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~and therefore is only done for certain materials, which have a sufficiently cathodic .

open-circuit potential in a bath of diazonium salt. For these materials, grafting by
electrochemical, and not just spontaneous, means only accelerates the grafting reaction

produced in any event without electrochemical solicitation.

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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and therefore is only done for tertain materials,
whi ch have a sufficiently cathodic 30 open-circuit )
potential in a bath of diazoniumsalt. For these Confidential
materials, grafting by electrochem cal, and not just

fggg ?%] gsuéliﬂggﬁlése&legvﬁloéﬁ atclg\?)lgﬁ?rrgwe E%ﬁ hnte rgac%foﬁlrgtgs of spontaneous

1.8Gld echaritah sad bf itheddurPbes lontheir BREd OiR@lit potential are slow: one -
plication PCTlI FR2006/ 002260 regi stered on 9 Cct ober

booer cpei more ip be gblatiarhipye 8 maxappniretaOf spvergge on the surface.
05/ 1091 t 200
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ectrical properties of the material. US Patent No.

' | %Bﬁm Sfragliphibs atrones arearhodtif @plymreesaﬂimmethpd pbbgm@trmclude the

th di
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flecu asiet (s0BpRbxinRRae Y hahed vﬁﬁ’&tﬂbb%sa @folﬂérﬂzt@nﬂh@r@xtent that'_
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?Z:g@‘fﬁ ! %E%CO?(S% ;k))rlé%erntrt e% on 156}{) r%%rgeac g(ﬂ){ é}gﬁ n@qnsulators by

APPERNpHBdrBled fﬁ)nh@kh&&muﬂ’d’ﬁaﬁh poses a pr Obl emto t he
extent that . deconpgsition of the diazoni utm
t akeShpphige qfﬁh%lpgeﬁ%ﬂttm\ff‘élﬁlpads tog Brypia giithad thet Hadification of

ersaﬁﬁp%r lsfgl\{ Qltldll%[br sHrfh&s oy 'bg'la%ho ARt 0t ¥ und§ @bkdp@ing the use

I'nsul ators aryl  groups eri ved from di azoni um

Siaﬂglhﬁmgﬁeeaaiﬁus extarylf grotyes, plieekimaticsi ofehich @re signifisantly faster than

fur amsthogfor the nodification of insulator or
BE@Fthg tfaces or binary or ternary conpounds,

COITI}["ll,eSb Betldt ?hé"]?r%sen@flm@ﬁﬁ{)ﬁ {sfsd’ @attdi @emethod o modification of
gr oups, the ki netics of are significantly faster

vdrpresisaot shlosretesf ewpxaémtvmtm@dtgnt 3&1@10@@}1@%5 of Yehg resistant
resent._invention i so, t.o furni 0

ﬁagyfqr SRR CGRPOURgy ))a]ﬁp §?a§tl%ﬂﬁta§]u§ m?rogheg%wéeqcsog ]Itatlon but

WRRYut! BSIisd A i8@vefiBghes t BESCiREd WaiklY tlﬂeessza&tarttf ohmic drop for

bi nary or ternary conpounds, |ike what is obtained by

®fagpi¢.ocheni cal solicitation, but wthout having the

I nCOﬂ %BJ%” ?tﬁg Qgslegérﬁrg/ Wb&{] %I?i?s]p { ﬁﬁ‘ﬁrﬁh "sﬁJrﬁ-}éHE‘ Gf composite

drop
ﬂnﬁlt‘éﬁﬂltslkﬁﬂmlgSat aéﬁotvf/@ of thrermsthrlslu rstlacted fmfn ;xgtsm(regr)]i‘nsuletmg surfaces,
semlconductor surfaces and binary or ternary compounds.

The present invention relates to the use of a diazonium salt R-N," bearing an
aromatic group R, for the grafting of the said aromatic group onto insulator,
semiconductor surfaces or binary or ternary compounds or composite maierials, the said
surfaces having a specific resistahce greater than or equal to IO'SIQ.m, and preferably

greater than or equal to 10° Q.m, the said diazonium salt being present at a

concentration greater than 0.05 M, and vafying preferably fro_m approximately 0.5 M to

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



10

20

30

. [§BIPgFREITE apgh FaThbaingraases hysseysrel

materials having at |east two of the materials
sel ected from anong insulating surfaces, .
sem conductor surfaces and binary or ternary Confidential
conmpounds. The present invention relates to the use of

a diazonjumsalt R-N2+ bearing an .. 30 aronntjc._Gr N
A T R R U
éxgéﬁlln@ﬁtgfcondﬁﬁﬁls‘%m%ﬂl@ﬁﬁ tefripefageps or binary or

ternary conpounds or conposite materials, .the, sai

sur fAcesdihgtd mga@ag;@g@(wsimodt@gpg mghad., gyeecg@zgplqr% é&ﬁt iérpresent at
efigrdorgridt o GRELT o U azoni m ealt being

o 0L us oAl sty Skasis 08 il o
4 pecdicrrampotid CAPPTiFiBALPBAT POTE Fﬁzwﬁf%%@z@@d%ﬁﬁé’tﬂaﬁé‘& nucle,
%5 AT o R RPR SR 0 i s

Mentbepndd Bbteroapgicoxigiat @ldyordvarivus anbstitaenidsywell aa hydrocarbon

concentration close to its sql uhj I('htx gi mts in

rpepIshb it GAMRIBHRA RSIGRYCMS SN 2na%¢ 8nper at ur e) .

Accorgli ng, 19, Qi RAVRPHAGe AdsigRAed tet dupfacaB Radatetifie which does
di azoniumsalt 1s present at~ a.concentration greater
fid1atlo®.tHe pAssigel df elestropeci Hdlesd andte reshgitvityof isfgy the order of
"aromatj,c group R', is a radicgl derived:fro A
/et QOLCRABUNGT SO RGNS A o1 ARG BRAT ISy in the.
cqndensed. benzene . i 1d r [V is in th
e r R

HRY: ofal0S00GR AR ine o N8I fFropyIehd i imuel derafdO8rQwar i ous
substitutes, as well as hydrocarbon chain_possi bl

conpFlicsteny Pretacaduetos suifedss asesignasesafly surfaey offe S%/‘Eifcﬁ?ducwr
"insul atin urfaces" S| - - d
e
@k @Gt AB coMdubelies of anittht hien &Sk stiyvpury, otreapes ehpprengplly with
the order of at., least 1010 Q m . Far ex I P

i q)]rglslé q(}l é%a[ggﬁl.nl& §9mi 1I;§ 1{1“1€r151c value
é%ﬁcglg?giwiﬁloéigct}igﬁli}p;éivgi{ﬂﬁ)ﬂriiiest. Ridthicdn@hctbf¥€are characterised by the

ené used “here, e resistivity is in the
aralef tefbahd1@pQhm sapdratdsathe ohlepay Yprdbfpethe dosdigiloppeand (L. L

der of 1014 Q The term.”sem cgnduct § hcear _
s e bins andhno by Bl S ERIIE: Sl g ¥C press

aiRdSn, Phod7yaterial in which the current is carried
%§ ell{ec?nﬁgns agg hol es and the electrical

Clntheotetivaltrysistfvighofahtrinalessilidon, fos eyamplepisria the prdeeakd§2.m and

exponentially with tenperature.and can be increa: :

G500 BR el BBy <A DI BBt VHRCTE BT ER Y riobd b B foelectronics,

%@Jﬂ% is PYcafRPbAY Mt ekead i gakimACiHdv hel FERISEIViLY 8absequently
mtonductors are characteri sed by the 20 size of the

bapeddsgapthchgpe sbpeping Swriutefoy aldentig; Bearcs PRagPhaer antimony for
condyct.i an ba L. ... Berger,. B. Panpl.ip, i .
BHandBYIRE)of Cﬁg\’ﬁ( st r1Hy Phg%‘fl%%, 832& h g?jé) 1th ? on, Wi arsemie
Hr()eszftbms/@ﬁ@)ahﬁa& BRistiRity b8390)*. Q.m ; silicon having n doping with arsenic

(10" atoms/cm?) has a resistivity of 4,4. 10” Q.m ; silicon, having p doping with borium

(10" atoms/cm?) has a resistivity of 9.10% Q.m and silicon, having p doping with

borium (10l9 atoms/cm®) has a reSistivity of 9. IO'SIQ.m. _
The term “binary. or ternary compounds™ designates binary or ternary compounds

héVing different phases, for example Ta, TaNy, TaSixNy, TiNy, TaSi,Ny, WN;, WCNy

International Application PCT/FR2006/002260 registered on 9 October .2'006 '
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The theoretical resistivity=of=intrinsic silicon, for
exanple, is in the order of 3 Qmand depends on I(,LS )
purity. As regards the matefials currently used in onfidential
m croel ectronics, 25 doping is |ocated between 1015

et. 1019 atoms/ cnR2 th
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fat erahplePin @MgaCﬂésarsHm Syl\’bf 19§6;LUJIQSIQT¢ﬁhﬂ0]§|gV Mg Graw-Hill,

g&:@% 9940 ef0 oh}n soa?rrgSd%gi;ﬁ(}tedSI lklngé e?ﬂgg%g@raﬂgéthads such as
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S2. mand silicon, awng gi%i?mg vvlth hor i u
Xy
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nt er nati ona plication PCTIFR2006/ 00 260
Wiang, IoP ends 22008, Prikongy ). LicF Sk rlipyy 4/ ﬁzﬂbﬂg IAS 2&@@%3 225-
&6‘ 05/ 10914 regi stered on 26 Cctober 2005 5
n

fidential and WSi,,Ny. These conpounds are w dely
usedThe thihelapdrs roaltoatd abbes fumdiostpayticulgsbr 8% cubairiey to copper

h hod. k
éugﬁuélﬁﬁmngrtuggaé@plnog% e?gcfrsaeseg)gfq{]ﬂ%get ﬁE@ﬁ gggfzgaéqW’age ﬁ(rj as a grld
%ﬁ%ﬁlals.f_%rNbMéggtﬁanswgllrsg(ca}%ﬁféﬂﬁhﬁg}y Mdvhl Gia t&dliconmwems) The

ese conpounds are deposited in thin |layers by
slesteicall resistiviodsf shesh thin By@yDs (Rhy Sigbh depgsdent on the deposition

%Slnglagagyl@ﬁw&ég%%P Wﬁﬁ ré%”b% n%ml gﬂ;&a éthA Mghest levels

' %g B off e BRI Jefs, ele@trgaﬁnﬁ&ll |g%1ﬂ@meﬂﬁfd§%ﬂ&ﬁé inefficient
Lo (e BIARLE

Kang, D-H Kim K-B.
WchseSuﬁ/the dhinic chprmrtbcl mamzrlaj Ebreetammityelhe Seeticr 12@@4 ‘of these

égérlqlgﬁ ;ged(z:%rgihgt Dym%cgy%%éth%d \ﬁiwg U.'IlO 31 éh i%glgmw to enable
EB¥fochfmicaP8dposiliidn of B8modéhoddBeppthen theipladuaste saale. |

ment i oned above function particularly as.a barrie
coppéhe tatinf fapsipsnitomaigriplEt desiEngies £9mpepisc MAEARS %zbv,mg at least

 FRORF Iy me ey SRR ePlPE TR Rl CRufodf Siplcpnguctor surfuces

£2d Base R cemdHC tompgunds f'@ defiredt abosal givessithdti thiet s)alcbfcomposue
these thin layers is ver hlghly d pendent

: .@@b”f@@ist arersurfsce @ﬁmppq;lgﬁqs ﬁd:ogmog anat fﬁl lwgﬂﬁb can &F‘h cited, for

exa:rl‘n 1§Clmié 9*11%?1% urfac rr@‘m&?%hpésgﬁlfeﬁt witﬁ‘é@bﬁer @pplications in

resi s ivVIity ese t ayers, el ectrochem ca
@ﬂi(&f)élécﬁgmﬁmb fsodﬁarmes: mrt mﬂ;ﬁllsmgndlelebtemamgenajfsuclh@s silicon or a

ohmc drop int eri For exa e barr

Py CCBPOUNHYE nfé’r P%ﬁéNUQ&&”ICan ré‘e"[ﬂ]"f:g Cgﬁﬁgmpusmg certain

g]}é{ahgzd A8V 6 Bg)o e%'lélgm@ntﬁ efleSdukfhéd B tWi@NAEEnposed of titanium or
&ctrbchem c eposi tion of honogenous copper on the

@ragice Hagingcab@nposite material comprising two materials of the same category,

for example, a material comprlsmg two different insulators or comprising two different

semiconductors, can also be envisaged.

The term “concentration of diazonium salt close to its solubility limit” designates

the concentration starting from which, at a given temperature and in a given solvent, the

diazonium salt precipitates.
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Priority : French Patent Application No. 05/10914 registered on 26 October 2005



20

30

20 The term "conposite material s" designates conposite
materials having at least two of the materials
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Qﬁﬁhﬂg&’éﬁtﬁm&mllcmIeﬁﬁmgqtte\rmugh irde‘ﬂheryheld 30 that reaction will be very
sen1conductors can al so be envisaged. The term
lo¥oncentration of diazoniumsalt close to its

sol upyd 'fd?we e fers drbecgoncent raticon . bonds wh
st alrﬂ%s]':1 ng& ds g (ﬂl ﬁ{eg&? g|§r3er{ tenppaé'?gl ?ﬂormg angmie g hose
@evmssmtheemder daf460 kdipeizmnieum sal t preci pit at es.

l nt ge;énat g%ll%(%a{!tlggltliﬁig egﬂttgﬁ%%gqo 8}2 Zﬁixm[ig ) arﬁ radicals
MBMW&&&%H\Q’ an0G4ARALS thedisbMuRTsaM TR prsbAbiavendA s based

Confidential It is therefore sought to obtain the
orabblemmogomm@rfprrmno@rpf@fylda(azaiﬁlmwglapger@u& Roltitien. either with the

AT aduliRe ST he oRaBRTNoRl abheldeS WA @it cg by govation by

REashiagdin Haelate] &dskd, th®brpMihdibalyiakd nblefdrmﬁﬁ dnnthe surface of the
reactions in solution, but a smaller part .of which
sleqtrodatit schoneHdosnedife as "Whlel‘ﬁaﬁe phélecirpshegien! rf"‘il'}@“ons they are

Igf%hgc%g Wt éqgﬁi ?(ﬁ}l ol s {hgr}n artc‘gf PQthta&sl\irlfﬂ the ©@Mpounds in
e exceeaqe e Concent On 0] Iazonlum
talsdlutisn .t Ooly wesakal Consbatef itiege tzhhecdlsamattlsthlythefSurfaf{ee:o lead to its

radjical and is therefore too fglf] ttf;lm)ved fromthe
I

galtingi 1§ fsytherqﬁpfe a?ceﬁqaév i € £ REesegt &PW%@OH to use high
éﬁ@&tfa(ﬁeny\"olfldl & &k fib Cdvenh s%ﬁ?di&h @Uﬂl@eﬂtﬁ@lom 3 (?eradlcals

reaction will be very Tow 10 The bonds forne
wuitable dopphftimgrte ther miri@ad. i phat| c ou aromatic-Caronmatic

bon whose ..ene or der 4 kJ . .
oTheERen WERENTR S ien P oty Foee o8 ane e P e e erafied

érbl%afl@ EiRb ideRv e fréth Yhe fedditionlof thef Rid @wbdiBurh salf referasfy

an electron to the diazoniumsalt., The present

i nventtiyohe juse @%%@duc%@fﬂwaﬁidh@@éﬁW@f ormati on of
aryl 5badl;lhf'j po?tolc{l]eml AN prgggﬂglygfggﬁ%%%gﬁnsf@{ I?@Jle otnlﬂed from the

the 1 a reducer ems

chargrl disansdekalg@ipl ex, or by activation by
ul trasound. In the Iatter cases, the aryl ra |cals are
not + dithel trepmenkofte fiﬁaéé“?’éf’mtuﬁbsa“ with ultrasoun

The grafting of an aromatic group onto insulating surfaces or semiconductor .
surfaces or surfaces of binary or ternary compounds or surfaces of composite materials
allows modified insulating surfaces or modified semiconductor surfaces or modified
surfaces of binary or ternary compounds or surfaces of composite materials, that is

surfaces onto which the said aromatic group is grafted to be obtained.
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electrode it is hoped to nodify as in the case of

el ectrochem cal reductions, they are produced wthin )
the solution and the major part of themreacts witf-onfidential
tEe conpgunds in the solution. Only a small nunber of
these radicals reacfs. with the surface to ]ead to it

. 20 Ghaarmngeduption %} ilﬁ@ﬂé% rsglt Héf‘é%é%%%%?f‘esé{;e éﬁag‘foéhfef‘%ng fo the
LQ%B&%FHH th@H%‘zb b Ohd §yOthe Sl SlinsfGUTGARIdcabAONS

0 Ilazonium salt to obtai'n sufficient concentrations

of aryl radicals suitable for grafting to the :

surface. The present .i nvention al.s0 rel at. . '
as di‘?‘? &8 a r%e,'tr?rﬁf%?owl?)ﬁeobré?qoé'(ﬁeé%%fg%ng@}q@%gr ggsggnate e
d&hpi%e Shdt (O @ cfaB 8 6F tcHRinidal §pet ks Andl bty mf 8@ tnolecules,
preferably 25 - by the use of a reducer of the said

i shhi thesestva specidsyat eestphopasic Beshress 2jRairaal glecBpnspfthe donor

h i .
%o&g@%?@&%@%??g&a&g{w{ ﬁ()én{)(?rré%& (r%éelf%{rgrgs]f 5n? E)é eieg%rgns T to a recipient
oAz Qi1 SRRk tinIEBrdak t fRSRY NGse ToBiuAl kalngThdse atharge transfer
aromat | c group onto |nSU|at|ng surfaces or

senplexnductioracterded inthatabeis Uf-visibier seeisurp iffgrn fpy the sum of the

ternary. c ounds or. surfaces pf ' i : °
R HE APl AEG, PGS Bl Chemiy. 4
s&bs opietRY, sk fraglep. @), nodi fied surfaces of binary

or ternary conpounds or surfaces of cqgnposite

mat eThaltain {phatoghemical rifradiationaf @ GsEds ¢ihehagggscomplex formed

romgti G group i.s. tp. L i - io
PR AR iy IS 0 Mo BBl Sl i v
Ql\geﬁra@}t @lbavioRROE a MMitturi dontdmiepahedpitrnmolapyple] dhatdiaganium salt
. 05/10914 regi stered on 26 October 2005 7
@wht flenanmaleculerds to K & PReERFCTATSIFT 6PMBiI*Az oni um sal t
her eTf:il&r§ ?érxgln“’%e%ﬁn%{h%frtﬁ@gﬁdzgﬂiu}ne%% Rh tPrdsBBnd @bbnates a method
radi cal and the di azo conpound by the formal transfer
ohicarcoasiss in subjecling atdgrzomiuchsaligelutioans ilbiasewndpl ex" or '
"dongr-recipient conplex" designate.a, 5 - :
is tR¥ § 408 m?%%logsr]é?ﬂq'g?arl’ Wéhbcehc fseé%aﬁrﬂ&gg( distdl@ld in the
R4S ﬁ{aép by thRfdid 0Ri AP RC HIsBFicientp cwhdeattated eslatibvof diazonium salt,
specles at least in part exchange a pair of electrons;
ahkerglornpantityob&clitee rddinals els efcpledr A pat rofpthe radicals produced
on- bonded el gctrons (n r ect Iyt b : :
RERPGRENET AuFELETFu Rl afheh RIS b B, i, sguon. T
ARG @EBRE UM S@ffice h@genic patygeers pamsdrergenealipliesudaors to be

are characterised in that their W-vj iqul e spectru ,
moﬂffmdgbyfq:r(yjh«;aldrgglssg@ﬁtlgl{ilaflh@yf@eaéfﬁg(ﬁff gy PE¢halomSAgf coupling of

%2@}%55:?’# )%{Hea%&tg)g\i (ﬁ%&h{% 81%% (%,;j? 'Kl\l’g‘?vy%g?%’gag\%)nl @nd 2: New.

