10

15

20

25

1 METHOD FOR PREPARI NG AN ORGANI C FI LM AT THE SURFACE
OF A SOLI D SUPPORT UNDER NON- ELECTROCHEM CAL
CONDI TI ONS, SOLI D SUPPORT THUS OBTAI NED AND
PREPARATI ON KI T TECHNI CAL FI EOD This invention
relates to the field of organic surface coatings, said
coatings being in the formof organic filns. It

rel ates nore specifically to the use of solutions
appEBHPY o @R yPREPARING Al QRERWL € hEL BN (AT eTRRIASBRFACE OF A

;EB&%%P%bﬁpﬁpﬁo%ﬁ%%%?ﬁp&tEﬂggggdﬁﬁﬁd%ﬁ%?¥xﬁﬁﬁzIE%@?”SOLID

W t hout USIUPPORITE THUISY OBITAINED NN FREPARATION KIT
functionalisation techniques. This invention also

relates to a nmethod for preparing such organic
coatimgsar 1@ Ripor art There are currently a
number of technmrques making it possible to produce

or gani &htilsi nifivention sub3ttatestoeathe babeelldn a&f organic
suit%ble fani%x or cl ass. of ggyecule .. 15 .Thetﬁginf

cSHERG et ROE SR M1 e GO TINy BRHY cdithr orm of
ablrigantiy: Fatiween rithe-adeleeUhRs-deprsdilfa¢taand the the use of
substrate of interest, which is also true of related

t EORNICGOES PRPIRIHATE loba3e IRetey BPpatdari fjcosipple and
SpL TReToN . Ih 0 ' of d S} :
s R R T e R s
beflwetnr itdad lgonstot uenbra-efleche ity -whndhccdane f @urfaces
exang%ﬁ, be cross-|inked after eposition:§9 as, to_ . ,

| WY (4 AT RT t FORYRBEEOPBCh Mg fesCard ifdrypnal isation
Vekedilg®e APPHCADL 84 At 88Y LIRS HeisdACEtQ RRthod for
covered,” and very 25 reproduci ble. However, they do

NPT epArdwdappcdf foageinie graatingg bet ween the fil m and

the substrate (it involves sinple physisorption), and

the thickness produced are 2 difficult to estimate in
p@rtioaulaart for thi nnest deposits (less than 20

nanonet ers). Moreover, the spin _coating techni ques ) )
al | ow FEOETEnRESr FUFESFESIYs S RiTerPt %ee%ftﬂ’f g it
c 1% egseficdlde PhagahiPateph WS 1e' 49,43Vt rates,
The quality of the filns oObtained by spray coating

t ealoh daesd o @ atvddatd a Hamelyt 9y ofassheosmdlamsles.

by the_. sprayed |iquid,..since e .de i.t essentjall.y
peconed T [ RHGH m e SHY VRSH the dooBs CoN edcaiiire  any
Thast ifern aa ghFempe) ypetwekherthar aoliesel akl iebdsdtled and
one or two organic solvents capabl e of giving

s &0 FATrIR e Ut t 5 AT e R ns Vot Chhilék drede&fosielated
hQ@Rﬁﬁ?ﬁﬂd@é for forming coatings by dip coating or by

spray coating. Indeed, the cohesion of the deposited film
is essentially based on the interactions between the
constituents of the £film, which can, for example, be
cross-linked after deposition so as to improve its
stability. These . techniques are very versatile,
applicable to any type of surface to be covered, and very
reproducible. However, they do not allow any effective
grafting between the film and the substrate (it involves

simple physisorption), and the thickness produced are
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O her techniques for formng an organic coating at the

surface of a support, such as plasnma deposition, 15

descri bed for exanple in the articles of Konuna M,

"Fi |l m deposition by plasma techni ques”, (1992)

Springer Verlag, Berlin, and Bi ederman H and GCsada

Y., "Plasma pol ynerization processes", 1992, El sevier,
terdam or_the photochem cal .initiation are based, on .

P LS 5t (RIS Gah G gt Hodioh H SR g s: s

be 1e@er eHanunsd abb@oheteesof, auPresussor .thehi 6pin coating

evolve by formng a filmon the substrate. Wile the

plteshmnighisssi Bildev edQitr eSNASOPHEN t FEBPRLEHr opRelY | st the

it ursqr t to-J nitiat c ' e

SRR B8 e P00, O CLbr b A R A, TR i U

whi,dh sevoaloles Theeukildghity iof atdhat ifddmsThelseained by spray

techni,ques generally give to.the formation, of

RS © R A ERoug 1AE TR SRyt y THipo¥erbRaS, F  the

diseadrashetier thés 3ghseséan nN$qdie,t0sAnce the deposit

cross-linking of a filmtopologically closed around

t lessBOtasildat  deaames r Ealm-Seraingn eRlponvient e drops

[ r-face. tu ely,.: S ds .x ir

reqitog’\lle\a/ée ey' gg&n‘%’eﬁ%dgcgéﬁ’% EP 2_9{“ I%gét r%%ts, atq:hee %esneerally

ofonMac udmes etorupswbor ordahhe ptasvantet healsakleh @8 giving

pl asma- enhanced chem cal, vapor depaqsition, ,

| ’eddisfA P Yor TERBLES e 16F pRFBAL Ot HEECRFSEhand deposit

eheetd: rg.cal nethods to which many connection

probl ens are rel ated. 5Cataphoresis is a techni que

that | ©tdeso secheiofies fhr doamimyg cincondasirvegoating at

syrfaces with organic filns, Cataphoresi r.cationic ..
e@%ﬁrsHE 8§|eti%g k ESPPP fossThT: (6 cé%gsrf}%t a(iie%%gltlon’
Pald e MW Thargethiid yirershe g einete € so tiredouma fu J rs*Film
to be provided on conductive 10 surfaces. This nethod

dSePafitt qIpIBY (RLHYIA corehitqwRsS par t £ %P0 TRAIBEET Verlag,
p rayed o usy %}ﬁg ed ol ygrss tdalghave ., wpl
aIe};glrécexgldlg:?’bee%l'n%)ﬁrerc’%g%ti eS|lged.}pTherefore, there is no asma
graitymenfifat ien dprongsehe” use 942 .t hBleavaphor égisgerdam or
but. only depasitjon on, the surface. In addition, the

1504 eé%/%t?f%)&i‘ee‘&%ﬁ? s T I P bR ilﬁa%ﬁéec?ﬁ B same
cptAtdipid h thaeeathade, mmmMetheasuiaeesst toClbe covered,

nonitoring the set of paranmeters of the cathodic bath,.
whitgtahks Berednpfi adPREEHISPHe ST GV&PoS thay forming a
I ris.ins bl ck IC or ], C .
rzés/llels an%ﬂe, tgaljﬁéjd t“ﬁ:ék?%%a}%@? eaﬁl??iéi Zglll%n %%%?f?%.oﬁ(g?pOSltlon
baké gl s epnd npardecul arapqobeetakls off thesserecursors, the
praoperties, Moreover, this techniq‘uﬁ? i S uns ita{%e for, .
st 1Rt P PEREFEL CEREFe. tithe V88 PasRBRBPSSBFLIELIVE
AYEESrd S @n¥erdtSidmlR t gehniriue) t evbIPESMRMder light
(Urmn A, "An introduction to 25 ultrathin organic
f i 1rmad yam erangBbe e Bltegdatigues r@enerakly - gsgentry” to the

19§&rmasgfc%rﬁn’ofo‘ Caacéﬁ“.rgr%ne:r eﬁ)lmsl_bm%\i%ﬁibugﬁl SiEeCtﬂgl quIISually
requires e Use Of generally mol ecular
impossible to discern whether this adhesion is due to a
cross-linking of a film topologically closed around the
object or to a real formation of bonds at the interface.

Unfortunately, these methods require relatively complex

and costly pre-treatments, the use of vacuum set-ups for
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precursors having an adequate affinity for the surface
of interest to be coated. Then, there is the
precursor- 30 surface pair, such as sul fur conpounds
having an affinity for gold or silver,

tri-hal ogenosil anes for oxides such as silica or
alunina and polyaronatics for graphite or 4 carbon

) case, the formation of e filmi
b 318 Sg‘asﬁ‘? %z,s SR &5 R%f&ﬁ"&?b@éﬁﬁégr?hfmlcal vapor
PR tQlort, &L iRl B in Pr&E UEBOT ubtNB £S Wolten tab@ait® for
the case of thiols, for exanple) and sone "receptor” 5

sithes eAechaoshemacal Anerbatisor e i oMb i@actial esspestion
[ roomtenperature and in

sg) ?ﬁ%ﬁ% %’I@?%; teE(5Itecular t hi ckness (1l ess than 10

nm ar e:amlapauomec&lsl—lommrtemtthi@é hehpai s bAvel wulged for

oxi de surfacespglve to the faormation qf ver

s &1 PABLRT aPle S PRIHEE ¥ e SO L GCSEnd”r%oP%%nFﬁ films.
t@%ﬂéﬁﬂ8ﬁ8¥ﬂ¥'Qﬂ:OfcéiicﬁE%098@8§tk88§§o§ﬂt§bh'C%ak%s it
anong the nost stable in chemstry), this is not
alpostsiidleasteo wh@aat cmﬁsade rparxgam%\irsg oﬁhséﬁe@op@&c’tn@rrs and
mnth%H OXIde orm ﬁglcasgs k%be 'nk%ﬁﬂﬁfe QP conductive

StWween t he' conduétlve sUr f ace

msmﬁ:fch%@;ul arhis | meltholr ahe €. ndbhusspghie to non-conductive
sel f -assenbl ed nmonol ayers of _thiols on, gol d desorb

WReT teh 1A r 62Re R dPEBL ARG 681E WWilsh Fhergrdsdigmer
tﬂaﬁyﬂéfgﬂéif%gdfnﬁeéﬁ %9@”% QPReLaLERE, Tﬂéf@%%%e, there

they are aced 1 n contac an oxi di zi ng or
r wuumgﬁqmpm cingdilum dsimircarthe usde CBZI.-tOIGSICaJIﬂI-d’SDreSiS,

e fragilized when they arge in an ueou . a
TS| RV ureBIF P ohFar COROE Iy [ 45 BRREheD, the
The @t tOHeRfililtd Ahed Pty Td e reidie dmaett with
on the initiation, then electrically induced 25

péihpmeeithedeon ashyediaia® piegpaddtiich: wmidiesinpddis et of
'nﬁ et YL t po?Héf%g%hghlbnE%ﬁ§§t ?ﬁ%#ﬂngQEhkﬁ§ complied

eF&ctT ode an ymeri zation priner acin
methIWﬂthéI£¢tr&ﬂﬂpwsb@aﬁslaﬁkectsogw&bﬂm@@e, but lacks

pol yners on con uctln surfaces. ", hysc em 2004
CBYG L1 50 178574 480) Teoriit i r OOM oS LPsGy i ires

t he U§§d9£18ﬁ§@urM§lgSUbt;e9I eif Obrdey NMEShAHAMRf all of
initiation by reduction and progagat|on general l'y

arihesiec raricies Menedienl | yhiai teghadque is unsuitable
eI troal f ten pr [ plicable on
o &ﬂ'gh né%%”%&l%'d%ﬁ%(%|ke

e San I'e etals e electrografting

by anodihe pséafiaatenblyWofhmbaocappkireable enl yepp simple

nobl e or carbon substrates ra%hite, , ,
technique to implement man A., “An introduction to
ultrathin organic films from Langmuir-Blodgett films to
self-assembly”, 1991, Boston, Academic Press). However,
this technique requires the use of generally molecular
precursors having an adequate affinity for the surface of
interest to be coated. Then, there 1is the precursor-
surface pair, such as sulfur compounds having an affinity

for gold or silver, tri-halogenosilanes for oxides such

as silica or alumina, and polyaromatics for graphite or
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5 vitreous carbon, boron-doped dianond). The "depl eted
vinyl" nolecules, i.e. bearing electroattractive
functional groupings, such as acrylonitriles,
acrylates and vinyl-pyridines,g are particularly
suitable for this nmethod, which allows for nunerous
applications in the 10 m croel ectronics or bionedica

fiel The a rence o ese ele aft d fil LS ..
SERT BrE HRn TCACTE G et o A T hih, e £ilm
alis ‘Heaklionoho- Fet apebORES! @h@zﬁié@ledr@aé@fb@f between a
2-butenenitrile" Sur Sci. 2006, 600, 675).
1PREEHOH Rt t Shehio kg @ekao gPEEERAGOF ediiequaalfur atom in
pQlure ti IS, 41 sp a he r n "
t%e car%%%/ ncg?alt%lrﬁigrfagg%%ﬁﬂﬁﬁé) afnangg&hg qfecePtor
( @iteeni ao &haﬂsurféb@pled<ﬁmmmsnrgtIQW|seaedlbnlﬂnsures
tentatiyve cathodic electrogo yneri zation o@g% 20 .

in solution,

bt AFIGIIB/ TSR ndb BPOR LEFPEARLFYE
Chaningd 1 b 191%&(30415&1’ 1451 3@hpskhat18B8 than 10 nm) are
el ectrografting mechani sminvol ves an .
dQQﬁaﬂﬁadamﬂﬂ¢WﬁVQﬁ th@hh%ﬁonéhelnpﬁhéslmeYQ%M§n9 oxide
t S c t ie ni

fy C%Eapggﬁ% a&élﬁa cgeéle%?¥$g5ggn b&{kil éghldly
regﬁaﬂﬁedEHWﬂumMQ on anethesekectrbdﬁd Thfngohﬁe@d in the
anion thus obtained, if it was not in the i di ate

VISR iSPIEt {9 Qb1 Jidr P?é&ﬁ@nﬁﬁllééﬁleés SThotit d*d8s &Fb among

a'iqler ShYE0 Rale SOhUEhBRiGERyY) Gl teis | DsCREtALi QA1 the
h this desorption reaction, the addi tion 30

r ezixﬁta owhéM ot 1 daiding om}it@ﬂst e chamgeocofluchersi reithout
ani_on, che rbed on_a fre noper vi de

meAns of ?flaqﬁkfelsz? ng>thg’ reacﬁl on-th erg?re |q:1r%(§: %g%g,ggg the
praaiiicafvd mxﬁcm tdram t&&almbmrmmclmagu‘ afild Boi frpgile.
where the char i's, however, " fromthe surface,

erw CcoRPE| IR @%S%ml%@ aB’iOII%OzlétYe&ﬁ oPLt Hdigdshr BBy gold

Thi s.di
qgscéf r‘@% ]Pfl)% In‘er]é?]ag ggtgﬁn eac%ijnew aC?gI(?TeOﬁggeq-n the

gﬁéésﬁ!rﬁga agdi bl ohad t S EHI kblivehy ral axbdg théperature, or
pol ari zed surface/ charge repul sion, which nmeans that

t hehasondhay |arer Pdesest ihe GINSCtaniohlr A cgKidizing or
Wq]l Ccﬂléﬁl i@cﬁmﬁf&ymegfﬁ@ne§ ﬁ\&@ghﬁ tot‘h'%e EXIR tlﬁﬁ{ds are
pol ymeri zat1on occurs 0 thé vari ous
teﬁmgxmmzemmwhenneﬁewuaﬁa Emeahr@yuﬁdumgorsevhe a moist
technj que that makes ssib t0 duce
“é%/qle‘ﬂnff |1lr?r§%tﬂf“ﬁl%5e‘€|“#€?rcp@bent et C?%Ceheo%’i’]dl ng
I nterfag dndasd ltat&:&[& Yoit §sdMjeiies MBKi A10cddhnique based

possible to graft polymer filns resulting from15
viawyl mshener sintt %h%@@:on dietacesel@pitEAcadady induced

d I
TR R ol e { AT o B4R G ot heLectroactive

Suidraseens a ch patent Is@&tfatc,e f offl owedebygsa gaowthgofboth as
chai ns, npnoner - by- nononer, ,re U|r|qg Lpe use of an 20

el Tt TN RIYISF 3R G Wt 2P GHodeS - asSt al-
V\Blbho]?éblﬁl.rb—q{wjrﬁé:t,aéi onHas: Voﬁi@@@r@% éf‘@lﬁ@r B&BRers on
t her eof Otiz et al. (Electrochem cal
rrmtvrfduxa:tmr@ oefuzafmindh, el@mmw@escemrmg a?ofti c(5)10: p.
i alts. oche nitropheny

? éﬁﬂ% assy gﬁ %%Ee?%rg%gﬁ%% re Hﬁfggasqﬁ%dlhse of
Jq&ﬁé‘tﬂlrﬁr£| eaﬁtaamal yﬂdlcahtshmc&tarmsnitges initiation by
455(1-2)) described the grafting of diazoniumsalts
SYPRHEG R i3S tREPRPIHe ue ARNSEF H phadRipylc because
el ectrochem cal initiation. The international patent
application WO 03 018212 describes, in particular, 30
a nmethod for grafting and growi ng an organic
conductive filmon an electrically conductive surface,
the grafting and the growth bei ng perfornmed
si mul t aneousl y by
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7 el ectroreduction of a diazoniumsalt that is a
precursor of said organic film However, no
techni cal solution has been proposed for producing
organi c coatings grafted on amy type of surface, 5 in
non- el ectrochem cal conditions and w thout any
particular pre-treatnent technique. Description of the

|nv ntian 0 kes it SSIb|e tq,sol ve

Rt addvarat s e s e i i Sy Freferred,
C%iplﬁ%bl@doﬂl fhebse f ram t hen-gloake | Rethdl | (ufBES the
it possible to performthe grafting_ of organic polyner .

orelespdiogra tiindgrs Py t hangBdencePotanhzaltedrij c which  is
% e t ed.t k i.bl
g%§é¥¥%ﬁég%(§ﬁijuéb g%egro?g%ggﬁoﬁ?4%5§§§§§ (?%%é?lte’
amﬂtinmi‘dsan daxrlot, | |kmxtced-dozpai ecd:rammid)y cancuctidepleted

conductive surfaces. is inv [

nt .
r@%ﬂy t 0 BOIREWRF £ or br@parlﬁﬁagﬁngrgaﬁ 4€¥§ﬁ%ﬁractlve

t oW ik ofréus %JT;Q SURRAS tas 28cehabactennasd idbrylates

that it includes a step of contacting said surface

wiard avinybipysbdinesn esgpriaitigularleastioplele for this

solv a st d i O er .

non- e edtr%% ﬁ]céﬁpgg%dgﬁﬁbnguﬁé%ggéna pllc%ﬁ¥gﬁ% in the

f arimatdedre afrdradisc abremidneasi dadsediendt her‘kmjhadhenence of
prinmer. In the sense of this invention,

b
FI9HASE \B1SERFOSHE F2R nf o MEn 16t e 3k %Y 3 Carvon-metal

r%%”&léﬂkf56maa-@lUb@hhéﬁ gk @nits Qﬁfﬂdﬁﬂﬂdlmetal bonds:
chem cal species, 30 covalently bound to the surface

ofe Iteve: rsaysebrat iom wifi ch-lteermnt ool lof” tSwed nveqit i 03P 3%, 600,
c:%r_;g')e.d out. It

According to this electrografting technique,
polymerization is indispensable to the formation of the

carbon/metal interface bond: it was indeed shown (G.

Deniau et al., “Coupled chemistry revisited in the
tentative cathodic electropolymerization of 2-
butenenitrile.”, Journal of Electroanalytical Chemistry,

1998, 451, 145-161) that the electrografting mechanism
involves an electro-reduction of the monomer in the
immediate vicinity of the surface, to yield to an
unstable anion radical capable of being covalently
grafted by its radical termination on the electrode. The
grafted anion thus obtained, 1if it was not in the
immediate vicinity of the polymerizable molecules, would
desorb and return to the solution (op. cit.). 1In
competition with this desorption reaction, the addition
reaction (Michael addition) of the charge of the first
anion chemisorbed on a free monomer provides a second

means of stabilizing the reaction intermediary: the
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particularly concerns filnms covalently bound to the 8
surface of a support and including at |east one |ayer

of structural units of simlar types, according to the

t hi ckness of the film wth its cohesion being ensured

by the coval ent bonds that devel op between the

dihffer eﬂt 5 units. The sol vent inplenented in

t he net hod, _al so desjgned as_"reacti.on solvent"” .
ePERE o B o P S0P o't , 29 anvA5ds8e1 3, SFRECSd anion,
PRinEBe | ¥k eaBatgd i SOhUhERet N tReakeactten SBEVeAirface,
10By "protic solvent”, we nmean, in the context of this

i Madieh oponiar Sl vent tohatheoRprbidizptienstofonehe adsorbed
N 008N, OEAP AR e O A DELROCLE! £RSEE! BREAI R added to
form € protic solvent 1s advant aggously

chosered r ashbhergr ainpl consbhnt, uteettibynemt eddidébonimed-iding
water, distilled 15 water, acidified or not, ace

tic .
adi e Ttk y | ot 't sotent s®¥uch*g agePHanoltigng Polarized
ethanQloe /PRl ecubal webaht HitH dmeh¥E0!thachhas bonding
et hyl enegl ycol, and their mxtures. In a first
alitrgrarfidioee oft Hdvgrivtis: soliasntradierh]in wheh gt Samrsfrary,
this inventi IS cqnstityte q§ - i
sEISFSS sorStt?\%qae ﬁ_‘ioxtotu%ree eoq:evngtr &g{‘f}s/t %r/oo]t i cq'ﬁslgzlr a\c/%alrﬁ%s A Nk
anot hemandreer nehé Ve varfieugl ot tecitwloedd omehleonert urabove,
of protic solvents can be used in a mxture wth at

| GAACIHRITRAONE 96 VERE, POV dBECPRAEUBheCRRSLITRIRS 1t
MGHLS NAS & e SHAIAGRI4 1 o1 s A0 oRalYens control

er e preferred protic sol vent
anef rohee bpedihgcalhtyerficei | |[Todland deitdsi zedly technique

acidified water. By "aproti.c_sol BB,

PRI oHE CREES10 i E°f MR 95 VE R0l el (Hat g iy £xom
NQtiPFot i monddersad sQbvethted Nodn ablsurtfaded easehoch are
accept one hydrogen in 30 the formof a proton under |,
norees@TaneEl tondFPRGNEtiThe apFErsdsEs| vett | s electrically
adyv I h I r 0 Pt

S PR VoS OB ABIE Al S RS, W Dl cace
oxrie EDMpOrentiostat, followed by a growth of chains,

monomer -by-monomer, requiring the use of an
electrochemical cell with a cathode and an anode, as well
as an application of a voltage at the terminals thereof.
Ortiz et al. (Electrochemical modification of a
carbon electrode wusing aromatic diazonium salts. 2.
Electrochemistry of 4-nitrophenyl modified glassy carbon
electrodes in aqueous media. Journal of Electroanalytical
Chemistry, 1998. 455(1-2)) described the grafting of
diazonium salts synthesized in situ in the aqueous acid
phase by electrochemical initiation. The international
patent application WO 03 018212 describes, in particular,
a method for grafting and growing an organic conductive
film on an electrically conductive surface, the grafting

and the growth being performed simultaneously by
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The term "adhesion prinmer", in the context of this 5
invention, refers to any organi c nol ecul e capabl e,
under certain conditions, of being chem sorbed at the
surface of a solid support by-7a radical reaction such
as radical chem cal grafting. Such nol ecul es conprise
at | east one functional group capable of reacting wth

a radical a reactive fun th respect
B ten O o ARG PREH Shaliced SR uraor
melregldlies AanikUE iqapabl e of form ng a pol yner-type
filmafter the grafting of a first nolecule to the

sur f ac HOYRVETsupsotechiier la sedadtiiosh haist pPegharoposed for

w%rgﬁ%gﬁ§§ﬁen1cgﬁig?%f%ﬁ%gﬂylé%gggﬁ%nlﬁartlé%ﬁa Of surface,

t Ha useonfelmdtbecathemendit | esomdMiignsa nemdpai wetihout any
el ectr.on _for form ng coval bands with a surface of

 BEE S0 R SO AR e e g gener at od

i ndependently of the surface on which they are

intended 20 to be grafted. Thus, the radical reaction

| Pegsriptiiien fofr e dmvemtdenl ent bonds bet ween t he
f t t f
su facogneaspeiant eyl 1 e loile Wl ot o

mmﬂ%advahuﬁgﬁﬁﬂﬁfIthetﬁrfmﬂlaﬁﬁﬁBBthoﬂEBﬁnddemmmaMgwe and
of _the adhesi on priner in the context of

tmlsfﬂ%?erﬁ#% the chEREEH] laln.tthartesht'rt%]@e?re;ﬁ] ppesible to
SR thger?réfﬁfﬁ gt hee | i ihas 6§?ﬁ5§d @f copolymer

r dical chemc grafting, in particulfar with

sUriflace of the sbkedcsupgoran gleqxrhCan@ﬂhageramhgnmethod
30 i npl enented in_the context of..this.inv on. -1 1S
CPRPAGE o s oRRRRP | o e ¢ ehaglphg £iimb S onco
r%aﬁtfia\cess‘ UBﬁt ey Wi teppect dral aneshetppliiamion is not
after 10 chem sorption of the derivative of the

adigsited priqrereactdiidadilent IS urftt i o??mlconductlve

i nyQleaged d n the covalent bond in particular with the
surface of the solid support. The adhesion priner is
advant afeicusiywentcieaviadlates to a method for preparing an

organic film at the surface of a solid support,
characterized in that it includes a step of contacting
said surface with a liquid solution comprising:

- at least one solvent,

- at least one adhesion primer,

under non-electrochemical conditions, and enabling
the formation of radical entities based on the adhesion
primer.

In the sense of this invention, by “organic film”,
we mean any film of an organic nature, resulting from a
plurality of units of organic chemical species,
covalently bound to the surface of the support on which
the method of the invention is carried out. It

particularly concerns £ilms covalently bound to the
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5 aryl salt chosen fromthe group constituted by aryl

di azoniumsalts, aryl amoniumsalts, aryl phosphoni um
salts and aryl sulfoniumsalts. In these salts, the

aryl group is an aryl group that can be represented by

R as defined bel ow. 10Anong the cl eavable aryl salts,

t he conpounds of the following fornmula (1) can be

cited in particular: R N2', [).in i ch;

M e S s SRS St LAAr U OG aC 18ask one layer of
r aRERSeRES 1aNual Yk 9beUPsimilar #Ppdde aAddoHiwp Ao the
the cleavable aryl in particular of the

abbiekmessi ofedheofidundgith its cohesion being ensured by

(lL)...wecan t oysl yeite fi 0 i
CEPBonCOTEEURE, S KhbF) BB g MR AT i reren
p@hﬁi@bstituted, constituted by one or nore aromatic

or heteroaromatic cycles each conprising.3 to at ons,,

the hell8Ffo&CSTERF BIRHERAES PTorhS npgiod,’ alst Higned
substiftuent{s) cahvefRkaig,oNei Phe FOR hoESE DAL B8 aprotic.
such as N, 0, F, d, P, Si,” Br or S as well as al kyl
gr%dwp@tiam@nalo’,%hé reRbugrar inplenented is @pflhpAet f& the
cleavahl e aryl salts, and in particular the
aﬁ@ﬁgihﬁﬁi%ﬁ?&?rgﬁnpounds of fornula (1), Ris

pref er al ypalesen dolemridre amkey megiuas: sistddnitesdt yf this

el ectron-attracti ng groups such as NO2, COH, Kketones,
CNRVERLEOH, aNHOLlvRiter Shahd RAPEERS ?tT%aéFylo-qey S’@'dﬁogen

9IRS 23RS LIPS LHP gYddaPRiM. and
phenyl Tadicals. 1
The protic solvent is advantageously chosen from the
group constituted by water, deionized water, distilled
water, acidified or not, acetic acid, hydroxylated
solvents such as methanol and ethanol, low-molecular-
weight liquid glycols such as ethyleneglycol, and their
mixtures. In a first alternative, the protic solvent used
in the context of this invention is constituted only by a
protic solvent or by a mixture of various protic solvents.
In another alternative, the protic solvent or the mixture
of protic solvents can be used in a mixture with at least
one aprotic solvent, provided that the resulting mixture
has the characteristics of a protic solvent. Acidified
water 1is the ©preferred protic solvent and, more
specifically, distilled or deionized acidified water.
By ‘“aprotic solvent”, we mean, in the context of
this invention, a solvent that is not protic. Such a
solvent is not able to release or accept one hydrogen in
the form of a proton under non-extreme conditions. The

aprotic solvent is advantageously chosen from the group
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Wthin the above-nenti oned conpounds of formula (1), A
can in particular be chosen frominorgani c ani ons such
as halides, for exanple |-, Br- and C -, hal ogen
borates such as tetrafl uorobor@ate and organi c ani ons
such as 5 al cohol ates, carboxyl ates, perchlorates and
sul f onat es. As conpounds of forrmula (1), it is

PRI SATLARCOLE, | 0o ot g STRHAT, SPO8%Rone  ana
t etimfchiyar eRarrata et (pMyd)r.ophenyl di azoni um 10

br onophenyl di azoni um am nophenyl di azoni um
chl or ophenyl di azoni um tetraf | uor obor at e,

tetrafE%%rQ%Q%?t?ad%g?égﬁ{g%?%%&obo%ﬂ*%he context of this

t et raf I'uor obor at €, or ate,
t dinvaintdemngbarefie; -t d eanpf buganbor abéedule capable, under
chloride, 2-nethy] -4- chlori de, ,
49GEPH BB RS onPimPEa PSS o ufie surface

4-grarpRyphe b S2ONbYN, radical reaction such as radical
4- acet am dophenyl di azoni um 4- phenyl aceti caci ddi azoni um
ZLﬁEmmpaLLgﬁqﬁming. Such molecules comprise at least one

”%URQ&?S%EQ)§¥§%§”¥L£Qﬁﬂée%%mf%%%ﬂfﬂ&“%I@ﬁeagrgﬁical and
also a reactive function with respect to another radical
after chemisorption. These molecules are thus capable of
forming a polymer-type film after the grafting of a first
molecule to the surface of a support, then a reaction
with other molecules present in its environment.

The term ‘“radical chemical grafting” refers in
particular to the use of molecular entities having a non-
paired electron for forming covalent bonds with a surface
of interest, said molecular entities being generated
independently of the surface on which they are intended
to be grafted. Thus, the radical reaction leads to the
formation of covalent bonds between the surface concerned
and the derivative of the grafted adhesion primer, then
between a grafted derivative and molecules present in its
environment.

By “derivative of the adhesion primer”, we mean, in
the context of this invention, a chemical unit resulting
from the adhesion primer, after the latter has reacted by
radical chemical grafting, in particular with the surface
of the solid support, or with another radical,
implemented in the context of this invention. It is clear
for a person skilled in the art that the reactive

function with respect to another radical after
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di oxo- 9, 10-di hydro-1 - ant hracenedi azoni um chl ori de, 4-
20 ni tronapht hal enedi azoni unt et r af | uor obor at eand
napht hal enedi azoni um tetrafl uoroborate. It is
preferable for the adhesion ptoner to be soluble in
the solvent used. In the sense of the invention, an
adhesion prinmer is considered to be soluble 25 in a

SRR PR EdimoP 0 Mo 2O 51 (B ALY e Prner is

| gagtreeewmdl Firon cheMiurder sroriflolseadiin e @ovalent bond
tenperature _and pressure (NTP). Solubility is defined

adnt PariAsIyarc ML tho hes iSHIERCSf of $acuraled SPRAtdn,
eXpreS%‘ﬁg 'é‘dﬁ@éf@ns ﬂﬁne&h.eigr%Watdt%. e%fuselé)g'é(e%leavable
solute’in a given sofvent; it can be expresséd In
partyilcubailti nchotani tfromd ddlevegtroopnt apnshijtatgdvery aryl
concentration of a conpound wi |l be E% consiger d tql .
b SFOR e 2 ke B oMBBATIUP 67 1S eqhal Lt EAgrpRoni v

sQlukid idnyg drfiheseorpound s81E8i staokvesk. shhes, the aryl
solubility can be finite or infinite. In the latter
CAFOUR hies conpedrd iFrad ubhat| AaanPeprioPresort et PHeR as

5 £sldenRd sl vent

Among the cleavable aryl salts, the compounds of the
following formula (I) can be cited in particular:

R-N,*, A’ (,)

in which:

- A represents a monovalent anion, and,

- R represents an aryl group.

As the aryl group of the cleavable aryl salts, and
in particular of the above-mentioned compounds of formula
(1), we can advantageously cite aromatic or
heteroaromatic carbon structures, possibly mono- oOr
polysubstituted, constituted by one or more aromatic or
heteroaromatic cycles each comprising 3 to 8 atoms, the
heteroatom(s) being N, O, P or S. The substituent(s) can
contain one or more heteroatoms, such as N, O, F, Cl, P,
Si, Br or S as well as alkyl groups in C; to Cg, in
particular.

Within the cleavable aryl salts, and in particular
the above-mentioned compounds of formula (I), R is
preferably chosen from the aryl groups substituted by
electron-attracting groups such as NO,, COH, ketones, CN,
CO,H, NH,, esters and halogens. The aryl-type R groups
especially preferred are the nitrophenyl and phenyl

radicals.
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The amount of adhesion prinmer present in the solution
used, according to the nethod of the invention, can
vary as desired by the experinmenter. This anount is
related in particular to the gesired thickness of the
10 organic filmas well as the anmount of adhesion
primer that can possibly and reasonably be integrated

in the filmThus, to obtain.a filmagraft on the

ont | o TR e R S A s 3 Wewla (D)
t e &0l Uin OfarticihBaNEBESERbYehO FsR A ndridiafid amiwHs such
of adhesion 15 prinmer, which can_be estinated by
mﬂ%xﬂﬂ%&d%ﬁzef%ﬁl§§F§Pﬂ§n§lrA@&bréPﬁgCEOraﬁaloge? borates
PRAIEULAY | Yo BV AN B060UE, LODUITERL, ol INChBYAR | Qen as
t he adhesi on prinmer concentration in e liqu

s @llutdhar] ate sh e tosedroxgrlaies 1 - crib ¥ tids sl sulfonates.
preferably between 5.10-2 and 10-2 A.20 so-called
"_primsrAS Iﬁ?@POPEHFpr (jﬁﬂﬁﬁPf%e gﬁ&fa& !%Scéﬁﬁﬁfcularly
Waldy st d s opg fuddn of pFBRAPADLhECURSsdA EedRSSthe group
derived fromthe adhesion priner and in particul ar

dexdngdd futed dikizonPbenyFaeaspgarine tietmeddnorioporieee, 4-
c [ tut I by a priner . ' cour se _
2%%§£§§ﬁﬁﬁ§#ﬁ§%%§ééﬁ® means oFgg%§F§gééO?§rgg§f t he ¢
prasetusherfy idiaforiter | ayer apdtdefeusroborhse, 4-

t hi ckness; such means can in particular be infrared
s FEEE RN AR HE RS ur enent sCBIFOX1BRot oel ect r or Methyl-4-

S REAI RN 1FIRDorAth WHIAM R ety (LA z SPASIH AR Sazonium

dependi ng on the atons and 30 chem cal groups present

ortetthe fddimesitmrahs ner used. Wrercyaroput veldid zonium
a protic solvent, and advantageously, if, the adhesion _.
e IAPERASS 13 di azoni um sald” CTHROBIRDT FHet o 2onium

sAairaml usdmsatddian 7, typi cal |4-3d@essanidspgEneiied zonium
to 3. It is recormended to work with a pH between 0. _
an®tFafluaralRersdisy, t hét PRty haretset ut i AFtdin bediazonium

aqﬁiﬁﬁéﬁidd%JﬂB%éQ%ﬁired val ue using 5 one Orp IMEHy1-4-[(2-
acidifying agents well known to a person skilled i'n

t hree At pHeory Iexhigd enyislivan aegahiaz@riun nersil Baetiels 9, 10-
such as hydrogchl ori c aci sul furic acid, and on

THE e o B e A A b e SRS, 4-
| i vbre@inttH0re risg idgfd e eh above, £ & r DEL WS efIed Ltk é n and
situ 10 in the latter. Thus, in a particular

erfaditharienada san ol trleRdiyRreRPEHIS: i nventi on

conpri st ar j t a ' ri in
parti carar nehrrforabER o it Ca RN biher Mo be
cagloids airre gerer addweteparssd f r am argham sesse of the

which may conmprise a pluraljty 15 of anj ne
S GBS . Ty AGHERAQTD T TYE NANGEPT T A Sd £ be soluble
o o fiin R ot R CF190 8614 QBe ] ESGhing 2

modes that can be used for such an in situ_ '
praguertinaticn pef s8n5shi| ek i nthtesalubiédntyefier ato least

t he_ope i re .

o 9b% bl S e fong (T i feure ana
prfearaaltey eTpe! f gbaediditgctiy dafihedsabutiien dmilytical
preparation of the aryl diazoniumsalt.

alt. B |
SR S rBE HRF Bals ASHA b EC L U bk ORp aREPERSERE 1 terms

CYH extle Obr&pbet iOMERE QN gifed NgothBENGE @f LlrGIrES1vent;
25 vol tage. Thus, the non-el ectrochem cal conditions
arie can be expressed in particular in molarity. A solvent

containing a given concentration of a compound will be
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conditions which allow the formati on of radica
entities fromthe adhesion priner, in the absence of
the application of any voltage to the surface of the
solid support or in the liquigysolution. These
conditions 30 involve paraneters such as, for exanple,
tenperature, nature of solvent, presence of a

particul ar additive in _th | uti itati whi .
P Rorisider bl Eor e sBpuasesd. novtin, Hstneofienfiitien is
f e@lll b ofhd ash Tabi BNty tb£SthdheorpBuabiechr emiemdAlvent .

conditions allowng for the formation ofiradica
eftier | iyl Hitheeadsbeadd niffies QypeEnbinteqct fBntihe latter

K A Cudi . . he. pr
8 REe %épg%ﬁg}lhgyﬂ%?’s‘%‘wﬁ%g% -sal?r%‘%’fwég Bn the
Weph)sidered sdlviemitt.hus possible, for exanple, to

adjust the thermal, kinetic, chem cal, EhotochenicaL

O radf&ChedEA P enVtt ormERES HPR t NBXAfEsi BASFFPrer o the
aghRtkQ@rdeptabi lddeotding thathbt makhbaf ermedd adivvdition,

entity. It is of course possible to sinultaneously ,
adjamstvarypl as abesyrefl yeshpaezperenenter. ThIfeamount is

t hermal enviraonnent i.s _based t : er.at. t
BRIRG I IS Do S LUl EIRETAIE. e LB ene
MRiryRES NOf k| Ysusesl by ag petis oamskint! esf i adhbeiant .primer
The use of a thernostatically control]ed environnent

i $hGE paRAR| AASHLRLM ePBSt JATEPNACLT | BRs ¥ G ein the

cqnnpl  ehhe pgactien; gondi tdions. SIRgEanebhC the entire
envi ronnent corresponds essentially™to 20 the

agiuretaicen ofi tthien sdleld dupparnt. im adntactageith tthe gplution,
th agitation of nolecules in itselfréelon Eion of

b S]

et RSTESBUTY ¢ P o¥EFal f MBVEHBIE SfPRE ©F adnesion

MY 8GHEes Wihhén t Bansoldd | adist Mhgoe@usbegi aflicamlafror size
exanpl e using a magnetic stirring bar or _ultrasound,
nEeds yla tinnfos sPEFETRANGar §P c @ aP2E61FHORFAE IGhER}ageous

SO 2L 0, Sl MY Pactition  priner
concentration in the liquid solution is between around
10°° and 5 M, and preferably between 5.10% and 10™* M. A
so-called “primer” layer is formed when the surface is
coated with at least one film of monomolecular thickness
derived from the adhesion primer and in particular
derived from diazonium. The organic f£film can thus be
constituted solely by a primer layer. It is of course
possible to use any means of analysis to test the
presence of the primer layer and determine its thickness;
such means can in particular be infrared spectrometry (IR)
measurements or X photoelectron spectroscopy (XPS) and
ultraviolet (UV) measurements depending on the atoms and
chemical groups present on the adhesion primer used.

