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Confidential METHOD FOR THE MODI FI CATI ON OF | NSULATI NG
OR SEM CONDUCTOR SURFACES, AND PRODUCTS THUS OBTAI NED
5The object of the present invention is a nethod of
nodi fication of insulating or sem conductor surfaces or
bi nary or ternary conpounds, preferably by the grafting
of an aromatic group derived from di azoni um salt
carrying the said aromatic group, as well as the
products thus obtained. Elettro-grafting all ows Chsfidential
functionalisation of surfaces conducting electricity.
10 One of the considerabl e advant ages of
el ectro-grafting is that the energy, which allows both
t he MEJHGIR | o HOBf imﬁrfmwwmmmd Ofle INBULATEYG OR
filg j [ f t he
sur PO stReACES 200 PREDUCH ST BREAND
consequence of this property |s for exarrpl e, that
el ectr raf
sur f acgfshgoﬁeﬁt oq %ﬂ%%gr; ngvrglg ogr sam %’[51&9 BPJH%%{ca‘P@ thﬁsu lating or
pr e@qlrsw@ﬁuctoewfmcemr biawry netemirg cou@bed, pr@ara‘bih &y 8 grafling of an
rrac

(Eértgglgt?cggr &?%@leﬁf f-nfh?m%z&g@g a% Iggntﬁé Sdﬁc[]alréxﬁétﬁ gﬁdufs swﬁﬁs
ar bﬂlep@ﬁwa‘tbwnbwﬁne@onpl exity WI t h the sane qual i ty
thr ouqhﬁé&rb \%ﬁd}ﬂﬁ{g?%%g %het ﬁﬁsnohen@:%ﬁ%hl ro%asﬁt ?.Cg{ cSﬁﬁcthreﬂec{réﬂy

in contact l'ectro-

el e®re ot the adnsidetalfle hdvritages ofmctto gtaﬁmlgss thitethg pnprgy, which allows

' "DB&E' 'tl-{%lf&ntaf?oncﬁrlﬁt%égygongé SRUEQsMALE FRG Q%rch%‘?x SHE LaE&:
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t hatl intherefazsuhasuolcecitsal et meretest isvernguiritoye- heetnpideerice of this

nmea i
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ei t BRkrodcBnil RG1eMAk %Gﬁéle«ﬁn%nc@ ?ﬁﬁ&ﬂ? Qfs tHaf elérﬁ‘m%ﬁ"a{1 x%ca‘ﬁows eoaungs

activation techniques - specif eat ur es

t heow Ip@*rfﬁehﬂ@go@s@blvercl oo of Pfémtlwiy gridhf the rsgme auzéléf thronghaut

pr eé\ee?)xﬁlgre haD i E@a‘&@oﬁﬂé‘&n@ﬂ\ééﬁt&%ﬁﬁ[he%f%h):o -grafting solution, an

25conf'orm t om) enel t e electrografting

( e@%troﬁai@ﬁék@ﬁlfﬁrmeéal ts carried out on carbon (Pinson

J., Poqygrclegﬁy fr:nposs 1 C§P5Pout B@é{m rea@t'%san tﬁésmf?i&:gof insulators, at

AIIongue ., , é agebaune 0., Htm
 lepyi ﬁs@ﬁm@tual f%tv @g/m thgt awpnsuigtomqpno@b@ﬁwag@c,by elegiggaf means.
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i ntroduction of carbon bl ack into a diazonium salt
sol _uti on enables the to surface of the ca_rb_on to be
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15The object of the present invention is to furnish a
nmet hod of grafting insulators by aryl groups derived
from di azoni um sal ts. The obj ect of the present
invention is to furnish a nmethod for the nodification
of insulator or sem conductor surfaces or binary or
ternary conpounds, conprising the use of grafting
reactions of aryl groups, the kinetics of which are
significantly faster than 20t hose of current net kegf&lential
The object of the present invention is also to furnish
8 _MeLAOGhalQbrs (A JOMERRCQE, MREN 1T RALBLARL SUDSELA, 3597
especi al g very resistant sem conductors or very

& mgppbcrabheé? PrAAYEIE ORsBNREd tor quf?écqmﬁte spaptancous

obt 3 BRGh P YraBing ehkt Q@@ﬁ[&x@@écﬁ%!&&i@él%@bﬁd&ﬁhe&b‘ﬂ 1ﬁﬂ'u$tﬂ>%f aryl
haV|ng the i nconveni ences associ at ed he effects

of GHPEoHsFuEse of Sekemprs elready beenTien Oéﬁﬁa@étﬂnﬁmﬁ?f@l Patent

pr esgpficatifiéeMd @@/13@8861'\7@@ éﬁﬂsﬁw ﬁN@M@/Wﬁﬁ@Cﬁﬁ) @k/18695, WO
composite materials havi

ot B PAIG. W ST, POHHERTS FETT St 98 of oo B 0053681 ;

semi.cBRJLE 1rs U bReRSs AN 1NAs Yogalicl B BREY 280 ML 355,
The present invention relates to the use of a di azoni um

sal tUSe N§9earing an 30 aromatic group R for the

graf ti nghofmilh ﬁmmieﬂora{f@ﬂ%d Wac@ [PGiRAERM A8 !}Hhﬁfoﬁ Eaables the
sem conduct or surfaces or binary or ternary npounds

or cBisesSf the caRpRiq By @odlﬁweb&%ﬁaan@awfe?aésqrm&/ rl‘ﬁamg from the

SPeGiidzbfut &R, SthANGEn e At g‘?&ﬁlﬁéﬁﬁbt@ﬁ h@sﬂb@h ek@ndk@ -té n{e?alsrﬁnd
and preferably greater than or equal

di aZeRiconsees esperaaliygilispredishn ). &t 2 T@afn& é\ﬁt %ﬂ?’fmé@@p é%&ieﬁ

t hargg® O%nMy. 12nehnyar xbgazgkl@ﬁﬁﬁremmﬂ%ufswlq&nmmaney e, ety J.
0.5 Mto Internatronal gﬁl catj on PCI/ FR2006/ 002260

r egi™t érid (GHm05ce tYHef22006  Priori 4y Tour g dndhimat sy Soc
ApplFpeat/on 1. DRAB/ICLAY %mnem smb ke 208, DULoPEsHad®RH C.,

4Confi dential approxi mat e

condeiE Cat %Sacr‘lgglseB%ane Y S%IIICHB\’II P%ﬁi érr%l%d‘a{:\ ﬁaugeR H,
ixperdgmmniitsm@mdg 0. Offenées @tbusemfdan?_ tF@{!TF.QRﬁWgﬁgS.I., Lintao C.,

ccordin n_aavanl ageoQus roau 1 ON , e

o it DoPE e s &y REEAE Da- Ko SRl b g delaPard A
t han, Q. dm.Muehl $ocl, $000PERI f55€ dUﬁ@aEtaﬂg@ pdterit Sppeadh ptfished on 5
uaronatiq roup a radic %ﬁriy fron1% YClIC
conIORHr O P e B T @235 pb et pr CavetBety €
condensRél Alqemmmﬁs nMé}c%k F., 2RO, OREin01 ODC8erk IR, 2905, 17,

nucl erive ene, Naturall Yo thjs e
A§| s%“%e@ﬂap?‘ f%C kst écy’chlF"émffﬁ@I S 20 b B dl?%?ﬁ%
s ubst I t Hb®Syer, aDhadVeh oRSrvE At @G apBRhe bR AT RS GIrRl Yecause the
conprLs et er oat ons ch as.N, 0 and S. 10The ter .
P TRk R OSby P Rl R i 8 opste il Pacdial B b i
mat eadb@d sponkuinetusig ogen ndtnged rowilichdagpaissags ofutieh)e ciffionsly
8][ 2 t Jh.‘%ﬁ% ?0”?81}19% t}(ee%‘é%mu\{\{ tletsl %pom%ei%nsn)é ac%grd}ngﬁtoo{hgegame
i nsuh@borsm dydhabolsersedsduiripg tlyctnotmemmel rg@dmn Blfie spOXBcowy gralling
1015,y ik ’ qh B iD€grati
rosi B B o s e ek Peating
pol yiue dhpdferads orly jdang e cofagematgials) oihiehOhatig 2 1s8ffisisntdyeeathodic
Ser@p@l?ﬁ%ﬁtpgfent?di’ lfl%q%ﬁ] oﬂ@lﬁogmt ﬁﬁ Fhensenh ﬁlsogmﬁmg by
sem conductor material, that 1s, a materia
t he %ﬁ?@ﬁﬂwaism@amJU@GPW@%@WW@FIWP%@ aipBing praction
el ecfitduedlin W%Wltﬂé\ft me&fmﬁamcmowﬁm it is very pure,
i ncreases exponentially with tenperature and can be
i ncreased by several orders of magnitude fromits
intrinsic value by doping with electrically active
impurities. Sem conductors are characterised by the 20
SierRafinal Applibaion PORIF R2D&S/ 003 gdaE @&l oMoy band
freionay t Weeneo Petortdpplicaign Wlo. 05/10914 rdgarteg@ion 28.0cBbe2B0P! i N,
Handbook of Chenistry and Physics, 84th edition, CRC
Press; Boca Raton, p. 12-97). The theoretical
fgsist[vity'ot intriqs[c si[icon,_for exanplez isin
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to 2.104 am At the highest levels of resistivity of
these thin layers, electrochem cal grafting methods
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material. For exan‘pl e, the barrier | ayers of these
materials used in the Danascene net hod have too high a
resistivity to enable el ectrochem cal deposition-Qfsi..iim
honogenous copper on the plaquette scale. 20The terfm
"conposite material s" designates conposite materials

“havi ng Besidése st thinwiewpoitthiess neseed tbishsrheion edesfof epnntaneous

amgﬂﬁing%ﬁhﬁéon{ﬁ% SHL LPRE Sy fa?e%% %9?9 G LRE ii@'&é‘nﬂ&% AR one
bi ndary or ternary conpoun S as ed above, gi ven
t haboyr heevsramdreé@hemb@i tp echiesit emivanum gateofsoyerage on the surface.
conposi ﬁ&?thelg—ﬂ Sit %8 ﬁkﬁte'm!ér&fnh *c)sbe% oG8 3Ry ﬁl&!ﬁér% Glh as
for exanple, |nclu I'con su aces conpri'sing slices
fil bmdniqpelmesppibe sx(r@pepﬂoﬁ ozitlgs om the jsagmeBay, which would enable their
m cr, S S
di ol ggltcf:&%: Eérjrgdtog?i)e% b§ L%ﬁ:{;}gaglgﬁssp cnﬁoo Ber&egnig%hza&lﬂgreémmg the
conﬂ@_@hﬂlﬂw@'@@(hel@@ﬁﬂ iprgrtieTeiihe Imtfglahl c pol yner surf aces
conpr %@Qat&ﬁ?\fo V\ﬁ L@hidd Hl?e"tﬂoﬁ FireBiRnd B RLBHEN B Sunds
the surface o IS conposed titani um or
cer &PMRISINBEN Hig of %éwwym altrivtorsy Praqlseb/@ iy insihad) relytes to the
Mat @lel %ec%fnpsmom%c&ﬁiaﬁg Qbitiont OF diSXAARRI Sits Rl shdbn
conprising two different insulators or conprising two
di  fherbeyis of3mypirlicamon) o0 Grosatie ppyragrs d his ancghipd idgggistlinclude the
The (& <ff'¥bdu€é¥§‘9ﬁr}&{uﬁ5é PRagflof @l&a@ﬁgﬂk WS {o 7PbOSRrth@mbik Sthe
sol ubi limt" designates the conCentration starting
fr omamnctme &t approgimadaly 8 ivper afhleiv @oghd Prpblem gp vlemextent that
sol \ﬂ%tnposqttb% PR AR SRk eI REIRIsh@ &Sioa | NL €r Nat i onal
i cati on PCI/ FR2006/ 002260 regi stered on 9 Cct ober
2006 Pr Thsrobiegt of thepesseninpeptionis tpgpiish eanethod oNgaltios inydgars by
r egi;sf 8684 d0ived o liReim &B05 6Confi denti al It is

t herefore sought to obtain the maxi mum concentration of
di azoni Tt obigpiof dhgotiese atventiph érfo drrighiiwethod B e dredifisition of

IS SUBLBFSQEnLohdulibr ATREOL, bnia%r[@ﬁ& %wﬂp%m sn‘%rt%luse
radicals is produced, the mpjority

| os ! rfting seeiosn el wil genrstthok eﬂﬁmf ‘ahlgfh@rr: [sigpifigy faéwr than
whi q{bsy\&ﬁchn@ﬁgj%gdst he surface. Wthin the lints of the

nmet hod of the 5invention, the solubility limt can be
exceedede object of fife present i preieniselip fofimish srprhod ifareditigation of

sal tyedySreliQft WRIRK O NGiEiaN) PGy thRihe &alibdhbiNor®Tor tv@n‘? resistant
radical and is therefore too far renoved fromthe

sol (BRI o FIgnpeampgpnds Hike dhptds abjpired by slecipchprpipy golicitation, but
r eachen wiink tAOinche@bdchC h8ftiat@NQIHY e Bt ctsher Winft Ardpf for
that reaction will be very Ilow 10The bonds formed on
t he eﬁ%‘?%ers are Caliphate au zuomatir Caronatic bonds
whose ener @yect $f it ﬁl’ﬁi&ntoﬁld@ﬁomfs AQOtok i @r sutabed. of composite

El ect och m.cal ributed.tg the .
For RAPER Py i ob S SRR ke Wb ciop i Gpif uraes,
el ectmiommdtugortstudaced anz dinkmy v ©@bity codjrangsr esent i nventi on
i s bas u r }9 ar b
in a hg’ﬁ%e gﬂeserl'& mve%PD r?l%ﬂ?e’s §0§ hlgéra %WI trclﬁz?%um %z%lt ﬁ%j %%Pﬁ%an
r edupertic @roupyRpHat ﬁmhanhtlsg roy td sasid chramygs Enoamsdn@r insulator,
co t I;
”@Lr%%ﬁ&or%ﬁf&&t d(ﬁég%{y%? geﬁ}}éq}r‘]ég{nﬁftﬁlfiy&gomgéé of Bl ﬁ}{,glgéald
of tsiréaces haging @dgemftc resistdnop@ebtdr dhamod edupl @s1 07142 mhaadqm@”e‘abiy
r.och Bl ons, P hi
e TP IBETETRER o ST R NP MR b e
c onporcpgstipmgrtdie s OWb |M1rand @nj'uyg @efembly fromuappekinefelyt hieao
radicals reacts with the surface to lead to its 20
gl{"df‘f’WH‘Q‘.APP‘l‘C”F@" PREFEPUSHOTEL eagisigraj on dPckabar #6 | n t he
rerpnfreagiplatadpriisationdVoy SXI W Gresicisned en s Qeipbas 0GF
di azoniumsalt to obtain sufficient concentrations of
aryl radicals suitable for grafting to the surface.
The present invention also relates to the use as
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20 a large quantity of free radicals is created. A part

of the radicals produced honogenously in the solution

reacts with a surface dipping in the solution. This

t herefore enabl es the surface of organic polyners or

nore generally insulators to be nodified by aryl

radi cals, particularly by shearing off hydrogen atons

and coupling of radicals, by, S1.1 addition onto ,

aromati cs (Kochi, J. K Free Radicals Vol. 1 and %4

25 York, 1973) or by Merweein-type addition (Donbrovski

Rus sipprioxisarin 4 Rﬁvand ]xﬁﬁﬂl,y 03, colébdtratia RURS ty/ @6l tsolQKiBty limits in

React . 19761 ﬁsg ont doubl bonds. It is also

pos STHIFETE 0 GRS B  od w t b

m croel ecdordi)rrg 164an delaﬁhg“eaﬁsqﬁodsumh mathoditdiazonium s&ojid plebestt at
|rrad|taa? tthe zbalrlﬁe-transfer conpl ex, the

trarflscfné g mlé SRS i%t o this conplex and the

formati ons spfamﬁafdyhat méaeliicatast bs afoaotigrech B0 Bopradibay ;ierb'yd from

he T SHUCTPBRRS OB i s Shrtis Ssro g’ PRI o

of tdnéfox:mrem&mmmhrrm@xamylhl desichddmim bepzeha\idamralty, this radical Inan

pr esaﬁso cohlg%{erhe% ocgyc!h% n%%lgf’ nd%r %arﬂ)gg tSl.%StltulI%g agovxge 1fa|s %actirlocoa%on
of the Surface an ‘insulating mate

seniahan qjmmlyrcompmsarg mie;oamfns such aﬂ&r@andrsl ternary conpoun d
or a COI}‘P Féi’ntl emsu Gk sm aces %eﬁlgenat%é {llle %%ia:g? E)g %1 ;%a'terrligi, which does

mat eri al,” a seni con
I nt emnatomhaﬁasﬁmf eteattqnsnr @@Jaﬁ@ﬁ@@ﬁ%@@@%@hkbgiﬁtfe meidr of

o 93(5%?8@ 2096 F;{r:ﬁnol%l %OE{P’T!E%SF% I’hghe ?1%518@% I‘?A%J res;stlwty n ﬁle

A egl'ster er
Confdrdbe of 1081 wan” Kemnn ativy, tsﬂh@pmyeday&ne fsed OErpOkd fedstivity is in the
material , the surface of I,s . nmodi fi grafting
ar o &f i Geps R PRPaR B eif PACES % 3t ?%/W

substi t ghe ey sdnviBlih@dt dhrfed URSignatdd eneemmfaw@f Q@érﬁiﬁ@d@cﬁor
t he bond between the surfage and the g fted aronmm

bondBatikl ARt itotfiemyatsriel mavhich dis samreahis oioiRY Y zlﬁ%mﬁ-“oﬁn&ﬁwlﬁs and

suchnd Biadiridal con@sckiSitySorwersdhl RBenlYis 5bﬂytpﬁ@3fﬁb%£§es exponentidN§ with
said nmethod conprising pl aci nq the said, surface .in

cont '§EperHfire podpagy P%%ﬁ?s Yosyeral arigrs Ph@aguEbdsdiarpls ifingielue
sai dbyddc)@ill@ nm rﬂeﬁ@;:cilly%{ﬁeyltnﬁﬂltfeb l@eﬁaﬁzrﬁﬁu&b?% ¢tﬁra§t’éﬁ>§é@ bkhe
a conce ion close to i il imt

conc¥it éltea*zﬁﬁg @?pe‘&?te%ﬂpwwﬁf‘o*f%@ WF Y g g?rﬁiactwn band (L. L
pr ef]@efr@éﬁlﬁ’ K. Parih e Paaibbdredf €lhymistrpardl Hh@méh Bih Bati@h CRC®ress:
conc at| onlcéﬁse to 10 its solubility Iimt, notably
by t (ga 88 157 Peducer, by the phot ocheni cal

irr a’dieaﬁdo&ﬂceﬂ)f'esﬁtﬁﬂ?&m &ftx&fsw@ﬁlc@rhaﬁ LG pl) (¥[3h €% ofdaf BIE0IO m and
fro di azom um sal t el treatnent, of the said
di az ﬁ? B At PUBY - St PR u‘i%l ma{eBakaiP%‘?“HY iR @gpigroelectronics,
ar ondping ign@uips bgiwatd edt’ ent@’ thessal dod tlfefraﬂﬁwlty subsequenﬂy

OB B e P AR R P BT ROPSRY oy
thanm O Idopvhg).  Thihe téicem, " f thadbg onal gldqugs wu‘h arsenic
?gSIr %ﬁ%%s rﬁifﬁ%.] }é éueb'gtévslty gﬁ éhgza%a fgiﬁt‘% \y xé%nq El?p%%gwﬁp arsenic
part (1@i btams/fan’) herd iedsivity of 4,4. I €on diitign} min@@ daghdeith afium
t he present ention,  the rface i di fied such

t hat {;hé‘tc’gﬁ/cﬁi‘%n]%?t* RSP EE ST ?W R 58 TP BrE BREge Wit
bet Wegitm( Ne° SathJ @ ehaa A cksksiiBty df aid-ad0ar omati c groups
correspondi ng to coval ent bonds a carbon atom of the

sai d ar GRRIEIE “Bjrasyi pr SIarY SATRAUBIR @¢sighies T orsiggafry cempounds
AC C Ot Glin gxffef?:n@%h%egft@{ EGHlpIe TROFINTERE: NL RN mw e,
invention is c aracterlsed in that the pefiod

contact of the surface and the diazoniutn salt |s | ower
e gratartinaion PG TEMR 2A961190 460 regisiated st h¢reber 4406s