_ Y{E}bﬁk,tleﬂm SrFH}?M@Q?&M—que additiadi(Bombnovskf Russtansledre Reps 1984, 33,
charges cCO ex di i n ]
G651 Bnntcenomhar .2l 407br PR UtaRarae SPhE o} i lsg pgssivle to

bLi@he rdafa8f R5@8] WithInlitR¥icehElids Qbs@at&Pdudha®Bi0,.
contalning a recipient nolecule, the diazoniumsalt
. Equally, by irradiating the charge-transfer complex, the transfer of electrons into
this complex and the formation of aryl radicals is favoured
| Equally, by subjecting the diazonium salt solution to ultrasound, the reduction of
the diazonium salt and the formation of the correspondi.ng aryl radical is favoured.
The present invention relates to a method for modification of the surface of an

insulating material, a semiconductor material, of a binary or ternary compound or a

composite material, to obtain an insulating material, a semiconductor material, a binary
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15 and a donor nol ecul e apt to forma charge transfer
conplex. The term "treatnent of the diazoniumsalt

with ultrasound designates a nmethod which consi st Co"{:demml
subj ecting a diazoniumsalt solution to ultrasound. By
reduci ng usin om car, eyl ®hidh dified b
eGUREY 81“?80 vé)trzlE rﬁﬁ&%%ﬂgtggghg{seemg@ct he dklnaZ()l?Hnll,l?n Y

&aftihg @osdatiti glrbﬁpkt |0yltoC¢m:Ceant1 rs&xtr&de Sp)d)Slﬂbil)orsubn‘tltuted by functional
di azoni um sal t, | ar ge quanti of . free, radi

greupss ddeedn the E%ltlufe @,ﬁ thepond Kt weanst 1BrsBH”a%ee6nd the graftledc' aromatic
l%: @W&Pﬁ'}oﬁhfg N shecaRldit bBRY, 8@ Gotabl¥ sdthathsuit f:8GRs washing by
I'pping 1N solution. This therefore enables the
"iradoané, of organic polymers or nore generally
i nsul ators t e nodified. by aryl radicals : - .
part the g:plgrrp?ggzs/) CQURRUSIPG @Fa(gfnlgy tH@ a%/ id ggﬁd acg iy confact, with a diazonium
%&%ﬁ'tﬁ@ r&{uctl&‘?gf 8R! Sid Qﬁéz%ﬁdsqlttdaﬁ%n@ﬂh@ s@d R@hatES group at a
ochi; J. K Free Radicals Vol. 1 and 2: New 25 York
db&@’&)traﬂon ljyoskisp wsesomlixlytwdnatﬁ,d&tta WCGWogfgfvéPf thas &M, and
Chem 4, 53, .943 estyV,
PBERS p a?é@ ro%lna(pé)rca%ws eg’ %gﬁgqo% Melngtaa gaoc{)%gcgg&%lon close to
itso AN 1tnh@ HogH1 ¥ BY $he 1836 8 dedticth biriiey sih@ttiminl Tmdiation of a
substrafes such as Si Q. Equally, by irradiating

tednafegof chargss ecvmpl@nﬁor@@d fro7e th diserdrmonlter duithe Ff§at?nem of the
t hi t
S b AT BT BB EALA oo e

Sl dureé ution:to ultrasound, the reducti on of the
di azoni um sal t andtheforrmtlon of th rrespon

in
ar yl Agcardipato prsadppingeass. Pragistign gthnd. | Aegon D8M Rresent a
Ce()ln%&§at 91 eéf&ttﬁﬁgoﬁ nodi ficati on of the surface of
FRS Ul mat eri aI a sem conductor material, of
a b| T}&rt}érrﬁr‘ fmennaxl}grmmm dasignaanfs ubsttotep 0f itheegrafitdeatyh group, apt
to obtain an insul ati teria conduct or
tragast Path malegilesangd Capﬁﬁ% nﬁa&eﬁ%wgs Pﬂ‘a‘ﬁr‘{n& Bfopsﬁ‘es

PCTI ERZ0AR) Q026 hetiRAl St BE §Hleseht hvERiMD@e 20B6e is modified such
Priority : French Patent Application No. 05/10914

thaghs taad anttiood L’g@ds@pttm)@xrmg@@so@@gﬁbpt@@ﬁ@ thel surfgge and the grafted
nary conpound on: & Gonp te
' ?ma%é{:%pggco%%ﬁopl 1é1§ tB gr a ? or iR &lr% altoHFo{s'tH 5%9(? aromatic

I ng arorra I C groups

%}Bﬁﬁaﬁchﬁl ﬁahﬁofsuééaa@aum@ssu bly substituted by
unctional groups, wherein the nature of

he
bet wieaerding &urd aprefearsd cHwodimgnt-edh f’ar’Bf“r‘ﬁ‘f’i5 of b@‘ﬁdé‘wem‘o“ is
(%’l% perlgg I t\ﬁa{t the pe \Baﬁ%@of‘“ Q%ﬁ'ic‘?gf tlﬁ%fifac@é}gi tﬂ@ﬁ%bﬂﬁu&%ﬂ is lower

resi s trasoun the said

Bl BestoginaElly HON@iritas laf)]@ nbtaeleslastsi approkscately nl odd agnutes, and
with a diazoni um salh and the reduction of the said
IHP%EEMN traredmatdy l 19 il RUEHES sai d aromatic group at a

concenttahb Ofy ¢ OgerdRdl teﬁ*lb%@lln%'tl ifley hbthbd . oftthd invention is

concentrat%on greater than 0.0 and rangi ng
preteriabdl in theotie pppodrf owtisi pf GleEsunﬂa@Q)ami the dirgpaiymysalf reduced

concentration close ,to,10 its.s Ly
RoPRLRY Gy* rcerow B ToRehtRIsh” o gh b Rl aenster of
dnafRd 1At a%Br&(fimately 1 to 10 minutes.

According to a preferred embodiment, the method of the invention is-
characterised in that the period of contact of the surface and the diazonium salt reduced

by the. use of ultrasound lasts approximately 10 to 60 minutes, and preferably

approximately 20 minutes.
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transfer of charges conplex formed fromthe diazoni um

salt or by the treatnent of the said diazoniumsalt

by ultrasound, to obtain thé said aromatic groups Confidential
grafted onto the said surface. According to an

advant ageous production nethaod,,.the di ' to. .
pr esfioraine ip5an, B ARBRALT ngP"eff{t é‘?eatzfﬁ%hgﬁoﬁatkf fgion s
Elﬁa&zﬁteé 39@% ‘h‘a{‘ﬁ'xle FERURS) sAiessARatRs f&ﬁﬁﬁi ANYes vierdiR@r is the

gra aryl group, apt to react wth nolecul es and

grapabt erafp prdeXeistdnnglveatagéaslaaionppempBeinlle sclepied dragn:nigplogens,

to the nmethod. of the present. invention. the s
F@P*iﬁs%?jr (T BROUES: ¢ et defEairekte it and
hQhLBbiopRophattonds between the surface and the grafted

20 aromatic groups corresponding to coval ent bonds. a

car bble anioncart be laesubstitite af shaneivt eragpot SulRReNaiH SEUBFPHgxample,
t he sai d,.surface., Accar dj r gbodi nent,
i RuE My A ARTRRY Dl A RLR LB IO

the pgs preser@invennbmalso eflatthe smethad as spatifiddeatdivexbaiaoterised in
salt is |lower than approxi mately 60 _ m nut

! : es, and
fhet Hi|aE0N2LkT FOHP Y HX AIPERAEE yesiduedh &-%MS@@,Y %ﬁgﬂtu‘fé by one or

erre _ ment, the nethod of the invention is
alvafimedderyi siedor aplubaity bhéurpeonad dutsfitwen tawiprisihig tohe or a plurality

surface and the diazoniumsalt re d by t f
af heseroriams ShoseH dTmm B eRem dEagen; ?‘3@%&&?@ Bﬁosa?‘gause °

C Onpjgﬁ%(f?lggentt ERARAHSE alRb relSBAIAESethdd b sPRMAXdbIRE, Rhiradterised in
tol nutes. 30 According to a preferred enmbodi nent

thaetheetrdroatiogrotth @ompviesst dnerori asplurshisyy e substisieas dhasanhiatthe group
erjiod of contact of the surface and the di azoni um

_%Bge]; gén%ghx%}%gl%tgtg%eg%reg %e%réa@orﬁ%imé@ &Sof ACHO{Aialfind Dossibly

th
- 941§ U 8duced by the use of ultrasound |asts

appr oxji fB &drY brhdchdd @Qplmti@ Ut.@RalsaRd Pref 20 adakbon atoms, possibly
approximately 20 m nutes. Internati onal plication

RATPrERZD 06¢ 002260unabiyi of dovble o1 9iptk thebdls), 2peeibly substituted by

Priority:.. : ' ' _ _
?aréb(%éfltl té%@laglgg [P\Egz, (Pﬁ%sglgélruﬁgg ldzlgg Et'&% E%rpl\{gngh??(gq]ogs%%éhtuted protected
AGRR! &8, didzcHiuRdRBLREeRUSterbadbdeatboms] dkRoxseafbodylofrom 1 to

the invention is characterised in that the diazoniun]
3% qarboms wiores, t Hkylegbamylexnrffigm x!  ®heP eF P} Jtms, nxInYy

ro e I s .an advant ageous ani on
%ﬁ%?%%?ﬁ|13H§¥@§g9§8b§¥bn1 halogegs, sul phat es, '
phosp hzﬁr?/Efiadi@ﬁi gblsﬂb@t abstifueddr Bf lcadioaboratieds, NO,, di-substituted
car boxyl ates an 5 hexafl uor ophosphat es. The .anio :
pratecisd amigghaenestikstigited REOIEHSH agingy pyang é@?%&ﬁ’a@@‘“y trom 1
r AN .
B2 R TP oinSY RFBARLE HREL o from
1 to 20 carbon atoms, vinyl possibly fluorinated or allyl, halogen atoms,

possibly

— 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
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
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The present invention also relates to a nmethod as

speci fied above, characterised in that the aronmatic¢
group is an aronmatic residuf in C6-Cl4, possibly C""fde”t’“l _
substituted by one or 10 nore functional substitutes

or a heteroaromatic re3|d e of 41to0

gpirmatipedasyaie GrctaW lﬁrngu}lcf JEBES, ?ﬁ&ﬁl%ﬁnﬁngﬁp ?ecuie? ¢hemical
I Ll gone or a plurality of

%Hﬁé{fﬂg%?{)rgén%l%%gga rt%m oxygen, hydrogen, sul phur and

phosphotermThebpit@se apt UOFWGIﬁtdIII@ﬂﬂ)aIWStb poéYraqré,sche@n(aal or biological

met hod as speC|f| d_.above charac .erised-n at, t

@pkﬁ:ﬁﬁllep d@q,l%%e S P}ug;‘és I’OHE %rlomg it 125040 f%(ed oﬁ‘nn) the lé]lfrface and
rdddties f&ﬂf@ﬁﬁ@ ab t& R@acH At thel&dﬁﬁdzﬂ mpctm‘ns dalnrnﬁhlby other

fanched aliphatic radicals, of 1 to 20 carbo
axbtmsl,es plossnitsy of reppye gl,nn@ox@nb;ogghtd)ypqhg raaqm@ty: %qoup are allyl or

B el e BSIGl ge AE R BE AL gt b im0t o

e, ERBSyBdbsddst of %epJ(QHQ);t(E(dOHarfbmmamgla,nqud anhydrides or
di azon| um al koxy from1l to 20 carbgn at
mlid@wuarlmngﬂcymam amirss 2 18 LBk Ko h kU for example, n being a

Shi FAURILERY FEOM 160y ARRALhRD <@ AGBccsY pb¥phonic acids, or

o] n atons, - aryl
R%g,pﬁ@{asespos& bI y substltut ed by car boxyl radi cal s :

di - substituted rot ected a no subst i actw;th
pr ot &8¢ EFMARFGFHISOE tueﬁiﬁsa‘é’g’ﬁptﬂlﬁer érla VIFIOEATT aprt 5
g@g&%fsb 8%@1]%%1;83%%%95%%&9@'deél%msl sdb@tlt?a@nt@ aykien after one or

oxy from 25 to 20 carbon atons,
Yoy trasdesianiby, drk upt forrase avithr palyms, binkigisgbmolacales and chemical

boxyl di cal
, gﬁwgﬁgﬁﬁépégﬁgg %”Gftétae“tbr%‘i’%@w%ﬁ? ;ﬁ{l&grnpat%'he&leea%t to react are:

WZ m“u(@ngtfl\on@k 2)9439%10?(@]{2 -COReXpPr fbfeﬂl@ 4 grote2@r group, -
0

carbon ° at ofs xycar bon rom1l to 20 carbon
G(T;Idm‘rNPﬁl’ k)(CHa)rnﬁﬁrﬁ’yrDzoﬂ@H:f)ﬁ- Pi tBn 20’ being PEmCARIGHRUPS, n being

I fI onpn
SR aRARE: Bt 0T ThEBeal SHRBER, Supmp) 38 ey chiprice o
th%n;blé‘é/@frﬂmlﬁﬂpf&ect@x’rgibmt erised in that the aromatic
gr ou&éconprl ses one or a pluralit ubstitutes

aderng| p&ap;cyxewrt h d@qn%]ézﬁ?% pp Qeﬁ%%aﬂfl@ rsaitg/gl f:illnctlons for
goe{rr?pclm et %Hﬁgﬁeg 4 yr&%l &l ?l&ﬁzen@%rﬁéﬁfé %@61@\/\:{1@{@{ pOlfystyrene,

precur sor substiituents
Bfdngu- pollyﬁtfy&rne Aahydoaymdipgl pcdja&tylwne)P@ﬂHdsz@@ﬂflg@mlgb synthesis, the

regi stered on 9 tober 2006 Priorit French
PORTISER £ h ING<PO% FH9RE5T AEir< PP e "y oBEY S0g having
%ﬁo%&f‘lﬁm)hﬁ'fu tfogg)sf ormation, are apt to react with

ani ¢

esins, bi ol ogi cal nol ecul es, chem cal
erl etht e&mfblomgpdabnqu@:ukegec}wgnawh@ m@l.eﬁqle dpBeningtipdiological
apt to rgact dlrectlétvvlt pol ymers, chem cal or .

BYSEﬁ“EfgW? 125 CPBIEE P 8848 Hdsi gnat es substitutes of the
ar oMghb Ger UWBmidax afdiadnted debignsws hlaewle@ndbs comprising functions apt

to react with the functionalised aryl group: allyl or vinyl or acetylene groups, halogens,
alcohols of the type -(CH,),-CH,-OH, for example, carboxylic acids of type -(CHy)n-

COOH, for example, acid anhydrides or halides, nitriles,.isocyénates, amines, of the

type _
-(CHp)s-NH,, for example, wherein n is a whole number ranging from 0 to 10,

sulphonic acids 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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5 having reactive functions apt to react with the

chem cal functions carried by other nolecul es.

Exanpl es of reactive functibns brought by the aroné%V%Vk”””[
group are allyl or vi nyl or acetylene functlons

hal q,(pgﬁg]% (@i{lrz%& f‘gffamfggg) (S%EIF Fg‘ec%'g &Lﬁsem %ﬁprqts(‘rtor group, -

@T@%N@JP’QIC(C@I&WW'}J Ct@ﬁzﬁrN Ih’arl, WaRSoin rP' t rPH;e&?c%: protector groups,

anat es, amni ne of t e -(CH2)" ,
Whaﬁ’m e,isma biehahg ramib(dr whrgdimg rfmmbé)r tq dl@gm@bleVﬁoﬁh@quiﬁl chloride,

fonlc hos oni.c aC|ds or
ﬁ'ﬁ ?faatcsbvl %ﬁﬁrﬁxgﬁlpg f%%fd%ﬁﬁ% ?to EONPE, which,
af t efpd fe?rﬂs‘fc%ﬂ'ﬂ:txh@"a eAl Qie@@hatt:@a fRAEdulbitho cﬁmbkﬂﬁﬁaalhc ions
chem cal or biolo % nol ecul es” desi gnates, '

tnlsanpleeBPIA (wihiy ed@ﬁum{etmgtl@amd)ﬁgfr@o -8 quinoleine, crown ethers,

tra or nma ar e a Olyrrers
%WBFE aB%PB%B#%%“P%%man dﬁéﬁ?@g €¥yﬁ&%ﬁ%lecules The
Pr eCUESHreseht RStehtitie AlsS relibd oM matfhbé fas Epeﬁ:ﬁﬁé&ﬂlﬂaé ioharacterised in

are apt to react are: NO2, N2+, 9
{haHRp ar@RIDIC {ICPR FAMBIEFONe P aﬁ’é‘l‘rﬁbtyao p%lé%tée%? apjrtp gt directly

Bfétlg %'g_'z%% Wfés{n’ an(d%gen H(tP% é O%B c%%\f\%tefil}%' alfyi of vinyl 5t acetylene

ector gr oups, e nu er froml
teupd) hal?lgemz’;l(a}dohd?.ldfrthcd@pes(ﬂlfﬂbg}ﬁlﬁz-(bﬂ ficexginpleh carboxidic acids

| f d h
gfggﬁgﬁ?&{ngeng mgxgqqg{eggmé&nbﬁ%}cge% \}}aﬁaes;,r élﬁi&liels Jsocyanates,
SHREL ] Gfe t%}ﬁ{/ i n%zm; f()i“@ﬁdlﬂ@alvh%% n is a whole number ranging

styrene- co- enzene pol yners (am nonet hyl

frohyGstoyrle @ phorbe acrds po$1y}sltqna®s|,qohom}mnm@qm hyphosphonates or one
used in conbln nt h

| :
R R N R A R

FeSRI dhd &f@)lsé/nSWt'h?rf‘ﬁler@)éh@gonﬁk&&i(ﬁ?my|I‘aﬂ+C(@Hab -CN, (CH,),-CHO,
functions). The term "bi ol-ogi cal nol ec

Gﬁiﬂ)gﬁ@ﬁﬂ‘s \ahmllnefbu$ eprqﬁqcé@r\mﬁmmg(qlﬂz)bl\@%g|(€>H|z)n -N(P’\)2, (CHa)u-
ﬁ%ﬁ o 'K e]%'llﬁg”asl’ e m?g‘te&{)r ge\pﬁere-ﬁhﬁ % g;\mme number ranging

| Bcul'e eS|gna a|| Tecu

HORNY tcS 1 M ehclubned. IP@B&C@thphbﬁ)ylrcﬁaﬁtdemrtdcetlyhehloride are examples of
functionalised aryl group: allyl or vinyl or acetyl ene
@ﬁ@@@gﬂ@ﬁﬁqﬁﬁéﬁ% al cohol s of the type

p,retgggc};%_}l&? Ecc%}((ﬁgg‘p thecl?r'egk‘ﬁ)f YhientiBgifdg rdthddy BRE specified

or ex acid anhydrides or
th&alve,deharaaftemadl as thatsmeyanataes granp n@mprises tdne ort wpplurality of

“NH2, f
USRS RPOIR 6P EEED Sl phas el e G181 ShHATadhe eroup
BHRERARIN LIRS b $inyPbr &Q@@&J@%&I&ShalegenfsLmeéﬂow@fta@typw(cm)n

react after transformatiion wth an organic resin and
GHQ)-QHL ﬁurtemampﬂdqecaglvwbc cshst @ﬁ titred-(ChaheG @QH;, dhmlexample, acid

