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bi nary or ternary conpounds, preferably by the grafting of an aromatic
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20 least in its habitual form, given that an insulator cannot be activated by electrical means.

With the aim of proposing functions of analogous ‘quality on any type of surface,
methods of grafting on insulators have to be updated, by seeking — either in the
molecular precursors or in surface activation techniques — specific features that allow the
elements observed for electro-grafting to be preserved: interface bond (covalent or not),

25 conformity, homogeneity...

The electrografting (eG™) of diazonium salts carried out on carbon (Pinson J.,
Podvorica F., Chem Soc. Rev , 2005, 34, 429 ; Allongue P., Delamar M., Desbat B.,
Fagebaume O., Hitmi R., Pinson J., Savéant J.M., J. Am. Chem. Soc., 1997, 119, 201 ;

Liu Y. C., McCreery R. L., J. Am. Chem. Soc., 1995, 117, 11254 ; Saby C., Ortiz B.,

30 Champagne G. Y., Bélanger D., Langmuir, 1997, 13, 6803), on metal (Adenier A.,
7 Bernard M.-C., Chehimi M. M., Deliry E., Desbat B., Fagebaume O., Pinson J.,
Podvorica F., J Am. Chem. Soc., 2001, 123, 4541 ; Bernard M. C., Chaussé A., Cabet-

Deliry E., Chehimi M. M., Pinson J., Podvorica F., Vautrin-Ul C., Chem. Mat. 2003, 135,

3450 ; Marwan J., Addou T., Belanger D., Chem. Mater., 2005; 17, 2395) and on
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Al longue P., J. Phys Chem, 1997, 101, 2415) is-only applicable to
conductor or sem conductor surfaces. The spontaneous or thermal grafting
(that is wanHeenduglosctHanendeiVdlienesye phdtinsondii Aldonguaduct iFdpy Coemad97, gr oups

on the sur been denonstrate I rnat onal Pat ent
o popl i oot 1 B5 2458 SRR RNER S BN aE S TR ity o e, BB

97/ 47692, WQhOridA (eHBng WL GI8 MAAREDeleMEd O 4T 8rhp hdf&h%ﬁu&hxﬂdﬁéﬂo fQ@ﬁ3681 ;
et Brevets US 5 672 198, US 5 713 988, US 5 698 016, US 5 851 280, US 5 885

355, US 62r0ups ondhe sutiacesolngareon has almady ihsan demenstiased OntesnationgloPatent
oy E o am ABplieafiBhd WP SBARRRES WS s AReqH AT i sd7ac GRY 2N d605 Ry P! 11 e

by attach groups deri rom the ~di azohi um sa

spont aneous7/gras2t W 90313698 CWUWM%QD\MD(B%JM N@O@Uﬂ 1574§lWD 0053681
sem condut ors, espe ally si Chem Mat er .
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Smal l ey R , J. Am Chem Soc., 2001, 123, 6536; Dyke C A,
Tour J. Ug\]mlﬁ%d'a?hem Soc., 15 2003, 125, 1156; Dyke C. A, Tour J. M,

Nano Letters, PRO8mpR 1nﬂr8d15ct1,on$1f kcaidon blacKinto aldydzenium #slt sollitha ehdhblbs theBar one
P. W, Allen'M J., Shan H.. Kittrell , .Smal | ey
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publ | shed mmﬁorﬂﬂtd%gtaspmgﬂymﬁéommdhr thE. mﬂrﬁi@lr MMZWMOW?%])I I1Rdeni er
A., Cabet - DeI iry E. aus i vea Mer, Pi nson_J.

Vautrin- Ul &2-3 %ﬂ?éﬁ] Ln&] ang Jz%@@ﬁynlimD Y9 rom wk«;ﬁ\w $mallqycly Bedguid. L., J.
El ect roch ,cﬁe?,P%oclfzoonFz%* g?@)D j(-g)(gexerT drtJ M\SJb ncggﬁeg%ed that

this spont aneous ting’occurred ecalde the o | ect, conductor or
semi conduc2i3, i/83, 1|1|56| tILykep(énm;TbmuJ.ﬂ\/Ipmml]eafbrs( 2003, Sot 2Ht j BtrariotM. €3 adopt s

spont aneousl n plu nt o di oni_u al t__soJ.ution),. suf iently
reductive §¥1¥?gng‘cell? dLa amna eggén‘{na 34 h@ Iﬂa {{ fEI’he same
mechani sm gt hay. %?ﬁfeﬁqg E’Urs*cfw%ee'zﬁﬁé r AfN§8) ¢ akad %d?CtYﬁ}fg JTEﬁlt'(ﬁP@“t aneous

grafting of diazoni um ts on thé surfacés 1's’therefore a special cdase of
el ect r ochePiigzaD. WaDtrkr‘é‘gM Kodykie Def\oy ¥ao . dhdwlettoneMi, dfouc ér Mai Bardet.er i al s,
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20 February 2004 with the number US 2004/0023479A1 ; Adenier A., Cabet-Deliry E.,
Chaussé A., Griveau S., Mercier F., Pinson J., Vautrin-Ul C., Chem. Mat., 2005, 17,

491 ; Hurley B. L., McCreery R. L., J. Electrochem. Soc., 2004, 15, B252-B259).
However, it has been observed that this spontaneous grafting occurred because the
object, conductor or semiconductor is, in its open-circuit potential (the potential it
25 adopts spontaneously when plunged into the diazonium salt solution), sufficiently
reductive to reduce the diazonium salts spontaneously, according to the same
mechanism as that observed during electrochemical reduction. The spontaneous grafting
of diazonium salts on the surfaces is therefore a special case of electrochemical grafting,
and therefore is only done for certain materials, which have a sufficiently cathodic
30 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.
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el ectrochem cal, and not just spontaneous, neans only accel erates the
grafting reaction produced in any event w thout el ectrochem cal
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present inyention.is alsg.to furnish a nmethod for nodification of very
resi stant B@PP%{F@%?P%%@EP%‘I“P&S#&%S Ef’é‘i%ﬁkﬁor%’é‘frﬂ nductors or very
regj stant  bi nagyoREct LEHRAT¥seRPTROMRASs td [ GsHB RlethR QLA%RE hsthators by

el ectrochem cal solicitation, but wthout having the i'hconveni ences
associ at edaryl groupshderivkd éotrsdieforpimyiseltdr op for 25 exanpl e. The obj ect of the

present | nvent on kg akse, Lo, LWER Shostrd ces ol SORTHLbS BheHALE "' "
sem conducihQfladk bf RnGSoREtoR sB#cks B bin&y B YmER BMI¥Ads, comprising the use
of grafting reactions of aryl groups, the kinetics of which are significantly faster than
20 those of current methods.

The object of the present invention is also to furnish a method for modification of
very resistant substrates, especially very resistant semiconductors or very resistant
binary or ternary compounds, like what is obtained by electrochemical solicitation, but
without having the inconveniences associated with the effects of ohmic drop for

25 example.

The object of the present invention is also to furnish surfaces of composite
materials having at least two of the materials selected from among insulating surfaces,
semiconductor surfaces and binary or ternary compounds.

The present invention relates to the use of a diazonium salt R-N,* bearing an

30 aromatic group R, for the grafting of the said aromatic group onto insulator,
semiconductor surfaces or binary or ternary compounds or composite materials, the said
surfaces having a specific resistance greater than or equal to 10° Q.m, and preferably
greater than or equal to 10° Q.um, the said diazonium salt being present at a

concentration greater than 0.05 M, and varying preferably from approximately 0.5 M to
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The present invention relates to the use of a diazoniumsalt R-N2" bearing
an 30 aromatic group R, for the grafting of the said aromatic group onto

i nsul ator, sem conductor surfaces or4binary or ternary conpdiuagilential
conposite materials, the said surfaces having a specific resistance greater
than or equal to 10-5 Qm and preferably greater than or equal to 10-3
Qm the sapgoximatebniduM, stdt nefablygatpt egegentrations closerie dtst salebibly fmétatisr t han

0.05 M an [ r jmtely 0.5 Mto International
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approximately 4 M and notablg at a concentration close to its solubility
limts in 2eqsentrationigacaterdhan ¥i1dMs (sol vent and tenperature). According to
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one or nore(fé(?dependent or condensed benzene nuclei, and/or one or nore
conpl ex nudIHEPT Qe onaarer 4Rl e AvEpiedergd drom benzepe, Natprally o Byis ragical gag o

conprise h I 3. ' 0 ' LUt as
hy(rtlnr) ocar bo%gggﬁgl%ﬁgépggtgfb%b@ﬁccgﬂn%éll {g}dyngr 1’1%#’3‘? %g?%ﬁ%&gueghwg@%wg} Oacn Og. 10
The t er m "chasupassibhgcanprisigeldterdatohgaties Nh@ andiSf ace of a material, which

does not allow the pgssage of elegtrons or holes, and the resistiyity of
whiBh i's of t hEhoRdRr IBTIStie Juskes UsTnueHne BIioK Sindl BalcpBh dogai ch are

i nsul ators b\Sded ' | f it rlta, ; ' , for
t he pol yet%@%gﬁ‘grtgiB%%%%ér%gelécﬁghggrs?@%&?% (% gleirég?’ltﬁn?ﬁg or dlgr%f(lf)qe Olr% gﬁf Q m and

that of poatyleasopypl’efeni Bor exdnijde,qsodeners fwhieh dref Rsilatois hFkerebietivity in the
"sem conduct or surfaces’ designates the surface of a sem conductor
material, endaxof K0 &F 1@ Khmerthas, Hiihaipobisthylrae ised bere, the resstivityds bythe

el ectrons and | s .and h | ectrical conductivity.of -which, when it is
very pure, Oﬁﬁ%@seg'rﬁfﬁ%h@ﬁﬁ%(ﬁygfoﬁﬁﬂe ls_t"éﬂi‘?eorrg?r&fﬁoar%nban_ be increased by
seygral order sTRf téﬁgﬂéehﬁ&ﬁxd%@mshfﬁce'smd%i?ﬂtés wel &iﬁfacé’}bfdﬁﬁérﬂﬁoﬂudctbrh

el ectrically active inpurities. Sem conductors are characterised by the 20
si ze of thmatsaall thpaps, hatmaep impdicht the curadn ne gartied ty eleotronsranddwiiantli on

cdi 1 o, Che BRURe) CongelviRgPERhIcE: wWHS ) Ve RBBIEBIe EXPOIRGURN MU y of |
I Ntrinsic ghigefdite ah@tarf¥&iMRtsed By dehefaSrdefsdmaphitddIrbmaRdnirigReARe ON 1ts
purity. As regards the materials currently used in mcroel ectronics,
by doping with electrically active impurities. Semiconductors are characterised by the
20 size of the band gap that separates the valency band from the conduction band (L. L.
Berger, B. R. Pamplin, Handbook of Chemistry and Physics, 84th edition, CRC Press;
Boca Raton, p. 12-97). '
The theofetical resistivity of intrinsic silicon, for example, is in the order of 3 Q.m and
depends on its purity. As regards the materials currently used in microelectronics,
25 doping is located between 10" et 10 atoms/cm? and the resistivity subsequently
depends on the type of doping (borium for p doping; arsenic, phosphor or antimony for
n doping). Thus silicon, having n - doping with arsenic
(10" atoms/cm?) has a resistivity of 3.10% 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
30 (10" atoms/cm?) has a resistivity of 9.10% Q.m and silicon, having p doping with
borium (10'° atoms/cm?) has a resistivity of 9.10° Q.m.
The term “binary or ternary compounds” designates binary or ternary compounds

having different phases, for example Ta, TaN,, TaSiNy, TiN,, TaSixN,, WN,, WC,N,
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25 doping is |located between 1015 et 1019 atons/cn2 and the resistivity
subsequent|ly depends on the type of doping (boriumfor p doping; arsenic,
phosphor or antinony for n doping). Jhus silicon, having n mjﬂgm‘ﬁilth
arsenic (1015 atons/cnR) has a resistivity of 3.10-2 Qnm silicon having n
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parti cul ary gt rbéﬂaeiﬁelﬁ}. il sk @\ﬁsﬁa{dg gl% arkhosk, rt@fsn%xmﬁﬁs G NBe "fé‘lgés\fiﬂg""as

described, “for exanple, In Y. and Szé, S. M, 1996,
Technol ogyrefdunces: dwnti 3-H,; Sukieby; Xamk H-NTh Esieg,clofdtimg K-8 eLddpddi $wd, Hn t hin

(Chem cal VaPe Aol sty it SRk dit LRGN BRati MRbnoY ol

conpounds WaRg depordiied ydng! , €4emRkey. IinT e figw! g%znghyg af e0®NTes 29 M
m H M Kang K B.; Li, WM H

S-H.; Suk S.:°Ki M Kang, D-H “Kim K-B.: Suvi, H’; ’ Tuom nen,

M 1Q. El ect2¥chem Soc., 2004, 151, C272-C282 et H.B. Niel, S.Y.Xu , S.J.
Wang, L.P.Youl., Z.Yang, CKOOg,,J. Li, T.Y.E. Liew, Appl.. Phys. A, 2001,
75, 225" 10 2B YHB AT ERGRED RRYS SHSHORSBUILECET GhOHEPE 1 SPBIFy as
barrier todi¢RRBR or ntifatiediP s Qechbesaol AAgREtiARYy&s ¥FldaRORSakObr BRYBANI C

| ayers of data storage or as a grid material for CMOS transistors

( Conpl enmenmateyialVEiraCMO§ dranSsior< (Geloplemestpry Matal Okislet B¢migbndustirsit iThet y of

t hese thin_.layers i.S.ver i ghly. dependent on. t he .depgsi.tion 15 conditions
and spr eactesHHER eRHRY e MBS fingBRRIE g o BighBEafiehdEin o e GreSfohovel s
of 1y esi sti Minnionb ahﬁ“é‘ﬁx%a&shi'nrh {aﬁg@'ﬁ%m ehetigpchemean ar at el et g becore
inefficient because of the ohmc drop in the nmaterial. For eXanple, the
barrier | agferesistfityt bethese thin tayem| sleasadiemical gmfbagrastede beeirho thelfanrentt oo

high a resjistivity.to enable .electrochenmcal deposition.of honogenous
copper on l’t’?‘f@“ﬁl%‘%@ét‘i@“ﬁ PR ge%eri pl}*ﬁr" i Eerérlia‘éﬁr?O?dg?anat es

conposi te pRlabisal&dNayithY BimdLast mdi¥d Bhvd Mo MRER' 4 abSistHalye e @fableom
anong insul ating surfaces, sem conductor surfaces

electrochemical deposition of homogenous copper on the plaquette scale.

20 The term “composite materials” designates composite materials having at least
two of the materials selected from among insulating surfaces, semiconductor surfaces
and binary or ternary compounds as defined above, given that the said composite
materials are surface composites. The compound materials which can be cited, for
example, include silicon surfaces comprising slices filled with copper (applications in

25 microelectronics), substances in part comprising a dielectric material such as silicon or a
binary compound such as TiN or TaN, organic polymer surfaces comprising certain
metallic parts or hip replacements, the surface of which is composed of titanium or
ceramic. Having a composite material comprising two materials of the same category,
for example, a material comprising two different insulators or comprising two different

30 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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and binary or ternary conpounds as defined above, given that the said
conposite materials are surface conposites. The conpound material s which
can be cited, for exanple, include sélicon surfaces conpri siCuyfiehlids
filled with copper (applications in 25 mcroel ectronics), substances in part
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considerin ok 'srix??rfétcjréfért&f4?f)k gglem{)lggji cal and is therefore too far renopved
fromthe solubility limt o tFI1 sald salt, the grafting reaction will not
be efficient eRlecytchamical hppafying|lchs dfeet hetribneedctoi the formbtidoe of eryl rabowls 10 The

bonds for on the pol rg are Caliphati.c ou arpmati c-Caronati.c, bonds
whose engﬁglymg rEnstte PR t_adlae E@Z%wnrﬁ&ite?ﬁtpéeé?mdeﬁmoeaw bieds ti ng
has been at fHe%hﬁ%eﬁ&stfﬁﬁnétﬂfnrq?{akﬁ_?ﬂcgza@fnyi h61ﬁ9§éﬁ%h§ _solﬁt%d, ‘B}ghé}%ﬁ}{ %ESI er of

an electron to the diazoniumsalt. present i1nvention i s based he
hoitbgenousaifl of aaedwar, of baphbtockahisay sf & chagh trangemwapleglouby antivation bgr wi t h

the 15 aid of a reduger, or b ot ochem stry of char ge.transf | ex,
or by act | Waeraol T taeensi BT A Hatrale el PetaBuBed ahg sficectf B8IT or e
not for mede|elrdda&t wﬁéllﬁﬁeto%oﬁiﬂe as § BRU088f blecirScHRAREA rbAicHBAY, fideyasmel N the

case of electrochem cal reducti'ons, they are produced wthin the solution

and t he naprodugedrwithifi thdestutigmandsthaimdjor past obtheouredsts iwith the compounds in
the solution. Only a small number of these radicals reacts with the surface to lead to its
20 grafting. It is therefore necessary, as stated in the present application, to use high
concentrations of diazonium salt to obtain sufficient concentrations of aryl radicals
suitable for grafting to the surface.
The present invention also relates to the use as defined above, in which the grafted
aromatic group derives from the reduction of the said diazonium salt, preferably
25 — by the use of a reducer of the said diazonium salt,
~ by the photochemical irradiation of a charge transfer complex formed from the
said diazonium salt, or
— by the treatment of the said diazonium salt with ultrasound.
The grafting of an aromatic group onto insulating surfaces or semiconductor
30 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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the solution. Only a small nunber of these radicals reacts with the surface
to lead to its 20 grafting. It is therefore necessary, as stated in the
present application, to use high congentrations of di azoni ugggldendisy Obtain
sufficient concentrations of aryl radicals suitable for grafting to the
surface. The present invention also relates to the use as defined above, in
whi ch the graf Thdtermriosdatiion of diaponden isel€Shdre desigriatesrthel uaitiianleading ketheai d

di azoni um sal| t efe ly 25 - by th f are uce of the said
di azoni um %r:ﬂ pidica] tﬁ“ﬁglaﬁﬂaf’%‘eﬂ‘g}ﬁ e fomaliragsf ‘HrP c}CHRAT ge transfer
conmpl ex forned fromthe said diazoniumsalt, or - by the treatnent of the

said diazoniumsalt with ultrasound. The grafti ng of an aronmatic group onto
i nsul ati ng surThm@mmr“clmgﬂ-txm&wcctommpleHOms dddme&:ipicntscwmpiele‘s des‘igrtaitmary or

terpary co S, or. surface conposi.te materi 0 i ed

i nsul at | ng% &]éag l%ﬁleﬁéiﬁ’ﬂaﬁ%’a%m"@ﬁﬁmi?&ﬁmeé&?ﬁ? é?alﬁly O\ﬁi‘?ﬂ? L‘fﬂul%urfaces
of binary gy whRthndese W@Bé%satofeaﬁtﬁhfﬁéfﬁéx&lfang@w be elREr6rst 3hS dopdpat 1S
surfaces onto which the said aromatic group iIs grafted to be obtai ned.

| nt er nat i omalecpplonatas emhnrl%(:ﬂm:mﬂc&ﬁb@ﬁlw @&ctreagsl 61 er etbcoonsOn @ b okxdpieB006
Priority : French Patent, Applicatio 10914 re ered on 26 Qctober
2005 7 CopFIP[?éﬂlf’ dgfi ClePﬁéntA@P‘fﬁonF’eHh Fcfﬁs"o %TPQEB’nlsﬂgn iéqstf‘gﬁﬁe Tgnat es
the reacti gy hieadi Pegcﬁa?er&é?ﬁed B thh thélijU@sﬂblsﬁ!?jslpTe&ﬁnﬁ'dﬁ? S FerﬁHHé'FlﬂnBYtHehe

formal transter of an electron: e term " charge-transfer conple
" domor - r ecspecendt the ﬂphcmdhddasplgmtancde@les5(JcMapd}eAdvam& Orgarttih€hasistygiddt i on of

two chem ca an of two nolecules, in which these two
speci es at® 1@‘?5@5 ea’ﬁ]ﬁ?’ﬁ\lg‘%gﬁglﬁé’ggi pair of electrons; the donor nolecule
donates eitherrge Rajy “@ot&@l@n@&mqﬁgmﬁt‘uﬁﬁbf ‘a”t'fax{sf&)r il c}ﬁzhfe@ SR Sent tforhf?:da

recipient nolecule deficient in electrons, in this case diazoniumsalt.
These char@emt tlanélhmmumosaiﬂ’ede@sgnauee thoh amratiatiomi wattl visibichat uithayiialetUlighti si bl e

spect rum dj rs, fr f t he ectra o or,. and reci pi ent
ol ecul o6 (RESfErRly B Rl o e AR A ORGP S S H W ey
Neys Yor k, Qnd7a9aonoTBﬁ)lécﬁEe”Apt@@Rirﬁlcﬁ&mg‘e&}an'sfef@&hﬁfekpn of a transfer of

char ges corrpl ex formed fromthe diazoniumsalt™ designates the irradiation

with visible oThmtetrma\/cre@trmnthfghc dla(melemewzlibWh wiltrasquind Hesignagds aamstlodt i on
apt o T or MUMERATHE M rEieREl o Bar B R gh 1S AesaRent of the di azon um
salt with ul trBgqumeiklessiapat BSmegemBhd R%lucer, which is a reducer dissolved in the

same phase as the diazonium salt, a sufficiently concentrated solution of diazonium salt,

20 a large quantity of free radicals is created. A part of the radicals produced
homogenously in the solution reacts with a surface dipping in the solution. This
therefore enables the surface of organic polymers or more generally insulators to be
modified by aryl radicals, particularly by shearing off hydrogen atoms and coupling of
radicals, by Sy addition onto aromatics (Kochi, J. K. Frée Radicals Vol. 1 and 2: New

25 York, 1973) or by Merweein-type addition (Dombrovski Russian Chem. Rev. 1984, 53,

943 ; Rondestvedt Org. React. 1976, 24, 225) onto double bonds. It is also possible to
have the radicals reacted with microelectronics substrates such as SiO,.