L6y, i rascle Pyent Arpliagtondio U914 gagistepagrn b Qcipber 2005
approximately 1 to 10 m nutes. According to a
preferred enbodi nent, the nmethod of the invention is
characterised in that the period of contact of the
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fluorlnated or allyl, hydrogen atons, aryl

radi cal s possibly substituted by carboxyl radicals,

NC2, di-substituted protected am no, nono-substituted
prot ected am no,,.gcyano, diazonium alkoxy from1l to 20
carbon atons, al koxycarbonyl from1 to 20 carbon atons,
al kyl car bonyl oxy from 251 to 20 carbon atons, vinyl
possi bly fluorinated or allyl, hal ogen atons, Confidential
carboxyl radicals, NO2, di- substltuted protected am no,
nono- substit ut ed protected am no, cyano, di azonium

sul #1gn NeSixNp h Blapth spieounds| e xyiddly opad1int be Jgicrsaleditonicn inghtry,
al K 9t g i ar ?ﬁﬂ:}{é mgtfn?{ﬂont!rwﬁ By @Qm&ﬂ&ﬂ m%ene which was described,

MIMO% vi nyl

pos g lstaylpteL u’o(Fhaﬁ&tCe‘d anf} §Iﬂ€@§eM d?%nﬁUL%dAdeetoat"ﬁéc Bl
adv gpj, agR0 l’f‘ﬁes@ mgiuﬁa%%e ddph&edTRY mqaﬂtq Byvdr I RMoEORcH &

characteri sed hat the aromatic group conprises one
or BVPBI®mara tMprastDegension), €YPdShepeeal Vepor Barssitign) e SLPyAtomic

Wit PayQF GRMsBioh)S SThES  coRipQIn@I b€ BlesciBide G4 @)ém‘ﬁféem @R following
nmol ecul es or coaneX|n% agents, or one or a plurality
iy

of pEgessBimsulis Bk Be Wh Kang, Ddfitkdm. Krif-ebin Mo fat. Hs

Apptru&ﬂténom B@TM&%@Q@&O%%%I Q;mt@a"ze& 1B, ﬁep@t@k@r 8.3,
2006 Priority : French Patent i cation 65/ 10914

r egivsreridiYoH . 2820 GiePiedds T- T ‘H@’htp fr) 4, 2001, 73,229-

trangformation, are apt to react with organic resins,

bi ol ogi cal nol ecul es, chem cal nol ecul es or coaneX|ng

agent s.The thin fyyees meptipneds ghoxg funglicaspeisulatly af @alarier to copper

di r @ffuliyn W ﬁxﬁraﬁ@& ¥R reﬁectr&i@seﬂi} fdgne@ 1arOb0BCadrage or as a grid
nmol ecul es” e5|§nates substitutes of the aromatic g)o%§
0

fi x8gearitier CHEOS imigtor drapsmenay Mg r@dds Poacamdreys

apt efefritaC a&lstiiyt &r thire tﬁﬁ‘ ewn@ ad vl ngdhivonSeidfi’ dnelle RYposition
ot her nol ecul es. Exanpl es of factlve functlons br ought

by Pﬁelh@wtspr@adgrlmﬁnaﬁ%owﬂ?/ Qe tod WY 128 Apdehigheshlsvels
f l('mQF feglgt?vt C?LII%P h@&etﬁ'l% lay@ds! Q&Qb&elgifcaltgtﬂﬁhﬁgyrﬂﬁhods become mefﬁczent

H_for ‘exanple, carboxylic acids of type
(CPE?)&HSﬂ@@@q ohprge deop aprpifcemateres. d o AFAFNG. desbagicr Aaess i ghese
Ni € GaleBs JsQOGY ARADERascHE HERod Rive 1S HiMPE relifdR) Uo Niddbte
for exanple, n being a 10whol e nunber ranging fromO to
10, ekselrorksiical érppeition of bepesnrat €90 oRBS phieve salsi ds, or
phosphonatigs: “compositd RfuteHE MiesBRAG WoRiBbsite WhRdrih s lh%ﬂﬁgs at least
whi ch, after transformation, are apt to react with
pol yHepisthe erisrisly slecist fomotesge daplatis) e semigesingprapices
subghd bH&DISE tertthly %Bmﬁélﬁaﬁseﬁs @é}ﬁe@ﬁbo@f Bl @ASHO fsﬂ@tcbﬁfjbsue
are a%t to react " wit mers, bi ol oglcal mol ecul es
and "ekeds ¢kl suigee eRmRetls eGe cymBoSH araErials Wi Ehen beuatst sfor
\AI\EI %%bmp@ef tRfudd glﬁ&b%fs@fifafeat éo@rﬁ)nsl ﬁlc@sqtuet—l mehqgﬁﬁeg@fpﬁllmons in
- COOPr, Pr being a
pr ofrértr@%qctl@tp@m F§ubst.atttt(¢§:§p PR yﬂnmﬂpg a dwlefW}‘ﬁ“N@‘F"hrai ?hcon ora
( CHB3 e 4ssRpbund F§uchr as BN orbiNn Grg@t’ﬁ@b@?ﬁl&r SuEFRARbI RSm pridind kifGh

a whol e, nunber Phen chl ori de
ol B AT OB HIRCAPDY TG LRl SEoTORSGhf et o
pr oteahor Hg;ﬁngwpmnpaﬁtﬂm&tetnelrd&ihlpﬁstmmoena’{eeﬁls rof the same category,
desi (gnat & ple I;.%ma,}/ rig com la\{}il‘,t gro dﬁe W g laftcg‘pgt Ny t(\)vr different
exanpl M e FEHE) CERE IS [P SHEFRNAKTHH BaRY tpgwo differen
poIyummsﬂ@aM$mmnmmhybmpmgwstyrene bronD polystyrene
gzgtr gégﬁqgt hrh]“cgnce]%/tra i %%ﬁ%%né#ms St ¢ oset- & dmglyﬁ‘i hqlml d{:%t%mtes
ex a gl cencdiragjon Ssting frqtm) Wiish, yr zeglmnha\vperaglre and in a given solvent, the
alk%§¥benz¥taugpnd% functions). 25The term "biol ogi ca

| SEHTER Fad Ha €5 a nolecule intervening in
blologlcal systens such as enzynes or antigens,
The term "chem e" designates all nol ecules

prptionq! lfﬂﬂﬂf&tt’ R%P&ﬁ/‘f'%%{‘ tegisterediop § Qcppber 2006

Primrety 5 ysagt Lagyt Aprficatigp Nepf>/ 2014 esisered gt Ogipbes eyl ene
groups, hal ogens, al cohols of the type
-(C1-12).-CH2-01-1, for exanple, carboxylic acids of
type 40-12)- 30COOH, for exanple, acid anhydrides or
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The present invention also relates to a nethod as
speci fied above, characterised in that the aromatic
group conprises one or a plurality of substituents apt
to react directly 10 with an organic resin and chosen

in the group constituted by allyl or vinyl or acetylene
groups, hal ogens, al cohols of the type -(CH2), - CH2- CH,
for exanple, carboxylic acids of type -(CH2).-COOH, for
exanpl e, acid anhydrides or °halides, nitriles, Confidential
i socyanates, am nes, of the type -(CH2)n-NH2, for

exanpl ejt iwheErsic @o%hi 8 oBtaMRR X AIFR@hic Rl Bh Bgdlﬁioﬁmn%ﬁ Sich
10, sul phonic aci or sul phonat es, phosphonic acid

or pEbSPRDA ST s s pjectgd Bl ‘{!Ffaé‘l’linfiyth%ﬁwﬁmé’@dﬁu%fff of
subsiyl tdrRab § p&kﬂﬁxcddothé eafpkityal haich WiIARSIh LTRAdOR iMsdiicAbut
organlc resma r]ose within the group, constituted
oy RN ) lcaiank Brpitbes oy ts ico0be mifef f e
E’a_&;)&eﬂloﬂ,rtﬁé ©AfbQty R0 b, b;ea(_c@aza -NHP " (CH2) " - N(P") 2,
PP, ar r ot ect or oups, . .
wher ei n I\Eﬂﬁ CP%W%F%%WP h%%s@wﬂiﬁgmwlf ST thpgeactivity of
i nclishdiel arahema@gdr§wb P estohedotinOthe etgut@ity 8e@tof the said salt, the

chlori.de are ex, f 20am de ot t roups.,

A B r OB et MR e S E e TR i o ver
I S awret hod as speci f| ed above, characterised in that
the aropat,c es one_or a plur

subst i t U%nt §d§éﬁ‘m§)% WeFe‘”’é? Copomeie f“ﬁ“"&““’g(%a@‘}’%gl?oegfl whose

ol eadifyels ante cﬁrh@aemompérh@legr oup constituted by al lyl

t
?)r/p\é' E]y gﬁ%%% e fngr a%yegeﬁpﬁﬁélg“tg‘gf%g‘xﬁf{%@ Ifj gryf;fadlcﬁs
L ypéOIbW)msmn clearonax anplioniae sadt. amdﬁy;dsrendeeenﬁasn is based

R AT R TP B b R
r a Nngidg afrédocar,r bp pHL@QPhShlbtghﬁ ] Ichar@(:tt‘adﬁexﬂhmﬁlﬁk [h by adtiesgion by

SFS?EFE‘?% ot By P B BRCRRHED s B BPFeg B g g e

t r ar&tordadt is Ghpeditd modify ex ga}m s dsslntracﬂnelmtchlos@mtlm,t théynare -

t he 3% ‘%&%’%tﬂéﬁgsgl ltég%f%fj thw% 2j0r Pdrt (gﬁ elinsr(ezécts iy teh(e:: tcompounds in

g ro U}IB Sohl(ldﬁ-lﬂ))l& aNifR1 hpmbdle dhese N(dR'ald 2qacts @Hﬁ)‘.he subflcP'td lead to its
V\,h e r ct p
?ﬁftl ing n,gtex’rs tgeéer%rle nnéeceggag; Gss ?{ed _gl%%ﬁ%gsr?}g\‘g%{p p onijlseahlgh

c h I ccpmcdarauonsaafechgdommhl olt ital ebtaun euﬁ'lmnwoesentﬁﬁoamoﬂ eryl radicals

protect or, ; rpational Application
Pd/sﬁ%%gﬁ%%%%gthfg%?&s ered on 9 Cctober 2006 Priority
Fr enchheRatsen invAgivh ialsatelaten tabe us@ By defigelsbregingthishdle: amdted
o _
(%:Jh‘%gg %ra &%v%s]fﬁﬁotpé k%ﬂ%ﬂ &F'the said d1 A&% gl tg(gefgx;abl?h o

advant a manuf act ure, “he met
pr esent —|h)f\iéfmsp@fﬁﬂe@ceﬂ?ﬁﬂlaéfﬂ'éfllﬁ@é’émlsﬁ“t hat the aromatic

group co rﬁ*théﬁ%to@%i&[ ir@diRti oA oRb bllaYpeQfanSURS LK Rh &1 AR the
to react  directl foncti onal organic nol ecul e and

chosen faﬁi‘f‘ﬁémﬁ@é%}b%onstltut ed by allyl or vinyl or
acetyl ena;ygms;aaﬁnenh@mgeiaa;az@immh Qfiradogd. t ype - 5

(C112) | for exa cas boxylic acids o e
(G2 nTGORRYR G so,2eniite g oA duigy on apissadiZer
ni t rskif@ss orlsﬁmyﬁﬁ&ﬁrﬁgf orad‘i‘hdﬁ}e&)mp@ﬁndﬁ besutfiRe of composite matenals

n- for examl e, in n is a who nunbe
r ang”jl]ﬁ%f Dinpyeipg su %Fsp?fdﬁ?@ﬁie e FRicoppey F%%Efﬁaqr gupdifed
pros&m:mes Sf Biﬁérfﬂ%r t@ﬁmﬁb&@@bmﬁf@ ak 8Srfac&l ofCdBPBYite anatenalfs that is
pluralit recur sor substituen t to react after
tr ar%gfrf%snﬂ%ﬁ% chhe HRICAT R BRHR IS FRERHO B OPERGEen wit hi
the 10 group constituted by NO2, N2+, (CF12)n-CN,
(CH2)n-CHO, (CI-12)n-COOP,, wherein Pr is a protector
drtaugtional( AppiiatioNPPTAF R240000228) teghi(ered)op 9 QuBBER3046] t - P | |
Wrienite i firepcl Patgit Applicatiqu o 88104 tpeistared on i Erlebar 205 s a
whol e nunber ranging fromO to 10. Phenacyl sul phonyl

chloride or acetyl chloride are exanples of am de
prot ector groups. The present invention
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SEL B S R e

20 et hacryl ate (PMB), polyvinyl alcohol (PVAL),

pol yet hyl ene -t er epht hal ate (PET), pol ybutyl ene

terepht hal ate (PBT), different polyam des,

pol yoxonet.al.at.es...POM...cel lul.ose derivati.ves and

pol yacrylonitrile (PAN). The present invention
also relates to a nethod as specified above,
characterised in that the insulating material orcfBfensia
bi nary or ternary conpound is chosen from Whether
25doped or not, AsOa, Si02, SiC, TiN TaN, TaN Ta and
WON,  The terpaTedpesion af dipzqpiamsalhersidgvenaiss e aectioy legding 1o the

- et Beth&8. SRPGE BihRGRPANE by B 8N LBATS Sl dieckBiAl 11

i ncl udes the use of a reducer. The term "reducer”
desi gnates a conpound apt to supply an electron to an

0Xi dant The 3QAE Caftk-Ranstp caMpladVaNtisgRaddfidie ansplaf des1gnate a
manuf acture of the method of the invention, the reducer

i s CHBRIEn e bk aperintion pidvh shrmitgl Bscaa at] Rrerally ey aolecules,

Cl 0% whidh GheWd ShEspREieNadsI Wepart"UPIRRROS PRIP 0P URctRfE; Ghe donor
hal i de salts, notably sodiumiodide, ferrocene and its

der impkeRy denaten githeht YAtk efopeided HeatRm8) ogleckas R Ipepient
fer noeene s@edid il RiarRAat 1h0tﬂl@|caépﬂ£doﬁx%' Q. These charge transfer

PCT/ FR2006/ 002260 regi st ered on Oct ober 2006 Priorit
Frc@ﬁléﬁ“"’%ﬁ eheractapisil incthgt thsis UNonSl@Sispwgwdlff%fr@v gresyn pifhe
2P he20PR andAGHBE HdRRILAY. M2a0 gma@ce@@rgm Chemistry, 4°

d| met hyl am nobor ane,  sodi um bor ohydri de, vi ol ogene
sal Fé‘“"fh&hab‘flk‘iy AEBH{ATk. pdP)- benzovi ol ogene and

phenol ati@Siernn %@%Ne;&ésﬁ RRRRBALES transfer of éﬁ&@:‘é Cﬂoﬁglei @orREH
advant ageous enbodi when t he net hod

t he
i nveRt B dageiyy églt @Félg&'g% thy irgpdiafion, wigh VISE]:]llf‘e 0% (%'travmlet light

et higiekeiably Ghaviaet) @F b s@eioh Bortdidhg 4 decibid! mtal@sle PhagibRGiuR salt
t he surface i n cont agqg@ rc%lh t he di azonium salt and the
é

r ed 38%? donpHBolecHie Pt B HYHcesBRt in

st oechi DBk GregidAt bitthe @hzoBiMARIE fvith RBRsEhO EHUnERE Fifthod
reI at i ée to the said d| azonium salt. According to

(PR dR bR didiRRoN U o SR Wi of t he
I nvent | B 1dd0Gh L G § REALSRIuO kedacef, BHHIGES .2 feli@eS@bdived in the
mathod i.s ch r@;;terlse |r‘1jgjhat it is carried out into
an AyteRge Az gur, palt gsufficienily onpeatrale SpAtRen plfirzap{um salt,
from largaCQﬁa@ﬂﬂyt bff Ifi@e reldicant lnsylcfeaédmm jeien obaﬂa Qididals b@duced
but yronit r| tgl et h | sul f ox% %%et r.ah dr of ur

e, .
o omaeD sieePatien o S g, PR 00 U, St fopn T
alhs Qheﬁee‘(brateﬁﬁa(ljds @heasugectelwdn@sw OB fkeds oe(iiﬂo&E @éherrz]illy insulators to lbe
chara se that it npri ses e phot ocheni ca
' SRR O gt Tedetty arrgrin 5 g b ok SO SroR e of
f r Oﬁadﬂjaﬁzmlwﬂti&ah bﬁo aromatloé\QIC(SHhﬁU ng Arer Et:za%&f\&il riegd 2: New
met ho j,hvent s

e SO SAE) BHOOHeR o pae PGBt Pl B Dee, 52
r eactd n@mﬁﬂemm)/cgrm&at 9@ o, a%)eheabmﬂnbcdﬁmdr isatso paibe to

n%oyqud ra(%c QS re act % \ Ilcorgeleoc(r b Qsesulicé aies stuch as%f‘@ r Of

harges co 51 ‘o aérh PRE SPeaucti'onof 1
d| azoni E:qnagzalbv nawmtmméle ft:hnrmmmﬂw cofplax.ythe Izwfadofcdﬁcsons into
o B Rl PSSR 0T 10, L0 2
conpri sE@Jakhf bUh’ébjft?h@ﬁ be Rierpnti sajt ﬁfrludma@ higasogid, ghe reduction of
tr arﬂ%ef d?JzoﬂBm SHREBR é‘ q{i)dn%)fthfe Q&H:%n&ﬁ?%ﬂjaﬁﬁ R t‘a%h%é" t
and haracteri se conprisés the follow ng
st eps Thc present invention rebtea@q qqglethhcé foz mroddieationpf dlegngugfeae of an
W' t hnstuﬂ Enghn @A #E@gﬁ@c!n&ucﬁ:?% aftllal® l)PE'b{nQ-?} &Q&gér% compound or a

5aronmatic conpoun tain a transfer o
Conpplg&osﬁgmdtﬁ:nal to obtp.lp 1ea disgating matenigl @Eﬁnycob@uctor materml a bma.ry

rt ! SLL ransfer.
R B

said surface. Accordlng to a preferred enbodlnent the
nmet hod of the invention as specified 30 above,
conprising the photochenmical irradiation of a transfer



20di azoni t unbenzoi ¢ aci d. The present invention
also relates to a nethod as specified above,
characterised in that it includes the use of

ul t rasound. According to a preferred

e et ttrent-t-heret-hod--of--t-he-i-nvent-i-omas—speci f i ed
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above is characterised in that it includes a stage of

pl acing the surface in contact with 25the di azoni um

salt and treatment with ultrfasound. Accor di n§otfidential

anot her preferred embodi ment, the method of the

i nvep [ char er i

e ng%r&!?% ggrggoglgc?] f cgling&’s%’g. e§a1 El% sﬁ& tolgfc\%‘f'ch i mo'a%d by
pl urggdihg mrowatich eroclpsam |ﬂu>m‘-dsia Bttxfaseo I mtsnhbm sibstitagil dbfeﬁhnctlonal

Wi t [ ras Y :
. éﬁ&ﬁhé rﬁh l%t ee r?eﬁtﬁﬁ%%g%en&mé] get@’&nqge %@egﬁgqgeogmfted aromatic

of the I nvention as
spediofdseehicibovdify itismprakinhbondf and etabls eudhfthallit edgo wrrrdiing by
i's %gﬁherlsed inthat it is carried out in an
aqueous acid medium in ethyl alcohol and in an aprotic
sol vent the sgid ewsthpd eprepriaine ploping e lsad sutfapeintppnthe rvitirs dikgonium
benzoni s thl R lidh ¥ 8Bk4d hﬂaﬁmlu{# J&Etclﬂw %%PF WX BB atic group at a

t et rahydr of urane, di oxane and acet ari nt er nat i onal
Appl pEnFEan FCT TREGOEMDYAREY af mefnatnisring aseetcg thap 068 dYl, and

200 Qafgﬁdg%éf«t:r}ibl\é frEfrlea?ﬁGmR%%@)t.S 0Rp lying %{agf}‘f amncth@e{tl%Q 91%&: to

regi stered ober 2005 16Confi denti al
pr esisrelubility dimit eriably kyghe wp af areducey, bitifis Phosgharjpa ataé@ﬂ@fof a

an osfag.ﬁ"&' & cBrg ds Q%ﬁ@ﬁ‘foﬁn&dﬁﬁm @&t bAghnRE Qltlod loy Bk t@&tment of the
i nor ganl Cc sem conductor material or a bi nary or ternary

conpedrdpzeniue sHpbs pliresovndy orqbin the pridaaramalicogroups igraftechprito e
of tha {mihod as defined above. 5The nethod of the

i nvention enables the preparation of nodified surfaces
of pol yAetosdieg tojap advgripgeeusgwifseion dsthod, Wae dazpijem geleis argeput at

I Nt ef RalenGLIPERhikd 1R of MWhi ch are i ndependent of those
of the surface. Specific properties can therefore be

gi ven t dhe e ¢ f&wq*la@aé gropgsy desiganipy bstigtasyhdiegradias ayberoup, apt
pr epgrdad m&%l&ﬁl@@ﬁﬁ'cﬁﬁble Bf BREftnk ?e?rn@ﬁar‘ﬁ'fb b&hesar e

provi ded by the chem cal nature he aliphatic or
br ot | AoEHEPRS BnEehHb oL PRt BRentin. fofisoaagnodificd such

adj usiallsed dnel 1:90So 38 REAGRRALY BRal hewd-RtrRAed: HiBhOfrafed
the application (bionedical, supported drugs.