When the solvent is a ©protic solvent, and

advantageously, 1if the adhesion primer is an aryl
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Finally, the action of various types of radiation,
such as el ectromagnetic radiation, 7 radiation, W
rays, 30 or electron or ion beans can al so adequately
destabi lize the adhesion prinmgg so that it forms
radicals. The 15 wavelength used will be dependent
on the priner used, for exanple 306 nm for

4- hexyl benzenedi azoni um In the context of this

i figfargim t#lhontBredtt RheRlEaPCehditi offs affowithg™ 7
L%&ég?%géﬁg%%%@ntﬂgnSo&aQqﬁgl‘%H'ijeﬁtaﬁg tRIGANed to

( e group constituted by thermal, kinetic,
phatrchenilcah , pdHr beadiesohdriagad Tondft hepssgady, the pH of

conbinations thereo%. Advant ageousl

ndit%el FetHotMenf el PEoftHIHo atf?og\nhﬁtg %grirteﬁlevalue using

f gt bensnbe I adiicalevary tagsnas e wkl Ichraéwnf rayn kheperson
group constituted by thernmal, chemcal, photochenical,
orskiddiast highi ¢ 2vhdi £PENSXaNR L0 MEIIAG IFR N ifeJpfmineral

w th one ot _her ' i neti j 11 T.
noanc-l.ecfsec %hﬁ%ﬁ%%%nﬁé%’e %D%%%C%?%N%}sﬁ o on-
cheni cathec andlid 4 Dms . ptbhart hancenteetr bl cdheniahiced in the

conditions, it is envisaged t o, add one

chieyAwd FalifieRres) dE51PRE PPQUPA SBI HS o shered in situ

def i ned abpyeretndegghsit ins &l samasaikie eavaditeht, the
the chem cal environment of the adhesion primer by
adugtigpdnecoprddng dientbas dovemtdom qeyrigeshe step of

LS P LR SR RSB, cleTheaks LIVALLGIS. v 1
an aryl diazonium salt. Such compounds are generally
prepared from arylamines, which may comprise a plurality
of amine substituents, by reaction with NaNO, in an
acidic medium. For a detailed description of the
experimental modes that can be used for such an in situ
preparation, a person skilled in the art can refer to the
open literature [D. Belanger et al. Chem. Mater. 18 (2006)
4755-4763] . The grafting will then preferably be
performed directly in the solution for preparation of the
aryl diazonium salt.

By “non-electrochemical conditions”, we mean, in the
context of this invention, in the absence of electric
voltage. Thus, the non-electrochemical conditions are
conditions which allow the formation of radical entities
from the adhesion primer, in the absence of the
application of any voltage to the surface of the solid
support or in the liquid solution. These conditions
involve parameters such as, for example, temperature,
nature of solvent, presence of a particular additive in

the solution, agitation, while the electric current does
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envi ronmental conditions, as nentioned above.
Typically, a chemcal initiator of which the stability
is lower than that of the adhesion prinmer under the
chosen 25 environnmental condif{jons will evolve in an
unstable form which will act on the adhesion priner
and cause the formation of a radical entity based on
the latter. It is also possible to use chem

| .
| WO At E ST Ehi e the  TEGPT <© oE“8LSaht iSiFies
3Gpeondidd NS c Ut b Bl ecofi@l el @fls t Oal 8wing for the

environnental efficient on a wide range of 16

r é@aﬁﬁaadﬁmwantaa?g'e@dsle}lqiﬁéqwam%tw%qqs ‘h@nsh|tiise type
in e sqglvent. Ther 0 L ca :
ir‘ﬁf{i%efao(?%l?rbrl? a8PR4PR 86 y?rsé:?{d?aet@or?{ #%?%gf%ﬁolrthe pro®
tyRes CREmpPp di Skiergdilshedpolyhet haybasiesief, theol, 65-86,
envi ronment al conditions used: t her nal

i AU S Weid ‘npst cormon of whi ch are peroxi des or

azo Co%guglgz-stﬁf&de Jhe Akl eckopf heatpid hes® adjust the

conpou . sociate into free radicals; in this case,
t heherreaedt,i on ilsipetior med ahemigdhbi num Phgseckendiealyo  or

correspqndi,ng .to that necessary .for_ihe f i Q
réﬂq:‘&&g“ : ST EHE TR aa{ort.hel'h‘—’]L & sylpog{ ?ﬁ lc“ﬂ%m%oalas to
| {dd @ ife ganesal tatsed apeti foeal by reidikial a&ntity. It
certain tenperature interval, according to their _
deiconpeti t F@Hrﬁﬁnetﬁ%sﬁl@@pho‘%%chéM“EégaﬁﬁouﬂY adjust a

radi ocher injtdat ' are excited by the
r gi%%%oﬁf?%%g%%ﬁﬁ%ﬁ%%? on (usually UV, but
al so y madi @ié e brerl eronoenbeass paskeldowrf drhg heemperature

production of radicals b¥smare or |

methatsnsSOBURe arfd 125 b &%y F8es§°r§€r@£ “Using heating
methods normally used by a person skilled in the art. The
use of a thermostatically controlled environment is of
particular interest when it allows for precise control of
the reaction conditions.

The kinetic environment corresponds essentially to
the agitation within the solution. In this case, it is
not the agitation of molecules in itself (elongation of
bonds, etc.), but the overall movement of the molecules
within the solution. Vigorous agitation, for example
using a magnetic stirring bar or ultrasound, makes it
possible in particular to provide kinetic energy in the
solution and thus destabilize the adhesion primer so that
it forms radicals.

Finally, the action of various types of radiation,
such as electromagnetic radiation, y radiation, UV rays,
or electron or ion beams can also adequately destabilize

the adhesion primer so that it forms radicals. The
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20 photochem cal or radiochemcal initiators;
essentially chemcal initiators, which act rapidly and
under nornmal conditions or tenperature and pressure on
the adhesion priner so as topdlowit to form

radi cals. Such initiators generally have an redox (for
25 reduction/ oxidation reaction) potential that is

| ess than the reduction potential of the adhesion

pHRIEL RIS URGEr viHd Reb BerBn Egan PRdpEfdisge: for

0@x5%§1%Y@%6OBm'@b&‘QL%%xyube%%%n%@H%z@%1@mﬂEta

generally in a finely divided form such as netalllc

wool (éhsotﬁﬁre conﬁeﬁty 3 caFhéd " SmeEntiesl") BRe  non-

f|||n educt suc n [

oretl FACCES lca&uccno asltalorﬂe a%f oceneé) gofegﬁlgt I%vgf'ﬁﬁluon of

CQﬁﬁﬁuﬁQ suabiaseby paphosphaiauls acictiogdaPO2yom1 7cloe  group

ascorbic acid, or have an_organjc or |norgan|c base é
f

PCOPGHLItHESS UfBY ci ERETPELal | I3 Test BBPFPSAETSRS
tl?%d%@%ﬁ%ﬁ%@aﬁr'”EBnd@t@Hn@reaéﬁé t NI nsths t O thereof.

is generally sufficient. Radical reservoir-type
sﬂmhmﬂnnagaodﬁlyuch ashgolynenrelﬁ&trp§é§mﬂﬁﬁédlEHQRPdltlonS

bef.ar ehand
ARINGHBP a7 1 PR aEPONEEAHE cPEoc 3Ros, (A areD v

b%l’ié)%%‘i’l aﬁr&ﬁ]eﬁhéa?ﬁdﬂiﬁ | @151 fptedlebyakihelrmang tdieemical,
adhesi on prinmer and | eading to the formation of
r aictgichamiagles baed oﬁaﬂ}q%ﬂﬁrq%ﬂe . conditions  and

combinations thereof with one another and/or with kinetic

or

conditions. The non-electrochemical conditions are more
specifically chemical conditions.

In the context of chemical conditions, it is
envisaged to add one or more chemical initiator(s) to the
liquid solution as defined above. Indeed, it 1is also
possible to adjust the chemical environment of the
adhesion primer by adding one or more chemical
initiator(s) to the 1liquid solution. The presence of
chemical initiators is often combined with non-chemical
environmental conditions, as mentioned above. Typically,
a chemical initiator of which the stability is lower than
that of the adhesion primer under the chosen
environmental conditions will evolve in an unstable form,
which will act on the adhesion primer and cause the
formation of a radical entity based on the latter. It is
also possible to use chemical initiators of which the
action is not essentially related to the environmental
conditions, and which are efficient on a wide range of
thermal or kinetic conditions, for example. The initiator

will be chosen according to the solvent used for the
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The Iiquid solution inplemented in the nethod

according to the invention advantageously al so

i ncl udes one or nore chemcal priner(s) chosen from

a reducing netal in a finely ggvided form as 15

defined here, a netallocene, an organic or inorganic
base in proportions sufficient for the pH of the
liquid.,solution to be greater than .or equal .to 4, 20- .
R T P P B ORI et (it E RS iy Besg 1uble in
AmpRY NS R Mers capabl e of being used in the context

of the invention, and in particular when the adhesion

pri mer Therg clemvabherany| oheimiocalchinkt agreyofiPimradical

aryl [t it is si bl e.in rtic to i .

e oyifaiaatinits AR DBot B el 6 didirhished on
athal egenecaldsylthehanivigoamentadl ladnditardenyls ea:

sul fonyl groups, pol yhal ogenated conpounds such as

CCl4 or CHCIFCI#BrpotHsI#ERTPg fighl §oF abiIWMBY aPEntWiich
bands Jw i kRl0gans, ANd GeNRiRld Y tride RNAME IO of heat,

bonds "est abl 1 shed 30 between a heteroatom such as N,
Sthese, eompauhd$ogessosdrassi imtpelfyglef wadiqabs208y, this

290 LSOPULYLON 11| ©) o PELOXEAALRI LU LiffLrarure
corresponding to that necessary for the formation of
radicals based on the initiator. This type of chemical
initiator is generally used specifically within a certain
temperature interval, according to their decomposition
kinetics;

- photochemical or radiochemical initiators,

which are excited by the radiation triggered by

irradiation (usually UV, but also y radiation or electron
beams) allow for the production of radicals by more or
less complex mechanisms. Bu;SnH and I, belong to
photochemical or radiochemical initiators;

- essentially chemical 1initiators, which act
rapidly and under normal conditions or temperature and
pressure on the adhesion primer so as to allow it to form
radicals. Such initiators generally have an redox (for
reduction/oxidation reaction) potential that is less than
the reduction potential of the adhesion primer used under
the reaction conditions. Depending on the type of
initiator, it can thus be a metal, generally in a finely
divided form, such as metallic wool (also more commonly
called “steel wool”) or metal filings, reductive, such as
iron, zinc, nickel, or metal salts such as a metallocene,

a reductive compound such as hypophosphorous acid (H;PO;)
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18 butyl peroxide, cunyl peroxide, tert-butyl

per benzoate, tert-butyl hydroperoxide, and

finely-divided reductive nmetals such as iron, zinc,

ni ckel, preferably in the forpgof filings, fine

particles or netallic wool fibers, netal 5 salts, in
particul ar, netall ocenes such as ferrocene, irradiated
polynmeric matrices and_in particular, matri.ces of . .
p&%ﬁércgrajr&s@ﬁlﬂ'orﬂrp&ayﬁr EChSTEEN 50 [fo I TgegiLc base in
PRI RARRL SsuARd- POhY ety | gneokerRant hakahps1ivhtebn of
pol ynmers are advant ageously fluorinated or even 10 .
p&ihfel wolliemiiard. primer The aHogdeaden Mhamt@of Wpalpéo 4 1s
chasen cording. to the Ltiqns d.
R e o PRI R BRI R e sures,
MeRRIErss @aadyingpiical hytaf @dnd i@ athi atleds , bdfwrehand by an
exanpl e, when the adhesion prinmer js an 15 arxl

diedESHAR sREEM | 9T Lodsi BPRVY o 1R, bgam pghd/or by all
| Wfﬂé§f§bidﬂ“ﬂ%éaﬂé ngs el WBLGR, theadi agetsr ©& theed as
particles Is between 50 and 250 It is also possible to
ushenriera lori rsittaiel t onso | fondast ak il i mgrerdle adesion primer

(according to degree of fineness) fine (0) : fil
2@”(68(9)%6%%&& %%e&(%l.o Orge rsap&elc?%l?cearf%gj{%wega&eed on
diyetmrinfr the wool fibers will be less than or equal

to 3.81 x 10-2 nmand typically greater than 6.3% x
10- 3 mAheal tErdmatd ve??,lug%o‘ils PBBLFBPRLEE udd barg"iec method

C%@cﬁ}f&@f‘g SPo 1 tﬁ% gfgg;égg#:fgn thevsptHGEeAsh Ri18d includes

enough to —cause I zat1 on of "t he adhesi on
pramerod mdde dromm il radingat 65) [¢hdseral Bompossi bl e to

use matrices irradiated. in various_.for such. as
monbr ariess THTERTY, WA ol efor AHSH| CHaVES form. as

t kiSSP Hdrd he microneter range, 30 generally
between 1 and 100 pm in particular between 5 and 50

pm and, aretapkdqical ly, close to 9 pm It will
advantagggusg¥ggsig p%hyV'{ﬁ%fégﬁﬁ%if|ngbdejJPV:E}opéﬁtions
| e tou

19 particul af, 'S possi se a pol yvinylidene
f | a10f ff 1tei dIRYDR)o e ndieangHi rofidi dted Miduice| ectlugrion to be
The irradi ation dose is eenerally bet ween 10 and 200

kGECHRE ohen spectdidal ¥y 400 kGy for PVDF. Such a

nmenbrane £afre-irradiated polymeric matrix, as defined here.
Among the primers capable of being used in the
context of the invention, and in particular when the
adhesion primer is a cleavable aryl salt such as a

diazonium aryl salt, it is possible in particular to cite

halogenated initiators such as iodine, a-halogenoalkyls
having aryl, allyl, carbonyl or sulfonyl groups,
polyhalogenated compounds such as CCl; or CHCl;,
compounds having highly-labile covalent bonds with
halogens and generally corresponding to bonds established
between a heterocatom, such as N, S or O, and a halogen,
potassium persulfate (K;S20s), azobis (isobutyronitrile),

peroxidated compounds such as benzoyl peroxide, tert-
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5 for exanple, have dinensions of 1 cmx 2 cmx 9 pm

i.e. a total surface of around 4.0054 cnR. It is
al so possible to use a pre-irradiated polyneric matrix
in the formof: ofgnul es, for exanple with

a nmean di aneter of 10 200 pmto 1 cm mcroparticles,
for exanple from1l pmto 100 pmin dianeter, O

nanoparticles, generally from5 nmito 900 in

(PR Lo ST iARe UG RERBHRE | nEPhe ORafbt Bphenzoate,
t herRablicGheshiakepebxPasSi bhgat ximarease i@ reductive
specific Contact surface and therefore the quantity of

r agitedlss sacht pe domonac & iwict h iekpdet Prefieraldand madse form

of_. rr.adi ated I ri terial i [ fan

T§/°|cf>i géﬁﬁ?%sfhga%ﬁyg%ggﬁﬁqgscgﬁt lélncettlgts:}urI':i ace g? t?hbtegrs’ metal
| Baadisat edn madad @veat abhe taillllodesemuchubbweds t f@rrocene,
that of the surface of the solid support on which the .
grEFEFHG RS R PESIST It Cahe® 1P gai REFAcyay matrices
palsy ilg,m_réqrsri onsd S i N [ i

m?\)t r ;n;%t an el E&Q%)érﬁpbg?rﬂ al(g%ol%glal I eﬁée'c?rpgﬁ‘iyg)leflnes'
i poddicatibomp.telbr eapgecpdlyathylendi sterephicmlaormi stwhich

in _scanni ng the pol ri.c matri-x wt n..accel erat

o PEISTBA Shaafi S, A BEAGRN Y omi it By oF  even
elreimepraceeley.ator (for exanple, a Van de Gaaf 30
accelerator, 2.5 MeV). In the case_of irradiation wth

an el efhrormsah QheleHeldf Hepbsit PGnchosen according to
hQﬂEQE?%%E%%rgbﬁaiggéﬂ§ thaly theeddLee 1odi €8LS amounts are

creat
between 5 and 20% mass of monomers, and typically around

10 %. Thus, for example, when the adhesion primer is an
aryl diazonium salt, it is possible to use, as the

initiator, iron filings, of which the diameter of the

particles is between 50 and 250 pm. It is also possible
to use iron or steel wool, which will generally be
(according to degree of fineness) fine (0), extra fine
(00) or super fine (000). More specifically, the diameter
of the wool fibers will be less than or equal to 3.81 x
102 mm and typically greater than 6.35 x 107° mm.
Alternatively, it is possible to use basic conditions so
that the pH of the solution is high enough té cause
destabilization of the adhesion primer in the form of
radicals.

It is also possible to use matrices irradiated in
various forms such as membranes. Typically, such a
membrane will have a thickness in the micrometer range,
generally between 1 and 100 pm, in particular between 5
and 50 pum, and, more specifically, close to 9 pym. It will

advantageously be a polyvinylidene fluoride (PVDF). In
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20 irradiation wll be distributed uniformy at the
surface and in the volune of the matri x. The
irradiating step of the polynmeric matrix can al so
consi st in subjecting said maigix to a heavy ion 5
bonbardnent. It is specified that "heavy ions" are
ions of which the nass is greater than that of carbon.

Generally, these are ions chaqsen from krypton, lIead lid
aRGT%eFEr 2 whetfrer %S BI0ESEonext™of Yire” Fi r fO1YVIDY1CGeNE

erhodi-TeRt @vo® thempesnad ierhediarRat weser ebedtrons. The

above, the irradiation creates free radicals in the
mitreriddl tdoms dioset iimg geme radtlyi Yoo tisicgh 10 éad &P OofkCy. and
free radicals j n 0 e ste

| EEe ST Sy L A e bR eRy htrane can.
P Rixamb 18y Chaare idinmshai@ts naf ri xcllSxcanchext Paped 1.e.
in crystallites, so as to rolon% the lifetine of the

mét Eok il spEd aice: & étr&ﬂml‘ﬁr‘lmo %% i(®t herefore
recommepded £ 0 458, Misee$160MId Si fife Cr ¥St Prtd Hi8Ssadiated
and, preferably, between 30 % and 50 % and generally
4@mlymerdic oweystia liint adie Bern dfor exanpl e, 20

pol yvi nyl i dene.fl uoride (PVDE) is 1 -Cr 1] i

i's genéra?F?nﬂﬁegﬁcr<§fa%ﬁaﬁ gndwggﬂgéia#%%%ho%g§mé%%r of
camepnsSttd N @&npl urality of crystalline phases, a, p

y and 5 constituted by the planar or helical _
associ at MGFIEPERAAES THODIESIPIE HIPD ks i e 1n
c + VDR, i s a 25 thernmoplastic polyner that can

t hérefore ‘be mel ted, then nol ded. Thus, PVDF primarily

in the -a phaseatisi gbaer abkpeobildyndirdsy Soo g f PO nm in
the nolten state, for exanple after sinple extrusion
PYER55Starily in the p phase is generally obtained by
stret chinglad N0 ©he a- BRaseaBYDF.imt Bt edpamatete of the
bel ow 50000CC. It is reconmended to use for the o
presdnitclias/ enekes PYDF Ro#pHPLe ng-Pr iRELERFe hehp specific
pPhase b Caé"usrefagk?, S S Ld ALY diFe WEME ) Tof MSdicals at
case. o increase the quantity of” radicals
acressébt adé Wwhehs uefspeetoftd hehe r radkamesdspod iy nersadiated
in the various forns describeq?above, the specific

canbfeTh f RAFHiahe HoI yREPPT Mt ef PHFs WHYRITRELY.  the
tsh eééém&ancénégaém ageauslyy beri neneased-Aygimlddg matrix
m

m cro or nanoporous. To obtain this type of
meteri ble heill rladi murbnlowep caarb&hsdr it e agurface of

follows: - Jrradiation of the polyngrlc g?%££ y hgavy
. ¢ o Dbe
I<ﬁﬁf sol1d S%@Eﬁ%%aJo%xhggure, gener y %@g

hysisof yshesa. of the 10 latent traces created along the

heavy ions tracks, resulting in open channels; :

The irradiation of a polymeric matrix can consist of
subjecting said matrix to an electron beam (also called
electronic irradiation). More specifically, this step can
consist in scanning the polymeric matrix with an
accelerated electron beam, which beam can be emitted by
an electron accelerator (for example, a Van de Graaf
accelerator, 2.5 MeV). In the case of irradiation with an

electron beam, the energy deposition 1is homogeneous,

which means that the free radicals created by this
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electronic irradiation of said open channels. The
chem cal exposure consists in placing the matrix in
contact with a reagent capable of hydrolyzing the 15

| atent traces, so as to form#ggllow channels in their
pl ace. According to this particul ar enbodi nent,
after the irradiation of the polyneric matrix by heavy

orradiatsan Srbehe AT e 1PACSS SENESE 21 Rhy b e Face
Wagly ke thn vRasses dihedhddia xmat erial during

irradiation. In these latent traces, the speed of _

hydr ol Faies toradiathegexeiur efi sthg epodymeras t Rd8ELIX can
of .the non-irradiat 4 LS thuss,- possibl :
p@HTsé)r ny SR 6T | \Q/llél e%gbojgéljgrittéfn%;sa‘fﬁe reag%gt gbcaagagﬁgvy ron
ofbeitsirdmgtt.Ner e X posube caff itkde Hrattenthéaagesonse are ions
dependent on the material constituti t he rrg% rix

TIRSs, WHED atbfit PR&CesiEanIFR2paFti thifdr b r ¢4t efarbon.
b& d¥ahlky basd S agde 0XiotisZ i dibRal UEFOR, k8YpRoAS dead and
K ON solution in the presence of Kvh04 at 0.25 % by
3&kammrght at a tenperature of 65000C, when the

lymerjc matrix is, f | tifuLed .
Sgl zc}s:ﬁ‘{ﬂ%t g' ??L%Hedgé?%(%%, Sgoﬁﬁﬁ%%sl_lﬁ&%odlment or

(WHY | EdeBgdC@Embaliment described above, the irradiation
hexaf | uor opr openef| uori de), pol y(VDF-co- Tr FE

: ) . :
(\AuRAtiafenEres- tAtqadoet Ry tife TR tRFfe) constituting the
p%é’t( NRF- W{fﬁ'gP'glgﬁogEFE}ee radicals is a consequence
(vi ny]i dlene- co-t 1T uor oet yl ene- cononochl orotrifl uoro
etdy | tere dfdarorfiede)oandrotdiert Horpearidugy i tratsalid material.
polymers. A treatpent with a basic sol utiaqn . .
opt i ondiig E%ﬂ‘b?ﬁgg WHSF SR s ehBi %A i B OF TPRe S dPtrix

byd4V, b%antlb%? fiiel estystaniexaspl &so fag pod ypeiciong the
such as pol yethyl ene terephthal ate (PET)  and ,
politetrbmnabd (FGy . W iy eafinghitsS | 84439E8CEHe form. It 1s

formation 10 I i calsoPor gsr i Recdi aBBLSF1 s
o?d\lﬁn% P can g‘ieérzr)g&(ﬁalﬁqﬁe?d acr%g)(r)r diﬁr?ge to tﬁlé dquati on ls(;fls'mg
t herys et ends widhd | herdbsiabhnd oxtweenng0 sl andopd %, and
The irradiation will genperall .perforped so that

t IRt Y néoﬁen’éf‘éné’fhagrkféty“ﬁggﬁgfﬁes ahd 01 £ % aghgmPie.

peﬁilof%gin}ﬁicy\éﬂlé tyRbephd Y (PEDREP DSt ¥eeD-Er}dfadline (it is
5.1010, nore specifically on the order of 1020 for
negeonarelly OtRers | afyshatlbne conderdll n PERFERCSSAn@nd can
t he process_ conditions a . Use chem gal
ex?fég?ﬁ' el%c%o?g?%agi%gytég %rra?%??gl?lfg%ng?{i?%tsf n(g'tﬁ'e v and ©
meatshXt Cantde fwpndthea RawandwdorPhyelicHdl . a8Spchletdpn of
20 Cct. 1983, p. 925. After that exposure step, thg .

el @e2ion- i FradPaason ¥saperforhedths BafseCPREon. FVDF 1s a

f OEH@{‘\J.{\%?].%%%& fégi?ﬂn.%?altﬁa‘ﬂn dahe Waldefrd N6 melted, then

channe ementation in this
molded. Thus, PVDF primarily in the o phase is generally
obtained by cooling from the molten state, for example
after simple extrusion. PVDF primarily in the [ phase is
generally obtained by stretch molding of a-phase PVDF, at
temperature below 50°CeCeC. It is recommended to use for
the present invention PVDF comprising primarily the f

phase because the crystallinity is greater in this case.
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case being simlar to that described for electron 25
irradiation in general. The beamis generally oriented
in a direction normal to the surface of the nenbrane,
and the surface thereof is scgnned honpgeneously. The
irradi ati on dose generally ranges from 10 to 200 kGy,
and will typically be close to 100 kG for PVDF. The

dose is 30 generally such that it is eater than the
"gel d8SeICHREIe TR SBRRELEENAE (TG HosRCaESSible at

whheh & herdecopki natd onsRetiweer rasiwaéss aie the various
pronoted, leading to 23 the creation of interchain

béndss| edetcmikbed t Rbover midtionspecafifr @endiafinssehbgce of
( cross-linked) network, .i.e. t.he formatio

gg € Th@?}yﬁ§Fﬁ§)a gggrﬁﬁégter“bﬁgh tﬁg%'ge%qﬁgggpn can
g8aRbALegeel@ly | beki Dgcvesbea tbeg mdkixg SHdmsmicro or

enabl i ng the mechani cal properties of the_end pol r
t 8apEPRRRLSved Th tPetatie $PAG e RS tRht 8@&8%1?@3 the

tq%r%PS%t&%%i%@éﬁ can beﬁgé%ﬂaykéd'Qéiﬂazr%&%Wple, t he
speciftic contact "surface of a 2-cn2 PVDF nenbrane with
a thi cknéssadfia@ipm 06 ither padamefrionmratadsd by &eaviyo ions;

around 60_cn® after irradiation-induc I i :

| e" poFe§hﬁ@Fc@&Qeﬁ??ﬁ“ﬁﬁ’a&@?gﬁgﬂgﬁé%gigp opiy%#%% of the
t Hus ceRabldgelb tdrmsdwr e liad) calise present atortshe tracks,
surface than for the sane nonporous nenbrane. 15The

| ivgpsivd: te@iou tino PPREc SMAME S0 t he present invention can

L%, BB B S, cramesy

her ei naf tér descri osed. The solid

suppor trhef centlvalhexgurdhace dendireat eidh gricaridingheo matrix

thien nggplggcgf vtvjr.]t?hl gvenr.ltelaggn%ancz?peag e a@% hydrolyzing the
latent traces, so as to form hollow channels in their
place.

According to this particular embodiment, after the
irradiation of the polymeric matrix by heavy ions, the
generated latent traces exhibit short chain polymers
formed by splitting of the existing chains when the ion
passes through the material during irradiation. In these
latent traces, the speed of hydrolysis during the
exposure is greater than those of the non-irradiated
parts. It is thus possible to perform selective exposure.

The reagents capable of ensuring the exposure of the
latent traces are dependent on the material constituting
the matrix. Thus, the latent traces can in particular be
treated by a highly basic and oxidizing solution, such as
a KOH 10N solution in the presence of KMnO, at 0.25 % by
weight atl a temperature of 65°C°C, when the polymeric
matrix is, for example, constituted by polyvinylidene

fluoride (PVDF) , poly (VDF-co-HFP) (vinylidene-co-
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20 type. Indeed, it is at the surface of the sanple in
contact with the solution that the radical grafting
reaction will take place. Thus, the surface of the

solid support to be treated igypaccordance with the

nmet hod according to this invention typically has at

| east one 25 atom capabl e of being involved in a

radi cal. reaction. The soljd support can be

e PECRLIERF PP IOBRESCt i ve o#gﬁ%ﬁggﬁguctive.pﬂ%gwgaﬁ'§°'TrFE)
SURROKA iGRMNAVE t& MR e th§derlear geusHidare ¥y VDF-co-
vari abl e roughness. The nethod is applicable to

s SmFEescolChigreofetl)c  dv imptldidens %@ - tidd uogwetdy lene -co-
exanpl e, Lhe MRuhod can. Ae appl ied (g purfaces gl otner
ngﬁﬁkébjects suéh as nanoparticl es or nanot ubes,
tﬁl@r@’ﬂdo}ti@ﬁrﬂ%@ﬁ, Esljmer®dr e ponpir@atdevritceswit24 a basic
The _invention is applicable to a wide variety o

. f .
s BlaEdO ! RRienEStly GPHIRAY (He- Tt SmRtsTi T Aty bt the
CRAS sfrqg) agy de v i glyy urmlardal s. ddwWeadanidie, for
met hod uses grafting of a purely radical tyﬁe, an
deped yhenst seqbi rest lyatfadenso heverspbailpte (PET) and
lim.ting.characteristigs such hig duct i vity .
TRRY O ack Pan 'g%e o?ﬁ%%?@e%lr: 28§8§r§§nit\é{e ang matton

CHF A0 Re i indormeasigaraigt wie atichnteteer aof which can be
non- uni form conposition. Any surface having one

| or \
MACSVAEGRS RSO O JUTRF Qipabi £ Pefdigrent with
i Vv | di : Lt L SUbSEhL Ut ot ;
r er%flgét i %%,Susgu%hr{dgsé%ﬁh%%?%orﬁpg%(l@'o%%é etslth:gra,dlggilg,n Wit
algtetertd)ly @d phirsiedardmeshaort el ogrpnkt ingigkelsrane has
G and Br,_igs in (41 cul ar _concer ned t hi :
Crisen 148 A SR EEaEher Pty dtal o g Ga Y be

11
an | nor nic

sydapeed hat 1 anabe shesen ficwa copductivelint eni allee order
such as netals, noble netals, oxidized netals,

t refnsi 190 feral sempapaesal | Gend, IH TSGR e, CRRCETNING
Zn, Au N d L ni urdace,Lakeg f
alréeoagr)éent(: o%ré% ??%npgéggéfb’n ggﬁ&&@??&% r?gltazri al s such © oF
asctBini SlC eds&auré&aacaoddingono Ithd snafiesoi posepmseituting
to apply the nethod to soljd support Vi ng o
OFI GRRRICET VRS U7 QU iR AR honAoRdUeEY Ver okPHesd5 ! N° 4
sugh gslgg;,p.Ang@. and MgO. More generally, the

i norgani c surface of the solid support can 25 be o
const i tAftteal; Ebatexxpsisairebysaep anbhphcUL G} | AFradiation
such as_gl ass ener.al | taining.siligat v,
cejr%rﬁ)%?gagm\e?\gl I%Oasca&sy%t a ?i ﬁé%‘%gﬁggs Ogi a%r?d?fa&l@é}ls on
Thensokd Th seippeti¢ cainhave, anioh gané cisplémertatsonanin this
organic surface, /it _is possible to cite nat raJF lect
pof3ffer sbeB0IsuBAmad3Fat &R ot HAtbbetSSTr ATt i £ 12F al ©-SC-FOR
poJr%F@ FaSUGH 83 Jendval i VBSe ObeRR! Y8NhE8ePE11y oriented in
pol yet y?ene, and” 1 n particul ar polynmers having

7lat ypeebonds swomads pol giver suag t af etthygl argimbrane, and

bonds, carhonyl groupings and imne. Jt .
po@%‘? bl % aS%pl %qeﬁ‘%%t hdd tgcﬁngdcon}%ﬁ%%?%%%s&y' The
SU{ + BE@Bat S&E NdaSe SyehaeLs1{ nehtigdeésgrponysaccbarddergy, and

such as cellul ose for wood or paper, artificial or 5 ,
natithl tyPbersly shehcagseotood O ¥@( tEopPVDF. The dose is

fl u | et (0] | (IP é:ﬁ) n
R B e Y e o o oo
surfiacelaoteespeorndimegpands priorer thayedoss defti neghich the

vVe. . . .
ab]?egombinatlons between radicals are promoted, leading to
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The solid support and/or the surface of the solid 10
support inplenented in the context of this invention
are advant ageously constituted by a material chosen
fromthe group constituted byyetals, wood, paper,
cotton, felt, silicon, carbon nanotubes,
fluoro-polyners and di anond. According to a specific

enpodi nent, the suyrface of 1 oli.d support o ,
eRPenCERBLAPYaRFe LPEFAEPS iPobBE R0t R BFBBedoTation
Wokh 2 PRsKetRahepaVehall t (A Ledsk-pahkkal! ndtwbiihat i e,
insulates it fromthe liquid solution. The mask

t?bﬁcépma@gpmes#on@sgeb aTbh§S| @@Il@nt&t@oqﬁagrﬁgter than
gh% [lge?réf %gd g%ngggtégr Cur?;a”ﬁ’.r n%‘i’}’lg' %E"t ‘Eﬂgegnatrlx,

rnoparti terial
athlisn &hbplohgnataei amechypiicalll y pgepet-alieangsir OI&héo end
several mcrons, generally organic, deposited on the

SHPLYRET THe Mk IARKEYert Hosdillh eSaBel oeingle " migp that
Eggng{’aﬁggmtﬁ@l sreacthyityaf the surface with regard

the radicals generated during the process and thus
| eads Re the montlohlethd oreranwie of thllamanﬂﬁﬂcy gpntact

the portions of t he ace osed uti_on
WPERERRE SRoacasent navob PenBrBRe it BhErT ki Tos o wm
Wi hbrbheelBs i rbei NG r3hnd oteWnéd fcbomatrhﬁ;rfd)”mildﬁﬁ otifter

the organic film The surface of the solid support,
cohradiedinnr Angneeri §HPAtiONUPToR Oas RRISHRERIVe Wwith an

tg.k}%rgég:/\ﬁ%alnyeé@péfsﬁ% %n 2@1’1u+ e%?ig.%aggﬁ argf times more

covere a nask. After renpva sk at the
emddatallbe popeyeatt oat the suurfferee t hhéanwderprdiecseds non-

unli ke the surface that was not equi pped with a nask,
d88§°H§tm€8§ﬁPP§e a grafted film

The 1ligquid solution according to the present
invention can further comprise at least one surfactant as
hereinafter described and disclosed.

The solid support of which the surface is treated
‘according to the method of the invention can be of any
type. Indeed, it is at the surface of the sample in
contact with the solution that the radical grafting
reaction will take place. Thus, the surface of the solid
support to be treated in accordance with the method
according to this invention typically has at least one
atom capable of being involved in a radical reaction. The
solid support can be electrically conductive or non-
conductive. The solid support can have a more or less
large surface and a variable roughness. The method is
applicable to samples of nanometric or metric size. Thus,
for example, the method can be applied to surfaces of
nano-objects such as nanoparticles or nanotubes,

typically carbon, or to more complex devices.
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5The mask will preferably be constituted by a thin

| ayer of inorganic or organic material acting as a

| ayer of | ower cohesion that can easily be renoved
under gentle conditions. A laygr of material is

consi dered as such insofar as it does not require the
use of extrene 10 conditions detrinental to the

grafted film_ Ty LcaIIy the ondi ti on
corresggﬁﬁ f%V% ?ﬂﬁlé‘%h%ﬂ? gh%:geﬁeﬂgf%y variety of

peyfraramReg Woth ihtsdaant , oan wHidasedad ddgdd®iiiord Nmay be
sol vent or an increase in terrper ature. It is of course
dediassl efrem the Wik HMariesybeekomgheg ipd s15 fRgeed, the

e Nt .l t u t e
usegﬂoqp %%S,Q%g?%géﬁ {Dﬁanl}’l ié‘ﬁh%is&g Jg’rjra ?%%glt?ggét iaglﬁi. does
Thitsy, itequeirecon@ndedrfacthatohasazehi gipercidgfifd nitimiting
for the surface for the reaction solv

nt.. Th
methd e t e At iISYE R h@SnaBi9 anC?*aﬁ%CBéVk‘e?cho%%‘hs the

frams i ded A fad®t & alch-ddgaiid, ganerald ahe be of
chosen according to the nature ofs%he solid support.

Adwaqomg@aMSEyruﬂhexna@kdl@a@@npbs@@noﬂnaﬁkymtrﬁQmEpSltlon
LB 500 ENEhD BHIHLLY! Qldm @) ¥ A HiS ¢
capable of being involved in a radical addition or
substitution reaction, such as CH, carbonyls (ketone,
ester, acid, aldehyde), OH, ethers, amines, or halogens,
such as F, Cl and Br, is in particular concerned by this
invention.

The solid support can have an inorganic surface that
can be chosen from conductive materials such as metals,
noble metals, oxidized metals, transition metals, metal
alloys and, for example, Ni, Zn, Au, Pt, Ti, and steel.
The inorganic surface can also be chosen from
semiconductive materials such as Si, SiC, AsGa, Ga, and
so on. It is also possible to apply the method to solid
supports having a non-conductive surface such as non-
conductive oxides such as Si0O,, Al;0; and MgO. More
generally, the inorganic surface of the solid support can
be constituted, for example, by an amorphous material
such as glass, generally containing silicates, or even
ceramic, as well as crystalline such as diamond.