Equally, by irradiating the charge-transfer complex, the transfer of electrons into
this complex and the formation of aryl radicals is favoured

30 Equally, by subjecting the diazonium salt solution to ultrasound, the reduction of
the diazonium salt and the formation of the corresponding 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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whi ch consists in subjecting a diazoniumsalt solution to ultrasound. By
reduci ng usi ng a honogenous reducer, which, is a reducer dissolved in the
sanme phase as the diazoniumsalt, a sufficiently concentrat edcgsmfigskigh of
diazoniumsalt, 20 a large quantity of free radicals is created. A part of
t he radi cal s produced honbgenously in the solution reacts with a surface

di ppi ng i not henanyl eammund Tdri 3 comipesitf materiel)ah¢ esrfadecos whichc & mbd'rb'legab)n' c

polyners or neraII insulators.to he nodified by ary di cal s,

Do Teu ar BATRGE St arrer "0 e crids Suee amg it ruontruBe by Hanene by sH
addi tion O%Pdﬁpﬁr@H&Eincﬁle (5aEBIof tHe bénd bétRReRRt Gafase YRl -the oA %roxﬁﬁw 25
York, 1973 Mer weei n-type addition (Donbrovski Russian Chem Rev.

1984, 53, beuds w. mbmd@bfsmds a @oyaleRdmnt], anioT@ablp 4uctp B8y} itoresistsdwasbing tyonds.
It s also ossible to have the radicals reacted with m croel ectronics
sub2t r at es "N Sic®. Equally, by irradiating the charge-transfer

conpl ex, the tﬂ@ns%fcﬁﬁleﬂfodeﬂoﬁﬁ)trfsﬁigsplbdiﬁ thet§31§s1ﬁfhﬁ@h@éorﬁm Wwitea fdeszpmiumon of
aryl radicals is favoured 30 Equal 1y, subj ecting the diazonium salt

sol uti on t caltpn¢ theogdectionaf th@dmdtdutmntwn salhearyiing thei said arematig ggouphat a

nventi on et aat P ESORT L ARG B oE QeohdorlyEhetss 1 057 Viyina

insul ating rz{f@i@r p@fezralﬂy O asRokigiatdly 08 BT 1034 M, GotgblP b 3hyen@htide E108E 36
conmpound or a nposite material, to obtain an insulating material, a

serfPconducit® ISOIHhtlléY limit, netably harthe usanfareduden bl th%pmtp@:lﬁtfm@ﬁ 1rrad1at10n ofa

Ao | cati ol AT Oeitinst £oPRpcParetEbR Sk dEbiui Shbeiste sl bR o

ternary corgaun Ld'kdzoﬁfu_nﬁ s&10BP afttdseui i€ bbRin theh@idsatomatie g@éqpé’fglrzﬁ’fbdl énténeidl fi ed
by grafting aromatic groups onto the said surface, possibly substituted by
functi onal Saléﬁbﬁfw wherein the nature of the bond between the surface and

the orafted ar aelihe AR ILARLIBALLN ot mihod (EOURL S AART: pRR, ROt 201 v

such that it resrsts rasoun ’he” sai rret rising

pl asi ng thacameﬁtramﬁ@@@tetfhaﬁ@mmt with a diazonium salt and the reducti on
of the said diazoniumsalt carrying the said aromatic group
concentration chhééfémt dunetiongbhgrgBpy Cieﬁlgp'f“ﬁ? gubstjfutes Qfdh%émfﬁeétandrgr@ﬂreapfer t han

0.05 M an I I 404 M notably a
concentr at ?or?ac g’towc%g ﬁ?t&é&%&%@?ﬁtﬁ%&ﬁ% Q%‘?e y the use of a
reducer, by thacpMirxgchemmthbd bﬁcheapnemt Gdveatiof, rﬁa&ﬁﬁhceofs mh(aﬁgdasm:mrrpl ex
f or ned from t he di azonium salt or thefgr trrent o] sai a oni um

salt by ul thahthsuan mﬁ@c’%ftaéwmhﬁ@%ﬁtlen@ s Retwyeed %S ?a&mae@ the

20 aromatic groups corresponding to covalent bonds a carbon atom of the said aromatic
group and an atom of the said surface.

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 is lower
than approximately 60 minutes, and notable lasts approkimately 1 to 60 minutes, and

25 preferably approximately 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 a reducer or the photochemical irradiation of a complex of transfer of
charges lasts approximately 1 to 10 minutes.

30 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.

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



said surface. According to an advantageous production nethod, the diazonium
salt is present at 15 a concentration greater than 0.1 M The term
"functional groups" designates substi®utes of the grafted arylonfideisfial apt
to react with nol ecul es and capabl e of presenting particular properties.
According to the nethod of the present invention; the surface is nodified
such that theAsefrdingetohed ddvantegecystdvebadimenit ith nadthdyb rodisthb eihverdiont ise

surface and th ratted. .20.aromat i roups, corre i t.0 coval.ept bonds
a carbon a?hoa Cg r%faﬁéé gsflgf Hleéirl%?r?giuf%Szﬁtg%(%'ﬁ%a{[%?Oé'ﬂmiz*o‘gwgﬁg’t%r%lﬁi‘qd $UFf ace.
Accor di ng honatipreebyy sl Xeixhodidantagedud anitat bakficihlly Relettey Finh Oihlégens,
characterised in that the period of contact of the surface and the di azoni um
salt is | oWphateshan phesphaies.natkershlaaten nuetatluaipbprates.abl @rboxytates  and

appr oxi mat putes, and 25 preferably approximately 1 to 10
mp%t es. Agé:xépé?ltr?gh(?sg)hé%%referred enbod!orrent, th)é rrgltohod of th)é I nvention is
characterised The htiah chin®e pasubsitturfofabnbgt grovp, & BelphoridtegRdupridr txenglé,azoni um
salt reduced by the use of a reducer or the photochem cal i1rradiation of a
conpl ex of a# WBH%IP@JW&OIGQ}%P@@@%I%%QZ@H&‘HW@W Hgn@blained o 10 mi nutes. 30
According to a i . | ' 1S

char act e?i sed Fﬁé ?{?g{rﬁ gﬁggl??lgg?ég%tesc{gn Iggﬁl ng gfﬁ%liﬁﬁﬂggé%ghﬁg{éﬁg&dflazoni um
sal t reducegdt theyaréhstiug@upfis an hroameu nebidirsih Csa@far poskibiiyt albgtithtedtty &fe ori nut es,

and preferably  approxinately 20 minutes. |nterpational plication
PCH FR2006¥“9€P2§‘H¥§%P%@ HWbglitEtes o @ hereroasInati isidusy Pl tpylAf g A9SPaly ent

Applicatio ' : f |
Accordi ng %h(%t#tegﬁé\)é%%éreégghgﬁﬁ%gﬁlr?gﬁ?l?ﬁtsﬁ%&%gﬁggglgﬁm? ﬁgﬂ |Q r?\k/g%\{%%&i S
char act er i sflttérnatbhmatchodea frtinappygennhghbdgenandplanr and pbodphorrul a Ar N2+X, wherein

Ar is the aronmautic group and i'§ an advant ageous.anj on benefici.al].
sel ected from HaP§ é‘?‘}%ng?ﬂ‘ E)%(%f‘é%t?s E’rfb%‘ﬁﬁﬁag% ?peﬁét? %BV‘&tcgér,aCtenseJ 1.};
tetraf | uor BRPHR!Aomatk gmglxebﬁfp%esa&fé or™y P UPLARNARRNMOGS: in e ghfipon can

be a substitute of the ar group, a sul’phondte group for exanple,

anmphi phi | i madoheofil e bearing a diazoniumsalt is then obtained. The present

I nvention also regl ates %o met{l]od as specified above, characterised in
rsched 4

that the aronali B difp e radicalsi el it €5-cettpn ploEs: mogsibly
substi tut egorﬁyrié?ﬁga ok or a plurality of double or triple bond(s), possibly substituted by

carboxyl radicals, NO,, di-substituted protected amino, mono-substituted protected

amino, cyano, diazonium, alkoxy from 1 to 20 carbon atoms, alkoxycarbonyl from 1 to
20 20 carbon atoms, alkylcarbonyloxy from 1 to 20 carbon atoms, vinyl possibly
fluorinated or allyl, hydrogen atoms,
— aryl radicals possibly substituted by carboxyl radicals, NO,, di-substituted
protected amino, mono-substituted protected amino, cyano, diazonium, alkoxy from 1
to 20 carbon atoms, alkoxycarbonyl from 1 to 20 carbon atoms, alkylcarbonyloxy from
25 1 to 20 carbon atoms, vinyl possibly fluorinated or allyl, halogen atoms,
~ carboxyl radicals, NO,, di-substituted protected amino, mono-substituted
protected amino, cyano, diazonium, sulfonic, phosphonic, alkoxy from 1 to 20 carbon
atoms, alkoxycarbonyl from 1 to 20 carbon atoms, alkylcarbonyloxy from 1 to 20
carbon atoms, vinyl possibly fluorinated, halogen atoms,
30 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 niolecules chemical molecules or

complexing agents, or one or a plurality of precursor substituents, which, after
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10 nore functional substitutes or a heteroaromatic residue of 4 to 14 atons,
possi bly substituted by one or a plurality of functional substitutes,
conprising one or a plurality of het®roatons chosen from oxyggsfidehydlr ogen,
sul phur and phosphor. The present invention also relates to a nethod as
speci fied above, characterised in that the aromatic group conprises one or
a plurali t’slaltsfor!mbgn,l agt @y tohiseeinwith arpanigresins, biglogimalemofecales, chdnicdar or
branched al i tlc radi.cal s f 1 to 20 carbon atons, possibly conprising
one or a pﬁnﬁfeg}l %W@S’ﬁ‘ﬂ?’@g Striple bond(s), possibly substituted by
carboxyl radi cml&tenm%ubsiimtéy Bt tot AR dirétBt Rech §blyANEE Oche e -of WRSIbgitalt ed
protected am no, cyano, diazonium alkoxy from1 to 20 carbon atons,

al koxycar b@ﬁiﬂwlﬁso#ﬁagm@eszwbzon&w ofotheaaremstic graun Sxedonid dheysurfasmandt o 20

Cactonl o ponarg PO SRR RL vty R DG Loty sl B d

prot ect ed mGledtles.MEx@edd6H tetauﬁx%dﬁmemxgoarsagmmyrme a€oAa, gdupaenaiiynoral koxy
from1l to 20 carbon atomns, al kox?/car bonyl from1l to 20 carbon atons,

al kyl car boribry aceighane oingtigns, Jelogans gicabolsmet the rype pEIEIOCH:Hofarnat ed
|1yl L.age tect ed
o no. ”rond e e pbadRe aidPOP R (RS, O, MPaiae AN LG oot e

phosphoni chalrickaXitilés; @gncitaﬂamsz&nﬁfes bsfthe aypérr&CHajnMycfaxr aomple,frr bethd at 0 20
carbon atons,_ alkylcarbonyloxy from1l to 20, _ carbon atons, vinyl possibly
f1 4r i nat eholsaiusthen r%ngm&fm@oo Abé@»r%lﬂfﬁglcwldénwab%feég@bﬁw RO BYHHENL | the
nmet hod of lll'bes héh\é‘?e@t lon is characterised in that the aromatic group

. P . :
conprises one or a plurality of substitutes apt to react directly with

or gani ¢ resi nsThdiefth fgiecatsonnlbetitubsis, whiehiafial trafifematien, ¢ apteto mHcewithg
agents, or gne or a pl urallty of ~precursor substituents, which, after

| nt er nat i op%lrfmmpvhe@a@a &% bedagieatreRectdts detignaien wbetituentd Wichoaftshene 006
Priority : mE eﬁ@%{%fd;’rﬁfaﬁgﬁ, f@% tgq%dc?%tyg) eﬁﬁér}%&% fcﬁﬂﬁlﬁfe%ﬁlggar?&‘cl?eﬁngﬁt ober

2005 10 Co rans I on t"to eact w th organic resins,
b| 0 ogi cal motdcelest Hs, pretigsorcsabstitu@its ciliels aﬁbr tramgbbreatiog, &gapt . rea'chelré erm

"substitutes apt.to react djrect Wi th polyners hem cal or bi ol ogi cal

1ol oeul oo NQeeRgh &4@2)“; N (CEGReClor CReRar SBE e Bfar mr%e@owwp?ne
surface an a t \jOpS t pt

functions Q:arﬁl e by ot? N( ﬁé{:%f?%%ngégfgsoﬁlﬁgg{%%%g étﬁﬁclﬁpgn brought
by the ar owhblecngmlwarpframe 1atol ¥0. Bhenacyl chloride, sulphonyl or acetyl chloride are

-

examples of amide protector groups.

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

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

The term “chemical molecule” designates all molecules comprising functions apt
to react with the functionalised aryl group: allyl or vinyl or acetylene groups, halogens,
alcohols of the type -(CH,),-CH;-OH, for example, carboxylic acids of type -(CHa)s-

30 COOH, for example, acid anhydrides or halides, nitriles, isocyanates, amines, of the
type
-(CHy),-NH,, for example, wherein n is a whole nufnber 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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vinyl or acetylene functions, hal ogens, alcohols of the type -(CH2)"-CH2- CH,
for exanple, carboxylic acids of type -(CH2)1 COON, for exanple, acid
anhydrides or halides, nitriles, isotlyanates, am nes, of theanfjdential
-(CH2)"-NH2, for exarrpl e, n being a 10 whol e nunber ranging fromO to 10,
sul foni c aci ds honat es, phosphoni c aci ds phosphonat es. The term

" precur sor P %Nl%t]i‘l% 2 th{(&fﬁz)n Q(C Hahﬁ%@@%mhraw dlf @ PAQJECIPISIPBRAICt Wit h
| ) ’ whi ch,
pol ymers, gd‘ﬁ Sty Or(CIPIZ orgriaﬁ (C'PP Q¢Lp-es RS} grates %@%Zét%ﬁe&regf,oﬁps, Ic

after one trans dre apt Y0 Teact wi't

bi ol ogi cal whedeacul Bsa amble hmmbealraﬂ@ngnﬂom:m &5 . IOTmelupwec@hemcyls chistidé,uent s,
whi ch, after tra sfor on are apt to_.react are: N2+, (CH2)"-
(CH2), cHoPUphanyy qr lorﬂfie B ¥ al%PBﬁ@&e&mfﬁ%ﬁgmups (CH2) " - NHP' r

(CHR) ., NP 1) Phe {efti2%bin BN}_ZP Y eﬁt”rdesﬁfﬁtepgh{&eomeo H@ﬁ{’/ QBmgfteh?ectalfi@ (l:(ﬁ'{él ng a

whol e nunber from1l to e acy oride, sulp acety ori de
are exarrpfcesexmhplanEB&’Ap(reﬁtymtedlangmawtp@etlQﬁbld‘hemum-&qumom cromasatimets,

desi gnat es avi reactjve functions exanpl e functionalised
styrene-co® ’SP{% igﬂ ﬁ%g‘ﬂa? §ARehesmentAng ﬁ%ethﬁﬂa 1RSOI ystyrene,
br onp- pol ystyr ?Heepregléfﬁi HREKAEA BXb rARkY &Y Y meRSd ,as Y5R e dd b e RinAAL A% in

synthesis, the polyners used in peptide synthesis (for exanple \Wang resin:
pol yst yr enthahtheiangmatad grouy lsempsiseslametvola plurakityi afirsabstit@SitsTig to egact didctlyogi cal

| ecul e" desi gnat t t h
entnes or MiRegurEte Ml oo en srounr s SrdlE vl § FPEc o
conpri si nggxfouﬁ&tﬁawgén@ralcohm dfeﬁ&typw tdtahheH, gt f&'&hrhﬁﬁdcﬁb&ylﬁra@w@ al |yl

or vinyl of acetyl ene groups, hal dgens, —al cohols of the t
CH2- OH, f opf bépanﬁiléz)n-éfé}%xidr|ee<ampled901dfanhyqlmdes(@@)Idmmlta}é&uson@natexarrpl e,

aci d anhydri des d . at es of .t he

Moy 1 eSSl b Bty 7 relr PG BPE R aSH Wiily rlpor Bretro 10
sul phoni ¢ &6mdBtaO10, StlbRKEDALIES or ANBISIHARE] ghodstidic acids, BhPISRPRGIAS Sor G
functions apt to react after transfornation with an organi c resin and

chéSen wit bt mphm@ltlgrom;ﬁcwns pubstitusts aphtoeienettatisn anns&pmat@atm&nan orgamc
Aol 1 cat 1 oft RorperTb HiFHE R lare SEhRRGk B ISBEr 2 eb bk Rt TG
NG2, N2+ ((@H)pCOOP( @r&b T fdféztzarngraﬁ%ﬂmmmm R Mszoc@m)pr
g,r 8? gét ;)r (g:—éugs\il\{'l_lelilem P’g,%_’l’z);re I;Er)clzclect%r gro(ulc):;—lz\?v}cl)ergipli is a w}(laorle(e3 Inlrlmblerr fanglnng are
from 0 to 10 inclusive. Phenacylsulphonyl chloride or acetyl chloride are examples of
20 amide protector groups.

