ek a?fefs'fa' ¢l dqgepidm sally igﬂﬂ SAHG '”\?aséff‘ée& Ce°a Ing ot s
ordanit @Rt dnadaidavesceat | east a range of val ues which are
nore cathodic that the reduction or peak potential of
all diazoniumsalts in said solution, in a grafted
2. Fhsametiong aseording (@ cing Ariherain heriazpnisy gpltés arrasddazopiumpa
nmet hod accor ding to claim1l1, wherein the diazonium
3. %J naeftlécid rﬁcior PQ{ JQ clla v%gple? nmhérge!n C?ald?FnonIngr IQQLHQQ n%%ﬁlﬂgrd' ng
nmononer. 4. The nethod according to claim 3 V\,herel n
4. FREMMh WA e SrdifD BRI 31 Shetei) Mo WRYIRIThéhofRER iagdlyRBAIc sPecied bearing
vinylic group. 5. The nmethod according to clainms 3 or
aviyliqgidPei n the vinylic group is an acrylate or a
nmet hacryl ate. 6. The method according to clai many one
5. Gﬁwe tnli@holar g&gr‘é‘n \%’%Cél%n% ome(;vﬁérgmstﬁé didyRNGIFESH i Binacrylate or a
I'i ¢ nmonormer under goes pol ynmeri zation by
me\tﬂ:’r‘éﬂy\é@phl lic attack cleavage. 7 . The nethod according
to claim®6, wherein said cyclic nonomer is selected
romthe grou | 1dGm
6. 1 G EoRR, G RAR) SO, 7 n REcefig Bl Wi delafmonomer o 2
cyctingrongmesr which Hedepgoes eelymefizetioibnBuclamRblieiiciatieavadist one
protocol is applled in cyclic voltannetry scanni ng

éPee E)gﬁ'ng GC(‘&!’ an wa eé gv%%re%::%to a%ycr : l?orrgeﬁés gelr’f%ctte%cfrcfnl;1 the group

cone&lnm@dﬁlmtnmd(lglygohcmm emts-deprofoohe.ed to t he surface
10. The method according to any one of the preceding
clainms, wherein the filmis obtained by successive

8. ﬁmmp@g@ PEAPTHTY 9N C8f obm@t%plgg slajmse vagrein at least one protocol is
applidd RO eBtdmmdtly @Banpg tOLH Infodwd t h vari abl e

9. The method according to any one of the preceding claims, wherein, in at least one protocol, a

variable working current is applied to the surface.

10. The method according to any one of the preceding claims, wherein the film is obtained by
successive application of several protocols selected independently from protocols with variable

applied working potential and protocols with variable applied working current, each protocol being
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appl i ed working potential and protocols with variable
appl i ed working current, each protocol beingapplied to
wo b@7smsace for a given duration that is idene@UEP200D051924
or different fromthat of t ot her protocols. 11. The
met hod according to any one~of the preceding clains,
wherein the surface is selected fromthe group
consi sting of a surface of a noble netal, a surface
cont ai ni ng reduci bl e oxide, a graphite surface, a
appied dal tei sudfacer forse givern fdtatiin tha inidgatisaldo sudifferest, fram that of the other
m&&ﬁface of an alloy, a surface of one or nore
convent i onal conductive polynmer(s), a surface of an
intrinsic or doped sem conductor, and conbi nati ons
111 ey @ethod dctordingao ary briedofabe orredédrr@ dl2oms) iheairethe fsutfdve is selected
fro%rtﬁ‘% §%| ngon%lsﬁlxﬁr gu%%g]&r ﬁo%%prjﬁétgl' gtér?tgg Icglgﬁ? né’teducable oxide, a
grapmtﬂmfwm cendustivaio eaTieRIEIGHYe gre?fﬁca%a%? SHRSE 059" alloy, a surface

of IdWB! &TRREd BenvERBNAEEINAGtRS d8fened a Burtdy &fnen Oitriisie or doped
Segeecedlnapflalns and al Ieast one face of which is

QUL GRT PGP e&e an organic film 14. The

surface according to claim 13, wherein the filmhas a

12! PiLkBRSS a&gorcﬂ‘%t tWea‘?'n? ohe MRNGeckBing Maindsd furthBecspribing e step of
according to claim1l3 or 14, wherein the filmis

applyeg %fd‘é’éerlcﬂat'ﬁg multilayer film 16. The surface
according to any one of clainms 13 to 15, wherein the