). . The
net HEAMAYE SFaVes FOFaImniling, toggouslent ﬁglrﬁip a<asbpy F‘r@@rﬁféhe said aromatic

mat egrb.%lﬁdgrpm&ﬁopth@ﬁﬂjsﬂﬁ‘a(ﬁaw ng organi c functi ons and
being fit for use as a sensor_or speC|f|c I

a
ni cr oel SCIFERg de, a preferred empodimengy; Hyy fm5thgd p%\fytﬂ?ec dvaoy is

adVv adhRgaaus inefdd edipsRiatof cdndt @fuxsefsaﬁﬁs aRDGE fila@fhium salt is lower
15according. to.the i nventi Ongﬁ%@fc aracter.i jed in

t he B ORREF @O by 1284 ot ts P’?P“B‘r‘f?iaé?lé L t"H%HIE’S and
f uncgréforell kgad-dinaely eacm:ﬁm.aes The term "further
finctio aI| ation reactions eS|g at es for xanpl .
the reat ‘rﬁ 1 chupF £=rregd emﬁ?éj rh PniEiat 3 ea?%g fon s
| ay ecrhgraaermad 2ot éhelpaniadng cortest tpfhbmrsm‘m landyihe aia_zrm@mi @i reduced
for lg)(tggﬂée of aorfedtﬁ Sl%é ﬁo@Jcllmiix%{d a]uorggf z?@ér}éﬁé oéf‘ fansf@bs
ant i c, an eﬁzyrre a conplexing a ent, @

pol ytrh@lrgeSdastSch}aerombuteiydl tg 0 finmtes.he case of inorganic
substrat a S
R e e e S S
PCT/ $5R2066£ DD 226 the perpdstl eprgt aitheSsudere ahdthe Z@@:@uﬁr $abréduged

o Fr t i [ 5 .stere ,
26 (B Shee sfon- B 8k (R DEp B i, SR Ecplon
Fi gumerotimalyal0esingtes. t he grafting of pol ypropyl ene (PP)
under ultrasound by 4- 5 trifl uorobenzenedi azonium It
represents the variation in intensity of the CF3 band

QN B nakiondEAppBestios PCY/HIRvEs2002 8603 0AG &) an ROV L6

FolMAE © ) ancld PhibhrompllidalibiaNG) 10830912 PéhistrddVin26 10 L ASHIBS )
correspond respectively to the variation of the bands

of PP grafted by the groups C6114CF3 at 1340, 1160,

1070 and 997 cnil. Series 5 (black roundel s) corresponds
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5reduction by honbgenous reducers, by photochem stry or

by activation by ultrasound. Grafting tests in the

absence of activation (reaction blanks) were carried

out beforehand, clearly showi ng that activation is

I ndi spensabl e for diazoniumsalts to be able to react

on polyners or dielectrics. 10Table 1. Gafting test

wi thout activation of 4-nitgobenzene di azoni Um cuusdensial

Substrate Solvent ACN 112504 0,1 N EtOH pE a) noné b

none ) none e) PP none a) none none) nonec) Kapton(r)

a) noneAwprdignie ) adverfege®)s @Ebpdisenty dire mghhod oh dhayention is

Egﬁghﬁaé:’gﬁge)ﬁ% Bkt ROBERRAGAT SishOD (e YorRhiaPING- R IWhBLRGr is the
aromatic group and X is an advantageous anion beneficially selected from: halogens,
sulphates, phosphates,  perchlorates, tetraﬂuoroﬁorates, carboxylates  and
hexatluorophosphates.

The anion can be a substitute of the aryl group, a sulphonate group for example,
an amphiphilic molecule bearing a diazonium salt is then obtained.

The present invention also relates to a method as specified above, characterised in
that the aromatic group is an aromatic residue in Cg-Ca4, possibly substituted by one or
more fanctional substitutes or a heteroaromatic residue of 4 to !4 atoms, possibly
substituted by one or a plurality of functional substitutes, comprising one or a plurality
of heteroatoms chosen from oxygen, hydrogen, sulphur and phosphor.

The present invention also relates to a method as specified above, characterised in
that the aromatic group comprises one or a plurality of substitutes chosen in the group
made up of:

~ linear or branched aliphatic radicals, of 1 to 20 carbon atoms, pessibly
comprising one or a plurality of double or triple bond(s), possibly substituted by
carboxyl radicals, NO;, di-substituted protected amino, mono-substituted protected
amino, cyano, diazonium, alkoxy from 1 to 20 carbon atoms, alkoxycarbonyl from 1 to
20 carbon atoms, alkylcarbonyloxy from 1 to 20 carbon atoms, vinyl possibly
fluorinated or allyl, hydrogen atoms,

— aryl radicals possibly substituted by carboxyl radicals, NO,, di-substituted
protected amino, mono-substituted protected amino, cyano, diazonium, alkoxy from 1
to 20 carbon atoms, alkoxycarbonyl from 1 to 20 carbon atoms, alkylcarbonyloxy from
1 to 20 carbon atoms, vinyl possibly flucrinated or allyl, halogen atoms,

- carboxyl radicals, NO,, di-substituted protected amino, mono-substituted
protected amino, cyano, diazonium, sulfonic, phosphonic, alkoxy from 1 to 20 carbon
atoms, alkoxycarbonyl from 1 to 20 carbon atoms, alkylcarbonyloxy from 1 to 20

A carbon atoms, vinyl possibly fluorinated, halogen atoms,

According to an advantageous embodiment, the method of the invention is
characterised in that the aromatic group comprises one or a plurality of substitutes apt to
react directly with organic resins, biological molecules chemical molecules or

complexing agents, or one or a plurality of precursor substituents, which, after

International Application PCT/FR2006/002260 registered on 9 October 2006
Priority : French Patent Application No. 05/10914 registered on 26 October 2005
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none b) none) none Si02d) TiNd) 613) d) --- ---

a) IR search of the bands characteristic of the

chem cal function -NO2 after having |left the polyner in
contact with the solution for one hour, followed by
rinsing wth water then acetone under ultrasound,

"none" neans that these ER bands are not detected ; b)
c =0,22M; c¢) saturated solution 15C < 0,22M d) at
the detection limit of ToF-BIMS, the intensity ofonfidential
characteristic peaks is close to that of the untreated

sampl, &y, Ihe @kph ical
car rieg out "at" ewgg%ere co‘ﬂ@e‘% arng:?ll% %ﬁsé ndagﬁ\?)’lse\é\ﬁéséglcf '
t he msteedesr cappéxingEindh: the results in Table 2

ef fect 'T’H%'té’rm ‘Q{M’uﬁ&@ th.b et g&?wmtﬂowegn&em\ép A Ro1fecal

used to be ab ect grafting. ‘I'nternationa
ApplokatlEso MEP@WGFRQ@QWGQ@@%OM@%@MCﬁf@ﬁ?e@’{eé P the tseifase and

2006, I{g' f@ﬁct&ré’ funcF &ﬁ rh‘f:h toP 1%5& %thAtHep lche%ﬁéal PhciNs Rfed @? Joﬁler

regi stered on 26 Cct Ober Conf i dent al
2. @oPilpsn Exanendes Oa*itreaatlvéarr@ﬁ@f@rbécé'ﬁhtrté{tthwomﬂc group are allyl or

4- Niyll, 0B BEEMGe HRFBR %E‘ib%%lpsatld'o%lﬁ%f T }é@@t (CH ysCHQH, for

Concentrati on Activation Resul a

i on examples sarberyde yeids of type -(CHy),-COOH, for example ac:1d anhydndes or
halides, nitriles, isocyanates, amines, of the type -(CHz),-NH,, for example, n being a
whole number ranging from 0 to 10, sulfonic acids, sulphonates, phosphonic acids, or
phospbonates.

The term “precursor substituents, which, after transformation, are apt to react with
polymers, chemical or biological molecules™ designates substituents, which, after one or
more transformation, are apt to react with polymers, biological moiecules and chemical
molecules. The precursor substituents, which, after transformation, are apt to react are:
NO;, N;%, (CHy)p-CN, (CHy),-CHO, (CH,),-COOPr, Pr being a protector group, -
(CH2)a-NHP’,, (CHy),-N(P’ )2, (CHp),"N=P"’,, P*;, P*’, being protector groups, n being a
whole number from 1 to 10. Phenacyl chloride, sulphonyl or acetyl chloride are
examples of amide protector groups.

The term “organic resin”, designates polymers having reactive functions, for
example functionalised styrene-co-divinylbenzene polymers (aminomethyl polystyrene,
bromo-polystyrene, hydroxymethy! polystyrene), used in combinational synthesis, the
polymers used in peptide synthesis (for example Wang resin: polystyrene having
alkoxybenzylalcohol functions).

The term “biological molecule” designates a molecule intervening in biological
systems such as enzymes or antigens.

The term “chemical molecule” designates all molecules comprising functions apt
to react with the functionalised aryl group: allyl or vinyl or acetylene groups, halogens,
alcohols of the type -(CH3),-CH,-OH, for example, carboxylic acids of type -(CHy)n-
COCH, for example, acid anhydrides or halides, nitriles, isocyanates, amines, of the
type
-(CHy),-NH;, for example, wherein n is a whole number ranging from 0 to 10,
sulphonic actds or sulphonates, phosphonic acids, or phosphonates, or functions apt to

react after transformation with an organic resin and chosen within the group constituted
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r ad mtalas oxgbrlJaremedmbshosdnen Hnmmgpz n@ulstuuc@dm@lt}ﬂ 01nv1m5ﬂ or acetylene

L T

Sub$>t type H{CHR) CORGE, ifcnlrbxamplc, acld anhydrides or hdhdes, nitriles, isocyanates,
amines, of the type -(CH;),-NH,, for example, wher¢in n is a whole number ranging
from 0 to 10, sulphonic acids or sulphonates, phosphonic acids, or phosphonates, or one
or a plurality of precursor substituents apt to react after transformation with an organic
resin and chosen within the group constituted by NO., N2 (CHy)»~CN, (CH3),-CHO,
(CH3)p-COOP,, wherein P; is a protector group, -(CHy)o-NHP?,, (CHy)p-IN(P’ )2, {CHz),-
N=P**., wherein P’,, P”’; are protector groups, wherein n is a whole number ranging
from 0 to 10 inclusive. Phenacylsulphonyl chloride or acetyl chioride are examples of
amide protector groups.

A preferred method according to the present invention is a method as specified
above, characterised in that the aromatic group comprises one or a plurality of
substituents apt to react directly with a biological molecule and chosen in the group
constituted by allyl or vinyl or acetylene groups, halogens, alcohols of the type -(CHz)s-
CH,-OH, for example, carboxylic acids of type -(CHjy),-COOH, for example, acid
anhydrides or halides, nitriles, isocyanates, amines, of the type -(CHj),-NH,, for
example, wherein n is a whole number ranging from 0 to 10, sulphonic acids or
sulphonates, phosphonic acids, or phosphonates, or one of a plurality of precursor
substituents apt to react after transformation with an organic resin and chosen within the
group constituted by NO?, N, (CH2)-CN, (CH3),-CHO, (CH;),-COOP;, wherein P, is
a protector group, -(CHy),-NHP’,, (CH)n-N{P’,)2, (CH2)y-N=P"’,, wherein P°,, P"’ are
protector groups, wherein n is a whole number ranging from 0 to 10. Phenacylsulphonyl

chloride or acetyl chloride are examples of amide protector groups.
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st entd) 0Zd=o 1 M)t Cord - %019 -84, -CH,CHLSH, -CHO, -COCH;, COOH
et 3,4-(COOH);, 3-COOH-4-NO,, 34-(C(=0)F), -CH,COOH, -CH.CI,COOH,
-COOC,;Hs, -NHC(=0)0t-Bu, -NHC(=0)CH;, -NHC(=0)CFs, CH,CH;NH;*, -CN and
3,4-(CN),, 3 et 4-NO;, pyrrolyl, o-hydroxybenzoic, 2-(2-thiophen-3-yl-acetyl)-
aminoethyl, 4-benzoylbenzene, 4-(2,5-dioxo-2,5-dihydro-pyrrol-1-y1), 3-isonitrile, Ie 3-

dioxo-1H-isochromene-5-diazonium-3H-benzo[de]chromene-3-diazonium, 3-(2,5-
dioxo-2, S5-dihydro-pyrrol-1-yl) and 4-[1-(2,2,6,6-tetramethyl-piperidine-1-yloxy)]-
ethyl.
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1997, 119, 4846) were used: Nal and Ferrocenenet hanol
(FeCH2OH). More generally, other reducers are possible
for exanpl e hypophosphite (Randuragappa, M, N.,csfidential
Lawrence, R, G Conpton, Analyst, 2002, 1568-1571) or
ascorbic acid (Costas-Costas, U.; Bravo-Di az, C ;
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nor g 0808 EAhihh st s aiRGr&BRPOUNds, the redox potenti al
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pl atad Wk dngewt?dt@ Mbbom%‘fuém@?m%&%owt Tlo¥s Agpeaican Patent
preparerbsets). 14 m of acetonitrile (ACI\I) + 1.12 g of

4- brormbenzenedl azonium (1.47 M 2- 14 of
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the solubility I'imt br onobenzenedi azoni um 2

of sothetiplrving japmate edlymerse Relicarhestie t(fibk Rbpsheng m’ﬂys&lpmde
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+13; tthrﬂ%ﬁ%oprvmy alt&o%ﬁgﬂo%emy ene terephthalate (PET),
polybutylene terephthalate (PBT), different polyamides, polyoxometalates (POM),
cellulése derivatives and polyacrylonitrile (PAN).

The present invention also relates to a method as specified above, characterised in
that the insulating material or the binary or ternary compound is chosen from: Whether
doped or not, AsGa, 810, SiC, TiN, TaN, TaN/Ta and WCN.

The present invention also relates to a method as specified above, characterised in
that it includes the use of a reducer.

The term “reducer” designates a compound apt to supply an electron 10 an
oxidant.

According 10 an advantageous means of manufacture of the method of the
invention, the reducer is chosen from: reducers having oxidation potentials close to 0
V/SCE or negative, hypophosphorous acid, halide salts, notably sodiom iodide,

ferrocene and its derivatives, notably ferrocene-methanol or carboxylic ferrocene acid,
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I nternational Application PCT/FR2006/ 002260 regi stered
on 9 Cctober 2006 Priority : French Patent Application
No. 05/10914 registered on 26 Oct ober 2005

23Confi denti al The preséhce of brom ne on th€onfidential
surface of the polyners and even bromninated fragments

?feagahc%r d’t i’i] §W1no %1% fqghurrb% ﬁ@tp ee aﬁ%lggzege saulm notably
di elngtityi-ioc Benzdvibol exeyeand phdmenaqex astéﬂycas;mﬁnukmm ne can be
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deri ved %C:ggdrlngtﬁ% %l&gymwge ue SIP %af\g/eé& 5’“215}&?“ xd™ etﬁo%élethﬂn‘%”%on
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pr epgassed in stoechiometric quantity or greater than stoechlometry relfative to the said

diazontum salt.

According to an advantageous embodiment, when the method of the invention
includes the use of a reducer, the said method is characierised in that it is carried out in
an aqueous solution or in an aprofic solvent chosen from: acetonitrile,
dimethylformamide, benzonitrile, butyronitrile, diméthylsulfoxyde, tetrahydrofurane,
dioxane and acetamide,

The present invention also relates to a method as specified above, characterised in
that it comprises of the photochemical irradiation of a transfer of charges complex
formed from diazonium salt.

According to a preferred embodiment, the method of the invention comprises of
the formation of a transfer of charges complex by reacting diazonium salt and an
clectron-donor aromatic compound, and irtadiation of the said transfer of charges
complex, to achieve the reduction of the diazonium salt and the formation of aryl
radicals which bond to the said suiface.

According to a preferred embodiment, the method of the invention comprises of
the photochemical irradiation of a transfer of charges complex formed from diazonium
salt and is characterised in that it comprises the foliowing. steps:.

— placing the surface in contact with the diazonium salt and an electron-donor
aromatic compound, to obtain a transfer of charges complex, and

— irradiation, notably by photochemistry, of the said transfer of charges complex,
to obtain the reduction of the diazonium salt and the formation of aryl radicals which
bond to the said surface.

According to a preferred embodiment, the method of the invention as specified
above, comprising the photochemical irradiation of a transfer of charges complex
formed from diazonium salt, is characterised in that the electron-donor aromatic
compound derives from the surface to be modified, wherein the said surface is an
aromatic polymer chosen from:. polycarbonate (PC), phenylene polysulphide (PPS),
polyphenylene ether (PPE), polyetherether ketone (PEEK), polyethylene terephthalate
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101- 14 m of acetonitrile (ACN) + 0.39 g of

4- br onobenzenedi azonium (0.1 M 2- 14 nml of
acetonitrile (ACN) + 0.30 g of FcCH2OH (0.1 M 2 m
of solution 1 is added to each test tube then 2 m of
solution 2 (final concentration 0.05 M. The m xture
formed by these two sol utions is honbgeni sed by

pl ungi ng the test tube |nto an ul trasound vessel for
five minutes. A 15 rel ease!df nitrogen is obser&%ﬂmﬁﬂﬂﬁ
n1xture passes from orange to deep green. is left to
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formed from diazonium salt, is characterised in that it is carried out in an aprotic solvent

chosen from: acetonitrile, dimethylformamide, benzonitrile, butyronitrile,
dimethylsulphoxide, tetrahydrofurane, dioxane and acetamide.

According to a preferred embodiment, the method of the invention as specified
above, comprising of the photochemical irradiation of a transfer of charges complex
formed from diazonium salt, is characterised in that the electron-donor aromatic
compound is chosen from: 14-dimethoxybenzene, le toluene, le p-xylene, le
mesitylene, le naphtalene, I’anthracene, le' pyrene, le p-dimethoxybenzene and p-
diethoxybenzene.

According to an advantageous embodlment the method of the invention as
specified above, comprising the photochemical irradiation of a transfer of charges
complex formed from diazonium salt, is characterised in that the diazonium salt is
chosen from: 4-bromobenzene diazonium, | 4-jodobenzéne diazonium and 4-
diazoniumbenzoic acid.

The present invention also relates to a method as specified above, characterised in
that it includes the use of ultrasound.

According to a preferred embodiment, the method of the invention as specified
above is characterised in that it includes a stage of placing the surface in contact with
the diazonium salt and treatment with ultrasound.

According to another preferred embodiment, the method of the invention as
specified above is characterised in that it includes a single stage during which the
material is plunged into the diazonium-salt solution irradiated with ultrasound.

According to an advantageous embodiment, the method of the invention as
specified above, comprising of the use of ultrasound, is characterised in that it is carried
out in an aqueous acid medium, in ethyl alcohol and in an aprotic solvent chosen from:
acetonitrile, dimethylformamide, benzonitrile, butyronitrile, dimethylsulphoxide,

tetrahydrofurane, dioxane and acetamide,
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According to a particularly advantageous embodiment, the surfaces modified
according to the invention are characterised in that the aromatic group grafied is apt to
undergo further functionalisation reactions.