The solid support can have an organic surface. As an
organic surface, it is possible to cite natural polymers,
such as latex or rubber, or artificial polymers such as

derivatives of polyamide or ©polyethylene, and in

particular polymers having n-type bonds such as polymers
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25The mask can react with the radicals generated
during the process. In every case, it is possible to
renove it so as to expose the areas of the solid
support surface protected frogmthe grafting on which
no organic filmwll be observed (simlar to the
so-called "lift- 30 off" methods in |ithography).

The sk _deposi tion. techni.gues are known to erson .
SR IS ATy T hydt e LI9F paPE ) cfar, I¢ I8
24160abblEi piaPeb EeRAs theh et HodTRcS mdte BidplekN®rganic
mask, in the formof a thin |ayer of material, can_be
depadieces, fBHCBxadPl eSUBLACRT ecinGrudiing Wy saocdpgrides,
( i -tLyp Lapr at ith.t se e

CBRES YRR PRTGLIT EORPLAEN, I IS i siqin on
usetuasla fadbkrsa maukdr sschcastéohmoser primitded dmor £luoro-

paper, or else greasy substance lik x. It js,.al .
DS el i e S RS G e, e R 50 o
Meihede Thickdigahni que cafpbPe apRéi edletRoBar toculzar durface
the surface of the solid support 10 has a strong

afcioimyiespongiinguitioue Pramer deyierassa dgdligesusoaye.- | n

hi h K. will | d '
1 kol £ ATB ST pAPEPBEF AP IUAe: oFOEn g eni of sthe solid

( seppidte d P InRaidd@cin pthat cogtérehoEqued), iofieertiasn are
C18-C20 and typically at Cl18. More generally, the
clPEFSInt 2P qUSo FIpH L @i Rined BaRhehba ks EROEETF Srmm the

t : = I RY, i n i ougbt@on, felt,
DL [Confy fE i B, ik, IUOS ! OBapRE DI Bckon,  felc
paritliicices, delrdorexposundges, flucisr@adiymgnso aawbtigmond.
enbodi nent _aof, this inventian, the.nethod for eparl

an or gaTi<® Hq%eﬁotﬁeﬁﬂﬁ¥g%€ ﬁT@ﬁé%P%% ﬁdtgép%%FF%%e of

| fHehagacigri drt t Bat WhHidimctudesomgatiap 6film is to be
contacting said surface with a liquid solution
cdimrmiest nis GEULBRSE oHEsR vBAEK dbhatesitVere 1t at least

adhesi;on 4 i%’tk@tiﬂﬁﬂ%dtég‘eiﬂ il Galde 1iquid solution.
pol’ymerizabl e nononer, said nononer being different
f rome tieesladihgsi cal by | aerrespander tpon- ghosticedhearitcidly that
condi tions, and Qgﬁling the forpati on of radica

e

entd tPe5BEk ™6 tQAHd oUBH2pFi figF. covalently bonded
Evatantdidg deseEdedn abave ieaneer vdgat madhestenial or a

prinmer and the possibilities for action on its
thin film of material, typically several angstrom to
several microns, generally organic, deposited on the
surface.

The mask makes it possible to locally “mask” the
chemical reactivity of the surface with regard to the
radicals generated during the process and thus leads to
the controlled formation of a f£ilm solely on the portions
of the surface exposed to the solution, with the areas of
the surface of the support equipped with the mask being
protected from the formation of the organic film. The

surface of the solid support contacted with the liquid

solution as defined above thus typically comprises at



28 environnent, the solvent, either protic or aprotic
and in which the nononer is advantageously sol ubl e,

t he support, the possible chemcal prinmers and a
possi bl e mask, al so applies tggthe enbodi ment

descri bed above. 5The radically pol ynerizabl e nononers

~inplenmented in the context of this invention
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correspond to nononers capahl e of Iy i Zi ng_under
bRl W e e Pheh oy ToR Ry REEPE PRapRST of the
chamkCalt ephdt ¥ndDXH Cahd Y opklraitAvel, VashdDE@EEA @S that was
conprising at | east one ethylene-type 10 bond. The

viprpit esecersl ike gdre | eurtace hehabnoatr 8ofesiilppgd with
in th atent [ i F well as in

od SRERE R 166 s s & SR i e

Accor diThg tnask patilicymriaraduwanbageons térinaedidmery af thin
the invention, the vinyl nnnoner%s% iséﬁre) chosen 15

f Agieth e otkdan ot Pheo¥IrPowi HatFoifuI SFLPY: 25 ¢ taver
Wjech ke RbreR 1% g:rl'%._lbo%aﬂ deidii1Galp O rr el @itde2Gent le

represent a non-netallic nonovaLent atonmsuqh as a
halcogert isnem & Hypedreagenf amherialat UFateshpdered as such

t ted chemi cal h kyl |
Gioti e - GECRS Cor B n ki chCRTFepy Bhenyeeg OF Ylextreme

hydeuen aionuet raneatky! w5 oupei yrGIFGIR andm. Typically,
preferablg Cl-C6, a nitrile, a 25 carbponyl, an im’ner1 ,
orthen ganbide conditnehGPELREROPGhetP cGhpBifasSofchemical

TOREA 2 dddd a1y ! gem&ineal a¥1thosenof Lett hargrotprasound
constitute %y nyl acetate, acrylonitrile,
metreactmdrani in i 4 esobreehy| omeehadmnygirsese dtrhylemperature. It
met hacyr yl at e, bg%%l ne

hacryl ate, 30 ,
Oy e REE S | ST Rt oxs BEhy P ReTREk %k §0 D soluble in
WO Pdn MBS RSy | it ds et Yioh dythe NEIdRCd Yéal €t baondl, i.e.

their derivatives; the acrylamdes and jn particul ar
t s e o ety | 9T oy | YeRAYION pefY$: ahld Hexggcommended to
acryl am ngh_ | rtigcu t hacg ylang desy the £
095%%a%r3%%?gseh%@tE%Sdﬁga%?gpg?es and Y * sarrace
ditieet hacryd at sy the tedctatoy| stvksemnd
tri-methacryl ates, the tetra-acr Ia%%% and

t

t et r anetiac MALRESY s GRSt Ty o magg{e can thus be
PeM RS Yt PrbhOL) widkyhangeard iMatederd Mat imeswill generally

par achl or o- styrene, _
be chosen according to the nature of the solid support.
Advantageously, the mask is composed of alkylthiols, in
particular long-chain alkylthiols, often at Ci;5-Cy and
typically at Cisg.

The mask can react with the radicals generated
during the process. In every case, it is possible to
remove it so as to expose the areas of the solid support
surface protected from the grafting on which no organic
film will be observed (similar to the so-called “lift-
off” methods in lithography) .

The mask deposition techniques are known to a person

skilled in the art. They can involve, in particular,
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pent af | uor o- styrene, N-vi nyl pyrrol i done, 4-vinyl 10
pyridine, 2-vinyl pyridine, the vinyl halides,

acryl oyl or nethacryl oyl, di-vinylbenzene (DVB), and
nore generally the vinyl crosgylinking agents based on
acrylate, nethacrylate and their derivatives.
According to a specific enbodi nent, the nononers 15

used are those th@t, unl i ke the conponents that agg K
sGPFEG n ERPpr 9pBPET ﬁo?_nthel _ n'_co Ter &g mask.
ane St@ﬂeUlE!o%npfaJﬂ/ al @A rCalah i ¥ @ReHeN || R @e deposited,

solvent, i.e. the value of their solubility in said
sélorer@xamplfg nike. diechodbaEisdt Wakhcan fisd tus@enai 1-type)
a r i h 0 . net f i nt i Do
TRo paizeoltaced R ch o WbRh RN (ph d1¥e. it da
S@loshiibiley ifor hexsobplent tosukeni taes andasior ea marker such
specifically less than 0.1 M nore pr ferablé betmeip
5.afo_-‘?h%%% RF itedanbi SFET ‘monBhers SG t IFEASY SY stance
PASKD! Gaxf Or reXaPl 6140 Pds@ iyl tBRIhAET V10d € 9th called
and nethyl methacrylate of "which the solubility in
watieroamdanted pmddringor mEthoshdi tThies dfeahsyysiieat waer  be
and_pr.essure, s .respect.ivel 2. -3

A e R v ok SRR S gk, Wi’ e euppor
ohey i seciredycatfdd nittie for nBhleondiattioass fuch as a gold
tenperature and 30 pressure (NTP) caorrespond to a

t EMFER&Ur dTofCIHSC CARE (70 s Slirdh GeTErRis e agyposed
TR I AEALHHAR, 1 ,Soir@gﬂfﬁ%dloﬂa 1@3%%%:@ A M8, 1t e (so-
four or ‘nore nobnoners chosen from tthe nobnoners

desddidge dniahmeontie: gmurtting  petlymeguesbl eohtpewnel sCis-Czo

in_the sol uti 5 y vary desired b he .
e irﬁ%ﬁ%ﬁ?fi¥isggnngﬁ%'c °be 998395¥15Han g classic
saliuHdddap tBenABROEBr epmsikder gdelin tdie fiogact tR8 mask:
sol vent” used, and can be, for exanple, 18 to 40 times

t P igolaasiting, dfherai HnewkRREen | AREABIBoRUPIYF 18P g mask or
gi t e t r : t r

PHEY g AR S e TR e exposure.
condi t hererding stadeantageowsnkdal imsmntmeahs talilsowimgention,
for the dispersion of the nmononmer nol ecules in the
sdf i BRERGChOLs PASREF RS &t ?ﬁgﬁﬁ%?agbgﬂdénWﬁ§$t?ﬂ?face
SV Ntsd 1S PrRldfor RGP TEHNh dte B AECIA 1€thdd it includes a
enbodi nent of the invention, it is recommended to add

a et aef aseniRerk itlge skdnErrhasea widlub? | ildguga |sakution

than 5.10-2 M A precise description of the
sﬁﬁ%ﬁ%éﬁﬁé@%hat can be used in the context of the

i nventi.on i $pn@dstedran geakeit appl i cati ons FR 06

01804 and FR 06 08945 and in 20 the literature (Deniau

et al.; Chemt Nigteeat 2@0GANESIBYUPLIRERZ), to which a
person skilled jn the art can, refer. A.singl.e

sur f actf ant aiﬂ?§ uP&€of* é&ﬁ%iﬁYiF?lgpegﬁﬁﬁg&%nﬁ?Pomer’
can be used.gafike Aty Obe SHigf acEBBIERE FEORSSAHY ddhesion
variable; it nust in particular be enough to 25 all ow

for the for®"&¥ of the organic film The m ni num

a t.o u - easi et i n .
R B BEk IR hCR] CASh o B DT B (BfaBYing che
v daald tel cgur feefct anidicaricerntadtienss. bhredenenal thé headhesion
surfactant concentration is such that the critical 30
mEeMSr- concentration (CMC) is reached and the

f or mat iggR Rft ML §8ScEaPeli NdH K EcHhasLninfe tBMC &dhesion

a surfactant can be determ ned by nethods known to a
p&aigmeski pRed ithe possibilities for action on its
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31 the art, for exanple, by measuring surface

tensions. Typically, the surfactant concentration w ||

be between 0.5 nmM and around 5 M preferably between

0.1 mM and around 150 mM Theyg ecommended surfact ant
concentration 5 is usually 10 mM The surfactants

are nol ecul es conprising a lipophilic portion (apolar)

and a hydrophilic portion (polar). ng the : .
B ARty hitec AR bE s o 1506, BHD 1o ognaprotic and in
| QneBhi ehe mbRohR QW BEVEARaBR®ISEd soluble, the support,
particul ar: i) anionic surfactants of which the
hyéeomagdidlsorehemi¢al neganeyel pnéhar geessilpee mask, also
suctatant bl RIEtanally besaniakiybpatean aryl

saPPona e, su Fate, phosphat'e or “sul'fosucci nate

associ ghed nsidiktaa 160 yrd Bfmeai 3o ¢ choAasmans atmphenanted in
ion (NH4t), a quaternary  ammoni um such as

t EPRabBPYF SO Mt LRYSRERRR nECERPFRARIs fuh ggnomers
Nabpakil a0 Kolymerizidg )uS@ét Oa@ienf acdRdi €16hs after
whi ch the hydrophilic portion is positively charged, '
t heyi tdpe ipnefley abl yratioseh ebefiom t Ritdifat-er Rapycally, it
amoni.uns, conprising at |l east one ali tic _chakn i
C&P&f}V§§33§ggcé SH RS r%é%%ﬁi%tcgﬁﬁggrfgﬁ c%b éﬁ%ﬁftype

paoinidcul @hef remmjhe naromedsr | vat | yestsoabharas the monomers
tetrafl uoroborate or the hal ogeni de ions such as_F-,
BAescribgd Gn ;thej pafepyi APRILGATd oBurfact anP€>1npeh well
are Neut gl GomoWRds 1havi ng forymBl: juhih rakeddrdedined.

char ges i opposite sign; they are preferably chosen

from t hecoadpagnds havpagtanuabkyy elkdaiemntiageCssCzmbodiment

general |y substituted a negatively charged_ functio

s&h ggea Ty <Sthidte BF‘ga CHF xﬂoé’toé‘egﬂg )2 ‘b%&??%telcy osen
i ¢ Hel R BUTE dheaFAMMINgIforddila (II) i V)
anphoteric surfactants, which are conpounds acting

both as an acid or as a base according to the medi um
in which they are placed; these conpounds can have a
zwitterionic nature; Buino afisds are a specific
exanple 5 of this fam!| V) n@gtral surfactants
(non-ionic): the surfagtant \properties, in particular
hydrophilia, are provgfled byRrjon-charged functiona
groupi ngs such as an al cohol, an ether, an ester or an
am de, containing heteroatons such

in which the R; to Rs groups, identical or different,
represent a non-metallic monovalent atom such as a
halogen atom, a hydrogen atom, a saturated or unsaturated
chemical group, such as an alkyl or aryl group, a -COORs
group in which Rs represents a hydrogen atom or an alkyl
group in C;-C;; and preferably C;-Cs, a nitrile, a
carbonyl, an amine or an amide.

The above-mentioned compounds of formula (II) are in
particular chosen from the group constituted by vinyl
acetate, acrylonitrile, methacrylonitrile, methyl
methacrylate, ethyl methacrylate, butyl methacrylate,
propyl = methacrylate, hydroxyethyl methacrylate,
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10 as nitrogen or oxygen; due to the | ow hydrophilic
contribution of these functions, the non-ionic
surfactant conmpounds are usually pol yfunctional.
Charged surfactants can of cogpse have a plurality of
charges. 15As anionic surfactants, it is for exanple
possi bl e to use tetraethyl ammoni um

r at ol uenesul.f onat sodi um dod | sul_f at e, di
AP R UM Lo TG s ek Ega e and
dite=iat hydhieoat Jvess! foseiCeeppl 8migBE hYhdbenZeRg-ticular the

sul fonate and ethyl benzene sul fonate. 20As cationic
4., iRTPRY posSUYe  f drerdsdnpredt depyd acrylamides

S

t butyl ' hl_ari - cyl '

e AR PR | R e SR BREE BT Y apgylates.
althd pii+atiny leméml agénddesecasryiyigtan, althghatric-acrylates
D 230 BV AR ok R 465 225, L' L8 e
S Qi e Ndivd hyd o ecy |l anrmiidi it anaie SitdBrythritol) ,
di met hyl dodecyl anmoni um propanate and the am no aci ds.
Asstamsingt er iandur f aEsant sleriitvaitd viggssi blranashisaro-styrene,

di ' hodi [ :
S agampoAmIaliece e glal ros iRty | | a-vim

Apyiartiire)i c2 suifipct pRridink, | cHWS8ihye halises, acryloyl
pol yet hers such as pol yet hoxyl ated surfactants such

a®r 3Fefdpcexdmplle, poiy¥LRYIERBGPHE0l (HUPYY et HRRd  more
(@%ﬁ?&aquf I {32)  vRAWYOl Sdsid faghats degived fia®ed on
sugars) | for

particul ar gl ucose al kyl ates such as,

exearmtle e, u cesEh axalsdtee . arBAtgreyl ot ke mirvesf telrresd

S“rfaC5EQk§~JEEPr%E”Qat‘éﬁégific embodiment, the monomers
used are those that, unlike the components that are
soluble in any proportion in the solvent considered, are
soluble only to a certain proportion in the solvent, i.e.
the value of their solubility in said solvent is finite.
The monomers that can be used in accordance with the
method of the invention can thus be chosen from the
compounds of which the solubility in the solvent is
finite, and more specifically 1less than 0.1 M, more
preferably between 5.10% and 10°° M. Among such monomers,
it is possible, for example, to cite butyl methacrylate
and methyl methacrylate of which the solubility in water,
measured under normal conditions of temperature and
pressure, is respectively around 2.5.10° and 4.107% M.

According to the invention, and unless otherwise

indicated, the normal conditions of temperature and

pressure (NTP) correspond to a temperature of 25°C and to

a pressure of 1.10° Pa.
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invention, it is possible to cite the anionic

surfactants such as sul fonates, quaternary anmoni uns

and non-ionic surfactants such as pol yoxyet hyl enes.
Accordi ng to anot her enbodi negsy of the invention, it

10 is possible to use ultrasound to pronote the

sol ubili zation of the nononer or to forma dispersion

when t@ﬁ nmononer, is_insoluble i.n the_ nedi um. @. Asan}

et al . [L&nghill PHB CB008;5% nopPaLsE. "Rcét df“ﬁrg P&St g~ tve.
PrBesi, ONSoRF e ANt @8ré hencHoneHIbEhbsyn off idie BRBOMRINOmers
aggfars not to be an obstacle to the nmethod owing to

t Kesgga e P&SM®i-cal neans, such as vi gorous

agi t at ian, ' ] IhasQu j :

al | ow Ifr[g‘r% taﬁ%h?%r %a%?ip%ﬁ‘ylg%qlé&%?)sl%gpgnon and/qgwr t\yng F1ution
emalysivay faoy ddweiteduby tbaomepéslimehhetrhe Thase apfou2® can

pol ynmeri zabl e nmononer (s) . not_ havin affinity for |,

P St e hensabiRbhIok: 87 Ehe0csSsroemsidered

I i i $HD &R P dARaaeUted Ofarddiea0Idd | Gibrt @-Rendle, 18

the formof an enulsion or a dispersion, It is also

péssi Bl0e toémewi t Ehef r emlvhélibmi | 9fof Sabflyarene®mey hein  the

ot her to_25 cons ly initj

aﬁ£§ﬂ¥§3hati€§, ﬁgrti Sﬁgilytgﬁggkgkgggé ofégég%?%iy room

SAlevgRiratue ot oS aeapedbngreo ¢fii shenveascdbhnon. Under

includes a prelimnary, step in ich the polymnerizable
GONHE G r o1of bl yAEVFERBPECHBnONEr s 456 agreans

diSnefsed; ofoMuhai biigderd ibhe J¥ eseacRoAbmal hRASlcules in
one surfdactant, or by ultrasound, before its mxture

witthe tsed utdsn,| ispdhd asolautdunfaateinidiar wityasmindne

protic _solvent and at | east_one.adhesi i mer. B

The method ?tglege%% WY tarPrR lgm g%ﬁ%%?%‘@m % Garigpecitic
N@nREdid | v enadiihivens ient here o tbeoswehaeé eb add a
the 5 sanple on which the filmis to be grafted,_ or '
f Gurfsc o Hate MRReLdRe armiptultlity of less than

desirable t e L QRS A LC
&SP %be% %{&d%%% &egeggﬂzheﬂ df ¥hi @utﬁlef%.ctants that

nonomner riorate. In addition, t

t enperiad uneedf inheheeastntaxtredf utthes invieinttd@rbyi g Herovided

'“?ﬁ“ﬂéﬁéﬁ%ﬂégﬁgicggﬁéﬁéiﬁh 06 01804 and FR 06 08945 and in
the literature (Deniau et al., Chem. Mater. 2006, 18,
5421-5428), to which a person skilled in the art can
refer. A single surfactant or a mixture of a plurality of
surfactants can be used. The amount of surfactant(s)
necessary is variable; it must in particular be enough to
allow for the formation of the organic film. The minimum
amount of surfactant(s) can easily be determined by
sampling solutions with identical compositions Dbut
variable surfactant concentrations. In general, the
surfactant concentration is such that the «c¢ritical
micellar concentration (CMC) is reached and the formation

of micelles can thus take place. The CMC of a surfactant

can be determined by methods known to a person skilled in
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10 preferably preserved in liquid form The nethod is
carried out between 0 and 100C and general | y under

normal conditions of tenperature and pressure (NTP)
dependi ng on where the user ig; often at around 25C at

a pressure of around 1 atm 15The reaction tine can be

adj usted. Indeed, the adjustnent of the tinme of

exposure _of the surface of the solid.support_to the .

s&tSt i BhCnakEsti ¢ il e B0 VERAFUFHBIt HF Sk Jrensions.
t Rgdiidamithatthes eht-@hbednt! todriv @it r3QUlSE ROBSI Bke between
for the sanme type of surface to precisely 20 calibrate

t We Sprdcedsdc omEPERSnS tMhat PEIFE c¥edrl YcoR8FWERE - benM and
O%P&@@d ﬂ?@tﬁ@?l%ﬂésfg%gﬁhéﬁﬁéa'Qﬁgfhgtgﬂﬁ.%gﬂggﬂ%%ation
bel'ow are particularly surtable tor determning In -

parst suladrlyt e wiv.ckness of the film its conposition

and, incidentally, the reaction tine. It is, for ., |,

exanmpl 4065 SOEEASTENS obBdit { MAMEDH i ¢/FTHRFising  a
thijRess iS BeLwesn 2(&5add) 2QhdmiCaksdRgphii®ic portion
reaction time to vary between 1 and 15 mnutes, for a

di (@drinim dalong dise murfiagmivs e xaw ke usebrisiaarding

concentration of. 0.9 M d a di-azoni_um s . .
c%r?ce%}?’eat [ 6Ir)iv%?té.oﬁfo- Z%IIE}Ie Soﬁdonlaloo(r%’élngq t e(?‘J’HIét i 98, gﬁ ed 1in

whertidddleg-.advant age of the presence of a nononer
different fromthe adhesion prinmer, 35 the nethod .
accor dildg BHIORAC nFERERERABER | REI udRIERe Flof | oW HPPRilic
S NSiStinggQfively ch@krgeddi ngral KA st will
nonéfﬁ?o £§so u??oﬁv%o taFning at | east one éhhesion "
prorefredififyer bat & oalBydaiak nenoresry i nsvh&oprssencrulfate,
of .at |l east one solvent and_optignall t l.east_on .
Cﬁ)é}ﬂSéO&}a echJ[’ a?'ld?J’lfOSU.CClnaB? SISS&CF'%SX.Fﬁe Wé!.g‘.l Utall o%oel.lnterlon
ohfidmedsi st epmomi wendesnnopugl et r;pchaateahary ammonium
conditions allowi ng for the formation of radical |
erfudh &8 Heiam i Y Hemiiedt orf i | the MR L oREHPRs such
b an e L.cal initiator, c) placing the
s%%?g%%'o?qthgﬁgo id support in contact with the
sol uti dni)of catépnfb) .surfactantis afsedoich alther naydyephilic
of the net hod accordi to the invention, the

|
CARP T (9 1ot VS ST ERs, 16 KOs ooT RGeptviy chosen

a'grdh a¢hBY dherSHhdAFe @indditino! £8mpupBOhYy idt least one
contact with a solution containing at | east one

adHelsirt o7 | idadim tie SheSencasepcaptrdastibhe an anionic
sol Vt?x%rg 204 pocsr%z%,'r}’ at; | eagl, 1@ GReM @l ol tEALOT poron
ang a east one nonoirer ,

derivatives such as tetrafluoroborate or the halogenide

ions such as F°, Br, I or Cl7;

iii) zwitterioniec surfactants, which are neutral
compounds having formal wunit electrical charges of
opposite sign; they are preferably chosen from the
compounds having an alkyl chain in Cs-C; generally
substituted by a negatively charged function such as a
sulfate or a carboxylate and a positively charged

function such as an ammonium;
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b') placing the surface of the solid support in

contact with the solution of step (a') under

non- el ectrochem cal conditions allow ng for the

formation of radical entitiess3pased on the adhesion

primer and 25 possi bly based on the chem ca

initiator, c') possibly adding at |east one

noNnoner, zo t he sglution obtai%edtin step QP'). ds
I'n t he ¥&coRBPRPEEFASE | FETEARE Fet hEF1EE d&fthefOmPOUR
abeveng tbdh Passidn eatogerss sage 4 hpatel laddigiidy eeo the
30 cases: _.1. the nononers are _not present in the
seediven isf wiieh they ax¢ lécsddedhesiey GOTPQUESs eap have
i %wﬁ%%%fi%ni%6 n %5&%9"”6.?&'&6 %l%\ib ! ageous s‘ﬂ%@l ke example
nmononmer used 1s relatively i1nsoluble and 1n"particul ar

i pfanhdgu€and 199l uti on; when the nononer is

non- wat er - sol ubl e and thgag heseon pri_ner ingiazoni m
; n

salt. ThuSHFat efUrfastaBten st Pan bEadiefactant

t erbperealedt i oini papAilhawlar nfyarbpri S84 SHe/epiodsded by

that "used in step (a') and advantageously in the form

ofoan chrrigsidorf wic bl eiaheg5PBR1IPEBIFEES HevABUdLFohol, an
U .Ul L asoUnd,. O, SULT Q?\E??té;Cfb%ﬁ%%ﬁ%gﬂ%%?h@o%t%% such

present’ in e solution o e nethod
dees mat-rhaped a it epxygjen; Thiwe case ap@ i dow n hydrophilic
particul ar when the priner is a di@éﬁgiun1salt and

WREREEREURHEIST (PSR BT, tHfe TRt HeRic surfactant
ACCH G %geh%é‘darlsﬂy Adgmalduerzan al so be used in

thi s case. iii. one portion of the nmononers is .
pr esentChiawrgelde swtfadtantod casp qfa' Jourre ahevhed plurality
portion _of the nmononers of the sane or of a different
tﬁﬁicﬁa?ﬁﬂﬁﬁed only in step (c'). As expl ai ned
above, ashexrahesd opupEhgeanean He 20s i Porodueeghle thwessible
to the solution(sg as is, or prepared in situ in the .
sdlaut V6. TREKRERBYUABEBPBLAY cPRTRFRAYERESEW. fonate,  sodium

a | AGCAKS ONIYd SfP i td onaba St Pst Pdt e f Osodium
tg%§%¥§%tlng%xgg E?%%nln the surface on which.thee3
omyanistad® f idaddwn tdl e donnexyh puifomegingte, methyl

LSS, AL Ll g S TR M gpone

acet one O ywihy!| ferraetdec 6§ PMEE s @dsible for example

reconmended. )
to use tetrabutylammonium chloride, tetradecylammonium
chloride, tetradecyltrimethyl ammonium bromide (TTAB),
alkylpyridinium halogenides carrying an aliphatic chain
and alkylammonium halogenides.

As zwitterionic surfactants, it is possible to use
sodium N,N-dimethyldodecylammoniumbutanate, sodium
dimethyldodecylammonium propanate and the amino acids.

As amphoteric surfactants, it is possible to use
disodium lauroamphodiacetate, betaines such as
alkylamidopropylbetaine or laurylhydroxysulfobetaine.

As non-ionic surfactants, it 1is possible to use

polyethers such as polyethoxylated surfactants such as,
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According to specific provisions, it is possible to 30
produce, using the nethod of this invention, organic

films essentially of the statistical or sequentia

pol ymer type. 37 To prgpare a sequential film

it is sufficient to prepare, as described above, a

| ayer of a first polynmer on the surface of a solid

sypport, then to re-start the_experipent changj n
HBET Y BabP e HORERERY LRSS BT AL oty IV WP ol Poh2s or
p 1;bl It Lyel a - e il m_of ;
R 17) (FPTheLE) L RpalEanP et R e pohy ok slgars) in
S pated shulars igapgodeh @ laghesiean surdhmers Wildr leexagidfd educose
on the surface at its contact and will allow for the
gP@%@ﬁaGF'a filmbased on the mononer or nonomers 10
preseniyniofgt hensol yitd Al Bet WeeFRAGHtYf hLbeosBahyl NGo the
sequences, Tit is entirely possible to performa
cioaeindg oof, tilte isumpfcssd oist dionetite the Paishigl suwrfactants
statistical ol.yner (figure 7b), it IS fLclent t .
u§gqﬂwﬁﬁefgﬁ%%nl éreﬁ?ggﬁﬁggg%n W%?WE&%%I%%?oﬁynlgonlc
Ther®sathnt@TResH iaen paflidye dtHyhdress.i n this case,

based on the reactivity of each of the nononers

pr esenfrccordingTie gngkhied FMRALIGIRNNG Méd Ettc ortiTRy 4B 1t
t'a]% ”E;)B%%bq%scweed abave a;gragaéngsse%l aldYomote  the
pol'ymeric or 20 copolyneric, froma plurality "of

meedmdriild zatiitesy 0bfi ddévet | nahoverdidef etentfartmwenhcalispersion

speci es .and/ or _adhesi on_pr | nol ecul es. .The fil .
OB b P UHE et Hod BFOLRPES | MeRtPoRiegiam [k heami et
"@gsenlHdmni’r ¢, e doligyrdagle i nsofar as the film
al so incorporates species resulting 25 fromthe
adhesi &FOPEIGHEY andhot 61 y (HOWFIGRST s Redntedn the
or ganj, G -f.i ' IS, | nLLon i S J
SRR N4, Hhe SONbRKL, doddi LEntLoR S fpatacic
paloy nitié zadt Rodobatmy, tpartliec uhse | gEr adichalicypl means, such
pol yneri zabl e, and at |east, Qqne type of adhesi.on
PATBRL I S T 1 T GHb ot O th &L trasound,
| QBN o Bly apbR0eads| AhHfst BADEPNEN dURider$8@MenRERI/or an
in which the first unit is constituted by a derivative
ofemtiiles imthesiforr 8BeprlhenidanenorentHer it t §hgrecase of
i ndifferently derij esi.qQn i oer g
MRS St 8 AL arB0hyy ror one
fidonventeasyed p esthneise remcoradieny toltbkenmebhodeats, it is
this invention, as explained 5 above. For each of t€§

i&he form

pdhERaiaLs AHPRIHRIDAGS e e2RHOR heP reaghh
uggd, 52 @F\&i%@oﬁkiéﬂ egd 'Hri‘ﬁbQ%szh.Wiﬂt! bs gapabl®Qfible to

iterative eterm ning the optinmm conditions for

olvaitimgfaohi lomeof famtlnblod tdvkkemsstol tthis gther and to
usceofnuslec}uoel{te_l.fyera&a{)pé r\:%eexiannjﬁ'lleastgppw ng the

In an alternative, particularly in the case of
protic solvents, the method. according to this invention
includes a preliminary step in which the polymerizable
monomer or the mixture of polymerizable monomers is
dispersed or emulsified in the presence of at least one

surfactant, or by ultrasound, before its mixture with the
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10 invention and denonstrating that it is possible,
for exanple, to produce filns of which the thickness
i s between several nanoneters and several hundred
nanonet ers. The net hod dgscri bed above al so
makes it possible to obtain supports conprising
functionalisable filns. These 15 typically correspond

tq fil, havi ng, on thejr surface, chem cal grou

CABE GO Tt AP 8 6t here e Mt D igt oifp, PoLvent and
t v cldat UHSifdmofidhetidds. to formionic, coval ent

or hydrogen bonds. A group responding to this

def i ni tThsn Hwtlhodoeiﬂ:aﬁqf@if#bhe?ﬁrc@leq 14758 i‘-@“ﬁ%ﬁ# sanoke and
m%éﬂf&%ééégg%%Jg”é%§ﬁ§%§oﬁge [EH@{”@SE Qﬁet@h§face of the
docunent™ —"Sucth gr oups general?y correspond to groups
cEEMplss ngnatwhieasttlomefddmalienttdbobed lptafeni,a or for the
het er oat om and anot her el enent, correspondi_n

to
cHPBNCH HHJYF olfed 6F AFGSher Mt erbat ofh 9F érab%e to work
helgfnat opbshianengenelRl | yrahesentheommMnated, Soes not
G, Br and Si. A person skilled in the art can in
pateticoularattonsin taddict ion erleg | enperppire a2 f ophe\greaction

2004/.005410, lich describes a t i nv.Ql Vi t he, . .
rnﬂﬁ#%ngtﬁgh ggmﬁﬁggché 'E%.eflﬁgﬁégﬁﬁ?'o%8%§§9%r|ngthh S
askafi b BAN wesddyvdr® anpl i Brhdid t heormet horthef mdilsod is
30 i nventi on. A functionalisable filmcan thus
corgyryissd a oORG, beftiwelencaf i an@artiC @ apnbe ghpstaliyominder
the h

oxyl,...39
| R | RETHGARRE 2B | GEMBSARENE N By coressure  (NTP),
i3 émf{ i hbLf0icanm,deenhglogenifg agec
cé%%%ny ¢QWé§H§§%?@2E§% %ié%a%%bgglﬁgnacids, b ac 8
alpedyslese &etanmsnd ariatcmal ogeni des, esters and
active esters, and 5 anong the al kenes_.or the alkynes.
As an XYl fUhctiBiral S5abl PR ea fOaa TR
Prd iBlis@home SHCHhas tamdi 3Z0RL4YIsAl of ttleé dulrface of the
part1cul ar possible to cite the filns derived fraom

prévietd, shppehts toasdiadi bt iem, mpkesefte@ITh iR £a vary
%8%%%}%%%F%§%€%2§95'@5E9 G #QcPossi RliRained. 1t is of
course possible for the same type of surface to precisely

ot

calibrate the process conditions that the user considers
to be optimal. The analysis means described in the
examples below are particularly suitable for determining
in particular the thickness of the film, its composition
and, incidentally, the reaction time. It is, for example,
possible to obtain films of which the thickness is
between 2 nm and 200 nm causing the reaction time to vary
between 1 and 15 minutes, for a diazonium salt
concentration of 5.10% M, or a monomer concentration of
0.9 M and a diazonium salt concentration of 5.107% M.

In one alternative, and when taking advantage of the

presence of a monomer different from the adhesion primer,
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group Priner capable of being used Am ne or nitrogen
function(capabl e of being used as an am ne precursor)
4-ni trophenyl di azoni um t et rafl uoroborate, 4-
cyanophenyl di azoni um t etr af | ugg obor at e,

4-ni t ronapht hal enedi azonium tetrafl uoroborate Nitrile

and al cohol 4- benzoylbenzenediazonium
t rafluoro orate, . .
| TRy A oL o 0 SSBRPBRfon can include the

s#lflalmsi%gl Q«t@p@(,o dnkd-=HidioE:| -

a) adding at least one monomer to a solution
containing at least one adhesion primer different from
said monomer in the presence of at least one solvent and
optionally at least one chemical initiator,

b) placing the solution obtained in step (a) under
non-electrochemical conditions allowing for the formation
of radical entities based on the adhesion primer and
possibly based on the chemical initiator,

c) placing the surface of the solid support in
contact with the solution of step (b).

In a second alternative of the method according to
the invention, the latter can include the following steps,
consisting of:

a’) placing the surface of the solid support in
contact with a solution containing at least one adhesion
primer in the presence of at Ileast one solvent, and

possibly at least one chemical initiator and at least one

monomer,
b’) placing the surface of the solid support in
contact with the solution of step (a’) under non-

electrochemical conditions allowing for the formation of
radical entities based on the adhesion primer and
possibly based on the chemical initiator,

c¢’) possibly adding at Ileast one monomer to the
solution obtained in step (b’).

In the second alternative of the method as defined
above, it 1is possible to envisage the following three
cases:

i. the monomers are not present in the solution of

step (a’) and are added only in step (c¢’). This case is
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ant hr acenedi azoni um chl ori de Carboxylic acid and
derivatives (ester,acid chlorides)

4- car boxyphenyl di azoni um t et r af | uor obor at e, 4-

benzoyl benzenedi azoni um t et r ag§ uor obor at e,

4- phenyl acetic acid tetrafl uoroborate Hal ogen

4- br onophenyl di azoni um tetrafl uoroborate, 2-nethyl-4-

hl or ophenyl.di azopi um chl ori de . Tabl g 1 Th f
{ BAECABHPradbt EATh R dFod 75 aCBT1 mbrARa

rdXp| & wBed is

MRARRA vallkowsnkelugneat ah@t itildealtith@ar in an aqueous
solution; when the monomer is non-water-soluble and the
adhesion primer is diazonium salt. Thus, in step (c’),
the monomer can be added to the solution in particular in
the same solvent as that used 1in step (a’) and
advantageously in the form of an emulsion or a dispersion
produced previously using ultrasound or surfactants.

ii. the monomers are present in the solution of step
(a’) and the method does not have a step (c’). This case
applies in particular when the primer is a diazonium salt
and when the monomer is water-soluble. The method
according to the first alternative can also be used in
this case.

iii. one portion of the monomers is present in the
solution of step (a’) and another portion of the monomers
of the same or of a different type is added only in step
(c’).

As explained above, the adhesion primer can be
introduced either to the solution(s) as is, or prepared
in situ in the solution.

The method according to this invention
advantageously comprises an additional step, prior to the
grafting, of cleaning the surface on which the organic
film is to be formed, in particular by brushing and/or
polishing; an additional ultrasound treatment with an
organic solvent such as ethanol, acetone or
dimethylformamide (DMF) is even recommended.

According to specific provisions, it is possible to
produce, using the method of this invention, organic

films essentially of the statistical or sequential

polymer type.
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5 choice of functionalisable groups. On the one hand,
it is possible to consider CFG groups carried by the
prinmer as described above. On the other hand, it is in
particul ar possible to use fi{fys prepared from vinyl
nononers so as 41 to obtain one or nore groups
associated wth themand as shown in table 2. Possible

Lunct 1 gualy sable of oup Nonolr cabebl o1 el dgckeetne <o
grﬁggglamél, ate, fIdwdiped hassybatg, 1R dethagiykat @olymer
on the surface of a solid support, then to re-start the
experiment by changing the type of the monomer in
solution. It is thus possible to iteratively produce a
alternate film of high quality (figure 1la). During each
of the successive steps, the adhesion primer will be
grafted on the surface at its contact and will allow for
the growth of a £film based on the monomer or monomers
present in the solution. Between each of the grafting
sequences, it is entirely possible to perform a cleaning
of the surface obtained.