52 7T ERR00T BR200.L kel 6 A0 CHy ity o
é)@lgip‘ié,e\ﬁfﬁé}eﬁnnzﬁ mt@bﬁhu&@%rdngtngcﬁﬁfﬂ defdt i1@) 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 NO2, N, (CH3)a-CN, (CH,),-CHO, (CH3),-COOP,, wherein P; 1s
a protector group, -(CH;),-NHP’,, (CHz)n—N(P’r)z, (CH;),-N=P*’;, wherein P’r,l 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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by N2, N2+ (CH2)n-CN, (CH2),,-CHO,. (CH2),, - COOP,

wherein P, is a protector group - (CH2)"-NHFP' , .
(CH2)"-N(P',)2, (CH2)"-N=P"12 wherein P',, P, are Confidential
protector groups, wherein n is a whole nunber ranging

fromO to 10 inclusive. Phepagyl. chl or

or a@é?oﬁ?méﬁ? 81 AAEANKFES O RO fg?angfoﬂ ldlée rﬂ) N ec}f WPthe present

QQ?MR)%I isehhPR ek 8EdMin %Wﬁ@éﬁoﬂgin@gﬁﬁﬁp c&ﬁﬁh@@&in%soraa plurality of
cu

e apt to conplex netallic 1ons for exanple
EbFtuCets rpt ecnecacamrmtvewrtacfemt@nalcprcg)ﬂmcan@lﬁ@ﬂs and chosen in the

ui nol ei ne, et her,s _
SHP BB“%WF?E ﬁm‘s%re%{“fh é’lcft\}'%%%'%goql% ese n?e %A@%%Qﬁfﬁﬁe type
(@ﬁﬁ, el A1 S for @xampRY, Rethorglic peas bf eghealioMe),-COOH, for example,

haracterised in that the aromatic grou Conprl&ﬁiﬁ%NHszr

m@aohycbldpxs ar Aplidey. BitrilstbseaypuRiEs ST Phtrdes
di rect | 10 nA h [ has
S P 0k S8 DOPAG HGR, AO 12ER MOR: sis cr

dilghbaates, hFh&@BdSlﬁc a%ldsp bﬁlpﬁloqfhohhtes tgrpeene o Cla2pturalitR -obHyrecursor
for exa carboxylic _acids

(CHQ " _
OpiGRARBPG 1661 8 ST irBRsoo Than PBac TRy Ay ggeoch within the
%r%g%?}%tu\?\tg N‘@znglsz , (@h\l\}ﬁﬁ ééﬁrdg%]CI:I?g%?{)g{h wglerem P, is
] @rdl‘&;tmsgﬂopﬁOJQCHz)aG‘HIdB’r,O(ICH;zl)H Iﬁfﬂinat(@é{z) fi%%’f}hmlnﬁtem P’, P’ are

aci ds, or phosphonates,. qr one 15 ar
Brp&gmrgéqupéu‘ﬁgqrp%ﬁtasw ¢ nyrgbe rerglégm%? f)&,(y f? d tP¥1€nacylsulphonyl

Whd Bre@RaRPpBIBT EmidePsdtbetangtogirosen |
R AT A A G TN
( CH2The @ii@nt ir(vEREY1Y algDGRates Whemeihad pp spesi &dmb@tf%c%qactensed in

N(P',)21 (CH)n- N=P",,
%‘ﬂb&‘@idf“?zé"{uf?ﬁg‘“,ls8li‘d€élbfr8fréctor groups, wherein nis a
whol e nunber ranging fromO to 10 incl usive. 4
Phenacy! suUl\phoAy chloride or acetyﬁ'chloride are O N,
exanpl es o
nmhomy* r-Eotheo s et

substltuents apt to react directly with a biologica
nol ecul e and chosen in the group constituted by al oyl

or vinyl 3 etylene groups, hal ogens, al cohols of
the ty e - CﬁQ OH, for exanple, carboxylic
aci ds )"-COCH, for exanple, acid

anhydrldes 0 halldes nitriles, isocyanates, am nes,
of the type -(CH2)"-NH2, for exanple wherein nis a

whol g hadbRs 'fsa@Hés@S fFdRNhe fBFPO\JLng %’Uh]ﬂ;homl-ﬁ aci 4%, arCHys, -
sulphonates phosphoni ¢ aci ds, honates or._o

or &lpl vOGldby ©f. gireclr s@HzBrsuﬁﬁ(Eﬁg &t 0= Pé(élé?CHﬁBr

It oh LR ahImt OB Ef B0 ggﬁg%w% 20, ceesal, coon
étCljtZA)é CctzgfsiH)g Ciﬁ@bo@t—-lfQN(()gHz)m(@@aﬂF)a \MIeE,E00H -C81,Ca,COOH,
pr o

{(EPRFHN=N C( &h@képn I‘%ﬂC( @CH;arI\éHCE) @E‘eﬁp 3t é%lzgﬁgxlgé, -CN and
1){:\;{33@8% sul & 2Pl ?ﬁ“ﬂ? 4O olh 6&&9&:&5{% 9.(3-ehidPhen-3-yl-acetyl)-

| phonyl- of acetyl chloride are

- axmopihel @Een&ﬁ’j{lﬁﬁlzﬁh@t%@ti}dlognéufpémydro -pyrrol-1-yl), 3-isonitrile, le 3-

dloxo-1H-1sochromene-5-dlazomum-gH-bean[de]chromene-S—dl_azomum, 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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I nternational Application PCTI FR2006/ 002260 regi stered

on 9 Cctober 2006 Priority; French Patent Applicatjo )
No. 05/10914 registered on %6 Qctober 2005 12 onfidential
Cbnfidential According to an advantageous nethod of

acture, .t he.net hod resent
Char b BTG OhaES FHge st mEres g s eghse S sbggigrised in
@bt Be Blasbid 311QE 2 diBbintuent s apt to react directly
w th fonctional organic nol ecule and chosen in the

gr ouphe derstt iftduﬂzecbsbly:”adets;gnatgs a“myymgr ohtaetey| Byecondensation of

%%%g@ghsdg‘gvly lqrzgpa!gﬁgqrf}g: %n aeoli%ﬁgl c%llgzoduum fsalts %f substltuted
OI(IQﬂZdesmG@‘Bl h&y | #xasPTiese dﬁa@bﬁsmebyﬂrdodq&uﬁds used industrially
hal i des, n|tr|F |socyanates am nes

as( ecp{zc)tﬂsemzve fayier i shermirifacipre ofinkate f?rspraltWﬁoﬁzélaH fpGhen 1Y .

% Jnaglg’ OMQIB'O %kg{% Qt%etgf:é g§933r25957"7| g’foﬂﬂkﬁéan Patent
ds hoh| acl onat es, or dne or

Nbus, &55 ,689)0f pr ecur sor subst ituents apt tor eact

ft t f t
\?VI t ﬁ{hﬁ Ig%&sntt glrvggg‘lﬁfgglé%m Fé{l?tﬁa {rf]pt 321%% o Cﬂbrggescl gaa%%vg hc aracterlsed n

hggﬁlansugt\fng Flal (%}ggm& g’@tﬁ‘remhoé@h?fo% n Pri s a

protector group, - (CHz2 ) 2,
{ GH2) follNwftig , arwdnemel molhers: l?bl,ycambenatpr @Céctgblpn:dpmm pp@lysulphlde

IS Bt nentes PHEPSE SHhERH SR Br! QiR pobetien

@@Ma% @E”anp@?}/eﬂfe@sﬁfﬁhé‘ﬁe OFERIPsrombitie foll ReEBE (PPA), bisphenol

I nvention also relates to a nethod as speci fied above,
pdigtheet Erepshe}dilatﬂ (PAB) tmatememmldjs; ﬁi&imm@aﬂ@ mgledﬁéée%rlon ),

from F F q
ke pah(pnom%fé@eeu(ﬁapéonlé L el GD: Yot fgrene), poly(4-

%@?gﬁgge)@a@m Qré% Lv1Hyl§é(ﬂgé(2VCjW%ﬁ)azole and

- Ghe- (fbl(li(w-'l@gCI-{hﬁhﬁ)(Br polyme¥2 - @)kyéth@e@@ C}GBEE Brpolypoppylene  (PP),

@?M_}Z 92 (P 3%hmwmegt’eae %wﬁorﬁb&g) polyvinyl
E_lCNHC( @%g' EW%tyralNgﬁ(’ dlgly\BHyl g%ﬁg( :(@)/@NS, polymethyl

meﬂhmylapryfl?\dMA) mﬂmwlcﬁ){gﬁﬁ@hﬁBVé.L) polyethylene terephthalate (PET),

W‘é‘&ﬁ%‘%{}? %grreeggﬁgpéte ?ﬁﬁ‘ﬁ' blfgeren?%él?a%{l{a&, polyoxometalates (POM),
ée'llﬁi%)sédé*rh@t@egalﬁfﬁdl?wﬂﬂ@nwer(BAN; yl), 3-isonitrile,
d| oxBha Pesesb Bhentiemalss raditay o Rhotip e ifcdabes-shaagierised in

hia dtlhg_ rﬁ&!#&h él?aé;grgalt%é ttl‘geaﬁ%ﬁ? R'qu térnglg ogllﬁ;%élmf i Oog%n Yrbih: Whether

&3pay br not, AsGa, SiO,, SiC, TiN, TaN Ta\I/Ta and WCN.

The present invention also relates to a method as specified above, characterised in

that 1t includes the use of a reducer.

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

oxidant.

According to 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 sodium iodide,

ferrocene and its derivatives, notably ferrocene-methanol or carboxylic ferrocene acid,
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Confidential .The present invention also relates to a

ELDeSas, SRRkl LoSnSROE: SRR R Dol A KNS noray
3 frdd0 h gs.b
o R P s Yai ¢ 5
and prafding Bbyannidvandpenis mrmhﬂdgaq:rttswbﬂn sarpmrethady @fdthegnventlon
g{;wgglg%'ét esc@aerdh-%&%{ H]?cli] IS, chm%% 18 f’?lztﬂgte? IifefiRies placing

as a photosensitive
!h@}éﬁffaéé"mt OtdR Atk Lﬂi&oﬁfurrp k@lt end the rﬁdmd’et i the sa1@Ziedm:er being
C., Chen J.Y., Cao, WX , Angewandte l\/akrorml erul ar
Wleeant an SKBOBIOMEEY; qUANLEY OF fi Galh SsERAMEINelative 0 the said
,.165 68 The present i nvention al so relates to a
%%‘Hnagl)[spem fied above, characterised in 10 that
the hosudiagitdgnmmivaniagtoussentioganért, ivhemaliaumetharidof the invention

chosen from - the faollow ng aromgtic . . . .

ipeludesnibs sisarba (rcpntg)cer Wa @%@06&%%}5& rlrr?{hlsgb@m carried out in

%Igl 80y ?&ﬁtlﬁﬁ her GPPE) ahﬁ)t1@0|s¥%H?r@l§J§€ﬁ KRInPN€ acetonitrile,
EEK), polyethyl ene terephthalate (PET), polyether

Sluie}d’(}(bfmﬁnérﬁiiﬁ) bearanmil¢, cbyplopsrred ehl(n@lfh,j\)sulfbx)gph épltgahydrofurane

th%ge ter g@ht hal ate (-PAR), pol yetherim de (PEl),

6‘8?‘% ESPHIMYE (PAI, Torlon(r)), 15 le

pol y’E’P{J @g?énlt ifveH8orl ﬁ@@?é?zﬁésf t)o)a mB@by 8¢ ygeelfRed(dBo)e, characterised in

pol y(4 hyl styrene), poly(4- vinyl r%yrl di ne) (4VP or

fhat y( <2>rwrrws rusfrthdmheyo@mrmyal pradiaiionyafcatigasier ef chpges complex

he | o al i hat| c polymers: polyethylene (PE),
E’Bﬁ"ﬁ‘ﬁ)? M@ﬁg‘ ﬁ@ pol yi sobutyl ene (P-1B), )
pol yABtINih % Gtaegl'}@fenﬁ@embbﬂiyﬂxen@ hthe mietierd( VG 1nmlt1ymcnmlprlses of
acetate (PVAC), palyvinyl butyr aI (PVB), .polyvin Yx
fhsrﬁwnat(qm\/pﬁ/pa trﬁﬂﬂf n%fi B rgez‘occrf%? lre Dy Teaeting éil%ﬁ m salt and an
%)‘g%}l/%“ @ynor aelr%r%?t?% hyibeNer HRr ?ﬂ@ttpeﬁlsﬁtreof charges
ene ter a ate (PBT), different

gmhpqam ml,eschlepxal mexmmﬂctta)hadjfeme(d?mmmmltl aridohe formation of aryl

erivatives and poly lonitrile (PAN). The present

fadicalstwigeh B‘P%dotortg? Saat“i1 %l ®a met hod as specified above,

C har ﬁ%o@&h? &4 al ﬁefe%@ten{b'agm'lé?@ Uhatdengh d®t @k li@den@ibn tcbfiprises of
bi nary or ternary conpound is chosen from Wethet 25

thepédtoohemiot], inadi@on SF @2rangieCof ThargesTanpleraformad djogn diazonium

presen ntion.al a nmet hod as

%idf‘? r%\cﬁ?ﬁgg 1%&@?’58?’8P?%"'83h‘? é?ﬁo H%Stéa% i ncl udes

t he Usﬁaélfl ahd eelagerin chhgct @it thé aidesiun sitsighait ekcaion-donor

conpound apt to supply an_ electron to an oxidant; 30

fooetid pcmgpwdaro ehivianttegelsue! Tharss complesntihet ur e’ of

the £Teltrrlrz]ig thI‘l notaebly by photochemistry, of the said transfer of charges complex,

idential

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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i nvention, the reducer is chosen from reducers having
oxi dation potentials close to O V/SCE or negati ve, .
hypophosphor ous acid, hali dé sal ts, notably sodi umconﬁde""al
iodide, ferrocene and its derivatives, notably

ocene; et hanol r | . i :
PRILr RO FORE RIS SREPE P RltiisbBEIBo25EN P tspsra, ggvhene
R RSO EFARDO G RfdiirintiMe | (FERNCHolPahretindip! (RAL i Avrlon®),
i Vo. 05/10914 registered on 26 Cct ober 2005 14 -

[ooyfyircreatiitide  (Ksptonb), c pabistyrénti n@Shy | mwwomgmaharene); poly(4- - |

SR EPAEL: S5 RSB AV e -

-gh‘zglg%%iﬂé 85 a fefepedicAtholifndn, MEYARhADBPUR invention as specified

I ment; when the nethod of the invention includes
dbloee,usenprisiag rteel phetochdrhisals itadliationhed 2i Eanskrir elc clarpesegomplex

el B SR BB R DB RS AR AN RS o

JRsHCEr @l NdaRkRSeIM, | QifdtREehhamadd, | C banwmittiley Obutyronitrile,

ﬁreat er than stoechionetry relative to the said
irl;gﬂwiﬁumgah tetralayslopiyrang. diexans aad wesitaious |

enbodi nent, .when _th ' UdeS.. .;

the %cé’rcgflg atlo F -ﬁlf:egr%fi %%ngﬁg%?%‘é, ﬁﬁg?ﬁ%ggfgfg alrngl%[tﬁgrnl se ecified

dbavé, hedmprising of éer pladodhinidah irrddiatiom afjaiernsfes of gharges complex
r in an aprotic solvent chosen C-Ir.o . acetonitrile,

o 3 .
farmest Hyam ofinearier, sters ariptacterised Rt PitoHie pieelgon-donor aromatic
WBLRY! fuldgenderodetra di OfARGeaNd p-xylene, |
Cg)gﬁ% gﬁlgdr}. C].‘hgﬁ’ee%orrﬁe'selﬁt B?ﬁg{}g%%gln%g?’so rel ates fofa e
mediffde ade Spehiafened l'abibveened hiar ppees.i Bed-dimethphghengene and p-

conprises of the photochenmical irradiation of a
dipthRerRERZEE- char ges conpl ex 15 formed from di azoni um

sal tAcc'%?cﬁHé AbNgh tavahiRehe i dRiRedingeRethodhef MRt RBdntion as
of the iInvention conprises of the formation of a '

specifisd ebowé, eimapripeag desphetrcheniead aisradiggori efz o riranmes ft charges
and an. el ectronsdonor ar ti , . . -
PR Lo o RO BRG P TR 0B e ggopgum sat s
dhes@chireme UsrorRBegichon dbfzoline, ddasdsticumtal diazmiih hend  4-
formation of airgi’}/l 20 radicals which bond to the said
daponsgebenAgi€@eWi ng to a preferred enbodi ment, the

et %tpq{ese%pﬁvlsﬂt\{oqp l.k félﬁ&"gprai rﬁ@tﬁo@g% %{ebﬁied above, characterised in )

phot ochiem cal 1rradiation a trans of charges
warpineludtotherde bf olmastimdoni um salt and is

h i sed i hat | i Wi ng. .
St oSN BIEE AGPiEtia cd IOREET Ty ©E RSB R ¢ ERETion as specified
02 ?J‘éf%%&@l’ks%%%‘%a@ri‘t BLraty Q@t‘agfegglaci%é tBé @N@ddeGn contact with

conmpound, to obtain a transfer arges conpl ex, and
the azedumt sabiapd treatatsiny with ugtesowesheni stry, of the said
in t

transfer .of charges copnpl ex, , t,0 oht e reduct i . .
of " THOBiR o RTERI TRt Pk Gp: M 9fjltlhe fRntion a5

dpBdFiE@laBoWiiE Bharacterised 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:
écetonitrile, dimethylformamide, benzbnitrile, butyronitrilf_:, dimethylsuiphoxide,

tetrahydrofurahe, dioxane and acetamide.
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bond to the said surface. According to a preferred

enbodi nent, the nethod of the invention as specified

30 above, conprising the phltochenical irradiationCgrfidential
a transfer of charges conpl ex forned fron1d|azon|um

sal t s characterised in that ctro
ar on"‘;l@ql %rese@bw@m%rlx alse Irql}%tgs o @HH? g sg Cfeaé) a{l Sr%aénc or inorganic

fﬁ?slqhtflﬂ§%ahé’i,fh@r&' Bn 1H@rg§ﬁb et frab&ot Sneﬂé‘rlalaéloﬁaﬁlhé?ry or ternary
po osen from . "pol ycarbonate ( henyl ene
mﬂlyﬁmﬂ piti demdBRS) matepall ppadred] bsnextlétsah@rn @Eﬂ@) method as defined
ﬁ%)éetherether ket one (PEEK), polyethylene

Vepht hal ate | nternational Application
PCTI FR2AQG{LO0SL G 1RBhEIEERbIGNHS Slpabesn 20QBodified surfaces of
Priority : French Patent Application No. 05/10914
pcdgmsmseqremor@ﬂmg@om@p@mbr theoRymctuse @ﬂmtmﬁtqomposw@f which are

fivﬁl} | fstg?{j fnt 16 Efg%e’e %teﬁg? &r(gpe?tg &y ?zl?? B FEAR: rgiven to the

ﬁﬁ’faﬁ@tm ’ékﬂhﬁl@ polﬁfﬂﬁElls)c.an e Ipyepaied ethie mhd?ﬂhaxﬁl%l properties of which are
Tor| on yronmel [ jtide gKa ptori (

Df@l"g?iﬁﬁl &,yé?@ cqu:w@):al %pry(qf th%@h@ha 1§t0§|ag}péz)tlc m%}(a&\d the surface of
Yhizy! R&ér {15{ 1€ ?Aﬁ):tlcg{s %J g tVédWlhé?XﬁthdéaeMeZ\{F)the application
poﬁyV|ny azo Ing to a preferred

@i‘ﬁ]ﬁdﬂlmniuppbh@j trtgeod. dhe tnighadhoetitei mner&smsq:ls:cerﬁabdﬁs inorganic
above, r|S|Qgéthe hotocpen1cal |rrad|?g|on

mRsFigidp PEIDTERAF SvIp 1AL TUPEYORSPNfWSHHE T b5 sty 3 sensor or |
k&mlé gfgﬁgg&g&(§§g inthat it is carried out in an
ro i ¢ sol vent osen from acetonitrile, .

d| rreAbt;drdlog nana (bartldmmwoacﬂ\tantdgeQUSb@de)menhi the, surfaces modified

di met h phOX|de tra di oxane and . ..
SecBEaY e SPRBHGT areg ot g b BA Bs FuRBaReER Bt ds ot o

ﬁﬁﬁfe@ﬂfuﬁflertﬂﬁﬁctid’h‘éﬁmﬂoﬂrﬂea@ﬁoﬁ@ec| fied above,

conpri sing of the photochem cal irradiation of

tr anElﬁeerterﬁf ‘Erighege functipplisations GeacHeny v IS @R DR rpxample, the
%?l %’%‘t 0 rll%gtecg{tg eﬁlg:qgrg elgﬂl %Qﬁecﬁ“ﬁ%rr o- BRekIe having the