The term “further functionalisation reactions” designates, for example, the
reaction of coupling, onto the initially grafted layer, a molecule having the
pharmacological action, for example, of an anti-inflammatory, an antibiotic, an anti-
mitotic, an enzyme, a complexing agent, a polymer or dye, but also (in the case of
inorganic substrates), complexing molecules that can be used in the manufacture of

S€NSOrIS.
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1599 PET 16813) C=0 1658 PEEK /4) / 1) after
subtraction of the polyner spectrum2) solid 3)
projection on the ester band of the PET 254) the C=0
bands of the PEEK and the C6HACOCH group are too cl ose

to be distinguished. The contact angles of the
wat er were al so neasured before and after treatnent by
the reducer: International YPpplication Confidential

PCT1FR20061002260 regi stered on 9 Cctober 2006
Priority: French Patent Application No. 05/10914
regi stered on 26 Cctober 2005 25Confidential Table 6.

Cont ac DESGRIEHON OB FIGARES gr af t ed by di azoni um salt of
4- am nobenzoi c acid. Sanple Angle of contact before

treatment Angle of contact after treatnent Pr) 124 114
72 ( af tignre 10relvtas b als) gréffing af padypr@Plens (AP emder PERsQOd 6 4-

PE%I?Ozobenzenediazonium. It represents the variation in intensity of the CF3 band over
time. Series 1 (black diamonds), 2 (white squares), 3 (black triangles) and 4 (black
crosses) correspond respectively to the variation of the bands of PP grafted by the
groups C¢H,CF; at 1340, 1160, 1070 and 997 cm™. Series 5 (black roundels)

corresponds o the mean of the other series.

Figure 2 relates to the grafting ‘of polyethylene (PET) under ultrasound by 4-
trifluorobenzenediazonium. it represents the variation in intensity of the CF; band over
time. Series 1 (black diamonds), 2 (white squares), corresponds respectively to the
variation of the bands of PET grafted by the groups CgH4CF5 at 1337 and 1102 em”! and

series 3 (black triangles) corresponds to the mean of series 1 and series 2.

Figure 3 relates to the grafting of polyetherether (PEEK) under ultrasound by 4-
trifluorobenzenediazonium, It represents the variation in intensity of the CF; band over
time. Series 1 (black diamonds), 2 (white squares) and 3 (black triangles) corresponds
respectively to the variation of the bands of PEEK grafted by the groups CsH,CF; at
1309, 1160 and 1099 cm™, Series 4 (black crosses) corresponds to the mean of the

preceding series.
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20

55 (after 10') a) the angle takes sone tine to attain
alimt value w thout notable evaporation of the drop.
5The presence of IR bands corresponding to the G--0
group and the aromatic cycle plus the nore hydrophilic
nature of the surface give proof of the grafting of the
phenyl car boxylic group to the surface. 10Exanple 4 -

Use of hi nophosphorous acid,as reducer: ,
Hypophosphorous acid has been used to reduce di a@HieHe!
salts (Pandurangappa et al., 2002, cited above;

M kl ukhin, G P.; Rekasheva, A F.; Ptsarzhevskii, L.

V. mklwﬁé%z 85, 82; Kornblum N.;

Kel | ey, =& D. 3. Am Chem Soc. 1952

74, 3074) and preferably in the presence of 150ar bon
rbo bl.ack ta

bl ack ﬂw%’ ¢ {;e surface of the I
be modi ¥ 8§ pﬁ?fe'i ha@pléﬁa T s R SRICGPUYBHS Ghipe
| Nt @edubtiva bp aamyeycais sedidshelsy phatothemdny au byi aﬁ@vaﬁmﬁl@l‘l.’ﬂ)&&éomﬂ

pol ymer E

oo bonGER i rofi ahiee . sk B B, bephe apre camied ou

concbefotehatd; dm@ shéwilf thasacfivatioe tb indigensdblerifor aliazbrfidm salts to be
oglh?srg cth)r ou aci ddneF: aqueous solution (final 20

conca 159 nl%scf% €& dded. The tubes are pl aced in

an ul trasound vessel for 10 m nutes to honogeni se the

h olves progressively. At
thetteéﬁg bér ﬁﬁékels i mcﬁ’ﬁisvg "if'r gé’lmglf% ene% ‘?ﬂér ¥hred and an
oily surfsglgggratgl oatl ng i qU| d arg;!,h@ntst rong aromati @

odour rare—observed; 5|uuaUI' 'uuruafluq‘rlc formatii on

of i odobenzene (M Kkl iinletHaP01959 . HPYd a ove).
The sanpl espare |ns@ﬁiebUnde=r ta@nwater t h@pne25t Wilce i n

di stil watgr (10 i gptes—under phtrasound) gamd
finall vegﬁn%ﬂfet oni t MP% for andl®8is (10 mnﬁlif“t es under

ul t r asoukaten®hey armndri ed i n mnePacuum at nd@e.

[ nt er nati by ApptTcatypn JCT/l— Qp6/ 002260 T egi Stered
on 9 (cto E? 2006 Pfllo%erlt\/ - Er8Ath Patannﬂ?\epli ation

No. 05/ 1(FEK % eg| st enmd’ on|26 Gohdber 2005 none?

26Conf|i deng i aky TaDl b I R[Specirn of |Sa "5 treated
by 4-i@ﬂ?;1§n7ﬂ dig‘ﬁ‘é‘?num '}"-. mrnhnrgﬁe—&rxpl-e IR

band cm 1ABSEri blt i aonet! i odobenwesfe di azoninom®” 1541
Cycl e i bggy,won 1548 ddy 812 CH oulside|the plane 25
757 PET

TIND L N ___

a) IR search of the bands characteristic of the chemical function ~NO, after
having left the polymer in contact with the solution for one hour, followed by
rinsing with water then acetone under ultrasound, “none” means that these IR
bands are not detected; b) ¢ = 0,22M; «¢) saturated solution
¢ £ 0,22M; d) at the detection limit of ToF-SIMS, the intensity of the
characteristic peaks is close to that of the untreated sample.

On the other hand, reactions were carried out at weaker concentrations than those
used in the present application: the results in Table 2 effectively show that high

concentrations have to be used to be able to detect grafting.
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1532 Cycle vibration 845 CH outside the plane PEEK
1562 Cycle vibration 825 CH outside the plane 1)
after subtraction of the polyner spectrum5 Table 8.
ToF- SI M5 spectrum of sanples treated by 4-iodobenzene
di azoni um tetrafl uoroborate Sanple Peaks (Intensity*)
Attribution 127 (2.5 103) r PP 205 (6 101) [C6k151 +
HT 231(1 101) [CH2CH2CGalJ® 127 (4 103) |" 21&ogleariny

Table 2. Grafting test at a weak concentration of 4-nitrobenzene diazonium

Solvent .. ‘
Substrates Concentration Activation Result
PP ACN
a) by
PET 10 mM Ultrasound . None
Kapton®
ACN : c) b)
PET 10 mM Photochemistry None
ACN Reduction by b)
PET 10 mM ferrocenemethanol® None
PET H,S04 0,IN Reduction by iodide® None”
, ACN
Si0, 10 M Ultrasound &
\ ACN g
TiN 10 mM Ultrasound g€

a) 1 hour of irradiation; b) the bands characteristic of the chemical function —NO, are not
detected by IR; ¢) Irradiation for 15 minutes with a 150W lamp in the presence of 11 nM of
toluene used to form a charge transfer complex. d) Solution 10 mM, reaction time 5
minutes; ¢) Solution 10 mM, reaction time 5 minutes. g) at the detection limit of ToF-
SIMS, the intensity of the characteristic peaks is close to that of the unireated sample.

The formation of radicals from diazonium salts is the basis of the de-diazotisation
reaction. It can be done heterolytically (formation of Ar’) or homolytically (formation
of Ar®). It is this latter reaction that it is sought to favour (Galli, C. Chem. Rev.1988, 88,
765). _

The production of radicals by reducers and by photochemistry from charge
transfer complexes is based on the publication by J. K. Kochi (D. Kosynkin, T. M.
Bockman, J. K. Kochi, J. Am. Chem. Soc., 119, 4846, (1997)), which showed that the
radicals obtained by the homogenous reduction of diazonium salts coupled with the
aromatic compound used as the solvent according to an Sy homolytic aromatic
substitution reaction.

ArN;* + ArH —= Ar-Ar' + H*+ N,

In the absence of aromatic compounds used as the solvent, the same radicals react
partly with the solvent and partly with the (surface) polymer, either by adding
themselves to the aromatic groups or double bonds, or by stripping a hydrogen atom

from the polymer to form a radical likely to couple with an aryl radical.
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10

c-cairr 228 (0.5102) 214 + Cl 12" PET 242 (0.5102) 228
+ CH2" 256 (0.5102) 242+ CH2" 351 (2101)

C6115(0---0) OCH2CHC6HAT P EEK -127 (3.5 103) | 254
(3.5 101) Ii The presence of ER bands
corresponding to the aromatic group as well as iodised
organic fragnents clearly denonstrates the grafting of

t he i odophenyl group. 10 Ex le 5 The sa ,
reducer is used to reduce 4-gl ronobenzene diazonighgﬁkwuw
the presence of PE, Teflon and ABS. Into three test
tubes ea@RgHMANY Be Firsd adiod B¥RIv: RfowpOl yrer, 272 ng | 5of
4- br onobenzene of
hypophosphoro

PCT/ FR200 0 e
: Fren
26 Cc 05

aqdde flnw
t ube e placed p-
to honogenlse the m%
r.ong aromati c odour . Thquanples are
rlnse %@%ﬁ%&mﬁt "n"hot water under the tap then tw ce
in distilled water for 10 m nutes under ultrasound,
5t hen f s &OSirhonlgs dromaic attstistignPlRllowedf Hyothg repgidation of the
i so r nd. . d
B A
pol ywhinh exsumpl ths gloREh. ofpfpbenyleikBByersrdtirfzi tb«d ghafting of diazonium

br orRRNGRY bard Q9P HRG FMRkSs! &; RAASE L Abldh! PYPb&Rrica, F,
Langmuir 2005, 21, 280).

The addition of an aromatic radical to a double bond is a reaction known in the

art, it is the Merweein reaction (Dombrovski, Rondestvedt, cited above)

o,

P = rest of thepolymer chain

The stripping of a hydrogen atom from the polymer followed by the coupling of

two radicals can be written as follows:
Q QQ |
—_— > \ = P P

+QR
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3¢

4- br onobenzene di azoni um PE 1555 843 763 CH outside the
plane Id 1555 826 764 Teflon 1548 852 758 Cycle
vibration CH outside the plane Id ABS 1584 824 744
Cycle vibration CH outside the plane Id 1) after
subtraction of the pol yner spectrum I nternadonal

Appl i cati on PCT/ FR2006/ 002260 regi stered on 9 Cct oher
2006 Priority : French Pat égt Appl i cation No. 05501@%1‘1“1
regi stered on 26 Cctober 2005 28Confidenti al

The mechanism of formation of radicals by ultrasound is described in various reviews
{Cravotto, G.; Cintas, P. Chem. Soc. Rev. 2006, 35, 180 and references cited). The
formation of radicals from diazonium salts has been used to trigger polymerisations
(Cheung, M. H.; Gaddam, K. J. Appl. Polym. Sci. 2000, 76, 101 ; Vivekanandam, T. S.;

Govalan, A.; Vasudevan, T.: Umapathy, 8. Polymer 1999, 40, 807.)
P = rest of thepolymer chain

t

Surfaces used: PP: polypropylene foil (supplier Goodfellow)
PET: polymethyl terephthalate foil (supplier DSM)

PEEK: polyetheretherketone foil (supplier Goodfellow)

I

PE: very high molecular weight polyethylene (supplier Goodfellow)

Teflon: polytetrafiucrocthylene (supplier Goodfellow)
ABS: acrylonitrile-butadiene-styrene” (supplier Goodfellow)
* obtained by dispersing a grafted elastomer phase (butadiene) in a

1

styrene-acrylonitrile (SAN) co-polymer phase
— Kapton® polyimide (supplier Dupont)
— Polyamide (balloon stents)
— TiN, 8iC, 8i0C, SiO,

Diazonium salt: Tetrafluoroborate of 4-bromobenzene diazonium (Aldrich)

I - Reduction by homogenous reducers

The two reducers described by J. K. Kochi (Kosynkin D., Bockman T. M., Kochi
J. K., J Am. Chem. Soc., 1997, 119, 4846) were used: Nal and Ferrocenemethanol
{FcCH,OH). More generally, other reducers are possible for example hypophosphite
(Panduragappa, M., N., 8. Lawrence, R., G. Compton, Analyst, 2002, 1568-1571) or
ascorbic acid (Costas-Costas, U.; Bravo-Diaz, C.; Gonzalez-Romero, E. Langmuir 2004,
20, 1631) and more generally all the compounds, the redox potential of which is more
positive than that of diazonium salt (that is more negative than 0.5V/SCE such as to

reduce all the diazoniuym salts.
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15

Tabl e 10. ToF SI M5 spectrum of polynmer sanpl es (PE,

Tefl on, ABS) nodified by bronophenyl groups*. Sanple
Peaks (Intensity*) Attribution 79-81 Bf, Be 104-106
CH3- CH2BI 179-181 C2C6114131 197-199 (Cl-12)3C6H4B1
PE 225 -227 (CH2)5C6114131 264-266 not attri buted

290-292 not attributed 183-185 (CH2)2C6H4ABr 265-267
(CH2) 6- CH=CH C6H4Br + Tefl on ,§9-81 Br- (weak)

Example 1 — Use of Nal as reducer:

A sample of a surface to be modified is placed in a test tube. Moreover two

solutions are prepared

1- 14 m] of acetonitrile (ACN) + 1.12 g of 4-bromobenzenediazonium (1.47 M)

2- 14 ml of acetonitrile (ACN) + 0.609 g of Nal (1.47 M)

This experiment is performed at concentrations very close to the solubility limit of

4-bromobenzenediazonium.

2 ml of solution 1 is added to each test tube then 2 m} of solution 2. The mixture
of these two solutions is homogenised by plunging the test tube into an ultrasound
vessel for one second. A violent release of nitrogen is observed, the mixture foams. The
mixture tuns brown (I). It is left to rest for 1 hour. The samples are rinsed with water

under ultrasound (10 minutes), twice in acetone (for analysis) (10 minutes) and dried in

a vacuum for 18 hours.

Tablean 3. ToF-SIMS analysis of polymers grafied by 4-bromopheny! groups.

Surfaces: Peaks (Intensity*) Attribution
79-81 (0.3 10% Br
PP N )
127((2 10} T
79-81 (1 104 Br
PET 139-141 (0.5 104 [OCH,CH,0 + Br]
167-169 (2 10°) [0=COCH;CH,0 + Br]
213 [0=COCH,CH,0 +1J
79-81 (1.5 10%) Br
PEEK 127 (0.4 10 r
. 79-81 (2 104 Br
TiN 127 (6 104 r
) 79-81 (2 10% : Br
SiC 127 (3.5 10% r
. 79-81 (0.3 10%) Br
S
10¢ 127 (1 103 r
: 79-81 (0.8 10%) Br
Si0:
2 127 (1 10%) r
* Arbitrary units »
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L 2 c i

79-81 Bl, Be ABS 191-193 C3-(C611413r4

* Only the fragnents contai ning brom ne are indicated,

| ocated by two peaks of approxi mately 5equal hei ght and
separated by two units*of nass. The infrared and
ToF-SI M5 spectra do indicate the existence of grafting,
especially the fragnments conprising bronophenyl groups
10Exanpl e 6 Thi s sanme?het hod has been used Cotfidential
nDdify the surface of binary or ternary conpounds

T T.
L B s o e s
( Si @gmsl | the pajoper P rlaarly showrtans ths ciazerriyme seapts tith fthe surface
t esfe tﬁé"&ﬁﬁue‘fsoﬁ{daﬂlﬁécﬂﬁs Sb?rgpdv@ls tHa é)re:géﬂé'e ofl e %ﬁrpbe soktfbn the

Si 02 respectively, trifluoroneth

be e, whlﬁy@ﬁp%tqsmt @si\naﬁtm%@e@mfa&nethp Yalygduser h(awr:@r?d on
corgespands to a final concentration of 0.2 M Into
each tube is added 5 mM of H2P03 (50% aqueous
solution), it is shaken in an ultrasound vessel for 5

m nut e?ﬂxalﬁ%leEhﬁsgmeﬂ’aceﬂbﬂleﬁz{n@m&ﬂ;@%nﬁ r&MEJrace of t he
agueous sol uti on es are wasne
wat er A spmele of A surfage 19 lreéaoda%ﬁié%plﬁpﬁ@ew tsﬁttt\lb&séwﬁl&ﬂqvolﬁ thep

m nytefkgand once in acetone under ultrasound 20and
flnalli dried in a vacuum at 40C. |Internationa
't

Appl i cat 14gn! besetonitplo (ENLB e ¢fddramabeizgnediszaniva(Od )

2006 Pnl pf hiof acetdnfi@18 eACAL €11 o MPREIERT doamNo.  05/10914
regi stered on 26 October 2005 29Can|dent|aI Tabl e 11.

ToF- SI%BngpéétﬁﬁmBP'd1éFe8¢¥¢c@ £AE befartipeorthepe ndrly of

c orrmmﬂ& (AR ichicadrabidh 6.69 1) UBE QFRED YIrmBDBNhbse GHO SidStions is
nple in/z Interpretation TaN Ta 19 F 69 CF3- 145

CGI-lZf@f’quseq_ 1) Wt tupe (pto; piyultspsound vessel for five minutes. A

release of nitrogen is observed. The mixture passes from orange to deep green. It is left
to rest for 1 hour. The samples are rinsed twice in acetone (for analysis)

(10 minutes) and dried in a vacuum for 18 hours.

Table 4, ToF-SIMS analysis of polymers grafted by 4-bromopheny! groups.

Sample Peaks (Intensity*) Attribution
PP 79-81 (0.6 109 Br
- 79-81 (1 10 Br
93-95 (3 10%) CH,Br
PET 125-127 (3 10%) [BrCOOH,]
139-141 (56 10%) [BrCH,;COOH; T
153-155 (1 10% [BrCH,CH,COOH, T
PEEK 79-81 (1.5 10 Br
TiN 79-81 (3 10°) : Br
SiC 79-81 (0.6 109 Br
SioC 79-81 (2 10%) Br -
Si0, 79-81 (0.5 109 Br
* Arbitrary units
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19 F- 69 CF3- 145 C6114CF3+ et" SIOC 19 F 69 CF3-
145 C6HACF3+ 197 C-C Si-C6l-14CF3- 304

0- C6H3CF3- C6114CF3" 317 si-c6H3a3-c6HACF3- 473

C Si - C6113CF3- C6H3CF3- 05H4CF3- Si02 19 F- 69

24 Confidential

The presence of bromine on the surface of the polymers and even brominated
fragments of the polymer PET clearly show that the diazonium reacts with the surface
of the polymers and dielectrics,

3
Example 3
-CsH4COOH groups have been grafted by reductio'ﬁ of corresponding diazonium
tetrafluoroborate by ferrocene methanol according to the following operational method.
The following is prepared: .
10 a) a solution of 175 mg BFs "N,CéHyCOOH in 7.5 ml of ACN
{c=0,1 M); and
b) a solution of 162 mg ferrocenemethanol (FcCH,OH} in 7.5 ml ACN (c= 0.1
M).
Firstly, 2.5 ml of solution a) is added to a haemolysis tube containing a sample of
15 polymer (see Table 3), then 2.5 ml of solution b) (final concentrations 50 mM of
*NC¢H4COOH and 50 mM of FeCH,OH): the mixture of these two solutions turns dark
green and bubbles of nitrogen are released. The mixture is then placed in ultrasound for
10 minutes. The samples are rinsed under ultrasound in acetone (10 minutes), water (10
minutes) and ACN for analysis (10 minutes).
20
Table 5. IR analysis of polymers grafted by 4-carboxypheny! groups.
Sample IR band? cm™ Attribution 4-aminobenzoic acid? cm™
PP 1687 C=0 1658
1617 Cycle vibration 1599
PET 1681” c=0 1658
PEEK | /7 /
1} after subtraction of the polymer spectrum
2) solid
3) projection on the ester band of the PET
25 4) the C=0 bands of the PEEK and the C;H,COOH group are too close to be distinguished.