A preferred method according to the present invention is a method as specified
above, characterised in that the aromatic group comprises one or a plurality of
substituents apt to react directly with a biological molecule and chosen in the group
constituted by allyl or vinyl or acetylene groups, halogens, alcohols of the type -(CHy)n-

25 CH,-OH, for example, carboxylic acids of type -(CH),-COOH, for example, acid
anhydrides or halides, nitriles, isocyanates, amines, of the type -(CH;),-NH,, for
example, wherein n is a whole number ranging from O to 10, sulphonic acids or
sulphonates, phosphonic acids, or phosphonates, or one of a plurality of precursor
substituents apt to react after transformation with an organic resin and chosen within the

30 group constituted by NO?, N,*, (CH2)-CN, (CH,)o-CHO, (CH,),-COOP;, wherein P; is
a protector group, -(CH),-NHP’;, (CHy),-N(P’;)2, (CH,)p-N=P’’;, wherein P’;, P’’, are
protector groups, wherein n is a whole number ranging from 0 to 10. Phenacylsulphonyl

chloride or acetyl chloride are examples of amide protector groups.
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wherein n is a whole nunber ranging fromO to 10 inclusive. Phenacyl
chloride, sulphonyl or acetyl chloride are exanples of am de protector
groups. 5 The term "conpl exi ng agent "12desi gnat es a nol ecul e afinfidensanpl ex
metallic ions for exanple. EDTA (ethyl enedi am notetracetic acid), am no-8
qui nol ei ne, crown ethers, cryptates and phenyl al ani ne can be nentioned
speci fical |l y. Aeeorgingdenn ailvantagepenmathed of shaanésture the methnsldofabe preswitf i ed

above, characterised in.  that the aromati.c group conpri ses one,or,.a

ol ural ity BrolfinR aersabin AT oL AR bR BB RS PUEHIE ofesi n
and chosensubgtifubigts GHO e réxen dirkdtlit &eth yn@lonyl ofpani¢i Myleclle andedhvbeNi GeOoups,
hal ogens, al cohol s of the ;}g{g‘_e -(CH2)"-CH2- OH, for example, carboxylic acids
of type - (@PRpgomttyed byellekering orgeetilean Byanps.dudogsps, dgahabssof the BibEl-es,

i socyanat e aptne f v 2) far inmnis a
whol e nunb erl)‘h%fgﬁzH’ . c?%gglp [%%%6’0 ggt% %lgﬂ:lg{: t}%’ci é??ﬁﬂ(ﬁ?ﬁl\é‘@ﬁ% BSP le,
phosphoni caci¢ aflisydrides phasipdeenaitgiss, iSdcyates] amdiesfoPthdrigheé tCTDIn-PIBC forsor
substituents apt to react, after transformation with an organi¢c resin and
chosen wi t Ba Rl eWhersimpn cis s tyholg agmier oging\fremy B4e) 10,cpylphanyg peideqo,

CH2) " - ej s - Or - n o
§\I( P 2) 2%0\,9@&&1:%55 B(\)/\l}%g rag}cﬁ’ gi‘ ﬁ)%&ﬁ{hogétgéf Bc}ro?réegé@a Bﬂrﬂgﬂglpt%,()f( er e%orﬁ nis a
whol e nunbeatbstitaens apt tofreavraflertttanirinaddiiwitl @n offaeivaeyih and phasey withiv thei de or

acetyl chloride are ex | es_.of 20 amide protector groups. A preferred
Tethod accBPHP GG Db (CRObTIN AR by G HanasOGBe FTaRE: Bhove,
characteri i t NRpA U sesyo hefoiPptl g of
subst i tuen?g%etl‘!f)({%% %%P%agte}%{"r ect Ir’fl(c%{zg"tl:ﬁgﬁ‘ggglbogﬁggﬁben%%gﬁe Igbé’ng rcéf!%sen in
t he group protesirigtatpsdwhareiald igla vaiole hmyberoanging frpieh o HY. Chpmcylsalphgeiis,

al cohol s of .the type - 2)r, 25 2-OH, for exanple, carboxylic acids of
type - ( CH2yRloriqs ,Ce%é@%F&aggFﬂg'%@Wts‘é gPUPRal i des, nitriles,

i socyanates,  afhdidsen?invelor 118G 141G )2 mNHRd af Seciff4AIBYE chiskAlA iR 1S a
whol e nunber ranging fromO to 10, sul phonic acids or sul'phonates,
phosphoni cthatthd djazoniuphsatphomseefpmor one of a plurality of precursor
substituents apt to react after transformation with an organic resin and
chosen within the 3 groWp constituted by N%+ N2+, (CH2)o CNO (0#4), CHO,
(CH2)n COOPr, wherein=Peis a protector group, -(CH2)"-NHP r} 2

F, wherekn P Px.are protector
om tpD. Phen

A B

0067002260 ~x&Qi st ered ¥

(CH2)"-N(P'r)2,+¢(CH
wherein n is a wiol e /
chl oride or acetyl chioride are e
| nternational Applidatiod PCTIFR2
Pryprity : French Patent Application No. 05/10914 registered On 26 Cct ober
2005

wherein R’* is chosen from the following groups: -CH3, n-C4Hy, n-CioHps, -
25 OC1;H,s, -OCi6Hss, CL -Br, -I, -CH,Br, -CH(CH;)Br, -CH,-O-C(=0)CH(CH3)Br,
-CH,-0-C(=0)C(CH3),Br, -OH, -CH,0H, -SH, -CH,CH,SH, -CHO, -COCH3, COOH
et 3,4-(COOH);, 3-COOH-4-NO,, 3,4-(C(=O)F),, -CH,COOH, -CH,CH,COOH,
-COOQC;Hs, -NHC(=0)0t-Bu, -NHC(=0)CH3, -NHC(=0)CF,, CH,CH,NH;", -CN and
3,4-(CN),, 3 et 4-NO,, pyrrolyl, o-hydroxybenzoic, 2-(2-thiophen-3-yl-acetyl)-
30 aminoethyl, 4-benzoylbenzene, 4-(2,5-dioxo-2,5—dihydro;pyrrol-1-yl), 3-isonitrile, le 3-
dioxo-1H-isochromene-5-diazonium-3H-benzo[de]chromene-5-diazonium, 3-(2,5-
dioxo-2, 5-dihydro-pyrrol-1-yl) and 4-[1-(2,2,6,6-tetramethyl-piperidine-1-yloxy)]-

ethyl.
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12 Confidential According to an advantageous nethod of manufacture, the

nmet hod of the present invention is characterised in that the aromatic group
conprises one or a plurality of substituents apt to react dig Meigp th
fonctional organic nolecule and chosen in the group constituted by allyl or
vinyl or acetyl ene groups, hal ogens, alcohols of the type 5 (CH2),-CH2-COH,
for exanple, céhdpreydntinvaniicisaled rdlatpeto-o BEpd aCsHadifiddaboex atplaeterisaicind
anhydrides or halides, nitriles, isocyanates, am nes, of the type

- (CH2) n- NHhat thg diazagimeg 1swc}gx,zgqeﬁmﬁ is a whol e number ranging fromO0 to 10,

sul phoni ¢ aci dgprierns UdpORRKES, dR AR0OD oI AREIBhiufleaP BOSRAABRLES df one

or a plurality of precursor substituents ‘apt to react altter transtormation
wi th an or fpemaklehyki withdthzohiogiesaltsj arkl prefenablyl Ovithr disgonoom salits amiaﬂbsﬂityteﬂloz

N2+, (CH2)r, ! wherein Pr is ect r group,

N o) TR o g SR T oSt e ihey G dompeunds e i ER o Peot by

groups, whgs @bHotBsén&tl@e‘l‘A}Qk%lﬂié%é‘ﬂufi&ﬁl@'o‘??)lafté %P;tht 1&ha5’@néﬁéﬂ $¥l_phonyl

chl oride or acetyl chlori'de are exanpl es of am de ector groups. The

present i nCentWoh, dhgawandleaMelrorolekulnet Ebdnasl%tﬂedﬁ?,l Bd8ahAmericahRaterdt eri sed

|n 15 thaf\I (E?Qg%@z)omumsalt Is chosen from FF Nz + 0N + +Nz F I \ \
2 ~& N2 wherein R' is chosen fromthe foll ow ng

gr OUPS- -CH3, int ﬂi\@ﬁﬁﬁ?ﬁso Telé-)tés Q‘%ll%k%d a3 %%%bo% 7cha1|§Eter1séd7 in- CH2Br,
-CH(CH3)Br, -CH2-O C(=0 CH(CH3)B CH20H, - SH,

- CHR CH2 SH, thaOH©insulaGogi3 at@RDis orgam@ ;mna(tlit@@mi ZhosenﬁmH- 4 NCJZ 3 4-(C(=OF) 2,

- CH2C0H, 0 ~0) CF3,
Do+ TENlng il 0T G PTG FONGEDORE  BIO)] Prgs %}%er SehBDEE .
2-(2-thiop 323{%@?&@?&%) etBOr @P‘PEDOGIE hydlyetHerb@BEZ %{oﬁer@@f&%), polyethylene

4- (2, 5-di oxo- rrol-1- 3-isonitrile,
di oxo- | Hi Emphthal@mél?gl")dlpab@ﬂleuw@hblhfeﬁﬂﬁ)delpmamrmmddl(ﬁﬁbhlhmhe@l( 2, 5-
di oxo-2, 5-

4-[1-(2,2, B&g&%ﬂ{ feé%l}ﬂ%te élf%% ,ngpyﬁgleimwl%gg}?)li _polyamide-imide (PAI, Torlon®),
15 le polypyromellitide (Kapton®), polystyréne (PS), poly(4-méthylstyréne), poly(4-
vinylpyridine)(4VP) or poly(2-vinylpyridine)(2VP), polyvinylcarbazole, and
—~ the following aliphatic polymers: polyethylene (PE), polypropylene (PP),
polyisobutylene (P-IB), polymethylpentene, polyvinyl chloride (PVC), polyvinyl
acetate (PVAC), polyvinyl butyral (PVB), polyvinyl formal (PVFM), polymethyl
20 methacrylate (PMMA), polyvinyl alcohol (PVAL), polyethylene terephthalate (PET),
polybutylene terephthalate (PBT), different polyamides, polyoxometalates (POM),
cellulose derivatives and polyacrylonitrile (PAN).
The present invention also relates to a method as specified above, characterised in
that the insulating material or the binary or ternary compound is chosen from: Whether
25 doped or not, AsGa, SiO,, SiC, TiN, TaN, TaN/Ta and WCN.
The present invention also relates to a method as specified above, characterised in
that it includes the use of a reducer.
The term “reducer” designates a compound apt to supply an electron to an
oxidant.
30 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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ethyl. International Application PCTI FR2006/ 002260 regi stered on 9 Cctober
2006 Priority : French Patent Application No. 05/10914 registered on 26
Cctober 2005 13 Confidential The present invention al so rel @dg@gidestial met hod
as specified above, characterised in that the diazoniumsalt is a

di azoresine. The term "di azoresi ne" designates a pol ynmer obtained by
condensat i aacorbic afisl ndingthyledieinobdrinedi sadom (horalgidride, sivdogenef attabhgtablyt h

di azonium sal,t s of substit uted or .non-substituted di phenyl am ne. These
di azor esi n@gj[hé’f'é’ri’S?ﬁf’é’bﬂﬁ%enﬁ%@iPE‘?{EE@?SP P%ﬁagly%é? Sn(gﬁt(‘?f‘osensi tive layer in
t he manufact Urﬁc&i‘rdiﬁgatbearﬂc SfvaBfabBhdsGnbddfhén, when e Methol of tHedRventio- .

Angewandt e Makronol ekul are Cheme, 1998, 259, 77-82 ; Anmerican Patent No.

6, 165, 689) incindes theasenf a redueen thersail methp@ issthegactenised methhvoid indudep placinged
above, chapacterised in .10.that..the.insyl atj terial is organicC.in

nat Ur e and{hg ﬁggfg%e H gptact ‘”f‘ﬂ’e&f’oq"f”@ﬂ% Sataijf mﬂ%&e Bﬁei?’nrle sgf“%p[(?fl‘%fﬁ:bﬁ%lﬁat e
(PO, phen?ﬂegmﬁe iR GkeS HloRRAtE quirdtitPlor dRetotPIRER st ROBioRIB! relaiPENo the said

pol yet her et her ketone (PEEK), polyethylene terephthalate (PET), polyether

sul phone (®EB)niumpsalati ¢ pol yam de (PPA), bisphenol pol ythene terephthal ate
(PAR), polyetherim,.de PEI% | yam de-im d Al , Torlori%} 15 le

pol ypyronel | i tﬁgacé’ff‘n!%g&%’ it qvaﬁﬁ‘ﬁ%}‘é‘{sy%e%“{‘%% Blt ‘t&“-%%dh E‘Fy‘%‘?{g n

pol y(4- Vi ih¢luays ihdiuse bf 4 Yeducey, tHOdaid dethbaYd ehaiddrived (P ¥R) it is carried out in

pol yvi nyl carhazole, and - the follow ng aliphatic polyners: polyethylene

(PH), pol ypt opgucens c@lmjion ool yi sebutaprasice sobxenB) chesen y feontiy | peaterdide,
| yvinyl “¢hl ori PVO) ... pol yvi t.at e,.( PYA inyl .butyral
P OISR BB by BERGR SRR SR Yo PERRIAE! v oy

al cohol ( PYibkane fdlayehiydecne terephthal ate (PET), pol ybutylene

terepht hal ate q(;PBT), di fferent polyam des, pol yoxonetal ates (POM, .
cel | ul ose deri Vhg prgeant mgnpien glae rslateniora method pappecifipdeabor e shatacierisadnini on

al so rel at t.o_a metho S cifi ve, C cteris in that,the
ool i1 gt iedhFED A (B2 ARRERELES, BRGFOn oL SERGEL 2P dakiles thRbICK
Whes her  2Rhrgle@@dnmodiarsiumAglEa, Si 02, SiC, TiN, TaN, TaN Ta and WCN. The

present invention also relates to a nethod as specified above, characterised
in that it indreadisstine preksrisd embodimansrthe meghqdepinthe dpvpntien compssesmdt es a

conpound 2k folnRP |o¥ a‘fjl{}aneslfeelr%fIr gl?artgeos 9o%pl(e)))<( ibql‘fjlrnetacting diazonium salt and an
electron-donor aromatic compound, and irradiation of the said transfer of charges
complex, to achieve the reduction of the diazonium salt and the formation of aryl

20 radicals which bond to the said surface.

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

— placing the surface in contact with the diazonium salt and an electron-donor

25 aromatic compound, to obtain a transfer of charges complex, and

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

According to a preferred embodiment, the method of the invention as specified

30 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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30 According to an advant ageous neans of manufacture of the nmethod of the
i nvention, the reducer is chosen from reducers having oxidation potentials
close to 0 V/SCE or negative, hypophsphorous acid, halide JYanfidentidt abl y
sodiumiodide, ferrocene and its derivatives, notably ferrocene-nethanol or

carboxylic ferrocene acid, International pI i cati on PCTI FR2006/ 002260
regi st er ed®&T)9 potyetise rsuhxh@ae RPES), argmatiE s l%t(BBA) Ab@ph@@l ipolythame

G et by an RIS CEARD, RS Rer o P LD oPalaRiLBide “WRL ol Rk 1y
or be“ZOV'ﬁ’élﬁ?}QﬁBﬁleﬁﬁféepf‘(ﬁ\%’E{oﬁ@ S, polRbReleY ;mghs@ls} Aﬁhl%ﬁryls?ﬁ‘éﬁ’é)d' Syt an

advant ageous” enbodi nent ’he net’hod o e 1 hvention 1 nc¢ludes the use
of a reducamylpyhéms){#HP)‘rmt}btdyl(Zl-\snyipaménd:)éZVB)e;lohymniyluarbazd)lel ncl udes pl aci ng

5 the surface in c tact W t.he diazoniymsalt . a t he reducer, t sai d
reducer bei ng PPEEERE 1P R grﬁ%ér&ﬂ.%qu fpeihgd of ¢ dla%aﬁ%teork e fpecified

st oechi omefgaer %Iﬂf)héﬁﬁ% tBe tﬂTl%to%ﬁélﬁlcap i RERRINHbE Al transhGCOF ¢hilged QofPlex

advant ageous enbodi nen he met hod of the invention includes the use
of a reductarmed lﬁemsahazbmmn hdd ls shar#cserised ar theeid is carti¢rthoutiin ah gprotic solgehtout i n

10 an aquegus sol tlon or n ap c,.sol vent chosen f cetonitrile,
di ot hy ' o ERRA delToBonz STRERIG, * SURGPOITEIFES. qURRrIyFLD! | SR

t et r ahydr offju{cR@sulp fgjxmga&@raﬁmoﬁﬁﬁ{ea%ggm a'meacgaﬁg;&nt invention also rel ates
to a nethod as speC|f| ed above, characterised in that it conprises of the

phd® ochemi cal Aegaadingttp @npl@feradtmbmlimntotheahahgé@f mwventlomas fpeciied from
di azoni um [t. Accor.din r.ef erred §nbod g:g a? thod of ‘the

i nventi on ?: r PYRRIYYS © ﬁ]%e P@?t crgal Jfradjaiony g ®&x by

reacting dimed fiehSalabordid ), ! é}ﬁ}e[c%rs@'&rlﬁfthaf Ql'i@atele%tr@ﬁ-la@ﬁw’@mn?dﬁ@
irradiation of the said transfér of charges conplex, to achieve the

reduct i on edmpdaddiiszaesenn fserht hﬁdlmﬁboxmnmnﬁorleomlml le2@-¥ydetiecales whi ch

bond to the said surf A f he, met hod of
Che i nvent FENORGHprF HETSHETE: e lRebEn B PeanS: IS Gl ReToR B -ars Ak dF or of

chas ges coa@ﬂ@x E@&é‘fﬁd from d| azonium salt and is characterised in that it
conprises the foI | om ng steps:. - placi n% the surface in contact with the
di azoni um sal t Ae¢nddiag te| é@tad@hntdm@s enpg®dimerathec medhasb ahdhe tiavepbiomiay a

transfer _o; efgﬁ%d Zoyggg(pmﬁ f14in gg e 6’ nﬁ{ocﬁem@gl' Prrrb,'dla‘uoglacl?tl ¥ t?e}/nspe? ttO&pa?grgsSt ry,

of the sai ranst
complex formed from diazonium salt, is characterised in that the diazonium salt is

chosen from: 4-bromobenzene diazonium, 4-iodobenzéne diazonium and 4-
20 diazoniumbenzoic acid.

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

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

25 the diazonium salt and treatment with ultrasound.

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

According to an advantageous embodiment, the method of the invention as

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

tetrahydrofurane, dioxane and acetamide.
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to obtain the reduction of the diazoniumsalt and the formation of aryl

radi cals which bond to the said surface. According to a preferred

enbodi nent, the nethod of the inventib®n as specified 30 abouanfidemginli si ng
the photochenical irradiation of a transfer of charges conplex formed from
diazoniumsalt, is characterised in that the electron-donor aromatic
conpound der i vEke presant ﬂmengam flse ecletes bempdidief isufacoptod A ionganifeorsinprgasiar f ace

f h
Lol ol ot b ApRhHETEL G183 Holh O senROniiB0P hakSy Ok RS §ifary
( PEEK) , po&otﬂ;sdimue@ecaﬂp@nbtlhatba&le obtafxiedr nﬁmu@aionA@mhecafema as defined

PCT/ FR20061002260 regi stered on 9 October 2006 Priority : French Patent
Applicati otbave. 05/ 10914 regi stered on 26 October 2005 15 Confi denti al

PET | yet h P (3
b nehc Cor s FARAPL o ST WSS SRR SRR o,
Torl ori E lpmbgsmtrlﬁ@f@hmbtclod@oﬁiﬁﬁptmr sltru):tur@@ﬁd/ﬁftethﬁr’tﬁ)n(ﬂaﬁ)twn of which are
pol y(4- rret yI styren %/ vi nyl pyri di ne) (4VP) or
pol y( 2- vi nid n@%@ <11§o‘1 uyfaraApeeifiB prepestiessCancihisreora et gven fr Bker red
nmbodi t th
erbodt e L B b et ARIFLLALY ABRIFes GOMIGH §79 1 Ne

di azoni um p@kided ity thbahanicel haad dfithé Alphatit or sraratid ediduindi the surf@pradt i C
solvent chosen from acetonitrile, dinethylformam de, benzonitrijle,

but9r oni t r Phich hagi aditstpbls uf%ﬁmnsaéepepéwamd%flww u%ﬁ o%dhe appbcadiont ani de.
10 A di d
ccor di fg Ihgdlé’alp&%‘sﬁ&?ﬁn?g@b%f g‘i{@fiﬁa fff}%tlﬁ%t% ﬁdBYe% @b%gﬂ > st er

speci fied Dove risin emcal |rra fion o

of char gesmatemplsem bef mrepareld having @r@nmﬁmnmcml dnd beﬁng,cﬁafc&oiserals seenéot drhat t he
el ectron-donoy_aromati ¢ conpound is chosen from 1, 4-dinet hoxybenzene |l e
tol uene, | @epifie 3?%@“11@06 lggl&qmiGst ene, | e naphtal ene, |'anthracene,

pyrene, le p-dj m{g&%ﬁﬁ ngytlaey ﬁrgdva%nﬁa[ggb&t BABYARRAE YRe sﬁ?ﬁ%sdln%gﬁfego

advantageous e e Invention’'as specifie

compri si ngadchelipht the hmanuah afrer aslamhc&trlsedl inthatitheraaombter grofip ghetegas aptcxorrpl ex
f or med from |az nium salt, .is. characterised in that the diazoniumsalt is
chosen froWil stignal isAtoRIPACHANS- 4- | odobenzene di azoni um and 4- 20

di azoni unbenzopg, alﬁr'ng “fAferP EBﬁalisﬁth?Ptréé?:ﬂoﬁvil”s edi zﬁésesfo}oop%n@ﬁ hgd as

specified above acteri se udest use rasound.
reaction of coupling, onto the initially grafted layer, a molecule having the

pharmacological action, for example, of an anti-inflammatory, an antibiotic, an anti-
20 mitotic, an enzyme, a complexing agent, a polymer or dye, but also (in the case of
inorganic substrates), complexing molecules that can be used in the manufacture of