ﬁhaﬂm%dl@glbtﬂﬂéhsmzﬁm&;xain@let off warmiti- 1hﬂa1pmaydrgnm aheblotlc an anti-

nmesityl ene, | e naphtal ene, |'anthracene, ? F f

PR tel§i Sretrheney BiSn AetREnRIf ng g4, alp@g%ﬁ}{y?feﬂ&eeﬁ’é‘ A1s"6 thecase o

(REARE O3st8.80 g%ﬁl@9§18§§u1€m'cﬁﬁ% ndehCin B Rshuloture of
IMventi on as pecified above, conprising the

saedrochem cal irradiation of a transfer of charges

conpl ex formed from di azoniumsalt, is characterised

in that the diazoniumsalt is chosen from

4- br onobenzene di azoni um 4-iodobenzene di azoni um and

4- 20 di azoni unbenzoi c acid. The present invention

also relates to a nethod as specified above,

characterised in that it includes the use of

ultrasound. According to a preferred enbodi nent, the

nmet hod of the invention as specified -
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above is characterised in that it includes a stage of

pl acing the surface in contact with 25 the diazonium

salt and treatment with ul ti7asound. According to Confidential
anot her preferred enbodi nent, the nethod of the

~invention as specified above is characterised in that

it includes a single stage during which the naterial

i's [ ' iumsalt solution irradi ated

Wi t h—gﬁlg— b ol oRes to an advant ageous

enbodi nent, the nethod of the invention as 30

speci fi ed above, conprising of the yse ul trasound,

is chigrect eplaissdoi the taafing tof; RoleippyleR &Icﬁ)_tu‘}dﬁr gffrasound by 4-
e ?o%%n%l“l:egia%%rﬂmt r%ﬂlfs%‘h@the hgalalin ‘?ﬁ'tgnéiﬁ'/ A'the CF; band over
5pro I'c sol'vent chose rom acetonitrile,

GinBES Erydst Dblack dexmdnerz Aniwhitd squates),\& Griadk irlapgles) and 4 (black

di net hyl sul phoxi de, . tetrahydrofurane, di oxan nd . '
OBENTREPIRL R REBHAI0 %ﬁpﬁ“@é‘f’l‘ 43%%3 6b&PoessEd by the

LSt on, 9 0 ol 199y En ! Jerench (Ratiebundel
éﬁ%*fé%%ﬁgﬁ’ﬁ%.1%§$1g§?aagggi?ﬁgfgd on ZGCébtobér 2005m165)

dreSpm{dis de tieira¢an GFhlee pthersserits.i nvention al so rel ates to
nodi fi ed surfaces of an organic or inorganic

“insulating material or an inorganic sem conductor

mat efigale Prreftcd tBahy g%ftihgrdquyeﬂe;ﬂmwmr)ommeommsbnm by 4-
materi"al, obtained by utilisation of the nethod as
aidfuorbenzeabdineoni B THaepresentscthe patiion; inveigrsiyridha biFe and over

the prepa o) f nodified,surf '
b S SRR Bl SRR APEES, S PRIATRER Rty 10 e
COMPOS of 1HRMbaalls WP gafed biy titegensteDiH ofF; thisd anfl 1182 cm™' and
surface. Specific properties can therefore be.given to

seies 3 <blatlaianglesycosespAnda o (e gae o6 siss | F8d SERBr ed,

t he mechani cal properties of which are provided by

the chem cal nature of the aliphatic or aromatic

chai Pigu@ngl rdlites suthkagaftiof of polyihetetivag PEEKYsndds| wWirasound by 4-

functions dependent_on the intended use of .th
A PTALRLARIRLI (N e HiF RS P B SRP AP R JRERSITYOT th, §F band over

gL hed;iaf ﬁbﬁ‘fckicﬁé[rﬁ{)‘ﬁds?,@ aveie: &pakkesnd Deblg@Nirfangles) corresponds
materials to be prepared havi ng organi c functions and

fespactjvéliytto ftbe varsaiomsofathe daady obPEEK msafted by [thgygrouph CeH4CF; at
] crqel ectroni.cs. Acgcording.to a particul
aﬂi gg@aﬁsl%gﬁtfga”éeﬁlte,s 4t &)éac CIOSSES Sconrtr)eéﬁélﬁeé dto t]fg mean of the

&g fgieb0 the invention are characterised in that

the aromatic group grafted is apt to wundergo further

functionalisation reactions. The term "further

functionalisation reactions" designates, for exanple,
the reaction of coupling, onto the initially grafted
| ayer, a nolecule having the pharmacol ogi cal action,

- for exanple, of an anti-inflammatory, an antibiotic,

an anti 20 mtotic, an enzyne, a conpl exing agent, a
pol ynmer or dye, but also (in the case of
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i norgani ¢ substrates), conplexing nol ecul es that can

be used in the manufacture of sensors. International )
Appl i cation PCTI FR2006/ 002280 regi stered on 9 Oct obepfidential
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05/ 10914 regi stered on 26 Cctober 2005 17 Confidentia
DESCRI PTION OF FIGURES Figure 1 relates to the

gr aft XPP %ene (PP) under ultrasound by 4-

5t onium It represents the

variation in intensity of the CF3 band over tine.

Series 1 (black dianpnds), 2 (white squares), .3 | ack .
tri &nghesiresent app{ieAtigRK 2IORYRHE SERYPS: B1S @gas@ﬁdémo SRR using
L . heias @ b Abmt RISt dtioRPy ultrasound.
r‘ér‘%ﬁ?‘gé%%ltgﬁée&“%r oups 5B PR 40?)91160, 1070 and

997 Grfifkihg ©eisiiesth fhskmekof auivdadrs Xreaettanr bipplsnidyereocarried out
the nean of the other series. 10 Figure. 2. el.

reRecghar sry shopoRyerTipTeRen e e (e EETuh e o be
afite thrddct WF&?%@M&I@&HB&.Um It represents the
vartation ftnintensity of the CF3 band over tine..
Series 1 (black dianponds), 2 (white squares),

ds r ectively. t . j ati th
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apaIrESthh ar
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ormat i “gr oug

INFAL DADT 1
INTALC FTART 111,

s are grafted

thepresent
onto pol yne

[72)

usimg meaduc
phatocqgﬂistrv

ion lpy, hond

genous reducer

s, by _ |

or By actiu

ation by ultrasound ?

G af IR mgrehestthe bandstrbarapssristie of dife ehemisphfynston riQe efign

bl Bavke)lefivetreepatiamariiedomsent Wifton ethuion forcpreaiquy folfRyvEd

t hasirecwitlv aieo then sicitorti wydenetpsiound Grong)” aeans ik bheket!

t obdods afel endto deatet ; o) psl yTreP22Mr: dfe| WEN#ted s 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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10 Table 1. Gafting test without activation of
4-ni trobenzene di azonium Substrate Sol vent
H2SO4.0,1 N Et OH PE a) none!®) none C) none)
a) noneb) none) none Q)

nonec) PET a) none b) none) none)

none) none) Teflon(r) a) none b) none ) none ) ABS a)

Kapton(r) a) noneb)
PEEK a) n

ACN. .
PP ndrmitfidential
none’)
one b)

g?ﬂﬁ Zbk}rmgl??e)st Qtoep\%ak c%'ng&thn}loﬁ)))f fhitrobenzene didzbnin b)

R search

of the bands characte

ristic of

Subsirafeser

foll owe

t he chem cal §4p&dti on -

' n @&{&Eﬁ’t%tlow th

rl nQI nﬁ \I\‘

NO2 'after having' |
t he sofGEY®8Mf or one

h wnat aor than Anat Ana
T —VvaAT T l.llpll acC Tl UIIT

f
© h:) U:‘ tl?esult

nda
thaer

uPPr asou

0, 22
Klaﬂioéﬁ/l& t

ggiected ;

nd, "none" nean

d) at 19 mMdet ed
y of the char

b) 4CY 0, 22\ ;

s that these IR band

C) sAiroah&dl sol ut
tion limt  of ToF-SIM

cteristic peaks is cl

S are not
i on 1Ndhe®
5, the

ose _t o

that of |the uniemated sanple. On t he ot,her hand,
ddct i ons wer gy gayri ed |out a?m“%%¥§¥sﬁbncentratloﬁg’e

than th e uced in th acant Al Pl
ettt < o TU 1 present llbaLIUII L TIT

L] CITY

ggﬁults.in TabA€N2 effectlvelﬁe@h@ﬂnbhat high 20Ngpe?
cent rlat i ons0 havfe to |be uSedcanemisthandll’e t o det ect

%ﬁ St erled BhOBk B bhor. 20BEUBET A PR L

h Pat en

concentrlat raon._of 4 -nitrinhenzene—di
et Ut T—9ot i B T | uux.llLCllC € aLUI[I UIII O

aﬁb.ent Acti vaACHn Resu
' rasou

| i catli on NoaCfR5/ 10914 reg|stered on 26 Cctober

2005
ibnfldentiﬂbmhfable 2. Giaf@‘ﬁﬁ“F@st at a weak &

g)

Co PP JACN
nda) Norll) PET 10y RABT SN 1)

a) 1 hour of irradiation; b) the bands characteristic of the chemical function ~NO, are not
detected by IR; c) 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 15 minutes. g) at the detection limit of ToF-
SIMS, the intensity of the characteristic peaks is close to that of the untreated 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 reactién 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 w1th 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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ACN mm Phot ochemi stry ) Noneb) PET 10 ACN Reducti on
by None b) PET 10 nm ferrocenenet hanol d) PET H2SO4 :
O, 1N Reduction by iodide') Xone b) ACN Si 02 10 nm Confidential
Utrasound E; g) TiN 10 ACN nm U trasound ¢ a) 1 hour
of irradiation; b) the bands characterlstlc of the
' cherﬁéwlgrmﬁéthecfﬁstrwmaﬁesm beiWect ed by IR c)
I rradiation
presence of/1 1 nMof & tol uene used to for'?n a charge
transf npl ex. d)-So¢l ution reag

Iutlo I e/ Onpt i
e det ectigon '?Mc;lf SI MS, the’i nt ensi
he characteristyc p aks is closetot of, th
P safed sanpl € @ mation of radi @ pom
5 o

omumsalt3|s ¢ basis of the de- tisation

to reaction. It can be done heterol yticall y @formatl on

P =0k stAf thepolymesrehyini cal |y (fornmation of Ar). "Mt is this
tatter reaction that it is sought to favour (GaIIi, C _
Chem Rev.1988, 88, 765) The tion of radicals
by rlédueeSs lmmolwc am%’@h%&?ﬁ%tﬁ g oty g & “0i&ion of the

) Qﬂéﬁ% Offy tch?zo‘?ﬁ{m]' GRt {08 thY sdme reaction

&{e%ﬁ&ﬁ E{e %% os n lér y %5 Bock mamS J. K Kochi,
whichrensichethe §m®vth oflpﬁ)lyptlcﬁdﬁene( lz@@rﬁ) c)urmgqth@rgrgﬁmge@f diazonium

that the radicals gb
I s AN OLATE GURIELE o £ KERGT g odbp o Podica, P

[f:1 o4sefl R9).t he sol vent accord| ng to an SH
yt| C aronratl C substitution reaction, ArN2+ +
Ar' Hhe aldithori ofrarHaromani2 radicalrio tandoudllss bondeisof reaptinpelpiopvn in the

Farth Peaet i capUaRE e b A P 68,  ace)

pol yner, either by addi ng t hensel ves to the aromatic

groups or doubl e bonds, by stri'pping a hydrogen
atom fromthe ponnerrF{na r agH likely to
couple with an ?/Vfra al . Inter Appl i cation

PCTI FR2006/ 002260 regi stered on 9 tber 2006
Priority: Fr Pat ent Application 0914
regi stered o 26‘0(: ober 2005 20 Confi de

di agEa.n}eg{Ofttgngwrﬁ&tCHag@ctl on is shovvngeI'ﬂ)w RRRf

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

O .

two radicals can be written as follows:

Q
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Surfac&%%%erl bed 7n Vari

PPH+ R -07 PPPPP=rest of thepolyner chain +
HI1t is an SH honol ytic aromatic substitution foll owed
by the re-oxidation of the 25 internediate Confidential

-cycl ohexadi enyl e radical by the diazoniumsalt. It_is

the same reaction which ensures the growh of

pol yphenyl ene | ayers during the grafting of diazonium
salts onto carbon or netal (Conbellas, C ; Kanoufi,

F.; Pinson, J.; Podvorica, F. Langnuir 2005, 21,

280) TheThechasisttof Gamafiomof mdicataby ultrastind i des@lb&d drovasioss reviews

b@??@j%tlg,sﬁ}a* rggtta{gsit I(}’O %' by o&vgigt hﬁ%c% d%ﬁa t@g e d re %rter(ljc%s cited). The
ﬁ‘yErg t‘?c%n & radléalso'froﬁl d}azémﬁfn salty Has HRel’ LBG(P & th@@dr golymerisations

mer chain H H The stripping of %/ro\gen atom
(Cthgmng lrm Iﬂol@agéamﬂél J.otwerd. BalymhScic 2006 |7ﬁg Wf; Vivgkpnandam, T. S.;
alcas an, be |ttenasfllo IHP PPP
Ot (5 et b B S B B Tog 45, 075
P@W@@@W@bmch@@ stered on 9 October 2006
Priority : French Patent Application No. 05/10914
regi stered on 26 Cctober 2005 21 Confidential The

nmechani sm of , f or !Tg;'ié%p%ﬁ n%ffo{l\gs% E?érs(}(},g@fa[otwy)asound i's

avotto, G°; Cintas, P.
Chem Soc.- Renft: ;%@)Gﬁethﬁlﬁereﬂl&ﬂalamcfo'ﬂQi@lphﬂdéSM)l t ed)

Th 5f ti f d s f
been used t o HAR gEre BOF HAFICE b RPP R BEHEIOND 1t s
Gaddam K._ Jpg. '_%@Bgng}?momlaﬁ%lght%%thﬂe@e (s]clgﬂller Goodfellow)

Vi vekanandam : "Vasudevan,
Umapat hv, -S.Tdfhiny pelwteh@ﬁ%rodlﬁyleae)Vsupplﬂbri‘xw@@ll%‘f)

]tc 2|e|p()|( ggﬁ:ﬂ Ic,g | &%glpgﬁxirﬂg%ﬁ?;dle%séestyrene F()slilpp 1erI &85 RS l\S)ne
" obtained by dispersing a grafted elastomer phase (butadiene) in a
styrene—acrylonitrile (SAN) co-polymer phase

— Kapton® polyimide (supplier Dupont)
- Polyamide (balloon stents)

— TiN, SiC, SiOC, SiO;

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

I - Reduction by homo_geno_us 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., S. 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 diazonium salts.
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- PET: polynethyl terephthalate foil (supplier DSM -

PEEK: pol yet her et her ket one f,0il (supplier Goodfell .

- PE: very high nol ecul ar V\%i ght pol yet hyl ene Mﬁdemml
(supplier Goodfellow) - Teflon:

pol yt etrafl uoroet hyl ene (supplier Goodfellow 15 -

ABS: acrylonitrile-butadi ene- styrene* (supplier
Goodiedhph)1 2+ Usbbd BINaEals tbdudénsper sing a grafted

el asf oner ut adi_ene)

phase
st yr/ér?émé’é‘? 9? én% ¢ do (bSARI?dI@Sd ﬁﬁ)lpyar‘fﬁ‘ii ubﬁlagsét tube. Moreover two
gﬁfo?]gg{e) r919.:{r¥d m de (supplier Dupont) - Polyam de
oon stents) 20 - TiN, SiC, SiOC, Si02 D azonium
sal t1- mehkdfdcaI&nmbbr(M)o’ff 1.42 lgrqfﬁdhemzbmgemdmmuun(l 47 M)

Gt.i b S ucers 25 The
diégd%le?flsacaté’gg?hfégﬁ%y §6B§g %@%ﬁh ﬁ(ﬁjynkl n D.,
BOC kB8 edperiMient KQehformdd atfsoncehtrafdhs ¥eie Bloss@Cthe sdlBBiTlty limit of
119, 4846% were used: Nat and Ferrocenenet hanol

‘{M@meneW@l’g@ner ally, other reducers are possible

Lo 2NEBF SR TERRRH okl ERIEHE BGFE0R oEhohudiea g mixture

cFSthegebivio %lludoﬁmh@ﬁo@hﬁiedsby f;lunnggah@-teBlt azhe (&to an ultrasound
Gonzal ez- Ronero, E. Langmuir_ 2004, 30 20, 1631). an
yepted fqgemersasang Al ‘Ilokﬁ@e%‘éﬁﬁp‘efuﬂﬁigger‘tlﬁ@bfreéﬁélxthﬁd{”éﬁ’crf: dgams. The
r?{ LYI\'? t&gs browiP Q? Itr)igsl;éf{ { Vr%stt %?gﬁogﬁt'rhgfsaﬁlb% QR HReAakith water
hat 1s nore gative t such as to
lmddluui:l&aajdndt(ﬂl@ mtinﬁzs:)nlwxm Bﬂelct:t;)ne I(forr @nadgdis)aq@iminutes) and dried in
plic t PCTI FR2006/ 002260 regi stered on 9 Cct ober
aZ‘(?GBum WS French Patent Application No. 05/10914
register ed on 26 Cctober 2005 22 Confidential Exanple
1 - Use of Na! as reducer: A sanple of a surface to be
Tnh]ea‘u bquFsSw&aaaiymn oépqlxemrstgnaféaed ler bowephend groups.

- o - |
OUI U||.1 onS—a& plc parea u J.' J.'-|- III_ UI abCLUIII I.IIIC

( ABNyfaces1 12 g of %k%ﬂt‘bﬁ%ﬁbé’ﬁienedl azoni un{tibutieny)  2-
14 nl of acetonitrjg W\@ + 0.609 g of Natg(1.47 M
Thi s pexperi frent |s Fer or rgregl at cgncentrati oPs very
close to the sol ubi %t(gllq)mt of :

4- br onobenzenedi azegigymy 184 of dolution 1[s added
to each test tube the 40f soljutio . Jhe mxture
10 ofgthese|two s](ﬂ9u]t‘ﬂo(ﬁ§r1 )hormgeni s&&gip%ﬁjﬁgﬁtg
the test. tibe intl67da9@ 10asound | vé@sEDCH.6H,OneBr|
second. A vjolent release of nitrdgend=cObAEMAYIfhe

m vt uurae fng Tha
LAY u~| A2 T OWUITO .

PEEK 79-81 (1.5 10%) Br
127 (0.4 10% I

TIN 79-81 (2 10%) Br
! 127 (6 10%) | T

_ 79-81 (2 10% Br
SlC 4 .
127 (3.5 10%) I

Si0C 79-81 (0.3 10%) Br
: 127 (1 109 T

. 79-81 (0.8 10%) ‘Br

SlOz

127 (1 10%) Iy

* Arbitrary units
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m xture turns brow (12). It is left torest. for 1

hour. The sanples are rinsed with water under

ul trasound (10 minutes), twce in acetone (for Confidential
anal ysis) (10 minutes) and dried in a vacuumfor 18

hours. 15 Tabl eau 3. ToF-SI M5 anal ol rs .
gr af Tl pteyense oy olpf@mi,@?(]gyp t}gq, éltl}‘ gfjf: fpé)g)gggrs @ég‘f&'en brominated

%I nteenlrﬂsc‘ bf %)pé@r%%ﬂ lb%g,) rly [435 \_?_Jc}iefégﬁelii%%m% 2 Ectg-af?tﬁa(tﬂe surface

rsL abd ]dlelec‘tﬁé’s M&eé@rlﬂ@)pr@@n@(ﬁf—lﬁ@x—maﬂ By peen on the
213 -.81 %
mfa‘ge ]}mw |ndlc;1§sgliat éd@%)%omé eri (Ngf?_l??ttl%%flﬁf) u&er%gv%reacted on

_ %‘%5%‘% 2 104) Br 127(3.5 104) F 79-81 (0.3 103) Br-

|'_OC 102) F 79-81 (0.8 103) Br Si02 127(1 103)
:3- * Arbitrary units International Application
CTI FR2006/.002260 t
Example 2z Els.w,f és:r%csengr ¢ 13“9L(%¢8ﬂ2&&“ﬁ asrrggl?ce[

Pri ot ——car o= NO. 0o ITUJL

regi ﬁtsﬁﬁl‘f@fé &a 3l§rfz§3'étt@hﬁrm3&ﬁ5d 12 a&nini L8t ubk. AstEJtlon is then
presence of brom ne on the surface of the polyners and
peparedr om nated fragnments of the polyner PET clearly

Showb SR RERNALT £835% b BolBetRhlAeLnih (0.1 M)

t he ectrics reover € presence
of i ndingl spdtelRiItHERAMON) + bSO ngﬂch@EEOH/\m cM)i ndi cat es

t hat iodine atons derived from t he reducer have

r eac? enlonof ssaluionsulf dge 2ddsdanin ecash- tele tBE 8% 2 ml of
F

Ssalrubaré erk?gg]b&%@% ra;noﬁ | Z@ee WE&:FO{%?% $ uﬁpég@ @b sBlutions is

Béthodened ity ploeging the test tube into an ultrasound 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 samplés 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-bromophenyl groups.