13fAA é‘%dtr%a@)f mﬁérgéﬁrcorqd%gtmgmﬁrfa%g Bgtgﬁgd Wl%remeﬂﬂwgttl% method as

Imis
de%n@ﬁ Esanyeng pf threprecep cipims andret lgest O%’r“cfé“é?r?f M@MS&O&WG Wi grafted
an@fgafit@is 13 to 15, wherein the filmis a coating with

el ectrical conduction and/or electrically insulating
properties. 19. A nethod for grafting an organic film
14 oTresudacesdcewting toadliding 18.0MwEr the dinphassethickesssl aichetwgen 1 nm and 10
umsur face by el ectro-reduction of a solution, conprising
the follow ng steps: a) preparation of a solutlon
containing at |east one diazoniumsalt and one
151TErersoFfarbjaetding tb kiatm tf @ 1prwesisibe §ima$ indladad ina quitiayer fim.
film b) electrolyzing said solution in an
el ectrolysis cell u3|nggthe conductin

16 SERisEEITEFEITHY 18 AR e PlgMSed ° dbtr Bhead v (SRypeompatible.

electrode and at | east one counterelectrode so as to
r h

v b AL ) L0y BA 5 BB P s e
surface by applying a varlable potential over at | east

 18aTHAAGRCO bcdtRline® i dhb ACRINMDNE toC 88, hadrein tHeaimtifi@ coating with

.1 di | t
o e saneGPleBrudpateer e A yPlneerisst i ng of sard

organic filmon said surface.20. An electrolytic

19 SRR fot %fttﬁ@%&r’ga%l@fgm &htol a‘ﬁ%‘@ctn@ﬂlﬁ c6HdBétRB bbEBnS@nbuctive surface
one nonomner bearing ea one. chai n poiynerizabl e

by plgefEaredtion ‘ﬁraosﬂ}ﬂt'o’bﬁ‘é“@'ﬁ'ﬁ% S}th‘?"ﬁb"“% FERY r ol yt e,

a) preparhtivalof ¥ s@uteo lcureaibing atnehst one diazonium salt and one macro-objects, that are
precursors of said organic film,

b) electrolyzing said solution in an electrolysis cell using the conducting or semiconducting surface
to be coated as working electrode and at least one counterelectrode, so as to result, by
application ofat least one protocole consisting of an electrical polarization of the surface by
applying a variable potential over at least a range of values which are more cathodic that the
reduction or peak potential of all diazonium salts in the said solution, in a grafted coating of said

organic film on said surface.
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eventually a surfactant. 21. The conposition according
to claim 20, wherein the nononmer is chosen fromthe
w@e@ap9uasnsi sting of butyl rret hacryl at e, PCT/EP2007/051924
hydr oxyet hyl net hacryl at e, ?itl c acid, glycolic acid
and e- caprol actone. An“el ectrol ytic conposition
conprising - a rmnomer chosen fromthe group
consi sting of butyl methacryl ate and
hydr oxyet hyl net hacryl ate, - at |east one di azoni um
205@ dlectrplyief cematdityn @omprisig di azoni um salt - a supporting

el eol kBl hyoBhhiesaol y NaNCB or TEAP, and - a

sol 23. An electrolytic

conpos F”PP%TF?V Eeape Pé?‘ﬁéj one ghainpPiEeTARlE %”ﬁ%@a‘@b‘?‘l‘t‘i mer, at
a C@ﬂ@&ﬁbbrﬁﬁg@&trelfytel to 2 nol/l - glycerol, at a
concentr gtégoq e% and Ol to 1 nol/1 - D nethyl For mam de
as tHE"E e 4-ni trophenyl di azoni um

t et readritupty obsfeateet at a concentration of 5.10 4 to 10 1

mol / 1 - sodium nitrate (NaNG3) at a concentration of
21f 6‘?%‘%&%’8&? %)%:Prd&g etetcéadp %ﬁt iwﬁeéretg tne mottgnrqer lts hcgggeln Honfthe group
coffispitih@ vedf r@t@mmwwehwtwmhmetmm atacptonacmt glycolic acid and e-
nRgsi tion conprising - butylmethacrylate nonomer, at
€oncentration of 1.5 to 2 nol /I - gl ycerol (5% of
the total volune), at a concentration of 0.01 to 1