To obtain a statistical copolymer (figure 7b), it is
sufficient to use monomers of different types in the
solution. The exact composition of the film is, in this
case, based on the reactivity of each of the monomers
present.

The organic films obtained according to the methods
described above are thus essentially polymeric or
copolymeric, from a plurality of monomeric units of
identical or different chemical species and/or adhesion
primer molecules. The films obtained by the method of
this invention are “essentially” of the polymer type
insofar as the film also incorporates species resulting
from the adhesion primer and not only the monomers
present. An organic film in the context of this invention
is in particular a film prepared from at least one type
of polymerizable monomer, particularly radically
polymerizable, and at least one type of adhesion primer.
The organic film in the context of this invention
advantageously has a monomer unit sequence in which the

first unit is constituted by a derivative of the adhesion
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nmet hacryl ate, di-acrylates and di-nethacrylates, tri-

acrylates and tri- nethacrylates, tetra- acryl ates and
tetra- nmethacryl ates (such as pentaerythritol
tetranmethacrylate) Nitrile anglgal cohol hydroxyet hyl

nmet hacryl ate, hydroxypropyl nethacrylate Am de
acrylam des and in particular am no-ethyl, propyl,

butyl, pent
aRF&@eEyan%%

b 305 etV U MELLLE 809 dorive

from adhesion primers and polymerizable monomers.

The thickness of the film 1is easy to estimate
according to the method of this invention, as explained
above. For each of the parameters, and on the basis of
each of the reagents used, a person skilled in the art
will be capable of iteratively determining the optimum
conditions for obtaining a film of variable thickness. It
is also useful to refer to the examples showing the
invention and demonstrating that it 1is possible, for
example, to produce £films of which the thickness is
between several nanometers and several hundred nanometers.

The method described above also makes it possible to
obtain supports comprising functionalisable films. These
typically correspond to films having, on their surface,
chemical groups capable of reacting with another chemical
group, typically outside of the £film, to form ionic,
covalent or hydrogen bonds. A group responding to this
definition will be called a chemical functionalisation
group (CFG) throughout the remainder of this document.
Such groups generally correspond to groups comprising at
least one covalent bond between a heterocatom and another
element corresponding to a carbon, a hydrogen or another
heteroatom. The heteroatom(s) are generally chosen from N,
O, S, Cl, Br and Si. A person skilled in the art can in
particular consult the international application WO
2004/005410, which describes a method involving the
modification of the chemical functions of the films and
which can easily be applied to the method of this
invention.

A functionalisable film can thus comprise a CFG,

which can in  particular be chosen from the hydroxyl,



derivatives Acrylic acid, acryloyl chlorides and
derivatives Hal ogen styrene and its derivatives
(parachl oro- styrene, pentafluoro- styrene) 42 Double
bonds Vinyl cross-1linking agem$s or cross-|inking
agents based on acrylate, nmethacrylate, and their
derivatives

thiol, azide, epoxide, azyridine, amine, nitrile,
isocyanate, thiocyanate, nitro, amide, halogenide and
carbonyl functions, such as carboxylic acids, aldehydes,
ketones, acid halogenides, esters and active esters, and
among the alkenes or the alkynes.

As an example of functionalisable films derived from
a primer alone such as a diazonium salt, it is in
particular possible to cite the £films derived £from
primers, in this case diazoniums, presented in table 1

with their associated CFG.



Table 2 A person skilled in the art is capable of
choosing the type of film in particular anong the
vinyl nononmer 5 filns, to be used according to the CFG
to be integrated in the filmgpgesent on the support.

It may be useful for a person skilled in the art to
consult the international application WD 2004/ 005410.
Insofar as a CFGis not directly available to a 10
person skilled in the art fromthe filnms that he/she

S capald & 0fc preparing, ptindrOtapavleeopobsl Abeuked
rodi fy the CFGs of |the film by nmeans of one or nore

sinplat igheniisb¥egcti ons. Thus, for exanple, a film
der i ved 258n1acrylic acid, which conprises a 002H
Funct i ol 8SPCFG 15 |can. be nodified by a reaction with

thineRyl oehheridgen50C12) to honmtacbhkmmytdipriosing:
acid chlorides as QFG Simlarly, in the context of a

fEREbéARenE2PRPAENavi ng a nitFFFRT IR OFE i t
A : o . . .
326%%{%3%%%2%@: F 0P f Qo1 ) £ B £ b:1h Tuh vl 118 BN &R BSrate,

onitrile film 20 conprising a
i trilaen gaoipe ng as| CFG nekesi tropagikii ben¢grazonium

exanpl e, after, treatnment with Li ALHA inafilm
L onprR ST AY S ani nel as CFG. It %%r%%l‘lsfg]éﬁg%%ger a
berson skilled in the art to refer to the

nternational applilcation WD 2004/005410, 25Access-to
uncNigralliesaibide fi|l ns aIIo%sb$%¥OYh%??z%ﬂ%@éﬁﬁ%%%um

uncti gnalggtion. Thuge 36GaLd. a2 PYAMHAL 4 - [ (2-

Dr ovi si on, e neth for preparing an organic 4

il mon a support, amet¢sdphesy ldldeeenydn beorpsriest sgenium
addi tional functionalisation step, w.th sugh t _
bei ng applicable in pa??iE%F%r goi?aﬂ%?¥852r}gééfggdro_l

i1 ms. The functiongl i sat i@ dradiceth Bhloride
ontacting 5 the surface of a film in particular

O iy e ey ey

=

Y W o W..... .}

biCainmeckyyi o ke ikt hod descré e karamhendidirgonium
unctj opal.i sabhl e and particul ar Lt h f the
BRd WEEER] | The Lont neEEEalL 8r§8§?§?§édamﬁth
\ solusten, gakhed p "functipeakbgabeaneastitizoniym
onprising at |east|{one 10 graft. The reaction

i |1 Fhlpaideell ar | HEETRECORRPYRFSUrd RIEBH R acid

ilm but also throlghout the fiLi-g¢e¢ardbperbeet he
[FGs present, the thickness of the filmand the

Q) —h =—h

ol ventdadfogdre sol ufion. 15Anbrigrdnepludrem ¢ zonium

eactions that can pe prqgggggkfﬁbroborate, 2-methyl-4-

S (N Th s O

chlorophenyldiazonium chloride

Table 1
The use of a functionalisable film derived from a
primer and a monomer allows for great latitude in the
choice of functionalisable groups. On the one hand, it is
possible to consider CFG groups carried by the primer as
described above. On the other hand, it is in particular

possible to use films prepared from vinyl monomers so as



CFGs, it is possible to cite, for exanple,

nucl eophilic additions and substitutions,

el ectrophilic additions and substitutions,

cycl oaddi ti on reactions, reargengenents,
transpositions and netat heses, as well as nore
generally 20 cIick chenistry reacti ons (Sharples et

I nt. 2001, 40, 2004-2021), The
F 5 BRI o e O S8 GRSRAALAESON LR ERgf and as
t Babwhhenusaphiwants to link with the CFGs of the film
A person skilled in the art can easily find, in
general organlc chen1stry 25 literature, conprehensive
[ het T b -
w6 78ae e UES TR 5P IPRE Qol PN ORCEouprray g f hand
graft will preteuably be a swelling solventseQuch a
S( ' int—capable of
penetrating t RS organic fiIn1preseﬁPq¥4tQﬁ?tate
Sypport SUCHFOLYEMTS, Wen UGE e R AR AT, methyl
contact with fhe ilm general|lly cause 'swelling of the
fiill mthat can be seen by optigal nmemihacrdane t whyl
naked eye, or by sinple opticgl mcrqsco A st andar.d
test to determ ne whether a sdl vent™§ 9§1 éﬁ%%%ﬁﬁ a??
syitable for a filmconsists af deﬁgghgbgglatggopreﬁyl
sol vent on the surface of the ({fil mand observing 5
whet her the drop is absorbed i|nB8thRETYiLRRE | §ifgcrylates
desirable to use, anong a set |0 olye -
those for which the absorption %gatﬁg QEEPEE?&Q%ESSOStrl
off such a solvent |eads to a deeperagrgiibktrg ehdt hei-
graft in the film O course, it is Is eferable
for the reagents 10 used for the r&d Ty tetras
soluble in such a sol vent. Iac&pgagggsgngftgnga_
invention, a graft corresponds to an organi c conpound
capabl e of reacting with the funcmﬁ@hépryéaﬁésfMﬁﬁpénés
particularly with a CFG of thel functi §%{é$fn
The graft can be any type of 15 orga
insofar as it has a group capabl e oteteambthgcwwﬂhta)

CHG_of t.hp support film The gr
in itsNtmideupad &gt of i nhérfiégecye@hyl metthcryiate,

I

cqrresponding to a substructurie 0B meQE%crylate
prioperties of interest, as wel| as op onaIIv a
I iinki ng group Apli@e cor r espondi ng toaarsﬂauaﬁ@ﬁeand in

egsentially free of properties intere

. Th
fuUnctionalisation is advantageoué??rB%?Ti?ﬁéﬂn§9oh%%ﬂ%l'

off the LG which has a group capsbpydf Beegt| ngemtyh and
t he CFG
hexyl methacrylamides

Nitrile and amide cyanoacrylates
Carboxylic acid and Acrylic acid, acryloyl
derivatives chlorides and derivatives
Halogen styrene and its

derivatives (parachloro-

styrene, pentafluoro-

styrene)




25The graft, and especially the G, can in particular
have a chelating structure, or a biologically active
structure. The @ can thus in particular be chosen
fromthe cycl odextrins (CD), gpch as

per anhydrocycl odextrin derivatives, calixarenes, such

as calix[4]arene, 30 porphyrins, such as tetrakis
(banvni c_act d)

pTITTZUT- GG

alar av 49U RS- 5, 10, 15, $EPY bt FRGTS - Linkipaepgents
derivatives that have chel atign poR&ddLIinkieTadedits
4% al so for exanpl e be chosen {fromthe pol ysacchari des
and t he pol ypepti des. The |i nkaagdgpBupcCtYGrte,
general ly corresponds to a grqup _that ot

am interaction other than 5 thatl%ﬁga?égixéq%’ Y Tt r
hydr ophi li ¢ or hydrophobi ¢ natjure or arieafifiatditwesm th

the G, _and that does not readt signific i i

(not detectably). It can ty§& 1% for exanple be
essentially an aliphatic chain, i.e. an al kyl chain,
preferably 1 to 22 and typically 3 to 16 10 carbon

at ons, Rarpearsomat $kithed nior thehetwr oty ctapabhai pf sUsipsing

as.a polyether._ The LG advant ageously co i ses_one or

e PR 196 By odfoe it P PURCEPRg T domoner
5 CEG1nAS SfwWhe i isthe aeatiintgalteyeshd t cie POSHeblitedrated

according to the nethod of the invention, to prepare a

f idomtdepti 188 rigr @F e e nbhecEMEBOKRd R&viAy be useful for

p%P%%J%éﬁséﬁiifg§rf§ttﬁé LPE %Br%%%%ugE %Hﬁ”#ﬂgérnational

Suc i1Ts can Th particul ar correspond to chelation

orapidllild=atiicon Wa |2e04gtoasaifd.l ms havi ng bi onol ecul es.

It may be useful for a_20 Person skilled.in the . art t

0
refer tOSOHEY nt8r fat FEHal *pplitcat Jr’6‘?1c’-vb’2(?6@7]&@ﬁfo to a
10 T Yerocmlies: 0fq MPheeukes chatrd tiSe POSShB! €hb® he/she is
graft. According to a specific functionalisation
nmuggdalile of preprsitidl elt olsbpai rosrsForessdddicedto modify

wi.th ap_qrganic,25 c | exin I thi.s, ht..l Sa:
neta%essgﬁgst o uﬁg‘tei oﬁ% nf‘z)é)yt %ngl#?qmov%o t REO% e%?.bké osflmple
chelatidyg gredpsisueh ashwyc| ddextekaspleor phyfids aberived
cal i xar enes. According to apot her

f Uk GHEry it i A droddt €, CPRPT 85§53 6P t It Eh a8 CFC
15 S M3 qﬂéﬁ?gi%t Fbgn O gl 13 with thionyl chloride

filnconpri singbi onol ecul essuchaspr ot ei ns, '

pol3Eipt i des,fpepta déslmanbinpodsésgand idndiedyides as CFG.

fr ents, polysaccharides or_oligonucleotides..T .

gr%fq'{nﬁti)%]iyc'aljt‘{ t%e context of a Igﬂtrocbenéerge fllrpehaV1ng a
nitro function as CFG, it can be reduced by iron to yield

a film having an amine as CFG. A polyacrylonitrile film

20 comprising a nitrile grouping as CFG makes it possible,
for example, after treatment with LiAlH,, to obtain a
film comprising an amine as CFG. It may be useful for a
person skilled in the art to refer to the international
application WO 2004/005410.

25 Access to functionalisable films allows for their
subsequent functionalisation. Thus, according to a

particular provision, the method for preparing an organic
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46 corresponds to a derivative of a bionolecule. Thus,

for exanple, froma support having a film conpri sing

pol ynmet hacrylonitrile, obtained by neans of a

di azoni um and net hacrylonitrid®e, it is possible to

graft a protein 5 such as avidine and to verify its
activity according to the nodalities described in the
iﬁtgrnational %atent VWO 2 04/0034%0. ove Jgﬂs omprise an
i fveft i Bh Al SEPPErdr e 0“8 RO Bl e &P Eal 1SEONGOERT v
sabiad tSWRRAr Fuek tWingh 13@ tagaritepf,i vths sl@hgralstesd, being
of which the first unit coval ently bound to_said
neRPaieabliec 4N PagsAdUdaity &Os fHpSTtiong 14 sgdey &EilPe - of

an adh%ﬁbo%dﬂaﬂy%hﬁ}g§3€¥yﬁ(%éﬁtﬁéCgkbauegadﬁg“dﬁ%tacting
solid support according to this invenhtion can possibly
hahe aswmskcas odef anetlilabovén I%hel orlpni obttelimed by the

advant ageqQusl y.jngludes, in addition to the, first it
CBFEAOR | SeBBHHRto AR Fonalee | 481 | gt Thesle and
f lloud@rdived, fewm apradhasi eRe PELNRI,, WwiIONRr §ra@Et. The

e sanme or different type bound to one another by a
r gdin¢alctr egeni ohe anETrpesHEBl yWibhded i BRIWECHf tdRdlled a

aqhesi Qn priner. .Thus l,ai n t he, or '
fi%ﬁgFEJEE?&g%FaH?F'asggﬁ§§ég filﬁgmﬁg?éﬁggecg¥ié%%#?? one
i grea@t.be in the formof a sequential polyner filmor

a statistical copolyner film Th

; . e,
nonel edt¥ CEFAGEEIRdbL Ly 5 OPRECSEPPRF t 23K lace at the
adhe s Q. 251 IWIRS S @Nnth t heUDNYRYS anfrAgdRid nathe  £ilm

above. The solid support, according to the invention '
c arcalrsingory | Bee gCBES spyeaened hbedébéckbegsalpdvdahe film

Accoydi.ng ta_anqth nbodi-nent_of the invention, it
i ?“b{)g&aolséﬂtvt?ngcbtog rF%()er gséjnllq%’]’folr} ms conprising nano-
30 obj eglong lthd keisgnsa dfeddtiirignvenit aan e Emahiaed on

fil mconprising nano-objects, such as nanoparticles 114
(NFSs . mahoé Py POSISE PARCEO of t hanof Ghe $XERRSF, nucleophilic

t..é¥ﬁ%ﬁ$sZgh&oéﬁﬁ%9999§i%ﬁs§ Ehbmabphhe isurdRGe it and
Wi thi'n I ch nano-objects (NBs) are present.
Thivbsmibodi inert, caycleaddpltiied t peactuppert kerifrandgements,

wth an organic filmand | articul ar suppor.

c JHAEF BSOS 1P Hh P aﬂ?Eaég?%?%bvgﬁeWFﬂé ﬁﬁﬁ%f%%)??%?rally
syifage cldmiMddy t¥Ph @l biys besBasppesr erobilai, nechdyiv.a Chem.
nmet hod as descri’bed above. Thus, this enbodi nent

coimtespdhids PAOPar tidoul 042 R et hBe f BYPEr Ofarishy den is

organi ¢ fi LSkng NangQ: ] ase dants t

so%adc %%%%%P?gggg{iégkw%%%% o#lg%ﬁél)cgg%ﬁmb tygliscal I yan 5
oltiaineditly the aethodfdesor i bilinabaveershar &dtidiliegedin the
in that the surface of the support is placed in

[ p .
cotfttact SR t heBS3LEpeRdfon offTat JEUI* oG- Gbj GREMLSETY
( NB)t d 1 B1:SIS PERSH PEnSRL Y8t 18Bdsi Bt RertiRe Tl iddBctions in

which a CFG can be involved.

The solvent of the solution comprising the graft
will preferably be a swelling solvent. Such a solvent
corresponds to a solvent capable of penetrating the
organic film present on the support. Such solvents, when
they are placed in contact with the film, generally cause

swelling of the film that can be seen by optical means,



10

15 and the nano-obj ect have a physi cochem ca
affinity. A nano-object (NB) corresponds to an
obj ect of nanonetric size, generally with its |argest
size being smaller than 1 1.1gyand typically smaller
than 25 nm It can in particular be a nanoparticle
(NP), a nanocrystal 20 (NC), a nanowire or a nanotube

(NT), or a nanpcolum. It _is clear that .the NBs

c&iceFhg&d rl?g?eé?vmeme'aa‘?/]émbé(ge%ﬁ@? ehéi?etlé"aéi /BLGHRPFRPY - 2
t handde d hi ekgess of thecorgané c fhenpresent galvbat is
support, advantageously with their |argest di nension

nerEKcaddiry 20 idgaitial oy B DhlahFTs sk @f 1I9epPiging a
of . .t he thi of t 0 LG fi - ' :

p I%lylfcﬁpc oo-é; h%r(nﬂg%?t a%]fl [ Eﬁ?y ‘L’%g? \‘L:/bg%n O%E ma:hfei Ifrﬁlénn gi %{cﬁ edk?\lsé%vmg
wWhetetiHer S girssSidilop t dsconbebabedt héndar athen Hilm. It is
contact between the suspension and_t he surfacet of the h
sESFRAS h*a FEBucAIERT 1Rt I\Bf:%@og:gﬁaéﬁt RS nrhese
Fhﬁ;é%ﬁéwwh@ Rbabeptiyal us gaperalhkyshel NG eaEhesk such
i ndependently of any dem xing of the NBs in the _
susperkian: leads thus pgespebl grestdagendi fde mgraft in the
NB/.ar ganic fil m pairs between whi IS, a

a%’i%ﬁﬁgt yd.)ETﬁguﬁf’ i’niltscy RS aggsn%rgﬂgge%ggigo f\?\)é:a%hoer reagents
Sty fidy eftas trase it slevel apl iisteveian dueh surdeioeent .

of the NBs and the film Anong the weak interactions,

it is posstbeessnes @f che HAVENELPRr Ry &Gdn PomerSponds
| qni ¢ gon | g n byd Nt aGki@RI g’ Pith th
s?%%:kia%g" )g?g@gl%ggegéwg}lgabg%a%%hydr ophobiac bg%ds (lor ©
surdract ovia 1 g g of aitmbandsparanongarhy stitdng B8RILL the

it is possiple to cite the_coval ent _bonds that
foﬁ‘fﬁ‘%ts’cf?ﬂaaﬁjeﬁ)%]r?/. m'Thg%& rgg?gFe ST N gl%rstype of

15 Vasiah £ hbletuleMmigsOfa €08l ¢ Aasi Pl grdbpi capable of

constituted by a single naterial, often a NP, a NC, a
narewd s rv it ham oeBF uah, theverrpeTesEi tapabl e of

having .3 varli e.const i Lon, ;in;partigulanén 4h £
case ofrl&l:'ﬁle %%-%ﬁ?f%‘%ﬁ%%ﬁb& 115 téhr oughouf Its §roup o
v ol tinere #¢ COBP) exolBegenedihby thas varbsusacturetealng one

el ements or parts of which the conpositi is clearl
i T | HEFS PEOREREIRS: S atpheret hyorde it Ak G onally a

20 aSEEMPLLES YrdIANONREK)C SkgeraybAgingganie amd structure

25

30

i norganic structures or NPs conprising |igands or NPs
20eskenthallypl £xsmt i wfs. BrepapréssNB @fan ga@terest. The

copstituted b .plurali j
oheashitr v fibtherd retleadriipdy  Penrarmednpt dgmne of
attheast, ongir@t ahas The gmial scapabla pér tieadtamdewith the

chosen fromthe noble netals and the transition
me¢8Fs, 25 the netals of groups II1A |VA and VA of

the per4di {g‘ﬁgﬁél, eaﬁﬁ_ QleRnts .1t Neld @ | 0y$n iheparticular

oxides and the netallic Carbides, mxtures of these .
mehaveals amelaltiogs. sThegtoar, al 90 bk dopd@giaally active

particular by_elenents su as .ni traogen a
r a? erBaltheel gﬁﬁn@ Mol eggbssﬂigci% ca c1Juyl%&tr ﬁ@ee Blosen from
I nyeat iGrRRttesidd qeby, psathnws palkbatiydfpcyclodextrin

rhodi um  ruthenium cobalt, nickel, silver, copper
ti fenivatbXede, | FOA1FRTEESSand T pl akf nunfalagl4larene,

porphyrins, such as tetrakis (benzoic acid) -
4,4',4'",4' "' - (Porphyrin-5,10,15,20-tetrayl), and their

derivatives that have chelation properties. The GI can
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iron palladium gold-platinumand cobalt-platinum

al l oys. The NBs can al so be constituted solely by the
el enents cited above. In this case, they will be
metallic NBs. The NBs can al sgsconprise a

sem conductor or an 5 inorganic insulator. This can
be, for exanple, compounds of fornula AB with A being

| t of whjch the oxidat t at
DERG el SHBE.-6f PR A0, G batfonPeLAraoFBarifies and

T)t@ﬂec?gwggptgd@g;osen fromM, Ca, Sr, Ba, Zn, Cd, Hg,
xtures of these 10 el ements and Bis
chosenTheorﬁmkE“-g SeTome affet i genessley tarsesponds to a
eI enent s the m to

FESH) et]il thléégerﬁ:eg%ﬁlig%ctéﬁs ététl%r rruﬁ%q1 C%ther than
Cd@ﬁlm@fara @t@mm ofydntaipthi Itike caxitdatdaphcdtiat edtsire or an
+l11 and D bei nl% an el enent of which the o |dation

5

staétfémé'-y 11V1tR5 BA% caffy, E1% chBgkn NoRy,, react
%ﬂiﬂfdﬁﬂﬁ??sﬁgtﬂrﬁﬁe ﬁé@”@@ﬁéct&BQFP 'itC@%ﬁﬂtyplcally

fro Sb, Bi and m xtures of these el enents.

THers emxzuplieicber seferfraila #IB2Miphe tE hetian 1.e. an

el t of which the oxi.datjon_state . [ a
elag‘ﬁ'ﬁt %Famfcﬁrteﬁgrgélgatilo Ot ea{lé }%‘p%ﬁaltﬁﬂgz B[t]'O 16
beidihaan £l SEeNtawf anbingbithehaxhdati en Isftair®dye:l-ild ,chain,
in which B and C are chosen _as above, and E bei ng

cleaxdn 39 oin Palyabhand Abe &Fe aQvedtegsomsiyd O@Wﬂﬁrile?es one
'Qﬁ?qﬁ&ﬁg rEheéng héféf% oﬁENEéE%H¥§SbP|§ehetH§§ with a
| er” Sem conductors suc as SI or G, as wel

thHi'G 25 oxi des and carbides, or insulators such as

di anond. The sem ¢onduct or s e |n Anintripsic

doped fz\t::'srm“"?‘ﬁals’i’él NEE ¢ alléeoa%é"% ut e&Esof‘eI yp%SSlble’
t he&leMBlY st6i ted ahovend The NBe Cﬂlﬁv@htSibr@,Omabl $reire a
el ement of an organic 30 nature. In this case, and for

cdhiplrexciBerishng gerdtad ynokreries §B@cm"cln9 properties
nol ecu fiLce u Lz LOF GRIKE £i1
Ilgt:nd%@%lfg%%a ?n% %&%%a(gfln% g{l g it 50 tims can
geine rpd ftyi duivand V@&mﬂamd i to aclspbztion strricitration films
form such as a nanotube or a full erepe. The. NBs Se?tn
0

al¥o BR EOREEI PEVEdIs dIIMPIRFHIRS ol Ehelit Rent

%%’ EsofCERi Hi8g e iR iamentborerand tdl wHéleint@rnational
i've the 5 user greater flexibility, it is reconmended

t capzsblcmtrmm Jffal 2 04/ MRl dbf et skampes i of sapdeewlpe that
nctl onal i Zﬁ% V\Qen &%g surface conprl ses one or
BoPHE TG ab° af ]flnltyfor the "host filnm, which
I s the A¢ddrpiesend an st}_i‘&:ﬁiirtpoﬁ‘lhnctlibrtahblszats:eomfmadallty,
inmple NB, 10 BGL can_thus correspond to a chen cal :
fuh‘ét%%npﬁﬁééléﬁ? 50 ORE3dEr SRR R he” an organic
re es 0 | i caepartd Cl ©@Sc@Ssar to
vve“ as thn% ?El?he g?arrpecli%s BkIhfs';éfhea(%ase éof Y
cofphexidil B chne bef piesewitbn ocpepbéxing ebémsﬂhglatlng
or _on onl arts.of the
xRS i %u‘?% a%a%%cg?g%x?\ﬁl%%hﬁ?g% Itlgaibl c?zc:%_rtlxarenes
el ementggcdr@angstor anaeheg o waadidithliRGk ican rb@dallty, it

present on a plurality of organic stabilizers or on
th%scé%Wﬁﬁﬁ?le to obtain supports coated with an organic

for a

film comprising biomolecules such as proteins,
polypeptides, peptides, antibodies and antibody fragments,
polysaccharides or oligonucleotides. The graft typically
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A stabilizer corresponds to an organic nol ecul e bound

to the surface of the core of the nano-object and 20

that maintains the NB in the colloidal state. It may

be useful in this field for agzgerson skilled in the

art to refer to Roucoux et al., Chem Rev. 2002, 102,
3757-3778. Thus, according to a first possibility, a
functionali zed nano-object typically has an inorganic
CRETGOORAT o8t A2ESIT SRR | & PROPGIAFELS . 1hus, for
cQishidd ed pyoRt hLeastufs-uretghvaig/ Op atfileastc&frising
sem conductor or an insulator as defined above, to

whi gty et t Hasast L aomiet st keebi | Peaisedpbysimrpngm 6fgani @lazonium

group BQ.is und. cordjng_t r .
S TSt rol s et Ty cfbnts' PRy RE gt (3, protedn
spRakh Ofs apveagasl arey a. veetby ding tetdviegoratcording to
possi bilit it is alsq possible to us

) e a .
{ U | BRAR1  BeNB JESFBRPETN g Nt B? g ARFETBLIPRG] SRHERE WO
a ignalized NB can in particular be obtained
bj“?%%hﬁg?ﬁég for preparing an organic filmat the
sur f acerhoifs aisvuppoitndedea beelapevetaps i rentolechBically-
i.e. correspondi.ng to the core to.he.coated. ln thig. .
ca%%l?g'?tﬁvghgﬁﬂl&%oeSHBPgﬁgt hat , Wihr%ccl:qon%ldeorr <—’lﬂ%)ln(bo ilm is

t herofead, foexibi dh tyhev £ hryhi ehit heov@l &l obound to said
preparing an organic filmat the surface of a support
anereseke Pkl eble- cardpet Hppl $erRoYhel fiat ufersYathge of an

cor y_ be i_abl e,...hot by si APl e%a@rd 1id
i53$6%%¥%Paﬁ%%%g§grggﬂgc}nféréi%ﬁﬁéﬁgéldgggiIs, It #E& sott
beswsedtt tocoeliengt aonaiishasnbernidescrinbgbsssibdet |have a

as the exanples that illustrate the application to
vl st it atRed FRRYSrganic filmw Il be prepared so

that i trgOMPId 3% i@ BG@iQﬁ°“ﬂad@éﬂ@ﬁ%é@ﬁél¥ includes, in
stabilizers aré chosen from anphi philic nol ecul es such

asaddi f den ahos tive pol sax awibhs Copslenely feemdastp\phe non-

(pol yvi nyl ol ydone) . . PEG Lyet hyl I ) :
ch%i%%%r¥%5¥%%|%%%?%%Fﬁ%§9ﬁ98§8¥§cu §§SE¥%:%§%tr% adhesion
| espihbaN ABBoGerBlcE tSehsasesodi inmfdidreatte yp@Obound to
sodi um acet ate, and final%%iphenical coqgrdi nati o

| | gARds 39RASES LW s astRIStRh ad °BFNAP der i%%i vBgssibly
(Zdéiivgtf§9éphﬁﬁ¥£ﬁ@°%@ﬂé§ﬂmﬂq rifeAAPAhY,) .as explained
The stabilizers that can be used in the context of the |
i ngleatréeon ther etgafinctidmalisedsnBstéanpyi S ngohypsr film.
core_conposed. of met.al and/ or sem c cper jand/Okntial
anM?ﬁguEE?S?’,ng?lgV’\/\ﬁi%cﬁat ESur a%(g% hg(gglgu%g g§ coduentia
CO?BQ%&EOEJEM eot Napadtd il ticdl gaogslpheforfmilta The non-
(1T1): BGL - (SGp_- Y .30 in which: .
electrically-conductive solid supports, the adhesion
primers and the monomers are as defined above. The solid
support, according to the invention can also comprise
grafts grafted as described above.

According to another embodiment of the invention, it
is possible to obtain organic films comprising nano-
objects. In the sense of this invention, an organic film
comprising nano-objects, such as nanoparticles (NPs),

nanocrystals (NCs) or nanotubes (NTs) , typically
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52 Y represents an atomor a group of atons capable
of binding to a netal and/or a sem conductor conpound

and/ or an insul ator; SG represents a spacer
group; 5B&2 is as defined aboye; p is equal
to 0 or 1. According to the invention, Y will be

chosen according to the core of the NB that is used in

the context of the 0 an bi nd coval ent b .
16 LS RFPERT g,t%yac%ﬁhaﬁ € byUE 38r ety pitntl which
| REeIAGH QR Al (RS SUla¢R - ferithe core. It may be

usef ul , |n order to determ ne the structure nost
sui t abﬂéllﬁoremhmimnﬁongaﬂebed amﬁ{l%ﬁ pe? s@n ssipPréd coated

3 A B S, I B B B
(Bd.th zh &ibaﬁﬁﬁ f2ﬂ@3coV%l€MNI¥lbwﬁndhebnuas surface. It

Tenpl_et on, Wiel fing, W P.; Mirra
I\/B“H&lay’éVPPFéfLék’t e O%s?épp%ltec‘a}%%m% c. bYCh@m meghod as

%%%cﬁ%e(dl)a bk -36. Y can in particular be a thiol,

i thiol a 20 carbodithioate, dithiocarbanmate,
xant hafliusyh e itsh embodd megrt. e ragHenss om thRrtdetalar to a

corr s to a metal such as gold, ver

%ﬁlﬁfn 9Bﬁl | R Ot whén P19 orresf;l&ﬁnds rgﬁgﬁgiég nano
S%@‘éﬁﬂgﬂﬁé&eéuéﬁ as Sy éﬁﬁﬁbrinﬁbaaﬁsew1EhSan organic
Cul nSZ CulnSe2 or Cu(ln,Ga)Se2. In the 25 case
cdridan corppberl by ektassedsivh ‘é%etWFSHPﬁmdeﬁcrré&%%rﬁbove'
aléﬁgrh%%eqjl%]é&n 12X HRa 0T e bens e SUrfacect tB8pport is
core has such a conposition, Y can in particular

cqﬂrae:smbrndw. tabra:am:rbuxw E> stdspmmmylcpt atphl%épmtbrm@e nano-
di phospho sul fonic _or mc._ac h aci

SR DeNE Ebr ot BHEPEASFOPE Ry bedrrbedl [T AmAte £iln

Pray @&d aibidb (?EHE'Héﬂé”a'ﬁhﬁé&tddﬁéﬁiﬁﬁl(Hﬁﬁlnlty
application WO 2004/097871 According to the

i nvent ifon na|r10-|0§>3m0§f er@B)e FOXTESPOTEE effal 2fo 2RIt of
Spaa?r?rm ? enegf ﬂélyacht r%tcigﬂnq.scé olér?%@’c'p fl%t being
eve erac

o988 no op an I on ot her than at o

Sté?ﬁdflekagﬁgﬁhlﬂ el Oanay@&%m&eb_u@/ NAtdller StBanans nm. It
affinity wwth the core of the NB or the organi c host

fidam t onwpkeh ichd arettdeodn | 5aappriredcland MHat aloeanpgrystal

Ty@f@a’l | nifi cant I Ly, VVI t h ta%%%%%ot NdIe)t eg;&ab%]yrlanocolumn Tt

RERRYS s acér caf a carbondt aln not
CQﬂ£r¢§é£ﬁ ahaeteheaNBm ddnczamed dremsxanl B, adeannag@ously
al i phatic chain, i.e. an alkyl_ chain, refera

1to .
23Rl By G | §78 981"16:18’3? bBHeatt&Wsc THiT Sar 8P1'attll'te organic
ch@j iy BEe@eH@tQﬁ9C¥ﬁ@‘%dﬂEbe SH@Uaﬁ%a?eBQEY§thﬁﬁjl their

chain According to a first nodali
pomgxéﬁtt@lra@pdsyomheon’eeméeﬂona @@pﬁortgem.ﬁalt@dl}w 1k 5 and

typically 5 % of the thickness of the organic film.

There is a physico-chemical affinity between the
film and the NBs when it is possible to correlate the
duration of contact between the suspension and the
surface of the support with a reduction in the NB
concentration in the solution, a plateau value generally
being reached, independently of any demixing of the NBs

in the suspension. It 1is thus possible to determine
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15 functionalized organic filmso that it has an
organi c group B& having an affinity for the core of
the NB. Thus, according to the specific enbodi nent,
B& can be chosen fromthe grpgps |isted above for Y
and the NBs will have a conposition, at |east on their
surface, as |isted above 20 in accordance wth Y.