The contact angles of the water were also measured before and after treatment by

the reducer;
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CF3- 145 CO6H4CF3+ et - 283 (HOSi 0)-Si 02-0- C61HACF3-
The ToF-SIMS spectra confirmthe grafting of
trifluoronethyl phenyl (the presence of

LLifluoronethyl.phenyl fragrents shoul-d -be- noted

10

15

20

25

particularly) on the surface of the dielectrics, but
the presence of phosphoric acid residues clearly
visible on the spectra shoysd be noted. Internaichp@Rhria
Appl i cation PCT/ FR2006/ 002260 regi stered on 9 COct ober
2006 Priority: French Patent Application No. 05/10914
regi stered on 26 COctober 2005 30Confidential Il -
Redmw@@oﬁﬁct&ig%gﬁsa}n? ?t b% SR RXES1 QM-QH%&%@’H&&'

i rradLation e hv anvnkl n_et

(1977) (al r@gﬁ cited) Anglofdk@adi 5>homg1w{abm§ct
di azoni um % (pent abkfuem@@@mem,dl axaemsdmeand

2,4, 6t i-ehtore 3—5-reh fHuoroeben2enetiazond t—+ hai i s
di azoni um sal)ts carnfying el ectro-aftracti chem c¢al
groups maki PRy t hem fore eald y redlhc?zt(FL%ETW@FW@hdr ge

transfer conpl exes with el ectron-ri c? (afiod@minnesisuch as
naphtthal eneppy 1, 4-di et howbenzene char agﬁerl sed| by

absornptton T—the—~vistbireyavel ‘lII 1Tauuti0n
t hese PEH “exes aduces’an exci i@ﬁt d%n _1¢

of
whi c"h hgngly ‘@‘E“‘ts‘i"ﬁﬁ‘mf o g p fupit "leedW{“’PWé‘ab&reﬁﬁ‘E‘t“ profgrgpn o
di
o oz onSghl. & B EAPLACBond 15 e 28 k0 BE appups ot

CI trdab theimhare aydrophilicr srame ofvitichsutfive giveopmaofi of el grafiing ¢fothe
eaction has been transposed to
ﬁjqw}rlﬁctaﬁoggﬁg oluﬁmti@#u%%re radi cals with the surfaces
of our substrates. 15Exanp| e 7 - Formation and
irradiation of u charge transfer conplex between
4- br ormbenzendl azoni um and 1, 4- d| met hoxybenzene Two
sol ut i Exgmpi ' : : 1.12 g of

4- br omﬁgg zo 0. h
g of 1 Ogjﬁ%@?(ﬁb b%r?{zjgirllaé (%Q%g/h ﬁ\/ﬁ féT rgﬁ‘ce d eéﬂu"glr egﬁs
pI a(&’edunangaapat estl ,tmﬂé ated gbowd; Mikludhioh Csd? ;utRlelmsheiva A F;

I t .
For by ¥ 0uE AN Gt 2k, 85 SRR B bR, 5.
Th eC®9¢ruG| BnJ |Azn tGhen. &Epd%ﬁt &4 36T )Hahe ps&rqblsel_s,the! peence of
turGacipE b Wich AREHE B8l Mechetal? B o Bl B0 e
s pegrelp? d@Fingdmimgliazoniuappr oxi mat el y 40 s of

. di . oy
repoat S (b pachbufBB0ELb P o ki PL Al Al B e, prnk
t unfid), 190Teofleintiberénedgzaamnetirilugroparsis Gukalt onnasatration 0,15 M)

ac | §3 | r.a i St i
andertiad 158 8 f G S Bl Ll R aiedh ' o
h o woacentratipe (014 N bis ddedp Phe ke iagenpl@ey fr-dn @oeergoRegDior 10

—

o e%ﬁﬁt@sr t%qloﬁﬁ%e%is%%ﬁ{mzﬁg Giafdniu éaft BﬂnsstheE ‘gfcb?fégé?ﬁiye At the

Application /10914 registered on
31 CHAf dherreactipn ¥ ppicivitate is frpmdgng/sn avﬂms%ay%ﬂeartmga élnwf@v%a

bi N6, ﬂﬁmitfé%ﬁ&ﬁ)ﬁré@ﬂ&@é&n?@bﬁﬁqmﬂéaﬁhgeﬁ& %rﬁlﬁndmmlédos‘&kz&y
phot 0 gnem stry of charge transfer conpl exes.

PRI Sy 1952 Het Aast, T fampley G ginaqir mer g vair, then

twice in distilled water (10 minutes under ultrasound) and finally in acetonitrile for

analysis (10 minutes under ultrasound). They are dried in a vacuum at 40°C.,
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91-93(1 103) 103-105 (0,5 103) Bf CBf CH2CH2Br PET
79-81 (110') 93-95 (0,8 104) Br [CH2Br] - PEEK 79-81 (1
105) Bf TiN 79-81 (0,5 104) Br- SiC 79-81 (7 104) Bf
SioC 79-81 (1,5 103) Br- Si02 79-81 (0,2 103) Br - 5*

Arbitrary units The presence of brom ne on the
ToF-SI M5 spectrumis quite conpatible with the grafting
of 4-bronmophenyl groups to the surface. 10 Exanpl e

8 - Formation and irradiati éh of a charge transf Epnfidential r
conpl ex between the diazonium salt of 4-am nobenzoic
acid and 1, 4-di net hoxybenzene Three sanpl es of

polymers are taped to a glass plate and a solution
contabliTnlR pectruiy) of pamplley steatid bmndgedobengéne diazerivm istsafotoborate

Cidgand O N-of 5t 4rdimet berrzeﬂ[E‘l‘ﬂT .
PI’?] $ile Mmqﬂr fi )ﬁﬁ% centlr gfl(i’q? crzene diazonium
her ef or e OJ 2 MI15#6 deposiQydedvibrtiethese sanpl d§4&isi ng a

a

a

t

pi pet 8. The sol 812 on WedIs oitkide (REEGewe! |, t he§BET
averagely and the PP very badly (the |solutiomsras to be
S e

5

I

S

I

preadTons{antt ;o = ACNtOevaporate). Aft
paseEs infthe ]];anadi atjié}%ﬁcﬁvﬂq %é-af’n( i sons, H nercury
anp) _or  appr oxi ely g 19 |i v adiation, the
ol UtPtg s are entsvt el y |evdjyde abmtiomunder the heat of th
anp. 1 R ngi ng 83 car r|i €4 ogiside thépl@ret one and twi ce in
A 1§ 48Fr subbadtio)l SHiths polyAarh W tTasound tor 10 mnutes and
drying takes place in a vacuum at 40C.

Table 8. ToF-SIMS spectrum of samples treated by 4-iodobenzene diazonium

tetrafluoroborate
Sample Peaks (Intensity*) Attribution
127 (2.5 10°) ' I
PP 205 (6 10Y) [CeHsI + H]
231(1 10Y) [CHaCHyCeHLIT
127 (4 10%) y
214 2109 C-CeHs-I
228 (0.5109) 214 +CHy
PET 242 (0.510% : 228 + CHy"
256 (0.510%) 242+ CHy
351 (2101 CsHs(C=0)OCH,CHCH,T
127.(3.5 10%) I
PEEK 254 (3.5 10%) Iy

The presence of IR bands corresponding to the aromatic group as well as fodised

organic fragments clearly demonstrates the grafting of the iodophenyl group.

Example 5
The same reducer is used to reduce 4-bromobenzene diazonium in the presence of

PE, Teflon and ABS. Into three test tubes each containing a sample of polymer, 272 mg
of 4-bromobenzene tetrafluoroborate is placed and 5 ml of hypophosphorous acid (50%
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32Confidential Table 13. IR analysis of polyners
grafted by 4-carboxyphenyl groups. Sanple IR band |)
cm1l Attribution 4-am nobenzoic acid2) cm| PP 1686 C=0
1658 PET ;46813) C=0 1658 PEEK /4) / 1) after Confidential
subtraction of the pol ymer spectrum 2) solid. 3)

pr OioﬁﬁBd fﬁr’m@r) {s8aed ﬂe%ﬁ%&z@&uﬂi Q&cglﬁ%ﬁ@ d.2ti1eThe ‘mbt:?3 are

H group are too close to be distinguished
Th eplacemlh@t uliragprdk vessel £95d Ovpipwes tpdpmogemise thepraixiyyee dhe final

bef ﬂ\ﬁo@fédzlo%ﬁ)t %thtarsﬁ'@ﬁg@é'iﬁatlmﬁd&h erhb kapids Qe &lfse&;ﬂﬁﬁcﬂﬁ%ﬁ/ in
14. Cont act gg&l es of san‘p es

gr g?qt gatepyndenbe &P&E@ﬁwﬁ%ém le prater £0r! ) apaites dinder pirgsoupg,
S amed fr 10VhResCh a608He AP, m&? rofi lgfglgﬁénepmsss\mﬁa& uBasound,

contact after treatnent ‘Pga)
They are then dried in a vacuum at

Table 9. IR spectrum of polymer samples (PE, Teflon, ABS) medified by bromophenyl

groups

Sample IR band” cm’! Attribution 4-bromobenzene diazonium
1555 ) 1555
PE 843 CH outside the oy
763 plane iy
Id
1548 Cycle vibration
Téflon 852 CH outside the
plane
758 i
1584 Cycle vibration
ABS 824 CH outside the
744 plane
Id

1) afier subtraction of the polymer spectrum
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72 (after 10 mnutes) 70 (after 20 m nutes) PET 90 79
PEEK 87 58 a) the angle takes sone tine to attain a
limt value w thout notable evaporation of the drop.
The presence of the C=0 bands of the carboxyphenyl
groups and the nore hydrophilic nature of the surface
denonstrate well the grafting of the carboxyphenyl
15chem cal group. Example 9 - Gafting of ]
br omophenyl and trifl uoropi&nyl groups by i rr adiCeifegtial
the surface in the presence of diazoniumsalts 20ln the
precedi ng exanple an electron-rich aromati ¢ was added
to the irradiated solution to formthe charge transfer
conprids 10. ToFt MS speeimp! o polymer sanpies (P Tefam ol medified by
beepoh&itkn@blovs®. that the polymer itself (PEEK PET,

ABS, electron-rich) can be ysed to formthe charge

t ransf er,_conpl ex nt er nati dnal Applj.cation

PCT/ F:Rzéﬁ%ﬁﬁozzaﬁea#se‘%?% Brhd on o oAEBEI™006 Priori ty
: French Patent Appljcation No. 05/ 10914 registered on
26 Ogt ober 2005 33C8ti dentli al @{’P%_sanpl es| of
each |of these PEEK, |®g9 ABS pol ymeFE;-CHBkt ur at ed

sol utli on of 4-br oneb@d8enedilazoni umGAHHBEO4 0. IN i s
deposi ted and on thp7avher a sat ur &8Bg:;GHIBit | on of
4-trifl uospnet hyl benzenedi azoni um iOuHRPABO0. IN. These
sanplies are irradi a3@sekn a tunnel ppdeluggmer cury
vapour |anmp (H{l anp)_Q fz@ appr oxi matl%lt Qg 2 seconds.
The sanpl es ar ¢4 abu[galggl y shed i 5@4& er then
twice in distilll ed Wat under ult & or_ 10
minutles then in acet®rf87 unddr ul¢HasEdFeFCeH4BI0 ni|nut es
and drTred_in a|vacuum Tableau_ 15. ToF-SI

anal ysi sl8f? sanpl es Wi fi ed by brond (k)

10t riffTuor onet hyT phenyl grodps. Sanple [ nk Attribution
PEEK |+ 4apgonobenzerddilazonijum 79, 8BBPT 158, 160,
162 8r2- 171, 173 OtiP3 PEEK + 4 - Ci-CellBr

tri f I uoLoE b a2 GRS I HBidatbd, located by two peaks of approximately
equal height and separated by two units of mass.

The infrared and ToF-SIMS spectra do indicate the existence of grafting,
especially the fragments comprising bromophenyl groups

Example 6
This same method has been used to modify the surface of binary or temary

compounds ((TiN: 20 nm thick), TaN, TaN/Ta (tantalum deposited in a 10 nm layer on
15 nm of TaN)) and of dielectrics (8iC, SiOC, Si0;) used in microelectronics. Into five
test tubes containing samples of TiN, TaN, SiC, 8iOC, 8i0, respectively, 270 mg of
trifluoromethyl benzene diazonium tetrafluoroborate is added (which corresponds to a
final concentration of 0.2 M, Into each tube is added 5 ml of HPOQ; (50% aqueous
solution), it is shaken in an ultrasound vessel for 5 minutes; at the end an oil floats on
the surface of the aqueous solution. The samples are washed in hot tap water, twice in
distilled water under ultrasound for 10 minutes and once in acetone under ultrasound
and finally dried in a vacuum at 40°C. |
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F 145 C6114CF3' PET + 4 -bronobenzenedi azoni um 79, 81
Br* PET + 4 -trifluoronethyl benzenedi azonium 19 F 69
CF3' 145 C6H4CF3- ; C6114CF3+ ABS +
4- br onobenzenedi azonium 79, 81 Br" ABS +
4-trifluoronet hyl benzenedi azonium 19 F 69 CF;, 145
C6H4CF3- - 345 al a- CH( C6HACE3) - CH2CH( C6HACF3) The
presence of bronine and tri*f| uor onet hyl phenyl g C@tsentiad
characteristic of the grafting of bronophenyl and
tri OWBE. I t R
POl R e S s e
r egivdtifitosamegiyl cheaylgsmey 2006 Priority : French Patent
Application No. 05/10914 registered on 26 Cctober 2005

Sample m/z Interpretation
19 F
TaN/Ta i il
145 CeH,CF3"
160 N-CsHCF3”
19 F
TiN and SiC 69 CFy
145 CgH4CF; ™
19 F
69 CFy
145 CeH,CF3*
sioC 197 C-C Si-CeH4CFy
304 0-C¢H;CF3-CeHCFy
317 Si-CeH3CR3-CgH4CFy
473 C-8i-C¢H3CF3-CsH3CF;-CsH CEy
19 F
sio, 69 CFy
145 CeH4CF;™ "
283 (HOSi0)-Si05-0-CsH4CFy”

The ToF-SIMS spectra confirm the grafting of triflucromethyipheny! (the
presence of trifluoromethylphenyl fragments should be noted particularly} on the
surface of the dielectrics, but the presence of phosphoric acid residues clearly visible on

the spectra should be noted.
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34Confidential Ill - Use of ultrasound Surfaces

used: PP: pol ypropylene foil (supplier Goodfellow) 5PET:
pol yet hyl t erepht hal ate foil (supplier DSM PEEK:

pol yet her et herketone foil (supplier Goodfellow) TN,

SiC, SiOC, Si02 Diazoniumsalt:Tetrafl uoroborate of

4- br onobenzene di azoni um (Al drich)

Tet zaf | uoroborate of 4-bro Aoenzene di azoni um (Al dGdeh
104- ani nobenzoi ¢ aci d di azoni um.t et raf | uor obor at &efdential
(Al chinmer) 4 -bronobenzene di azoniumtetrafl uoroborate
(Al chi nmer) The ul trasound vessel used is Sonorex
Super. §K 103H vessel of 2 x 320 Wpovver used at hal f

pO ] A ! ANSEE ] | 1M Gl

ul trasound (Povver UItrasound (20 at 100 KHz) can
activate or trigger chemcal reactions and this nethod

has beeh thpartisigtjyelcesysin ot aled@T(already eifpd) &r b Beqhb shows that
G Nt RS onitim sagt@ EithtaRRCobe BeNe AR AR 23d 2, 4368tgéh10r3_ ijg cﬁﬁ\ﬁ?ﬂb&ﬁkne—
effects of trasound are associ at ed wit

pherféareHR, tbert iy digdontm; s8lts capping plegiroitipste qhiergwal groups making
U eMGLA e Seaﬁﬂdreﬁﬁ&lﬁéufoﬁﬁ éhQ%@'tlaMsferO@&mﬂéxé R @l%éﬂoh—%ch
of this phenomeénon s th ormati on of radicals.
Thuspromagies suetchs aaphthalepg efi lgﬂe@mgth@qybenzene characterised by absorptions in
azo-dil RkHe Wd@eXJn@ﬂB' Tﬁe 1h§he€1‘1€1‘i‘ ofihilsP l‘é@ﬂlés'di ﬁ%&k@s :!i‘lae\!ﬁteﬁ &fald in

used to trlg nerisation acry

( Chetagd, anmlec};pn “@ﬁféﬁ P ﬂﬂ argpatip) s the ma}mﬂm @&,ﬂtakeg plag; which
76, 14 the PEmARE TRAShdidaRNwREL, S @€ AR NBe &%tpﬁblﬁgtﬁm react

been observed by spin- trappl ng experinents (Rehorek,

D. ; Witnthe gromgtic mlveat topeagitp biptprekn Thip gactiogAgs b%ﬁyanswwé to
r adi gl eeidih B QIS Gt B GOARASE b Qibsflies? S0i azoNi um
sal ts and peroxi dés have been used to nodify the
surface of polyners and dielectrics. Exanple 10 :

G af ti ngy@hpl0 LPEQMALST GnlYirditiafiod Q?W'chﬁ?@ ttp.ﬁ.sdemcemg ex
t est t ue(l:)onalnl ng a sa € 0 poypropyene

tetrafl m@ggﬁmﬁﬁe?@ mdo 16 l\/p is i ntroduced and |eft
under ul trasounds. for hour 10 m nutes. The sanple is

car ef ul lyindf gd AN, hl%s;@%lﬁémfehﬁ%m ieanium G MMX or 10

m nut es21iRaR ml ACKED bRpel 1 A diREthaBinysk$0.30 MPS anal ysi s
of the sanpl e sh owsbﬁ% relsence of g%dls irf;eak at 402

eV, whi &k prglsasreyplecsd ing Eféh‘é}ée g Tt phepsh selptiqnyig added; the
I nt e},foft’!@ﬁ YRR coldRPldnePbhdiy 156hE RGO U hEPe LRES baALG is
on 9 October 2006 Priority : French Patent Application
No. dsrvedo14 regi stered on 26 October 2005

35Conf i ggndonaion N ﬂlsrpd@r)@twm( the N&Bples, W 16 rév@aﬁte%e Rntroduced

reduced j.n amni under _t a eam as ha
f r edti@ mﬁlwweawwdtwl flx@ﬁ’?ai ive NAASSRESF P@rﬁmeigm@g{ ppeed 2
C. Havg )zb: apSroxiviakely 40 9of @mdﬁbﬁ)zm%p@mm nd ﬁé.dhht(ﬂﬂla&:yrepe&ed

e ark3iee B IR Y TSt B Sl Tt e Ehsfyly inocd

substivicairesetbxye thanawizp ineastbnigitedommalysisSetillidriderlirasound) then dried
acetlgg &cull.uh t40°CforEéj Bl he sanme conditions as above,
polyner surfaces rnary or ternary compound surfaces
and insulating surfaces (Sic, Si02, Si0C in

m croel ectronics are treated all at once using

4- br onobenzene di azoniumtetrafl uoroborate salt.