SENsors.
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According to a preferred enbodi nent, the nethod of the invention as
specified above is characterised in that it includes a stage of placing the
surface in contact with 25 the diazoriumsalt and treat nent Gsinfidential

ul trasound. According to another preferred enbodi nent, the method of the
invention as specified above is characterised in that it includes a single
stage during which the material is plunged into the diazoniumsalt solution
irradiated wt 5&%) i gg to an advant ageous embodi nment, the

met hod of the ut.uu as—3o—specti i ed above, conprising 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

acet onitrile, kigwst hytlptss rfanﬁh@regrafﬂeg.zctmeﬂynrp@lelm(RPr)omd@r jultgasound by 4-

e SRR AN AL ARE o\ SXANS eRS6,AThERE, bRieppat ! ona

French Pat k. S¢@idsi L ablackn deOdaB)' ZQO@Jﬂlﬂter ﬁglafets)eraeqblecrk &ﬁm@é@pb@d 42@&51(16
Confidential The present invention also relates to nodified surfaces of an

or gani ¢ orcrpﬁﬁsr)gmeépv%msa@thslym Bhej wariagpn 4 the hagéh o PEegialieh dycther

mat eri al t r C u C o] ngat i ned by
utilisatio mﬁ?p CP?%&F haéd?%‘s@adglf@hg?gea (%7 8{?1’]’ §eh haod (g?bl?hrgu?dr%sznti on
enabl es th@r@&p@ﬁl&ﬁﬂﬂﬁn@hdﬁlﬁh&h&@eﬁwﬁaces of poI yrrers or inorganic
conmpounds, the structure and internal conposition of which are independent
of l¢ hose of the surface. Specific properties can therefore be given to the

surface. For rties of
which are pr glz\;lgg?édf relﬁﬁh hé ﬁﬁpgﬁg%ﬁgﬁ{ﬁ% h ﬂ%ﬁ)l at i '(l:ti:aglr)urg gﬁ%t iC
chai ns andtrﬂ]mer«ﬂ;anieaeﬁazﬂmd:ﬁ hhembsehfssthadﬁmmioahhenténmtytofcths C@ebemtiem on the

i ntended use of fthe lication _(biopedical ported drugs.

met hod of &HE PeReEnt ((BRck dmaiish 2 4vhig %P@%?Sé P |gesrt>~°§tlrrelyptpe ar ed
havi ng_ or OafHafiof WPfHeltARS: ANk PEIAGY bY tnd BbuttSCiae dqN02 $RAEGhET ¢

| ayer in %?d{graog ectr(yr%?css Accgragtrgnig)&to éa} Dar 6|}gull:§11rf?ﬂgzgﬂ!hant ageous

enbodi nent serich 8 (Back amaglesombirfesgohds fibtha aman df sgyies d andaeerdienZnt i on are
characterised in that the aromatic group grafted is apt to wundergo further
functionali sati on reactions. The term"further functionalisation reactions”
desi gnates, fopjofxaRliftes tdfhe drfiBRk 0P BoRbHERMY i PHEKSRhdert 1fadophd bl4-Y
grafted Iayer § nol ecuese ha\el:rggg 0 Boﬁgr rracolrogigcg? acet:rr ona()?'lh Zxarrpl e,
of an anti trlﬂmbhﬂ)nnmnedlyzommnahtrememhtsdhe sarigivniin intensity of the CF3 band over

time. Series 1 (black diamonds), 2 (white squares) and 3 (black triangles) corresponds
20 respectively to the variation of the bands of PEEK grafted by the groups CsH4CF; at
1309, 1160 and 1099 cm™. Series 4 (black crosses) corresponds to the mean of the

preceding series.
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15 series §ﬂé§h§g&dhwogm&hes}dﬁpkﬁﬁgponds to the nean of series 1 and series

2. Figure 3

ul trasound by 4-

relates to the grafting of polyetherether
trifluorobenzenedi azoni um

It

catfros) " akbls T orinS RR uilhFhas e sE ot

( PEEK) under
represents the variation in
(§Ck di anonds) ,

2 (wite

HE Nely to the

variation of [th nds of PEEK grafted by groups CoH4CRF3 a 1309, 1160
and 1099 cm U %&@?t?agg (hI ack r‘rnccpc\ (‘(EWIP%F\QDO ds to the mean of the
precedi ng seri es. InternatronﬁmNﬁppl|caﬂﬁkﬁrﬁﬁlm FR2006EE0E260 [ egi stered on
9 Cctober 2006 g ority - FrenghPatent Apptcatijom No—05/10P14 regi stered
on 26 Octoberl 200BE18 Confi dBPS al |EXPERMUENTAL PART PPt he pfesent
application ar opptj,ge9r oups ghsebyrafted opiopol yrers Hsisdg S| reduction by
honbgenous r gducers; guf“hnfehhe;1°+ry or—by en*-» at-eR—by—u-t{ asound.
G afting tests Kaptoh&”absenceo actrvatnmnwfreactron bMEHks) mvere carried
out bef or ehand FTy $howi ng e hat| activatyon 19 1 ndi spensabl e for
di azoni um sallts ? hdie none nGie
PEEK none none” none®
Teflon®? none ® none” none®
ABS? none none” none®
Si0; 9 e d — —
TiN% g9

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

15

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

20 concentrations have to be used to be able to detect grafting.
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i

able to react on polynmers or dielectrics. 10 Table 1. Gafting test w thout
activation of 4-nitrobenzene diazonium Substrate Solvent ACN H2SO4 0,1 N
Et OH PE a) none b) none C) none C) PP none a) noneb) none) Wmgdentiddapt on
a) none b) none’ ) none) PET a) none b) none C) none C) PEEK a) none b)
none') none) Teflori a) none b) none) none’ ) ABS a) none b) none ) none)
Si2d) cb)d) TiNd) Eb) d) '"-- a) IR search of the bands characteristic of
the chem C’fllblfelin@%éfﬁﬂgfe%% A rcoH@éﬁ'tﬂ&HoASM @e%wﬁdrz hiffipcontact with the
solution for one hour rinsing wth water t en_acetone under
uItrasoundb “none" rrear&,ﬁ,@gt these | R bands are not (detected ; b) ¢ =

0, 22M |, Opbsfetesr at/e céﬁ&a@@nlS c < 0, 2aufvatigy at thel detedddh |inijt of

ToF- SI I\IR t-he |nfcnc|f\l haract-eristigc pn:\l(c is.close.-to-that! of the

SeD

untre ed sBPpl e. |On the ot her hand, reactions were carried out at weaker

concentr at |P<]1ﬁs than t hod¥Nused i[n the PNeseihdappl i cation: Ngvresulits in
Tabl e 2 effectjvelly shold miat high 20 concentrations jhave to be used to be
abl e tio d&fBOP grdfting. Internatlional Application PCITl FR20061002260
regi stered on 9 Ogtober £8Q6 Prijority : French F;atent Appl i cat |)on Ng.
05/ 10914 r&&lstergd on Zp Qft ober 200Phptochemistgent i al | TabNeng” G aflt i ng

t est jcentration-of 4-nitrobenzene diazonHum-Substrates-Sol vent
Activation ult | ConcexNati on |PP PERedi@trivh byt r asounds) nesnb) HKapt on~
PET 10, ACN Phot ochem(isﬁnM ) Nane bfprro@admé@dhdeduct i on b %G5 10 mm
ferrOCenemi,-)tELi,dnui T PET 8u4 O INReductTon )y dq,yl de) NUII{Ie by ACNTSI 02 10

- Q)

rum 2804 Reduction by 10di one
SiO, 10 mM Ultrasound €
. ACN g)
TiN 10 mM Ultrasound €

a) 1 hour of irradiation; b) the bands characteristic of the chemical function -NO, are not
detected by IR; ¢) Irradiation for 15 minutes with a 150W lamp in the presence of 11 nM of
5 toluene used to form a charge transfer complex. d) Solution 10 mM, reaction time 5
minutes; e) 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
10 reaction. It can be done heterolytically (formation of Ar") or homolytically (formation
of Ar°). It is this latter reaction that it is sought to favour (Galli, C. Chem. Rev.1988, 88,
765).
The production of radicals by reducers and by photochemistry from charge
transfer complexes is based on the publication by J. K. Kochi (D. Kosynkin, T. M.
15 Bockman, J. K. Kochi, J. A4m. Chem. Soc., 119, 4846, (1997)), which showed that the
radicals obtained by the homogenous reduction of diazonium salts coupled with the
aromatic compound used as the solvent according to an Sy homolytic aromatic

substitution reaction.

AN,* + ArH —= Ar-Ar + H* + N,

20 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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Utrasound SO TiN 10 nM U trasound cg) a) 1 hour of irradiation; b) the
bands characteristic of the chem cal function -NO2 are not detected by IR
c) Irradiation for 15 minutes with a2050W |l anp in the presen€onfilentidl nM of
5 tol uene used to forma charge transfer conmplex. d) Solution 10 mM
reaction tine mnutes Sol ution 10 reaction time 15 m nutes. g) at
t he detection fh HAgrang P ‘i’@ lrStSPmontlﬁ@q“ﬁlt ty of the characteristic peaks
is close to that of th jcals from

di azoniumsalts is t RO react|jon. It can be
done heterol ytica (formati F tion of Ar).
It is this |attré Act® on t hd

1988, 88, 5). s producﬁi

S stlg fea (Galli,[C Chem Rev.
radi c§ by reduyeers and b

phot ochem g from charge yansfer conplgxes is based op t b|RI cation
by J. KPR§ b} KosanZ| n, @ P 15 Bockmang @ pchi Am" Chem
‘-‘ ad|

Soc., 119, (1997)), howed that the ra al s obt ai ned by the
hom)genous reduction of diazonium salts coupled with the aromatic conmpound
used as Pherestrﬂf\tbeﬁolme:rwhdmng to an Sx honol ytic arofitic substitution
reaction. ArN2+ + Ar'H - Ar-Ar' + H+ + N2 20 I n the absence of aromatic
conpounds used as the solvent, the sane radicals react partly wth the

sol vent and paltt§ ¢nwWim homelstic arpmaticeyubstiniem follayadnby ﬁlﬂ’-‘yfea%iiﬁtj)n Q h@ﬁsel ves
to the ar Oﬁfetrfngdlg Owé?oh%&acﬂ r(%é ?acﬁ@a{?d@ Hgr gélon?&rﬁ'sgﬂ' ﬂtgnﬁach@égﬁmgqg&u

from the polyner forma radica couple w an ar cal
| nt ernati OWhjch/kmplhrleE altd grvaE”HfF;RQﬂﬂﬁhﬁeﬁe? ﬂi@'efse@.lrﬁigeﬂﬁdgmﬂm% éli:cﬁlamlﬁuﬁOOG
Priority : French Patent plication No, 05/ 10914 regi stered on 26 QOctober

2005 20 m&#tﬁdému%rbonAordm@frlaﬁrﬁ%mbeé ab €irBanquiadii Binsps, dhddverdael- R R R
tNz R j P/ P P =rest of thepolynmer chain + HIt is an
SH honol yt%&zﬁu(l)n%({qscﬁlsl?bek'i tution followed by the re-oxidation of the 5

i nt ernedi at e clixd akixadofay heniaidiradicallty at dombth baahistameaetidn kddwrd ;1 thhe sane

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

/.QR

pP—=—P = —= P P

R

P = rest of thepolymer chain

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

O R
P - P P

O
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two radicals can be written as follows:

(O
H
P P ————»P

C
G
X



whi ch ensures the growt h of pol yphenylene | ayers during the grafting of

di azonium salts onto carbon or netal (Conbellas, C ; Kanoufi, F.; Pinson,
J.; Podvorica, F. Langnuir 2005, 21,21280). The addition of &wnrfdentiali c
radical to a double bond is a reaction known in the 10 art, it is the
Merweei n reaction (Donbrovski, Rondestvedt, cited above) R r RH p _PPP
P = rest of thepolynmer chain HH The stripping of a hydrogen atomfromthe
pol ymer followed by the coupling of two radicals can be witten as foll ows:
R~RR CPPPPP*P + -~ R lInternational Application PCTI FR2006/ 002260
regi stered on Bhepeabbrismadd@maten ofradigals by nlgmscundzs deaeribag i vasins tsmieNs .

05/ 10914 regqi ster N .26 ber .20 2 nfd tial .The nechani.sm of
or ot on Gl 86 Chs? EARE s Revd 200 e J3, b el RO
(Cravott o, fommatidal Bf asdicaly IO MazSM6m B8Y-hadARen B&d td 8Hg@RdpdlRh&lsaisss

cited). The 5 formation of radicals fromdiazoniumsalts has been used to

trigger po(Gheprg MiHeaddaneking, Amal. Rolym Beid29H0, 6, 101 ; Apiwekanmgdagn!- 8gi .

2000, 76, (I \ X al Y udevan, T.; Umapat hy,
S. Polyrrerég _%Xﬁé?%@%%n#agg%?%as v.gf%?ﬁrg%rg{%?rga é%g n 10 Surfaces used: -
PP: pol ypr opyFeR¥ Olfélﬂqpokyé‘t%ﬁh?‘@r CGoodfell ow) - PET: pol ynethyl terephthal ate

foil (supplier DSM - PEEK: pol yetheretherketone foil (supplier Goodfell ow)
- PE: very high nol ecul ar wei ght pol yethyl ene (supplier Goodfellow -

Tel osuhl W L SRR IR, 12 L 10,
di spersing a graft ed- ePEBtmimhethilasephthalatedbi io)pplier RSVt yrene-acryl onitrile
(SAN) e pol YT s, A b thOetont fort (sup IR Copdteliang )
— PE: very high molecular weight polyethylene (supplier Goodfellow)
— Teflon: polytetrafluoroethylene (supplier Goodfellow)
15 — ABS: acrylonitrile-butadiene-styrene” (supplier Goodfellow)
" obtained by dispersing a grafted elastomer phase (butadiene) in a
styrene-acrylonitrile (SAN) co-polymer phase
— Kapton® polyimide (supplier Dupont)
— Polyamide (balloon stents)
20 — TiN, SiC, SiOC, SiO,

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

I - Reduction by homogenous reducers

25 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,0H). 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,

30 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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- Polyam de (balloon stents) 20 - TiN, SiC, SiOC, 5i02 D azoniumsalt:
Tetraf | uoroborate of 4-bronbbenzene di azonium (Aldrich) | - Reduction by
honogenous reducers 25 The two reducer? described by J. K Ko€bifidadglnki n
D., Bockman T. M, Kochi J. K, J. Am Chem Soc., 1997, 119, 4846) were
used: Nal and Ferrocenenet hanol (FcCH2COH). More generally, other reducers
are possible for exanple hypophosphite (Panduragappa, M, N, S. Law ence,
R, G Conpton, )@de t, % ﬁ% @ l) or ascorbic acid (Costas- Cost as,
U.; Bravo- D|azE LI Use U Nala Hadg: Langnuir 2004, 30 20, 1631) and nore
general ly all theamplkpduadsifatehts beuhmdlf;b@i esnpliaedd of awthitctobé. sMoreoger pasitive
than that of, di azoni um s%lt (that is nore negative than 0.5V/ SCE such as to
reduce al | SPWEOR H7 BHPGf%sal ts. International Application PCTI FR2006/ 002260
regisstered on 9. g{,AReLc2006ile E’AC Wy12 g bF %%ln&@h%&{edﬁ@@hhﬁl t1'4¢7'M{\}2

05/ 10914 regi stered on 26 Cctober 2005 2% Confidential Exanple 1- e of
Na! as reducer 2- M sdmphectoditride $ACNAdd).409 hef Naldilf47éd) i s pl aced in a test

tube. Moreover two solutj.ons are pr.epa of, ac itrile.(ACN)
12" of 4 OBEREATEHES PR S anenpgons 2ol S dh BRI 6 ( Ak
+ 0.609 g alpdNalobérzefiddiMonitih.S experl ment is perforned at concentrations
very close to the solubility limt of 4-bronpbbenzenedi azonium 2 m of

solution 1 is &ddkdf sodutemchistasked tmwhttmmubz then dfmlsef] sotution 22 Th¥ maxtuiect ur e

10 of these.,t sol uti;ons i.s hono enl e test tube info an
o tPasouna of e ooy tiREis' S HIHRRSACE B i M B8 e e B i Pghtt
observed, tRgelTo¥loHé SedoBANE vidlbut rel@h%tdhﬁrd%fﬁnéio&@ﬁw& the Zixtukd fdafns! Thd tO
rest for 1 hour. The sanples are rinsed wat er under ultrasound (10

m nut es), kese fuingbovand:)( ftos ledifaltgsitey 1 howr. hhagamples aredriniefl avith watey

HE o e et Sund i ARERY, SpclBEeTRCURI MRS ) pBlTGRE gresl 5
(0.3 130 RBrvacdwadd (ér2 s urd.
15

Tableau 3. ToF-SIMS analysis of polymers grafted by 4-bromophenyl groups.

Surfaces: Peaks (Intensity*) Attribution
pp 79-81 (0.3 10%) Br
127((2 10%) I
79-81 (1 10% Br
PET 139-141 (0.5 10% [OCH,CH,O + Br]
167-169 (2 10%) [0=COCH,CH,0 + Br]
213 [0=COCH,CH,0 +IT
79-81 (1.5 10%) Br
PEEK
E 127 (0.4 10% r
, 79-81 (2 104 Br
TiN
' 127 (6 10 r
79-81 (2 10* , Br
SiC 2199 '
127 (3.5 10% I
. 79-81 (0.3 10%) Br
SiOC
10 127 (1 10%) r
_ 79-81 (0.8 10%) Br
Si0
o 127 (1 10°) r

* Arbitrary units
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79-81 (1 104) Br PET 139-141 (0.5 104) [OCH2CH20 + Br]" 167-169 (2 103)

[ O=COCH2CH20 + Br]- 213 [O=COCH2CH20O + IT PEEK 79-81 (1.5 104) Br 127(0.4
104) 1- 79-81(2 104) Br TiN 127(6102 ) t 79-81 (2 104) Br Confidentiad7 (3.5
104) 1 79-81 (0.3 10) Br" S OC 127(1 102) T 79-81 (0.8 10) Bf 5102 127 (1
103) I * Arbitrary units International Application PCTI FR20061002260

regi stered on BheOprestrse @dﬂemllﬁr pwithe gurfaceradribe pehirests ang @vee droroinated .

br o ne ort ST SEd St b Sl i LT N SR e i SRR SR =0t (e

pol yrmer PEIf gk g@iynyers Aaav dﬁéladm&sh isteaZ@NihdPréRacd 6f Wdine édnebes tyehasmetheof t he
pol ynmers and diel ectrics. Moreover, t he presence of iodine can be seen on
the surfatifaconvhigh indinatestthal ieding atopwideeve Bom theNal duesrdnye ractAbnr educer
have reactﬁgsggh 5 the surface. Exanple 2 - Use of Ferrocenenethanol
(FcCH2OH) as re Gcer: A sanple of a surface to be nodified is placed in a
test tube. A solution is then prepared 10 1- 14 m of acetonitrile (ACN) +
0.39 g of 4- bronobenzenedlazonlun1(0 1M 2- 14 m of acetonitrile (ACN +
0.30 g of FccHExample2;- Vpe of Fgrrogenemethanel{FeCH.O ) asaeduscerach t est tube then
2 m of soluthqg,, i)le( b Dabre£ANG %@tl{l@&lﬁ&plsoplgédl\ﬂl a t-gg'tetu% XA Wb RitibR i REn LY
t hese two sol ution

prepared

10 1- 14 ml of acetonitrile (ACN) + 0.39 g of 4-bromobenzenediazonium (0.1 M)
2- 14 ml of acetonitrile (ACN) + 0.30 g of FcCH,OH (0.1 M)
2 ml of solution 1 is added to each test tube then 2 ml of

solution 2 (final concentration 0.05 M). The mixture formed by these two solutions is
homogenised by plunging the test tube into an ultrasound vessel for five minutes. A
15 release of nitrogen is observed. The mixture passes from orange to deep green. It is left
to rest for 1 hour. The samples are rinsed twice in acetone (for analysis)

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

Table 4. ToF-SIMS analysis of polymers grafted by 4-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
20 * Arbitrary units
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honogeni sed by plunging the test tube into an ultrasound vessel for five

m nutes. A 15 release of nitrogen is observed. The m xture passes from
orange to deep green. It is left to #Hest for 1 hour. The sarqinfidestid ri nsed
twice in acetone (for analysis) (10 mnutes) and dried in a vacuumfor 18
hours. Table 4. ToF-SI M anal ysis of polyners grafted by 4-bronophenyl
groups. Sanpl Ehepessence oft kramiing on thy suifasgtafcthe pobymres gnd (qyew bromipagd 79- 81

(1 104) Br 743 Br . 41 (56
103) [ Br orBeSRRES pf theytbur P ol pERIBE b g SR R gidludit 10,
Br Ti N 79- 8flthé poliak}s &id dife&rié9- 81 (0.6 104) Br SiOC 79-81 (2 10) BY Si2
79-81 (0.5 104) Br 20 * Arbitrary units International Application

PCT/ FR20061002260 regi stered on 9 Cctober 2006 Priority : French Patent
App%lcatlon No. 05/10914 registered on 26 Cctober 2005 24 Confidential The
presence of brom ne on the surface of the polynmers and even brom nated
fragnments of tEgaI_gl_(agrer PET clearly show t hat the di azonitun reacts with
the surface of_the polynmers and dielectrjcs. npl e 3 - C6H4000H groups
have been gr af t%hlz:@?%ewm bﬁvq;bee@cgraféf‘élp@htﬁdﬁgm afzme@mndﬂrw digzanigRobor at e

by ferroce The
Fo | o ng. eEiraiale ALt bl ook Qin SUARE CSBSHAL LBRRERIAN. /0%
of ACN (c= 0, Ihd\/ﬁolloazmtlbpr@aﬁsalt ution of 162 ng ferrocenenet hanol (FcCH2OH)
|n 7 5mM ACN (c= 0 M . .
a) a solutlon of 175 mg BFy N,CeH4sCOOH in 7.5 ml of ACN
(c=0,1 M); and
b) a solution of 162 mg ferrocenemethanol (FcCH,OH) in 7.5 ml ACN (c= 0.1
M).