According .to _a_second dality, it (s possihle to .
aPp/ $rORBifefAIB PG1E5s ﬁﬁ&@@ﬂ&é&gb ey 1 an affinity.
fepet | e sirzed, or gani gefﬂakang t e | tedasw@dk Or g2ni @trong
group BG3 havi'ng an affinity for the BGL group present
onn2&rels isnsbithaterdesie idfe kekreeny oiet periBCceopé. the NBs

G e R R e

akbl niciy ebetiveepairta congani ayldrogeand doigls, ionic bonds,
functionalized NBs. According to a third nodali t{, |g

i SOPPISFBIG tonds apPlly tRESHRERDENS0 @ PduppbRtkindt bd Var-
Wi ti | Z bgi &1 Iy et idurdR-tieith ¢
ar?‘é%r ag%#gggrb%u%gi%@eﬂ%ﬁgggﬂ%é gr oup. TEi S er?lbodi ment vpe
i ;pcl4rs lidreid)e wivemd hehe\Bs coomyg | besda, céat lsgpessgble to

tabili I Si Gl- th
B R e R )

The chemecalt Futiainenss perseMBsatis heaslubree Dt tise simple
core, although 5 they are both capabl e of deve| oping |,
a®r ncempderon Hi tHifpEe hd® S nfopghibiitedurB¥ - single

ding eerr%.rg' o%tebril’oééﬁég%?%,c Qoﬁénééuh% or a nanocolumn,

functional’i ze or 'BG3 groups, and as a '
cortvialrg Hdllams f ceasdlbbaabifz édhshyngn 8Glragrielg ef gronstel tNB-10n,
core, it is advantageous to use_10 i . m prepared
addbrBRRELE8L fhe et MY &é’?@ri%%daaa‘%’%/engﬁl Pﬁ%% 0y doped

oft 1 - RIHRIe &N &, dMARNErA didierantns rqundfel adhess orarious
prinmer "and radically polynerizable. It is recommended ,
t stusetfuns | oFementd| @r f PrEESasfdetilsdd iforemposition 18

Typi call and BG3 c co SB%%_: : CF 4o

t f?gL?"’erg %%lpr%cgcs'e%e %T[h’a %ﬁoner o)%(fp'eﬁlrgg%% drcificial
derd st ziadd e ef havdmgmearid culdzeor geawindg unotigemg ¢ and
Is suitable. As specified above, it is Eossia][bl e t‘??lse NPs
NOERIEIRHE CEEEVUGLUERE P mNEP of QBPTLE BBt at 1Yt HEr ©F
CR&En | @ ig%ﬁlgogbgfgingbt. 25 téal ¥ ceeomendetlst dtuted
use V|nyP nononers and in particular vinyl nonomers
ofbyenerAlrdoittul &f ($igplam®Bparticul arly those for

which RL is a carhagxylic aci n_am ar:ho :
group havi fig r{%'seég?%‘]’?ctﬁ%ensga{@ﬁhallﬁ% vvlé?lli tlﬁlenlg;tiﬁg%cumr
Sulstht Lot st Reed ot Réndehegat, The smetdlspasti tol patryicular
i nvolve acrylic 25 acid._ O course, in the sgnt hesi s 1
ofbe hehesgant€om i tag RebEaMebdh?i 3RatBeebLFRBI LopD metals,

th&@%ﬁtrggé %feﬁg?ﬁ%eurhﬁqchI@Apa%@ur@er o%anike periodic

transfo e user so decides, into a

cotalebpond nglafdentist,y ghedp bylpey$or iy ®xiglgs and the

typically one or. two, sinple chenigcal 30 T ,

e s A Do‘g%ﬁcgﬁeﬁe? ongTéﬁ??e crgﬁ\élé??g%ﬁegﬂa alloys.

carhoxytig arkd bengbpoas oh paftisullevebyppellements such as
nitrogen, boron and rare earth elements. More
specifically, the invention applies to gold, platinum,

palladium, rhodium, ruthenium, cobalt, nickel, silver,

copper, titanium oxide, iron oxide, and iron-platinum,
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55 fromacrylic acid into a carboxylate function by a
si npl e aci d-base reaction. In addition, as an
organic host film it is of course possible to use a
filmfunctionalized by a graffg 5 According to this
nodality, it is desirable to use a graft having a
chel ation property. In this case, the B& and/or BG3
group advantageously corresponds to a G. as _def.ined
ab&P8, PRLLRIGEN g%@-@éia@na% RECaG oG Lor PAGRPIER g Love -
S%H@nﬁgf:cgheagggtbéaeoﬁthEﬁEESdéﬁﬁéﬁfﬂE@_@Qet%lements
the nodalities presented above. It is in"particular
padsied ebbwe .i tint ¢hdlss casenpitisy avillilnkienmegeaddp cL 8Bss
defi ned Thus, for exanple, it is_possibhl us
filnms ¢OfpriBF ng bl @gﬁf’escé%n‘ﬁ)ve%?roarm?gf% ggfiﬁf:‘n:g,r 15 &8
PQRRAYENS A hiald ey enesis Toas, baDl eoul exaapleal tompounds
for exanple lead, such as lead nitrate, can be _
clodl afedmplacopl exdedr A beipgi &t | glewspt | ofevipbph the
a r. int i it:h ore el the MBtban bhe which
ir?%gﬁaégcﬁoéln %%?étgg \SQ!IUII‘If a%:AEZ% %%lt e core nay ware
dete) epxividti drhesteast ifd 14IIof Thipd csuppor®t . isThumsarhegfrom Mg,
interaction that may exist bgtwee the core of a

t

c6ifpl eXTNBBRnd $Pwi 00 adi@nt SJeod®P y2H8 IREEEGHngE these

t hanidhals Wi e BBy exhsteReEvBRNOL he , CEes ale Suh Mixtures
NB and BGZ. 25In the sense of the invention, the

susperiseéon sdEMENtsi s Amosgl Ve $eRiceRdBTe’re helt is also
format.i.an of a_ suspgnsi h _sol :
tﬁ%ﬁ%ﬁﬂﬁifng c1tep§h§oggﬂggo Eﬁct§9§.o§ 5 hﬁa CD with C

respon e solvents in which the NBs
ang ipiepat ed deaauser tWielcipridventxotatsiow stwce is +III and

aggregation of _NBs. The suspension 30 [.vent will .
ag%dq’ﬂg%o%%l ?1%‘&e’éﬁo§§nwpllgﬁl the %qsal%lﬂr\élmsoglt\vgetrﬁ gs It

a f abgv easus siph ehaNBs -widd f
prsre‘&gréaagl@' eVes Afysen frdfeasuUSREN es o

be honobgeni zed before being used. It is ,
pastsids e ldmentexanpid,D tis subpsen frem Nispenshon $lo Bi and

mechani cal agitation refera \Y
ultrEsHR e%tﬁ%%té.léne%%' ﬁé)(ecoén%g%?ﬁ?‘fgﬁo%% ?ﬁeformula
SUSBENSI1eh andhdiity d alliamerd eoniaddh ofhé¢ hexfddtmion state

with the suspension are variable and can be,&%’lust ed ,
actordl noC theing FAoUHRTIRL NBE t WAt CR helfiseF L p@nt Rt ptate 18

inifgfaéﬁdiﬁ Eg§n5i55‘element of which the oxidation state
ig -II, in which B and C are chosen as above, and E being
chosen from Cu, Ag and Au, are also concerned by the
invention. Finally, it is of course possible to use
simpler semiconductors such as Si or Ge, as well as their
oxides and carbides, or insulators such as diamond. The
semiconductors can be in an intrinsic or doped form. The
NBs can also be constituted solely by the elements cited
above.
The NBs can also comprise an element of an organic
nature. In this case, and for complex NBs, this generally
involves specific molecular edifices such as stabilizers

or organic ligands or coating films. For simple NBs, it
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Prelimnary tests according 10 between the film and
the NEs determ ne the reasonabl e inplenenting the

nmet hod. The refer to the exanples. It is to the
affinity existing nake it posgjble to easily procedure
conditions for user may find it useful to clear that
the increase in the concentration of the suspension
makes it possible to 15 reduce the tine_pecessar

fo
| APBSFALILNg R NET afBERPT of PNBs TREGI R FRFRFtural form
S's@chardél’atﬁsnb‘aﬁbga%% i Ehe18ueati ornel Nt@EE also be
makes it possible to integrate a | arger anount of NBs
fopnatgmweedtswéel?h@y th@reéﬁaﬁpmé megut igned goel €200

to 300 _nm onta Lth.a su penS| of 2

for 15%F5% 1ﬁ9n &é& ﬁFVE b’ e o th et %ﬂ %ﬁve the
CQRRH Sigh@afaropdile:Gias.iths a itol vent redonm&anded to use
possi bl e, for exanple, when the f|In1conpr|se

cavpekionalagest | PREG-PLRPSS - t 0PusdlB asifhe said  to  be
Su‘%%%@:%'l%% Qe ’wl??zbygEgpt%hlif%c%‘)lé’cﬁ@rfé@ &%e or more

or a ow nol ecul ar- 25 wei ght al cohol such as
nmmnahablng amh&ﬁm;nxnyzfqm)dhﬂe“hhete@ﬁlmTheWhh@hcéS the
of .a hydro h|||c | vent makes ssi bl e,
it Bradrhs st oehs SeRere, of o ARPEIEE o g imple NB,

9@@9 eénpltﬁhbn%@x%%%blnﬁz%% By chestiahil i Zelc gt at
a hydrophilic group, such as amonium |n such 30

so;merssmﬁacsml vl ast the QHsdUpesirhse 1 iGde aNSs pPresent
SO % YA rn{’f&‘iééc groupe ab LRl Suf kaRe SUGhAS. In

iT1ica Pe Use for a person skil
| RHecaEd bﬁl&ﬁdﬁmgxeﬁhnBexamplean be piddmgent on one of
i nvention al so nmakes it ossiblg tg prodyce ort a,
chate 1AM ET 196 BnPRT%i AGSoRE PP ™S Sdal é\ﬁac’e an

‘%]'Eﬁﬁ o basi scif  SYPROLES £0RbEed Ot sAM@ANEtabilizing
films %%%% |§|ng NBs, which fil s cancﬁgiobtg?ﬁed by

t heel amestrhoel plrmrd%donab@wmgh@scoa@mm aBeousy be heresent
met hod f.or_ incorpo atln t

caPast @B Aonre escﬁ'r ny % tlfqge ac on 0 fe&j hdoating.
coal esgeneeal) 1ageit dwmiaagdndsonpblsananoagdniconmblecule

step of exposing a zone of the surface of the sup ort
c&ﬁ%ﬁﬁvﬁ@hthﬁesﬁﬁééﬁﬁ:QﬁI?ﬁ%oﬁﬁF?sP%g éhﬂ ¢t and

q?ﬂ Cﬁ&fﬁtﬁgﬁgt thE&NQEC0oa| eseenes1 061 583 Is%a@@ner@ lyay be
defi ned

as the di sappearance of the boundary between
tvwsé&ﬁﬂlnncbhtacﬁ1£ﬂdmﬂ¢ronepana@heskléﬁeﬁePWEé@Qﬂﬁrt to

NB and an ob ect of | arger d S r
NS (T e EEvE be- n ChaRoae L Rh0E! 193 1375773778

a fiaduict 4 8Bot-aik etboba|f13:le§tf s Dfo A e 8y sd emln&'hEonallzed

net hod i s genera l'y ferforned by pl acing the ¢ least
nano-object typically has an 1norganic core, Or a
its surface is inorganic, constituted by at least one
metal and/or at least one semiconductor or an insulator
as defined above, to which at least one stabilizer
comprising an organic group BG; is bound. According to
the number of stabilizing molecules present, it 1is
possible to speak of an organic crown. According to a

second possibility, it 1is also possible to use a

functionalized NB comprising an organic coating. Such a
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20 filmconprising the NBs, typically obtained
according to the nethod descri bed above, in the
presence of the coal escence agent. The nmethod can of
course be perforned on one orgyore zones of the
support conprising the film by exposing said zone to
t he coal escence agent. This 25 nmethod can thus be
performed in a |ocalized manner. The coal escence egent

caHnréaanadizefodii i €abi df PATHEC$IBpoPE &aRFEMPd by the
lofng% L% f'omr%%igﬁr?eg%t £3EMc 0f; 1he; SUPRET burface of a

ocal I ze € agent can thus be

psebpoalll e. d88FThibalBs calpand e efppindst gotpg a NB, i.e.
coal escence .are, far exanple i mpl e NBs. These.w || .
QERETEPRY G TRoER) NS KB RiP PE PP el P bPAE GPoer i
mahaliial | B¥ NesSt&d NBgst Or ind8ceaBphexabiBsnsush ashe great
functionalized NBs having a netallic core. The

céarxdbindéyageithcawiieha v afiedhost £phyPreparing an
PRLATRLE! Of1 M6edlld 0B Yled te HBiNfdds: 9a8PRldRE ibed
to & particular zoné of the support, t par anet er

waldoviee cadi fdeedappllyedn tths zenereThefphytst cabre may be

par aneters capapl e of bein dified in order,to .
oBP&IAR ecoaPEEEen%Jeml%er Négjcg?goﬂ‘ﬁ’ 't 028 petiarganic and
Slf@r‘da?ﬁci.n Bdie AhitchdAU8eth@lseXampliyy adodbbEgat iten refer

of the 10 tenperature or photon or electron
i toaditett oregahedr des¢ritederal IWell peather exempdes that

. b Q 50QG,.... f
250 25RO 1 G EOM T ikes T 1 gRea B o b ahia e

t he-qeedlestianceviolf 1 pbat ppepanatopar ttheltes.t Stmpmaises a BGy
treatnment performed on the entire 15 surface of the
SEF™- having a fil mconprising nanoparticles | eads

to the%@&@%ﬁ%@,ﬂ ol & [1orpgeneaus MBidddn C rrbhManksSighilic
can be rforméd to determ ne the m ni num t enper at'ure
f oolaayileen suae ascondifigytantsheoNBpodygxigpions, polymers

particul ar ording to their size as wel s 20 4 hei
cGHSSi t"’ﬁson.%é}l i <lIpa XL &Xroogléf iZed ‘app E|1C%';‘at Epoonl}%?%ﬂz%’ lene
CQhe/Rt) i nf £Ak gegourGhy -nicdtdS B WGty pembasetles, in

easily leads to localized coal gscence zones. The |
agsinezal okew? BhReRl 88fr nModam FUFR eRENPPEI Ui HigT@te or

m JIRkeS J p@@ﬁa- | P P QAU G- d 06 i &Eth i gand
Zﬁéc}gﬁrg%%eence of él\rlrgs |lgl§iﬁn(%/rgenti on also rel ates tolgar1 ®
a snmh ehectLéwhs | yasmrdusticke ao| BINGFppderivatimesh (2,2 -

b AR R He 11T SOURAAKUH entl y bound

to sal @ONstabilizers that can be used in the context of
the invention for the functionalized NBs comprising a
core composed of a metal and/or a semiconductor and/or an
insulator, or of which the surface has such a composition,

are in particular ligands of formula (III):
BG; - (SG)p - Y

in which:
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30 electrically conductive support is a derivative of
an adhesion prinmer. The non-electrically conductive
solid support according to this invention can
optionally have a 59 mask asgglefined above. It can
al so conprise nolecules grafted according to the
nodal i ties descri bed above. Advant ageousl y, the

or gani c filn1conprising NBs, and particularly NPs, e
includes, i# alEPFPERVES thAR RS Uit % ¢ Rntqly atoms
bg%?)g.btl% the nomel&et tiotah! naqndughiy8rS UpP@dmiconductor
derived from an adhesion priner, identical or

dicbinpoemd mmddiver 0 Hewvd att@rone anot her by a radica
reaction and_optionally deriyvatiye t he adhesi on
prinmer. Thugg §§p§§8F5¥ﬁe3 5@%&8? %ﬁghgfganic filmis

10 essenti abky fspetygerihédmabdbee specifically, it

can be in the formof a sequenced polyner or a

stati sti cal Pcdgor@igd 59 & ©Fhé -non-el ectrical ly

conducty| I ports, {heepehEsi onypriABns &d chosen
t he nnﬁ€%§?§85¥€ 2§9d2¢ined ab%ve. Typi cal ly, the NBs,

amdt quardiinoul aol ychehecdFeNRs, whiel BB mhedents| magse in the

out ernost |ayers of the fi.lm I p.addit] i

PGSR t Pluse BT ectF 5B8Posi Ti 0f*Bol u%tl’?%ns étog;%loer&r%lf’ by
MRl 115 1GRAT I8, crdich i TbrPAard: Qb aflopRestatoic ainteraction
support coated with an organic film aobtai ned by the
metthddhedesorfianal abdve e el HethBadPoHIF g mi 11 Pefer to
oNSrAlidp e PRLTOLIRA A0, M 030 f I LEPf01e CORBET SicE B
NBS". %@plcally, to i nplenent such provisions, a person
skiddeiided hefar t ampy risiond skilisef uin t the ebek to ttwfer to

i nternational application WO 2007/034 and, in .
pdrhs cBFaPFhe@Xamst¥s. HusPHhehEt hidt qﬂ?lds and Colloid
e!zfé‘éé I UL PNCErHBPQE . ¢0ahed ra .t D& X @) CWiley-
film capable of being obtained by the nethod |

deasi i béiatheiey oan TampaetpPBul o - b€ per Foedddgy W- P
carryin t the followng S 5 | 8d1ef@dbs. nce.
B g R
placad. imegon@sd, 38t hout BYeerdic polarization, with
an el ectrodeposition bath, and preferably._kept in.this
state for GRtperitbd pertgicular be a %Pll%l, a glEHlOl,

carbodithioate, dithiocarbamate, xanthate, when the core,

a

or the surface of the core, corresponds to a metal such
as gold, silver, copper, platinum, palladium or when it
corresponds to an AB semiconductor such as CdSe, CdTe,
ZznoO, PbSe, PbS, CuIlnS;, CulnSe, Or Cu(In,Ga)Se,. In the
case of cores composed of oxides, such as titanium,
zirconium, aluminum or iron oxide, or when the surface of
the core has such a composition, Y can in particular
correspond to a carboxylic, dicarboxylic, phosphonic,
diphosphonic, sulfonic or hydroxamic acid, which acids
can be in deprotonated form, as described in the prior
art and in particular in the international application

WO 2004/097871.



60 | east 5 seconds, preferably between 10 and 60
seconds, and advantageously around 10 to 30 seconds,

a step of formng the netallic coating, in which said
surface is polarized for a suificient tine to form5
said coating, a so-called "hot outlet" step, in which
said surface is separated fromthe el ectrodeposition
step while it is still under electri.c polarizati

n
This | AFERFAIATaItSD TRE at BYSPE 8 netlifod-§ dpr3pSrarle for p
MelAle? iifhaaN & ganixC sfddBPIRRAE G lgdnte 9uURf aesrfsponds
a solid support including steps consisting in: .
(&Y Ppreopaupngthatt thessndtacdeyblapsaint disuppactionn other

organi ¢.filmcanprisi.ng nanp- obj.ect [

C S R RS s B aBou g TS o SRHEREA Tharure,
5 peepaigdafAigtiep (W'Hh i theorbaet of t bha $® ubt obhe organic

containing at | east one netal salt capable_of bein

r iy s qWiiBsh the mathpsbdis (aPPLtHta ABHathat does
cogf n i GOATIRA Wiitdh anmianiod i ldBtectably) .
og?%ingﬁgg§at%ggﬁgiﬁbd de?grigéd 20 aboveq it is 5?%5‘ Y
paysiitlad Ityo t &ke adpanergecmi thee pr esanbenatefBschang not
in particular NPs, in the organic, film. For | Sqit
i SHESSIVIE t 8 u@@tgrg%FaProgf%oﬁﬁFPsiE&rbng&%?g%%fe be an
10 mMahalprsalils @apab) ei of . bghng1kgluendihy pirefBBably 1 to 22
present in the organic film In 25 general, the )
s@Msorayris@idy i tIP af SRR FHINE c AFpr<IiRF MBLhain, or
Wi | 'QHE{- |Ject 1y, d | A4 R OTRIH S NG one
or rlrloe%:exlrret a lsl?glét%{sa{ﬁg‘he%dl}?m?sofsé)g(gpl sure of the
suppor aczeatdEhgn th theforganimoddlimwconpki sismgprNBsibde to
the netal salt solgtion i s general ly between %O 30 ith a
sERIdE atdCar oBRETPEN nFRut 3. ﬁﬂ?éﬂf cenfParton of

15 NBs, R dRi @l sl beghRikher fidh mseancier adaptiesds an organic
according to the desired thickness of the film 61
A TINEIG, haivd ngosei L irg tis €01 Flgardenaul @f | thg nipp e Thus,

NBs, . gener al tal_ NBs. and | Lcul apsnetal, h
o@qﬁé?éhﬂﬁléé gﬁgth3%?%?ﬂga%ﬁ%§?%ﬁ$ﬁgf Eg?akaalﬁ%is? osen
orf smptiex HBsupsichiasefiuapbivendbirzed ahss tiaviNgp avill have
nmetal 5 core, Among the netal salt soluti

Lt
| IR, PoskFHE T EROLESTOIPET’ sOF f bt aSeR 2ove
20 N GkelcciidAl&e P ut i ens.

According to a second modality, it is possible to

apply the method to a support coated with a
functionalized organic film so that it has an organic
group BG; having an affinity for the BG, group present on
25 the stabilizer or the coating of the NB core. BG:; and BGs
then form a pair having an electronic-type interaction,
which will typically be the site of the affinity between

the organic film and the functionalized NBs.
According to a third modality, it is possible to
30 apply the method to a support coated with a
functionalized organic £film so that it has both an

organic group BG; and a BG, group. This embodiment is
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The choice of the type of NB and the type of 10
solution is closely linked to the reduction reaction
that takes pl ace. This invention also relates to
the use of a solution containipng at | east one sol vent,
at | east one adhesion priner, optionally at |east one
mononer different from 15 the adhesi on priner and,
possibl% at | east one chenmical initiator _as defin%%. .
(j} ilizer

aﬁH@é?bté'W9Qﬂ ERRIENE oY RET ot hERFEal 9 cBRdPt i
a'cbﬂlg&ﬁ%ifr@f Bde LRI OmpoT aald | past ere raditle 0B its
t he adhesi on prinmer, an organic filmat the surface of
acealel dadapporampri st &bt swi EWP20 i §revPut i Bee chemical
The invention also relates t L faor paLL.ng

pgl HQF%NQEﬁﬁ%n?iF%1aqnih%ug5$¢écéﬁbf8%§sgﬁ%ﬁé.%lthough
Syglva detd bOEhUEEBablE PA tdewdBoping naa fintetraction with
conpartnment, a solution containing 25 at | east one
adesihes tpfider, sandérh feprasoRs differendyt jonal |y,

in a S%%Oﬂgncowgﬁm%m ho8tSOkYthON eQAtaiBhAYiakd by BG,

| east one radicalfly pol ynerizabl e nononmer different

f aoma/idre Bathesiaupsr iamt as detoagdngbdidm, dhtctionalized

possi bl inathird co rtment, .a .62 T | t
ad¥orfdiBRy E6OUR: Olrn\}:i"r?ti n <G4T ’oﬁtatl olrFaIaf%/va&ﬂtsacéL ol feo use
CNt & 1 apeepRaEEMkccs@Nha Nidgt Re SepRDEl Gl sefridied above
| east one nano-object in a suspension solvent and/or a

c erpdtardras icomfaiginkiney @d | DAPTARRT o%l%fo%ﬁ%rfr%“ the
In an alternatj of e kit di . It is
iﬁﬁhﬁ%%ﬁ? té%é%??sta%%np???ﬁg%?ggbn?gﬁﬁﬁéiy%%gﬁi one
predmenddd ancadhes ofiupricienalAsapilecufsdmsof agn defined

adhesion primer”, neans a | ecul ar entity separated

f e BORGSrbhY pECAeRily s G & P o RIS 5 fhatre OF
| s18asYriflnt 0 vHP! epeREentB tBiFS GasenoridiekKi toftdn easily
possibly include at” | east one other conpartnent ) )
caldmivarizaitle east havdng epartigetassgrgapde functions 1s
deve] opi the priner.fr j prqgursor I dif
co?fb’at?%l?fg%t g? fs<§)lﬁctlhflceo¢)rpn%ﬂ?{)§reeht q'|th f(;é)c %%ng%g)?eprtionerpo Y

| Scipk egeal) ofThirse themkiih eamjed orolbberanplogher CFGs. In
contain a solution of an arylam ne, precur

or. of the .
adHess oAOBERKES, ldndl %l SBPEChANEY §8F8WW8H%F8 %q(ﬁﬁe vinyl
bym@thgl% Lo, 4de iﬁ'lorggﬁh‘i:QEuQBra_nvﬁﬁYi HAZHAEN & t general

t he er being an esion priner. A person skilled
i nffoheubat (WI)l, wder peanhdcubarlyhehese ofon prasty Jor 1s a

makes it 20 possible to avoid stori S Lng :

r eSRTPREY h%nﬁ%ﬁV?Spé%ﬁegmlne’ gTﬁ%g§%%5%%$§c nc%%p having
coph@kaeduhBt a8is Pneyplichheysativhi ehe ofthiche sfibissti tarsthts R»
second conpartnents, and possibly in the_ solutian of .
t heot Rar doo¥Ng hE -f ot 25 ldonPRFEHEHL 2T AN iJ&erﬂO]cheal acrylic
or_differen ent i d S t a-ggeikNfilm, it
B i

cogpar icoaptrd,seanal passiulispri mof hehsolBfi oB@f @heBGs group.

s,gig;ghgracgag%{:{%ﬁ%%lgs%%gﬁa}% n%r%tafns-ro%cmse ,Utsjv O3 c&fhet h&ser so
decides, into a corresponding affinity group by
performing a few, typically one or two, simple chemical
steps. Thus, for example, it 1s possible to easily

convert the carboxylic acid functions of a film developed
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30 course contain various other identical or different
agents, such as stabilizing agents or surfactants. The
use of the kit is sinple, since it is sinply necessary
to 63 place the sanple, of widch the surface is to be
treated, in contact with the m xture of the solutions

prepared extenporaneously by m xing the solutions of

the different conpartnents, pteferabl itation .
Aol A L Eu P 0o 1) Oy Pt FAZGOr L A drsgasEery. & simple
onky gt g se0hdbi-@n gont ai ni ng the nononer, i.e. of the
second conpartment, is subjected to ultrasound before,

bei ng Anxeadddithorhe &ol @i oprganiai MRt t K& 1lddhedbonts of
primer. prepar. ext e [ ape y : sQr,, Or

D PRRERE e 0 o1 Tt on ot T £UpREL Bl Ry, dofgrare.
The ciorsahig otio alt3n sTakedalitpossitl ést cdebi sall oltynense a

films having remarkabl e properties. It should first q§
neTed tt AV e & | PRl Ael/en aPRAPET BV afPy tgddd case., the BG.
reg Si np AR R 2SR Al WaSPEOGoMhdEY &80 a GI as
S%?;\?Z%?“%G% n&m%hat hea m??grrer {ys partj%%l arly ° ‘

sdleflinedandbbret, hewprbsesieeh ofa uldTr abednd, #hechelating or

thi ckness of the film dogs not r ignifj tly. .
VGEBBIEITG, 1S U el 1% FEREC WP Ph Terarkasie 2000Tding
sycresse hbaathicckaessraferdtw f absvabt aithetls by nvasasitnigrular
the experinental paraneters such as 20 the reaction

t DessdPlenef ekt ite pert ¥R EBNEEARERa ohiRigHeg group LG as
c%ggg_'t'on of the filnms is also honbgeneous, and it

isS possible to test it with great precision, which '
makes iThuyagssiftbire érappdduceitbotis r modembdied to use films
sequential polyner fi|nms (also.called bl ock or .
MQQﬂHﬁﬁ%%Qé{Hmﬂ?}?ﬁﬁi%ﬁe 2BeRAVEGr m GEOR ¢ KSRl ins

hOIRGRNAUS S W 8681 O¥8TehEE . ePhiES Swlkatgeen oshigdlts, for
t he met'hod has been applied. This invention therefare

mekesnn e pbeadbl such mrodueadnditigre, can be chelated or
functionahizations on a very wde variety of surfaces
\qumgﬁ?¥%rént nmononers that may be conbined with one

30 anotRgrically, YtwilloBlevelppeapossikir trmteappityion with
all of the nethods described using a base s ort

. The
ortde eir sefueheeNBf theR Hhe VAl SThddt s Gefirtace
as, ¢ he, anRbi & aldPradfe £85 1@l th newal hosestofhesedeiy support.
this 1 nvention, such as the use of nasks and the
| ottals zethé oinberant bbncohhssBelc €xidte Peteaan tthe core of
supports.coat with films.c le o [
cdgngQP%ﬁf thags gI|ggﬁ%aﬁﬁﬁﬁﬂ5f¥%ﬁ§€£§¥i§§ gfﬁgki%trong
anchdmorgani Ghichmuayuregual leskiyesucheacsiraplof such a NB
met hodol ogy on such a | ow scal e. The invention
he&nqBfer-ous advant ages. This nethod nakes it

o5 POssi bl g, usig assh o9l ecl'glﬁi nph& apgvdRr 8R! 0ddRE Dbl Buspension

30

process, to carry out the grafting of conductive or
nose bosmitictiisv ea sigdlaces.  Theti npharkes atthen &prm@rson of a

met hod does not require any significant.investpent

W PR oR { 6F s BOT  PRB Pt e st 7 BBLespona o

potiedt Eestahss GOSHINA MHACHEN RBE- WS Mubiedbecause they

Mor eover, _
prevent or slow the aggregation of NBs. The suspension
solvent will advantageously be chosen from the swelling

solvents, as defined above.
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15 the inplenmentation of the nethod is sinple and fast
by conparison with the other techniques known today
for grafting or coating surfaces. This nmethod does not
require a connection to an elggetric circuit, unlike
el ectrochem stry, and thus enables it to be applied on
20 surfaces that are difficult to connect, such as

nano objects. Furthernore, thi di t
Can_beTher FEFREHSH AN i BREsBNLd BFSGeyaBY Ard GRegenized

nBEfEE%O' B@lﬁ@y §hegi al Tpr ecautdons Wi | ngEdhe example, to
synthesis. As”“shown diagrammatically in figure 8, this

25ubfeent i othean lsmspsagion antequed@shasdicam wi Bigdgation,
rgggggaﬁgggﬂgggéggggah%%é? cont a1 Esoﬂnﬁht%%ak%%nt

fore, i I's

necessehy tNBCOBBﬁééntfatﬁuﬁfaﬁe tithde sgw;setmmm amd the
potentiostat (figure 8a), but only to soak it in't
sdlumart@@nofoft oA eaeti 6ﬁen€d11mn LEREY uFEesﬁ}lSP?ﬁlﬁéon are

X Ss| #o | e

SRS THASCl) BRale e Skiemar &l snacanone of
mmlB be hsal ulnlms i sy aq@em% 86 nediagnaten alnvert)be film.
wi de variety of electrica

GRERSRIEEH | §E5RaUEEFOEILTPT aE8s BT h YRHPATY orfgrieting

CORRSIAh tMd heihg Bhhmenebt@igneshibei ng peskibast ttoo easily
ultrasound in various solvents. 5The invention_thus

milegsrintingosstbee terarenalkele ecPrPERfUEEat gRgditions for
funcgﬁpggéJégJ ere@é?ﬁgabl%hgquﬁﬁ:Q£dfuf£ﬁ§e§t0%seful to

ore not decor at or grafted
Suddteas o PIiE enafmdtes . Ther eLsarcelaametbas ftihel derqgfease in
application and such a nethod can be 10_f or.

chmIGmahtrh .o CBar SHaRERe ipp; ekeE it bidible o

%ﬁglEiMepﬁQ€§§§§§y(%b%nhﬁﬂ@@ﬁdﬂﬂﬁg d agitdre amount
functlona I'sation and in particular the protection of

swiff ayBs, suoh avenefals. (&imidanlosi ofeorinGRase in the
A R e i
strasddy dlmdend 5f ams heografgededitime. Thus, for example,
for a film of 200 to 300 nm, contact with a suspension of
NPs of Pt for 15 to 60 min makes it possible to obtain a
film comprising nanoparticles. As a solvent, it 1is
possible, for example, when the film comprises carboxyl-
type affinity groups, to use, as the suspension solvent,
a hydrophilic solvent such as water or a low-molecular-
weight alcohol such as methanol or ethanol, or a mixture
thereof. The choice of a hydrophilic solvent makes it
possible, for example, to produce a suspension of NPs of
silica, gold or platinum stabilized by a stabilizer
comprising a hydrophilic group, such as ammonium. In such
suspension solvents, it is also possible to use NBs

comprising hydrophilic groups at their surface such as
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In addition, the functionalisation can be |ocalized by
using the mask. It is thus possible to specifically
coat various areas of the same surface while
protecting 20 other areas w td&yone or nore masks. This
type of procedure is easy to iInplenment because organic
masks that are easy to renbve can be used. In

particular, it _is possible to use sinple depositions,

(5f A PR B g Maldod dFte poholoF & BBREPHG SH-LAoRain the
23Fingbl Yerbhe cbunell @pakipaation of the surfaces of
interest can be further enhanced by the use of grafts

t henselhes invketiont aldre gediasediti |ppssible T produce
nmet hod _accordi_n o .t. in [ on be
i ﬁ.bl'pé)ﬁg%fged CIOr?.'C%& l&q’l %’J}%ﬂ%é C Iﬁ%gg%?ﬁ%l one. oxr more

a poﬂY Ion-TTee appr nce it can
beo3d cpecheemetbnds aBnaqiirousasdi vifh andpdripr oduaesd with
little waste, with one of the products .of the ri?ction,

c FABId Coft 188N MPTg&inide fiBsr gy &dgtﬁ‘.s g be obtained

giepg'/g e He AR §oFe SOy ALE agesvef Thug, | BweRkitalreulslly, the

me clear to a person skilled in the art on reading
t nethold ofibrg onetpaiatigg exXiBm| s lgr obededrPbiedheto NBs

pur po of illustration in.reference to the-appe

PEGRRE i orSRLERH 170 BROST 6 cratimpeot & cuitbatence
Fiaglir , 1 2903046 1tihe dnfprsiRRe tarlmdefi tA (gl ld el @f exposing a
accordin% to an alternative of the nethod of this 10

i peavet | 0F vite Surdiang offof LR HRIRE i aSORICEM sWiEh the
wa I red | it e | api.ne. '

AR ket £ LT, PnOCREY, SRENS: coalesfdrid Gugent.
aewy dicog lleacamcal t efnaNBee 0f tHenaréhbd oflefhned as the
invention, i.e. with a solution ggthich theﬁﬁsazonium

1§i§gﬂp%d§iné?§erp%r%%r]@au§1 aLyy PSR two in contact

PwRhenybabam i her, orfi BYERednshawsBheah®R specbbyert of
of a gold plate treated according to an alternative of
t Hevrgstthodh 2o arkd < imivieatt | Gps i iq + QL WRWedPym change

soluti,on, a [, : , a i nut e r
Tt ke (1eghide 58 AR 8 Rpey pRERY Sitace of
Fitie esvbtshows the IR spectrum of a nickel plate

treated according to an alternative ?f th

ﬁ t hod _of. th
this i MAsht PERNRFL N1% FERGEPdr Yof PRAT 2h™E qufa? 1011 A
sat 1 NaSoRSLPM Y tReShbY, f kYPiR=NERZWHERA according to

the method described above, in the presence of the
coalescence agent. The method can of course be performed
on one or more zones of the support comprising the film
by exposing said zone to the coalescence agent. This
method can thus be performed in a localized manner. The
coalescence agent can lead to a modification of the
support and any organic films and layers present on the
support. A localized application of the agent can thus be
preferable.

The NBs capable of undergoing coalescence are, for
example, simple NBs. These will generally be metallic NBs

and in particular metal or metal alloy NCs or NPs, or
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25Figure 5 shows the IR spectrumof a steel plate
(AI'SI 316L) treated according to an alternative of the
method of this invention with a solution of which the
di azonium salt was prepared iggsitu from

p- benzyl am ne. Figure 6 shows an AFM i mge of a

di anond surface 30 coated with a prinmer film (figure

6a) and a _profilonmetric curve (]ength X / hei ght '
SCRPPIGH Mos SR R THOF LR PG WoBbRa T AP od Bitallic

theAFM i mage (figure 6b). 67 Figure 7 provides
a diagrammatic representation of a sequential film
(figur 8hga) candeacsnaei segentr f¢am ($¢ gur e vAYiation of a

prepar.ed.according to this_invention. Fi e .
oFBUEACe 1 U GHPARFRL (1 SpFBRSRE kO on "Btk PRy methed is
gepbliied neihods qfattdicyraor ache (fogureh8a) sapgothe the
met hod according to this invention _(figure 8h)

FPgFPEeseghotd lihe PPR SPEELAGM o dYgold® pltAiS t A8%ed The
.a%‘r‘l 4139 1R aRheRlh e RAHYA Ot B ML RRMAi18f i ddii® order to
i nvention, i.e. with a solution of which the di azoni um

10ksalin wasocplepacadd 0fsiNBs ang Ugiowp &onendgearson skilled

Fi,gure 10 shows, . for old_plate treated.accQqrding
CHE Phgomtiton TAEEN o REANENE . o FoNCraitgddd 68 tne
ORRmMpRAG L uirRe drRpHRUH WA @fl cxirdbrgdlrd-apliaitd dif eairede used.
at different exposure times (figure 10a) and, on the
oGeeered lyand hert | REepEreRtnbf 2s APHP§EPGUpRatetween 250

tr ordi ng t u felr il i ;
(PR AG hASh, s bl B8RS 2 o 5 min
s pe®asonEt ryoéXiphet ael editradm sipeet costepyenaaalofsaslatinum

of a conduct.ive carbon felt (figure 11 and of e .
sARPRHGHT ISt DR 0AWHER Hﬁ%&r g %‘glf“i‘?‘ﬁq 133 tBe entire
orfiethe WHED feilem | SuPbEPRr €BarceQr didg EQ1khe comprising

met hod of this invention, i.e. froma diazoniumsalt
creatgrhrticdiesu Amddacryd i haci Bormatier miesdndgpgeneous

LTS (ARt BT ((eptifine cne
pIngiltr&i rune aleRtbeatonlrl Mpt & tdiereretthiote afcddwding to the NBs
Inavnednt Ii?ln ga?rrtifc?lglnéxnga%c%%%ui%g“gé ft'h!eTr size as well as
their composition. Similarly, the localized application
of a coherent infrared source, such as a CO,-type laser,
easily leads to localized coalescence zones. The
application of an electron beam, for example, using a
microscope, makes it possible to produce a localized
coalescence of NPs.

This invention also relates to a non-electrically
conductive solid support on which an organic £ilm,
comprising NBs, and particularly NPs, 1is grafted, of
which the first unit covalently bound to said non-
electrically conductive support is a derivative of an

adhesion primer. The non-electrically conductive solid

support according to this invention can optionally have a
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Figure 13 shows the IR spectrumof a gold plate
treated according to the nmethod of this invention for
30 forming a statistical film Fi gure 14 shows
the IR spectrumof a gold plate treated according to
the nmethod of this invention for 68 formng a film
based on a nonomer that is insoluble in the reaction
sol vent . ., Figure 15 shows the_IR spectrumo

f
oFask pia Aofinsteaetsr ditfy €801 RESel HOWPHToF nrg Tecules

| QVeRton R @ ng RO Bk #iddad iFRRAMBlescribed Bb@ke
16 shows a phot ograph of carbon nanotubes (figure 16a)

and a pHyvengegglrusilycaitben orgratighds 1aF compx isdagt Alst, and

according tq.t i nv.ent.i Wi t.h A rer d .
(Frare danty 1o gre titove: Aeiien & che ai Y unit
PEokrapleaita yi I et acesr dtng t achheleethddadfiyt hiconductive
invention with a _prinmer and a_nononer. Fi gure, 18
sKORPe AREipeet rrIbt APnRARDF LA gEFd T Fi at el%?ﬁlbb?%l or
1 )fﬂ%'l%nft U AGhYE P! Mfidd | 947 ©rnkBbindbnéreaeda radical
identically according to the nmethod of this invention,

| readrdsed emd- pdriensdtly | detHawtivease @fd #he adhesion

di azonium salt prepared,in _si.tu, in th resence of -. .
| O | nBRUS L Gt XS SRBRE (4RS B0t bBrap By Tiim i
WalQie rHiQR 19N 2 ZO1phd St fNEmyl BeSepkpteiflicguie, 19a) can be
and the photograph of a water drop on the sane gl ass, .
pliat etheat B tHf pBut EHBERERFy IR G- BQly) @ Statistical

accordi 0 . me d t ' i j - . ;
O 05, TR Ll orsEh sy (b i) sorso
2B uypriess coghed adhiels imnc qraeneral andk theskmefomers are as

treatment by the progess._in the presence .of .

hyToaRE MPHEE ha V?PS?ilé’fvi gtBTee b}%%\) SR PARGIC G Y the
(U 6;:20b) ansl-d Sy aln afhd hutBskos i Gifer2 o Shavs £ilm.
the 'R AFM mappi ng obtained for a 30 gold plate coated |
Wi th a Zrhissldirsisioafiteria meeasignke o thRe R RrECqgposition

t@%fﬁé?éﬁgetgff%%%yg‘%é%éf&f@dcésﬁ?xal g%dt@%'¥ﬁ%%icular
copper, on a support coated with an organic film obtained
by the method described above. The electrodeposition will
generally be performed on organic films not comprising
NBs. Typically, to implement such provisions, a person
skilled in the art may find it useful to refer to the
international application WO 2007/034116 and in
particular the examples. Thus, the method of
electrodeposition on a support coated with an organic
film, capable of being obtained by the method described
above, can in particular be performed by carrying out the
following steps:
- a so-called “cold inlet” step, 1in which the
surface of the support is placed in contact, without
electric polarization, with an electrodeposition bath,

and preferably kept in this state for a period of at
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69 Fi gure 22 shows the | RF AFM nmappi ng obt ai ned
for a gold plate coated with a thiol mask after
treatment by the process in the presence of

hydr oxyet hyl net hacryl ate and ggnoval of the mask with
different patterns (figure 5 22a and figure 22b).
Figure 23 shows the | RRAS spectrum of a gold plate

coated with a film conpri PHEMA and cycl odextrin
Garpest 13 eselonts THaNaranld ihketha Pratd ohlcepaaPas:
obnad gekdnkhakeull cagdiraavibhtd hiol Meeomplsi,si ng PHEVA
and a calixarene dérivative. Fi gure 25 shows t he

XPS spectar SR @25£)>ra\nd9Nrt§16( shabila gorbipgat én which

coat.ed w a f l d_f
O A LAY ELERRC SO Sy ABLEAY L BRGca0d corm
aaXbBScepedtigym (gl obal) of a filmconprising PAA

grafted on a gold fl at e“ before |ncor por ati opn of eh
Pt nanopafti®Pedal sﬁB\ﬁQ'anl?{Pévhlc said

Sg%&%r@@ (glObg%%aggt@df'fﬂbﬁonPﬁéS'é@bé%yﬁdégégiﬁﬁbﬂ”1step

a gol pl at e er 20 incorporation of the
namddayr tiitcliss.still uriaeguredemrsi%\mlérrl)qaﬂ;l@@ect rum

(gl obal ) .of a film conpr fted
nanotuﬁi& aft'ere %}ngo?gf?onrgflatt%ra °R °HeRfla  for
NRARANA G San 28rehat| ed1fepiapeiriedn f sheckhirface of a

enbodi mrents The foll ow ng exanples were perforned in
a sgildsk sewpor tURIMSER BT SheRs (Gritdattedd tisy were

conducted , 2 gﬁr &Jgg@r@ C@@dtﬁéogaresc&ees@eeatwﬁda%pport

pressure ( ‘'under around 1 atm in anbient
aian dirgassc 3@ idnheromsel s indj casded; ObmeCteaquﬁtSs) egprding

vvec%qe a}obt ai r})ed@dsl rdeeglr}/eé) the mar ket without any
a & iR

(b’") placing the film prepared in step (a’’) in
contact with a solution containing at least one metal
salt capable of being reduced by said NBs.