Sample Peaks (Intensity*) Attribution
PP _ 79-81 (0.6 10%) Br
' 79-81 (1 10%) Br
93-95 (3 10°) CH,Br
PET 125-127 (3 10°) [BrCOOH,]
' 139-141 (56 10%) [BrCH,COOH, |
153-155 (1 10%) [BrCH,CH,COOH, |
PEEK 79-81 (1.5 10%) Br
TiN 79-81 (3 10°) Br
SiC 79-81 (0.6 10%) ' Br
SioC 79-81 (2 10%)  Br-
Si0; 79-81 (0.5 10%) Br

* Arbitrary units -
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prepared 10 1- 14 m of acetonitrile (ACN) + 0.39 g of

4- br onobenzenedi azonium (0.1 M 2- 14 m of

acetonitrile (ACN) + 0.30 g*of FcCH2OH (0.1 M 2 nfopfidential
so: ution % |(]§ added to each test tube then 2 m of

sol ution inal concentration 0.05 . T ] -

f or N MFgsenpiR 96 dIABIng Anuthe SHslaps of ﬁmwé}gme'éi%ﬁ%%%r rominated
I j N At I

o R e e B e "

of fte: polyhemsenpdsdesidsr om orange to deep green. It is

left to rest for 1 hour. The sanples are rinsed tw ce

in acetone (for analysis) (10 mnutes) and dried in a
vacuum for 18 hours. Table 4. ToF-SI M anal ysis of

polyners grafted by 4-bronophenyl groups. Sanple
Pealxafpiple8nsity*) Attribution PP 79-81 (0.6 104) Br

79-8 ' 4) Br- 93-95 (3 . . - 12 .
28 3 B Py S T oy
tétiafitoHoBLEH? EHZQRRAE R elanfEkkord e84 ti{elfoHowMg deraTiokal method.
79-81 (3 105) Br SiC 79-81 (0.6 104) Br* SiOC 79-81

(2 tili)@?fOBPWingiﬁiiDIZp%dBl (0.5 104) Br" 20 * Arbitrary

uni 1 nt er nat i onal-Appl. i ForRET, FBEP6490226
regl"g‘_itaers_eoutoﬁ1 9(9%:l7()5be1?1|“%28%£6t gﬁ% oéri4§y : Frlrge)ng% grgtler?{ ACN
Appl i qat paMNand05/ 10914 regi stered on 26 Oct ober 2005

24 Confidential _The e .of bromni
S FRGeSURamer i JcRToE YO Gt ROFBdn S gEY (e 0

of thq\d%_ol ymer PET clearly show that the diazonium
reacts th the surface of the polyners and '
di elretlyj 2.5 miSofEohniphe) B MM@lmb@bn&O@tabé%a sample of

grafted by reduyction_o orre di di ' .
LTS b LU o ot SpRDE P on 0 o o
%NeGItIRI:(b@W 419 ReKAL A oA, 0MB! {heGnixture 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).

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 16817 C=0 1658
PEEK /) .
1) after subtraction 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 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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The following is prepared: 10 a) a solution of 175

BF4- +N2C6H4000H in 7.5 mM of ACN (c= 0,1 M; and )l

a. solution of 162 ny ferrdéenemet hanol (FcCH2OH) F’bfde""“l
7.5 mM ACN (¢c= 0.1 M. Firstly, 2.5 ml of solution a)

is added to a haenolysis tube containing a sanple of

15 polyner (see Table 3), then 2.5 m of solution b)
'l(z{lilg@ &@%&?%ﬂ%l{e?%f oisp1 a0 Dby disZMNeahi4eI0 0t 1-anfindbenrdit ac1d

e m xture of thPSP two _solutions turns

dark green and buhbl 35 %fop&(tnrt&gen ar eAﬁgb@asﬁﬁactThe
df

m xt ur e Sanplden pl dc und for t.es.
The sanples are rinsed un l&etd{ ?aqrrrnd aftg;-g?‘dgﬂi'nre\ﬁn ¢

_ 0
minutes), water (10 mnutes) and ACN for ahBtysis (]O
Lnnlit es) bPI;’aﬁ) ;I]'ablle 5. IR apg ysi s of pgl(yﬂf@rl@ dihadet)ed
y 4-carboxyphenyl |groups. Sarrple | F
Atltri bution 4-am nabenzoic acid 2) (MB?QQQ%;;@%“ P\teﬁ) 5583
PP 1617 ®ETe vibration 1599 PET 16&13) C=062658 PEEK
)
)

/ I ')P EKE subtractrongqt the pclyrregSEa@lept@t)rm 2

Lid 3\ ection on.-the ester bankd PET

tae t*@-@'%aﬁﬁ%’mﬁf'mt wettrveére'hrr&e t”H*é"”t%ti’rﬁ‘&&ﬁﬁP’a“"“ Sishedrop.

too close to

t he TRStREESCRES %te I:B‘ E g&lﬁﬁi’g’g%gl%&éc(g% %Cél{pa‘ﬂ’% tﬁec‘ ar%]rnatrc cycle

dr& fid AIUELOT thaseiraRt E@vaprodPpl ithatgrafting of the
F&Eﬁ'%w Olregl stered on 9 O%t og%rr 2006 . °

ﬁrenphafbyxyl@rgrncmtd?dnﬁenmfa%ppl i cati on No. 05/10914

regi stered on 26 October 2005 25 Confidential Table

6. Contact angles of sanples grafted by diazonium salt

of 4-am nobenzoic acid. Sanple Angle of contact Angle

of contact before treat ment after treat ment 114 ppa)
plc ph id & Hnut es)

Hypophosphorous acid has been used to reduce diazonium salts

(Pandurangappa et al., 2002, cited above; Miklukhin, G. P.; Rekasheva, A. F;
Pisarzhevskii, L. V Doklady Akad. Nauk., 1952, 85, 82 ; Kornblum, N.; Kelley, A. E.;
Cooper, G. D. J. Am. Chem. Soc., 1952, 74, 3074) and preferably in the presence of

carbon black, which allows the surface of the carbon black to be modified by the aryl
| _

groups deriving from diazonium. ' ' l

Into three haemolysis tubes each containing a sample of polymer (PP, PET, PEEK
foil), 190 mg of 4-iodobenzénediazonium tetrafluoroborate (final concentration 0,15 M)

is placed then 4 ml of 50% hypophosphbrous acid in aqueous solution (final

.concentration 0.15 M) is added. The tubes are placed in an ultrasound vessel for 10

minutes to homogenise the mixture; the diazonium salt dissolves progressively. At the
end of the reaction a precipitate is formed and an oily surface-ﬂoating liquid and a
strong aromatic odour are observed probably indicating the formation of iodobenzene
(Miklukhin et al., 1952 — cited above) The samples are rinsed under tap water 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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PET 90 62 PEEK 87 55 (after 10') a) the angl e takes

sone tinme to attain a limt value w thout notable
evaporation of the drop. 5 2fhe presence of IR band§onfidential
corresponding to the C=O group and the aronmatic cycle
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The pre_sehce of IR bands corresponding to the aromatic group as well as iodised

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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PEEK 1562 Cycl e vibration

825 CH out

si de the plane 1)

after subtraction of the polyner spectrumb5 Table 8§

ToF- SI M5 spectrum of sanpl @8 treated by 4-iodobenz

di azoni

Attribution
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FIRESH] alebchel {ﬁ’ ate@bh) 6 iseprdpheoli (@LB'S)hﬁmiy} ultrasound.

anpl e 5 The sane reducer is used to reduce
’mmpm&mmhedmeh31dvazomumﬁﬂﬂh t he presence of

and ABS.
e of pol yner,

5 10)

" PP 205

& FOHLLERLR
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Table 9. IR spectrum of polymer sanples (PE, Teflon,
ABS) nodified by bronophenyl 10 groups Sanple IR
band') cm-1 Attribution 4-8romobenzene di azoni um Confidential
1555 1555 PE 843 CH outside the 826 plane 764 763 Id
1548 Cycle vibration Teflon 852 CH outside the plane

758 Id 1584 Cycle vibration ABS 824 CH outside the

Pl a0, %ﬁ R %%e&fuh%f%%rea(‘shﬂngrésg@ eflpR) XWSH modified by

spectrum International Application PCTI FR2006/ 002260
bre@optiestybgroops™ COct ober 2006  Pri or| ty: French Patent.
,ZAgnl j r‘fﬂf -qnn N I 05/10914—regi-stered—on—26—Cctober—2005
| dent | aP oF SI M5B spgGhkiym of
pol ynEl 'sanpl je e?@ t?‘“%&o% ABS) nodified by
~ bronophenyt—groups™; ban'pl e |[Peaks (Tntens]ty*)
AEt_rl bution |[79-81 7§r Br+ | 104- 106- 2ICH2Br
. .1:9- 181 C2C6H4Br I](E?}OB99 ( GH2) 3CoH4BiHT:-PHBR25 - 227
(¢H2) 5C6H4ABr | 264- 26 gyot atftri buted CA9PLBI2 not
affitri buted 183- 18% Q?Z)ZCGI—MBH 3&5{ 8 /H.Br
((,H2)6 CH=. CH-CGH4 efl on 79-81 Br &ﬁ%g‘) .79-81
Bri", BrP'E (C 5C6 Br
264-266 not attributed
290-292 not attributed
183-185 (CH,),CsH4Br"
265-267 (CH,)s-CH=CH-C¢H,Br"
Teflon - 79-81 | Br (weak)
79-81 . Br, Br'
ABS 191-193 C3-CgHaBr*

» Only the fragments containing bromine are indicated, 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 ternary

compounds ((TiN: 20 nm thick), TaN, TaN/Ta (tantalum deposited in'a 10-nm layer on

15 nm of TaN)) and of dielectrics (SiC, SiOC, Si0;,) used in microelectronics. Into five

- test tubes containing samples of TiN, TaN, SiC, SiOC, SiO; 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 H2POs (50% aqueous
solution), it is shaken in an ultrasoﬁnd 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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or #gqningnfs gnd once 1 n [acetone und Fultrasound
0 antN ARty dried ®n a viacuum at 40C I nternatio

NS T+ ~+350VDOO-S0OC

Appl i cation PCTIIFR20Q%¢ 002260 regi st epgd Q9 Cct ober
2006 Priority :| French Patlent Application—Ne-
05/ 10914 registered o 26 COct ober 2005 29 Confidentia
Tabl e 11. ToF- SIVMS—speetra—of—dieteectritcsandbimnary
or ternary conpqunds &odifiled by trifl&oronet hyl
phenyl groups. Sanpte 1z interpretatééy FL9 F 69 CFB
TN Ta 145 C6HAGF3 16D N Q6HACF3- 19°¢lHN and sic 6D
ar3 143510€6H40F3+ et 49 F 69 CF3 4% BHEr3+

304 O-C¢H;CF;3-C¢H4CF3

317 Si-CgH3CF;3-CeHaCF3

473 C-Si-CgH3CF;3-C¢H3CF3-CsHaCF5

19 F

69 CFy

Si0
2 145 CeH4CF5" "
283 (HOSi0)-Si0,-0-CsHaCF5”

~

. The ToF-SIMS spectra confirm the grafting of trifluoromethylphenyl (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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Si OC 197 C-C Si - C6HACF3- 304 0- C6H3CF3- C6H4CF3 317

Si - C6H3CF3- C6HACF3 473 C- Si - C6H3CF3- C6H3CF3- C5HACE3

19 F 69 CF3 Si02 +e[ 145 CHHACF3 283 - Confidential
(HGCSI O - Si 02- O C6HACF3 5 The ToF-SI MS spectra confirm

the grafting of trifluoronethyl phenyl (the presence

of trifluoronethyl phenyl fragnents should be noted

0 REAUGHIRD! o doafefe Ui by éﬁo@kﬁkgﬁ&ﬂiiﬁ?m&)ﬁﬁn

visible on the spectra should be noted. International
Appl i cati on PCTI FR2006/ 002260 regi stered on 9 Cct ober
2006n the jasti¢le by: Kpsyskirh epak éh?77/2»(?9§?@®aﬂt%ﬂ INGS- Kochi shows that

» C?S/ 10914 gste(g%%t fgroerg gnr%er‘?‘e a%hﬁ egndzi)Q 8- tﬁghlgﬁgﬁ 5 fibdrbenzene-

Z0nIYR arge transtrer conpl e

BRnAshemhc Rl dlhidnﬂﬁh %hlt@&a.rf}ﬁng hkctads—httfab’&v@yhéfmsgdngmmps making
et al. (1977) (aI rea g cited K. Kochi shows t f}]
lemz oHIrensasHY sdpgibled aformof GBI SRRt clector-rich

trich I
Sl AL PP LSRRIt i
b eiviglawagelengh. Thkirrgliationerhthase &omaii‘lxlegl prosldcesi 4sl @()mted state in

f h t f |
et e QnCHEET g aaT 1o e et oay i e, which

Q(?srt@(}fice F%&%H?]P}Sf éﬁ??ﬁd%dlso RehidH) in tHa€a¥ed 8 Heited publication, react
wavel engt I rradi ati on of these conpl exes

with dhee esnaaticesobienedo $¢adt © HiphenglswHihéshreapties) bag pesa transposed to
transfer fromt ed| 1z oni It takes
ofttaip &he (RAsHaR Oflal é‘fegaf’vﬁté t#*eo? Ton S%?S§ﬁa§e?ad| cal s,
which, in the case of the cited publlcat|on react '
with the aromatl c soI vent to lead to bi phenyls Th|s
reacExa]m h albbg A ando drradiationt af (¢ RAI' €~ A1 :

tlrjlrng\ﬁzeﬁ?lﬁﬁmﬂba%rdpeie\deen 4- br onDbenzendl azoni um and
I met hoxyben T -
14 ni- REUTAGS, § i q“@w%@ééé&%%%@@ﬁ@?ﬁ@ 30 M
I\/D 2}8 41”14%1&@13 037%, f9143E1 nletfio:dbERiRoxy bergene (0. 30

he sanpl ésare placed in’a test tube ‘and 2 m
of eBghsaoples amnplaeedadﬂed(:st ttidee and 2 ml of each solution is added; the

golden—yellow colour corresponding to the formation of the charge transfer complex is

observed.

The solution is then deposited on the samples, left to evaporate and introduced

into a Fisons irradiation tunnel (H lamp). Five passages are carried out (belt speed 2

cm/s, or approximately 40 s of irradiation). The deposition and irradiation are repeated

twice and terminated with 10 passages in the tunnel. The samples are carefully rinsed

~ twice in acetone then twice in acetonitrile for analysis (still under ultrasound) then dried

in a vacuum at 40°C for 16 hours.
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- raodified bg bhbloyhamisgedf chavgegranisfer gemplgnes. t hen twice in
acetonitrile for analysis (still under ultrasound)
then dried in a vacuumat 40C for 16 hours.
I nt efnati onal Appl[i cati on PCTI-FR2006/ 002260, regi st ered
on 9| Cct ols&awrl2006 PrP%KWe"ﬁFgﬁch Pat ¢nErSION cat i on
No. 0510914 Tegistered onm 26 Cctobe 2005 31
Confidential Tablle 1279-30Ft,SIIME anal ysys & pol yngrs,
glna ytorhpprnary c?npqnnﬁﬁaanﬁ)dieIéctriquandif ed
y photochem stry |0 I - fer|co Sappl e
Peak$ (Intensity*) Atﬁpiﬁng%%?H 9-81 (1, §§%§h8r gg
91-93—110) CBr | 103- 0p éu 10) CHZCHZBy . PET
79-81 (1 1@4) Br 93-95 o-,’slﬂcPZ% [ CH2Br | géEK_ 79-B1
(Bl 10) Br = Ti N 79-81 (83-85{@8)10Br sjc 7§CHBY7 104)
r* [SioC 79-81 (1,5 103) Br |2 79-81 2 10) Br 5
* ArbitraPyEknits |The b?e%bﬂo%ﬁ f bronine( the)

ToF- pFvBspectTum|is quite conpatibl¢ - wth the
graf{ing ofiM- br oopheRyB1 §:6UFs to the sufface. 1D

Exanpte—8——Fornation—and rradiationm of a charge
transfer coithl ex betméEhSlﬁbMﬁbazoniun1saﬂh'of
4- amnobenzoi-c—acid—and—14—direthoxybenzene—Thre

sanmpl es okjpeal yner|s argogaped 109 a glass pBate and| a
0.4 Mof diazoniitm-salt+—of

S
sol ution containing 0.-4 Mof diazos Hu-sal-

4- am nobengei, c acild andQ@lflMl@ﬁ 1, 44di et pxybenzene
in 15 acetonitrille (ACN) (the final lconcentration'is
t her ef bAebi0aty Wlitsi s deposited on these

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-dimethoxybenzene

Three sa.mples of polymérs are taped to a glass plate and a solution containing 0.4
M of diazonium sait 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 fnerc’ury lamp) or approximately 20
-seconds of frradiation, 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.
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sanpl es using a pipette. The solution wets the PEEK

wel |, the PET averagely and the PP very badly (the
solution has to be spread c¥nstantly allowi ng the Awfidential
to evaporate). After 5 passes in the irradiation

tunnel (Fisons, H nercury |anp) or approximtely 20

seconds of irradiation, the solutions are entirely

yapQgha ) lAskNg 1S
R b e R L e W A TS
under ulitrasound, for |10 m nutes jand dryjng takes. ,
Paraple i n alRhendiamt 4oCAttribitionnat | offadMIRgpeIZeKackh cm
PCTI ER2006/ 002260 regi{stered—on Cect-ober—2006

Propority : Freggh Patgnt Appbicatjion No. 05/ 165814

regi sterled on 26 COctober 2005 32 IConfidential—TFable

13! R anal ysijggpf pollymerg=graftied by 4-car pgsgyphenyl

groups. |Sanpl e ?R band') cm1 Attlribution

Ar;fg:.gglnobenzoi cqcid2 cm1l PP 1686 C=O 1658 PET

- 3 =0 1658 PEEK |/ 4) / 1) after subtraction of

1) hfResup@dcjdiet the petpidr spRtru) 2)saldi 3 proBytiopr oj ection 4) the

4) G=0-band>T Hf PEFieaREEKBLQOHEouCE HYOE tcgfrecsiéfﬁngaié%fdt 00
cl ose to be distinguished. 5 The contact angl es of

t he ter were al sp .nmeasured before an ter ..

tr ea—rﬁf‘eﬁc{m?ﬁ an@ﬁ% O? Pﬁn‘g%érr VB aar %aéq’gregé) %%ﬁrgf(l{ld Zf‘g%rl fgeatment by
4t traf0Ret 8cdhagt@lcemphix: sanpl es grafted by the diazonium

salt of 4-am nobenzoic 10 acid. Angle of contact

Angl e of contact Sanple before treatnent after .

r eat 123 a m : :
T3P Smitf feQEyor Bt GEe Btk e Sl of % amingbenzoie
hakes sone tinme to attain a limt value w thout
notabl e evaporation of the drop—The presenrce—of—the
CFO bands of the car b dvogfshefrophtagk oups addglerd cantaet
hiydr ophPPP8'®hat ur e| of vkhge gedtheste denonsifteatreatwsinl t he
g
El

afttng—of the carboxyphenyl— 15 cpem cal qnreup.
xanple 9 - Gafting of bronophenvi

trifluor d?[EFfenyl grpups by 124 72 (after 10 minutes)
70 (after 20 minutes)

PET 90 - 79

PEEK 87 | 58

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

The presence of the C=0O bands of the carboxyphenyl groups and the more
hydrophilic nature of the surface demonstrate well the grafting of the carboxyphenyl

chemical group.