22 éléctmly@d&ﬁtbwlonlé&hmmgde as the solvent, - sodium
m t ratge ré(jnorgar tfhot%eﬁtat Oocr)nncff\tnt d ?o;u%o%or?ststta'go " §f t&:tyﬁn%@a&iyiate and

R Sai'd rior
4 nlhwr@ph@viytlethdfprﬂzt@m um tetrafl uoroborate, at a

Clonct%ﬂg%s@%ﬁecﬁ"azefuurﬁ sdit, Breferktly dlargt dEBdniUn sal25.  An
el ectrolytic co
hydr 8)?9%%’%‘79 ﬁjﬁftm? Weéetr% ‘h‘g%géfﬂ l”:n%t) a4 concent rat i on

of laSolentdref@bily DMFgl ycerol, at a concentration of
0.01 to 1 nol/Il - Dinethyl Formam' de as the sol vent, -
4-ni trophenyl diazoniumtetrafluoroborate at a

23 ynRieaielin GomROONSONeISNGt 0 10 1 nol /1 - sodi um
ni t r-atneméNaMBt)a nadnomer asc@ntanattioonf 0f tal®ma/1t o 5.1 CT2

JCBT(% it a cor%&traqgn oPdm%‘?R?og/t ng a formulation for

el ectgdgr ArTen the toll ow ng successive
st ep@lr@thmf@mamtﬁ?ﬁeﬁ‘eéﬂvgﬂtconpos| tion conpri si g

- 4-nitrophenyl diazonium tetrafluoroborate at a concentration of 5. 10" to 10™ mol /I
- sodium nitrate (NaNO3) at a concentration of 10° 10 5.10 mol /.

caprgl

24. A method for preparing a formulation for electografting comprising the following successive
steps
a) preparation of a composition comprising
- butylmethacrylate monomer, at a concentration of 1.5 to 2 mol/l
- glycerol (5% of the total volume), at a concentration of 0.01 to 1 mol/l
- Dimethyl Formamide as the solvent,
- sodium nitrate (NaNQ3) at a concentration of 10 t0 5.10° mol /1.
b) addition to said composition, prior to use, 4-nitrophenyl diazonium tetrafluoroborate, at a

concentration of 5.10™ to 10™" mol /1.

25. An electrolytic composition comprising
- hydroxyethylmethacrylate monomer, at a concentration of 1.5 to 2 mol/l
- glycerol, at a concentration of 0.01 to 1 mol/i

- Dimethyl Formamide as the solvent,
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- hydroxyet hyl met hacryl ate nononmer, at a concentration

of 1.5 to 2 nol/l - glycerol, at a concentration of
wW@2®1/09a31 nol /1 - Dinmethyl Formam de as the sPCWEP1007/651924

sodiumnitrate (NaNO3) at 6:oncentrati on of 10 3 to

5.1 0 nol /I. b) addition t% sai d conposition, prior

to use, 4-nitrophenyl diazoniumtetrafluoroborate, at

a concentration of 5.10"4 to 10~1 nol /I. 27. A

process of coating a stent with an el ectro- grafted

| ayew- rﬂfopp@iyw:}zlyndmrothreﬁwwdmaldwawrcymahteetle@nﬁﬁ103|t¢11;0 't /1

fol | owna rﬁkgegﬁl'a_lz A Fcdrbiddn BEIEOE ARG MbID

U tra-sonic power 90% for 10 to 20 m n; R nsing
with DI Water W|th U tra-sonic 35kHz power 90% f or 10
261 A o for; prEaying g ;forantiaClor Bigetbdrafting emtpriving thedallovod esuccessive
eof a power supply; - Dipping in electrolytic solution
S0P claim25 with argon bubbling for 5 to 20 mn;
a) Pebarpiioniohg cyprositiongapasiag cl i ¢ vol t ammet ry pr ot ocol :

scan 'ﬂb&&(y@@?l%ﬁ@crﬁa@ %n&ﬁeﬂ; htRSnden@dton PENS LI eald t
pot e = co terel ectrode = the