Tndeed, to form a metal coating on a support coated
with an organic film obtained by the method described
above, it is also possible to take advantage of the
presence of NBs, and in particular NPs, in the organic
film. For this, it 1is possible to use a solution
comprising one or more metal salts capable of being
reduced by the NBs present in the organic film. In
general, the support coated with an organic film
comprising NBs will be immersed directly in a solution
comprising one or more metal salts. The time of exposure
of the support coated with the organic film comprising
NBs to the metal salt solution is generally between
30 seconds and around ten minutes. The concentration of
NBs and metal salts in the film can be adapted according

to the desired thickness of the film.
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purification. The glass plates used had a surface of 1
cm . No precaution was taken with regard to the
conposition of the atnosphere, and the sol utions were
not 5 degassed. Wien the reacfjon tinme is not

speci fied, the exposure of the surface to be treated
with the reagent solution lasted for 1 to 15 m nutes.
Four series of exanples illustrate the enbodj nents o

f
the i nd&nt3®nNBThelti rist BBAELPNS qu|ﬂ§sﬁreﬁ5?e§aﬁFﬂﬁular’
1Q4 El@dqﬁﬁioq%gﬁéfgilytm§t§§0@@@ GoRcelRsSphkkMBular metal
prepared w t'h an adhesion prinmer and a nononer, the
t Nicsd ocoli®er ssichuret pdrdlinsablos PallAadiamd e Medglt R1loys,
concerns _fil conpr.i si Ng.nano- obj I s
ARoGeBR IS A ATBHe Tharpreci oe TEPa BBs, paxige g metal
flbeOn a gold plate using a diazoniumsalt from
par a- benzyl am ne, prepared in situ in the presence of
i ron fAmPRgs thEomefialofsal & obed wotoRf: NN Sat TOT1 SfRmPle,
i 1 eLg 0 f &, phtldi o Ofnickel sulfat
p F%g%gﬁfylgﬁingﬁggs%.léﬁp%ﬁ9k{§u(o.5 M, iﬁr%ié%r f%l a=e

f @omdthendi.azoni um salt. A gold plate was then added

to the reactjon nmediymfor 15 nin. _The _pl at th@ﬂ

ri nsed TS waPer i tﬂgactél?%ne,ypa%d% gl],lsbj ¢ e\cli\@ 5 e of
uld1asad i OMeand tiged dasiie setuaola imrmatdiidn that

a pH= 9.5 so as to deprotonate the primary am ne,
befadres Ipdiawg -dri ed. The XPS spectronetry (X

phot oel ectran spectro ) alysess C WY id Molut s
t he pr ence ot %hleoq‘ isalcl%@/exrr?gc%tcteédsst% of which the o %On
t hirkngss gicaeageasw tdnd heoleaoti ormtt i heasThene adhesion
speci fic pol y-benzyl am ne_bands at 1476 cm 1 ..

(ot T | GRLESTR L LYodS CHEREE ( BBFor RACPORE NOW gggnE Exom

33682 &M 199%&4.:0811&'; 08E8LIKSI Blte 1adtheordR chemical
spectrumof a plate after the treaftnent 1gfigure 1).

Exianilimtlo®? - abr eplefitriash ofbavei | mten afgdfid plader non-
ing. 5 g diazopi _nhepyldiamine, |
S5 o AR DR oL S EoRIRRY Ao rommation or

4 g8 0fa8t Sehut iramidfalNaN2taé Adhebtion watisremeran organic
added to 4 ml of a solution of p-phenyldi am.ne at

0. .
M EhlMcRE (Ghs Nurfacer 8ér 2 ¢k EHBPAF bz dm Lﬁﬁ%taar"t]t. with

10.20 .iron filings were added to this diazonium
sa?%%o%%lhéﬁﬁ\ gold plate was then added to the

react i orhereithuent bon181ebnreThéepl &oe andsl tt heol rppgRyring a
in water with aceton

A N N N AU
kit includes, in particular:

- in a first compartment, a solution containing
at least one adhesion primer as defined above,

- optionally, in a second compartment, a solution
containing at least one radically polymerizable monomer
different from the adhesion primer as defined above,

- and, possibly, in a third compartment, a

solution containing at least one chemical polymerization

initiator as defined above.
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15The XPS spectronetry (X photoel ectron spectroscopy)

and IR anal yses confirmthe presence of the film

expected, of which the thickness increases with the
reaction time. The specific psphenyl am ne bands at

1514 cm1 (Deformation C=C), 1619 cm 1 (Deformation

N-H) and 3373 20 cm1 (Elongation NNH) are visible on

the IR spectrumof a_plate after the treatnment (figqure

2). Exahpl &if ?chﬁéfn%f tPhé:&’Fisl M ke s© 98 &?%\?vonally
t e snfdoreRge of MAhOtEnd afdh €4 Sn iy tAesdBpension of at
thickness of the organic film the nethod was applied

t deasgolahe| neno-pbacet iim tdespepsaféenofsH Eltut ABA/Or 2

cont ai_ni_ng_4- am nobhenzyl di [ : :

DGRBS CIREE SR TeoR L Lone Cal 8%[1%8&#8? e ueion:
formatiran gh ratteahaenteties. dhés ki cramsding to the
particul ar notivated 30 by the presence of

chargatdonst i Ehabdarsti FORRMIIGIt t REREPLRPoR Qi hBAST ©one
a 1,€Def 9r nBih Qb LrCor14RA5 cRr 1npPeEQEEBLI B an
N%$%%%5%%58%cn%§ %%%ha%o%prﬁm. L pRete

s alditeisdonofordimezdni mmasw ta ime heatdra e tptep deapupred from

dding 4 m. of a.solution of. NANC2 at. Q 4 104 .
TSR o SR LOROR GHML D EEITE AR o) S <2
ofe P-ifAEneeReNzy aiine ddbdiCHd ki tMwilingesssibly include

agitation. A5 gold plate was added to this sol ution.

Tatst Lelgst henenfathaic eCoMPREENEBRCIGBF ATHET tHe least one
sql.ut i a q@g? ;8| g¢ld oghemigal £ its
cc?r%cﬁ“{e?%n\g@%lc%%\%gﬁg fgggt he éolr tl%n of r%di cal s oﬁom _ *

t hercadhesiron (gl rér cbypadtdinegt2@d nfowfthr opmpprimgst 1f a
The 10 pl.ate was then renoved from,the reactign _nmedium
arrd S Hfedi aPEreti nd&d W‘?ﬁe%{er H agt eongugndgég’ for

didBfyild OrdBHE e (DD 1 Wt ot tasonfrhm g, fpredlysor of
dri‘ed 'under an argon current. As shown by the IR

spgw radhesidn gpremer, t Radt pAscof PRNGep QU IGR iR allow,
S le tq the reaction nedi Lf ; h
C ATBE o 1Y | 1P el Expoaty & b oo of &¥Fe, che

10 sk A iyt 88 wEhesteat edimkt . appesnsdrhatkilled in the
prol onged exposure increases_ the thickness of ther es it
fiams WwhbbedndeRetPRdr EREE Thet MES MleiRyF B 19 WS

a i bagds 4 0f15he Reh)inkr 4-c¥ nohengydberime ateactive
12%§£%%%] 1605 gm:lL and 1(;:5%)%;:m1 i ndi catp(es an

i nchieyasenl nspdeiedi ckness of the filmover tine.

Exanple_1-4 - Pre aration_of a fil. go pl f th
usi ng 2% oMErER  5Ri Fk?%pﬁ:eorFy acf‘lrﬂzfg{(;n?ll}m %ﬁyt hcg{ee © ©
Presenceod ion did | M stThanexpeeicordt wespeehdeoted and

aﬁggégiggytgjfh%he solution of the third or the fourth
compartment. An identical or different solvent is
advantageously contained in each of the solutions of the
first and second compartments, and possibly in the
solution of the third or the fourth compartment.
The solutions of the various compartments can of
course contain various other identical or different

agents, such as stabilizing agents or surfactants. The

use of the kit is simple, since it is simply necessary to
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protocol described in exanple 1-2, using commercial p-
ni trophenyl di azoni um (Al dri che) solubilised at 0.05 M
in 30 an HCL solution (0.5 M. The gold plate was then
imrersed in the solution for ggound 15 mn. The plate
was then 73 rinsed with water and acetone, and
subjected to ultrasound in DMF and then in water

b d d. , he XPS
S BABER ot A oo T ekt ata g S ERGDPRETeATEd,

anal ysesc£onf wited the pricsenee 6f %hhesbihiions prepared
expected, of which the thickness increases with th

r ¥EEMBRTRNGOUS 1YE9@Xn'p"Ilé€lIf195 thepsedaytdonsn odf thef @lrﬁferent
g?o pggkﬁﬁﬁk%te ﬁ%f 3?0%?3@5%¥Jh(%ﬁﬁufﬂhg%rtlcular

e p(e ence
pbgcedul erasouddnt i cadivaﬂta@acbusiyexarqahbyl - IthelThe solution

iron filings were replaced by aro nq§5.10 of stee
WOSRtRLBERY (Lt pPPRYMEASTERENAICY | © %ngggﬁgepymaﬁgment
(Qk, &aﬁj@cﬁé@etéo%&%mrbéfaﬁe( BR9hg WxEdH nak@ﬁ the

it 15 possible not to have solid iron reS|due in the
ssbduitapn contahelxgs anlde | R adléybe’ caifingy t h@repared

presence of th expect of_which the es
PSR e RE R ekl FESHr Ay Hedlrll 2 bl PRHALEHESSHn che
Peepatabnorofthe ffiili@torompgeltthepitat e using a

di azoniumsalt created in situ in a basic nedium

The pr 38&dui-BVERLigENt PéﬁP tB2kRar bF SRFPHRLS - 1£0 g.oPtain

Mool 50821501 U PIL At 2rBirialicd MruBbecsubsti tut athouna

iron |I|ngs | er to all or a 25 slight
i fdreds eoé nnbhedphac aduvef&lms havéTWe KR8tapdlhRly good
ana%y s confirmthe resence of t Fn1ex
H &t

ected, of
Sy s Ao b ek Pt Rt HEoPRREL PRt FhsLvent

3QrExate dhd moRbRPRar alsl PraefiAuldd 1) ofoBulgDe daﬁaatlel the
using a diazoniumsalt created in situ, primed by a
i Prsgieaced P/DR1gEaEPERE, the thickness of the fllm does

not vary significantly. Moreover, it is possible to test,
with remarkable success, the thickness of the film
obtained by varying the experimental parameters such as
the reaction time or the active species concentration.
The composition of the films is also homogeneous, and it
is possible to test it with great precision, which makes
it possible to produce both random and sequential polymer
films (also called block or alternate). The films are
uniform, i.e. they have a homogenous surface over the
entire surface on which the method has been applied. This
invention therefore makes it possible to produce numerous
functionalizations on a very wide variety of surfaces
with different monomers that may be combined with one
another.

It is of course possible to apply all of the methods

described using a base support. The order and sequence of



74 The protocol is identical to that of exanple
I-1. An irradi ated PVDF nenbrane (2 cn2, thickness 9
pm electron irradi ati on dose: 100 kGy) was
substituted for iron filings.ghpThe IR anal yses
confirnmed the presence of the expected film the

t hi ckness of which increased with the reaction tine.

Exanple |-8 - P ti f il | d te .
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identical to that of exanple I'-1. A glass plate was

usee i of t hpgkeased THee | Fospkizednfeshpting offe coalescence

pre
t Kickness TNCT eases W e reac

z0 eergce Pés&f@ ?L)ﬁpeﬁ (@) énlzogé éﬁ'hi r?:ht hfi s capable of
T FEatron Tihe: - EVanSTE

élj.-lrﬁa.vir@ epacaipdexatya fiuch ar aanilakehapliahe afsigwgraessive
iazoniumsalt, prepared in_situin th resence of .
| (HPAG AR PeaFeARt Ot HEHPS| SUPREHRLLER BY Ehah gr Simple

APl droky Adigkel Dlase sagdised in this case with
a reaction tenperature of 40 C. The IR spectrum

obt ai n&the( f igvert 49n cbaki Mnatmispradeageagest hdhis method
expected film __of ich the thjickness .. ases_w
tﬁrga%?eésact it&n tPﬁ%.s\i\g eExanl'fﬁlenS?-10'?l - f’rlcgL gr%éti oR o‘%f% and

fideprtrigieel grdcedd SltB1l@adrmisi nguta dilez ongrafting
salt prepared in situ in the presence of iron filings

of

THOBHIAGCE 95 HRIAIRMC 'S FHT G ¥%anPte tUAle tion
stgel phate '%‘le%hé;%GLdEQ@§ used i npd i sréasenyThesidhirficant

spect rum obt al ne figure 5) confirfims the présence of
t hiemvestment with regard to specific equipment such

as

potentiostats, costly vacuum set-ups, and so on. Moreover,

the implementation of the method is simple and fast by

comparison with the other techniques known today

grafting or coating surfaces. This method does

for

not

require a connection to an electric circuit, wunlike

electrochemistry, and thus enables it to be applied on

surfaces that are difficult to connect, such as mnano

objects. Furthermore, this radical polymerization can be

performed in the presence of oxygen, and does not involve

any special precautions during the synthesis.

As shown diagrammatically in figure 8, this

invention can be used in an aqueous medium without

any

equipment other than a container in which the reaction

takes place. Therefore, it is no 1longer necessary to

connect the surface to be grafted to a potentiostat

(figure 8a), but only to soak it in the solution of
reaction medium (figure 8b). This technique makes

possible to synthesize a large number of polymers,

the
it
the

monomers of which may or may not be soluble in an agqueous
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75 expected film of which the thickness increases
wWth the reaction tine. Exanple 1-11 - Preparation
of a filmon a dianond using a 5 diazoni um salt
prepared in situ in the preseage of iron filings_
The protocol is identical to that of exanple I-1. A
pi ece of dianond was used in this case. An AFM i nage

fi 6 fi th . f.th t fi
o84 1 CheERY cHEEE PTarsct” WP LRC RCCPEBKL | B, on-

t ieMRc t @ aRN Y- icdpiRict i eanalaysi s tROWS wliftd pr e@gﬁe @fcrong
the filmat the surface. Il - Adhesion primer an
MeeGeSions EXaRPl etlhe- Ifilum ephtaingd obPeangi | edhstent to
gol I [ ' [ alt prepared in situ
a%ﬁﬁf%S%hgphgirﬁ%te ﬁ%?%ggéégﬁ%gofironhdrcpxethYI
filinggh204 imveaftisorsol thuon wdkdaNRt at pBsEibllen to very
wat er were _added to 4.nm of a sgkytion of ,

pSFHERHIFRAN SRt R 0TINRFIANREL 2R 025 COPSidRTaRdE, numPer
t o APrRe Agmerhanyls i azonitd Rt thotl dHcdfated or
HEMA, then 200 ng of ironfilings were added to this

digxzaditiegm sabchsokat ian PINRokdrppaee 2Bhaas taem numerous
?%deethso 5Pe?é§mg%%gyogeghgmsfu%ﬁq 55 o hgaﬁg%teteoa\%siied,

nrinsed Fr~-Wwth acétone, and subj ec
ulfigrasouddaipl OMF anich t hepioboygt er hief or ephethigular for
dried. The XPS spectronetry (X photoel ectron,

s _ L3¢ YanPURHTRY s S (S r R PesedF  the

Ofe Jloft {drlMIBRA LAl YT uldiRdIHCKRERS pPSEEEEESN of
surfaces, such as metals (anticorrosion) or fibers
(water-repellent), for effluent treatments by coating
films with complexing molecules, or for producing a
structural bond from the grafted film.

In addition, the functionalisation can be localized
by using the mask. It is thus possible to specifically
coat various areas of the same surface while protecting
other areas with one or more masks. This type of
procedure is easy to implement because organic masks that
are easy to remove can be used. In particular, it is
possible to use simple depositions using ink-impregnated
felt pens or a coating with fat.

Finally, the functionalisation of the surfaces of
interest can be further enhanced by the use of grafts
themselves linked onto the grafted film.

The method according to the invention can also be
implemented in a pollution-free approach, since it can be
performed in an aqueous medium and it produces little
waste, with one of the products of the reaction capable

of being in particular dinitrogen.
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Figure 9 shows the IR spectrumof a plate after the
treat nent. Tabl e 3 provi ded bel ow conbi nes a set
of thickness val ues obtained for the same reagents
when their 5 concentrations, ghe exposure tinme or the

amount of filings were varied. HEMA (npl.1 1)

Di azoniun1(n01 11) Tine(nin) Iron (nmg) Thickness (nm

0.9 0. 2
%%her a%ures and advantages of this i

nvention will

become clear to a person skilled in the art on reading

the following non-limiting examples provided for the

purpose of illustration in reference to

figures.

Brief description of the drawings

the appended

Figure 1 shows the IR spectrum of a gold plate

according to an alternative of the met
invention with a solution of which the diazo

prepared in situ from p-benzylamine.

hod of this

nium salt was

Figure 2 shows the IR spectrum of a gold plate

treated according to an alternative of the method of this

invention, i.e. with a solution of which the diazonium

salt has been prepared in situ from p-phenyl

diamine.

Figure 3 shows the IR spectrum of a gold plate

treated according to an alternative of the method of this

invention, i.e. with a diazonium solution,
and 15 minutes of exposure of the plate (res
(b) and (c)).

Figure 4 shows the IR spectrum of a

after 5, 10,

pectively (a)

nickel plate

treated according to an alternative of the method of this

invention with a solution of which the diazonium salt was

prepared in situ from p-benzylamine.

Figure 5 shows the IR spectrum of a

steel plate

(AISI 316L) treated according to an alternative of the

method of this invention with a solution

of which the

diazonium salt was prepared in situ from p-benzylamine.

Figure 6 shows an AFM image of a diamond surface

coated with a primer film (figure 6a) and a
curve (length X (nm)/height z(A)) of

indicated by a double arrow on the AFM image

profilometric
this surface

(fEigure 6Db).
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Figure 7 provides a diagrammatic representation of a
sequential film (figure 7a) and a statistical £film
(figure 7b) prepared according to this invention.

Figure 8 provides a diagrammatic representation of
the grafting methods of the prior art (figure 8a) and the
method according to this invention (figure 8b).

Figure 9 shows the IR spectrum of a gold plate
treated according to an alternative of the method of this
invention, i.e. with a solution of which the diazonium
salt was prepared in situ and using a monomer.

‘Figure 10 shows, for a gold plate treated according
to this invention, with a primer and a monomer, on the
one hand, the IR spectrum of said gold plate treated at
different exposure times (figure 10a) and, on the other
hand, the IR spectrum of said gold plate treated
according to the amount of iron filings (figure 10b).

Figure 11 shows the XPS spectrometry (X
photoelectron spectroscopy) analyses of a conductive
carbon felt (figure 1lla) and of the same carbon felt on
which an organic film is grafted, which film is prepared
according to the method of this invention, i.e. from a
diazonium salt created in situ and acrylic acid, in the
presence of iron filings (AAP for acrylic acid polymer)
(figure 11b).

Figure 12 shows the IR spectrum of a gold plate
treated according to the method of this invention for
forming a sequential f£ilm.

Figure 13 shows the IR spectrum of a gold plate
treated according to the method of this invention for
forming a statistical film.

Figure 14 shows the IR spectrum of a gold plate

treated according to the method of this invention for
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forming a film based on a monomer that is insoluble in
the reaction solvent.

Figure 15 shows the IR spectrum of a glass plate
treated according to the method of this invention with a
primer and a monomer.

Figure 16 shows a photograph of carbon nanotubes
(figure 16a) and a photograph of carbon nanotubes after a
treatment according to the invention with a primer and a
monomer (figure 16b).

Figure 17 shows the IR spectrum of a PTFE plate
treated according to the method of this invention with a
primer and a monomer.

Figure 18 shows the IR spectra obtained for a gold
plate (figure 18a) and a titanium plate (figure 18Db)
treated identically according to the method of this
invention, i.e. based on 2-hydroxyethylmethacrylate and a
diazonium salt prepared in situ, in the presence of iron
filings.

Figure 19 shows the photograph of a water drop on a
pristine glass plate (figure 19a) and the photograph of a
water drop on the same glass plate coated with p-
butylmethacrylate (p-BuMA) according to the method of the
invention (figure 19Db).

Figure 20 shows the IR/AFM mapping obtained for gold
plates coated with a commercial ink mask after treatment
by the process in the presence of
hydroxyethylmethacrylate (figure 20a) or acrylic acid
(figure 20b) and removal of the mask.

Figure 21 shows the IR/AFM mapping obtained for a
gold plate coated with a thiol mask after treatment by
the process in the presence of acrylic acid and removal

of the mask.
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Figure 22 shows the IR/AFM mapping obtained for a
gold plate coated with a thiol mask after treatment by
the process in the presence of hydroxyethylmethacrylate
and removal of the mask with different patterns (figure
22a and figure 22b).

Figure 23 shows the IRRAS spectrum of a gold plate
coated with a film comprising PHEMA and a cyclodextrin
derivative.

Figure 24 shows the IRRAS spectrum of a gold plate
coated with a film comprising PHEMA and a calixarene
derivative.

Figure 25 shows the XPS spectra C;s (25a) and Nig
(25b) of a gold plate coated with a film developed from a
single primer and comprising a porphyrin derivative.

Figure 26 shows an XPS spectrum (global) of a film
comprising PAA, grafted on a gold plate, before
incorporation of the Pt nanoparticles.

Figure 27 shows an XPS spectrum (global) of a film
comprising PAA, grafted on a gold plate, after
incorporation of the Pt nanoparticles.

Figure 28 shows an XPS spectrum (global) of a film
comprising PAA, grafted on carbon nanotubes, after

incorporation of the Pt nanoparticles.

Detailed description of specific embodiments

The following examples were performed in a glass
cell. Unless otherwise indicated, they were conducted
under normal conditions of temperature and pressure
(around 25 °C under around 1 atm) in ambient air. Unless

otherwise indicated, the reagents used were obtained

directly on the market without any additional
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purification. The glass plates used had a surface of
1 cm?.

No precaution was taken with regard to the
composition of the atmosphere, and the solutions were not
degassed. When the reaction time is not specified, the
exposure of the surface to be treated with the reagent
solution lasted for 1 to 15 minutes.

Four series of examples illustrate the embodiments
of the invention. The first concerns films prepared with
an adhesion primer, the second concerns films prepared
with an adhesion primer and a monomer, the third concerns
functionalisable films, and the fourth concerns films

comprising nano-objects.

I - Adhesion primer alone

Example I-1 — Preparation of a film on a gold plate using

a diazonium salt from para-benzylamine, prepared in situ

in the presence of iron filings

4 ml of a solution of NaNO, at 0.1 M in water were
added to 4 ml of a solution of para-benzylamine at 0.1 M
in HC1 (0.5 M), in order to form the diazonium salt. A
gold plate was then added to the reaction medium for 15
min. The plate was then rinsed in water with acetone, and
subjected to ultrasound in DMF and then a basic soda
solution with a pH = 9.5 so as to deprotonate the primary
amine, before being dried.

The XPS spectrometry (X photoelectron spectroscopy)
and IR analyses confirm the presence of the film expected,
of which the thickness increases with the reaction time.
The specific poly-benzylamine bands at 1476 cm™?

(Deformation C=C), 1582 cm* (Deformation N-H) and 3362
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enabl es the thickness of the filmfornmed to be

i ncreased. Exanple 11-2 - Test of the filmthickness
77 a gold plate, placed in the presence of a solution
contai ni ng an adhesion prinmeryq 4-am nophenyl di azoni um
and a nononer, HEMA, under non-el ectrochem ca
conditions allowng for the formation of a radica
enti{y hased on 5 the adhesion,giiner. Thi s_choi ce was

6T vatfEPiaR et iuPard by Yhet Pteseckligs IR spectrum of a
cpanaet gFkaki ehabseeRkhentbardguak 1726, 1454 and 1166

nm of the poly- HEMA A sol ution of adhesion

prinmer in water was prepared by adding 4 m of a

2%&3&%9% EtzNQHE%S%%r%F%EM]&%]%Ofﬁlé?og?ge%%l%ppﬁagg using

paphEmdceniert asale EpohiCh-(hdnyNdiauider, agi¢piied. ih situ
m, (8,24 mmoles) of HEMA and .a gold plate were added

t 68t kP8 BEPFERER. Of51¥OR fafiigice of the reaction

time 7Thgsoldgitions¥esthen BlrasRY AN’ 019N-M in water were
el ectrochem cal conditions allowing for the formation
obddadi ¢al ¢ onl t b€ adisedivdnd opy iaferp gheridl dtpR0ge ngtoP .1 M
iron filings e pl.ate was then renoved fromthe.

e etSh 38 Redlim AR TTMeR doul STTnels WihaTER salt,
t hen age@nd raid i Imaidy | horepaided (DYFLhiBdeiazonium salt
ul trasound, and finally dried under an_argon current. .
ASCIHEMRTBY A hECLR Spletlte unpen Thggur 8dded, Ghethengegction
e e t | e re L O di

e R B8 TRt b eRnGac e (he FrTo Gora mod  vater
| wdedd acelienenc rads eul] eclted toenditirpsofurtchen DMF and then
absor pt.i on bands of the HEVA at. 1726, 1454 and 1166 nm
iﬁ&P@ﬁEe%naWaFﬁEr gLeTen _H@gtﬁFEF ss of the film

over tirAB. xps specthidhdtigkngsphetobhectirbi® stREtroscopy)
measured using a 30 profilonmeter: it ranged from 12 nm

t 8ng0GRnANPAY SER EppdsdMe thiempriesegiosy I ¢Sl fidm xpected,
MRULRS ch 7%%‘&%&1&#‘&@0? 0f000; %%EN?B@G 8@ tion time.
condi tions allow hg of the Tornation of radicals on

t Maeadhesicar flird NBrp-phenylamine bands at 1514 cm™®

(Deformation C=C), 1619 cm™' (Deformation N-H) and 3373
cm™' (Elongation N-H) are visible on the IR spectrum of a

plate after the treatment (figure 2).

Example I-3 - Test of the film thickness

To show the influence of various parameters on the
thickness of the organic f£ilm, the method was applied to
a gold plate, placed in the presence of a solution
containing 4 -aminobenzyldiazonium, under non-
electrochemical conditions allowing for the formation of
radical entities. This choice was in particular motivated
by the presence of characteristic absorption bands of the
film obtained at 1504 cm! (Deformation C=C), 1605 cm™*
(Deformation N-H) and 1656 cm' (Elongation N-H).
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G ven that the anount of radicals present in the

sol ution has a notable influence on the reaction, the

5 method was carried out with a variabl e anount of

iron filings for a reaction tipge set at 10 mn.

As shown by the IR spectrumin figure 10b, the anount

of iron filings present in the reaction nedi um has an

i nflue ce the t hickness aof the f|In1obt ined. A1

i SN PF| CAGEoRS Ui ks PP | RobPHaragy Bt epared
gwr@a@m@oughﬂr agk cal ssd1utivh r@ﬁcwamzrra@ wnand (4.10*
make it possible to obtain a grafted filmof an

| RdGHct el & A GnesssoBaysna atcdrtlaith xifummoles) of

SRl b 1 YO e 9 4 1 BHRERS B ion.

P@ﬂai gliaore ofasa ddded crm a:lgnst bt ieon USi ng
commer ¢j al g-aitr hen glazonlu g HEMA in the
presenc® of “P8n T19 i AQS u?ﬁ?ﬁe‘gipé PneftaGgon time, the

cylupties acgasdi RGO tHeaPEQL 0cRldedesidRath ddk rochemical
exanple 11-2, using conmmercial pnitrophenyl diazoni um

(N@?dwgqs ol L ing efont theosonmphian HEL reésligdlen on the
t d; t
(hdlio peEhd LR D0 TS0y 0 i e

rlpmaﬁt\mwbh wahehn aﬁdm@@eﬁon@mmandjﬁubreatedoho medium and
uItrasound |n DVFE and then in water before bein

driREdLately A TSRS { HEtRPS SBEEET onBBFY (xecetone  and
PROLAAIBAII MR T AAENY) ARM | Ru802LYSERACONEHA T inal 1y

the presence of the fil mexpected, of which
t Mlaeesmndarxrasasagan tdudeithe reaction ti rre 79

Exanpl g 11-4 reparation of a filmao pl.at e
oo BN (T O TP 1 e TR crime of
basigodme usE Thee pseepder ecbs didenteaatiba tediwh has an

exa Ie 11-2. 5 0.3 M of a NaOH solution at 2.5 x |10
%ﬂﬂﬁﬁqtQHeﬁPQ(#h%qﬁﬁﬁﬁ%wpﬁ|¢¢%g%llml%P%ﬁ%n?% ExXposure

Thﬂewsoéfa SSl I ght 5 Crﬁsﬁ]}hﬂtgge WiFd 0 aboug, 4- Iﬁ: appears

and “I'R anal'yses confirmthe presence of t
f|ﬂhamxmepreﬂongédmbprsuhe timiccleness ither edsiesknmgsh of the

10 reaction tine. Ex le 11-5 - paration of a
oy s (T TABRRSrel EusERE ACAERDBAFm Of the
saldssfatad ighisdd U end ags Yl p&1pch th (MndBedBlamine at
presence of iron filings ,

1504 cm™", 1605 cm™~ and 1656 cm - indicates an increase in

the thickness of the film over time.

Example I-4 - Preparation of a film on a gold plate using

commercial p-nitrophenyldiazonium in the presence of iron

filings

The experiment was conducted according to the
protocol described in example I-2, using commercial p-
nitrophenyldiazonium (Aldrich®) solubilised at 0.05 M in
an HCl solution (0.5 M). The gold plate was then immersed

in the solution for around 15 min. The plate was then



15 The exanple was perfornmed according to the
procedure described in exanple 11-2. The nononer used
in this case was acrylic acid (1 nl) and the sanple
was constituted by carbon fel43 The XPS
anal ysis, as shown by the spectrumof figure 20 11,
confirnms the presence of the expected film Exanple

11-6 - Preparation,of a seguenti film_on | d
SFAPEede] S i B3bRFum St PPERaPRA | AT S opERREed

and tAAsoindhe nppesened ehenr an WaltleRgbe 356 b‘étlngadrled.
pl ate was prepared and cl eaned according to the

proceddfe 8PoBRanphle11XBS spectyonglirgol (i GRagPalgstron

SEBRCHLAZaR T A4 tesghant Ry i (8l el o

5 adﬂedfiMmaqﬁpﬁ¢t¢devmbummycmrehareﬂlaﬁnaesoudpmgaSes with
exanple 11-2 was then placed in the reaction nedi um
f&Pe r@&FF&HPetPWﬁe at the end of which it was
cl eaned and dried as descri bed above. 80 Fi gure
12 shows the IR spectrum obtained for such a plate
afxempls @-SutedreParesdono®f Phd idincac fediodid PUshedasing

agLli ¢, acid palyer)

10 leealebaratlon of a statlstlcal fllmon a gold pl ate

u5|ng a diazoniumsalt prepared in sity, HEMA an
in the TBReSHREBITS roh £APPRgSaL to thaﬁ"neoﬁrﬁ?fé‘ﬂ‘ﬁllé -1

uged 1§dnd%'1tl'1‘ﬁ%|s LR A ate Al xanR) %r%rgdl 2,1 EXERIE steel
t hat acrylic acid and 0.5 of HEMA were
a@@aitﬂiﬂéﬂs(ﬂéﬁ@pﬂiﬂnfﬂ%$T6mAMA®mn succesEh&eﬂ@ flne (0),
spectrun1obta|ned is shown in figure 13: it canfir

t BEt3PesEhBR of0 Q)heaBIpetIRRE stafiest (&) fi MRich ‘makes it

15 E%%%tslltblitee%éitn t%arl‘ltav“el'”sgl 1%)/ 1% trvéé RO R $helXolution.

reparation of a filmon a gold plate
usi ng ah@nxaﬂuandsﬁRtamabpaeedconfsrmutandpresence of the

S BLLDE (47 1Bt DEPLESERES 2] (00U R cne
ZQegd@ﬂaﬂ-ﬁaﬁéphne in 10 mM of water, prepared by an

ul trasound treatnent, were added to a di azonium salt
sol ution prepared accordlng to exanple 11- 2,

'Qiy'%te u81no

thﬁcﬁ%ﬂﬁﬂdum6$alt created in 31tu in a ba51c medlum

The procedure is identical to that of example I-1.
0.3 ml of a soda solution at 2.5 x 107 M were
substituted for the iron filings in order to allow for a

25 slight increase in the pH to above 4.
The XPS and IR analyses confirm the presence of the
film expected, of which the thickness increases with the

reaction time.

30 Example I-7 - Preparation of a film on a gold plate using

a diazonium salt created in situ, primed by an irradiated

PVDF membrane.
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25 descri bed above. The I R spectrum obt ai ned for
the plate is shown in figure 14. The characteristic
bands at 1602, 1554 and 1419 nmval i date the presence
of the expected film 30 Exanphe 11-9 - Preparation of
a filmon a glass plate usina diazoniumsalt .reared
in situ and HEMA in the presence of iron filings 81

The protocol is identic, t hat of exa e 11-2,

except PP Cé‘g's a% ‘i?ged:‘? Fhat ?gcz%@mple I-1. An
The- AR ished VPWIShﬁéMbﬂa[hé" r&n?lS GARKHSES [N8m, electron
presence of the expected film t he t hi ckness of which

5 iimvaddagdsmi desehe A0Act kEH)tiwes Bxa@pptetyted( for iron
Prepars |on of a filmon carbon nanotubes usina

ditazonim sal t prepared in situ and HEMA in the

presenageof IR orarfdllydigs cdXiGmas oftHd opddddritgs a®l the

1 m of HEMA were added to a diazonium salt sol ution
preeRad@®hst i chtedthhckranpl @F 1Y ChTREFrepgedmyish the
rnyégé%¥§ n G&rkon nanotubes in the formof a carpet

were added to this solution. The | ayer, after
reaction, was cleaned according to the 15 protoco
ole 2 bezgre bei Tre using
(%El\dz,azs&mlvamléhit Q@feaﬂ@d gar ee&noaﬂ tt@len@'i:‘éts‘é@ﬁ:% of iron

béfore (figure 16a) and after (figure 16b) treat ment.
2@ iddamEH e 11-11 - Preparation of a filmon a PTFE

e e e e R s

a slaast | pladfe NahE? ated. lirM itthiwat easeer eThe IR spectrum

confirms the presence of the expected film, of which the

thickness increases with the reaction time.

Example I-9 - Preparation of a film on a nickel plate

using a diazonium salt prepared in situ in the presence

of iron filings

The protocol is identical to that of example I-1. A
nickel plate was used in this case with a reaction
temperature of 40 °C. The IR spectrum obtained (figure 4)
confirms the presence of the expected film, of which the

thickness increases with the reaction time.

Example I-10 - Preparation of a film on a steel plate

(AISTI 316L) using a diazonium salt prepared in situ in

the presence of iron filings

The protocol is identical to that of example I-1. A
steel plate AISI 316L was used in this case. The IR

spectrum obtained (figure 5) confirms the presence of the
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25 added to 4 ml of a solution of p-phenyl enedi am ne

at 0.10 Min HC1 (0.5 M so as to formthe di azoni um

salt. 1 m of HEMA, then 200 ng of iron filings were
added to this diazoniumsalt gglution. A Teflon(r)
part nmeasuring 4 cn2 was then i ntroduced to the
reaction nediumfor 15 mn, 30 the plate was then
rinsed in vwater and acetone and exEosed to ul trasound

i RXBRELethdr Wat &5 Wetdr et B2i k3 arTeds 1Bgreases yjgh

sgggb&qggt&xm@nd I R anal yses (flgure 17) confirmthe
presence of the expected film the thickness of which

increases with the reaction time. 5 Exanple 11-12 -

f%&on- using a

ofil&aasnlle@ @al\/carpm;sﬁe@es‘an &miudl:frf ettmtpﬁeﬁeﬁeémf iron
were used. The diazoniumsalt used in this 10 exanple

red in situ using p-phenyl enedi am ne.
The 1egyft Rigied 4 %@&%ﬂ/p@o oéhéenekee%ﬁ@&@ 1. 2
to the nononer are shown in table 4 below For each
t p&es&n‘p:bés dtlestmd, t\h@s presencenf idhmsyasaver i fAnedAFM 1mage

&%pge %Rectr &rﬁg %%p%ﬁkkgggﬂyﬂn é}gxﬁgé%e&rgilm of

Wthh the thickness increases with the reaction time. The

profilometric analysis shows the presence of the film at

the surface.