Example 9 — Grafting o_f bromophenyl and trifluorophenyl groups by

‘irradiating the surface in the presence of diazonium salts

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.
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I'n this exanple,
t

ft. out so that the .
TebBR Gl R eyt solution

cﬁ‘z éf—grc}ng)(%l{eg%éé}eaiggoprﬁ? Cg? %ﬁ%@?‘g%ﬁ%ﬁm@md on the other a saturated

erna

RMutnOof abeifludfdethyPbérmaenddyazoniamre mc H3& eI N.
5/10914.regist r ed
2 ey R]

Appl i cations .
lﬂeé@tesgn@owla\ﬁh%

6/ 002260 regi stered
’lghese samples are

R (E[P]aélga. ﬁg{)gg}%er{%iéngtely 100

s 1 s PR ATRAshtlyawSALA Ah&Avae Weh @Ricefin distilled water
E%—‘Egﬁnsnoﬁge-ﬁizl@ﬁediazoniumlyn H2SO4 O 1N i s deposited and

wrlet kbrastinel foa 19aninuteselien sohestqngringpr ultrasound for

10 minutes and

4-tr.ifluoronet hyl benzenedi azoniumin H2SO4 0. 1N. These

drigdinayagiun. i ¢ 1 adi at es

in a tunnel

under a mercury

vapour lanp (HIlanp) for approximately 100 5 seconds. -

The sanp

P )

caml o

| es are abundantly i
Tableau i nl5di sToH-BBYSwatnalysiun@ér samMpless olAdIRe
%J p]%cegone under ultrasound for 10

dr #edPi'n a vacuum Tabl eau 15. ToF- SI M5

washed i

f1iaod by he -

n hot water the
&b rLromo- or

anal-ysis—of—sanples—nodi

trifl uchapit hyl phenyl g

HEeG— 0yt

oupsMzSanp

ey 1N
o= Ul 1U

e mz AttAtEDBELSN

79,81 Br

PEEK +- 4-br om)benggg?dl az

onl um 158, ygo, 162

Br 2 171,173 O Br- PEEK+4-_1
pEAK b hliiareBlhadihenzanedi agmnigomep4s C6HACF3  PBE + 4
- -bronobenzenedi azoni um 798+ Br 19 F—PET +4—
-trifluoromethyl benzenedi aZdhildt 69 CF3 145 CoRHCF3- ;
C6HACF3+¥ ABS + 4fbronobenzeﬁgd|azcn|un179, 81 19 F
69 CF3EEABS + 4-trifluoronet hyl benzenedi azoni um 145
tri {BBFAGES [ beBABediMRNOR C6HYCF3) 1GH2CH(C6HACF3)  C4H,CFy
PET + 4 -bromobenzenediazonium .79, 81 Br
19 F
PET + 4 -trifluoromethyibenzenediazonium 69 CF3°
145 C6H4CF3- N C(,H4CF3+
ABS + 4-bromobenzenediazonium 79, 81 Br
19 F
' 69 CFy
ABS + 4-trifluoromethylbenzenediazonium : -
' 145 C¢H,CF;

345

.CH;—CH(C(,H4CF3)—CH2CH(C6H4CF3)

The presence of bromine and trifluoromethylphenyl groups is characteristic of the

graftihg of bromophenyl and trifluoromethylphenyl groups onto the surface of the

polymers.
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The presence of bromne and trifl uoronethyl phenyl

groups is characteristic of the grafting of

br omophenyl and trifl uoromefhyl phenyl groups onto pﬁéf‘i"”"“’
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Use of ultrasound Surfaces used: PP: pol ypropyl ene

I1If-0Use dfsSvRphsqindoodfel | ow) 5 PET:

poryethylterephthal ate foil (supplier DSM PEEK
$wofaget imedet heMPepolypropyiene (ailsppnlier GosddtleV) ow) Ti N,

SiC, SiOC Si a S r r ate of

4- br ormbenzeng%augglé’ﬁﬁ"&' B\lﬁhélatgh ﬁ(ﬁlgwgaff uo obor at e

of 4-bronobenzgmy: gb@étﬁé}btﬂ&kétéhdjﬁ)llQ:fm))phel()}oodfellow)

4- am nobenzoi ¢ acid diazoniumtetrafl uoroborate

(ﬁ CEI ner) 4 -Nod¥beH2en@ Qi azoni um tetrafl uoroborate
chi nmer. r
Gl <o GOGHEE R EnoliabAnd Siamiiah RXIBAF!

its frequency TesraBGorksblrateld 4Thremobenzohe giewsyium (Aldrich)

ul trasound (Povver rasou 20 at 100 KHz an
activate or g}e JS‘E‘V&“E@&W@HQ"&%& {‘ﬁll‘:@mer)
met hod has btengdﬁ%b@%@glﬁz&ﬁmﬁteﬁﬁﬂ%ﬂ)b&@tﬁ KWhimer)
(Cravotto ntas, P. Chem Soc. Rev 2006, 35,
180). The chemi cal effects of ul trasound are

associ at ed vv|t t he pheno of cavjitati
pr odkftéesUIHRZHD teYﬁﬁ%“'ﬁ)atuﬁ? iebid %’Feé(ssﬁ?%esr qu((:ama?/ﬁ gssel of

A .
gg 3?2%@235{ ﬁs%d%t hmh Switt ﬁE‘P{E&J&g%lsS}ﬂ}@z.ZO formation

e radi cal's obtained from i
azo- "Uieslilsecdﬂrtoww Imiltt‘asmlnel ﬁ’rodver pliraseynd §14) gh]gﬁOeKHg),@an activate or

_t?%ggruﬁ&“gcihore%tllo tﬂi %O h%% aeteln ub'% réﬁl Q%%gt review

(gﬁavojﬁgl)(} Thgadeeonpani 5bOMRSS 2@36@23511!1180‘) 'Sl&i Tcﬁexhﬁsl effects of

een observed by spin-trappi ng experi nents
Diresctad e Asoid ith e aRienogaE of Sew 36 Wiggsproduces high

Th di | d
tafnigr rlﬁﬁ%aag Rrgsrslg}#a %CJH&IXI dIIIJ]% g@% qgﬁgﬁ'%ﬂsg{‘s ?)%elﬁogn?non is the

f&hﬁ?ﬁt}ﬂ foﬂCr@d@ﬁllsthyﬂEt:hS radidals dotedieed rfioms. azEabaﬂmibetyl@lltrlle and

aftin ypropylene by nitro hen roups | nt

pasexydi ﬁ%‘@l beengsed Walmgee 9F Pﬁ fégtgs] gﬁ r(lpfs)l& (Cheung,
1 r-ab

) e}'l'rrg(? uor J A ?fol}%n 539 ZUR/(; 780 €03 ETiRe &Ec@ﬁl‘ﬁﬂélﬁﬂﬂl of diazonium

or at is 1ntroduced and |eft
daftsldias betit bhsovridby Spin- tﬁapbmgrem@rlmemst(&ghor“ﬁheDsahplf@, E.G. J

1;3rsakzgar Ef ul |1¥81{,i E]Zc'ée,d%g)] et ord’lcagngerlvmg 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 nitrophenyl groups

Into a test tube containing a sample of polypropylene (PP), 25 mL ACN and 1 g of 4-
nitrobenzene diazonium tetraﬂuoroboraté | (c = 0.16 M) i.s 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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Flhtzrraﬁ]l ce; K Critchley; S. Evans; J. Preece Chem.
Physgx g0 120Q3raffing 88 )polymépsafnd emidroelecbhicgsubistrates by
pol yimers and m cr oel gect'r opniygg.spbstrat es by
?Lmntm:lfwmygrogp@u@lutl@blnmqemlﬁrﬂe acetonitrile Under

e same gonditions ,;as._abov ol - S, ki

or -t B 0" B e o 2h PATRE e SRERS IR terary
P foundi QFaceSi £33) inbulatifigs surblcec (SIONS3,, HEC) in estwdleairenics are
at once usi ng 4-bronobenzene, di azoni um

Confidential

treatedudl] omenBiiAE 4-hsampbenzenerdigzqoim fgraflpgiobeyagsalt

anal ysis of sanples grafted by 4-bronobenzene
di azoni um Surfaces: Peaks (Intensity*) Attribution PP
TabRAu (& TLF)SIBLS andPETs afSadpleg grafied py Brbropabeg e dazpoym

CH2Br REEK 79-81 {3 104)—Br—FHN-7+9-81+H6-165—Bn- sic

18-5)81 0. Surf}ps:Br | SiMdEky@n@isi(y2) 10)| BrAtu$iw@n79{81 (4
Bi * rhity 3

2 Ny v/ 1ttt + o Thao A £ 1 :
afoH-Haf-y ittt S—me_Presence or oronrie

proves|grafppng of the7bsarddbdnyl group Bo the
sur f ace——15Exanple-12- Gaf}ing > Of
pol yner's b%&q: onmopheny79¢ildlips.) - Reacti onBrn aqueous
sol uti on. A 0.2 M s33-98 (00 1@ 4- br onoBERBene
di azonirum-tetraftpoeroborate Tn +H2SO4 01TV
(pract ijcal Py¥EKat uf at ed 78681uBil6H) is di striBsut ed
bet weenfive testtubes—eontarnng—sanptes—of—pol yner
(PP, PET, PERK, PE Tef/ba®1,(6ABY). The tubés are placed
in an ultrasound vesselfor1-hour—Fhe—sanptesjare
rinsed|wthgjpot tap wafgegy (EguEg in Br

SiOC 79-81 (2 10%) Br

Si0; 79-81 (4 10°) Br

* arbitrary 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 d.iazonium. tetrafluoroborate in H,SO4 0.1
M) (practically saturated solution) is distributed between five test tubes containing
samples of polymer (PP, PET, PEEK, PE, Teﬂori, ABS). The tubes are 'placed in an

ultrasound vessel for 1 hour. The samples are rinsed with hot tap water, twice in
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I nternational Application PCTI FR2006/ 002260 regi stered

on 9 Cctober 2006 Priority ;s French Patent Applica dential
No. 05/10914 registered on 26 October 2005 36 Coffidentia
Confidential distilled water under ultrasound (10
d'ﬁtméﬁewsﬁtelatﬂgiek ﬂlt?a@@ﬁrf?ln(qoQl'imhéQ)pz{rleiﬂerlztoﬁ@&S?soﬁr@ganol (ABS) and
finally dried.in a vacuum Table 17. IR analysis of

fowlly deed isavaaue. modi fi ed by bronmophenyl groups.

Sanple IR band') cm 1 Attribution 4-bronobenzene

di azoni um 1551 (projection) Cycle vibration 1555 1460

PHL b3 7. 1R83halskts\oif EB@Eﬂe@é"su?ﬁSe léldsfi cdiebyt Biempbladigl é’r@ﬁps
1553 Cycle vibration 1465 PEEK 830 CH vibration

SaHpei de I herrobaid® cnd 551 Q’ClA‘ﬁtrl%u@érﬁtl on %O%Beﬂdne dlazonium

vi-bratteop—F39—out-stde—t-he |~JI arne—155% uyuc vibratton
Tefl on 8{LO1EH (prijeciionpn| ASGElovibeitide t he pl ane 13550
sh Cycle|vibration ABS 824 CH vi brati opn outsidesgde
PEane 5(1) after subtraction of the pplyner spectrum
Internat|onal A3l icatipn EETVIBREBO6/ 002260 regi®&Per ed
on 9 Cctpber 206§ Priori bytside Breeplede Pat ent 756

AppH-eattonr—No—05-10914—registered—on26Cctober—2605
37 Confidential553Tabl eal ¥SycleTobraBbMS anal ysi s of
sanpl es graftegydy 4-brprobenzene di azpnium under

PBEK asoupd in an aqueous sol ution* Substrate Peaks

Attributjon 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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- PE 79-81 Br 91 C6H5CH2 295 CH3-(CH2)20- 371
- CH3- (CH2) 20-C6H4  79-81 Br+ 339-341 CH3-(CH2) 12- C6HABY
+1 PP 79-81 Br 91 CBH5CHE" 231-233 CBH4- CoHABr " Confidential
255- 257 C2- C6H4- CoH4Br 277-279 (CH2) 3CoH6- C6H6Br" 336
(CH2) 24 487-489 (CH2)2-(CoH4)4-CoH4Br" 79-81 Br+ 91
gHSCI—|2+ (i oré tropylium 175-177 CH2C6H10-Br 254-256" '
- +- . -
Tabiofg 3PS St o s PiBh 8afl SR 843268 i
ultraso@R® moAhadmesud CHBEO CH2) 200CC6HACO + 2 CoH4ABr] 79-81

Br+ 167-169 C C6H4Br+—267-269—€3—C6H4=CHHARr+PEEK
Sqigstigte (3 104) BrPeaksi- 123 qHPCOBRr+  2R1- E}U?fon
R SR I R AT T e
- ces Br” -
CH2( CN) CEH4Br—221-223—+—223-22522%= 22[66_14&‘;'112_1%7 ¥
26 (CN) 295 CHs-(CE>)q
371 _ " CH;3-(CHy)20-CsHs
79-81 Br
339-341 CH3-(CH2)12-C6H4BI‘ +1
PP 79-81 Br :
91 CeHsCH2
231-233 CgH4-CsH4Br
255-257 Cz-C6H4-C6H4BI‘_
277-279 : (CH;)3CsHg-CeHeBr
336 (CHy)ad'
487-489 (CHz)z-(C6H4)4—C6H4BI‘-
79-81 - Br'
91 C¢HsCH2" (ion tropylium)
175-177 - CH,C¢H,o-Br
254-256 ‘ C,-CeH4-CeH4Br' - 1
PET 79-81 : Br
93-95 CH,Br
247-249 ' . CH,-CgHs-CgHyBr +2
261-263 CH,-CH,-C¢Hy4-CsH4Br +2
606-607-608 [CsHsCOO(CH,),00CCsH,CO + 2 CeHaBr] -
79-81 ' Br
167-169 C-CgH4Br"
. 267-269 C;3-CgHs-CsHyBr"
PEEK 79-81 (3 10%) Br
- 121-123 CH,COBr"
_ 261-263 C¢Hs-(CO)-C¢H4Br"
: 606-607-608-609 - 3 C¢HsBr™?
Teflon® 79-81 traces Br’
ABS 79-81 _ Br
195-197 - CH,(CN)CeH4Br
221-223 ; 223-225 221-223 = 195-197 + 26 (CN)
155-157 Ce¢H4Br"

* Are not indicated except the peaks corresponding to brominated products characterised by the
presence of two bromine isotopes 79 and 81 (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
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(havi ng two peaks very close in height and separated

by two peaks of relative height 1/2/1 where two

broni ne atons are present). International Application

PCTI 06/{40R42 ' lySr&¥e BB @Fes@RRB the bromophenyl
Pri o—lﬁl%t%gz rencﬁ%%?%ﬁ?gzglgﬁl%tyigpon No. %05/ 10914 phemy
gregp siaéeéd o s@fadect ober 2005 38 Confidential The IR

and ToF-SI M5 spectra very clearly prove the presence

of the bronophenyl group grafted to the surface. 5
&a%ﬂ@“ﬁtﬁ% & pOgmerEny BirboryplinyPeoYps. Solution in
gro ) ution in acetonitrile A sanpl-e of polynmer
dcefdnitPld or PEEK) is inmmersed in a 4-am nobenzoic acid

di azpnium tetrafl uor,gb te t. Din Adoami ‘e aci
sol _isf“f“% Fefym eGP Pk P}éﬁé{%ﬁo‘ﬁ?‘?‘ﬁ%ﬁ(‘% 4-aminobenzgic acid
digfdhidr@ fet@iMRoRMeratdl Bsletiord 1t4 gssulaisllityalimithe0.drd iofacetomitrile (15
irradiation, the to tenperature reaches 453C .The. .. .
mbhphed left efof | ageHoYn U%@t‘éﬁés%lﬁé'erat (ihe rerd oo dhe dradigtion, the
EhERe rddd gﬁfﬁd 1189 MALRE A BREedint IRRAEMAéL R trasound for 10
TN utes? ang inal'l'y in acetonitrile tor analysis
ek, i diskisaunatef demutttises)d (10heinstsphes finally inhaegtonitrile for
anal ysed by IR Table. 19. IR anal ysis of sanpl
agalysisanden iAo uad AHbRITHRSY Lt SBRplES 2 R ERIBed badRy,
Sanple IR band' cmt Attribution 4-am nobenzoic acid
2) cml 1687 C=0 1658 PP 1612 Cycle vibration 1599 =
Pible 183033nals0 df65BplePEmiked by the diszonjumelepf 4-aminobenzoic acid.
~——subtracti-on—ofthepelyrer—spectrum—2)—sotd;—3) :
rojectjo the estler bandwafiod he PET4-Alinbh@z&c@cid? cm™
S a{)(riiéds of ?%E)Q%CLE%land theg“?%ﬁg{é%—l gr ougag%e too _cl ose
to be djistingui shed. |[The contact anglles of the ger
re measured®Beéfore |and af £6° treat ment: Tabl elvg .
ntact| angl ds1df sanpl eSyde wibtadnby | he di azonixfh

i i i : Af oo
salt of! 4- am nobenzoHe—act-d——Sanpte—Anrgle—of—contact

Angl e of con{ge® befare treg=ment after treatnmer@ss 125
PP 124 82 (after 10')lb) 82 (after 20') by PEF 9075

PEEK =~ /9 /

1) after subtraction 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 C¢H,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 An‘gle of contact
before treatment after treatment
125
PP 124 - 82 (after 10°)”
o 82 (after 20°)®
PET 90 75
PEEK 87 55

b) without notable diminution in the size of the drop.
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"PEEK 87 55 20 b) without notable dimnution in the

size of the drop. Internatignal Application - .
PCTI FR2006/ 002260 regi steréd on 9 Cctober 2006  Confidential
Priority : French Patent Application No. 05/10914
regi-stered b fieem 1
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JTRREsrade pRIve lthegmatitngrof theof- cmhex)ailnetﬂﬁcgeow ove t he
grafting of the 4-carboxyphenyl group. Exanple 14:
Graftl ng of polymers by anthraqui none groups. Solution

| i R e(dPBup £ Shluti
PEE ik 94, b Ht gﬁﬁﬁut&gm acet oni teré|3I ‘ép (<ullOn "
Mt(ﬂnﬁtrﬂast Red AL salt, the fornula of which is given

ar o Wirstogeymse aapERs GRebbher FERLA Frisiratd SRR af dperonivile

.(IQOqug o lfd'sﬁﬁ‘éél'r]’gLfsQch the fHinuh &% wHikIe s | lﬂe@(beloﬁ)&ﬂ@;fter one hour

cetonitrile for analysis The sanples 10 are
unddenulégrsovindethe lsgmpRs a@ rigsefda- water, apstong Athgm oy gistdiad: water under

Red AL,salt. Tab | R a

Vas{oﬂgd %}f EO ﬁb}amﬁ&’_?té%} jn acg np‘ygwp ﬁg%[(ﬁglmé 5P ,aﬁrzﬁ%lg 'Iﬁg samples
A tHeh BYAM BRI b74R vw C=0 1749 for the Fast Red PP 1367
vw 1367 for the Fast Red 1219 vw 1219 for the Fast
Red PET 21749 vw C=0 1749 for the Fast Red 1749 vw
C=0 1749 for the Fast Red JPEEK 1371 vw 1367 for the
Fast Red z 1167 vw 114 ( Fast Red 1) after
subtraction of the pol 3 self. 20 Al though
weak, it is possible in“thrge cases to see the C=0
band of the Fast Red Al saht, W i-ng its grafting
well. International Application 2PC(\{“'I FR2006/ 002260 _
regi stered on 9 Cctober 2002 zd®ljority : French Patent
Application No. 05/109%14 480 Stered on 26 October 2005

Table 21. IR analysis of samples modified by the Fast Red AL salt

Sample IR band”cm™ 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 © =749 vw C=0 1749 for the Fast Red
1749 vw C=0 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 itself.

Although weak, it is possible in three cases to see the C=0 band of the Fast Red

Al salt, proving its grafting well.