Tabl eau 16. ToF-SI M5 anal ysis of sanples grafted by

4- br onobenzene di azoni um Surfaces; Peaks (lIntensity*)
Attribution PP 79-81 (3 10) BY PET 79-81 (1 10) 93-95
(0.5 10)
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Be CH2Br PEEK 79-81 (3 10) BY TN 79-81 (6 10) Br" SiC
79-81 (0.8 10) BY SiOC 79-81 (2 10) BY Si02 79-81 (4
10) BY * arbitrary units The presence of brom ne
proves grafting of the bronophenyl group to the
surface. 15 Exanpl e 12: Gafting of the surface of
pol ymers by bronmophenyl groups. Reaction in aqueous
sol ution. 20A 0.2 M sol utidh of 4-bronobenzene Confidential
di azonium tetrafl uoroborate in H2SO4 0.1 M
(practically saturated solution) is distributed between
five test tubes containing sanples of polyner (PP, PET,
pEEhabled2. Tof§IMSanalygyessf polymers, hitseeor fgraary ponipapnds anddielectrics
ul theusd Byl phtschethisthyodf clarftQidhsfer ThBipl&RRP! €s are rinsed
with hot tap water, twice in International Application
PCT/ FR2006/ 002260 regi stered on 9 October 2006 Priority

. Frendh Patent Application No.  OU5/[T09TZ registered on
26 Oct gber 59808 36ConERAGRAERIY )i St i | AEHURR er | under
ul trasqund (10 mnutes) and I n _acetjone or 1Sopropano
(ABS) and finally dried¥8hUe Wacuum TabBE 17. IR
anal ysi|s of Pblynens su?EBdéeiefpdi filed byCht onophenyl
groups.| Sanpl e | R bandio}-165¢)s 18t r i but CIG/CH,Br
79-81 (1 10%) Br
PET 93-95 (0,8 10%) [CH,Br]”
PEEK 79-81 (1 10%) Br
TiN 79-81 (0,5 10%) Br
$iC 79-81 (7 10% Br
SioC 79-81 (1,5 10%) Br
Si0, 79-81 (0,2 10} Br
* Arbitrary units

The presence of bromine on the ToF-SIMS spectrum is quite compatible with the
grafting of 4-bromopheny! groups to the surface,

Example 8 — Formation and irradiation of a charge transfer complex

between the diazonium salt of 4-aminobenzoic acid and 1.4-dimethoxvhenzene

Three samples of polymers are taped to a glass plate and a solution containing 0.4
M of diazonium salt of 4-aminobenzoic acid and 0.4 M of 1,4-dimethoxybenzene in
acetonitrile {ACN) (the final concentration is therefore 0.2 M) is 'deposited on these
samples using a pipette. The solution wets the PEEK well, the PET averagely and the
PP very badly (the solution has to be spread constantly allowing the ACN to evaporate).
After 5 passes in the irradiation tunnel (Fisons, H mercury lamp) or approximately 20
seconds of irradiation, the solutions are entirely evaporated under the heat of the lamp.
Rinsing is carried out in acetone and twice in ACN (for analysis) under ultrasound for

10 minutes and drying takes place in a vacuum at 40°C.

International Application PCI/FR2006/002260 registered on 9 October 2006
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4- br onobenzene di azonium 1551 (projection) Cycle

vi bration 1555 1460 PET 837 CH vi bration 826
758 outside the plane 756 1553 Cycle vibration 1465
PEEK

32 Confidential

Table 13. IR analysis of polymers grafted by 4-carboxyphenyl groups.

Sample IR band"”cm’! Attribution 4-aminobenzoic acid? em™
PP 1686 C=0 1658

PET ~1681% =0 1658

PEEK X /

1) after subtraction of the polymer spectrum. 2) solid. 3) projection
4) the C=0 bands of the PEEK and the CsH,COOH group are too close to be distinguished.

3
The contact angles of the water were also measured before and after treatment by
the transfer of charges complex:
Table 14, Contact angles of samples grafied by the diazonium salt of 4-aminobenzoic
10 acid.
Angle of contact " Angle of contact
Sample
before treatment after treatment
123
PP¥ 124 72 (after 10 minutes)
70 (after 20 minutes)
PET 90 79
PEEK 87 f 58

a) the angle takes some time to aitain a limit value without notable evaporation of the drop.

The presence of the C=0 bands of the carboxyphenyl groups and the more
hydrophilic nature of the surface demonstrate well the grafting of the carboxyphenyl
15 chemical group.

Example 9 — Grafting of bromopheny! and trifluorophenyl groups by

irradiating the surface in the presence of diazonium salts
20 In the preceding example an electron-rich aromatic was added to the irradiated

solution to form the charge transfer complex. In this example, the aromatic compound
has been left out so that the polymer itself (PEEK, PET, ABS, electron-rich) can be

used to form the charge transfer complex.

International Application PCT/FR2006/002260 registered on 9 October 2006
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830 759 CH vi bration outside the plane
vi bration
1551 Cycle vibration

1551 Cycle
PE 852 739 CH vi bration outside the plane

Tefl on 810 756 CH vi bration

out si de the pl ane 1550 sh Cycle vibration ABS 824 CH
vi bration outside the plane
33 _ Confidential

On two samples of each of these PEEK, PET, ABS polymers, a saturated solution
of 4-bromobenzenediazonium in H;SO4 0.1N is deposited and on the other a saturated
solution of 4-trifluoromethylbenzenediazonium in HpSO; 0.1N. These samples are
irradiates in a tunnel under a mercury vapour lamp (H-lamp) for approximately 100
seconds. The samples are abundantly washed in hot water then twice in distilled water

under ultrasound for 10 minutes then in acetone under ultrasound for 10 minutes and

dried in a vacunm,

Tableau 15. ToF-SIMS analysis of samples modified by bromo- or
trifluoromethylphenyl groups.
Sample mfz Attribution
79, 81 Br
PEEK + 4-bromobenzenediazonium 158, 160, 162 Bry
171,173 O-Br
PEEK +4 - 19 F
trifluoromethylbenzenediazonium 145 CoH,CFs
PET + 4 -bromobenzenediazonium 79, 81 Br
19 F
PET + 4 -trifluoromethylbenzenediazoninm 69 CE3
145 C¢H,CF; ; C;HLCF'
ABS + 4-bromobenzenediazonium 79, 81 Br
19 F
ABS + 4-trifluoromethylbenzenediazonium ® CEy
145 CHyCFy
345 CH;-CH(C:H,CF;)-CH,;CH(C;H,CF;)

The presence of bromine and trifluoromethylphenyl groups is characteristic of the

grafting of bromophenyl and trifluoromethylphenyl groups onto the sutface of the

polymers.
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51) after subtraction of he polyner spectrum
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37Confidential Tableau 18. ToF-SIMS anal ysis of sanples
grafted by 4-bronpbbenzene di azonium under ultrasound

i n an aqueous sol ution* Sub%rat e Peaks Attri but icpn fE,
79-81 B - 91 061-15Cl-12 295 CH3- (CH2)20- 371 Confidental
CH3- (CH2) 20-C6H4 79-81 B 339-34 CH3-(C 2)12-C6l-A4B +
PP 79-81 Br 91 C6H5CHT

HI - Use of ultrasound

Surfaces used: PP: polypropylene foil (supplier Goodfellow)
PET: polyethylterephthalate foil (supplier DSM)
PEEK: polyetheretherketone foil (supplier Goodfetlow)
TiN, SiC, Si0C, Si0,

Diazonium salt:  Tetrafluoroborate of 4-bromobenzene diazonivm (Aldrich)
Tetrafluoroborate of 4-bromobenzene diazonium (Aldrich)
4-aminobenzoic acid diazonium tetrafluoroborate (Alchimer)

4 -bromobenzene diazonium tetrafluoroborate (Alchimer)

The ultrasound vessel used is Sonorex Super RK 103H vessel of
2 x 320 W power used at half power; its frequency is 35 kHz.

The use of power uitrasound (Power Ultrasound (20 at 100 KHz) can activate or
trigger chemical reactions and this method has been the subject of a recent review
(Cravotto, G.; Cintas, P. Chem. Soc. Rev 2006, 35, 180). The chemical effects of
ultrasound are associated with the phenomenon of cavitation, which produces high
temperatures and pressures locally, One of the results of this phenomenon is the
formation of radicals. Thus, the radicals obtained from azo-bisisobutyronitrile and
peroxydisulphate have been used to trigger the polymerisation of acrylamide (Cheung,
M. H.; Gaddam, K. J. Appl. Polym. Sci. 2000, 76, 101). The decomposition of diazonium
salts has been observed by spin-trapping experiments (Rehorek, D.; Janzen, E. G. J.
Prakt. Chem. 1984, 326, 935). The radicals deriving from the decomposition of
diazonium salts and peroxides have been used to modify the surface of polymers and

dielectrics.

Example 10 : Grafting of polypropylene by nitropheny} groups

Into a test tube containing a sample of polypropylene (PP), 25 mL ACN and 1 g of 4-
nifrobenzene diazonium tetrafluoroborate (¢ = 0.16 M) is introduced and left under
ultrasounds for 1 hour 10 minutes. The sample is carefully rinsed in acetone under
ultrasound for 10 minutes then in methanol (for analysis). XPS analysis of the sample
shows the presence of a N1s peak at 402 eV, which probably corresponds to nitrogen of the
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231-233 C6114- CBHAB1 255- 257 C2- C6H4- CBHABr- 277 279
(CH ) 3C6H6- C6H6B 336 (CH2) 24- 487- 489

(C112) 2- (CB1- 14) 4- C611413r- 79-81 Be 91 CBH5CH2+ (i on
opylium) 175-177 CH2C6}110-Br 254- 256 -
C2-C61-14- C6R4Br+ - 1 PET 79-81 Br- 93-95 CH2Br

247- 249

35 Confidentiul

nitro group (~ NO2), which has been reduced in amine under the X-ray beam, as has been
frequently observed (P. Mendes, M. Belloni; Ashworth; C. Hardy; K. Nikitin; D.
Fitzmaurice; K. Critchley; S. Evans; J. Preece Chem. Phys. Chem. 2003, 4, 884).

Example 11: Grafting of polymers and microelectronics substrates by
bromapheny! groups — Solution in acetonitrile

Under the same conditions as above, polymer surfaces, binary or ternary
compound surfaces and insulating surfaces (SiC, Si0z, Si0OC) in microelectronics are

treated all at once using 4-bromobenzene diazonium tetrafluoroborate salt.

Tableau 16. ToF-SIMS analysis of samples grafted by 4-bromobenzene diazonium

Surfaces: Peaks (Intensity™*) Attribution
PP 79-81 (3 10%) Br
A S 4

PEEK 79-81 (3 10 Br
TiN 79-81 (6 10%) Br
SiC 79-81 (0.8 10%) Br
Sioc 79-81 (2 10%) Br
Si0, 79-81 (4 10°) Br

* arhitrary units

The presence of bromine proves grafting of the bromopheny] group to the surface.

Example 12 : Grafting of the surface of polymers by bromophenyl groups.
Reaction in aqueous solution.

A 0.2 M solution of 4-bromobenzene diazonium tetrafluoroborate in H,S0; 0.1
M) (practically saturated solution) is distributed between five test tubes containing
samples of polymer (PP, PET, PEEK, PE, Teflon, ABS). The tubes are placed in an

ulirasound vessel for 1 hour. The samples are rinsed with hot tap water, twice in
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CH2- CoH4- C6HABr -

+2 261-263 CH2- CH2- C61-14-C611413 -2

606- 607- 608 [ CBHAC00( CH2) 200CC61- 1400 +2 CBHABr] -
267- 269 C3- C6H4- CBHABr +

79-81 B 167- 169 C- C6H4Br +
PEEK 79-81 (3 10 Br-

121-123 CH COB 261-263 C6

5-(C0)-C6114/3 606-607-608-609. 3 Co6HSB ? Tefl on(r)

79-81 traces Br-

ABS 79-81 Br-

36
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distilled water under ultrasound (10 minutes) and in acetone or isopropanol (ABS) and

finally dried in a vacuum.

Table 17. IR analysis of polymers surface-modified by bromopheny! groups.

Sample IR band? cm™ Attribution 4-bromobenzene diazonium
1551 (projection) |  Cycle vibration 1555
1460
PET
837 CH vibration 826
758 outside the plane 756
1553 Cycle vibration
1465
PEEK
830 CH vibration
759 outside the plane
1551 Cycle vibration
PE 852 CH vibration
739 outside the plane
1551 Cycle vibration
Teflon 810 CH vibration
756 outside the plane
1550 sh Cycle vibration
ABS 824 CH vibration
outside the plane

1) after subtraction of the polymer spectrum
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195-197 CH2(
195-197 + 26 (CN)

CN) C6H4Br -

221-
155- 157 C6H4Br +

s

223-225 221-223
* Are not

223 ;

i ndi cat ed except the peaks corresponding to brom nated
products characterised by the 5 presence of two brom ne
i sotopes 79 and 81 (having two peaks very close in

hei ght and separated by two_peaks of

1/ 2/ 1 where

I nt er nati onal

on 9 Cctober

two brom ne at

relative heig

are present), Cﬂ"fdeﬂflal

Appl i cation PCT/ FR20061002260 regi stered
2006 Priority :
No. 05/10914 regi stered on 26 QCctober
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Bkeaw AB.JEFtSIMS analysiyplsample grafiqb by Spipmobngene diazguyry, under
L@dra@@ﬁlhmagra%gustsgﬁu&{*esence of the bronmophenyl group

nrr-l ted to the surface. BEXx rmlp 13: C;r_ajfnﬁn of
polSphsiete by |car boxReskseny! gf oups. Sol ufitebution

acet@mE trile Aegnpl e of pol ymer (PPBrPET or PEEK)
Is imersed in a 4- @rni nobepzoi c acid dipaaq um

tetrafl uorohorate atTom (I 4 g, Sotghr Rt ||mt -
0.4 Min acetont Ll?g% (15—?{ \) ahd In‘di-P bH)[ hour
under uItrasound_éz the end of the ..?'Wz 0'.;, the 10

t enper at ure

 eache®-8i5C. Th

a)
-

sanpl es are Binsed in

acet one und

r ul t B3sBdnd fo

r 10 m GH-E3F)h-QBstill | ed

wat erppunder |ul trasrg.lg]d (10 m nut e@ and fBrnaI Iy I'n
acetonitril gfor ang"\ll ysisunder ut trasgy] gbpziu
mnutes). T € Saty 3c are—tprer—anarys é 4&'_{. Fabte
19. IR analy sCeBE oni um
salt of 4-aminohed®®¥ acid] Sanpl e CROBnEHBIM
Attribution |4-ani A8BE¥8zoi ¢ Aci d2) cKEH)PRHA6EEBI612 C=0

Cycl e vi brat

ion 163861599 P

ET 16803) C=CHp

487-489 (CHz)z-(C6H4)4-C5H4B1'
79-81 Brt
91 CsHsCH2" (ion tropylium)
175-177 CH2C5H;0-Br
254-256 Cy-CeHy4-CsHyBr* - 1
PET 79-81 Br
93-95 CH,Br
247-249 CH,-C¢H4-CeHyBr +2
261263 CH,-CH,-CeHy-C6HyBr +2
606-607-608 [CeH,COO(CH,),00CCgH,CO + 2 CsHyBr] -
79-81 Br
167-169 C-CeHBr'
267-269 C3-CeHy-CsH Br
PEEK 79-81 (3 10% - Br
121-123 CH,COBr"
261-263 CsH;-(CO)-CeHBr"
606-607-608-609 3 C4HsBr™?
Teflon® 79-81 traces Br
ABS 79-81 Br
195-197 CHA(CN)CeH Br
221-223 ; 223-225 221-223 = 195-197 + 26 (CN)
155-157 CeHBr"

* Are not indicated except the peaks corresponding to brominated products characterised by the
presence of two bromine isotopes 79 and 31 (having two peaks very close in height and separated by
two peaks of relative height 1/2/1 where two bromine atoms are present).

International Application PCT/FR2006/002260 registered on 9 October 2006
Priority : French Patent Application No. 05/10914 registered on 26 October 2005




10

15

20

1658 J PEEK /4) [/ 151) after subtraction of the

pol ymer spectruny 2) solid; 3) projection on the ester
band of the PET; 4) the CO bands of the PEEK and the
C61-14CO0H group are too close to be distinguished. The
contact angles of the water were neasured before and
after treatnent: Table 20. Contact angles of sanples
grafted by the diazoni um sal % of 4-am nobenzoic gy
Sanpl e Angle of contact befdfe treatment Angle o onfidential
contact after treatnment PP 124 125 82 (after 10')b) 82
(after 20 ) b) PET 90 75 PEEK 87 55 20b) wi t hout

not abl e n.in the size of the d

'nt er nailfb iﬂeﬁs Y3 gneeifr v/ HB@/W%’EFGPE@F brompghgnyl
on Qgﬁﬁﬁﬁhﬁﬂmﬁﬂﬂﬁﬂaklorlty . French Patent Application
No. 05/10914 regi stered on 26 Cctober 2005

39Confidenti al The presence of C=0 and -aronatic
bands i Exiiplel 135 GraRingWE SolyuRisORN cArbExypBiénit Grétips.! Sifution in
surface prove the grafting of the 4-carboxyphenyl

gr ouffetonitrile Exanpl e 14: Grafting of polyners by

ant br aqu AeRR of HelkAS:. PRAHET dr PEEK Nis Saf ek ih tard-dminobenzoic acid
diazonium tetrafluoroborate solution (1.4 g; solubility limit — 0.4 M in acetonitrile (15
mL)) and left for one hour under ultrasound; at the end of the irradiation, the
temperature reaches 45°C. The samples are rinsed in acetone under ultrasound for 10
minutes, in distilled water under ultrasound (10 minutes) and finally in acetonitrile for

analysis under ultrasound (10 minutes). The samples are then analysed by IR.

Table 19. IR analysis of samples grafied by the diazonium salt of 4-aminobenzoic acid.

Sample IR band” cm™ Attribution  4-aminobenzoic acid® cm”
PP 1687 C=0 1658
1612 Cycle vibration 1599
PET < 16807 C=0 1658
PEEK M /

1) after subiraction of the polymer spectrum; 2) solid; 3) projection on the ester band of the PET; 4) the C=0
bands of the PEEK and the CsH,COOH group are too close to be distinguished.

The contact angles of the water were measured before and after treatment:

Table 20. Contact angles of samples grafted by the diazonium salt of 4-aminobenzoic acid.

Sample Angle of contact Angle of contact
before treatment after treatment
125
PP 124 82 (after 10°)”
82 (after 20°) "
PET 90 75
PEEK ‘ 87 . 55

b) without notable diminution in the size of the drop.
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Three pol yner sanples (PP, PET, PEEK) in a saturated
solution of acetonitrile (<0,1 M of Fast Red AL salt,
the forrmula of which is given bel ow. After one hour
under ultrasound, the sanples are rinsed in water,
acetone, then in distilled water under ultrasound for
10 m nutes, then in acetone, then acetonitrile for

anal ysi s The sanpl es toare #hen exam.ned by | R Cofifidditiar
M 1 /2 Znd 2 Fast Red AL salt Table 21. IR anal ysis of

sanmpl es.modifie e Fast Sa e. l.R
ane. cirit PRk ot B ngtp S 38 e oPE ARG e
17 48 theowrfich proFa e gfafithg B6Y 4-taboxyphenyFasip.Red 1219 for
the Fast Red PET r<1749 vw C=0 1749 for the Fast Red
PEEK 1749 vw 1371 vw Pz1167 vw C=0 1749 for the Fast
Red 13@xakple 14 Grafisiptof Pelgndri 6y adtbraqhinend@etpsReautiondd t er
subtcre o%ttn'- oy of the polynmer peak itself. Al t hough
weal® I's possible in three cases to see the 0=0 band

of t he Thes polReer Ampisal®P, PBT.REEKY i hsatga’atﬂ mm@nmaqummm

I nt %‘%?%‘% MS&@%’EAH%QO Irﬂl%%,&%ﬂr %gg,g/ ?%%p&eﬂh& o ﬁour

I\Io mﬂsﬂ ‘ﬂmmdf thejsapiples em riosed 26w Bert whtene, E@@El distilled water under
Cri PRIR 7 pinuen, MATR ks Gt @HbUAR Bt pARTRE Sl

depafmdemxammedb}aﬂli on tine Five tubes each containing a
sanpl e of PP are prepared, the sane is done for PET $
and PEEK sanples. 45 m of p- 15 M sol ution of
4-trifluoronet hyl phenylBepze azoniumin
acetonitrile are prepa are distributed anong
the 15 tubes at the ra per tube. The tubes
are imediately placed in the Itrasound vessel . Three
sanpl es (PP, PET, PEEK) are takenafter 5, 10, 20, 40
and 60 m nutes to exam ne tdpeznegriation in the rate of
grafting over tine. The, sl es are washed twice in
acetone (10 10m nutes under ultrasound) then in
acetonitrile (10 m nutes under ultrasound) and dried in
a vacuunrialte 24018 analysis of samples modified by the Fast Red AL salt

Sample IR band” em™ Attribution
1749 vw C=0 1749 for the Fast Red
PP 1367 vw 1367 for the Fast Red
=1219 vw 1219 for the Fast Red
PET =1749 vw C=0 1749 for the Fast Red
1749 vw =() 1749 for the Fast Red
PEEK 1371 vw 1367 for the Fast Red
=1167 vw 1164 for the Fast Red

1)  after subtraction of the polymer peak itseif.