Firstly, 2.5 ml of solution a) is added to a haemolysis tube containing a sample of

15 polymer (see Table 3), then 2.5 ml of solution b) (final concentrations 50 mM of
*,NC¢H,COOH and 50 mM of FcCH,0H): the mixture of these two solutions turns dark
green and bubbles of nitrogen are released. The mixture is then placed in ultrasound for
10 minutes. The samples are rinsed under ultrasound in acetone (10 minutes), water (10

minutes) and ACN for analysis (10 minutes).

20
Table 5. IR analysis of polymers grafted by 4-carboxyphenyl 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 IR /
1) after subtraction of the polymer spectrum
2) solid
3) projection on the ester band of the PET
25 4) the C=0 bands of the PEEK and the CsH,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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Firstly, 2.5 m of solution a) is added to a haenol ysis tube containing a
sanple of 15 polyner (see Table 3), then 2.5 m of solution b) (fi naI
concentrations 50 mM of ' 2NC6H4COOH gnd 50 nM of FcCH2OH): {m re of
these two solutions turns dark green and bubbles of nitrogen a rel eased.
The m xture is then placed in ultrasound for 10 mnutes. The sanples are
rinsed under ultrasound in acetone (10 m nutes), water (10 mnutes) and ACN
for analysis (10 m nutes 20 Table 5. IR analysis of polyners grafted by
4- car boxypl}%lﬁyﬁ @p@aﬁsang a@ﬁsvénplps grafied by digroniymsply of fHeminobenreieBefz oi c

aci d2) cm - I—PP-1687 C-O0"1658 1617 Cycte vifgration 1599 PET 16813) C=0O
1658 PEEK 1) afteg, I:,eigtractlon Anglelebcpvrginer| spasgle giromyctsol(i d 3) |
projection gn the es band |of bdfercRERt@Ht4) |t he a@tﬂrMmdBt of |the PEEK and

t he C6H4000Hgroup are too chosetobedistinguished—Fhe—contact angl es of
the water wegre al so asured |before and after [treat rreH t hg reducer:
| nt ernational AppliBBtion PCIT/ FR2006A26€2260 régﬂét(eﬁtquamngtes):t ober 2006

Priority : Hrench Patent Appl i cation No. 05/ 1q959(5@@|2@trﬂlrna¢spn 26 Cct ober
2005 25 Oonfidenhdi) Table6—Contact —angtesjof —sanptegs—grafted by

di azoni um salt_of 4 5hi nobenzoi ¢ acrré0 Sanpl g Angl e cont act| Angl e of
contact befdre tre@BmENt aftdr treatrgynt 114 ppa55@a2t@r7(2’)(after 10

m nut es) 69a)( 1A Te t4%ds MHB\@%}attalﬁl Elmxmlugé'lthdﬁ%ﬁbl@ &va ') a) the
angl e takes sonme tine to attain a limt value w thout notable evapor ati on of

thes drop. 5 Thend§8sp€ 6f I bafdsRBAESHoRGNE ¢S BRNCEO Grdup dndahCadntikieepciand the
aromatic cycle plus the nore hydrophilic nature of the surface give proof
of the graplus nge ofore Hrydrophilic nature of the surface give proof of the grafting of the

phenylcarboxylic group to the surface.

10 Example 4 — Use of hypophosphorous acid as reducer:

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

15 carbon black, which allows the surface of the carbon black to be modified by the aryl
groups deriving from diazonium.

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% hypophosphorous acid in aqueous solution (final

20 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

25 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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phenyl carboxylic group to the surface. 10 Exanple 4 - Use of hypophosphorous
acid as reducer: Hypophosphorous acid has been used to reduce di azoni um
salts (Pandurangappa et al., 2002, c36ted above; M kl ukhi n, @onfidential
Rekasheva, A. F.; Pisarzhevskii, L. V. Doklady Akad. Nauk., 1952, 85, 82;
Konblum N.; Kelley, A E ; Cooper, G D J. Am Chem Soc., 1952, 74,
3074) and preferably in the presence of 15 carbon bl ack, which allows the

Sur f ace of T%ﬁ'l? fﬁ?@e@tlﬂlnao%fa}r@}eg?ﬁe ((il'b;r I4 % (ﬁ‘e{z%hlung{e?rldﬁ orgﬁ“(?ratel ng from

di azoni um aeno es eac ai ni'ng ol ymer

(PP, PHT, le foi|l )IR b]aﬁﬁ’l)% lof qi@llggﬁg@nedl aqqgaw‘g& r i bor ate

(final leenrcent+atd ,;T.v, n' ace A—e+—50%-hypop r ous

aci d in-aqueous sol uti o 5(411mal 40 cGyedevibrasionon (0. 15 M |1§4gdded The tubes
are placed ipPan ulltrasogmt vesgeCHfqutsiddthe plangtles to hongggeni se t he
m xture; the diazoniumsalt disgolves progressively. At ty end of Jthe

r eact i op—a—preei-pHate—+s—+torred—andan—ot-y—surface-Hoattng1Hquid and a

strong |ar omgigc oddur arkd38bser ved, le@w@rﬂnpm ndi cating the formatiadn of
i odobenzene " (‘M kI ykhin 845 al ., |10Hdutsidd theglaabove) . The sanples areg rinsed

under tlap wWater, tfen Aallstﬁ ce 1n d¢snli i ed. water (10 minutes under
| ni (Y TAEVPEFON A s |

ul trasound)pelk finally acet g > andl ysis (10 m nutes under
ultrasound). They dre drddd in g GHQusdethe pfoe | I nternational Applilcation
PCTI FR2006/ D02& 6@btractign Sttlerpelgmenp®n@ct ober 2006 Priority : French Patent
Application No. 05/10914 registered on 26 Cctober 2005 26 Confidenti al
Table 7. IR spectrum of sanples treated by 4-iodobenzene di azoni um

t ety af TubleOlBr AlF-SIRAGPIsBedtfdnbant’ yaples AtrkdtedUbly Onl-dbbdRbRNZgiagoriiyAz oni um
1541 % cle vibration 1548 PP 812 CH outside the plane 825 757 PET 1532

Cycl e ingflaerobera®45 CH out si de the pl ane PEEK 1562 Cycle vibration 825 CH
out si ge—the—ptane—i)—after—subtractionof tte—potymer—spectrumS—Tabhe 8.
ToF- S| M5 spectampleof sanpl es t reakedntysifyt)odobenzene dAg#bitidhm
tetrafluoroborate '
127 (2.5 10%) ‘ r
PP 205 (6 101 [CeHsl + H]
231(1 10% [CH,CH,CsHLIT
127 (4 10%) Iy
214 (210%) C-CeHs-T
228 (0.510%) 214 + CHy
PET 242 (0.510%) : 228 + CHy
256 (0.510%) 242+ CHy
351 (210" CeHs(C=0)OCH,CHCgH,I
127 (3.5 10°) I |
PEEK 254 (3.5 10%) Iy i

The presence of IR bands corresponding to the aromatic group as well as iodised
organic fragments clearly demonstrates the grafting of the iodophenyl group.

10

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

15 of 4-bromobenzene tetrafluoroborate is placed and 5 ml of hypophosphorous acid (50%

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



Sanpl e Peaks (Intensity*) Attribution 127 (2.5 103) 1 PP 205 (6 10)
[C61-151 + H - 231(1 10') [CH2CH2CG6H4l]- 127 (4 10) 1- 214(2102) C C6H3-t
228 (0.510) 214 + CH2 PET 242 (0.5102%27 228 + CH2 256 (0.510)o2fidéntidi? 351
(210) C6H5(C=0) OCH2CHC6HAt  PEEK 127 (3.5 10) 1 254 (3.5 10) 12 The presence
of I R bands correspondl ng to the aromatic group as well as iodised organic
fragment s slwion ip wdenns eddede $he Aaalghagoniung concentiatiqroigdhh M}yThegmb@spare 10
Exanpl e 5 S 0 min the
or esence. diecezt o, NG b B banrIGS, RS RHRE IR Hlfnd T AT 2

sanpl e of qobktjoneEis clodidi, With alsroaf afonibtienaoen Zdreatnples ald ﬂﬁmtmuuﬁd@ﬂysin pl aced
and 5 m of hypophosphorous acid (50% .International .Application
PCTI FRzooeh%O%@ourrdégﬂsq@Pébelbﬁwge 2 distiled Potss fos 1 mipytes unges WMraspRde nt

'sb\glpiiult ::g';l ?@eﬁ\v\g rer@ %ggéggét%e Ifqiqn’ge{ﬂ é?g%%??ﬁagglgg %r at or%ﬂt?ag%ﬂ(gl M The

tubes are Tlpﬂyaﬁednenmlnadimhtfacamnuzndlowéssel for 10 minutes to honobgeni se the
m xture. The final solution is cloudy, with a strong aronmatic odour. The
sanples are rinsed abundantly in hot water under the tap then twice in
distilled water for 10 m nutes under ultrasound, 5 then for 10 mnutes in
acetone (PP, Teflon) or isopropanol (ABS) under ultrasound. They are then
dried in aTableQuiR gpectifi of TrbbyreerSamipRsPRLTeflom, aBSY) ahodified SpbpinephémBE,

Tefl on, Aggsé) nodi fied by bronmophenyl 10 groups Sanple IR bandy cm -1

At 1} but i oH°%P%r onobenzene di azoni um 1555 55 PE 843 CH outside the 826
Sample IR bandV cm™ Attribution 4-bromobenzene diazonium
1555 CH e th 1555
PE 843 outside the 826
763 plane 764
Id
1548 ((Zj}lf_;le v1?;at1§n
Téflon 852 outside the
758 plane
Id
1584 ((Zj}ll{cle v1l.);at11cin
ABS 824 outside the
744 plane
Id

1) after subtraction of the polymer spectrum
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763 plane 764 1548 Cycle vibration Teflon 852 CH outside the plane 758 Id
1584 Cycle vibration ABS 824 CH outside the plane 744 1d 1) after
subtraction of the polyner spectrum Izsternational Applicatio@onfidential

PCTI FR2006/ 002260 regi stered on 9 Cctober 2006 Priority : French Patent
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Tabl e 10. ToF SI M5 spectrum of polyner sanples (PE, Teflon, ABS) nodified by
br onophenyl qgroups*. Sanpl e Peaks (Iptensity*) é’%{zri ution 79-8% Bf , Br+
104- 106 CHEaiepld T0f7§M"§fp€92W§rpo ymeg sanipl's (@fip)lsegpy AP Spmadted by7

CH2) 5C6 - attributed 290-292 not attributed 183-185
(o) ScariemopBduFBRuBR,

(CH2) 2C6 2) 6- CH=CH- C6H4Br + Teflon 79-81 Bf (weak) ABS
79-81 Br", EEr+ 191- 193] C3- C6H4Br + * |y the fragnments containjng brom ne
are indicated, $aepleed byPeekb(pensity*bf| appr oxi néttebytions equal hei ght and
separated by—two units—of . ' - ra do
i ndicate the existence pf grafegng, especially ghepfragnments conprising
br onophenyl igroups 10 EP<aan FO4§106 CH;-CH,Br
179-181 C,Ce¢HyBr
197-199 (CH2)3C6H4BI‘-
PE 225 -227 (CH;)sCsH4Br
264-266 not attributed
290-292 not attributed
183-185 (CH,),C¢H,Br"
265-267 (CH,)s-CH=CH-C¢H,Br"
Teflon 79-81 Br™ (weak)
79-81 Br, Br'
ABS 191-193 C3-CsHyBr"

* Only the fragments containing bromine are indicated, located by two peaks of approximately
5 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

10 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, SiO;) used in microelectronics. Into five
test tubes containing samples of TiN, TaN, SiC, SiOC, SiO, respectively, 270 mg of
15 trifluoromethyl benzene diazonium tetrafluoroborate is added (which corresponds to a
final concentration of 0.2 M. Into each tube is added 5 ml of H,PO;3 (50% aqueous
solution), it is shaken in an ultrasound vessel for 5 minutes; at the end an oil floats on
the surface of the aqueous solution. The samples are washed in hot tap water, twice in
distilled water under ultrasound for 10 minutes and once in acetone under ultrasound

20 and finally dried in a vacuum at 40°C.
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Thi s sanme nethod has been used to nodify the surface of binary or ternary

conpounds ((TiN:- 20 nm t hi ck),
15 nmof TaN)) and of dieleltrics (SiC, SiOC, Si
test tubes containing sanples of TiN, TaN, SiC,
benzene_ di azoni um

e‘iPCG% pé Aiclesirics 49 Mingary or ternary sampesrdsenedified on of

sol ution),

| ayer on

m cr oel ectronics.
SiOC, Si02 respectl vel
t et raf | uor bje dde TPE-S

@n “ﬁlﬁt raso l&)ﬁe%q%?(ﬁlp
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Si - C6H4ACF3"
C Si - C6H3CF

F—distille

wat-er wund

trifluoronethyl

f H2POG3 (50% aqueous
m nutes; at the end an oil
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Q2 Coufidentiah

it
fl oats on

is

The sarrpl es are washed in hot tap

w-trasound for 10 mnute

o

and once in

=

oot

D

er - ul Smﬁpl@und 20 amdzfinal | ly d dri ednierpratamanuum at 4DC.
a—Apptication PCHFR260661002260registered—on—9OCctpber 2006
French Patent Applic@ion No. 05/10914 K egi stered on| 26 QOct ober
idential Tablje IT. ToF-SI'M5 spectira _dielectrics]and binary
,OWOTQQ@ nodi f|i ed 6§y trifluoronethyl enyl groups{ Sanple nlz
69 CF3 ]'%J;q\l/ Ta [145 CGH40F N-C6H4CFB8" 19 F" Ti N
C173- 145 CBHAQE3 9 CE3 HACE3+ SiQC 197 C-C
304 O C6H3CF3- 06H4Q|f3" 317 Si - CGNS@%&@MCF& 473
B—CBH3CF3—Ch M4 GF3—34-9———69—CF3*”
19 F
TiN and SiC 69 CF5y
145 CsH4CF;"
19 F
69 CF5y
145 CsH4CF;5"
SioC 197 C-C Si-CsH4CF5
304 0-C¢H3CF3-CgH4CFy
317 Si-C¢H;3CF3-CgH4CF5
473 C-Si-C4H;CF3-CsH3CF3-CsH4CF5
19 F
69 CFs
Si02 +
145 CeH4CF;3 ot
283 (HOSi0)-Si0,-0-CsH4CF5

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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Si02 +t" 145 C6H4CF3 283 (HOSI O) - Si 02- O C6HACF3 5 The ToF-SI M5 spectra
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Reducti o 2L

LELISNIVUE SULXUE K ion In the
Al ‘\.’ lJI AYZANY] CA
article by Kosynkin et al. (1977)(al ready C|ted) J. K. Kochi shows that 5

di azoni um salts (pentafl uorobenzenedi azoni um and
2,4,6-trichl orb ﬂxeSarﬁblfelhaoK@byaﬂdmreEal dil97btelready ched) J. K dKaghinshows ghatt s

Fahel by ) SRGrHRERa el ERr BRaE i 1 debbi T SN SPRHe cs such

as napht halignghifh, that 19&3%&9&&%3&5‘%@:?? g'&i’ercﬁfﬁlaﬁfdcﬁeg cB¥mRRE gxroﬂf)é ﬁﬁﬁm‘gn the
vi si bl e wavel ength. The irradiation hese conpl exes produces an excited

state in 101emq|m¢reanaselb'ec¢druoﬂvlet)r forsf eharfge otranstir sowpkikes with tdlectonarbni um

salt takes e ds to e for on o als,. which, in
Phe oot orRuRBes st aphtRaEss o HAEntBONTebAte Rhorditrisdd s SRp ARSI | ong
to bi phenyjg. v1§1rBle5sva{v%P&1§i}PfThB<'iﬁa&2§t?dh & tﬁ&%%%ﬁﬂe){feQ rQRE& dh &)&%e& g@fdihon of

aryl radicals with the surfaces of our substrates, 15 Exanple 7 - Formation

andoi rr adi atichranoélectraphimanyéert fram shearooatip lte the duemmmn saltalesgilanez whithazoni um

d 14-d . d; 14.m. ACN, 1.12
of 4 br omo e T Barta BB D StRAL WAk R 15 GHeE REAGE el poflion, eher ™ 2
1, 4-di net hmbtﬁaza%}ﬁat(cos&%dwto 219aJﬂﬁb§ﬁéﬂ3ﬂ§£Tlﬁ§ Seallidis Bbs bBertrhpbsddue and 2
m of each solution is added den-yel | ow col our corresponding to the

formation Obtamﬁhemahqeoﬁa’ramﬂ@alsc’o esurfaces obawrsubdrateFhe sol ution is then
deposited on the sanples, left to evaporate and introduced into a Fisons
irradiation tunnel (H lanp). Five passages are carried out (belt speed 2 25

cyis, or appropkimpRl ¥ 40Fermhtioh Ml diradiition! 3¢ zdems%é I¢Pihs#éid cblh?ﬁﬁi' ation
are repeated twce and termnated wth 10 passages In unne
sanpl es ar umﬂrb_ljgﬂgg_ggﬂglazonmm and 1,4-dimethoxybenzene

Two solutions are prepared:

1- in 14 ml ACN, 1.12 g of 4-bromobenzenediazonium (0.30 M)
2- in 14 ml ACN, 0.57 g of 1,4-dimethoxybenzene (0.30 M)

20 The samples are placed in a test tube 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

25 cm/s, or approximately 40 s of irradiation). The deposition and irradiation are repeated
twice and terminated with 10 passages in the tunnel. Thé 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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The presence of bromine on the ToF-SIMS spectrum is quite compatible with the

grafting of 4-bromophenyl groups to the surface.

10

Example 8 — Formation and irradiation of a charge transfer complex

between the diazonium salt of 4-aminobenzoic acid and 1.,4-dimethoxybenzene

Three samples of polymers are taped to a glass plate and a solution containing 0.4

M of diazonium salt of 4-aminobenzoic acid and 0.4 M of 1,4-dimethoxybenzene in

15

acetonitrile (ACN) (the final concentration is therefore 0.2 M) is deposited on these

samples using a pipette. The solution wets the PEEK well, the PET averagely and the

PP very badly (the solution has to be spread constantly allowing the ACN to evaporate).

After 5 passes in the irradiation tunnel (Fisons, H mercury lamp) or approximately 20

seconds of irradiation, the solutions are entirely evaporated under the heat of the lamp.