anodéJ Ceo{f" §a§8%ﬁ?ﬂ rﬂ‘ﬁ”f’ (}C@ 8! "1 mv/s, with argon
bubbIDimeghyh Eor@iamideian thefsplvert, rinsing in DMF with argon

b ubbl éoﬂﬂmfrﬁ{ate?’(NElQOg)oat"Q J&ncentr§%ﬁ %ﬂﬂ) 3% 530 hgoliin Wi th
difigan B re 0 (Ewgrhtegap obarate, at a
o) AN Fofas CpgPeation T (7 Yhg SUIN B8

coddantduin f 5. tr* t300t 00180 min. 28. A process of coating a
stent with an electro-grafted layer of

pol y- Butyl net hacryl ate conprising the foll owi ng steps:
27Ch @eaterrgOhvicptnICe s R g et ogralted '%%fnfi’f@@fﬂéffi@gﬁaﬁxé&thacw'ate
co&?%rfg%efl;ﬁbmm@ ZPsmin; Rinsing with DI Water with
Utra-sonic % f 0
R R Y e e e
Dt ppi rﬁ@psmg wish BEWeist yith itraaonia 33Hz pewes P%f’(*’ Fﬁ@@twﬁoﬂh‘”
argon bling for 5 to 20 mn; Polarizing stent via a

cycllc volta scanni ng. between 5 and 75
times CPPtaﬁH”Sgg% tend vl Ao %Pfe"’}ﬁ‘%wﬁf g% 3. o vl e (CE =
count ®mingdt elatrelytic sohgoraofotien) 2awittearsaenvhbling far 8t@2Ghing0
mv/ S’ P afi Qngaé;c&(?aa Q%P@lk U&Qm%tr§ F o(o%l rhcatﬁi;g?%etv&e‘eﬂ%'aﬂ& 7% fimes

i_ng
in \Kﬁot“H’p&? @'E?H't B‘P}%'P’l tﬁg%bﬂﬁE &= Soupf?rei??” N 1F tg?%la?] E
D \8gamingfrate oﬁlOt)@n\BstWth Btgobykblvgy 4t B /Macuum oven at 40

OC 191r£[b msur?g in %E\AF%chtaﬁ)go%%gbmgfor 5to 20 min;
- Second rinsing in with argon bubbling DMF for 5 to 20 min;
- Rinsing in D] Water for 5 to 20 min;
- Drying in Vacuum oven at 40 °C, 10 mbars for 30 to 180 min.

28. A process of coating a stent with an electro-grafted layer of poly-Butylmethacrylate comprising
the following steps:

- Cleaning with Detergent with Ultra-sonic 35kHz power 90% for 10 to 20 min;

- Rinsing with DI Water with Ultra-sonic 35kHz power 90% for 10 to 90 min;

- Drying;

- Contacting the stent with cathode of a power supply;

- Dipping in electrolytic solution of claim 23 with argon bubbling for 5 to 20 min;

- Polarizing stent via a cyclic voltammetry protocol, scanning between 5 and 75 times
from open circuit potential to — 3.2 V/CE (CE = counterelectrode = the anode) at a
scanning rate of 50 mV/s, with argon bubbling at 8 I/min;

- First rinsing in DMF with argon bubbling for 5 to 20 min;



29. The use of a solution conprising at |east one

di azoniumsalt and a cyclic nononmer whi ch under goes
w@odograeridzat i on by nucl eophilic attack cl eavageCT/EP2007/051924

the electrografting of an organic filmonto an

electrically conductive or 4€m conductive surface. 30.

The use according to claim 29, wherein the nononer is

chosen fromthe group consisting of |actic acid,

gl ycolic acid and e-caprol act one.

- Second rinsing in with argon bubbling DMF for 5 to 20 min;
- Rinsing in DI Water for 5 to 20 min;

- Drying in Vacuum oven at 40 °C, 10 mbars for 30 to 180 min.

5  29. The use of a solution comprising at least one diazonium salt and a cyclic monomer which
undergoes polymerization by nucleophilic attack cleavage, for the electrografting of an organic

film onto an electrically conductive or semiconductive surface.

30. The use according to claim 29, wherein the monomer is chosen from the group consisting of

10  lactic acid, glycolic acid and e-caprolactone.