Although weak, it is possible in three cases to see the C=0 band of the Fast Red
Al salt, proving its grafting well.
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The sanpl es are then exam ned by IR spectroscopy. .

Tabl eau 22. IR anal ysis of sanples nodified by
4-trifluoronethyl phenyl benzene 1$di azoni um

211N C6114- CF3 +2N-C61-14CF3 BF4-a) Pr) PET PEEK
Attribution 3052 3055 d) Aromatic C-H elongation 1626
1636 d) Vibration of the aromatic cycle 1527 1559 d)
Vi bration of the aromatic cy4%I e 1441 1426 1452 d)Canﬁdentiat

Example 15: Grafting of polymers by trifluoromethylphenyl groups.
Grafting variation dependent on reaction time

Five tubes each containing a sample of PP are prepé:red, the same is done for PET
and PEEK samples. 45 ml of 0.15 M solution of 4-trifluoromethylphenylbenzene
diazonium in acetonitrile are prepared, which are distribnted among the 15 tubes at the
rate of 3 ml per tube. The tubes are immediately placed in the ultrasound vessel. Three
samples (PP, PET, PEEK) are taken after 5, 10, 20, 40 and 60 minutes to examine the
variation in the rate of grafting over time. The samples are washed twice in acetone (10
minutes under ulirasound) then in acetonitrile {10 minutes under ulirasound) and dried
in a vacuum at 40°C.

The samples are then examined by IR spectroscopy..

‘Fableau 22, IR analysis of samples modified by 4-trifluoromethylphenyl benzene

diazonium
+
PHN-Cele-CFs ZN—SE%CFS PP? | PET | PEEK Atiribution
4
3052 3055 dy Aromatic C-H
elongation
1626 1636 d) Vlbratu?n of the
aromatic cycle
1527 1559 d) V1brathn of the
aromatic cycle
1441 1426 1452 d) Vlbrathn of the
aromatic cycle
1319 1320 1340 CT;
1185 1180 1222 ’ CF;
1157 1138 1160 CF,
1061 b) 1070 CF,
k ' CH vibration
829 852 844 _ outside the plane
: 1,4- disubstitution

3) the band corresponding to the diazonium function appears at 2307 cm™. b) Hidden by the large band
corresponding to the BF, ions. ¢) After subtraction of the polymer spectrum itself. d) the bands
corresponding fo the substituents cannot be distinguished from those of the polymer itself.
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Vi bration of the aromatic cycle 1319 1320 1340 CF3
1185 1180 1222  CF; 1157 1138 1160 CF, 1061 b) 1070
CF3 829 852 844 CH vi bration outside the plane

41 Confidential

The spectra agree with the grafting of the trifluoromethylphenyl groups. The
intensities of the -CF; bands over time have been traced in Figures 1, 2 and 3 in order to
follow the grafting kinetics.

The similarity in the variation in intensity of the different CF; bands indicates that

5 the variation observed is not due to an arfefact. The mean of the variation of these
intensities reaches a limit value after 20 minutes. This period of irradiation with

ultrasound is therefore sufficient to obtain maximum grafting.

10 Example 16: Grafting in an aqueous solution of binary or teniary compounds
and inorganic dielectrics by trifluoromethylphenyl groups.

Into five test tubes containing a sample of TiN, TaN, SiC, SiOC, SiO,

respectively, 260 mg of 4-trifluoromethyl benzene diazonium (final concentration 0.2

M; saturated solution) is added, then 5 ml of H,SO4 0.1IN. It is left for an hour under

15 ultrasound. The samples are washed in hot water, twice for 10 minutes in distilled water

under ultrasound, once for 10 minutes in acetone under ultrasound and dried in a

vacuum at 40°C.

Table 23 ToF-SIMS analysis of binary or ternary compounds and inorganic

20 dielectrics modified by triflucromethyl phenyl groups.
Substrate m/z Interpretation
69 CFy
TaN 145 CeH4CF5*
160 NHC¢H4CF5”
TiN 69 CF;
145 CsH4CFy
69 CFy
- et +
SiC 145 CeI-{4CF3
185 C-8i-C¢H4CF;
204 185+ 19 (Fy
69 CFy®*
SioC 127 CeH4CF
145 CsH4CFy
155 SiCF,H"
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1,4- disubstitution a) the band correspondlng to the

di azoni um functi on appears at 2307 cd . b) Hi dden by

the | arge band corresponding to the BR, ions. c) After
subtraction of the polyner spectrumitself. d) the

bands corresponding to the substituents cannot be

di sti ngui shed fromthose of the polyner itself.

I nternational Application PC[/FR2006/ 002260 regis %&ed il
on 9 Qctober 2006 Priority : French Patent Appli catifgrsa
No. 05/10914 registered on 26 October 2005
41Confrdentral The @ﬁéctra agr ee MAtg'Tﬁﬁ_ﬁTﬁTFTng
of the trifluoronef h‘y’l P Ry T— g1 oupS: The- h_cuol t+es7 of
the - CF3 bands over tin# ha been t r&als 0 Fi gures' |,
2 and| 3 in order to follWow the graftiSkKiGReti cs. The

simlarity in the varl gpi on In I nt erquS]_)CﬁgICthe
different &€ bands—in ates—that g Ié at+on—
observed is not due.to 3 artlef ar s Mjn# the
variation of these int@3§itiegs reached%albi@it val ue
after 20 m nutes. hISzﬁﬁrIO of IerQBQQBQQ)MAth

ul trasound i s therefot of-frcient b MeX T
268 s 1l ETERTHR

graft ng 1m:yanpl e 16° ] ng_l n }qunl utl on
of binary or ternary conpounds and |norgan|c

di el ect Gy XttﬁéﬂhiE%EIpQ)d YheL,BF 040 Sbserved, YiltPsignal
five test tu é§ co%fa?&i a ggg Ih?ﬁ%ﬁ %b e éﬂgfﬂgl
Si Ooc,mogjfiggtion efthearteel v, 260 gy of 4- trlfluoronethyl
benzene di azonium (final concentration 0.2 M saturated
solution) is added, then 5 m of H2SO4 0.1N. It is left
for an hour under 15 wultrasound. The sanples are

washed i fyiile Wtﬁ&fﬁn%w l@ﬁ)tén@ran&QEWiﬁliﬂeﬁﬁes'eﬁbe% $hithdnEihene
wat er under_urtrasound, once for 10 mndtes in acetone
undediagpnivm dbimelcdmbsotntip or 4 ronzbufisred danepus spddionTap| e
23ToF- SIpBy Ahab >e§lc§n %OQASQ%ET%II ok E{%{}Jlﬁf eormgma%%@ E,

|nor3?n|c 20di el ectritcs trifluoroneth

phenyingmz2pet, 2606%Y) have shava that ﬂmdeﬁw@wﬂl @ﬂ@ctmam@gs the Joss
8;3 of %%%h&}ﬁté‘i%éﬂon E2ABnilR RN 26618 be TnRlvEPinERb diffeldhPways:

elther heterolytically with formation of an aryl cation (Ar"), or homolytically with

formation of a radical (Ar®) (Pazo-Llorente, R.; Bravo-Diaz, C.; Gonzalez-Romero, E.
Eur. J. Org. Chem.. 2004, 3221). They showed that ethanolysis is an efficient way of
forming an aryl radical through the intermediary of a diazoether (Ar-N=N-OR).
Consequently, the homolytic de-diazotisation reaction was carried out in ethanol by
activation under ultrasound.

Into a haemolysis tube containing a sample of Kapton® or PET, 213 mg of 4-
nitrobenzene diazonium in 6 ml - of ethyl alcohol
{c = 0,1 M) are introduced and placed in an ultrasound vessel for 60 minutes. The
sample is then rinsed in distilled water (twice 10 minutes) under ultrasound then dried
and again for 10 minutes in acetone under ultrasound. The intensity of the characteristic
peaks of the -NO; chemical group are of the same order of magnitude than when the
reaction is carried out in acetonitrile, The characteristic peaks of the graft -C¢H;NO;
(NOy", C¢HsNO," and diminution of the intensity of the peak of the substrate itself) are
well identified by Tof-SIMS.
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SiC 69 CFl 145 C6HACF3" et + 185 C Si-C6HACF3 204
185 + 19 (F)- SiOC 69 cF3- et + 127 C61-14CF2I T 145
Co6HACF3" 155 Sl CF2I T | nt er natl onal Appl i cation

o French Patent Appl [ catl on No 05/ 10914 regi stered on
26 Cctober 2005 42Confidential 5102 69 CFl 145
C6114CF3- et + 43 Confidential

Likewise, Bunnett (Bunnett, J.E.; Yjima, C. J. Org. Chem. 1977, 42, 639) showed
that it was possible to carry out a de-diazonisation reaction in basic methanol. A sample
of Kapton® was placed in a 0.1 M of basic methanol (4% tetramethyl
ammonium hydroxide in methanol), which was treated aé above. There is no significant

5 difference with grafting carried out in acetonitrile, conversely it seems that the surface
of the polymer is modified by basic conditions.

The same reaction was carried out in non-buffered distilled water with the same
diazonium concentration: The peaks of the -NO; chemical group are of the same order
of magnitude than when the reaction is carried out in acetonitrile,

10

Example 18: Grafting of balloons used in the placing of arterial stents to
improve adhesion of the stent to the balloon.

Stents are devices placed inside arteries suffering stenosis.(that is, particularly

15 blocked. Into these devices made of a cylinder of metal trellis is inserted a small balloon
(deflated and folded), generally of polyamide, itself fixed to the end of a long catheter.
At the time the stent is placed, the cardiologist introduces the stent crimped on the
balloon at the end of the catheter. He pushes the device to the position of the stenosis,
inflates the balloon, which itself dilates the stent. Once the stent is in place, the balloon

20 is deflated and removed from the artery by the catheter. The stent must be sufficiently
attached to the balloon, and therefore the catheter, not to be freed before being put in
place and, at the same time, the connection must be sufficiently weak for the balloon to
separate from the stent when it is deflated. Adhesion between the balioon and the stent
bas been improved by freating the surface of the balloon by diazonium salts under

25 ultrasound. '

To prevent balloons fixed to the end of the catheter from unfolding, they are kept
depressed by aspiration with a syringe fixed to the other end of the catheter. They are then
cleaned in ethanol for 10 minutes then dried in the sterilizer at 40°C for two hours. They
are then placed in a solution (H>SO4 10 mM) of 4-aminobenzoic acid diazonium salt (0,15

30 M) under ultrasound in the vessel described above for one hour.. They are then rinsed in
distilled water (5 minutes) then in acefone (1 minute) under ultrasound and finally dried in
a vacuum at 40°C.

The analysis of the grafted balloons is summarised in the Table below.
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173 Si- CBHACF3+ 201 Si-Si- OBl-14CF3+ 219 0- Si-Si-
O8114CF3+ + 2 235 219 + 16 (0) 241 235 + 16 (0) 269

241 + 28 (Si) In all cases the chem cal groups CF3
and C6114CF3 are observed, which signal nodification of
the surface. 5 Exenrde 17: Grafting of Kapton(r)

and PET in the presence of 4-nitrobenzene diazoni um in
an al cohol solution or a non buf f ered aqueous sol
Bravo-Diaz et coll. (Costas-tostas, U.: Bravo-Di ”f ”"”’
CGonzal ez- Ronero, E. Langnuir 2004, 20, 1631) have shovvn

t hat Tate24] Gradina 2 btk:8ebail6dh H&%@a{mdﬂ élaapsluscnh he loss 10
of t he—chenical

onium- -1 oul d be

achieved in two diN@ﬁéluCé?QHﬁy@C&h‘E@ﬂHr %H&@Mﬁtl EatlGPF*

vv| th f:gbpjatl on of 3@@0 9}5@0' gat | ogp Ar +)|, r3}
/\r\

+|r\'\| \ Ir\rnn'\ i nnf urarllr\a|

ol
II\JIIUT y —cott |

( Pazo-&idr ent e - 18#0vo- Oi az, 178?; Gdnzal ez- Ronkr 01848

Eur. J Og. Ch m. 2@@4 3921) . gddey showegkst hat

et hapRlyistl 1 s |an effgoci ent| way 79§ forim ngygn aryl
ra(gﬁtgagﬂiéﬁmygh the intermediary of a di azpgkher
Conseg:ygent ly, t hqoj}om)l yticggo

Qo —par m.\l

ftained B el 3T mo\dlﬁec dﬁy tritTiorojriazine (éra%unc If}%ﬂrlde e 2 he

act | O%tl&noo@th ube

Dof acjd fluorid
cont a"lﬁ“idﬁﬂs :Pch§1§ sﬁ)s tto sff() aﬁ’crno T)lymgmji S tl%fsurface
n| trobenzene di azoni umin 6 m of ethyl "al cohol (c =

,1 M are_ introduced and placed in an ultrasoun

v essel B TEESIMSH fsediffictih o ohgerieatip [signgtare 1o & ?%@@@Hl gipup

di st idabiRd td/\ﬂlb %511065 %r@a@e ]I(He HM‘ an@cﬁ)h hHMl%fokH Ee@ﬁ&%fh@lmed into
t hen drle tes in acetone_und

ul t r 2iciineede hﬂ"ﬂé‘: gt?%w%h % §ﬁ6- fﬂ“f"ﬁel Fehiipzing (Gygnuig féwﬁéeai@ 14-
of tby ? ToRIRN64E BleGAdce IO RNIATT BcetnithiRE209ITRS Bfad@dc Mloride and

magni t ude than when the reaction is carried out in
acet i ul of pyidingjage aélﬁ%ils ey atejleft 3t ampjsnfitempgratyry, for g fpys, rinsed

- C6 1w NG GOFAN R asARE aHd BT LPacfm LR IRrgp'é‘d?ﬁhlt Sho®f the

the peak of the substrate itself) are 25well| "identified

by Terwdenate bungof apid dueridas (Tablp RHcaad ths[oF-SIMS spectrum described
PCT/ mRHI066 HaRAEOnoP8E ﬁ&-ﬁﬁ&%f e ¢ @@F%ﬁm QRS Pk b Yhe

French Patent Application regi stered on

26 CRFlbtich! thodsloon Gusit | o . The ab KBAdSE arplighBeactive
(Bu nﬂﬁ&&s esterdor amYhes OFh beq"omxkd @yeachieWith 48h6ls of dminsI D over-

showed that it was possible to carry out a

de- d@é%@ﬁ@@%@?ﬁﬁfaﬁf‘eactl on in basic nethanol. A sanple
of Kaptone was placed in a 0.1 M of basic nethanol (4%
tetranet hyl ammoni um hydroxi de i n net hanol ), whi

ch wa
t r ealattle 2% TRESIMS snere of GoHyeOR phymmiqal grgpps erafted to the surface of

balloons.
m/z Attribution
19 F
111 CeHLFO
123 CsH4COF™
143 C7HsF,0"

Another verification of the grafting of diazonium salts under ultrasound to stents
balloon was carried out by grafting CsH4CF3 groups, the signature of which is easy to
identify by ToF-SIMS, under the same conditions as above.
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Sdifference with grafting carried out in ac,etonitrile,
conversely it seens that the surface of the polyner is
nodi fi ed by basic conditions. The sane reaction was
carri ed out =ppeppenuputfefetti-st-red-water-w-t-h- the -
same di azoni um concentration: The peaks of the -NX
chem cal group are of the sane order of nagnitude than
when the reaction is carried out in acetonitril e&onfilential
Exanpl e 18: Grafting of balloons used in the placing of

pal 80 26 SoERRS e R o7 KEHAT SRR Fomtraraift B e sl

suf balobmsg st enosis. (that is, part|cularly 15 bl ocked.
Into thes deviees—+ade—of a——C€Yy HHnader—oef—retal trellis
is insertad a smaM bal | oon (def f$HtSHomNd f ol|ded)

gener al | y- |of polyﬂnide itfself fixgd to the end of a

| ong cat heter—At—thetirme—the—stent +s ptaced, the
cardi ol ogist intrdtiuces the stent il nped on the
bal | oon at| the endsof the cathetexH4f$ pushes t he
devi ce to thepositrom ofthe—s cTnfiates the
bal | oon, ich itgglf dilates thﬁigﬁéﬂ% nce the stent
is in place, the 1sall oon |20 isNMEmuamed and |renpved
fromthe artery by the catheter. The Stent st be
sufficiently attached to the balloon, and therefore the
cat het e tesist caprisd out Sybseseras fonrthesh dhlingnsy ke pustapst efcwhich is
and o @ified l@e—(ﬁmdﬁ %upsﬁﬁ?ﬁ’caﬁ%‘ﬁgﬁﬁs infovibieht i e adhesmn of the
sufficiently weak for the balloon to separate fromthe
st ehalloggie thejstent. 5 deflated Adhesi on bet ween the bal | oon
and the stent has been inproved by treating the surface
of the balloon by diazonium salts under 25ultrasound.
To- prevent baIIoons fixed to the end of the catheter

from Ur]?fx%lﬂlerl @rbgn%ﬁ]ﬁ gpg?g,ﬁﬁq@%% %a@pl ration

w th a’syringe |xe to t end e catheter.

They arke @w@nlg@if bayesdphienyl emhﬁr{zﬂsH#(GfO)l@Hﬁ i dnterestipgsiape the
dri eghdnfi Ef6p Shéd i Uy 28diatRh léagg:ﬂ QrbllrQM?cah QPF B red1EVitPbtBer

t hen Iaced in a solution n%g
4- ampﬁe%r%p@mm B natigland; éqnwr,g’aa GabeteDelimy, E3d.algf. TuiRénsen .

ul t 5 apQiBEkal B &ds MHSPES, 19'&@%)' ﬁféﬂef&?%@erftﬁgsﬁ@%ﬁm&ﬁs as

They are then rinsed in'distilled water (5 m nutes)

t hefpri e JeldCOIE (grougp.nwe egrafied deanzqyinhenyl ogreips astarting N@ﬂll 4
dri %glnbﬁénﬂ)pﬂéﬁﬁhlﬁﬁz@ﬁmlﬂ o (cgiﬂg(@rg%}gﬁ% chrrgc\glvst&ﬁsebaﬂ&ﬂf ted

balloons IS sunmari sed i n

| nt er & dsaprafigsppyriaes i th CPOTPamRIDGE 1 D228 Gpecirgicamse PE dhe

on 1t i
o Q%u%x%gy% 1?%8? gtf’lgs?ﬁé&h Ms & %0 ﬁB&Q@ﬁg{cﬁ%@%&mﬁ@@kﬁ@ﬂ h ®be

A4 CAstinedishied; spnvirely ev1'zrah0na0£fth¢ meprstic syelat G 5¥aemobandy ghe

th v[ QQ@H e N e Ing ST
5 @ﬁﬁéﬁ eg&pﬁﬁﬁ(ﬁ?&ﬁ?ﬁé4oéﬁ228o 3242 3139 C=0
166§MSZ?P9°““M§“ balkopn gygtace confirms grafiing.