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



40 Confidential Exanple 15: Gafting of polyners by
trifluoronethyl phenyl groups. Gafting variation .
dependent on reaction tine *five tubes each cont ai npﬁﬁﬁde’m”‘l
a sanple of PP are prepared, the sane is- done for PET

5 and PEEK sanmples. 45 m of 0.15 M solution. of
4-trifluoronethyl phenyl benzene di azoniumin

acetgnit ! §5ar € rPitigRaOEd polWir BY € telflabFoinbithPiphangn@roups.
t he %at {he Igra(l)tepo 3m %er t ube. Thgﬁt Sigyels@ P
@r#ftingwedatioe dgpgidzotdn ireadtion time r asound vessel . Three

sanpl.es (PP, PET, PEEK) are t fi , |
SN G U R ET e
£l pEakt kd{%ﬂ@s‘.’els_ thhIMBf 0TI M aoRlties éf e-tiasbeehethyigienylibenzene

acetone ( 10 m nutes under ultrasound) then in y
diganom i pdetonitide meruerasedsvdieh aretdiabURAFMARG they | pfbes at the

in a.vacuum at -40C . The, . samn
ok oL RT PCEE, % ey s PBFEIfELy Bled e BPLDARENAYel Theee
JARMidsi (e8, PYTAPEEKS heombereatnarl Hhongo, 4endetleminuté to examine the
di azoni um 2HN- C6H4- CF3 +2N-BCFH ) CF3 PPC) PET PEEK

mples gre \é@sgﬁ% Lwicg fn acetone (10

yRriatpih it the fate 96 BrRIRRG 6Vl UG d R 51
162 Vi hrahi : [ '
. dried
- Gt Bl B kR T b B RICTIANES S BlustBEHD) and are
i]laéhix%cﬁi)m\dim’&ti on of the aromatic cycle 1319 1320
g 0 CF3 1185 1180 1222 CF3 1157 1138 1160 CF3 1061
' b) 10wcenpiEsers WBF&m@ﬁgﬁé%SWO%@A’Youtsi de the
~plane 1,4- disubstitution a) the band corresponding
to the diazoniumfunction appears at 2307 cm . Db
H ddEablean 2hdR aatysishdnamples nrodéfidi ﬁgiﬂ@r@m@tbmﬁenyl benzene
i.ons, c) After subtraction of the polyner spectrum
¢igZ4YMm”° §) . the bands corresponding to the

sSubsti Tyents t] be di stli ngui shed from tlhose of the
JHN-QgHyQBf i tZES\IS CI%;Qﬂ:% PP PET PEEK Attribution
4
3052 3055 ' d) Aromatlc‘C-H
elongation
1626 1636 .d) Vlbrathn of the
aromatic cycle
1527 1559 d) Vlbrathn of the
aromatic cycle
1441 1426 1452 d) Vlbratlc?n of the
. aromatic cycle
1319 1320 1340 - CF
1185 1180 1222 | ' CF;
1157 1138 1160 ' CF;
1061 " b) | 1070 CF;
: CH vibration
829 852 844 outside the plane
1,4- disubstitution

a) the band corresponding to the diazonium function appears at 2307 cm’. b) Hidden by the large band
corresponding to the BF4 ions. c) After subtraction of ‘the polymer spectrum itself. d) the bands
corresponding to the substituents cannot be distinguished from those of the polymer itself.

International Application PC T/FR2006/002260 registered on 9 October 2006
Priority : French Patent Application No. 05/10914 registered on 26 October 2005
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I nternational Application PCTI FR2006/ 002260 regi stered

on 9 Cctober 2006 Priority : French Patent Applicatjo .
No. 05/10914 registered on %6 Cctober 2005 41 onfidential
Confidential The spectra agree with the grafting of '

the trifluoronet hyl.phenyl The. i L
the Do pepnagr, 310 PREtve Holts FTuoREFRhEE] dtovps. The
iiendtiad6r Be LOFPPARE ol & tirh®hdveWekbh ea@idahFigigeki, edndcsin order to .

The simlarity in the variation in intensity of the
follbwehegraft@mKinelirds i ndi cates that 5 the variation

observed i,s.not .due t ; : .
oo B B0 AT PG L e TR o e
tﬁlf: :v%fiat%h gbweﬁlﬁis ﬂé’tl(ﬁlepte'rairodrteﬁcti Thadheini afthei taniation of these
ul trasound is therefore sufficient [ [

1 i chent topnabtal 'ng[%xirrrg’cjiggtion with

. igreafitien geaches Bx Hm dales-alier 20 Migitesh HHS A508

Lution of bin o and i i
@821 ound is t%ere@%/re@@f}c%%t {oeggﬂﬂﬁé?agﬁg{ﬁ&%%n anda i1 norganic

rel"ectrics tritluoronet groups. Into five
test tubes containing a sanple of TiN TaN SiC SiCOC
Si2 respectively, 260 ng of 4-trifluoronethyl
benzene di azonium (final concentration 0.2 M
sat | gt d il i
Tt (LIRS e b e ™ copounds
anhinb egnie dielvatiiadyi trifliotomethgiphenyligteupsor 10 mi nut es

in dstilled water under ultrasound : :
i s Y Sobc BRE GRAGP o SeB0d b ar TEg (S SIOC. SI0:
MGRHRIA 260 g JRIPKEf IR ohethy ShéfBeadialaysnigmoffinal betcgn@ation 0.2
ternary” conpounds and inorganic 20 dielectrics

Mipdathiaged sution)fis addegmenyd mpioé LS Ogokibslt is\ghsioF g4p dour under

i S Sy e B PR ot v
R Ghdaso@ddt otk Gol 89 fairhitesCiil 4Gl udbd lB&soliAd Bnd dried in a

69 CF3 et +
vacuum at 40°C.

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

dielectrics modified by trifluoromethyl phenyl groups.

Substrate m/z Interpretation
69 CF5
TaN 145 CeH4CF3"
160 NHC¢H4CF3’
TN 69 CFy
145 . C¢H4CFy
| 69 CFy
slc ' 145 CeHLCFy "
185 C-Si-C¢H,4CF;3
204 ' 185+ 19 (FY
69 CFy "
Si0C 127 C¢H4CFH
145 C¢H4CFy
155 ~ SiCF.H’

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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Si OC 127 C6HACF2H 145 C6HACF3 155 Si CR2H' -

I nternational Application PCTI FR2006/ 002260 registere .
on 9 October 2006 Priority * French Patent Appl i cadoﬂﬁde”t’“l
No. 05/10914 regi stered on 26 October 2005 42
Canfidential 69 CE3-145 CoHACH3—et—+—31F3—5i

C6HACF3 + 201 Si-Si 69CBHACH3 + Si 02 216H- Si-Si-
EBH4CF3 + + 2 P35 21%16(0) 241 23&@3}@(}@3_6”269 241 +
(

P8 (Si) In all gases—the—ehaemecal—groups-tF3—and
56HACF3 are obskrved]7hich|signal  AbdidhEhii on of

he surface. 5 Exerrplzgl 17: Graftlngspg]-@m,gpﬁ) and
PET i nSi®e prespence—gt-—4=nitroben I an
al cohol solutiop or &!fon-buffere é S‘a%ﬂe?ﬂgzgﬁl it Fon

ESr avg)Di alz et cpll. @&stas-|Costas, @19 +Bread- Di az,

C. s nzal ez- Ro ; Cangmui T 20 631

gshown that the %. qangnn rpar‘:i%gn @2{ |)g thahvee
lioss 10 of the| chem2é@l furnction di @&briABGSIIN=N+)

coutrd—peactieved T tWo dif1erent ways:. eilther
heterolytically with formation of an aryl cation

—t

~ (Ar ), alDEaseonmy yhdnsiahll yrowpd KF; fand i GR; efe ebseadidcadhich signal

(Ar). (Pazo-Llorente, R; Bravo-D az, C;

mpdifston FdhersiaceE  Eur. J. Org. Chem . 2004, 3221).
They showed that ethanolysis is an efficient way of
form ng an aryl radical through the internediary of a
di azoether (Ar-N=N-OR). 5 Consequently, the honolytic

g; dmgh?gﬁﬁo Lﬁ(ontg\ggéﬂaqﬁiﬁdergﬂ%ué{géﬁ%f: Ii‘q mkrobenzené

&@P&nﬁ&%asnfm&ﬂuﬁ sS1aiBh 9 r af ndfami e )aqﬁéolﬁlﬂilutﬁﬁﬁ
- nitrobenzene diazoniumin 6 m of ethyl al cohol

(c :B?vd Nyz at e:ollnt(eemsc@@st@ndl plBaeedDias. &n Gopraeolpyero, E.
esse Th i
R L Tt e

$han cHemRrdl fiaRdomdaizoniiar -NENTyicouldelse achiaedtioneoutifferent ways:
ultrasound. The intensity of the characteristic

- either heterolytically with formation of an aryl cation (tAr ), O homolytlcally 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 thé
reaction.-is _carried out in acetonitrile. The characteristic peaks of the graft ~=CsHsNO,

(NO7, C'.g;'H4NOz+ and diminution of the i.ntensity of the peak of the substrate itself) are

. well identified by Tof-SIMS.

International Application PCT/FR2006/002260 régis_tered on 9 October 2006 -
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: S|gn I cant

-deprésEEy®

peaks of the -NO2 chem cal group are of the sane order
of magni tude than when the _reaction is carried ouj, i .
%‘onf‘] dential

“acetonitrile. The characteffstic peaks of the graf

=C6HANO2 (NO2-, C6HANOR2+ and di m nution of the

intensity t he peak of .t .su 1,
wel | ﬂfed‘éﬁ‘?’l ynagt {s@“f*ﬂ?ft %f N@e”fam eIJnQ e(ﬁ]haﬁle 97I %22?39é§howed
t}?ﬂﬂ »E/M@fb%&@pryro‘ﬁgh at-A26hig4tioR rexdtiohen b%@ﬁlethanol A sample
r|orkﬁé dwFrench Pat ent pli-cati on No. 05/
e

of e dllapt on placedetiober @ oM 48f Ch#ig d@ﬁthaaqﬂ (4% tetramethyl
LK rBol'Ixn e é& et\x}hl zfs treafdd Fbole. T r}lbfe%glo significant

W?mT i {-Was posSs

cﬁﬁfrEcheO\UIth rzﬂ’ﬁn&j lc@(ileﬂl:coﬁﬁtri wétornﬁﬂikl; Icomvelrsa:l)baseﬂns that the surface
met hano of Kapton(r) was placed in a 0.1 M
ocﬁfthdaaéyreemaémaﬂgfrd pybasiceopdifigihyt  anmoni um hydr oxi de

hS%I’rI]’l%l r)e%ctl f‘?g MBS d 5&%&%%%%%%5“1@&%%% %itAQhe same -

erence wt rafting carried out in
@GRh téndeBirattmnThe peaks Gftthcs é\é@’s chdmaitalt greups anefefdhe sagpe order
t he pol is nodified C condltlg The sane

rﬂ?st

nmer
of aasenitede has Whan theggacsign ! g ??“H QYR AEAY illed

water with the sane diazonium concentration: The
peaks of the -NO2 chem cal group are of the sane order
of magni tude than when the reaction is carried out in

SEEM é%fﬁgg gﬁllga}li{l)gpq gFei{%ﬁges pﬁacmg oi“ %Q{e?lal stents to
ARG Ahfor! §Tane @At d helbaobial | oon. Stents e

Ices placed inside arteries suffering . .
st erfogits afe Haticessplagesy mStﬁislamerlys S&@ew&)é%%ﬁls (thatgs, particularly

qtlgfgg&[ (B eSS TRAL o Ui B § ¥>(1 Jﬂ?fég Bkl g?éégeh% sl balloon

([@EMBERhIY fdied)Opendrlfief pblyariide, tisete ﬁxéd)td tme cad@df aﬂo@g catheter.
long catheter. At the tine the stent pl aced
/zgtamtun@gheststenm plaerdedhe Fedilsit SFPHSES o S cifiBed on the

2 lr? gtn n&lenhi g tl%1 ifter! ltnégethg levike t@%%@ntf‘oh &f the stenosis,
GEOTEE 15 The 0

I on e stenosi s, i nfl ates the
1Bﬂi1té§)ﬂ’16 balllbd)xﬁ; hvh1tl$ abdlf dildtestthe; steite Osice ﬂte st@m aseintplece, the balloon

stent is in place b II 20

RS Mg 16 ) 8 B S S REn ey st
§ﬁedb£8 s Efl&drp Rhé YherdbiogBedihbRr i Mt thak|fRed betutd belng put.in
erefore the catheter, not to be freed before bei

mme san, atphasanafithe, tie coMECH ST %SUfﬁﬁémbbWﬁ%l‘efqréli*F balloon to

nust be sufficientl
e LB 13, SPLREE 1R BPAEIR e s
Hal bl iPRIVeansy h’é‘ﬁlrfgt @etsurfaes ob e balignobedidagnium salts under
treating the surface of the balloon by diazoniumsalts

MmgwnndZS ul trasound. To prevent balloons fixed to the
en IOf thergf;) ahh&La] eI:I t(()) meu{]}c]lo(lfqhé]gathétgre%oﬁrlﬁxf&gﬂ they are kept

aS|ra a syringe fixed

débfé@ied@?@sﬁi&attdﬁ&m&ﬂi i}eingé ﬁx%‘ﬂeyh@mhett ehﬁmf 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 (H2S04 10 mM) of 4-aminobenzoic acid diazonium salt (0,15
M) under ultrasound in the vessel described above for one hour.. They are then rinsed in
distilled water (5 minutes) then in acetone (1 minute) under ultrasound and finally dried in
a vacuum at 40°C. “

The analy51s of the grafted balloons is summarised in the Table below

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



cl eaned in ethanol for 10 mnutes then dried in the
sterilizer at 40C for two hours. They are then place .
in a solution (H2SO4 10 mW**of 4-ani nobenzoi ¢ aci dCom/idential
di azoniumsalt (0,15 30 M under ultrasound in the

Taifeah i danrotr it B R PRI ot one

Vacuum &t 40CT e A AT ks AP OTL Y ERHRDPR 12 CtticOr

- SQOMM | sed i|n t BeoFabde bel ow. 324ht er nat i 034B9 -

AppHeationPCHFR2006/ 002260 T ey Sstered on 9 Oct gber 1843
2 Priorifty : tpehch Pat ent 123%| i cation No. '

05/10914 regi sterggon 26 |Cct obgyg 2005| 44 CGguyfi denti al
Tabl e 24. Glaftinggf stents bajdoon b 56 HA COOH
!
a

. y they

: ’?g’ tlcs&?n)cn1'~. 2 H4000H +2NC6H4000H _02 0OH

(outs &58°)  dooH 343 - 2200 3242 3139 C=0 16601719 |1843
841 866 853 | Aro I°’c CH 769 76 77 (outsi t he

polariedd bylating GO 8teTORoEHA by wifnerpinezindieyanuagfiupide) helow — the
bignd offithelCFO bahdoy chiardcferistisrad eifl ﬁz¢riﬂé5-%cyanur ic

f* indicatad@)changb ef wistitutionethatpotde faroaticofor ¢ Rely@edaysa A the gurface.
characteristic of acid fluorides. . ** indicates a

change o titution, that is the. formation of
pol }?ﬁérT Oi:aij&&sgnlstcht&é%t?a(gbé?w eéheBﬁlg‘?g -reSPk/%'el ? 6}i1‘§tOOH group
abfddcid! the bAIARSAI e TR &i@Taicubs has tHehgofbhibe@ansformed into
group attached to the balloon surface. The acid

deithfuorade hyaseatmentadioh 8, 4feifluorahsioirigaie (pragurig dugride [675-14-

) 3% e i PRl o bty Q0P ofpyamug fluoride and

100l LISy iR b a6@4; itkeylle Mft of arabieholinpeiahes f@0D! howt, rinsed

cyanuric fluoride and 10 300 | of pyridine are added,

twhesy inapestonst in lragersdeditd SEsFHET 3t (PR ol o ARh ReFum shows the
LSRsed WhifBof &i bl 44) AR@WRITERS IS §Mctkilin @escribed

@g%éﬁe%stlérﬁ%rﬁfg %6‘2?? ?ﬁﬁw&s O\t/)\;s,é %42? characteri s%?((::t bar)glScrl )

iafTabki 2 ihbicarel deth thd atesenc2 4 then@sHLO FrgPusingBng e grafiipg to the

described in Table 25 . ndic s._bot h. t he esenge .of .

wRBecs ek g o il T ar e g BSoRiSogh gy reactive -

s?:acig _%S[% LOinkdt A Fe forthe@NBy fadtion Wi aA€dhdlsf drueiihélgso over-
re highly reactive 15 species, esters or am nes can

finactfomahwedth¢ byrfaceact i on wi t h al cohols or amines) to

over- functionalise the surface. Table 25. ToF-SI M5
spectrum of C6HACOF chemical groups grafted to the

BadIt 26eTOF-SIMS spectrum of CgHsCOF chemical groups grafted to the surface of

balloons.
m/z Attribution
19 F
111 CeH4FO
123 CsH4COF"
143 _ C;H;sF,0"

Another veriﬁcatidn of the grafting of diazonium salts under ultrasound to stents
- balloon was carried out by grafting C¢H4CF3 groups, the signature of which is easy to .

ideﬁtify by ToF-SIMS, under the same conditions as above.

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



15

20

balloons. mz Attribution 19 F 111 C6H4F0 123.

C6HACOF+ 143 C/H5F20+ 20 L{Anot her verification of t{h .
grafting of diazonium salts under ultrasound to st (.gtr?f'?de""al
bal | oon was carried out by grafting C6HACF3 groups,

3 | 7. . _
hile Qn R iy e b BT il G5 Xrded 10 the surfuce of
bamoshnat i onal Application PCTI FR2006/ 002260 regi stered

on 9 Cctober 2006 Priority - French Patent
Appl i cati on No. nU5/ 10914 ’egl st ertritpniol6 COct ober 2005
45 Conf ifdentiat— Tabte 26| ToF-SI'M5 spectrum of :
- O6H4CF3_cheni cal® gr oups Hrafted to the surface| of
bal | oons. m z Atggi butionf 19 F 69c1§,':3 145 CBHACF3
159 CH2EeH4CF3+—160—NHEGHAEF3"—Fhe—tests—carried out

subsequent |y onléhese bal | oons, tkeHedlsf ace of \hich

is 5 nmpdified - C6H4000DH gro ate a nptable
i mprovenent_in IFf ?3 adhesion of 'E@ZZCI:GEEﬁmt he
stent. kxanple 180 G aftihg of bNHf@Wk@Renyl grpups to
pol yam de—10—The grafting of benzoylphenyl groups
(-C6H4(C=O C6H5) is interesting since the carbonyl
gr oUphdiR@8r cdied adi atbsequdndsade thesa Hallesraditiakburfgse efowhich is
react wth other _nol I
a5 B R YR bl b or e
oFedvertsd, F. Chem Mat 2002, 14, 4576). Ther efore
er the sane conditions as for the CH4COOH groups,
vve_ grafted benzoyl phenyl groups starting with 4- 15
am nobenzophenone di azoni um'salt (C6HS5C(=0) C6HAN2+)
onto :&}Sms bal l oon. On the grafted surface, the C=0
fe 190 Grafifith SARDLEAPR bupde pobangiaphenone
(1 oc'a‘t‘wﬁ'éff— t?fr% 1) is )tqgo&gluogge [%o tphat of
pol yEim gkeﬁ(ngﬁgﬁaeom»lphe@yb@roups (-CsH4(C=0) C¢Hs) is interesting since the

carbonyl group under UV radiation leads to a bi-radical apt to react with other

l‘}al 8

mblecules and polymers in particular (Adenier, A.; Cabet-Deliry, E.; Lalot, T.; Pinson ,
J.: Podvorica, F. Chem Mat 2002, 14, 4576). Therefore, under the same conditions as
for the CH4COOH groups, we grafted benzoylphenyl groups starting with 4-
aminobenzophenone diazonium salt (C6H5C(=O)C6H4N2+) onto stents balloon.

On the grafted surface, the C=O band under infrared spectroscopy of the
benzophenone (located at 1628 cm’ " is too close to that of polyamide (1636 cm’ 'Y to be
distinguished; conversely vibrations of the aromatic cycle (1586 cm’ 'Y and the
vibrations outside the plane of the C-H aromatics (703 cm’ 'Y are observed. The ToF-

SIMS spectrum of the balloon surface confirms grafting.