20

10 minutes and drying takes place in a vacuum at 40°C.
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2005 32 Confidential Table 13. IR arf@l ysis of pol yners graf Godfillsntial

4- car boxyphenyl groups. Sanple IR band’ cmi 1l Attribution 4-am nobenzoic
acid2 cm1 PP 1686 C=0O 1658 PET r 168131 C=0O 1658 PEEK /| 1) after
subtraction of the polyner spectrum 2) solid. 3) projection 4) the C=0

bands of t P and. t he .G H4000H gr are to |l ose to be distinguished.
5 The contﬁgf‘eﬁg‘%@‘%ﬁ“ﬁg"gﬁ?@& gw@g@%ﬁﬁécgﬁ?%g&eﬁlgggrgg%re and after
treatmgnt by the Ltransfer of charges conpliex: Table 14. Cont act angl es of
sanpl es| gr3dm@ed by tHRebatidizori um etributibn 4-{ani AeEnetEnzoicreiddend. Sanpl e
Angl e of contact Angle of caont att _before tireatment after treatment 123
ppa) 124 72ppaften 10 nmgugtes) |70 (@figer 70 m nutes) 18T 90 79 PEEK 87 58
a) the l|angle takes sonme tinme tolattain a lilmit value without notable
evaporatio thq' drop p Be presen =(9f the C=0O bandsmgg t he carboxyphenyl
groups Jand norle hy}ﬁ phili ¢ nature of [the surface nonstrat e Il the
grafting olfP ghe carboxyphenyl 15 chem cal |group. Exanple 9 - Graftijng of

br onophleny E¥Rd trifluorophenyl [groups by |irradiating the surface iln the

pr esence 1pdnefuetdh UTthSpdlyimer speLirll. 2) BBd B fi6jediomd exanpl € an el ectron-rich

ar omat i ¢ 4yssc-adeen of the BHEK dnd thadiiat@OH g8 @) 44 th®ddlost @ bk aktmgtlithed.char ge transfer
complex. In this exanple, the aromatic conpound has been left out so that

the polyner itself (PEEK, PET, ABS, electron-ri chg can be used to formthe
char ge transf eFhecenmfacesnglemelethe atates rvdre alsp meagured peforTaeltyy dreaomert by

register edth«? @ragsfgpgf%}ﬂg{gegggrgplex:

Table 14. Contact angles of samples grafted by the diazonium salt of 4-aminobenzoic

10 acid.
Sample Angle of contact " Angle of contact
before treatment after treatment
123
PP¥ 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=0 bands of the carboxyphenyl groups and the more
hydrophilic nature of the surface demonstrate well the grafting of the carboxyphenyl

15 chemical group.

Example 9 — Grafting of bromophenyl and trifluorophenvl croups by

irradiating the surface in the presence of diazonium salts

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

used to form the charge transfer complex.
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Priority : French Patent Application No. 05/10914 registered on 26 Cctober
2005 33 Confidential On two sanples of each of these PEEK, PET, ABS

pol ymers, a saturated sol ution of 4-bPonobenzenedi azoni um i n Gapfident@l 1N | s
deposited and on the other a saturated soI ution of

4-trifluoromet hyl benzenedi azoni ym 1N T ese sanples are
irradiates in QKE‘M?]%PPI%B gach OﬁélreéaP,EE apElr ABS xmsns ahinturptsd solution

appr oxi mat g 00, @i’ﬁgﬁnuﬁmﬁ BIWM e ¥ & Saglwadﬁiat&yth\efao%ﬁ@dd iRy wat er
then twice in |st| wat er under ultraso for 10 mnutes then In

acet one unsbdutiom df aisﬁnldﬂrmdrdlmth)ﬂlbenziBanmnd in diliS€U DANa TimseisamplEabdreau 15.

ToF- SI M5 anal |s of sanpl es nodified by brono- trifl uoro t hyl phenyl
o oups.  SaGETGH12 EF bHRGeS ot viPur BRBR (- mey i BoBRER AT
1585 160, %ﬁgncﬁr Zhd dmpléd #reQbBhdantl I-':‘)Ezﬁl’ié]ti 1111190t|:water then twice in distilled water
trifluoronethyl enzened| azoni um 14 + 4 -bronobenzenedi azoni um
79, 81 Br urgleFultfgqund fpr lﬂrmfﬂutﬂsrtbemtmgdemmummmundrﬁosgOcﬁmﬂteszaad
C6H4CF3- HACF3 ABS + 4-Dbronpbenzenedi azonium 79, 81 BY 19 F 69 CF3 ABS
+ 4-trifl U SHBAAGF B8 zenedi azoni um 145 CBHACF3" 345

CH3- CH( C6HACF3) - CHZCI—l(C6H4CFS) The presence of brom ne and

trifluoronethyl phenyl groups is characteristic of the grafting of

br omophenyTakiaau t r§% | uboloRBYIRy| phadssid  gf owspmplest omoldiedur byc éromot her

nmer s | i cati on PCT/ FR2006/ 002260 regi stered on 9
sober 20%].31[ Oﬁfl?eéf?xq?%nyﬁglg’ﬁgﬁ Pat ent Application No. 05/10914 registered on

2° Sample m/z Attribution
79, 81 Br
PEEK + 4-bromobenzenediazonium 158, 160, 162 Bry
171,173 O-Br
PEEK +4 - 19 | F
trifluoromethylbenzenediazonium 145 C(H,CF;
PET + 4 -bromobenzenediazonium 79, 81 Br
19 F
PET + 4 -trifluoromethylbenzenediazonium 69 CF3°
145 . C¢H,CF5 ; C.H,CF5"
ABS + 4-bromobenzenediazonium 79, 81 Br
19 F
69 CFy
ABS + 4-trifluoromethylbenzenediazonium
145 CsH4CF5
345 CH;-CH(C¢H,CF;)-CH,CH(CsH,CF3;)

The presence of bromine and trifluoromethylphenyl groups is characteristic of the

grafting of bromophenyl and trifluocromethylphenyl groups onto the surface of the
polymers.
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1l - Use of ultrasound Surfaces used: PP: pol ypropylene foil (supplier
Goodfell ow) 5 PET: polyethylterephthalate foil (supplier DSM PEEK:

pol yet heret herketone foil (supplier Gfodfellow) TiN, SiC SiCafidgiod

Di azonium salt: Tetrafl uoroborate of 4-bronobenzene di azoni um (Al drich)
Tetrafl uoroborate of 4-bronobenzene di azonium (Al drich) 10 4-am nobenzoic
acid diazoniumtetrafluoroborate (Al chiner) 4 -bronobenzene di azoni um
tetrafl uoroborate (Al chiner) The ultrasound vessel used is Sonorex Super RK
103H vessel of 2 x 320 Wpower used at half power; its frequency is 35 kHz.
15 The ufH ofUseosfulterhsowadund (Power U trasound (20 at 100 KHz) can
activate or Trigger chemcal reactions and this nethod has been the subject
of a recenBunfaes ased: ( Cr RBpolyprapylen€ifoil Gepplier (@odfllo8oc. Rev 2006, 35, 180).

The_chem cal effects of trasqund a soci at ed w t he phenomenon of
cavitation, which pr oducPeEglL'lﬂo %ytltgﬁﬁé&‘ﬁ@fﬁfgg (ﬁW@’ﬂﬁ?\A@gg@r es locally. One of
the results of this phergrpQRIyemelctiRrkédné REITAIPPRE GodfcREw§al s. Thus, the
radi cal s obtained from azo-bisi'sobutyronitrile and peroxydisul phate have

been used to trigger thelipoPAsiOEabin of acryl ami de (Cheung, M H.;
Gaddam K. J. | . ,Pol ci . .2000,. 7 101). The deco I tion of

i azon urm PLzepER sl Do SFRnalBhion B € Rom Prsnt AG-RRRNPIITY  renor ek,
D.; Janzen, E G J. Predaflubfebtatel¥8lbroddPenRa6 Hiazdhigm' @disad)s deriving

from the deconposition of 25 diazonium salts and peroxi des have been used to
mod?fy the surface of pdt-gmipkenggielacididiadonwmy teigafluomhensisi(Alchiner) Grafting of

pol ypropyl ene by nitrophenyl qroups  nto a test tube aining a sanple of
pol ypropyl ene (PP), 25 r{bwae%a%idgz%xyma}e u%ﬁoﬁ?rggg%g‘cixﬁger i azoni um
tetrafluoroborate (¢ = 0.16 M is introduced and | eft under ultrasounds for

1 hour 10 mnutes. The sanple is carefully rinsed in acetone under
ul trasound for The wtragewl t vespeli rispt BandPnqredr Supril YBKs)103kpsvessell vafi s of

t he sanpl e the presence of a.N. |Is peak 402 eV, which probably
cor_respond% xtsg%\rlﬁtﬂpyé’éﬁse a??‘ﬁlzp?Wﬁi’étFﬁgﬂF%ﬁﬁlls %sgfﬁ]f{?‘cati on PCTI FR2006/ 002260
regsstered on 9hOasobEpow@AftrRouRd (Fowver lﬁfr@:ﬂﬁhdgm 8N 00ARPIZ) et h@Falidor

05/ 10914 registered on 26 Cctober 2005 35 Confidential nitro group (- NO2),

whi ch has teggar chehuiceldrdaptiensi ans this ercthodeha- begp the swbjeas ofi asrepent meview
(Cravotto, G.; Cintas, P. Chem. Soc. Rev 2006, 35, 180). The chemical effects of

ultrasound are associated with the phenomenon of cavitation, which produces high

temperatures and pressures locally. One of the results of this phenomenon is the
20 formation of radicals. Thus, the radicals obtained from azo-bisisobutyronitrile and
peroxydisulphate have been used to trigger the polymerisation of acrylamide (Cheung,
M. H.; Gaddam, K. J. Appl. Polym. Sci. 2000, 76, 101). The decomposition of diazonium
salts has been observed by spin-trapping experiments (Rehorek, D.; Janzen, E. G. J
Prakt. Chem. 1984, 326, 935). The radicals deriving from the decomposition of
25 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 mIL ACN and 1 g of 4-
30 nitrobenzene diazonium tetrafluoroborate (¢ = 0.16 M) is introduced and left under
ultrasounds for 1 hour 10 minutes. The sample is carefully rinsed in acetone under
ultrasound for 10 minutes then in methanol (for analysis). XPS analysis of the sample

shows the presence of a N1s peak at 402 eV, which probably corresponds to nitrogen of the
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frequently observed (P. Mendes, M Belloni; Ashworth; C. Hardy; K N kitin;
D. Fitzmaurice; K Critchley; S. Evans; J. Preece Chem Phys. Chem 2003,

4, 884). 5 Exanple 11: Grafting of poPymers and microel ect r o€ioafidentisdt r at es
by bronophenyl groups - Solution in acetonitrile Under the sane conditions

as above, polyner surfaces, binary or ternary conpound surface nd
i nsul at | ngmga i#Fapds NCg). ayhid) bas besvil esdyicqdnin pppe, wader theairass begas as B?-Seal?ﬁ"%d al |

at once us gRbengen r t Al Tapl eau
16. ToF- Slfl{@g a?bfgl s of %gafgr/[p es gr a?tggélgﬁlb Ay gr om)ttgenze iglzl%lﬁ{lu%p
Sur f aces: Hualasri¢d; ikt €msihiey’ 5. Pans; |JbElteecerh?m P9y58¢'h(iﬁ 21)03,)4 BB4). 79-81 (1 104)
Br PET 93-95 (0 5 104) CH2Br PEEK 79-81 (3 104) Br TiN 79-81 (6 105) Br
SiC 79-81 (0.8 10) Br SiOC 79-81 (2 103) Br Si02 79-81 (4 10) Br *
arbjtrary uni tExi‘Eﬂﬁlep'ifSG@ﬁﬁ'tlﬁé bf %Wlﬁﬁ‘ er" Y@ Sm$¢roblebtpOnie §di>‘§tx§f£”9?heny|
group to the surTace. G afting of the surface of yners
by bronophbrwno@eombgoupﬁee&olummracat!pmdmﬂs solution. 20 A 0.2 M soI ution of

4- br omobenzen azgniumtetrafl uoroborate in H2S0 pratlcally
Saturated sof o Bes SEE GBNOES Boanin AoTyRE: Suracesn ianh Mraf

sanpl es of cdﬁﬂio‘ﬁﬁ'&rsuffﬁ)fes dﬁgﬁnsflﬁﬁi@ sdaﬁces-rgltoﬂlozAlﬁ)C) Trhﬁnél’éa@&rcﬁﬁ@ 5913 aced in
an ultrasound vessel for hour.” The sanples are rinsed hot tap water,

twice in tlrm@raihahomaummﬁ+hr@taob@rze@cdmmm&m@ﬁambonaé@aht er ed on 9
Eober 2006 Priority: French Patent Application No. 05/10914 regi stered on
26'%ct ober 2005 36 Confidential distilled water under ultrasound (10

m nut es) a’l'ﬁblbzih 26, SloPIEIME anlably STR&APles LABR bymd,roxﬁbmkéde ddAofRini N @ vacuum

Table 17. IR analysis of polyners surface-nndified by phenyl groups.
Surfaces: Peaks (Intensity*) Attribution
PP 79-81 (3 10%) Br
masasity | o
PEEK 79-81 (3 10°) Br
TiN 79-81 (6 10°) Br
SiC 79-81 (0.8 10°) Br
SiOC 7981 (2 10%) . Br
Si0, 79-81 (4 10°) Br

* arbitrary units

The presence of bromine proves grafting of the bromophenyl group to the surface.

15

Example 12 : Grafting of the surface of polymers by bromophenyl groups.
Reaction in aqueous solution.
20 A 0.2 M solution of 4-bromobenzene diazonium tetrafluoroborate in H,SO4 0.1
M) (practically saturated solution) is distributed between five test tubes containing
samples of polymer (PP, PET, PEEK, PE, Teflon, ABS). The tubes are placed in an

ultrasound vessel for 1 hour. The samples are rinsed with hot tap water, twice in
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Sanple IR bandy cm' Attribution 4-bronobenzene di azonium 1551 (projection)
Cycle vibration 1555 PET 1460 837 CH vibration 826 758 outside the pl ane
756 1553 Cycle vibration 1465 PEEK 330 CH vi bration 759 oWadfidentidie pl ane
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

vi brat i on fistilegbwaterundasulirasernd oo mingtes) prd in apstone Hr 1gopsgnragel AVt | on of
t he pol yne I ational Application PCTI FR20061002260 regi stered
on 9 Cct obg?a%%dqg}ai%?ﬁ@ . French Patent Application No. 05/10914

regi stered on 26 October 2005 37 Confidential Tableau 18. ToF-SI M5 anal ysi s

of sanples grafted by 4-bronpbenzene di azonj. upnder _ultrasound in an
aqueous_sol 8T?Uﬁﬂ7d£%%ﬁa#>éﬂ%or¥3§>§ﬂ@eww HBURTHCd PEOPOIOPhCRY] SRS COHSCHR 295

CH3- (PH2) 20 37T Cfi3=(CH2) 40- CRFAT 79-81 Br+ 339- 341 CH3-(CHZJT2-C6FABr + 1
PP 7(9_ 81 mample IR band om™? Attribution F-bromobenzene diazoninm
1551 (projection) |  Cycle vibration 1555
1460
PET
837 CH vibration 826
758 outside the plane 756
1553 Cycle vibration
1465
PEEK
830 CH vibration
759 outside the plane
1551 Cycle vibration
PE 852 CH vibration
739 outside the plane
1551 Cycle vibration
Teflon 810 CH vibration
756 outside the plane
1550 sh Cycle vibration
ABS 824 CH vibration
outside the plane

5 1) after subtraction of the polymer spectrum

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



91 C6HSCHT 231-233 C6H4- C6HABr  255- 257 C2- C6H4- CBHABr  277- 279
(CH2) 3C6H6- CBHBBr 336 (CH2) 24 487- 489 (CH2) 2- (CB6H4) 4- CBHABr  79-81 Br+ 91
C6H5CH2+ (ion tropylium) 175-177 CH2C8H a- Br 254- 256 C2- CoHAC@Efi#eBrial - 1
PET 79-81 Br 93-95 CH2Br 247-249 CH2- C6H4- CBH4Br +2 261- 263

CH2- CH2- CBH4- CBHABr" +2  606- 607- 608 [ C6HA000( CH2) 200CC6HACO + 2 CBHABr] "
79-81 Br+ 167-169 C C6HABr+ 267-269 C3- C6H4- CBHABr + PEEK 79-81 (3 104) Br -

Tor on g BT “fors S S AR R Gl SR o s AR B B LY,
gigeZZ&lt%&urﬂﬁgaﬁaﬂlﬁ&iﬁ%’lugpﬂ’ﬁ SCN)h 155- 157 C6H4Br+ * Are not indicat e?he
pt s—correspondi-ng-to-bromn

atedproducts characterised by
5 pregenceSWBirglgo brioni ne igﬁﬁépes 79 |and 81 (havi AdiribWbomeaks very cllose in
hei ght and sppar at ed| by twq;ggaks of |rel ative heightgd/2/1 where tmoj
bromi ne atoms are prgsem) bi” ermat T gmalr —Appticatt 8"1’4’ FR20067/ 002260
regi stfered on 9 CbtobeL~4¥KML_$k+4u445____ELen9h_Eaézﬁk—k%pLLQaLLgn_hb?
05/ 10914 regi stered jon 26 O%ber 2005 38 Confi derthla(CH2)0
371 CH3-(CHz)20-CsHa
79-81 Br'
339-341 CHg-(CHz) 12-C6H4B1' +1
PP 79-81 : Br
91 C¢HsCH2"
231-233 C6H4-C6H4BI‘-
.+ 255-257 Cz-C6H4-C6H4BI‘-
277-279 (CH,);CsHg-CHgBr
336 (CHz)24°
487-489 (CHz)z-(C6H4)4-C6H4BI‘-
79-81 | Br'
91 CsHsCH2" (ion tropylium)
175-177 CH,Cg¢Hyo-Br
254-256 C-CH4-CeHyBr" - 1
PET 79-81 Br
93-95 CH,Br
247-249 CH,-CsH4-CeHyBr +2
261-263 CH,-CH,-C¢H4-C¢HyBr +2
606-607-608 [CsH4COO(CH3),O0CC¢H4CO + 2 C¢HyBr} -~
79-81 Br’
167-169 C-CeH4Br'
267-269 C3-CsH4-C6HyBr"
PEEK 79-81 (3 10" : Br
121-123 CH,COBr"
261-263 CsHs-(CO)-C¢H,Br
606-607-608-609 3 C¢HsBr'?
Teflon® 79-81 traces Br
ABS 79-81 Br
195-197 CH,(CN)CgH4Br
221-223 ;223-225 221-223 =195-197 + 26 (CN)
155-157 CeH4Br"

* Are not indicated except the peaks corresponding to brominated products characterised by the
5  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).
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The IR and ToF-SI M5 spectra very clearly prove the presence of the
bronmophenyl group grafted to the surface. 5 Exanple 13: G afting of

pol yners by carboxyphenyl groups. Sold8tion in acetonitril e ACamentialof

pol ymer (PP, PET or PEEK) is imrersed in a 4-am nobenzoic acid diazonium
tetrafl uoroborate solution (1.4 g; solubility limt - 0.4 Min acetonitrile
(15 nl)) and left for one hour under ul trasound; at the end of the

irradiation, t i n
acet one under ITFlt ?lgg%cgggﬁfﬂ e&?nfﬁé& aeﬁﬁfﬁmﬁl st Ieé“é%g?gr% b%xggﬁén%
ul t rasound gfob gnaftediteshe smfzicé.l nally in acetonitrile for analysis under

ul trasound (10 m nutes). The sanples are then analysed by IR Table 19. IR
anal ysis of sanples grafted by the diazoniumsalt of 4-am nobenzoic acid.

Sanpl e | R bandgkafmfe 334 nlf87 C=0
1658 1612 oycl %%o?'& f Pﬁ:gg%g}??g_a?oﬂ%ggg%g%m) Sotufign 1457 71
subt r act i omcetbnitrile pol yner spectrum 2) solid; 3) prol ection on the ester
band of the PET; 4) .th =0 f EEK and OH group are
band of Le PEY sl N asemen P Che PUEK St 80! e MRS R e
bef ore and 36 &hmt t%ﬁﬁﬂﬁ@%%oraf@as%hﬁlog(h 4@ %Rl%iht?'l‘ﬁﬂl?s 004 M & Rdetshi@il@fftsed by
the di azonium salt of 4-am nobenzoic acid Sanpl e Angl e of contact Angle of

contact befdnp andekefimbort oné theur tunder misrasourkSat e Rl OBTZth(?amadratlm@, g1 82

(after 20 e PET 9 o 87 5 20 wi t hqut not abl e utlon in
thé55| ze o} ‘?ﬁ?éatﬂﬁﬁorﬁac eﬁ?‘ rﬁEﬁ’(% &‘}:f)f’ﬁld% ﬁ%ﬁ‘?%?&%ﬁélh 618 stered
on 9 Cct obgfingB6n dRkilled MWaYer: unﬁéleﬁlﬁﬁsd:)uﬁa ‘Em RRES) GAH I fRR1INGA a@ééﬂiﬁﬁé%r

regi stered on 26 October 2005 39 Confidential The presence of C=O and
aronmati ¢ bamalysis wndeRuftageuntdr(d 0 moinete$)y Gho gl éscare Hrenrapalysdd byhR.sur f ace prove
the grafting of the 4-carboxyphenyl group.