II - Adhesion primer and monomer

Example II-1 - Preparation of a film on a gold plate

using a diazonium salt prepared in situ and 2-

hydroxyethylmethacrylate (HEMA) in the presence of iron

filings
4 ml of a solution of NaNO, at 0.1 M in water were

added to 4 ml of a solution of p-phenylenediamine at 0.1
M in HC1l (0.5 M), in order to form the aminophenyl mono
diazonium salt. 1 ml of HEMA, then 200 mg of iron filings
were added to this diazonium salt solution. A gold plate
was then added to the reaction medium for 15 min. The
plate was then rinsed in water with acetone, and
subjected to ultrasound in DMF and then in water before
being dried.
The XPS spectrometry (X photoelectron spectroscopy)

and IR analyses confirm the presence of the film expected,

of which the thickness increases with the reaction time.
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Figure 9 shows the IR spectrum of a plate after the
treatment.

Table 3 provided below combines a set of thickness
values obtained for the same reagents when their
concentrations, the exposure time or the amount of

filings were varied.

HEMA Diazonium Time (min) Iron (mg) Thickness

(mol.17%) (mol.17%) (nm)
0.9 0.05 1 200 10
0.9 0.05 3 200 50
0.9 0.05 5 200 90
0.9 0.05 10 200 140
0.° 0.05 15 200 200
0.45 0.025 1 200 < 10
0.45 0.025 3 200 20
0.45 0.025 5 200 40
0.45 0.025 10 200 90
0.45 0.025 15 200 120
0.9 0.05 10 5 < 10
0.9 0.05 10 50 30
0.9 0.05 10 100 70
0.9 0.05 10 150 100
0.9 0.05 10 200 150

Table 3

The increase in the exposure time, the primer and
the monomer concentrations, and the amount of £filings,

enables the thickness of the film formed to be increased.

Example II-2 - Test of the film thickness

To show the influence of various parameters on the

thickness of the organic film, the method was applied to
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a gold plate, placed in the presence of a solution
containing an adhesion primer, 4-aminophenyldiazonium,
and a monomer, HEMA, under non-electrochemical conditions
allowing for the formation of a radical entity based on
the adhesion primer. This choice was motivated in
particular by the presence of characteristic absorption
bands at 1726, 1454 and 1166 nm of the poly-HEMA.

A solution of adhesion primer in water was prepared
by adding 4 ml of a solution of NaNO, at 0.1 M (4.107*
moles) to 4 ml of a solution at 0.1 M (4.10™* moles) of
p-phenylenediamine in HC1l (0.5 M), under agitation. 1 ml
(8.24 mmoles) of HEMA and a gold plate were added to this

solution.

2-1 Influence of the reaction time

The solution was then placed under non-
electrochemical conditions allowing for the formation of
radicals on the adhesion primer by adding 200 mg of iron
filings. The plate was then removed from the reaction
medium and immediately rinsed with water then acetone and
dimethylformamide (DMF) under ultrasound, and finally
dried under an argon current.

As shown by the IR spectrum in figure 10a, the time
of exposure of the sample to the reaction medium has an
influence on the thickness of the film obtained. Indeed,
the increase in the intensity of the absorption bands of
the HEMA at 1726, 1454 and 1166 nm indicates an increase
in the thickness of the film over time.

The thickness of the films was measured using a
profilometer: it ranged from 12 nm to 200 nm for an

exposure time ranging from 1 to 15 minutes.
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2-2 Influence of non-electrochemical conditions allowing

for the formation of radicals on the adhesion primer

Given that the amount of radicals present in the
solution has a notable influence on the reaction, the
method was carried out with a variable amount of iron
filings for a reaction time set at 10 min.

As shown by the IR spectrum in figure 10b, the
amount of iron filings present in the reaction medium has
an influence on the thickness of the film obtained. A
minimum amount of £filings 1s necessary in ‘order to
generate enough radicals in the reaction medium and make
it possible to obtain a grafted film of an IR-detectable
thickness. Beyond a certain maximum amount of filings,
the variations in thickness of the film obtained are

negligible.

Example II-3 - Preparation of a film on a gold plate

using commercial p-nitrophenyldiazonium and HEMA in the

presence of iron filings

The experiment was conducted according to the

protocol described in example II-2, using commercial p-

nitrophenyldiazonium (Aldrich®) solubilised at 0.05 M in
an HCl solution (0.5 M). The gold plate was then immersed
in the solution for around 15 min. The plate was then
rinsed with water and acetone, and subjected to
ultrasound in DMF and then in water before being dried.
As above, the XPS spectrometry (X photoelectron
spectroscopy) and IR analyses confirmed the presence of
the film expected, of which the thickness increases with

the reaction time.
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Example II-4 - Preparation of a film on a gold plate

using a diazonium salt created in situ and HEMA in a

basic medium

The procedure is identical to that of example II-2.
0.3 ml of a NaOH solution at 2.5 x 10° M were
substituted for the iron filings in order to allow for a
slight increase in the pH to above 4.

The XPS and IR analyses confirm the presence of the
film expected, of which the thickness increases with the

reaction time.

Example II-5 - Preparation of a film on a conductive

carbon felt using a diazonium salt created in situ and

acrylic acid (AA) in the presence of iron filings

The example was performed according to the procedure
described in example II-2. The monomer used in this case
was acrylic acid (1 ml) and the sample was constituted by
carbon felt.

The XPS analysis, as shown by the spectrum of figure

11, confirms the presence of the expected film.

Example II-6 - Preparation of a sequential film on a gold

plate using a diazonium salt prepared in situ, HEMA and

AA in the presence of iron filings

First, a plate was prepared and cleaned according to
the procedure of example II-2.

A new solution of the same diazonium salt was then
prepared and, to it, 1 ml of acrylic acid, then 200 mg of
iron filings were added. The plate previously prepared
according to example II-2 was then placed in the reaction
medium for a variable time, at the end of which it was

cleaned and dried as described above.
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Figure 12 shows the IR spectrum obtained for such a
plate after 15 minutes of reaction. The characteristic
bands of the AAP (acrylic acid polymer) at 1590 and 1253

nm appear on the spectrum of example 2.

Example II-7 - Preparation of a statistical film on a

gold plate using a diazonium salt prepared in situ, HEMA

and AA in the presence of iron filings

The procedure used is identical to that of example
II-2, except that 0.5 ml of acrylic acid and 0.5 ml of
HEMA were added to the diazonium salt solution.

The IR spectrum obtained is shown in figure 13: it
confirms the presence of the expected statistical film

constituted in particular by the two monomers.

Example II-8 - Preparation of a film on a gold plate

using a diazonium salt prepared in situ and 4-vinyl-

pyridine (4VP) in the presence of iron filings

200 mg of iron filings, then a dispersion of 1 ml of
4 vinyl-pyridine in 10 ml of water, prepared by an
ultrasound treatment, were added to a diazonium salt
solution prepared according to example II-2, containing a
gold plate. After a variable reaction time, the plate is
then cleaned and dried according to the procedures
described above.

The IR spectrum obtained for the plate is shown in
figure 14. The characteristic bands at 1602, 1554 and

1419 nm validate the presence of the expected film.

Example II-9 - Preparation of a film on a glass plate

using a diazonium salt prepared in situ and HEMA in the

presence of iron filings
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The protocol is identical to that of example II-2,
except that a glass plate is used in this case.

The IR spectrum shown in figure 15 confirms the
presence of the expected film, the thickness of which

increases with the reaction time.

Example II-10 - Preparation of a film on carbon nanotubes

using a diazonium salt prepared in situ and HEMA in the

presence of iron filings

200 mg of iron filings and 1 ml of HEMA were added
to a diazonium salt solution prepared as indicated in
example II-2. Then, 100 mg of multiwall carbon nanotubes
in the form of a carpet were added to this solution. The
layer, after reaction, was cleaned according to the
protocol described in example 2 before being dried.

The photographs obtained by scanning electron
microscopy (SEM), shown in figure 16, correspond to
nanotubes before (figure 16a) and after (figure 16b)

treatment.

Example II-11 - Preparation of a film on a PTFE (Teflon®)

surface using a diazonium salt prepared in situ and HEMA

in the presence of iron filings

4 ml of a solution of NaNO, at 0.1 M in water were
added to 4 ml of a solution of p-phenylenediamine at 0.10
M in HC1 (0.5 M) so as to form the diazonium salt. 1 ml

of HEMA, then 200 mg of iron filings were added to this

diazonium salt solution. A Teflon® part measuring 4 cm?
was then introduced to the reaction medium for 15 min,
the plate was then rinsed in water and acetone and
exposed to ultrasound in DMF, then water, before being

dried.
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The spectrometry and IR analyses (figure 17) confirm

the presence of the expected f£ilm, the thickness of which
increases with the reaction time.

Example II-12 - Application of the method to different

samples

The method was successfully applied to a large

number of samples of various and different

types,

monomers were used. The diazonium salt used in this

example was prepared in situ using p-phenylenediamine.

The results obtained for each type of sample

according to the monomer are shown in table 4 below. For
tested,

each of the samples the presence of the organic

15

film was verified using IR spectra.

Support Monomer Time (min) Film
Gold HEMA 15 ves
Gold Acrylic acid 15 yes
Gold Acrylonitrile 15 yes
Silicon wafer HEMA 20 yes
Silicon wafer Acrylic acid 20 yves
Silicon wafer Acrylonitrile 20 yes
Aluminum HEMA 30 yes
Aluminum Acrylic acid 30 yes
Aluminum Acrylonitrile 30 yes
Nanotubes (c) HEMA 15 yves
Nanotubes (c) Acrylic acid 15 yes
Felt HEMA 15 yes
Felt Acrylic acid 15 yes
Felt Acrylonitrile 15 yes
Platinum HEMA 15 yes
Platinum Acrylic acid 15 yes
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Platinum Acrylonitrile 15 yes
Stainless HEMA 15 yes
steel
Stainless Acrylic acid 15 yes
steel
Stainless Acrylonitrile 15 yes
steel v
Zinc HEMA 15 Yes
Zinc Acrylic acid 15 yes
Zinc Acrylonitrile 15 yes
Titanium HEMA 15 ves
Titanium Acrylic acid 15 yes
Titanium Acrylonitrile 15 yes
Nickel HEMA 15 yes
Nickel Acrylic acid 15 yes
Nickel Acrylonitrile 15 yes
Wood HEMA 45 yes
Paper HEMA 45 yes
Cotton HEMA 45  yes
Teflon @ HEMA 30 yes

Table 4
Example II-13 - Preparation of a film on surfaces of

different types (gold plate and titanium plate) for the

gsame solution

4 ml of a solution of NaNO, at 0.1 M in water were
added to a solution of p-phenylenediamine at 0.1 M in HC1
(0.5 M). 1 ml of HEMA, then 200 mg of iron filings were
added to this diazonium salt solution. A gold plate and
simultaneously a titanium plate measuring 4 cm® were then
placed in the reaction medium for 15 min. The plates were
then rinsed with water and acetone, and subjected to

ultrasound in DMF, then water, before being dried.
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Example II-15 - Preparation of a film on a gold plate

having a commercial ink mask based on a diazonium salt

prepared in situ and hydroxyethylmethacrylate (HEMA) or

acrylic acid (AA) in the presence of iron fillings

The protocol used is identical to that of example
II-2 for HEMA and 5 for AA. Prior to itg introduction to
the reaction medium, the plate was coated with a mask:

different patterns were produced on the gold plate using

a black-colored ink felt pen (Staedtler®-lumocolor®).
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wat er, DMF and acetone in order to renove the reaction
products, then washed nore vigorously with ultrasound
wWith the sane solvents. The sggface was then rinsed
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Example II-16 - Preparation of a film on a gold plate

having a thiol mask based on a diazonium salt prepared in

situ and acrylic acid (AA) in the presence of iron

fillings

The protocol used is identical to that of example
II-15. Prior to its introduction into the reaction medium,
a drop of long-chain (C18) ethanolic thiol solution was
deposited on the plate, and the plate was treated after
evaporation of the ethanol.

After the treatment, the plate was then cleaned and
analyzed as in example II-15.

The IR/AFM mapping is shown in figures 2la and 21b,
which respectively show a three-dimensional view (a
transmittance measurement, also, the areas in relief
correspond to the non-grafted areas) and a planar view of
the plate (the 1light area corresponding to the non-

grafted area). It can be noted in these figures that the
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Example II-18 - Preparation of a film on a gold plate

using a diazonium salt from para-benzylamine, prepared in

situ in the presence of non porous electron irradiated

PVDF membrane and with acetonitrile (ACN)

4 ml of a solution of NaNO, at 0.1 M in water were
added to 4 ml of a solution of para-benzylamine at 0.1 M

in HCl (0.5 M), in order to form the diazonium salt.
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4 mM of a solution of NaNC2 at 0.1 Min water were 20
added to 4 m of a solution of para-benzylamne at 0.1
Min HC1 (0.5 M, in order to formthe diazonium salt.

To 4 ml of the solution contagfing the diazonium salt,

were added to 4 ml of acetonitrile (ACN). A nanoporous
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9 pm ecfron irradiation dose: 100 kGy,. fluence:. .10" .
por es/ gjr?fzip e C&#a e_r?’olsléth?r? WA 9tu1?1%%| fgpzonium
i santfi| yags pigseatesbin the feEmescexanPtesieA guiNd . an
plate was then added to the reaction nedium 30 for 15

mea eCHenpligradiad acheVDF meadpranaaterciy. t Fhdckngss, ° um,
a ject . Ul fras -,i d n

bggie?%?g a l?%i% |%€nlc\5/§?t ﬁéﬂg@'bHﬂgng:g 3s!o ngggt Sﬁb5§§tuted for
depoat ohal Engde ppesrmtedanine thieef boeméei rcathples.. A gold
The IR anal yses confirnmed the presence of the expected .

{ PILACSo f1h] SHER HBOERTC ke 06 HEAroteh VPe P ERerBE 15 min.
reqet i 9Natd Meya FXaABhe Ailnddy - iRr epafati QA e AcétbAe, and
on a gold plate using a diazoniumsalt, prepared in
sisubjiectiede peesermasmd| aot rIdfF | ANddi Bltely RVDPasic soda

menfir ane_and .wi t_h ryld 10 _aci 5.1
oisgtaiu%&ou iwolrjf\‘r\{ofa ﬁa% 9&% 51 itgD weter SRS eaoFgleed p{golmary
6 amime ,0fbeF c3@ WdieRy @fripar.a- benzylanmine at 0.1 Min
HCL (0.5 M, in order to formthe diazoniumsalt. To
this sdhgi dR RerdYaffed QB Medhf the yREESfce ©f the

expected f£ilm, of which the thickness increased with the

reaction time.

Example II-19 - Preparation of a film on a gold plate

using a diazonium salt from para-benzylamine, prepared in

situ in the presence of nanoporous electron irradiated

PVDF membrane and with acetonitrile (ACN)

4 ml of a solution of NaNO, at 0.1 M in water were
added to 4 ml of a solution of para-benzylamine at 0.1 M
in HC1 (0.5 M), in order to form the diazonium salt.

To 4 ml of the solution containing the diazonium
salt, were added to 4 ml of acetonitrile (ACN). A
nanoporous electron irradiated PVDF membrane (2 cm?,
thickness 9 upym, electron irradiation dose: 100 kGy,
fluence: 10*° pores/cm?, pore diameter: 50 nm) was
substituted for iron filings presented in the former
examples.

A gold plate was then added to the reaction medium
for 15 min. The plate was then rinsed in water with

acetone, and subjected to ultrasound in DMF and then a
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15 (AA) and the resulting solution was bubbled with Ar
for 15 mn, under inert atnosphere. An el ectron
irradi ated PVDF nenbrane (2 cn®, thickness 9 pm

el ectron irradi ati on dose: 108g kGy) was substituted
for iron filings presented in the former 20 exanpl es.
A gold plate was then added to the reacti on nedi um for

15 _mi.n under inert. atnosphere (Ar) he pl at s _t hen
'PRSEE FRRnES RS dEetbre, Phnt Sobj SCL 84 L8 Ceprotonate
ukheapedpd rhebariacheibrgodel 8ding dried.The IR anal yses
confirned the presence of the 25 expected film of

whi ch The t BRckRESdYisrer e&98d 1HMER t RES e RAESGRCE met  the
E&g%'c%egl'f%ﬁrﬁ, dEAN Al O Of ¢ iékhg},gniﬁcgghgeal eh the
using a diazoni‘'um'salt, prepared in situin the
presenden3@iok .nanoporous el ectron irradi ated PVDF
menbrane and with acrylic acid (AA). 89 6.5 m

of a solution of NaNO2 at 0.1 Min water were added to
652afb10f Brso ULi Yo RARPENEY bk MBnabn0.al §bi8 plate
HCI (0.5 ™, in order to formthe diazoniumsalt. TO

t isd ngolautd igroniere salded prepargdofnagiylj dngehg presence

]S ) afgctt:ggnresrl'i’latéin es’c‘{JI 'ﬂ%gnl n){gf?brbé&?gl %gldw \Bftlér acrylic
ebequrqm_zxj);r,radi ated PVDF nenbrane (2 cn®, thickness 9

pm electron irradiation dose:; 100 kG{:, fluence: 1010
por es/ énB, Mo @ o5 @IniPNies 210 Osdbdt ittutgder were

f Ao d id | psEsLen | hg £f oL LRX3NRLES ; 1
Agéigle gld;tée ﬂg‘?t gngaggggttﬂght ﬁg r%(%acti on %gi urrrlmef grt °

15 rion HAd €0 .isnéht, dtmesglesr ¢ o Aorm Tie glidzeonias tsedr -

rinsed jn water wth acetone, bjected to 15 . .
uItrasBJﬁ’n&\{"\ggf ng%éioﬁ’g avfalrgd.a%‘%%ds%dT%e W%Roéfﬁﬁcyré/&slc acid
cqfiyr nead t fige presaneengt shetraxpecipd pubbledf wibhchr for
the thickness increased with the reaction tinme. 20

EXénpra. 1 Wger imegfaBdfioswhéitea filmon a gold plate
using %ng'g%9€+995ﬁalﬁrraﬁ Baegd ISkt UpnbRpbABe (2 cm?,

presence ectron irradi ated PVDF nenbrane and
witihhi ciereds 9 amj d e(lAAX rand iaostddm tiar ed¢sEN) 100 kGy) was

substituted for iron filings presented in the former

examples. A gold plate was then added to the reaction
medium for 15 min under inert atmosphere (Ar). The plate
was then rinsed in water with acetone, and subjected to
ultrasound before being dried.

The IR analyses confirmed the presence of the
expected film, of which the thickness increased with the

reaction time.

Example II-21 - Preparation of a film on a gold plate

using a diazonium salt, prepared in situ in the presence

of nanoporous electron irradiated PVDF membrane and with

acrylic acid (AA).
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4 m of a solution of NaNO2 at 0.1 Min water were 25
added to 4 m of a solution of para-benzylamne at 0.1
Min HC1 (0.5 M, in order to formthe diazonium salt.
To 4 m of this solution, werggadded to 11 m of
acetonitrile (ACN) and 2 ml of acrylic acid (AA). The
resulting solution was then bubbled with Ar for 15

m n, 30 under inert atnosphere. on _paQrqus, el ectron

i rradi ét-édmgvafn e rftsHaH S SIOPANG Sbor i ko PEEEE were
| eRdd [dgs. Presested kB1tbechobREha@samRneSlamine At 0.1
gold plate was then added to the reaction nmedi um for

1% fitn HERdEO [isnéht. dtresgsiesr &9 Aorm e sligzonias salt.

then rinsed .i . Wt et d ' - :
ul'trasdnd b Sl gt Rifta WS Toie acia
coA)r et t tiee presancengf sdleitexpectesd Hubbledf wikhhcAr for
the thickness increased with the reaction tine. 10
Exanpiié 1 L. IRSHT SRIBPRF S filmon a gold plate

usi ng g dhgzepbuBusaldie A RRAr €drhAigtld IBVBHenembrane (2
presence of hanoporous el ectron irradi ated PVDF

nenr atdightesist 1P dony| ¢teactan (Anyadhdtaest deiseri 1100 kGy,

( . .154 mi.of _a_solutkon of Na 1 Mdn
méﬁg%ﬂﬁﬁ%e afied PSTESAE™ 80 Fuhgga%%Fgr' 50" nm) was

of a¥gbTut ron
paddenzdedn ferat ifoh Minidkd (rdsdted nier dehet Eormer
formthe di azoniumsalt. To 4 M of this

SERATRIES wer e added to 11 nl of acetonitrile (ACN)
o0 2,3, SIS 850 A 4oy 201 9 Wabion mecion
i Myt asnuospheneder inert atmosphere (Ar). The plate was
then rinsed in water with acetone, and subjected to
ultrasound before being dried.
The IR analyses confirmed the presence of the
expected film, of which the thickness increased with the

reaction time.

Example II-22 - Preparation of a film on a gold plate

using a diazonium salt, prepared in situ in the presence

of electron irradiated PVDF membrane and with acrylic

acid (ARA) and acetonitrile (ACN).

4 ml of a solution of NaNO, at 0.1 M in water were
added to 4 ml of a solution of para-benzylamine at 0.1 M
in HC1 (0.5 M), in order to form the diazonium salt.

To 4 ml of this solution, were added to 11 ml of
acetonitrile (ACN) and 2 ml of acrylic acid (AA). The
resulting solution was then bubbled with Ar for 15 min,
under inert atmosphere.

A non porous electron irradiated PVDF membrane (2

cm?, thickness 9 pm, electron irradiation dose: 100 kGy)
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A nanoporous el ectron irradi ated PVDF nenbrane (2 cnRl
thickness 9 pm electron irradiation dose: 100 kGy,
fluence: 1010 pores/cnR, pore dianeter: 50 nn) was 25
substituted for iron filings ppesented in the former

exanpl es. A gold plate was then added to the
reaction nmediumfor 15 m n under inert atnosphere

(Ar). The plate then ripsed in water w th_. aceton

A 55 RS 371 LT OB ol BEF oP ESBEPhG a7 Feg e Gprmer
Theahidianral yses confirmed the presence of the expected
film of which the thickness increased with the _
react i én 99k, pEaBxanpbe them pddqu char Abeoegrtacory madium
0 gpld at [ '

o2t OB cnlrGi Sl L APSRE R Bnsn (PP hed S PAESS o
(B rinkbd piesemcteeof wiftér r acemnene, At aBdm swbjected to
di met hyl f ormam d (DVF), were added 0.04 10 nol e of

f drltgesranghPefare HeimeVRi$d-0At this sol ution were
added Zyd off0. QR Ry PcdHATORRENWHE aZaRidiAce of the
thtrafl uoroborate solution in DM. A gold plate was

t leetpeadtdal fidm heof edlci¢nthedtbirkoesgo imcrepssd Wigh the
pl.ate . was then rinsed with DMF, acetone, and 15

S ﬁ%&ﬁ%ﬁ?tﬁ%ﬂﬁ%rasounds in DM (3 mnutes) and then
rinsed in acetone before being dried. The IR
anlagSse coniis mt her-psesenten obft he fil#m expest gdldofplate
wnich the thickneSs 1ncreases wth the reaction tine.

This imgec (42 FRRiUMERAL hanRKeRRTed2dn BAZY Jm 4he Rggsence

o £l Iﬂfg&%’&é eefgc{;%gnl R.-5RESLEUR O6p Rlcdis a2l 8na with

Wistdryelciet ares anchZdi rechd st diroidi el of DVETY). .

4 ml of a solution of NaNO; at 0.1 M in water were

added to 4 ml of a solution of para-benzylamine at 0.1 M
in HC1 (0.5 M), in order to form the diazonium salt.

To 4 ml of thig solution, were added to 11 ml of
acetonitrile (ACN) and 2 ml of acrylic acid (AA), the
resulting solution was then bubbled with Ar for 15 min,
under inert atmosphere.

A nanoporous electron irradiated PVDF membrane (2
cm?, thickness 9 um, electron irradiation dose: 100 kGy,
fluence: 10*° pores/cm®, pore diameter: 50 nm) was
substituted for iron filings presented in the former
examples.

A gold plate was then added to the reaction medium
for 15 min under inert atmosphere (Ar). The plate was
then rinsed in water with acetone, and subjected to

ultrasound before being dried.



10

15

20

25

30

25Exanmpl e 11-25 - Preparation of a filmon the surface
of multiwall carbon nanotubes (MACNTS) using
commercial p-nitophenyl di azoni um and

but yl net hacrylate (BUVA) in tlhe presence of ferrocene.
10.2 ng of MACNTs were subjected to ultrasounds in 8
30 Ml of DMF. At this solution was added 5 ml of a

sol uti of BUMA and 0.04 nol e, of ferrocene. The

Fosul t 1S i S LRGSR | (TR HPTh % rKAeAt of the
t Rep LD MDlR, 06 Pwhi8B Rhkr ephemtledisazeirnélsed with the
tetrafl| uoroborate were added. After a 2 hours

r €889 oD ttdsranot ubes were filtered and washed

several tinmes with DVF and acetone. Finally, the

MACNTs were dried in a vacuum oven (100C, 10-2 Torr).

5 ERtemXRS speetr chrebrypédxaphohoelfecd r dnlspent rasgoiy) plate

and scanni ng el ectrons m crosco SEM anal yses
c IR t heE PIRRTETA! of t$’én¥??£¥%‘§(3ﬁ‘¥wnj Moghicdpd  2-

trH?deé%%E%%?ﬁéEHé@%ﬁ?éﬂ@th(HﬁﬁA??aQHiOnthénegrg%ence of
- - of a fifmon € surface
offerreggmet of nultiwall carbon nanot ubes ( MACNTS)

usi ng rcial _p-ni. | di azoni u d 2-
hydrox%gggglﬁgtH%grgﬂéggﬁggéﬁ%ngggthghgﬂeséﬁgg 0 ded 0.04
f efdlncene. felbiceh2 dndf 1DMI wef eHBEAed30.04° no)e aft this
ferrocene, 5 M of HEMA and the carpet _of MACTs
SUTRBHE R by ¥©%F | i P Abstfat e 1 P ar®allPengtple P-
Ofni%r%wagﬁ@i?ézéﬂf%m £he L0k BuSPONLEOFe V851894084 in DMF. A
103.9 (0.015 nole) of pnitrophenyl diazoni um

t edolad | pbabbowase thamt exddechour stRe reactiion, magium for 30

nanot ubes re rinsed several tines.wt and
ATHOHEES i a0 R v TR W Boa BT I g aehpner and
OVAL{dOEa 1@ 2uTerhdounds in TIMEXPE3 speatutdet r undX then
phot oel ectron spectroscopy) and scanni ng el ectrons

m ek p3eD pi (BEMVORM APGERES oY ndP5eehe presence of

the fil Xpect [ : ty ck j ease

W th tHEE olst i phed eRReLaR, Dh CRERS R PP e ilm
3edpamed, | IdE 1 whikiH mutem rtihdichkgpeRidEMANamdasatt swith the

derived from CD on a gold ate
reaction lee. The gpecigic poly-HEMA bands at 1726, 1454

and 1166 cm' are visible on the IR spectrum of a plate
after the treatment.
The same reaction was performed with acetone and

dimethylsulfoxide (DMSO) .

Example ITI-25 - Preparation of a film on the surface

of multiwall carbon nanotubes (MWCNTs) using commercial

p-nitophenyldiazonium and butylmethacrylate (BUMA) in the

presence of ferrocene.

10.2 mg of MWCNTs were subjected to ultrasounds in 8
ml of DMF. At this solution was added 5 ml of a solution
of BUMA and 0.04 mole of ferrocene. The resulting mixture

was stirred during 3 minutes and then 0.015 mole of p-



10

15

20

25

30

93 Per - (3, 6) - anhydr o- 3-cycl odextrine (PaCD) (M -

1008 g/ nol) was first prepared according to the

protocol described in Gadelle, A ; Defaye, J. Angew.

Chem, Int. Ed. Engl. 1991, 38, 78. The carboxylic

acid function of 5 PaCD (10 ng) was then activated by
formng an activated ester using

N, N.-di i sopropyl carbodiinde. (D Q). (6 e9.) in 5

i R TR RO o G o S PRy U adgpt. After
cat abyt heup8oURE Sc{ iP5 @he ehnditiBlly! wabknofiltered and
pyridine (DVAP). 10A gold plate with a surface of 2

c R ShEest eRPVRTHL atines waktbuiMFLARe RACEAREkNESEAL1lY, the

c ISl N ol y(:2- dro ) r e (PH

a@%ﬁ? d J% e z%c(:lo%rdd rl)réllg % g’\ét%rﬁgdﬁlmoggﬁtrpsﬁ e(%’d%%, elgm?@r) )

11- 3, whe HETespedtpontosed (Keghdtved ectroal repeg-tiradcopy)
of DMF as well as the activyated 15 PaCD, The ,

r @RE I HRMIADr &L SR PR t MHRHEFCAEYt IS PoR L SRo R i
attﬂeoga?ésaﬂ%%r YllGe tiieh gl @E WS yieimyahdantickness
rinsed in DMF and acet one before being dried.

Al nxPSames WARAS thealnesiat iconfiimes. that the film 20
conprises a cyclodextrin graft. The capture of

| ead by a filmconprising CD graft such as those of

t hixangXamie 2@s- derapuidtbied dSine A muai tthescaleface of a
(QCM 922 SEIKe). A quartz wth a gold ceposi}'M ,

( SaxRgted Hy SMIROVWEGNDGARERRP a H3PRRURES, oIl IH;  using
aboy e Has; Jimer sed 4 1} & GOl Do bRMB (10-4M for 5.

130 s —Tthe varitatiom Tim the resonance frequency of the

querdroxgeEtonstmégtes e toonp(BEMAY.  in  ERanplgesence of

- Filmconprising PAA and grafts derived 30 from CD,
cé&ﬁ%ﬂg—)a' | a | inking group, on a gold plate 94

The Pa@R was o efrmMl 3esQ ddikd 0 examdEe 44 -flerocene, 5
propanol spacer was added to the PaCD to forma graft

caprafsiFyZa anhikihey rmer (AMYVEEH $BBePHyed 287 6. §ilicon
and 3-brono-|-propanol (0.6 m: 5 28 ) re ed

t FREHRS ohl of"PalBP250- FREY T} nO%M'E R %gtd’er“m) - At
24 hQlr $01MRERANOka 5 ddded S 1added kg the. seacthicaR) of p-
medi um then the solution is evaporated and the solid
obtidirerheny kblaminiwed Gt Rk BOTTOBRHES - behbRr bet nghours
precipitated._in 0] ) s ] i :

t he %lg%n'soFFE %%%aﬁ nedé slgs‘g?lp‘%t é’ﬁrl’groi'%t %1 %\élé%%ﬁ%e%qme%o with
f oMl aaad slséeshe A Wixtalns of theoparNTsspaeee RHCRsd in a
in various degrees, from,4 3[4 propanol s, is

obfasHEy oven “(100°C, 10 r).

The XPS spectrometry (X photoelectron spectroscopy)

to
Tor
and scanning electrons microscopy (SEM) analyses confirm
the presence of the film expected, of which the thickness

increases with the reaction time.

III - Functionalisable films

Example III-1 - Film comprising PHEMA and grafts derived

from CD on a gold plate
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A gold plate with a surface of 2 cn2 with a PAAfilm
of around 100 nm prepared according to the nodalities
of 15 exanple 11-2 fromacrylic acid, was placed in a
test tube containing the m xtgge of propanol spacer
PaCDs (10 ng) solubilised in DVMF (6 m). The
reaction nmediumwas |left under agitation for 72 hours

at roon1te erature, then the_plate was rennved and 20
ri nsedPRK - DRF SAn@PRYSEenE - Sé’FéPéeEféFﬁ&edrf%%CD (M = 1008

The apakysks genf e Ce Of h

cSiSae e e ety PERRRELEL S080RAER Ok S pgrotocel
aﬂnsamahaﬁtyml@aﬁebiethe esﬂEﬁdMHMSJofAnyeWodé$Emlm Int.
[ [l ectyum f Ce, the Peak centere

Sing | .
£95 'eO %fe gonﬁ? t CHoRRREY11c acl fPﬁgﬁlon of

| BRAS S@Qﬁtm%m wah lt&fe%n%ﬁztﬁa%éﬂ ﬂy4@oemﬁgameacanvated
typi cal of the val ence band C=0 (ester),

c@ﬁmeﬁ-’n@snm o A¥fertdh g i oy lesrdrod i im it &DI&% theq.) in
1
(Va encegﬁgr él;}l%&em#%%%at?g)}nt ﬁ‘_teo\frp'GCEﬂoﬁ:fs qfrp &%n%sre%%nce of

resence

cyeltadextird nnwurite $abssr abe.) cﬂﬁ dimetAhe eaphor @yfidine
| ead b a filmconprising CD grafts such as those of

t hP npl e was denonstrated using a quartz scale

(QCM 9_%2 (?%3.'& Tade AvHAN BZ SMtdhcd g@f dydepestbated with a
(supplie | KO conprising a filmas produced 5

aﬁbﬂslmagrpmmékséa i nma snluthxﬂkm¢8$bhkmpmgxx$®n9@ poly (2-

80 S riation.n on c r nc
e ity BRiER RRaC ol Qe raing
1t 3he hidanlGaiRyd oM@ REnipve amdagr afdss pﬂ@raecedmtca closed
fromcalixarene on a gold plate In this

ex&fsl &uben & AEAENS & 6?1 A D &t "o dthsy activated
\ﬂgﬁﬁb was produced according to the literature
e

tin of the Korean Chemical Society (2001),
22(3), Th2lrea4)tiommintede MarsCloftcomslar Agidiar mtior 72
Whtol?lras %Lij:r fr%%?n Q:femzpecra lfroea,t q:qlev}n.l ttrhea plate was removed and
rinsed in DMF and acetone before being dried.
An XPS and IRRAS analysis confirms that the film
comprises a cyclodextrin graft.
The capture of lead by a film comprising CD graft
such as those of this example was demonstrated using a
quartz scale (QCM 0922 SEIKO’). A quartz with a gold
deposit (supplied by SEIKO) comprising a film as produced
above was immersed in a solution of PbNO; (10™* M) for

130 s. The variation in the resonance frequency of the

quartz demonstrates the complexing.

Example III-2 - Film comprising PAA and grafts derived

from CD, comprising a linking group, on a gold plate
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film around 5 nmin thickness, conprising poly(2- 20
hydr oxyet hyl ) net hacryl ate (PHEMA) and produced
according 96 to the nodalities of exanple 11-3, was
placed in a closed test tube ggntaining 10 m of

di chl oronet hane as well as 10 ng of K2CO3. 20 ng of a
cali x[ 4] arene derivative were added to this sol ution,

and the reactjon nediumwas.5 brought to ref |ux u r

Sort ot T R 0T RS Ca 2k g Pl Eaniplen 1131 A
agRiopRGo IV B4 c AR d wlisC Bt Banhe PacD @ tHerh RRAgraft
spectrum shown in figure 24, a band at 1600 cm 2

aFed®rd sipei éh liigtkinsg @ousr t§e -C=C band (aromati c)

(val en . pdemnstr, tyi e enc %&J )
calixa%%ﬁgqgggfgld on fﬁg)fi ﬁ%qkiﬁﬁﬁﬁ%q1%T9%’- |I$%'6 ml;
camprequi)nqum vz | t@na ngodatiogr aft Pader i(26d fmgomin DMF

por phyrin on a gold plate A porphyrin whi ch t
DB e B (2 BPRHS 15MoBSRBOL | (5t B8 bt RAdea to the

kaﬁ%@f@%‘Mééﬂhﬁ?téﬂéﬁeggésééiuﬂ@§nuigdev@@%rated and the

activated ester was forned by a reaction of tetrakis
(lseriZel cobtated, 4's, Hobilimadhyni mater (0.5 ml) before

5.1Q, 15, 20-t.et.rayl ) {10 ng; .1.26 10- 1) Wi No- ..
i Sy Cclgrlﬁ_'ggtl e?ém P S %]32) Wi n Z\%ée% rl\£ ells\ietnrcaet TOR.
oft R0 B il dylid epbaihedf 1OMAP1€8r8E em) a Blchnek funnel

gold plate with a surface of 2 cn? conprising a | )
pENFhHARD arft MBLFFVRE REt RTAPRRPEK FBESSET FE P Shmantprious

Prepaled accyding 4 gl_a{)gﬁa(;%}gillig,i &% Upexagde -1,

was placed in a roun ask containing the
act i vateg2s mdraityyniith a surfwee reficzion’ neditura RAA film

| eft under itation for 72 h at roomte r at ur -
i THRETE] G000 VR rRAFRAEF hrRe FTHORD 156 NS dfieratities of
acstpna defore meinthdried bl XRaansdlysds tond i teed tube
the presence of porphyrin 30 on the film Indeed, the
pegitedmiciedthe m88LYTreVadn RYPancl spacer PaCDs (10 mg)

solubilised in DMF (6 ml).

The reaction medium was left under agitation for 72
hours at room temperature, then the plate was removed and
rinsed in DMF and acetone before being dried.

The  XPS analysis confirmed the presence of
cyclodextrin. Indeed, the peak of O;5 at 534 eV that
appears 1is typical of the ester bonds of cyclodextrin.
Similarly, on the spectrum of C;s, the peak centered at
289 eV corresponds to C-0O bonds.