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

m/z ' Attribution

77 .  Celst

105 ' CeHsC=0"
119 CH;3CeH4C=0"

133 CH3CH,C¢HsC=0"
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di stingui shed; conversely vibrations of the aromatic

cycle (1586 cmand the vibrations outside the plane .
of the C-H aromatics (703 ¢fh1) are observed. The %Bﬂide"tml
20 SI M5 spectrum of the balloon surface confirns

grafting. Table 27. ToF-SI M5 spectrum of benzoyl phenyl
groups grafted onto polyamde. nfz Attribution 77 _

C6 Hty emirfie 2 §06p41tHRE in hh%h quEbeoiUECsdMtiod 3BKapton® in the presence
CH3 =0+ I nternational gl;pl i.cation -
dmmiﬁm@omoﬁmimgvsq of RAT SHyspnoatgaqunshysssels

A UG O AR e LB B P LARR cpld o

RulaBpRiht | |t1|’:iﬁsddaela6\f agoeons iadiathesal Atwaer- Of‘cuﬂ@a}mhmystm)l enables

_ |n the E)resence of 4-nitrobenzene di azoni um .

o lifvidalssemyt Pesveiee ohéhce HaRIHEHL “H%%E,d %g a, central
r%@ ﬁﬁo&ﬁﬁ%?&%s@ér@gseﬁ fgf‘efh@ @Ltnﬁfl%v&oum ed to a

Ci rcu ar ansducer of mmin di aneter.
f\vvat)ﬂxcaam@uﬂnaﬁnodn system enabl es the renewal of a
iquid layer at t urface of the transducer
i nj ect éd GRPVENRIR r Megasppl; Ig‘é“era\‘ﬂ"e(cf’[L'Im%ﬁﬂu??@mfrequency)
par ameterng ; Wei @|afanT AhufkibBee kB ekltidikctional tion of
Excitatl onldr/ﬁt ?o% a. Cogﬁgelnt?qzlngwwmgasgm cc"lonal propagation ot -
gener atthe effecgy tramsmtiged)nonof r equency) 10 b. "Liquid

PlaspgIM (nulti-fre n hopul tidirectional
pro%ﬂ &Weadowfmeéwglghé}éﬁ(’%?ﬁ&mted) 2) Power: |ow,
nedlynjrreghghtﬁrﬁgololyngnﬁ) 3) Treatment time: 10 min 4)
The presence of a ceramc ring on the transducer

whi c¢h Theqresesessof heergmicuing @f the 1gnidyeer) wamhdn%%se? thgyolume of

t*‘%g}@g fv? ?e{e(o)lfl t gﬁstrfa%g quﬁl%rtrﬁrisﬁgéefr 1ts£ﬂ* ST h??%HJNQd mcrease the

nm'ssi-on of sonrc energy onto -the

tmlsﬂnisssrbfn dfRenibeakey ohtete mllgwth&*heamrqab eslowe)r e
treated in pairs (Si02 + Kapt

B L T L BT e o
yltﬁgyc[dcgr l09im$ YrUs, Q% REA RipLrichscid- soﬁitxﬁ)ﬁo&ﬁfﬁlﬁﬂg the 4-
15

Iazoni um ( were u ed and renewed for each
rﬁaﬂmﬂneer&adxazonmmem 130M) iwesé megd artderesewp] & aelh éample pair. After

anal ysed by IR and To T cI ear|y

rpﬁéng, g%)éeee %?retaﬁlélyéﬁém’vﬁglan$ Eﬂﬁ&ﬁ%ﬁ N&ﬁp?ct clearl?rvghow the

rideh & SEkhahdmRal ﬁiﬂ@n%ﬂr’do? (i nfréted kN E363Nnid-1502 cm' for the anti-

symetrical and symetrical vibrations of -NO2 and m z
symhetiicnl Tkl Slynetrical vibrations of —NO, and m/z = 46 1n ToF-SIMS

correspondmg to the NO, fragment). These qualitative spectra do not allow major

differences to be observed éccording tto the method of producing the ultrasound or the

power of the machine.

"CONCLUSION

It has been shown that it is possible to functionalise the surface of polymers and

dlelectrlcs 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¢H4NO,, -
C¢H4Br, -C4H4COOH, -C¢H4CF;, anthraquinone). The reality of this graftmg has been
proven by IR, ToF-SIMS and angle of contact.
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corresponding to the NO2" fragnent). These qual itative
spectra do not allow major _differences to be obseﬁvejdd fial
according tto the nethod of?’ produci ng the ultrasou gryaen ia
or the 25 power of the machine. CONCLUSION It has

b h t hat
e S e b BT e ORI s
iR cEHOURSnsdRlel b Be fstigidedhmi ﬂﬁirumesémlcé .onTthe suefaodst studied is

above 30 show that it is possible to graft a variety
obkersebsti t ut ed phenyl groupings: (-C6HANO2, - CBH4Br,

!él éo};%OHH gﬂ Il: ed in a |
t hi nb Cthg r@%p{ g@g% %gr}ﬁ% Ezur-ﬂh%s ! %ﬁlﬁ'&t %no(BEerv d in all

wl Bhddfiodianfir&d itsel b efermtfacaaatudmpdanmmmeen

CTlI FR2006/ 002260 regi st ered Octo r 2006
Prl M&é@&ﬂ&;ﬁ%@ﬁ%d q@étti’eﬁﬂ RSS! gﬁ‘sf‘io@iﬁ bromophenyl

%; 11’?4 e[)gtﬂ ?1@0 ﬁ&gﬁ%fsoﬁ%rln&%%cqﬂel&%n‘fs' gesthinglon thé6urface is also

fon o oni um i n honobgenous solution |eads to
seén anyhllr‘dndl cades, stwdiedh Cgrimixyphdnghegsoumss which hmake the surface
surface heir | eteRsF nce on the surfaces studied is

| bdﬂé%h%}é:dﬁa‘ﬁ i?cl’t’eie&gr The presence of Br on the

sur fragesici Yei }%obl%sﬁﬁ’&@ﬁs\/ géldi Thal deactbreCaRB6 opdridiig in aqueous
iodine fixes itself to the surfaces studied can al so

sbmtmeemd aRe anwrt iaoreskiplef est @@erﬁ@mhm@hanql epghjedyiqgipe, bromine
bl ft |
BETSHBhoh iy SRl B BB by QPR pBRRLLE noreic

Cﬁgéétﬁgﬁ is also seen in all the cases st ud| ed.
Car boxyphenyl gr oups whi ch rrake the surface
hydr otichemistiy 0 ZEQUHISE] 4X8e. tl@SFE&SEI(PpF%Wek}Q carry out

g&%@gg Sgﬁcpr oruosunS £ 'dgetﬁpky%efl?&%tak\(}?e 6@&9&'&5 dOREF ﬁtth@ Oxdifdd state,

Soran nor e accessi bl e cost than
cfretiyr&ﬁ%rlﬁaetelaaamlcﬁ pabineds ihediselees frcbras ET, REFK or ABS. Thus it
trifluorophenyl groups to & raft d boE5 gnto or tion is
hes IberpessER e Japing- ogirdiug ?”@é OXBROTBC FETPEt I rch

€ | eRoRMSE! Phe ré#tion times are
A R GPTPLENER P B cnens
sho#; 'dhmhtu’ﬁme@sbseﬂhz@mtlaai inteeesedfgbisreastidonor in the

te )églrgt ged| Qiségi agt Qegg'c_i jr h by usgﬁ%@n E\at %ggcgc%lﬁrq a[lmgfg' gﬁa X%@fr the nitro,
HO38! Qﬁx%okﬁlcgra%ftﬁra@h%ﬂé afd thiflidrbheity] Qrowpar M yqneresl grafted

groups. The reaction is possible either in an organic

isdhdebethorgaic pejlmersnd oRUEBA diefgsirios o Hag 1edatiqn sradefagied out
| whi ch t t
GEE 00 G Bt ST SficH IS REAHKRApr ifLELER GRfdd kenches its

thb@mfugfsftdr Qpprakiremsly @oakhinutey obfrradiueioni t r o, br om)
car boxylic, anthraquinone and trifluoronethyl groups.
The sanpl es grafted _ '
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i ncl ude both organi c polyners and inorganic

dielectrics. The reaction can be carried out either .
in an aprotic solvent such s acetonitrile or in Confidential
water. Grafting reaches its rmaxi num after

approxi mately 20 minutes of irradiation. 25

I nternational Application PCTI FR2006/ 002260 regi stered

‘on 9 Cctober 2006 Priortgﬁﬂw§¥ench Pat ent

Application No. 05/10914 registered on 26 Cctober 2005
48 Confidential- CLAIMS 1. A nethod, for the grafting

of the aromatic grou f R- N2+. di ' ... 5.
ont & i nstimgthary fgrég?rg@g}?gﬁé tal?rﬁrorﬂ?tf?aérg‘%% RI #Ieyrlg'g\}rzy diazonium salt

érﬁ(??gﬁ'lggn$ rserﬁfagpcﬁl%{oli‘,eqiﬁ% 81 teRbryShipR GRS or coblp@sisehaterial surfaces,

aces having a resistivity greater than or equal to
th® -saidf shrfaces kzavihgpa edsetivity preagr daneor edvantoot0 ebuEL 2pé preferably

10-3 f2.m the saifd-di azoni.um sal.t bei [ :
srigeen 8 PO 0l 6@ s pad B 3E BFnEpfSEH ot Apfpentiation
Absedo GRS RBIANR) nbiaBIf QK atcbadtnRaridn Wphernihnpo.@F &4, aint preferably
varying between 0.5 Mto 4 M 10 2. A nethod according
vayyiog hetwedn 0 ited M.t he grafted aromatic group derives
fromthe reduction of the said diazoniumsalt, notably

- by the use of a reducer of the said diazoniumsalt.

- by, phopgs&eed e&lording adélain Onwhérein thb grafedtar@naticegroup derives
conplex formed fromthe 15 said-ghfzoniun1salt or by

from the eeduetion ofghe s3ie dingpriuelisab oMY sal t by

ul ¢ r asguRd. 3o AJTELLE o PR shibe surface of an

i nsul at hg na?erla , a semconductor material, a

bi nar ybpbhb@chanigalcongation ofra chagarpesifercoraplex ifarmadofrom the
obtain 20 an insulating naterial, a sem conductor

mat evdGiiazepignFalgr or ternary compound or a conposite

nat er | %L the G erSdHh bRER sQfd ddYokiunt St B dilirhefnby the

grafting of aromatic groups onto the said surface,

possi bly substituted by functional groups, in which

t he nature of he. bond.bet n_t surf ace: 1 he ;
gra?ted érdﬁﬁ??% %ﬁdﬂ%lﬁ?%%w%goa#%ﬁeiﬁfigﬁan%HgUBE matctial,. a

GOYRb RNk tok YiRerRONObinaR tbr Rehad lcymipeumbosaickmpdsitt material to obtain
resi sts washing by ultrasound, 25 the said nethod

eoipulatinagnasbrd Agenrrondusier Baleriabet Pinag0Rk FERang; ppgund or a
diazonium salt and t ucti on i - £ .

e RSO iy e SPfend A En QIR o] I A8 of sromatc groups
6RBGRNti@ki@aces bosbly substitutabby Binlciidyal Igrovipts, innwhighltye nature of

ﬁa}ér I;?I}%g Q?ng{gtqé g}tqcla gﬂggclrglg ngtegir g}ep/grgﬁtg{i %gq)r%\)/lat&/ %?cﬂlé)g {}E%teggggy it is a

RSP g REUAIL Sl cpdickion kb gob o,

the said method comprising placing the said surface in contact with a diazonium
salt and the reduction of the said diazonium salt carrying the said aromatic group at a
coﬁceﬁtration close to its solubility limit, notably at a concentration higher than 0.05 M,
and preferably- varying between 0.5 M to 4 M, notably by the use of a reducer, by

photochemical irradiation of a charge transfer complex formed from the said diazonium

‘salt or by the treatment of the said diazonium salt by ultrasound, to- achieve grafting of

the said aromatic groups onto the said surface.
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30 salt or by the treatnent of the said diazoniumsalt
by ul trasound, to- achieve grafti ng of the said
aromati c groups onto the sdPd surface. .Internati ofgffidential
Appl i cation PCTI FR2006/ 002260 regi ster ed on 9 Cctober '
French Paten | jcatjon . .
05/‘10914&%@@%@%?%%% spcley gvb“é‘ﬁpaﬁfﬁ’é‘éedzl t&l\ﬁ‘Pe &iod gf placing
tﬁ%S Wﬁtd?@? QroqL'tHQ rddc&d aia%rﬁmm%ﬂﬁ@%s@rﬂh@e@b hﬂnutes and

e per placing the surface in the presence
r@ftabﬂywmsuselduéédmduaz,camdmfsalbty i ® 10gmmutdsan 60 ni nut es,
and notably lasts | to 60 mnutes, and preferably 1
to 10 mnutes. 5 5. The method accor di ng to claim3,
chagact efjcSaethba atc&ﬁal he GHimzPnihepcakéd il @apdrddiatanium salt |
the formula ArN2+ erein Ar is the arorratlcgrfup , 1
raspnds tcstharfoanmlarArNadsXaml@g@@@swﬂ@rﬂi@@ﬁtlcaﬁrtﬂﬁl@ and A 15 an anion !

e{r]i&u}t eq%églly l&l%h%t easrhglgqt] gg@lpqagaﬁ ’ sﬁﬁgﬁ@gorﬁ{ogﬁhates perchlorates,

bexidrot Al eadoaY ks aﬁ@h@{aﬂ'ﬁhﬁph@iphﬁmés according to
any one of claim3, characterised in that the

di azoniumsalt is - either a diazoresine, - or a

di agoni ym sal .ty gh i Qal¥ 3, *Mardeteistd \in /that the
| Ig\ ';ﬂ}’g %6{50%29%8&{%?@@“&@39% sel ect éd a?ngnegls !
digdonQwh B4t @r oups: - CH3, n-C4H9, n-Cl2H25, - CI:12H25

-OC16H33, O, -Br, -l, -CH2Br, -CH(CH3)Br,
CHz—GJf@e—@)i@mr@lB?Br - CH2- O C(=0) C( CH3) 2Br, - OH,

- CH2( onitd g—g, #£6HO, - COCH3, COOH  and

3, 4-( - N02 3,4-(Q(=OF)2, -CH2COH,
- CH2CH2 COOH, c:ooc:2H5 -NHC( =0) Ot - Bu, - NHC(=0) CH3, .
-NHC(=0) CF3, CH2CH2NH3+, - CN ang 20 3, 4- (CI\I)2 3pand N
4- NO2, \pyrrolyl, o- hydroxyben20|c

2- 2-t en-3-y|-a '

5-di azonium 3-(2, 5- d| 0x0- 2, 5-di hydro- pyrroI-I-yI)
,2,6,6-tetramet hyl - pi peridi ne-1-yl oxy)] -

and 4- [/F=X¥
eth @ eg'nat i onal Application PCTI FR2006/ 002260
regl st e on 9 Cct ober 2006

R’ being selected among the following_ groups: -CHs, n-C4Hg, n-CioHas, -
OC,Hys, -OCigHss, Cl, -Br, -I, -CH,Br, -CH(CH;)Br, -CH»-O-C(=O)CH(CH3)Br,
-CH,-O-C(=0)C(CH3),Br, -OH, -CH;0H, -SH, -CH,CH,SH, -CHO, -COCH3;, COOH
and 3',4-(COOH)2,_3-COOH-4—N02, 3,4-(C(=0)F);, -CH,COOH, -CH,CH,COOH,
-COOC,Hs, -NHC(=0)0#-Bu, -NHC(=0)CHs, -NHC(=0)CF3, CH,CH,;NH;+, -CN and
3,4-(CN);, 3 and 4-NO,, pyrrolyl, d-hydroxybenzoic 2-(2-thiophen-3-yl-acetyl)-

ammoethyl 4- benzoylbenzene 4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl), 3-isonitrile, 3-
dioxo-1H-isochromene-5-diazonium-3H-benzo[de]chromene-5-diazonium, 3- (2 5-
dioxo-2, .S-dihydro-pyrrol—l-yl) and 4-[1-(2,2,6,6-tetramethyl-piperidine-1-yloxy)]-
ethyl. '
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met hod according to claim 3" characterised in that
i ncludes the use of a reducer. 8. The nethod.
accgrdi toclaim7, in i sl S
aroiy: G Befedeoftink Ry LT dut R GERERY i A SRR use of
1 Rdlce¥/ SCE or negative, hypophosphorous acid, halide
salts, notably sodium'iodide, ferrocene and its

derivatives, notably ferrocene-nethanol or carboxylic _

f er Boc erfBheamiethod ascwdivigao abdiny, 7,dn vehiely fhenieAenss insraccted among:

sqdi bor ohydr i.de, vi ol ,
SRR b O ORSUEHAS arishR R SRR 52, VPscE 3 bativaehiidmosphorous
Rigrhane! aiies . nckébl9. solingn nidtifdled fagocndi agl tis dédvativds, notably

characterised-in that it includes placing. the surface
ferrocanstaethangliay carhoxglie forcans adft asArpiq Addy digistylaminoborane,
the sajd reducer bei sent. i LRGN GTedehiSviol d
ﬁﬁé‘ﬁ?i l’?/rosoj?@réreéatv g)sog%ﬁ%ng)%?’oe%? olge?ﬁry rel ati \?e téot0 %%ne o
Stetndlated] @Aably bisphaddlatest5 10. The method according to

claim 3, characterised in that it conprises the

phot ochem cal irradiation of a charge transfer  of .
conl ex Tl methoflrasaerdiig (@i aini upharacigrised pp thet it ipgludes placing

met had accordi ng .10, ¢l aim Y Bkl i
B R AT B, S TRLLE Rl ent st b
srabdnt andtROhidhReid quardioynof gacanrathan stenhiourty rekatide to the said
Irradiation of the said charge transfer conplex, to :
digrinéwe selhe reduction of the diazoniumsalt and the
formati on of aryl radicals which bond to the said

surface. 25 12. The nethod according to claim 11, .
conpy.i si Tige treehddohdcowdimg te tekgrs3, chapdcserised) in Hbatsigropapaises the

B ORGS0 B TEEE DABOTIY, TGP pb Ty rom the diazonium
%arl@nsf er of charges conplex, and irradiation, notably

y photochem stry, of the said charge transfer
conplex, to obtain the reduction of the diazonium
sal 11.andTtd eefladnatcbaimgpfo driph 10ademptisingvtiec formatien o8g@ charge
to the said surface.,13. .The nmet hod accordi j
gansE £PIPIE DS BACHE Y Sl E 0 ¢ BEE-LRY ghotndilcYoffipound,
%@f@aﬁ%ﬁﬁ ofl He€LRLhABA traet C6@bieRN to achieve the reduction of the
CTI FR2006/ 002260 regi stered on 9 Cctober 2006 .
Piazoniumalt afd thedhromaitoared apgp prdiesds whishhgnd tsthe gyid gurface.

e .
-E?){tﬁdentzal

‘registered on 26 October 2005

12.  The method according to claim 11, comprising the following sfages:

— 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 charge transfer complex, to

obtain the reduction of the diazonium salt and the formation of aryl radicals which bond

to the said surface.

13.  The method according to claim 3, characterised in that it includes the use of

ultrasound.
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51 Confidential 14. The nethod according to claim 13,
characterised in. that it |ncludes a stage of plaan ‘
the surface in contact wth'diazonium salt and onfldential
treatment with ultrasound. 15. Mdified surfaces of an

o 3?‘3;?” egggfﬁ%%%%gq%g ?‘rﬁf‘ i : §I’ R z{recrtéras:e% alrrl tl@aq 1t Rcludes a stage

of ?J[%ﬁ{ ohhé QLEFP&'E! Rl c&{ta&Gwmp&hicﬁuuﬂ@ilﬁiﬂd&l‘eatrﬁ&ttahﬁeldtrbsound
utrlisation of the nmethod according to any one of

claim3 to cIa|n1 14. International Application

.FR2QQ6 re | r . .
Pr g ¢ OB R R TBECCR: Ao EA T ot oK OB 10g1g, meterl o an
1ﬁ&%hl§& esfeﬂﬂc&ﬂu@t@r Qa4telglr o2Q0binary or ternary compound or composite

material, obtained by utilisation of the method according to any one of claim 3 to claim

14.
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