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

Sample IR band” cm™ Attribution 4-aminobenzoic acid” cm™
PP 1687 C=0 1658
1612 - Cycle vibration 1599
PET 1680 C=0 1658
PEEK I /

15 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¢H4COOH 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.

Samole Angle of contact Angle of contact
P before treatment after treatment
125
PP 124 82 (after 10°)%
82 (after 20°)®
PET 90 75
PEEK 87 - 55
20 b) without notable diminution in the size of the drop.
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s

Exanpl e 14: G afting of polymers by anthraqui none groups. Solution in 5
acetonitrile Three polyner sanples (PP, PET, PEEK) in a saturated sol ution
of acetonitrile (<0,1 M of Fast Red3®L salt, the fornul a ofCcodfidehtials gi ven
bel ow. After one hour under ultrasound, the sanples are rinsed in water,
acetone, then in distilled water under wultrasound for 10 mnutes, then in
acetone, then Eheprmd:nqeidfe()#(banéaainmiicé)aifdmind&mﬂues;he hOreamyirophelnc eatarei ned by
IR O \I% (%N2+CI l%{C:IZ bFast RefjALsaItTabIe21. I R

anal ysi s oft U5 piees %Yﬁtlhi:&a 9g? © f=faroopxpheRy! &P sampl e IR band' cm -1
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 z1749 vw C=0 1749 for the Fast Red
1749 vw C=0O 17E3ample 1h&1adting fepolymersby arthraquingad gfonpst $dution in Red

z1167vw 1164tf or .1he Fast Red 1) after subtraction of the polyner peak
itself. W&ﬂ%h weak, it is possible in three cases to see the C=0 band
of the Fast Reqthreél oqiﬁhér, salipdl (PP, PET, @E@kt)uﬁga Yhrated | soliionassl 2ehitrile
Application PCTI FR2006/ 0022 i stered on Oct ober 2006 Priority :
French Par ekl A Bt s A6 sa@s%neo@mulae@f siiche genplan: St oBObOA0

Confidentia ft|n rif.l | phenyl
oroups. | i BB 1 it R dafe BRHERAR G Mepah 4T b RAEH
cont ai ni nguRrasainal fr A ﬂ?iﬁuwsethlaﬁ Qﬂ&&ﬁdﬁe ithe sRGitite fdRNMalyels PeTsanfpland PEEK
sanples. 45 m of 0.15 Msolution of 4- trifluoronet hyl phenyl benzene

10 are then examined by IR.

O
O Ng¢r
15
1/2 ZnCl,
Fast Red AL salt
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 =~1749 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.
20

Although weak, it is possible in three cases to see the C=0 band of the Fast Red
Al salt, proving its grafting well.
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diazoniumin acetonitrile are prepared, which are distributed anong the 15
tubes at the rate of 3 mM per tube. The tubes are imedi ately placed in the
ul trasound vessel. Three sanples (PP} PET, PEEK) are taken atemfideptiaho, 20,
40 and 60 mnutes to examne the variation in the rate of grafting over
time. The sanples are washed twice in acetone (10 10 m nutes under

ul trasound) then in acetonitrile '(10 m nutes under ultrasound) and dried in

a vacuum at 40@. Sl @8 f fﬁ@fg ¥l Ros sabl eau
22. |1 R anal ysi &%’ﬁbg%ﬁ#gs rmﬂﬁgl yl?4-tr irl?}ﬁuor ondétohyl gnyl ému ne
di azoni um Zaftpes-MarGRon-@eyeaHidGHR ﬁlﬁttiﬁEﬂinﬁEEK Attribution 3052 3055 d)

A tic CGH t 1626. 1636 t f

1555 d) Vi br at O BersEh EP RIS TR ot B AlE ke des s SRBRE TSR lof (e
aromatic cypl PHEK SahPrQ. U341 G730.13 186 sdidfién @%tﬁf&roéé&}lpﬁé&ﬁbé&% CF3
1061 b) 1070 CF3 CH vibration 829 852 844 outside t pl ane T,

di subst i t utdiaganigin mhasetoaiidlecare mmmddwhqhtame ﬂh@l@t@zmonﬁﬁ}mdﬁdubesmtmﬂpear S

at 2307 cm th e ba ng to.the F |ons c)
A tor  subt FHEET BRI b i D unrlne b Daier R ks dSsek Thr

correspondlsaa?me@ (P ePBHEHER YaR kS epaMaps, e zzbl ao Iaﬂ@t@osﬂﬁqtefsrt@@kmqas%eof the
pol ynmer itsel I nternational Application "PCTI FR2006/ 002260 regi stered on -9

Qct ober 200@rigdnonithe rate ff grafingraerimeApke $asaplesoare N@sh@‘amcﬁgmmcc@ge §t0er ed on
26 (xtober 2005 41, cConfiden

187 wor ometRORBALITNARRY R R ERER | BAR R bl BT B

have been qﬁaeg@uhpatlaloggres 1, 2 and 3 in order to

The samples are then examined by IR spectroscopy..

Tableau 22. IR analysis of samples modified by 4-trifluoromethylphenyl benzene

15 diazonium
*)N-C4H,CF _
HN-CHeCF; | 1§1~f W | PPY PET PEEK Attribution
4
3052 3055 d) Aromatlc. C-H
elongation
1626 1636 d) Vlbratlc?n 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 BF, ions. ¢) After subtraction of the polymer spectrum itself. d) the bands
corresponding to the substituents cannot be distinguished from those of the polymer itself.
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follow the grafting kinetics. The simlarity in the variation in intensity

of the different CF3 bands indicates that 5 the variation observed is not

due to an artefact. The nean of the vatliation of these i ntendonfidentiddaches
alimt value after 20 mnutes. This period of irradiation with ultrasound
Is therefore sufficient to obtain maxi mumgrafting. 10 Exanple 16: Gafting
in an aqueous sbrUSPSHAALIER ﬁi‘aﬂyﬂ@rg@@’r%a?fgtl@oﬁﬁb\?meth&lﬁbﬂ}%(ﬂf@%ﬁi dhe

di el ectrics; £ r I fd: S ai nin
o canpl & of "Rl b HRLCEPhINERVE e HRRE cpiildn PitkGed B add Phifrd @A 11 N0
4-trifl uor ofoliotwthe peafiirenleineticgzoni um (fi nal concentration 0.2 M saturated
solution) is added, then 5 of H2SO4 0. .IN_ It .1s left for an.hour, under
15 ult asound. fesimdlapivee i o dnnierisi ot Watdeﬁf?re{l rebands Indirateshites in
disty| ! ed Wi SfaratifflShsdtldd RSRANhe BNGEakthor ThElRUECS IR ARRIBFURKET

40C. ToF- SI M5

ultrasound and dried In a vacuum at Tabl'e anal ysi s of
bi nary or tmtenaitigs aeanhosi rad imatn dtaliua cafgarilOc mi@@tesdi ‘Ehie gieriod sofmirdidiated tith

trifluoromethyl enyl grou .Substrate mz Interpretation 69 CF3- TaN 145
CbHiGh a1 c B bere R R BisicRk obisth bR EraIHBE Cra S C 145 COLACHS
185 G- Si - C6H4CF3 204 185 + 19 (F)- 69 CF3 et+ SIOC 127 C6HACF2H --------
145 C6HACF3 155 Si CF2H International Application PCTI FR2006/ 002260
regi stered on 9 Cctober 2006 Priority: French Patent Application No.
05/ 11(9 914 regi Stﬁ)riaencljpl%nm:z %rgftgnogbi%ranzgt?lﬁaoﬁsz sﬁﬁﬂfyﬁ g? gllnla%l' or ternary compounds
and inorganic dielectrics by trifluoromethylphenyl groups.
Into five test tubes containing a sample of TiN, TaN, SiC, SiOC, SiO,
respectively, 260 mg of 4-trifluoromethyl benzene diazonium (final concentration 0.2
M; saturated solution) is added, then 5 ml of H,SO4 0.1N. It is left for an hour under
15 ultrasound. The samples are washed in hot water, twice for 10 minutes in distilled water
under ultrasound, once for 10 minutes in acetone under ultrasound and dried in a

vacuum at 40°C.

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

20 dielectrics modified by trifluoromethyl phenyl groups.
Substrate m/z Interpretation
69 CFy
TaN 145 CeH4CF;"
160 NHCeH,CF5”
TIN 69 CF;
145 CeH4CF5
69 CF5
4 -et+
SiC 145 C6I.-I4CF3
185 C-Si-C¢H4CF3
204 185+ 19 (Fy
69 CFy "
5 :
Si0C 127 CeH4CF,H
145 CeHyCF3
155 SiCF,H
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69 CF3 145 C6H4CF3 et+ 173 Si-C6HACF3+ Si2 201 Si-Si- C6HACF3 219 O-
Si-Si- C6HACF3 + + 2 235 219+16(0) 241 235+16(0) 269 241 + 28 (Si) In all
cases the chemical groups CF3 and C6H4EF3 are observed, whi ch (Onfdential

nodi fication of the surface. 5 Exenple 17: G afting of Kapton and PET in the
presence of 4-nitrobenzene diazoniumin an alcohol solution-ora

non- buf f ered aqueous sol ut{ion. Bf%vo-Dijlaz et coll. Kostas-Costas, U.;
Bravo-Di az, |C.; Gonzal ez- Romero,4,E Lgngnuit 2004y ~#0.«+1631) have shown
that the de-|di azotisation ¢ i i Bes 210 heni cal
function di dzonium-N=N) cpul d dé3achi gved in twr s ent ways:| either
heterolytically with formation pan arlyl cati +hom)lyt|cally wth
formati on off a radiOal (Ar ’D"?g H-orgrte; %E‘g{ﬁé"%{ g?g
Gonzal ez-Rorfero, E.  Eur. J. O @l9Chem]|. 200@ SB§Q£§6H4¢'ﬁ:ey+§howed t hat

ethanolysis|is an effici en way 295 forming an anyl: {gdpcal through the
i nternmedi ary of a di azoet her—(Ar=—N=N-OR)~ ; nol ytic
de-di azotisation reaction was cadftied dut in et addl 19 activatijn under

ultrasound. |Into a haermly>| s tuge cont aining amanpieSyf Kapton or PET, 213
ny of 4- ni tyroberrere—tdreazomtom—6—rt—of—et hy: ocohet (\, = 1 M ar e

i ntroduced and placed in an ultrasound vessel for 60 m nutes. The 20 sanpl e
is then rinsed jnngificsdel lthe dhMaicsr gx()hﬁ‘é e, hdqra @HCP?)aréJHEL%EveW Whahoupshi t hen
dried and again for 10 mnutes inh acetone un trasound. The inTensity
of the charmodificatgin af thpeakseof the NO2 chemical group are of the sane order
of magni tude than when the reaction is carried out in acetonitrile. The
characteristic peaks of the graft -C6114NO2 (NO2, C6HANO2+ and di mi nution
of the intensity of the peak of the substrate itself) are 25 well
identified by Tof-SIMS. International Appl i cati on PCTI FR20061002260

regi stered on Qﬂm_pjbd[_ m&lnﬂﬁﬁapm anBHE n the presente wif idenitriobenzdo e

05/ 10914 re&;li st er ed, 2l
azonium lll an a

cohai (())ltljl?ion or a non -buffered aqueous solution.
Bravo-Diaz et coll. (Costas-Costas, U.; Bravo-Diaz, C.; Gonzalez-Romero, E.
Langmuir 2004, 20, 1631) have shown that the de-diazotisation reaction (that is the loss
10 of the chemical function diazonium -N=N") could be achieved in two different ways:
either heterolytically with formation of an aryl cation (Ar'), or homolytically with
formation of a radical (Ar°) (Pazo-Llorente, R.; Bravo-Diaz, C.; Gonzalez-Romero, E.
Eur. J. Org. Chem.. 2004, 3221). They showed that ethanolysis is an efficient way of
forming an aryl radical through the intermediary of a diazoether (Ar-N=N-OR).
15 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
20 sample is then rinsed in distilled water (twice 10 minutes) under ultrasound then dried
and again for 10 minutes in acetone under ultrasound. The intensity of the characteristic
peaks of the -NO, chemical group are of the same order of magnitude than when the
reaction is carried out in acetonitrile. The characteristic peaks of the graft -C¢HsNO,
(NO;", CsH4NO," and diminution of the intensity of the peak of the substrate itself) are
25 well identified by Tof-SIMS.
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43 Confidential Likew se, Bunnett (Bunnett, J.F.; Yjima, C J. Og. Chem
1977, 42, 639) showed that it was possible to carry out a de-di azoni sation
reaction in basic methanol. A sanple 4nf Kaptori was placed i@QorifidénfiaM of
basi ¢ nmet hanol (4% tetramethyl ammoni um hydroxide in methanol), which was
treated as above. There is no significant s difference with grafting carried
out in acetoni Likehase, Bonnat Gainpetit,t]. IS p¥jmmat Gaf. Ofge Chemf bEH, 42f63Mehqraddynmer i s
nodi fi ed by basic conditions. The same rreaction . was carri etg OLit in

non- buf f er SH HivaSROFEReVIA CETY Qi d¢-fiaznisation gragtiahin Raskome LAY afiSBmPleThe

peaks of the KAMHNChemsCHlacgaowp &r ©.107 M her SRR Ah&8Anol Of(49RABIAHRyIL han
when the reaction is carried out in acetonitrile.. 10 Exanple 18: G afting of

bal | oons uswghonium hpdokileiingnetiiangh)t whichiwas ttesated as abovenihereds adkigsifisantof t he

stept to t bal | oan. Stents ar evices placed inside arteries suffering
St eRosi <. ( Anees S pah ik Grf T oo spaiRENR FivaP el sty becde SHitor "o
cylinder obfetpdlymdred miodified bybagic ceeliflosmal | bal I oon (defl ated and

fol ded), generally of polyamde, itself fixed to the end of a |ong catheter.

At the tinme thé&hesane reastipn avasgarricHeout it dpwbuiered distidled avpterswith ghessamet

crinped on .t he . ballqo t t en the catheter. He pushes the device to
ChePegi ¢ dladoiuitionluRbnl T SOs 3F " NG UM ordlh MRPER R G Uo
the stent. ofmagnituiie thdreWher the réhcbiarridd®ub il dce@nitdl. i s defl ated and
removed fromthe artery by the catheter. The stent nust be sufficiently

attlched to the balloon, and therefore the catheter, not to be freed before
being put in place and, at the sane tine, the connection nust be
sufficiently weak for the balloon to separate fromthe stent when it is

defl at ed. AdhegkampRel8eGraftif: bR bhRGshsaitdt Methet pAtingheSakednl steRrfsotoed by
treating the surtace of the balloon by diazoniumsalts under 25 ultrasound.

To prevent imspravesdhesipr of thestertdo dhebaloomhe cat heter from unfol di ng, they
are kept depr d Lratl ' . ' fi . 1 he nd of
P P $ﬁe§§ a@yde%ﬁcg% p"i‘%ﬁ'eﬁ r]n%é%é A sygdf%%]goété%gmi{]ﬁ]a{ is sp% glilar

the cat heter. are t €an in et han nu ried in

thessteri | bitekedIntd @est devitywomhduists cylingst of afietaltthedlis iglimeaed h Bmall dallasni on
(H2S™ 10 mM_ of 4-am nobenzoYc acid diazoniumsalt (0,15 30 M under
ul t r asound (deflatedeang delded), genarplilhelpelpanides ibselloiredfedhe endrpky losgeathgier i nsed

B T e N
i s summari $sltbdnratttheendbf thelvathewr. He pushes the device to the position of the stenosis,
inflates the balloon, which itself dilates the stent. Once the stent is in place, the balloon
20 is deflated and removed from the artery by the catheter. The stent must be sufficiently
attached to the balloon, and therefore the catheter, not to be freed before being put in
place and, at the same time, the connection must be sufficiently weak for the balloon to
separate from the stent when it is deflated. Adhesion between the balloon and the stent
has been improved by treating the surface of the balloon by diazonium salts under
25 ultrasound. '

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

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

The analysis of the grafted balloons is summarised in the Table below.
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2005 44 Confidential Table 24. Graftithg of stents balloon byCemfédeasplCOOH
groups in cm1l. 2HNC6HA000H +2NC6H4000H " C6H4000H - C6HACOF*  COOH 3400- 2200

3242 3139 =0 1 1719 1843 841 866 8 tic CH 769 763 777 (outside
t he pl ane) %fg@ff%%%m%%s@§§ bal B%W%ﬁ%ébﬁggsﬁ%as YH& st ent nodi fi ed by
trifl gorotriazine (cyanur f e] + s LNe on _af Cx0
band |s_characteri gtiyc o?ﬁggﬁ%“%(‘a dégeﬁi“%qlﬂ icgméféh' né@H‘g‘Rﬁ:*
substitutioncOoOmat is the f4poetgoon of a ppyner | ayesizn the surface. | 5 By
ToF- SHVE—+t—+s—thtfficulit—toobserve—the—stgnature—of the—C6HOO0OHgroup
attached to t4 bal | oor surfd®. The|aci d!fithcti on has thereforel¥en
transforned into acid|fluorigde by treatmgpg with 2, 4,8&trifluoro
1,3,5¢tri 6}1@0 %ﬁ‘(s@ﬁanuri c fl u%bde [615- 14-7 gj ). Two b 7Eoons are placed in
10 m | of a%:e(f;o |t{alle, 200 RI"Of cyanuric uoride a 9 Q@ 300 pl of pyridine
are afide®uts é{)]e 8 eflt at %g?l ent 1enperaéure flor 24”hours| rinsed {fwice
in acetone in ultrasound and ied in a vd@dum The II§9§pectrum shows the
char act er i gtabaailzdrbgt tehtirgcthel stbitnardifebd Dy (Thilvirarizdye (aymutidBuok@b) -Sbéllsy splct r um
descri bed positichedfitle @ bandiicdibmstetioic bf adieflpiridsence of the C6HACOF groupi ng
and its grafttindigtet o clidage ofsubstiation,ahat ishie fomhdtion of 4 palgmer ldyblorathelsu2@ds) . The
acid fluorides are highly reactive 15 species, esters or anm nes can be
formed (by reaction with alcohols or amnes) to over- functionalise the

surface. Tabl e BysTolrSIMS) s sfdicuit dpnobservs thrcagnathenpictie GrbSOH mipurd t o
the surfac %ttgéhed t{@ ltlkeogﬂﬁionrg\l%faég. t"[rhlebal&d %Ctigl‘? hfs th'el‘elforg@ééﬁ: thngfggneGGilﬁ%CO:-F

143 C7/H5F2
acid fluoride by treatment with 2,4,6-trifluoro 1,3,5-triazine (cyanuric fluoride [675-14-

91). Two balloons are placed in 10 ml of acetonitrile, 200 ul of cyanuric fluoride and
10 300 pl of pyridine are added; they are left at ambient temperature for 24 hours, rinsed
twice in acetone in ultrasound and dried in a vacuum. The IR spectrum shows the
characteristic band of acid fluorides (Table 24) and the ToF-SIMS spectrum described
in Table 25 indicates both the presence of the C¢HsCOF grouping and its grafting to the
surface of the balloon (m/z = 151 and 221). The acid fluorides are highly reactive
15 species, esters or amines can be formed (by reaction with alcohols or amines) to over-

functionalise the surface.