Table 27. ToF-SIMS spectrum of benzoylphenyl groups grafted onto polyamide.

m/z Attribution

77 CeHs"

105 CsHsC=0"
119 CH;C¢H,C=0"
133 CH;CH,CsHsC=0
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853 Aromatic CH 769 763 777 (outside the plane)

719** 698 702 692 * obtained by treating the stent
nodi fied by trifluorotnazine (cyanuric fluoride) -

bel ow - the position of the C=0 band is characteristic
of acid fluorides. ** indicates a change of

substitution, that is the formation of a polyner |ayer
on the surface. 5 By ToE-SIM5S it is difficult to
observe the signature of the*C6114C0O0H group at t dfeandential
to the balloon surface. The acid function has therefore
been transforned into acid fluoride by treatnment with
2,4,6-trifluoro 1,3,5-triazine (cyanuric fluoride

[ 675- 14-Exgmple 26 Grafting ip apm aquepus asidselution of Kaptea® igithe presence
acet gfY-hifrob&zeneWazBhinm! UL POT SFstéhilirhdtndfdsedd 300 pl

of pyridine are added; they are |eft at anbient

t enper at e &ayispendused, i 3degajopiss BT exiemaising 3 genstadrecqupled to a

ul t r QR Plathnslubd @f L AS@mMAR didfbter] ROnadR RRRAION YRR \QWBles
the characterjstic band of acid f|uorides (Table 24)

. f !
and thedenpipl o avtiaud durer 4 theeiiase Hele fransdupph dnigated by a central
i ndi gatRSTHREIRWIMRPaRMESE MR usdd 6K Ghtdd&l gr oupi ng and
its grafting to the surface of the balloon (nz --- 151
and 221)1) Exfigtionmethad yori des are highly reactive

15speci es, aeebfitfiondl “ReE@ikc” GaRrale f{cfollfnﬁ&ﬂ moB¥rdgBdes) on
with al cohols or amnes) to over- functionalijse the

surface. Tabltdawblasppr"Smpti-Ggquency o Srultsyppriepst propagation of
phenical gﬂ@@@ﬁggh@&MQgito t he surface of bal |l oons.
2 AGLOULTON 195 K GRIHERD 123

3) Treatment time: 10 min

4) The presence of a ceramic ring on the transducer, which increases the volume of
the liquid water on the surface of the transducer itself. This should increase the
transmission of sonic energy onto the walls of the beaker (see below)

The samples were treated in pairs (Si0; + Kapton®) in a quartz beaker placed on
the transducer. 150 mi of 0.2 M aqueous sulphuric acid solution containing the 4-
nitrobenzene diazonium (0.15 M) were used and renewed for cach sample pair. After
rinsing, the samples were analysed by IR and ToF-SIMS. The spectra clearly show the
presence of the chemical function -NO; (in infrared at 1363 and 1502 cm™ for the anti-
symmetrical and symmetrical vibrations of -NO; and m/z = 46 in ToF-SIMS
corresponding to the NQy fragment). These qualitative spectra do not allow major
differences to be observed according tto the method of ]Sroducing the ultrasound or the

power of the machine.

CONCLUSION

It has been shown that it is possible to functionalise the surface of polymers and
dielectrics by reaction with aryl groups deriving from diazonium salt. The results above
show that it is possible to graft a variety of substituted phenyl groupings: (-C¢HsNO,, -
C¢HyBr, -CgH,COOH, -C5H4CF3,. anthraquinone). The reality of this grafting has been
proven by IR, ToF-SIMS and angle of contact.

International Application PCT/FR2006/002260 registered on 9 October 2006
Priority : French Patent Application No. 05/10914 registered on 26 October 2005



10

15

20

25

CoHACOF+ 143 C7115F20+ 20 Anot her verification of
the grafting of diazoniumsalts under ultrasound to
stents balloon was carried out by grafting CoHACF3
groups, the signature 8T WATEH™TS™€a8SY to identify by
ToF- SI M5, under the sanme conditions as above.
I nternational Application Pg?/FRQOOG/OOZZGO regi stered,
on 9 Cctober 2006 Priority ' French Patent Appl i Catidgiel
No. 05/10914 registered on 26 Cctober 2005
4ﬁConf l ﬂﬁ;rhtel Htion! thif&zoﬁgun EQEmSQAH&h s?ﬁﬁﬁbﬂi gms)fol m%fﬂé&ﬁ%@a}h s,
cheni ¢ ups grafted to t surface of bpall gons. y4
At t PRI §°E Tiplsoivt do ) sueg “@Eﬁ‘&t&ﬁt‘sﬁsﬁffE‘sé’néE&&%&f@ﬁﬁ@“ is
160 oblidtvaiid CF3- The tests carried out
subsequgnt | n e ballo , the surfac f ich.i
5modi f i g%!‘tﬂf%@’ééﬁ e&PEﬁf%gEﬁ i°ﬁd]?ec33f#§°e§§'ﬂ§?‘§l§|°§@"“’3d in al
| Mpreasée MRatliodine fixBeitseldivald saffaced suidied clrodldod@Becho t he
stent. le 19: Gaftjn f. benzoyl nyl ups to
ol y i Geiop e tipegaenibndl R 6T BB o eah ESmoréty
(- C@l-ouﬂiﬁgsﬂaotﬁlﬁﬂto Jgglifmérs aﬂdﬂh@g%&tdieﬂ‘@trﬁﬁh lBEﬁnighen Tha sudfEwyk also
group unde radi at i gn ads, to a hi-radi,cal apt to
7o Ren B Al i spstt et SAORHAIEN Frodbss VO, oS i e
( Adendrephilichhdve flsdbden Pafied y, E.; Lalot, T.; Pinson, J.;
Podvoriga, F. C 2 . 3Pi4576 . Therefare,
% SRR B QUS G sAAUSRES
gr afstlationmd 20y mple atieksitly @stibanSerddctrem@thivol BnaBled iodine, bromine
15am nzophenone di gzonhun.salt . . .
( o6 e SRR BEPRaRFT Pty 5 5 et pif e polymers g npigaic
gr afdiedtriesir f ace, the C=0 band under infrared
spectro \ e.benzophenone cated at 1628 cm5
'S too P ) aoungy GOBiE it 16 Bt ephpost g, Sy
di Stgrafighg cithee 8y vagNedinethyxybedasmtas e sle@fontdbgor & thev@dcite state,
cycle, (1586, c and the viprations outsid e .
of LR i o SiebioR £ pobge s v et B G R s i
20SInvheap peskibldd graft bhivgnobad thifieuio Srafbaeph@yNgrbligdBThe reaction is
grafting. .Table 27. ToF:SIMS spectrum of nzoyl.phenyl
o o PPt ool R G D S B e JFReton TR ae

short, which increases the practical interest of this reaction.

str 11

Use of ultrasound. It has been shown that the reaction allows grafting of the nitro,
bromo, carboxylic, anthraquinone and trifluoromethyl groups. The samples grafted
include both organic polymers and inorganic dielectrics. The reaction can be carried out
either in an aprotic solvent such as acetonitrile or in water. Grafting reaches its

maximum after approximately 20 minutes of irradiation.

International Application PCT/FR2006/002260 registered on 9 October 2006
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77 C6H5+ 105 C6H5C=0+ 119 CH3C6HAC=0O+ 133
CH3CH2C6114C=0+ International Application
PCT/ FR2006/ 002260 regi stered on 9 Cctober 2006 Priority

: French Patent Application No. 05/10914 registered on
26 Cct ober 2005 46Confidenti al Exemnl e 20:

Grafting in an aqueous acid solution of Kaptone in the
presence of 4-nitrobenzene djazonium Use of PCT

Systens ultrasound vessels The equi pnent used is a
Megasoni es PCT systemusing 3 generators coupled to a

5 circul ar plane transducer of 350 mmin dianeter. A

wat er - ci rcul ation system egg Q#ﬁ the renewal of a

liquid | ayer at the surface o he transducer, injected
by a central nozzle. The follow ng paraneters were used
for theysou r)\dm!etﬁéﬁefor the grafting of mc]&on@ﬁ% %1%?;{ ]!{ Qf]a mzhtﬁgoﬁum salt,
Convent i onal I\/’egasonléra generator I mat ed
nonofopiedusdpfng)scmopnductqr] bifarydr Pimasy vempoudaicethpobiteaepipsilsyrfaces,
Wit h g f ﬂff&c@scﬁdvﬁg 3l res%ﬁQ@aﬁé‘Ee} @0 6f ecquQO §O€LOM, and referably
transmtted) 2) Power: |ow, ~ medi um g (<10 VVcndj

Tr eaterreit thari ensqualii 1A R-m, the said dlazonm% Pt at %q'on@nmon
cer afote th it GGy, t r ansducer, which increases the

vol ume of 15the’liquid water on the surface of the

t r ansducer¥icregigPrl aropriie gorp &) i 4 1died delved fom a cyclic compound

tr an%mn%%a@rbneﬁr 260 'uﬁleﬁeﬂ&’éh%& Bftfesell B& YR nhSeiOfndldR 8ne or more
beaker npl.es were treated in

pai r §0@@Fwwkasftrb'éé from balzaﬁa%nézhlb@aw@rmﬁm alse spmpise hpfgrocyclic

t r ansdeigiednd/od S&io s&bﬁtltﬁ)cesz anM U BikGodatboR Riik Goiblydecomprising
sol uti on cont aj ni ng}1 G - nitrobenzene diazonium (0. 15
d

M weFErogemysushas N for each sanple pair. After

20 ri nsi Ngyhebde ths 3AFFee SropREE iR ldyses oy R rallion of the said

ToF-SILMS., The spectra clearly show the presence of the

chem®&P" ¥t i on -NO2 (in infrared at 1363 and 1502

cmid for t e teentsé a&yaﬂﬁeérmfmabauan&oslymmt bt cal vibrations
corre ond

Noo- | aB i oeiaialL R, 3 (et e o R stred gy the

ITHJ or di fdfddiemgas siliorbe observed according tto the

met hod of ucin e rasound 5power of

the machi an g%ﬁiﬁ%ﬁ%gﬁsmd azof“tumﬁgég%el%éaﬁ’os bwn that it

I s polsspebibd of padingntb¢ bufacd insiee privencs Wil fleaeduodd Godoyinmrsglt being
and rics eactjon with aryl groups deriving
fromqecfl ahglgg pﬂoﬁnéaaﬁ\{}f he*t esul ts above 30 show that it
is possible to graft a variety of substltut ed phenyl

groupi ng I\Jg@, q;%]cﬂ -

ant hr aqu?non(Ae@%e r%%tg@ﬁﬁ WhF]I s grafti r?algt ]Saiﬁ"g dentata
prov @mcmtramqn hlgh@thh@IOWBNamﬂ referhldy wyirgdwtwgent approximately 0 5Mto
I nt er@ ally APl i cation PCT/ FR2006/ 002260 regi stered

on 9 tober 2006 Priority : French Patent Application
No. 05/10914 registered on 26 Oct ober 2005

47Conf i dgnt iglmethod TREméBGMEt th@ns&ffacedbﬁzzﬁﬁhﬁémain{g matenal a
honbgenous sol ution |eads to to aryl radicals, whic

gr af toRRRKRETRAieripl 2 pinary o1 fPrary Somping Pre; GomBPsiS BAHal émobtam
t he swrifisaRfs Shtkcht,e0selicofdiSRF ¥@Wrial, a binary or ternary compound or a

composite material, the surface of which is modified by the grafting of aromatic groups

onte the said surface, possibly substituted by functional groups, in which the nature of
the bond between the surface and the grafted aromatic groups that modify it is a

covalent-type bond, and being such that it resists washing by ultrasound,
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Reduction by Nal The presence of Br on the surfaces
studied is observed in all 5cases. That iodine fixes
itself to the surfaces studied can al so be seen.

Reducti on by ferrocenenethanol It has been possible to
graft bronophenyl groupings, both onto pol yners and

i norgani c dielectrics. Brorg ne on the surface is al so
seen in all the cases studi egd Car boxyphenyl groups,

whi ch nake the surface hydrophilic, have al so been

gr af t edie diiReethel domprishys glycppphosisorfmeSn emradt wilha 8iazonium
ror 0T SRR Ta SR PP SECHRRR it el B
I odieresntiationdlose ta@ il sdlubnliﬂy lioi, chyhhanyie growgdeet, dy photochemical

r at 0 d |
O oPLBR 0L P HIR MR St or by e
conptames of Ithe ﬂabdlb@emmpsaﬁélybﬂmasomdc@r gcpieprugraft®g of the said
gr af a6k %&%Isjgﬁto% §hifcel, 4- di met hoxybenzene as the
In t e

el ectron excited state, or by using the

el ect r on- r thstperies ofipiacing theendak iede presshceef tREFducREdiRzogium
ABS. 1 HLS 1dsd th heen siihli& to graft bromo- or

trifl uorg grt %:}?a?) oxlyp g@?l 1gr oups. The reaction is
possi bl e either in an organic solvent or an aqueous

sol uti gn. Kﬂﬁet]ﬁo%%éoh@r& th lglﬂiﬁr% M&eift RIhid dz‘é&Hnﬁlan éaﬁ@:ﬁﬁrﬁ%%
the practical interest o hi's reacti on.

ul t sad SIPAEHc BHOUTh fsat Heqpceriith highen thap &S r%a@ﬁupm&r@m g
gr aﬁ)@tév%aﬁfroﬁrﬂzﬁelwgmm afpfoRidRelya boxyl i ¢, ant hraqui none
and trifluoromethyl groups. The sanples grafted i ncl ude
bot h organi c polynmers and i norganic dielectrics. The

react ison Cap RehSRECH By Vi8I 1 hﬁa&ac’teﬁseaﬁh 1P HRtdidGonium salt
sol vent such as acetonl%rlle or in water. Gafting

r eateiRRds fogths iormie ANef Ke Whesip A i8 thntreingtioZmoug aﬂih?fe% arypmion
| 1 aglafthdcdisly 2Enotelt QbiRt | @A6dens\P E)Jllbh@t%&l @Rosphates, perchlorates,
PCT/ FR200(g100226 (f |stered on (actober 2006 Priority
L FIUATPraRk et %eealeqwfﬁﬂamvf@sv #°591 4 regi st er ed
on 26 Cctober 2005 48 CLAIMS 1. A nethod, for the
graftlngo the aromat c roupR f.a R di.azan
It 63 O TEndt REBG, S BhRen ahoeloo: SRR GR o e
terﬂamnnmoﬁpﬁz,und or conposite material surfaces, the
said surfaces ,having a resistivity greater than or

equal to f%’ﬁ ‘fz%?smg’nd preferably greater than or equal
t o 10- 3- roanyiatdnmnssalt choskind®ani um salt bei ng present at a
concentration close to its solubility limt, wherein
said aromatic group R is a radigal derived frma w

substi t utres, s wel | -
conprising heteroatons such as N, 0 and S,

wher ei n th grafted aromatic group derives fromthe
he said 15di azonium salt, by the use of
"sai d di azonium salt, or by

phot ochem irradiation of a charge transfer conpl ex
formed fromthe said diazoniumsalt or by the

treat t .of th Z0 umsat
borne ot B cpeRE sl HRCBIAME Stchpl ity A ERBII s -
t he OGefiuc eOCiiaz dij thn skal-CHiki F@i(lcﬁs)ﬁrt K&h-o C(—O)CH(CHg)Br

ggg(r) H%(%JY: é@%)%rnkahe\/wsﬁce@zgl}lh Fhe“S5™ @I azoni um CH3aCOOH

is present at a concentration higher than 0.05 M and
preferably varying between approximately 0.5 Mto
25approxi mately 4 M 3. A nethod of nodifying the
surface of an insulating material, a sem conductor
material, a binary or ternary conmpound or a conposite
material to obtain an insulating material, a

sem conductor material, a binary or ternary conpound or
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aromati c groups onto the said surface, t he
period of placing the surface in the presence of the
reduced di azonium salt being | ess than approximately 60
m nutes. 104. A method according to claim3, wherein the
said diazoniumsalt carrying the said aromatic group is
at a concentration higher than 0 05 M and preferably
varying between approxi mately, 0.5 Mto approxi mately 4

M 5. The method according to claim 3, characterised in
that the diazoniumsalt 15 responds to the fornula

Ar | Ybad 24-(CaEhei hCADHISNORe3 CraH)s -GHeUPOENdCIL(BCanH,
ani on t h ngs I n tes,
hospra0ea BER I ol R R A RO Sr. RN R wna
car béxy(Cabes3 and HdRafl pyroldphdydhabesoics 2-(Higophet-fobacetyl)-
accor.di 0 f. glaim ' itk

The_ Jouahn Swoppfiatle, S48 Foro2 SIACHRIER, e 5
di az divxermitgschronensSehiazbrim3H-benzo[de]chromene-Riiatpaivmyg 3-(2,5-
sel e a l, QW i e )
o CIAT 135, T Rt 188 SRS gty ide o
- CH( CH3Y Br, - CH2- 0- C(=0) CH( C113) Br,

- C1240-C(=0) C(CH3) 2Br, -OH, -Cl-120H, -SH, -CH2CH2SH,

- CHO, COCHgme GEXNbd acaQdire R 3 Ahkra@Qikdd i that it includes the use of
3-00011-4-N2, 3,4-(C(=0)F)2, -CH2COCH, -CH2C112CO0H,

- COD@ZAHSL. - NI | C(=0) Ot - Bu, - NHC(=0) CH3, - NEI C(=0) CF3,
CH2CH2NH3+, -CN and 3,4-(CN) 2, 3 and 4-NO2, pyrrolyl,

0- hydr gxybengoethoadcuhnl kPN, 31 YhiclR@E kdlhder is selected among:
am noet hyl , 4-benzoyl benzen

yl ., 4-benzc zene, .
4- ( 2 reslugrebaying oxidationRefeatialy sipss|t § K/SGE omngeatiys; kyppphosphgrous
di OX QeidHrall 8 Selts, CFoRRcRBreSamd 1118 218N ativ8s Stikc BB R ZR[dd el RARBEorBne,
- di azg(ﬂl u di oxo-2, 5-di hydr o-g(%/rrol -1-y1) and
411- Fm gorghydads, wintopsns paltyiapdpheptlafes 1- yi oxy)] et hyl .

7. The nethod according to claim3, characterised in

that it. include he use of ,1Qa reducer. . 8. The
ot hod aco ordRod Boarthag o cei b whatrin fierlaost dytrieaied fpone the
sel edistecbnaigiggof JoditinC BHide, hdktbdafk-mathahal bio Barpadiy B findbae acid,

cl ose t.0, 0 V/ SCE or negat.i ye, . hypophosphorous acid,
hal i &%et&gglof %e,nzﬁ‘g?li’%eé‘%ﬁg@%?%eqola derivatives, ;ascorbic

aci d, dinmethylam noborane, 15sodi um borohydri de,

vi ol ogdfie sdht sethadhaecpildagod elbies?,.characterBed iA thae tithiocdludes placing
accorgd {Q%a 9y g&?alc[“wﬁn {h‘é“?l?a'éc‘? lifn Eagr?anﬁ %%Urgé*ur er! he 30 GHLEH being
among the 17 st consisting of '&&dium 1 odr de;

f er r poeeme imetbdvhiomktrio quaditboxgrtater thersteecaerestyceldiive to the said
nmet h La-zoﬂ?%ﬁnzyl vi ol ogene, and bi sphenol ates. 20

10. e nethod according to claim7, characterised in
that it includes placing the surface in contact with

the di gg0oni uip $Rkdod 30D rdiddSiol B CL hardchheisedBih Ot §AGises the
bei ng present in stoechionetric quantity or greater

t han Pagterbemicelrisdiaion af ehages tapsieriof capplex farmepddiputes digpanium
25 ¢t 11. The nethod according to claim 3,

characterised in that it conprises the photocheni cal

irradi ation _of a charge. transfer of c¢ | ex forped from
t he di 42oni di §1§}th accgrding to claifm 11, compr%rigé the formatlrgral of a cgarge

transfer complex by reacting diazonium salt and an electron-donor aromatic compound,
and irradiation of the said charge transfer complex, to achieve the reduction of the

diazonium salt and the formation of aryl radicals which bond to the said surface.

13, The method according to claim 12, comprising the following stages:
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3012. The met hod according to claim 11, conprising the
formation of a charge transfer conplex by reacting

di azonium salt and an el ectron-donor aronatic compound,
and irradiation of the said charge transfer conplex, to
achi eve the reduction of the diazoniumsalt and the
formation of aryl radicals ich bond to the said
surface. 51 pl aci ng tte surface in contact with
the di azonium salt and an el ectron-donor aromatic

conpound, pRciRbhabdifade hcaet @itk GF deRRTELE! 6RIERN dRostronddddor
irradi ation, of the said %ggr e transfer(fonplex, to

obt APHAYGEMPIHGIP PRHN 8 frags YISEPORFS AT and the

for ][mt i—OnSQfadiaﬁc)ﬂ, of fae isﬁ@hl&r@@hfaﬁﬂerﬁﬁﬁﬂlei,&o bilﬂtﬁin&@é fgzduction of
surface. 14 net ho ccordi o claim.l3,

Dhe B it e Bragor R e sk e e Fidfirses
by phot ochem stry. 15. The method according to
claim,3, characterised in, th it inglud t he use of
ol 11 on Adnetioa il Dot 4 stpensiotc e Srten Talsh it
c haisagddinddde gphotochediatry.i t | ncl udes a stage of pl acing
the surface in contact with di azonium salt and
treatment with ultrasound.

15. The method according to claim 3, characterised in that it includes the use of
ultrasound.
16. The method according to claim 15, characterised in that it includes a stage

of placing the surface in contact with diazonium salt and treatment with ultrasound.