On the IRRAS spectrum, an intense band at 1740 cm™t
appears, typical of the valence band C=0 (ester), which
confirms the formation of an ester. In addition, the
bands appearing at 1250 cm' typical of C-O bonds

(valence band) demonstrate the presence of cyclodextrin

on the substrate.
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spectrumof Cs, shown in figure 25a, corresponds to
the C=0 bond of the amde that is forned with the
surface as 97 well as the porphyrin acids not
attached to the film Simlarby, the spectrumN s,
shown in figure 25b, is conposed of two peaks of which
one, centered at 399.5 eV, is typical of the nitrogens

i ncl ude an aronm cle 5 a corresponds t

Lot oihel bt TR TeBC LS & AR O RRE E TR P ppates
naRiPbiectaobxamy echVs lexahpeer RRIAt d&foREt PABLENURN ng a
nanoparticles in a filmconprisiyng pol yacrylic acid

gIAfRTEE oﬁCA@le 1OQCM\n Qﬁ@arﬁE@K@obol Vire AUt tR deiithiedd gold
f t
" S S SIRIANEY P Bhosuces

plaa:tdvmmwanandmaehdseldeamvaa mcelpmmh dB PbNo3Sy(mmésM$ for
of the stabilizer: 1-

r dffd-Sot T Vﬁgéﬁté&& p’prédtRFt ﬁeéomcaﬁqtfr%%n%r’f the
Of N AigEaidnd e rtdhanal i fgnging: 38 mol (1.2 eq) of
hexadecyl chloride were dissolved in 15 m of absolute

et hanol . The m xture was then brought to 20 ref | ux

for 2d . e ethapel vas Hhen; eyapaeobed ANd. e o gerivea

S(ﬁxfcﬁh et daairRg o rRsiiy laddd sed in an

acetone/ethanol mxture to yield the )

N, N- di 8t HyPLNnesalets| - NRe2 dgydiakydenyD Sainorifie shown

ri%é%dvge danehedyLs HEALGEL- aécgrdfﬁ%p‘%r@t kag Oiltt.@:.eature

col Tol dal "suspension-of platinum (

Th(@uﬂdldtmrdadﬁ s tbperigimamaShenepat esoanezyc ZSIDJQ 6 22(3),
ngl um bor oh (gl‘l de (NaEHJ were added to 300 ng

§"sso€? ed in 5mM of ultra pure water.
Thls solutlon was then rapidly added under vi gorous
agi tation

A gold plate with a surface of 2 cm® coated with a
film, around 5 nm in thickness, comprising poly(2-

hydroxyethyl)methacrylate (PHEMA) and produced according



98 to 5 m of ultra pure water containing 12 ng of
platinumtetrachloride (PtCl4). The reduction of the
Pt(l1V) into Pt(0) is characterized by a change in
coloring frompale yellow to bkack/brown. The
suspension was left for one 5 hour under nechani cal
agitation before use. This suspension is stable for a

nynber. of ks.. 1-3._Gaftin a filmconprjsin

oot s Mt < 66, A B o peiachs R L' h closea

f@ésﬁMﬂubéWﬁ&hﬁgﬁﬁihgiDolﬁlobﬁeﬁical6koﬁétkaﬁe as well as

di am nophenyl (0.1 M, 2 m of sodiumnitrite (NaNC2,

0.10 W9 apfl HoGfs.0f200ry | PE acicaldixkApr] aggngy dsriviegive were

p re th | ytion C ;

DTS ate widTh) areh O he SHEH GRS AFEarti8Ty faghum was

5 t herqulqite s afdnmy ethdawndimrieacticn Tedi urthelplate was

then rinsed (wat er/ethanol /acet oneg nd dr.i ed. XPS

ardiSrsitst i 295 Pres St Tof rtoﬁéillﬁ Fiqupthane.

1-4. | Rpprgi Aty Qfpdde ABNORMIWE! 85 diydhe 4] M Ahng at

conprising PAA First, the gold plate coated with

t He6 Wr gami ¢ Fibpeawss | whdchedisn Wysiotl seifut tss 0Cs5CMband

fo m.nut.es, then drj it Ltional .rinsi

Th{asrsos aetpl r?laldsaveli erb%ssil)%g%ymt oggié%\r}gg? g%:%ggcatrhgo@%él%nce of
10 acddll iHtingfsa fAePracuwisortfimt he affinity group, of

the PAA into carboxyl ate groupi ngs, which have an

affinity for the particles. 1 m of a colloidal

;ﬁﬁ&&ﬁﬁk@nlﬁE—Bt(Q) WBby t heindlenosld edoaRphe a0l mine ana

pltaf vmsietingst 36w weomphet framt /agysha)ldd or e

being dried_and then an zed XPS.. 99.. . The .
XS andt yEPEDBRBHEG ne B SEete ofHrERT hiffy 610 regpetion
15 SiviHH fdcaiatd®dupy ehteforhatibaabferin =A% SROMY idster was
figure 27, which corresponds to an_XPS spectrum of the
f 4TRSS t ERej MUgratesh 6FteRe Yy t feresd By cdnp&dicdarn of
5 W igure 2 ' corr ds 1o the film in-
i ne(/:gotlfgr}%)}%ias?i on o&?%%’;rti c|§§£&P #,40,4he 4 PEOPERyrin
5,10,15,20-tetrayl) (10 mg; 1.26 10°° mol) with N,N’-

diisopropylcarbodiimide (6 eq.) in DMF in the presence of
20 a catalytic amount of DMAP (0.05 eq).

A gold plate with a surface of 2 cm? comprising a
polybenzyl amine £film, with a thickness of 0.6 nm and
prepared according to the modalities of example I-1, was
placed in a round-bottom flask containing the activated

25 porphyrin.

The reaction medium was left under agitation for 72
h at room temperature, then the plate was removed and
rinsed in DMF and acetone before being dried.

The XPS analysis confirmed the presence of porphyrin

30 on the film. Indeed, the peak centered at 189.5 eV on the
spectrum of C;5, shown in figure 25a, corresponds to the

C=0 bond of the amide that is formed with the surface as
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Exanple 1V-2 - Incorporation of gold nanoparticles in
a 10 fil mconprising polyacrylic acid grafted on stee
(AI'SI  316L) An organic copolyner filmderived from
acrylic acid (AA) and a diazogpyumsalt prepared in
situ, grafted on a steel plate (AlSI 316L) and
conprising gold nanoparticles 15 was prepared. 2-1.

esi s the stabilizer -Cl. _The .stabi]jzer_,

UL o8, hencior e R oS i . FEeafiisds €8 EhESTEi1m.
Peapanald1f) otnkhesgobt phdaln,gyspemsion iof g94dré0)2sb, is
Au- HEA- 16- C1 The col | oi dal suspen5|on was

F@fﬁmoé;@dapfzwo @e@lﬁﬁgQﬁ wWodhuRsor SIRpda Rl @B -5 eV,

t g%% v [ f

uIt a (}%gdlwg)tfg%% h| sr sﬁlqtn%(])ln&av\e/;i;q‘t 2%1 raf?im%cﬁglco cycle
aMﬂMm%memmmm@uﬁmmﬁ@&memmmmqmm
wat er contai_ni_n ol d sal&%(AuF[14) The
reduct iToh off % I%)ls’ilﬁ’c JeHsar act er i zed by
a change in coloring fron1pa|e yellow to brick red.
The suspension was |eft for one hour under 30

In a 5@ﬂﬂoﬁgﬁﬂ&ﬁ,céﬁmﬂyméfommmg wekevaddedpm catyddre acid
m_ of 1-4 di am nophenyl_ (0.1 M, of, sodium 5
m%"%t@r{q\m@lawilm %ﬂ%ltlpﬁFPGFechPI iSd e §rekRed on a

5QJG Ok 1i5t@n QﬁﬁﬂeEoﬁEf@sEﬁﬁacﬁﬂgggnﬁﬂ thenSodHtiOles was

and a 57 cn? gold plate was p ed in the nedium After
4prnEpaxtegk., the plate was renoved fromthe reaction
medi um then rinsed (water/ethanol/acetone) and dried.
10An XPS analysis confirmed the presence of the film
24141 | neerpsitd OF afheAbsdainiopiaddd Clr-drs tdie film

conprising PAA First, the steel plate (ATSI 316L)
coated Mt t RPO-ml 'round-bottom flask equipped with a

coolant, 29.2 mmol of N-N-dimethyl ethanolamine and 35
mmol (1.2 eq) of hexadecyl chloride were dissolved in 15
ml of absolute ethanol. The mixture was then brought to
reflux for 24 h. The ethanol was then evaporated and the
reaction mixture cooled at room temperature. The white
solid that formed was recrystallised in an
acetone/ethanol mixture to vyield the N,N-dimethyl-N-
hexadecyl-N- (2-hydroxyethyl) ammonium chloride denoted
HEA-16-C1.

1-2. Preparation of the colloidal suspension of platinum

(0): Pt-HEA-16-C1

The colloidal suspension was prepared at 20°C.
3.6 mg of sodium borohydride (NaBH,;) were added to 300 mg
of HEA-16-Cl dissolved in 5 ml of ultra pure water. This

solution was then rapidly added under vigorous agitation
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15 organic filmwas imersed in a soda solution 0.5 M
for 5 mnutes, then dried w thout additional rinsing.
This step nade it possible to convert the carboxylic
aci d groupi ngs, precursor of tpe affinity group, of
the PAA into carboxyl ate groupi ngs, which have an
affinity for the 20 particles. 1 m of a colloida
t§$295|0n §O was tafn deﬁo%ited on .t he st%g lati
acBated"arth CRE“AIIAIIAF e/ P Patinum
mt@ﬂx%%hltdleid& atprmy Iinged rewakernoat hemothacekqne) into
before being dried and then anal yzed by XPS. 25The XPS
arkd )Ps)l sishowera e her predehreaorfhgpope (0 qdoxing from pale
Si 1id t us Sl 6 S
F T S e S B et e R
pllaiumurmﬁaﬁepanﬁecﬂ{a&slcanl 30agitkkipaonire &ty use. This
polyacryllc acid grafted on car hon nanot uhes 101
AF R IOR olsd | AR L & i TR der T WRRES 1 "ffi?Biﬁ ic acid
(AA) and a diazoniumsalt prepared in situ, grafted on

a car bon nanot ube carpet and conpri sing platlnum
nandpardriadf teinavest @ eiiﬂdlﬂred:on@mqm@mhe@?@b#c tdid on Au

stabi li The Li .
prepar agczl?@ ‘Hg A58 pr § oflocofégg%crrﬁi 3)%%% added, in

exgde 1V-d1 38 3-2. dEaa@abpheamof (ot.he mql Ioirdalof sodium
suspensi on of platinum - HEA- 16-C1 The

susiderision (Wa¥opr oduée asaﬁgsélrl‘lﬂ%d qfh axE¥pie pgif (AR).

15503@ Faltl ng&dérf wé%ce\:{@w %ﬂd&dﬂ@&@d@/lé&lm&l and
e nanotu e car pet O ng of iron filings

arad 3 Mm(ﬁqudyplatacwaamykﬁaﬂﬁedmxthedmadbhmuwﬁfter 45

salt solution pr le 11-

d d
bl R POERRetE® LA GR! SUAD SIATBLE A neaium,

15 W&r@dﬂﬁ%eghﬁﬂ&@éﬁ%thﬁéﬁfaé@tﬂﬁﬁé pl’hn&\B@rﬁé&aned

20

25

30

according to the protocol described in exanple |V
bef or e Asei XgSdEredysis cguiirme@orthsr RTVTFERHIC PPf the PAR
ngpqﬂgrtlcles in the film25 conprising PAA

1-4. Incorporation of Pt nanoparticles in the film

comprising PAA

First, the gold plate coated with the organic film
was immersed in a soda solution 0.5 M for 5 minutes, then
dried without additional rinsing. This step made it
possible to <convert the carboxylic acid groupings,
precursor of the affinity group, of the PAA into
carboxylate groupings, which have an affinity for the
particles. 1 ml of a colloidal suspension of Pt(0) was
then deposited on the gold plate coated with the £ilm.
After 15 minutes, the plate was rinsed
(water/ethanol/acetone) Dbefore being dried and then

analyzed by XPS.
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First, the nanotube carpet coated with the organic
filmwas imersed in a soda solution 0.5 Mfor 5

m nutes, then dried without additional rinsing. This

step made it possible to convest the carboxylic acid

groupi ngs, 30 precursor of the affinity group, of the
fAA i nto carboxylic groupings, which have an affinity

or th articles.. 1 m qof a |l oi dal suspensi an  of

PL(0) VRS KFG> Y SHepAITES GRS R ST, daddmun (0)
caat ed Mdidy theadd | Shodht esrddrntAEt eseathenfanakuk@own in
carpet was rinsed (water/ethanol/acetone) before bein%
difiigpren R T hewhaghl yar 98pods BThanxP@angpgsisum of the
S d r f. platin . Lndi, cat.ed -
Re At Feh SRR ot " el T3bE” Mhparicon
| RaapoEaglhes ofe6 pl atintim capppapbndkesto nthe film before
pal ybenzyl amne filmgrafted on Au 10An organic film
deriGPEPFAdmhoR RAdif RALEIY SSepared in situ,
grafted on a gold plate and conprising platinum
nanoparticles was prepared. 4-1. Synthesis of the

Stalld il%eriv—"FA'—1@%1%%}@%{5%,'_%%0?}aokg '1368 ¥BRRLERIESLs in a

film comprising polyacrylic acid grafted on steel (AISI

316L)

An organic copolymer film derived from acrylic acid
(AA) and a diazonium salt prepared in situ, grafted on a
steel plate (AISI 316L) and comprising gold nanoparticles

was prepared.

2-1. Synthesis of the stabilizer: HEA-16-Cl

The stabilizer was prepared according to example I-1.

2-2. Preparation of the colloidal suspension of gold (0):

Au-HEA-16-C1

The colloidal suspension was prepared at 20°C.
3.6 mg of sodium borohydride (NaBH;) were added to 300 mg
of HEA-16-Cl dissolved in 5 ml of ultra pure water. This
solution was then rapidly added under vigorous agitation
to 5 ml of ultra pure water containing 12 mg of gold salt
(AuHCl,) . The reduction of the Au(IV) into Au(0) is
characterized by a change in coloring from pale yellow to
brick red. The suspension was left for one hour under
mechanical agitation before wuse. This suspension is

stable for a number of weeks.
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4-2. Preparation of the colloidal suspension of

pl ati num (0): Pt-HEA-16-ClL 20The procedure is
identical to that of exanple IV-1. 4-3. Grafting of a
pol ybenzyl amne filmon Au 1090 In a 50-m beaker,
the followi ng were added, in order: 2 m of

NPRE RN By ot M L hen o a0 ol | SO ROMIPL e V88 on
plaaced imide hum After 45 mnutes, the plate was

rénoved fromthe reacti on nedium then rinsed

(wat er /78t hano? 9 aekt desfkagnd GhredloBIIRENKPTSFfal §d78d, in
c j rmed, t esency.qf . ni olybe ' :

AT g B E PECE 812 hOBnBLoEN(@  ROMI D P, A, oaium
t hel palyebemyio, andne M) nand 1 #&iroif, ddweyliod daplidt e(AR) .

coated with the organic film [ d i da .
ST, W B9 4oF HGFEs THEReATSSG (t6d WIS Houu bion and
addi §i epal Jdirsi pPatdhivgisStad@ieiht fRSshdbeuhd After 45

transform the anmoni um groupi ngs, precursors of the .
afrfimittes gridup, plate wabnsehPyepi AFO™ Hdre HBACHPn medium,

affinity for.the parti.gl a | Q]

sutglpeé—lnsl%/lon i e(ﬂ’ gfa(%r}v\%%lﬁ%lrﬂa epto%? )edaclg% (?%:gea%bl d

pl ate Ith o8 ethatydi 8 heordfimed\filey difespmd esf tie £ilm.

pl ate was rinsed (water/ethanol/acetone) before being

dried and then anal yzed by XPS. - The XPS analysis

shoved the PreSence9f pt atipum{pd A fcpégnifhcapte film

anount— Io EXanpre rI=o5 = rncoporatron or SilTca

narogarigiolesPAm a fil mconprising polyacrylic acid
rafted,on A or gani I fi i |

gcryl i SFJg.é%fd,u tﬁg st%elil Cplcac{:peo %’ngél hh.ghsjerclo\é%%df Ph the
organic film was immersed in a soda solution 0.5 M for 5

minutes, then dried without additional rinsing. This step
made it possible to convert the carboxylic acid groupings,
precursor of the affinity group, of the PAA into
carboxylate groupings, which have an affinity for the
particles. 1 ml of a colloidal suspension of Au(0) was
then deposited on the steel plate (AISI 316L) coated with
the film. After 15 minutes, the plate was rinsed
(water/ethanol/acetone) before being dried and then
analyzed by XPS.

The XPS analysis showed the presence of gold (0) in
a significant amount because the steel (AISI 316L) is no

longer visible.

Example IV-3 - Incorporation of platinum nanoparticles in

a film comprising polyacrylic acid grafted on carbon

nanotubes
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(AA) and a diazoniumsalt prepared in situ, grafted on
a 20 gold plate and conprising silica nanoparticles
was prepared. Smal | (around 12 nmin diameter),
non- porous and finely dividedggomrercial silica
particles (supplied by DEGUSA) were used. 25Each
particle is substantially spherical and has a specific

surface_of _around 200 .g-1 d contains_around 1. . .
ol - G AT GG oRR Dl ngerin derifedh s 2ol Borgaic acid
sqlhuli @mddfa sdid £ Pak t $£1 esSpresasbal nee 1By, MpxbfgelOon a
mg of silicain 10 mM of distilled 30 water. 5-1. .
GeafrbioRg  oMmandiulf conpr¥Rehg peNfacr gEMerasiigddon Afatinum .
1 raftin foryred as indicated in exanple
5?%€£$%g%ﬁ%%%§t%g#agFgg%ﬁgggeparticIes inthe filmb5
conprising PAA The i ncorporation of particles
was _perforned acc exanpl e
. Synth S O

| M=

presena@eof Padid &sri nwhbBe fdddParkd Exad®bedigG to  the
I ncorporation of platinumnanoparticles in a film

c prertiosiolg desioyaded iia axamgreafiVed -on gl ass and

plastic O ganic copolyner filmnms derived fromacrylic

acid 15 (AA) and a diazoniumsalt prepared in situ,
graft.edrpargliast i of (phéyebhyibese)l sndpghadenple eplatinum
and co r|S|ngﬁplatlnun1nanopartic|es wer e prepar ed.

THO) pr &R dR -G t he organic films and the

i ncor pail QN Afn 406, RAL T 5165u¥BCaReHkFE®ed in example
according 20 to the protocols presented in exanple

| VEL.

3-3. Grafting of a film comprising polyacrylic acid on

the nanotube carpet

200 mg of iron filings and 1 ml of acrylic acid were
added to a diazonium salt solution prepared as indicated
in example II-2. Then, 100 mg of carbon nanotubes in
carpet form were added. The carpet, after reaction, was
cleaned according to the protocol described in example

IV-2 before being dried.

3-4. Incorporation of Pt nanoparticles in the film

comprising PAA

First, the nanotube carpet coated with the organic
film was immersed in a soda solution 0.5 M for 5 minutes,
then dried without additional rinsing. This step made it
possible to convert the carboxylic acid groupings,
precursor of the affinity group, of the PAA into
carboxylic groupings, which have an affinity for the

particles. 1 ml of a colloidal suspension of Pt (0) was
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The XPS anal ysis showed the incorporation of particles
in each of the filns. Exanple 1V-7 - Coal escence
of nanoparticles present in 25 the filns The surfaces
of the glass and gol d supportio®f the preceeding
exanpl es, coated with an organic filmconprising Au or
Pt nanoparticles, were treated for 5 mn with a heat

gun at around _5Q0C. A _podificati,on in_the 30 surface
e Ae88Ras 2o VRGN FRekPRentoa (fatn the
| Mitlindl Aftéesasntmbppess aAnepedirgaededeaithéh &aslObinsed
resultirglg uniformty due to the coal escence of the

£

padata@r/etharplymaranels -baEeEE | | Paingn 6riede ANdn then
b%rﬁl??eccf‘lbf fduction of a netal salt solution using
nanopdarticles present in the film A netallization

bat h waBheprxBsaraath W is tshowal honsyeddrecd ioStplatinum (0)
cont ai nj.ng .3 of copper_ sulfat 14 g of, potassjum

S crrtikhed Ot e R Ty b % - 100

m of distilled water. The second solution is an

aqueous 4 ofrfed dehwde,,sob i d ofh W ho Baveheitndes st i @fes in
37027 The two SotutiTons Were mxed in aratio of

16 _polaiekrdy Injamineg Hel yregafird mxtAlke were taken

for i rsion for 5 mn of _the supperts, glass .

gol d, c SHtET W t hﬁa or%% e T Ifnr%%rrp% s(?%%g%l%r? salt
Ptowepgtonad tigl estupbyabneddaeaoadigtg d elexanes d¢ombrising
V-4 and | V-6. The surfaces of the supports were then

r iRl T RGPl Bkt orRS RIFfRP3F$%d under an argon

flux. A change in the appearance of the surface was

noted, and a 20 netal filmwas obtai ned.

BExaitpl Syl sidvetfalthe attiam bizehe HEA-M HYCEhem cal

nanopar il 5Bt CLErE TRCt RESPRrRogY (hdld R exanpie

Iv-1.

4-2. Preparation of the colloidal suspension of platinum

(0): Pt-HEA-16-Cl

The procedure is identical to that of example IV-1.

4-3, Grafting of a polybenzyl amine film on Au

In a 50-ml beaker, the following were added, in
order: 2 ml of p-amino-benzyl amine (0.1 M), 2 ml of
sodium nitrite (NaNO,, 0.1 M) then, 50 mg of iron powder
were then added to the solution and 5 cm® gold plate was
placed in the medium. After 45 minutes, the plate was
removed from the reaction medium, then rinsed
(water/ethanol/acetone) and dried.

The XPS analysis confirmed the presence of the

organic polybenzyl amine film.
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9-1 Preparation of the colloidal suspension of

pal | adi um Pd/ | G 8H3714N+Br- Pal l adium(11) acetate
(Fluka, 4 g, 17.8 mol) and tetraoctadecyl ammoni um
brom de (Fluke, 5 g, 4.5 mmol1)o330 were suspended in
200 nL of a 5:1 (v/v) mxture of toluene and THF at
30C. After addition of 25 nL of 106 absol ute et hanol

tpg4mf§ﬁgg%§guhgfgﬁrqu %tnggéggg @%ipg'igh%ﬂgﬂﬁglfgenzyl
Temime ifdtien t he precipitation of the colloids, an

excess (100 m.) of absolute ethanol_ was added slowy 5
with vifgéitus Srakeagd PRetsolamateif wasthl FBRe@rggnic film
SLaRd shitlerddu At LOUBJLTRANALYE o HNG: SR Yn¥fikes, then
t hen evapor ated under uced pressure an

g denyi-clal am&tmamdera@ﬁ;tlghadorrespmng|ngThmsSS@ﬁqpehmade it

A pal l.adium co] | oi d ensi on was then 10 rep

DPBRAe |y W SOPERFBnChE GnICRion (e Precursors
pb&WtQﬂiS'a/f@ﬂiﬂt}ﬂe@iré@pU'lﬁ@éouﬁlﬁnbng%ﬁplﬂn f theltuensre an
for 5 mn. The suspension is stable for several nont hs.
92ffigidmt i nkpBf Ebﬁya@ﬁ?ﬁﬁ€1§§ld f§ | fibn @6 a colloidal
p 0 n

OO R O 0L YR8 "HLATASBLATEER oy he gofd place
(%)at@fd HieMeh anthef rDbimn Aftsirt ulsynnlmeltuesed thazphbtim was
salt een gra ted on plastlc

ve b g I
(B nyrene dig S5 iriene) Pefoirs BeiPgedifieh and
diaznidHn %chg@@yog‘;aye aI so been synthetized. Such
films have "been obtai ned according to the protocols
depi ct @heabREe.analysis showed Gl |pieeerraitforplitinum (0)
coII0|daIIpq§ad| n1Pd/|-C|IaT|geBr- in PAA film and

metald iZzation o MOUR i | 'm thanks to nanoparticl es
present in the f|In1 The incorporation of
particles was perforned by , imersjon of the

p GRAATER IR, | Tfred ahrFGﬁﬂKRQﬁ%HFPn:erf rﬁlale;w BANGRALLLGLRE 1n a

An organlc copolymer film derived from acrylic acid

(AA) and a diazonium salt prepared in situ, grafted on a

gold plate and comprising silica nanoparticles was
prepared.
Small (around 12 nm in diameter), non-porous and

finely divided commercial silica particles (supplied by
DEGUSA®) were used.

Each particle is substantially spherical and has a

specific surface of around 200 mz.g'1 and contains around
1 mmol.g ' of silanol groupings. .

The colloidal solution of silica particles was
obtained by mixing 10 mg of silica in 10 ml of distilled

water.

5-1. Grafting of a film comprising polyacrylic acid on Au
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30 then dried under argon flux. Metallization has been
perfornmed as indicated in Exanple IV-8. A netal film
can then be seen by naked eye. 107 CLAIMS 1. A one
step nmethod for preparing anganic filmcovalently
linked to the surface of a solid support, wherein it

i ncludes a step of contacting said surface 5 with a

liquid, _soluti i nclud ; I t I
| cast OHE aIFREF B0 phF o b irerth Tho RARESLOR gl Mgrample
i srva1cl eavabl e aryl salt, under non-el ectrochenm ca

conditions, and enabling the 10 formation of radica
entities based on the adhesion primer. 2. The

prepar aty on, S AT

aryr—sart—t+s—chosen O11 C
amﬂmphﬁﬁxngtﬂnmaJts aryI annonlun1salts ary
phosphoni um salts and sulfonlun1salts

The
pr epar atit%n ﬁé‘FHEB’OSPt&P |m<i or PRI GHGEES n E’%?d Performed
aghesi A Y It is widifiondded g toyspi d 1iquid
20 solution, or prepared in situinthe latter. 4.
The préﬁmaturxfnramdwoaneﬂyanys opengfirpedcetbengoresence of
cl ai ]wherel sai |qU|d solution al so contains at
| &35t locneessulrrf ac}%a “25 5. The preparation nmethod of
any one of preceedlng clains, wherein the

non- el ectrochem cal conditipns allowi ng for the , .
f SRl 10~ adi FREORATat N ff Riplun papeparticles in

gQPUPfﬂHSEbﬁ5E§g19§ EQQ&@@rQT'EHééi&hsgbfééd 38 glass and

pllUl ocmenT cdal radi-octient cal—condir t7ons and a
c @ilEgiditd on thereof to which the adhesion primer is
subj ec

Oé%anlc copolymer £films derived from acrylic ac1d
(A7) and a diazonium salt prepared in situ, grafted on a
plastic (polyethylene) and glass plate and comprising
platinum nanoparticles were prepared.

The preparation of the organic films and the
incorporation of the particles were performed according
to the protocols presented in example IV-1.

The XPS analysis showed the incorporation of

particles in each of the films.

Example IV-7 - Coalescence of nanoparticles present in

the films

The surfaces of the glass and gold supports of the
preceeding examples, coated with an organic £film
comprising Au or Pt nanoparticles, were treated for 5 min
with a heat gun at around 500°C. A modification in the
surface appearance was observed during the treatment and

the initial iridescent appearance disappeared, with a



108 6. The preparation nethod of any one of preceeding
clains, wherein said liquid solution also includes one
or nore chemcal initiator(s). 5 7. The preparation
nmet hod of any one of preceedimng cl ai s, wherein the
surface of the solid support contacted with said
liquid solution conprises at | east one area covered
Wi_t mask. 1Q 8.  The preparation.nethod -of any. one
o B g e et Heh P P e S fesn e ene
alpsardinQlagdes at | east one radically pol ynerisable
mononer different fromthe adhesion priner. 15 9. The
preparation nmethod of claim8, wherein said radically
Pl )R 1ieS al,e g NONORRI: 419 i3 AFIECULE GHPT ie91R9 BY chemical
| east "one et hyl ene-type bond. 10. The preparation
5 netevby tdforc| @f ma8 met&] whdteisvlodiibr?Oukiggi chanoparticles
solution alsq.includes at | east one radically
paﬂ?r?eeﬁr%sd‘ﬁﬁ g:hﬁbr#ol#érf different fromthe adhesion
pri mer rangvsharigidt i bdadiva prf@aﬁéwmisabltﬁﬁo solutions,
mononer is a nolecule with the followng formula (11):
28-he 160rgtsgentabying dnsat wiat earersm &l fakouplda 9 of
- I [ Whi p ent hydr r ;
e A I R EPRSRTR § B HR il i
10 amote ndr afi addshei 1 bed 1.waklee .pr €har adeaondretsedditdforanys an
one of claLns 8 (tio 13, V\éhﬂilrei,n sai d et hod inl'(fl udes a
pPAYSAYFar {PEPRpAGEY ARig ST i W Y RdPcaf§yoht percent of
palyner i sl ecPBNABRLth Sndi HReES ot g el 8i fhedd e 10/1,
the presence of at |east one surfactant, or by
ulandas @@ndmlbebdr ethe i seghkbdngi thixkerei guere 10taken for
sal ution includin . | east S e nd lea
onlénli’lmae SéLs?lnonf%rgi rr%r %ln %% El)'ﬁg pr é)é)a({rya%s?’ongfriesﬁodg%f gold,
15 arypaoiel ofwrtlai Nen8 baghtiicwhefidinn sebdpreshnd Au or Pt
i ncludes the follow ng steps, 15 consisting of:
a)CRRATG ISASF -at P eastedneCrauTERY | ¥Op eSapte 1, V-4
MORReFy 10 aTAEl Whi@Re@NtH Y sgbfofts! 6R%E URn rinsed
adhesion priner different from sai d nononer in the
prigs eveee 0f andi chcattdreastamhedsobdentnderd apt pogahl yflux. A
at .20 | east ane chem cal ini%ig or,
change 1n the appearance o € surface was noted, and a

20 metal film was obtained.

Example IV-9 - Metallization of the film by
chemical reduction of a metal salt solution wusing
palladium nanoparticles present in the film

25

9-1 Preparation of the colloidal suspension

of palladium Pd/ [CigHs7] 4JN'Br~

Palladium(II) acetate (Fluka, 4 g, 17.8 mmol)
and tetraoctadecylammonium bromide (Fluka, 5 g, 4.5 mmol)
30 were suspended in 200 mL of a 5:1 (v/v) mixture of

toluene and THF at 30°C. After addition of 25 mL of
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b) placing the solution obtained in step (a) under
sai d non-el ectrochem cal conditions allow ng for the
formati on of radical entities based on said adhesion
primer and possibly based oni3a d chem cal initiator,
25 ¢) placing the surface of the solid support in
contact with the solution of step (b). 13. The

preparation methqd of any one of clai 8 t 0,0
PR Sa P RE o0 T e &3P0 HI g o P85 °5) For 12
CONSiTHel RS1Qfr of thed'golRitadMaurhe s wd arepPhbridé-black.
solid support in contact with a solution containing .
sai d at | east Tendraddhasicornsr PHRSC P teftd opr &feride gfollolids,
sal d S e 1 t i b sai t
I%élsté%%)cnéesesghélrn@@awl'l}n%tf?ggt%ssﬁélntdea 2%? Ig&g?c'i !'e%gt defdet stowly
noridiervigorous digkiph@ci Tige t belstuidacwasf afllewsdl ited stand
SlL)erport ip1 contact with the sol ution_of Steﬁ‘ﬁé ')

L@ Font SABI oEPPBCHERTESFACBRTT { I BiS AT DWRy MG then
t R& RIrRidOirle ' AU RRlePidd R Dasrd a{i’ggx%a}—da_lack powder
adhesi on prinmer and possi bly based on said chem cal

i rlit-ilatgdr correspondigly fsofHlviedddi ng sai d at | east

one radically,pol Li l e to [

obtai ned in S%pp%%{igd;ﬁﬁ 12395;%28%%@1%%‘?%%#& ﬁ“ghds then
ofpraparede Wf quekeedimng £ abhetivhesei 0.8hg ot i powder

has an additional step of functionalising said or%ani C
f BGRVIERS 1¥5 ORFRIBRAp&Part U A oF A% ihqOT toluene
WHRL LIS 18] GrHel Nl R i AL O oD IRETHA MRA, P 1Pl s .
sald organic filmin contact wwth a functionalisation

sol ution conprising at |east one graft having a

gr:!ﬁ:azg ﬁg:gﬁgﬁtuégafgéggljgg f%éﬁﬁ%é?if%%'“%%&%d gglm on
byodalyadd 11y s HDPY B fptdpyrlendiadc dth a
functionalisation solution 25 conprisi ng at | east ane

graft d@maiamerd oforgdn Brof btnf ederiyed\diRBy Fdylic acid
pr ri r c m i ; ; -

PAEEE (08 Bl BB C kb T AOTEA| S100 B9R0HRRLEEED diazoniun
preedar edaae cbedinngnad tedrethoglabtany pdrcesf (palyse@ylene
1 to, 16,_ wherein.the su&]‘. ce of the ug ort j.s placed 1

| REbPGLY BF RV HRE L pe ALt 1okt GLabtoRndiazoniun alone
naperokiled dMB) synthetized. Such films have been obtained

according to the protocols depicted above.

9-3 Incorporation of colloidal paladium

Pd/ [CygH37,] JN'Br- in PAA film and metallization of this

film thanks to nanoparticles present in the film

The incorporation of particles was performed by
immersion of the poly-ethylene and poly-propylene plastic
plate coated by a film grafted in the suspension obtained
at example 9-2, the film being then rinsed with toluene
then dried wunder argon flux. Metallization has been
performed as indicated in Example IV-8. A metal film can

then be seen by naked eye.
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111 in a suspension solvent and wherein the film and

t he nano-obj ect have a physicochemcal affinity. 18.
The nethod of claim 17, wherein said NBs are capable 5
of coal escing under the action of a coal escence agent
and at |east one zone of tH&7’surface of the support,
coated with the filmconprising the NBs, is exposed to
a coal escence agent. 10 18ra#Mset hod for netalizing an
organic filmprepared at The surface of a solid
support including the steps consisting of: (a")

1Pr epar ppg, henSdaceH 3,80LrdnguUPRAT tor@hic fil
organi% ?il%ﬁ%%npr|5|ng ného-ggjggfsn?NBs) é%%ord%%g B
dovad el et hodkas ded i ridek | Bucfacen 1 a( b2yl pflacgumport,

he f,il . d, in st ") i tact with,
SRR o Borl A M of 1A Bfe RS SRS EabdoIwidace
WG neduced oy aidh NBs1wO P A

non-el ectrical |l y-conductive soli1d support on which an
or gani ¢ fidtmliesastovaleestllyernitnked, of which the first
unit coval ently bound to

saj.d . . .
non-électFFcaﬁ@¢§50ndﬁ¥%i\ﬁé@ﬁﬁﬁﬁﬂt RISME Mer RS S/E ofthe

an adhesi QRnRISiRY ASndef iiRed id GhvRigle? 20% 13 5a3% ,21.
The non-el ectrical 'y-conductive solid support on_which
uailest gaancelerrpshgnared sewoitdiiendo @ng nepabling the

ﬁM?Hg%f%A:h%forgggﬁ%aﬁi|gh%9€9égse§aggﬁ- on the adhesion

primer.

2. The preparation method of claim 1, wherein said
cleavable aryl salt is chosen from the group constituted
by aryl diazonium salts, aryl ammonium salts, aryl

phosphonium salts and aryl sulfonium salts.

3. The preparation method of claim 1 or 2, wherein said
adhesion primer is either added as 1s to said liquid

solution, or prepared in situ in the latter.

4. The preparation method of any one of preceeding claims,
wherein said liquid solution also contains at least one

surfactant.

5. The preparation method of any one of preceeding claims,
wherein the non-electrochemical conditions allowing for
the formation of radical entities are chosen from the
group constituted by thermal, kinetic, chemical,
photochemical or radiochemical conditions and a
combination thereof, to which the adhesion primer is

subjected.
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6. The preparation method of any one of preceeding claims,
wherein said liguid solution also includes one or more

chemical initiator(s).

7. The preparation method of any one of preceeding claims,
wherein the surface of the solid support contacted with
said liquid solution comprises at least one area covered

with a mask.

8. The preparation method of any one of preceeding claims,
wherein said liquid solution also includes at least one
radically polymerisable monomer different from the

adhesion primer.

9. The preparation method of claim 8, wherein said
radically polymerisable monomer is a molecule comprising

at least one ethylene-type bond.

10. The preparation method of claim 8 or 9, wherein said
liquid solution also 1includes at least one radically
polymerisable monomer different from the adhesion primer
and wherein said radically polymerisable monomer is a

molecule with the following formula (II):

Ry Rs3
(1t)
R) R,

in which the R; to Ry groups, identical or different,

represent a non-metallic monovalent atom, a hydrogen atom,
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a saturated or unsaturated chemical group, a —COORs group
in which Rs represents a hydrogen atom or an alkyl group

in C;-Ci2, a nitrile, a carbonyl, an amine or an amide.

11. The preparation method of any one of claims 8 to 10,
wherein said method includes a preliminary step during
which said radically polymerisable monomer is dispersed
or emulsified in the presence of at least one surfactant,
or by ultrasound, before it is mixed with the liquid
solution including at least one solvent and at least one

adhesion primer.

12. The preparation method of any one of claims 8 to 10,
wherein said method includes the following steps,
consisting of:

a) adding said at least one radically polymerisable
monomer to a solution containing said at least one
adhesion primer different from said monomer in the
presence of said at least one solvent and optionally at
least one chemical initiator,

b) placing the solution obtained in step (a) under
said non-electrochemical conditions allowing for the
formation of radical entities based on said adhesion
primer and possibly based on said chemical initiator,

c) placing the surface of the solid support in

contact with the solution of step (b).

13. The preparation method of any one of claims 8 to 10,
wherein said method includes the following steps,
consisting of:

a’) placing the surface of the solid support in
contact with a solution containing said at least one

adhesion primer in the presence of said at least one
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solvent, and possibly said at least one chemical
initiator and said at least monomer,

b’) placing the surface of the solid support in
contact with the solution of step (a’) under non-
electrochemical conditions allowing for the formation of
radical entities based on said adhesion primer and
possibly based on said chemical initiator,

c’) possibly adding said at least one radically
polymerisable monomer to the solution obtained in step

(b").

14. The preparation method of any one of preceeding
claims, wherein the method has an additional step of

functionalising said organic film.

15. The preparation method of claim 14, wherein said
functionalisation is performed by placing said organic
film in contact with a functionalisation solution
comprising at least one graft having a chelating

structure.

l16. The preparation method of claim 14, wherein said
functionalisation is performed by placing said organic
film in contact with a <functionalisation solution

comprising at least one graft derivative of a biomolecule.

17. Method for preparing an organic film comprising nano-
objects (NBs) from a solid support coated by an organic
film prepared according to a method of any one of claims
1l to 16, wherein the surface of the support is placed in

contact with a suspension of at least one nano-object (NB)
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in a suspension solvent and wherein the film and the

nano-object have a physicochemical affinity.

18. The method of claim 17, wherein said NBs are capable
of coalescing under the action of a coalescence agent and
at least one zone of the surface of the support, coated
with the film comprising the NBs, 1is exposed to a

coalescence agent.

19. A method for metalizing an organic film prepared at
the surface of a solid support including the steps
consisting of:

(a’’) preparing, at the surface of a solid support, an
organic film comprising nano-objects (NBs) according to a
method as defined in claim 17;

(b’’) placing the film prepared in step (a’’) in contact
with a solution containing at least one metal salt

capable of being reduced by said NBs.

20. A non-electrically-conductive solid support on which
an organic film is covalently linked, of which the first
unit covalently bound to said non-electrically-conductive
support is a derivative of an adhesion primer as defined

in claim 2 or 3.

21. The non-electrically-conductive solid support on
which an organic film is grated according to claim 20,

wherein the organic film comprises NBs.