Table 25. ToF-SIMS spectrum of C¢H4COF chemical groups grafted to the surface of

balloons.
m/z Attribution
19 F
111 ; CeHFO
123 C¢H4COF™
143 C7HsF,0"

20
Another verification 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

identify by ToF-SIMS, under the same conditions as above.
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+ 20 Another verification of the grafting of diazoniumsalts under
ultrasound to stents balloon was carried out by grafting C6H4ACF3 groups,
the signature of which is easy to identify by ToF- SI M, undeCoAffentiale
conditions as above. International Application PCTI FR2006/ 002260 regi stered
on 9 Cctober 2006 Priority : French Patent Application No. 05/10914

r egi st er ed Table226. GxloBEMS 2065%rudd o e, GEntheanical Tables @@fted aFthS| Baspeftt r um
of - C6HACF hem cal groups grafted to the surface of balloons. nz
Attributi of®A¥SF 69 CF3- 145 C6H4CF3- 159 CH2OBHACF3+ 160 NHOBHACF3 The
tests carried out [Subsequepi]y on these ball S. the surflace of whichis 5
modi fied by - C6HAQ g?niﬁ}:z Y di (‘aqe 2 not ARTRItoH rovemendt in the adhesion
of the balloon to the stem9. Exanplie 19: G afFing of benzoyl phenyl groups
to pol yam de. 10 Thegraftipngof—benzoytphenyl_groups(—€6H4(C=0 C4H5) is
interesting since fthe car Q%nyl group under UCEsadi ati on lleads to a
bi-radical apt to feact w ot her |nol ecul -pol ynmerg in particular
(Adeni er, A.; Cabet %!iryﬁgE.; Lalgt —T—; §6@§3 J———Padvorica, F. Chem
Mat 2002, 14, 4576). Theref¥re, unddr the €Hp€HSHdi tions |as for the
CHACOOH groups, we grafted _benzoyl phenyl gm@ arting wth 4- 15

am nobenzophenone (di azonium-salt (CaHSC(=Q } onto dtents balloon. On
the grafted surface, the C=0 band under infrared spectroscopy of the

A R T e
(1586 cm Linqaied Re_CoHRIR QSR WAklEa hBEOR!iffoRimchih the BRLRRRIES (703
cm) are observed.” The ToF- 20 gl M5 spectrum of "t he ball oon surface confirns

grafting. Palbam t27he SkeH- SI M5 spectrum of benzoyl phenyl groups grafted onto
polyam de. mz Attribution

Example 19: Grafting of benzoylphenyl groups to polyamide.
10 The grafting of benzoylphenyl groups (-CcH4(C=0) Cg¢Hs) is interesting since the
carbonyl group under UV radiation leads to a bi-radical apt to react with other
molecules 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-
15 aminobenzophenone diazonium salt (CsHsC(=0)CsH4N,") onto stents balloon.

On the grafted surface, the C=0 band under infrared spectroscopy of the
benzophenone (located at 1628 cm™) is too close to that of polyamide (1636 cm™) to be
distinguished; conversely vibrations of the aromatic' cycle (1586 cm™) and the
vibrations outside the plane of the C-H aromatics (703 cm’™) are observed. The ToF-

20 SIMS spectrum of the balloon surface confirms grafting.

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

m/z Attribution

77 CeHs"

105 CsHsC=0"
119 CH;C¢H4C=0"
133 CH;CH,C¢H,C=0"
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77 C6H5+ 105 C61-15C=0O+ 119 CH3C6HAC=O+ 133 CH3CH2C6HAC=Ot Internati onal
Appl i cation PCTI FR2006/ 002260 regi stered on 9 COctober 2006 Priority :
French Patent Application No. 05/109146regi stered on 26 Oct ob€onf2ds@Bali6
Confidential Exenple 20: Gafting in an aqueous acid solution of Kapton(r)
in the presence of 4-nitrobenzene diazonium Use of PCT Systens ul trasound
vessel s The equi pnent used is a Megasonics PCT systemusing 3 generators
coupled to a i r . r i i

et or i roul at AREILR CRUBRE of o8 ARHHARach] sotudinkof Rishlin) BT Eeschive
surface of of Henitrobemsaue diazonivne.cU@bRCE Sgdains altrasvandl vesselshe f ol | ow ng
paranmeters were, used, for the souynd levellé(;;é) Excitation netho

d a.
Convent i onal " MEG&SBIRMENt Yichds &Mreasomty FGRELCRUNDE Scraerisrs cawpled toq i qui d
Pl agmaTM" §rmhlt fahé ke ot ! B5 0Tl irﬂ%iﬁﬁ%feh%%&at&f%ﬁ #ibh S0stGh enktlss ener gy
transmtte 2) Power: low, nmedium high (<10 Wcn®) 3) Treatnent tinme: 10

m n 4) The thy esemakobfa bquiérlaydr cat rtheguidacet dfether marsdueeer injedtddc by iancméakses t he
vol ume of 15 thﬁ}?lefj ﬂui d water on the s rffa e of tlhe transducer itself. This
shoul d i ncr8gde thedollowigdaransters ware oAt BaseWd 18¥lo the wall's of the
beaker (see beli9wkciliiRnSasRbES were treated in pairs (Si2 + Kapton) in a
quartz beaker placed on the transducer. 150 m of 0.2 M aqueous sul phuric
aci d sol ution conwaiConmentional ‘Megasonichgmmeshe (dollinatidumodrenBendy) wer e used

and renewed for each, sa L After 20 rinsing,.t.he . sanples were
andliysed by 1R and ThELY REsBEHG @abfidiaioiiarit AERuReERT R SoeRiures « ne
chem cal functionN@efdytrdmfnitedagd at 1363 and 1502 cm' for the anti-
synmetrical and symretrical vibrations of -NO2 and mz = 46 in ToF-SI M
correspondi ng 20 Power:Now, medigme high.(<Th¥&emgual i t ati ve spectra do not al |l ow
maj or differ egﬁgs a%% bte[. ob,slgrved according tto the nethod of producing the
ul trasound or e e’bo%?' f™¥he nachi ne. CONCLUSION It has been shown

that it is possilghe prehdétsital @it $RgloRehStidsdaerohhieR indi®ises BB olume of
15 the liquid water on the surface of the transducer itself. This should increase the
transmission of sonic energy onto the walls of the beaker (see below)
The samples were treated in pairs (SiO, + Kapton®™) in a quartz beaker placed on
the transducer. 150 ml of 0.2 M aqueous sulphuric acid solution containing the 4-
nitrobenzene diazonium (0.15 M) were used and renewed for each sample pair. After
20 rinsing, the samples were analysed by IR and ToF-SIMS. The spectra clearly show the
presence of the chemical function -NO, (in infrared at 1363 and 1502 cm™ for the anti-
symmetrical and symmetrical vibrations of -NO, and m/z = 46 in ToF-SIMS
corresponding to the NO, fragment). These qualitative spectra do not allow major
differences to be observed according tto the method of pfoducing the ultrasound or the

25 power of the machine.

CONCLUSION

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

dielectrics by reaction with aryl groups deriving from diazonium salt. The results above

30 show that it is possible to graft a variety of substituted phenyl groupings: (-C¢H4NO,, -
C¢H4Br, -C¢H4COOH, -C¢H4CF; anthraquinone). The reality of this grafting has been
proven by IR, ToF-SIMS and angle of contact.
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dielectrics by reaction with aryl groups deriving‘fron1diazoniun1salt. The
results above 30 show that it is possible to graft a variety of substituted
phenyl groupings: (-CBHANOR2, - CB6H4Br,4- C6H4ACOOH, - CBHACF3, arfidufdgutielone) .
The reality of this grafting has been proven by IR ToF-SIM5 and angl e of
contact. International Appligati on PCTI FR2006/ 002260 regi stered on 9 Cctober
2006 Priority waﬁleﬂégae—‘aiﬁzow i AOMEens t@@gl_rfa ¥ yfe eed dadighs26
Cct ober 2003pth &ART theGVAl to HiCsREY Ghi QHeip;pr&bﬁ&oaﬁ YR st fALREREARMAUS
solution leads to to aryl radicals, which graft thenselves to the surface
and their poeserede on the surfaces studied is observed. Reduction by Nal

The presence of ,B n th faces studied i g observed i.n.all. 5 cases. That
odi he 11 xes. |+ RenuctBn NS Tnd B uficen TeraRks Hetige B oosBai B &l by
ferrocenenetianathal fodRiRe BLIPRIAE Mlrbackdstadiad EaPaI9eBOSRAY!  groupi ngs, both

onto polyners and inorganic dielectrics. Bromne on the surface is also
seen in all theRedugtionshy democenemethansipliehasl begroppssiblanioc Brafiabeoménhenylr f ace

hydr ophi I i ¢, have al so _been, grafted. 10 Reducti h i d.
Thi's Feact | BEUREHoUp P AoRR i 5 noBRRE CHEEES PUMPGLT HeracC et bi o
cost than fgiehoaenginehdaneds sRARIdedCirBsityplenyd’ BuPE whikh tidke! URr apitRY |

groups to be grafted both onto organic polyners and inorganic dielectrics.
Phot ochemi sh}’godfﬂl@ﬁ@r/gélsobamgrefted:onpl exes |t has been possible to carry

out , 15 graftin %iheﬁ)bﬁ usin 1f4'QJ pﬂﬁX£beﬁzene s.th iel.ectron donor
" the exc ted edckiof by yibphcbhars el IR YACHFS ResR o iR cibilyes
such as PETgolitidamd atABRorelddesssitle cHshpeRfrobemietHaBol éhabledfibdiRé, B¥®minRr
trifluoro or carboxyphenyl groups. The reaction is possible either in an
organi ¢ sol @%ttrlfbtor@pheaaﬁgms do|het grefied Path patgcergamictpokesersrand whegeanic whi ch
i ncreases tﬁﬁfﬁﬁﬁﬁtica| interest of this reaction. 20 Use of ultrasound. It
has been shovx}u at the reaction allows grafting of the nitro, brono,
carboxyl i c, antph@eshentistey andhdrpé ftlatiefe0odhplekesd MO HES bechhpossibigtoesargr adtt ed
i ncl ude both organic g&lyners and inorganic dielectrics. The reaction can be
8

carifed out gragingwither by a¥ing plodimethosyhendenasasdhe glsctaeedensr i theexegited siatoat er .

251 nt or it oRare b e B e DR TR oo s B b S MR 2000

has been possible to graft bromo- or trifluoro or carboxyphenyl groups. The reaction is

possible either in an organic solvent or an aqueous solution. The reaction times are
short, which increases the practical interest of this reaction.

20 Use of ultrasound. It has been shown that the reaction allows grafting of the nitro,

bromo, carboxylic, anthraquinone and trifluoromethyl groups. The samples grafted
include both organic polymers and inorganic dielectrics. The reaction can be carried out
either in an aprotic solvent such as acetonitrile or in water. Grafting reaches its
maximum after approximately 20 minutes of irradiation.

25
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- 2005 48 Confidential CLAIMS 1. A nmethod, for the grafting of the aromatic
group R of a R-N2+ diazoniumsalt, 54%nto insulating, sen coGaufidentialbi nary
or ternary conpound or conposite material surfaces, the said surfaces
having a resistivity greater than or equal to 10-5 S2 m and preferably
greater than or equal to 10-3 n.m the said diazonium salt being present at
a concentration close to its sol ub'tLiAtIMgi mt, notably at a concentration
hi gher than 0.05 M and preferably “varying between 0.5 Mto 4 M 10 2. A
met hod according to claim1, wherein the grafted aromatic group derives

fromthe reduction of th aid diagzoniymsalt, notaply - . the use of a
reducer of thelsai d diedPanion tesgpling of a&mtwcax%%ag# aiﬁ-%dsﬁla%qw A o
charge tra : I | I -y the
tr eaS?rrent g?ﬂ ftcf %ﬁg%qgﬂ%lg%%rrhfbggﬂ &E%nﬁr}? F %?gﬁlr@&é&@gﬁ{%?ﬁ%ﬁc? : g‘%rfarcr%%i fying

t he surf acehofaidrsuifacsavingg reaistvityagreatar thae nir cgnal utot B Pame andaprefaatdy nar y
or ternary conpound or conposite material .to qbtain 20 an insulating
mater i al ,  cERCH BB R AP Orldk e Spic i palt Beihe prsSeat e crngensiatign
conposi t e ngdsertb & sollibitys ftakSally VR coitehPati¥AHidHeP thaR)0. 09161, Ahd bhelddebl P
aromati c groups onto the said surface, possibly substituted by functional
groups, in weyichbdatween(hd Mw %M. t he bond between the surface and the grafted
aropatic groups that nodify it is a covalent-type bond, and notably being
sucl that it resists washi ng by ultrasound, 25 the said nethod conprising

pl acing the sapd sy RfRd dbc6RIMAG I 1N heildiA 2R sdfed %ﬂhﬁatﬁf%ioﬁﬂq@erfv%guc'fi on
of the said diazoniumsalt carrying the said aromatic group at a
concent r at i foom ¢heosdudtion;of shessaidudinzaniym [salfyinotablyot abl y at a concentrati on

hi gher than 0.05 M. and preferab varyi.ng between 0.5 Mto 4 M notably by
the use of a r€dLPé'etP‘?“ﬁyoyéﬁﬁg?ﬁéﬁgﬁﬁeéﬁlpilﬂzgﬁm%ﬂaﬁ%n of a charge transfer
conpl ex formed £ ngmpidischealichl diradiafbt 6T A0chale! tritsfd@Yednt}et fGRfcdBRém Qhe t he

sai d diazonium sal't by ultrasound, to achieve grafting of the said aronatic
gr ops ont o t heaisladigzoninnh saleor | nt er nati onal Application PCTI FR2006/ 002260

istered on 9 Qrtober 2006 . Priokity :. French Patent lication No.
05110014 1 egi st erBUTEeSBRCRR e M SOy Ra P ilfgPipa 7 %"

3. A method of modifying the surface of an insulating material, a
semiconductor material, a binary or ternary compound ora composite material to obtain

20 an insulating material, a semiconductor material, a binary or ternary compound or a
composite material, the surface of which is modified by the grafting of aromatic groups
onto the said surface, possibly substituted by functional groups, in which the nature of
the bond between the surface and the grafted aromatic groups that modify it is a
covalent-type bond, and notably being such that it resists washing by ultrasound,

25 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
concentration 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

30 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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4. The method according to claim 3, characterised in that the period of

pl acing the surface in the presence of the reduced diazoniumsalt is |ess
than 60 ninutes, and notably lasts 1 ¥ 60 nminutes, and pref &aufidgntialt o 10
m nutes. 5 5. The met hod according to claimS3, charact erised in that the

di azoni um sal t responds is. the aromatic

group and X is%an ahfiomet h&a\?fégﬁerg’%‘gégyg{a}‘}néhg@éﬁtghs\gﬁ ﬁﬁgﬂ&d@ﬁ‘?do Blasmgt es,

phosphat es, tm%&a&@fm@gxeseh@é b ik e RO Rl Biunt AlPRNUSAHES 68RSknutcs, and
hexaf | uor ophosphat es he met hod according to any one of claim 3,

char act er i sroiably lastsat tot ${emirditesz anmd prefesablly 1its 10 mendtbser a di azoresine, - or a
di azoniumsalt chosen from FF/ I \ cob FF O N2 R 15 R' being
sel ected anong the foll owi ng groups: -CH3i n-C4H9, n-Cl2H25, - OCl12H25,

-OCloH33, d, 4Br, The nre%BJccofd Q‘@ﬁlﬁf 3 Clgﬂ?c‘tQis@ﬁ @Xﬁﬂ(t%}a%mum salt
-CH2- O C( O)C(CHB)ZBr - COOH and

3, 4- ((COOH) 2fespRrOSThHize NmulaSAzN{ &, :@eﬁw’n Ar mmm@matlc @mmms an a@oaC2Hs,

- NH OQ- O CE3, CH2 NH3 4- 3
and 4 N2, PPPBEAIS,. FRAFDx BERED, Aot Sk Biton PO ARG e RprpLorae s =

gm noet thyl Iteﬁagﬁ&éwﬂaie@%mylaﬂes(a%d%eﬁamfé%&maﬂﬁtéaydr0 pyrrol-1-yl),
isonitrile -

di oxo-| Hi sochr omene- 5- di azoni um 3H benzo[ de] chr omene- 5-di azoni um 3-(2, 5-
di oig 2, 5 d| h%dro rroI
(2

o ot At RS desorRRdo ory ang, pf sladpyy chasactsrived R il
Appl i catl ondﬁgﬂl{ﬁﬁgg@@ 002260 registered on 9 Cctober 2006 Priority :
French Patent Application No. 05/10914 registered on 26 Cctober 2005 50
Confidential 7 dithsr adidgosimecording to claim 3, characterised in that it

I ncludes the use of, 48, EHEHSER chosen from:

+ +
F F N, 0 N,
+
F F ‘
0

+ "
N; R

15 R being selected among the following groups: -CHjs, n-C4Hy, n-CioHas, -
OCpHys, -OCygH33, Cl, -Br, -I, -CH,Br, -CH(CH3)Br, -CH,-O-C(=0)CH(CH3)Br,
-CH,-0O-C(=0)C(CHj3),Br, -OH, -CH,0H, -SH, -CH,CH,SH, -CHO, -COCH;, COOH
and 3,4-(COOH),, 3-COOH-4-NO,, 3,4-(C(=0)F),, -CH,COOH, -CH,CH,COOH,
-COOC,Hs, -NHC(=0)0¢-Bu, -NHC(=0)CH3, -NHC(=0)CF3, CH,CH,NH3+, -CN and

20 3,4-(CN),, 3 and 4-NO,, pyrrolyl, o-hydroxybenzoic, 2-(2-thiophen-3-yl-acetyl)-
aminoethyl, 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-1-yl) and 4-[1-(2,2,6,6-tetramethyl-piperidine-1-yloxy)]-
ethyl.

25
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8. The method according to claim7, in which the reducer is selected anong:
5 reducers havi ng oxi dation potent| als close to 0 V/ SCE or ne ative,
hypophosphorous acid, halide salts, Abtably sodium i odide, MM‘I@I and
its derivatives, not ably _ferrocene-nethanol or carboxylic ferrocene acid,

ascorbic acid, di hy obo e sod bor ah .. Vi ol ogene salts,

not abl y mathyl7 nq%@ Wﬁ@gﬁ%ggﬁﬁi aQFH§¥FW6g§HF °§¥@%ﬁ@ﬁ§?8¥es. 10
9. The met hgdggaegording to claim7, characterlsed in that it includes
placing the surface in contact with the diazoniumsalt and the reducer, the
said reducer being present in stoechionetric quantity or greater than

st oechi onetry 8.el atliheandthod hecosdingl to diaaz Gninumhihl the rdducédis stleetedeintomg:

accqrding to claim3, characterised in that i onprises the hof ochem cal
[ ddi at P orcHReR haviieexia il IBﬁEpFoeh Y5Cked Pedstive S naphRORTO  sal t .

20 11. The Jagt %@dé‘céﬁ%d'nlaﬂxbl}p s6HRMiddde,C RIARICER NGt H? de R dsO Thofibl

charge transfer conplex by reacting di aZoniumsalt and an el ectron-donor
aromatic cd"ﬂtpwnd-metlmmdl pr catibslicoferroteneleeids aischrbicaacgh dimethglagringdonpieex, to

achi eve the reduction t he . di azonj,um s and.the formation of ar

o cal s WP, o idRe Caloge R rplsta mob i SHEHHE® s, RERONRIRHRIF ngH o
claim1l, qmeRilhted, qlgtaq)nﬁblglgﬂelngmégg stages: - placing the surface in contact
with the dirazonium salt” and an el ectron-donor aromatic conpound, to obtain

a tlwansfer of charges conplex, and - irradiation, notably by photochem stry,
of the said chérge Theanshed acangihgxo ctaim bhchaﬂantetihmi hetﬂlat:ttiimfludﬁs plicéng
di azoni um s nd .t he for ion of aryl radic 0 to.the said

sur f ace. ﬁe THEACRAR [FoRta %de%@‘a%mk!ma‘ia agd t ﬁé? ?reﬁ % |r UCeTabeing
i ncl udes ”b?esgﬁtel Okto éﬂ1$rﬁ@t§1 Ltﬂﬂntltgn&e Rafe sté@d?ﬁdlﬁ&%p atllz)\gT 10-#R0Q&{ 002260

regi stered on 9 Octo 200 Priorit Frenc Pat ent I cat1on No.

05/ 10914 re’q;azsnmneshlion 26 Cctober 2005 51 Confidential 14. The net hod
according to claim 13, characterised in that it includes a stage of placing
thel’>surface in contact with diazoniumsalt and treatnment with ultrasound.

15. Modified qygrfaqes QEthsd REGRMNgCtoOklaind 3] GRAEtetSRIUAIHAD Gt BEhSHidedIthOr an

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

salt,

20 11.  The method according to claim 10, comprising the formation of a charge
transfer complex by reacting diazonium salt and an electron-donor aromatic compound,
and irradiation of the said charge transfer complex, to achieve the reduction of the

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

25 12. The method according to claim 11, comprising the following stages:
— 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

30 to the said surface.

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

ultrasound.
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5 inorgani c sem conductor material or a binary or ternary conpound or
conposite material, obtained by utilisation of the method according to any
one of claim3 to claim 14. Internati®dnal Application PCTI FRAQOGideald60
registered on 9 Cctober 2006 Priority. French Patent Application No.

05/ 10914 regqi st ered_on 26 COctober 200
g 14.  The method according to ?a1m 13, characterised in that it includes a stage

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

15. Modified surfaces of an organic or inorganic insulating material or an
5 inorganic semiconductor material or a binary 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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